Section 3
LLOADS

PartA
TYPES OF LOADS

ot
et

NOTATIONS

= maximum expected acceleration of bedrock at the site
= length of short span of slab (Article 3.24.6)
= buoyancy (Article 3.22) -
= width of pier or diameter of pile (Article 3.18.2.2.4) NOIs
= length of long span of slab (Article 3.24.6) -
= combined response coefTicient
= stiffness parameter = K(W/L) (Article 3.23.4.3) o x4 = l‘fj /3
= centrifugal force in percent of live load (Article 3.10.1) = ™
= centrifugal force (Article 3.22)
= coefficient for nose inclination (Article 3.18.2.2.1) il
= steel bending stress coefficient (Article 3.25.1.5) —_— A
= steel shear stress coefficient (Article 3.25.1.5) b
= parameter used in determination of load fraction of wheel load (Article 3.23.4.3)
= degree of curve (Article 3.10.1) \ L (.5 = L”g
= dead load (Article 3.22) . gas ' s
F. = fraction of wheel load applied to beam (Article 3.28.1)

= contributing dead load ) LU :
= width of slab over which a wheel load is distributed (Article 3. 24 3) “, x e 134 = dA
= earth pressure (Article 3.22) .
EQ = equivalent static horizontal force applied at the center of gravity of the structure ﬁ\ ‘w 4ot 2= ¥
E. = modulus of elasticity of concrete (Article 3.26.3) K2-5935
E, = modulus of elasticity of steel (Article 3.26.3) § 
E. = modulus of elasticity of wood (Article 3.26.3) b l, 703 = uj
F = horizontal ice force on pier (Article 3.18.2.2.1) i eﬂ i
F = framing factor (Article 3.21.1.1) In*
F, = allowable bending stress (Article 3.25.1.3) ‘
F, = allowable shear stress (Article 3.25.1.3) S é
g =322ftfsec? 2 fe b
1 = impact fraction (Article 3.8.2)
I = gross flexural moment of inertia of the precast member (Article 3.23.4.3)
ICE = ice pressure (Article 3.22)
J = gross Saint-Venant torsional constant of the precast member (Article 3.23.4.3)
K = stream flow force constant (Article 3.18.1)
K = stiffness constant (Article 3.23.4)
K = wheel load distribution constant for timber flooring (Article 3.25.1.3)
k
L
L
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= live load distribution constant for spread box girders (Article 3.28.1)
= Joaded length of span (Article 3.8.2)
= loaded length of sidewalk (Article 3.14.1.1)

17

CsiBridge.blog.ir, .. ~_ Etabs-SAR.ir

A R LA B A A A A A R LA


http://csibridge.blog.ir/

18 3.1

HIGHWAY Nty

L = live load (Article 3.2 ;
L = span length (Article 124 ' W
LF = longitudinal force from tve load (Article 320

My = moment capacity of dowel (Artiele Y 25.1.4)

Mx = primary bending motment (Asticle LISy

M, = total ransfened secondary moment (Article 12514

Ng = number of beams (Article 128, 1)

Ny = number of waflfic lanes (Article 1.230.4)

no = number of dowels (Article 1,25 4

P = live load on sidewalk (Anticle 31401y

= stream flow pressure (Article ARERD ‘

= total unifom foree tequired to cause undt horlzontal deflection of whole structure

= load on one rear wheel of yuck (Article Y.24.3)

= wheel load (Anticle 3.24.%) }

= design wheel load (Article 32510

= 12,000 pounds (Article RIDE )]

= 16,000 pounds (Article 3,24.3)

= effective ice strength (Article 3,18,2,2.1) -
= proportion of load carried by short span (Article 3,24.6.1) \ T
= radius of curve (Article 3, 10.1)

= normalized rock response

=nb shortening (Article 3.22

= shear capacity of dowel (Article 3.25.1.4)

= primary shear (Anticle 3.25.1.3)

= total secondary shear transferred (Atticle 3.25.1.4)

= design speed (Atticle 3.10.1)

= soil amplification spectral ratio

= shrinkage (Aricle 3.22)

= average stringer spacing (Article 3.23,2,3,1)

= spacing of beams (Article 3.23.3)

= width of precast member (Article 3.23.4.3)

= effective span length (Article 3.24.1)

= span length (Article 3.24.8.2)

== beam spacing (Article 3.28.1)

= effective deck span (Article 3.25.1.3)

== stream flow (Article 3.22)

= period of vibration

= temperature (Article 3.22)

= thickness of ice (Article 3.18.2.2.4)

= deck thickness (Anticle 3.25,1.3)

= variable spacing of truck axles (Figure 3.7.3A)

= velocity of water (Article 3.18.1)

= combined weight on the first two axles of a standard HS Truck (Figure 3.1.14A)

= width of sidewalk (Article 3.14.1.1)

= wind load en structure (Article 3.22)

= total dead weight of the structure

= width of exterior girder (Anticle 3.23.2.3.2)

= overall width of bridge (Article 3.23.4.3)

= roadway width between curbs (Article 3.28.1)

= wind load on live load (Article 3.22) i

= width of pier or diameter of circular-shaft pier at the level of ice action (Article 3.18.2.2.1)
X = distance from load to point of support (Article 3.24.5.1) ‘ .

x = subscript denoting direction perpendicular to longitudinal stringers (Article 3.25.1.3)
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2 = reduction for duetility and rsk assessment

IV = (with appropriate seript) coefficient applied to actual loads for service load and load factor designs (Anticle 3.22)

¥ = lond factor (Article 1.22)

O = proportional limit stess perpendicular o grain (Article 3.25.1.4)
Ba = load combination coefficient for buoyancy (Article 3.22.1)

Pe = load combination coelficient for centrifugal force (Article 3.22.1)

PBo = load combination coelMicient for dead foad (Article 3.22.1)
Pe = load combination cocllicient for earth pressure (Article 3.22.1)
o = load combination coellicient for earthquake (Article 3.22.1)

Pax 7 load combination coeflicient for ice (Article 3.22.1)

B = load combination coelficient for live load (Anticle 3.22.1)
Bx = load combination coeflficient for rib shortening, shrinkage, and temperature (Article 3.22.1)
Bs = load combination coellicient for stream flow (Article 3.22.1)

B = load combination coefficient for wind (Article 3.22.1)

Bwa = load combination coeflicient for wind on live load (Article 3.22.1)

#o = Poisson's ratio (Article 3.23.4.3)

32 GENERAL

320 Structures shall be designed to carry the following
loads and forces:

Dead load.

Live load.

Impact or dynamic effect of the live load.

Wind loads.

Other forces, when they exist, as follows:
Longitudinal forces, centrifugal force, thermal forces,
carth pressure, buoyancy, shrinkage stresses, rib short-
ening, erection styesses, ice and current pressure, and
carthquake stresses.

Provision shall be made for the transfer of forces be-
tween the superstnucture and substructure to reflect the ef-
fect of friction at expansion bearings or shear resistance at
elastomeric bearings.

3.2.2  Members shall be proportioned either with refer-
ence to service loads and allowable stresses as provided
in Service Load Design (Allowable Suess Design) or, al-
ternatively. with reference to load factors and factored
strength as provided in Strength Design {Load Factor De-

sign).

3.2.3 When stress sheets are required, a diagram of no-
tation of the assumed foads shall be shown and the
stresses due 1o the various loads shall be shown separately.

3.2.4  Where required by design conditions, the concrete
placing sequence shall be indicated on the plans or in the
special provisions,

3.2.5 The loading combinations shall be in accordance
with Article 3.22.

3.2.6 Whenabridge is skewed, the loads and forces car-
ricd by the bridge through the deck system to pin connec-
tions and hangers should be resolved into vertical, lateral,
and longitudinal force components to be considered in the
design.

33 DEADLOAD

3.3.1 The dead load shall consist of the wc;&g}‘n of the
entire structure, including the roadway, sidewalks, car
tracks, pipes. conduits, cables, and other public utility
services.

3.3.2 The snow and ice load is considered to be offset
by an accompanying decrease in live load anc impact and
shall not be included except under special conditions.

3.3.2.1 If differential settlement is anticipated in a
structure. consideration should be given to stresses result-
ing from this settlement.

3.3.3 Il aseparate wearing surface is to be placed when
the bridge is constructed, or is expected to be placed in the
future, adequate allowance shall be made for its weight in
the design dead load. Otherwise, provision for a future
wearing surface is not required.

334 Special consideration shall be given to the neces-
sity for a separate wearing surface for those regions where
the use of chains on tires or studded snow tires can be
anticipated.
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335

3.3.5 Where the abrasion of concrete is not expected,
the traffic may bear directly on the concrete slab. If con-

sidcred desirable, Y4 inch or more may be added to the
slab for a wearing surface.

336 The following weights are to be used in comput-
ing the dead load:

V6 #leu,
Steel or cast steel

....... ywhoo L 490
Castiron ... 0 450
Aluminumalloys ... 175
Timber (treated or untreated) ., .. . . . .. e 50
Concrete, plain or reinforced ., , . . .z,»a»‘gj #3150
Compacted sand, carth, gravel, or ballast | 2 M20
Loose sand, carth, and gravel ..., .. . 100
Macadam or gravel rolled .., . . . 140
Cinder flling ... e 60
Pavement, other than wood block ..., ... 150
Railway rails, guardrails, and fastenings
(per linear foot of rack) ..o 200
Stone masonry ... 170
Asphalt plank, 1 in. thick ... . .. . 91lb.sq. f

34 LIVELOAD

The live load shall consist of

the weight of the applied
moving load of vehicles, cars, a

nd pedestrians.

3.5 OVERLOAD PROVISIONS
. A e 5N
For all loadings less than H 20, provision shall be

3.51
i uent heavy load by applying Loading

made for an infreq
Combination IA (see Article 3.22), with the live load as-

sumed to be H or HS truck and to occupy a single lane
without concurrent loading in any other lane. The over-
load shall apply to all parts of the structure affected, ex-
cept the roadway deck, or roadway deck plates and stiff-
ening ribs in the case of orthotropic bridge super-
structures. L
8 s
— 3.5.2 Stuctures may be analyzed for an overload tha is
selected by the operating agency in accordance with
Loading Combination Group IB in Anicle 3.22.

3.6 TRAFFIC LANES

> 361 The lane loading or standard truck shall be as.

sumed 10 occupy a width of 10 feet. .

—>3.6.2  These loads shall be placed in lzéfoot wide design
34 m
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traffic lanes, spaced across the entire bridg
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i asured between curbs. o
width measure Losms g go bd P TL b aede by g
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i TS
traffic lanes shall be pl:u:c:(:1 mlsm‘;!: r;;:;lbcbc

oads
iti adway, and the

and positions on the ro vay the loa

lacc[:;loin such positions within their zndw.lduﬁl tracf:;llc
:)anc'; 50 as to produce the maximum stress in the me
ber under consideration.

3.7 HIGHWAY LOADS

3.7.1 Standard Truck and Lane Loads*

-~ 3.7.1.1 The highway live loadings on .thc roadv;ay;
of bridges or incidental structures shall consist of standard
trucks or lane loads that are equivalent to FWCEEE‘L'E' Two
systems of loading are provided, the H loadings and the
HS loadings—the HS loadings being heavier than the cor-
responding H loadings.

~=33.7.1.2  Each lane load shall consist of a uniform load
per linear fool of traffic lane combined with a single con-

centrated load (or two concentrated loads in the case of

continuous spans—see Anicle 3.11.3). so placed on the
B

produce maximum stress, "l;hm;wcﬂgnggnqulcd
load and uniform load shall be considered as uniformly
distributed over a 10-foot width on a line normal to the

center line of the lane, -

used when the stresses i
the heavier concentra
stresses are primarily
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3.7.2 Classes of Loading

There are four standard classes of highway loading: H
20, H 15, HS 20, and HS 15. Loading H 15 is 75 percent
of loading H 20. Loading HS 15 is 75 percent of Loading
HS 20. If oadings other than those designated are desired,
they shall be obtained by proportionately changing the
weights shown for both the standard truck and the corre-
sponding lane loads.

3.73 Designation of Loadings

The po!i,cy of affixing the year to loadings to identify
t}.‘m‘m was instituted with the publication of the 1944 Edi-
tion in the following manner:

e

H
g ) Pl g L
" e

H 15 Loading, 1944 Edition shall be

designated. H 15-44

H 20 Loading, 1944 Edition shall be

designated...... H 20-44

H 15-8 12 Loading, 1944 Edition shall be Em
designated HS 1544
H 20-S 16 Loading, 1944 Edition shall b, .7, , (4~

o 5
The affix shall remain unchanged until such time as the

loading specification is revised. The same policy for iden-

tification shall be applied, for future reference, to loadings

previcusly adopted by the American Association of State

Highway and Transportation Omﬁls. ) )

3.7.4 Minimum Loading ;-1 Lo sl boous)yr it
[ Sy PP ‘QK/

Bridges supporting Interstate highways or other high-
ways which carry, or which may carry, heavy truck traf-
fic, shall be designed for HS20-44 Loading or an Alternate
Military Loading of two axles four feet apart with each
axle weighing 24,000 pounds, whichever produces the
greateststress. 1= % i» -3t 1o Fton

S

IR -2 m
e ¢ )b

The H loadings consist of a two-axle truck or the cor-
responding lane loading as illustrated in Figures 3.7.6A
and 3.7.6B. The H loadings are designated H followed by
a number indicating the gross weight in tons of the stan-
dard truck.

3.7.5 HLoading .

3.7.6 HS Loading

The HS loadings consist of a tractor truck with semi-
trailer or the corresponding lane load as illustrated in Fig-
ures 3.7.7A and 3.7.6B. The HS loadings are designated

N TR
;){; {ff,?/' ,Q*’!j Sk AJ) f*", 7 {\‘/ﬂ’{} J(e{’!gjr,) 2
& Jﬁ/ ‘ g

5
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by the letters HS followed by a number indicating the
gross weight in tons of the tractor truck. The variable axle
spacing has been introduced in order that the spacing of
axles may approximate more closely the tractor trailers
now in use. The variable spacing also provides a more sat-
isfactory loading for continuous spans, in that heavy axle
loads may be so placed on adjoining spans as to produce
maximum negative moments,

3.8 IMPACT

e ——

el
3.8.1 Application

Highway Live Loads shall be increased for those struc-
tural elements in Group A, below, to allow for dynamic,
vibratory and impact effects. Impact allowances shall not
be applied to items in Group B. It is intended that impact
be included as part of the loads transferred from super-
structure to substructure, but shall not be included in loads
transferred to footings nor to those parts of piles or
columns that are below ground.

—> 3.8.1.1 Group A—Impact shall be included.

(1) Superstructure, including legs of rigid frames.

(2) Pers, (with or without bearings regardless of type)
excluding footings and those portions below the
ground line.

(3) The portions above the ground line of concrete or
steel piles that support the sﬁpcrstrucmre.

—4~3.8.12 Group B—Impact shall not be included.

(1) Abutments, retaining walls, piles except as speci-
fiedin 3.8.1.1 (3). -

(2) Foundation pressures and footings.

(3) Timber structures.

(4) Sidewalk loads.

(5) Culverts and structures having 3 feet or more
COver.

-

G Lo

{j’*bf

3.8.2. Impact Formula

3.8.2.1 The amount of the impact allowance or in-
crement is expressed as a fraction of the live load stress,
and shall be determined by the formula:

L e

I= 3-h
T+125
:V [T 3 L‘*
inwhich, '
I = impact fraction (maximum 30 percent);
. e s 3

Q.
[ kq::,”f. — {.,)‘" - R
v »
i "y ﬁ,,‘i; J

e
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H 20‘44 B.MO LBS. }N, Pt

= 34 4%:‘\ 32,000 LBS.‘ = b
H 15‘4‘4 6'000 LBS. r L ?‘f.t“l 24'000 LBS’ ot ln - ') ,’, « ¥
R 140"

2W

! W = TOTAL WEIGHT OF 3
TRUCK AND LOAD |2
W

W -
r_!___l 0.4
I

3

0

o
-

0.1 W - 0.4w

CLEARANCE AND
LOAD LANE WIDTH

- 10!_0"

CU-F.15
_] 1 ]

2'_0" 6'_0" 21.00|
r ‘?’“h Le™ sl

FIGURE 3.7.6A Standard H Trucks

*[n the design of timber floors and orthotropic steel decks (excluding transverse beams) for H 20 loading, one
axle load of 24,000 pounds or two axle loads of 16,000 pounds cach spaced 4 fect apart may be used, whichever
produces the greater stress, instcad of the 32,000-pound axle shown.

#4For slab design, the center line of wheels shall be assumed to be | foot from face of curb. (See Anicle 3.24.2.)
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UNIFORM LOAD (640 L

18,000 LBS. FOR MOMENT* _
CONCENTRATED LOAD= 55400 1BS. FOR SHEAR

() fe g5t

&
( ]

A 7 1"“"
1 3 fan
ER LINEAR FOOT OF LOAD LANE

L

T

s 268

H20-44

s R

¢ UNIFORM LOAD 480 LBS.

_HS20-44

13,500 LBS. FOR MOMENT* - 4. H7i.
CONCENTRATED LOAD— 1500 (Bs. FOR SHEAR

| o
/A . n/r} -

LOADING
LOADING

PER LINEAR FOOT OF LOAD LANE

Y

07 7 2

HS15-44

[ -

additional concentrated load.

L = length in feet of the portion of the span that is
loaded to produce the maximum stress in the

member.

3.82.2 For uniformity of appli cation, in this formula,
the loaded length, L, shall be as follows:

(a) For roadway floors: the design span length.
{b) For transverse members, such as floor beams: the
span length of member center Lo center of supports.
(c) For computing truck load moments: the span
length, or for cantilever arms the length from the mo-
ment center to the farthermost axle.
(d) For shear due to truck loads: the length of the
loaded portion of span from the point under consider-
ation to the far reaction; except. for cantilever arms,
[ usea 30 percent impact factor.
| (¢) For continuous spans: the length of span under
E consideration for positive moment, and the average of
%‘ two adjacent loaded spans for negative moment.

-
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H15-44 LOADING

FIGURE 3.7.6B.

. 3.
*For the loading of continuous spans involving lane loading

LOADING

Lan,e«!iiading
M:‘—"-mj, ¢ ),‘,,”L_f.),

refer to Anicle 3.11.3 which provides for an

3.8.2.3 For culverts with cover
00"t 1'-0"inc.l = 30%
1'-}2to 2°-0"inc. [ = 20%
“inc. I = 10%

EZ'E;' 1821

3.9 LONGITUDINAL FORCES

Provision shall be made for the effect of a longitudinal
force of 5 percent of the live load in all lanes carrying traf-
fic headed in the same direction. All lanes shall be loaded
for bridges likely to become one directional in the future.
The load used. without impact. shall be the lane load plus
the concentrated load for moment specified in Article 37
with reduction for multiple-loaded lanes as specified in
Article 3.12. The center of gravity of the longitudinal
force shall be assumed 1o be located 6 [eet above the tloor
slab and 10 be transmitted to the substructure through the
superstructure. Pl

reet -
25 [ o L + 8 & // (11 m[/’) w\; if’
. @ _5“ (/ /“. n e /@‘_‘j + /'ﬁ_j Cawes P MJ
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AASH Tr v 4o | T ] 1 b
:Smuu 8.000 LBS.-3-4" 32,000LBS% 4.5 32000 LBSX¥ - 112
S15-44 6000 LBS.2.7 24,000 LBS. Vo 24,000 LBS. ~ |4 J
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COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH IS THE SAME

AS FOR THE CORRESPONDING H TRUCK.

VARIABLE SPACING — 14 FEET TO 30 FEET INCLUSIVE. SPACING TO BE
USED IS THAT WHICH PRODUCES MAXIMUM STRESSES.

CLEARANCE AND

=

<
"

i pd LOAD LANE WIDTH
&,- \rd By -, L 10°'-0" ‘
Ms 2~ -1 - |
i 1 .
g 75 722
——p J )
cfn‘zm% o2t CURB 7y . .
RIS are BTy C«: el
{ K L e
. - e Ly
z'j‘“ 60" p-of e
‘,{1 - ] “&Jm MY K

FIGL'REIJJ.?A. Standard HS Trucks

e T e |

*In the desizn of umber Aoors and orthotropic steel decks (excluding transverse heums) for H 20 loading, one
anle load of 24,000 pounds or (wo axle loads of 16.000 pounds each, spaced 4 feet apan may be used, whichever
produces the greater siress. instead of the 32,000-pound axle shown.

*#For siab design, the center line of wheels shall be assumed to be 1 foot from face of curb. (See Article 3.24.2.)
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—_ 3.10.4 Lane loads shall not be used in the computation

3.10

DIVISION 1—DESIGN

# -
3.10 CENTRIFUGAL FORCES

3.10.1 Structures on curves shall be designed for a hor-
izontal radial force equal to the following percentage of
the live load, without impact, in all traffic lanes: |

S mt.

%

e
; ] “h
C=0.001178’D = 55-—‘%@ (3-2
where, ! PR -3 / T {.& f\u

C = the centrifugal force in percent of thg five load,
without impact;

S = the design speed in miles per hour;

D = the degree of curve;

R = the radius of the curve in feel.

D £ *f) ‘M ! \ - . 5,
el M N S fg‘,‘}‘u‘c IF,}JJ}J{_{’J’% oy § L

3.10.2 The effects of superclevation shall be taken into
account. P

o

-

i 8
> 3.10.3 The centrifugal force shall be applied 6 feet
above the roadway surface, measured along the center line
of the roadway. The design speed shall be determined with
regard to the amount of superelevation provided in the
roadway. The traffic lanes shall be loaded in accordance
with the provisions of Article 3.7 with one standard truck
on each design traffic lane placed in position for maxi-
- mum loading. T e e,
g e U s et P Lip s o

of centrifugal forces.

—p 3.10.5 When a reinforced concrete floor slab or a steel

grid deck is keyed to or attached to its supporting mem-
bers, it may be assumed that the deck resists, within its

plane, the shear resulting from the centrifugal forces act- /’f

ing on the live load.

3.11 APPLICATION OF LIVE LOAD

3.11.1 Traffic Lane Units

In computing stresses, each 10-foot lane load or single
standard truck shall be considered as a unit, and fractions
of load lane widths or trucks shall not be used.

3,112 Number and Position of Traffic Lane Units

The number and position of the lane load or truck loads
shall be as specified in Article 3.7 and, whether lane or
truck loads, shall be such as to produce maximum stress,
subject to the reduction specified in Article 3.12.

A

I

Com

o !,J“;}’_'j ‘ “j&)‘C\“J !{(,J‘»,L,J,g(vt 3

A, Py -a311.3  Lane Loads on Continuous Spans

For the determination of maximum negative moment
in the design of continuous spans, the lane load shown in
Figure 3.7.6B shall be modified by the addition of a sec-
ond, equal weight concentrated load placed in one other
span in the serics in such position to produce the maxi-
mum effect. For maximum positive_moment, only one
concentrated load shall be used per lane, combined with
a5 matiy spans loaded uniformly as are required to pro-
duce maximum moment.

3.11.4 Loading for Maximum Stress

3.11.4.1 On both simple and continuous spans, the
type of loading, whether lane load or truck load, to be used
shall be the loading which produces the maximum stress.
The moment and shear tables given in Appendix A show
which types of loading controls for simple spans.

3.11.4.2 For continuous spans, thg lane loading shall
be continuous or discontinuous; only one standard H or

3.12 REDUCTION IN LOAD INTENSITY

3.12.1 Where maximum stresses are produced in any
member by loading a number of traffic lanes simultane-
ously, the following percentages of the live loads shall be
used in view of the improbability of coincident maximum
loading:

Percent

Oneortwolanes .......ccveecmvnrnvevenans 100
Threelanes .....ceeviiieianernonvacnasncass 90

{ Fourlanesormore ..........ceeseceecenens 75

3.12.2 The reduction in intensity of loads on transverse
members such as floor beams shall be determined as in the
case of main trusses or girders, using the number of traf-
fic lanes across the width of roadway that must be loaded
to produce maximum stresses in the floor beam.

3.13 ELECTRIC RAILWAY LOADS

If highway bridges carry electric railway traffic, the
railway loads shall be determined from the class of traffic
which the bridge may be expected to carry. The possibil-
ity that the bridge may be required to carry railroad freight
cars shall be given consideration,
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3.14

314 SIDEWALK, CURR, AND RAILING
LOADING

3141 Sidewalk Loading

L4 LE Sidewalk floors, stringers, and their imme-
diate supports shall be designed for a live load of 85
pounds per square foot of sidewalk area. Girders, uﬁ?sEESI‘
arches, and other members shall be designed for the fol-
lowing sidewalk live loads: -

Spans 0 to 25 feet in fength ..., ... . . 85 Ib/ft.2
Spans 26 to 100 feet in length ... . . .60 b2
/" Spans over 100 feet in length according 1o the formula”
- e e )
woo ), ¢ p A AT 7 AP M
f fﬂ, s % b ot ‘6‘,, . # —
Ty l’m(30+——-—-—3'ﬂm)(———-—-ﬁ w) (3-3)
Ty t} L 50 -
‘ i TR ALY g, Lo SPTE L RS 5: { Ls
NN o S U S R Rt s
W {“’ . P = live load per square foot, max. 60-Ib, persq. ft.
S L = loaded length of sidewalk in feet,

. 2» W = width of sidewalk in feet,

F S

A

. > 3.14.1.2 Incalculating stresses in structures that sup-
port cantilevered sidewalks, the sidewalk shall be fully
loaded on only one side of the structure if this condition
produces maximum stress.

| PO I
ot P T
—= 3.14.1.3 Bridges for pedestrian and/or bicycle traffic
shall be designed for a live load of 85 PSE

TEor] In
—> 3.14.1.4 Where bicycle or pedestrian bridges are ex-

pected to be used by maintenance vehicles, special design
consideration should be made for these loads,

kg
752 % fn o
U‘y(J«U'

3.14.2.1 Curbs shall be designed to resist a lateral”
force of not less than 5 ounds per linear foot of curb,

applied at the top of the curb, or at an elevau:op 10 inches
above the floor if the curb is higher than 10 mcﬁcﬁ, 25 O

BT L rb w__f L,
3.14.2.2  Where sidcwalk, curb, and traffic rail form
an integral system, the traffic railing loading shall be ap-

plied and stresses in curbs computed accordingly.

3.14.2 Curb Loading

£

P 2

L4
4,)

3.143 Railing Loading

For Railing Loads, see Article 2.7,
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_3.15) WIND LOADS

s

The wind load shall consist of moving uniformly dis-
tributed loads applied to the exposed area of the structure.
The exposed area shall be the sum of the areas of ;nll mem-
bers, including floor system and railing, as seen in eleva-
tion at 90 degrees to the longitudinal axis of the structure.

K:Jocity of 100 miles per hour. For Group I and Group V

f‘wlé“:uﬁngs, but not for Group Il and Grou'p V1 loadings,
they may be reduced or increased in the ratio of the square
of the design wind velocity to the square of the baslc wind
velocity provided that the maximum probable wind ve-
locity can be ascertained with reasonable accuracy, 9r
provided that there are permanent features of the terrain
which make such changes safe and advisable. Ifa f:hangc
in the design wind velocity is made, the design wind ve-
locity shall be shown on the plans.

3.15.1 Superstructure Design .~ _~
g - ;‘}5‘1 }‘:‘n} .
3.15.1.1 Group II and Group V Loadings

3.15.1.1.1 A wind load of the following intensity
shall be applied horizontally at right angles to the longi-
tudinal axis of the structure:

Lot bt e
For trusses and arches ........75 pounds per square foot 375

For girders and beams ........50 pounds per square foot 25 - ‘f{%ﬂ ’
{5, fe s

i )
- 3.I5.1.1.2  The total force shall not be less than 300~ ™

<

“*and 150 pounds per linear foot in the plane of the leeward

chord on truss spans, and not less than 300 pounds er lin-
ear foot on girder spans. “H5- k U
- I e

3.15.1.2 Gmnpmand Group VI Loadings
- 15~ kg S

Group III and Group VI oadings shall comprise the
loads used for Group II and <gxup V loadings reduced by
70 percent and a load of 1 pounds per linear foot ap-
plied at right angles to the longitudinal axis of the struc-
| "gtifre and 6 feet above the deck as a wind load on a moving
live load. When a reinforced concreie floor slab or a steel
grid deck is keyed to or attached to its supporting mem-
bers, it may be assumed that the deck resists, within its

plane, the shear resulting from the wind load on the mov-
ing live load.

._3.15.2 Substructure Design

Forces transmitted to the substructure by the super-
structure and forces applied directly to the substructure by
wind loads shall be as follows:
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3.152.1 Forces from Superstructure

3.15.2.1.1 The transverse and longitudinal forces )
transmitted by the superstructure to the substructure for
various angles of wind direction shall be as set forth in the
following table. The skew angle is measured from the per-
pendicular to the longitudinal axis and the assumed wind
direction shall be that which produces the maximum
stress in the substructure, The transverse and longitudinal
forces shall be applied simultaneously at the elevation of
the center of gravity of the exposed area of the super-

structure,

Trusses Girders
Skew Angie  Lateral  Longitudinal  Lateral  Longitudinal

of Wind Load Load Load Load
Degrees PSF PSF PSF PSF
0 5 0 $0 0

15 70 12 44 6

30 65 8 41 12

45 47 41 33 16

60 pl 50 17 19

The loads listed above shall be used in Group H and
Group V loadings as given in Article 3.22.

3.15.2.1.2 For Group IIl and Group VI loadings,
these loads may be reduced by 70 percent and a load per
linear foot added as a wind load on a moving live load, as

. r
deck. F)& o

o

3.15.2.1.3 For the usual girder ad slab bridges hav-
ing maximum span lengths of 125 feet, the following
wind loading may be used in lieu of the more precise load-
ing specified abovi: V L

DL S PV

F)/mE W (wind load on structure) (o -

15, ——s 50 pounds per square foot. ransverse | Pe fgj‘i.éf(
g,% 4. -~ 12 pounds persquarc foo.l. loqgitudinal} C

A Both forces shall be applied sm?unanuously‘

[ ¥
Aty (4t

by

e

given in the following table: The effect of forces tending to overlurn SIIUCIUTES
shall be calculated under Groups II. I1I, V, and VI of
Skew Angle Article 3.22 assufninlg that }he wind direction is at .rﬁght
of Wind Lateral Load Longitudinal Load angles 1o the longitudinal axis of the structure. In addition,
Degress Ib/ft. 1b.ft. an upward force shall be applied at the windward.quancr
o 100 P point of the transverse superstructure width. This force hes
15 88 12 shall be 20 pounds per square foot of deck and sidewalk /™’ J/M{_
30 2‘15 g‘; plan area for Group Il and Group V combinations and
45 6 pounds per square foot for Group III and Group VI
o a 2 ¢ ['m@a}fﬂ;ﬁ; \ ' ’ / ’
A ) 7 KZ\ﬁ i / ';'vi " 3 kd:{":‘ft«' w,vw‘iw'i( “, gf;;, ‘\j.r* “”EL’
This load shall be applied at a point 6 feet ag&ve the et i

Clt VI ag ;(‘ Lk
WL (wind load on live load)
. 15+ 5100 pounds per lincar foot, transverse  *
/. 40 pounds per lincar foot, longitudinal «
Both forces shall be a
o

g

(J (J”
*

Cj/) . 4

pplicd simultancously. »

D g gt ﬁf Sy f:w’”

;H;yffwi PR ) \ g‘“'" NN
{

s

’

P

3.15.2.2 Forces Applied QL’E_‘:}"
to the Substructure

The transverse and longitudinal forces to be applied di-
rectly to the substructure for a 100-mile per hour wind

. e b
shall be calculated from an assumed wind force of 40 2-» }
pounds per square foot. For wind directions assumed a

skewed 1o the substructure, this force shall be resolved
into components perpendicular to the end and fron_l cle-
vations of the substructure. The component perpendicular
to the end elevation shall act on the exposed substructure
area as seen in end elevation and the component perpen-
dicular to the front elevation shall act on the exposed arcas
and shall be applied simultancously with the wind loads
from the superstructure. The above loads arc for Group 1l
and Group V loadings and may be reduced by 70 pcrcm?l
for Group 11 and Group V1 loadings, as indicated in Arti-
cle 3.22,

3.15.3 Overturning Forces

e

L

S

316 THERMAL FORCES

Provision shall be made for stresses or movements re-
sulting from variations in temperature. The rise and fall in
temperature shall be fixed for the locality in which the
structure is to be constructed and shall be computed from
an assumed temperature at the time of erection. Due con-
sideration ~hall be given to the lag between air tempyta
ture and the interior temperature of massive concrete

<
members or strugtures. s “vf“:‘"»’

'}"“’,"M"«f*r' {m = l f} ‘"f)i LZ‘ ij’ (I
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The range of temperature shall generally be as follows:

Metal structures: -

A F e
Moderate climate, from 010 1208 — 12 |” 4y
Cold climate, from = 30 to 120°F S VRN
Temperature  Temperature
Rise Fall
Concrete structures: x"’f‘“w 2% ¢
Moderate climate ... WF «OF
v Cold climate ./, ... .. . ISF 45°F
o ) A ¢ . ~ 'f;r P
s b U dde Wl o 2.
\ ’U’Q Ly . ~ ] ‘tk ™~ e L j—
317 UPLIFT S ¢ b —tat
A17.1  Provision shall be made for adequate attachment

of the superstructure to the substructure by ensuring that
the calculated uplift at any support is resisted by tension
members engaging a mass of masonry equal (o the largest
force obtained under one of the following conditions:

(a) 100 percent of the calculated uplift caused by any
loading or combination of loadings in which the live
plus impact loading is increased by 100 percent,

(b) 150 percent of the calculated uplift at working load
level.

3.17.2  Anchor bolts subject 1o tension or other elements
of the structure stressed under the above conditions shall
be designed at 150 percent of the allowable basic stress.

3.18 FORCES FROM STREAM CURRENT AND
FLOATING ICE, AND DRIFT CONDITIONS

All piers and other portions of structures that are sub-
Jject to the force of fowing water, floating ice, or drift shall
be designed to resist the maximum stresses induced

thereby.
——i= 3.18.1 Force of Stream Current on Piers
N S R
3.18.1.1 Stream Pressure s L L

3.18.1.1.1 The effect of lowing water on piers and

drift build-up. assuming a second-degree parabolic veloc-—d.

ity distribution and thus a tnangular pressure distribution,
shall be calculated by the formula:

£
— ?;:)“%“" %a: 7, JJ: jz)' Plv; = K(vng)' (3-4)
L 1D
where,
P,., = average stream pressure, in pounds per square

foot,
V... = average velocity of water in feet per second.
computed by dividing the flow rate by the flow

K = a constant, being 1.4 for all piers §ubjoctcd to
drift build-up and square-ended piers, 0.7‘for
circular piers, and 0.5 for aﬂglc.endcg,P‘“s
where the angle is 30 degrees or lcs:.(/; .

The ma:iivrfwu;n stream ow pressure P, shall be
equal to twice the average stream flow pressure, P, com-
puted by Equation 3-4_ Stream flow pressure shall be a tri-
angular distribution with P, located at the top of water

elevation and a zero pressure located at the flow line.

3.18.1.1.2 'The stream flow forces shall bc co_mputod
by the product of the stream flow pressure, m}:mg.mlo ac-
count the pressure distribution, and the ex posed pier area.
In cases where the corresponding lop of water chvaixon is
above the low beam elevation, stream flow loading on the
superstructure shall be investigated. The stream flow pres-
sure acting on the superstructure may be taken s Pras wnhﬁ

a uniform distribution. = e b U,,,Wffgﬁ‘f, y
- S I L - . /

? = i PR
3.18.1.2 Pressure Comﬁb‘”ﬁé’nfs’fr" bt ‘“”""fﬁ (-

When the direction of stream flow is other than normal
to the exposed surface area, or when bank migration or a
change of stream bed meander is anticipated, the effects
of the directional components of stream. flow pressure
shall be investigated.

3.18.1.3 Drift Lodged Against Pier

Where a significant amount of drift lodged against a
pier is anticipated, the effects of this drift buildup shall be
considered in the design of the bridge opening and the
bridge components. The overall dimensions of the drift
buildup shall reflect the selected pier locations, site con-
ditions, and known drift supply ups ream. When it is an-
ticipated that the flow area will be significantly blocked
by drift buildup, increases in high water elevations,
stream velocities, stream flow pressures, and the potential
increases in scour depths shall be investigated.

3.18.2 Foarce of Ice on Piers

3.18.2.1 .anera[ ,, , 3 ;- .
S ’jd' v o TS “:-'j" ~% > J—-«’ff_,f:ﬁe‘;w,;@z,« T

Ice forces on piers shall be selected, having regard
to site conditions and the mode of ice action to be ex-
pected. Consideration shall be given to the following
modes:

ta) Dynamic ive pressure due 1o moving ice-sheets
and ice-floes carried by streamflow, wind, or currents.
(b) Static ice pressure due to thermal movements of

area,
4 bhoriser ol el b o LRED
1 e o
1;;,, — 7
L L &
E o 3¢ @)
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continuous stationary icc-sheets on large bodies of
water,

(c) Static pressure resulting (rom ice-jams.

(d) Static uplift or vertical loads resulting from adher-
ing ice in waters of fluctuating level.

3.18.2.2 Dynamic Ice Force

3.18.2.2.1 Horizontal forces resulting (rom the pres-
sure of moving ice shall be calculated by the formula:

F=Cp-t-w (3-5)

where,

= horizontal ice force on pier in pounds;

= coefficient for nosc inclination from table;
effective ice strength in pounds per square inch;
thickness of ice in contact with pier in inches;
= width of pier or diameter of circular-shaft pier at
the level of ice action in inches.

Ul

I

gf‘vﬂn'ﬂ
I

Inclination of Nose to vertical C.

0°to0 15° 100
15° to 307 0.75
30° 10 45° 0.50

3.18.2.2.2 Theeffective ice strength p shall normally
be taken in the range of 100 to 400 pounds per square inch
on the assumption that crushing or splitting of the ice
takes place on contact with the pier. The value used shall
be based on an assessment of the probable condition of the
ice at time of movement, on previous local experience,
and on assessment of existing structure performance. Rel-
evant ice conditions include the expected temperature of
the ice at time of movement, the size of moving sheets and
floes, and the velocity at contact. Due consideration shall
be given to the probability of extreme rather than average

conditions at the site in question.

3.18.2.2.3 The following values of effective ice
strength appropriate 10 various situations may be used as

a guide.

{a) In the order of 100 psi where breakup oceurs
at melting temperatures and where the ice runs as
small “cakes” and is substantially disintegrated in its
structure.

{(b) In the order of 200 psi where breakup occurs at
melting temperatures, but the ice moves in laree pieces
and is internally sound.

(c) In the order of 300 psi where at breakup there is an

initial avement of the ice sheet as a whole or where
farge sheets of sound ice may strike the piers,

{dy Inthe order of 400 psi where breakup or major ice
movement may oceur with jce lemperatures sipnifi-
cantly below the melling point,

3.18.2.2.4 The preceding values for effective ice
strength are intended for use with piers of substantial mass
and dimensions, The values shall be modified as neces-
sary for variations in pier width or pile diameter, and des
sign ice thickness by multiplying by the appropriate coef-
ficient obtained from the following table:

B Coelficient

0.5 1.8

1.0 1.3

1.5 I.1

2.0 1.0

3.0 0.9
4.0 or greater 0.8

where,

b = width of picr or diameter of pile;
t = design ice thickness.

3.18.2.2.5 Piers should be placed with their longitu-
dinal axis parallel to the principal direction of ice action,
The force caleulated by the formula shall then be faken to
act wlong the direction of the longnudinal axis. A Torce
transverse to the longitudinal axis and armountny Lo nol
less than 15 percent of the longitudinal force shall be con-
sidered to act simultancously.

3.18.2.2.6 Where the longitudinal axis of a pier can-
not be placed parallel to the principal direction of ice ac-
tion, or where the direction of ice action may shift, the
total force on the pier shall be computed by the formula
and resolved into vector components. In such conditions,
forces transverse to the longitudinal aas shall in no case
be taken as less than 20 percent of the total force.

3.18.2.2.7 1In the case of slender and Nexible piers,
consideration should be given to the vibrating nature of
dynamic ice forces and to the possibility of high momen-
tary pressures and structural resonance,

318.2.3  Static lce Pressure

lce pressure on piers frozen into ice sheets on large
bodies of water shall receive special consideration where
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Table of Coefficients y and 8 ‘ }ML':J d‘ x>

Col, Neo, 1
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K3 o i ;
L Ve I N > 3 I
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W VLU [T T T 51 [
(Wt oy by A e Je| T T oo 0| 0 [o] 6 [100} , y |-
AR Y B TR 1] 2]0 ol ol ol of of o] o] o Jo| o |160]"""" }'
\ . Eﬁ . {§ id . "u‘ 1 0 1 1 5: 1 1 0 0 0 o ) 0 - }u,}r;wwf‘ ¢ G L"ﬁ‘jw
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N B &T :.g V1 v lo Ty s 7 103 1| 1] o0 |o] o | 128
\}\ o B R 11 vlo a1 1] o] of of 1 [o] o | 128
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R I <pVvijraslp| 1 o 1 {8 1 1] 03] 111 1 Jo| o o
z
’;\\ alvulisldo] oo (o (6] 1 1{ ol o[ o] o [1] o
j! P viif13jdo] 1 Jo [1 gl 1 1] ol of of o Jo| 1
5 Al x2olfp] 0 [0 [0 || 1| 1| 1| o o] o [0 1
At X J1301 1 18| O o | Bg| © [{] 0 0 0 (i) 0 [ Culvert

kY

.

{AQ{: LAl fIL (L + D), - Live load plus impact for AASHTO Highway H or HS loading
- (L + I), - Live load plus impact consistent with the overload criteria of the operation
agency.

* .25 may be used for design of outside roadway beam when com- \ For culvert loading specifications, see Article 6.2.

bination of sidewalk live load as well as traffic live load plus impact

governs the design, but the capacity of the section should not be less Be = 1.020d 0.5 for lateral loads on rigid frames (check both load-
than required for highway traffic live load only using a beta factor of ings 10 see which one gov x *20.

1.67 1.00 may be used for design of deck slab with combination of :

loads as described in Article 3.24 2.2, /Ly,‘}, .
7y ¢ !Ljp 7 L 2 ! 2 FE s '{-"4 "JU“;L{?}%-:,' Be 1.3 for lateral FanIT pressure for retaining walls and rigid
A3 6T —a = J :’T et Tr AN Trames excluding rigid culverts. For lateral at-rest earth
f 6T v Za " Mo R RAS Y (e pressures, e = 1,15
*r P .= Maximum Unit Stress (Dpc;mmg Raung) 100 Be = 0.5 for l.aunl cacth pressure when checking positive
reentag Allowable Basic Unit Stress moments in rigid frames. This complies with Article 3.20.

Be = 1.0 for vertical earth pressure .
Bo = 0.75 when checking member for minimum axial Joad and

/ maximum moment or maximum eccentricity . .. .. For
Bo = :.Oduhcn checking member for maximum axial  Column
i oad and mimmummoment ........ ..., .., .. Desiga. -
& (Column 14) Percentage of Basic Unit Stress Bu =M]I_%)lrym flexural and tension members
. ) ‘ It be permitted for members B = T0Tor Rigid Cutvents ‘
No increase in allowable unit stresses shall be permi Be = 1.5 for Flexible Culvens

or connections carrying wind loads only.
For Group X loading {(culverts) the B factor shall be applied to verti-

By = 1.00 for vertical and lateral loads on all ather structures. cal and horizontal loads.

—— e i

a1 Tt
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there is reason 1o believe that the ice sheets are subject
significant thermal movements relative to the picrs.

319 BUOYANCY

Buoyancy shall be considered where it alTects the de-
sign of either substiucture, including piling, or the super-
structure.

J L
320 EARTH PRESSURE A R

3.20.1  Stuctures which retain fills shall be proportioned
to withstand pressure as given by Rankine's formula or by
other expressions given in Section 5, “Retaining Walls™,
provided, however, that no structure shall be desipned for
less than an cql.li_\_'ail._cm_ﬂnl_d weight (mass) of 30 pounds

per cubic (oot. s Ly
'_" <y > 1o - |-/(,;t.'

l,..' r )f.‘.JJlkl'

3.20.2 For rigid frames a maximum of one-half of the
moment caused by eanh pressure (lateral) may be used to
reduce the positive moment in the beams, in the top slab,
or in the top and bottom slab, as the case may be.

3.20.3  When highway traffic can come within a hori-
zontal distance from the top of the structure equal 1o one-
half its height. the pressure shall have added 10 ila live
load surcharge pressure_gqual 1o not Jess than 2 feet of
carth. - LR

) le Com "' » LJ,:‘. >y, !.;_4
3.20.4 Where an adequately designed reinforced con-
crete appro sch slab supported at one end by the bridge is
provided. no live load surcharge need be considered.

205 All designs shall provide for the thorough
drainage of the back-filling material by means of weep
holes and crushed rock. pipe drains or gravel drains, or by
perforated drains.

321 EARTHQUAKES

In regions where earthquakes may be anticipated.
structures shall be designed to resist earthquake molions
by considenng the relationslup of the site to active faults,
the ~eisiuc response of the soils at the site, and the dy-
namic response characteristics of the total structure in ac-
cordance widiEivision 1-A—Seismic Design. |

IJ vl - ;J c"'

Part B
COMBINATIONS OF LOADS

322 COMBINATIONS OF LOADS

3421 The following Groups represent various combi-
nations of loads and forces 10 which a structure may be
subjected Lach component of the structure, or the foun-
dation on which it rests, shall be proportioned to with-
stand safely all group combinations of these forces that
are apphicable to the particular site or 1ype. Group loading
combinations for Service Load Design and Load Factor

Design are given by:

Group (N) = ylBo - D + B L+ D+ BCF + E
BB+ PsSF 4 BuW + P WL

+ BiolQ + P ICE] (3-10)
where,
N = group number;
y = load factor, see Table 3.22.1A0
= cucflicient, sce Table 3.22.1A;
D = dead load:
L = live load:
| = live load impact;
12 = carth pressure;
B = buoyancy;
W = wind load on structure;
WL = wind load on live load—100 pounds per lincar
foot;
LF = longitudinal force from live load;
CF = centrifugal force;
R = rib shonening;
S = shrinkage;
T = wemperature;
EQ = earthquake;
SF = stream flow pressure;
ICE = ice pressure.
3,222 For service load design, the percentage of the

basic unit stress for the various groups is given in Table
J220A.

The loads and forces in each group shall be taken as ap-
propriate from Articles 3.3 to 3.21. The maximum section
required shall be used.

3223 For load factor design, the gamma and beta fac-
tors wiven in Table 3.22.1A shall be used for desizning
structural members and foundations by the load factor
concepl.
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HIGHWAY BRIDGES 3.223
TABLE 3.23.1  Distribution of Wheel Loads in L . the su
Longitudinal Beams members with the narrow edges of the laminations bearing on P
ports (see Article 16.3.13—Division I). . "
'in]g{g‘: case the load on each stringer shall be the reaction ‘iﬁﬁf
Bridge Desi wheel Toads, assuming the Noorng between the stingers (0 act 35 3 S
Kiod of Reidge Deslgned for — for Two or ,ﬁg‘; ple besy .
Floor One Traffic Lane Teaffic Fani ¥ e5gn of 1-Deam Bridges™ by N. M. Newmark—Proceedings,
- i ASCE, March 1948, ) ,
+ Timber: W *The sidewalk live load (sce Article 3.14) shall be omitted for inte-
Plank® SH0 S.75 rior and exterior box girders designed in accordance with the wheel load
. Nal laminaet . distribution indicated herein.
> A" thiek o muliiple ‘Distribution factors for Steel Bridge Corrugated Plank set forth
layer* flowes over §* above are based substantially on the following reference:
ek S$n.s M0
L hﬂ!ﬂ“““”*ﬂ*‘ ' Journal of Washington Academy of Sciences, Yol. 67, No. 2, 1977
67 or mace thick 5/5.0 5/4.25 “Wheel Load Distribution of Steel Bridge Plank,”™ by Canrad P. Heins,
If S exceeds §' If S exceeds 6.5' Professor of Civil Engincering, University of Maryland.
i use footnote f, use footnot f* These distribution factors were developed bascd on studies using
<, Glued lanunated ' el 6" X 2" steel corrugated plank. The factors should yield safe results for
Pancls on glued other corrugated configurations provided primary bending stiffness 1s
laminated stringers the same as or greater than the 6" X 2" corrugated plank used in the stud-
;: :x:ck et SM.S S/40 ies.
more thic $/6. | . :
S ceeds P S50 3.22.4 When long span structures are being designed by
If S exceeds 7.5° . ified
€. On steel. use footnote f, usz footnote I, load factor design, the gamma and beta factors spec
s ,h,:; Singers $I4s for Load Factor Design represent general conditions and
6™ or more thick §/5.25 g:g should be increased if, in the Engineer's Jqumﬁﬂt‘
“ If S exceeds 5.5 If S exceeds 7' expected loads, service conditions, or materials of
(1). Concrete: use footmote {, usc footnote f. construction are different from those anticipated by the
‘ . Onsteel I-Beam specifications.
stnngerst and o
%;\ mnmls:c;mc“ snoZ 13 " oss TZ2 .3.22.5  Structures may be analyzed for an overload that
concre < ) . -1 ., . . -
IS exceeds 10° $¢ 3 If § exceeds 14'4-27 1S selected by the operating agency. Size and conﬁg}lraflon
use footnote f. use footnote f. of the overload, loading combinations, and load distribu-
b On concrete E H
rete . : i H i i rmit
_TB y, S/6.5 ‘5 . s/60 ;5_,__ Lton will be consistent with procedures dcﬁnf:d in ;E}cf
IR g If S exteéds 6' ; IS exteeds 10°= 9. & policy of that agency. The load shall be applied in Group
CT T usc footnote f. § <\;g use footnote IB as defined in Table 3.22.1A. For all loadings less than
e On umber b} ading R - ) o -
stringers S/I6.0 sis0 H ...O. Group 1A loading combination shall be used (sce
If S exceeds 6' If S exceeds 10° Article 3.5).
use footnote f. use footnote . .
“ Concrete box
girders* S/80 S1.0 Part C
If S exceceds 12' If S exceeds 16’
. use foatnote f. use footnote f. DISTRIBUTION OF LOADS
2. Onsteclbox girders  See Article 10.39.2.
On prestressed con-
creie spread box 323 DISTRIBUTION OF LOADS TO
(3 -/ Beams See Aticle 3.28. STRINGERS, LONGITUDINAL BEAMS,
- ‘ AND FLOOR BEAMS*
. (Less thand4" thick)  SA.S ggg
(47 or more) 5/6.0 ! 3.23.1 Position of Lo
‘ If S exceeds 6' IfS exceeds 10.5" ads for Shear

Sicel bridge
Corrugated plank*
{2 min depth)

use footnote f,

8/5.5

use footnote f.

SM5 //

%= average stringer spacing in feet. ‘
“Timber dimensions shown are for nominal thickness.

{;;s et _L.,L.(L )k L.

*Plank floors consist of picces of lumber laid edge to edge with the

3-23.L.1  In calculating end shears and end reactions
in §t£apﬁycrse floor beams and lengitudinal beams and
ﬁlfi{'.,‘éf,'f; no longitudinal distribution of the wheel load
shall be assumed for the wheel or axle foad adjacent to the
transverse floor beam or the end of the longitudinal beam
or stringer at which the stress is being determined.

ey g P E (L N

| wide faces bearing on the suppons {sec Article lﬁ.lll——_Divisian .
%ail faminated floors consist of pieces of lumber laid face to face
with the nartow edges bearing on the supports, each plece being nailed
| 10 the preceding piece (see Anticle 16.3.12—Division .
“Muluple layer floors consist of two or more layers of pl.mks cach
| layer being laid at an angle 1o the othiet (see Anticle 16.3.11—Division ID).
Glued tamgited panel foors consist of venically glued laminated

—Lb- 323,12 Lateral distribution of the wheel loads at
ends of the beams or stringers shall be that produced by

*Provisions in this Anticle shall not apply to orthotropic deck bridges.

4 & ,]L‘LJ! j g
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ming the flooring to act as a simple span between

stringers or beams. For wheels or asles in other positions

~on the span, the distribution for shear shall be determined

by the method prescribed for moment, except that the cal
culations of horizontal shear in rectangular timber beams
shall be in accordance with Anicke 13.3,

3232 Bending Moments in Stringers and
Longitudinal Beams**

3.23.2.1 General

In calculating bending moments in longitudinal beams
or stringers, no longitudinal distribution of the wheel
loads shall be assumed. The lateral distribution shall be
determined as follows.

3.23.2.2  Interior Stringers and Beams

The live load bending moment for each interior
stringer shall be determined by applying to the stringer the
fraction of a wheel load (both front and rear) determined
in Table 3.23.1.

3.23.2.3  Outside Roadway Stringers and Beams

3.23.2.3.1 Steel-Timber-Concrete T-Beams

3.23.2.3.1.1 The dead load supported by the outside
roadway stringer or beam shall be that portion of the lloor
slab carried by the stringer or beam. Curbs. rutlings, and
wearing surface, if placed after the slab has cured, may be
distributed equally to all roadway stringers or beams.

3.23.2.3.1.2 The live load bending moment for out-
side roadway stringers or beams shall be determined by
applying to the stringer or beam the reaction of the wheel
load obtained by assuming the flooring to act as a simple
span between siringers or beams.

3.23.2.3.1.3 When the outside roadway _beam or
stringer supports the sidewalk live load as well as traffic
live load and impact and the structure is to be designed by
the service load method. the allowable stress in the beam
or stringer may be increased by 25 percent for the combi-
nation of dead load. sidewalk live load, traffic live load,
and impact, providing the beam is of no less carrying ca-
pacity than would be required if there were no sidewalks.
When the combination of sidewalk live load and traffic
live load plus impact zoverns the design and the structure
is to be desivned by the load factor methed. 1.25 may be
used as the beta factor in place of 1.67.

**In view of the complexity of the theoretical analysis involved in the
distribution of wheel loads 1o stninpens, the empirical method herein de-
scribed is authonzed lor the design ol normal highway bridges

CsiBridge.blog:ir

3.23.2.3.1.4  Innocase shall an exterior stringer have
less carrying capacity than an interior stringer.

123.2.0.1.5  nthe case of a span with concrete floor
supported by 4 or mare steel stringers, lh:;,(‘mclicm of the
whieel Toad shall not be less than:

¥
’,gi Y 3“5

where, § = 6 feet or less and is the distance in feet be-
tween outside and adjacent interior stringers, afnd

L
-
.62
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where, § is more than 6 feet and less than 14 feet. When
S is 14 feet or more, use footnote f, Table 3.23.1.

3.23.2.3.2 Concrete Box Girders

3.23.2.3.2.] The dead load supported by the exterior
girder shall be determined in the same manner as for steel,
timber. or concrete T-beams, as given in Anicle
3.23.2.3.1.

3.23.2.3.2.2 The factor for the wheel lpad distribu-
tion to the exterior girder shall be W7, where W is the
width of exterior girder which shall be taken as the top
slab width, measured from the midpoint between girders
to the outside edge of the slab. The cantilever dimension
of any slab extending beyond the exterior girder shall
preferably not exceed half the girder spacing.

3.23.2.3.3 Total Capacity of Stringers and Beams

The combined design load capacity of all the beams
and siringers in a span shall not be less than required to
support the total live and dead load in the span.

3.23.3 Bending Moments in Floor Beams
(Transverse) .

3.233.1 In calculating bending moments in floor
beams, no transverse distribution of the wheel loads shall
he assuimed.

3.23.3.2 Il longitdinal stringers are omitted and the
floor is supported directly on floor beams, the beams shall
be designed for loads determined in accordance with
Table 3.23.3.1.

Etabs-SAP:ir
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TABLE 3.23.0.1  Distribution of Wheel Loads
in Transverse Beams

Fraction of
Wheel Load o
Each Floor
Kind of Floor Beam
Plank** S
q
Nail laminated® or glued laminated”, S
4 inches in thickness, or multiple layer?
floors more than § inches thick
Nail laminated® or glued laminated®, s
6 inches or more in thickness 5
Concrete s =
¢ w3
Steel grid (less than 4 inches thick) S
33
Steel grid (4 inches or more) 8!
6
Steel bridge corrugated plank (2 inches S . =2
minimum depth) 55 |.6q
Note:

5 = spacing of floor beams in feel.
*~*For footnotes a through e, see Table 3.23.1.

Il § exceeds denominator, the 1oad on the beam shall be the
reaction of the wheels loads assuming the flooring between beams to
act as a simple beamn.

3.23.4 Precast Concrete Beams Used
in Multi-Beam Decks

3.23.4.1 A mulii-beam bridge is constructed with
precast reinforced or prestressed concrete beams that are
placed side by side on the supports. The interaction be-
tween the beams is developed by continuous longitudinal
shear keys used in combination with transverse tic as-
xmbiics-which may, or may not. be prestressed, such as
bolts. rods, or prestressing strands, or other mechanical
means. Full-depth rigid end diaphragms are needed to en-
sure proper load distribution for channel, single- and
multi-stemmed tee beams.

3.23.4.2 In calculating bending moments in multi-
beam precast concrete bridges, conventional or pre-
stressed. no longitudinal distribution of wheel load shall
be assumed.

3.23.43 The live load bending moment for each sec-
tion shall be determined by applying to the beam the frac-
tion of a wheel load (both front and rear) determined by
the following equation:

Load Fraction = 3 (3-11)
D
where,

S = width of precast member;
D =(575- 0.5Ny) + 0.IN(1 — 0.2Cy?

whenC =5 (3-12)
D =(575~ 05N )whenC>35 (3-13)
N, = number of traffic lanes from Article 3.6;
C =K(WIL) 3-14

where,

W = overall width of bridge measured perpendicular
to the longitudinal girders in feet.

L. = span length measured parallel to longitudinal
girders in feet; for girders with cast-in-place end
diaphragms, use the length between end dia-
phragms;

K ={l+muny"~

If the value of VI/] exceeds 5.0, the live load distrib-
ution should be determined using a more precise method,
such as the Articulated Plate Theory or Grillage Analysis.

where,

I = moment of inertia;
J = Saint-Venant torsion constant;
u = Poisson’s ratio for girders.

In lieu of more exact methods, *J” may be estimated using
the following equations: )

Bogug e

g

For Non-voided Rectangular Beams, Channels, Tee

I=E{(13)be(1 - 0.630ub))

where,

b = the length of cach rectangulur component within
the section,

t =the thickness of cach rectangular component
within the section,
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The flanges and stems of stemmed of channel sections are
considered as separate rectangular components whose
values are summed together to calculate “J**. Note that for
“Rectangular Beams with Circular Voids" the valuc of *J"
can usually be approximated by using the equation above
for rectangular sections and neglecting the voids.

For Box-Section Beams,

4

= 2t (b-1)*(d - t,)?
T bted - -]

The formula assumes that both flanges are the same thick-
ness and uses the thickness of only one flange. The same
is trug of the webs,

For preliminary design, the following values of K may

be used:
Brdge Type Beam Type K
Muki-beam Non-voided rectangular beams 0.7
Rectangular beams with circular voids 0.8
Box section beams 1.0

Channel, single- and multi-stemmed tee beams 2.2

324 DISTRIBUTION OF LOADS AND DESIGN
OF CONCRETE SLABS*

3.24.1 Span Lengths (See Article 8.8)

Lt
o Sl LB
324.1.1 Forsimple spans the span length shall be the

distance center to center of supports but need not exceed
/

clear span plus thickness of skzb. C./b el
¢ < » ’,‘ PRS- 4 ‘
~tawd
R

~The slab distnbution sct forth herein is based substantially on the
~Westergaard™ theory. The following references arc [ umished concem-
ing the subject of slab design

Public Roads. March 1930, “Computation of Stresses in Bridge Slabs
Due 10 Wheel Loads.” by H A Weetergaard

Cgnneraity of Nhnows, Bulletn Noo 303, “Solutions tor Cenain Rec-
2 e dar Shate Continy veer Flownl sapparts by Vemon P lensen:
Baticun 3H, "A Dutnouton Procedery bof the Analysis of Slabs Con-
unwous over Flexibie Beams.” by Nathan M. Newmark: Bulletin 313,
~Auments 18 Simple Span Bridge Slabs with Suffened Edges.” by Ver-
son P Jensen; and Bulleun 346, “Highway Slab Bridges with Curbs;
Labraory Tests and Proposed Design Method ™

E

where
b = the overall width of the box, s
d = the overall depth of the box, by s shays
t = the thickness of either web, “
t; = the thickness of either flange.

apdy @ derl AL
R e

— 32421 In designing slabs. the

Tl

et g
s 324,12 Wc’;’zﬂowing effective span lengths shall

be used in calculating the distribution of loads and bend-
ing moments for slabs continuous over more than two
supports: ”“”'l\‘& NI ot Jr et

L.

(a) Slabs monolithic with beams or slabs monolithic
with walls without haunches and rigid top flange pre-
stressed beams with top flange width to minimum
thickness ratio less than 4.0. S shall be the clear span.

shJ Q:i\v*f"a_\,wim‘r*:(b) Slabs supported on stecl stringers. or sfabs sup-

ported on thin top flange prestressed beams with top
flange width 1o minimum thickness ratio equal to or
greater than 4.0. " shall be the distance between
cdges of top flange plus one-half of stringer top flange
width.

/(c) Slabs supported on timber stringers. S shall be the

war san plus ane-hall thickness of stringer.
clear span pl p A

; / - g7
el Dot "Léw“ e R T ﬁ’j"“‘/\

__>3.242 Edge Distance of Wheel Loads

center line of the
wheel load shall be 1 foot from the face of the curb. If
curbs or sidewalks are/not used, the wheel load shallbe |
foot from the ({gce of}he rail.

P P
g

—& 32422 In designing sidewalks, slabs and support-

ing members, a wheel load located on the si'(}cwalk shall
be 1 foot from the face of the rail. In service load design,
(heXombined dead, live, and impact stresses for this load-
ing shall be not greater than 150 percent of the allowable
stresses. In load factor desigri, 1.0 may be used as thé beta
factor in place of 1.67 for the design of deck slabs. Wheel
loads shall not be apjlied on sidewalks protected by a
traffic barrier.

3.24.3 Bending Moment

The bending moment per foot width of slab shall be
calculated according to methods given under Cascs A and
B, unless more exact methods are used considering tire
contact area. The tire contact area needed for exact meth-
ods is given in Article 3.30.

In Cases A and B:

S = effective span length, in feet, as defined under
“Span Lengths™ Articles 3.24.1 and 8.8;

E = width of <lahin feet over which a wheel load v
distributed; < ”Jé.ni"”"w”““’ > Jb s

P = load on one rear wheel of truck (Pys or Py)

P,s = 12,000 pounds for H 15 loading:

P,, = 16,000 pounds for H 20 loading.

Scanned by CamScanner CsiBridge.blog.ir
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13.24.3.1

Y l Hﬁ
; 324001 anA-—-MaIn ernf‘uncenwm

Perpendicular it) Traffic (Spans 2 to 24
Feet lnclmi\:) ey bats

-

P8

£

g -

The live load moment for simple spans shall be deter-
mined by the following formulas (impact not included):
HS 20 Loading:

(S+2

)Pm = Moment in foot - pounds (3-15)
pcr fuol width of slab

]

]P,szMumem in foot — pounds (3-16)

13
HS 15 Loading:
per foowl,\,—,w:dth of slab
' »-»L e (S,

(S+2
- 1 ‘ -
4 o st

n
In slabs continuous over three or more suppom a conti-
nuity factor 6 0.8 Fhall be applied o the above formulas

S Q-
Z “"for both positive and negativé moment.
T A P I IR (Y
3.24.3.2 Case B—Mam Remforcement Parallel

to TrafTic

For wheel loads, the distribution width, E, shall be
(1 + 0.068) but shall not exceed 7.0 feet. Lane loads are
distributed over a width of 2E. Longitudinally reinforced
slabs shall be designed for the appropriate HS loading.

For simple spans, the maximum live load moment per
foot width of slab, without impact, is closely approxi-
mated by the following formulas: /

HS 20 Loadi ng % "25“’“\.«»‘)1)1 )& qe5S
Spansup 10 and including 50 feet: LLM = 900§
foot-pounds

. LLM = 1.000

¢ (1.308-200) .~
foot=pouiids

Spans 50 feet to 100 feet:

HS 15 Loading:
Use 3/4 of the values obtained from the formulas for
HS 20 loading

Moments in continuous spans shall be determined by
suitable analysis using the truck or appropnate lane
loading.
j -y
3.24.4 Shear and Bond "f"‘L*’"’*U,f‘f‘*"»"J'
—  Slabs designed for bending moment in accordance
with Article 3,24.3 shall be considered satisfactory in

bond and shear.

S U

*o.

' L7the post to the point under m\.csngauon R:ulmg and

~ i
4
;hld}zstw(l‘%pptilfverflaln / [t ‘d’ Ly L
P # -
32451 Truck Loads

Under the following formulas for distribution of loads
on cantilever slabs, the slab is designed to support the load
independently of the effects of any edge support along the
end of the cantilever. The distribution given includes the
cffect of whecels on parallel clements.

3.24.5.1.1 Case A—Reinforcement
Perpendicular to Traffic

“Each wheel on the element perpendicular to traffic
shall be distribyted over a w:dm :u:cnrdms to the follow-

%

ey,

5-‘ ing formulah . (\’E L2 X rl'ﬁ’iﬁ
e W E=08X"¥37 (_3'[7)
o
ﬁe"g‘or;lgm per foot of slab shall be |(P/E) X foot-
pounds, in which X is the distance in feet from load to
point of support. /
. g L
3.24.5.1.2 Case B—Reinforcement—ts « L/ 25t

Parallel to Traffic

The distribution width for cach wheel load on the ele-
ment parallel to traffic shall be as follows:

E = 0.35X + 3.2, but shall not exceed 7.0 feet  (3-18)
The moment per foot of slab shall be (P/E) X foot-
pounds.

\_(5_3:12451' Railing Loads
g
Railing loads shall be applied in accordance with Arti-
cle 2.7. The effective length of slab resisting post loadings
shall be equal to E = 0.8X + 3.75 feet where no parapet
 is used and equal to E = 0.8X + 5.0 feet where a parapet
is used, where X is the distance in feel from the center of

»

)J‘J";xj .(/') 7 -
3.24.6 Slabs Smppurled on Four Sfdu; ’

,,L

i,

3.24.6.1 Forslabs supported along four edges and re-
inforced in both directions, the proportion of the load car-
ried by the short span of the slab shall be given by the fol-
lowing equations:

For uniformly distributed load. p = 3-19

at+ bt

3
For conncentrated load at center, p = --3-‘-)-;3' (3-20)
a” .
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DIVISION I—DESIGN 37

where,

p = proportion of load carried by short span;
a = length of short span of slab;
b = length of long span of slab,

3.24.6.2 Where the length of the slab exceeds 14
times its width, the entire load shall be carried by the
transverse reinforcement,

3.24.6.3 The distribution width, E, for the load taken
by either span shall be determined as provided for other
slabs. The moments obtained shall be used in designing
the center half of the short and long slabs. The reinforce-
ment steel in the outer quarters of both short and long
spans may be reduced by 50 percent. In the design of the
supporting beams, consideration shall be given to the fact
that the loads delivered to the supporting beams are not
uniformly distributed along the beams,

3.24.7 Median Slabs

Raised median slabs shall be designed in accordance
with the provisions of this article with truck loadings so
placed as to produce maximum stresses. Combined dead,
live, and impact stresses shall not be greater than 150 per-
cent of the allowable stresses. Flush median slabs shall be
designed without overstress.’

3.24.8 Longitudinal Edge Beams :

3.24.8.1 Edge beams shall be provided for all slabs
having main reinforcement parallel to traffic. The beam
may consist of a slab section additionally reinforced, a
beam integral with and deeper than the slab, or an integral
reinforced section of slab and curb.

3.24.8.2 Theedge beam of a simple span shall be de-
signed to resist a live load moment of 0.10 PS, where,

P = wheel load in pounds P,s or Py;
S = span length in feet.

324.83 For continuous spans, the moment may be

reduced by 20 percent unless a greater reduction results
from a more exact analysis.

3.24.9 Unsupported Transverse Edges

The design assumptions of this article do not provide
for the effect of loads near unsupported edges. Therefore,

(XS Jiﬁru‘j ri

at the ends of the bridge and at intermediate points where
the continuity of the slab is broken, the edges shall be sup-
ported by diaphragms or other suitable means. The di-
aphragms shall be designed to resist the full moment and

shear produced by the wheel loads which can come on
them.

3.24.10 Distribution Reinforcement

3.24.10.1 To provide for the lateral distribution of the
concentrated live loads, reinforcement shall be placed
transverse to the main steel reinforcement in the bottoms
of all slabs except culvert or bridge slabs where the depth
of fill over 51?3 excceds F feet.

xﬁanw‘

3.24.10.2 Thc amount of distribution reinforcement
shall be the percentage of the main reinforcemeat steel
required for positive moment as given by the following
formulas:

For main reinforcement parallel to traffic,

Percentage = % Maximum 50% G ;31)

For main reinforcement perpendicular to trafﬁc,_)—} A

Percentage = 2}4__9. Maximum 67% (3-22)
S o _;_”._ {877
where, S = the effective span length in feet.

3.24.10.3 For main reinforcement perpendicular to
traffic, the specified amount of distribution reinforcement
shall be used in the middle half of tHe slab span, and not
less than 50 percent of the specified amount shall be used
in the outer quarters of the slab span.

325 DISTRIBUTION OF WHEEL LOADS ON
TIMBER FLOORING

For the calculation of bending moments in timber
flooring each wheel load shall be distributed as follows.

3.25.1 Transverse Flooring

3.25.1.1 In the direction of flooring span, the wheel
load shall be distributed over the width of tire as given in
Article 3.30.

Normal to the direction of flooring span, the wheel load
shall be distributed as follows:

Plank floor: the width of plank.

Scanned by CamScanner
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38 HIGHWAY BRIDGES 32511
Non-interconnected* nail laminated panel floor; 15 x = denotes direction perpendicular to longitudinal
inches, but not to exceed panel width, stringers;
Non-interconnected glued laminated panel floor: 15 P = design wheel load in pounds;
inches plus thickness of floor, but not to exceed panel s = effective deck span in inches;
width. Continuous nail laminated floor and interconnected t = deck thickness, in inches, based on moment or

nail laminated panel floor, with adequate shear transfer
between panels**: 15 inches plus thickness of floor, but
not to exceed panel width.

Interconnected* glued laminated panel floor, with ad-
equate shear transfer between panels** not less than 6

inches thick: 15 inches plus twice thickness of floor, but
not to exceed panel width.

3.25.1.2 For transverse flooring the span shall be
taken as the clear distance between stringers plus one-half
the width of one stringer, but shall not exceed the clear
span plus the floor thickness.

3.25.1.3 One design method for interconnected
glued laminated panel floors is as follows: For glued lam-
inated panel decks using vertically laminated lumber with
the panel placed in a transverse direction to the stringers
and with panels interconnected usin g steel dowels, the de-
termination of the deck thickness shall be based on the fol-
lowing equations for maximum unit primary moment and
shear.{ The maximum shear is for a wheel position as-
sumed to be 15 inches or less from the center line of the
support. The maximum moment is for a wheel position as-
sumed to be centered between the supports.

M, = P(Sllog,ys—K) 3-23)
R, =.034P (3-24)
6M
Thus, t= Fb" (3-25)
or,
t= 3R, whichever is greater (3-26)
v

where,

> M, = primary bending moment in inch-pounds per

inch; ]
R, = primary shear in pounds per inch;

. oints
‘Ihcwrmximamnccwdmdmn-mmwnmcl?d refer to the join
between the individual pail laminated or glued laminated pancls,
**This shear transfer may be accomplished using mechanical fasten-
ers, splines, or dowels along the pancl joint or other suitable means,
equations are developed for deck pancl spans equal to or greater
den ﬂ:: width of the tire (as specified in Article 3:}0}, but not greater

shear, whichever controls; ) g
K = design constant depending on design load as

follows:
H15 K =047
H 20 K =0.51

F, = allowable bending stress, in pounds per squarc
inch, based on load applied parallel to the wide
face of the laminations (see Tables 13.2.2A anfi B);

F, = allowable shear stress, in pounds per square inch,
based on load applied parallel to the wide face of
the laminations (see Tables 13.2.2A and B).

3.25.1.4 The determination of the minimum size and
spacing required of the steel dowels required to u'anszfcr
the load between panels shall be based on the following
equation: ‘

R, M
n:‘;'J_O'ix[R_Jr_L] (3-27)

g |Rp Mp

where,

n = number of steel dowels required for the given
spans;

Op, = proportional limit stress perpendicular to grain
(for Douglas Fir or Southern pine, use 1,000 psi);

R, = total secondary shear transferred, in pounds, de-
termined by the relationship:

R, =6Ps/1,000 fors<50 inches  (3-28)

or,
— P .
R, = 25 (s —20) for 5 > 50 inches (3-29)

ﬁ; = total secondary moment transferred, in inch-
pound, determined by the relationship,

M, = I‘Ps (s~10) for s < 50 inches (3-30)
«—— Ps (s-30) .

= — for s > 50 inchi =31
M, 0610 ™ inches (3-31

Rp and Mp = shear and moment capacities, respec-
tively, as given in the following table:
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3.25.1.4 DIVISION [—DESIGN 39
- Toual 3.253 Longitudinal Glued Laminated Timber
Shear  Moment Steel Stress Dowel Decks
Diameter Capacity Capacity CoefTicients Length
ofDowel _Ro Mo Cn_ _ Cu  Required 3253.1  Bending Moment
in Ib, in-lb. Vin? Vin,? in.

0.5 00 80 %9 . 8L3 8.50 In caleulating bending moments in glued laminated
s ,ﬁ :@ m ;” :?'23 timber longitudinal decks, no longitudinal distribution of
1S 1260 2720 105 152 13.00 wheel loads shall be assumed. The lateral distribution

1.0 1520 1,630 775 102 14.50 shall be determined as follows.

1125 1,790 4,680 5.94 715 1550 ; i hall

128 2100 5950 o o+ 1700 Thcwhvc load bcnd.mg moment for each pancl‘s' be

1.375 2420 1,360 3.78 392 18.00 determined by applying to the panel the fmctyu;m of a

13 2,70 8,990 an 3.02 19.50 wheel load determined from the following equations:

3.25.1.5 In addition, the dowels shall be checked to
ensure that the allowable stress of the steel is not exceeded
using the following equation:

1 — —
c:—r;(CRR,+CMM,) (3-32)
where,
o = minimum vyield point of steel pins in
pounds per square inch (see Table
___l0321A)

n, R,. M, = as previously defined;

Cr,Cyu = steel stress coefficients as given in pre-

ceding table.

3.25.2 Plank and Nail Laminated Longitudinal
Flooring

3.25.2.1 In the direction of the span, the wheel load
shall be considered a point loading.

3.25.2.2 Normal to the direction of the span the
wheel load shall be distributed as follows:

Plank floor: width of plank;

Non-interconnected nail laminated floor: width of tire
plus thickness of floor, but not to exceed pancl
width. Continuous nail laminated floor and inter-
connected nail laminated floor, with adequate shear
transfer between panels*, not less than 6 inches
thick: width of tire plus twice thickness of floor.

3.25.2.3 For longitudinal flooring the span shall be
taken as the clear distance between floor beams plus one-
half the width of one beam but shall not exceed the clear
span plus the floor thickness.

*Thas shcar transics may be sccomplished using mechamical fasteners.
splines, or dowels along the pancl joint or spreader beams located at in-
tervals along the panels or other suitable means,

TWO OR MORE TRAFFIC LANES

w w . .
Load Fraction = p o —L2. whichever is

greater.

ONE TRAFFIC LANE

P w? . :
Load Fraction = T or ——, whichever 1s
425+ — 30
28

greater. o

sy

where, W, = Width of Panel; in feet 3.5 = W, =4.5)

L = Length of-span for simple span bridges and the
length of the shortest span for continuous bridges in
feet.

3.25.3.2 Shear

When calculating the end shears and end reactions for
each panel, no longitudinal distribution of the wheel
loads shall be assumed. The lateral distribution of the
wheel load at the supports shall be that determined by the
equation:

Wheel Load Fracuion per Panel

*

= ﬁ but not less than 1,

For wheel foads m other positions on the span, the lateral
distribution for shear shall be determined by the method
prescribed for moment,
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32533

32533 Deflections

The maximum deflection may be caleulated by apply-
ing to the panel the wheel load fraction determined by the
method prescribed for moment.

3.25.3.4  Stiffener Arrangement

The transverse stiffeners shall be adequately attached
to each pancl, at points near the panel edges, with either
steel plates, thru-bolts, C-clips or aluminum brackets. The
stiffener spacing required will depend upon the spacing
needed in order to prevent differential panel movement;
however, a stiffener shall be placed at mid-span with ad-
ditional stiffeners placed at intervals not to exceed 10 feet.
The stiffness factor E of the stiffener shall not be less than
80,000 kip-ind.

3254 Conatinuous Flooring

If the flooring is conlinuous over more than two spans,
the maximum bending moment shall be assumed as being
80 percent of that obtained for a simple span,

3.26 DISTRIBUTION OF WHEEL LOADS AND
DESIGN OF COMPOSITE WOOD-
CONCRETE MEMBERS

326.1 Distribution of Concentrated Loads for
Bending Moment and Shear

3.26.1.1 For freely supported or continuous slab
spans of composite wood-concrele construction, as de-
scribed in Article 20.19.1 Division [I. the wheel loads
shall be distributed over a transverse width of 5 feet for
bending moment and a width of 4 feet for shear.

3.26.1.2 For composite T-beams of wood and con-
crete, as descnibed in Article 20.19.2—Division II, the ef-
fective flange width shall not exceed that given in AniFle
10.38.3. Shear connectors shall be capable of resisting
both vertical and horizontal movement.

3.26.2 Distribution of Bending Moments in
Continunus Spans

3.26.2.1 Both positive and negative moments shall
be distributed in accordance with the following table:

Maximum Bending Moments—Percent of Simple
Span Moment

Maziroum Uniform Mazimum Live
Dead Load Moments Load Moments
Wood Composite  Concentrsted  Uniform

Subdeck Slab Load

Span  Pos. Neg Pos. MNeg. Pos. Neg. Pos. Neg

Interix 50 30 55 45 7% 28 75 55
End 0 60 060 85 0 85 65
28pan* 65 0 60 15 85 30 80 75

*Continuous beam of 2 equal spans.

326.2.2 Impact should be considered in computing
stresses for concrete and stecl, but neglected for wood.

3.26.3 Design

The analysis and design of composite wood-concrele
members shall be based on assumptions that account for
the different mechanical properties of the components. A
suitable procedure may be based on the elastic propertics
of the materials as follows:

E = 1 for slab in which the net concrete thickness is
Ev' ess than half the overall depth of the compos-

ite section

E _ 2 for slab in which the net concrete thickness is

Ev 2t least half the overall depth of the composite
section

-:—: = 18.75 (for Douglas fir and Southern pine)

in which,

E. = modulus of elasticity of concrete;

E. = modulus of elasticity of wood;

E, = modulus of elasticity of steel.

3.27 DISTRIBUTION OF WHEEL LOADS ON
STEEL GRID FLOORS*

3.27.1 General
3.27.1.1 The grid floor shall be designed as continu-

ous, but simple span moments may be used and reduced
as provided in Article 3.24.

*Provisions in this anticle shall not apply to onthouopic bnidge super-
struclures,
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DIVISION [—DESIGN 41

3.27.12  The following rules for distribution of loads
assume that the grid floor is composed of main clements
that span between girders, stringers. or cross beams, and
secondary elements that are czpable of transfernng load
between the main elements.

3.27.13 Reinforcement for secondary elements shall
consist of bars or shapes welded 10 the main steel.

3.27.2 Floors Filled with Concrete

3.27.2.1 The distribution and bending moment shall
be as specified for concrete slahs, Anticle 3.24. The fol-
lowing items specified in that arucle shall 2lso 2pply to
concrete filled steel grid floors:

Longitudinal edge beams
Unsupported transverse edges
Span lengths

3.27.2.2 The strength of the composite steel and con-
crete slab shall be determined by means of the “urans-
formed area™ method. The allowable stresses shall be as
set forth in Articles 8.15.2, 8.16.1. and 10.32.

3.27.3 Open Floors

3.273.1 A wheel load shall bz distributed, normal to
the main elements, over a width 2qual to 174 inches per
ton of axle load plus twice the distinze centzr to center of
main elements. The portion of the load assigned to each

main element shall be applied uniformly over a length -

equal to the rear tire width (20 inches for H 20. 15 inches
for H 15).

3.27.3.2 ‘The strength of the section shall be deter-
mined by the moment of inertia method. The allowable
stresses shall be as set forth in Anticle 1032

3.27.3.3 Edges of open gnid sieel floors shall be sup-
ported by suitable means as requirz . These supponts may
be longitudinal or transverse. or hoth. as may be required
to support ail edges properly.

3.27.3.4 When investigating for fatigue, the mini-
mum cycles of maximum stress shall be used.

CsiBridge:blog:ir

328 DISTRIBUTION OF LOADS FOR BENDING
MOMENT IN SPREAD BOX GIRDERS*

3.28.1 Interior Beams

The live load bending moment for each interior beam
in a spread box beam superstructure shall be determined
by applying to the beam the fraction (D.F) of the wheel
load (both front and rear) determined by the following
equation:

pF.= 2N S

(3-33)

where,

N, = number of design traffic lanes (Arnticle 3.6);

N; = number of beams (4 = Ng = 10);

S = beam spacing in feet (6.57 =S = 11.00);

L = span length in feet;

Kk =0.07W - N_(0.10N_ — 0.26) — 0.20Ng — 0.12;
(3-34)

W = numeric value of the roadway width between
curbs expressed in feet (32 = W = 66).

3.28.2 Exterior Beams

The live load bending moment in the exterior beams
shall be determined by applying to the beams the reaction
of the wheel loads obtained by assuming the flooring to
act as a simple span (of length S) between beams, but shall
not be less than 2N /Ng.

3.29 MOMENTS, SHEARS, AND REACTIONS

Maximum moments, shears, and reactions are given in
tables, Appendix A, for H 15, H 20, HS 15, and HS 20
loadings. They are calculated for the standard truck or the
lane loading applied to a single lane on freely supported
spans. It is indicated in the table whether the standard
truck or the lane loadings produces the maximum stress.

330 TIRE CONTACT AREA

The ure contact area shall be assumed as a rectangle
with an area in square inches of 0.01P, and a Length in
Direction of Traffic/Width of Tire ratio of 1/2.5. in which
P = wheel load in pounds.

*The provisions of Arucle 3.12, Reduction in Load Intensity, were not
applied in the development of the provisions presented in 3.28.1 and

.
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Section 8
REINFORCED CONCRETE*

Part A
GENERAL REQUIREMENTS AND MATERIALS
8.1 APPLICATION A = area of reinforcement in bracket or corbel re-
sisting moment, sq. in. (Articles 8.15.5.8 and
8.1.1 General 8.16.6.8)
A, = gross area of section, sq. in.

The specifications of this section are intended for de- A, = area of shear reinforcement paﬁ'ﬂlcl to ficx-
sign of reinforced (non-prestressed) concrete bridge ural tension reinforcement, sq. in. (Articles
members and structures. Bridge members designed as 8.15.5.8 and 8.16.6.8)
prestressed concrete shall conform to Section 9. A, = area of reinforcement in bracket or corbel re-

sisting tensile force N, (N,o), 5q. in. (Articles
8.12 Notations 8.15.5.8 and 8.16.6.8)
A, = area of tension reinforcement, sq. in.
a = depth of equivalent rectangular stress block Al = area of compression reinforcement, 5q. in..
(Article 8.16.2.7) Ay = area of reinforcement to develop compressive
3 = depth of equivalent rectangular stress block strength of overhanging flanges of I- and
for balanced strain conditions, in. (Article - T-sections (Article 8.16.3.3.2)
3.16.4.2.3) Ay = area of skin reinforcement per unit height
a, = shear span, distance between concentrated in one side face, sq. in. per ft. (Article
load and face of support (Articles 8.15.5.8 8.17.2.1.3).
and 8.16.6.8) A, = total area of longitudinal reinforcement
A = effective tension area, in square inches, of (Articles 8.16.4.1.2 and 8.16.4.2.1)
concrete surrounding the flexural tension re- A, = area of shear reinforcement within a dis-
inforcement and having the same centroid as tance s
that reinforcement, divided by the number of Ay = area of shear-friction reinforcement, sq. in.
bars or wires. When the flexural reinforce- (Article 8.15.5.4.3)
ment consists of several bar or wire sizes, the A, = area of an individual wire to be developed or
number of bars or wires shall be computed as spliced, sq. in. (Aricles 8.30.1.2 and
the total area of reinforcement divided by the - 8.30.2)
area of the largest bar or wire used. For cal- A, = loaded area (Articles 8.15.2.1.3 and 8.16.7.2)
culation purposes, the thickness of clear con- Ay = maximum area of the portion of the support-
crete cover used to compute A shall not be ing surface that is geometrically similar to
2 taken greater than 2 in. and concentric with the loaded area (Articles
Ay = area of an individual bar, sq. in. (Article 8.15.2.1.3 and 8.16.7.2)
8.25.1) . : b = width of compression face of member
A = area of core of spirally reinforced compres- b, = perimeter of critical section for slabs and
sion member measured to the outside diame- footings (Articles 8.15.5.6.2 and 8.16.6.6.2)
ter of the spiral, sq. in. (Article 8,18.2.2.2) b, = width of cross section at contact surface
A = area of concrete section resisting shear trans- being investigated for horizontal shear (Arti-
fer, sq. in. (Article 8.16.6.4.5) cle 8.15.5.5.3)

_*The specifications of Section § arc pattemed afier and are in general conformity with the provisions of ACI Standard 318 for reinforced concrete de-
sign and its commentary, ACI 318 R, published by the American Concrete Institute,

161
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= web width, or diameter of circular section
(Article 8.15.5.1.1)

= distance from extreme compression fiber (o
neutral axis (Article 8.16.2,7)

= factor relating the actual moment diagram
to an equivalent uniform moment diagram
(Article 8.16.5.0.7)

= distance from extreme compression fiber to
centroid of tension reinforcement, in. For
computing shear strength of circular sections,
d need not be less than the distance from ex-
treme compression fiber to centroid of ten-
sion reinforcement in opposite half of mem-
ber. For computing horizontal shear strength
of composite members, d shall be the dis-
tance from extreme compression fiber to cen-
troid of tension reinforcement for entire com-
posite section,

= distance from extreme compression fiber to
centroid of compression reinforcement, in.

= distance from centroid of gross section, ne-
glecting the reinforcement, to centroid of ten-
sion reinforcement, in.

= nominal diameter of bar or wire, in.

= distance measured from extreme tension fiber
to center of the closest bar or wire in inches.
For calculation purposes, the thickness of
clear concrete cover used to compute d, shall
not be taken greater than 2 in, ,

= modulus of elasticity of concrete, psi (Aticle
8.7.1)

= flexural stiffness of compression member
(Article 8.16.5.2.7)

= modulus of elasticity of reinforcement, psi
(Article 8.7.2)

=average bearing stress in concrete on loaded
area (Articles 8.15.2.1.3 and 8.16.7.1)

= extreme fiber compressive stress in concrete
at service loads (Article 8.15.2.1.1)

= specified compressive strength of concrete,
psi

= square root of specified compressive strength
of concrete, psi

= average splitting tensile strength of light-
weight aggregate concrete, psi

= fatigue stress range in reinforcement, ksi (Ar-
ticle 8.16.8.3)

= algebraic minimum stress level in reinforce-
meant (Article 8.16.8.3)

= modulus of rupture of concrete, psi (Article
8.15.2.1.1)
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= tensile stress in reinforcement at service
loads, psi (Article 8.15.2.2)

= stress in compression reinforcement at bal-
anced conditions (Articles 8.163.4.3 and
8.16.4.2.3) .

= extreme fiber tensile stress in concrete at ser-
vice loads (Article 8.15.2.1.1) _

= gpecified yield strength of reinforcement, psi

= pverall thickness of member, in.

= compression flange thickness of I- and T-
sections

= moment of inertia of cracked section trans-
formed to concrete (Article 8.13.3)

= effective moment of inertia for computation
of deflection (Article 8.13.3) ]

= moment of inertia of gross concrete section
about centroidal axis, neglecting reinforce-
ment

= moment of inertia of reinforcement about
centroidal axis of member cross section

= effective length factor for compression mem-
bers (Article 8.16.5.2.3)

= additional embedment length at support or at
point of inflection, in. (Article 8.24.2.3)

= development length, in. (Articles 8.24
through 8.32)

= development length of standard hook in ten-
sion, measured from critical section to out-
side end of hook (straight embedment length
between critical section and start of hook
(point of tangency) plus radius of bend and
one bar diameter), in. (Article 8.29)

= €y, X applicable modification factor

= basic development length of standard hook in
tension, in.

= unsupported length of compression member
(Article 8.16.5.2.1)

= computed moment capacity (Article 8.24.2.3)

= maximum moment in member at stage for
which deflection is being computed (Article
8.13.3)

= nominal moment strength of a section at bal-
anced strain conditions (Article 8.16.4.2.3)

= moment to be used for design of compression
member (Article 8.16.5.2.7)

= cracking moment (Article 8.13.3)

= nominal moment strength of a section

= nominal moment strength of a section in the
direction of the x axis (Article 8.16.4.3)

= nominal moment strength of a section in the
direction of the y axis (Article 8.164.3)

= factored moment at section
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s factored moment component in the direction
of the x axis (Anicle 8.164.3)

w factored moment component in the direction
of the y axis (Anticle 8.16.4.3)

= value of smaller end moment on compression
member due to pravity loads that result in no
appreciable sideaway calculated by conven-
tional elastic frame analysis, positive if mem-
ber is bent in single curvature, negative if
bent in double curvature (Article 8.16.5.2.4)

= value of larger end moment on compression
member due to gravity loads that result in no
appreciable sidesway caleulated by conven-
tional elastic frame analysis, always positive
(Article 8.16.5.2.4)

= value of larger end moment on compression
member due 1o lateral loads or gravity loads
that result in appreciable sidesway, defined
by a deflection A, greater than €,/1500, cal-
culated by conventional elastic frame analy-
sis, always positive. (Anticle 8.16.5.2)

= modular ratio of elasticity = EJE, (Article
8.15.3.4)

= design axial load normal fo cross section oc-
curring simultaneously with V to be taken as
positive for compression, negative for tension
and to include the effects of tension due to
shrinkage and creep (Articles 8.15.5.2.2 and
8.15.5.2.3)

= design tensile force applied at top of bracket
of corbel acting simultaneously with V, to be
taken as positive for tension (Article 8.15.5.8)

= factored axial load normal to the cross sec-
tion occurring simultaneously with V, to be
taken as positive for compression, negative
for tension, and to include the effects of ten-
sion due to shrinkage and creep (Article
8.16.6.2.2)

= factored tensile force applied at top of
bracket or corbel acting simultaneously with
V., to be taken as positive for tension (Arti-
cle 8.16.6.8)

= pominal axial load strength of a section at bal-
anced strain conditions (Article 8.16.4.2.3)

= critical load (Article 8.16.5.2.7)

= pominal axial load strength of a section at
zero eccentricity (Article 8.16.4.2.1)

= nominal axial load strength at given eccen-
tricity

= pominal axial load strength corresponding to
M,,, with bending considered in the direction
of the x axis only (Article 8.16.4.3)

Poy = nominal axial load strength corresponding to
M,,, with bending considered in the direction
of the y axis only (Article 8.16.4.3)

Piey = pominal axial load strength with biaxial load-
ing (Article 8.16.4.3)

P, = factored axial load at given eccentricity

r = radius of gyration of cross section of a com-
pression member (Article 8.16.5.2.2)

5 = gpacing of shear reinforcement in direction
parallel to the longitudinal reinforcement, in.,

Sy = gpacing of wires to be developed or spliced,
in.

S = span length, ft

v = design shear force at section (Article
8.15.5.1.1)

v = design shear stress at section (Article
8.15.5.1.1)

V. = nominal shear strength provided by concrete
(Article 8.16.6.1)

Ve = permissible shear stress carried by concrete
(Article 8.15.5.2)

Van = design horizontal shear stress at any cross
section (Article 8.15.5.5.3)

Vi = permissible horizontal shear stress (Article
8.15.5.5.3)

V. = nominal shear strength (Article 8.16.6.1)

Von = nominal horizontal shear strength (Article
8.16.6.5.3)

\A = nominal shear strength provided by shear re-
inforcement (Article 8.16.6.1)

Vu = factored shear force at section (Article

' 8.16.6.1)

W, = weight of concrete, 1b per cu ft

Yt = distance from centroidal axis of gross sec-
tion, neglecting reinforcement, to extreme
fiber in tension (Article 8.13.3)

z = quantity limiting distribution of flexural rein-

forcement (Article 8.16.8.4)

a (alpha) = angle between inclined shear reinforcement
and longitudinal axis of member

oy = angle between shear-friction reinforcement
and shear plane (Articles 8.15.5.4 and
8.16.6.4)

Be (beta) = ratio of area of reinforcement cut off to total
area of reinforcement at the section (Article
8.24.14.2)

B = ratio of long side to short side of concentrated
load or reaction area; for a circular concen-
trated load or reaction area, B, = 1.0 (Articles
8.15.5.6.3 and 8.16.6.6.2)
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By = absolute value of ratio of maximum dead Design load—All applicable loads and forces or lh_c!r
load moment to maximum total load mo- related internal moments and forces used to proportion
ment, always positive members. For design by SERVICE LOAD DESIGN, de-

B = ratio of depth of equivalent compression zone sign load refers to loads without load factors. For design
to depth from fiber of maximum compressive by STRENGTH DESIGN METHOD, design load refers
strain to the neutral axis (Anticle 8.16.2,7) 1o loads multiplied by appropriate load factors.

A = comection factor related to unit weight for Design strength—Nominal strength multiplicd by a
concrete (Anticles 8.15.5.4 and 8.16.6.4) strength reduction factor, ¢.

p{mu) = coefficient of friction (Article 8. 1554.3) Development length—Length of embedded reinforr;&

p (tho) = tension reinforcement ratio = A,/b,d, A/bd ment required to develop the design strength of the rein-

p' = compression reinforcement ratio = A'/bd forcement at a critical section. -

Po = reinforcement ratio producing balanced strain Embedment length—Length of embedded reinforce-
conditions (Article 8.16.3.1.1) ment provided beyond a critical section. ‘

Ps = ratio of volume of spiral reinforcement to Factored load—Load, multiplied by appropriate load
total volume of core (out-to-out of spirals) of factors, used to proportion members by the STRENGTH
a spirally reinforced compression member DESIGN METHOD.

(Article 8.18.2.2.2) Nominal strength—Strength of a member or cross sec-

Pw = reinforcement ratio used in Equation (8-4) tion calculated in accordance with provisions and as-
and Equation (8-48) sumptions of the STRENGTH DESIGN METHOD be-

& = moment magnification factor for members fore application of any strength reduction factors.
braced against sidesway to reflect effects of Plain reinforcement—Reinforcement that does not
member curvature between ends of compres- conform to the definition of deformed reinforcement.
sion member Required strength—Strength of a member or cross sec-

8, = moment magnification factor for members tion required to resist factored loads or related internal
not braced against sidesway togeflect lateral moments and forces in such combinations as are stipu-
drift resulting from lateral and gravity loads lated in Article 3.22.

& (phi) = strength reduction factor (Article 8.16.1.2) Service load—1.oads without load factors.

) . Spiral reinforcement—Continuously wound reinforce-

8.13 Definitions ment in the form of a cylindrical helix.

Splitting tensile strength (f.)—Tensile strength of con-

The following terms are defined for general use in crete determined in accordance with “Specifications for

Section 8. Specialized definitions appear in individual Lightweight Aggregates for Structural Concrete”
Articles, AASHTO M 195** (ASTM C 330).

Stirrups or ties—Lateral reinforcement formed of in-

Bracket or corbel—Short {(haunched) cantilever that dividual units, open or closed, or of continuously wound
projects from the face of a column or wall to support a reinforcement. The term “stirrups™ is usually applied to

concentrated load or beam reaction. See Articles 8.15.5.8 lateral reinforcement in horizontal members and the term
and 8.16.6.8. “ties” to those in vertical members,

Compressive strength of concrete (f!)—Specified Tension tie member—Member having an axial tensile
compressive strength of concrete in pounds per square tiorce sufficient to create tension over the entire cross sec-
inch (psi). tion and having limited concrete cover on all sides. Ex-

Concrete, structural lightweight—A concrete contain- amples include: arch ties, hangers carrying load to an

ing lightweight aggregate having an air-dry unit weight as overhead supporting structure, and main tension elements
determined by “Method of Test for Unit Weight of Struc- in a truss. »
tural Lightweight Concrete” (ASTM* C 567), not exceed- ) Yield strength or yield point (f,)— Specified minimum
ing 115 pef. In this specification, a lightweight concrete yield streng,lh or yield point of reinforcement in pounds
without natural sand is termed “all-lightweight concrete” per square inch.
and one in which all fine aggregate consists of normal
weight sand is termed “sand-lightweight concrete.” 82 CONCRETE

Deformed reinforcement—Deformed reinforcing bars,

deformed wire, welded smooth wire fabric, and welded The specified compressive strength, f7, of the con-

crete for each part of the structure shall be shown on

deformed wire fabric. :
’ **Standard Specifications for Transportation Materials and Methods
* American Society for Testing and Materials, of Sampling and Testing.
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the plans. The requirements for { shall be based on tests of
cylinders made and tested in accordance with Section 4-—
Division IL.

8.3 REINFORCEMENT

83.1 The yield strength or grade of reinforcement shall
be shown on the plans.

8.3.2 Reinforcement to be welded shall be indicated on
the plans and the welding procedure to be used shall be
specitied.

8.3.3  Designs shall not use a yicld strength, f,, in excess
of 60,000 psi.

8.3.4 Deformed reinforcement shall be used except that
plain bars or smooth wire may be used for spirals and
ties.

83.5 Reinforcement shall conform to the specifica-
tions listed in Division II, Section 5, except that, for
reinforcing bars, the yield strength and tensile strength
shall correspond to that determined by tests on full-sized

bars.

Part B
ANALYSIS

8.4 GENERAL

All members of continuous and rigid frame structures
shall be designed for the maximum effects of the loads
specified in Articles 3.2 through 3.22 as determined by the
theory of elastic analysis.

85 EXPANSION AND CONTRACTION

=t 85,1 In general, provisions for temperature changes

shall be made in simple spans when the span length ex-
ceeds 40 fect.

85.2 ’ 2l-n'::%vomixmous bridges, the design shall provide for
thermal stresses or for the accommodation of thermal
movement with rockers, sliding plates, elastomeric pads,
or other means.

4 853 The coefficient of thermal expansion and contrac-

tion for normal weight concrete may be taken as 0.000006
perdeg E smor b s 5%_ ebnc
PO Phe 2 gk&{

—y- 854 The coefficient of shrinkage for normal weight

concrete may be taken as 0.0002.

85.5 Thermal and shrinkage coefficients for light-
weight concrete shall be determined for the type of light-

weight aggregate used.

—8.7.1

8.6 STIFFNESS

8.6.1 Any reasonable assumptions may be adopted for
computing the relative flexural and torsional stiffnesses of
continuous and rigid frame members. The assumptions
made shall be consistent throughout the analysis.

8.6.2 The effect of haunches shall be considered both in
determining moments and in design of members.

8.7 MODULUS OF ELASTICITY AND
POISSON’S RATIO

The modulus of elasticity, E,, for concrete may be
taken as wi* 33 \/E in psi for values of w, between 90
and 155 pounds per cubic foot. For normal weight con-
crete (w, = 145 pef), E. may be considered as 57,000V,

S Ve

8.7.2 The modulus of elasticity, E,, for non-prestressed
steel reinforcement may be taken as 29,000,000 psi.

8.7.3 Poisson’s ratio may be assumed as 0.2.

e —

8.8 SPANLENGTH

8.8.1 The span length of members that are not built in-
tegrally with their supports shall be considered the clear
span plus the depth of the member but need not exceed the
distance between centers of supports,

i

CsiBridge:blog.ir

FtaDs-SAP.IT



http://csibridge.blog.ir/

166 HIGHWAY BRIDGES 832
8.8.2  In analysis of continuous and rigid frame mem- Vg& TABLE 8.9.2 Recommended Minimum Depths for
bers, distances o the geometric centers of members shall Constant Depth Members
be used in the determination of moments. Moments at Minimum Depth
faces of support may be used for member design, When in Fect Continuous
i - £ Ik . H i
fillets making an angle of 45 degrees or more with the axis Superstructure Type Simple Spans ontimmous Spans
of a continuous or restrained member are built monolithie Bridge slabs with maia 17
., X s face of inforcement parallel “
with “ﬂw member am} suppwt, the face uf support shall be gm?r:m P 125 4 10y30 (5 + 10130 W)
considered at a section whete the combined depth of the g 0.0708 00658,
member and fillet is at least one and one-half times the 6 '06,03 MSS&~
thickness of the member. No portion of a fillet shall be Box-Gin o '
considered as adding to the effective de Pedestrian Structure
( ding effective depth, Girders 0.033§ 0.0335
8.8.3  The effective span length of slabs shall be as * When variable depth members are used, valucs may be adjusted to
- ; ! ke S adhidh a8 s$pec- o . H iHr i
ified in Aticle 3.24.1. . sccount o change n reltiv stifnes of posie 406 pepe B

_~* ment sections. . .
-~ § = span length as defined in Article 8.8 in fect.

89 CONTROL OF DEFLECTIONS 4 ~ 'LX fw-’
thickness of the slab or one-half the clear distance to the

891 General next web.

_ Flexural members of bridge structures shall be de- 8.10.1.2 For girders having a slab on one side only, the
signed to have adequate stiffness to limit deflections or effective overhanging flange width shall not exceed ¥in of
any deformations that may adversely affect the strength or the span length of the girder, six times the thickness of the

N,s‘.in’iccal\'silily of the structure at service ]oad plus impact. slab, or one-half the clear distance to the next web.
< b N e ) b i !
Y yEL e P [
—y 8.9.2  Superstructure Depth Limitations 8.10.1.3 Isolated T-girders in which the T-shape is
- . . used to provide a flange for additional compression area
The minimum depths stipulated in Table 8.9.2 are rec- shall have a flange thickness not less than one-half the
ommended unless computation of deflection indicates that width of the girder web and an effective flange width not
lesser depths may be used without adverse effects. more than four times the width of the girder web.
893 Superstructure Deflection Limitations - 8.10.1.4 For integral bent caps, the effective flange

When making deflection computations, the following :v;sg; :f;h t;a;gel:%h?f:ai:d:l;tf ‘xcﬁzt;’g:‘;: ﬁ:;;
crilena are mcommendc«fl. | ; lehons length of the bent cap. For cantilevered bent caps, the span
e we b padaticen s .
—+> §93.1 Bﬁn%b%ﬁs h;\vingﬂmple }m" conﬁnuo';s* spans ﬁgﬁij:g] be taken as two times the length Df( the
preferably should be designed so that the deflection due to par-
service live load plus impact shall not exceed 1/800 of the
span, except on bridges in urban areas used in part by pedes-
trians whercon the ratio preferably shall not exceed 1/1000.
] L L ":" 3 Lo 8.10.2.1 The entire slab width shall be assumed
n of cantilever arms due to ser- effective for compression.

8.102 Box Girders

e 7 ) alif 3

= shrwe8932 The'deflecdd e t
i i vice live load plus impact preferably should be limited to

U - _1/7300 of the cantilever arm excepl for the case including 81022 Forintegral bent caps, see Article 8.10.1.4.

pedestrian use, where the ratio preferably should be 1/375.

-

8.10 COMPRESSION FLANGE WIDTH 8.11 SLABAND WEB THICKNESS

; .
8.10.1 T-Girder . #8111 The thickness of deck slabs shall be designed in
accordance with Article 3.24.3 but shall not be less than

8.10.1.1 The total width of slab effective as a T- specified in Article 8.9,

girder flange shall not exceed one-fourth of the span .
length of the girder. The effective flange width overhang- 8.11.2 The thickness of the bottom slab of a box girder

ing on cach side of the web shall not exceed six times the shall be not less than ¥ of the clear span between girder

ple
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webs or 5 ¥ inches, except that the thickness need not be
greater than the top slab unless required by design.

8.11.3  When required by design, changes in girder web
thickness shall be tapered for a minimum distance of 12
times the difference in web thickness.

8.12 DIAPHRAGMS

8.12.1 Diaphragms shall be used at the ends of T-girder
and box girder spans unless other means are provided
to resist lateral forces and to maintain section geomelry.
Diaphragms may be omitted where tests or structural
analysis show adequate strength.

8.12.2 In T-girder construction, one intermediate di-
aphragm is recommended at the point of maximum posi-
tive moment for spans in excess of 40 feet.

8.12.3 Straight box girder bridges and curved box girder
bridges with an inside radius of 800 feet or greater do not
require intermediate diaphragms. For curved box girder
bridges having an inside radius less than 800 feet, inter-
mediate diaphragms are required unless shown otherwise
by tests or structural analysis. For such curved box gird-
ers, a maximum diaphragm spacing of 40 feet is recom-
mended to assist in resisting torsion.

8.13 COMPUTATION OF DEFLECTIONS

8.13.1 Computed deflections shall be based on the
cross-sectional properties of the entire superstructure sec-
tion excluding railings, curbs, sidewalks, or any element
not placed monolithically with the superstructure section
before falsework removal, -

8.13.2 Live load deflection may be based on the as-
sumption that the superstructure flexural members act to-
gether and have equal deflection. The live loading shall
consist of all traffic lanes fully loaded, with reduction in
Joad intensity allowed as specified in Article 3.12. The live

loading shall be considered uniformly distributed to all
longitudinal flexural members.

8.13.3 Deflections that occur immediately on applica-
tion of load shall be computed by the usual methods or
formulas for clastic deflections. Unless stiffness values
are obtained by a more comprehensive analysis, immedi-
ate deflections shall be computed taking the modulus of
clasticity for concrete as specified in Article 8.7 for nor-
mal weight or lightweight concrete and taking the mo-
ment of inertia as either the gross moment of inertia, I, or
the effective moment of inertia, I, as follows:

3 3
M,
(3 e[ 1-{3ie) Jrsn @

a

where:
57 | Ma= 1y 2
rrd”_ PARYS !‘C‘ i cl ‘/|
and f, = modulus of rupture of concrete specified in Arti-

cle 8.15.2.1.1. ; o
For continuous members, effective moment of inertia

may be taken as the average of the values obtained from
Equation (8-1) for the critical positive and negative mo-
ment sections. For prismatic members, effective moment
of inertia may be taken as the value obtained from Eq.
(8-1) at midspan for simple or continuous spans, and as
the value at the support for cantilevers.

8.13.4 Unless values are obtained by a more compre-
hensive analysis, the long-time deflection for both normal
weight and lightweight concrete flexural members shall
be the immediate deflection caused by the sustained load
considered, computed in accordance with Article 8.13.3,
multiplied by one of the following factors:

(a) Where the immediate deflection has been based on
I,, the multiplication factor for the long-time deflection
shall be taken as 4.

(b) Where the immediate deflection has been based on
I, the multiplication factor for the long-time deflection
shall be taken as 3 — 1.2(AJA,) = 1.6.

PartC
DESIGN

8.14 GENERAL
8.14.1 Design Methods

8.14.1.1 The design of reinforced concrete members
shall be made either with reference to service loads and

allowable stresses as provided in SERVICE LOAD DE-
SIGN or, alteratively, with reference to load factors and
strengths as provided in STRENGTH DESIGN.

8.14.1.2  All applicable provisions of this specifica-
tion shall apply to both methods of design, except Articles
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3.5 and 3.17 shall not apply for design by STRENGTH
DESIGN.

8.14.1.3 The strength and serviceability require-
ments of STRENGTH DESIGN may be assumed to be
satisfied for design by SERVICE LOAD DESIGN if the
service load stresses are limited to the values given in
Article 8.15.2.

8.14.2 Composite Flexural Members

8.14.2.1  Composite flexural members consist of pre-
cast and/or cast-in-place concrete clements constructed in
separate placements but so interconnected that all ele-
ments respond to superimposed loads as a unit. When con-
sidered in design, shoring shall not be removed until the
supported elements have developed the design propertics
rgquired to support all loads and limit deflections and
cracking,

8.14.2.2 The entire composite member or portions
thereof may be used in resisting the shear and moment.
The individual elements shall be investigated for all criti-
cal stages of loading and shall be designed to support all
loads introduced prior to the full developmént of the de-
sign strength of the composite member. Reinforcement
shall be provided as necessary to prevent separation of the
individual elements.

8.14.2.3 If the specified strength, unit weight, or
other properties of the various elements are different, the
properties of the individual elements, or the most critical
values, shall be used in design.

8.14.2.4 Incalculating the flexural strength of a com-
posite member by strength design, no distinction shall be
made between shored and unshored members.

8.14.2.5 When an entire member is assumed to resist
the vertical shear, the design shall be in accordance with
the requirements of Article 8.15.5 or Article 8.16.6 as for
a monolithically cast member of the same cross-sectional

shape.

8.14.2.6 Shear reinforcement shall be fully anchored
into the interconnected elements in accordance with Arti-
cle 8.27. Extended and anchored shear reinforcement may
be included as ties for horizontal shear.

8.14.2.7 ‘The design shall provide for full transfer of
borizontal shear forces at contact surfaces of intercon-

CsiBridge.blog:ir

nected elements, Design for hotizontal shear shall be in
accardance with the requirements of Article 8.15.5.5 or

Article B 16,65,

H14.3  Conerete Arches

BI431 The combined flexure and axial load
strenpth of an ach ring shall be in accordance with the
provisions of Articles 8.16.4 and 8.16.5. Slenderness efl-
fects In the vertical plane of an arch ring, other than tied
arches with suspended toadway, may be evaluated by the
approximate procedure of Article 8.16.5.2 with the un-
supported lenpih, (.. taken as one-half the !qngth of 113c
archring, and the tading of gyration, 1, taken about an wvux
perpendicular to the plane of the arch at the quarter point
of the arch span, Values of the effective length factor, k,
piven in ‘Table 8.14.3 may be used, In Equation (8-41), Cy,
shall be taken as 1,0 and ¢ shall be taken as 0.85.

8.14.3.2  Slendemess effects between points of lateral
support and between suspenders in the vertical plane of a
tied arch with suspended roadway, shall be evaluated by a
rational analysis taking into account the requircments of

Article 8.16.5.1.1.

8.14.3.3 The shape of arch rings shall conform, as
ncarly as is practicable, to the equilibrium polygon for full
dead load.

8.14.3.4  In arch ribs and barrels, the longitudinal re-
inforcement shall provide a ratio of reinforcement area to
gross concrete area at least equal to 0.01, divided equally
between the intrados and the extrados. The longitudinal
reinforcement shall be enclosed by lateral ties in accor-
dance with Article 8.18.2. In arch barrels, upper and lower
levels of transverse reinforcement shall be provided that
are designed for transverse bending due to loads from
columns and spandrel walls and for shrinkage and tem-
perature stresses.

8.143.5 If transverse expansion joints are not pro-
vided in the deck slab, the effects of the combined action
of the arch rib, columns and deck slab shall be considered.
Expansion joints shall be provided in spandrel walls.

TABLE 8.14.3  Effective Length Factors, k

Risc'lojSpan 3-Hinged 2-Hinged Fixed
Ratio Arch Arch Arch
0.1-02 L.16 1.04 070
02-0.3 L1 110 0.70
0.3-04 116 116 072
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8.143.6 Walls exceeding 8 fect in height on filled
spandrel arches shall be laterally supported by transverss
diaphragms or counterforts with a slope greater than 45
degrees with the vertical to reduce IRNSVErSe SUESECS in
the arch barrel. The top of the arch barrel and interior
faces of the spandrel walls shall be waterproofed and a
drainage system provided for the fill.

] < ‘"( :‘; N K / _J'k)ri'.I‘,_ ‘..'
S — & 815 SERVICE LOAD DESIGN METHOD

(ALLOWABLE STRESS DESIGN)
8.15.1 General Requirements

8.15.1.1 Service load stresses shall not exceed the
values given in Article 8.15.2.

8.15.12 Development and splices of reinforcement
shall be as required in Articles 8.24 through 8.32.

8.15.2 Allowable Stresses
8.15.2.1 Concrete
Stresses in concrete shall not excee}d/he following:
o o+

815.2.1.1 Flexure o B .2

Extreme fiber stress in compression, f; ...... .0.40f
Extreme fiber stress in tension for plain —

available: VT
Normal weightconcrete .........ocoennn. 75 Vi,
“gand-lightweight” concrete ............. 63 V1.
“All-lightweight” CONCIete «...vvvnnvnes 55 VL.

8.15.2.1.2 Shear

For detailed summary of allowable shear stress, v, see
Article 8.15.5.2.

3 8.15.2.1.3 Bearing Stress

The bearing stress, f,, on loaded area shall not exceed
030f,.

When the supporting surface is wider on all sides
than the loaded area, the allowable bearing stress on the
loaded area may be multiplied by VAyA,, but not by
more thar 2. :

When the supporting surface is sloped or stepped, A;
may be taken as the area of the lower base of the largest
frustrum of the right pyramid or cone contained wholly
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within the support and having for its upper base the loaded
area, and having side slopes of 1 vertical to 2 horizontal.

When the loaded area is subjected to high-edge stresses
due to deflection of eccentric loading, the allowable bear-
ing stress on the loaded area, including any increase due
to the supporting surface being larger than the loaded area,
shall be multiplied by a factor of 0.75.

8.15.22 Reinforcement

- Thetensile stress in the reinforcement, f,. shall not ex-

ceed the following:

1

‘ ur » ‘.{‘--
Grade 40 reinforeement ......eeenrecesvenennnn- 20,000 psi
Grade 60 reinforcement ... vinnmninne: 24,000 psi
AL M

In straight reinforcement, the range between the max-
imum tensile stress and the minimum stress caused by live
Joad plus impact shall not exceed the value given in Arti-
cle 8.16.8.3. Bends in primary reinforcement shall be
awoided in regions of high-stress range.

8.153 Flexure

28.153.1 For the investigation of stresses at service
loads, the straight-line theory of stress and strain in flex-
ure shall be used with the following assumptions.

8.1532 The strain in reinforcement and concrete is
directly proportional to the distance from the neutral axis,
except that for deep flexural members with overall depth

. 14/ F % 1o span ratios greater than ¥ for continuous spans and ¥s
Modulus of rupture, f,, from tests, or, if data are not

" for simple spans, a nonlinear distribution of strain shall be
considered.

8.15.33 In reinforced concrete members, concrete
resists no tension.

8.153.4 The modular ratio, n = E/E,, may be taken
as the nearest whole number (but not less than 6). Except
in calculations for deflections, the value of n for light-
weight concrete shall be assumed to be the same as for
normal weight concrete of the same strength.

8.15.3.5 In doubly reinforced flexural members, an
effective modular ratio of 2E/E, shall be used to trans-
form the compression reinforcement for stress computa-
tions. The compressive stress in such reinforcement shall
not be greater than the allowable tensile stress.

8.15.4 Compression Members

The combined flexural and axial load capacity of com-
pression members shall be taken as 35 percent of that
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2154

computed in accordance with the provisions of Article
8.16.4, Slenderness effects shall be included according to
the requirements of Article 8.16.5. The term P, in Equa-
tion (8-41) shall be replaced by 2.5 times the desipn axial
load. In using the provisions of Articles 8.16.4 and 8.1 6.5,
& shall be taken as 1.0,

8.15.5.1 Shear Stress

8.15.5.1.1 Design shear stress, v, shall be computed
by:

Ve — 8-3)

where V is design shear force at section considered, b, is
the width of web, and d is the distance from the extreme
compression fiber to the centroid of the longitudinal ten-
sion reinforcement. Whenever applicable, effects of tor-
sion* shall be included.

8.715.5.1.2 For a circular section, b, shall be the di-
ameter and d need not be less than the distance from the
extreme compression fiber to the centroid of the longitu-
dinal reinforcement in the opposite half of the member,

8.15.5.1.3 For tapered webs, b, shall be the average
width or 1.2 times the minimum width, whichever is
smaller,

8.15.5.1.4 When the reaction, in the direction of the
applied shear, introduces compression into the end re-
gions of a member, sections located less than a distance d
from the face of support may be designed for the same
shear, V, as that computed at a distance d. An exception
occurs when major concentrated loads are imposed be-
tween that point and the face of support. In that case sec-
tions closer than d to the support shall be designed for V
at distance d plus the major concentrated loads.

. 81552 Shear Stress Carried by Concrete

8.15.5.2.1 Shear in Beams and One-Way Slabs and
Footings

For members subject to shear and flexure only, the al-
lowable shear stress carried by the concrete, v,, may be

*The design criteria for combined torsion and shear given in “Building Code Re-
; for Reinforced C " American Concrete [nstityte 318 Bulletin

may be uied.
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taken as 0.95 V[, A more detailed calculanm of the al-
lowable shear stress can be made using:

v ;
v, = G.9ﬂ+l,lmp,(—£w)$l.6ﬁ: (8-4)

Note:

(a) M is the design moment occurring simultanecusly
with V at the section being considered.

(b) The quantity VA/M shall not be taken greater than
1.0

8.15.5.2.2 Shear in Compression Members

For members subject to axial compression, the allow-
able shear stress carried by the concrete, v., may be taken
as 0.95 V.. A more detailed calculation can be made

using:

v, =o.9{1+0.0006% T @-5)
B

The quantity N/A, shall be expressed in pounds per square

inch.

8.15.5.2.3 Shear in Tension Members

For members subject to axial tension, shear reinforce-
ment shall be designed to carry total shear, unless a more
detailed calculation is made using

v, =0.9{1+Q004Aﬁ £ (8-6)
4

Note:

(a) N is negative for tension.
(b) The quantity N/A, shall be expressed in pounds
per square inch.

8.15.5.24 Shear in Lightweight Concrete

The provisions for shear stress, v,, carried by the con-
crete apply to normal weight concrete. When lightweight
aggregate concretes are used, one of the following modi-
fications shall apply:

(a) When f is specified, the shear stress, v,, shall be
modified by substituting /6.7 for VI, but the value
of £/6.7 used shall not exceed VT.

(b) When f, is not specified, the shear stress, v,, shall be
multiplied by 0.75 for “all-lightweight™ concrete, and
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0.85 for “sand-lightweight” concrete. Lincar interpola-
tion may be used when partial sand replacement is used.

8.15.5.3 Shear Stress Carried by Shear
Reinforcement

8.15.5.3.1 Where design shear stress v exceeds shear
stress carried by concrete, v,, shear reinforcement shall
be provided in accordance with this Article. Shear rein-
forcement shall also conform to the general requirements
of Article 8.19.

8.15.5.3.2 When shear reinforcement perpendicular
to the axis of the member is used:

A, = (v-v.)b,s -7
f
8.15.5.3.3 When inclined stirrups are used:
(v—-v.)b,s
= e C W 8-8
Y f,(sina +cosq) ®-8
&,

8.15.5.3.4 When shear reinforcement consists of a
single bar or a single group of parallel bars all bent up at
the same distance from the support:

_(v— v.)b,d
f sinc

A 8-9

v

where (v—v,) shall not exceed 1.5 VE.

8.15.5.3.5 When shear reinforcement consists of a
series of parallel bent-up bars or groups of parallel bent-
up bars at different distances from the support, the re-
quired area shall be computed by Equation (8-8).

8.15.5.3.6 Only the center three-fourths of the in-
clined portion of any longitudinal bent bar shall be con-
sidered effective for shear reinforcement. )

8.15.5.3.7 Where more than one type of shear rein-
forcement is used to reinforce the same portion of the
member, the required area shall be computed as the sum
of the values computed for the various types separately. In
such computations, v, shall be included only once.

8.15.5.3.8 When (v — v.) exceeds 2 V! the maxi-
mum spacings given in Article 8.19 shall be reduced by
onc-half.

8.15.5.3.9 The value of (v — v.) shall not exceed
4 VL.

8.15.5.3.10 When flexural reinforcement located
within the width of a member used to compute the shear
strength is terminated in a tension zone, shear reinforce-
ment shall be provided in accordance with Article 8.24.1.4.

8.15.5.4 Shear Friction

8.15.5.4.1 Provisions for shear-friction are to be ap-
plied where it is appropriate to consider shear transfer
across a given plane, such as: an existing or potential
crack, an interface between dissimilar materials, or an in-

"terface between two concretes cast at different times.

8.15.5.4.2 A crack shall be assumed to occur along
the shear plane considered. Required area of shear-friction
reinforcement A, across the shear plane may be designed
using either Art. 8.15.5.4.3 or any other shear transfer de-
sign method that results in prediction of strength in sub-
stantial agreement with results of comprehensive tests.
Provisions of paragraph 8.15.5.4.4 through 8.15.5.4.8
shall apply for all calculations of shear transfer strength.

8.15.5.4.3 Shear-friction Design Method

(a) When shear-friction reinforcement is perpendicu-
lar to the shear plane, area of shear-friction reinforce-
ment A,¢ shall be computed by:

A (8-10)

fn

¥i

where p is the coefficient of friction in accordance with

Art. 8.15.5.4.3(c).

(b) When shear-friction reinforcement is inclined to

the shear plane such that the shear force produces ten-

sion in shear-friction reinforcement, the area of shear-
. friction reinforcement A, shall be computed by:

- \4
f,(Lsinoy +coseig)

Ay (8-11)

where ay is the angle between the shear-friction rein-
forcement and the shear plane.
(c) Coefficient of friction p in Eq. (8-10) and Eq. (8-
11) shall be:
concrete placed monolithically ............ L4A
concrete placed against hardened concrete with
surface intentionally roughened as specified in
Art.
B15.5.4.7 ottt 1.0A

S ke, -
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concrete placed against hardened concrete not

intentionally roughened ... ..... ... .. .. .. 0.6M

concrete anchored to as-rolled structural steel

by headed studs or by reinforcing bars (see Art.

815548 ...l Cerrerrareannal 0.7\
where X = 1.0 for normal weight concrete; 0.85 for
“sand-lightweight” concrete; and 0.75 for “all light-
weight” concrete. Linear interpolation may be applied
when partial sand replacement is used.

8.15.5.4.4 Shear stress v shall not exceed 0.091 nor
360 psi.

8.15.54.5 Nettension across the shear plane shall be
resisted by additional reinforcement. Permanent net com-
pression across the shear plane may be taken as additive
to the force in the shear-friction reinforcement A, when
calculating required A, ..

8.15.5.4.6 Shear-friction reinforcement shall be ap-
propriately placed along the shear plane and shall be an-
chored to develop the specified yield strength on both
sides by embedment, hooks, or welding to special devices.

.
8.15.5.4.7 For the purpose of Article 8.15.5.4, when
concrete is placed against previously hardened concrete,
the interface for shear transfer shall be clean and free of
Iaitance. If p is assumed equal to 1.0X, the interface shall
be roughened to a full amplitude of approximately Y. in.

8.15.5.4.8 When shear is transferred between steel
beams or girders and concrete using headed studs or
welded reinforcing bars, steel shall be clean and free of

paint. /,/

AT L sy U e
—meex8.15.5.5 Horizontal Shear Design for Composite
Concrete Flexural Members

8.15.5.5.1 In a composite member, full transfer of
horizontal shear forces shall be assured at contact surfaces

of interconnected elernents.

8.15.5.5.2 Design of cross sections subject to hori-
zontal shear may be in accordance with provisions of
Paragraph 8.15.5.5.3 or 8.15.5.5.4 or any other shear
transfer design method that results in prediction of
strength in substantial agreement with results of compre-
hensive tests.

8.15.5.5.3 Design horizontal shear stress v, at any
cross section may be computed by:

v (8-11A)

where V is the design shear force at the section considered
and d is for the entire composite section. Horizontal .shcar
Va shall not exceed permissible horizontal shear v, 1n ac-
cordance with the following:

(a) When the contact surface is clean, free of laitance,
and intentionally roughened, shear stress v, shall not
exceed 36 psi.

(b) When minimum ties are provided in accordam%e
with paragraph 8.15.5.5.5, and the contact surface is
clean and free of laitance, but not intentionally rough-
ened, shear stress v, shall not exceed 36 psi.

(¢) When minimum ties are provided in accordamfc
with paragraph 8.15.5.5.5, and the contact surface is
clean, free of laitance, and intentionally roughened to
a full magnitude of approximately Y in., shear stress vy

shall not exceed 160 psi.

(d) For each percent of tie reinforcement crossing the
contact surface in excess of the minimum required
by 8.15.5.5.5, permissible v, may be increased by
72£,/40,000 psi.

8.15.5.5.4 Horizontal shear may be investigated by
computing, in any segment not exceeding one-tenth of the
span, the actual change in compressive or tensile force to
be transferred, and provisions made to transfer that force
as horizontal shear between interconnected elements.

_ Horizontal shear shall not exceed the permissible hori-

zontal shear stress v, in accordance with paragraph
8.15.5.5.3. .

8.15.5.5.5 Ties for Horizontal Shear

(a) When required, a minimum area of tie reinforce-
ment shall be provided between interconnected ele-
ments. Tie area shall not be less than 50b,s/f,, and tie
spacing s shall not exceed four times the least web
width of support element, nor 24 in.

(b) Ties for horizontal shear may cousist of single bars
or wire, multiple leg stirrups, or vertical legs of welded
wire fabric (smooth or deformed). All ties shall be ad-
equately anchored into interconnected elements by
embedment or hooks.

8.15.5.6 Special Provisions for Slabs and
Footings

8.15.5.6.1 Shear capacity of slabs and footings in the
vicinity of concentrated loads or reactions shall be gov-
emed by the more severe of two conditions:
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(2) Beam action for the slab or footing, with a critical
section extending in a plane across the entire width and
Jocated at a distance d from the face of the concentrated
load or reaction arca. For this condition, the slab or
footing shall be designed in accordance with Atticles
8.15.5.1 through 8.15.5.3, except at footings supported
on piles, the shear on the critical section shall be de-
termined in accordance with Article 4.4.11.3.

(b Two-way action for the slab or footing, with acrit-
ical section perpendicular to the plane of the member
and located so that its perimeter b, is a minimum, but
not closer than &/2 to the perimeter of the concentrated
load or reaction arca. For this condition, the slab or
footing shall be designed in accordance with Articles
8.15.5.6.2 and 8.15.5.6.3.

8.15.5.6.2 Design shear stress, v, shall be computed by:

v
b.d

V=

(8-12)

o

where V and b, shall be taken at the critical section defined
in 8.15.5.6.1(b).

8.15.5.6.3 Design shear stress, v, shall not exceed v,
given by Equation (8-13) unless shear reinforcement is
provided in accordance with Article 8.15.5.6.4.

v, = (o.s +3—)ﬁ7 <184 (8-13)
Be :
B. is the ratio of long side to short side of concentrated
load or reaction area.
815.5.64 Shear reinforcement consisting of bars or

wires may be used in slabs and footings in accordance
with the following provisions:

(a) Shear stresses computed by Equation (8-12) shall
be investigated at the critical section defined in
8.15.5.6.1(b) and at successive sections more distant
from the support.

(b) Shear stress v, at any section shall not exceed 0.9
'\/ff and v shall not exceed 3VE.

(c) Where v exceeds 0.9 V/£!, shear reinforcement
shall be provided in accordance with Article 8.15.5.3.

8.15.5.7 Special Provisions for Slabs of Box
Culverts

For slabs of box culverts under 2 feet or more fill, shear
stress v, may be computed by:

ve =1 +2.200p(%;—1—) (8-14)

but v, shall not exceed 1.8 ‘vrf:' For single cell box culverts
only, v, for slabs monolithic with walls need not be taken
less than 1.4VT,, and v, for slabs simply supported need
not be taken less than 1.2V, The quantity V&/M shall not
be taken greater than 1.0 where M is the moment occurring
simultaneously with V at the section considered. For slabs
of box culverts under less than 2 feet of fill, applicable pro-
visions of Articles 3.24 and 6.4 should be used.

8.15.58 Special Provisions for Brackets and
Corbels*

8.15.5.8.1 Provisions of paragraph 8.15.5.8 shall
apply to brackets and corbels with a shear span-to-depth
ratio a/d not greater than unity, and subject to horizon-
tal tensile force N. not larger than V. Distance d shall be
measured at the face of support.

8.15.5.8.2 Depthatoutside edge of bearing area shall
not be less than 0.5d.

8.15.5.8.3 The section at the face of support shall be
designed to resist simultancously a shear V, a moment
[Va, + N, (h — d)], and a horizontal tensile force N.. Dis-
tance h shall be measured at the face of support.

(a) Design of shear-friction reinforcement, Ay, tO re-
sist shear, V, shall be in accordance with Article
8.15.5.4. For normal weight concrete, shear stress v
shall not exceed 0.09f; nor 360 psi. For “all light-
weight” or “sand-lightweight” concrete, shear stress v
shall not exceed (0.09-0.03a,/d)f; nor (360~ 126a./d)
psi.

(b) Reinforcement A, to resist moment [Va, + Nyh ~
d)] shall be computed in accordance with Articles
8.15.2and 8.15.3.

(c) Reinforcement A, to resist tensile force N, shall be
computed by A, = NJf,. Tensile force N, shall not be
taken less than 0.2V unless special provisions are made
to avoid tensile forces.

(d) Areaof primary tension reinforcement, A,, shall be
made equal to the greater of (A(+A), or QA3 +A,).

' 815584 Closed stirrups or ties parallel to A,, with
a total area A, not less than 0.5(A,—A,), shall be uni-

. *These provisions do not apply to beam ledges. The PCA publication,
Notes on ACI 31883, contains an example design of beam ledges—
Part 16, example 16-3,
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formly distributed within two-thirds of the effective depth
adjacent to A,

8.155.8.5 Ratio p = A shall not be taken less
than 0.04(f,/f,).

8.15.5.8.6 At the front face of a bracket or corbel,
primary tension reinforcement, A,, shall be anchored by
one of the following:

() a structural weld to a transverse bar of at least
equal size; weld to be designed to develop specified
yield strength f, of A, bars;

(b) bending primary tension bars A, back to form a
horizontal loop; or

(c) some other means of positive anchorage.

8.15.5.8.7 Bearing arca of load on a bracket or cor-
bel shall not project beyond the straight portion of primary
tension bars A,, nor project beyond the interior face of a
transverse anchor bar (if one is provided).

A,
b —
plate - I . prima
N, v QY / ::h er:\ym
—f o
; anchor bar —I_
L
h 4
[ _]_
i
l N- A, (closed
’ ‘ stirrups or tles)
1
Framing bar to anchor 4
stirrups or ties J"
‘ FIGURE 8.155.8
J r‘,’{‘:‘ﬂé u!”x/t u ['"J. J‘&L
8.16 STRENGTH DESIGN METHOD
(LOAD FACTOR DESIGN)

8.16.1 Strength Requirements
8.16.1.1 Required Strength

The required strength of a section is the strength nec-
essary to resist the factored loads and forces applied to

the structure In the combinations stipulated in Aricle
1,22, Al sections of structures and structural meml.)crs
shall have design strenpths at least equal to the required

strenpth.

#1602 Design Strenpth

816.1.2.1 'The design strenpth provided by a mem-
ber or cross section in terms of load, moment, shear, or
stress shall be the nominal stength calculated in accor-
dance with the requitements and assumptions of the
strength-design method, multiplied by a strength-reduc-

tion factor ¢.*

8.16.1.2.2 ‘The strength-reduction factors, ¢, shall be
as follows:

(@) Flexure,,oovvvnnions
() Shear .,....... “en
(¢) Axinl compression with—

Spimls.......................,..cb=0.75
e =070

.. $=070

veieeep =085

R

B N
(d) Bearing on concrete. ... .

D N ]

The value of ¢ may be increased linearly from the
value for compression members to the value for flexure as
the design axial load strength, $P,, decreases from 0.10f;
A, or Py, whichever is smaller, to zero.

8.16.1.2.3 The development and splice lengths of re-
inforcement specified in Articles 8.24 through 8.32 do not
require a strength-reduction factor.

8.162 Design Assumptions

8.16.2.1 The strength design of members for flexure
and axial loads shall be based on the assumptions given in
this Article, and on the satisfaction of the applicable con-
ditions of equilibrium of intemal stresses and compatibil-
ity of strains.

8.16.2.2 The strain in reinforcement and concrete is
directly proportional to the distance from the neutral axis.

8.16.2.3 The maximum usable strain at the extreme
concrete compression fiber is equal to 0.003.

b L ety §
o vrgime ™ :

*The coefficient  provides for the possibility that small adverse vaci-
ations in material strengths, workmanship, and dimensions, while indi-
vidually within acceptable tolerances snd limits of good practice, may
combine 1o result in understrength. )

ElabsaSoRuic
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8.16.2.4 The stress in reinforcement below its speci-
fied yield strength, f,, shall be E, times the steel strain, i”f)r
strains greater than that corresponding to y, the stress in
the reinforcement shall be considered independent of
strain and equal to f,.

8.16.2.5 The tensile strength of the concrete is ne-
glected in flexural calculations.

8.16.2.6 The concrete compressive stress/strain dis-
tribution may be assumed to be a rectangle, trapezoid,
parabola, or any other shape that results in prediction of
strength in substantial agreement with the results of com-
prehensive tests,

which assumes a concrete stress of 0.85 f; uniformly dis-
tributed over an equivalent compression zone bounded by

" the edges of the cross section and a line parallel to the neu-
tral axis at a distance a = B,c from the fiber of maximum
compressive strain, may be considered to satisfy the re-
quirements of Article 8.16.2.6. The distance ¢ from the
fiber of maximum strain to the neutral axis shall be mea-
sured in a direction perpendicular to that axis. The factor
B, shall be taken as 0.85 for concrete, strengths, f. ,upto
and including 4,000 psi. For strengths above 4,000 psi, B
shall be reduced continuously at a rate of 0.05 for each
1,000 psi of strength in excess of 4,000 psi but B, shall not
be taken less than 0.65.

8.16.3 Flexure

8.16.3.1 Maximum Reinforcement of Flexural

Members

816.3.1.1 The ratio of reinforcement p provided
shall not exceed 0.75 of the ratio p, that would produce
balanced strain conditions for the section. The portion of
p, balanced by compression reinforcement need not be re-
duced by the 0.75 factor.

é_l 6.3.1.2 Balanced strain conditions exist at a cross
section when the tension reinforcement reaches the strain
corresponding to its specified yield strength, f,, just as the
concrete in compression reaches its assumed ultimate
strain of 0.003.

8.163.2 Rectangular Sections with Tension
Reinforcement Only

8.16.3.2.1 The design moment strength, $M,, may
be computed by:

’4 o
. . N . . PP 1
8.16.2.7 A compressive stress/strain distribution, (. ()

chnm@[A,f,d{l—O %—fl)] (8-15)

.6
a
=o[ A, -]

(8-16)
where,
A,f,
= 8-17
1= 085 b 6-17

8.16.3.2.2 ‘The balanced reinforcement ratio, py, is
given by:

. AT
s _085Bf/[ 87,000 8.18)
TR =T T 57,000+, (
y 41

8.163.3 Flanged Sections with Tension
Reinforcement Only

8.16.3.3.] When the compression flange thickness is
equal to or greater than the depth of the equivalent rec-
tangular stress block, a, the design moment strength, &M,,
may be computed by Equations (8-15) and (8-16).

8.16.3.3.2 When the compression flange thickness is
less than a, the design moment strength may be computed
by:

M, = dl(A,—AE(d—/2)

+ Aufy (d—0.5h)] (8-19)
where, -
Ay= 0.85f (b—b, )h, (8-20)
fy
(A —Ay )fy
T e 8-21
0.856/b,, 8-2D)

8.16.3.3.3 The balanced reinforcement ratio, py. is
given by:

]
b1l

/- L e b\ 0.85p,f. | 87,000
Lk /l - L/Y =(—.!’.. ie § » y .22 R
C‘ s P bI{ f¥ 137’000+fy )ﬂh} @22
- Gl

t.,
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R16.334

8.16.3.34 For T-girder and box-girder cmistn'wlinn.
the width of the compression face, b, shall be equal to the
effective slab width as defined in Article 8.10,

8.16.3.4 Rectangular Sections with Compression
Reinforcement

8.16.3.4.1 The design moment strength, $M,, may
be computed as follows:

. A — ’ Iy
I ( ; As.)ao.ssa,[.fsi 87,000 )

bd f,d ) 87,000-f,
(8-24)
then,
OM, = $[(A, = ADR(d — a/2) + AYf, (d — d"))
. (8-25)
where,
A —A!
G (8-26)

0.85£2b

8.16.3.4.2 When the value of (A, — A‘L'i)fbd is less
than the value required by Equation (8-24), so that the
stress in the compression reinforcement is less than the
yield strength, f,, or when effects of compression rein-
forcement is less than the yield strength, f,, or when ef-
fects of compression reinforcement are neglected, the de-
sign moment strength may be computed by the equations
in Article 8.16.3.2. Alternatively, a general analysis may
be made based on stress and strain compatibility using the
assumptions given in Article 8.16.2.

8.16.3.4.3 The balanced reinforcement ratio py, for
rectangular sections with compression reinforcement is

given by:

_ 0.85ﬁ1f: 87»000 + #) ii‘_ 8_27
Pe *[ fy [87’000+fy P fy i

where,
d 37.000+f,)]
= | —=———||sf, (8-28
f; 37.000[1 (dI s7.000 )= (8-28)

8.163.5 Other Cross Sections

For other cross sections the design moment strength,
&M,, shall be computed by a general analysis based on

o
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stress and strain compatibility using assumptions given in
Article 8.16.2, The requirements of Article 8,16.3.1 shall
also be satisfied.

8.164 Compression Members
8.164.1 General Requirements

8.16.4.1.1 The design of members subject to axial
Joad or to combined flexure and axial load shall be based
on stress and strain compatibility using the assumptions
given in Article 8.16.2. Slenderness effects shall be in-
cluded according to the requirements of Article 8.16.5.

8.16.4.1.2 Members subject to compressive axial
Joad combined with bending shall be designed for the
maximum moment that can accompany the axial load,
The factored axial load, P,, at a given eccentricity shall not
exceed the design axial load strength ¢ Poman Where:

(a) For members with spiral reinforcement conform-

ing to Article 8.18.2.2

Potmany = 0.85[0.85 f7 (A,— A +HAL (8-29)
¢ =0.75

(b) For members with tie reinforcement conforming to

Article 8.18.23

Pomany = 0.80[0.85 £ (A,—AQ+Al] (8-30)

¢ =070

The maximum factored moment, Mu, shall be magnified
for slenderness effects in accordance with Article 8.16.5.

8.16.4.2 Compression Member Strengths

The following provisions may be used as a guide to de-
fine the range of the load-moment interaction relationship
for members subjected to combined flexure and axial
load. : )

8.16.4.2.1 Pure Compression

The design axial load strength at zero eccentricity, $P,,
may be computed by:
$P, = H{0.856; (A, — AD + Afy]  (8-31)
For design, pure compressive strength is a hypothetical
condition since Article 8.16.4.1.2 limits the axial load
strength of compression members to 85 and 80 percent of
the axial load at zero eccentricity,
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8.16.4.2.2  Pure Flexure when the factored axial load,

The assumptions given in Article 8.16.2 or the applic-
able equations for flexure given in Article 8.16.3 may be
used to compute the design moment strength, ¢M,, in
pure flexure.

8.16.4.2.3 Balanced Strain Conditions

Balanced strain conditions for a cross section are de-
fined in Article 8.16.3.1.2. For a rectangular section with
reinforcement in one face, or located in two faces at ap-
proximately the same distance from the axis of bending,
the balanced load strength, $P,, and balanced moment
strength, $M,, may be computed by:

SPy = Gl085f ba, + A — Af)]  (8-32)
and,
dM, = $[0.85€bay(d — d'' — a/2)
+ALWd-d —d'") +Afd"]
(8-33)
where,
| 87,000 i
a, '("__sv.oomt‘, d @-34)
and,
d’Y 87,000+f, \T
'=87,000|1-|— | —~ -
/=8 [1 (dx 87,000 J]Sfy (8-35)

8.16.4.2.4 Combined Flexure and Axial Load

The strength of a cross section is controlled by tension
when the nominal axial load strength, P, is less than the
balanced load strength, P, and is controlled by compres-
sion when P, is greater than P,

The nominal values of axial load strength, P,, and mo-
ment strength, M, must be multiplied by the strength re-
duction factor, ¢, for axial compression as given in Arti-
cle 8.16.1.2.

8.16.4.3 Biaxial Loading
In lieu of a general section analysis based on stress and
strain compatibility, the design strength of noncircular

members subjected to biaxial bending may be computed
by the following approximate expressions:

(8-36)

Pz 011 A, (8-37)
of,
M M
—u g (8-38)
¢Mru ¢Mny
when the factored axial load,
P, <0.1f Ag {8-39)

8.16.5 Slenderness Effects in Compression
Members

8.16.5.1 General Requirements

8.16.5.1.1 The design of compression members shall
be based on forces and moments determined from an
analysis of the structure. Such an analysis shall include
the influence of axial loads and variable moment of iner-
tia on member stiffness and fixed-end moments, the effect
of deflections on the moments and forces, and the effect
of the duration of the loads.

8.16.5.1.2 Inlieu of the procedure described in Arti-
cle 8.16.5.1.1, slendemness effects of compression mem-
bers may be evaluated in accordance with the approximate
procedure in Article 8.16.5.2.

8.16.5.2 Approximate Evaluation of Slenderness
Effects

8.16.5.2.1 The unsupported length, €,, of a compres-
sion member shall be the clear distance between slabs,
girders, or other members capable of providing lateral
support for the compression member. Where haunches are
present, the unsupported length shall be measured to the
lower extremity of the haunch in the plane considered.

8.16.5.2.2 'The radius of gyration, r, may be assumed
equal 10 0.30 times the overall dimension in the direction
in which stability is being considered for rectangular com-
pression members, and 0.25 times the diameter for circu-
lar compression members. For other shapes, r may be
computed for the gross concrete section,

8.16.5.2.3 For compression members braced against
sidesway, the effective length factor, k, shall be taken as 1.0,
unless an analysis shows that alower value may be used. For
compression members not braced against sidesway, k shall

CsiBridge:blog:ir

Etabs-SAP:ir


http://csibridge.blog.ir/

8.165.2.3

178 ’ HIGHWAY BRIDGES

be determined with due consideration of cracking and rein-
forcement on relative stiffness and shall be preater than 1.0,

8.16.5.2.4  For compression members braced against
sidesway, the effects of slendemess may be neglected
when k€/r is less than 34 —=(12M,/M,,).

8.16.5.2.5 For compression members not braced
against sidesway, the effects of slenderness may be ne-
glected when k€,/r is less than 22.

8.16.5.2.6 For all compression members where ké/r
is greater than 100, an analysis as defined in Article
8.16.5.1 shall be made,

8.16.5.2.7 Compression members shall be designed
using the factored axial load P, derived from a conven-
tional elastic analysis and a magnificd factored moment,
M,, defined by:

M, = 8,My, + 5,M,, (8-40)
where,
8y = C‘“P 21.0 (8-41)
]——Y
¢P;
1
6, =-‘“““-2Tu-21.0 (8~41A)
1-
¢EP¢: "
and,
2
n“El
= — §-42
© T (ke,)? @-42)

For members braced against sidesway, §, shall be taken as
1.0. For members not braced against sidesway, 8, shall be
evaluated as for a braced member and &, for an unbraced
member.
In lieu of a more precise calculation, EI may be taken
either as,
3
E I
Lk + E'['
El=——

8-43
1+By4 ¢ )

or conservatively as,

amoscanner

where 34 is the ratio of maximum dead load mf)fnent to
maximum total load moment and is always positive. For
members braced against sidesway and without transverse
loads between supports, C,, may be taken as:

Cp = 0.6 + 0.4 (My/Myp) (8-45)

but not less than 0.4,
For all other cases, C,, shall be taken as 10

8.16.5.2.8 1f computations show that there is no mo-
ment at either end of a compression member braced o un-
braced against sidesway or that computed end eccentrici-
ties are less than (0.6 + 0.03h) inches, My, and Mu‘m
Equation (8-40) shall be based on a mjnimlfm ecc«;ntnc-
ity of (0.6 + 0.03h) inches about each principal axis sep-
arately, The ratio M,,/My, in Equation (8-45) shall be de-
termined by cither of the following:

(a) When the computed end eccentricities are less than
(0.6 + 0.03h) inches, the computed end moments may
be used to evaluate M,/M, in Equation (8-45).

(b) If computations show that there is essentially no
moment at either end of the member, the ratio My/Mz,
shall be equal to one.

8.16.5.2.9 In structures that are not braced against
sidesway, the flexural members framing into the com-
pression member shall be designed for the total magnified
end moments of the compression member at the joint.

*

8.16.5.2.10 When compression members are subject

. to bending about both principal axes, the moment about

cach axis shall be magnified by 8, computed from the cor-
responding conditions of restraint about that axis.

8.16.5.2.11 When a group of compression members
on one level comprise a bent, or when they are connected
integrally to the same superstructure, and collectively re-
sist the sidesway of the structure, the value of 3, shall be
computed for the member group with ZP, and 3P, equal
to the summations for all columns in the group.

8.16.6 Shear
8.16.6.1 ' Shear Strength

8.16,6.1.1  Design of cross sections subject to shear
shall be based on:

Vs ¢V, (8-46)
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where V, is the factored shear force at the section consid-
ered and V, is the nominal shear strength computed by,

V.=V, +V, (8-47)

where V, is the nominal shear strength provided by the
concrete in accordance with Article 8.16.6.2, and ¥, is the
nominal shear strength provided by the shear reinforce-
ment in accordance with Article 8.16.6.3. Whenever ap-
plicable, effects of torsion* shall be included.

8.16.6.1.2 When the reaction, in the direction of ap-
plied shear, introduces compression into the end regions
of a member, sections located less than a distance d from
the face of support may be designed for the same shear,
V., as that computed at a distance d. An exception occurs
when major concentrated loads are imposed between that
point and the face of support. In that case, sections closer
than d to the support shall be designed for V at a distance
d plus the major concentrated loads.

8.16.6.2 Shear Strength Provided by Concrete

8.16.6.2.1 Shear in Beams and One-Way Slabs and
Footings %

For members subject to shear and ﬂeiure only, V, shall
be computed by,

¢ 5 i34 v
vc=(1.9 JE +2,500p, n«;d

Jb,,d (8-48)

“uf;}ﬁl@’ Ve =53y ?"j,w b J
V. =2Vibd \ (849)

] R—
where b,, is the width of web and d is the distance from the
extreme compression fiber to the centroid of the longitu-
dinal tension reinforcement. Whenever applicable, effects
of torsion shall be included. For a circular section, b,, shall
be the diameter and d need not be less than the distance
from the extreme compression fiber to the centroid of the
longitudinal reinforcement in the opposite half of the
member. For tapered webs, b, shall be the average width
or 1.2 times the minimum width, whichever is smaller.

Note: s Yk o 93 /F k]
(a) V. shall not exceed 3.5 V1 b.d when using more
detailed calculations.

*The design criteria for combined torsion and shear given in "Build-
ing Code Pequirements for Reinforced Concrete™ ACE 318 may be used.

(b} The quantity V,d/M, shall not be greater than 1.0
where M, is the factored moment occurring simultane-
ously with V, at the section being considered.

8.16.6.2.2 Shear in Compression Members

For members subject to axial compression, V, may be
computed by:

v, = 2{} *‘E,B%X:]Jf— (bud)  (8-50)
or,
Vv, =2 Vib.d (8-51)
Note:

The quantity NJA, shall be expressed in pounds per
square inch.

8.16.6.2.3 Shear in Tension Members

For members subject to axial tension, shear reinforce-
ment shall be designed to carry total shear, unless a more
detailed calculation is made using:

N
= u ’(b,d 8'52)
v, H»5 J\/fc( wd) (

Note:
_ (a) N, is negative for tension.
(b) The quantity N/A, shall be expressed in pounds
per square inch.

8.166.2.4 Shear in Lightweight Concrete

The provisions for shear stress, v,, carried by the con-
crete apply to normal weight concrete. When lightweight
aggregate concretes are used, one of the following modi-
fications shall apply: :

(a) When £ is specified, the shear strength, V,, shall
be modified by substituting (/6.7 for \/E but the
value of £./6.7 used shall not exceed \/E

(b) When f, is not specified, V. shall be multiplied by
0.75 for “all lightweight” concrete, and 0.85 for “sand-
lightweight” concrete. Linear interpolation may be
used when partial sand replacement is used.

8.16.6.3 Shear Strength Provided by Shear
Reinforcement

8.16.6.3.1 Where factored shear force V, exceeds
shear strength ¢V, shear reinforcement shall be provided
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8.16.63.1

to satisfy Equations (8-46) and (8-47), but not less than
that required by Article 8.19. Shear strength V, shall be
computed in accordance with Articles 8.16.6.3.2 through
8.16.6.3.10.

8.16.6.3.2 When shear reinforcement perpendicular
to the axis of the member is used:

&

A, f,d
)

i -
Y, Vo=

{2 7 :

(8~53)

where A, is the area of shear reinforcement within a
distance s,

8.16.6.3.3 When inclined stirrups are used:

A, f, (sina+cosa)d
8

V. =

(8-54)

8.16.6.3.4 When asingle bar or a single group of par-
allel bars all bent up at the same distance from the support
is used:

V,=Af,sina =3VEbd\ (859

8.16.6.3.5 When shear rcinforcement consists of a

series of parallel bent-up bars or groups of parallel bent-

up bars at different distances from the support, shear
strength V, shall be computed by Equation (8-54).

8.16.6.3.6 Only the center three-fourths of the in-
clined portion of any longitudinal bent bar shall be con-
sidered effective for shear reinforcement.

8 16.6.3.7 Where more than one type of shear rein-
forcement is used to reinforce the same portion of the
member, shear strength V, shall be computed as the sum

ted for the various t . —
of the V, values compu ypes " ,[f‘;:

2V =

— % 816.63.8 When shear strength V, exceeds 4 V1!

b.d, spacing of shear reinforcement shall not exceed one-
half the maximum spacing given in Article 8.19.3.

8.16.6.3.9 Shear strength V, shall not be taken

greater than 8 VT, b.d.
HVE». 212 {}E‘i ‘T).Jj

8.16.6.3.10 When flexural reinforcement, located
within the width of a member used to compute the shear
strength, is terminated in a tension zone, shear reinforce-
ment shall be provided in accordance with Article
8.24.14.
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8.16.6.4 Shear Friction

8.16.6.4.1 Provisions for shear-friction are to be ap-
plied where it is appropriate to consider shear transfer
across a given plane, such as: an existing or potcnt.xai
crack, an interface between dissimilar mate:rials,' or an in-
terface between two concretes cast at different times.

i i j hear
8.16.6.4.2 Design of cross sections subject 10 $
transfer as described in Article 8.16.6.4.1 sh'all be bascg
on Equation (8-46), where shear strcng.th V, is calculate
in accordance with provisions of Article 8.16.6.4.3 or

8.16.6.4.4.

8.16.64.3 A crack shall be assumed to occur .alc?ng
the shear plane considered. Required area of shezr—frgcnon
reinforcement A, across the shear plane may be designed
using either Article 8.16.6.4.4 or any other shear t{ansfer
design methods that result in prediction of stmngfh in sub-
stantial agreement with results of comprehensive tests.
Provisions of Article 8.16.6.4.5 through 8.16.6.4.9 shall
apply for all calculations of shear transfer strength.

8.16.6.4.4 Shear-friction Design Method

(a) When the shear-friction reinforcement is perpen-
dicular to the shear plane, shear strength, Vn, shall be
computed by:

V. = Auf (8-56)

where pis the coefficient of friction in accordance with
Article (c).
(b) When the shear-friction reinforcement is inclined
to the shear plane, such that the shear force produces
tension in shear-friction reinforcement, shear strength
V. shall be computed by:

Vo=A, (usina;+cosay)  (8-56A)
where a is the angle between the shear-friction rein-
forcement and the shear plane,

(c) Coefficient of friction p in Eq. (8-56) and Equation
(8-56A) shall be:

Concrete placed monolithically .............. L4x
Concrete placed against hardened concrete with
surface intentionally roughened as specified in Ar-

ticle 8.16.648 ............ Creerraanrasaas 1.0A
Concrete placed against hardened concrete not in-
tentionally roughened ... .............. cen 06N

Concrete anchored to as-rolled structural steel by
headed studs or by reinforcing bars (see Article
B16.649) .o 0.7n
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where A = 1.0 for normal weight concrete; 0.85 for
“sand lightweight” concrete; and 0.75 for “all light-
weight™ concrete. Linear interpolation may be applied
when partial sand replacement is used.

8.16.6.4.5 Shear strength V, shall not be taken
greater than 0.21, A, nor 800 A, in pounds, where A, is
the area of the concrete section resisting shear transfer.

8.16.6.4.6 Nettension across the shear plane shall be
resisted by additional reinforcement. Permanent net com-
pression across the shear plane may be taken as additive
to the force in the shear-friction reinforcement, A.f,.
when calculating required A,

8.16.6.4.7 Shear-friction reinforcement shall be ap-
propriately placed along the shear plane and shall be an-
chored to develop the specified yield strength on both
sides by embedment, hooks, or welding 1o special devices.

8.16.6.4.8 Forthe purpose of Article 8.16.6.4, when
concrele is placed against previously hardened concrete,
the interface for shear transfer shall be clean and free
of laitance. If p is assumed equal to 1.0A, the interface

shall be roughened to a full amplitude of approximately
1/4 inch.

8.16.6.4.9 When shear is transferred between as-
rolled steel and concrete using headed studs or welded re-
inforcing bars, steel shall be clean and free of paint.

8.16.6.5 Horizontal Shear Strength for
—=m  Composite Concrete Flexural Members

8.16.6.5.1 In a composite member, full transfer of
horizontal shear forces shall be assured at contact surfaces
of interconnected elements.

8.16.6.5.2 Design of cross sections subject to hori-
zontal shear may be in accordance with provisions of
paragraph 8.16.6.5.3 or 8.16.6.5.4, or any other shear
wransfer design method that results in prediction of
strength in substantial agreement with results of compre-
hensive tests.

8.16.6.5.3 Design of cross sections subject to hori-
zontal shear may be based on:

Vu = ‘bvnh (8‘57)

where V, is the factored shear force at the section consid-
ered. Yy, is the nominal horizontal shear strength in ac-
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cordance with the following, and where d is for the entire
composite section.

(a) When contact surface is clean, frec of Jaitance, and
inentionally roughened, shear strength V,, shall not be
taken greater than 80b.d, in pounds.

(b) When minimum ties are provided in accordance
with paragraph 8.16.6.5.5, and contact surface is clean
and free of laitance, but not intentionally roughened,
shear strength V,, shall not be taken greater than 80
bd, in pounds.

(c) When minimum ties are provided in accordance
with paragraph 8.16.6.5.5, and contract surface is
clean, frec of laitance, and intentionally roughened to
a full amplitude of approximately /s in., shear strength
V,, shall not be taken greater than 350b.d, in pounds.

(d) For each percent of tie reinforcement crossing the
contact surface in excess of the minimum required by
8.16.6.5.5, shear strength V,, may be increased by
(160f,/40,000)b,d, in pounds.

8.16.6.5.4 Horizontal shear may be investigated by
computing, in any segment not exceeding one-tenth of the
span, the change in compressive or tensile force to be
transferred, and provisions made to transfer that force as
horizontal shear between interconnected elements. The
factored horizontal shear force shall not exceed horizon-
tal shear strength ¢V, in accordance with paragraph
8.16.6.5.3, except that the length of the segment consid-
ered shall be substituted for d. g

8.16.6.53.5 Ties for Horizontal Shear

.(2) When required, a minimum area of tie reinforce-
ment shall be provided between interconnected ele-
ments. Tie area shall not be less than 50b,s/f,, and tie
spacing, s, shall not exceed four times the least web
width of the support element, nor 24 in.

(b) Ties for horizontal shear may consist of single bars
or wire, multiple leg stirrups, or vertical legs of welded
wire fabric. All ties shall be adequately anchored into
interconnected elements by embedment or hooks.

8.16.6.6 Special Provisions for Slabs and
Footings

8.16.6.6.1 Shear strength of slabs and footings in the
vicinity of concentraled loads or reactions shall be gov-
erned by the more severe of two conditions:

(&) Beam action for the slab or footing, with a cntical
seclion extending in a plane across the entire widthand
located at a distance d from the face of the concentrated
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8.16.6.6.1

load or reaction area. For this condition, the slab or
footing shall be designed in accordance with Articles
8.16.6.1 through 8.16.6.3 except at footings supported
on piles, the shear on the critical section shall be de-
termined in accordance with Article 4.4.11.3,

(b) Two-way action for the slab or footing, with a
critical section perpendicular to the plane of the mem-
ber and located so that its perimeter b, is a minimum,
but need not approach closer than d/2 (o the perimeter
of the concentrated load or reaction area. For this con-
dition, the slab or footing shall be designed in accor-
dance with Articles 8,16.6.6.2 and 8.16.6.6.3.

8.16.6.6.2 Design of slab or footing for two-way
action shall be based on Equation (8-46), where shear
strength V, shall not be taken greater than shear strength
V. given by Equation (8-58), unless shear reinforcement
is provided in accordance with Article 8.16.6.6.3.

4
\2 =(2+B—}Jﬂbods4 fZb,d (8-58)

<

8. is the ratio of long side 1o short side of concentrated
load or reaction area, and b, is the perimeter of the criti-
cal section defined in Article 8.16.6.6.1(b).

8.16.6.6.3 Shear reinforcement consisting of bars or
wires may be used in slabs and footings in accordance
with the following provisions:

(a) Shear strength V,, shall be computed by Equation
(8-47), where shear strength V_ shall be in accordance
with paragraph (d) and shear strength V, shall be in ac-
cordance with paragraph ().

(b) Shear strength shall be investigaied at the critical
section defined in 8.16.6.6.1(b), and at successive sec-
tions more distant from the support.

(c) Shear strength V, shall not be taken greater than 6
V1.b.d. where b, is the perimeter of the critical section
defined in paragraph (b).

(d) Shear strength V. at any section shall not be taken
greater than 2 VT{b.,d. where b, is the perimeter of the
critical section defined in paragraph (b).

{e) Where the factored shear force V, exceeds the shear
strength &V, as given in paragraph (d), the required area
A, and shear strength V, of shear reinforcement shall be
calculated in accordance with Article 8.16.6.3.

8.16.6.7 Special Provisions for Slabs of Box
Culverts

8.16.6.7.1 For slabs of box culverts under 2 feet or
more {ill, shear strength V, may be computed by:

d
v, m(z.m Jrfm,ooo;a%u)bd (8-59)

[

but V, shall not exceed 4 VT bd. For single cell box cul-
verts only, V, for slabs monolithic with walls need not be
taken less than 3 V’ff bd, and V, for slabs simply sup-
ported need not be taken less than 2.5 VT bd. The quan-
tity V,d/M, shall not be taken greater than 1.0 where M,
is the factored moment occurring simultancously with V,
at the scction considered. For slabs of box culverts under
less than 2 feet of fill, applicable provisions of Articles
3.24 and 6.4 should be used.

8.16.6.8 Special Provisions for Brackets and
Corbels*

$.16.6.8.1 Provisions of Article 8.16.6.8 shall apply
10 brackets and corbels with a shear span-to-depth ratio
a/d not greater than unity, and subjectloa horizontal ten-
sile force N, not larger than V,. Distance d shall be mea-
sured at the face of support.

8.16.6.8.2 Depth at the outside edge of bearing area
shall not be less than 0.5d.

8.16.6.8.3 The section at the face of the support shall
be designed to resist simultaneously a shear V,, a moment
(V,a, + Ny (h — d)), and a horizontal tensile force N,..
Distance h shall be measured at the face of support.

(a) In all design calculations in accordance with Ari-
cle 8.16.6.8, the strength reduction factor ¢ shall be
taken equal to 0.85.

{b) Design of shear-friction reinforcement A to resist
shear V, shall be in accordance with Article 8.16.6.4.
For normal weight concrete, shear strength V, shall not
be taken greater than 0.2f'b,d nor 800b.d in pounds.
For “all lightweight” or “sand-lightweight” concrete,
shear strength V, shall not be tuken greater than (0.2 —
0.07a/d){/b.d nor {800 — 280a/d)b.d in pounds.

(c) Reinforcement A; 1o resist moment (V,a, +
N, (h = d)) shall be computed in accordance with Ar-
ticles 8.16.2 and 8.16.3,

(d) Reinforcement A, to resist tensile foree N,. shall
be determined from N, = dAf,. Tensile force N,
shall not be taken less than 0.2V, unless special provi-
sions are made to avoid tensile forees. Tensile force N,

*These provisions do not apply to beam ledges. The PCA publication,
“Notes on ACH 31B-83" contains an example design of beam ledees—
Pant 16, example 16-3.
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shall be regarded as a live load even when tension re- 8,167 Bearing Strength

sults from crecp, shrinkage, or temperature change.
(¢) Arca of primary tension reinforcement A, shall be
made equal to the greater of (A, + A,) or:

8.16.7.1 The bearing stress, f,, on concrete shall not
cxceed 085 [ except as provided in Articles 8.16.7.2,
8.16.7.3, and §.16.7 4,

A 8.16.7.2  When the supporting surface is wider on all
sides than the Toaded area, the allowable bearing stress on
the loaded area may be multiplicd by VAJA,, but not by

8.16.6.8.4 Closed stirrups or ties parallel to A, with
more than 2.

a total area A, not less than 0.5(A, = A,), shall be uni-
formly distributed within two-thirds of the effective depth

adjacent to A, 8.16.7.3 When the supporting surface is sloped or

stepped, A, may be taken as the arca of the lower base of
the largest frustum of a right pyramid or cone contained
wholly within the support and having for its upper base
the loaded area, and having side slopes of 1 vertical 10 2

8.16.6.8.6 Atfront face of bracket or corbel, primary ~ horizontal.
tension reinforcement A, shall be anchored by one of the
following:

8.16.6.8.5 Ratio p = A/bd shall not be less than
0.04(f:/f,).

8.16.7.4 When the loaded area is subjected to
high edge stresses duc to deflection or eccentric lnﬂdin.
the allowable bearing stress on the loaded area, including
any increase duc to the supporting surface being larger
than the loaded area, shall be multiplied by a factor

(a) a structural weld to a transverse bar of al least
equal size; weld to be designed to develop specified
yield strength f) of A bars,

(b) bending primary tension bars A, back to form a of 0.75.
horizontal loop, or

(c) some other means of positive anchorage. 8.168 Scrviceability Requirements

8.16.6.8.7‘ Bearing area pf load on brackc? or corbel $.168.1 Application
shall not project beyond straight portion of primary ten-
sion burs A,.vnorpr'ojcctbn‘:yond interior face of transverse For flexural members designed with reference to load
anchor bar (if one is provided). factors and strengths by Strength Design Method, stresses

at service load shall be limited to satisfy the requirements
for fatigue in Article 8.16.8.3, and for distribution of rein-
A, forcement in Article 8.16.8.4. The requirements for con-

trol of deflections in Article 8.9 shall also be satis. ed.
pe x|
plate - /--A. (primary 8.16.8.2 Service Load Stresses
N, . / reinforcement)

_fh‘[: 4 For investigalion of stresses at service loads to satisfy
i i || Nanchorbar o \ I the requirements of Articles 8.16.8.3 and 8.16.8.4, the
: l \ \ 2, straight-line theory of stress and strain in flexure shall be
:1 3 3 used and the assumplions given in Article 8.15.3 shall
! \ A\ apply.

I N, —t
N- A, (closed 8.16.8.3 Fatigue Stress Limits
stirrups or ties)
K " The range between a maximum tensile stress and min-
i:jmnl:l:?::a{i::anchoﬂ v imum stress in straight reinforcement caused by live load
A plus impact at service load shall not exceed:
FIGURE 8.16.68 fi =21 = 0.33f,., + 8(/h) (8-60)
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where:
fr = stress range in Kips per square inch;

fmn = algebraic minimum stress level, tension positive,
compression negative in Kips per square inch;

r/h = ratio of base radius to height of rolled-on trans-
verse deformations; when the actual value is not
known, use 0.3,

Bends in primary reinforcement shall be avoided in re-
gions of high stress range,

Fatigue stress limits need not be considered for con-
crete deck slabs with primary reinforcement perpendicu-
!ar to traffic and designed in accordance with the approx-
imate methods given under Article 3.24.3, Case A.

8.16.8.4 Distribution of Flexural Reinforcement

' To control flexural cracking of the concrete, tension re-
inforcement shall be well distributed within maximum
flexural zones. When the design yield strength, f,, for ten-
sion reinforcement exceeds 40,000 psi, the bar sizes and
spacing al maximum positive and negative moment sec-
tions shall be chosen so that the calculated stress in the re-
inforcement at service load f,, in ksi does not exceed the
value computed by:

where:

A = effective tension area, in square inches, of con-
crete surrounding the fexural tension reinforce-
ment and having the same centroid as that rein-
forcement, divided by the number of bars or
wires. When the flexural reinforcement consists
of several buar or wire sizes, the number of bars or
wires shall be computed as the total area of rein-
forcement divided by the arca of the largest bar
or wire used. For calculation purposes, the thick-
ness of clear concrete cover used to compute A
shall not be taken greater than 2in.

. distance measured from extreme tension fiber to

center of the closest bar or wire in inches. For

calculation purposes, the thickness of clear con-
crete cover used to compute d; shall not be taken

greater than 2 inches.

=~
e
L
#
#

The quantity z in Equation (8-61) shall not exceed
170 kips per inch for members in modcrate exposure
conditions and 130 kips per inch for members in severe
exposure conditions.  Where members are  exposed
o very aggressive exposure or corrosive environments,
such as deicer chemicals, protection should be provided
by increasing the denseness or imperviousness to
water or furnishing other protection such as a waterproof-
ing protecting system, in addition to satisfying Equa-

f=——" _<06f 8-61
s (ch)us y ( ) tion (8-61).
Part D
REINFORCEMENT

8.17 REINFORCEMENT OF FLEXURAL
MEMBERS

$£.17.1 Minimum Reinforcement

—S= 8.17.1.1 At any scection of a flexural member where
tension reinforcement is required by analysis, the rein-
forcement provided shall be adequate to develop a mo-
ment at least 1.2 times the cracking moment calculated on
the basis of the modulus of rupture for normal weight con-
crete specified in Article 8.15.2.1.1.

&M, = 1.2 M, (8-62)

—¥ 8.17.1.2 The requirements of Anticle 8.17.1.1 may be
waived if the area of reinforcement provided at a section

is at least one-third greater than that required by analysis
based on the loading combinations specified in Article
322

8.17.2  Distribution of Reinforcement
8.17.2.1 Flexural Tension Reinforcement in
Zones of Maximum Tension

8.17.2.1.1 Where flanges of T-girders and box-gird-
ers are in tension, tension reinforcement shall be distrib-
uted over an effective tension flange width equal 10 e
the girder span length or a width s defined in Article
8.10.1, whichever is smaller, If the actual slab width, cen-
ter-to-center of girder webs, exceeds the effective tension
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flange width, and for excess portions of the deck slab
overhang, additional longitudinal reinforcement with arca
not less than 0.4 percent of the excess slab area shall be
provided in the excess portions of the slab.

8.17.2.1.2  For integral bent caps of T-girder and box-
girder construction, tension reinforcement shall be placed
within a width not o exceed the web width plus an over-
hanging slab width on each side of the bent cap web equal
to one-fourth the average spacing of the intersecting
girder webs or a width as defined in Anticle 8.10.1.4 for
integral bent caps, whichever is smaller.

8.17.2.1.3  If the depth of the side face of a member
exceeds 3 feet, longitudinal skin reinforcement shall be
uniformly distributed along both side faces of the member
for a distance d/2 nearest the flexural tension reinforce-
ment. The area of skin reinforcement A, per foot of height
on each side face shall be =< 0.012 (d — 30). The maxi-
mum spacing of skin reinforcement shall not exceed the
lesser of d/6 and 12 inches. Such reinforcement may be
included in strength computations if a strain compatibil-
ity analysis is made o determine stresses in the individual
bars or wires. The total area of longitudinal skin rein-
forcement in both faces need not exceed one-half of the
required flexural tensile reinforcement.

8.17.2.2 Transverse Deck Slab Reinforcement in
T-Girders and Box Girders

At least one-third of the bottorn layer of the transverse
reinforcement in the deck slab shall extend to the exterior
face of the outside girdér web in each group and be an-
chored by a standard 90-degree hook. If the slab extends
beyond the last girder web, such reinforcement shall ex-
tend into the slab overhang and shall have an anchorage
beyond the exterior face of the girder web not less than
that provided by a standard hook.

8.17.2.3 Bottom Slab Reinforcement for Box
Girders

8.17.2.3.1 Minimum distributed reinforcement of 0.4
percent of the flange area shall be placed in the bottom
slab parallel to the girder span. A single layer of rein-
forcement may be provided. The spacing of such rein-
forcement shall not exceed 18 inches.

£17.2.3.2  Minimum distributed reinforcement of 0.5
percent of the cross-sectional area of the slab, based on the
least slab thickness, shall be placed in the bottom slab trans-
verse to the girder span. Such reinforcement shall be dis-
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tributed over both surfaces with a maximum spacing of 18
inches. All transverse reinforcement in the bottom slab shall
extend to the exterior face of the outside girder web in each
group and be anchored by a standard 90-degree hook.

8.17.3 Lateral Reinforcement of Flexural Members

8.17.3.1 Compression reinforcement used to in-
crease the strength of flexural members shall be enclosed
by ties or stirrups which shall be at least No. 3 in size for
Jongitudinal bars that are No. 10 or smaller, and at least
No. 4 in size for No. 11, No. 14, No. 18, and bundled lon-
gitudinal bars. Welded wire fabric of equivalent arca may
be used instead of bars. The spacing of ties shall not ¢x-
ceed 16 longitudinal bar diamelers. Such stirrups or tics
shall be provided throughout the distance where the com-
pression reinforcement is required. This paragrgph does
not apply to reinforcement Jocated in a compression zonc,
which has not been considered as compression reinforce-
ment in the design of the member.

8.17.3.2 Torsion reinforcement, where required,
shall consist of closed stirrups, closed ties, or spirals, com-
bined with longitudinal bars. See Article 8.15.5.1.1 or
8.16.6.1.1.

8.17.3.3 Closed stirrups or ties may be formed in one
piece by overlapping the standard end hooks of ties or stir-
rups around a longitudinal bar, or may be formed in one
or two pieces by splicing with Cluss C splices (lap of
1.7 €y).

8.17.3.4 In seismic areas, where an earthquake that
could cause major damage to construction has a high
probability of occurrence, lateral reinforcement shall be
designed and detailed to provide adequate strength and
ductility to resist expected seismic movements.

8.18 REINFORCEMENT OF COMPRESSION
MEMBERS

8.18.1 Maximum and Minimum Longitudinal
Reinforcement

8.18.1.1 The area of longitudinal reinforcement for
compression members shall not exceed 0.08 times the
gross area, A, of the section,

8.18.1.2 The minimum area of longitudinal rein-
forcement shall notbe less than 0.01 times the gross arcy,
A,, of the section. When the cross section is larger than
that required by consideration of loading, a reduced ef-
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fective area may be used, The reduced effective area shall
not be less than that which would require 1 percent of
longitudinal reinforcement to carry the loading. The min-
imum number of longitudinal reinforcing bars shall be six
for bars in a circular arrangement and four for bars in a
rectangular arrangement, The minimum size of bars shall
be No. §.

8.18.2 Lateral Reinforcement
8.18.2.1 General

In a compression member that has a larger cross sec-
tion than that required by conditions of loading, the lateral
reinforcement requirements may be waived where strue-
tural analysis or tests show adequate strepgth and feasi-
bility of construction.

8.18.2.2 Spirals

Spiral reinforcement for compression members shall
conform to the following:

8.182.2.1 Spirals shall consist of evenly spaced con-
tinuous bar or wire, with a minimum diameter of ¥ inch.

&8.18.2.2.2 The ratio of spiral reinforcement o total
volume of core, p,, shall not be less than the value given
by:

A, E
P, = 0.45[—— - 1]{— (8-63)

€ y

where f, is the specified yield strength of spiral reinforce-
ment but not more than 60,000 psi.

818223 The clear spacing between spirals shall
not exceed 3 inches or be less than 1 inch or 17 times the
maximum size of coarse aggregate used.

be provided by 1% extra tums of spiral bar or wire at each
end of a spiral unit.

&182.2.5 Spiralsshall extend from top of footing or
other support to the level of the lowest horizontal rein-
forcement in members supported above.

£.182.2.6 Splicesin spiral reinforcement shall be lap
splices of 48 bar or wire diameters but not less than 12
inches, or shall be welded.
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818.2.2.7 Spirals shall be of such size and 50 s
sembled to permit handling and placing without distortion
from designed dimensions,

8.18.2.2.8 Spirals shall be held firmly in place by ialw
tachment to the longitudinal reinforcement and true 1o line
by vertical spacers.

8.18.2.3 Ties

Tie reinforcement for compression members shall con-
form to the following:

8.18.2.3.1 Al bars shall be enclosed by fateral ties
which shall be at least No. 3 in size for longitudinal bars
that are No. 10 or smaller, and at lcast No. 4 in size for Ho.
11, No. 14, No. 18, and bundled longitudinal bars, De-
formed wirc or welded wire fabric of cquivalent arca ity
be used instead of bars.

8.18.2.3.2 The spacing of tics shall not exceed the
least dimension of the compression member or 12 inches.
When two or more bars larger than No. 10 are bundled to-
gether, tie spacing shall be one-half that specified above.

8.18.2.3.3 Ties shall be located not more than half a
tic spacing from the face of a footing or from the nearest
longitudinal reinforcement of a cross-framing member.

feet, measured along the tic, [rom a restrained bar on ei-
ther side. A restrained bar is one which has lateral support
provided by the comer of a tic having an included angle
of not more than 135 degrees. Where lengitudinal bars are
located around the perimeter of a circle, a romplete cir-
cular tie may be used.

8.18.2.4 Seismic Requirements

In seismic areas, where an earthquake which could
cause major damage to constiuction has a high probabil -
ity of occurrence, lateral reinforeement for column picrs
shall be designed and detailed to provide adequate
strength and ductility to resist expected seismic move-
ments,

8.19 LIMITS FOR SHEAR REINFORCEMENT
8.19.1  Minimum Shear Reinforcement
8.19.1.1 A minimum area of shear reinforcement

shall be provided in all flexural members, except slabs and
foolings, where:
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(a) For design by Strength Design, ‘
force V, exceeds one-half the shear strength provided
by concrete $V..

(b) For design by Service Load Design, design shear
stress v exceeds onc-half the permissible shear stress

carried by concrete v,.

8.19.1.2  Where shear reinforcement is required by

Article 8.19.1.1, or by analysis, the area provided shall not

be less than:

L 5&5%,5
ir S e e A= TR < (8-64)

f, yf
A Vo 7 A Vo
where b, and s are in inches. "

8.19.1.3 Minimum shear reinforcement require-
-ments may be waived if it is shown by test that the re-
quired ultimate flexural and shear capacity can be devel-
oped when shear reinforcement is omitted.

8.19.2 Types of Shear Reinforcement
8.19.2.1 Shear reinforcement may consist of:

(a) Stirmups perpendicular to the axis of the member or
making an angle of 45 degrees or more with the longi-
tudinal tension reinforcement.

(b) Welded wire fabric with wires located perpendic-
ular to the axis of the member.

(c) Longitudinal reinforcement with a bent portion
making an angle of 30 degrees or more with the longi-
tudinal tension reinforcement.

(d) Combinations of stirrups and bent longitudinal re-
inforcement.

(e) Spirals.

8.19.22 Shear reinforcement shall be developed at
both ends in accordance with the requirements of Article

8.27.
8.19.3 Spacing of Shear Reinforcement

Spacing of shear reinforcement placed perpendicular
to the axis of the member shall not exceed d/2 or 24
inches. Inclined stirrups and bent longitudinal reinforce-
ment shall be so spaced that every 45-degree line extend-
ing toward the reaction from the mid-depth of the mem-
ber, d/2, to the longitudinal tension reinforcement shall be
crossed by at least one line of shear reinforcement.

i

EAOUSRE §
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factored shear—+>8.20 SHRINKAGE AND TEMPERATURE

REINFORCEMENT

——1» 8.20.1 Reinforcement for shrinkage and temperature
stresses shall be provided near exposed surfaces of walls
and slabs not otherwise reinforced. The total area of rein-
forcement provided shall be ag least /4 square inch per foot
in each direction. N PR N
‘*w:r“’w'ﬁjwtjjf e Z"?'f: ’1"’ b
8.20.2 The spacing of shrinkage and temperature rein-
forcement shall not exceed three times the wall or slab
thickness, or lSi‘nche(‘s},iJ bl gt J gt (’ pmnd 3 g

e

Py

et

{J PR

821 SPACING LIMITS FOR REINFORCEMENT

8.21.1 For cast-in-place concrete the clear distance be-
tween parallel bars in a layer shall not be less than 1.5 bar
diameters, 1.5 times the yximu 1 ,siz:"pf}die’ c,oar;.g ag-
: o LT S
gregate, or 1% inches, J%,,,u At Mf‘; g Zﬂf» ;’
j L o
8.21.2 For precast concrete (manufacturc’é under plant
control conditions) the clear distance between parallel
bars in a layer shall be not less than 1 bar diamigcr, 1};
times the maximum size of the coarse aggregate, ot 1 inch.
R T s S
8213 Where positive or negative reinforcement is
placed in two or more layers, bars in the upper layers shall
be placed directly above those in the bottom layer with the
clear distance between layers not less than 1 inch.
10D G
8.21.4 The clear distance limitation between bars shall
also apply to the clear distance between a contact lap
splice and adjacent splices or bars.

PR

8.21.5 Groups of parallel reinforcing bars bundled in con-
tact to act as a unit shall be limited to 4 in any one bundle.
Bars larger than No. 11 shall be limited to two in any one
bundle in beams. Bundled bars shall be located within stir-
rups or ties. Individual bars in a bundle cut off within the
span of a member shall terminate at points at least 40-bar
diameters apart. Where spacing limitations are based on bar
diameter, a unit of bundled bars shall be treated as a single
bar of a diameter derived from the equivalent total area.

8.21.6 In walls and slabs the primary flexural reinforce-
ment shall be spaced not farther apart than 1.5 times the

wall or'glab thickness, or l§ it}ches. -
/ej L» ,r K‘»'J‘ P}\ - A ng b ’ . §
8.22 PROTECTIONAGAINST CORROSION

8.22.1 The following minimum concrete cover shall be
provided for reinforcement:

Etabs-SAP:ir
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—# Concrete cast against and permanently
exposedtoearth . ......... ... .. e 375
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8.22.1

Minimum
Cover
(inches)

Concrete exposed to earth or weather:

(1) 180-deg bend plus 4d, extension, but not less than
2Yin. at free end of bar.
(2) 90-deg bend plus 12d, extension at free end of bar.
don{3) For stirrup and tic hooks:
(a) No. 5 bar and smaller, 90-deg bend plus 6d, ex-
tension at free end of bar, or

gr_imaty :ﬁinfnmsnxgml .............. 2 57 (1) No. 6, No. 7, and No. 8 bar, 90-deg bend plus
urrups, ties, and spigals ..., ., 1% i
! ) N e PR 3 & ¢ 12d, extension at free end of bar, or
— CG*I;*CMS .dcfck slabs in miild ci_xmat@s: (c) No. 8 bar and smaller, 135-deg bend plus 6d,
op reinforcement ..., ., R . 2 5 G extension at free end of bar.
Bottom reinforcement ......... ... .. Il 2.5 ¢n

Concrete deck slabs which have no positive
corrosion protection and are frequently

8.23.2 Minimum Bend Diameters

;z{;ors:ii;;gzxg% salts: o e 8.23.2.1 Diameter of bend measured on the inside of
Bottom reinforcement .. ....... ... | 1 22‘;; the bar, other than for stirrups and ties, shall not be less

Concrete not exposed to weather or in
contact with ground: '
Primary reinforcement ...... ... ..
Stirrups, ties, and spirals ......... ...

—4 Concrete piles cast against and/or

permanently exposedtoearth ... .....

8.22.2 For bundled bars, the minimum concrete cover
shall be equal to the equivalent diameter of the bundle, but
need not be greater than 2 inches, except for concrete cast
against and permanently exposed to earth in which case
the minimum cover shall be 3 inches.

8223 In corrosive or marine environments or other se-
vere exposure conditions, the amount of concrete protec-
tion shall be suitably increased, by increasing the dense-
ness and imperviousness to water of the protecting
concrete or other means. Other means of positive corro-
sion protection may consist of, but not be limited to,
epoxy-coated bars, special concrete overlays, and imper-
vious membranes; or a combination of these means.*

8.22.4 Exposed reinforcement, inserts, and plates in-

tended for bonding with future extensions shall be pro-
tected from corrosion.

823 HOOKS AND BENDS

823.1 Standard Hooks

The term “standard hook” as used herein shall mean
one of the following:

*For additional information on corrosion protection methods, r?ﬁ:r 10
National Cooperative Highway Research Report 297, “Evaluation of
Bridge Deck Protective Strategies.”

14 3-8 G i .
1 : 2. Stﬂlies shall not be less than 4 bar diameters for sizes No. 5

" than the values given in Table 8.23.2.1.

82322 The inside diameter of bend for stirrups and

and smaller. For bars larger than size No. 5 diameter of

2 5 .ec-bend shall be in accordance with Table 8.23.2.1.

8.23.2.3 The inside diameter of bend in smocth or de-
formed welded wire fabric for stirrups and ties shall not be
less than 4-wire diameters for deformed wire larger than D6
and 2-wire diameters for all other wires. Bends with inside
diameters of less than 8-wire diameters shall not be less
than 4-wire diameters from the nearest welded intersection.

8.24 DEVELOPMENT OF FLEXURAL

REINFORCEMENT
8.24.1 General

8.24.1.1 The calculated tension or compression in
the reinforcement at each section shall be developed on
each side of that section by embedment length, hook or
mechanical device, or a combination thereof. Hooks may
be used in developing bars in tension only.

8.24.1.2 Critical sections for development of rein-

* forcement in flexural members are at points of maximum

stress and at points within the span where adjacent rein-
forcement terminates or is bent. The provisions of Article
8.24.2.3 must also be satisfied.

CsiBridge:blog:ir

TABLE 8.23.2.1 Minimum Diameters of Bend
Bar Size Minimum Diameter
Nos. 3 through 8 6-bar diameters
Nos, 9, 10, and 11 8-bar diameters
Nos, 14 and 18 10-bar diameters
Etabs-SAP:ir
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8.24.1.2.1 Reinforcement shall extend beyond the
point at which it is no longer required to resist flexure for
a distance equal 1o the effective depth of the member, 15
bar diameters, or Y of the ¢lear span, whichever is
greater, except at supports of simple spans and at the free
ends of cantilevers.

8.24.1.2.2 Continuing reinforeement shall have an
cmbedment length not less than the development length £
beyond the point where bent or terminated tension rein-
forcement is no longer required to resist flexure.

8.24.1.3 Tension reinforcement may be developed by
bending across the web in which it lies or by making it
continuous with the reinforcement on the opposite face of
the member,

8.24.1.4  Flexural reinforcement within the portion of
the member used to calculate the shear strength shall not
be terminated in a tension zone unless one of the follow-
ing conditions is satisfied:

8.24.14.1 The shear at the cutoff point does not ex-
ceed two-thirds of that permitted, including the shear
strength of shear reinforcement provided.

8.24.1.4.2  Stirrup area in excess of that required for
shear is provided along each terminated bar over a dis-
tance from the termination point equal to three-fourths the
effective depth of the member. The excess stirmup area, A.,.
shall not be less than 60 b,s/f,. Spacing. s. shall not
exceed d/(8 By) where B, is the ratio of the area of rein-
forcement cut off to the total area of tension reinforcement
at the section.

8.24.1.4.3 For No. 11 bars and smaller, the continu-
ing bars provide double the area required for flexuvre at the
cutoff point and the shear does not exceed three-fourths
that permitted.

8.24.1.5 Adequate end anchorage shall be provided
for tension reinforcement in fiexural members where re-
inforcement stress is not directly proportional to moment,
such as: sloped. stepped, or tapered footings: brackets;
deep fexural members. or members in which the tension
reinforcement is not parallel to the compression face.

8.24.2 Positive Moment Reinforcement

8.24.2.1 At least one-third the posilive moment rein-
forcement in simple members and one-fourth the positive
moment reinforcement in continuous members shalf ex-
tend along the sume face of the member inta the support.
In beams, such reinforcement shall extend into the suppon
at feast 6 inches.

B.24.2.2  When a flexural member is part of the Jateral
load resisting system, the positive moment reinforcement
required to be extended into the support by Article
8.24.2.1 shall be anchored to develop the specified yield
strength, 1, in tension at the face of the support.

8.24.2.3 At simple supports and at points of inflec-
tion, positive moment tension reinforcement shall be lim-
ited 1o a diamecter such that €, computed for f, by Article
8.25 satisfics Eq. (8-65). except Eq. (8-65) nced not be
satisfied for reinforcement terminating beyond center line
of simple supports by a standard hook, or a mechanical
anchorage at least equivalent to a standard hook.

M

€d£V+(' (3'65)

where M is the computed moment capacity assuming all
positive moment tension reinforcement at the section o be
fully stressed. V is the maximum shear force at the sce-
tion. €, at a support shall be the embedment length beyond
the center of the support. At a point of inflection, €, shall
be limited to the effective depth of the member or 12 d,.
whichever is greater. The value M/V in the development
length limitation may be increased by 30 percent when the
ends of the reinforcement are confined by a compressive
reaction.

8.24.3 Negative Moment Reinforcement

8.24.3.1 Negative moment reinforcement in a con-
tinuous. restrained, or cantilever member, or in any mem-
ber of a rigid frame, shall be anchored in or through the
supporting member by embedment length, hooks, or me-
chanical anchorage.

8.24.3.2 Negative moment reinforcement shall have
an embedment length into the span as required by Article
8.24.1.

8.24.3.3 At least one-third of the total tension rein-
forcement provided for negative moment at the support
shall huve an embedment length beyond the pont of -
flection not less than the effective depth of the member, 12-
bar diameters or ¥4 of the clear span, whichever is greater.

Loy (.};t
8.25 DEVELOPMENT OF DEFORMED BARS
AND DEFORMED WIRE IN TENSION

The development fength, €y in inches shall be com-
puted as the product of the basic development length de-
fined in Anticle 8.25.1 and the applicable modification tac-
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tor or factors defined in Anticle 8.25.2 and 8.25.3, but £,
shall be not less than that specified in Article 8.25.4.

8.25.1 The basic development length shall be:
No. llbarsandsmaller ................... 0‘04'1"{7
Vi
butnotlessthan . ... .. e e 0.0004d,f,
No.ldbars ..., 0.083f,
f¢
No.I8bars .......oooviiiiiiiin, ___O'I,lf’
Vi
deformed wire ........... .. ... .. ... M
£

8.25.2  The basic development length shall be multiplied
by the following applicable factor or factors:

8.25.2.1 Top reinforcement so placed
that more than 12 inches of
concrete is cast below the
reinforcement .................... 1.4

8.25.2.2 Lightweight aggregate
concrete when f is

specified ........... e BNE
fee
but not less than 1.0
When f, is not specified
*afl lightweight” concrete ........1.33

“sand lightweight” concrete ...... 1.18
Linear interpolation may be
applied when partial sand
replacement is used.

Bars coated with epoxy with

cover less than 3d, or clear

spacing between bars
lessthan6dy ... .... . e 1.5
Allothercases ........oovevnennn 1.15
The product obtained when combining
the factor for top reinforcement
with the applicable factor for
epoxy coated reinforcement need
not be taken greater than 1.7

8.25.2.3

CsiBridge.blog.ir

8.25.3 The hasic development length, modified by the
appropriate factors of Article §.25.2, may be multiplied by
the following factors when;

Reinforcement being developed in the
length under consideration is spaced later-
ally at least 6 inches on center with at least
3 inches clear cover measured in the direc-

tion of the spacing ....... Ceraeneaid 0.8

8.25.0.1

Anchorage or development for reinforce-
ment strength is not specifically required or
reinforcement in flexural members is in ex-
cess of that required by analysis

(A, required)/(A, provided)
Reinforcement is enclosed within a spiral of

not less than 1/4 inch in diameter and not
more than 4 inch piteh .. ........ .. 075

8.25.33

8.25.4 Thedevelopment length, 4, shall not be less than
12 inches except in the computation of lap splices by
Article 8.32.3 and development of shear reinforcement by
Article 8.27.

8.26 DEVELOPMENT OF DEFORMED BARS IN
COMPRESSION

The development length. €4, in inches, for deformed
bars in compression shall be computed as the product of
the basic development length of Article 8.26.1 and ap-
plicable modification factors of 8.26.2, but €4 shall not be
‘ass than 8 inches.

8.26.1 The basic development length shallbe .......
0.024,f/VT!
butnot less than .......... e W0.0003d,f,

8.26.2 The busic development length may be multiplied
by applicable factors when:

8.26.2.1 Anchorage or development for reinforce-
ment strength is not specifically required, or
reinforcement is in excess of that required
by analysis ........ e (A, requiredy/
(A, provided)

8.26.2.2  Reinforcement is enclosed in a spiral of not
less than 14 inch in diameter and not more

than d-inchpiteh ........... ..., . 0.75

Etabs-SAP.ir
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8.27 DEVELOPMENT OF SHEAR
REINFORCEMENT

8.27.1 Shear reinforcement shall extend at least to the
centroid of the tension reinforcement, and shall be carried
as close to the compression and tension surfaces of the
member as cover requirements and the proximity of other
reinforcement permit. Shear reinforcement shall be an-
chored at both ends for its design yield strength. For com-
posile flexural members, all beam shear reinforcement
shall be extended into the deck slab or otherwise shall be

adequately anchored to assure full beam design shear
capacity.

8.27.2 The ends of single leg, single U, or multiple U-
stirrups shall be anchored by one of the following means:

) 8.27.2.1 A standard hook plus an embedment of the
stirrup leg length of at least 0.5 €, between the mid-depth
of the member d/2 and the point of tangency of the hook.

8.27.22 An embedment length of ¢, above or below
the mid-depth of the member on the compression side but
not less than 24-bar or wire diameters or, for deformed
bars or deformed wire, 12 inches.

8.27.2.3 Bending around the longitudinal reinforce-
ment through at least 180 degrees. Hooking or bending
stirrups around the longitudinal reinforcement shall be
considered effective anchorage only when the stirrups
make an angle of at least 45 degrees with the longitudinal
reinforcement.

8.27.2.4 For each leg of welded smooth wire fabric
forming single U-stirrups, either:

8.27.2.4.1 Two longitudinal wires at 2-inch spacing
along the member at the top of the U.

8.27.2.4.2 One longitudinal wire located not more
than d/4 from the compression face and a second wire
closer to the compression face and spaced at least 2 inches
from the first wire. The second wire may be located on the
stirrup leg beyond a bend or on a bend with an inside di-
ameter of bend of not less than 8-wire diameters.

8.27.25 For each end of a single-leg stirrup of
welded smooth or welded deformed wire fabric, there
shall be two longitudinal wires at a minimum spacing of
2 in. and with the inner wire at least the greater of d/4 or
2 in. from mid-depth of member d/2. Outer longitudinal

wire at the tension face shall not be farther from the face
than the portion of primary flexural reinforcement closest
to the face,

8.27.3  Pairs of U-stirrups or tics so placed as to form a
closed unit shall be considered properly spliced when the
laps are 1.7 £,

8.27.4 Between the anchored ends, each bend in the
continuous portion of a single U- or multiple U-stirrup
shall enclose a longitudinal bar.

8.27.5 Longitudinal bars bent to act as shear reinforce-
ment, if extended into a region of tension, shall be con-
tinuous with the longitudinal reinforcement and, if ex-
tended into a region of compression, shall be anchored
beyond the mid-depth, d/2, as specified for development
length in Article 8.25 for that part of the stress in the re-
inforcement required to satisfy Equation (8-8) or Equa-
tion (8-54). '

8.28 DEVELOPMENT OF BUNDLED BARS

The development length of individual bars within a
bundle, in tension or compression, shall be that for the in-
dividual bar, increased by 20 percent for a three-bar bun-
dle, and 33 percent for a four-bar bundle.

829 DEVELOPMENT OF STANDARD HOOKS
IN TENSION

§.29.1 Development length £, in inches, for deformed
bars in tension terminating in a standard hook (Article
8.23.1) shall be computed as the product of the basic de-
velopment length £,,, of Article 8.29.2 and the applicable
modification factor or factors of Article 8.29.3, but €,
shall not be less than 8d,, or 6 inches, whichever is greater.

829.2 Basic development length ¢, for a hooked
bar with f, equal to 60,000 psi shall be

....................................................... 1,200 d/VE

8.29.3 Basic development length €,, shall be multiplied
by applicable modification factor or factors for:

8.29.3.1 Baryield strength:
Bars with f, other than 60,000 psi

8.29.3.2 Concrete cover:

For No. 11 bar and smaller, side cover (nor-
mal to plane of hook) not less than 2% in.,
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and for 90-deg hook, cover on bar extension tn
‘ . loss tha ties or stimups

beyond hook not less than 2in. .. .. ... 0.7 202 in. l”' e T required

829.33 Ties or stirmups: et i
For No. 11 bar and smaller, hook enclosed 0 ' « ’.‘;".‘;’&'". gl
vertically or horizontally within ties or stir- 1 B
rup-ties spaced along the full development RS B
length (o not greater than 3d,, where d, is Add Sect
diameter of hooked bar . ........... .. 0.8 = =3

8.29.3.4  Excess reinforcement:
Where anchorage or development for f, is
not specifically required, reinforcement in
excess of that required by analysis . .. (A,
required)( A, provided)

82935 Lightweight aggregate concrete . ... .. 1.3

8.29.3.6 Epoxy-coated reinforcement hooked bars
with epoxy coating ................ 1.2

8.29.4 For bars being developed by a standard hook at
discontinuous ends of members with both side cover and
top (or bottom) cover over hook less than 2v2 in., hooked
bar shall be enclosed within ties or stirrups spaced along
the full development length €4, not greater than 3d,,

) t
L]
Critical 12
" section %
r* |
‘ i
]
3 4dy #3 through #8
Jdba( iy
21/2* min sd, | #9, #10 and #11
-
6d, #14 and #M18
et
b -

FIGURE 8.29.1 Hooked-Bar Details for Development of
Standard Hooks

FIGURE 8.29.4 Hooked-Bar Tic Requirements

where d, is the diameter of the hooked bar. For this case,
the factor of Article 8.29.3.3 shall not apply.

8.29.5 Hooks shall not be considered effective in devel-
oping bars in compression.

830 DEVELOPMENT OF WELDED WIRE
FABRIC IN TENSION

8.30.1 Deformed Wire Fabric

8.30.1.1 The development length, £, in inches of
welded deformed wire fabric measured from the point of
critical section to the end of wire shall be computed as the
product of the basic development length of Article
8.30.1.2 or 8.30.1.3 and the applicable modification fac-
tor or factors of Articles 8.25.2 and 8.25.3 but €4 shall not
be less than 8 inches except in computation of lap splices
by Article 8.32.5 and development of shear reinforcement
by Article 8.27.

8.30.1.2 The basic development length of welded de-
formed wire fabric, with at least one cross wire within the
development length not less than 2 inches from the point
of critical section, shall be:

0.03d, (f,—20,000)/ V'L, * (8-66)
but not less than,
A f
020—%. X 8-67
N (8-67)

8.30.1.3  The basic development length of welded
deformed wire fabric, with no cross wires within the de-
velopment length, shall be determined as for deformed
wire in accordance with Article 8.25,

*The 20,000 has units of psi.
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8.30.2 Smooth Wire Fabric

The yield strength of welded smooth wire fabric shall
be considered developed by embedment of two cross
wires with the ¢loser cross wire not less than 2 inches
from the point of critical section, However, development
length € measured from the point of critical section to
outermost cross wire shall not be less than:

(
0278 (8-68)
K

maodified by (A, required)/(A, provided) for reinforcement
in excess of that required by analysis and by factor of Ar-
ticle 8.25.2 for lightweight aggregate concrete, but £, shall
not be less than 6 inches except in computation of lap
splices by Article 8.32.6.

8.31 MECHANICAL ANCHORAGE

8311  Any mechanical device shown by tests to be ca-
pable of developing the strength of reinforcement without
damage to concrete may be used as anchorage.

8.31.2 Development of reinforcement may consist of a
combination of mechanical anchorage plus additional em-
bedment length of reinforcement between point of maxi-
mum bar stress and the mechanical anchorage.

8.32 SPLICES OF REINFORCEMENT

Splices of reinforcement shall be made only as shown
on the design drawings or as specified, or as authorized by
the Engineer.

8.32.1 Lap Splices

8.32.1.1 Lap splices shall not be used for bars larger
than No. 11, except as provided in Articles 8.32.4.1 and
441141

8.32.1.2 Lap splices of bundled bars shall be based
on the lap splice length required for individual bars within
a bundle. The length of lap, as prescribed in Anticle 8.32.3
or 8.32.4 shall be increased 20 percent for a three-bar bun-
dle and 33 percent for a four-bar bundle. Individual bar
sphices within the bundle shall not overlap.

8.32.1.3 Bars spliced by noncontact lap splices in
flexural members shall not be spaced transversely farther
apart than ¥ the required lengih of lap or 6 inches.
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8.32.1.4 The length, £, shall be the development
length for the specified yield strength, f,, as given in Arti-
cle 8.25.

8.32.2 Welded Splices and Mechanical Connections

8.32.2.1 Welded splices or other mechanical connec-
tions may be used. Except as provided herein, all welding
<hall conform to the latest edition of the American Weld-
ing Socicty publication, “Structural Welding Code Rein-
forcing Steel.”

8.32.2.2 A full-welded splice shall have bars butted
and welded to develop in tension at least 125 percent of
the specified yield strength of the bar.

8.32.2.3 A full-mechanical connection shall develop
in tension or compression, as required, at least 125 percent
of the specified yicld strength of the bar.

8.32.2.4 Welded splices and mechanical connections
not meeting requirements of Articles 832.2.2and8.32.2.3
may be used in accordance with Article 8.32.3.4.

8323 Splices of Deformed Bars and Deformed
Wire in Tension

8.32.3.1 The minimum length of lap for tension lap
splices shall be as required for Class A, B, or € splice, but

not less than 12 inches. .
ClassAsplice ... ... .. iiiiiiiinniiinns 1.0 ¢,
ClassBsplice ............. ..., 1.3 ¢
ClassCsplice .......coviiriiiiiinennnnns 1.7 €,

8.32.3.2 Lap splices of deformed bars and deformed
wire in tension shall conform to Table 8.32.3.2.

8.32.33 Welded splices or mechanical connections
used where the area of reinforcement provided is less than
twice that required by analysis shall meet the require-
ments of Article 8.32.2.2 or 8.32.2.3.

TABLE 8.32.3.2  Tension Lap Splices

Maximum Percent of A,
Spliced within Required
Lap Length
(A, provided (A, required)* 50 75 100

Equal to or Greater than 2
Less than 2

Class A Class A ClassB
ClassB  ClassC  ClassC

*Ratio of area of reinforcement provaded to area of reinforcement
required by analysis at splice location,
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%.32.3.4

BA2A4 Welded splices or mechanical connections
used where the area of reinforeement provided is at least
twiee tint required by analysis shall meet the following;

&322 040 Splices shall be siaggered at least 24
inches and in such manner as to develop at every section
at least twiee the caleulated tensile force at that seetion but
ot Jess than 20,000 psi for the total area of reinforcement
provided,

K I2.04.2 I computing tensile force developed at
each section, sphiced reinforcement may be rated at the
speeilied sphoe strength, Unspliced reinforcement shall
be rated at that fraction of f, defined by the ratio of the
shorter actual development fength to €4 required to de-
velop the specified yield strength f,,

RILASE  Splicesin tension tie members shall be made
with a full-welded splice or a full-niechanical connection in
aceardance with Article 8,32.2.2 or 8.32.2.3, Splices in ad-
Jacent bars shall be stapgered at least 30 inches,

RA2L4 Splices of Bars in Compression

RA24.0  LapSplices In Compression

The mininunm length of lap for compression lap splices
shall be 0 00051, d, in inches, but not less than 12 inches
When the specificd concrete stienpth, £ is less than
1,000 pai, the fength of Tap shall be increased ry one-third.

Wihien bars of diflerent size are lap spliced m compres-
sion, sphce tength shall be the larger of: development
tenpth of the larger bar, or splice length of smaller bar, Bar
sizes No. 14 and No. 18 may be lap spliced to No. 11 and
sinaller bars,

In compression members where ties along the splice
have an clfective arca not less than 0.0015hs, the
lap splice length may be multiplied by 0.83, but the lap
fenpth shall not be less than 12 inches. The effective arca
of the ties shall be the area of the legs perpendicular to
dimension b

In compression members when spirals are used for Lt
eral restramt along the splice. the lap splice length may be
muttiphied by 075, but the lap length shall not be less than

Jinches.
8.32.4.2  End-Bearing Splices

In bass required for compression only, the compressive
stress may he transmitted by bearing of square cut ends

held in concentric contact by a suitable device. Bar ends
shall terminate in flat surfaces within 17 degrees of aright
snple to the axis of the bars and shall be fitted within Jde-
prees of full bearing after assembly. End-bearing splices
shall be used only in members containing closed ties,
closed stirrups, or spirals.

8.32.4.3 Welded Splices or Mechanical
Connections

Welded splices or mechanical connections used in
compression shall meet the requirements of Article
B.32.220r8.32.2.3.

8.32.5 Splices of Welded Deformed Wire Fabric in
Tension

8.32.5.1 The minimum length of lap for lap splices
of welded deformed wire fabric measured between the
ends of each fabric sheet shall not be less than 1.7 {401
8 inches, and the overlap measured between the outermost
cross wires of each fabric sheet shall not be less than

2 inches.

8.32.5.2  Lap splices of welded deformed wire fabric,
with no cross wires within the lap splice length, shall be
determined as for deformed wire in accordance with Arti-
cle 8.32.3.1,

8.32.6  Splices of Welded Smooth Wire Fabric in
Tension

‘The minimum length of lap for lap splices of welded
smooth wire fabric shall be in accordance with the fol-
lowing:

8.32.6.1 When the arca of reinforcement provided is
less than twice that required by analysis at the splice lo-
cation, the Iength of overlap measured between the outer-
most cross wires of cach fabric sheet shall not be less than
one spacing of cross wires plus 2 inches or less than 1.5
{,. or 6 inches,

8.32.6.2 When the area of reinforcement provided is
at least twice that required by analysis at the splice loca-
tion, the length of overlap measured between the outer-
most cross wires of each fabric sheet shall not be less than
1.5 €401 2inches,
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10.1

Section 10
STRUCTURAL STEEL

PartA
GENERAL REQUIREMENTS AND MATERIALS

APPLICATION

10.1.1 Notations

A

Scanned by CamScanner

= area of cross section (Articles 10.37.1.1,

10.34.4, 10.48.1.1, 10.482.1, 10484.2,
10.48.5.3, and 10.55.1)
= bending moment coefficient  (Article

10.50.1.1.2)

= amplification factor (Articles 10.37.1.1 and
10.55.1)

= product of area and yield point for bottom
flange of steel section (Article 10.50.1.1.1)

= product of area and yield point of that part of
reinforcing which lies in the compression
zone of the slab (Article 10.50.1.1.1)

= product of area and yield point for top flange
of steel section (Article 10.50.1.1.1)

= product of area and yield poini for web of
steel section (Article 10.50.1.1.1)

=area of flange (Articles 10.39.44.2,
10.48.2.1, or 10.53.1.2, and 10.56.3)

=area of compression flange (Article
10.48.4.1)

= total area of longitudinal reinforcing steel at
the interior support within the effective
flange width (Article 10.38.5.1.2)

= total area of longitudinal slab reinforcement
steel for each beam over interior support (Ar-
ticle 10.38.5.1.3)

= area of steel section (Articles 10.38.5.1.2,
10.54.1.1, and 10.54.2.1)

= area of web of beam (Article 10.53.1.2)

= distance from center of bolt under consider-
ation to edge of plate in inches (Articles
10.32.3.3.2 and 10.56.2)

= spacing of transverse stiffeners (Article
10.39.4.4.2)

= depth of stress block (Figure 10.50A)

= ratio of numerically smaller to the larger end
moment (Article 10.54.2.2)
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B = constant based on the number of stress cycles
(Article 10.38.5.1.1)

B = constant for stiffeners (Articles 10.34.4.7
and 10.48.5.3)

b = compression flange width (Table 10.32.1A
and Article 10.34.2.1.3)

b = distance from center of bolt under consider-

ation to toe of fillet of connected part, in. (Ar-
ticles 10.32.3.3.2 and 10.56.2)

b = effective width of slab (Article 10.50.1.1.1)

b = effectivée flange width (Articles 10.38.3 and
10.38.5.1.2)

b = widest flange width (Article 10.15.2.1)

b = distance from edge of plate or edge of perfo-
ration to the point of support (Article
10.35.2.3) :

b = unsupported distance between points of sup-
port (Article 10.35.2.7)

b = flange width between webs (Articles
10.37.3.1,10.39.4.2, 10.51.5.1, and 10.55.3)

b’ = width of stiffeners (Articles 10.34.5.2,
10.34.6, 10.37.2.4, 10.39.4.5.1, and 10.55.2)

b’ = width of a projecting flange element, angle,

or stiffener (Articles 10.34.2.2, 10.37.3.2,
10.39.4.5.1, 1048.1, 10.48.2, 104853,
10.50, 10.51.5.5, and 10.55.3)

C = web buckling coefficient (Articles 10.34.4,
10.48.5.3, 10.48.8, and 10.50(e))

C = compressive force in the slab (Article
10.50.1.1.1)

C = equivalent moment factor (Article 10.54.2.1)

C = compressive force in top portion of steel sec-

tion (Article 10.50.1.1.1)

G = bending coefficient (Table 10.32.1A, Article
10.48.4.1)

C. = f:olumn slenderness ratio dividing elastic and
inelastic buckling (Table 10.32.1A)

Cas = coefficient about X axis (Article 10.36)

Coy = coefficient about the Y axis (Article 10.36)

c = buckling stress  coefficient  (Article
10.51.5.2)
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= clear distance between flanges, in. (Article
10.15.2)

HIGHWAY BRIDGES 10.1.1
Fin = compressive bending stress permitted about

the X ads (Article 10.36)
Fy, = compressive bending stress permitted about

= clear unsupported distance between flange
components  (Articles  10.34.3, 10.34.4,
10.34.5, 10.37.2, 10.48.1, 10.48.2, 10.48.5,
10.48.6, 10.48.8, 10.49.2, 10.49.3.2, 10.50
(d), 10.50.1.1.2, 10.50.2.1, and 10.55.2)

= distance from the top of the slab to the neu-
tral axis at which a composite section in pos-
itive bending theoretically reaches its plastic-
moment capacity when the maximum strain
in the slab is at 0.003 (Article 10.50.1.1.2)

= clear distance between the neutral axis and the
compression flange (Articles 10.48.2. I(b),
10.48.4.1, 10.49.2, 10.49.3 and, 10.50(d))

= moments caused by dead load acting on com-
posite girder (Article 10.50.1.2.2)

= depth of the web in compression at the plas-
tic moment (Articles 10.50.1.1.2 and
10.50.2.1)

= distance from the top of the slab to the plas-
tic neutral axis, in. (Article 10.50.1.1.2)

= moments caused by dead load acting on steel
girder (Article 10.50.1.2.2)

= bolt diameter (Table 10.32.3B)

= diameter of stud, in. (Article 10.38.5.1)

= depth of beam or girder, in. (Article 10,13,
Table 10.32.1A, Articles 10.48.2, 10.48.4.1,
and 10.50.1.1.2)

= diameter of rocker or roller, in. (Article
10.32.4.2)

= beam depth (Article 10.56.3)

= column depth (Article 10.56.3)

= spacing of intermediate stiffener (Articles
10.34.4, 10.34.5, 10:48.5.3, 10.48.6.3, and
10.48.8)

=-modulus of elasticity of steel, psi (Table
10.32.1A and Articles 10.15.3, 10.36, 10.37,
10.39.4.4.2, 10.54.1, and 10.55.1)

= modulus of elasticity of concrete, psi (Amde
10.385.1.2)

= maximum induced stress in the bottom
flange (Anticle 10.20.2.1)

= maximum compressive stress, psi (Article
10.41.4.6)

= allowable axial unit stress (Table 10.32.1A
and Articles 10.36, 10.37.1.2, and 10.55.1)

=allowable bending unit stress (Table
10.32.1A and Articles 10.37.1.2 and 10.55.1)

= buckling stress of the compression flange
plate or column (Articles 10.51.1, 10.51.5,
10.54.1.1, and 10.54.2.1)

the Y axis (Article 10.36)

Fp = maximum  horizontal force (Article
10.20.2.2)

E; = Euler buckling stress (Articles 10.37.1,
10.54.2.1, and 10.55.1)

F; = Euler stress divided by a factor of safety (Ar-
ticle 10.36)

F, = computed bearing stress due to design load
(Table 10.32.3B)

F, = limiting bending stress (Article 10.34.4)

F, = allowable range of stress (Table 10.3.1A)

F = reduced allowable tensile stress on rivet or

bolt due to the applied shear stress, ksi. (Ar-
ticles 10.32.3.3.4 and 10.56.1.3.3.)

Fy = specified minimum yield point of the rein-
forcing steel (Articles 10.38.5.1.2)

ES. = factor of safety (Table 10.32.1A and Articles
10:32.1 and 10.36)

F, = specified minimum tensile strength (Tables
10.32.1A and 10.32.3B, Article 10.18.4)

F, = tensile strength of electrode classification
(Table 10.56A and Article 10.32.2)

F, - = gllowable shear stress (Tables 10.32.1A,

1032.3B and Articles 10322, 1032.3,
10.34.4, 10.402.2)

F, =shear strength of a fastener (Article
10.56.1.3)

F.c = combined tension and shear in bearing-type
connections (Article 10.56.1.3)

F, = specified minimum yield point of steel (Arti-

cles 10.15.2.1, 10.15.3, 10.16.11, 10.32.1,
10.32.4, 10.34, 1035, 10.37.1.3, 10.38.5,
10.39.4, 10.40.2.2, 10.41.4.6, 10.46, 10.48,
1049, 10.50, 10.51.5, and 10.54)

Fyr = specified minimum yield strength of the
flange (Article 10.48.1.1, 10.53.1, 10.57.1,
and 10.57.2)

Fy. = specified minimum yield strength of the web
(Article 10.53.1)

f, = computed axial compression stress (Articles
10.35.2.10, 1036, 10.37, 10.55.2, and
10.55.3)

[ = computed compressive bending stress (Arti-
cles 10.34.2, 10343, 10.34.5.2, 1037,
1039, and 10.55)

f; = unit ultimate compressive strength of con-
crete as determined by cylinder tests at age of
28 days, psi (Articles 10.38.1, 10.38.5.1.2,
10.45.3, and 10.50.1.1.1)

CsiBridge.blog:.ir:



http://csibridge.blog.ir/

‘Scanned by CamScanner

DIVISION [—DESIGN 221

10.1.1

faer = top flange compressive stress duc to non- K = effective length factor in the plane of bend-
composite dead load (Article 10.34.2.1, ing (Anicle 10.36) o
10.34.2.2. and 10.50(c)) l. == distance between bolts in the direction of the

f, = range of stiess due to live load plus impact, applicd force (Table 10.32.3B)
in the slab reinforcement over the support L = actual unbraced length (Table 10.32.1A and
(Article 10.38.5.1.3) Anticles 10.7.4, 10.15.3, and 10.55.1) ‘

f, = maximum longitudinal bending stress in the L = 1/2 of the length of the arch rib (Article
flange of the panels on either side of the lf)-37-1) "
transverse stiffener (Anicle 10.39.4.4) L = distance between transverse beams (Article

= tensile s ied loads (Article 10.41.4.6)

f, tensile stress due to applied loads {Articles L  unbraced length (Table 10.48.2.1.A and Arti-
10.32.3.3.3 and 10.56.1.3.2) b 048,11, 104821, 10.48.4.

f, = unit shear stress (Articles 10.32.3.2.3 and cles 10.36, 10.40.1.%, 102825 .
10.34.4.4) and 10.53.1.3) sof .

= embe ints of support,
fi = computed compressive bending stress about L. = !c:xai?‘:ll; :1:8};:.rlb::;w.cn po ppe
the x axis (Article 19‘36) : I = ::Tc(zlr dislanccn bc;w.ccn the holes, or between

o - :: fnpule:,d Czrqp;cs;s;)vg(jmxtdxng stress about ) the hole and the edge of tlxc; material .in the di-

= . MGS(,mC cr 36) ; Aticl rection of the applied bearing force, in (Table

: %38;2 ldell\:)ezg 5 as:jc?gr;;; 6"‘“ (Aricles 10.32.3B and Anticle l().56.l.'3.2) |

H =h i h. f d i a: i 1-10-3)8 5.1.1) L, = fimiting unbraced length (Angclc 10.48.4.1)

h = cight of ftuch in. (- rticte 19.58.. - | L, = limiting unbraced length (Article 10.48.4:1)

B ?1;?5 einﬂ? Xi?d;h;%kggs; 1021’) the channe 4 = member length (Table 10.32.1A and Article
- B R 10.35.1)

1 = moomcm of inertia. in.* (Arl::lc; 310.34.45 M ~ maxaum  bending  moment  (Articles
}o'i‘é'?,g, 1038511, 104853, an 10.48.8, 10.54.2.1, and 10.50.1.1.2)

ment = t the ends of a member

L = moment of inertia of stiffener (Articles g’}: &M, = 2:22222 aa'l fﬁg :\djaccm braced points
10.37.2, 10.39.4.4.1, and 10.51.5.4) 0321A. Articles 1036A and

I, = moment of incrtia of transverse stiffencrs (l'ga;);e“ Il) 3214,

- (Article 10.39.4.4.2) M, = column moment (Article 10.56.3.2)

I, = moment of xr;]cm;a of mfen;ber ;Lbous t}: ‘CL M, = full plastic moment of the section (Articles
uczjaxlsml e plane of the web, in” (Article 10.50.1.1.2 and 10.54.2.1)

I 10 8-4;11“ inertia of compression flange M, = lateral torsional buckling moment or yield

* = momen . ) comp moment (Articles 10.48.4.1 and 10.53.1.3)
about the vertical axis in the plane of the M, = elastic pier moment for loading producing

web, in* (Table 10.32.1A, Article 10.48.4.1)

J = required ratio of rigidity of one transverse
stiffener to that of the web plate (Articles
10.34.4.7 and 10.48.5.3)

J = jn* (Table 10.32.1A, Article 10.48.4.1) St.
Venant torsional constant
K = effective length factor in plane of buckling

(Table 10.32.1A and Anticles 10.37. 10.54.1
and 10.34.2)

k = constant: 0.75 for rivets; 0.6 for high-
strength bolts with thread excluded from
shear plane (Article 10.32.3.3.4)

K = buckling coefficient (Articles 10.34.4,
10.39.4.3, 10.48.8, and 10.51.5.4)

k = distance from outer face of flange Lo toe of
web fillet of member 1o be suffened (Article
10.56.3)

k; = buckling cocflicient {(Article 10.39.4.4)
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maximum positive moment in adjacent span
{(Article 10.50.1.1.2)

M, = maximum bending strength (Articles 10.48,
10.50.1, 10.50.2, 10.51.1, 10.53.1, and
10.54.2.1)

M, = moment capacity at first yield (Anicle
10.50.1.1.2)

Ny &Ny = number of
10.38.5.1.2)

N, = number of additional connectors for each

beam at point of contraflexure (Article

10.38.5.1.3)

number of slip planes in a slip critical con-

nection (Articles 10.32.3.2.1 and 10.57.3.1)

= number of roadway design lanes (Article

10.30.2)

ratio of modulus of elasticity of steel to that

of concrete (Article 10.38. 1)

shear  connectors  (Article

z z
it i
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n = number ‘(’f |"f‘l?“"l‘5'1ﬂ| stiffeners (Articles 5, = ultimate strength of the shear connector (Ar-
10.39.4.3, 10.39.4.4, and 10.51.5.4) ticle 10.98,5.1.2)
p = allowable compressive axial load on mem- h¥ “ weetion modulus with respect o the com-
bers (Article 10.35.1) pression fMange, in' (Table 10.32.1A, Article
p = axial compression on the member (Articles 10.48.4.1)
104811, 104821, and 10.54.2.1) 5 = computed rivet or bolt unit stress in shear
PPy, Py, = force in the slab (Article 10.38.5.1.2) (Article 10.32.3.3.4)
& Py T = pange i tensile stress (Table 10.3.18)
P, = allowable slip resistance (Anticle 10.32.3.2.1) T = ditect tension per bolt due 1o external load
P, = manimum axial compression capacity (Ani- (Articles 10.32.3 and 10.56.2)
cle 10541 T = arch tib thrust at the quanter point from
P = allowable bearing (Anticle 10.32.4.2) dead +live 4 impact— loading  (Anticles
Q “oprying tension per bolt (Articles 10.32.1.3.2 10371 and 10.55.1)
and 10.56.2) t = thickness of the thinner outside plate or
Q = statical moment about the neutral axis (Arti- shape (Anticle 10.35.2)
cle 10.38.5.1.1) t i lhmknvw of members in compression {Arti-
R = radius (Anticle 10.15.2.1) cle 10.35.2) )
R = number of design lanes per box pirder (Arti- ! = thickness of thinnest part connected, in (Ar-
cle 10.39.2.1) ‘ ticles 10.32.3.3.2 and 10.56.2)
R = geduction factor for hybrid girders (Anticles ! = computed rivet or bolt unil stfcss 1n wm":ﬂ'
10.40.2.1.1, 10.53.1.2, and 10.53.1.3) nncllmls‘.;;g;gy;;;-ﬂ due to prying action (Ar-
- o - . i ticle
a ?giﬁ*;rlg 1?133?3_ 5l~f‘|ju~f; fon factor (Articles t = tl!(n)i{:‘k;niﬁs of the wearing surface, in (Article
Rev = & range of stress involving both tension and 41.2) , < .
1 = flange thickness. in (Articles 10.34.2.1,
«;:an;plr;.;)smn during a stress cyclu (Table :gi);f 1048 1.1. 10.48.2.1. 10,50, and
g s . - e ™ " o )
R, - ;;?::d]tgmf;zIf:;:‘:‘i“"f:fr;;;;:?'?::t‘;{c t = (hickness of a flange angle (Axticlc.l(),M.z.Zj
\ ’ ' t = thickness of the web of a channel, in (Article
10.3.9.4‘&8) 4 10.38.5.1.2)
R, = \,Jemcal web forcg (An.:elc ]0139‘4'4'7) ‘ = thickness of stiffener (Article 10.48.5.3)
f = radius of gyration, in (Anticles 10.35.1, t = thickness of flange delivering concentrated
l0371. 104146. 10.4863. |054],1. f(m:-;: (Allll.ld 105()32)
10.54.2.1, and 10.55.1) ‘ ) L = thickness ofﬂangc'c)fmembv:r to be stiffened
I = radius of gyration in plane of bending (Arti- (Article 10.56.3.2)
cle 10.36) t = thickness of the flange (Articles 10.37.3,
1, = radius of gyration with respect (o the Y-Y 10.55.3, and 10.39.4.3)
axis (Article 10.48.1.1) ty = thickness of the concrete haunch above the
¢ = radius of gyration in inches of the compres- beam or girder top flange (Article 10.50.1.1.2)
sion flange about the axis in the plane of the L, = thickness of stiffener (Article 10.37.2 and
web (Table 10.32.1A, Anticle 10.484.1) 10.55.2)
5 = allowable rivet or boll unit suress in shear 1, = glab  thickness  (Anticles  10.38.5.1.2,
{Anticle 10.32.3.3.4) 1050111, 1050112
5 = section modulus, in’ (Articles 10482, I = web  thickness, in (Anticles  10.15.2.1,
10.51.1, 10.53.1.2, and 10.53.1.3) 10.34.3, 10.34.4, 10.34.5, 10.37.2, 1048,
S = pitch of any two successive holes in the chain 10.49.2, 10.49.3, 10.55.2, and 10.56.3)
(Article 10.16.14.2) e = thickness of top ﬂ:mge (Anticle 10.50.1.1.1)
s, = range  of horizontal  shear  (Aricle t = thickness of outstanding stiffencr element
10.38.5.1.1) (Articles 10.39.4.5.1 and 10.51.5.5)
5, = section modulus of transverse stiffener, in.” v = sheuring force (Articles 10.35.1, 10.48.5.3,
(Anicies 10.39.4.4and 10.45.6.3) 10.48.8, and 10.51.%)
s, = sectivn modulus of longitudinal or ransverse v, = shear yiclding strength of the web (Anicles

stiffener. in’ (Anicle 10.48.6.3)

10.48.8 and 10.53.1.4)
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V., = maximum
10.48.5.3,

and 10,51,

measured

10.51.5.4)

=

NN

= allowable

a = minimum

P = Fyw/Fyf (
;]
L4
ﬂ,

10.53.1.2)
A = amount of

v, = range of shear due to live loads and impact,
kips (Anticle 10.38.5.1.1)

shear force (Articles 10.34.4,
10.48.8, and 10.53.1.4)

Vv, = vertical shear (Article 10.39.3.1)
Ve = design shear for a web (Articles 10.39.3.1

3)

W = length of a channel shear connector, in (Arti-
cle 10.38.5.1.2)

W, = roadway width between curbs in fect or bar-
riers if curbs are not used (Article 10.39.2.1)

Wy = fraction of a wheel load (Article 10.39.2)

w = length of a channel shear connector in inches

in a transverse direction on the

flange of a girder (Anticle 10.38.5.1.1)

w = unit weight of concrete, 1b per cu ft (Article
10.38.5.1.2)

w = width of flange between longitudinal stiffen-
ers (Articles 10.39.4.3, 10.39.4.4, and

Y = ratio of web plate yield strength to stiffener
plate yield strength (Articles 10.34.4 and
10.48.5.3)

= distance from the neutral axis to the extreme
outer fiber, in (Article 10.15.3)

= Jocation of steel sections from neutral axis
(Article 10.50.1.1.1)

= plastic section modulus (Articles 10.43.1,
10.53.1.1, and 10.54.2.1)

range of horizontal shear, in

pounds on an individual connector (Article
10.38.5.1)

« = constant based on the number of stress cycles
(Article 10.38.5.1.1)

specified yield strength of the web

divided by the minimum specified yield
strength of the tension flange (Articles
10.40.2 and 10.40.4)

B = area of the web divided by the area of the ten-
sion flange (Articles 10.40.2 and 10.53.1.2)

Article 10.53.1.2)

= angle of inclination of the web plate to the
vertical (Articles 10.39.3.1 and 10.51.3)

= ratio of total cross-sectional area to the cross-
sectional area of both flanges (Article 10.15.2)

= distance from the outer edge of the tension
flange to the neutral axis divided by the depth
of the steel section (Articles 10.40.2 and

camber, in (Article 10,15.3)

Ape = dead load camber in inches at any point (Ar-
ticle 10.15.3)

A = maximum value of Ap, in (Article 10.15.3)

& = reduction factor (Articles 10.38.5.1.2,
10.56.1.1, and 10.56.1.3)

¢ = Jongitudinal stiffener coefficient (Articles
10.39.4.3 and 10.51.5.4)

T} = glip coefficient in a slip-critical joint (Article
10.57.3)

10.2 MATERIALS
10.2.1 General

These specifications recognize stecls listed in the fol-
lowing subparagraphs. Other steels may be used; how-
ever, their properties, strengths, allowable stresses, and
workability must be established and specified.

1022 Structural Steels

Structural steels shall conform to the material desig-
nated in Table 10.2A. (The stresses in this table are in
pounds per square inch.) The modulus of elasticity of all
grades of structural steel shall be assumed to be
29,000,000 psi and the coefficient of linear expansion
0.0000065 per degree Fahrenheit.

10.2.3 Steels for Pins, Rollers, and Expansion
Rockers

Steels for pins, rollers, and expansion rockers may con-
form to one of the designations listed below and in Table
10.2B, in addition to the designations listed in Table
10.2A. :

Steel Bars, Carbon Cold Finished Standard Quality,
AASHTO M 169 (ASTM A 108) and Steel Forgings, Car-

bon and Alloy, for General Industrial Use, AASHTO M
102 (ASTM A 668).

10.24 Fasteners—Rivets and Bolts

Fasteners may be carbon steel bolts (ASTM A 307);
power-driven rivets, AASHTO M 228 Grades | or 2
(ASTM A 502 Grades 1 or 2); or high-strength bolts,

AASHTO M 164 (ASTM A 325) or AASHTO M 253
(ASTM A 490).

1025 Weld Metal

Weld metal shall conform to the current requirements
of the ANSVAASHTO/AWS D1.5 Bridge Welding Code.

Scanned by CamScanner

CsiBridge:blog:ir

Etabs-SAP:ir



http://csibridge.blog.ir/

24 HIGHWAY BRIDGES 1025

TABLE 10.2A
Minimum Material Properties

Structural Steel Quenched
Structural High-Strength and Tempered High-Yicld Strength, Quenched
Type Steel Low-Alloy Steel Low-Alloy Steel and Tempered Alloy Steel
AASHTO Designation™ M 270 M 270 M 270 M 270 M 270
Grade 38 Grade 50 Grade S0W Grade 70W Grades 100/100W
Equivalent ASTM
Designation® AT ATO9 AT09 A 709 A 709
Grade 36 Grade S0 Grade SOW  Grade 70W Grades 100/100W*
Thickness of Plates Uptodin.  Uptodin. Uptodin.  Uptodin, Up to 2% in. Over 2 112in. to
incl.® incl. incl. incl. incl, 4 in. incl.
Shapes® All groups®  Allgroups  All groups  Not applicable  Not applicable ~ Not applicable
Minimum Teasile
Streagth, F, 58,000 65,000 70,000 90,000 110,000 100,000
Minimuam YieM Point
o Minimum Yeld
Streagth, F, 36,000 50,000 50,000 70,000 100,000 90,000

“Except for the mandatory notch toughness and weldability requirements, the ASTM designations are similar to the AASHTO desigaations. Steels
Wmmmmmlfdhminmﬂajw@m .
*Quenched and teaypered alloy stecl structural shapes and scamless mechanical tubing meeting all mechanical and cheical requircments of A709
Grades 100 100W, excepe that the specified maximum tensile strength may be 140,000 psi for structural shapes and 145,000 psi for seamless mechan-
ical tubing, shall be considered as A709 Grades [0G/100W.
M 270 Gr. 36 and A 709 Gr. 36 are equivalent to M 183 and A 36.
M 270 Gr. 50 and A W09 Gr. 50 arc equivalent to M 223 G, 50 and A 572 Gc 50.
M 270 Ge. SOW and A 709 Gr. SOW are equivalent to M 222 and A 588.
M 270 Gr. 70W aad A 709 Gr. 7T0W are equivalent to A 852.
M 270 Gr. 100/ 100W and A 709 Gr. 100V 100W are equivalent to M 244 and A 514.
4 Groups 1 and 2 include all shapes except those in Groups 3, 4, and 5. Group 3 includes L-shapes over 3/4 inch in thickness. HP shapes over 102
pounds. Toot, and the following W shapes:

W36 x 230 to 300 incl.
W33 x 200 to 240 incl.
Wi4 X 142w 211 incl
W12 x 120to 190 incl R
Group 4 includes the following W shapes: W14 X 219 to 550 incl.
Group § includes the following W shapes: W14 X 605 to 730 incl.
For breskdown of Groups 1 and 2, see ASTM A 6.
'memmaw&muwﬁngmﬂympmmwfmﬂ,mmmMzmﬁt 36 (ASTM A 709 Gr. 36).

TABLE 10.2B
Minimum Material Properties
Pins, Rollers, and Rockers
Expansion Rollers Shall be Not less Than 4 Inches in Diameter
4 ignati M 169 M 102 M 102 M 102 M 102
AASHT O e s Sinindiaor to20inindia. t020in.india. to10in india. 1020 in. in dia
Iess
N A 668 A 668 A 668°
ASTM Designation Al03 A 668
Grade or Class Grades 1016 1o
1030 incl. Class C ClassD Class F Class G
'F' Y Pl 36,000 33,000 37,500 50,000 50,000
¥
*For desi only. Not a part of the A 108 specifications. Supplementary material requirements should provide guarantee that material wilt
mert these values. .
*May substitute rolled material of the same propertics.
CsiBridae-blog-ir Etabs-SAR-
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10.2.6 Cast Steel, Ductile Iron Castings, Malleable
Castings, Cast Iron, and Bronze or Copper
Alloy

10.2.6.1  Cast Steel and Ductile Iron

Cast steel shall conform to specifications for Steel
Castings for Highway Bridges, AASHTO M 192 (ASTM
A 486); Mild-to-Medium-Strength Carbon-Steel Cast-
ings for General Application, AASHTO M 103 (ASTM
A 27). and Corrosion-Resistant  lron-Chromium,
Iron-Chromium-Nickel and Nickel-Based Alloy Caslings
for General Application, AASHTO M 163 (ASTM A

743). Ductile iron castings shall conform to ASTM A
536.

10,2.6.2  Malleable Castings

Malleable castings shall conform to specifications for
Mallcable Tron Castings, ASTM A 47, Grade 35018 (min-
imum yield point 35,000 psi).

10,2.6.3 Cast Iron

Cast iron castings shall conform to specifications for
Gray Iron Castings, AASHTO M 105, Class 30.

10.2.6.4 Bronze or Copper-Alloy
Bronze castings shall conform to AASHTO M 107

(ASTM B 22) Copper Alloys 9130191l or, C('}p;m-f\lloy
Plates shall conform to AASHTO M 108 (ASTM B 100).

Part B
DESIGN DETAILS
10.3 REPETITIVE LOADING AND TOUGHNESS Table 10.3.2A unless traffic and loadomeler surveys or
CONSIDERATIONS other considerations indicate otherwisc.
10.3.1 Allowable Fatigue Stress " o 1 10.3.2.2  Allowable fatigue stresses shall apply to

7+

) thpse Group Loadings that,include live lo3d or wind load.

Members and fasteners subject to repeated variations or ALY Full (e ot s om0 st

reversals of stress shall be designed so that the maximum
stress does not exceed the basic allowable stresses given in
Arnticle 10.32 and that the actual range of stress does not
exceed the allowable fatigue stress range given in Table
10.3.1A for the appropriate type and location of material
given in Table 10.3.1B and shown in Figure 10.3.1C.

For unpainted weathering steel, A709, all grades, the
values of allowable fatigue stress range, Table 10.3.1A, as
modified by footnote d, are valid only when the design
and details are in accordance with the FHWA Technical
Advisory on Uncoated Weathering Steel in Structures.
dated October 3, 1989.

Main load carrying components subjected to tensile
stresses that may be considered nonredundant load path
members—that is, where failure of a single element could
cause collapsc—-nha)l be designed for the allowable stress
ranges indicated in Table 10.3.1A for Nonredundant Load
Path Structures. Examples of nonredundant load path
members are flange and web plates in one or two girder
bridges, main one-element truss members, hanger plates,
and caps at single or two-column bents.

10.3.2 Lo.d Cycles

10.3.2.1 The number of cycles of maximum stress
range to be considered in the design shall be selected from

10.3.2.3 The number of cycles of stress range to be
considered for wind loads in combination with dead loads.,
except for structures where other considerations indicate
a substantially different number of cycles, shall be
100,000 cycles. ’

i i ;« 4 F ) \m L Py
?,,a”'/l;:"l s b ! / “*"i: ) ‘i t e

PP S S 1. T I sl WL &
1033 Charpy V-Notch Inifiact Requirements !

10.33.1 Main load carrying meomms
subjected to tensile stress require supplemental impact

properties as described in the Material Specifications.**

10.3.3.2  These impact requirements vary depending
on the type of steel. type of construction, welded or me-
chanically fasiened, and the average minimum service
temperature to which the structure may be subjected.***
Table 10.3.3A contins the temperature zone designations.

**AASHTO Standard Specifications for Transportation Materials
and Methody of Sampling an’ Testings

*#0The haas and phalosor - used o develop thow foiucids Aty
given in a4 paper enttlad Cine Deselopment of AASH O bravturg-
Toughness Requirements for Brdge Steeh™ by Joha M. Barsom, Feb-
ruary 1975, available from the Amencan lron and Steel Instiute, Wash-
ington, D.C.
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TABLE 103.1A  Allowable Fatigue Stress Range | 10.3.4  Shear
o bt~ il.s <~ Redundant Load Path Structures®
10.3.4.1  When longitudinal beam or girder members

Allowable Range of Stress, F,, (ksi)®

vf‘f;’“} h. ), ‘x“‘ £ en

Category For For For For over
(See Table 100,000 500,000 2,000,000 2,000,000
10.3.18)  Cycles Cycles Cycles Cycles
G S A 63 (49° | 37029 24 (18! 24 (16)®
‘Jtﬁ i 3\)%. Y . B 49 29 18 16
T B 39 px] 14.5 12
C “oc 358 21 13 10
2w 12
‘ D 28 16 10 7
FoE.2 E 2 13 8 4.5
o 16 9.2 58 26
F 15 12 9 8
X7 5 = t(:}/sz L
Nonredundant Load Path Structures
Allowable Range of Stress, F,, (ksi)"
Category For For For For over
(See Table 100,000 500,000 2,000,000 2,000,000
10.3.1B)  Cycles Cycles Cycles Cycles
A 50 (39) 29 (23 24 (16)° 24 (16)°
B 39 23 16 16
B’ 31 I8 11 11
C 28 16 10 9
12 1
D 22 13 8 5
E° 17 10 6 23
E' 2 7 4 1.3
F 2 9 7 6

*Structure types with multi-load paths where 2 single fracture in 2
member cannot lead to the collapse. For example, a simply supported
single span multi-beam bridge or a multi-element eye bar truss member
has redundant load paths.

*The range of stress is defined as the algebraic difference between
the maximum stress and the minimum stress. Tension stress is
considered to have the opposite algebraic sign from compression
Stress.

*For transverse stiffener welds on girder webs or flanges.

. <Partial length welded cover plates shall not be used on flanges more
I / _ than 0.8 inches thick for nonredundant load path structures.

e L P #For unpainted weathering steel, A 709, all grades, when used in
# conformance with the FHWA Technical Advisory on Uncoated

p 3 e Wenthering Steel in Structures, dated October 3, 1989.

Ve )

-

£

\

10.3.3.3 Components requiring mandatory impact
properties shall be designated on the drawings and the ap-
propriate zone shall be designated in the contract docu-

ments.

10.3.3.4 M 270 Grades 100/100W steel shall be sup-
plied to Zone 2 requirements as a minimum.

oldaliieu vy valiouatiriel Caibtidae-blogit

in bridges designed for Case | roadways arc investigated
for “over 2 million" stress cycles produced by placing a
single truck on the bridge (see footnote € of Table
10.3.2A), the total shear force in the beam or girder under
this single -truck loading shall be limited 10 0.58 FyDt.C.
The constant C, the ratio of the buckling shear stress to the
shear yield stress is defined in Anticle 10.34.4.2 or Article

10.48.8.1.

104 EFFECTIVE LENGTH OF SPAN

For the calculation of stresses, span lengths shall be as-
sumed as the distance between centers of bearings or other

points of support.

10.5 DEPTH RATIOS ke L
s ,3{: "“%' 2 B
“fhe ratio of depth to length

10.5.1 For beams or girders,
of span preferably should not be less than Y.

\;ff{'m.s.z For composite girders, the ratio of the overall

depth of girder (concrete slab plus steel girder) to the

e length of span preferably should not be less than ¥s, and

the ratio of depth of steel girder aloneAo length of span

preferably should not be less than > £2 L

l [

\ gpeder gu .
[.Jg,-. 10.5.3 For trusses the r:é{io of dcpﬁx

o Tcn’élﬁ of span
~ preferably should not be less than Y. )

A
[

-

10.5.4  For continuous span depth ratios the span length
shall be considered as the distance between the dead load

points of contraflexure, i \\‘:% A >
ST LN L

1055 The foregoing requirements as they relate to

beam or girder bridges may be exceeded at the discretion

of the designer.*

10.6 DEFLECTION

—b~ 10.6.1  The term “deflection™ as used herein shall be
the deflection computed in accordance with the assump-
tion made for loading when computing the stress in the
member.

*For considerations t be taken into account when exceeding thes
limitations, reference is made w “Bulletin No. 19, Critenia for the De-
flection of Steel Bridges,” available from the Amencan lron and Steel
Institute, Washington, D.C.
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DIVISION I—DESIGN 227

TABLE 10.3.1B

General Condition

Stress lustrative
Category Example
Kind of (Sce Table (See Figure
Situation Stress 10.3.1A) 10.3.1C)

Plain Member

Built-Up Members

Lo

) “’r b £ ok ('"!;,-«M' 35 Ak ‘,y{V’“i‘
( &ﬁmﬂmefal‘ar’énds of pﬁrﬁ'af length welded s mierplaté?l with T or Rev B 2

g 2
sl o
Groove Welded
Connections

L,

Base métal with rolled or cleaned surface. Flame-cut edges T or Rev* A 1,2
with ANSI smoothness n{ 1,000 or less.
- Base metal and welid‘metal in members of built-}lp plates or T or Rev B 34,57
| shapes (without attachments) ganmcicd by continuous full

penetratidn groove wélds (with bicking bars'fefoved) or by

continuous fillet welds parallel to The direction ol applied
stress. —

Base metal and weld metal in members of built-up plates or T or Rev 3
shapes (without attachments) connected by-continupus full & \..f';f; A

penetration groove welds with backing bars not remioved, or
by continuous partial penetrition groove welds parallel to the ‘“"‘"ﬁ e bim
direction of applied stress.

Calculated flexural stress at the toe of transverse stiffener T or Rev
welds on girder webs or flanges. . °

Gy &')mir‘
3

C 6

Righ-strength bolted slip-critical end connections. (See Note f)
> Base metal at ends of partial length welded coverplates

- ‘ JU’{“’)( -—"U’J‘
narrower than the flange having square or tapered ends, with —( =i 7 ¢ var plade
or without welds across the ends, or wider than flange with ’ - ﬁ . i

1

welds across the ends: { J# %})

(a) Flange thickness =<0.8in. 2. =™ T orRev E: 7
(b) Flange thickness > 0.8 in. TorRev E 7

Base metal at ends of partial length welded coverplates wider  TorRev E' 7
than the flange without welds across the ends.

Base metal and weld metal in or adjacent to full penetration T or Rev B

groave weld splices of rolled or welded sections having similar

profiles when welds are ground flush with grinding in the

direction of applied stress and weld soundness established by

nondestructive inspection.

Base metal and weld metal in or adjacent to full penetration T orRev B 13

groove weld splices with 2 ft radius transitions in width, |

when welds are ground flush with grinding in the direction

of applied stress and weld soundness established by

pondestructive inspection.

Base metal and weld metal in or adjacent to full penctration

groove weld splices at transitions in width or thickness, with

welds ground to provide slopes no steeper than 1 to 2V4, with

grinding in the direction of the applied stress, and weld

soundness established by nondestructive inspection:

(a) AASHTQ M 270 Grades 100/100W (ASTM A 709) T or Rev B’ 11,12
base metal

(b) Other base metals T or Rev B 11,12 .

Base metal and weld metal in or adjacent to full penetration TorRev C 8,10,11,12

groove weld splices, with or without transitions having slopes

no greater than 1 to 2%z, when the reinforcement is not

removed and weld soundness is established by nondestructive

inspection.

Base metal adjacent to details attached by full or partial T or Rev C 6.15

penetration groove welds whea the detail length, L, in the ’

direction of stress, is less than 2 in.

Basc metal adjacent (o details attached by full or partial TorRev D 15

penctration groove welds whea the detail length, L, inthe

direction of stress, is between 2 in. and 12 times the plate

thickness but less than 4 in.

8,10
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TABLE 10.3.1B  (Continued)

Stress IHustrative
Category Example
Kind of (Sec Table (See Figure
General Condition Situation Stress 10.3.14) 03 10)

Base metal adjacent to details attached by full or partial
penetration groove welds when the detail length, L, in the
dircction of stress, is greater than 12 times the plate thickness
or greater than 4 in.;

(a) Detail thickness < 1.0 in. T or Rev B 15
(b) Detail thickness = 1.0 in. TorRev E' 15

Base metal adjacent to details attached by full or partial
penctration groove welds with a transition radius, R,
regardless of the detail length:

—With the end welds ground smooth T or Rev 16
(a) Transition radius = 24 in.

(b) 24 in. > Transition radius = 6 in.
() 6in. > Transition radius = 2 in.
(d) 2 in. > Transition radius = 0 in.

—For all traasition radii without end welds ground smooth. T or Rev

Groove welded Detail base metal attached by full penetration groove welds
Attachments— with a transition radius, R, regardless of the detail length and
Transversely with weld soundness transverse to the direction of stress
Loaded®* established by nondestructive inspection:

—With equal plate thickness and reinforcement removed T or Rev
(a) Transition radius = 24 in.

(b) 24 in. > Transition radius = 6 in.

(¢) 6 in. > Transition radius = 2 in,

(d) 2 in. > Transition radius = 0 in.

—With equal plate thickness and reinforcement notremoved T or Rev 16
(a) Transition radius = 6 in.

(b) 6 in. > Transition radius = 2 in.
(¢) 2 in. > Transition radius = 0 in.

—With unequal plate thickness and reinforcement removed TorRev 16

o mono

16

16

omonw

mon

(a) Transition radius = 2 in. D
(b) 2 in. > Transition radius = 0 in. E
. —For all transition radii with unequal plate thickness and TorRev E 16
/,;, 4 o reinforcement not removed.
Fillet We éé Base metal at details connected with transversely loaded
Connections welds, with the welds perpendicular to the direction of stress: -
(a) Detail thickness = 0.5in. (., 2.5 G~ T orRev C 14
(b) Detail thickness > 0.5 in. TorRev  See Note?
Base metal at intermittent fillet welds. T or Rev E —
Shear stress on throat of fillet welds. Shear F 9
+ Fillet Welded Base metal adjacent to details attached by fillet welds with T or Rev C 15,17,18,20
“ Attachments— length, L, in the direction of stress, is less than 2 in. and
Longitudinally stud-type shear connectors.
Loaded"~* Base metal adjacent to details attached by fillet welds with T or Rey D 15,17
length, L, in the direction of stress, between 2 in. and 12
times the plate thickness but less than 4 in,
Base metal adjacent to details attached by fillet welds with
length, L., in the direction of stress greater than 12 times the
plate thickness or greater than 4 in.:
(a) Detail thickness < 1.0 in. T or Rev E 1.9,15,17
(b} Detail thickness = 1.0 in. T or Rev E' 7,9,15
CsiBridge.blog.ir Etabs-SAP:ir
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10.6.2 DIVISION I—DESIGN 229
1
) TABLE 10.3.18  (Continued)
Stress Tllustrative
. Category Example
Kind of (See Table (See Figure
General Condition Situation Stress 10.3.1A) 10.3.1C)
Base metal adjacent to details attached by fillet welds with a
transition radius, R, regardless of the detail length:
—With the end welds ground smooth T or Rev 16
(a) Transition radius = 2 in. D
(b) 2 in. > Transition radius = Qin. E
—For all transition radii without the end welds T or Rev E 16
ground smooth.
Fillet Welded Detail base metal attached by fillet welds with a transition
Attachments— radius, R, regardless of the detail length (shear stress on the
T{ansvcmely Loaded throat of fillet welds governed by Category F):
with the Weld in TorRev 16
the Direction of —With ﬂ!c'cnd welds ground smooth or Re
Principal Stress®* (a) Transition radius = 2 in. D
(b) 2 in. > Transition radius = 0 in. E
—For all transition radii without the end welds T or Rev E 16
ground smooth.
Mechanically Base metal at gross section of high-strength bolted slip TorRev B 21
Fastcncq resistant connections, except axially loaded joints which
Connections induce out-of-plane bending in connecting materials.
Base metal at net section of high-strength bolted TorRev B 21
bearing-type connections. :
Base metal at net section of riveted connections. T or Rev D 21
_Eyebar or Pin Plates  Base metal at the net section of eyebar head, or pin T E 3,24
plate }
Base metal in the shank of eyebars, or through the gross
section of pin plates with:
* (a) rolled or smoothly ground surfaces T A 23,24
(b) flame-cut edges T B 23,24
T signifies range in tensile stress only, “Rev” sigaifies a range of stress involving both tension and compression during a stress cycle.
¥ ongitudinally Loaded” signifies direction of applied stress is parallel to the longitudinal axis of the weld. “Transversely Loaded™ signifies
direction of applied stress is perpendicular to the longitudinal axis of the weld.
“Transversely loaded partial penetration groove welds are prohibited.
4 Allowable fatigue stress range on throat of fillet welds transversely loaded is a function of the effective throat and plate thickness. (See Frank and
Fisher, Journal of the Structural Division, ASCE,-Vol. 105, No. ST, Sept. 1979.)
v -
L _..‘___-L':: Er v eeme

1Sec Wattar, Albrecht

0.06 +0.79Hi
5.=5 (‘—Tﬁ,ﬁ—&)

1

where S is equal to the allowable stress range for Category C given in Table 10.3.1A. This assumes no penetration at the weld root.
«Gusset plates attached to girder flange surfaces with only transverse fillet welds are prohibited.
and Sahli, Journal of Structural Engincering, ASCE, Vol. 111, No. 6, June 1985, pp. 1235-1249.
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preferably should be designed so that the deflection due to
service live load plus impact shall not exceed Y of the
span, except on bridges in urban areas used in part by
pedestrians whereon the ratio preferably shall not exceed

W Zﬂ%‘éﬁ

o ek e }L..u .
_ 14,1063 The deflection of cantilever arms d &

live load plus impact preferably should be limiu:&}w to Y

ue to service

y ¥

4l

of the cantilever arm except for the case including pedes-
trian use, where the ratio preferably should be Y.

10.6.4 When spans have cross-bracing or diaphragms
sufficient in depth or strength to ensure lateral distribu-
tion of loads, the deflection may be computed for the
standard H or HS loading (M or MS) considering all
beams or stringers as acting together and having equal

deflection.
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Streets not included in
Caselorll

Transverse Members and Details Subjected to Wheel Loads
sy i

Truck

Type of Road Case ADTT* Loading
Freeways, Expressways, | 2,500 or over
Major Highways, and more 2,000,000
Streets
Freeways, Expressways, 11 lessthan 2,000,000
Major Highways, and 2,500
Streets
Other Highways and I —_ 500,000
Streets

* Average Daily Truck Traffic (one direction).

* Longitudinal members should also be checked for truck loading.

“Members shall also be investigated for “over 2 million™ stress
cycles produced by placing a single truck on the bridge distributed to
the girders as designated in Article 3.23.2 for oo traffic lane loading.
The shear in steel girder webs shall not exceed 0.58 F,D,C for this
single truck loading.

10.6.5 The moment of inertia of the gross cross-sec-
tional area shall be used for computing the deflections of
beams and girders. When the beam or girder is a part of a
composite member, the service live load may be consid-
ered as acling upon the composite section.

10.6.6 The gross area of each truss member shall
be used in computing deflections of trusses. If per-
forated plates are used, the effective area shall be the net
volume divided by the length from center to center of

perforations.

10.6.7 The foregoing requircments as they relate to
=am or girder bridges may be exceeded at the discretion
of the designer.”

10.7 LIMITING LENGTHS OF MEMBERS

10.7.1 For compression members, the slendemess ratio,
K11, shall not exceed 120¥or main members, or thosc in

— kL |2 -

*For considerations 10 Be uéﬁ o account when exceeding these
fimitations, reference is made 10 “Bulletun No. 19, Crtena for the De-
flection of Sicel Bridges.” available from the American lron and Steel
Instinute, Washington, D.C.

10.6.5 DIVISION 1-—DESIGN
TABLE 10.3.2A  Stress Cycles TABLE 10.3.3A  Temperature Zone Designations for
T Charpy V-Notch Impact Requirements
Main (Longitudinal) Load Carrying Members —
= Truck Lane ‘Minimum Temperature
Type of Road Case ADTT®  Loading  Loading® Service Temperature Zone Designation

Freeways, Expressways, | 2,5000r 2,000,000° 500,000 ﬂl"j; s:sd ab}g:; ;
Major High . and more - —
Suees -31F to - 60°F 3
Freeways, Expressways, [ less than (SUJ.OO?D 100,000 ,
Mayor Highways. and 2300 o which the major stresses result from dead or live load, or
s both: and shall not exceed 140 for secondary members, or
A w 100,000 100,000 those whose primary purpose is to brace the structure

against lateral or longitudinal force, or to brace or reduce
the unbraced length of other members, main or secondary.

10.7.2 In determining the radius of gyration, r, f'or the
purpose of applying the limitations of the Kl.Jf ratio, the
area of any portion of a member may be neglected pro-
vided that the strength of the member as calculated with-
out using the arca thus neglected and li}c slrctnglh of the
member as computed for the entire section with the KL/r
ratio applicable thereto, both equal or cxcc'cd the com-
puted total force that the member must sustain.

10.7.3 The radius of gyration and the effective area for
carrying stress of a member containing perforated cover
plates shall be computed for a transverse section through
the maximum width of perforation. When perforations arc
staggered in opposite cover plates, the cross-sectional
area of the member shall be considered the same as for a
section having perforations in the same transverse plane.

10.7.4 Actual unbraced length, L, shall be assumed as
follows:

For the top chords of half-through trusses, the length
between panel points laterally supported & indicated
under Article 10.16.12; for other main members, the
length between panel point intersections or centers of
braced points or centers of end connections; for sec-
ondary members, the length between the centers of the
end connections of such members or centers of braced
points.

10.7.5  For tension members, except rods, eyebars, ca-
bles, and plates, the ratio of unbraced length 1o radius of
gyration shall not exceed 200 for main members, shall not
exceed 240 for bracing members, and shall not exceed
140 for main members subject to a reversal of stress.

—10.8  MINIMUM THICKNESS (),{*;Mli’ﬂ\l.

//

10.8.1  Structural steel (including bracing, ¢ross frames,
and all types of gusset plates), except for webs of certain
rolled shapes, closed ribs in orthotropic decks, fillers, and
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T ;
in railings, shall be not less than Y inch in thickness. The In main members carrying axial stress, 12 times the
web thickness of rolled beaMis™ar channels shall not be thickness.
less than 0223 i uéqghcs. The thickness of closed ribs in or- In bracing and other secondary members, 16 times the
thotropic decks shall not be less than ¥ inch. thickness.

~i 10.8.2  Where the metal will be exposed to marked cor- — For other limitations, see Asticle 10.35.2,
rosive influences, it shall be increased in thickness or spe-

Tally protecied against corrosion,
etz 10,11 EXPANSION AND CONTRACTION

10.8.3 It should be noted that there are other provisions

in this section pertaining to thickness for fillers, segments In all bridges, provisions shall be madc in the design to

of compression members, gusset plates, etc. As stated resist thermal stresses induced, or means shall be provided
above, fillers need not be ¥ inch minimum, for movement caused by temperature changes. Provisions
shall be made for changes in length of span resulting fro 9, ™
10.8.4  For compression members, refer to “Trusses” live load stresses. In spans more than 300 feet long, al-
(Atticle 10.16). lowance shall be made Tor cxpansion 4nd ‘Eomracu'm; in
; the floor. The expansion end shall be secured against lat-
10.8.5 For stiffencrs and other plates, refer to “Plate eral movement. e ™ (

Girders” (Article 10.34).

10.8.6  For stiffeners and outstanding legs of angles, elc., 10.12 FLEXURAL MEMBERS
refer to Article 10,10,
Flexural members shall be designed using the elastic

10.9 EFFECTIVE AREA OF ANGLES AND section modulus except when utilizing compact sections
TEE SECTIONS IN TENSION under Strength Design as specified in Articles 10.48.1,
10.50.1.1, and 10.50.2.1.
10.9.1 The effective area of a single angel tension mem- \\;_:'_) s de;) Ju l,

ber, a tee section lension member, or each angle of a dou-
ble angle tension member in which the shapes are con- 10.13__COVER PLATES _

nected back to back on the same side of a gusset plate shall
be assumed as the net area of the connected leg or flange —#=10.13.1' The length of any cover plate added to a rolled
plus one-half of the area of the outstanding leg. beam shall be not less than (2d +3) feet, where (d) is the

depth of the beam in feet.
10.9.2 If a double angle or tee section tension member LCY) :;(}’Lé +e-3 )
is connected with the angles or flanges back to back on op=%»10.13.2  Partial length we cové"r*bhfég shall not be

7

posite sides of a gusset plate, the full net area of the shapes used on flanges more than 0.8 ihches thick for nonredun-
shall be considered effective. dant load path structures subjected to repctilivm
that produce tension or revergal of stress in the member.
10.9.3 When angles connect to separale gusset plates, as 2Com i
in the case of a double-webbed truss, and the angles are _& 10.133 The maximum thickness of a single cover plate £
connected by stay plates located as near the gusset as prac- on a flange shall not be greater than twg times the thick.
ticable, or by other adequate means, the full net area of the ness of the flange to which the cover plate is attached, The
angles shall be considered effective. If the angles are not total thickness of all cover plates should not be gr;:mcr

so connected, only 80 percent of the net arcas shall be con- than 2% times the flange thickpe .
— s h"ﬂ'&*%p +C.P {1 ff.g“‘ e

sidered effective. d,o " | i\ 3 ‘
. ., = 10.13.4  Any pantial lcngt'!f w‘i:TedEﬁver aé;ﬁ';{[?g [l
10.9.4 Lug angles may be considered as effective in tend beyond the theoretical end by the tcmial dimance, < c

nsmitti with at . ,
Lrammﬂuns stress, provided they are r{onnccted i and it shall extend 1o a section where the Stress range in
least one-third more fasteners tHan required by the stress the beam fl . >
10 be carried by the lug angle ¢ beam flange is equal to the allowable fatigue stress

‘ T g angie. range for base metal adjacent to or connected by fillet

welds. The theoretical end of the cover plate, when using
service load design methods, is the section at which the
The widths of outstanding legs of angles in compres- stress in the flange without that cover plate equals the al-

sion (except where reinforced by plates) shall not exceed lowable service load stress, exclusive of fatigue consider-
the following: ‘ ations. When using strength design methods

10.10  OUTSTANDING LEGS OF ANGLES

J e L ham iy T
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ical end of the cover plate is the section at which the lange
strength without that cover plate equals the required
strength for the design loads, exclusive of fatigue require-
ments. The terminal distance is two times the nominal
cover plate width for cover plates not welded across their
ends, and 1% times for cover plates welded across their
ends. The width at ends of tapered cover plates shall be
not less than 3 inches. The weld connecting the cover
plate to the flange in its terminal distance shall be contin-
uous and of sufficient size to develop a total stress of not
less than the computed stress in the cover plate at its the-
oretical end. All welds connecting cover plates to beam
flanges shall be continuous and shall not be smaller than
the minimum size permitted by Article 10.23.2.

10.13.5 Any partial length end-bolted cover plate shall, >
extend beyond the theoretical end by a terminal distance.[}
equal to the length of the end-bolted portion, and the cover
plate shall extend to a section where the stress range in the
beam flange is equal to the allowable fatigue stress range
for base metal at ends of partial length welded cover plates
with high-strength bolted, slip-critical end connections
(Table 10.3.1B). Beams with end-bolted cover plates shall
be fabricated in the following sequence: drill holes; clean
faying surfaces; install bolts; weld. The theoretical end of
the end-bolted cover plate is determined in the same man-
ner as that of a welded cover plate, as is specified in Arti-
cle 10.13.4. The bolts in the slip-critical connections of
the cover plate ends to the flange, shall be of sufficient
numbers to develop a total force of not less than the com-
puted force in the cover plate at the theoretical end. The
slip resistance of the end-bolted connection shall be de-
termined in accordance with Article 10.32.3.2 for service
load design, and 10.56.1.4 for load factor design. The lon-
gitudinal welds connecting the cover plate to the beam
flange shall be continuous and stop a distance equal to one
bolt spacing before the first row of bolts in the end-bolted

portion. r
- T

LY

10.14 CAMBER

load deflections and vertical curvature required by profile
grade.

10.15 HEAT-CURVED ROLLED BEAMS AND
WELDED PLATE GIRDERS

10.15.1 Scope

This section pentains to rolled beams and welded I-sec-
tion plate girders heat-curved to obtain a horizontal cur-
vature. Steels that are manufactured to a specified mini-

e
Girders should be cambered to compensate for_q;gL/\j Lq,l.‘_,La

mum yield point greater than 50,000 psi shall not be heat-
curved.

10.15.2 Minimum Radlus of Curvature

10.15.2.1 For heat-curved beams and girders, the
horizontal radius of curvature measured to the center line
of the girder web shall not be less than 150 fect and shall
not be less than the larger of the values calculated (at any
and all cross sections throughout the length of the girder)
from the following two equations:

| R=_4bD (10-1)
| JE VL.
S
T s | L R = 15000 (10-2)
Sl g Fv

In these equations, F, is the specified minimum yield
point in kips per square inch of steel in the girder web,
is the ratio of the total cross-sectional area to the cross-
sectional area of both flanges, b is the widest flange width
in inches, D is the clear distance between flanges in
inches, t, is the web thickness in inches, and R is the ra-
dius in inches.

10.15.22 In addition to the above requirements, the
radius shall not be less than 1,000 feet when the flange
thickness exceeds 3 inches or the flange width exceeds
30 inches.

10.153 Camber

To compensate for possible loss of camber of heat-
curved girders in service as residual stresses dissipate, the
amount of camber in inches, A at any section along the
length L of the girder shall be equal to:

A
A:%(AM +4g) (10-3)

M

_002L'F, (1,000— R)
*TUEY, 850
Ay =0 for radii greater than 1,000

where Ag is the camber in inches at any point along the
length L calculated by usual procedures to compensate for
deflection due to dead loads or any other specified loads;
Ay is the maximum value of Ap. in inches within the
length L; E is the modulus of elasticity in ksi; F, is the
specified minimum yield point in ksi of the girder flange;
Y, is the distance from the neutral axis to the extreme
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10.15.3

outer fiber in inches (maximum distance for non-symmet-
rical sections); R is the radius of curvature in feet; and L
is the span length for simple spans or for continuous
spans, the distance between a simple end support and the
dead load contraflexure point, or the distance between
points of dead load contraflexure. (L is measured in
inches.) Camber loss between dead load contrallexure
points adjacent to piers is small and may be neglected.

Note: Part of the camber loss is attributable to construc-
tion loads and will occur during construction of the
bridge; total camber loss will be complete after
several months of in-service loads. Therefore, a
portion of the camber increase (approximately 50
percent) should be included in the bridge profile.
Camber losses of this nature (but generally smaller
in magnitude) are also known to occur in straight
beams and girders.

10.16 TRUSSES
10.16.1 General

10.16.1.1 Component parts of individual truss mem-
bers may be connected by welds, rivets, or high-strength
bolts.

10.16.1.2 Preference should be given to trusses with
single intersection web systems. Members shall be sym-
metrical about the central plane of the truss,

10.16.1.3 Trusses preferably shall have inclined end
posts. Laterally unsupported hip joints shall be avoided.

10.16.1.4 Main trusses shall be spaced a sufficient
distance apart, center to center, to be secure against over-
turning by the assumed lateral forces.

10.16.1.5 For the calculation of stresses, effective
depths shall be assumed as follows:

Riveted and bolted trusses, distance between centers of

gravity of the chords.
+ Pin-connected trusses, distance between centers of

) chord pins.
10.16.2 Truss Members

10.16.2.1 Chord and web truss members shall usu-
ally be made in the following shapes:

“H" sections, made with two side segments (composed
of angles or plates) with solid web, perforated web, or
web of stay plates and lacing,

Scanned by CamScanner
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Channel sections, made with two angle segments, with
solid web, perforated web, or web of stay plates and
lacing.

Single Box sections, made with side channels, beams,
angles, and plates or side segments of plates only, con-
nected top and bottom with perforated plates or stay
plates and lacing.

Single Box sections, made with side channels, beams,
angles and plates only, connected at top with solid
cover plates and at the bottom with perforated plates or
stay plates and lacing.

Double Box sections, made with side channels, beams,
angles and plates or side segments of plates only, con-
nected with a conventional solid web, together with top
and bottom perforated cover plates or stay plates and
lacing,

10.16.2.2 If the shape of the truss permits, compres-
sion chords shall be continuous.

10.16.2.3 In chords composed of angles in channel-
shaped members, the vertical legs of the angles preferably
shall extend downward.

10.16.2.4 If web members are subject to reversal of
stress, their end connections shall not be pinned. Counters
preferably shall be rigid. Adjustable counters, if used,
shall have open turnbuckles, and in the design of these
members an allowance of 10,000 pounds per square inch
shall be made for initial stress. Only one set of diagonals
in any panel shall be adjustable. Sleeve nuts and loop bars
shall not be used.

10.16.3 Secondary Stresses

The design and details shall be such that secondary
stresses will be as small as practicable. Secondary stresses
due to truss distortion or floor beam deflection usually
need not be considered in any member, the width of
which, measured parallel to the plane of distortion, is less
than one-tenth of its length. If the secondary stress ex-
ceeds 4,000 pounds per square inch for tension members
and 3,000 for compression members, the excess shall be
treated as a primary stress. Stresses due to the flexural
dead load moment of the member shall be considered as
additional secondary stress,

10.16.4 Diaphragms

10.16.4.1 There shall be diaphragms in the trusses at
the end connections of floor beams.

‘e
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10.16.4.2  The gusset plates engaging the pedestal pin
at the end of the truss shall be connected by a diaphragm.
Similarly, the webs of the pedestal shall, if practicable, be
connected by a diaphragm.

10.16.4.3  There shall be a diaphragm between gussel
plates engaging main members if the end tie plate is 4 fect
or more from the point of intersection of the members.

10.16.8 Camber

The length of the truss members shall be such that the
camber will be equal to or greater than the deflection pro-
duced by the dead load.

10.16.6 Working Lines and Gravity Axes

10.1§.6.1 Main members shall be proportioned so
that their gravity axes will be as nearly as practicable in
the center of the section.

10.16.6.2 In compression members of unsymmetri-
cal section, such as chord sections formed of side seg-
ments and a cover plate, the gravity axis of the scction
shall coincide as nearly as practicable with the working
line. except that eccentricity may be introduced to coun-
teract dead load bending. In two-angle bottom chord or di-
agonal members, the working line may be taken as the
gage line nearest the back of the angle or a the center of
eravity for welded trusses.

10.16.7 Portal and Sway Bracing

10.16.7.1 Through truss spans shall have portal brac-
ing, preferably, of the two-plane or box type, rigidly con-
nected to the end post and the top chord flanges. and as
deep as the clearance will allow. If a single plane portal is
used, it shall be located, preferably, in the central trans-
verse plane of the end posts, with diaphragms between the
webs of the posts to provide for a distribution of the por-
1al stresses. The portal bracing shall be designed to take
the full end reaction of the top chord lateral system. and
the end posts shall be designed to transfer this reaction o
the truss bearings.

10.16.7.2 Through truss spans shall have sway brac-
ing S feet or more deep at cach intermediate panel point.
Top lateral struts shall be at least as deep as the top chord.

10.16.7.3 Deck truss spans shall have sway bracing
in the plane of the end posts and at all intermediate panel
points. This bracing shall extend the full depth of the
trusses below the floor system. The end sway bracing shall

be proportioned to carry the entire upper lateral stress to
the supports through the end posts of the truss.

10.16.8 Perforated Cover Plates

When perforated cover plates are used, the following
provisions shall govern their design.

10.16.8.1 Theratio of length, in direction of stress, o
width of perforation, shall not exceed two.

10.16.8.2 The clear distance between perforations in
the dircction of stress shall not be less than the distance

between points of support.

10.16.8.3 The clear distance between the end perfo-
ration and the end of the cover plate shall not be less than
1.25 times the distance between points of support.

10.16.8.4 The point of support shall be the inner line
of fasteners or fillet welds connecting the perforated plate
to the flanges. For plates butt welded to the flange edge of
rolled segments, the point of support may be taken as the
weld whenever the ratio of the outstanding flange width
to flange thickness of the rolled segment is less than
seven. Otherwise. the point of support shall be the root of
the flange of the rolled segment.

10.16.8.5 The periphery of the perforation at all
points shall have a minimum radius of 1¥: inches.

10.16.8.6 For thickness of metal, see Article 10.35.2.

10.16.9 Stay Plates

10.16.9.1 Where the open sides of compression
members are not connected by perforated plates, such
members shall be provided with lacing bars and shall have
stay plates as near each end as practicable. Stay plates
shall be provided at intermediate points where the lacing
is interrupted. In main members, the length of the end Smf
pla(es between end fasteners shall be not less than 1 %
times the distance between points of support and
the length of intermediate stay plates not less than ¥ of
that distance. In lateral struts and other secondary mem-
bers, the overall length of end and intermediate stay plates
shall be not less than % of the distance between points of
support.

10.16.9.2  The point of support shall be the inner hine
of fasteners or fillet welds connecting the stay plates to the
flanges. For stay plates butt welded to the flange edge of
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10.169.2

rolled sepments, the point of support may be taken as the
weld whenever the ratio of outstanding Nlanpe width o
flange thickaess of the rolled sepment s less than seven,
Otherwise, the point of support shall be the oot of Nange
of rolled sepment. When stay plates are hutt welded 1o
volled segments of a member, the allowable stress in the
member shall be determined in accordance with Article
103, Termimations of bott welds shall be pround smooth.

L1698 The separate sepments of tension members
composed of shapes may be connected by perforated
plates or by stay plates or end stay plates and lacing.
End stay plates shall have the same minimum length as
spectfied for end stay plates on main compression mem-
bers, and intermediane stay plates shall have a minimum
tength of Vs of that speeified for intermediate stay plates
on main compression members, The clear distance be-
tween stay plates on tension members shall not exceed
3 feet,

10.16.9.4  The thickness of stay plates shall be not
less than Yw of the distance between points of support for
main members, and Yo of that distance for bracing mem-
bers. Stay plates shall be connected by not less than three
fasteners on cach side, and in members having lacing bars
the last fastener in the stay plates preferably shall also pass
through the end of the adjacent bar.

10.16.10  Lacing Bars

When lacing bars are used, the following provisions
shall govern their design.

10.16.10.1  Lacing bars of compression members
shall be so spaced that the slenderness ratio of the portion
of the flange included between the lacing bar connections
will be not more than 40 or more than ¥ of the slender-
ness ratio of the member,

10.16.10.2  The section of the Jacing bars shall be de-
termuned by the formula for axial compression in which
L s taken as the distance along the bar between its con-
nections o the main segments (or single lacing, and as 70
percent of that distance for double lacing,

10.16.10.3  If the distance across the member be-
tween fastener lines in the flanges is more than 15 inches
and a bar with a single fastener in the connection is used,
the facing shall be double and fastencd at the intersections.

10.16.10.4  The anple between the lacing bars and the
axis af the member shall be spproximately 45 degrees for
double lacing and 60 degrees for single lacing.

10.16.10.5 Lacing bars may be shapes or flat bars.
For main members, the minimum thickness of flat bars
shall be Y of the distance along the bar between its con-
nections for single lacing and Y for double lacing. For
bracing members, the limits shall be ¥» for single lacing
and Y for double lacing.

10.16.10.6  The diameter of fasteners in lacing bars
shall not exceed one-third the width of the bar. There shall
be at Jeast two fasteners in each end of lacing bars con-
nected to flanges more than 5 inches in width.

10,1611 Gusset Plates

10,16.11.1 Gusset or connection plates preferably
shall be used for connecting main members, except when
the members are pin-connected. The fasteners connecting
cach member shall be symmetrical with the axis of the
member, so far as practicable, and the full development of
the elements of the member shall be given consideration.
The gusset plates shall be of ample thickness to resist
shear, direct stress, and flexure acting on the weakest or
critical section of maximum stress.

10.16.11.2  Re-entrant cuts, except curves made for
appearance, shall be avoided as far as practicable.

10.16.11.3 If the length of unsupported edge of
a gusset plate exceeds the value of the expres-
sion 11,000/V/F, times ils thickness, the edge shall be
stiffened.

10.16.114 _Listed bclow are the values of the expres-
sion 11,000/V'F, for the following grades of steel:

36,000 psi, Y.P. Min 58
50,000 psi, Y.P. Min 49
70,000 psi, Y.P. Min 42
90,000 psi, Y.P. Min 37
100,000 psi, Y.P. Min 35

10.16.12  Half-Through Truss Spans

10.16.12.1  The vertical truss members and the floor
beams and their connections in half-through truss spans
shall be proportioned to resist a lateral force of not less
than 300 pounds per linear foot applied at the top chord
panel points of each truss,

10.16.12.2  The top chord shall be considered as a
column with elastic lateral supports at the panel points.
The critical buckling force of the column, so determined,
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shall exceed the maximum force from dead load, live load,

and impact in any panel of the top chord by not less than
50 percent.* ‘

10.16.13  Fastener Pitch in Ends of Compression
Members

In the ends of compression members, the pitch of fas-
teners connecting the component parts of the member
shall not exceed four times the diameter of the fastener

for alength equal to 1% times the maximum width of the

member. Beyond this point, the pitch shall be increased
gradually for a length equal to 1% times the maximum

width of the member until the maximum pitch is
rcached.

10.16.14 Net Section of Riveted or High-Strength
Bolted Tension Members

10.16.14.1 The net section of a riveted or high-
strength bolted tension member is the sum of the net sec-
tions of its component parts. The net section of a part is
the product of the thickness of the part multiplied by its
least net width.

10.16.14.2 The net width for any chain of holes ex-
tending progressively across the part shall be obtained by
deducting from the gross width the sum of the diameters
of all the holes in the chain and adding, for each gage

space in the chain, the quantity:
2
5 (10-4)
4g
where:

S = pitch of any two successive holes in the chain;
g = gage of the same holes.

The net section of the part is obtained from the chain that
gives the least net width.

10.16.14.3 For angles, the gross width shall be the
sum of the widths of the legs less the thickness. The gage
for holes in opposite legs shall be the sum of gages from
back of angle less the thickness.

10.16.144 Atasplice, the total stress in the member
being spliced is transferred by fasteners to the splice
material.

of columns with elastic lateral supponts, refer to Tim:
discussion of L 3 -
os;m & Gere, “Theory of Elastic Stability,” McGraw-Hill Book Co.,

First Edition, P. 122,

10.16.14.5 When determining the unit stress on any
least net width of either splice material or member being
spliced, the amount of the stress previously transferred
by fasteners adjacent to the section being investigated
shall be considered in determining the unit stress on the
net section,

10.16.14.6 The diameter of the hole shall be taken as
Y4 inch greater than the nominal diameter of the rivet or
high-strength bolt, unless larger holes are permitted in ac-
cordance with Article 10.24.

10.17 BENTS AND TOWERS

10.17.1 General

Bents preferably shall be composed of two supporting
columns, and the bents usually shall be united in pairs to
form towers. The design of members for bents and towers
is governed by applicable articles.

10.17.2 Single Bents

Single bents shall have hinged ends or else shall be de-
signed to resist bending.

10.17.3 Batter

Bents preferably shall have a sufficient spread at the
base to prevent uplift under the assumed lateral loadings.
In general, the width of a bent at its base shall be not less
than one-third of its height.

10.17.4 Bracing

10.17.4.1 Towers shall be braced, both transversely
and longitudinally, with stiff members having either
welded, high-strength bolted or riveted connections. The
sections of members of longitudinal bracing in each panel
shall not be less than those of the members in corre-
sponding panels of the transverse bracing.

10.17.4.2 The bracing of long columns shall be de-
signed to fix the column about both axes at or near the
same point. V

10.17.4.3 Horizontal diagonal bracing shall be
placed in all towers having more than two vertical panels,
at alternate intermediate panel points.
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10.17.5

10.17.5 Bottom Struts

The bottom struts of towers shall be strong enough to
slide the movable shoes with the structure unloaded, the
coefficient of friction being assumed at 0.25. Provision for
expansion of the tower bracing shall be made in the col-
umn bearings.

10.18 SPLICES
10.18.1 General

10.18.1.1 The strength of members connected by
high-strength bolts and rivets shall be determined by the
gross section for compression members. For members pri-
marily in bending, the gross section shall also be used, ex-
cept that if more than 15 percent of each flange area is re-
moved, that amount removed in excess of 15 percent shall
be deducted from the gross area. In no case shall the de-
sign tensile stress on the net section exceed 0.50 F,, when
using service load design method or 1.0 F,, when using
strength design method, where F, equals the minimum
tensile strength of the steel, except that for M 270 Grades
100/100W steels the design tensile stress on the net sec-
tion shall not exceed 0.46 F, when using the service load
design method. Splices may be made with rivets, by high-
strength bolts, or by the use of welding. Splices, whether
in tension, compression, bending, or shear, shall be de-
signed in the case of service load design for a capacity
based on not less than the average of the calculated design
stress at the point of splice and the allowable stress of the
member at the same point but, in any event, not less than
75 percent of the allowable stress in the member. Splices
in the case of strength design method shall be designed for
not less than the average of the required strength at the
point of splice and the strength of the member at the same
point but, in any event, not less than 75 percent of the
strength of the member. Where a section changes at a
splice, the small section is to be used for the above splice

requirements.

10.18.1.2 If splice plates are not in direct contact
with the parts which they connect, the number of fasten-
ers on each side of the joint shall be in excess of the num-
ber required for a direct contact splice to the extent of at
least two extra transverse lines of fasteners for each inter-
vening plate, except as provided in Article 10.18.1.3 and

10.18.6.

10.18.1.3 Fillers in high strength bolted slip-critical
connections need not be extended and developed, but ec-
centricity of forces at short, thick fillers must be con-
sidered.

10.18.1.4 Riveted and bolted flange angle splices
shall include two angles, onc on each side of the flexural
member,

10.18.2 Beams and Girders

10.18.2.1 Web splice plates and their connections
shall be designed for the portion of the design moment re-
sisted by the web and for the moment due to eccentricity
of the shear introduced by the splice connection. Web
plates shall be spliced symmetrically by plates on each
side. The splice plates for shear shall extend the full depth
of the girder between flanges. In the splice there shall be
not less than two rows of rivets or bolts on each side of the

joint,

10.18.2.2  Flange splice plates need be designed only
for the portion of the design moment not resisted by the
web.

10.18.2.3 As an alternate, splices of rolled flexural
members may be proportioned for a shear equal to the ac-
tual maximum shear multiplied by the ratio of the splice
design moment and the actual moment at the splice.

10.18.2.4 For riveted and bolted flexural members,
splices in flange parts shall not be used between field
splices except by special permission of the Engineer. In
any one flange not more than one part shall be spliced at
the same cross section. If practicable, splices shall be lo-
cated at points where there is an excess of section.

10.18.2.5 In continuous spans, splices preferably
shall be made at or near points of contraflexure.

10.18.3 Columns

10.18.3.1. Compression members such as columns
and chords shall have ends in close contact at riveted and
bolted splices. Splices of such members which will be fab-
ricated and erccted with close inspection and detailed with
milled ends in full contact bearing at the splices may be
held in place by means of splice plates and rivets or high-
strength bolts proportioned for not less than 50 percent of
the lower allowable design stress of the sections spliced.

10.18.3.2  Splices in truss chords and columns shall
be located as near to the panel points as practicable and
usually on that side where the smaller stress occurs. The
arrangement of plates, angles, or other splice elements
shall be such as to make proper provision for the stresses,
both axial and bending, in the component parts of the
members spliced.
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10.18.4  Tension Members

10.184.1.  For tension members and splice material,
S!’R} gross section shall be used unless the net section area
is less than 85 percent of the corresponding gross area, in
which case that amount removed in excess of 15 percent
shall be deducted from the gross area,

10.18.4.2  In no case shall the design tensile stress on
the net section exceed .50 F, when using service load de-
sjgn or LOF, when using strength design method, where
F, equals the minimum tensile strength of the steel.

!0.1&4._3 For M 270 Grades 100/100W steels, the
c{esngn tm::‘ﬂe stress on net section shall not exceed 0.46
F, when using service load design method.

. 10.18.4.4  For calculating the net section, the provi-
sions of Article 10.16.14 shall apply.

10.18.5 Welding

}0.18.5.1 Tension and compression members may be
spliced by means of full penetration butt welds, preferably
without the use of splice plates.

10.18.5.2 Welded ficld splices preferably should be
arranged to minimize overhead welding.

10.1853 In welded splices any filler Yainch or more
in thickness shall extend beyond the edges of the splice
plate and shall be welded to the part on which it is fitted,
with sufficient weld to transmit the splice plate load ap-
plied at the surface of the filler as an eccentric load.

10.18.5.4 The welds joining the splice plate to the
filler shall be sufficient to transmit the splice plate load
and shall be long enough to avoid overloading the filler
along the toe of the weld. Any filler less than ¥4 inch thick
shall have its edges made flush with the edges of the
splice plate. The weld size necessary to carry the splice
plate load shall be increased by the thickness of the filler

plate.

10.18.5.5 Material of different widths spliced by
butt welds shall have transitions conforming to Figure
10.18.5A. The type transition selected shall be consistent
with the Fatigue Stress Category from Table 10.3.1B for
the Groove Welded Connection used in the design of the
member. At butt-welded splices joining pieces of differ-
ent thicknesses, there shall be a uniform slope between
the offset surfaces, including the weld, of not more than
1in 2%

10.18.6 Fillers

When fasteners carrying loads pass through fillers
thicker than ¥4 inch, except in high-strength bolted con-
nections designed as slip-critical connections, the fillers
shall be extended beyond the splice material and the filler
extension shall be secured by enough additional fasteners
to distribute the total stress in the member uniformly over
the combined section of the member and the filler. As an
alternate, an equivalent number of additional fasteners
may be passed through the gusset or splice material with-
out extending the filler. Fillers /4 inch or more in thickness
shall consist of not more than two plates, unless special
permission is given by the Engincer.

10.19 STRENGTH OF CONNECTIONS

10.19.1 General

10.19.1.1 Except as otherwise provided herein, con-
nections for main members shall be designed in the case
of service load design for a capacity based on not less than
the average of the calculated design stress in the member
at the point of connection and the allowable stress of the
member at the same point but, in any event, not less than
75 percent of the allowable stress in the member. Con-
nections for main members in the case of load factor de-
sign shall be designed for not less than the average of the
required strength at the point of connection and the
strength of the member at the same point but, in any event,
not less than 75 percent of the strength of the member.

10.19.1.2 Connections shall be made symmetrical
about the axis of the members insofar as practicable. Con-
nections, except for lacing bars and handrails, shall con-
tain not less than two fasteners or equivalent weld.

10.19.1.3 Members, including bracing, preferably
shall be so connected that their gravity axes will intersect
in a point. Eccentric connections shall be avoided, if prac-
ticable, but if unavoidable the members shall be so pro-
portioned that the combined fiber stresses will not exceed
the allowed axial design stress.

10.19.1.4 In the case of connections which transfer
total member shear at the end of the member, the gross
section shall be taken as the gross section of the connected
elements.

10.19.2 End Connections of Floor Beams and
Stringers

10.19.2,1 The end connection shall be designed for
the calculated member loads, The end connection angles
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10.19.2.1
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FIGURE 10.18.5A Splice Details

of floor beams and stringers shall be not less than % inch
in finished thickness. Except in cases of special end floor
beam details, each end connection for floor beams and
stringers shall be made with two angles. The length of
these angles shall be as great as the flanges will permit.
Bracket or shelf angles which may be used to fumnish
support during erection shall not be considered in deter-
mining the number of fasteners required to transmit end
shear.

i

) 10.19.2.2 End-connection details shall be designed

with special care to provide clearance for making the field

connection.

10.19.2.3 End connections of stringers and floor
beams preferably shall be bolted with high-strength bolts;
bowever, they may be riveted or welded. In the case of
welded end connections, they shall be designed for the
vertical loads and the end-bending moment resulting from
the deflection of the members,

10.19.24 Where timber stringers frame into steel
floor beams, shelf angles with stiffeners shall be provided

to carry the total reaction. Shelf angles shall be not less
than ¥ inch thick.

10.193 End Connections of Diaphragms and Cross
Frames

10.19.3.1 The end connections for diaphragms or
cross frames in straight rolled-beam and plate-girder

bridges shall be designed for the calculated member
loads.

10.19.3.2  Vertical connection plates such as trans-
verse stiffeners which connect diaphragms or cross
frames to the beam or girder shall be ri gidly connected to
both top and bottom flanges.
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i

—ie 10.20 l)lAl’HR‘AGMSj\Ni) CROSS FRAMES

10.20.1 General

Rolled beam and plate girder spans shall be provided
with cross frames or diaphragms at each support and
with intermediate cross frames or diaphragms placed in
all bays and spaced at intervals not to exceed 25 fect, 7+
Diaphragms for rolled beams shall be at leaT 77 and
preferably : the beam depth and for plate girders shall
be at least ¥: and preferably Y. the girder depth. Cross
frames shall be as deep as practicable. Intermediate cross
frames shall preferably be of the cross type or vee type.
End cross frames or diaphragms shall be proportioned to
adequately transmit all the lateral forees to the bearings.
Intermediate cross frames shall be_normal to the main
members when 1he supports are skewed more_than
twenty degrees (20°). Cross frames on horizontally
curved steel girder bridges shall be designed as main
members with adequate provisions for transfer of lateral
forces from the girder flanges. Cross frames and di-
aphragms shall be designed for horizontal ‘,Vlﬂ‘ii forces as

described in Article 10.21.2.

10.20.2  Stresses Due to Wind Loading When Top

Flanges are Continuously Supported

10.20.2.1 Flanges

The maximum induced stresses, F, in the bottom flange
of each girder in the system can be computed from the fol-

lowing:

F= RFCI: (10"5)

where:

R =[0.2272L -11]S; \ bracing is provided

(10-6)

( when bottom lateral

< -2
R =[0.059L -0.64] 5, bracing is provided

(10-7)

M .
Fcb = fb (psi) (10-8)
(bi
M, = 08WSj(ft-Ib) (10-9)

W = wind loading along the exterior flange (Ib/ft)

S, = diaphragm spacing (ft)

Sca
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-213 ( when no bottom lateral

L = span length (1)
1, = thickness of flange (in.)
b, = width of flange (in.)

10,20.2.2 Diaphragms and Cross Frames
" The maximum horizontal force (Fy) in the transverse di-
aphragms and cross frames is obtained from the following:

[ = 1.14WS, withor without bracing (10-10)

10.20.3 Stresses Due to Wind Load When Top
Flanges are not Continuously Supported

The stress shall be computed using the structural sys-
tem in the planc of the flanges under consideration.

10.21 LATERAL BRACING

10.21.1 The need for lateral bracing shall be investi-
gated. Flanges attached to concrete decks or mhcr. decks
of comparable rigidity will not require latcral bracing.

10.21.2 A horizontal wind force of 50 pounds per
square foot shall be applied to the area of the super-
structure exposed in elevation. Half of this force shall be
applied in the plane of each flange. The stress induced
shall be computed in accordance with Article-10.20.2.1.
The allowable siress shall be factored in accordance with
Article 3.22. .

10.21.3 When required, lateral bracing shall be placed
in the exterior bays between diaphragms or cross-frames.
All required lateral bracing shall be placed in or near the
plane of the flange being braced.

10.21.4 Where beams or girders comprise the main
members of through spans, such members shall be stiff-
ened against lateral deformation by means of gusset plates
or knee braces with solid webs which shall be connected
to the stiffeners on the main members and the floor beams.
If the unsupported length of the edge of the gusset plate
{or solid web) exceeds 60 times its thickness, the plate or
web shall have a stiffening plate or angles connected
along its unsupported edge.

10.21.5  Through truss spans, deck truss spans, and

spandrel braced arches shall have top and bottom lateral
bracing.

10.21.6 Bracing shall be composed of angles, other
shapes, or welded sections. The smallest angle used in
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10.21.6

bracing shall be 3 by 2% inches. There shall be not less
than two fasteners or equivalent weld in each end con-
nection of the angles,

10.21.7  If a double system of bracing is used, both sys-
tems may be considered effective simultaneously if the
members meet the requirements both as tension and com-
pression members. The members shall be connected at
their intersections,

10.21.8  The lateral bracing of compression chords
preferably shall be as deep as the chords and effectively
connected 1o both flanges,

10.22  CLOSED SECTIONS AND POCKETS

10.22.1  Closed sections and pockets or depressions that
will retain water, shall be avoided where practicable.
Pockets shall be provided with effective drain holes or be
filled with waterproofing material,

10.22.2  Detals shall be 5o arranged that the destructive
effects of bird life and the retention of dint, leaves, and
other foreign matter will be reduced to a minimum, Where
angles arc used, either singly or in pairs, they preferably
shall be placed with the vertical legs extending down-
ward. Structural tees preferably shall have the web ex-
tending downward,

lowed in Article 10.32. The maximum size that may be
used along edges of connected parts shall be:

(1) Along edges of material less than ¥4 inch thick, the
maximum sizc may be equal to the thickness of the ma-
terial.

(2) Along edges of material ¥ inch or more in thick-
ness, the maximum size shall be Y inch less than the
thickness of the material, unless the weld is especially
designated on the drawings to be built out to obtain full
throat thickness.

u;;,m.zlz.z Minimum Size of Fillet Welds

The minimum fillet weld size shall be as shown in the
following table.**

Base Metal Thickness of Minimum Size
Thicker Part Jointed (T) of Fillet Weld*
in. mm in. mm
Ts34  Ts19.0 114 6 Single-pass
3a<T 19.0<T 5116 8 welds must
) be used

* Except that the weld size nced pot exceed the thickness of the thin-
ner part joined. For this exception, particular care should be taken to
provide sufficient preheat to ensure weld soundness.

*¢ Smaller fillet welds may be approved by the Engincer based upon
applied stress and the use of appropriate preheat.

wm—pe 10.23.3  Minimum Effective Length of Fillet

: - G T Welds
10.23 WELDING o, v 5 )
I Jorw i Letp TN Gwo 3-8 O
10.23.1 General The minimum effective length of a fillet weld shall be
‘ four times its size and in no case less than 1% inches.
iJ ey T f/,.,’, RO —
10.23.1.1 Steel base to be welded, weld metal, and S 3.2 (o

welding design details shall conform to the requirements
of the ANSVAASHTO/AWS D1.5 Bridge Welding Code.

10.23.1.2 Welding symbols shall conform with the
latest edition of the American Welding Society Publication

AWS A24
10.23.1.3 Fabrication shall conform to Anicle

11.4-—Division 1.
10.23.2  Effective Size of Fillet Welds

10.23.2.1  Maximum Size of Fillet Welds

The maximum size of a fillet weld that may be assumed
inthe design of a connection shall be such that the stresses
in the adjacent base material do not exceed the values al-

_@,10.23.4 Fillet Weld End Returns

Fillet welds which support a tensile force that is not
parallel to the axis of the weld, or which are proportioned
to withstand repeated stress, shall not terminate at comers
of parts or members but shall be returned continuously,
full size, around the comer for a length equal to twice the
weld size where such retum can be made in the same
plane. End returns shall be indicated on design and detail
drawings.

10.23.5 Seal Welds

Seal welding shall preferably be accomplished by a
continuous weld combining the functions of sealing and
strength, changing section only as the required strength or
the requirements of minimum size fillet weld, based on
material thickness, may necessitate.
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10.24  FASTENERS (RIVETS AND BOLTS)

1024.1 General

10.24.1.1 In proportioning fasteners, for shear and
tension the cross-sectional area based upon the nominal
diameter shall be used.

10.24.1.2  High-strength bolts may be substituted for
Grade 1 rivets (ASTM A 502) or ASTM A307 bolts. When
AASHTO M 164 (ASTM A 325) high-strength bolts are
substituted for ASTM A 307 bolts they need not be in-
stalled to the requirements of Article 11.5.6.4, Division II,
nor inspected to the requirements of Article 11.5.6.4.9, Di-
vision II, but shall be tightened to the full effort of a man
using an ordinary spud wrench,

102413 All bolts, except high-strength bolts ten-
sioned to the requirements of Table 11.5A or Table 11.5B,

Division 11, shall have single self-locking nuts or double
nuts.

10.24.1.4  Joints required to resist shear between their
connected parts are designated as either slip-critical or
bearing-type connections. Slip-critical joints are defined
as joints subject to stress reversal, heavy impact loads, se-
vere vibration or where stress and strain due to joint slip-
page would be detrimental to the serviceability of the
structure. They include:

(1) Joints subject to fatigue loading.

(2) Joints with bolts installed in oversized holes.

(3) Except where the Engineer intends otherwise and
so indicates in the contract documents, joints with bolts
installed in slotted holes where the force on the joint is
in a direction other than normal (between approxi-
mately 80 and 100 degrees) to the axis of the slot.

(4) Joints subject to significant load reversal.

(5) Joints in which welds and bolts share in transmit-
ting load at a common faying surface.

(6) Joints in which, in the judgment of the Engineer,
any slip would be critical to the performance of the
joint or the structure and so designated on the contract
plans and specifications.

10.24.15 High-strength bolted connections subject
to computed tension or combined shear and computed
tension shall be slip-critical connections.

10.24.1.6 Bolted bearing-type connections using
high-strength bolts shall be limited to members in com-
pression and secondary members.

10.24.1.7  The effective bearing area of a fastener
shall be its diameter multiplied by the thickness of the
metal on which it bears. In metal less than % inch thick,
countersunk fasteners shall not be assumed to carry
stress. In metal ¥ inch thick and over, one-half the depth
of countersink shall be omitted in calculating the bearing
area.

10.24.1.8  In dctermining whether the bolt threads are
excluded from the shear planes of the contact surfaces,
thread length of bolts shall be calculated as two thread
pitches greater than the specified thread length as an al-
lowance for thread runout.

10.24.1.9 In bearing-type connections, pull-out shear
in a plate should be investigated between the end of the
plate and the end row of fasteners. (See Table 10.32.3B,
footnote h).

10.24.2 Hole Types

Hole types for high-strength bolted connections are
standard holes, oversize holes, short slotted holes and
long slotted holes. The nominal dimensions for each type
hole shall be not greater than those shown in Table
10.24.2, except as may be permitted under Division I, Ar-
ticle 11.4.8.1.4.

10.24.2.1 In the absence of approval by the Engineer
for use of other hole types, standard holes shall be used in
high-strength bolted connections.

10.24.2.2 When approved by the Engineer, oversize,
short slotted holes or long slotted holes may be used sub-
ject to the following joint detail requirements. '

10.24.2.2.1 Oversize holes may be used in all plies of
connections which satisfy the requirements of Article
10.32.3.2.1 or Article 10.57.3, as applicable. Oversize
holes shall not be used in bearing-type connections.

TABLE 10.24.2 Nominal Hole Dimension

Hole Dimensions

B?lt Standard Oversize Short Slot Long Siot
Dia. (Dia) (Dia) (Width x Length) (Width X Length)

B Wi Y

e X Vs Wie X
Yo W Y% YeX 1 ‘;/":: X g/(:‘
W W 1% Ye X Y2 e X 2
1 1% 1% Ve X 1% 1Y X 202
ZIh d+¥u  d+¥e @HHIXE+HR)E+Y) XQSXD
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10.24.2.2.2

10.24.2.2.2  Shortslotted holes may be used in any or
all plies of high-strength bolted connections designed on
the basis of Table 10.32.3B or Table 10.56A, as applica-
ble, provided the load is applied approximately normal
(between 80 and 100 degrees) to the axis of the slot. Short
slotted holes may be used without regard for the direction
of applied load in any or all plies of connections which
satisfy the requirements of Article 10.32.3.2.1 or Article
10.57.3.1, as applicable.

10.24.2.2.3 Longslotted holes may be used in one of
the connected parts at any individual faying surface in
high-strength bolted connections designed on the basis of
Table 10.32.3B or Table 10.56A, as applicable, provided
the load is applied approximately normal (between 80 and
100 degrees) to the axis of the slot. Long slotted holes may
be used in one of the connected parts at any individual
faying surface without regard for the direction of applied
load on connections which satisfy the requirements of Ar-
ticle 10.32.3.2.1 or Article 10.57.3.1, as applicable.

10243 'Washer Requirements

Design details shall provide for washers in high-
strength bolted connections as follows:

10.243.1 Where the outer face of the bolted parts has
a slope greater than 1:20 with respect to a plane normal to
the bolt axis, a hardened beveled washer shall be used to
compensate for the lack of parallelism.

10.24.3.2 Hardened washers are not required for
connections using AASHTO M 164 (ASTM A 325) and
AASHTO M 253 (ASTM A 490) bolts except as required
in Articles 10.24.3.3 through 10.24.3.7.

10.24.3.3 Hardened washers shall be used under the
element turned in tightening when the tightening is to be
performed by calibrated wrench method.

10.24.3.4 Imespective of the tightening method,
hardened washers shall be used under both the head and
the nut when AASHTO M 253 (ASTM A 490) bolts are to
be installed in material having a specified yield point less
than 40 ksi.

10.24.3.5 Where AASHTO M 164 (ASTM A 325)
bolts of any diameter or AASHTO M 253 (ASTM A 490)
bolts equal to or less than 1 inch in diameter are to be in-
stalled in an oversize or short slotted hole in an outer ply, a
hardened washer conforming to ASTM F 436 shall be used.

10.243.6 When AASHTO M 253 (ASTM A 490)
bolts over 1 inch in diameter are to be installed in an over-

size or short slotted hole in an outer ply, hardened wash-
ers conforming to ASTM F 436 except with ¥ inch min-
imum thickness shall be used under both the head and the
nut in lieu of standard thickness hardened washers. Mul-
tiple hardened washers with combined thickness equal to
or greater than ¥ inch do not satisfy this requirement.

10.24.3.7 Where AASHTO M 164 (ASTM A 325)
bolts of any diameter or AASHTO M 253 (ASTM A 4‘%‘(})
bolts equal to or less than I inch in diameter are to be in-
stalled in a long slotted hole in an outer ply, a plate washer
or continuous bar of at least ¥s inch thickness with stan-
dard holes shall be provided. These washers or bars shfaﬂ
have a size sufficient to completely cover the slot after in-
stallation and shall be of structural grade material, but
need not be hardened except as follows. When AASHTO
M 253 (ASTM A 490) bolts over 1 inch in diameter are to
be used in long slotted holes in external plies, a single
hardened washer conforming to ASTM F 436 but with i
inch minimum thickness shall be used in lieu of washers
or bars of structural grade material. Multiple hardened
washers with combined thickness equal to or greater than
¥ inch do not satisfy this requirement.

10.24.4 Size of Fasteners (Rivets or High-
Strength Bolts)

10.24.4.1 Fasteners shall be of the size shown on the
drawings, but generally shall be % inch or % inch in di-
ameter. Fasteners 7 inch in diameter shall not be used in
members carrying calculated stress exceptin 2¥+-inch legs
of angles and in flanges of sections requiring ¥-inch fas-
teners. .

10.24.4.2 The diameter of fasteners in angles carry-
ing calculated stress shall not exceed one-fourth the width
of the leg in which they are placed.

102443 In angles whose size is not determined by
calculated stress, ¥-inch fasteners may be used in 2-inch
legs, Ye-inch fasteners in 2-inch legs, Y-inch fasteners in
3-inch legs, and 1-inch fasteners in 3Y-inch legs.

10.24.4.4  Structural shapes which do not admit the
use of s-inch diameter fasteners shall not be used except
in handrails,
10.24.5 Spacing of Fasteners

10.245.1  Pitch and Gage of Fasteners

The pitch of fastencrs is the distance along the line of
principal stress, in inches, between centers of adjacent fas-
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teners, measured along one or more fastener lines. The gage
of fasteners is the distance in inches between adjacent lines
of fasteners or the distance from the back of angle or other
shape 1o the first line of fasteners.

10.24.5.2 Minimum Spacing of Fasteners

The minimum distance between centers of fasteners in
standard holes shall be three times the diameter of
the fastener but, preferably, shall not be less than the
following:

For 1-inch fasteners, 3% inches
For ¥i-inch fasteners, 3 inches

For Ye-inch fasteners, 2V1 inches
For ¥i-inch fasteners, 2% inches

10.24.5.3 Minimum Clear Distance
Between Holes

When oversize or slotted holes are used, the minimum
clear distance between the edges of adjacent bolt holes in
the direction of the force and transverse to the direction of
the force shall not be less than twice the diameter of the
bolt.

10.24.5.4 Maximum Spacing of Fasteners

The maximum spacing of fasteners shall be in
accordance with the provisions of Article 10.24.6, as ap-
plicable.

10.24.6 Maximum Spacing of Sealing and Stitch
Fasteners

10.24.6.1  Sealing Fasteners

For sealing against the penctration of moisture in joints,
the fastener spacing along a single line of fasteners adjacent
10 a free edge of an outside plate or shape shall not exceed
4 inches + 4t or 7 inches. If there is a second line of fas-
teners uniformly staggered with those in the line adjacent
10 the free cdge, at a gage “g" less than 1% inches + 4t
therefrom. the staggered spacing in two such lines, consid-
ered together, shall not exceed 4 inches + 4t — 3g/dor 7
inches. but need not be less than one-half the requirement
for a single line, t = the thickness in inches of the thinner
outside plate or shape, and g = gage between fasteners in

inches.

10.24.6.2 Stitch Fasteners

In built-up members where two or more plates or
shapes are in contact, stitch fasteners shall be used to en-
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sure that the parts act as a unit and, in compression mem-
bers, to prevent buckling. In compression members the
pitch of stitch fasteners on any single line in the direction
of stress shall not exceed 121, except that, if the fasteners on
adjacent lines are staggered and the gage, g. between the
line under consideration and the farther adjacent line (if
there are more than two lines) is less than 241, the staggered
pitch in the two lines, considered together, shall not exceed
12t or 15t — 3g/8. The gage between adjacent lines of fas-
teners shall not exceed 241, t = the thickness, in inches, of
the thinner outside plate or shape. In tension members the
pitch shall not exceed twice that specificd for cmn!ncssiun
members and the gage shall not exceed that specified for
compression members.

The maximum pitch of fasteners in huill-tfp mcmi.:crs
shall be governed by the requirements for sealing or stitch
fasteners, whichever is the minimum.

For pitch of fastcners in the ends of compression mem-

bers, see Article 10.16.13.
10.24.7 Edge Distance of Fasteners

10.24.7.1 General

The minimum distance from the center of any fastener
in a standard hole to a sheared or thermally cut edge shall
be:

For 1-inch fasteners, 1% inches
For %-inch fasteners, 1¥: inches
For Y.-inch fasteners, 1% inches
For ¥-inch fasteners, 1% inches

The minimum distance from the center of any fastener
in a standard hole to a rolled or planed edge, except in
flanges of beams and channels, shall be:

For 1-inch fasteners, 1% inches
For %i-inch fasteners, 1% inches
For Yi-inch fasteners, 1Y inches
For %-inch fasteners, 1 inch

In the flanges of beams and channels the minimum dis-
tance from the center of a standard hole to the edge of the
flange shall be:

For 1-inch fasteners, 1% inches
For %-inch fasteners, 1% inches
For Yi-inch fasteners, 1 inch
For %i-inch fasteners, ¥ inch

The maximum distance from the center of any fastener
to any edge shall be eight times the thickness of the
thinnest outside plate, but shall not exceed S inches.
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10.24.7.2  When there is only a single transverse fas-
tener in the direction of the line of force in a standard or
short slotted hole, the distance from the center of the hole
1o the edge of the connected part shall not be less than 14
times the diameter of the fastener, unless accounted for by
the beaning provisions of Table 103233 or Anricle

10.56.1.3.2.

10.24,7.3  When oversize or slotted holes are used,
the clear distance between edges of holes and edpes of
members shall not be less than the diameter of the bolt.

10.24.8 Long Rivets

Rivets subjected to calculated stress and having a grip
in excess of 4Y: diameters shall be increased in number at
least 1 percent for cach additional % inch of grip.
Il the gnp exceeds six times the diameter of the rivel,
specially designed rivets shall be used.

10.25 LINKS AND HANGERS

10.25.1 Net Section

In pin-connected tension members other than eyebars,
the net section across the pin hole shall be not less than
140 percent, and the net section back of the pin hole not
less than 100 percent of the required net section of the
body of the member. The ratio of the net width (through
the pin hole transverse 1o the axis of the member) 1o the
thickness of the segment shall not be more than 8. Flanges
not bearing on the pin shall not be considered in the net

section across the pin.

10.25.2 Location of Pins

Pins shall be so located with respect to the gravity axis
of the members as to reduce to a minimum the stresses due
10 bending.

10.25.3 Size of Pins

Pins shall be proportioned for the maximum shears and
bending moments produced by the stresses in the mem-
bers connected. If there are eyebars among the parts con-
nected, the diameter of the pin shall be not less than

[.3. + (yield point Qr .m:cl)} times the width of
4 400,000 the body of the

eyebar in

inches (10-11)
CiBridao ko
volulluuc.uluy.n

10.25.4 Pin Plates

When necessary for the required section of bearing
arca, the section at the pin holes shall be increased on each
segment by plates so arranged as to reduce to a minimum
the eccentricity of the segment. One plate on each side
shall be as wide as the outstanding flanges will allow. At
least one full-width plate on each scgment shall extend to
the far edge of the stay plate and the others not less than 6
inches beyond the near edge. These plates shall be con-
nected by enough rivets, bolts, or fillet and plug wc!ds‘lo
transmit the bearing pressure, and so arranged as to dis-
tribute it uniformly over the full section.

10.25.5 Pins and Pin Nuts

10.25.5.1 Pins shall be of sufficient length to secure a
full bearing of all parts connected upon the turned body of
the pin. They shall be secured in position by hexagonal re-
cesscd nuts or by hexagonal solid nuts with washers. If the
pins are bored, through rods with cap washers may be used.
Pin nuts shall be malleable castings or steel. They shall be
secured by cotter pins in the screw ends or else the screw
ends shall be long enough to permit burring the threads.

10.25.5.2 Members shall be restrained against lateral
movement on the pins and against lateral distortion dueto
the skew of the bridge.

10.26 UPSET ENDS

Bars and rods with screw ends, where specified, shall
be upset to provide a section at the root of the thread,
which will exceed the net section of the body of the mem-

ber by at least 15 percent.

10.27 EYEBARS

10.27.1 Thickness and Net Section

Eyebars shall be of a uniform thickness without rein-
forcement at the pin holes. The thickness of evebars shall
be not less than s of the width, nor less than : inch, and
not greater than 2 inches. The section of the head through
the center of the pin hole shali exceed the required section
of the body of the bar by at least 35 percent. The net sec-
tion back of the pin hele shall not be less than 73 percent
of the required net section of the body of the member. The
radius of transilion between the head and body of the cye-
bar shall be equal (o or greater than the width of the head
through the center line of the pin hole.
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10.27.2  Packing of Eyebars

10.27.2.1 The eyebars of a set shall be symmetrical
about the central plane of the truss and as nearly parallel
as practicable, Bars shall be as close together as practica-
ble and held against lateral movement, but they shall be
so arranged that adjacent bars in the same panel will be
separated by at least ¥rinch,

10.27.2.2  Intersecting diagonal bars not far enough

apart to clear cach other at all times shall be clamped to-
gether at the intersection.

10.27.2.3  Steel filling rings shall be provided, if
needed, to prevent lateral movement of eyebars or other
members connected on the pin.

10.28 FORKED ENDS

Forked ends will be permitted only where unavoidable.
There shall be enough pin plates on forked ends to make
the section of each jaw equal to that of the member. The
pin plates shall be long enough to develop the pin plate be-
yond the near edge of the stay plate, but not less than the
length required by Article 10.254. ./~ _~

i ‘%,4 ‘w..,» - ‘*.;m L ‘L,A ‘b ,a}; & é:.:—ﬁ)
1029 FIXED AND EXPANSION BEARINGS

el . " : - /‘/
10.29.1 General ¥ &)L!’ LB 92 et

10.29.1.1 Fixed ends shall be firmly anchored. Bear-
ings for spans less than 50 feet need have no provision for
deflection. Spans of 50 feet or greater shall be provided
with a type of bearing employing a hinge, curved bearing
plates, elastomeric pads, or pin arrangement for deflection
purposes.

10.29.1.2 Spans of less than 50 feet may be arranged
to slide upon metal plates with smooth surfaces and no pro-
visions for deflection of the spans need be made. Spans of
50 feet and greater shall be provided with rollers, rockers,
or sliding plates for expansion purposes and shall also be
provided with a type of bearing employing a hinge, curved
bearing plates, or pin arrangement for deflection purposes.

10.29.1.3 In licu of the above requirements, elas-
tomeric bearings may be used. See Section 14 of this
specification. :

10.29.2 Bronze or Copper-Alloy Sliding Expansion
Bearings

Bronze or copper-alloy sliding plates shall be cham-
fered at the ends. They shall be held securely in position,

usually by being inset into the metal of the pedestals or sPIe
plates. Provisions shall be made against any accurnulation
of dirt which will obstruct free movement of the span.

10.293 Rollers

Expansion rollers shall be connected by substantial
side bars and shall be guided by gearing or other effectual
means to prevent lateral movement, skewing, and creep-
ing. The rollers and bearing plates shall be protected from
dirt and water as far as practicable, and the design shall be
such that water will not be retained and that the roller
nests may be inspected and clean easily.

10.29.4 Sole Plates and Masonry Plates

—- 10294.1 _Sole plates and masonsy plates shall have

a minimum thickness of % inch.

10.29.42 For spanls oninclined grades greater than 1
percent without hinged bearings, the sole plates shall be
beveled so that the bottom of the sole plate is level, unless
the bottom of the sole plate is radially curved.

10.29.5 Masonry Bearings

Beams, girders, or trusses on masonry shall be SO sup-
ported that the bottom chords or flanges will be above the
bridge seat, preferably not less than 6 inches.

1029.6 Anchor Bolts 15 e

10.29.6.1 Trusses, girders, and rolled beam spans
preferably shall be securely anchored to the substructure.
Anchor bolts shall be swedged or threaded to secure a sat-

isfactory grip upon the material used to embed them in the
holes.

10.29.62 The following are the minimum require-
ments for each bearing:

For rolled beam spans the outer beams shall be an-
chored at each end with 2 bolts, 1 inch in diameter, set
10 inches in the masonry.

For trusses and girders:

SPans 50 feet in length or less; 2 bolts, 1 inch in
diameter, set 10 inches in the masonry.

Spans 51 to 100 feet; 2 bolts, 1% inches in diame-
ter, set 12 inches in the masonry.

Spans 101 to 150 feet; 2 bolts, 1% inches in diame-
ter, set 15 inches in the masonry.

Spans greater than 150 feet; 4 bolts, 1% inches in di-
ameter, set 15 inches in the masonry.
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10.29.6.3

10.29.6.3 Anchor bolts shall be designed to resist
uplift as specified in Article 3,17,

10.29.7 Pedestals and Shoes

10.29.7.1 Pedestals and shoes preferably shall be
made of cast steel or structural steel. The difference in
width between the top and bottom bearing surfaces shall
not exceed twice the distance between them, For hinged
bearings, this distance shall be measured from the center
of the pin. In built-up pedestals and shoes, the web plates
and angles connecting them to the base plate shall be not
less than ¥ inch thick. If the size of the pedestal permits,
the webs shall be rigidly connected transversely. The
minimum thickness of the metal in cast steel pedestals
shall be 1 inch. Pedestals and shoes shall be so designed
that the load will be distributed uniformly over the entire
bearing.

10.29.7.2  Webs and pin holes in the webs shall be
arranged to keep any eccentricity to a minimum. The net
section through the hole shall provide 140 percent of the
net section required for the actual stress transmitted
through the pedestal or shoe. Pins shall be of sufficient
length to secure a full bearing. Pins shall be secured in po-
sition by appropriate nuts with washers. All portions of
pedestals and shoes shall be held against lateral move-
ment of the pins.

1030 FLOORSYSTEM
1030.1 Stringers

Stringers preferably shall be framed into floor beams.
Stringers supported on the top flanges of floor beams

preferably shall be continuous over two or more panels.

1030.2 Floor Beams

: Floor beams preferably shall be at right angles to the

trusses or main girders and shall be rigidly connected
thereto. Floor beam connections preferably shall be lo-
cated so the lateral bracing system will engage both the
fioor beam and the main supporting member. In pin-con-
nected trusses, if the floor beams are located below the
bottom chord pins, the vertical posts shall be extended
sufficiently below the pins to make a rigid connection to
the floor beam.

10303 Cross Frames
In bridges with wooden floors and steel stringers, in-

termediate cross frames (or diaphragms) shall be placed
between stringers more than 20 feet long.

CsiBridge:blog.ir

10.30.4 Expansion Joints

10.30.4.1  To provide for expansion and contraction
movement, floor expansion joints shall be provided at all
expansion ends of spans and at other points where they
may be necessary.

10.30.4.2  Apron plates, when used, shall be designed
to bridge the joint and to prevent, so far as practicable, the
accumulation of roadway debris upon the bridge seats.
Preferably, they shall be connected rigidly to the end floor
beam. .

10.30.5 End Floor Beams

There shall be end floor beams in all squarc-ended
trusses and girder spans and preferably in skew spans. End
floor beams for truss spans preferably shall be designed to
permit the use of jacks for lifting the superstructure.
For this case, the allowable stresses may be increased
50 percent.

10.30.6 End Panel of Skewed Bridges

In skew bridges without end floor beams, the end panel
stringers shall be secured in correct position by end struts
connected to the stringers and to the main truss or girder.
The end panel lateral bracing shall be attached to the main
trusses or girders and also to the end struts. Adequate pro-
visions shall be made for the expansion movement of
stringers.

1030.7 Sidewalk Brackets

Sidewalk brackets shall be connected in such a way
that the bending stresses will be transferred directly to the
floor beams.

10.30.8 Stay-in-Place Deck Forms

10.30.8.1 Concrete Deck Panels

When precast prestressed deck panels are used as per-
manent forms spanning between beams, stringers, or gird-
ers, the requirements of Article 9.12, Deck Panels, and Ar-
ticle 9.23, Deck Panels, shall be met,

10.30.8.2 Metal Stay-in-Place Forms

When metal st.éy—in-place forms are used as permanent
forms spanning between beams, stringers, or girders, the

forms shall be designed a minimum of, to support the
weight of the concrete (including that in the corrugations,
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if applicable), a construction load of 50 psf, and the weight
of the form. The forms shall be designed to be clastic under
construction loads. The elastic deformation caused by the
dead load of the forms, plastic concrete and reinforcement,

10,31 SCOPE

Allowable stress design is a method (or proportioning
structural members using design loads and forces, allow-
able stresses, and design limitations for the appropriate
material under service conditions. See Pant D-—Strength
[}esign Method—Load Factor Design for an allernate de-
sign procedure.

10.32 ALLOWABLE STRESSES

10.32.1 Steel

Allowable stresses for steel shall be as specified in
Table 10.32.1A,,
b

~410.32.2  Weld Metal

Unless otherwise specified. the vield point and ulti-
mate strength of weld metal shall be equul to or greater
than minimum specified value of the base metal. Allow-
able siresses on the effective areas of weld metal shall be

as follows: - < 7 Lt i
DL Ut L OUTF Ut
- -~
Butt Welds:
===l
The same as the base metal joined, except in the case

of joining metals of different yields when the lower
vield material shall govern.

Fillet Welds:
anes g -
~I s

(10-12)

where,
F, = allowable basic shear stress;
Ff’ tensile strength of the electrode classification but

steels—the designer may use electrode classifications

|
2
|

JQ/ not greater than the, tensile strength of the

S opnscted a3t oL S iy L b

?/:’:‘ )«/ 4 -~ U”f"{’/”ﬂx ,‘u. L'"”') f;i,) = ﬂ'( shs
. When detailing filléCwelds for quenched and temipercd=

chall not exceed a deflection of greater than L/T180 or onc-
half inch (/4°). For form work spans (L) of 10 fect (10") or

less, or 4 deflection of 1L/24D or three-quanters inch (747).
form work for spans L over 10 feet (10°).

Part C
SERVICE LOAD DESIGN METHOD

ALLOWABLE STRESS DESIGN

with streneths less than the base metal provided that
this requirement 1s clearly specified on the plans.

Plug Welds:
F. = 12,400 pw for resistance 10 shear stresses only,

where,
F, = allowable basic shear siress.

10.32.3 Fasteners (Rivets and Bolts)

Allowable stresses for fasteners shall be as listed in Ta-
bles 10.32.3.A and 10.32.3.B, and the allowable forcg on
a slip-critical connection shall be as provided by Article

10.32.3.2.1.

10.32.3.1 General

10.32.3.1.1 In proportioning fasteners for shear or
Lension, the cross-sectional area based upon the nominal
diameter shall be used except as otherwise noted.

10.32.3.1.2 The eifective bearing area of a fastener
shall be its diameter multiplied by the thickness of the
metal on which it bears. In metal less than ¥s inch thick,
countersunk fasteners shall not be assumed to carry stress.
In metal ¥ inch thick and over. one-half of the depth of
the countersink shall be omitted in calculating the bearing
area.

10.32.3.1.3 In determining whether the bolt threads
are excluded from the shear planes of the contact surfaces.
thread lengih of bolts shall be calculated as two thread
pitches greater than the specified thread length as an al-
lowance for thread runout.

IO..32,3J.4 In bearing-type connections, pull-out
shear in a plate should be investigated between the end of
the platc and the end row of fasteners. (See Table
103238, foenere ¢ o

10.32.3.1.5  All bolts except high-strength bolts,
lensioned to the requirements of Division 11 Table 11.3A
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TABLE 103214 Allowable Stresses—Structural Steel (In pounds per square inch)

. Quenched and
b Structural Tempered High-Yield Streagth
: Carbon High-Strength Low-Alloy  Quenched and Tcmpcrcd
Type Steel Low-Allay Steel Stecl Alloy Steel’
AASHTO Designation” M270 M 270 M 270 M270 M270
Grade 36 Grade 50 Grade SOW  Grade 70W  Grades 100/100W
Equivalent ASTM Designatioa® AT09 AT09 A709 AT709 AT
Grade 36  Grade S0 Grade SOW  Grade 70W  Grades 100/100W
Thackness of Plates Upto Upto Upto Upto Upto Over2¥in
d4in.incl.  4din incl.  4in. incl 4in. incl. 2% in. incl to4in. incl.
Shapes All Groups All Groups Al Groups  Not Applicable  Not Applicable
Axial teasion ia members with no  0.55F, 20,000 27,000 27,000 38,000 Not Applicable
holes for high-strength bolts o rivets.
Use net section when member has any  0.46F, Not Applicable 51,000 46,000

open holes larger than 1% inch dia-
meter such as perfocations.

Axial tension in members with holes  Gross'

for high-strength bolts or rivets and  Section 20,000 27,000 27,000 38,000 Not Applicable
tension in extreme fiber of rolled 0.55F,

shapes, girders, and built-up sections

subject to bending. Satisfy both Gross

and Net Section criterion, Net .
Section 29,000 32,500 35,000 45,000 Not Applicable
0.50F,

Net
Section Not Applicable 51.000 46,000
0.46F,

Axial compression, gross section: 20,000 27,000 27,000 38,000 55,000 49.000

stiffeners of plate girders. Compres-
sion in splice material, gross section

Compression in extreme fibers of
rolled shapes, girders, and built-up sec-
tions subject to bending, Gross sec-

tion. when compression flange is:
li 0.55F, , 20,000 27,000 27,000 38,000 55,000 49,000

(A) Supported laterally its full le
mmmm! in concrete

(B) Partially supported or 1s unsupportcd”

5{)3(10(‘.( )\gml +9s7(d)so.55F,
Sac )" {

Co = 1.75 + 1.05(MyMz) + 0.3 (M /M;)? s 2.3 where M, is the smaller and M, the larger end moment in the unbraced segment
of the beam; M /M is positive when the moments cause reverse curvature and negative when bent in si ingle curvature.

C, = 1.0 for unbraced cantilevers and for members where the moment within a significant portion of the unbraced segment is greater
than or equal to the larger of the scgment end moments.

«

Compression in concentrically loaded columns® -

with C, = 2r?E/F,)"? = ﬂf E;Q. 126.1 107.0 107.0 90.4 75.7 79.8

when KLir = C, ST37 (4l Coel295 =130

F, “_ff_,”[l ~ (KW’F.] = 16,980~ 23,580— 23,580~ 33,020~ 47,170~ 42,450-
£S 4o 0.53(KLi)* 1 m(xur)‘ 1 oa(xuf;* 2,0(KLAY 4.12(KL/)? 33%KL/)?

«4 L
( ‘ - !i?. ) }
Ce
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TABLE 103L1A  Allowable Stresses—Structural Steel (In pounds per square inch) (Continued)

Quenched and
Structural . Tempered High-Yield Strength
Carbon High-Strength Low-Alloy  Quenched and Tcrppcmd
Type Steel Low-Alloy Steel Steel Alloy Steel
when KLir > C,
F, = —TE . 135.000;‘;'40
ES(KLm)! (KL/n)

with ES. = 2,12 ‘

Shear in girder webs, gross section| F, = 0.33F, I 12,000 17,000 17,000 23,000 33,000 30,000

Bearing on milled stiffeners and ottier 0.80F, | 29,000 40,000 40,000 56,000 80,000 72,000

steel parts in contact (rivets and bolts ‘

excluded) ‘ "

Stress in extreme fiber of pins* 0.80F, 29,000 40,000 40,000 56,000 80,000 72,000
" Shear in pins F,=O040F, 14,000 20000 20,000 28,000 40,000 36,000

Bearing on pins not subject to rotation®  0.80F, 29,000 40,000 40,000 56,000 80,000 72,000

Bearing on pins subject o rotation ~ 0.40F, 14,000 20,000, 20,000 28,000 40,000 36,000

(such as used in rockers and hinges)

Bearing on connected material at Low ¢
Carbon Steel Bolts (ASTM A 307),
Turned Bolts, Ribbed Bolts, and Rivets
(ASTM A 502 Grades 1 and 2)—
Governed by Table 10.32.3A

* For the use of larger C,, values, see Structural Stability Research Council Guide to Stability Design Criteria for Metal Structures, 3d Ed., p. 135.
If cover plates are used, the allowable static stress at the point of theoretical cutoff shall be as determined by the formula,
%/ = length in inches, of unsupported flange between lateral connections, knee braces, or other points of support.
I, = moment of incrtia of compression flange about the vertical axis in the plane of the web in.*
d = depth of girder, in. : : .
J = [0+ (br) + DS ) where band t represent the flange width and thickness of the compression and teasion flange, respectively (in.%).
3

5, = section modulus with respect to compression flange (in.*).

¢E = modulus of lasticity of steel

r = governing radius of gyration

L = actual unbraced length :

K = effective length factor (see Appendix C.)

ES. = factor of safety = 2.12
For graphic represcatation of these formulas, see Appendix C,

The formmlas do not apply to members with variable moment of inertia. Procedures for designing members with variable moments of inertia can be
found in the following references: “Engineering Journal,” American Institute of Steel Construction, January 1969, Volume 6, No. 1, and ocwbq
1972, Volume 9, No. 4; and “Stee! Structures,” by William McGuire, 1968, Prentice-Hall, Inc., Englewood Cliffs, New Jersey. For ;acmbcn with
cccentric loading, sec Artick 10.36.

4 See also Article 10.32.4.

= Except for the mandatory potch toughness and weldability requirements, the ASTM designations are simi ionati

R AASHTO requirements are prequalificd for use in welded bridges. ¥ imilar to the AASHTO desigastions. Sioels

! Quenched and tempered alloy steel structural shapes and scamless mechanical tubing mecting all mechanical and chemi i i
709 Grades 100/100W except that the specified maximum tensile strength may be 140,000 psi for structural zthc:dmd 14? g)ﬂmumdhuﬁ
mechanical tubing, shall be considered as A 709 Grades 100/100W steel. '

% This shall apply to pins used primarily in axially loaded members, such as truss members and cable adjusting li ;

. I 1 by expansion or iy ljusting links. It shall not apply to pins used

& M 770 Gr. 36 and A 709 Gr. 36 are equivalent to M 183 and A 36

M 270 Gr. 50 and A 709 Gr. 50 are equivalent to M 223 Gr. 50 and A 572 Gr. 50
M 270 Gz SOW and A 709 Gr. SOW are equivalent to M 222 and A 588
M 270 Gr. TOW and A 709 Gr. 70W are equivalent o A 852
M 270 Gr. 100/100W and A 709 Gr. 100/100W are equivalent to M 244 and A 514
b: When dx;f-ra!;:: holes dcdutg!:g‘f‘ocrrhi_xl}*ltrcﬂsm bﬂ!l;cor rivets is more than 15 percent of the gross ares, that area in excess of 15 percent shall
deducted from the gross area in mining stress on the gross section, In det i inch-di
o as e siall be deducted. 2 pid etermining gross section, any open holes larger than 1% inch-diam-
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252 HIGHWAY BRIDGES 10.32.3.1.5

TABLE 1032.3A  Allowable Stresses for Low-Carbon
Steel Bolts and Power Driven Rivets (in psi)

Shear
Bearing-
Type of Fastener ~ Tension®  Bearing® Cmn;%tgn%c
(A) Low-Carbon Steel 18,000 20,000 11,000
Bolts* Turned Bolts
(ASTM A 307)
Ribbed Bolts
(B) Power-Driven Rivets
(rivets driven by
preumatically or
electrically operated
hammers are
considered power
driven)
Structural Steel Rivet —_— 40,000
Grade 1 (ASTM A 502 13300
Grade 1)
Structural Steel Rivet — — 40,000 20,000
. (high-streagth)
Grade 2 (ASTM A 502
Grade 2)

M 253 (ASTM A 490) bolts shall be as listed in Table
10.32.3B.

10.32.3.2.1 In addition to the allowable stress re-
quirements of Article 10,32.3.2 the force on a slip-critical
connection as defined in Article 10.24.1.4 shall not exceed
the allowable slip force (P,) of the connection according
to:

P, = FANN,

Where;

F, = nominal slip resistance per unit of bolt area from
Table 10.32.3C, ksi.

A, = area corresponding to the nominal body area of
the bolt sq in.

TABLE 10.32.3B  Allowable Stresses on High-Strength
Bolts or Connected Material (ksi)

“ASTM A 307 boits shall not be used in connections subject to

* Applics © fastencr cross-sectional area based upon nominal body
diameter

€ Applies to nominal diameter of fastener multiplied by the thickness
of the metal *'j,‘
or Table 11.5B, shall have single self-locking nuts or
double nuts.

10.32.3.1.6 Joints, utilizing high-strength bolts,
required to resist shear between their connected parts are
designated as either slip-critical (See Article 10.24.1.4)
or bearing-type connections. Shear connections sub-
jected to stress reversal, or where slippage would be un-
desirable, shall be slip-critical connections. Potential slip
of joints should be investigated at intermediate load
stages especially those joints located in composite
regions.

10.32.3.1.7 The percentage of unit stress increase
shown in Article 3.22, Combination of Loads, shall apply
to allowable stresses in bolted slip-critical connections
using high-strength bolts, except that in no case shall the
percentage of allowable stress exceed 133 percent, and the
requirements of Article 10.32.3.3 shall not be exceeded.

10.32.3.1.8 Bolted bearing-type connections shall
be limited to members in compression and secondary
members.

10.323.2 The allowable stress in shear, bearing and
tension for AASHTOM 164 (ASTM A.325) and AASHTO

AASHTO AASHTO

M 164 M 253
- (ASTM (ASTM
Load Condition A 325) A 490)
Applied Static Tension™ kK 47
Shear, F,, on bolt with threads in
shear plane** 19* 24
Bearing, F,, on connected material
in standard, oversize, short-slotted 0.5L.F,
holes loaded in any direction, or e
long-slotted holes parallel to the d
applied bearing force

Bearing, F,, on connected material
in long-slotted holes perpendicular  9ALFy _ o op 1ans
to the applied bearing force d

*The tensile strength of M 164 (A 325) bolts decreases for diameters
greater thaa 1 inch. The design values listed are for bolts up to 1 inch
diameter. The design values shall be multiplied by 0.875 for diameters
greater than 1 inch.

b Bolts must be tensioned to requirements of Table 11.5A, Div IL.

¢See Article 10.32.3.4 for bolts subject to tensile fatigue.

“In connections transmitting axial force whose length between ex-
treme fasteners measured parallel to the line of force exceeds 50 inches,
tabulated values shall be reduced 20 percent.

«If material thickness or joint details preclude threads in the shear
plane, multiply tabulated values by 1.25.

'F, = specified minimum teasile strength of connected material,

s Connections using high-strength bolts in slotted holes with the load
applicd in a dircction other than approximately normal (between 80 and
100 degrees) to the axis of the hole and connections with bolts in
oversized holes shall be designed for resistance against slip in accord -
ance with Article 10.32.3.2.1, ~

L, is equal to the clear distance between the holes or between the
hole and the edge of the material in the direction of the applied bearing
force, in. and d is the nominal diameter of the bolt, in.

I'The allowable bearing force for the connection is equal to the sum
of the allowable bearing forces for the individual bolts in the connce-
tion.

JAASHTO M 164 (ASTM A 325) and AASHTO M 253 (ASTM
A 490) high-strength bolts are available in three types, designated as
types 1, 2, or 3. Type 3 shall be required on the plans when using
unpainted AASHTO M 270 Grade SOW (ASTM A 709 Grade 50W).
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N, = number of bolts in the joint.
N, = number of slip planes,

Class A, B, or C swiface conditions of the bolted parts as
defined in Table 10.32.3C shall be used in joints desig-
nated as slip-critical except as permitted in Article
1032322

1032322 Subject to the approval of the Engineer,
coatings providing a slip coeflicient less than 0.33 may be
used W\Vi&a\i the mean slip coefticient is established by
test in accondance with the requirements of Article
10.32.3.2.3, and the slip resistance per unit area are es-
tablished. The slip resistance per unit area shall be taken
as equal to the slip resistance per unit area from Table
10.32.3C for Class A coatings as appropriate for the hole
type and bolt type times the slip coefTicient determined by
test divided by 0.33.

10‘3;’?.5.2.3 Paint, used on the faying surfaces of
connections specified to be slip-critical, shall be qualified
by test in accordance with “Test Method to Determine the
Slip Coefficient for Coatings Used in Bolted Joints™ as
adopted by the Research Council on Structural Connec-
tons. See Appendix A of Allowable Stress Design Speci-
fication for Structural Joints Using ASTM A 325 or A490
Bolts published by the Research Council on Structural
Connections.

10.32.3.3 Applied Tension, Combined Tension
and Shear

10.32.3.3.1 High-strength bolts preferably shall be
used for fasteners subject to tension or combined tension
and shear.

10.32.3.3.2 Bolts required to support applied load by
means of direct tension shall be so proportioned that their
average tensile stress computed on the basis of nominal
bolt area will not exceed the appropriate stress in Table
10.32.3B. The applicd load shall be the sum of the exter-
nal load and any tension resulting from prying action. The
tension due to the prying action shall be

3
=2 —|T
Q [83 20]

Q = the prying tension per bolt (taken as zero when
negative);

T = the direct tension per bolt due to external load;

a = distance from center of bolt to edge of plate in
inches;

b = distance from center of bolt under consideration
to toe of fillet of connected part in inches;

t = thickness of thinnest part connected in inches.

(10-13)

where:

TABLE 1032.3C  Nominal Slip Resistance for Slip-Critical Connections (Slip Resistance per Unit of Bolt Area, F,, ksi)

Hole Type and Direction of Load Application

Any Direction

Transverse Parallel
. Oversized and
Standard Short Slot Long Slots Long Slots
AASHTO AASHTO AASHTO AASHTO AASHTO AASHTO AASHTO AASHTO
M 164 M 253 M 164 M 253 M 164 M 253 M 164 M 253
(ASTM  (ASTM (ASTM (ASTM (ASTM (AST™M (ASTM (ASTM
Contact Surface of Bolted Parts A 325)* A 4%0) A 325) A 490) A 325) A 490) A 325) A 490)
Class A (Slip Cocfficient 0.33) 15 i 13 16 11 13 9
Clean mill scale and blast- 1
A coatings”®
Class B (Slip Cocfficient 0.50) 23 2 19 24
? Blast-cleaned surfaces and 16 » u n
blast-cleancd surfaces with
Class B coatings”
Class C (Slip Coefficient 0.33) 15 19 13 16 1 13
Hot-dip galvanized surfaces i 1
and roughened by m
brushing after galvanizing

.

*The tensile strength of M 164 (A 325) bolts decreases for diameters greater than 1 inch. The desi isted {
inch diameter. The dmgnov:l;c:shan be multiplied by 0,875 for diameters greater than 1 inch. g vaues [sted are forbols pto
dassified as or Class B include those coatings which provide a mean slip coefficien
Coatings _ _ : i t not less than 0.3 or 0.
respectively, as determined by Testing Method to Determine the Slip Cocfficient for Coatings U:::!p in Bolted Joiats. See Articl 1’0.3;“3?;:
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10.32.3.3

10.32.3.3.3 For combined shear and tension in
slip-critical joints using high-strength bolts where applied
forces reduce the total clamping force on the fric-
tion plane, the slip resistance per unit area of bolt, f,, shall
not exceed the value obtained from the following equation:

f. = F(1 ~ 1.88(/F,) (10-14)

where:

f, = computed tensile stress in the bolt due to applied
:(c;:.xds including any stress due to prying action,
i;
F; = nominal slip resistance per unit of bolt area from
Table 10.32.3C, ksi;
Fu= 120 ksi for M 164 (A 325) bolts up to l-inch
diameter;
= 105 ksi for M 164 (A 325) bolts over l-inch
diameter;
= 150 ksi for M 253 (A 490) bolts.

10.32.3.3.4 Where rivets or high-strength bolts are
subject to both shear and tension, the tensile stress shall not
exceed the value obtained from the following equations:

for f/F, = 0.33
_ F; =F, (10-15)

for f/F, > 033
F = Fn/l—(f,, IF,)? (10-16)

where:
f, = computed rivet or bolt shear stress in shear, ksi;
F, = allowable shear stress on rivet or bolt from Table
10.32.3A or Table 10.32.3B, ksi;
F, = allowable tensile stress on rivet or bolt from
Table 10.32.3A or Table 10.32.3B, ksi;
F, = reduced allowable tensile stress on rivet or bolt
due to the applied shear stress, ksi.
s+ k' =8 (10-17)
s = the computed rivet or bolt unit stress in shear;
s t = the computed rivet or bolt unit stress in tension,
including any stress due to prying action;
S = the allowable rivet or bolt unit stress in shear;
k = a constant: 0.75 for rivets; 0.6 for high-strength
bolts with thread excluded from shear plane.

103234 Fatigue

When subject to tensile fatigue loading, the tensile
stress in the bolt due to the service load plus the pry-
ing force resulting from application of service load

shall not exceed the following design stresses in kips
per square inch. The nominal diameter of the bolt shall
be used in calculating the bolt stress. The prying
force shall not exceed 60 percent of the externally applied
load.

AASHTO AASHTO
M 164 M 253
(ASTM (ASTM
Number of Cycles A 325) A 490)
Not more than 20,000 38 47
From 20,000 to 500,000 355 44.0
More than 500,000 27.5 34.0

10.32.4 Pins, Rollers, and Expansion Rockers

10.32.4.1 The effective bearing area of a pin shall be
its diameter multiplied by the thickness of the material on
which it bears. When parts in contact have different yield
points, F, shall be the smaller value.

10.32.4.2 Bearing per linear inch on expansion rock-
ers and rollers shall not exceed the values obtained by the
following formulas:

Diameters up to 25 inches:

F, -13,000
20,000

600d (10-18)

Diameters 25 to 125 inches:

F, -13,000

30,000 3,000/d (10-19)

p:

where:

p = allowable bearing in pounds per linear inch:
= diameter of rocker or roller in inches;
F, = minimum yield point in tension of steel in
the roller or bearing plate, whichever is the
smaller.

Expansion rollers shall be not less than 4 inches in diam-
eter.

10.32.43 Design stresses for Steel Bars, Carbon Cold
Finished Standard Quality, AASHTO M 169 (ASTM A
108), and Steel Forgings, Carbon and Alloy, for General
Industrial Use, AASHTOM 102 (ASTM A 668), are given
in Table 10.32.4.3A,
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TABLE 10.32.43A  Allowable Stresses—Steel Bars and Steel Forgings
AASHTO Designation with Size - M 1694 in in M 1027To0 20 MI102To20 M102To 1O MlO}TﬁaZﬂ
Limitations dia. orless  in. india. in. in dia. in. in dia. in. in dia.
ASTM Designation Grade or Class —_ A 108 A 668 A 663 A 668 A 668°
Grades 1016 Class C Class D Class F Class G
1030 incl.
Minimum Yield Point, psi Fy 36,000* 33,000 37,500 50,000 50,000
Stress in Extreme Fiber, psi 0.80F, 29,000* 26,000 30,000 40,000 40,000
Shear, psi 0.40F, 14,000° 13,000 15,000 20,000 20,000
Bearing on Pins not Subject to Rotation, 0.80F, 29,000 26,000 30,000 40,000 40,000
psi
Bearing on Pins Subject to Rotation, psi 0.40F, 14,000* 13,000 15,000 20,000 20,000
(such as used in rockers and hinges)
that material will

*For design purposcs only. Not a part of the A 108 specifications. Supplemeatary material requircments should provide guarantee

meet these values,
*May substitute rolled material of the same propertics.

. “This shall apply to pins used primarily in axially loaded members, such

. in members having rotation caused by expansion or deflection.

10.32.5 Cast Steel, Ductile Iron Castings, Malleable
Castings, and Cast Iron '

103251 Cast Steel and Ductilé Iron

10.32.5.1.1 For cast steel conforming to speci-
fications for Steel Castings for Highway Bridges,
AASHTO M 192 (ASTM A 486), Mild-to-Medium-

Strength Carbon-Steel Castings for General Application,

AASHTO M 103 (ASTM A 27), and Corrosion-Resistant
Iron-Chromium, Iron-Chromium-Nickel and Nickel-
Based Alloy Castings for General Application, AASHTO
M 163 (ASTM A 743), and for Ductile Iron Cast-
ings (ASTM A 536), the allowable stresses in pounds
per square inch shall be in accordance with Table

10.32.5.1A.

10.32.5.1.2 When in contact with castings or steel of
a different yicld point, the allowable unit bearing stress of
the material with the lower yield point shall govern. For
riveted or bolted connections, Article 10.32.3 shall govern.

10.32.5.2 Malleable Castings

Malleable castings shall conform to specifications for
Malleable Iron Castings, ASTM A 47 Grade 35018. The

following allowable stresses in pounds per square inch
shall be used:

TenSion ,.ooveorarreoenanaces eresaens 18,000
Bending in Extreme Fiber ......... cerees 18,000
Modulus of Elasticity ............... 25,000,000

as truss members and cable adjusting links. 1t shall not apply to

pins used

1032.5.3 CastlIron

Cast iron castings shall conform to specifications for
Gray Iron Castings, AASHTO M 105 (ASTM A 48), Class
30B. The following allowable stresses in pounds per
square inch shall be used:

Bending in Extreme Fiber ............... 3,000
ShEAr ....vvvvvencccnsenonncsnssnnncs 3,000
Direct Compression, Short Columas ....... 12,000

10.32.5.4 Bronze or Copper-Alloy

10.32.5.4.1 Bronze castings, AASHTO M 107
(ASTM B 22), Copper Alloys 913 or 911, or Copper-
Alloy Plates, AASHTO M 108 (ASTM B 100), shall be
specified.

10.32.5.4.2 The allowable unit-bearing stress in
pounds per square inch on bronze castings or copper-alloy
plates shall be 2,000.

10.32.6 Bearing on Masonry

10.32.6.1 The allowable unit-bearing stress in

" pounds per square inch on the following types of masonry

shall be:
Granite .......covuirmineiniirananeanen 800
Sandstone and Limestone . . .... hreaenaeeas 400

10.32.6.2 The above bridge seat unit stress will apply
only where the edge of the bridge seat projects at least 3
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10.34.2.1.4

DIVISION 1--DESIGN 257

In the above b is the flange plate width, tis the thickness,
and f, is the calculated maximum compressive bending
stress. (See Article 10.40.3 foe Hybrid Gieders.)

et 10.34.2.1.5  Inthe case of {&fi@mm ginder Whe ratio

O LG e

s b vty
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of the top compression flange plate width to thickness
shall not exceed the value determined by the formula:

. b 3250 putin no ease shall (10-21)
e U Jlin bitexceed 24

Sy Sty s Ly e
— [ 4 P {‘ﬁ o= L'I

where fm is the top flange compressive stress due 1o non-
composite dead load.

4

. S
K

P

10.34.2.2

10.34.2.2.1 Flange angles shall form as large a part
of the area of the flange as practicable. Side plates shall
not be used except where Nange angles exceeding ¥4 inch
in thickness otherwise would be required.

10.34.2.2.2 Width of outstanding legs of flange
angles in compression, except those reinforced by
plates, shall not exceed the value determined by the for-
mula:
4 31

b =(@ but in no case shall
t

10-22
:] fy blt exceed 12 ( )

10.34.2.2.3 Where the calculated compressive bend-
ing stress equals 0.55 F,, the b/t ratios for the various
grades of steel shall not exceed the following: '

36,000 psi, Y.P. Min. b/t = 11
50,000 psi, Y.P. Min. b/t = 10
70000 psi, Y.P. Min. b'/t = 8.5
90,000 psi, YP. Min. b't = 7.5
100,000 psi, Y. Min. b't = 7

10.34.2.2.4 In the case of a composite girder the
width of outstanding legs of top flange angles in com-
pression, except those reinforced by plates, shall not ex-
ceed the value determined by the following formula: S
512

PLS@ but in no case shall (10-23)

t :Ifan b'ft exceed 12
In the above b’ is the width of a flange angle, tis the thick-
ness{T,]is the calculated maximum compressive. stress,

and f,q 15 the top flange compressive stress due to non-
composite dead load.

¥
J—
| 7l o
o ) _46} STH- < /*/ [
‘«J [TRE
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10.34.2.2.5 The gross arca of the compression
flange, except for composite design, shall be not less than
the gross area of the tension flange.

10.34.2.2.6  Flange plates shall be of equal thickness,
or shall decrease in thickness from the flange angles out-
ward. No plate shall have a thickness greater than that of
the flange angles.

10.34.2.2.7 At least one cover plate of the top
flange shall extend the full length of the girder except
when the flange is covered with concrete. Any cover plate
that is not full length shall extend beyond the theo-
retical cutoff point far enough to develop the capacity
of the plate or shall extend to a section where the stress
in the remainder of the girder flange is equal to the al-
lowable fatigue stress, whichever is greater. The theo-
retical cutoff point of the cover plate is the section at
which the stress in the flange without that cover plate
equals the allowable stress, exclusive of fatigue con-
siderations.

10.34.2.2.8 The number of fasteners connecting the
flange angles to the web plate shall be sufficient to de-
velop the increment of flange stress transmitted to the
flange angles, combined with any load that is applied di-
rectly to the flange.

10.34.2.2.9 Legs of angles 6 inches or greater in
width, connected to web plates, shall have two lines of
fasteners. Cover plates over 14 inches wide shall have four
lines of fasteners.

10.34.3 Thickness of Web Plates
10.34.3.1 Girders Not Stiffened Longitudinally

10.34.3.1.1 The web plate thickness of plate girders

without longitudinal stiffeners shall not be less than that

determined by the formulas, ,
u# sh

' « ‘*g A

D4t
LSRR ML, ?53:‘-]-:-‘:— (See Figure 10.34.3.1A.) (10-24)
X @ Zﬁi‘ RS
e 98
but in no case shall the thickness be less than D/170, 1

F.2 %
) 10.34.3.1.2 Where the calculated compressive bend-
ing stress in the flange equals the allowable bending
stress, the thickness of the web plate (with the web stiff-
ened or not stiffened, depending on the requirements for
transverse stiffeners) shall not be less than (where the Y.P.

is for the flange material):

by s 20 by e ST=37

WF2 18

F }L?M < .31?:?(5

ot meeded

J s LLLJI.«O# ~)f: - Il oo

L.sT n&a/cc]
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50 - A7 P et
36,000 psi, Y.P. Min. D/165 i3ty in combination with one longitudinal stiffener shall not be
50,000 psi, Y.P. Min, D/140 less than (where the Y.P. is for the flange material):
70,000 psi, Y.P. Min. D/115 ST - g7 D,
90,000 psi, Y.P. Min. D/105 36,000 psi, Y.P. Min. D/330
100,000 psi, Y.P. Min. D/100 50,000 psi, Y.P. Min. D/280
70,000 psi, Y.P. Min. D/230
10.343.2  Girders Stiffened Longitudinally 90,000 psi, Y.P. Min. D/210

100,000 psi, Y.P. Min. D/200

10.34.3.2.1 'The web plate thickness of plate girders ‘
equipped with longitudinal stiffeners shall not be less than In the above, D (depth of web) is the clear unsupported
that determined by the formula: distance in inches between flange components, t, is the
web thickness, and f, is the calculated flange bending

i DJT, stress. ‘ ‘
Ll ;L L*’f;r t, = J-: (See Figure 10.34.3.1A4) (10-25) ) . /
46,000 o Ly %» [+ J:,J [Ig—

10.34.4 ’I‘ransveLrSe Intermediate Stiffeners

but in no case shall the thickness be less than D/340.
A 10.34.4.1 Transverse intermediate stiffeners may
10.34.3.2.2 Where the calculated bending stress in ~ be omitted if the average calculated unit-shearing stress
the flange equals the allowable bending stress, the thick-  in the gross section of the web plate at the point con-

ness of the web plate stiffened with transverse stiffeners sidered, f,, is less than the value given by the following
equation: A 4
.Spwl 53.7("1
130 T T ~ T 'n LABMAN RN | 260 y - m\!«:— =é“——-————7-33"”x S-F—y (10'26)
= \w=3/4"" g!;[ A D'-_ v (D/(w)z 3
‘3"‘“7::\;11/15-' - e b 240 J . D /s ‘*-"‘ v ek r(er'Pi‘L‘S'Ttﬂ»J oy st
ws it N(y‘é'&{:"%“"‘*‘“: N A e e el AN
t I -/ where * ST=37 (gl 1ao3t =49
no T P T ey 2 B phare b
Sota FT 1 8l o D = unsupported depth of web plate between flanges
: X T . g |; ppo! P p
w0 ——H Nt T8 in inches;
2 o tw=o/16"L AL\ } p t, = thickness of the web plate in inches;
g e o W\ \\ 150 F, = allowable shear stress in psi.
~ tw=17 2 \y\l\;\ "N ] 8
) it \\ VA A E . gs 10.34.4.2 Where transverse intermediate stiffeners
fd S R I\ VR W 8 g2 are required, the spacing of the transverse intermediate
. S Ho £ 3 stiffener shall be such that the actual shearing stress will
5. 70 p NER £ : ; 5 not exceed the value given by the following equation; the
gog- S NAwEAN N, § £ maximum spacing is further limited :qi{lﬁmj is subject
23 oM : \4 Ry €& to the handling requirement below; ~—_
£s [ tw=5/16" N Tt a® (D& F
[P snannanavnn-asn-unias I 1
- - o
=2 N LT 2 F, . - ‘ )
o [ Seana i £ F,=-t|c+-2870-C) (10-27)
5 o i1 0 &3 } ;]1+(d‘,/[:22 !
- : e SV IST T S ¥ ISR oF, " Syl
s 111 TS ?%f(;ﬁf" ! NN -t L e ¢
g 16 20 30 40 50 The constant C is équal to the buckling shear stress

1, (ksi) divided by the shear yield stress, and is determined as
WEB THICKNESS AND GIRDER DEPTH follows: ’ 150
«{a tunction of bending stress) V L
D = depth of web ] D tf‘é.mwfwl
Ly * thickness of web or —
fy, * cailculated compressive bending siress in flange tw k

3{

-
C=1.0

FIGURE 10.34.3.1A. Web Thickness vs. Girder Depth
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d, = spacing of intermediate stiffener
F, = yield strength of the web plate

(F,/3) in Equation (10-27) can be replaced by the allow-
able shearing stress given in Table 10.32.1A.”

verse stiffeners shall be required if D/t,, is greater
t.han _than 150, For panels without longitudinal sgﬂgniz; f%
spacing “spacing of these stiffeners shall not exceed D[260/(D/t,.)]
to ensure efficient handling, fabrication, afid €fection of
the girders.

10.34.4.3 The spacing of the first intermediate stiff-

ener at the simple support end of a girder shall be such that

“the she:mng stress in the end panel shall not exceed the

value given by the_following equation (the maximum
spacing is limited to 1.5D) 3&

B, =CF/3=<F/3 (10-29)

10.34.4.4 If a girder panel is subjected to simultane-

ous action of shear and bending moment with the magpi-

tude of the shear stress higher\thearlaﬁ F,,} the bending

stress, F 1) Shan bC lim‘ltﬁd to:
AN
F, = (754 — 34{/F)F,

(14:30)

L N A T A
pe ! { j;(‘e/j -Ti ’ i )W FT { )/"’ U: ~~~~~ :ﬂf » L"K’f w;{:,‘ f’”’r iwg,; ; - { gf
5o oo ! i O d et ,n‘ gl 2k e
103442 et A e BEstal £ e g
for: ) 10.34.4.5 Where the calculated shear stress equals the
122 122 allowable shear stress, transverse intermediate stiffeners
(6“0%"[ s(D/t,) gﬁww 5:;6 Jk may be omitted if the thickness of the web is not less than:
F,
Y y N

153 (10-28) 16,000 psi, Y.P. Min. D/78

_(6,000k ) . 50,000 psi, Y.P. Min. D/66

T, <z ® 70,000 psi, Y.P. Min. D/56

90,000 psi, Y.P. Min. D/50

for: 130 100,000 psi, Y.P. Min. D/47

(7,500
D/t, = S e 10,34.4.6 Intermediate stiffeners preferably shall be
306 JF,’ 4 (10-28A) made of plates for welded plate girders and shall be made
N 07 of angles for riveted plate girders. They may be in pairs,
Cm one stiffener fastened on each side of the web plate, with
(D/t )2 c{n 8 a tight fit at the compression flange. They may, however,
° be made of a single stiffener fastened to one side of the
where: web plate. Stiffeners provided on only one side of the web
_3 must be in bearing against, but need not be attached to, the
k=5+ (10 28B) T be effective. How-
(d, /D)y %}, jI_compression flange for the stiffener to be

SREY pa e P ever, transverse stiffeners which connect diaphragms or

crossframes to the beam or girder shall be rigidly con-
nected to both the top and bottom flanges.
/,
wj Lur ,f)“ } /«* -~ -}
10.3:1 AT The mc?rgzm of {ncma of any type of trans-
verse stiffener with reference to the mid-plane of the web

hall not be less than.,
mﬁu,; NP P LU“xdﬁs o
I= dot.,J (10-31)
where: e p T g W;%i:‘f -
[

IJ=25 (Dldo) -2, but not less than 0.5 (10-32)

In these expressions,

I = minimum permissible moment of inertia of any
type of transverse intermediate stiffener in
inches®;

] = required ratio of rigidity of one transverse stiffener
to that of the web plate;

d, = actual distance between stiffeners in inches;
D = unsupported depth of web plate between flange
components in inches for transversely stiffened
) 8girders, or maximum subpanel depth in inches for
longitudinally stiffened girders;
t, = thickness of the web plate in inches.

Scanned by CamScanner

qnl’, wihen (io-2F) 15 wSce The gross cro —si?ronal area of intermediate trans-
,whc e, il S ; ?vcrsc stiffeners-Shall “greater than:
T ’ el NE b oy
1, v;veragc a{culatcd unit-shearing strc?g at the 27l lu el It s 4
section; live load shall be the load to produce e A= 0. ISBth(l - C) (f/F,) — 18 g1y (10—32a)f
maximum moment at the section under consag, M) oA (-d) b ,.u Y SR 1T .Awﬂ
cration Where Y is the ratio of wgp__ late yield strength to stiffener
F, = value obtained from Equation (10-27). plate yield strength:(B = 1.0¥or stiffener pairs, 1 8 §Dr sin-
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10.34.4.7

gle angles, and 2.4 for single plates; and C is computed by
Article 10.34.4.2. When values computed by Equation
(10-32a) approach zero or are negative, then transverse
stiffeners need only meet the requirements of Equation
(10-31), and the requirements of Article 10.34.4.10.

= 103448 When stiffeners are in pairs, the moment

of inertia shall be taken about the center line of the web

plate. When single stiffeners are used, the moment of
inertia shall be taken about the face in contact with the .
web plate. QO (e Lo -
P ORIy o E ey
v : 103449  Transverse intermediate stiffeners need not
1 &, .be in bearing with the tension flange. The distance be-
W2 '3 tween the end of the stiffener weld and the near edge of
<« be the web-to-flange fillet welds shall not be less than 4t,, or
W 4+ - more than 6t,. Stiffeners at points of concentrated loading
: - shall be -plm:ed‘ in pairs and should be designed in accor-
T > d.ance with Article 10.34.6. However, transverse stiffeners
- which connect diaphragms or crossframes. to, the beam or
girdet shall be rigidly connected to_both the top and.bot;

"~ tom flanges. IR, 3 :Nj 290 ke
- SV va » f{ ~:~J-} e j“ {i}

N

3 e F »

S -
e s, v SWE L, L

o \Jl ‘j\” 1034410 The width ofi a plate or Héﬁt’st&nding

<7 U7 leg of an angle intermediate stiffener shall not be less than

2 inches plus Y40 the depth of the girder, and it shall prefer-

ably not be less than Y4 the full width of the girder flange.

The thickness of a plate or the outstanding leg of an angle

intermediate stiffener shall not be less than Yis its width.

Intermediate stiffeners may be AASHTO M 270 Grade 36

steel.

/

p ot i, , g
?uf“:n"’x.}{;f 15 e ")“i?\_,.r:“
10345 Longitudinal Stiffeners

10.34.5.1 The center line of a plate longitudinal stiff-
ener or the gage line of an angle longitudinal stiffener
shall be D/5 from the inner surface or leg of the compres-

Lo

10.34.5.2  The thickness of the longitudinal stiffener
t, shall not be less than;

b': ! fy,
(T
LT D
where: b

b' = width of stiffeners;
fv = calculated compressive bending stress in the
flanpe,

(10-34)

7 Wy ot

10.34.5.3 The stress in the stiffener shall not be
greater than the basic allowable bending stress for the ma-
terial used in the stiffener.

10.34.54  Longitudinal stiffeners are usually placed
on one side only of the web plate. They need not be con-
tinuous and may be cut at their intersections with the
transverse stiffencrs,

4-$10.34.55 For longitudinally stiffened girders, trans-

verse stiffeners shall be spaced a distance, d,, according to
shear capacity as specified in Article 10.34.4.2, but not
more than 1.5 times the maximum subpanel depth. The
handling requirement given in Article 10.34.4.2 shall not
apply to longitudinally stiffened girders. The spacing of
the first transverse stiffener at the simple support end of a
longitudinally stiffened girder shall be such that the shear-
ing stress in the end panel does not exceed the value given
in Article 10.34.4.3. The maximum spacing of the first
transverse stiffencr at the simple support end of a longitu-
dinally stiffened girder is limited to 1.5 times the maxi-
mum subpanel depth. The total web depth D shall be used
in determining the shear capacity of longitudinally stiff-
ened girders in Articles 10.34.4.2 and 10.34.4.3.

sion flange component. The longitudinal stiffener shall be —3> 10.34.5.6 Transverse stiffeners for girder panels with

proporticned so that:
42
I=Dti[2.4«6%--0.13

where:

I = minimum moment of inertia of the longitudinal
stiffener about its edge in contact with the web
plate in inches;

D = unsupported distance between flange compo-
nents in inches;

t, = thickness of the web plate in inches;

C(10-33) T 3N S

longitudinal stiffeners shall be designed according to Ar-
ticle 10.34.4.7 except that the maximu Subpanel depth

T

shall be used instead of the total panel dep ,D.

« S ‘:3
10.34.6 Bearing Stiﬂenew 2 D st

10.34.6.1 Welded Girders

Over the end bearings of welded plate girders and
over the intermediate bearings of continuous welded
plate girders there shall be stiffeners. They shall extend
as nearly as practicable to the outer edges of the flange
plates. They preferably shall be made of plates placed

d, = actual distance between transverse s%&t{gﬁj > on both sides of the web plate. Bearing stiffeners shall

inches,

- be designed as columns, and their connection to the

[——

b e
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v:.'eb shall be designed to transmit the entire end reac-
tion to the bearings. For stiffeners consisting of two
plates, the column section shall be assumed to comprise
the two plates and a centrally located strip of the web
plate whose width is equal to not fiﬁ?éwtlmn 18 times

.gits thickness. For stiffencrs consisting of four or more
plates, the column section shall be assumed to comprise
the four or more plates and a centrally located strip of
the web plate whose width is equal to that enclosed by
1!1:: four or more plates plus a width of not more than 18
times the web plate thickness. (Sce Article 10.40 for
Hybrid Girders.) The radius of gyration shall be
computed about the axis through the center line of the
web plate. The stiffeners shall be ground to fit against
the flange through which they receive their reaction, or
attached to the flange by full penetration groove welds.
Qnly the portions of the stiffeners outside the flange-
to-w;eb plate welds shall be considered effective in
bearing. The thickness of the bearing stiffener plates shall
not be less than,

o

ryf’ wa,w“" 5
c* t,‘"x N

232~ %,
The allowable compressive stress and the bearing pressure
on the stiffeners shall not exceed the values specified in

Article 10.32.

10.34.6.2 Riveted or Bolted Girders

Over the end bearings of riveted or bolted plate girders
there shall be stiffener angles, the outstanding legs of
which shall extend as nearly as practicable to the outer
edge on the flange angle. Bearing stiffener angles shall
be proportioned for bearing on the outstanding legs of
flange angles, no allowance being made for the portions
of the legs being fitted to the fillets of the flange angles.
Bearing stiffeners shall be arranged, and their con-
nections to the web shall be designed to transmit the
entire end reaction to the bearings. They shall not be
crimped. The thickness of the bearing stiffener angles

shall not be less than:

v | F
12 33,000 (10-36)

The allowable compressive stress and the bearing pressure
on the stiffeners shall not exceed the values specified in
Article 10.32.

10.35 TRUSSES

10.35.1 Perforated Cover Plates and Lacing Bars
The shearing force normal to the member in the planes
of lacing or continuous perforated plates shall be assumed
divided equally between all such parallel planes. The
shearing force shall include that due to the weight of the
member plus any other external force. For compression
members, an additional force shall be added as obtained

by the following formula:

yo P [ 100 (CI0F,
“7Too| ¢/r+10 3,300,000

] (10-37)

In the above expression:

V = normal shearing force in pounds;

P = allowable compressive axial load on members in
pounds;

¢ = length of member in inches;

r = radius of gyration of section about the axis per-
pendicular to plane of lacing or perforated plate
in inches;

F, = specified minimum yield point of type of steel
being used.

10352 Compression Members—Thickness of
Metal

10.35.2.1 Compression members shall be so designed
that the main elements of the section will be connected
directly to the gusset plates, pins, or other members.

10.35.2.2 The center of gravity of a built-up section
shall coincide as nearly as practicable with the center of
the section. Preferably, segments shall be connected by
solid webs or perforated cover plates,

10.35.2.3 Plates supported on one side, outstanding
legs of angles and perforated plates—for outstanding
plates, outstanding legs of angles, and perforated plates at
the perforations, the b/t ratio of the plates or angle seg-
ments when used in compression shall not be greater than
the value obtained by use of the formula:

¢ 3
b L6B «—7= (10-39
CR VR .
\“‘.‘: "-s

but in no case shall b/t be greater than 12 for main mem-
bers and 16 for secondary members.

CamScanner CsiBridge.blog.ir
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10.35.2.3

(Note: b is the distance from the edge of plate or edge of
perforation to the point of support.)

10.352.4 When the compressive stress equals the
limiting factor of 0.44 F,, the b/ ratio of the segments in-
dicated above shall not be greater than the ratios shown
for the following grades of steel:

36.000 psi, Y.P. Min. bt = 12
50,000 psi, Y-P. Min. bt = 11
70,000 psi, Y.P. Min. bt = 9
90,000 psi, Y.P. Min. bt = 8
100,000 psi, YP. Min. bt = 7.5

10.35.2.5 Plates supported on two edges or webs of
main component segments—for members of box shape
consisting of main plates, rolled sections, or made up
component segments with cover plates, the b/t ratio of the
main plates or webs of the segments when used in com-
pression shall not be greater than the value obtained by
use of the formula:

b _ 4,000
t

but in no case shall b/t be greater than 45, %,

(Note: b is the distance between points of support for the
plate and between roots of flanges for the webs of rolled
segments.)

(10-39)

10.352.6 When the compressive stresses equal the
limiting factor of 0.44 F,, the b/t ratio of the plates and
segments indicated above shall not be greater than the ra-
tios shown for the following grades of steel:

36,000 psi, Y.P. Min. b/t = 32
50,000 psi, Y.P. Min. b/t = 27
70,000 psi, Y.P. Min. b/t = 23
90,000 psi, Y.P. Min. b/t = 20
100,000 psi, Y.P. Min. b/t = 19

10.35.2.7 Solid cover plates supported on two edges
or webs connecting main members or segments—for
members of H or box shapes consisting of solid cover
plates or solid webs connecting main plates or segments,
the b/t ratio of the solid cover plates or webs when used in
compression shall not be greater than the value obtained
by use of the formula:

(10-40)

- o
L

but in no case shall b/t be greater than 50,

(Note: b is the unsupported distance between points of
support.)

10.35.2.8  When the compressive stresses equal the
limiting factor of 0.44 F,, the b/t ratio of the cover plate
and webs indicated above shall not be greater than the ra-
tios shown for the following grades of steel:

36,000 psi, Y.P. Min. b/t = 40
50,000 psi, Y.P. Min, b/t = 34
70,000 psi, Y.P. Min. b/t = 28
90,000 psi, Y.P. Min. b/t = 25
100,000 psi, Y.P. Min. b/t = 24

10.35.2.9 Perforated cover plates supported on two
edges—for members of box shapes consisting of perfo-
rated cover plates connecting main plates or segments, the
Wt ratio of the perforated cover plates when used in com-
pression shall not be greater than the value obtained by
use of the formula:

(10-41)

B0 g

A

but in no case shall b/t be greater than 55.

(Note: b is the distance between points of support. Atten-
tion is directed to requirements for plate thickness at per-
forations, namely, plate supported on one side, which also
shall be satisfied.)

b _ 6,000
t

10.35.2.10 When the compressive stresses equal the
limiting factor of 0.44 F,, the b/t ratio of the perforated
cover plates shall not be greater than the ratios shown for
the following grades of steel;

36,000 psi, Y.P. Min. b/t = 48
50,000 psi, Y.P. Min. bt = 4]
70,000 psi, Y.P. Min. b/t = 34
90,000 psi, Y.P. Min. 't = 30
100,000 psi, Y.P. Min. b/t = 29

In the above expressions-—

f, = computed compressive stress;

b = width (defined as indicated for each expres-
sion);

t "= plate or web thickness,

10.35.2.11 ‘The point of support shall be the inner line
of fasteners or fillet welds connecting the plate to the main
segment. For plates butt welded to the flange edge of
rolled segments the point of support may be taken as the
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weld whenever the ratio of outstanding flange width to
flange thickness of the rolled segment is less than seven.
Otherwise, point of support shall be the root of flange of
rolled segment. Terminations of the butt welds are to be

1036 COMBINED STRESSES
All members subjected to both axial compression and

bending stresses shall be proportioned to satisfy the fol-
lowing requirements

fi Cﬁ&f o
=+ S C‘“‘,f“’ <10 (10-42)
F, 1 - _EL f,
g F’“ Fm (l b 'I?E;) Fby
LN P :
m +3§*+-§; < 1.0 (at points of support)
(10-43)
where \
2 B
. rE (10-44)

S L R—
FS. (K,L, /1)

f. = computed axial stress;

fi, orf,, = computed. compressive bending stress
about the x axis and y axis, respectively;

F, = axial stress that would be permitted if axial
force alone existed, regardless of the plane
of bending;

Fu. s, = compressive bending stress that would be
permitted if bending moment alone existed
about the x axis and the y axis, respec-
tively, as evaluated according to Table

10.32.1A;

F. = Euler buckling stress divided by a factor of
safety; ‘

E = modulus of elasticity of steel;

K, = effective length factor in the plane of bend-
ing (see Appendix C);

L - = actual unbraced length in the plane of
bending;

I = radius of gyration in the plane of bending;

Coue, C=y = cocfficient about the x axis and y axis, re-
spectively, whose value is taken from
Table 10.36A;

ES. = factor of safety = 2.12.

10.37 SOLID RIB ARCHES
10.37.1 Moment Amplification and Allowable Stress

10.37.1.1 Live load plus impact moments that are de-
termined by an analysis which neglects arch rib deflection
shall be increased by an amplification factor Ag

1
N -4
Ar=—170T (10-43)

JRE——

AF,

where
T = arch rib thrust at the quarter point from dead plus
live plus impact loading;

(10-46)

n’E Euler buckling stress)
F":(KL)Z( uler buckling
r

L = one-half of the length of the arch rib;
A = area of cross section;

r = radius of gyration;
K = factor to account for effective length.

K Vaiues for Use in Calculating F, and F,

Risc to Span 3-Hinged 2-Hinged )

Ratio Arch Arch Fixed Arch
0.1-0.2 L.16 1.04 0.70
02-0.3 113 1.10 0.70
0.3-04 1.16 116 0.72

10.37.1.2 The arch rib shall be proportioned to sat-
isfy the following requirement:

f,

£y
~L+—=2-<1 -47
FE (10-47)

where

f, = the computed axial stress;

f, = the calculated bending stress, including moment
amplification, at the extreme fiber;

F, = the allowable axial unit stress;

F, = the allowable bending unit stress.

10.37.1.3  For buckling in the vertical plane

l(l 2
F r i
R
F, 512 | ! B (10-48)

where KL is as defined above.

INTERIM INTE

. .
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10.37.14

TABLE 1036A  Bending-Compression Interaction Coefficients

Loading Conditions

Remarks Ca

Computed moments maximum at end; joint translation
not prevented

Computed moments maximum at end; no transverse
loading, joint translation prevented

Transverse loading; joint translation prevented

Transverse loading; joint translation prevented

W}f 0.85

[(0‘4%4( 0,6] >0.4

0.85

M, = smaller ead moment.

M, /M is positive when member is bent in single curvature,
M /M, is negative when member is bent in reverse curvature.
In all cases C,, may be conservatively taken equal to 1.0.

10.37.1.4 The effects of lateral slendemnégs should be

investigated. Tied arch ribs, with the tie and roadway sus- .

pended from the rib, are not subject to moment amplifica-
tion, and F, shall be based on an effective length equal to
the distance along the arch axis between suspenders, for
buckling in the vertical plane. However, the smaller cross-
sectional area of cable suspenders may result in an effec-
tive length slightly longer than the distance between sus-
penders.

10.37.2 'Web Plates
10.37.2.1 The depth to thickness ratio D/t, of the

web plates, having no longitudinal stiffeners, shall not be
greater than the following:

D _ 5,000

te

where t,, = web thickness.

, maximum D/, =60 (10-49)

10.37.2.2 If one longitudinal stiffener is used at mid-
depth of the web, maximum D/, shall be as follows:

7,500

D .
—_— , maximum D/t,, =90 10-50)
o VG R (

and the moment of inertia of the stiffener about an axis
parallel to the web and at the base of the stiffener shall be
equal to

L =0.75Dt, (10-51)

10.37.2.3 If two longitudinal stiffeners are used at
the one-third points of the web depth D, maximum Di/t,
shall be as follows: .

D _10.00  ximumDrk, =120  (10-52)
tw - .

and the moment of inertia of each stiffener shall be

L=22Dt (10-53)

10.37.2.4 The width to thickness ratio b'/t, of any

outstanding element of the web stiffeners shall not exceed
the following:

b" 1,625 .
- = -maximum b’ft, =12 (10-54)
' ,f,+—3\‘-

10.37.2.5 Web plate equations apply between limits

02 =% b <07

10-55
f, +f, ( )
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L0730 Flange Mates

TLAT.AL The by ratio for the width of flange plates
between webs shall be not greater than:

b 4,250
= e AR DY = 47 (10-56)
(PR AR

A7 The by, ratio for the overhang width of

flange plates shall be not greater than:

b’ Lols

-—

RN R N

(10-57)

+ maximum b’y =12

A 1 » {_\ I LI
1038 COMPOSITE GIRDERS
—

———

10381 General

1038, 1.1  This section pertains to structures com-
posad of steel girders with concrete slabs connected by
shear connectors,

1038.1.2  General specifications ;énaj ning to the de-
sign of concrete and steel structures shall apply to struc-
tures utilizing composite girders where such specifica-
tions are applicable. Compasite girders and slabs shall be
designed and the stresses computed by the composite mo-
ment of inertia method and shall be consistent with the
predetermined properties of the various materials used.

U ot

1038.13 The ratio of the moduli of elasticity of steel
(29,000,000 psi) to those of normal weight concrete (W =
145 pef) of various design strn:,ngl.hs sball.l??‘ :}fé’ullows:

f. = unit ultimate ?otrllpmn{- stréngthofconcrete as

determined by cylinder tests at the age of 28 days
in pounds per square inch.

n = ratio of modulus of elasticity of steel to that of
concrete. The value of n, as a function of the ul-
timate cylinder strength of concrete, shall be as-
sumed as follows:
2,000-2,300 n=1
2,400-2,800 =1
- 2,900-3.500 -

3,600-4,500
4,600-5,900
6,000 or more =

fe

e i J') "

-3 L

il
[= RS - - Y T

___& 1038.1.4 The effect of creep shall be considered in

the design of composite girders which have dead loads
acting on the composile section. In such structures,

2o 2498 kgbat
i : J

stresses and horizontal shears produced by dead loads act-
ing on the composite section shall be computed for n as
given above or for this value multiplied hy"_?_.] whichever
gives the higher stresses and shears. ———

10.38.1.5 If concrete with expansive characteristics
is used, composite design should be used with caution and
provision must be made in the design to accommodate the

expansion.

.—» 1038.1.6 Composite sections in simple spans and

the positive moment regions of continuous spans s.hmfld
preferably be proportioned so that the ncutral axis lies
below the top surface of the steel beam. Concrete on the
tension side of the neutral axis shall not be considered in
calculating resisting moments. In the ncgalivc.momcm re-
gions of continuous spans, only the slab reinforcement
can be considered to act compositely with the steel beams
in calculating resisting moments. Mechanical anchorages
shall be provided in the composite regions to develop
stresses on the plane joining the concrete and the steel.
Concrete on the tension side of the neutral axis may be
considered in computing moments of inertia for deflection
calculations and for determining stiffness factors used in
calculating moments and shears.

10.38.1.7 The steel beams, especially if not sup-
ported by intermediate falsework, shall be investigated for
stability and strength in accordance with Articles 10.50(c)
through (g) during the time the concrete is in place and be-
fore it has hardened. ", .
ot gl

510382 Shear Coniectors

10.382.1 The mechanical means used at the junction
of the girder and slab for the purpose of developing the
shear resistance necessary to produce composite action
shall conform to the specifications of the respective mate-
rials as provided in Divisicn II. The shear connectors shall
be of types that permit a thorough compaction of the con-
crete in order to ensure that their entire surfaces are in
contact with the concrete. They shall be capable of resist-
ing both horizontal and vertical movement between the
concrete and the steel.

103822 The capacity of stud and channel shear
connectors welded to the girders is given in Article
10.38.5. Channel shear connectors shall have at least

mm - .
4. 7 &4 Yieinch fillet w_Elis placed along the heel and toe of the

channel.

10.38.2.3 The clear depth of concrete cover over the

tops of the shear connectors shall be not less than 2 inches. &

Ef—\hn CAD
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Shear connectors shall penetrate at least 2 inches above

bottom of slab. g

A a3V

¢ C& # w
gl L

10.38.4.3 I the negative moment reglons of contin-
uous spans, the minimum longitudivgl reinforcement in-
cluding the longitudinal distribution reinforcement must
equal or exceed 1 percent of the cross-sectional area of the
concrete slab. Two-thirds of this required reinforcement is
to be placed in the top layer of slab within the effective
width, Placement of distribution steel as specified in Arti-
cle 3.24.10 is waived within the effective width,

10.38.2.4 The clear distance between the edge of a
™ girder flange and the edge of the shear connectors shall be
L2 & ot less than 1 inch. Adjacent stud shear connectors shall

..... RS

not be closer than 4 dgamcmrs center to center,

e *\%X Lo A D gt
1038.3  Effective Flange Width o |
10.38.4.4  When shear connectors are omitted from

the negative moment region, the longitudinal reinforce-

ment shall be extended into the positive moment region

beyond the anchorage connectors at least 40 times the re-

‘e‘,‘{m inforcement diameter. For epoxy-coated bam,, the length

(1) One-fourth of the span length of the girder. JT' to be extended into the positive rmmmntq region beyond

(2) The distance center to center of girders. 5 the anchorage connectors should be modified to comply
. withAdticle 82523, 7

(3) Twelve times the least thickness of the slab. 3 ﬁ ” :
10.38.5 Shear M{f) (J7 L 3“','{»"{*

B ——

10.38.5.1 Horizontal Shear

10.38.3.1 In composite girder construction the as-
sumed effective width of the slab as a T-beam flange shall
not exceed the following:

10.38.3.2 For girders having a flange on one side
only, the effective flange width shall not exceed one-
twelfth of the span length of the girder, or six times the ;
cc::i‘ﬂosvfstzi 2i131?é;r one-half the distance Semer ©.x The maximum pitch of shear connectors shall not ex-

' Xt girder. /{ -,> :L , < ceed 24 inches except over the interior supports of con-

tinuous beams where, wider spacing may be used to avoid

La XJUJ) ,Ip t }J‘b).m-« . . .
ol 1\,3:38‘4 Stresses R . placing connectors at Eocatmns!m" high stresses in the ten-
Mo B T s ul 0l O e - siodTlange A gLl s U U pus

# 10.38.4.1 Maximum compressive and tensile s~ ~Rdsistance to horizontal shear shall be provided by me-

stresses in girders that are not provided with temporary
supports during the placing of the permanent dead load
shall be the sum of the stresses produced by the dead loads
acting on the steel girders alone and the stresses produced
by the superimposed loads acting on the composite girder.
When girders are provided with effective intermediate
supports that are kept in place until the concrete has at-
tained 75 percent of its required 28-day strength, the dead
and live load stresses shall be computed on the basis of the

composite section.

1038.4.2 A continuous composite bridge may be
built with shear connectors either in the positive moment
regions or throughout the length of the bridge. The posi-
tive moment regions may be designed with composite 7

chanical shear connectors at the junction of the concrete
slab and the steel girder. The shear connectors shall be
mechanical devices placed transversely across the flange
of the girder spaced at regular or variable intervals, The
shear connectors shall be designed for fatigue* and
checked for ultimate sttength,

10.38.5.1.1 Fatigue

The range of horizontal shear shall be computed by the

formula:
v,
- S ‘T"";g' (10-58)

where:

sections as in simple spans. Shear connectors shall be 7 ()75, = range of horizontal shear, in kips per inch, at the

provided in the negative moment portion in which the re-
inforcement steel embedded in the concrete is considered
a part of the composite
steel embedded in the concrete is not used in computing
section properties for negative moments, shear connectors
need not be provided in these portions of the spans, but
additional anchorage connectors shall be placed in the re-
gion of the point of dead load contra-flexure in accordance
with Anticle 10.38.5.1.3. Shear connectors shall be pro-
vided in accordance with Article 10.38.5.

CsiBridge:blog:ir

‘ junction of the slab and girder at the point in the
span under consideration,;

section. In case the reinforcementV') , [ V. =range of shear due to live loads and impact

in kips; at any section, the range of shear shall
“be taken as the difference in the minimum and
maximum shear envelopes (excluding dead loads);

*Reference is made to the paper titled *Fatigue Strength of Shear Con-
nectors," by Roger G, Slutter and Joha W, Fisher, in Highway Research
Recond, No. 147, published by the Highway Research Board, Washing:

ton, D.C., 1966.
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Q = statical moment about the ncutral axis of the
composile section of the transformed compres-
sive concrete area or the arca of reinforcement

in cubic inches;

I = moment of incrtia of the transformed composite
girder in positive moment regions or the moment
of inertia provided by the steel beam including or
excluding the area of reinforcement embedded in
the concrete in negalive moment regions, in
inches to the fourth power.

{In the formula, the compressive concrete area is trans-
formed into an equivalent area of steel by dividing the ef-
fective concrete flange width by the modular ratio, n.)

The allowable range of horizontal shear, Z,, in pounds
on an individual connector is as follows:

Channels: cm L;" _ﬁfﬁ-{—w—
LJ‘LI’) p ll)-"jJL\_ jf z" = B\L;q—> /(10-59)
(pluy C2b ) ‘Aol 780

Welded studs (for H/d = 4): 2 /*ﬁ’*

. Lol Z=ad (10-60)
wheré:/ -/~ ) l._) ~ B 70 -

w = length of a channel shear connector, in inches,
measured in a transverse direction on the flange
of a girder;

d = diameter of stud in inches;

a = 13,000 for 100,000 cycles— <1’
10,600 for 500,000 cycles —> 745
7,850 for 2,000,000 cycles —> 25 Z
5,500 for over 2,000,000 cycles; e7 .

B = 4,000 for 100,000 cycles — 71
3,000 for 500,000 cycles-—

2,400 for 2,000,000 cycles ~2 9 )
2,100 for over 2,000,000 cycles; -+ 75
= . H = height of stud in inches.
Arp LA, |
The required pitch of shear connectors is determined
by dividing the allowable range of horizontal shear of all
connectors at one transverse girder cross-section (2Z,) by
the horizontal range of shear S,. Over the interior supports
of continuous beams the pitch may be modified to avoid
placing the connectors at locations of high stresses in
the tension flange provided that the total number of con-

nectors remains unchanged. ’

el

P

10.38.5.1.2 Ultimate Strength

The number of connectors so provided for fatigue shall
be checked to ensure that adequate cognectors are prg~
vided for ultimate strength. /) AP 19 o

Scanned by CamScanner CsiBridge.blog.ir

embedded in the concrete for negative momenty

z A vl ~ s ;
e .U' C'I)OF

The number of shear connectors required shall equal of
exceed the Bumbcr given by the formula:

Aok UAgs e Ny (10-61)

. HU.[“-' J“,J'_;l L [-)

where:
N, = number of conncctors between points of maxi-
mum positive moment and adjacent end sup-

ports; f.:
§, = ultimate strength of the shear connector as given

below;
b = reduction factor = 0.85;
P = force in the slab as defined hereafter

P;.

as P, or

i i iti the force in
At points of maximum positive moment, :
the slab is taken as the smaller value of the formulas:

P, = AFy (10-62)
or:
P, = 0.85£bt, (10-63)
where:
. A, =total area of the steel section including cover-
plates; .
F, = specified minimum yield point of the steel being
,used;
£/ = compressive strength of concrete at age of 28
days;

b = effective flange width given in Article 10.38.3;
t, = thickness of the concrete slab. .

The number of connectors, N, required between the
points of maximum positive moment and points of adja-
cent maximum negative moment shall equal or exceed the

number given by the formula:
P+P.
N,=—2 10-64
2=, ( )

At points of maximum negative moment the force in
the slab is taken as:

ey .
¢ P, = AJF}* (10-69)

Dyl el d‘ii-'

*When reinforcement steel embedded in the top slab is not used in
computing section propertics for negative moments, Py is equal to zero.
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10.38.5.1.2

where:

A, = total area of longitudinal reinforcing stecl at
the interior support within the effective flange

width;
Fy* = specified minimum yield point of the reinforc-
ing steel.
The ultimate strength of the shear connector is given as
follows:
v b
Channels:
Lo & Aft %“ I
b U, 1 = )
o U\ ;m/s 550(h+ )WJT ) d (m 66)
Welded studs (for Hid > 4
S d\ ):

)
%)u,, - w(\is —04d2u'5”~ T (10 67)

W

whcrc. g
E. = modulus of elasticity of the concrete in pounds
per square inch;
E —wl’zsaﬁ (10-68)
15) VE. : N 4 (e
S = te strcngth of individual shea¥connector in
pounds .
h = average flange thickness of the channel flange in
inches;

t = thickness of the web of a channel in inches;

W = length of a channel shear connector in inches;

f. = compressive strength of the concrete in 28 days
in pounds per square inch;

d = diameter of stud in inches;

w = unit weight of concrete in pounds per cubic foot.

10.38.5.1.3 Additional Connectors to Dzvelop Slab
Stresses ,

The number of additional connectors required at points
of contraflexure when reinforcing steel embedded in the
concrete is not used in computing section properties for
negative moments shall be computed by the formula:

N, =Af/Z, (10-69)
where:
N, = number of additional connectors for each beam
at point of contraflexure;

A = total area of longitudinal slab reinforcing steel
for each beam over interior support;

*When reiaforcement steel embedded in the top slab is not used in
compuling section properties for negative moments, Py is equal to zero,

CsiBridge.blog:ir

fi = range of stress due to live load plus impact in
the slab reinforcement over the support (in lieu
of more accurate computations, f, may be taken
as equal to 10,000 psi);

Z, = allowable range of horizontal shear on an indi-
vidual shear connector.

The additional connectors, N,, shall be placed adjacent
to the point of dead load contraflexure within a distance
equal to one-third the effective slab width, i.c., placed ei-
ther side of this point or centered about it. It is preferable
to locate field splices so that they clear the connectors.

> 103852 Vertical Shear

The intensity of unit-shearing stress in a composite
girder may be determined on the basis that the web of the
steel girder carries the total external shear, neglecting the
effects of the steel flanges and of the concrete slab.
The shear may, be assumed to P/c uniformly distributed
throughout the ro;s area of the'web. L fj’"s’”f‘(/f/‘

AACDET s Lo
10.38.6 Deflection d=y

10.38.6.1 The provisions of Article 10.6 in regard to
deflections from live load plus impact also shall be ap-
plicable to composite girders.

10.38.6.2 When the girders are not provided with
falsework or other effective intermediate support during
the placing of the concrete slab, the deflection due to the
weight of the slab and other permanent dead loads added
before the concrete has attained 75 percent of its required
28-day strength shall be computed on the basis of non-
composite action.

10.39 COMPOSITE BOX GIRDERS
10.39.1 General

10.39.1.1 This section pertains to the design of sim-
ple and continuous bridges of moderate length supported
by two or more single cell composite box girders. The dis-
tance center-to-center of flanges of each box should be the
same and the average distance center-to-center of flanges
of adjacent boxes shall be not greater than 1.2 times and
not less than 0.8 times the distance center-to-center of
flanges of each box. In addition to the above, when nonpa-
rallel girders are used, the distance center-to-center of ad-
jacent flanges at supports shall be not greater than 1.35
times and not less than 0.65 times the distance center-to-
center of flanges of each box. The cantilever overhang of
the deck slab, including curbs and parapets, shall be lim-
ited to 60 percent of the average distance center-to-center

Etabs-SAP.ir
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?f f:a“ges of adjacent boxes, but shall in no case exceed 6
eet.
i

10.39.1.2  The provisions of Division I, Design, shall
govern where applicable, except as specifically modificd
by Articles 10.39.1 through 10.39.8.

10.39.2  Lateral Distribution of Loads for Bending
Moment

10.39.2.1 The live load bending moment for each
box girder shall be determined by applying to the girder,
the fraction Wy of a wheel load (both front and rear), de-
termined by the following equation:

W, =0.1+17R+ 252 (10-70)
N,
where,
- N, 10-71
Number of Box Girders ae-71

N, = WJ/12 reduced to the nearest whole number;

W, = roadway width between curbs in feet, or barriers
if curbs are not used. R shall }iot be less than 0.5
or greater than 1.5. -

10.39.2.2 The provision of Article 3.12, Reduction of
Load Intensity, shall not apply in the design of box gird-
ers when using the design load Wy, given by the above
equation.

10.39.3 Design of Web Plates
10.39.3.1 Vertical Shear

The design shear V,, for 2 web shall be calculated using
the following equation:

V. = V,/cos 0 (10-72)

-where:

'V, = vertical shear; ‘
'§ = angle of inclination of the web plate to the verti-
cal.

10.39.3.2 Secondary Bending Stresses

10,39.3.2.1 'Web plates may be plumb (90° to bottom
of flange) or inclined, If the inclination of the web plates
to a plane normal to the bottom flange is no greater than 1

CsiBridge:blog:ir

to 4, and the width of the bottom flange is no greater than
20 percent of the span, then the transverse bending
stresses resulting from distortion of the span, and the
transverse bending stresses resulting from distortion of
the girder cross section and from vibrations of the bottom
plate need not be considered. For structures in this cate-
gory transverse bending stresses due to supplementary
loadings, such as utilities, shall not exceed 5,000 psi.

10.39.3.2.2  For structures exceeding these limits, a
detailed evaluation of the transverse bending stresses due
to all causes shall be made. These stresses shall be limited
to a maximum stress or range of stress of 20,000 psi.

10.39.4 Design of Bottom Flange Plates
10.39.4.1 Tension Flanges

10.39.4.1.1 In cases of simply supported spans, the
bottom flange shall be considered completely effective in
resisting bending if its width does not exceed one-fifth the
span length. If the flange plate width exceeds one-fifth of
the span, an amount equal to one-fifth of the span only
shall be considered effective.

10.39.4.1.2  For continuous spans, the criteria above
shall be applied to the lengths between points of con-

" traflexure.

!
10.39.4.2 Compression Flanges Unstiffened

10.39.4.2.1 Unstiffened compression flanges de-
signed for the basic allowable stress of 0.55 F, shall have
a width to thickness ratio equal to or less than the value
obtained by the use of the formula;
(625
b (6,140
t :iPy

(10-73)

where:

b = flange width between webs in inches;
t = flange thickness in inches.

10.39.4.2.2  For greater bit ratios, but not exceeding
60, the stress in an unstiffened bottom flange shall not ex-
ceed the value determined by the use of the formula:

f, = 0.55F, — 0.224F, X

w37
¥ i
1~ sin | =X (10-74)

2 - 7,160
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10.39.4.2.3

10.394.2.3  For values of b/t exceeding 13,300/VF,,
the stress in the flange shall not exceed the value given by
the formula: fef fon &
w & } 4 ‘M,

s U
f :{57.%—5) x10°

10.39.4.2.4 The b/t ratio preferably should not ex-
ceed 60 except in areas of low stress near points of dead
load contraflexure.

(10-75)

10.394.2.5 Should the b/t ratio exceed 45, longitudi-
nal stiffeners should be considered.

10.39.4.3 Compression Flanges Stiffened
Longitudinally*

10.39.4.3.1 Longitudinal stiffeners shall be at equal
spacings across the flange width and shall be proportioned
so that the moment of inertia of each stiffener about an
axis parallel to the flange and at the base of the stiffener is
at least equal to:

L=dtiw L (10-76)

where: .

& =0.07 K’n* for values of n greater than 1;

& =0.125K’ foravalueof n = 1;

t, = thickness of the flange;

w = width of flange between longitudinal stiffeners or
distance from a web to the nearest longitudinal
stiffener;

n = number of longitudinal stiffeners;

k = buckling coefficient which shall not exceed 4.

10.39.4.3.2 For the flange, including stiffeners, to be
designed for the basic allowable stress of 0.55 F,, the ratio
wit shall not exceed the value given by the formula:
2]»
¥ 3070k (10-77)
t :;F,
10.39.4.3.3 For greater values of w/t but not exceed-
ing 60 or (6,650 \/E)I\/IE; whichever is less, the stress in
the flange, including stiffeners, shall not exceed the value
determined by the formula:

*In solving these equations a value of k between 2 and 4 generally
should be assumed,
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f, = 0.55F, - 0.224F, X awrr
i
6,650 Vk — — try
1 = sin | T % 10-78
S\ 3,580 Vik (10-78)

10.39.4.34 For values of w/t exceeding (6,650 «/gE)/

\/IE'; but not exceeding 60, the stress in the flange, 1n-

cluding stiffeners, shall not exceed the value given by the
formula: - by pm &

f, < 144 k(rw)’ X 10° (10-79)

10.39.4.3.5 When longitudinal stiffeners are tfscd, it

is preferable to have at least one transverse snffcper

placed near the point of dead load contraflexure. t['hc st!ff—

ener should have a size equal to that of a longitudinal stiff-

ener.

10.39.4.3.6 Ifthe longitudinal stiffeners are placed at
their maximum wit ratio to be designed for the basic al-
Jowable design stresses of 0.55 F, and the number of lon-
gitudinal stiffeners exceeds 2, then transverse stiffeners
should be considered.

10.39.44 Compression Flanges Stiffened
Longitudinally and Transversely

10.39.4.4.1 The longitudinal stiffeners shall be at
equal spacings across the flange width and shall be pro-
portioned so that the moment of inertia of each stiffener
about an axis parallel to the flange and at the base of the
stiffener is at least equal to:
L =8tw (10-80)
10.39.44.2 The transverse stiffeners shall be propor-
tioned so that the moment of inertia of each stiffener about
an axis through the centroid of the section and parallel to
its bottom edge is at least equal to:

fs Af

I, =0.10(n+1yw? 2 2L (10-81)
E a

where:

A¢ = arca of bottom flange including longitudinal
stiffeners;

a = spacing of transverse stiffeners;

f, = maximum longitudinal bending stress in the
flange of the panels on either side of the trans-
verse stitfener;

E = modulus of clasticity of steel.
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10.39.4.4.3  For the flange, including stiffeners, to be
designed for the basic allowable stress of 0.55 Fy, the ratio
wit for the longitudinal stiffeners shall not exceed the
value given by the formula:

w 3000k (10-82)
F

t
y

where:

[1+(a/b)*]* +87.3

= 10-83
(n+1*(a/b)*[1+0.1(n+1)] ( )

1

10.39.4.4.4 For greater values of wit, but not ex-
ceeding 60 or (6,650 Vk,)/VE,, whichever is less, the
_stress in the flange, including stiffeners, shall not exceed
the value determined by the formula:

f, = 0.55F; — 0.224F, X
wVFy

4

6,650 Vi, —
1—si &y
\2 3,580 Vk,

(10-84)

10.39.4.4.5 For values of wit exceeding (6,650
VE)'VF, but not exceeding 60, the stress in the flange,
including stiffeners, shall not exceed the value given by
the formula: ‘

. .
£, =14.4k,(~‘~) x 106 (10-85)
w

10.39.4.4.6 The maximum value of the buckling co-
efficient, k,, shall be 4. When k, has its maximum value,
the transverse stiffeners shall have a spacing, a, equal to
or less than 4w. If the ratio a/b exceeds 3, transverse stiff-

eners are not necessary.

10.39.4.4.7 The transverse stiffeners need not be
connected to the flange plate but shall be connected to the
webs of the box and to each longitudinal stiffener. The
connection to the web shall be designed to resist the ver-
tical force determined by the formula:

A

™ (10-86)

where 8, = section modulus of the transverse stiffener.

10.39.4.4.8 The connection to each longitudinal
stiffener shall be designed to resist the vertical force de-
termined by the formula:

(10-87)

10.39.4.5 Compression Flange Stiffeners,
General

10.39.4.5.1 The width to thickness ratio of any out-
standing element of the flange stiffencrs shall not exceed
the value determined by the formula:

b _ 2,600 (10-88)
t :}Fy
where: .
b* = width of any outstanding stiffener element
¢ = thickness of outstanding stiffener element
F, =yield strength of outstanding stiffener ele-

ment.

10.39.4.5.2 Longitudinal stiffeners shall be extended
to locations where the maximum stress in the flange does
not exceed that allowed for base metal adjacent to or con-
nected by fillet welds.

10.39.5 Design of Flange to Web Welds

The total effective thickness of the web-flange welds
shall be not less than the thickness of the web, except,
when two or more interior intermediate diaphragms per
span are provided, the minimum size fillet welds specified
in Article 10.23.2.2 may be used. Regardless of the type
weld used, welds shall be deposited on both sides of the
connecting flange or web plate.

10.39.6 Diaphragms

10.39.6.1 Diaphragms, cross-frames, or other means
shall be provided within the box girders at each support to’
resist transverse rotation, displacement, and distortion.

10.39.6.2. Intermediate diaphragms or cross-frames
are not required for steel box girder bridges designed in
accordance with this specification.

10.39.7 Lateral Bracing

Generally, no lateral bracing system is required be-
tween box girders. A horizontal wind load of 50 pounds
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per square foot shall be applied 1o the area of the super- 100
structure exposed in elevation, Half of the resulting force o]
. , s =
shall be applied in the plane of the bottom flange. The sec- %%M " iﬂ%i%
tion assumed to resist the horizontal load shall consist of § e - ;
the bottom flange acting as a web and 12 times the thick- § 1
ness of the webs acting as flanges. A lateral bracing sys- o«
tem shall be provided if the combined stresses due to the < %
specified horizontal force and dead load of steel and deck o
exceed 150 percent of the allowable design stress. § 85
u.
10.39.8  Access and Drainage 5 oc=are
o g &
Consistent with climate, location, and materials, con- 3
sideration shall be given to the providing of manholes, or &y 75
other openings, cither in the deck slab or in the steel box
for form removal, inspection, maintenance, drainage, etc.
e s 20 25 30 a5 40
10.40 HYBRID GIRDERS RATIO OF WEB AREA TO TENSION FLANGE AREA,g
10.40.1 General FIGURE 10.40.2.1A

10.40.1.1 This section pertains to the design of
girders that utilize a lower strength steel in the web 100
than in one or both of the flanges. It applies o composite
and noncomposite plate girders, and car}xposite box
girders. At any cross section where the bending stress in 95
cither flange exceeds 55 percent of the minimum speci-
fied yield strength of the web steel, the compres-
sion-flange area shall not be less than the tension-
flange arca. The top-flange arca shall include the
transformed area of any portion of the slab or reinforcing
steel that is considered to act compositely with the steel

girder.

.

~|

]

'.\‘\
oc=0s0 | ——32100]

%

80

REDUCTION FACTOR, R, percent
&

10.40.1.2 ‘The provisions of Division I, Design, shall
govern where applicable, except as specifically modified 75
by Articles 10.40.1 through 10.40.4. 4

10.40.2 Allowable Stresses 701 - - TR L L
10.40.2.1 Bending RATIO OF WEB AREA TO TENSION FLANGE AREA.#
FIGURE 10.40.2.1B
10.40.2.1.1 The bending stress in the web may ex-
ceed the allowable stress for the web steel provided that here:
the stress in each flange does not exceed the allowable where:
stress from Articles 10.3 or 10.32 for the steel in that a = minimum specified yield strength of the web di-
flange multiplied by the reduction factor, R. vided by the minimum specified yield strength of
the tension flange;*
2 B = areaof the web divided by the area of the tension
R=1-B¥l-00 G-y +ya) (10-89) flange;*

6+Py(3-y)
(Sec Figure 10.40.2.1A and 10.40.2,1B.) *Bottom flange of orthotropic deck bridges.
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¥ = distance from the outer edge of the tension
ﬂa"gﬁ* to the neutral axis (of the transformed
section for composite girders) divided by the

* depth of the steel section.

1 0.49. 2. 1‘.2 The bending stress in the conerete slab in
composite girders shall not exceed the allowable stress for
the concrete multiplied by R.

10.40.2.2 Shear

The design of the web for a hybrid girder shall be in
compliance with specification Article 10.34.3 except that
Equation (10-27) of Article 10.34.4.2 for the allowable
average shear stress in the web of transversely stiffened
nonwh‘ybnd girders shall be replaced by the following
equation for the allowable average shear stress in the web
of transversely stiffened hybrid girders:

F,=CF,/3=<F,/3 (10-90)

The pfovi,siqns of Article 10.34.4.4, and the equation

ﬁ?r A in Article 10.34.4.7 are not applicable to hybrid
girders. e

104023 Fatigue h

.Hybrid girders shall be designed for the allowable
fatigue stress range given in Article 10.3, Table 10.3.1A.

10.40.3 Plate Thickness Requirements

In calculating the maximum width-to-thickness ratio
of the flange plate according to Article 10.34.2 and
the minimum thickness of the web plate according to
Article 10.34.3, f, shall be taken as the calculated bend-
ing stress in the compression flange divided by the
reduction factor, R. -

10.40.4 Bearing Stiffener Requirements
In designing bearing stiffeners at interior supports of

continuous hybrid girders for which a is less than 0.7, no
part of the web shall be assumed to act in bearing.

1041 ORTHOTROPIC-DECK
SUPERSTRUCTURES

10.41.1 General

10.41.1.1 ‘This section pertains to the design of steel
bridges that utilize a stiffened steel plate as a deck. Usu-

*Botom flange of orthotropic dock bridges.

iffened by longitudinal ribs and
(ransverse beams; effective widths of deck plate act as the
top flanges of these ribs and beams. Usually the deck in-
cluding longitudinal ribs, ncts as the top Mange of the main
box or plate girders. As used in Articles 10.41.1 through
10.41.4.10, the terms rib and beam refer to sections that
include an effective width of deck plate,

ally the deck plate is st

10.41.1.2  The provisions of Division I, Design, shall
govern where applicable, except as specifically modified
by Articles 10411 through 10.41.4.10.

An appropriate method of clastic analysis, such as the
cquivalcl|t~ml\mr0pic-slnh method or the equivalent-grid
method, shall be used in designing the deck. The equiva-
lent stiffness propertics shall be selected to correctly sim-
ulate the actual deck. An appropriate method of elastic
analysis, such as the thin-walled-beam method, that ac-
counts for the effects of torsional distortions of the cross-
sectional shape shall be used in designing the girders of or-
thotropic-deck box-girder bridges. The box-girder design
shall be checked for lane or truck loading arrangements
that produce maximum distortional (torsional) effects.

10.41.1.3 For an alternate design method (Strength
Design), see Article 10.60.

10.41.2 Wheel Load Contact Area

The wheel loads spec}l;lcd in Article 3.7 shall be uni-
formly distributed to the deck plate over the rectangular
area defined below:

Width Length
Wheel Load  Perpendicular in Direction
(kip) to Traffic (inches) of Traffic (inches)
8 20+ 2t 8§+ 2t
12 20+ 2t 8+ 2t
16 24+ 2t 8§+ 2t

In the above table, tis the thickness of the wearing sur-
face in inches.

10.41.3 Effective Width of Deck Plate
10.41.3.1 Ribs and Beams
The effective width of deck plate acting as the top

flange of a longitudinal rib or a transverse beam may be
calculated by accepted approximate methods.*

*Design Manual l:or “Orthotropic Steel Plate Deck Bridges,” AISC,
1963, or “Orthotropic Bridges, Theory and Design,” by M.S, Troitsky,
Lincoln Arc Welding Foundation, 1967.
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276 HIGHWAY BRIDGES 104132

10.4132 Girders

1041321 The full width of deck plaze may be con-
sidered effective in acting as the top flange of the grders
if the effective span of the girders is mot less than: (s
tmes the mavimum distance between girder webs and (2)
10 mes the maximum distance from edzs of the deck 1o
the nexrst mrder web. The effective span shall be taken
s the actusl span for simple spans and the distance be-
tween poss of contmatiexurs for continwons spans. Alter-
matively, he effectve width may be determined by ac.
cepead amalytical methads, ’

1041322 The effective width of the bottom Sange
Omvnﬂkmw.uﬂg?&urgghnngﬂnﬁw.
visions of Aricle 1039.4.1. B

10.41.4 Allowable Stresses

104141 Local Bending Stresses in Deck Plate

Evﬂﬂﬁgmgﬂmﬂsﬁnﬂ.ﬁ
cznsed m the deck plats as it carries 2 whea! load o the
ribs and beams The local tansverse bending strosses
Eﬂbﬁﬂﬂ&ﬂ*%ﬁ..ﬁnmﬁn&nﬁﬁﬂmﬁ
gfﬂﬂﬂnﬁqﬂuhwﬁ?uﬂnn”uwwnﬁuﬂ&ﬁnﬂmu
Eizher allowsble stress is fostfed by a derad d farizoe
=a2lysis or by zpplicable fadigusgsst resolts. For deck
confgmations in which the spacing of tansverse beams
is at le=st 3 dmes the spacing of loegimdinal b webs, the
koca! joogizedinal and transverss bending stesses in the
Se<k plzts need not bhe combined with the other bending
sresses covered in Articles 1041.42 and 1041435,

104142 Bending Stresses in Loasitndimal Ribs

Th= toea! beading stresses in loegimdalighs dn=toa
combizanon of (1) ben@Eng of the b 20d (2) beading of
the girdes may excesd the allowable beading st iz
Article 1032 by 25 percent. The bendiag soress dos ©
each of the rw0 incdivicm] modes shall not excred the 2-
lowabils beading stresses in Article 1052

104143 Bending Stresses in Transverse Beams

The beadfing stresces in transverse beams shall nog ex-
cezd e allowzble bending stresses s Amicle 1032

104144 Intersections of Ribs, Beams and
Girders

Coozectioes betweza rids and the webs of beams,
boles 1z e mebs of beams 10 permit passape of nibs,

comnections of beams to the weds of girders, and b
splices may affect the fatigue ifz of the bridge when they
oocur 1 repoas of tensile swess. Whers apphicable, the
oumber of cycies of matimum stress and the allowable fa-
Ugue siresses pven @ Arncle 103 shall be applied in de-
signing these detasls: elsewhers. a rational farizue analy-
sis shall be made in designing the details. Comnections
berasen webs of longitudimal nibs and the dack plate shall
be desizmed 10 sustain the transverse bending fatigue
siresses czmsed in the webs by wheel loads.

10.41.45 Thickpess of Plate Elements

1041451 Longiudinal Ribs cnd Deck Plote

Platr elements comgpyising longitodinal ribs, and
Gack-plars elements betweoen webs of these nbs, shall
mest the minimum thickoess requirements of Arnicle
10352 The guantity f, may be taken 25 75 percent of the
sum of the compressive swesses due 1o (1) bending of
e b and (2) bending of the girder, but not less than the
compressive stress due 0 either of these two individual
bendins modes.

10.41.£32 Girders ond Transverse Beams

Plaz elements of box girders, plazs ginders, and trans-
verse beams shall meet the reguirements of Articles
1034220 10346 2nd 10.39.4.

10.41.46 Maximuom Slenderness of
I stodinal Rit

The slendersess. L, of 2 kongitodinal rib shall not ex-
cead the valoe given by the following formula unless it
c2n be showm by a detailed =zalysis that overall buckling
of the dack will not occar 23 2 result of compressive stress
indoced by beading of the girders:

L LS00 2.700F
= =L000 [/ _ R
C L J_ F, = (10-91)

where:

L H&Edmﬁndﬁgd«ng

T = rades of syration about the hodizoatal centroidal
aGs of the b inclading an effective width of
deck plase;

F = maximum compressive stress in psi in the deck
%BuE&G«&ﬂkhﬁE«ﬁ%.@
Eange of the girders; this stress shall be taken as
posizve;

F, = weld strength of nb matenal in psi.

L

J

+{

+{

-

L

=, =

|

e

— e
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DIVISION 1—DESIGN 717

10,4147  Diaphragms

- Diaphragms, cross frames, or other means shall be
provided at ecach support to transmit lateral forces 1o
the bearings and to resist transverse rotation, displace-
ment, and distortion. Intermediate diaphragms or
cross frames shall be provided at locations consistent
with the analysis of the girders. The stiffness and strength
of the intermediate and support diaphragms or cross

frames shall be consistent with the analysis of the
girders.

10.41.48 Stiffness Requirements

10.41.4.8.1 Deflections

The deflections of ribs, beams, and girders due to live
load plus impact may exceed the limitations in Article
*10.6 but preferably shall not exceed /500 of their span. The
calculation of the deflections shall be consistent with the
analysis used to calculate the stresses.

To prevent excessive deterioration of the wearing sur-
face, the deflection of the deck plate due to the specified

than "/w of the distance between webs of ribs. The stiff-
ening effect of the wearing surface shall not be included
in calculating the deflection of the deck plate.

19.42 SCOPE

Load factor design is a method of proportioning struc-
tural members for multiples of the design loads. To ensure
serviceability and durability, consideration is given to the
control of permanent deformations under overloads, to the

k fatigue characteristics under service loadings, and to the
control of live load deflections under service loadings. See
Part C—Service Load Design Method—Allowable Stress
Design for an alternate design procedure.

1043 LOADS

10.43.1 Service live loads are vehicles which may oper-
ate on a highway legally without special load permit.

10.43.2 For design purposes, the service loads are
taken as the dead, live, and impact loadings described in
Section 3.

Scanned by CamScanner CsiBridge.blog.ir

wheel load plus 30-percent impact preferably shall be less .

1041482

The vibrational characteristics of the bridge shall be
considered in arriving at a proper design,

Vibrations

10.41.4.9 Wearing Surface

A suitable wearing surface shall be adequately bonded
to the top of the deck plate to provide a smooth, nonskid
riding surface and to protect the top of the plate apainst
corrosion and abrasion. The wearing surface material shall
provide (1) sufficient ductility to accommudate, j.uilhm;(
cracking or debonding, expansion and contraction im-
posed by the deck plate, (2) sufficient fatigue strength to
withstand flexural cracking due to deck-plate deflections,
(3) sufficient durability to resist rutting, shoving, fmd
wearing, (4) imperviousness to water and motor-vehicle
fuels and oils, and (5) resistance to deterioration from de-
icing salts, oils, gasolines, diesel fuels, and kerosenes.

10.41.4.10 Closed Ribs

Closed ribs without access holes for inspection, clean-
ing, and painting are permitted. Such ribs shall be scaled
against the entrance of moisture by continuously welding
(1) the rib webs to the deck plate, (2) splices in the ribs,
and (3) diaphragms, or transverse beam webs, to the ends
of the ribs.

) PartD
STRENGTH DESIGN METHOD
LOAD FACTOR DESIGN

10.43.3 Overloads are the live loads that can be allowed
on a structure on infrequent occasions without causing
permanent damage. For design purposes, the maximum
overload is taken as S(L + 1)/3.

10.43.4 The maximum loads are the loadings specified
in Article 10.47.

10.44 DESIGN THEORY

10.44.1 The moments, shears, and other forces shall be

determined by assuming elastic behavior of the structure
except as modified in Article 10.48.1.3.

10442 The members shall be proportioned by the
methods specified in Articles 10.48 through 10.56 so that
their computed maximum strengths shall be at least equal
to the total effects of design loads multiplied by their re-
spective load factors specified in Article 3.22.
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10.44.3

10.44.3 Service behavior shall be investigated as speci-
fied in Articles 10.57 through 10.59,

10.45 ASSUMPTIONS

10.45.1 Strain in flexural members shall be assumed di-
rectly proportional to the distance from the neutral axis.

10.45.2 Stress in steel below the yield strength, F,, of
the grade of steel used shall be taken as 29,000,000 psi
times the steel strain. For strain greater than that corre-
sponding to the yield strength, F,, the stress shall be con-
sidered independent of strain and equal to the yield
strength, F,. This assumption shall apply also to the lon-
gitudinal reinforcement in the concrete floor slab in the
region of negative moment when shear connectors are
provided to ensure composite action in this region.

10.45.3 Atmaximum strength the compressive stress in
the concrete slab of a composite beam shall be assumed
independent of strain and equal to 0.85,'.

10.45.4 Tensile strength of concrete shall be neglected

in flexural calculations. %

DESIGN STRESS FOR STRUCTURAL

10.46
: STEEL

The design stress for structural steel shall be the spec-
ified minimum yield point or yield strength, F, of the steel
used as set forth in Article 10.2.

10.47 MAXIMUM DESIGN LOADS

The maximum moments, shears, or forces to be sus-
tained by a stress-carrying member shall be computed for
the load combinations specified in Article 3.22. Each part
of the structure shall be proportioned for the group loads
that are applicable and the maximum design required by
the group loading combinations shall be used.

1048 SYMMETRICAL BEAMS AND GIRDERS

10.48.1 Compact Sections

Symmetrical I-shaped beams and girders with high re-
sistance to local buckling and proper bracing to resist lat-
eral torsional buckling qualify as compact sections. Com-
pact sections are able to form plastic hinges with an
inelastic rotation capacity of three times the elastic rota-
tion comresponding to the plastic moment.

Rolled or fabricated I-shaped beams and fabricated
girders meeting the requirements of Article 10.48.1.1
below shall be considered compact sections and the max-
imum strength shall be as computed:

M, =FzZ

Where F, is the specified yield point of the steel being
used, Z is the plastic section modulus.*

(10-92)

10.48.1.1 Beams and girders designed as compact
sections shall meet the following requirements: (For cer-
tain frequently used steels these requirements are listed in
Table 10.48.1.2A.)

(a) Projecting compression flange element:

b’ < 2,055
R

where b’ is the width of the projecting flange element,
t is the flange thickness.
(b) Web thickness:

_:3_ < 19,230

A

' wﬁere D is the clear distance between the flanges, t,, is
the web thickness.

When both b'/t and Dit,, exceed 75% of the above lim-
its, the following interaction equation shall apply:

(10-93)

(10-954)

33,650

o +935(t) o

(10-95)

where Fy is the yxeld strength of the compression
flange.
(c) Lateral bracing:

Ly _[3.6-22(M,/M,)] x 10°

Ty E,

(10-96)

where L, is the distance between points of bracing of
the compression flange, r, is the radius of gyration of

*Values for rolled sections are listed in the Manwal of Steel Construc-
tion, Ninth Edition, 1989, American Institute of Stee! Construction. Ap-
pendix D shows the method of computing Z as preseated in the Cowm-
mentary of AISI Bulletin 15.
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TABLE 10.48.1.2A. Limitations for Compact Sections 10.48.2 Braced Noncompact Sections

F, (psi)
T(P 36,000 50,000 For rolled or fabricated I-shaped beams and fabricated
‘I))/“ 10.8 9.2 girders not meeting the requirements of Article 10.48.1.1
h;: MM, = 0¥ 101 86 but meeting the requirements of paragraph 10.48.2.1
L Ir: (M: M, = | ,g lgg g below, the maximum strength shall be computed as:
* For values of M/M, other than 0 and 1, use Equation (10-95). M, =FES (10-98)

where S is the section modulus.

the steel section with respect to the Y-Y axis, M, is the
smaller moment at the end of the unbraced length of
the member, and M, is the ultimate moment from
Equation (10-92) at the other end of the unbraced
length: M/M,) is positive when moments cause sin-

10.48.2.1 The above equation is applicable to beams
and girders meeting the following requirements:

(a) Projecting compression flange element:

gle curvature between brace points. (M/M,) is nega- b’ | 2,200
tive when moments cause reverse curvature between T s F (10-99)
brace points, ‘ y
g, @ ' The required lateral bracing shall be provided by where M < M,, b’/t may be increased by the ratio
i bn?ces capable of preventing lateral displacement and VM/M.
twisting of the main members or by embedment of the top (b) Web thickness:
and sides of the compression flange in concrete.
D, (15400 (10-100)
(d) Maximum axial compression: ':\i ty :ZF,
P=013FA (10-97) where D, is the depth of the web in compression equal
where A is the area of the cross section. Members with to b for symmetrical girders.
axial loads in excess of 0.15F,A should be designed as 2
beam-columns as specified in Article 10.54.2. {c) Spacing of lateral bracing for compression flange:
10.48.1.2 Article 10.48.1 is applicable to steels with
stress-strain diagrams that exhibit a yield plateau fol- Ly < 20.000,000A¢ (10-101)
lowed by a strain hardening range. Steels such as Fyd
AASHTO M 270 Grades 36, 50, and S0W (ASTM A709 where d is the depth of beam or girder, and Ay is the
Grades 36, 50, and SOW) meet these requirements. The flange area.
limitations set forth in Article 10.48.1 are given in Table (d) Maximum axial compression:
10.48.1.2A.
. P=0.15FA. (10-102)
10.48.1.3 In the design of a continuous beam of
compact section complying with the provision of Articles Members with axial loads in excess of 0.15 F,A should
10.48.1.1, negative moments over supports at Overload be designed as beam-columns as specified in Article
and Maximum Load determined by elastic analysis may 10.54.2.
be reduced by a maximum of 10 percent. Such reduction
shall be accompanied by an increase in moments 10.48.2.2 The limitations set forth in Article
throughout adjacent spans statically equivalent and op- 10.48,2,1 above are given in Table 10.48.2.1A.
posite in sign to the decrease of the negative moments at
the adjacent supports. For example, the increase in mo- 10.48.2.3 The maximum bending strength of mem-
ment at the center of the span shall equal the average de- bers not meeting the web requirements of Article

crease of the moments at the two adjacent supports. The 10.48.2.1(b) or the lateral bracing requirements of Article
reduction shall not apply to the negative moment of a 10.48.2.1(c) shall be computed from the provisions of Ar-
cantilever. ticle 10.48.4.1,
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TABLE 10.48.2.1A  Limitations for Braced Noncompact
Sections
Fy(psi) 36,000 50,000 70,000 90,000 100,000
bt 11.6 9.8 8.3 1.3 7.0
Led
A¢ 556 400 286 222 200
Dhaw 162 138 116 103 97

10.48.3 Transitions

The maximum strength of members with geometric
properties falling between the limits of Articles 10.48.1
and 10.48.2 may be computed by straight-line interpola-
tion, except that the web thickness must always satisfy Ar-
ticle 10.48.1.1(b).

10.48.4 Unbraced Sections

10.48.4.1 - For members not meeting the lateral brac-
ing requirements of Article 10.48.2.1(c), or the web thick-
ness requirements of Article 10.48.2,1(b), and with the
ratio of the moment of inertia of the compression flange
to the moment of inertia of the member abouit. the vertical
axis of the web, I,/I,, within the limits of 0.1.= L /I, =
0.9, the maximum strength shall be computed as:

M, = MR, (10-1032)

R, = 1 for longitudinally stiffened girders meet-
ing the requirements of Articles 10.48.6 and
10.49.3. For all other members:

A
DT.\|D. —£—=
&=1—0.002(—————)——-— ,}51.0.
Ag /]t 5.

(10-103b)

D, = depth of web in compression (in.) = -]i)- for

symmetrical girders;
t, = thickness of web (in.);

A, = area of compression flange (in2);

M, == lateral torsional buckling moment, or yield
moment, defined below (Ib-in.);

S, = section modulus with respect to compression
flange (in.”). Use S, for live load for a com-
posite section;

A = 15,400 for all members with a compression
flange area equal to or greater than the ten-
sion flange area;

= 12,500 for members with a compression
flange area less than the tension flange area.

The moment capacity of the member, M,, cannot exceed

" the yield moment, M,. In addition M, cannot exceed the

lateral torsional buckling moment given below:

For members with D < A or with longitudinally
W ST

stiffened webs y

2
I ] d
6
M, =91 x 10°C, ('ﬁ&) Jﬂ.TIZI + 9,87(LJ <M,

b yc
(10-103¢c)
A (D ] 18,250°
For members with < |51 K :
:;Fy w ;Fy
for L,<L,
M, =M, (10-103d)

for L. 2L,>L,

L,-L
M, =C,E,S, [1- 0.5 [E"TL-"—H (10-103¢) -

r p

1/2
572 x 10°1,.d :
= — (10-103f)
Fysxc

for Ly2L,

FSe[L,
2

2
M, =C, 22| = ) (10-103g)
b

L, = unbraced length of the compression flange,

1n.
L,= 9,500r’/‘\/F—,, inches.
" = radius of gyration of compression flange
about the vertical axis in the plane of the web
(in.).
Iy = moment of inertia of compression flange
about the vertical axis in the plane of the web
(in%).
d = depth of girder, in.
_ @) + @) + Dt,’)
3
sent the flange width and thickness of the
compression and tension flange, respectively

(in.").
C, = 1.75 + 1.05 (My/M) + 0.3(My/Mp)* = 2.3
where M, is the smaller and M; the larger

J

where b and t repre-
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end moment i the uabvacad segment of the
Beamu ML AL i positive when the moments
Cane revense curvaie and negative when
best ia ungle curvatue.

o = 10 for unbeaced cantilevers amd for mem-
Bers where the mament within a significant
porooa of the undiacad segment is greater
than oc agual to the larger of the segment end
eaeents.

IF the wed dendermess DY, for the manimum design
Roads exoonds the upper limit of 18,2500 E,. cither the
socton shall be madifiad to comply with the limit, or lon-
soadimal saffeners shall e provided.”

ILRRAD  Membders with avial loads in excess of
'I_l L3EA shoald de destgnad as beam-columns as specified
m Arocle 10SE2

10485 Traasversely Stiffened Girders

1LRE1  For ginders not mceting the shear require-
ments of Artele 104881 (Equation 10-113) transverse
stffeners are raguined for the weh For ginders with trans-
verse stiffeners bot without leagitudinal stiffeners the
thickness of the web shall meet the requirement:

36,500
Ds_c\t\

t. NS

(10-104)

For diffarent srades of steel this limit is:

D, Fy(psi)

192 36,000
163 50,000
133 70,000
122 90,000
115 100,000

10.48.52 The maximum bending strength of trans-
versely stiffenad girders meeting the requirements of Ar-
Gicle 10.48.5.1 shall be computed by Articles 10.48.1,
10.48.2, or 10.48.4.1, as applicable, subject to the re-
quirements of Artcle 10.48.8.2

10.48.53 The shear capacity of transversely stiff-
ened girders shall be computed by Article 10.48.8. The

* For the wse of larger C, values, sce Structural Subility Research
Council Guide to Szability Design Criteria for Metal Structures, 4th Ed,
135,
n".rhg epper bemit 0a D, A, of 18.250'VF, may be waived for compos-
e girders without loagitedinal stiffeners ia accordance with Article
105X d) when checking formulas (10-102d) tough (10-102g) for fac-
sored poscomposite dead load only.

CsiBridge:blog:ir

width-to-thickness ratio of transverse stiffeners shall be
such that:

b’ 2,600 (10-105)
t :?F,

where b’ is the projecting width of the stiffener, and F, is
the yield strength of the transverse stiffener.

The gross cross-scctional area of intermediate trans-
verse stiffeners shall not be less than:

A = [0.15BDt, (1 = CY(V/V,) = 1810)Y  (10-106)

where Y is the ratio of web plate yield strength to sti ffcl.:er
plate yield strength; B = 1.0 for stiffencr p:‘lirs, 1.8 for sin-
gle angles, and 2.4 for single plates; and C is computed.by
Aticle 10.48.8.1. When values computed by Equation
(10-106) approach zero or are negative, then transv?rsc
stiffeners need only meet the requirements of Equations
(10-107), (10-105) and Article 10.34.4.10. )
The moment of inertia of transverse stiffeners with
reference to the midplane of the web shall be not less

than:
I= dﬁﬂ,j (10-107)
where:

1 = 25(D/d,)* — 2, but not less than 0.5  (10-108)

When stiffeners are in pairs, the moment of inertia
shall be taken about the center line of the web plate. When
single stiffeners are used, the moment of inertia shall be
taken about the face in contact with the web plate.

Transverse stiffeners need not be in bearing with the
tension flange. The distance between the end of the stiff-
ener weld and the near edge of the web-to-flange fillet
weld shall not be less than 4t,, or more than 6t,,. Stiffeners
provided on only one side of the web must be in bearing
against, but need not be attached to, the compression
flange for the stiffener to be effective. However, transverse
stiffeners which connect diaphragms or crossframes to the

beam or girder shall be rigidly connected to both the top
and bottom flanges,

10.48.6 Longitudinally Stiffened Girders

10.48.6.1 Longitudinal stiffeners shall be required
when the web thickness is less than that specified by Ar-
ticle 10.48.5.1 and shall be placed at a distance D/S from
the inner surface of the compression flange.

The web thickness of plate girders with transverse
stiffeners and one longitudinal stiffener shall meet the
requirement;
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10.48.6.1

D _ 13,000

-

Por different grades of steel, this limit is;

{10-100)

AR5 16,000
326 50,000
27 70,000
243 90,000
231 100,000

10.48.6.2  The maximum bending strenpth of tonpl-

wdinally stiffened pirders meeting the requirements of

Article 10.48.6.1 shall be computed by Artiele 10.48.2 or
Article 10.48.4.1 as applicable, subject (o the requirement
of Article 10.48.8.1,

10.48.6.3 The shear capacity of pirders with one
longitudinal stiffener shall be computed by Article
10.48.8.1.

The dimensions of the longitudinal stiffener shall be
such that:

(a) the width-to-thickness ratio ls not gl;‘mlcr than that

given by Article 10.48,5.3, ‘

(b) the rigidity of the stiffener Is not less than;

2
12:)&[2.4(%) mo.m] (10-110)

(c) the radius of gyration of the stiffencr is not less

than:
d,:!f’y
r223,0()0 (10-111)
In computing I and r values above, a centrally located
web strip not more than 18t in width shall be considered
as a part of the longitudinal stiffener, Transverse stiffen-
~ ers for girder panels with longitudinal stiffeners shall be
designed according to Article 10.48.5.3 except that the
maximum subpanel depth shall be used instead of the total
panel depth, D. In addition, the section modulus of the
transverse stiffener shall be not less than:

s, m%(m/a,)s, (10-112)

where D is the total panel depth (clear distance between
flange components) and S, is the section modulus of the
longitudinal stiffener at D/S,

10407 Nearing Stfeners

Neatlng stiffeners shall be designed for beams and
phrders wa specified in Atticles 10.33.2 and 10.34.6.

10488 Shear

10.48.8.1 'The shear capacity of rolled or fabricated
I-shaped beams and fabricated girders shall be computed

na follows:
For beama and girders with unstiffened webs, the shear

capacity shall be limited to the plastic or buckling shear
fores as follows:

V, = CV, (10-113)

For girders with stiffened webs and (do/D) less than or
equal to 3, the shear capacity shall be dctemfmcd by
including post-buckling resistance due to tension-field
action as follows:

0.87(1-C) |
V,=V,|C+ (10-114)
! "[ :]14-((10/1))2}

V, is equal to the plastic shear force and is determined
as follows: .

V, = 0.58F,Dt,, (10-115)

The constant C is equal to the buckling shear stress
divided by the shear yield stress, and is determined as
follows:

-

forl?— < 6,000k
ty [F,
C=10
6,000k 7,500k

fDrTS?S—F—
y w y

(10-116)

(10-117)

where the buckling coefficient, k = 5 + [5 + dJ/D)’),
except k shall be taken as 5 for unstiffened beams and

girders,
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D =clear, unsupported distance between flange
components;

4, = dfstancc between transverse stiffeners;

F, = yield strength of the web plate.

10.48.8.2 If a girder panel is controlled by equation
104%4 and subjected to simultancous action of shear and
bending moment with the magnitude of the moment higher
than 0.75M,, the shear shall be limited to not more than:

VIV, = 2.2 - (1.6M/M,) (10-118)

10.48‘.3,3 Where transverse intermediate stiffeners
are required, transverse stiffeners shall be spaced at a dis-
tance, d,, according to shear capacity as specified in Arti-
cle 10,48.8: 1, but not more than 3D. Transverse stiffeners
mﬂy_be omiited in those portions of the girders where the
maximum shear force is less than the value given by Ar-

ticle 10.48.8.1 (Equation 10-113), subject to the handling

requirement below.

Transverse stiffeners shall be required if D/t,, is greater
than 150. For panels without longitudinal stiffeners, the
spacing of these stiffeners shall not exceed D[Z(:"(')/(D/L.,)]2
to ensure efficient handling, fabrication, and erection of
the girders.

For longitudinally stiffened girder§, transverse stiffen-
ers shall be spaced a distance, d,, according to shear ca-
pacity as specified in Article 10.48.8.1, but not more than
1.5 times the maximum subpanel depth. The handling re-
quirement given above shall not apply to longitudinally
stiffened girders. The total web depth D shall be used in
determining the shear capacity of longitudinally stiffened
girders in Article 10.48.8.1 and in Equation (10-119).

The first stiffener space at the simple support end of a
transversely or longitudinally stiffened girder shall be such
that the shear force in the end panel will not exceed the plas-
tic or buckling shear force given by the following equation:

V=CV, (10-119)
For transversely stiffened girders, the maximum spacing
of the first transverse stiffener is limited to 1.5D. For lon-
gitudinally stiffened girders, the maximum spacing of the
first transverse stiffener is limited to 1.5 times the maxi-
mum subpanel depth.

10.49 UNSYMMETRICAL BEAMS AND
GIRDERS

10.49.1 General

For beams and girders symmetrical about the vertical
axis of the cross section but unsymmetrical with respect
to the horizontal centroidal axis, the provisions of Articles
10.48.1 through 10.48.4 shall be applicable.

10.49.2 Unsymmetrical Sections with Transverse
Stiffeners

Girders with transverse stiffeners shall be designed and
evaluated by the provisions of Article 10.48.5 except that
when D, the clear distance between the neutral axis and
the compression flange, exceeds D72 the web thickness,

t,,, shall meet the requirement:

D, 18250 (10-120)
tw . JE

10.49.3 Longitudinally Stiffened Unsymmetrical
Sections

10.49.3.1 Longitudinal stiffeners shall be required on
unsymmetrical sections when the web thickness is less
than that specified by Articles 10.48.5.1 or 10.49.2.

10.49.3.2 For girders with one longitudinal stiffener
and transverse stiffeners, the provisions of Articl? 10.48.6
for symmetrical sections shall be applicable provided that:

(a) When D, exceeds D/2, the longitudinal stiffener is -
placed 2D, /5 from the inner surface or the leg of the

compression flange element.
(b) When D, exceeds D/2, the web thickness, t., shall

meet the requirement:

D, (36500 (10-121)
tw . JF |

10.49.4 Unsymmetrical Braced Noncompact
Sections

Unsymmetrical braced, noncompact rolled or fabri-
c:zxted I-shaped beams and fabricated girders shall be de-
signed and evaluated by the provisions of Article
10.48.2.1.

10.49.5 Unbraced Unsymmetrical Sections
Unsyrpmctrical sections which do not satisfy the lat-
eral bracing requirements of Article 10.48.2.1(c) shall be

designed and evaluated by the provisions of Article
10.48.4.1.

10.50 COMPOSITE BEAMS AND GIRDERS

Composite beams and girders shall be so proportioned
that the criteria on the next page are satisfied.
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(a) The maximum strength of any section shall not be
less than the sum of the computed moments at that sec-
tion multiplied by the appropriate load factors.

(b) The web of the steel section shall be designed to
carry the total external shear and must satisfy the ap-
plicable provisions of Articles 10.48 and 10.49. In such
application the value of D, shall be taken as the clear
distance between the neutral axis of the composite sec-
tion for live loads and the compression flange.

(¢} The ratio of the projecting top compression flange
plate width to thickness shall not exceed the value de-
termined by the formula:

b 2,200
t

= 10-122
JL3l,, ( )

where fyq is the top-flange compressive stress due to
noncomposite dead load.

(d) The maximum moment capacity of noncompact
sections when considering noncomposite dead loads
with a load factor of ¥ = 1.3 shall be computed by
Article 10.48.4.1, except that D, /t,, of the steel section

36,500
: FY

for girders without longitudinal stiffeners. D, /t, of the

may exceed %21;52 but Dft,, shall not exgecd
¥ ks

steel section shall not exceed -B%SFEQ for girders with
¥

longitudinal stiffeners.

(¢} The maximum shear due to noncomposite dead
load with a load factor of y = 1.3 shall not exceed the
shear buckling capacity of the web in Article 10.48.8.1
(Equation 10-112).

(fy The moment capacity at first yield shall be com-
puted considering the application of the dead and live
loads to the steel and composite sections.

(g) The casting or placing sequence for the com-

posite concrete deck should be considered in meeting
the requirements of Articles 10.50(c), 10.50(d), and

10.50(e).

10.50.1 Positive Moment Sections of Composite
Beams and Girders

10.50.1.1 Compact Sections
The maximum strength, M,, of compact composite

beams and girders in the positive-moment regions
shall be computed in accordance with Article 10.50.1.1.2.

The stress-strain diagram of the steel shall exhibit a
yield plateau followed by a strain-hardening range.

Cross-Saction Strass  distribytion
PLASTIC STRESS DISTRIBUTION

FIGURE 10.50A

Steels such as AASHTO M 270 Grades 36, 50, and 50W
(ASTM A 709 Grades 36, 50, and 50W) meet these
requirements.

10.50.1.1.1 ‘The resultant moment of the fully plastic
stress distribution (Figure 10.50A) may be computed s
follows: ‘

(a) The compressive force in the slab, C, is equal to the
smallest of the values given by the following Equa-
tions: ’

m C =085 bt, + (AF,).  (10-123)

where b is the effective width of slab, specified in Ar-
ticle 10.38.3, t, is the slab thickness, and (AF,). is the
product of the area and yield point of that part of rein-
forcement which lies in the compression zone of the
slab,

@ C = (AF)y + (AF )¢ + (AF)), (10-124)

where (AF,)y is the product of area and yield point
for bottom flange of steel section (including cover
plate if any), (AF,)y is the product of area and yield
point for top flange of steel section, and (AF,), is
the product of area and yield point for web of steel sec-
tion. '
(b) The depth of the stress block is computed from the
compressive force in the slab.

_C-(AF)),

= 10-125
0.851b ( )

(c) When the compressive force in the slab is less than
the value given by Equation (10-123), the top portion of
the steel section will be subjected to the compressive
force on the next page:
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C'= E(AF#)“C

3 (10-126)

@ The location of the neutral axis within the steel
Section measured from the top of the steel section may

be determined as follows:
forC' < (AF, )y
C'
(AFy )tf
for C'2 (AF) )y
¥t +-——-——--—---C (AR )y D
(AR,
(¢) The maximum strength of the section in bending is

-lhc first moment of all forces about the neutral axis, tak-
ing all forces and moment arms as positive quantities.

V=

ty (10-127)

(10-128)

 10.50.1.1.2  Composite beams and girders in posi-
tve-moment regions shall qualify as compact when the

web of the steel section satisfies the following require-
ment:

2D, < 19,230,

ty JE ‘:'

where Dy, is the depth of the web in compression at the
plastic moment calculated in accordance with Article
10.50.1.1.1, and t,, is the web thickness. Equation (10-129)

(10-129)

is satisfied if the neutral axis at the plastic moment is -

located above the web; otherwise D, shall be computed
as ¥ from Equation (10-128) minus t,. Also, the distance
from the top of the slab to the neutral axis at the plastic
moment, D,, shall satisfy:

D
[m—*,’-)ss (10-129a)
D .
where: 0
i_gldttt)
D'=p——g

g = 0.9 for F, = 36,000 psi;
= 0.7 for F, = 50,000 psi;
d = depth of the steel beam or girder;
t, = thickness of the slab;
t, = thickness of the concrete haunch above the beam
or girder top flange.

Equation (10-129a) need not be checked for sections
where the maximum flange stress does not exceed the
specified minimum flange yield stress.

The maximum bending strength, M,, of compact com-
posite beams and girders in simple spans or in the posi-
tive-moment regions of continuous spans with compact
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noncomposite or composite negative-moment pier sec-
tions shall be taken as:

forD, = D’

M, = M, (10-129b)

for D' <D, = 5D’

_ 51‘«‘1p «-—0.85M’ N O.SSM’ —-Mp
u- 4 4

(Bﬂ) (10-129¢c)
D

where:

M, = plastic moment capacity of the composite posi-
tive moment section calculated in accordance
with Article 10.50.1.1.1; ‘

M, = moment capacity at first yield of the cur_npfasne
positive moment section calculated as F, times
the section modulus with respect to the tension
flange. The modular ratio, n, shall be used to
compute the transformed section properties.

In continuous spans with compact composite pos‘itivc-
moment sections, but with noncompact noncompaosite or
composite negative-moment pier sections, the maximum
bending strength, M,, of the composite positive-moment
sections shall be taken as either the moment capacity at
first yield determined as specified in Article 10.50(f), or as:

M, = M, + AM, — M)yee  (10-129d)

where:

M, = the moment capacity at first yield of
the compact positive moment section
calculated in accordance with Article
10.50(f);

(M, — M))p.r = Moment capacity of the noncompact

: section at the pier, M,, given by Arti-
cle 10.48.2 or Article 10.48.4, minus
the elastic moment at the pier, M,, for
the loading producing maximum pos-
itive bending in the span. Use the
smaller value of the difference for the
two-pier sections for interior spans;

A = 1 for interior spans;

= Distance from end support to the loca-
tion of maximum positive moment di-
vided by the span length for end spans.

M, computed from Equation (10-129d) shall not exceed
the applicable value of M, computed from either Equation
(10-129b) or Equation (10-129¢).

For continuous spans where the maximum bending
strength of the positive-moment sections is determined
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10.50.1.1.2

from Equation (10-129d), the maximum positive moment
in the span shall not exceed M,, for the loading which pro-
duces the maximum negative moment at the adjacent
pier(s).

For composite sections in positive-moment regions not
satisfying the requirements of Equation (10-129) or Equa-
tion (10-129a), M, shall be determined as specified in Ar-
ticle 10.50.1.2.

10.50.1.2 Noncompact Sections

10.50.1.2.1 'When the steel section does not satisfy
the compactness requirements of Article 10.50.1.1.2 the
maximum bending strength, M,, of the section shall be
taken as the moment at first yield determined as specified
in Article 10.50(f).

10.50.1.2.2 'When the girders are not provided with
temporary supports during the placing of dead loads, the
sum of the stresses produced by 1.30D, acting on the steel
girder alone with 1.30(D, + 5(L + I)/3) acting on the
composite girder shall not exceed yield stress at any point,
where D, and D, are the moments caused by the dead load
acting on the steel girder and composite girder, respec-
tively. % ‘

10.50.1.2.3 When the girders are provided with ef-
fective intermediate supports that are kept in place until
the concrete has attained 75 percent of its required 28-day
strength, stresses produced by the loading, 1.30(D + 5(L
+ I)/3), acting on the composite girder, shall not exceed
yield stress at any point.

10.50.2 Negative Moment Sections of Composite
Beams and Girders

The maximum bending strength, M,, of composite
beams and girders in the negative moment regions shall be
computed in accordance with Articles 10.48 and 10.49 as
applicable. It shall be assumed that the concrete slab does
not carry tensile stresses. In cases where the slab rein-
forcement is continuous over interior supports, the rein-
forcement may be considered to act compositely with the

steel section.
10.50.2.1 Compact Sections

Composite beams and girders in negative bending
qualify as compact when their steel section meets the re-
quirements of Article 10.48.1.1, and the stress-strain dia-
gram of the steel exhibits a yield plateau followed by a
strain hardening range. Steels such as AASHTO M 270
Grades 36, 50, and SOW (ASTM A 709, Grades 36, 50, and
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50W) meet these requirements. M, shall be computed as
the resultant moment of the fully plastic stress distribution
acting on the section including any composite rebars.

If the distance from the neutral axis to the compression
flange exceeds D/2, the compact scction requirements
given by Equations (10-93) and (10-94) must be modified
by replacing D with the quantity 2D, where D, is the
depth of the web in compression at the plastic moment.

10.50.2.2 Noncompact Sections

When the steel section does not satisfy the compact-
ness requirements of Article 10.50.2.1 but does satisfy the
requirements of Article 10.48.2.1, the maximum strength,
M,, of the section shall be taken as the moment at first
yielding determined as specified in Article 10.50(f). If.the
requirements of Article 10.48.2.1(b) or Article
10.48.2.1(c) are not satisfied, M, shall be calculated ac-
cording to the provisions specified in Article 10.48.4.1.In
this case, the web slenderness shall not exceed the re-
quirement given by Equation (10-103) or Equation (10-
108), as applicable, subject to the corresponding require-
ments of Article 10.49.2 or 10.49.3.

10.50.2.3

In the negative moment regions of continuous spans,

_ the minimum longitudinal reinforcement including the

longitudinal distribution reinforcement must equal or ex-
ceed 1 percent of the cross-sectional area of the concrete
slab. Two-thirds of this required reinforcement is to be
placed in the top layer of slab within the effective width,
Placement of distribution steel as specified in Article
3.24.10 is waived within the effective width.

10.50.2.4

When shear connectors are omitted from the negative
moment region, the longitudinal reinforcement shall be
extended into the positive moment region beyond the an-
chorage connectors at least 40 times the reinforcement di-
ameter.

10.51 COMPOSITE BOX GIRDERS*

This section pertains to the design of simple and con-
tinuous bridges of moderate length supported by two or
more single-cell composite box girders. The distance cen-

*For information regarding the design of long-span steel box girder
bridges, Report No. FHWA-TS-80-205, “Proposed Design Specifica-
tions for Steel Box Girder Bridges” is available from the Federal High-
way Administration,
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:;‘;“l":;gm flanges of adjacent boxes shall be not greater
ot -+ times and not less than 0.8 times the distance cen-
e1-to-center of the flanges of cach box. In addition to the
above, when nonparallel girders are used the distance cen-
ter-to-center of adjacent flanges at supports shall be not
greater than 1.35 times and not less than 0.65 times the
dxstagmc center-to-center of the flanges of each box, The
cantilever overhang of the deck slab, including curbs and
parapet, shall be limited to 60 percent of the distance be-
tween the centers of adjacent top steel flanges of adjacent
box girders, but in no case greater than 6 feet.

10.51.1 Maximum Strength

The maximum strength of box girders shall be deter-
mined according to the applicable provisions of Articles
10.48, 10.49, and 10.50. In addition, the maximum

» th‘englh of the negative moment sections shall be limited
y: ‘

M, =FS 8 (10-130)

whc.n: F is the buckling stress of the bottom flange plate
as given in Article 10.51.5.

\
10.51.2 Lateral Distribution

The live-load bending moment for each box girder
shall be determined in accordance with Article 10.39.2,

10.51.3 Web Plates

The design shear V., for a web shall be calculated using
the following equation:

V, = Vicos 6 (10-131)
where V = one-half of the total vertical shear force on one
box girder, and 8 = the angle of inclination of the web
plate to the vertical.

The inclination of the web plates to the vertical shall

not exceed 110 4.
10.51.4 Tension Flanges

In the case of simply supported spans, the bottom
flange shall be considered fully effective in resisting bend-
ing if its width does not exceed one-fifth the span length.
If the flange plate width exceeds one-fifth of the span,
only an amount equal to one-fifth of the span shall be con-
sidered effective.

For continuous spans, the requirements above shall be
applied to the distance between points of contraflexure.

I

10.51.5 Compression Flanges

10.51,5.1  Unstiffencd compression flanges dcsignejd
for the yield stress, I, shall have a width-to-thickness ratio
equal to or less than the value obtained from the formula:

(10-132)

where b = flange width between webs in inches, and t =
flange thickness in inches.

10.51.5.2 For greater b/t ratios,

6140 b 13,300 (10-133)

F, ot R

the buckling stress of an unstiffencd bottom flange is

given by the formula:

. CX
F, = o.sm,(x + 0.687sin —"5-) (10-134)

in which c shall be taken as,
b
13,300 = — /F,
c= 4 ‘[7 (10-135)
' 7,160
10.51.5.3 For values of,
b 13,300 (10-136)

—->
t :]F,
the buckling stress of the flange is given by the formula:

F., = 105(t/b)’ X 10° (10-137)

10.51.5.4 If longitudinal stiffeners are used, they
shall be equally spaced across the flange width and shall
be proportioned so that the moment of inertia of each stiff-
ener about an axis parallel to the flange and at the base of
the stiffener is at least equal to: -

L=¢tw (10-138)

where:

¢ =0.07k’n" when n equals 2, 3,4, or 5;

¢ =0.125k’ whenn = 1;

w = width of flange between longitudinal stiffeners or
distance from a web to the nearest longitudinal
stiffener;

n = number of longitudinal stiffeners;

k = buckling coefficient which shall not exceed 4.
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10.51.54.1

10.51.5.4.]

For a longitudinally stiffened flange designed for the
yield stress F,, the ratio w/t shall not exceed the value
given by the formula:

w_ 3,070k

t ;Fy

(10-139)

10.51.5.4.2  For greater values of w/t,

3,070k ¥ 6,650k

\/g\; " \ﬁ:; (10-140)

tl?e buckling stress of the flange, including stiffeners, is
given by Article 10.51.5.2 in which ¢ shall be taken as:

6,650k -= [F,
c=

t
3,580\/-12 (10-141)
10.51.5.4.3 For values of,
).
6,65 "
¥ 66504k . (10-142)

t \/E
the buckling stress of the flange, including stiffeners, is
given by the formula:

Fo = 26.2k(tw)* X 10° (10-143)

10.51.5.4.4 When longitudinal stiffeners are used, it

is preferable to have at least one transverse stiffener

placed near the point of dead load contraflexure. The stiff-

ener should have a size equal to that of a longitudinal stiff-
ener.

10.51.55 The width-to-thickness ratio of any out- -

standing element of the flange stiffeners shall not exceed
the value determined by the formula:

97= 2,600 (10-144)
where:
b = width of any outstanding stiffener element,

and;

t" = thickness of outstanding stiffener element;

F, =yield strength of outstanding stiffener ele-
ment,
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10.51.6 Diaphragms

Diaphragms, cross-frames, or other means shall be
provided within the box girders at each support to resist
transverse rotation, displacement, and distortion.

Intermediate diaphragms or cross-frames are not re-
quired for box girder bridges designed in accordance with
this specification.

10.52 SHEAR CONNECTORS

10.52.1 General

The horizontal shear at the interface between the con-
crete slab and the steel girder shall be provided for by me-
chanical shear connectors throughout the simple spans
and the positive moment regions of continuous spans. In
the negative moment regions, shear connectors shall be
provided when the reinforcing steel embedded in the con-
crete is considered a part of the composite section. In case
the reinforcing steel embedded in the concrete is not con-
sidered in computing section properties of negative mo-
ment sections, shear connectors need not be provided in
these portions of the span, but additional connectors shall
be placed in the region of the points of dead load con-
traflexure as specified in Article 10.38.5.1.3.

10.522 Design of Connectors

. The number of shear connectors shall be determined in
accordance with Article 10.38.5.1.2 and checked for fa-
tigne in accordance with Articles 10.38.5.1.1 and
10.38.5.1.3. ‘

10.52.3 Maximum Spacing

The maximum pitch shall not exceed 24 inches except
over the interior supports of continuous beams where
wider spacing may be used to avoid placing connectors at
locations of high stresses in the tension flange.

10.53 HYBRID GIRDERS

This section pertains to the design of girders that uti-
lize a lower strength steel in the web than in one or both
of the flanges. It applies to composite and noncomposite
plate girders and to composite box girders. At any cross
section where the bending stress in either flange caused by
the maximum design load exceeds the minimum specified
yield strength of the web steel, the compression-flange
area shall not be less than the tension-flange area. The top-
flange area shall include the transformed area of any por-
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tion of the slab or reinforcing steel that is considered to act
compositely with the steel girder,

The provisions of Articles 10.48 through 10.52,
10.57.1, and 10.57.2 shall apply to hybrid beams and gird-
ers except as modified below. In all equations of these ar-
ticles, F, shall be taken as the minimum specified yield

strength of the steel of the element under consideration
with the following exceptions:

(1) In Articles 10.48.1.1(), 10.48.2.1(b), 10.48.4.1,
10.48.5.1,10.48.6.1, 10.49.2, 10.49.3.2(b), and 10.50(d)
use the Fy of the compression flange.

2) In Articles 10.48.6.3(a) and 10.48.6.3(c) use the F,
of the adjacent flange. Anticles 10.57.1 and 10.57.2

shall apply to the flanges, but not to the web of hybrid
girders.

The provision specified in Article 10.40.4 shall also
apply. .

10.53.1 Noncomposite Hybrid Girders
10.53.1.1 Compact Sections

The equation of Article 10.48.1 for the maximum

strength of compact sections shall be replaced by the
expression: .

M,=F,Z (10-145)
where Fy is the specified minimum yield strength of the
flange, and Z is the plastic section modulus.

In computing Z, the web thickness shall be multiplied
by the ratio of the minimum specified yield strength of the
web, F,, to the minimum specified yield strength of Fyr.

10.53.1.2 Braced Noncompact Sections

The equation of Article 10.48.2 for the maximum
strength of noncompact sections shall be replaced by the

expression:

M, = F,SR (10-146)
For symmetrical sections:
R= }—2:%(—?;;—93-)- (10-147)
where:
p= Fy/Fy
B= AJA,
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For unsymmetrical sections,

Rele W(l—p)z(3~w+w)] (10-148)
6+Ppy@G-w)

where 1 is the distance from the outer fiber of the tension
flange to the neutral axis divided by the depth of the steel
section.

10.53.1.3 Unbraced Noncompact Sections

The strength of unbraced noncompact hybrid sections
shall be calculated in accordance with Article 10.48.4.1

with Equation (10-103a) replaced by the expression:

M, = MR,R {10-148a)
and the yield moment calculated as:
M, =EFSR. (10-148b)

where the appropriate R is determined fromﬂ Article
10.53.1.2 above, and R, is determined by Equation (10-
103b).

10.53.1.4 Transversely Stiffened Girders

Equation (10-114) of Article 10.48.8.1 for the shear ca-
pacity of transversely stiffened girders shall be replaced
by the expression:

V,=V,C (10-149)
The provisions of Article 10.48.8.2, and the equation

for A in Article 10.48.5.3 are not applicable to hybrid
girders.

10.53.2 Composite Hybrid Girders

The maximum strength of the composite section shall
be the moment at first yielding of the flanges times R (for
unsymmetrical sections) from Article 10.53.1.2, in which
s is the distance from the outer fiber of the tension flange

to the neutral axis of the transformed section divided by
the depth of the steel section.

1054 COMPRESSION MEMBERS
10.54.1 Axial Loading
10.54.1.1 Maximum Capacity

The maximum strength of concentrically loaded
columns shall be computed as:
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10.54.1.1

P, = 0.85A,F, (10-150)

where A, is the gross effective area of the column cross

section and Fy is determined by one of the following two
formulas:

E, =F 1-*~£}s-(my (10-151)
« Y 4B\ ¢ )

KL, _ [2x'E

for s 15"
or s = (10-152)
Y

b
. B
Fo=- ; (10-153)
[ l >
r “
KL 25
for === > ’;E (10-154)

where:

K = effective length factor in the plane of buckling;

L. = length of the member between points of support
in inches; P

r = radius of gyration in the plane o}'buckling in
inches; .

F, = yield stress of the steel in pounds per square inch;

E = 29,000,000 pounds per square inch;

F. = buckling stress in pounds per square inch.

10.54.12 Effective Length

The effective length factor K shall be determined as .

follows:

{a) For members having lateral support in both direc-
tions at its ends:

K = 0.75 for riveted, bolted, or welded end connec-

uons;
K = 0.875 for pinned ends.

(b) For members having ends not fully supported lat-
erally by diagonal bracing or an attachment to an adja-
cent structure, the effective length factor shall be de-
termined by a rational procedure. *

*B. G. Jokaston, Guide to Stability Design Criteria for Metal Struc-
tures, John Wiley aad Sons, Inc., New York, 1976,

CsiBridge:blog:ir

10.54.2 Combined Axial Load and Bending
10.54.2.1 Maximum Capacity

The combined maximum axial force P and the maxi-
mum bending moment M acting on a beam-column sub-
jected to eccentric loading shall satisfy the following
equations:

P+ MC <10 (0-155)
08sAF, - [P
“ ASFG
P M0 (10-156)
0.85A,F, M,
where: .

F, = buckling stress as determined by the equations of
Article 10.54.1.1;

M, = maximum strength as determined by Articles
10.48.1, 10.48.2, or 10.48.4;

2
E, = En — = the Euler Buckling stress
(KLc ) in the plane of bending;
r

(10-157)

C = equivalent moment factor, as defined below;
M, =F,Z, the full plastic moment of the section;
= plastic sectiqn modulus;

A
KL. _ . A
—— =effective slenderness ratio in the plane of
r .
- bending.

10.5422 Equivalent Moment Factor C

“If the ends of the beam-column are restrained from
sidesway in the plane of bending by diagonal bracing or
attachment to an adjacent laterally braced structure, then
the value of equivalent moment factor, C, may be com-
puted by the formula:

C = 0.6 + 0.4a, but not less than 0.4 (10-158)

where ais the ratio of the numerically smaller to the larger
end moment. The ratio a is positive when the two end mo-
ments act in an opposing sense (i.e., one acts clockwise
and the other acts counterclockwise) and negative when
they act in the same sense. In all cases, factor C may be
taken conservatively as unity.
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10.55 SOLID RIB ARCHES

See Article 3.2 for load factors and combinations. Use

Service Load Design Method for factored loads and the
formulas changed as follows:

10.55.1 Moment Amplification and Allowable

Stresses
Aw = 1
F= 1187 (10-159)
1L
AFC
KLY
F = Fy 1 ( r Fy
Y L18 T 44E andF, = F,
(10-160)
10.55.2 Web Plates
No longitudinal stiffener,
6,750 ¢
D/t =T—’ % (10-161)
w fl '
One longitudinal stiffener,
10,150
D/t =—T=—’ (10-162)
W fl
Two longitudinal stiffeners,
_ 13,500

(10-163)

D/tw—T

The b'/t, ratio for the stiffeners shall be:

b __ 2200 | ximem Z=12 (10-164)
t f t
] f +-2 s

¥

10.553 Flange Plates
b _ 5,700
tg f, +f,

v, -f.’& for overhang widths,
v Vh+f maximum b, =12

for width between webs (10-165)

(10-166)
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10.56 SPLICES, CONNECTIONS, AND DETAILS
10.56.1 Conncctors
10.56.1.1 General

Connectors and connections shall be proportioned so
that their design resistance, GR, (maximum strength mul-
tiplied by a resistance factor) as given in this Article, as
applicable, shall be at least equal to the effects of service
loads multiplied by their respective load factors as speci-
fied in Article 3.22.

10.56.1.2 Welds

The ultimate strength of the weld metal in groove and
fillet welds shall be equal to or greater than that of the base
metal, except that the designer may usc electrode classifi-
cations with strengths less than the base metal when de-
tailing fillet welds for quenched and tempered steels.
However, the welding procedure and weld metal shall be
selected to ensure sound welds. The effective weld area
shall be taken as defined in ANSI/AASHTO/AWS DLS
Bridge Welding Code, Article 2.3. '

10.56.1.3 Bolts and Rivets

10.56.1.3.1 In proportioning fasteners, the cross sec-
tional area based upon nominal diameter shall be used.

10.56.1.3.2 The design force, R, in kips, for
AASHTO M 164 (ASTM A 325) and AASHTO M 253
(ASTM A 490) high-strength bolts subject to applied axial
tension or shear is given by:

&R = $FA, (10-1662)

where:

¢F = design strength per bolt area as given in Table
10.56A for appropriate kind of load, ksi;

A, = area of bolt comresponding to nominal diameter,
sq in.

' ’I:hc design bearing force, ¢R, on the connected mate-
rial in standard, oversized, short-slotted holes loaded in

any direction, or long-slotted holes parallel to the applied
bearing force shall be taken as; *

¢R = 0.9LF, = 1.8diF, (10-166b)

The design bearing force, $R, on the connected mate-

rial in long-slotted holes perpendicular to the applied
bearing force shall be taken as: o
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10.56.1.3.2

dR = 0.75LIF, = 1.5dtF, (10-166¢)

The design bearing force for the connection is equal to
the sum df the design bearing forces for the individual
bolts in the connection.

In the foregoing:

$R = design bearing force, kips.

F, = specificd minimum tensile strength of the con-
nected material, ksi.

L. = clear distance between the holes or between the
hole and the edge of the material in the direction
of the applied bearing force, in.

d = nominal diameter of bolt, in.

t = thickness of connected material, in.

10.56.1.3.3 High-strength bolts preferably shall be
used for fasteners subject to tension or combined shear
and teasion.

For combined tension and shear, bolts and rivets shall
be proportioned so that the tensile stress does not exceed:

for £,/F, <033
F'=F (10-167)
for [/F,>033 <
F=F\1-(f/F) . (10-167a)

where:

w = computed rivet or bolt stress in shear, ksi;
F, = design shear strength of rivet or bolt from Table
10.56A or Table 10.57A, ksi; : :
F, = design tensile strength of rivet or bolt from Table
10.56A, ksi;
F,' = reduced design tensile strength of rivet or bolt
due to the applied shear stress, ksi.

10.56.1.4 Slip-Critical Joints

Slip-critical joints shall be designed to prevent slip at
the overload in accordance with Article 10.57.3, but as a
minimum the bolts shall be capable of developing the
minimum strength requirements in bearing of Articles
10.18 and 10.19.

Potential slip of joints should be investigated at inter-
mediate load stages especially those joints located in com-
posite regions.

10.56.2 Bolts Subjected to Prying Action by
Connected Parts

Bolts required to support applied load by means of di-
rect tension shall be proportioned for the sum of the ex-
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ternal load and tension resulting from prying action pro-
duced by deformation of the connected parts. The total
tension should not exceed the values given in Table
10.56A.

The tension due to prying actions shall be computed as:

b

=] —— (10-168)
Q [83 20
where:

Q = prying tension per bolt (taken as zero when nega-

tive);

T = direct tension per bolt due to external load;

a = distance from center of bolt to edge of plate;

b = distance from center of bolt to toe of fillet of con-
nected part;

t = thickness of thinnest part connected in inches.

10.56.3 Rigid Connections

10.56.3.1 All rigid frame connections, the rigidity of
which is essential to the continuity assumed as the basis
of design, shall be capable of resisting the moments,
shears, and axial loads to which they are subjected by
maximum loads.

10.56.3.2 The beam web shall equal or exceed the
thickness given by: '

twawﬁ( M. )
F,dyd,

M, == column moment;
d, = beam depth;
d. = column depth.

(10-169)

where:

When the thickness of the connection web is less than
that given by the above formula, the web shall be
strengthened by diagonal stiffeners or by a reinforcing
plate in contact with the web over the connection area.

At joints where the flanges of one member are rigidly
framed into one flange of another member, the thickness
of the web, t,, supporting the latter flange and the thick-
ness of the latter flange, t, shall be checked by the for-
mulas below. Stiffeners are required on the web of the sec-
ond member opposite the compression flange of the first
member when:

<....é.i.m

t 10-170
Yo, +5k ( )
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TABLE 10.56A.  Design Strength of Connectors

Type of Fastener Strength ($F)
" Groove Weld* 1.00 F,
Fillet Weld® 0.45 Fy
Low-Carbon Steel Bolts
ASTM A 307
Teasion 30 ksi
Shear on Bolt with
Threads in Shear Plane 18 ksi
Power-Driven Rivets
ASTM A 502 )
Shear—Grade 1 25 ksf
Shear—Grade 2 30 ksi
High-Strength Bolts
AASHTO M 164
(ASTM A 325) g
Applied Static Tension® 68 ksi
Shear on Bolt with )
Threads in Shear Plane™®* 35 ksi
AASHTO M 253
(ASTM A 490) _
Applied Static Teasion 85 ksi
Shear on Bolt with .
Threads in Shear Plane®* 43 ksi

*F, = yicld point of connected material,

E, = minimum Strength of the welding rod metal but not greater than the tensile strength of

the connected parts.

“The tensile strength of M 164 (A 325) bolts decreases for diameters greater than 1 inch.

The design values listed are for bolts up to 1-

inch diameter. The design values shall be

multiplied by 0.875 for diameters greater than 1 inch. ) '
Tabulated values shall be reduced by 20 percent in bearing-type connections whose length
between extreme fasteners in each of the spliced parts measured parallel to the line of axial force

exceeds 50 inches.

*If material thickness or joint details preclude threads in the shear plane, multiply values by

1.25.

and. opposite the tension flange of the first member
when

(10-171)

t.<04./A;

where:

t, = thickness of webto be stiffened;

k = distance from outer face of flange to toe of web
fillet of member to be stiffened;

t, = thickness of flange delivering concentrated force;

t. = thickness of flange of member to be stiffened;

A, = area of flange delivering concentrated load.

10.57 OVERLOAD «

10.57.1 Noncomposite Beams and Girders

For noncomposite beams and girders, the maximum
flange stress caused by D + 5(L + 1)/3 shall not exceed
0.8RF,, where R is the hybrid girder reduction factor spec-
ified in Article 10.53.1.2, equal to 1.0 for nonhybrid sec-

tibns, and Fy, is the specified minimum yield stress of the
flange. For such beams and girders designed for Group 1A
loading, the maximum flange stress caused by D + 2.2(L
+ I) shall not exceed 0.8RF,.. In the case of moment re-
distribution under the provisions of Article 10.48.1.3 the

above limitation shall apply to the modified moments but
not to the original moments.

10.57.2 Composite Beams and Girders

For composite beams and girders, the maximum
flange stress caused by D + S(L + I)/3 shall not exceed
0.95RF, where R is the hybrid girder reduction factor
specified in Article 10.53.1.2, equal to 1.0 for nonhybrid
sections, and Fy( is the specified minimum yield stress
of the flange. For such beams and girders designed
for Group 1A loading, the maximum flange stress caused
by D + 2.2(L + ) shall not exceed 0.95RF,. In com-
puting dead load stresses the presence or absence of

temporary supports during the construction shall be con-
sidered.

Sca
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TABLE 10.57A  Design Slip Resistance for Slip-Critical Connections
(Slip Resistance per Unit of Bolt Area, $F, = ¢Typ, ksi)
Hole Type and Direction of Load Application
Any Direction
Oversize and
Standard Short Slot Long Slots Long Slots

AASHTO AASHTO AASHTO AASHTO AASHTO AASHTO AASHTO  AASHTO

M6+ M253 M 164 M 253 M 164 M 253 M 164 M 253

(ASTM  (ASTM  (ASTM  (ASTM  (ASTM (AST™ (AST™M (ASTM
Coatact Surface of Bolted Parts ~ A325) A 490) Ay A 490) A 325)° A 490) A 325y A 490)

Class A (Slip Coefficient 0.33) 21 26 18 n 15 18 13 16
Clean mill scale and blast-
deaned surfaces with Qlass A
coatings’
Class B (Slip Coefficient 0.50) n 40 n 34 22 28
Blast-clcaned surfaces and
blast-cleaned surfaces with
Qlass B coatings®
Qlass C (Slip Coefficient 0.33) 21 26 18 2 15 18 13 16
Hot-dip galvanized surfaces
roughened by wire brushing
after 5
_ “The teasile strength Oof M 164 (A 325) bolts decreascs for diameters greater than 1 inch. The design values listed are for bolts up to 1-
mfh dmnctc. ter. m design values shall be multiplied by 0.875 for diameters greater than 1 inch.
Cmnnp classified as Class A or Class B include those coatings which provide a mean slip coefficient not less than 0.33 or 0.50,
respectively, as determined by Testing Method to Determine the Slip Coefficient for Coatings Used in Bolted Joints, See Article 10.32.3.2.3.
N,

Transverse Parallel

10573 Slip-Critical Joints ¢ = 1.0 for standard holes;

= (.85 for oversized and short slotted holes:

10.573.1 In addition to the requirements of
10.56.1.3.1 and 10.56.1.3.2 for fasteners, the force caused
by D + 5(L.+ )/3, for H or HS truck load only, on a slip-

critical joint shall not exceed the design slip force ($R,) ,

given by:

R, = $FANN, (10-172)
where:
&F, = &T.u, design slip resistance per unit of bolt area
given in Table 10.57A, ksi;
A, = area corresponding to the nominal body area of
the bolt, sq in.;
N, = number of bolts in the joint;
N, = number of slip planes;
T, = specified tension in the bolt;
u = slip coefficient;
= 0.33 for clean mill scale and Class A coatings
= 0.50 for blastcleaned surfaces and Class B
coatings;
=0.33 for hot-dip galvanized and roughened
surfaces;
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= 0.70 for long slotted holes loaded transversely;
= 0.60 for long slotted holes loaded longitudinally.

Class A, B, or C surface conditions of the bolted parts as
defined in Table 10.57A shall be used in joints designated
as slip-critical except as permitted in Article 10.57:3.2.

10.573.2  Subject to the approval of the Engineer,
coatings providing a slip coefficient less than 0.33 may be
used provided the mean slip coefficient is established by
test in accordance with the requirements of Article
10.57.3.3, and the slip resistance per unit area established.
The slip resistance per unit area shall be taken as equal to
the slip resistance per unit area from Table 10.57A for
Class A coatings as appropriate for the hole type and bolt
:)ypg ;x;nes the slip coefficient determined by test divided

y 0.33. '

10.57.3.3 Paint, used on the faying surfaces of con-
nections specified to be slip critical, shall be qualified by
test in accordance with “Test Method to Determine the
Slip Coefficient for Coatings Used in Bolted Joints” as

Etabs-SAP:ir
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adopted by the Research Council on Structural Connec-
tions. S¢¢ Appendix A of Allowable Stress Design Speci-
fication for Structural Joints Using ASTM A 325 or A 490
Bolts, published by the Research Council on Structural
Connections,

10573.4 For combined shear and tension in slip
critical joints where applied forces reduce the total clamp-
ing force on the friction plane, the design slip force shall
not c{tcccd the value &R," obtained from the following
equation:

OR; = $R, (1 - 1.88f/F) (10-173)

where:

ff = co;nputcd tensile stress in the bolt due to ap-
plied loads including any stress due to prying
action, ksi;
R, = design slip force specified in Equation (10-172),
kips;
F, =120 ksi for M 164 (A 325) bolts up to 1-inch
diameter;
= 105 ksi for M 164 (A 325) bolts over 1-inch
diameter; :
= 150 ksi for M 253 (A 490) bolts.

10.58 FATIGUE
10.58.1 General

The analysis of the probability of fatigue of steel mem-
bers or connections under service loads agd the allowable

by CamScanner

range of stress for fatigue shall conform to An.icle: .10.1.’;.
except that the limitation imposed by the basic critera
given in Article 10.3.1 shall not apply.

10.58.2 Composite Construction

10.58.2.1 Slab Reinforcement

ction is provided in the ncgative mo-

When composite a
forcement shall

ment region, the range of stress inslab rein
be limited to 20,000 psi.
10.58.2.2 Shear Connectors

The shear connectors shall be designed for fatigue in
accordance with Article 10.38.5.1.

10583 Hybrid Beams and Girders

Hybrid girders shall be designed for fatigue in accor-
dance with Article 10.3.

10.59 DEFLECTION

The control of deflection of steel or of composite steel
and concrete structures shall conform to the provision of
Article 10.6.

10.60 ORTHOTROPIC SUPERSTRUCTURES

A rational analysis based on the Strength Design
Method, in accordance with the specifications, will be
considered as compliance with the specifications.
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