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19.2.2 Modulus of clasticity R19 2.2 Modulus of clasticity
192.2.1 Modulus of clasticity, E., for concrete shall be R192.2.1 Studics leading to the expression for modulus
permitted to be calculated as (a) or (b): of elasticity of concrete are summarized in Pauw (1960),
where E, is defined as the slope of the line drawn from a
(a) For values of w, between 1440 and 2560 kg/m? stress of zero to a compressive stress of 0.45f,. The modulus

of clasticity for concrete is sensitive to the modulus of clas-

E.= wc150.043\/f7c' (inMPa) (19.22.1.a) ticity of aggregate and mixture proportions of the concrete.
Mecasured clastic modulus values can range from 80 to

(b) For normalweight concrete 120 percent of calculated values. ASTM C469M provides
a test method for determining the modulus of clasticity for

E.= 4700\/?‘; (in MPa) (1922.1.b) concrete in compression.

el oo Sy 1 Syse 4 G Al Jse polis f = 25MPa sl
E. = 4700,/ f. MPa = 23500MPa ACI318-2014 _, &5 ala),

kg . .
W=2400-F (53L

5056,/f; MPa = 25279 MPa :ACI318-2014 535 akal,

E. = W5 x 0.043,/f!

WC=2300% AL
4743 /fT MPa = 23715 MPa  :ACI318-2014 .35 4k,

E, = W5 x 0.043,/f!

b oo oyt atenita¥] Jgde ol Vo JIA sg0 0¥g8 atecii¥l Jgoe (B = 2 X 10°MPa) oYgs L anslis b
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19.2.3 Modulus of rupture

19.2.3.1 Modulus of rupture, f;, for concretc shall be
calculated by:

£ =0.620/ T, (192.3.1)

where the value of A is in accordance with 192 4.

A yg) Gy |, 400 X 400 mm? aaiio b it (ygiw So (5 )Lid g oiidS Cooglie : b

L5 Cunglie = Ay f = (400 X 400) X 25 = 4000 kN

S Ceaglie = Ay (0.62\/Z> = (400 x 400) x (0.62v/25) = 496 kN
el 00 Jlogl (1 el (] colpd 3gd Slonlne 0 iS5 @
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Split cylinder test (ASTM C496) sl Jgow -Y
28 oo 58 lad slily o ()b (55, Sl Cov i S il (1 ailgil S SBSS Jaae alesl o
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(d) Distribution of oy on vertical diameter,

P
(c) Stresses on element.
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20,000
o3 = psi
P / 3
16,000 Ve a4

g 7

~ 12,000 ot —

b ’ .

g // o3 = 2010 psi

% / / i o3 o3

= 8000 A

g / o3 = 1090 psi

E f—— : T

\ — -
Flg 3-15 4000 3 = 550 psi g4
Axial stress—strain curves ~o3 =0
from triaxial compression
tests on concrete cylinders; 0
unconfined compressive
. 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

strength f7. = 3600 psi. S
(From [3-3].) Strain (in./in.)
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FIGURE 3.11 Concrete strength envelope under biaxial loading. (After Kupfer et al., 1969, courtesy of American Concrete
Institute.)
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Stress
Volumetric strain = €; + 2¢5 Compressive
/strength
€3 €
- "~ 7

Unstable crack propagation \E:
Critical stress i

Stable crack propagation ~—

Discontinuity limit o

\

A

Stable crack initiation ~

Fig. 3-1
Stress—strain curves for Y

\
\
\
\
\

' 04

concrete loaded in uniaxial Tension
compression. (From [3-2].)
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5.3—Load factors and combinations
5.3.1 Required strength U shall be at least equal to the

effects of factored loads in Table 5.3.1, with exceptions and
additions in 5.3.3 through 5.3.12.

Table 5.3.1—Load combinations

Primary
Load combination Equation load
U=14D (5.3.1a) D
U=12D+1.6L+05(L,or SorR) (5.3.1b) L
U=12D+16(L,otSorR)+(1.0Lor0.5W) | (53.1c) | L,orSorR
U=12D+1.0W+1.0L+0.5(L,or S or R) (5.3.1d) w
U=12D+1.0E+1.0L+02S (5.3.1¢) E
U=09D+1.0W (5.3.19) w
U=09D+1.0E (5.3.1g) E

5.3.3 The load factor on live load L in Eq. (5.3.1c),
(5.3.1d), and (5.3.1¢) shall be permitted to be reduced to 0.5
except for (a), (b), or (c):

(a) Garages
(b) Areas occupied as places of public assembly
(c) Areas where L is greater than 4.8 kN/m?
e g ey 5k oS ) Sl S 5 0 s pols Cual wiian Al (6958 ol &5 2l oS 5 Olnl o S A3l 4 az g L
el oo ool ales b oLl oS 5 5l B s JKE 40 okt a3 s el

() Load cases

D i oilw p 351 (sl sl
bHHHHc AR RN N .
LL) LT
a d a d a d

(i) Load combinations

14D 1.20+16L

NEERREEEY NERREREYY

a d a d
Moy
14D s o 5| [ 12D+ 1.6L]

1.20+1L 1.20+L 090 090

bHHz}\Vch bH‘lé:UHc blHJ:’UHC blll&“lc
Ll L T LA
a d a d a d a d

Mewr ¥
12D+ 1.0E+1.0L [ PFR g ]

09D +1.0FK
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Table 21.2.1—Strength reduction factors ¢

Action or structural element [0 Exceptions
Near ends of preten-
. 0.65 to .
Moment, axial force, or . sioned members where
. 0.90 in
(a) | combined moment and strands are not fully
. accordance .
axial force with21.2.2 developed, ¢ shall be in
“ | accordance with 21.2.3.
Additional requirements
i in21.2.4 f
(b) Shear 0.75 are given in 2! or
structures designed to
resist earthquake effects.
(c) Torsion 0.75 —
(d) Bearing 0.65 —
© Post-tensioned anchorage 0.85 o
zones
® Brackets and corbels 0.75 —
Struts, ties, nodal zones, and
bearing areas designed in
. 0.75 —
(8) accordance with strut-and-
tie method in Chapter 23
Components of connec-
tions of precast members
h s 0.90 —
®) controlled by yielding of
steel elements in tension
(1) | Plain concrete elements 0.60 —
0.45 to
. 0.751
. Anchors in concrete n
) accor- —
elements .
dance with
Chapter 17

www.hoseinzadeh.net

Yy



oo\ YAV

b Sl plp 5 2 o)ly 008 )b py S8 5 e Jle
kN kN
dpead = 4‘0? rive = 30?

M, = 275 kN.m

Al (oo Jatojugs g 485 )18 Lall 4SS 59 2 ST Spge a4 T 0S BE
2014
2014

=

Mw
32 25 ; 45m

N

NN

Sl oal S 5 Sge a2 0)lg 0 g 0050 sl

kN
14D =14 x40 =56 — kN
qy = Max m =96—
kN m
1.2D+16L=12%x40+1.6x30= 96;

sl o e " J s b L, Gy = 965 o

b Sl plp pas s oy S
qul? 96 x 457

— 243 kN.
8 8 m

M,

e Llod & 5 SoliS S

M, < oM, - 243 <09 %275 =2475kN.m  OK

Obiedsl o po 5l eolaiul Yo -V-Y

Al dastin lade 5l Sglate Cunl Sew 0Yg8 g o Coglie
sl Sglie El (Ko 00 [zl ol b
L5>|)J05).JLT Jo oaisS oolw b cu @ gl

IS5k 5o s Jleil -V

www.hoseinzadeh.net Yy



oo\ YAV

losf s i byl cod 5 o)ly S -Y-Y
ROWH PRVIPES S PP SFLER N -4 NPV BECTRIN S VR VEL JP PN VS S LSS

Iogad el 5o Cude 5 958 (o0 e S Hloged SV Ho e KT p1Sho 50 0gim ul jools 18

e oo lid il Cod |y ojle UK uss 0SS 5 SO @

1
=

a8l oo sl 5 sleasl 9o jo B iSTas Ygase A3l il (g9, Gt ctas Sl o

B ——
—

nh\h[\\l“-ﬁl

www.hoseinzadeh.net YY



oo\ YAV

L5>‘)Jo sl ,lae

1- Strength limit states

(a) Loss of equilibrium.

(b) Failure.

(c) Progressive collapse.

(d) Formation of a plastic mechanism.
(e) Instability.

(f) Fatigue.

2- Serviceability limit states

(g) Excessive deflections for normal service.
(h) Excessive crack widths.
(1) Undesirable vibrations.

Serviceability limit states include onset of structural or nonstructural damage, visible deflections, and vibrations

causing occupant discomfort

3- Special limit states

(a) Damage or collapse in extreme earthquakes.
(b) Structural effects of fire, explosions, or vehicular collisions,
(c) Structural effects of corrosion or deterioration.
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20.6.1.3 Specified concrete cover requirements

20.6.1.3.1 Nonprestressed cast-in-place concrete members
shall have specified concrete cover for reinforcement at least
that given in Table 20.6.1.3.1.

Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members

$20

$10

N

40 mm

clear cover

60 mm
Sl by
S s e

cover to

 rebar center|

Specified
Concrete exposure Member Reinforcement cover, mm
Cast against and
permanently in All All 75
contact with ground
No. 19 through No. 50
Exposed to weather 57 bars
or in contact with All No. 16 bar, MW200
ground or MD200 wire, and 40
smaller
No. 43 and No. 57 40
Slabs, joists, bars
and walls No. 36 bar and
Not exposed. to smaller |
weather or in
contact with ground Beams, Primary reinforce-
columns, . .
ment, stirrups, ties, <:
pedestals, and .
.. spirals, and hoops
tension ties
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9.5.2 Moment R9.5.2 Moment
9.5.2.1If P, <0.10f.'A,, M, shall be calculated in accor- R9.5.2.2 Beams resisting significant axial forces require
dance with 22.3. consideration of the combined effects of axial forces and

moments. These beams are not required to satisfy the provi-
sions of Chapter 10, but are required to satisfy the additional
requirements for ties or spirals defined in Table 22.4.2.1.

9.5.2.2 If P, > 0.10£,'A,, M,, shall be calculated in accor- For slender beams with significant axial loads, consider-
dance with 22.4. ation should be given to slenderness effects as required for
columns in 6.2.6.

[22.3—Flexural strength]

22.4—Axial strength or combined flexural and
axial strength
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19.2.3 Modulus of rupture

19.2.3.1 Modulus of rupturc, f;, for concrete shall be

calculated by:

£ = 0.620 (192.3.1)

where the value of A is in accordance with 192 4.
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70 0.65
f>55 0.65 © 75 0.65

AL A peseT sl ol it AT Sl okl Jolo a2 s 555 4 T bop

Al olyac pmlgd) Pzt pS )% 5
plaie y3 o 5 Cah g b ol ol dolae lebatean (25 Sk onl i1
FUINPLA S Py PPN PR VAK VR PR P RV PRI
anh 022 Q) 22 Sl g ol Y 3 PSS S i g e S L (P
il (O 31 el 3 2 (8 L85 (5.9,3) (23l A5 AP 03 a3 e (613 Jalns 55 ol (F

s e Bl S|

fay;s

2 g Cyee 41688 1350 5 OVe G KaldS 53 ¢ tas caog Rl 21 phlia ombyle 5.0 e

(¥ olbac (ruigs) oyl o s S
23S g, d e (F Homa gl 25 ot e glia (Y o Y- (3
Faus

www.hoseinzadeh.net ff



oo\ YAV

1y 4.3 - a o+ N e o . .
t:;_é);’uﬂ-"b-”,...a- S s oS ‘S‘Cl—'b:!cu"é'bxﬁﬁﬁ-ﬁ._shﬂ}lg:
(i (nomina fole i @
=t Wt K g el 805 1 81 s Kt gildaa
{A) 3T glyac iyl oo )i (s ) u‘.‘

‘.
S LA

sl v 25,5 1,51y ot bzt 2 1 Sls (3
olebzdl 53 a2 S el S oa g 25 ol Sls pa (Y
et olz3h 25 S o1, SLs Sy Gl e 251 Sa (F
A3y e s G2 1,513 o g 255 01 S on (F
VanS
Y sl s
FoMPa aaiin cuoglio b Loy (hiyf = B0 g Glgi 45 Jyee 0 114

4 falea L :o<g<o/oo"" YN — Y

FY ¥
B g o g g (D) g pilT fc(e)=—fla><\o € +Ya8xX)e €
(ekrbitonn (B WS gl 4y adadio g 34ly (oadly (5)LRd A Tal Jrand ol O
Wil o adade gVU ) S5 U plai )l X ol o af o YOX gliila Joles
Ué)_j ofoo\“ U_"P }IJ—JLA.MJJO ‘531..1'.3“.:}@.13? JU'JJ;) AR | ".d.ibv

(00,5 g0
o/ Y (¥ 0[; Yo ()
o, Ab (f o, AT

X
€ =0.003 x —

Xo
f (—4.5 X 10%¢2 + 2.5 X 10%*e) de =
0

Xo x 2 x
= f —4.5 x 10° (0.003 X —) + 2.5 x 10* (0.003 X —) dx
0 Xo Xo

13.5 3 37.5 2
———x5 + ——xg5 | = —13.5xg + 37.5x, = 24x,
x5 Xo
ol LiiS dovie gy Colus
(a’lfcl) X (075x0) = (0.’1 X 4‘0) X (075x0) = 30(11
1luo g0 olo 13 (golue
30(11 = 24x0 b a, = 08

www.hoseinzadeh.net O



oo\ YAV

el S5 o s b e aloee VP

(0.85xb) 085 fe— (0.85xb)0.85f

‘ﬁA‘ F

5y

sl oals 5,8 B = 0.85 jlaie oplply g ailow 28MPa a8 i (il a5 Gl odd 5,8 398 JSKb 0 @
iy (o0 pudend 0 2iS gloygile ] a5 sl oas (5,8 398 JS 0 @

C=T - AsF, = (Bx)(b)(0.85f,)
AGE,

¥ = B (0.85F)

NV -Slewlxe

SLigile,T axilis dws U 51 co (d=50 cm , b=30 em) fohiws abis 5 8 14
3 i Sl 3 (s sema aliold wadl S400 oY 5 03, 5 C25 oy 03 5 4020 Aty
Tl J50035 Fosleo o 1 515 dlael 1 Sy plaS a5 alaiio (5,Lad ,6 091,730

130 ¢v 90 o\

120 (¥ 100 ¢v

Sy aply> B =0.85 oo lais wilae 28MPa I a8 i pglie 55 aSul 4 axg5 b

iold QAL Fy plp oo Se jo (i cwglie olgs alasd jo aSul 53 L
AsE, = (Bx)(0)(0.85f;)

- 4 %314 x400 = (0.85 x x)(300)(0.85 x 25) - x=927mm

@5 L 5l ooy puded 40 it sl Koo LT a5 09d J S Wb X o8l 5l e

d—x 500 — 92.7
g = fu X —— = 0.003 X —-——=0.013 > (e, =0.002) 0K

www.hoseinzadeh.net A<



oo\ YAV

F olowl
P G SV (45T (Jilie YK U o alaie g5, 53 (95 @239 (o S PP L -TA
SWed 03, 9 C70 09 3| oyis TCumwl JiS3 33 polie 5| KaolaS 4y alade pglic (pdnos
olayf) .33,8 Hhid o (5 LS Haile T 51 bl 4 Al o0 Es= 200 GPa 9 S400 Lo ,Sluw

| 400 ' : (MMM&QJ;M&Q,Z&@QM
7 - 0.0152 ()
N ¥ sio@200
R X L/ 0.0028 (Y
S U :
IR o ia )l 5930 0.0020 (¥
0.0128 (f

AsE, = (Bx)(b)(0.85f)
5 x 3.14 x 152 x 400 = (0.65 X x)(400)(0.85 % 70) - x =91.33mm

0003 x 1" % 000382079133 _ 017
= x 9133 =
gemo o225 6l Ko weled e adsl (o8 el sl cessy €y = 0,002 51 oy 285 glao Sl o 25,5 aSyl 4y azgi b

o 009,

serled 5 800 Jlie IS5 sl 1, 5 s

goex  f.=25MPa
| ey
5330 F, = 400MPa

400
320

202l Fy ol 1d,Shes ;3 5 08 oo L3 ]

AsFy = (.Bx)(b)(o-szc,)
5% 3.14 x 152 x 400 = (0.85 x x)(300)(0.85 x 25) - x=260mm

Ce w3 TX 0003 x 3202260 _ 1 60069 < B 400 002
& = feu - 260 YTE To2x108

Digh (sod 5yl LOYgE § s o gl B8 (ol pls
oo¥gd ad gyl pae (2,8 Ll 1SS
Asfs = (Bx)(b)(0.85f,)
5x 3.14 x 152 x (E;&) = (0.85 X x)(300)(0.85 x 25)

5 x 3.14 X 152 X (Esecu X x) — (0.85 X x)(300)(0.85 x 25)

320 — x

5 x 3.14 X 152 X (600 x ) = (0.85 x x)(300)(0.85 x 25)

L cwl ol 358 alasly 51X Jlade 0,5 J= 1) 358 ¥ ax 0 dolee wb X jlaie 28l g
x = 208.7 mm

www.hoseinzadeh.net Y



owo 1 YAV
/\"\alﬂ

€ - : a 3 g e . 1z . .
..Lu\i‘_f-c,.wwwﬂ.‘j|g_.:-uHbnghﬁﬁic‘a.tn;)y):@}fﬂﬂn\r\

éﬁw&laJsﬂbyﬂwquy)deﬁm@Jw Ui'l}f“l', (\
ot S R G 00 ey e spleie s Sla 2 L (L.
AS 2S5 Y o & St il s 2 e ATl o Al £ 5l e las S i b (F

..‘I:—:k;l Jlb_:.el&'d'.)) ,_;L-"J:-‘ Colas L)'-"': G‘J‘,; t‘_g_)l—lf)‘-_’ Cmes Sl i (t
¥ oaus

Y5 oF alaie ched Cudyls - )oY

0.85€(ab)

=-d-2
Z=d >

Actuai Equivalent

AF,
=7 0.85(b)(fc’)>

Fy
Mn = AsFyd (1 — 059p F)
c

www.hoseinzadeh.net A



oo\ YAV

Sl 1y alade ol polie S 55 alaiie o

500 mm

f! = 20MPa
3920 E, = 400MPa
60 mmj: e e
:Je ol
oM, = q)ASFyZ
As aule -\
Ag = 3 X 314 = 942 mm?
Z ail=e -Y

AgE, = abf, — 942x400=ax300x085x20 - a=7388mm

a 73.88
> Z=d-5 =440 - —— = 403.05mm
PAF Z aa ¥

©OM, = pAF,Z = 0.9 X 942 x 400 x 403.05 = 136.68 kN.m

N -l

bos d80 MM Colid a 5] pdnd Coglio o gl 5l Conl 39250 Yoo X VB OoMM olayl & ac)T (350 yui alain
St plof adaiio polie  cdrod HRU flidl .Gl 00l 1ol 57 (g9, ¥ 0 MPa g,Lad cuoglin
yY QO

A
f 30M ¥ 150[“]]1 \‘/F‘ (Y
= pa A
C
3d@20 300 mm A\
| .
fC — 25Mpa'*l & v \AS
S0mm
300 mm
Yaus
agh 5l

C=T - abx085f/ =AF, — ax300x085x25=942x400 - a=>59.1mm

a 59.1
QMg = PAF,Z = 0.9 x 942 x 400 x (d - E) = 339120 x (300 - T) = 91.71 kN.m

gl |
C=T - abx0.85f = AsFy - aXx300x085x30=942x400 - a=49.25mm

a 49.25
@M, = PAF,Z = 0.9 X 942 X 400 X (d - E) — 339120 x (450 - T) — 144.25 kN.m

OM,,  144.25

= = 1.57
oM, 9171

www.hoseinzadeh.net ¥q



oo\ YAV

0 I
foad g1 3090 3 Suphaf rbun o3 plias glael golyb 30 Al SYed S0 Cunglia f\);.f}w
prebass a5 (3
S S Sl (Y
S g Pl (F
pauSla o228 250 lia 258 (F
Vans
b=Yocm YA L85 Can i fy =¥ ¥ ckglom Y 228 0ol Sunylia 5
U s o iS 3V e o fo = Y ekglom’ o2 S lide o5
M i e e o b B g O g3 A P00
seselt nom (Ao 3T plyac guslge) | S5 MEe az b ol il 9 090
f-.._o,—n,_&,_a}s(n/ AP TaSei 0
e i Y0 4 Sua5 (¥ JONR PSS\

My = AsF,Z = (0.005 x 200 x 300) x 420 x (0.9 x 300) = 34 kN.m

Wb 0L il A5 510,80 s 5y Yeam S5 Gas g Yoom Lo e oy phs R A E
A i s o b a2 [ =YV ekglom” n 6 L85 caylia y o3y w2 A=Y o kglem’
dB AR X/PP)OF ckglem® o YA okglem 31z 6 085 caylie 81 Yl Lot o M,

KT PE P O PO VeI CI N P

b=Y.cm

! Y/sM, (A
M
d:*l cm AS= Y u (T
Yo cm' Y/ oM, (v
.
VM, (f
Fay;s

www.hoseinzadeh.net O



oo\ YAV

(AP 31 olpac pumslgs) U Y PP PPN PN PR SV JON Iy
(oY gt J23) fy, = FO0° Iglem?
Y. om (i 500 YA Conglie 2y f1 = Yo okglom”
PR RTE ¢
Ye cm Yé¥e Sn Y 3 (Y
Yo cm] AP NY 2 (F
s PP (V
fans
®Mp; = @AGF,Z = 0.9(2 X 314) x 400 x (0.9 X 300) = 61 kN.m
Y (5 ool

eoliti! 390 SIS (ole )l b bl 5lp i) %001 o Sl sla)lgro -1V
51 ! il 9010 Lt eyl s Bl Hass S ) S 3 i S e 408
G ygmio 4 SLs il Hlld g 29 (f )t Jled cnil (Gl Slosb &8s
L ogmis (B8 aorly il 5k cal b golad g S 31 T 95 2 O =0 #Yh
di g0 ol Lt aoly gl JLS 3500 Jeb Y Hlade ) lud S
Yol &o50 yio gl

TR 7
Y=20 ";’4" P (Y5 Caoglin blS ) O = )
" (3593 gk 35) £ = Foo Sl S
- e T s s — u
gl 35 3o U 599)loyl (hudgy Jldio = B0 pioglne
Y 31398 Caols =T o0 yio o

g )3 palle 54 50302 =2 AX )lgd ge os

foo (Y Foo ()

Yoo (¥ Aoo (Y
Vans
Lol il ol (S bl o s Job axly o)l S

qh?® 36x3?
A o s =06yh=06%x20x3=36 - Mu=T= A =54 kN.m
oM, = 1M, = AGF,Z = Ag X 400 X (0.9 X 250)
M, < oM, - 54 x10° < Ag X 400 X 0.9 X 250 - 600 < A

www.hoseinzadeh.net O



owo 1 YAV
AA alﬂ

l)ﬁh‘&)\g,nﬂﬂb;}wéﬁ-;j‘&&)t\ﬂj *d‘i‘z;"""-“.ﬂ .'.l'l._i: h:\ﬁ).‘l—“'\'
A(uﬁL&éuﬁdLﬂbPrAﬁtﬁ)fﬂ\gJﬁz#n#)ﬂh

O« /\ o . Vs

ki plaS Nyb e (Jolae 55 ) (523 20

Voans
3" y s as Y daia o S103 Sn 42 S b B Y a5 glnde g2 AT
As = Y‘o Ly | ok o Sl s Ao g 1t glie
A
e =000 5 g =2002%
— — cm cm
% cm
.A‘.bd-;..:\::._..__,i:(t e y3 0 (T NUSTE DI B A A SUREL AN
VoS

www.hoseinzadeh.net oY



oo\ YAV

c..._-.ui..a.&lgAs = 4P20 J._l“’.! ﬁjdﬁéhio’d»)éwwiﬁbﬂ )'n&h du-!‘”aﬂ o -f&
?M‘;;.S.Laﬁﬁjﬁé.ﬂjh&_@n‘.ﬂqBélai-ullgLa.nu&ni,iuqAa&ﬂnp,ﬁaMﬁ
(Bl oo %0 gleo 4 olagh 9 S400 £45 51 5V 9 9 C30 oo, 5l i)

1.20 ¢\
200 .
=" r:*‘” i 0.8 (¥
{ | 1.1 (¥
&
A
g Ag ; Ay 0.9 (‘f
g/ 81?
| 400 r 290 |
®
Fags

S0,y g ahaiie JSO a4y dty 557 ke 0Bl o0 Z Jladie Ll glas s il LSy AS alaiie 90 50 bl 5l g M = AGE,Z alayl, 4 4z g5
&S s Wilg (0 0.95d 6 0.75d e 0,5

098 dawbre ahato 90 ;2 07 Jade b Jlgw cpl o

A alaie

a? a?
C=T - (200(1 + Z) 0.85f, = ASFy - <200a + T) 0.85x 30 =4 x 314 x 400

a = 88.7 mm
il il adade dilio o oo 8 Do 4 00,95 el Caand mhaw 350 aSl 5,8 L
a
Zy = 340—E= 296 mm

Bc_lasu

a? a?
C=T - <400a — I) 0.85f; = AsFy - <400a — T) 0.85x 30 =4 x314 x 400

a =509 mm
il (il adade dilo 0 oo 8 D jgo 4 00,95 Hehld Caand mhaw 350 aSl 5,8 L
a
Zg =340 -5 = 314.5 mm

www.hoseinzadeh.net oY



oo\ YAV
oYL il T — a5 s slome o288 SV 2STas <) O-Y

Al dgdue Bl L2iS i gl adais 5 S gle logad ;o -
Al sy (oo peded 4 oS oYg8 aS 1) (ol ahais Y
el 998 (o0 pigie (5,188 (7 &S (sl alais Y

7000

6000
A, =6.50in2-0.9 Ag, g
5000 e
\ - 7 L
A; = 4.50in. =0.62A,, h
4000 [ <
AS Amax
3000
Ag = 2.50iin.2 =0.35A, i
2000
1000
0 1 L 1 1 1 L
0 0.00025 0.0005 0.00075 0.001 0.00125 0.0015

Curvature, @ (1/in.)
b=12in, d=21.5 in, f'c=4000 psi, Fy=60 ksi

1358 slaloges 4 axg b
oo Uil e ies Ceaglie oo Koo corlas il L @
D9b (o0 CenSh jlzro 0L SledSh i plowl 5l S adale g Wb (oo GRS (s pdy S0 a0 Koo oluss GIBIL o

www.hoseinzadeh.net Of



oo\ YAV

S 00 ﬁ‘ﬁ 9o Lafmc]aaodLQJWWjLudeho)m Coluw ud.w ).3‘).3 5~>L3).3.)'JS.&.Z:JQB éla.s.‘o)»)

b 4 228 SlooY o8 (3 o 90 cadaiie Liwed oS oles alasd )0 Vg8 ablie o ail o "SYs8 " ahie B IS 0 @
...\.l.w) GA)

M fs<Fy B
S o LS

fc=0.5f'c

S o S

fs=Fy
fc=0.5f'c A

s e M, so oo

il ¢

e (LS |y Gies Cou (S haille S ol (ol abad 5 S5
258 g0 PR EL = 0.003 plyn o led i 1655 ple alad o
ey IS8 0
paelie SV o5 1) glafie BL € 5l 55,5 (oS Slad Shee B3y (593 G5 &S (Foge 0 @
(Conly Coons JS8) aline 3Y58 o ) ahaie AL € 5 heS (o2aS gloo Koo <3y (25598 (M5 &5 (Fype )0 @
JS2) 3,18 53 (VL) (ilsie Sl )0 plalie CiS wealsS AL E) L pln (208 Glod Ko 3y (25590 RS &S (9o 0 @

www.hoseinzadeh.net A



oo\ YAV

(VL) (oy3lg0 & Sloo v yo Al —V-10-Y
2,8 (€, =0.003 & 0 o) ahis ol pllie a5 ol oad Ol 559k (aiS GlaoYed Colue WS axg pj S8 4

1 = . . F -
] (o0 Gy (S5 ,2) (S pl 8L 5l (X) o5 )b Ges Sl )y ail oo sy = ?yﬁlﬁ S glaoYgd
¢ = 0,003 0.85f; _L

af2

i My ==

d=d,_1 _____ -~ J— ._._..1[_,._

4o —o-0o}+—— _— L T=Af

X d 600
0.003 f [> szO?)f ¢ E> Y =017 [> 4 =Fux
' 0.003 + 2 fy

ENA E2A
7 0.003 +
(As)p fe 600 f 600
A,f, = 0.85 flab —o0g5lepg 0 _o0gsleg (99
sy Je E> ba 08 Pigoos g, E> P =085 B\ Goo+ 1,
Y ol

2yt e QIS 39 30 )T il 4> > 3 4F ol 0l Sy SIis  phese (3 i aaie Sy -

S o 53 (G5 S b 4y asmad il ] 53 GRS U Fab Cenmd ol Vg D )l T

G2 )T 9 0700 D ply Kadew Aimd 10 B J)T) Sl LUOH 390 plaS 4 (VL) Jolaio
(Al go 0j00 ¥ ply o¥ed ad

0,88 (\
(),,-AA (Y
°/fA ("
o, ¥Y (¥

w1 00035 35

~0.0035 +0.006 95 X1_5_ =8
yg—_ 00035 35 X2 95
~0.0035+0.002" 55
0.0035 0.0035
IXJ ©
0.006

2 0.002

www.hoseinzadeh.net O#



oo\ YAV

) Sl
IS G0yt gty iz 1 iy (b )93l 3T o (53 3513 518 (i) 3late Sl 33 3 gtey] g i AR VP
c_hiuﬁh_mgw'n_?(aﬂg_iﬂ.glm_i' L g =0 ao¥ g e oled ) =0y GOY)?A&Q@ Y asa, GLDJ’IBJT
o =5 =1 09d p P oLy B gileyl gdals
d -F O
— 'y
2 +¥ (Y
(:)—¢—4 ®||d e
+F (F
(O—feee !
b
Yoays
__ 0003 .
*=0003+0002% "
5,08 18 g lad asl o ¥ s, sl ygile ]
&1 = 0.002 fi (EeDAg  (g)3mr? 3(g;) 3 x0.002
(0.6 — 0.5)d - == st = -

& = I 0.003 = 0.0005| £ (Ee))Ay, (g)2mr? 2(e,) 2 x —0.0005 =—

AR gyl = (i pes
F30mt 30 Sl plaf b‘ < bT P Ll LSy oY es g it Thao i ol 08l LIS adaile 8 0 4F ot et 3

(Wdl o0 (VL) G ilsie (st y9ilo T s Py ) S agao'p"l“ o
L v Puy
) | 9
AL )4____,__..————;4‘ Py =1 0
i, 1!. - pr
d &‘ <3y (¥
d ' Poy
: P oy o
Phy
A, 71' Ac w3k o IS SledlL (F
b
Van s
W sl

a (1) Rady sW 07 kesT g9 Cans 0331 0500 Jlod il Sl 0 My St pluod SR Coi 1) plaia -IYY
Lo pite )] by B =¥ 10® Mpa .fy, = FooMpa By =0 00¥ ) taust plat (1) s ha 07k )T (5850
(0 JEN DL}

Y ()

Ty

For

A (F

www.hoseinzadeh.net oY



oo\ YAV

A0 (gl
$925 A0 PO 5l yr5 Fhoo 55 y0 o5t futigr by Voo x Voomm' aje alaio b o o34 g Sy YT
3% G a5 gnk dr aii,T S g ST ) SilaRe yama 99 ) R Ja pied S5 (6oL (g yea
S0 (o g0 35 ) ol 07900 ply PALST 5 Bdan (15785 g0 3 04 00T plp oL 6 (e

Vo yadar Ta,u- Sabhd
agasio (A
o coVY (Y
o) coYs (¥
o co¥A (F

0.003 _x—60

420
X 640 =480mm - & 0.003 = ——=x 0.003 = 0.002625

X = 0.003 + 0,001 480
X
x-60
0001 T
S \
\/ \I N\ 10.003 10.003
— AL
60 640

Sl jilly WY Sl 5 A, abils gy Ay £y =Yoo MPa fo=Y+ MPa & i e ,3—€Y
NN cm ' ()

viveem* (v

32cm ' Nvrem” (v

visem' ¢
_ &?m
|

F—30Cm—=t

= 0.003 d= 2 d =21.333
*b = 0003+ 00015 3¢ T o m

a = 0.85x = 18.13cm

3
b=-a=13.6
2 cm

ab
cC=T - 7(0.85]”6’) = AGF,
18.13 x 13.6

> X 0.85x20=A4,%300 - A;=6.98cm?

www.hoseinzadeh.net OA



oo\ YAV

_gbg)‘n}w:-ﬂ'-&—&-:éy)a C:T,_,.‘.i;du:...l‘sl-jmiq(_,gJ.i.:dni.),_.:_,aAs sYyb lade A
B s Npd 5,8 el gy il 24 e, = Ey = ofcs¥ am ¥y OuS (gl 8,5

{Ae glpac fmslga)

Tog dalys Ay ity ais L_,L' ¥ Vg i a2y e, = ey, o2

LCTE P LTER gV ORI P TR o' «[¥0 ()
d ofY (Y
Ag
cene o/OQ ("
V(f
0.003 3 , (B X xp1 X b)(0.85f;)
Xp1 = md = gd - A5b1Fy = (B X Xpyp X b)(085f0) - Asbl = Fy -
0.003 3 , (B X xpz X b)(0.85f,)
Xp2 = md = §d - AstFy = (B X Xpz X b)(085f0) - ASbZ = Fy -
A X 5
- sz T2~ _ 55
Asp1  Xp1
AT = oy o3
LSO.‘ ;_q::‘“‘ B,JJ:; I (V) St il s s U 2L 5k Ag laie odd el OLS ks 5o =YY
| Es =2x10%g/em®  £,=0003 §,=07  Ag = A5 =)0cn?
[ -]
”» Sy =4000kg/cm®  f = 500kg/cm?
A’ =lﬂﬁl‘-' fos ‘
[T R
S50
; 30cm? (v 20 em? ()
Azla"
P ‘ mm
Ag - 00
EE w5 -{- I &5 45 cm? (¢ 55cm? (v
o ramn
__ 0003 3. ..
* = 0.003+0002% T4 TN
0 .06
loe
= ,tIO;:«Kﬁ: Soox 0. F= 20 o fos
? A % / 0 0ol Co
L _ te= °
‘ {eo
O.o0 loo
0002

ICC = % cole X (0.85£) = (160 X 100 + 110 X 400) X 0.85 X 50 = 2250 kN

l

Cc+Cs=Ts1 + Ty

www.hoseinzadeh.net

Cs = A5 X f; = 1000 x 200 = 200 kN
Tgy = Agq X fg = 1000 x 200 = 200 kN
Ts = Ag X F, = A X 400

-

— 2250000 + 200000 = 200000 + 4004, Ag = 5626mm?

AR



i) YAV
(VP oliac plya) Qi (Jalea) 3V S Sl aliie phadh adaie S 531
bl 3 It 3V 228 160 3 0% M 8 0w ()
LflinuJﬁnu,dd.Lifayy.Ldena}rdﬂq)L}gJﬂdbLSJuu—:-tsu.n[f__a(\‘
e g 3 45
@JwbﬁbpﬁQJﬁbyjsth"J}@wpﬁﬁ‘%L‘s.)w():-!‘*s‘_;‘lg-'-“(r

AF Sl3T = o yed
;&lﬂ&?ﬂ)“hw;lflﬁﬂj Ly, Sabas sJSJqu-_’L ..n,f ui,uA.‘ " &L NIJCRY JF USSR

e of y y ot s, pdais e 2 53 230 s
A ASI:
[ NN e a LI
(1) U—)
(A )y >(An ); —(AA): t (A ) =(Ap)r=(Ap); O
(A )3 >(Ag )y >(Ay )y 4 ( Ay >(Ap )2 > (A ) &
Yoays
AY ol3T = o0y

?J--:lﬁu"(‘}ch“hjlf‘ Vb ."!‘Jf"‘;".'(‘)clﬂi‘tﬁjlf- N -Jﬂ_’. FLEY A PR u)l._-r:'. F.'d.,lj_. 4 e gl —ATY
<y ; 5
(‘“_'I‘JL_QSCL'"‘J’J‘JJdLA-C.J‘?-r‘J'-&:H:dzgh ,B--m.s.,-rx\-".ew-rx\.“')

1

- 10
- 2
l\ ] i
=t
— (r
3 4
¥oays

www.hoseinzadeh.net £



oo\ YAV

ol fanlis 3 slac 5850 Sl 5 T (pdy 152 A8 Sos s, e 400
{VF olpac pamnigs)

s B 51 5 S s 50
.Jﬁlwélﬁlah_j&ﬁi.-‘fL-_,:.:J.:\J_,.i‘,.{a—...-S" S 25 S (Y

s 3 g4 (o) O (55l A 4 228 5Y 43 (T

ot O ol ey S G S 8 8 S G o O 51 S5 (F

Fans

S

' | . v e ; - 2 K Ry P _,:.-.i-..:.-;li.--\"i
EHA}}A&LHJ\A_‘.QZSUMé-.'ud'af.&;J:.pJa..a.-\gunﬁslon.m\pJ—.Jﬂylg‘_}:‘n-—-élu WL

0.35f) =20MPa. B =D ool Ade anr
7y =400MPa
200 mm ¢
630 mm 300 mm (v 400 mm (7
3
(wy)&;ﬁlﬁgo —>xb=§d=0.6d - a = f1x, = 0.6d

(w) 5 plSks o AgF, = abx 0.85f] - 4004y, = 0.6d X250 X 20 - Ag, = 7.5d

a
oMy, = A, F, (d - E) —  48kN.m = 0.85x 7.5d x 400 x (d — 0.3d) - d =164 mm

www.hoseinzadeh.net £\



oo\ YAV

el oals &3l (Bernoulli) Jgiyp lawgs dacl ez (5,555 10 ppo Slos,8 51 (SO
iile (oo (Sl pae Jsb j9oe p g S9ec g gl 55 e Jlosl Sl (g cpae So sk j97e n Sgee gl abli
s> Oygo 4 phaiie g5 o 13,5 Ol Azl 50 5 Al (sed 7 OV 5 G G (03 e 4S5 Casline oy ol (ol (S slacl o

(G S5 illas) WS (g0 i

)5 Al 5 S50 ol oo 1y 8 Ml ade g ls 5 IS 4 ez g L
_df zdf g,
PTax T zdx 2

T —

axis

\____/

!
/J‘
dx

(a) Flexural deformations (b} Strain diagram

A7 (6 ool oo
b gLl 3L o oSy g0 LGS l=Foamiml Giie es b mhe i 0 ahds po o had S o 81 -WF
e phoke 0 i | U Elad il piiiy 97 0 0TD A el (402 e Zkoet 3 0 30 i g 2 20T

‘?cg,;1JhuJ_-¢Ta,4:-
Fa ()
jae (F
Yoo (¥
Foo (f
lzi %lzm - R =100000 mm = 600 m
R h R 600

www.hoseinzadeh.net £Y



oo\ YAV
A7 Gl o
i
pld_f;l- et 30 (g} i A 30 adade Lol Jlade oI5 50 e 0l oyl deyl o ted alode sl —HAY

b d Bl o (Ag = VFYomm® MTA 5L i Jold SFoo aby DI 3¥4h g CFS 03, o Sl
o el et 5 Al 0 5L RS miel By =ty = 0 AD g By = oo Y= =1

g ey 5 )0 el
(B 5y Jyle am a) IAT-4
oo Yoa co VAD (T
TS (T
Fab (f
S o M
foomm| >
Too M [ [ ] .

C=T - (0.85x)b X 0.85f; = AF, -  (0.85x200x) x 0.85 x 25 =1470 x 400 - x =163 mm

=20 _ 0184~
T 0163 m

S| m

1

R

AF sl s

D L s aliand )0 i slimil Ghimo 1o oy Jai 53 1) g S8 505 U o 7 lailo Jler -NO
(0l o A5V 93 Corlin Ag ) Sl o 1) bty 51 S0 plas o gt osle LG

d
1.5A4 l_ Ag
e @ @ o ]

—
e
&
1

-8 ] o ]
—t— s —s— 15—
() () () (F)
By 2D 2 b, 2D, (¥ B 2D, 2, 2D, ()
By 2 b, > by 2 b, (¥ b, > b 2 b, 2B, (v
AV (6 sl oo

fy SYgd pud 5l Cuaglie 9 Ag piilS OV 9d mhaw d ide glii )l b (p e 4 JSO ladaias ahaide by - Y-

o 9 ghils pdos pelis ;KU @a Lyl b (39 Sul 0,0 el plaS Lol b .Cusl fgyhe
(W it Canglie padis JS) 50 A5 Cul (5 59k ahaie) Tl g0 Pl Pl Sueglie UL 50 ahaie L
(G y g0 Egy LARne Jl0Re & (32 (5L JU (2 7 19 (P9 )5 9 99d o0 eakands 5 )Shse
b
d
Ag (v
fy (¢

D9 (g0 (g Cuaglio Lol crge b il )l eled ol

o9 go Lzl 2al3l zge B il

Sl Lzl Jlade o (6,50 d Joves;

Dol oo Ll jialS g AS ol

g oo bzl tals g fy ol

www.hoseinzadeh.net £y



oo\ YAV

o> Cuoglio LralS oo -V 2T

f s o Cudle ol )l 3

o0 oo 5B L, elae IS el

Bl (oo (o225 slas Rhoo hans 550 B (55L28 U (0 5590 aAlold Rl dpepons (LA L) ghaiie 5o Gas
2Bl oo )b slao She 3550 U (5,L88 B 0 5,90 aloli !

A5l (oo (Lt gl Koo 5oy iy y90 U ,Lid LB 1 590 alole dy

o2 oo QLS AS L) anS sl Sl coluws

weddre QLI A L) o )lad a0 a8 3 )18 glas Ko ol

A:s Compression zone A's Compression zone
d'y d’y A
T B3 T [
b d d, h b d-d, h h d=d, b,
dl A'S
[ N M ) _L
ee 0 — @ — T A~ Compression zone
A A
s S
21.2.2 Strength reduction factor for moment, axial force,
or combined moment and axial force shall be in accordance
with Table 21.2.2.
21.2.2.1 For deformed reinforcement, &, shall be f/E;.
For Grade 420 deformed reinforcement, it shall be permitted
to take &, equal to 0.002.
Table 21.2.2—Strength reduction factor ¢ for moment, axial force,
or combined moment and axial force
¢
Type of transverse reinforcement
Net tensile stain g, Classification Spirals conforming to 25.7.3 Other
T Compression-controlled 0.75 (a) 0.65 (b)
g, < g < 0.005 Transition!" 075+ 0.15M (c) 0.65+ O.ZSM )
O (0.005—¢,) (0.005-¢,)
g = (.005 Tension-controlled 0.90 (e) 0.90 N

MFor scctions classificd as transilion, it shall be permitied to usc ¢ corresponding o compression-controlled sections.
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Fig. R21.2.2aSitrain distribution and nel lensile strain in a
nonprestressed member.
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| >
st = Ety 8, =0.005

Fig. R21.2.2b Variation of ¢ with net lensile strain in
extreme tension reinforcement, &
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9.3.3 Reinforcement strain limit in nonprestressed beams

9.3.3.1 For nonprestressed beams with P, < 0.10f.'4,, &
shall be at least 0.004.

el o dlone o)1 S5 bates 15 Sy sl P, SlEe 2y SISO 59
¢. = 0,003 0.857 ‘l

i My ==

d=d,ﬁ _____ L —_ ._.._..1[,,._

S S S S

0.004
]
d

X |:> y=_ 0003 E> x=34 |:> ay =By X

0.003 0,003 +0.004 0.003 +0.004 7
(As) max A A

Af, = 0.85 f'ab Msmax _ 085 g, 2 |:>p, —085<p, >

y bd fyﬁl max f:'yﬁl

.o)la.‘,pmax )\m)oﬁbéh&aabel)o)ﬁﬁgo)lo&ﬂ,)‘_:.iBfC' )lai,oa\gl.m)..,.'{)apmax)lm Gedahl, wazg L @

R PR ML?!A M)T;i:&.huur)s_i: G‘fpopt )L)-QAJJ)JK‘AI)Q

¢ = 0003 0.85¢. __L

/////%_—;}::u —:{:{ —‘gc = 085¢.ab
- ———- S R
I

- —_— L s r=ay,

0.005
b
X d
_ Ly N Y
0.003 ~ 0.003 +0.005 0.003 +0.005 8
Asf, =085 flab “ S)“P‘ = 0.85 fiﬁl— |$ P, =085 fiﬁl—
fy o Fy

www.hoseinzadeh.net 44



oo\ YAV

s Sl (b VY

w9 ke Conl (Soe Sigliie IS 90 4 Lael >l Jilus
G5 e 5 corlcs caaiie bl e (5,123 Canglite iile g ahaie Slaseiin Jilas £53 ol 5 i minion ahaiie LT 5 b)) -
i (5 y57e b g o8 o stvas) aaite Cragliie 45 Casl (] w09 om ykae Jilee ) 43 45 Mg anl polae 5 aseiis bas Shos

Cdle ol o el pslas g aeiie alaie s 3,y (sloyl olie L g ol polasl alaie Slasein flus g5 ol 4 sabie >lb -Y
SIS o sl 5 (b 1y Y 8 Slen 5 enlin ol 2l gl )yl olyee olol

asloea 1) Canglio wyl Lo Lo g ol polne alaiie Slaseine alod Jsl b o ailoe 5 ol g Sl ay S ol el Jilos >
el Jspme ghiie Slasie solod pgs s o aSle o oS

lo s e 4y g pe Bl gl

L ool s aily>
b h d B f Asp  As—max
b h o d E f A oM,
b h d E f oM,=M, A,
F & oM, =M, b d h A

T=C [ pbdf,=085flab E>a=p(0.g§f,)d

anT(d—;) :c(d—g) (mp Mn:pbdfy(d—%

< -
fy

M, p
)

www.hoseinzadeh.net

Y

(semeds) 5 >k =15



oo\ YAV

oS o¥gd J8las —VA-Y
9.6.1.2 A, ., shall be the greater of (a) and (b), except as
provided in 9.6.1.3. For a statically determinate beam with
a flange in tension, the value of b,, shall be the lesser of Af
and 2b,,.
025/ F
(a) —\/wad
1
14
(by —b.d
5
9.6.1.3 If A, provided at every section is at least one-third
greater than A; required by analysis, 9.6.1.1 and 9.6.1.2 need
not be satisfied.
¥F alewls

s 83 Pl cxd g 00y n).bJ._.JuS.g‘d.gbﬁ,ﬁﬁjﬁ)éow&aébom&uTé&—v
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25.2—Minimum spacing of reinforcement
25.2.1 For parallel nonprestressed reinforcement in a hon-

zontal layer, clear spacing shall be at least the greatest of
1 in., ds, and (4/3)d,,,

25.2.2 For parallel nonprestressed reinforcement placed in
two or more horizontal layers, reinforcement in the upper
layers shall be placed directly above reinforcement in the

bottom layer with a clear spacing between layers of at least
1in.

25.2.3 For longitudinal reinforcement in columns, pedes-
tals, struts, and boundary clements in walls, clcar spacing
between bars shall be at least the greatest of 1.5 in., 1.5d,,
and (4/3)d,,;

@ o @ @
e o @ o o
‘_,al 5 alold Second layer “’é" fl.alﬁ No Yes
/—_ Arrangement of bars In two layers (AC| Section 7.6.2).

B
&T
\-__Qa.’b Aol 240 mm

T®

=40 mm

225 mm 225 mm

Gkd slaasl | Max (1.5 db, 40 mm) ¢>4O mm
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Van s

A ey 3B F 5V sl 4T g 00e 25mm 5l S (20mm) o e 9aoﬁo|ﬂ alold
e Ll i ol peadis 00 ibg cwicred ol Jo8 BB g 00,5 Loyl ) a5 Lulgs BOMM) o, G 0 oo Ko s ol3] alols

www.hoseinzadeh.net Y.



oo\ YAV

6,Lad oY L3l Y oY

:;ho"")l.?é&.cﬁ‘s)uéoy#ﬂﬂ} -

Spdy XS p g lad Y48 15U

S s les Vg 36 -

COITIpI'ESSIOI’I Zone

|\bb\ A

d'y > /s
{ @ & ¢ 600 @)
1—7%5‘/?5,%?57 % OO IO
b d b
w d, d-d, w |
Y d'| # As
(XK ’ T

= Compression zone
A N

s

(a) Positive moment (compression on top). {b} Negative moment (compression on bottom).

www.hoseinzadeh.net VAl



oo\ YAV

oV bl g)lad oV L6 -

Asb
?wwd)@qub)yuj)lm w5 aslol g Lid ,gile,| B ahio Hllao alaie pl 4y S0l iVl > 0 A alade 0uS (5,8
il oo S 50 ? il Bus
(T)2) O3S (o i g 0392 (S0 93 2 ;0 (15 )1 il o iVl Sl gale 90 y0 0 &Sl 4 a5 b
ol A alade jo

C =T - (Ag)F, = ab(0.85f)

:M)")B (:EJLA )o
C =T - (Asyp+?)F, = ab(0.85f)) + ALf,

~ (2)F, = Afy

- ()= A5

y
by o

L,

‘P: /4’
5
- P
e P

/ -
As Clagh e il

A ©opoly '0;’:”«*? Asb= A, +

1 f.
Xsb= Asb+ As?s
¥

A B

gl 5o Gl 6ylad sla,gile ] syl by 4

Agp = Agp + A;

www.hoseinzadeh.net \Al



g0\ YAV

o> ng@.‘o » 6)LAA QY}Q ).A.’L’ -

L AsS ‘L’ (){ O-J/f lO/ )))F/UM) (Jy.cdﬂ-J) .:J r’gﬂd ek

a2 30 5
. “—’_J\‘qusg ; ‘/‘ 7

Q.00 35 / : |-

55(53 R M 45£Z<AS_F_
(ASP) ﬁv/dié C}“/J )J;(é‘... JJP“'“——H @@JJ - )._J,// g,ﬂ .e/a'%u{db?

p[‘/:dp/’» cﬁ-/‘oé Lo St &’F//"’W”'?‘

<(/L’/C.9:// b(}y,yt,)o' Q—PL” 0-2/’-/ ............ (;C)j}ju})

)/(;- T (,_/).J/, Al Gia e G a0, Cupolle. e, L”J«_);'----Cbgz-/- ------ @
o5 A 1@ Z ....... HCJ;»-' ..... YA AN A_;F'Z......,/m. ,1[:,L../u

//"_’

. A’l’&é—J//é)O JF,LH/JJ{):’;[ZC-;.:!— L& LJ_)._),:...@,;#/L @ z—P—“"
e @/—//ﬂ-‘w ),_Jj/— h"@ ............... S

. AL&‘ (/—//n/ (Cj)bz/jh ),u-”/)) /0 _)/,4.&« A q@

’)O..-ﬂé ﬂ.S u-c'(._.n_/_po \/

. / S fe
)\,0_.)'/',',‘?(&) R

-7 = . 2 AL ; et
DY s AR R GG s bicm @—"_)-';'y#LC):r;.Lbyl(}!ﬂ

A W - 2 P
o h -, U i / T
e B /f@b)é/_/ﬁf(/?’/@_ﬁojjy_;!}ml,

+%,

www.hoseinzadeh.net \AN



oo\ YAV

Curvature, m™'
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FIGURE 6.26 Effect of compression reinforcement on the moment—curvature relation.
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(0.85 X x X 500) x 0.85 X 25 + 1000 x (400 — 0.85 X 25) = 9000 X 400
x =356 mm
5l Wsd oo 6ol b AT 0 (o0 gy 5 0055 arle X bl ) ()l 5 onnS las¥sd (1550 558 S sl

1 (356 —140)
€ =——F—x0.003 =0.00182 < ¢, = 0.002

s 356
WNgh (oo 55z )lad slasVg culplo
(s2iS Glos Ko ol s )l (o) 2
(540 — 356)
& = 35 % 0.003 = 0.00154 < g, = 0.002

gl god (5l ju LaiS slaoYed

FY 5l S g lad 5 oiiS sboo¥ed jo s b X o5 U Gee STl p) 0 sl oo g, (g lad g S slaoYgd ipgn 5,8

398 (o0 dmlne 2j Oy 4 g 39 wals>
(540 — x) (540 —x)
g =——"2%0003 - f=¢eE=600—

X X
r (x — 140) S (x — 140)
£ =———2x0003 - fl=¢E=600—>

N

gl Cass X e ol alolae (yidig by s

C=T - (BxxDb)0.85f. +AL(f, — 0.85F.) = Af,
(x — 140) (540 — x)
(0.85 x x x 500) x 0.85 x 25 + 1000 x 6OOT —0.85%x25)=9000 x 6OOT

x = 333.634 mm

iolee Sewdy (5)La8 5 (2285 SlasYsd (695 X (8L 5l oy
(540 — 333.634)

Ty = Agfy = 9000 X 60— = 3340 kN
T! = AL(f! — 0.85£.) = 1000 x 600(333'634_140) 0.85 x 25 | = 327 kN
s = As(fs = 085/c) = 333.634 B

€ = (Bx X b)0.85f, = (0.85 X 334 x 500) X 0.85 x 25 = 3013 kN

0.85 x 333.6

Mn=T;x(400)+C><<540— 3

) =1330kN.m
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6.3.2 T-beam geometry

6.3.2.1 For nonprestressed T-beams supporting monolithic
or composite slabs, the effective flange width by shall include
the beam web width b,, plus an effective overhanging flange
width in accordance with Table 6.3.2.1, where A is the slab
thickness and s,, is the clear distance to the adjacent web.

Table 6.3.2.1—Dimensional limits for effective
overhanging flange width for T-beams

oo\ YAV

Effective overhanging flange width, beyond face
Flange location of web
8h
Each side of Least of 2
web
£,/8
6h
One side of web Least of* S,./2
£,/12

6.3.2.2 Isolated nonprestressed T-beams in which the
flange is used to provide additional compression area shall
have a flange thickness greater than or equal to 0.55,, and an

effective flange width less than or equal to 4b,,.

Ly= = ab31 ailao Jobo

\

www.hoseinzadeh.net

w S = 39bxe g Olb o137 dlold

-

ST 5 yige pye —V-T)-Y

Equivalent width for
uniform stress and
same compressive

force as actual stress
d atrih itinn —

Actual extreme fiber
compressive stress f,
for infinitely wide flange
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wm o AsB)

_ = B 085f)

] (oo oty o o Cuaglie 5 8, aalys Joe el alais g 5] e algla 51 X
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~ 2(b;)(0.85F)

1394 damloe loazme Wl A Jlaie o5 wales Jos SO T ahaio wot 5l 25,5 adsla 51 Y
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= (bw)(085f)
a

> oM, =g <A01(0.85f0’) (d - %) + A (0.85f)) (d _ %))

A02= t CbE- bw)

ast - L. - <pMn=<pAsFy<d

a>t -  saT - a
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cl W
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Example:
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Calculate the design strength ¢M,, for one of the T beams in the positive mocment region.

The heam has a clear span of 7 m (face to face).

fi = 28MPq, fr =420 MPa.

% T 3 * -
ey -
A A
T_‘—— ’ £
M~
— ?
i
o . T -
1.8 m - 1.8m 1.8m |
¢ ¢
75 mm | 18m !
A ) A
E-I- = I o
§_ ee)- 4 225 I wvet 42025 I - 4225
. f—————————= 1.5 M ———————m rL. 1.9m I
300 mim 300 min 300mm
Solution: . 1500 ,
From the Geometry of T-section:
by =300mm, h=600mm, t="h =75mm : :
A (4@ 25) = 1963.5 mm? g ; :
: :
b,. is the smallest of: S CO | :
L 7000 |, 300 ,l
{a) b, =< b, + Z: 300 + T =2050 mm,
(b) b, < b, +16k; = 300+ 16 - 75 = 1500 mm, — control

{c) b, < Center to Center spacing between adjacent beams = 1800 mm.

Take b, = 1500 mm.

a

Agfy 1963.5 - 420

T 085f'b, 085 -28-1500

=23.1mm < hf =75mm

The beam section will be considered as rectangular with b = b, = 1500 mm.

25
d =600—40—10—?= 537.5mm

a 23.1 »
M, = Af, (d _E) = 1963.5 - 420 (537.5 _T) x 1076 = 433.74 KN - m

Check for strain £, = 0.005

a 231

— = —2718
B, 0485 i

c=

d—c
£, = 0.003 (T) = 0.003(

5375 — 27.18
—) = 0.0565 > 0.005 OK

27.18

B, =085

Take ¢¢ = 0.9 for flexure as tension-controlled section.

M, =M, =09-433.74 =39037KN-m

www.hoseinzadeh.net
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Example:
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Determine the positive moment capacity of the edge L-section beam. The beam has a clear

span of 6 m (face to face).

f =20 MPa, fy =400 MPa.
o
S |
3

632 "
(oNe} (oN@)
! 300 ! 2200 ! 300 !

Solution:

From the Geometry of T-section:

b,, = 300 mm, h =670 mm, t=h; =120mm

A (62 32) = 4825.5 mm?

by, is the smallest of:

L 6000
(a) b, <b, + G- 300 + EVES 800 mm, — control

(b) b, < b, + 6h =300 + 6120 = 1020 mm,

1 2200
(¢) b, <b, + 3 the clear distance to the next beam web = 300 + — = 1400 mm.

Take b, = 800 mm.
Checkifa > hy

Asf, 48255 -400

4= 085fb, 085 -20-800

The beam section will be considered as L-section with
b, = 800 mm.
_ 0.85 £/ (b, — bw)hf _

sf fy
_0.85 -20(800 — 300)120 2550 mm?
= 400 = mm
Ag, = Ag — Ag; = 4825.5 — 2550 = 2275.5 mm?
A 2275.5 - 400
swly = 17847 mm

4= 085fb, 085 -20-300
A, (62 32) are arranged in two layers

25
d=670—40—10—32—7=575.5mm

M, = Af, (d —%) + Ay (4-3)

120
- [2550 - 400 (575.5 _ T) + 22755 - 400 (575.5 _

Check for strain g, > 0.005

a 17847
=5 =085 = 20996 mm, p, = 0.85
S d, 25 32
dy=d+35+~7 = 5755+~ +— = 604 mm
d,—c 604 — 209.96
g = 0.003( - ) =0.003 (—209_96 ) =

= 0.00563 > 0.005 OK

Take ¢p = 0.9 for flexure as tension-controlled section.

=141.93mm > hy = 120 mm

i

| |%////’W’W
i
som|
178.47

)] x 1076 = 968.4 KN - m

M, = ¢pM, = 0.9-961.65 = 86549 KN -m

Www.nosemzaacn.nct

AY




oo\ YAV

Example:
Compute the positive design moment capacity of the | 600 .l
T-section beam. | |
f; =20 MPa, f, =420 MPa. 2 | |
Solution:
From the Geometry of T-section: 2
O
b, = 200mm, h = 650mm, t = h; =80mm
428
A,(4 28) = 2463 mm? o O__{ %0
Checkifa > hy | OR Ol VY
Af, 2463 - 420 200
= = =101.42 - >
@ =085/'b, 085 -20-600 mm
a=101.42mm > hf =80 mm. The beam section will be considered as T-section.
085 f/(b, — b, )hs 0.85 -20(600 — 200)80
o = e (Be = bhy _ ( )80 _ 12952 mm?
fy 420
Ag, = Ag — Ay = 2463 — 1295.2 = 1167.76 mm?
Aswfy 1167.76 - 420
= = = 144.25
®=085/'b, 085 -20-200 mm
Ag (43 28) are arranged in two layers
30
d =650—40—10—28—?= 557 mm
h’f a
My = Asefy (d—L + Agufy (d _E) =
80 144.25
= [1295.2 -420 (557 — 7) +1167.76 - 420 (557 — )] %X 107 = 519.05 KN -m
Check for strain & = 0.005
_a_1425 . 0003
C_ﬁ1_ 085 - .7 mm, p1=0. |
do=d+o+® 557430, 28 o6
t=aTyT T T 2 Tz o oeemm
— 0003 (% 76) — 0.003 (86— 1697\ _ 5
f=o ( c )_ ' ( 169.7 )_
= 0.00736 > 0.005 0K
Take ¢p = 0.9 for flexure as tension-controlled section. Y

M, = ¢M, = 0.9-519.05 = 467.15KN -m

www.hoseinzadeh.net AN



Problems in Sl Units

For Problems 2.42 to 2.44, determine the cracking moments for

oo\ YAV

Problem 2.44

the sections shown if £/ = 28 MPa and the modulus of rupture

is f, = 0.7,/f/ with f/ in MPa.
Problem 2.42

520 mm
600 mm

3 #19

kSOmm‘

|<— 350 mm —>|

Problem 2.43 (Ans. 46.30 kKN-m)

420 mm
500 mm

2#25

-

80 mm

l<— 300 mm —~{

Problem 2.46

20 kN/m (including beam weight)

Vs

A
‘"
|

_\_

www.hoseinzadeh.net

|<7 600 mm ——

‘klOO mm
A
320 mm 500 mm
2 #19
o .
1 80 mm \

200 mm |

For Problems 2.45 to 2.47, compute the flexural stresses
in the concrete and steel for the beams shown using the
transformed-area method.

Problem 2.45 (Ans. f/ =7.785 MPa, f, = 109.31 MPa)

4 #29
e o o o

530 mm
600

M =130 kNem
n=9

mim

—<—— 350 mm ——]

\ \
420 mm
500 mm
4 #36
e o o o —1
80 mm
<— 300 mm — T

A4



For Problems 2.48 to 2.55, compute M, values.

oo\ YAV

Problem b (mm) d (mm) Bars f! (MPa) 5 (MPa) Ans,
No.
2.48 300 600 3 #36 35 350 —
2.49 320 600 3#36 28 350 560.5 kN-m
2.50 350 530 3 #25 24 420 —
2.51 370 530 3 #25 24 420 313 kN-m
Problem 2.52
3
f_‘, =420 MPa
f=24MPa
460 mm
600 mm
6 #25
° ° —[—
¢ 70 mm
® . —_
70 mm
«—— 350 mm —]
Problem 2.53 Repeat Problem 2.48 if four #36 bars
are used. (Ans. 734 kN-m)
Problem 2.54
! « 1.200 m .|
4{100 mm £=28 MPa
T ﬁ =350 MPa
2 #36
e o
70 mm ¥
| 250 mm
Problem 2.55 (Ans. 689.7 kN-m)
|~ 800 mm -
80 mm £,=300 MPa
Y )
f/=28 MPa
300 mm
560 mm
6 #36
e o o “
¥ 100 mm
o o o
y 830 mm

www.hoseinzadeh.net
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Problem 4.35 (One ans. 450 mm x 890 mm
with 6 #32 bars)

For Problems 4.34 to 4.39, design rectangular sections for

. P; =100 kN
the beams, loads, and p values shown. Beam weights are not
included in the loads given. Show sketches of cross sections wr = 25 KN/m
including bar sizes, arrangements, and spacing. Assume con- % A D 71
crete weighs 23.5 kN/m®. f, = 420 MPa and f; = 28 MPa. ;E 8
_1
l«——6m—>f—6m—| P =2/
- 12m
Problem 4.34 Problem 4.36
wp = 20 kN/m wp = 26 kN/m
wy, = 12kN/m % wy, = 20 kKN/m
1 L
P=5Pp %
|
} 10m = l >m "
0.18f1,
S

Problem 4.37 Place live loads to cause maximum positive and negative moments. p = 0.18f// fy- (One ans.
450 mm x 900 mm with 6 #32 bars positive reinf.)

wp = 30 kN/m, w; = 20 kN/m
K A
}‘3m l 12m l-— 3m—|

Problem 4.38

Pr =60 kN
wp=06kN/m /
wy =10 kN/m Z

o
v
I
_ 1
P—ipb

Problem 4.39 Design the one-way slab shown in the
accompanying figure to support a live load of 12 kN/m?.
Do not use the ACI thickness limitation for deflections.
Assume concrete weighs 23.5 kN/m>. f/ = 28 MPa and
f, = 420 MPa. Use p = p_ .. (One ans. 240-mm slab
with #25 @ 140-mm main steel)

/gMMZZM%

N §m al

www.hoseinzadeh.net a9



oo\ Yay

o ¥
Syl 3 jlad g iaS CuS p cod cdas o gledl cplegls J13 alle b con ledl SO AT Sl

3,55 08 S5 5 ol cpnd (R85 o
T
T \f /'
T = -
= T
T / \
T

.0)5_—5. ) "J)S" Y O ygo 4 ”d:‘)'.'" o S A I ..\.’)L..: e 420 € 4&915 oo)b 65]:-; 6[3”‘) L’ ‘SMJ)J 6Le‘sf

WS S 55 Jloe! (sl 5 W5ty o5 2,55 0 55 y90 4 a5 155 LS o3
P

S

P P

\l/P

SOUNSN NN
NOUONNNNNN

NOUOUMNNSNYN

s y B e e 3ol
(Gl y Ceoms JS5) San Fernando 1971 alyf; jo g oy CanSlls

S e e
e o i "

www.hoseinzadeh.net ay



o R YAy

03 S b S 00l 1 40 e g o S 5 -V -F

q
A
T el
Sl S oL S Sas el S
v : gL
2 2
aL
g
RN S /20 NN
N A
b oS s ST
Z AN
AWM
A -
Simple support \ Simgple support
s e &S S

Nigh (oo g9rh glabe bag 5l (c2p lo S5 pnlple 5 9l oo BT lz dawg yo ASTae (LD A g o dates glade 5o

| S S S N N S S S NN SN SR S S S

{7 v\
AN @]

a) Initiation of flexural cracks

SN SN SN SN SN SNNY Y SR NSNS SN SN SN N SN A

-~ ~ N
T oY

AN Q

b) Growth of flexural cracks and formation of flexure shear

and web shear cracks.
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Vdx = d(M)

o, 398 abaly o M =TZ )35 |,
Vdx = d(T X Z) - Vdx =d(T) X Z+d(Z) xT
3 2l o 5 3,5kt by s JU p3lSe sazns oL 358 alal, 5 sl o5 Spen LSS i3 53 Gy 59 4 Ui a5 358 Al

2l (oo (owgd 0 Shee b A p Jll eases (lis 55 pgs e

(Beam action) .5 o ,Slec L 5, Jls
el ely 5 0 aalys A(Z) = 0 ke el ol j3 sl ool 5 Jsb 5o (Z) S saik ke 035 58
- Vdx = d(T)Z

S Axgs pj a4

Vdx = d(T) X Z

www.hoseinzadeh.net vy



www.hoseinzadeh.net

o R YAy

(Arch action) 5, Jaol eed o Sles

. dx
p— ;j T
Z+dzZ vT lv=‘> IZ
— P—
C+dC A¥ C

LS ey oS (6,5 A alaii > S

Vdx =d(Z) xT
el 0ais Jais alaie SlBgd Ceand 4y (Lo jein A w8l oo 3l g obsS sloyud jo 0 Sles oyl

T rsab

u

17/

{a) Beamn action

(b) Arch action

aA



o R YAy

03,95 5 5 5t 5 (st Cengli ¥

b i o 5 i3

93)}5&5;&:{63}3@)&;

20908 (008 s ulul p alafie Cooglie i) 90 0 30580 (g, -V o8 hg) - ) e )ld (g, 99 adafie LDy Casglie diwle sl
D5l (oo dplone axbo

Dowel
N L~ splitting
©
o
=
o
o
£
2
g Vey |
g
5 Vo |
=
Vay |
/ Ve I
Flexural Inclined Yield of Failure
cracking cracking stirrups
Applied shear

www.hoseinzadeh.net a9



oo\ YAy

16970 98 9 lael sl (oo alal, b i (o8 gl
22.5.5 V. for nonprestressed members without axial force

22.5.5.1 For nonprestressed members without axial force,
V. shall be calculated by:

V., =017\fb,d (22.5.5.1)

unless a more detailed calculation 1s made in accordance
with Table 22.5.5.1.

bf
S—r
d h d h
[ I ) ® O
b b

1§97 )L b glacl sl (o (hn Conglie o, alal,
22.5.6 V. for nonprestressed members with axial
compression

22.5.6.1 For nonprestressed members with axial compres-
sion, V. shall be calculated by:

Nu
144,

VC=O.17£1+ ]M/Z’bwd (22.5.6.1)

unless a more detailed calculation 1s made in accordance
with Table 22.5.6.1, where N, 1s positive for compression.

183970 S b glac! sl oxu 2By Cwglie alal,

22.5.7 V. for nonprestressed members with significant
axial tension

22.5.7.1 For nonprestressed members with significant
axial tension, V. shall be calculated by:

Nll
3.54,

4 =0_17(1+ Jk\/f’bwd (2257.1)

where N, is negative for tension, and V, shall not be less
than zero.

www.hoseinzadeh.net Yoo



o R YAy

Y Dbl
2ot gulsd gl (ga9ma (gapu) a3l )10 )8 e g D1 1 G pulis 3 alalla Sg-YY
S oS gyeals ol g3 g9y0 o Bebo hlzar 3l eoliiud yaoy w29 abdl 8 NU=TAg

Tl dlgdr wilys uiny adake py3p -
1(F 1.5 o g 0.5 ¢y
Yoau s
Vez _ 1 N, =1 1—15
Ver +14Ag -1t T
Y Sl

Sy o sy Aleand & glast (V) oy by 0ud rnll pylio (20 (98 8590 5o -BY
| s ol |y pasms 4y 5 10510 5100 (5 a0me 9 9 gl
i gn ISy Vo e o (B85 g 0o 59,05y Gl )y Ve Jaka 55108 (500 38 )

w3 go Gl | Ve Jlade o 2l (o50ma oypai'y Aol 1, Wy Jlada (g L2 (g gmme (g0, (F

w3 gn il 1, Vo ke 093 18 (G225 (g 900 (3,05 5 51D (590 6y (F

DM Vo o ool 08 1 68l 5 pmmee gy (F

Vs
0 Sl
52 (69370 (5335 3 150 KN (g o2 (5950 S Jullio JS5 & Lo (SN f‘:ha-“-s‘_—\"f
o 45 Tl 0 ks g oud cpoli palie (o2 (§9y8 Comed OIS Hi,3 250 kKN
(D5t 31y SIAS O yg0 4 (8970 (5955 4T (Il 41 9 3,1y ($)LED D)9 59
slasl kian SA00 s Rlee Y55 €25 cyi 03) Faml JiSu35 525 oo 3 Kool &4

350 («Camal yio o &3 J55 59
‘ o 1.0 ()
2920
1.3 (Y
575
L $10@200
1.7 (¥
75 |\ee8e
v ) 4028 2.0 (¥
Y oaus
’ Nu ) N.
Veecomp = ¢O.17\/ﬁ 1+ 124 b,,d v <1+_u) (1+ 250000 )
g c—comp _ 1244/ 14x350X650
Ny Ve—ten N\ (1 + — 250000 ) = 1.57
Ve—ten = <P0-17\/E<1 + 354 )bwd (1 + %) 3.5x350X650
D4g

www.hoseinzadeh.net \RA



o R YAy

7 Slowlre
odlau! C25 3y 51 a8 wil Jkai ,o LS o 53 1) C30 00 51 s b 0 phie eoglll —YY
G GJL‘M‘ JLl. C’._D.)J)’O A.Lolé) d ;5-0 ".&C Jl-..\.i.o u),.n:n.; sala )*-"ij OJ,’L& ‘J)L\I' c}L‘l-}' g Bl
oud (yaoli paliie (ol p1 (59 5 45 39d 4BLS] s y0 sz T8gum (22 yaile,T putanw 55 0
.(é,.& oa’.ﬁ.’.’.u":&).g Cm,ﬁ.o)i'oa!..u A.Ia._vbJ'I) ?a,..:..i):.n:d*]ﬂ c,b )1& h.wy u).b‘.s..

12 (¥ 10 (¥ 5¢(Y 20 (M

Yo
(90.17V/30) bd, = (90.17V25) b, > +30d, =V25d, - 1.095d, = d,

Sy g i 5 e Gas 48 Jug 3 el 52 15 SWJSE Gilla aujl o2 p7 adida LY

,5‘.!‘,):_'- JJL'LA J.\Jﬁf‘.ls&.a_,ua ‘.L.‘-'u, s'JL-;\g L‘JT U’)nd-‘ c“-ﬂ-‘ lasla gy (CJ,.JL-») u )

(AP olyac s bw=¥ecm ybe=5ocm yd=Y0cm Sl 2iu 2,
by g be b

“ - 06 ot
d (f J bw (‘- d b bw (Y d bw ( \
é _.ii_ A.S

_fy

Y 6 il o
SaBd g0 ) (L jad gimnS Iy g g p Ty S plaS (0 5 JKD Ha 50 -NA

(Aigsd go amlzn fy, = 0 5\ffc alay 31 aaie ConsSid ol 3 Ve = 0, Yyff b adl) 31 (532 (i s eaglin)

h
. -—=f,c~ \

. o l.

h
§ Pl h —=Y,0 (¥

L

L h
b ——:\/o("

L
h o e

L /
45480 (o0 &) (Sloj D S F
P, = 0.2/f.bh
4S9 (o0 F) Sl he> S
bh3
I (0.6V1) x (= 0.1/f.bh?
P,L = M,, —>P2L=f% 5 PL= — () > P2=#
)
0.1,/f,bh? h
P,=P, - 0.2 fcbh=# > =2

www.hoseinzadeh.net V¥



o R YAy

Y sl

Croglie « ylogluo B0 ply alate WD Ko 5550 1 (P32 gt b 9 yloglus Foox Voo ghie b (ygiuw iy -1Y0
Sazel j0 iz lauwes o.a..:»(,._..[i u&ﬁu,mjlﬁ&ﬁu,a.\gU.I,h.:!.\;..l,a,;,".gk..a,:ou,;,,..t 3]
CCw! ahadn b )

PP A Y
Jhes \ 1

b (¥
Vo (¢
Yo (f

Ve = 900.17\/]76191611 = §00.17\/]TC x 300 x SSOl Ve 300 X550
, 7 @_600><250_1'1
V., = ¢0.17J?6b2d2 = (p0.17\/Z X 600 x 250

(AP 3} glpac amsigs) ?.}Jlachiaw:x .;..,u,xd,;’uqa:,_,ad,,mé,,g,g,.n
el pdae o e glle alS o Bl S5L8 5 e S 8 A0
2 S caglie 5y, 2 8 PH(Y
sl pdae ) G gl SEAS e k3L 2255 g a0 SICY

3yls pher B a6y yome (59,8 a4 S vl o2 Conplis UL Al (F
¥ ans

www.hoseinzadeh.net yov



o R YAy

15970 §9 5 9N sbas! glp 380 alaly b o (o5 Cglie

Table 22.5.5.1—Detailed method for calculating V.

Vc
11
( V.d )b d (a)
Least of (a), (b), e
and (c): (0.16A\ £ +17p,)b,d (b)
0.29%/f7b,d ©

[1IM, occurs simultancously with ¥, at the section considered.

1S90 HLid b glacl (ol o (cbpy Cuoglie @80 abal,
Table 22.5.6.1—Detailed method for calculating
V. for nonprestressed members with axial

compression
Ve
n]
; v.d
0.16A/f +17p, @) bd
M, —N,~——~
8 (a)
Lesser
of (a
and (E))) Equation not applicable if M, — N, (4h8 d)
0.291/fb,d /1 029N, (b)
g

1M, occurs simultaneously with ¥, at the section considered.
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' foaml FSu03 525

1.40 (¥ - 1.30 (¥ 1.20 (v 1.10 (\
Yoaus
(e abayl,
V. = 90.17 x V25 x 300 x 500 = 0.6375 X bd = 95625 N = 95.6 kN
1B alal,
hd _300x05_ hd _
—=———=1. - — =
M, 100 M,

4314 x 12,52
Pw ="7300 x 500

V,d
v Mi 0] (0.16\/25 + 17p,, I:j[_) X 300 x 500 = 0.75 x (0.8 4+ 17 x 0.013 x 1) X 300 X 500 = 115 kN
L= n u

= 0.013

e 9(0.29 X V25) x 300 x 500 = 0.75 x (1.45) x 300 X 500 = 163 kN

115
95.6

Table 22.5.5.1—Detailed method for calculating V.

Ve
d [11
(0.16xJ7;+17pw L )bwd ()
Least of (a), (b), -
and (c): (0.16L/f +17p,)b,d b)
0.291\/f75,d ©

[, occurs simultancously with ¥, at the section considered.
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22.5.10.5.3 ¥V, for shear reinforcement in 22.5.10.5.1 shall S
be calculated by: ~

& & d
AL s |

V.

s

S

D5 (o0 dule pj Oygo & hle poye slo,gils,| (s @ Ceoglio

22.5.10.5.4 V for shear reinforcement in 22.5.10.5.2 shall S
be calculated by: ——
N
NN

v A,f,(sina+coso)d

s

(22.5.10.5.4)
A

158 (o0 demle ) Ojgo 4 0ul 03 (Job slas Kle (o5 Cuaglie
22.5.10.6.1 The center three-fourths of the inclined portion
of bent-up longitudinal bars shall be permitted to be used as
shear reinforcement in nonprestressed members if the angle
a between the bent-up bars and the longitudinal axis of the
member is at least 30 degrees.

22.5.10.6.2 If shear reinforcement consists of a single bar
or a single group of parallel bars having an area A4,, all bent
the same distance from the support, V; shall be the lesser of

(a) and (b):
(a) Vs = 4,f,sina (22.5.10.6.2a)
(b) ¥, =0.25/f'b,d (22.5.10.6.2b)

where a is the angle between bent-up reinforcement and
longitudinal axis of the member.
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22.5—0One-way shear strength
22.5.1 General

22.5.1.1 Nominal one-way shear strength at a section, V,,
shall be calculated by:

Vo=V, + V, (22.5.1.1)

A0 Slewlxs
3 SaoldS 4y 5 IS0 50 o s0ls O lry0 o ks pglic oy 584 jlado-TA
P11k 8340 Lacigals 3V g 9 Jpane £ 31 9 C25 () Toum! [0y 3y polie

400 mm

,Mf‘_“"i]_so (39 S j0 oyt Coogliin (ramsi 30 (5590 Jhid g o
ram
- 247 kN (A
§ TLOL1L00 mm 291 kN (Y
T106200 mm
363 kN (v
1 thomm 385 kN (f

ACI318-14 Lol >
oV = oV + @l
@V, = 0.75 x (0.17 x \/f/bd)

d
oV, = 0.75 (;Avat>

@V, = 0.75 x (0.17 x V25 x 400 x 440) = 112.2 kN

V. = 0.75 (440( ><52)><340)+075 (440(2 ><52)><340)—220kN
P =02 \500 " 2 \100 " =

oV, = oV, + @V, = 112.2 + 220 = 332 kN
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§uml yiay i (! @l (golod (o 2 Caoalin .ol i o8licius] o0 &g T12/25cm wuny slecgls

Jo =300kg/cm® 4 f, =3000kg / cm?

Ngdmp

V =340
V,=455 (¢

PV = Ve + Vs
@V, = 0.75 x (0.17 x \/f/bd)
d d
oV, = 0.75 (;Avat> (sin 60 + cos 60) + 0.75 (;Avat)
@V, = 0.75 x (0.17 x /30 x 350 x 500) = 122.2 kN

V.= 0.75 (500(2 ><52)><300) \/§+1 +0.75 (500(2 ><52)><300)—101kN
P¥s = V79 250 " 2 T2) TV 250" -

oV, = V. + @V, = 122.2 + 101 = 222 kN = 22 ton
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oV, = 0.75 (ﬁ (2 x 3.14 x 52) x 400) + Min
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T10@200 2320
bV rd
N
l \ L/ ! 530
N “
. | 70
]——W————l 2?525—// l-'—-——ﬂ—)ﬁa——
2025

oV, = 0.75 % (0.17 x \/f/bd)

d
oV, = 0.75 (;Avat> + Min{

@V, = 0.75 x (0.17 x V25 x 300 x 530) = 101.4 kN
0.75 ((2 x 3.14 x 12.5%) x 400) sin 45

0.75 x (0.25 x V25 x 300 x 530)

{(pl/; = 124.8 kN + Min

Vo=V .+ Vs +0oVs=101.4+273.8 =375.2 kN

0.75 (4,F,) sin45

oV, = 101.4 kN

208.1 kN

149 kN — 273.8 kN

K

416 (A

300
2320

10@200

0.75 x (0.25 x \/f/b,,d)

4025

(R sy Ceeglie



o R YAy

AY &l
wSheo y5itasT (olans 51 oyt Jaous (sl eadaio corl 53 Cansh (gbg yie daT iy i S I galaa P
Ly gyt ataiic g £Li5 gl 3l g0 o0Liwl til o o8- olF 4T 31 lany &l alold o Soa af
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e Ay el J iy 4 Vg gV ol 12 mm 4yl Vb 4 aid o5 5gite,] jB g 25MF, 4
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138 KN, 44 KN (¥ 23KN , 144KN ¢
216 KN ,0.6 KN (f 23KN ,54 KN (t

ACI-318-14 Ll 5
oV, = 0.75 x (0.17 x \/f/bd)
0.75 (A, F, ) sin 45

0.75 % (0.25 X \/f/b,,d)
@V, = 0.75 x (0.17 x V25 x 400 x 600) = 153 kN

0.75 ((3.14 x 6%) x 340) sin 45 = 20.4 kN
oV, = Min
0.75 x (0.25 x V25 x 400 x 600) = 225 kN

oV, = Min{

= 20.4 kN
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7.4.3 Factored shear

7.4.3.1 For slabs built integrally with supports, ¥V, at the
support shall be permitted to be calculated at the face of
support.

7.4.3.2 Sections between the face of support and a crit-
ical section located d from the face of support for nonpre-
stressed slabs or A/2 from the face of support for prestressed
slabs shall be permitted to be designed for ¥, at that critical
section if (a) through (c) are satisfied:

(a) Support reaction, in direction of applied shear, intro-
duces compression into the end region of the slab

(b) Loads are applied at or near the top surface of the slab
(c) No concentrated load occurs between the face of
support and critical section

(AR I EEEEERR) (XX

Cr:ii_calg_i 1P |‘L'

|

|| £ Y
d J 1/Gritical section

. } \ w

\, »

< 0Bk &0 oy Sl o abade

- e

www.hoseinzadeh.net Y



o R YAy
AD olﬂ

Loty b g 2t KNm o s § Wby fasover S ey b b Lol oS, jo-114

e KN ¢ Yoo KN 1o KN (v A+ KN
Voans

eose b sile,] Lolss -A-F
Wl a5l ede slysileyl Lolss S alad |y oose sl sile,] IS slows a4y (e 5l s50) hle slo 5 5 aSl 51 Lol (sl

9.7.6.2 Shear
9.7.6.2.1 If required, shear reinforcement shall be provided—
using stirrups, hoops, or longitudinal bent bars.
9.7.6.2.2 Maximum spacing of shear reinforcement shall
be in accordance with Table 9.7.6.2.2.
Table 9.7.6.2.2—Maximum spacing of shear
reinforcement
Maximum s, mm
Nonprestressed Prestressed
V, beam beam
- S<d/2,600 mm
<033,/f’b,d | Lesserof: a7 00 S ~
dl4 | 3h/8 T *’Id
> 0.33\/Z'bwd Lesser of: 300
9.7.6.2.3 Inclined stirrups and longitudinal bars bent to ,§’ < d/4, 300 mm

act as shear reinforcement shall be spaced so that every
45-degree line, extending d/2 toward the reaction from mid- e ald
depth of member to longitudinal tension reinforcement, shall

be crossed by at least one line of shear reinforcement.

www.hoseinzadeh.net VY



o R YAy

oy 5ley] ez JBlas -a-F
DBLS S patine ax S5 Il s b o0,e eile,] ez« Jeolgd iSTas S ) ogdle
CHAPTER 9—BEAMS

9.6.3 Minimum shear reinforcement

9.6.3.1 A minimum area of shear reinforcement, A, i,
shall be provided in all regions where V, > 0.5¢ V. except
for the cases in Table 9.6.3.1. For these cases, at least A, i»
shall be provided where V, > ¢ V..

Table 9.6.3.1—Cases where A, ,i, is not required if

0.5V, < V, < oV,
Beam type Conditions
Shallow depth h <250 mm
h < greater of 2.5¢;0r 0.5b,,
Integral with slab and
h <600 mm
Constructed with steel fiber-reinforced
normalweight concrete conforming to Znsd 600 mm
26.4.1.5.1(a), 26.42.2(d), and 26.125.1(a v
andwithff’)540 MPa( ) © V. S¢0'17\/7”b‘”d
One-way joist system In accordance with 9.8

9.6.3.3 If shear reinforcement is required and torsional
effects can be neglected according to 9.5.4.1, A, i, shall be
in accordance with Table 9.6.3.3.

Table 9.6.3.3—Required A, nin

Beam type Ay minls

(4 bw

Nonprestressed 0.062,/ /. A (@)

and prestressed g

. Greater of*

with A, < b

0.4(Apfi + A 0357 (b)
yt
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CHAPTER 22—SECTIONAL STRENGTH
22.5—0ne-way shear strength
22.5.1 General

22.5.1.1 Nominal one-way shear strength at a section, V,,
shall be calculated by:

Vo=V, + ¥, (22.5.1.1)

22.5.1.2 Cross-sectional dimensions shall be selected to
satisfy Eq. (22.5.1.2).

V, < oV, +0.66,/18,d) (22.5.12)

www.hoseinzadeh.net 1\ ¢
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A Slolxe

PP 5 palie ) SelaS ds gl 0 iy R 1 P Coge d &5 ) 8 glaile pylis Dy 598 VF
(v =400 MPa , £. =22.5 MPa) Sl

=—30cm—

é — V, =390 kN (3

T‘ V,=373 kN (v
o ;'_:_612@80mm X,_:_:Z(; g (v

L o !
r 6.

!

PV = @V + ¢V
d
= 0.75 % (0.17 x /f/bd) + 0.75 (;Avat)

340
=0.75 % (0.17 x V22.5 X 300 x 340) + 0.75 (E (21 X 62) X 400)
= 61.688 kN + 288.25 kN = 350 kN

N — Slewlors
(f¢=\’aMPa fy=\"ooMPa)?mlkNQ.,,q,),géun,.,mgaﬁa,g -1
Vay ()
Mmnyl e o A YAV (Y
Yig(r
Y44 (f

300 mm = (010at100 mm
» D8at150mm

S0mm

. 400 mm

Ag1o = 78.5 mm?
Apg = 50.24 mm?

V. = 0.17 x V25(400 x 350) = 119 kN
V,=354kN - @V, =265kN

785x2 50.24 X 2
Sz( TR )x350x300=235k1v
il Sgels S
A, 2x314x5%2 2x3.14x4? _by, b,
<? = 100 + 50 = 2.24> > Max (0.062 f: F—y = 0.4, 0.35F—y = 0.46) 0K
pSlas oy Cueglie J S

V, < (V. +0.66\/f.b,,d) = 0.75(119000 + 0.66v25 x 400 x 350) = 436 kN 0K

o Sgals alols s
d 350
V, = 235 kN £ 0.33,/f.b,d =231 s< 2= =875mm
L ol il adaie jlxe Canglie 2STam cplply ol jlxe Slade 5 i b Sgels Jolgd
oV, = (V. + Vi) = (119 + 231) = 262.5 kN
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v

(A,), = 2mr? + 2nr?sin45 = 2nr? x 1.7
(A,), = 2mr?

slo,0tle)] 51 o £, =400 MPa g f.=25MPa 5 d=40 cm « b=25 cm o 00 0 -1
s gt alaie pylie o3y (Sape8 Bl sad eolitd K& Bl 7 yeone st dgee Ghin
sl S35 dia 38 WS dg o TgaisleS

o 385 ()
—— 400 (¥
& 10€100mm 350 (¥
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| 420 ¢f
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The simply supported beam shown below is loaded by a service dead load of 40 KN /m, and
a uniformly distributed service live load of 25 KN /m. Design vertical stirrups for this beam.
The concrete strength is 25 MPa, and the yield strength of the stirrups is 412 MPa.

55m

AN\

Solution:

Wyp =12-40 =48 KN/m,

wl _ (48+40)-55

V, at face of support = I 242
. wyl 40-55
V. at midspan = 8 = =275KN,

w,; =40KN/m

EEREEEEEREN

AN\

100 cm

KN,

wyp =48 KN/m

Wy, = 1.6-25 =40 KN/m

IR NN R RN RN

A

55m

A

242 KN Critical section at d from the face of

support

275KN

-—Jd=260mm

275 m

X

242 KN

Critical section at d = 260 mm from the face of

support.
V, atd = 260 mm.
242275 y

275  275—026

V.

ocm

—y =194.22 KN d|= 2602|tm

V. =y+275=194.22 + 275 = 221.72KN

Check for section dimensions:

|4

A V_221.7z
¢ ° 075

—216.67 = 79 KN.

I ¥

275m

1 1
r Jiib,d = z 1 V25 -1000-260- 103 = 216.67 KN.

2 2
Vomax = gﬁbwd = 5@ -1000- 260 - 103 = 866.67 KN

www.hoseinzadeh.net
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V; =79 KN <V pax = 866.67 KN — the section is large enough.

Check for Vs pmin:

Apmin = l 1! bw_s but not less than
’ 16 )

Aymin = EM — control (i E= > < })
’ 3 fn 16 16 3

1 1
Vimin = gV febwd = Exlzs- 1000 - 260- 10~ = 81.25 KN

1 1
Vimin =3 bwd =1000-260- 10 =86.67KN  — control

¢Vc < ‘Q < ¢(Vc + Vs,mi'n)
0.75(216.67) = 1625 KN < V, = 221.72 KN < 0.75(216.67 + 86.67) = 22751 KN

Or V, = 79 KN < Vypmin = 86.67 KN — Case lll

Avmin 1 bw Avm.in 1 bw
— == but not lessthan —— = ——
S T J & T ut not less < 3%,
Apmin 1 1000
——— = —+/25—— =0.7585
s 16 412
Apmin 11000
S = 5 X m = 0.80906 — control
Use stirrups 2U-shape {4-leg stirrups} & 8 mm with 4, = 4-50.27 = 201.1 mm?
2011
rE 0.80906 = s=2486mm
d 260
Smax < 600 mm, SMSEZTZBOmm—contml

Take 2U-shape {4-leg stirrups) & 8@125mm < s, = 130 mm

& 8@125 mm

& 8@125 mm

7~

J8@125 mm
100 cm

www.hoseinzadeh.net \YY
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9.9—Deep beams
9.9.1 General

9.9.1.1 Decp becams arc members that arc loaded on onc
face and supported on the opposite face such that strut-like
compression e¢lements can develop between the loads and
supports and that satisfy (a) or (b):

(a) Clear span does not exceed four times the overall
member depth A

(b) Concentrated loads exist within a distance 24 from the
face of the support

9.9.1.2 Deep beams shall be designed taking into account
nonlinear distribution of longitudinal strain over the depth
of the beam.

Avh“ ) Av L )
B sy seilesT L B 5 3ailesT ‘ o (S yailoyT

b B b seilesT

Shi e @B (B oglesT
-~ = ’S—" = e él.k)j}"l.o;T
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OM,, = pAF,Z

M, = AF,Z

My, = As(1.25 X E,)Z
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O£ (BxD)
af, }(Bxb) le ?

d-3-
— PAE )
As(F d) e

As(F)
=———22__=0.22d
(b)(0.85f)
0.22d
d Mn = ASFyZ = AsFy (d - T) = AsFy(089d)

ruloe oy ) Al 5l cded Conglie ais 45 g BXade M Jeie sied Cenglie drlre
As(1.25F

y
a=px=_——""t=125x0.22d = 0.275d
P = ) @ssh)
0.275d
- My, = A;(1.25F,)Z = A;1.25F, (d -— ) = AsF,(1.0781d)
M, 1.0781
2= =1.21
M, 089
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me Mpr.2
I
Moment  Mpr = IR Rmo o=~ ==~======< B
diagram ‘ I,
| ! |
My —f==============-=-- - -
Shear Vor:
diagram Vv, il | H ‘ ‘ H ‘ ‘H'
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18.4—Intermediate moment frames
18.4.1 Scope

18.4.1.1 This section shall apply to intermediatc moment
frames including two-way slabs without beams forming part
of the scismic-force-resisting system.

1842

18.4.2.3 ¢V, shall be at least the lesser of (a) and (b):

(a) The sum of the shear associated with development of
nominal moment strengths of the beam at each restrained
end of the clear span due to reverse curvature bending and
the shear calculated for factored gravity loads

(b) The maximum shear obtained from design load
combinations that include E, with E taken as twice that
prescribed by the general building code

18.4.3.1 ¢V, shall be at least the lesser of (a) and (b):

(a) The shear associated with development of nominal
moment strengths of the column at each restrained end of
the unsupported length due to reverse curvature bending.
Column flexural strength shall be calculated for the factored
axial force, consistent with the direction of the lateral
forces considered, resulting in the highest flexural strength
(b) The maximum shear obtained from factored load
combinations that include E, with ,E substituted for E

The factored axial force P, should be chosen to develop
the largest moment strength of the column within the range
of design axial forces. Provision 18.4.3.1(b) for columns is
similar to 18.4.2.3(b) for beams except it bases ¥V, on load
combinations including the carthquake effect E, with E
increased by the overstrength factor €, rather than the factor
2.0. In ASCE/SEI 7, , = 3.0 for intermediatc moment
frames. The higher factor for columns relative to beams is
because of greater concerns about shear failures in columns.

(VD olpac gunsiga)

bgie g pdy JS3 L Ligin g oy (o Ceoglite -¥-0

w, =1.2D+1.0L+0.28

s
w, bbb
tn ‘)

Vul Vur
Beam shear

_ My + My, + wy ln

Column
/_shear

Ly

44—

M,
nb *Pu Y =Mnt+Mnb

u Zu

Fig. R21.3.3—Design shears for intermediate moment frames.
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18.6—Beams of special moment frames
18.6.5 Shear strength

18.6.5.1 Design forces—The design shear force ¥, shall be
calculated from consideration of the forces on the portion of
the beam between faces of the joints. It shall be assumed that
moments of opposite sign corresponding to probable flex-
ural strength, M,,, act at the joint faces and that the beam is
loaded with the factored tributary gravity load along its span.

£y
w, =1.2D+1.0L+0.2S
.
)
[
Vet
A: pr1 + Mpr2
2
4
B a8 Mp,3
Vea Column
shear
4y
1 _1/94
~—
Mora \ Mors + M
iP" Vesa = —er _"prt % prd

Fig. R21.5.4—Design shears for beams and columns.
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Because the actual yield strength of the longitudinal

reinforcement may exceed the specified yield strength and
because strain hardening of the reinforcement is likely to
take place at a joint subjected to large rotations, required
shear strengths arc determined using a stress of at least
1.25f; in the longitudinal reinforcement.

Notes on Fig. R21.5.4:

1.

2.

Direction of shear force V, depends on relative magnitudes
of gravity loads and shear generated by end moments.

End moments M, based on steel tensile stress of 1.25f,,
where f, is specified yield strength. (Both end moments
should be considered in both directions, clockwise and
counter-clockwise).

End moment Mp, for columns need not be greater than
moments generated by the Mp,, of the beams framing into
the beam-column joints. V, should not be less than that
required by analysis of the structure.
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18.7.6.2 Transverse reinforcement

18.7.6.2.1 Transverse reinforcement over the lengths £,
given in 18.7.5.1, shall be designed to resist shear assuming
V. =0 when both (a) and (b) occur:

(a) The earthquake-induced shear force, calculated in
accordance with 18.7.6.1, is at least one-half of the
maximum required shear strength within £,.

(b) The factored axial compressive force P, including
earthquake effects is less than A,f.'/20.

U bl
SIS b laiilo K o B-B g A-A glolie 3 397 g0 pal plend (5l 53 45 7 90 53 &
alaie 33 ol phuod (SLBSK L Jlnah (pdyt Say AT DL g5 grolie iy dawgie
F5405 0§ polie 31 SaslaS & i bl Zlolio 50 iy (sla Juake JuSid 5 40 LB-B
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M,=150 kKN.m
6m - M} =60 kN.m
PN S
| ‘,A 8 Mg=120 kN.m
. i 1!- M}= 66 kN.m
4 Il 1
| 'A B! '
_.._.,.J\'.—_
a5(f 36(Y 30(7 21 (A
Yans
My + Mg 150 + 66
Vi = G = 6 =36 kN
Mf+Mg; 60+ 120
= c = e = 30 kN
V =Max(V;,V,) =36 KN
F olewlbw

S5 50 7.2 ol5T ailed Jaloas 05 (5 eSS b oyl p3s (puas B 51 pd Sy 50 1Y
9o 9 009s + 640 KN.m g — 800 kKN.m 9 s Lyl g0 31 SOy 30 Josme pglio ( inos
2t (W35 90an 50 5l il g b) Jlom o S sl Jol> g 5 5 2led oo
Wb kN oy 28 (o5 S99 43 1 1ga Ll 99 0 5o adade (bl 160 KN
fogd =1 )b

230 (f 290 (¥ : 360 (Y 410 ()

Voans
Myr_tere + Mpr_rigen 640 + 800

W, = 75 +160=T+160=360kN.m
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Pl ol ptind i aolins )0 cpivad (el C25 03, 3l (y%s 3 85400 o3 31 oo Khs

. i e 300 me . (998 il oo L0 29k,

) e e Q) vy 40 v

§ E W2 30 (¥

. ]___ | [eee] 60 (v

70 (f

VoS
A (F
My = AF, | d——2U) ) 34314 %400 (340 2 X33>531<40X8‘§0>?25>
2(b)(0.85f) -

M, =117 kN.m
2M, 2 x117

W= e T e

= 50.87 kN

Y AL-AY bl
20 o At 00,4l (3t il S U allao 57 ) 5 IWS 39500 T il g g g o 30 U sl yhasiilin PexPe plake (1) 1) a8 ~ P
oty oLITUaST K103 33 w3Y S9als wdgRy D9dgn 2l S5 S NISH syt 38 Senet Vg =80T gy por w30 alyfj plin
f. =200kg/cm? , f, = 4000kg / cm® |

d=50cm fcuw! ojlodt
D=4T/m
St

-t Ay =1.35cm* /12.5¢m
—fa. 124 T L .

. v 4, =180cm* /125 (v
L}

Ty 4, =210em* 1125 v

} A, =2.55cm* 1125

b

A :
As_por = 4m x 122 = 1808.64 mm?
Ag_rop = 6m 122 = 2712.96 mm?

My, = As_por(1.25F,)Z = (1808.64)(1.25 x 400) x (0.9d) = 406944000 N.mm = 406.9 kN.m
M

or— = As_top(1.25F,)Z = (2712.96)(1.25 x 400) X (0.9d) = 610.416 kN.m
_610+410+(1.2x40+20)><6
v 6 2
A,
@ (VC + ?dFy) > 374000 -

0.17 x v20 x 400 x 500 + 4y x 500 x 400 > 374000
' 125 0.75

=374 kN

A, = 216 mm? @125mm

0 o damlie 5l g0 A5 bosle Judou a4y bog e B b g Jagie (5 pdy JS 3
_ (1.2qp +qL (1.2 X 40 + 20) X 6

y, =——12 DAL (2F) = + (2 x 80) = 364 kN
V., = Min 2 2
u 488 +328 (1.2 X 40 + 20) X 6

e - = 340 kN
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'1/ Mp at any section \I‘
Mn, ¢ M 1
\
| i 5
!
< : i E <
N, W w
N M, at any section nr
— " ¢

175 51 aS auls (g ol yow 0 Sl Colano ol aisls aslol alaiio yuly g YU 5o (gl s 0, 8e g0 Blas b bawgso (63989 S0 o
wob Slod axg o 0 iSlas coluw

18.4.2 Beams

18.4.2.1 Beams shall have at least two continuous bars
at both top and bottom faces. Continuous bottom bars shall
have area not less than one-fourth the maximum area of
bottom bars along the span. These bars shall be anchored to
develop f, in tension at the face of support.

ML: d.}ayfo o8 c\..i) ;Q-h-ﬂ fﬁu“’ ).iJ 1/3 )"J" J.B‘J.?- J.:L: (MT-I{.—,T 9 MT-{-,I) Cdo ).i.J o c.‘aA.o ;w.4.> > uAﬁLﬂA Ja.w,.’&o ‘5).?;\.2' l&& B
il 5 Gl 90 40 sied Cesglie iSTas 175 ply Blas 15 caie b g Cudte siad Cenglie b 3 Job 40 pien
nr

3
n,l

18.4.2.2 The positive moment strength at the face of the My >
joint shall be at least one-third the negative moment strength . My,
provided at that face of the joint. Neither the negative nor the moo3
positive moment strength at any section along the length of M;F > Max (Mnr oy )
the beam shall be less than one-fifth the maximum moment 57 5

. . . . M. M,
strength provided at the face of either joint. M; > Max ( g = ; x )

18.6—Beams of special moment frames

18.6.3 Longitudinal reinforcement

18.6.3.1 Beams shall have at least two continuous bars at
both top and bottom faces. At any section, for top as well
as for bottom reinforcement, the amount of reinforcement
shall be at least that required by 9.6.1.2 and the reinforce-
ment ratio p shall not exceed 0.025.

18.6.3.2 Positive moment strength at joint face shall be at M, > My
least one-half the negative moment strength provided at that
face of the joint. Both the negative and the positive moment My, > >
strength at any section along member length shall be at least Mn .M
one-fourth the maximum moment strength provided at face
of either joint.

S

Mt > Max(

=)
)

S|P ;
3|"P

My
M,{>Max( 4’ ,

|
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18.4—Intermediate moment frames

18.4.2.4 At both ends of the beam, hoops shall be provided
over a length of at least 22 measured from the face of the
supporting member toward midspan. The first hoop shall be
located not more than 50 mm from the face of the supporting
member. Spacing of hoops shall not exceed the smallest of

(a) through (d):
(a) d/4

(b) Eight times the diameter of the smallest longitudinal

bar enclosed

(c) 24 times the diameter of the hoop bar

(d) 300 mm

(5329) d/4

s<
60y (o 25T )
150mm

/l/

 [am
(5559) | g (o 35t 5

" |24dy (w5 1) -
300 mm 78 Pl
(0329 9 tawgio)

T

s <

|~

N

2h

s<d/4
s<dR2

18.6—Beams of special moment frames

18.6.4.4 The first hoop shall be located not more than 50 mm
from the face of a supporting column. Spacing of the hoops
shall not exceed the least of (a) through (c):

(a)d/4

(b) Six times the diameter of the smallest primary flexural
reinforcing bars excluding longitudinal skin reinforce-

ment required by 9.7.2.3

(c) 150 mm
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e slao Klo alold a9 i 1] H v «

Pl P> (gillone glajli 4 axgi (g il C25 OX 63, 5 8400

. . I .
.wl,us.la,ﬁ)ﬁola.oji%lﬁq,.éna!usl,mfl,i)a

200 mm (¥ 150 mm (v
- ( 125 mm (v 100 mm ((\
Vans
1L 09l (0 Cgme (§)LaS gae a3 50 gae 45 99 d () p b ut]
N, = 500 kN

0.1f,A, = 0.1 X 25 X 500 X 500 = 625 kN} Ny, <0.1fcAg

\)W6W\mbyfb|w5aw@ujmww&W‘Mbs‘aomul}&)lm}\)ﬁé)wé5ﬁ4&..;‘4;495;L
S Lyl sl

440
S < Min (T'6 X 25,24 X 10,150) =110 mm

0 Slewls

dodie 5 Slagl 4 oL} sy S b pebue i W Ky g0 e S guas STV
Canmsdly iy G950 3 otend L83 ol 5L &) A28 b wadly oo h=500 mm 9 b=300 mm
S5 595lo,T ol 0033 ,5 rhuns gt Jab plod )0 315 Coygee & o3k Judodi 51 onel
‘5@')’0 BT Mbun D10 @ 150 mm dww O,.ol" 9 2420 ‘sﬂ.ibr.'v' ),E'Lo)' [ 3020
L] 1y prasmo ais 3 bl S400 oY ad 63y 9 C30 o 93 9 45 mm wly o3 gy
fanss
Wiiae Jgud ol cabiie v ,a5las Ll 5l lgd 5 ilixd ek jeibe,T ()
s J9ad Jol8 abaio phaw JSlax b 5l ahaie Sil5gd Jab ele,T (Y
Cnannnd J;J Ja'j ol 00 5 )lS‘d...a u,.fa)._v )53'147)1 (f

fans

2 sbyleyl Aol 2Slas by g, 51,5 /4 5 wls lawgie g os sl Sl 5 oo slaysle)] Jolgd pj IS0 & a2 g b

d (500—45-10-10)
7 = 2 = 108.75mm

d
S < Min (Z = 108.75 mm, 6d;,, = 120, 24d = 240, 150) = 108.75 mm

U Slosloes
75 Al ol (igainheS 400 iyt o Call 1y Sy Jpb 39 Vu sk’ s ()b -Ye
alold (il C25 63 51 %2 9 0992 Jawwgiio (g 2y S b (s lass Lo S5 4y bog2 30 y950e
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18.6.4 Transverse reinforcement

18.6.4.1 Hoops shall be provided in the following regions@ 18.6.4.2 Where hoops are required, primary longitudinal

of a beam:

{(a) Over a length equal to twice the beam depth measured
from the face of the supporting column toward midspan,
at both ends of the beam

{b) Over lengths equal to twice the beam depth on both
sides of a section where flexural yielding is likely to occur
as a result of lateral displacements beyond the elastic
range of behavior.

A Sl 4l

2h, —»

A
¥

g s, Jsb slos Sl il jlee 3,50 ;0 ACT Lalss

reinforcing bars closest to the tension and compression faces
shall have lateral support in accordance with 25.7.2.3 and
25.7.2.4. The spacing of transversely supported fle 1
reinforcing bars shall not exceed 350 mm. Skin reinforge-
ment required by 9.7.2.3 need not be laterally supported.

\/

25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and 1
(®):

(a) Every comer and alternate longitudinal bar shall have
lateral support provided by the corner of a tie with an
mof not more than 135 degrees

(b) No unsupported bar shall be farther than 150 mm clear
on each side along the tie from a laterally supported bar

25,5kl bwg Gl 50 (o w25 Job slas s (Slmu (219 w5 slekl 99 )0 bawgie Lo s IS 5 oy slays 0 @
Ky Bgels Sy ole ol 4Bl (6 plyes Job 0,5La O L 5 Loz 51 Jlie sl (g Jobo 5,Shee ale) Wigd oo

g aslgs p3Y 5 Sl Gl SO ¢ Sgal

3 b JBla=500mm (oo b 5 SO gl Moo s 5 pas bl 350 mm 5l i wuls 5 (6 el ps 0,50 90 o alold 2STa> @
Sgad ool (6 sl jus 0 Ko 90 31 e ey (2400 MM 550 a5 (6,5 sl (g 0gad jskaie Job o Sl
e o i |y g (Gl 4l o by (Jsb sl ysiley] (il e 5l sl Aiges 5 S

Where slab is on both Where slab is Where there is no slab, or slab
sides of crosstie, on one side only, does not confine crosstie, use crosstie
alternate 90° and place 90° hook so with 135° hooks (shown), use double
135° bends it is confined by slab crosstie, or use hoop without crosstie
$< 14" (350 mm}) \ —l
ks o /» i . - -

(a) (b}
Notes:

{c) (d)

1. Beam longitudinal bars are to be supported by hoops and crossties to resist buckling under deformation reversals.
Hoop legs and crossties are arranged such that every corner and alternate longitudinal bar has lateral support
provided by the corner of a hoop or crosstie with no bar farther than 6 in (150 mm) clear from a supported bar.

2. Horizontal spacing of crossties or legs of overlapping hoops not to exceed 14 in (350 mm).

3, Alternate crossties (1) end for end unless otherwise noted.

(Moehle yo QLS 5l aid S i)
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UDCON1=1.4D
UDCON2=1.2D+1.6L
UDCON3=1.2D+L+EX
UDCON4=1.2D+L-EX
UDCON5=1.2D+L+EY
UDCON6=1.2D+L-EY
UDCON7=0.9D+EX
UDCONS8=0.9D-EX
UDCON9=0.9D+EY
UDCON10=0.9D-EY

b i gl 05, Lulgud) YAV

W W
WSl oo ) Do byl oS 5 S 4 by e ey ol SLo
WLLJ .
[+
o -
ailod Loyl 1) Lawgie sl J3las Lalss b sleil slo 520 olis
Tvoe of Ordinary Intermediate Special
c‘,’f;” Moment Resisting Moment Resisting Moment Resisting
Desian Frames Frames Frames
9" (Non-Seismic) (Seismic) (Seismic)
Beam Min. Moment Override Check
No Requirement ¥ 1 + 1 _
Myend 2 ;Muend Myend 2 ;Muend
1 _
Mayspan meax{M;,Mu Myspan szax{M;r,Mu }m1
_1 + _ 1 -
Mm_l ngax{Mu,Mu} Myspan szax{Mu,Mu }end
o 296.15 - 296.15
esnd =———=5923kN.m —end _ s = 98717 kN.m
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R M, 296.15 x 10° \
n = =
@bd? — 0.9 x 450 x (500 — 60)2 _ L 2% 3.777
1- [1—-=——|=0.010475
E, 400 862 ~ 1882 0.85 x 25
m= = = .
0.85f, 0.85 X 25 J
ARPTRIGRE _ o bd = 2074.13 mm?

o o Mu __ 18900x10°

n — - = 4.

@bd? ~ 0.9 X 450 X (500 — 60)2 1 2 x 241

= ——1- [1-=22 | = 0.006413

E, 00 _ oo P 1882 0.85 x 25

m= = = .
0.85f,  0.85 x 25 J

APOTTRIGRE _ ) bd = 1269.83 mm?

M, 276.72 x 10

fn = ohd? =09 x 450 x (500—60)7 0| _ 1 Lo |p_2x3529) oo
F, 400 P = 1882 085x25)
m = = = 18.82

0.85f, 0.85x25 )
ALPTEEIE = b % bd = 1922.69 mm?

M, 189.95 x 10°

R, = = ' = 2.422‘
obd? ~ 0.9 x 450 x (500 — 60)2 1 | 2x2422)
E, 400 P =1gez\ 17 |1 Togsx 25 | T 0006448
m = = — 18.82

0.85f. 0.85 x 25

APOtTLeTt — 5 bd = 1276.65 mm?
Sl gileyl g o jgibe,l s
14 25
Pmin = Max <M’4 x 400) = 00035

25 3
pmax_085x81><mx7_0019

el ool a5 B ps (g lad 0Yg 13U 5l §g8 Slawle o
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M-Left-Negative 309.38541 kN.m

M-Left-Positive 210.93597 kN.m
M-Right- Negative 332.2184 kN.m
M-Right- Positive 209.88925 kN.m

555 oo sl 135 O30 4 18.4.2.3(8) iy ek L3 e «(q1=3.8638 KN/m qp=18.1365 KN/m) oui; 5 03,0 4l 4 a>55 b

w, =12D+1.0L+0.28

kN "o HHHHM",
q=12D+L =1.2x18.1365 + 3.8638 = 25.6276F (\ t
309.4 +209.9 25.6276 x (5.9 — 0.5) Yo Seam shear "w
VLeft—capacity = 59_05 + > = 165.35 kN
v 332.2+210.9 N 25.6276 x (5.9 — 0.5) 169.8 kN
Right— ity = = .

tght—capacity 59—0.5 2 ot

139 oo dwline ) g0 4 18.4.2.3 (b) an 3ub i laie «(qL=3.8638 kN/m qD—18.1365 kN/m) 05} 9 0350 ;b 4 g3 L
VLeft—with 2E = 1-ZVD + VL - (ZVE) = —235 $UJ . ({TTﬂ % = (ﬂ/ﬂa
VRight-with 2 = 1.2Vp +V;, + (2Vg) = 239.94 ¥ V.dead 7 Vaive

VLeft—max = Min(VLeft—with 2E) VLeft—capacity) = 165.35 kN
VRight—max = Min(VRight—with 2E» VRight—capacity) = 169.8 kN

84.144

111 3

V-Ex V-Ey

1698 kN (5 p olul 2 Lol 55 58 50 (s oo ) b Dgals (>l ails mo b (005 Sl 13 slecil 99 )0 (o polie sl 4 a5 L
oy sl
V=0 + 1)
169.8 = 0.75(0.17V25 x 450 x 440) + 0.75 (% X 440 X 300) - % = 0.44

A, 0.35b 0.062v25b 0.35 x 450
( ) = Max =
min

3 FE, '~ FE 300 - 0025

S y y

L ol il (D8 il o gals s g D22 Jsb slos Shoo a8l 5,8 L) b Sogals alols iSTos

1440
Smax = Min [T'S X 22,24 X 8, 300] =110 mm

P Loy sales Ay, = 525mm? b Sgels sl p3¥ Colus Oygo ool 48 weniS oo bl 100mm iy 1 b Sgels folgd
il 0 578 mMm il Dgels (gl Slawle el (Dgels ain adl> S

el 00 B DB )y b ogals hab Al 4 4z g8 b sl o d/22220mm oo Shee Jolsd iSlas Slos (sla o ;o
<2 X 3.14 x 42

S > =0525 -» s=191mm - Use P8 @150mm
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M-Left-top 381.45961
M-Left-bot 259.6998
M-Right-top 409.43229
M-Right-Bot 258.38791

95 oo dpslims 1) g0 4 18.6.5.1 iy ek by slake «(qr=3.8638 KN/m qp=18.1365 KN/M) 05} g 0550 5 4 43 |

kN
q=12D+ L =1.2x18.1365+ 3.8638 = 25.6276;
381.46 + 258.39  25.6276 x (5.9 — 0.5)

Vieft-capacity =g _o5 T > = 187.68 kN
409.43 + 259.7 25.6276 x (5.9 - 0.5)
VRight—capacity = 59_05 + > = 193.1 kN
25.62 kN/m

Mpr=381.46kN.mg l l 1 l l

4

j Mpr=258.39 kN.m

187.68 kN 49.29 kNY

25.62 kN/m

Mpr=259.7 kN.m ( l l 1 l l

) Mpr=409.43 kN.m
A

"54.72 kN 193.1 kN
187.68

49.29
-54.72

-193.1

21.5.4.2 — Transverse reinforcement

Transverse reinforcement over the lengths identified in
21.5.3.1 shall be proportioned to resist shear
assuming V, = 0 when both (a) and (b) occur:

(a) The earthquake-induced shear force calculated
in accordance with 21.5.4.1 represents one-half or
more of the maximum required shear strength within
those lengths;

(b) The factored axial compressive force, P,
including earthquake effects is less than Agf:/20.

381.46 + 25839 1 [381.46 +258.39 25.6276 x (5.9 -0.5)
—_

50-05 2| s9-05 2

409.43 + 259.7 11409.43 + 259.7 25.6276 x (5.9 —0.5)
> E[ ] -1.=0

59-05 59-05 2

=0

0l plsl T93 T KN (i olel 5 Lol 90 10 50 olg5 o |y b Sgals o1k g 05lo po b (oS Sglas ;5 sleasl g0 j0 (o polie

V, = 9050 + V)
193.1 = 0.75 (f X 440 X 300)

A
2 =195
S

L ool il (D10 s s Sogels b 5 D22 Jsbo slas Shoo aSiyl (5,5 1) o Sigals alols 2510

440
Smax = Min [T’ 6 x 22,24 x 10, 150] =110 mm
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25 (Sl Cond 0 b Ao

4 ol ol ol 4S5, 5 2h=2%0.5=1 m alold & b, e

18768 0 T
s472fb

. -193.1

2h
Vop =193 — I x (193.1 — 54.72) = 167.37 kN
h

A
167.37 =0.75 (450 X 440 x 0.17Vv25 + ?v X 440 X 400)

A
?” =0.312
A 0.35b 0.062v/25b\ 0.35 x 450
(—v> = Max( , > = = 0.525
S Jomin F, F, 300

www.hoseinzadeh.net VFY



b,eil,l o) TAY

b, 55le,1 Lo

—N
N
Ne— T T T 3
N
N
, '
y

Frigtional
forces M
. -«
=z
1 fs=TIA
fs 13
(a) Test method. (b) Bar stress. (c) Bond stress.
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Bearing and friction
; forces on bar
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L Adhesion and friction forces
along the surface of the bar
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Force components
on bar

{a) Longitudinal section (b) Cross section
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the bar spacing both beth lese than half tha side cover and haff the
less than hottom cover. bar spacing. har spacing.
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25.4—Development of reinforcement

25.4.1.3 Development lengths do not require a strength
reduction factor ¢.

25.4.2 Development of deformed bars and deformed wires
in tension

25.4.2.1 Development length £; for deformed bars and
deformed wires in tension shall be the greater of (a) and (b):

(a) Length calculated in accordance with 25422 or
25.4.23 using the applicable modification factors of
25424

(b) 300 mm

25.4.2.3 For deformed bars or deformed wires, £4 shall be
calculated by:

Z = j;’ W!We‘l’s db

‘ 1.1&@(% +K,,]

d

b

(25.42.32)

in which the confinement term (¢, + K,)/d}, shall not exceed
2.5, and

404
K,=——= (25.4.2.3b)

wherc n 1s the number of bars or wires being devcloped or
lap spliced along the plane of splitting. It shall be permitted
to use K, = 0 as a design simplification even if transverse
reinforcement is present.

www.hoseinzadeh.net 1 f4
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25.4.2.4 For the calculation of £; modification factors
shall be in accordance with Table 25.4.2 4.

Table 25.4.2.4—Madification factors for development
of deformed bars and deformed wires in tension

Modification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, where f; is In accordance
A specified with 19.243
Normalweight concrete 1.0
Epoxy-coated or zinc and epoxy

dual-coated reinforcement with clear

. 15
cover less than 3dj, or clear spacing
less than 64,
Epoxy!!! : 2

Epoxy-coated or zinc and epoxy dual-

Ve coated reinforcement for all other 1.2
conditions
Uncoated or zinc-coated (galvanized) 1.0
reinforcement i
. No. 22 and larger bars 10
Size
v, No. 19 and smaller bars and deformed 08
wires )
) More than 300 mm of fresh
Ca_s!:mg] concrete placed below horizontal 13
position'! reinforcement

r Other 1.0

MThe product way, need not exceed 1.7.
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!
1 3.30 (v
800 mm | 2.50 (v
2.20 ¢v
2.00 (¢
*300mm

il Sl (5 49, B0 Koo 55 50 alold

Cover to rebar center =50+ 12 + 12.5 = 74.5mm
L el e oo 3l 555 slo0 Sles S 50 b 58 5o alold

300 —74.5x%x 2 ) 75.5
Shar to bar = —— = 755 - c = Min (74.5, T) = 37.75 mm
_40Qrx6) .
= "{50x3 oo
ky+c_201+3775
d, 25 B
YO
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25.4.2.2 For deformed bars or deformed wires, £, shall be
calculated in accordance with Table 25.4.2.2.

Table 25.4.2.2—Development length for deformed
bars and deformed wires in tension

No. 19 and
smaller bars and | No. 22 and
Spacing and cover deformed wires | larger bars

Clear spacing of bars or wires being
developed or lap spliced not less
than d,, clear cover at least d;, and

stirrups or ties through_OI}t £anot less FATATS FATA'S
than the Code minimum - d, d,
20f7 L7AS,

or

Clear spacing of bars or wires being

developed or lap spliced at least 2d,
and clear cover at least d,

Other cases ( AR ) d, [ SAAS ) d

LT

N T =d,
e o
zdb
_'I "_L" - stirrups or ties throughout £4not less
@ @ : than the Code minimum
Edb
=0y Minimum cover

@ ® e | —=u
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Je
255 5kl a8l Job slaygile)] Jlous S5-I 50 0nS esd S5 B0 5 g e U3 o ) 5 JSE sles Kl sl p3Y ()l Jsb
Al oo sgls Joolgd b s 5 X D25 sb sl ygile,] sl 0 ooliied DLO@L00MM §) 15 J51s 1o 5 4l o

ld
3P25 2925

b 400 mm

h 600 mm

bar-D 25 mm
No. of bars 5

Stirrup-D 10 mm

Stirrup-S 100 mm

Job oo Sl 5550 b o by
25
40 + 10+7= 62.5 mm
s (5103 Shon ot Ll Lol
(400 — 2 x 50 — 5 x 25)
=43.75mm
4
Sl J218 58 e Job arwlne

ol Job slao Ko Hhad ply 50 5 jieS o Kl Lalls alols bk 5l g oil oo Ogels 08l 5 Jsb slas Ko olgs 3l o
bl ol oo Ko Jloe Jobo ooy Jlode cpl by 43.75 < 2 X 25)

E,¥.¥, 400 x 1.3 x 1
4= Xd= Xd=945x%xd =2363mm
LAAL, 1.1x1x+v25
d,do A.E.g‘) )l oolarul b
_ 43.75 + 25
c = Min (62.5,7) = 34.375mm (c + ktr) 34.375 375 < 25
- = =
40A ' '
Ktr = =0 d 25
sn
E, W, W, 400 x 1.3 x 1
a4 = o X d = Xd=6876xd=1719mm
111 fc’( - ) 1.1 x 1 x vV25(1.375)
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25 J31 5o st oo, Ms Jlo Jsb armlxe
ol oo (510 Shoe 1 31 s 3 Sl Ll alols ko 5 il e (S 4 4) gl (s e oo (slas Shoe i s 5

43.75 > 25

A A E,¥.¥ 400x 1.3 x1
?v= 1.57mm > (—v) =Yt vd=

l, = -7 %
min (¢ 17AJF 1.7 x 1 x V25
Bar size = 25mm > 19mm

d=6117 xd = 1529 mm

1380 alal) sl eolaul b

. 4375+ 25\

¢ = Min (62.5,—2 ) = 34.375 mm c+ ktr) ot < s
- = . .

Kt _40Av_40><2><(7r><52)_2093 d

"TTen T 1o0x3 "

AR A 400x 1.3 x 1

a4 = o X d = Xd=42xd =1068 mm

1.1 fc’( : ) 1.1 x 1 x25(2.21)
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25.4.9 Development of deformed bars and deformed wires

in compression

25.4.9.1 Development length £, for deformed bars and
deformed wires in compression shall be the greater of (a)

and (b)

(a) Length calculated in accordance with 25.4.9.2

(b) 200 mm

25.4.9.2 ¢, shall be the greater of (a) and (b), using the
modification factors of 25.4.9.3:

0241y
Ty rr db
@ [ Wi ]

(b) 0.043fy,d,

25.4.9.3 For the calculation of £,, modification factors
shall be in accordance with Table 25.4.9.3, except v, shall
be permitted to be taken as 1.0.

Table 25.4.9.3—Modification factors for deformed
bars and wires in compression

Modification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, if £, is In accordance
A specified with 19.2.43
Normalweight concrete 1.0
Reinforcement enclosed within (1),
(2), (3), or (4):
(1) a spiral
(2) a circular continuously wound tie
Confining with dj, > 6 mm and pitch 100 mm 0.75
reinforcement | (3) No. 13 bar or MD130 wire ties in ’
v, accordance with 25.7.2 spaced < 100
mm on center
(4) hoops in accordance with 25.7.4
spaced < 100 mm on center
Other 1.0

www.hoseinzadeh.net
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DS et Sl 3 01y 5 15 b j0 g lid sl Ko sl 23 (55l s

Ly

b 400 mm - 3P25 2925
o 500 - s

—

Ly,

02 4, 0043, Fyd )

— = ap riyQdp
A

0.24 x 1 X 400

= Max (200 mm,—— — = d},0.0043 x 1 X 400 x d ) =19.2d, = 480 mm
\/ﬁ b b b

lyc = Max <200 mm,

VWAY ol
S plS igd g0 001 puaid FOYY(1 1 fem”) & FDVA(T e, \Pem ") 51 0 0l (W00 yShn (ypius 41y i Jlait Sy =FF
_P’]_ Foewl oo (505 0 Klas Jabo 5580 )0 p2 5 Sdlesr
: : el aalyst 0 8l Jobo 40 (8 3l oo Klo dlaws 4 el i (A
' L dese 0lS 5 Shon Job g8 0,Shyo ol 28lS & g b (¥
s 2y 3 Khe Jsbo ol Jlazod o Kloa b 38l 4y a3 L (T
Hlyer L3 Sla Jybo il 2SS 5 Khos plafie g a3l 4 azgi b (F
¥oays
il o T3 T a8 5L s Shae g Jsbo
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CHAPTER 25—REINFORCEMENT DETAILS

5 Shio 05,5 Jlgn Jsb )Y

25.6—Bundled reinforcement

25.6.1.5 Development length for individual bars within a
bundle, in tension or compression, shall be that of the indi-
vidual bar, increased 20 percent for a three-bar bundle, and
33 percent for a four-bar bundle.

25.6.1.6 A unit of bundled bars shall be treated as a single
bar with an area equivalent to that of the bundle and a
centroid coinciding with that of the bundle. The diameter
of the equivalent bar shall be used for dj 1n (a) through (¢):

(a) Spacing limitations based on dj

(b) Cover requirements based on dj,

(c) Spacing and cover values in 25.4.2.2
(d) Confinement term in 25.4.2.3

(e) y. factor in 25.4.2 4

las Koo 09,5 ln oY lee Job 525 )13 U8 Bllae (B Y 5 (LY 08 055 O )90 4 (B8 slas Me a5 90 )0 1l
g8 jslaie 25MM iy oo Koo ad S dclbre 535 abal, 5l oolitul b g S5 5o Slgd

400 mm 400 mm

G O @) 6 © O 3535 mm = LY o Sl Joleo had

¢ 433 mm = LY o Sl Joleo ,lad

Olges J215 59) (26 v slas Ko o Jobo sl

, 43.3 400 — 2 x 71.65 64.175
c = Min (50 +——=7165 , 7 = 64-175) = 64.175mm{ _, ( ) =148 < 2.5
43.3
Ktr=20
! B¥Pes (1.2d) H00x13x1 (1.2 % 25) = 76.65 x d = 1916
— . — AR = . = mm
ERYNI7 (%) 1.1 x 1 x v/25(1.48)
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Tail

(a) Forces acting on bar.

25.3—Standard hooks, seismic hooks, crossties,
and minimum inside bend diameters

25.3.1 Standard hooks for the development of deformed
bars in tension shall conform to Table 25.3.1.

o

Lead-in length

Bearing stresses

S8 slesl DB -Y-Y

Table 25.3.1—Standard hook geometry for development of deformed bars in

tension
Type of Straight
standard Minimum inside extension!!!
hook Bar size bend diameter, mm £ oy mm Type of standard hook
No. 10 through Point at which
No. 25 g 6d, / bardls developed
No. 29 through 8, ! * ..\gg;%egree
90-degree No. 36 | b
lzdb l \
hook | Diameter—"~~
No. 43 and | Lext
No. 57 104, |
| ¢
! & !
No. 10 through 6d Point at which
bar is developed
NO. 25 b / ar 1S develope
No. 29 through od g ""1 ™~
180-degree No. 36 b Greater of | ' 7 180-degrea
hook 4d, and 65 mm | Diameter _]Aﬁ bend
|
No. 43 and
! oxt
No. 57 10d, | ’ =
1 dh

1A standard hook for deformed bars in tension includes the specific inside bend diameter and straight extension length. It shall

be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the

anchorage capacity of the hook.

www.hoseinzadeh.net VOV
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25.3.2 Minimum inside bend diameters for bars used as

transverse reinforcement and standard hooks for bars used

to anchor stirrups, ties, hoops, and spirals shall conform

to Table 25.3.2. Standard hooks shall enclose longitudinal

reinforcement.

Table 25.3.2—Minimum inside bend diameters and standard hook geometry
for stirrups, ties, and hoops

Type of stan- Minimum inside | Straight extension!!
dard hook Bar size | bend diameter, mm {oxsy, mm Type of standard hook
No. 10
through 4d, Greater of 6d;, and d ] - 90-degree
75 mm c bend
90-degree No. 16 f ;
hook No. 19 W
through 6d, 12d, Diameter "~ || | fxt
No. 25
No. 10 dp
through 4d, |::1_l7\ 135-degree
135-degree No. 16 Greater of 6d; and L bend
hook No. 19 75 mm Diameter — /
through 6d, Loxt
No. 25
tI];IrO. lg(])n 4d, ill
ou; b .
180-degree | No. 16 G;Zater;f @ 80-degree
hook No. 19 b an Diameter ] bend
65 mm —/
through 6d, Loxt
No. 25

MA standard hook for stirrups, ties, and hoops includes the specific inside bend diameter and straight extension length. It shall
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the
anchorage capacity of the hook.

25.3.4 Seismic hooks used 1o anchor stirrups, ties, hoops,
and crossties shall be in accordance with (a) and (b):

{2) Minimum bend of 90 degrees for circular hoops and
135 degrees for all other hoops
{b) Hook shall engage longitudinal reinforcement and the

extension shall preject into the interior of the stirrup or Alternate hoo‘_( posmon.of
hoop each successive crosstie

25.3.5 Crossties shall be in accordance with (a) through (e): gg;c;egree
to Table 25.3.2. Standard hooks shall enclose longitudinal

reinforcement.

(a) Crosstic shall be continuous between ends

(b) There shall be a seismic hook at one end

(c) There shall be a standard hook at other end with
minimum bend of 90 degrecs

(d) Hooks shall engage peripheral longitudinal bars

(e) 90-degree hooks of two successive crossties engaging
the same longitudinal bars shall be alternated end for end,
unless crossties satisfy 18.6.4.3 or 25.7.1.6.1

135-degree
bend

Longitudinal
reinfoercement

www.hoseinzadeh.net YOA
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25.4.3 Development of standard hooks in tension

25.4.3.1 Development length €4 for deformed bars in
tension terminating in a standard hook shall be the greater
of (a) through (c):

® {0.24 IANARA J d, With e, Wi Wi and & given in 25.432.

NI

(b) 84,
(c) 150 mm 50 mm

Cover on bar extension
beyond 90° hook

25.4.3.2 For the calculation of £z, modification factors

shall be in accordance with Table 25.4.3.2. Factors y,. and
y, shall be permitted to be taken as 1.0. At discontinuous Side co
ide cover
ends of members, 25.4.3.3 shall apply. - (normal to
plane of hook)
Table 25.4.3.2—Modification factors for development
of hooked bars in tension "
Value
Modification of
factor Condition factor Lan
|
Lightweight Lightweight concrete 0.75 ! —dy
1
A Normalweight concrete 1.0 |
Epoxy-coated or zinc and epoxy dual- 12 *
Epoxy coated reinforcement l
Ve Uncoated or zinc-coated (galvanized) 1.0 T
reinforcement )
For No. 36 bar and smaller hooks with side _/
cover (normal to plane of hook) > 65 mm 0.7 [ M
Cover and for 90-degree hook with cover on bar ) — | —"i F—
Ve extension beyond hook > 50 mm =2d, £ 3d,
Other 1.0 Fig. R25.4.3.2a Ties or stirrups placed perpendicular to
For 90-degree hooks of No. 36 and smaller the bar being developed, spaced along the development
bars length Ly,
(1) enclosed along £, within ties or stir- d
rups'!! perpendicular to £4 at s < 3d,, or 57
) (2) enclosed along the bar extension T !
Confining beyond hook including the bend within ties 0.8 //_ — N ’
reinforcement | or stirrups!!! perpendicular to £,,, at s < 3d, . I ]
121 Tail of hook S = 2d,
Wy . z —
For 180-degree hooks of No. 36 and (incl. bend) | text I | E&
smaller bars enclosed along £, within ties | l <3d
or stirrups!!! perpendicular to £4, at s < 3d, ‘o b
Other 1.0

!IThe first tie or stirrup shall enclose the bent portion of the hook within 2, of the  [rjo R25.4.3.2bTies or stirrups placed parallel to the bar

tside of the bend. > ]
ouside OTTIEPAE being developed, spaced along the length of the tail exten-
1214, is the nominal diameter of the hooked bar. sion of the hook plus bend

www.hoseinzadeh.net 104
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022 Smled a0l oolawl a0 A Slsl O sl syl 2,8 L) g 2l o Job sles Kl e Job o) 45 Jlie jo ¢ Jle
A3l o 30mm Ll lgs J2s o Jeb sles Sl bl idigy S

0.24F, W, ¥, W, 024x400%x1x1x1
— d, =

Lan

l =
dh A\/E b 5

3025 2925

d, = 19.2d, = 480 mm

o,b by o sl glas Shoo GlLbI cla Sigels Lalgs F-V

25.4.3.3 For bars being developed by a standard hook at
discontinuous ends of members with both side cover and top
(or bottom) cover to hook less than 65 mm, (a) through (c)
shall be satisfied:

(a) The hook shall be enclosed along £, within ties or stir-
rups perpendicular to €4 at s < 3dj
(b) The first tie or stirrup shall enclose the bent portion of
the hook within 2d,, of the outside of the bend
(c) vy, shall be taken as 1.0 in calculating £, in accordance
with 25.4.3.1(a)

where dj, is the nominal diameter of the hooked bar.

www.hoseinzadeh.net Vg
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Cutoff points

Design moment capacity
of beam
D 359.7 ft-k 359.7 ft-k

Moment diagram
due to beam loads

(length of cutoff bars)
9.7.3 Flexural reinforcement in nonprestressed beams : X Ff
. ] : Moment |
9.7.3.3 Reinforcement shall extend beyond the point at I/—Face of support strength |

which it is no longer required to resist flexure for a distance | ) _ °_f bars ai
equal to the greater of d and 12d;, except at supports of ' Points of inflection (P.1.)
simply-supported spans and at free ends of cantilevers.

9.7.3.4 Continuing flexural tension reinforcement shall
have an embedment length at least £; beyond the point
where bent or terminated tension reinforcement is no longer
required to resist flexure.

i
|
|
|
Mid-span :
of me?nber—/']

Moment curve

9.7.3.8.4 At lcast one-third of the negative moment rein-
forcement at a support shall have an embedment length |
beyond the point of inflection at least the greatest of d, 12d}, >4,
and £,/16.

<2 (0. 12, 0r £,/16)

|
|
|
|
|
|
i

|
pi Embedmentofbarsaz> ¢, L
|<7r>c/_Bars a ‘?| <J—z_,)( lc

I
k /s (dor 12d,)
— DAY S
Section 12.2.1, or 12.11.2,
or £4for compression when Diameter of bars a
bottom bars used as limited by Section 12.11.3
compression reinforcement at point of inflection

Fig. R12.10.2—Development of flexural reinforcement in a
typical continuous beam.

www.hoseinzadeh.net \Fas



My

GoLd slao Ko sl Jsb I TAY

Flexural strength
ofbarsC,D & E

/\d, 12d,, (12.10.3)

Note: See Section 12.10.5 for
termination of reinforcement
in a tension zone.

Criticalsect -
ionfor bars Flexural strength
c ‘/ of bars D & E
(12.10.2)
Criticalsect
ionfor bars
D
(12.10.2)
d, 12db (12.10.3)
f—
Flexural
strength of
v d bars E
Criticalsec
tionfor
bars E
(12.10.2) d, 12dy, ¢,/116 (12.12.3}
| T
|~ Point of inflection PL.
N\«
=4y bars C - \
(12.12.2) N
= {4bars D
o= "d —T—- \
12.104 | =fgbarsE | A
J_/l/_r ( ) . (12.10.4) N /Nole (a)
\ v
See Fig. 4-9(b) for
\ \ Bars E development of positive
Bars D P pos
3 Bars C moment reinforcement \ Y
~ s
j_/l/_L N Note (b)

Note (a): Portion of total negative reinforcement {Ag

) must be continuous (or spliced with a Class B splice or

a mechanical or welded splice satisfying 12.14.3) along full length of perimeter beams (7.13.2.2).
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See Fig. 4.9(a) for
development of negative
moment reinforcement

BarsA <

Note (b) PL Bars B
P e 4

Note: See Section 12.10.5 for
termination of reinforcement
in a tension zone.

Point of inflection PI.

\

/

Critical
section
for bars A
d, 12dy, (12.10.3) (12.10.2)
J—
Flexurgl strength
of barg B \‘k
Critical
section
forbars B
(12.10.2)
Embedment pof Bars B Flexural strength
B (1210.4) of barsA& B
/ > +M
. > {qbarsA )
- (12.1)

Note (b): Portion of total positive reinforcement QA:) must be continuous (or spliced with a Class B splice or
a mechanical or welded splice satisfying 12.14.3) along full length of perimeter beams and of beams without

closed stirrups (7.13.2.2). See also 7.13.2.4.
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U5 e it | U Shon o Joue cips ol B Jsb (slod Koo oy 5o Ly oSl (25 L o US55 AB 3 o e
Foe Gos 9 P22 15 Job slos Sloo Jla8 iS5 (5,8 095 (2,8 500 MM g s aws oo LiS 1) 5 S el Sho oy el Coons
A3k 1100 mm -yl y o Koo Jle Job 0uS 6,8 uizmen il 0440 mm L5

e
!

BN Ihes

A B45X50
590

B45X50
B45X50

-276.72
-296.15

189.95
36.54
189

—

B45X50
B45X50

B45X50
—i i

296kN.m 296 — 197
=—X

m __
197 kN.m X = 296 2.7"=09m

27m 27 m
b Sl 2l g 25l Cagl 0 S @B e

12db} 12 x 22
x+Max{ d J= Min{goo + Max{ 440 } = 1340 mm

1100

O 2 3l (o 0 She = Min ;
d

S 4l o o Ko adad -F-Y
9.7.3.5 Flexural tension reinforcement shall not be termi-
nated in a tension zone unless (a), (b), or (c) is satisfied:

(a) V. <(2/3)¢V, at the cutoff point

(b) For No. 36 bars and smaller, continuing reinforcement
provides double the area required for flexure at the cutoff
pointand V, < (3/4)¢V,

(c) Stirrup or hoop area in excess of that required for shear
and torsion is provided along each terminated bar or wire
over a distance 3/4d from the termination point. Excess
stirrup or hoop area shall be at least 0.415,,5/f;,. Spacing s
shall not exceed d/(8B;)

www.hoseinzadeh.net \Vd4



GoLd slao Ko sl Jsb I TAY

E : S’.. %_V_v
x5k 4 S oyt S jlade dX Jsbo 50 sl oals pasy 05 50 s (ched S pl,Sho ols 18 daug o S eie (b Sl Cod 5y

u X (mD X dx) = df;

d
uXx (@D xdx) =—

Z
1 am
Y= IDZ dx
1
Y=z
— U = vV_
- nT7
- ” O Z v
o R
! DLV _ o
(}J r)/ 4 l‘}’j?’/g"
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9.7.3.8.3 At simple supports and points of inflection, dj
for positive moment tension reinforcement shall be limited
such that £ for that reinforcement satisfies (a) or (b). If rein-
forcement terminates beyond the centerline of supports by a
standard hook or a mechanical anchorage at least equivalent
to a standard hook, (a) or (b) need not be satisfied.

(a) £,<(1.3M,/V, + £,) if end of reinforcement is confined
by a compressive reaction
(b) £;< (M, /V,+ £,) if end of reinforcement is not confined
by a compressive reaction

M, is calculated assuming all reinforcement at the section
is stressed to f,, and V, is calculated at the section. At a

support, £, is the embedment length beyond the center of the
support. At a point of inflection, £, is the embedment length
beyond the point of inflection limited to the greater of 4 and
12d;.

www.hoseinzadeh.net V£a

aol cpal o cied (Ktwgm 50,5 jshaie 0gm -2V

M, for reinforcement
continuing into support

. Mﬂ
Capacity slope v 2 Demand slope (Vu)
d
M
by <
VU‘

{a) Positive M, Diagram

End anchorage £; — — T 1.3M,/V, -
s — -
=] Max. £q

Note: The 1.3 factor is applicable only if the reaction
confines the ends of the reinforcement.

{b} Maximum {4 at simple support
Maximum effective embedment

length limited to d or 12d,, for £,
/ M,/ v,

J XBars a PR

J p1]

~—Embedment length—
Max. {4

{c) Maximum £y for bars "a” at point of inflection

Fig. RY.7.3.8.3—Determination of maximum bar size
according to 9.7.3.8.3.
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Col 00y osliil Ag = 3 X ®22 = 1140 mm? 3 Jsb slo,sile)] £,b (sl alaiie g3 sla,gile,l eciae bl oo ;o 08 5,3
il oo 1200mm s sus plonil Sloslrs ok bl e Jsb 5

4 B45X50 ‘

(=1 (=]
% 1/ X
3 s
m m
S.5m , A isxso N B
W 160 kN.m N 120 kN.m 200 KkNm o -
uy u
220 kN v L § - §
u 1m 1.5m @ @
Mu
B45X50
—M |
iEely

v, =220 L75 140 kN
= X —=
u 2.75

il o d=500-40-10-11=439mm i, 15 Sise Gses

l, = Max(d,12d,) = Max(439,12 X 22) = 439mm

1140 x 400
)= 189311529 N.mm

Mn = AsFy(d - 05(1) = 1140 X 400 X (439 —05x% m

Mn _ 189311529

I, = 1200 < [—+za -

+439 = 1791 mm] 0K
u
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1- Lapped splice
2- Mechanical splice
3- Welded splice
4- End-bearing splice
o ;5L alog F-Y1-4
K bulgs 1-P-v1-9
NS5 b g an ol (@) B (@l Goob )l 5l % 4,508 4 oo Sl alog 1-1-F-¥1-4
WA P 1S
Dy shos ladgh 5 mand 50 0 Khio 90 ol 15 b jolore L &S i gdudyy dlog —all
2gdise odeal € gy Job? g d ool 8 o8 jolms o b0 Kl e gsar o b
gdise plonl a4 0,80 90 (polo Ghor b 4 1 g2 alog -
Rgdige Jol> ol (SlSe iy 6550 b a5 1 SilSe alog -
208 00 shor (5518 (slod Rhee (slail 99 (polo )15 oo (59, » b o4 1 ST Al -

Fig. 11-1
Tied column under construction. (Photograph courtesy of
1. G. MacGregor.)
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(Tension lap splice) oiiS o, SXlo il aog-V-A
e o gy abs g
2 contact lap splices

CEE—— R
Qe o) ] =i =V =y =y = =77 -
Noncontact lap splices

fall o0 Oy > & Jidgy alog o )L Ll ogo
\ — 0

(a) Forces on bars at splice.

Iy |

'lt\ﬂ

.f’////.f’//‘
—_

SN D {
|

AL LSS
D9l o ol 0y az g BB sledts alog e jo cnlpll gl co Jilie b B,k 5l gy dlog Joe j0 aiS axgi G558 JSO @

(b)

S oo Jae B slos Ko a5 (g alog bawgs 8 slos Sls 5 JSO 50
b oo Gl bt &g 4 (T9) oo Kloe (L2257 (595
oo ol @, 4 g los e j3 25 alog 4l 0 S ax s 15 Job )0 8 slad Klee j5 15 plShs 4
b oo ili8l bond stress jlade alog 4l o anlel axgi i 0 Siwgn 25 plSloay o
ulee Rl (Siwgey G5 58 Ggie SIS 50 0,8 Sl e 0 @
(weightless) ‘ 4

<

Bars h j

Moment, M
Reinforcement tension, T

Bars g tensile stress, f

~ - - . _ |Barsh tensile stress, f
g

-1 Bond stress, u
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25.5.1.1 Lap splices shall not be permitted for bars larger
than No. 36, except as provided in 25.5.5.3.
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25.5.1.3 For noncontact splices in flexural members, the
transverse center-to-center spacing of spliced bars shall not
exceed the lesser of one-fifth the required lap splice length

and 150 mm.

R25.5.1.3 If individual bars in noncontact lap splices
are too widely spaced, an unreinforced section is created.

S S 5 5 lalma Jaiie | 2aS 1y abog Jsb ols5 (oo bl il 3 ko 51 i 35750 ,Kheo tlsee alog e 5 a8 53

25.5.1.4 Reduction of development length in accordance
with 25.4.10.1 i1s not permitted in calculating lap splice

lengths.

25.5.2 Lap splice lengths of deformed bars and deformed

wires in fension Clear spacing
25.5.2.1 Tension lap splice length £ for deformed bars and N

deformed wires in tension shall be in accordance with Table A
25.5.2.1, where £, shall be in accordance with 25.4.2.1(a).
A ~

. - \
Table 25.5.2.1—L ap splice lengths of deformed
bars and deformed wires in tension I

Maximum
percent of A, .
spliced within Clear spacing

A provided Asrequired”] | Tequired lap | Splice

over length of splice length type [
50 Class A | Oreater | 1.04;and Fig. R25.5.2.1—Clear spacing of lap-spliced bars for deter-
>20 of: | 300 mm mination of L4 for staggered splices.
100 Class B | Greater 1.3£,and
<20 All cases Class B of: | 300 mm

[lRatio of area of reinforcement provided to area of reinforcement required by analysis
at splice location.

Y Sl
dhoy ph 41 piudyy Aoy b pluad g Sy 33 4T B20 35,8000 35 glp p3¥ tig Jab -YF
gt 3550n 93 o s9%a G sama lone aolh 251> n3lgn j2uglus 900 il ilend

A Caal il 2 R0 gl
100 (¥ 180 ¢r 250 (v 150 (1
VoanS

900
S = Min (T,150) =150 mm
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w3l on Lngte (53 U5 b o3l il dralona |, Sl 5 Hligh slas Ko (sl o3 alog Job o5 5 53 1o
Al oo =700 MMyl 55 Sge Bos @

sl o TM 55 A Job @
f! = 25MPa, F, =400MPa, F,, =300MPa e

o, Sl 51 G Y pgo al> 0 )0 5 Lo, Shs 516 aw Jol al> o )0 a5 J )50 4 Xigdh (0 alog gl oo Ojg0 4 ol sleo S @

g (g abog
40mm cover 40mm cover
—_— —_2—
——— S ﬁ. ¢ *ZSmm \‘
3428 7828 B A
|| -F1o@is0 -7 10 @100 , [ il I
—= —=_
I_—
e B L.i
Lt =< l—
5628 T
05¢0280 e o e -150 KN.m
Sectiom B-B Section A-A +300 kN.m U] +300 kN.m
®]
+500 kKN.m
Mu
b
s Ry 4 adate lawg 1o (B8 slas Sl (5lee Job auloe
500 — 2 x (40 + 10) — 3 x 28
clear bar space = = 158 mm

2

clear cover = 40+ 10 = 500 mm

Ly L3 X400~ 6117 x 28 = 1713
d = b = b= . X = mm
17! 1.7 x 1 x /25
12.2.2 — For deformed bars or deformed wire, £4 shall A ; v
. =d,
be as follows: @ d
No. 19 and "_L.‘ =%
- 19 an = Ties satisfying ACI Section 7.10.5 or
smallerbarsand| No. 22 and X ing 0
. b stirrups satisfying ACl Code Sections 11.4.5
- SPacfng a;lg cover _ deformed wires | larger bars @ 2 Lq,  and 11.4.6.3 along development length
lear spacing of bars or wires v
being developed or spliced not
less than dj,, clear cover not

less than dj,, and stirrups or ties =d, Minimum cover satisfying AC! Section 7.7.1
| (L0t ), | (Jive)

a2 7| b

or 21\ F] 170 F]

Clear spacing of bars or wires

being developed or spliced not

less than 2d}, and clear cover

not less than dj,

| —=2d,

f wv,J ( fVive J
Other cas L d, L d,
or cases (1.47v )| Gaage)
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(G280 gy 4 habie lawg jo (SBgs slas Sl (5)le Job drnlne

_ 500 — 2 x (64) )

c=Min|64,—— | =64mm
4 ¢+ ktr
- ( ) =2.78>25—-> Use25

Kt _ 404, 40 x2x (mx5%) _ 1396

"= - 150x3 J

A A 400 x 1.3 x 1
a4 = o X d = Xd=38xd=1059mm
111 fc,( : ) 1.1 x 1 x V25(2.5)

(s sloo Sl alog Jsb (yenss
b el il alog Job 5 ail oo ClassB g 5l alog il oads alog alads Sy 55 (5 pol s sbo5 Koo oled aSul 4y a5 L

Lptice = 1.3l = 1.3 x 1059 = 1376 mm
=131, = 1.3 x 1713 = 2227 mm

B35 b,

gs"')"’" o9y lsplice

1330 by 4 0 Shee T alog e 50 5 el yo Sliow slas Ko (6 5les Jobo e

. 500 — 2 X (64) 40mm cover
c = Min 64,7 =64 mm C+ktr
- ( ) =3.03>25-> Use25 g+ s s 20o5um
404, 40 x 2 X (7 X 5%) 7928 1k 510
Ktr =—= = 0033 =20.94) 4
E, W, ¥, 400 x 1x 1
lg = o X d = xd=29xd=818mm
12 (£25) 1.1x 1 X V25(2.5) 2
d [ g o
=500 mm —™]

2 ¥abog e 3 5 bl o SLod slas Khee alog Jobo

G35 by, Lsprice = 1.3l = 1.3 X 1059 = 1376 mm
B Gosy Lsprice = 131y = 1.3 X 1713 = 2227 mm
1880 gy 4 0,8 ke ¥ oalog e ;o 15 slol jo Sl slas S (55l Jobo dnnloe
4(11:{m cover
, 500 — 2 x (64) !‘
c=Min|{64——— | =64mm ¢ & 9 25mm
4 c+ ktr 7328 +
- ( ) =34>25-> Use25 /¢ 10
Kt _40,41,_40><2><(n><52)_314 d =
"TTsn T 1ooxz %)
EYWY.¥ 400 x1x1
=—2 S xd= xd=29xd=818mm 5728
LA ( - ) 1.1 x 1 X /25(2.5) 2¢
e 8 o 8 o
[+ 500 mm —
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e Voalog (oo 3 5 bl o SLod slas Kl alog Jobo

oy 9 Oy (oo dl 55 2 3ly S plp 93 5l i alali (nl o S (phed Caaglie ST 9wl oud alog (5l slas S i 5l eS
b Sl ol (e i y55le,l 0939 5l Ll (o L) o8 a5 5 50 Cudie pded byl 0,5 5 8 ClassA |
3077 x 400

oMn = 0.9A5Fy(d - 0561) =0.9 x 3077 X 400 x (700 —0.5% m

) = 711286916N.mm = 711 kN.m

8
M, =300 + X 200 = 347 kN.m

L: g‘;&»)‘ﬁ‘ﬁ

=8 o) lsplice =1, =818mm

Dgliie jla8 b o Ko 93 (Sibgy alog
Syge bain pie ity alog e cla 5 o Ton o (55 e 15 Y-FF-Y14
sy Jsbo b 355 Sl b o Shee (215 sk e 95 (185 ply Wb iy Jsbo
1y Saakeo Y8 51 55 5 18 L cslas Slan 93 455,55 3 iSrs8 b b oSk sl ¥
13 JLabl fraelen YF 51 55 by (s Shoe & Sl

25.5.2.2 If bars of different size are lap spliced in tension,
£, shall be the greater of £; of the larger bar and £, of the
smaller bar.

S5k 09,5 iy alog

Canned e 8 8hee a0g0mme Sy Glgie 4 Ao, Khs 055 gl (2l alog ¥-1-F-YI-4

Pl Sl cul )3 gai Jate v by dlog b alSlan g a | bao Sl s 51 Sy m Lol

il adls J3as oo b il cilise slos Sl aloy

bl b a0 Shoe 095" 13 Koo 50 0 gy alog (sl p3Y (tedsy Jobo F-1-F-T1-4

58 PNV baled o o 5 99 e W0, Slpo 5 Sopp sl a3Y Lty Job

Do Culey
25.6.1.7 Lap splices of bars in a bundle shall be based on
the lap splice length required for individual bars within the
bundle, increased in accordance with 25.6.1.5. Individual

bar splices within a bundle shall not overlap. Entire bundles
shall not be lap spliced.

225 lacl alog -Y-A

25.5.7.4 Splices in tension tie members shall be made with
a mechanical or welded splice in accordance with 25.5.7.1.
Splices in adjacent bars shall be staggered at least 750 mm.
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(Compression lap splice) ,Lis o Sl il alog -F-A
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M oy U STee oo, slasVsh sl Giny o aichyy slodlo 55 1-F-F11-4
Jsb ont il CN0S, =Y, L ol jeglie slasVod sl 9o/ - Afud, bl Sl

[ESCRKEETNS SRR NI R

25.5.5 Lap splice lengths of deformed bars in compression

25.5.5.1 Compression lap splice length £, of No. 36 or
smaller deformed bars in compression shall be calculated in
accordance with (a) or (b):

(a) For f, < 420 MPa: £ is the greater of 0.071f,d, and
300 mm

(b) For f;, > 420 MPa: £ is the greater of (0.13f, — 24)d,
and 300 mm

For f.' <21 MPa, the length of lap shall be increased by
one-third.

25.5.5.2 Compression lap splices shall not be used for bars
larger than No. 36, except as permitted in 25.5.5.3.

il oo (2S5 5 8hes alog Job 5l S (g L83 3 Koo alog Jobo 1>

el (g abog ln Rl oSSl Aoy @

J3 5losle SO a4 was ojle oS (69 )lae yo Uk (6l ) 9gb eolatl Sl alog I el (Saw cnl o5 Jlas! Jsbo 45T (g8 )lg0 ;o @
(053 o Jog 00l aizlu

50 wdyls oYL o Sl wo o a5 Sledgiw o e glp) 0,5 colaiul Sk alog 5l gy oo caw¥l 0 Ko o515 a5 (53)lg0 ;0 @
(093 aalg> YU o Koo 51,5 alog Jore

S dlog W15 n ol Sy 55,5 eoliil s alog | Bl (a5 <o fnchee TF 51 iy 8 SLis S8 oS (g5 5 @
2Bk

oy 5| 5 oo Al ] 55 3,55 153 Some e 45 alog s o 55 5l (55 4 sy 4oy o ol (Sne (53 pn 3 o
2l Gl bl )l ahog Jors b ohig sledgin jo Jle (sl 0,5 sslinal (Sl

il (SSlSe alog wlgs (o0 (0l Sy g 0,5 eolinl (Lidg alog 5l Bl (oo (2iS slacl o @
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18.2.7 Mechanical splices in special moment frames and
special structural walls

18.2.7.1 Mechanical splices shall be classified as (a) or
(b):

(a) Type 1 — Mechanical splice conforming to 25.5.7

(b) Type 2 — Mechanical splice conforming to 25.5.7 and
capable of developing the specified tensile strength of the
spliced bars

18.2.7.2 Type 1 mechanical splices shall not be located
within a distance equal to twice the member depth from the
column or beam face for special moment frames or from
critical sections where yielding of the reinforcement is
likely to occur as a result of lateral displacements beyond
the linear range of behavior. Type 2 mechanical splices shall
be permitted at any location, except as noted in 18.9.2.1(c).

Sl aliog £lgil ~1-B-A
:M)b é...)&a 4.1..09 &94 90

R18.2.7 Mechanical splices in special moment frames and
special structural walls—In a structure undergoing inelastic
deformations during an earthquake, the tensile stresses in
reinforcement may approach the tensile strength of the rein-
forcement. The requirements for Type 2 mechanical splices
are intended to avoid a splice failure when the reinforcement
is subjected to expected stress levels in yielding regions.
Type 1 mechanical splices are not required to satisfy the more
stringent requirements for Type 2 mechanical splices, and
may not be capable of resisting the stress levels expected in
yielding regions. The locations of Type 1 mechanical splices
are restricted because tensile stresses in reinforcement in
yielding regions can exceed the strength requirements of
25.5.7. The restriction on Type 1 mechanical splices applies
to all reinforcement resisting earthquake effects, including
transverse reinforcement.

Recommended detailing practice would preclude the
use of splices in regions of potential yielding in members
resisting earthquake effects. If use of mechanical splices in
regions of potential yielding cannot be avoided, there should
be documentation on the actual strength characteristics of
the bars to be spliced, on the force-deformation character-
istics of the spliced bar, and on the ability of the Type 2
mechanical splice to be used to meet the specified perfor-
mance requirements.

Although mechanical splices as defined by 18.2.7 need not
be staggered, staggering is encouraged and may be necessary
for constructibility or provide enough space around the splice
for installation or to meet the clear spacing requirements.

R18.2.7.1 The additional requirement for a Type 2 mechan-
ical splice is intended to result in a mechanical splice capable
of sustaining inelastic strains through multiple cycles.

25.5.7 Mechanical and welded splices of deformed bars in

tension or compression

25.5.7.1 A mechanical or welded splice shall develop in
tension or compression, as required, at least 1.25f, of the bar.
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18.6.3.3 Lap splices of deformed longitudinal reinforce-
ment shall be permitted if hoop or spiral reinforcement is
provided over the lap length. Spacing of the transverse rein-
forcement enclosing the lap-spliced bars shall not exceed the

lesser of d/4 and 100 mm.
locations (a) through (c):

(a) Within the joints

Lap splices shall not be used in

(b) Within a distance of twice the beam depth from the

face of the joint

(c) Within a distance of twice the beam depth from crit-
ical sections where flexural yielding is likely to occur as
a result of lateral displacements beyond the elastic range

of behavior

-
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(@) Thin-walled tube

T = 24t X Ty =2

s VYAV
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Silmed Gizm 5 Joles omn -4

Design torque may not be ED

reduced because moment
redistribution is not possible

_ 0.75A¢p

Pcp

T

24t
24 0754

—X T
3 Py 0=

22.7.5 Cracking torsion

22.7.5.1 Cracking torsion T shall be calculated in
accordance with Table 22.7.5.1 for solid and hollow cross
sections, where N, is positive for compression and negative

for tension.

Table 22.7.5.1—Cracking torsion

esign torque for this s,
beam may be reduced because
moment redistribution is possible

Type of member

I,

Nonprestressed member

0.33%/7;[%) (@)

Prestressed member

033}"‘/—( ]\/ 033x\/_ ®

Nonprestressed member
subjected to axial force

’ £ Nll
0.33A\[f; (pq)] 1+—0_33Ag7L 7| ©

www.hoseinzadeh.net
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A, =

(b} Area enclosed by shear flow

path, A,

P % 0.33f)



22.7—Torsional strength

22.7.1 General

22.7.1.1 This section shall apply to members if T, > ¢ Ty,
where ¢ is given in Chapter 21 and threshold torsion Ty, is
given in 22.7.4. If T, < ¢ Ty, it shall be permitted to neglect

torsional effects.

22.7.4 Threshold torsion

22.7.4.1 Threshold torsion Ty, shall be calculated in accor-
dance with Table 22.7.4.1(a) for solid cross sections and
Table 22.7.4.1(b) for hollow cross sections, where N, is

s VYAV

positive for compression and negative for tension.

Table 22.7.4.1(a)—Threshold torsion for solid cross

sections
Type of member Ty

2

Nonprestressed - A,

0.083A. —
member \/70 ( P (a)
Prestressed member 0. 0837\1\/_ [ J ‘ 0. 33X \/_ ®

Nonprestressed A N
member subjected to 0-0837\:\/2 [—q') 1+ WMX\/_' (©)
axial force P 334, 1.

Table 22.7.4.1(b)—Threshold torsion for hollow

cross sections

Type of member T
Nonprestressed 0.083A\. \/7, A_; ()
member ’ ‘Ap :
4
Prestressed member 0. 0837‘4\// ( ]1’ 033) \/— (b)
Nonprestressed \/_ A
member subjected to | 0.083Ay/f| =% | 1+ — ©
axial force Pe 0'33Agx\/z

www.hoseinzadeh.net
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Longitudinal bar -

M”
- Concrete T~V
compression
diagonals

i S5l e,S Jai 8o b s -Y-4

A.=bh

P.=2(b+h)

A, ,=(b-2c)(h-2c)
=2(b-2c)+2(h-2c)

by

bW
Aczbwh+ tf(bf'bw)
Pc=2bf+2h

A,=( b, 2¢)(h-2c) +(t-2¢) ( bf -2c-b,, )
P =2(b ; -2¢) +2(h-2c)
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22.7.7 Cross-sectional limits

chie )0 Jdory (g9 iSTa> T4

22.7.7.1 Cross-sectional dimensions shall be selected such

that (a) or (b) is satisfied:

(a) For solid sections

(v.Y (1p Y _ (W —

(b) For hollow sections

14 T p, 14
o 4| 2 <o =+ 0.66,F7

22.7.6.1 For nonprestressed and prestressed members, T,
shall be the lesser of (a) and (b):

24
@71 = ﬂcotﬁ (22.7.6.1a)
s
24
t) 7 =224 e (22.7.6.1b)
Pr

where A, shall be determined by analysis, @ shall not be
taken less than 30 degrees nor greater than 60 degrees; A4, is
the area of one leg of a closed stirrup resisting torsion; A, is
the area of longitudinal torsional reinforcement; and p,, is the
perimeter of the centerline of the outermost closed stirrup.

22.7.6.1.1 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be
permitted to take A, equal to 0.854,,,.

22.7.6.1.2 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be
permitted to take @ equal to {a) or (b):

(a) 45 degrees for nonprestressed members or members
with Apfie < 0.8(Apfou + A1)

(b) 37.5 degrees for prestressed members with A,f;, >
0.4(A s fo + AsS)

www.hoseinzadeh.net YAY

W) "7a) =*bd +°-66x/fc'] (22.77.1a)

(22.7.7.1b)

Apyp = area enclosed by centerline of the outermost
closgd transverse torsional reinforcement,
mm

P Closed stirrup

A, = shaded area
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9.7.5 Longitudinal torsional reinforcement

9.7.5.1 If torsienal reinforcement is tequired, longitu-
dinal torsional reinforcement shall be distributed around the
perimeter of closed stirrups that satisfy 25.7.1.6 or hoops
with a spacing not greater than 300 mm. The longitudinal
reinforcement shall be inside the stirrup or hoop, and at least
ong longitudinal bar or tendon shall be placed in cach corner.

9.7.5.2 Longitudinal torsional reinforcement shall have a

diameter at least 0.042 times the transverse reinforcement
spacing, but not less than 10 mm.

9.7.5.3 Longitudinal torsional reinforcement shall extend
for a distance of at least {§, + d) beyond the point required
by analysis.

9.7.6.3.3 Spacing of transverse torsional reinforcement
shall not exceed the lesser of p,/8 and 300 mm.

9.6.4.2 If torsicnal reinforcement is required, minimum
transverse reinforcement (A4, + 2A,),.:/s shall be the greater

of (a) and (b):

b
0.062,/1 =
@ 1. 7

»

(b) 0352

¥

Fsb i sb,gle)1-V-4

9.6.4.3 If torsional reinforcement is required, minimum
area of longitudinal reinforcement A;,;, shall be the lesser

of (a) and (b):

4
(@ 0.42\/f'f—°f’— (AT] P %
» : ¥

0.175wa .

A
(b) 0.42JT;f—””—( T
» » ¥
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s
e 100 Ko o5 43S o6 el 425,513 V=270 KN Uiy 5 Tymdl KNm iy S50 31 s 650x400 mm olasl 4 15 o5
s

f; =28 MPa Fy = 300MPa

i S oS jshie 4 il pae b LS JpuST -
Acp = 650 X 400 = 260000 Pcp =800+ 1300 = 2100

2
A 56.2
T, = 0'33\/28(PL) =56.2 X 10°N.mm =56.2kN.mm - T, =41>0.75x% e

cp

gl b Jooi 6 i 51 J 7S Y
A,p = (650 — 80 — 10)(400 — 80 — 10) = 173600 mm?2
A, = 0.854,, = 147560
P, = [(650 — 80 — 10) + (400 — 80 — 10)] x 2 = 1740 mm
d =650 —40 — 10 — 12.5 = 587.5 mm
V. = 0.17v/28 X bd = 0.17 x v/28 X 587.5 X 400 = 211 kN

270000\* (41 x 106 x P, 211000
( ) +|————5—]) = 1.805MPa| < [0.75( )+ 0.66V28 = 3.29MPa | OK.
bd 1.7 x A%, bd

G Sl cod Dgals anule T

. 2A40AcFy 2 X 147560 X Ay X 300 A
s B s T, <oT, -—=0617mm
T, = 41 x 106 s

Dor e ey Ogels ailne -F

Ve=2 _ _ 3

V. = 270 kN}qus =V, —¢V.=111kN -V,  =1486kN.
[ _ AudFye _ Ay, X 587.5 x 300
. =

S S
V, ,=1486kN

p3Y

- ?" > 0.84 mm

FS AV acule -0

A, A, + 24
v—Total _ ‘v - t_ 084+2x0617 =2.078

s
S=100mm Ay_7orq = 207.8 mm? > 2.6 910 - Use 3¢10

leigels Covgaze JyuS -7

1740
100 < Min{

400 400

2.078 > Max {0.062 x V28 x 300035 % W} = Max{0.4374,0.467} OK.

, 300} OK.
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11.5.5.2 — Where torsional reinforcement is
required by 11.5.5.1, the minimum area of transverse
closed stirrups shall be computed by

b
(A,+2A) = 0.062,[f] ths (11-23)
y

but shall not be less than (0.35b,, s)/f,;.

i Jeb slaypile)l anle -V

;. _ 2A0AiF, _ 2 X 147560 X A4, X 400

n

P, 1740 ¢T, <T, - A;,=80577mm
T, = 41 x 10°

Blax Job iz Hle)] S5 A
0.42+/28 x 260000

300
L= — — 2
I, min 200 0.617 x 1740 X 200 1120.29 mm

U bl
358 (pharay S 31 G 1ai8 400X400 mm Slay! 4y S5 &ep0 adaiio by do )T oysts guae Sy —YY
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22.7.7 Cross-sectional limits

22.7.7.1 Cross-sectional dimensions shall be selected such
that (a) or (b) is satisfied:

(a) For solid sections

V : T h ’ I/c ’
\/(b:d ] +(1.;Zj h] gq{b < +0.66\/7; ] (22.7.7.1a)

w

(b) For hollow sections
ANETAVREA =
—= —Y—— (<] —=+0.66
[bwd]+(l'7A02h J q)(bwd ¥ f; J (22-7-7_1b)
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{a) Undamaged cross section
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(b) Cross section after spalling

3 ; (c) Photograph of failed section
and buckling of unrestrained bars

FIGURE 5.14 Failure of cross sections with unsupported longitudinal reinforcement. (Afrer Arteta and Moehle, 2014.)
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Richart et al. (1928) proposed that the axial strength of confined concrete could be represented by

fermax = f¢ + kf3 (3.11)
in which f3 is the smallest principal compressive stress (positive in compression). The test data show that the value of k

is slightly higher for low confinement stress than for higher confinement stress. Richart et al. (1928) recommended a

single value of k =4.1. Subsequent comparisons with larger data sets demonstrate that Eq. (3.11) with k =4.1 adequately
models the data trend over a large range of confinement stresses (Figure 3.15).

[
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FIGURE 3.15 Comparison of measured confined concrete strength versus Eq. (3.11). (After Hobbs et al., 1977.)
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FIGURE 4.1 Stress—strain response of plain concrete (P) and three confined concrete cross sections. (After Moehle and Cavanagh,
1985, used with permission from ASCE.)

www.hoseinzadeh.net Y44



ol oS leiguiumw TAY

e Job slos Shos Jlgn bilys V-1

o Sheo oo Lulged (o Emne) o5 0y )0 el 00,5 29 il (gl 1y (ulged sl (| (W) (o200 sloyile, ] (VL Conanl 4 4255
w‘ AW ..\..3 Le‘i..t Ja.».uy 6]5.‘0
o 9 o 18-
55 B ilo,T Luosi Wbz 1Y-10-4
absS 10 5 sbes Kl 51 Sy pm a5 wil 5,9k Wb bogels dloxs ahaie » 0 O-1V-18-1
g ALl il jeb 4 90,5 18 Az 0 WO mSTas LBl a4l b gels S
39 ably gac slaaled jo a5 50 Xlw o -l
T e N SN T
b e e 10+ 51 iy jglme el (5 )l 8,5k b )T 05T alols a5 60 She y2 -
solaul )9 LSL“":’}‘l" )l O‘}?‘:e s..\.iﬁf )l)."e c).l‘o e S9) 619]9 ‘5&50;]._..« as 60)‘5A 39
ol (5976 4 b 09 o33 4z 50 VYO o lasbin] OB & LT slgsl aST 5 bgyie o8

g Hlew opls (A3l Cadd 1 yo

25.7—Transverse reinforcement
25.7.2 Ties

25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and
(b): Equal to or less than 150 mmr
(a) Every corner and alternate longitudinal bar shall have S
lateral support provided by the corner of a tie with an 1
included angle of not more than 135 degrees
(b) No unsupported bar shall be farther than 150 mm clear

on each side along the tie from a laterally supported bar | May be greater than 150 mm
no intermediate tie required

135 deg max
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{a) Tied column {b) Spiral reinforced column {d) Section B-B

FIGURE 5.1 Two test columns. (4fter Gamble and Thomson, 1977, courtesy of the University of Illinois at Urbana—Champaign.)
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FIGURE 5.2 Behavior of test columns under concentric compression: (a) relation between total axial load and total column shortening;
(b) photograph of columns after testing. (After Gamble and Thomson, 1977, courtesy of the University of Hlinois at Urbana-

Champaign. )
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18.4—Intermediate moment frames
18.4.3 Columns

18.4.3.3 At both ends of the column, hoops shall be CHAPTER 25—REINFORCEMENT DETAILS
provided at spacing s, over a length £, measured from the
joint face. Spacing s, shall not exceed the smallest of (a)
through (d): 25.7.2 Ties

25.7—Transverse reinforcement

(a) 8 times the diameter of the smallest longitudinal bar
enclosed
(b) 24 times the diameter of the hoop bar

Eﬁz\, ?;;E?llf of the smallest cross-sectional dimension of (a) Clear spacing of at least (4/3), doge

(d) 300 mm (b) Center-to-center spacing shall not exceed the least
of 16d; of longitudinal bar, 484}, of tie bar, and smallest
Length £, shall not be less than the greatest of (e), (f), and (g): dimension of member

25.7.2.1 Ties shall consist of a closed loop of deformed
bar with spacing in accordance with (a) and (b):

(e) One-sixth of the clear span of the column

(f) Maximum cross-sectional dimension of the column 25.7.2.2 Diameter of tic bar shall be at least (a) or (b):

(g) 450 mm (a) No. 10 enclosing No. 32 or smaller longitudinal bars
18.4.3.4 The first hoop shall be located not more than s,/2 (b) No. 13 enclosing No. 36 or larger longitudinal bars or
from the joint face. bundled longitudinal bars
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18.7—Columns of special moment frames

18.7—Columns of special moment frames

18.7.5 Transverse reinforcement

18.7.5.1 Transverse reinforcement required in 18.7.5.2
through 18.7.5.4 shall be provided over a length £, from each
joint face and on both sides of any section where flexural
yielding is likely to occur as a result of lateral displacements
beyond the elastic range of behavior. Length ¢, shall be at
least the greatest of (a) through (c):

(a) The depth of the column at the joint face or at the
section where flexural yielding is likely to occur

(b) One-sixth of the clear span of the column

(c) 450 mm

18.7.5 Transverse reinforcement

18.7.5.3 Spacing of transverse reinforcement shall not
exceed the smallest of (a) through (c):

(a) One-fourth of the minimum column dimension
(b) Six times the diameter of the smallest longitudinal bar
(c) s,, as calculated by:

s, =100 +( (18.7.5.3)

350—h, )
The value of s, from Eq. (18.7.5.3) shall not exceed 150 mm
and need not be taken less than 100 mm.

h, = maximum center-to-center spacing of longitudinal
bars laterally supported by corners of crossties or
hoop legs around the perimeter of the column, mm

www.hoseinzadeh.net Y.¥
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18.7.5.5 Beyond the length ¢, given in 18.7.5.1, the
column shall contain spiral or hoop reinforcement satisfying
25.7.2 through 25.7.4 with spacing s not exceeding the lesser
of six times the diameter of the smallest longitudinal column
bars and 150 mm, unless a greater amount of transverse rein-
forcement is required by 18.7.4.3 or 18.7.6.

18.7.4.3 Mechanical splices shall conform to 18.2.7 and
welded splices shall conform to 18.2.8. Lap splices shall be
permitted only within the center half of the member length,
shall be designed as tension lap splices, and shall be enclosed

within transverse reinforcement in accordance with 18.7.5.2
and 18.7.5.3.
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old 4y 3 yraglen 8 J1S 45 KT 51 (93 oo yosls you 5 3 fob 59les] (lgis 42 g alite
28 43 (MRS 31 0l 515 G ¥3 43 Ly 521 Jolpe 39 4505 1900 33 el 2 aslizd Foslea 80
w2 (P19 19 G o) ishyt eSS 39 alold 525Ius w3 0lizead ypi gyl (shot s5m ghan 12
b g2 Bugie Si13 0D Sl aate 355 8 ol 505 5 S H Kaela o
!
Faghea 120 (F Fa g 140 (v Fo e 100 Y Fa e 160 (A
Van s
e i Sz sl o Jolss 2Slas
s < Min (8 X dp, 24 X dyje, 0.5 X gm0, 300, shear check)

Sgde ‘L’:"‘:)'f S99 )‘.A.b;n A A ed.wl; ra}lm O 52 .))|5 L‘:’“J" &9y )‘..\.3.4 )f‘ Gl 0 ools Sleds! OF 5 é)‘j uw).s )L.\.Lc Sy90 4O
syt cale, wb 55 A4 L 5d12
s < Min(8 x 20,24 x 12,0.5 x 500,300) = 160 mm

Ay .
ol 2ol s () Dsels o (eioren

TXxX 122 w7 x82
>

<
5 e - S <180mm
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18.7.5.2 Transverse reinforcement shall be in accordance
with (a) through (f):

(a) Transverse reinforcement shall comprise either single
or overlapping spirals, circular hoops, or rectilinear hoops
with or without crossties.

(b) Bends of rectilinear hoops and crossties shall engage
peripheral longitudinal reinforcing bars.

(c) Crossties of the same or smaller bar size as the hoops
shall be permitted, subject to the limitation of 25.7.2.2.
Consecutive crossties shall be alternated end for end along
the longitudinal reinforcement and around the perimeter
of the cross section.

(d) Where rectilinear hoops or crossties are used, they
shall provide lateral support to longitudinal reinforcement
in accordance with 25.7.2.2 and 25.7.2.3.

(¢) Reinforcement shall be arranged such that the spacing
h, of longitudinal bars laterally supported by the corner of
a crosstie or hoop leg shall not exceed 350 mm around the
perimeter of the column.

(D Where P, > 0.34,f. or f.’ > 70 MPa in columns with
rectilinear hoops, every longitudinal bar or bundle of bars
around the perimeter of the column core shall have lateral
support provided by the corner 6f a hoop or by a seismic
hook, and the value of A, shall not exceed 200 mm P,
shall be the largest value in compression consistent with
factored load combinations including E.

o059 Sldgiw LS sl p (Slol bl Pl -)-0-)-

Alternate hook position of
each successive crosstie

90-degree
bend

135-degree bend

25.3.4 Seismic hooks used to anchor stirrups, ties, hoops,
and crossties shall be in accordance with (a) and (b):

(a) Minimum bend of 90 degrees for circular hoops and

135 degrees for all other hoops

(b) Hook shall engage longitudinal reinforcement and the

extension shall project into the interior of the stirrup or

hoop

(Ll ohs ez Smm 52198 5
(Py > 0345 f0) atl ol oige 5185 5505 51
Q e e 22k Dot oo sloo Khoe A3 @
RETIPPL RIS
i Sl 39 5o 558 38t i §
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(seismic hook) aiius 4> 5 VYO o3 lyls b lww slos

‘"
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5ol oalds Slee lee ;0 SO Jsb duo)ﬂgwwgswLMOBAgfc' 35S gt 1 oo (6970 b o Ceonw IS o

4z 3 WO o5 Jowe cl> pl jo ol ax 0 VY0

« Every corner and alternate longitudinal bar shall
have lateral support, and no bar shall be farther than
150 mm clear from a laterally supported bar.

« Consecutive crossties around the perimeter and
along the length have their 90° hooks on
opposite sides of column.

« The dimension x; from centerline to centerline of
supported bars shall not exceed 350 mm.

6db 275mm

. — A
6d,, extension- sh2

— ¥

Xi

il
bc3

X;

|

I
L— X X;

(@) P, < 0.3A,f. and f. <70 MPa
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« Every longitudinal bar around the perimeter of
the column core shall have lateral support
provided by the corner of a hoop or by a
seismic hook.

« The dimension x; from centerline to centerline of
supported bars shall not exceed 200 mm.

fozeobe ol

in xi Xi Xi ’!

(b) P, 20.3A,f  or f. > 70 MPa
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18.7—Columns of special moment frames

18.7.5 Transverse reinforcement

18.7.5.4 Amount of transverse reinforcement shall be in
accordance with Table 18.7.5.4.

The concrete strength factor &rand confinement effective-
ness factor k&, are calculated according to Eq. (18.7.5.4a) and

(18.7.5.4b).
@k, = 1%+0_6 >1.0 (18.7.5.4a)
k, =—
®) k=373 (18.7.5.4b)

where n; is the number of longitudinal bars or bar bundles
around the perimeter of a column core with rectilinear hoops
that are laterally supported by the corer of hoops or by
seismic hooks.

6d,= 75 mm
: Ash1
. 6d,, extension l-
Table 18.7.5.4—Transverse reinforcement for 1
columns of special moment frames O © Vo] o ¢ o =
Transverse %
reinforcement Conditions Applicable expressions _f b,
P, <034, and | Greater of y , X. :
> /. A '
f.; <70 MPa (a) and (b) 0_3(—’4—1J—c (a) || sh2 — l
ch f:vt
Agylsb, for , }
rectilinear , Greatest of 0.09 A () X _’I
hoop Pu>034g or | (1) and I
£./>70 MPa ’ (c)’
P
0.2k k,—— (0
J yt““ch
P,<0.34,f and | Greater of 4 ,
JZ <70 MPa (d) and (e) | 0.45 (A—g— IJJJ:—C ()]
ch yt
A,=37 r2
ps for spiral or 0.12 Lc,
circular hoop | P,> 034, or Greatest o © —
c and (f) p Mu\u'ﬂ
0.35k L— (f) 95
! f:vtAch

18.7.5.5 Beyond the length £, given in 18.7.5.1, the
column shall contain spiral or hoop reinforcement satisfying
25.7.2 through 25.7.4 with spacing s not exceeding the lesser
of six times the diameter of the smallest longitudinal column
bars and 150 mm, unless a greater amount of transverse rein-
forcement is required by 18.7.4.3 or 18.7.6. A =27 r?

: Sio!
<

b, = cross-sectional dimension of member core
measured to the outside edges of the transverse

reinforcement composing area A, mm
A, = cross-sectional area of a member measured to the

outside edges of transverse reinforcement, mm?
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600 mm ®12at100 vov (f
Y
900 mm |
w5k 0345 fe 51 yaS (g 5970 3505 Sl 28 L
A !
0.3 x (—9 —~ 1)f—c
Ash — max Ach Fyt
xb,) !
(s % be) l 0.09 x 25 J
F¢
0 (900 x 600 1) 0.004608
3 X — = 0.
Asn _ 810 x 510 400 _ 2
—————— = max - Agp, =373 mm
(100 x 810) 0.09 xﬂ a5
' 400
6d,2 75 mm A
6d,,extension1 [ sht
oY o o e o~
X
_f bc2
x4
Asn '
o o oo oldit
l‘_ Xi _’L_:; _’L_ X _‘l
(4]
Table 18.7.5.4—Transverse reinforcement for %
columns of special moment frames h§ﬁ
Transverse e ' - : A =37r>
reinforcement Conditions Applicable expressions LI £ sh™
P,<03A4,f. and | Greater of :
fZ<70MPa | (a)and(b) | 03 4 -1 A (a) Sl /r
c = - A f;,t 9w
Aglsb, for £
rec}::)l:)near Pu> 034,f or (G)re?l’;;st 02 0.09—; (b) : < ;La;?v
P £>70 MPa a’(c)’an ”
P
0.2k k,—— (c)
ytch A,=27 r2
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13l 0.3A5f7 51 oS i (5970 (9 4Kl (2,3 L
b, = 600 — 2(45) = 510 mm
Acp, = (510) mm

A !
0.3 X (—g - 1)f—c
Ae F

Ao __ max vt
b !
(s> be) 0.00 x 1
\ Fye )
{0 3 (6002 1) ( 25 ) 0.0072 |
A ' 2 =Y
sh MaxJ 510 400 L - Ay, =367 mm?

25
0.09 X — = 0.005625

100 X510
l 400
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400 mm
100 mm
£ S0 mm (r
£ ]
o 0 mm (v
e 8925
- R0 mm ¥
Ve il
o Hlaie dle @
(400 — 2(40 + 10 + 12.5)) (350 — 137.5)
X = > =1375mm - h,=1375 - 54=100 +f =170

2l 150 mm - 51 i sl sg jlade

- 5o = 150 mm

Table 18.7.5.4 Ly, Lolul  alols s arlone 5 Jyus5 @

0.3 400° 1 (25)—00105
3><7T><52=Max 13202 400) ~

- s<70mm

§ %320 0.09 25 0.005625
. X—=0.
L 400 J
ol oo vy p ) 51 Slow 4l o LS alols n; JSs @ 4z g b
S 9
s1 < Min ,6 X dp, sg, shear check, Table 18.7.5.4

sy < Min(100, 6 x 25,150, shear check,70) = 70 mm

— .—h‘
hl
min h,/4, h,/4 h2
hl 1 6d,
h —+ b
,2dMm l 5,< e n
° 1,/6 T ! So Sgiw &ado
4'50 mm } As required for shear
— requirements in Table 18.7.5.4 of ACI-318-14
1, —}_—52
— 100 =100+ (332=" <150 mm
min h,/4, hy/4 mms 5,=100+ 7—
Tension lap —+ s.< 6d,
splice restricted T 7, {
to center half of As required for shear he=NMax{x;}
\

member length ——

N

4 QN /o] ® 43] ® =
—+ 6d, r!
[
—_ 52 £< 150 mm _f
T {As required for shear o | x b
Iy '
1= L

1 1 L_xi—’l‘—bxi—’l'—xi—’l
2
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18.4.3.5 Outside of length £,, spacing of transverse rein-
forcement shall be in accordance with 10.7.6.5.2.

10.7.6.5.2 Maximum spacing of shear reinforcement shall
be in accordance with Table 10.7.6.5.2.

Table 10.7.6.5.2—Maximum spacing of shear

reinforcement
Maximum s, mm
Nonprestressed Prestressed
Vs column column
dr2 3h/4
<033,[f’h,d | Lesser of:
600
d/a 3h/8
> 0.33\/Z’bwd Lesser of:
300
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d 340
s< Mm{ ,8dy,24d,, 300 mm} Min {T 8 x 20,24 x 8,300 mm} = 85 mm

(29)| 44
s<
60y (5 s5kesT 25)

150mm
Bdb(;s's-b 358sT )

24‘%(”5“":‘” ) N
300 mm 78 Sl
(0329 3 tawgis) | |
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[ iz
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i g | SEMIng g Jsbo Sl o ifrss 1
i 24 X <K (o
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As required for shear
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500mm g ahaio slul 5,08 J13 Pg = 500 kN § Ppipe = 400kN 3 Pgegq = 1000kN (s 950 b 5| cos olisS ygim SO (Jlie
daled (2,5 @10 1) o K jhad il o Ag = 12025 = 5890mm? Job sla,gils,l il o X 500mm

Mb u>_,41\1112300 KN )J‘).’).g U?"""‘ {:’a.o.a » o)|5 )b w)..a u,u)a
f; =25 MPa, E, = 400MPa, F,; =300MPa

(6329 G2y J50) wled dalns (Sl 4l o 1) LSS Jolsd

Pu=12Pp+ P + Py =2100kNY , 0,
0.34,f, = 1800 kN } u > 034, fc

1510 Ay S5 4855 L g (sl 05 MW Loy (il e 4 LS (Jsb sled Ko (poleS 392 J5S w4z L

7 R

50

b _ 500 —-80—-20-25

= 125 mm < (200 mm) OK.

x 3
G
Z =125mm
6d, = 150mm Smax = 125mm
350 — 125
So =100 + (—) =175mm - sy = 150mm}
24
K, = 12 _ 1.2
n12-2 7
03('49 1) fe =03 500° 1 25 —001043\
“\d. Fye 7 \(500 — 80)2 300
0.09 Je _ 0.0075 +0.0104
Fy
0.2K:K. i =0.0104
B nFytAch .

Agpy =4 X mx52=314159 mm? 0.748
sh, = s(500 — 80) B

>0.0104 »s<71lmm - Uses=70mm

ety peolem VU=300 KN oSyl @y az g b o005 508 58 (b Gl (o0 398 Slewlos p ogdle
V, < @Ve +Vs) > 300 x 10° < 0.75 x (0.17v24 x 500 x 437.5 + V) > Vs = 217819.2 N = 217.82 KN
0.33v/24 x 500 x 437.5 = 353.64 KN > Vg = 217.82KN = S0 = ; = 218.75mm — OK
oolatul @12 S5 51 @10 K5 sl 4 Jlo (ly S s 598 2,k ol i onlplo 5 e canle o2 Bld 4, s=70 mm jloss

g
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f¢ =25MPa , F, =400MPa, F,, =300MPa
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0.34,f! = 1875 kN} Py <0344f

Sl Olee )0 S e 5 g e iy S5 adT b g gl 03] M lasgs Jsb sloo Mo (olod G p3¥ 98 J5uS 4 4z L
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50

50

2
hx = 5 (500 — 80 — 25 — 20) = 250 mm < (350 mm) OK.

Cy
y = 125mm
6d, = 150mm Smax = 125 mm

350 — 250

3 >=133mm—>50=133mmJ

50=100+(

03(‘49 1) fe =0.3 500° 1 25 =0.0104
“\4,, Fye 7\ (500 — 80)2 300

25
0.09 — = 0.0075
Fyt

0.0104

Agp =1 X 52(2 + Sina + Cosa) = 262.6 mm* _ 0.62
sb. = s(500 — 80) B

> 0.0104 -»s<59mm - Uses=50mm

g Sl 50 MM 56 o gile,] Lolss asls 5od alaiie oyl
ool 12 55 51 10 K5 glo oy Jlio gl 05 i3 G355 b ol g cal s 5 G calin ly>) Lld & 5=50 mm e
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25.7—Transverse reinforcement
25.7.3 Spirals

25.7.3.1 Spirals shall consist of evenly spaced continuous
bar or wire with clear spacing conforming to (a) and (b):

(a) At least the greater of 25 mm and (4/3)d,,,
(b) Not greater than 75 mm

25.7.3.2 For cast-in-place construction, spiral bar or wire
diameter shall be at least 9.5 mm.

25.7.3.3 Volumetric spiral reinforcement ratio py shall
satisfy Eq. (25.7.3.3).

A ’
p. 20.45(—*’—1jf—"
. 27

ch yt

(25.7.3.3)
where the value of f), shall not be taken greater than
700 MPa.

25.7.3.4 Spirals shall be anchored by 1-1/2 extra turns of
spiral bar or wire at each end.

18.7—Columns of special moment frames
18.7.5 Transverse reinforcement

18.7.5.4 Amount of transverse reinforcement shall be in
accordance with Table 18.7.5.4.

The concrete strength factor krand confinement effective-
ness factor k, are calculated according to Eq. (18.7.5.4a) and
(18.7.5.4b).

@ &, =7 106210 (18.7.5.4a)
175
n
®) k, = P (18.7.5.4b)
1

Table 18.7.5.4—Transverse reinforcement for
columns of special moment frames

Transverse
reinforcement

Conditions
P,<0.34¢f and
f <70 MPa

Applicable expressions

A
o.45[ACh —1]— ()

v

Greater of
(d) and (e)

ps for spiral or

. Greatest 0.1 ZL ©
circular hoop

of (d), (¢), "

wnd® 0,35k, L=
: S

P,>0.34,f or
£/>70 MPa

®

wen

total cross-sectional area of transverse reinforce-
ment, including crossties, within spacing s and
perpendicular to dimension b,, mm?

ratio of volume of spiral reinforcement to total
volume of core confined by the spiral, measured
out-to-out of spirals

Ps =

www.hoseinzadeh.net VO
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039 SN b Dot

A ’
0.45 [—g - 1] S
Ach f;lt

2

d, ’
Ag= nD%/4 |p.= D—; > Max{ 0,122
2 ¢ »
Ac.=nD;/4 p
0.35k, —*
‘ v \ch

P,>0.34,f, or

£.'>70 MPa

25mm <P < 75mm]
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Concrete core \

Spiral

fsp fsp
(b)
Spiral
X
(a)
1applied load
2
37 | (length out of the plane
L of the drawing =s)
Ar 1 A -
(a) Elevation Asp s Wy T o
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.t fsAgp fa=13 A
e— D —] - D

o (c) Free body diagram
& b
(b) Section A-A 0 Ag=S A,
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e () 2o
gl Blyiee Cnlplh
zfytAsp
f2= D.S _ Pshyt
445, (727 2
Ps = D, xs )

il (oo Gl (foo)ogiw (5 lad Coglin fo alBl L o aluly 4 a5l Sog walys jaiia ats pglie 15 fr ol b
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A Psh 44 fe
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SSmm ¢y 45 mm Q1

100 mm ¢f 75 trmm (v
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398 ol 5 bl a5 a8b Gl b g9 A e 90 612 8300 5 o2 2 €25 25 L
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25.2—Minimum spacing of reinforcement

25.2.1 For parallel nonprestressed reinforcement in a hor-
zontal layer, clear spacing shall be at least the greatest of
1 in., d, and (4/3)d,,,.

25.2.2 For parallel nonprestressed reinforcement placed in
two or more horizontal layers, reinforcement in the upper
layers shall be placed directly above reinforcement in the

bottom layer with a clear spacing between layers of at least
lin.

25.2.3 For longitudinal reinforcement in columns, pedes-

tals, struts, and boundary clements in walls, clear spacing
between bars shall be at least the greatest of 1.5 in., 1.5d,,

and (4/3)d g,
Second layer
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e e e d
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(a) Rectangular tied Column (b) Round spiral Column

10.7.3 Longitudinal reinforcement

10.7.3.1 For nonprestressed columns and for prestressed
colummns with average f,. < 225 psi, the minimum number of
longitudinal bars shall be (a), (b), or (¢):

(a) Three within triangular ties

(b) Four within rectangular or circular ties

(c) Six enclosed by spirals or for columns of special
moment frames enclosed by circular hoops
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CHAPTER 10—COLUMNS R10.6.1.1 Limits are provided for both the minimum and
maximum longitudinal reinforcement ratios.

Minimum reinforcement—Reinforcement is necessary
to provide resistance to bending, which may exist regard-
less of analytical results, and to reduce the effects of creep
and shrinkage of the concrete under sustained compressive
stresses. Creep and shrinkage tend to transfer load from the
concrete to the reinforcement, and the resultant increase in
reinforcement stress becomes greater as the reinforcement
ratio decreases. Therefore, a minimum limit is placed on the
reinforcement ratio to prevent reinforcement from yielding
under sustained service loads (Richart 1933).

Maximum reinforcement—The amount of longitudinal
reinforcement is limited to ensure that concrete can be

VR

1625
d ® cuculvcly LUIlbUlludlCu around wne Ddrb anu to ensure l[ld,l.
o \o/ : ] columns designed according to the Code are similar to the
-~ test specimens by which the Code was calibrated. The 0.08
b=600 limit applies at all sections, including splice regions, and
mm can also be considered a practical maximum for longitu-
X252 dinal reinforcement in terms of economy and requirements
16 X ( 4 ) for placing. Longitudinal reinforcement in columns should

=0.022 < 0.08

Lh 500 X 600 usually not exceed 4 percent if the column bars are required
to be lap spliced, as the lap splice zone will have twice as
much reinforcement if all lap splices occur at the same

location.

10.6—Reinforcement limits
10.6.1 Minimum and maximum longitudinal reinforcement

10.6.1.1 For nonprestressed columns and for prestressed

columns with average f,. < 1.6 MPa, area of longitudinal
rplnfnrnamnﬂlf c!’\q" bhe at leact 0.014 but cl'\a" not exceed

UL CCIIN UV 4t iCast vevasiig Uul 11Uv CACCCUG

0.084,.

530 mm
500 mm

d=

::>

0.01<p=

D98 oo 9990 0.06 @ eiw Job o Koo 2STas oy ot Ll slesginw ;o ippe 4S5
18.7—Columns of special moment frames
18.7.4 Longitudinal reinforcement

18.7.4.1 Area of longitudinal reinforcement, Ay, shall be
at least 0.014, and shall not exceed 0.06A,.

el Zuley Wb 5 alog Joe 10 0 Sl S0 Lodgasme e A
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18.6—Beams of special moment frames
18.6.2 Dimensional limits
18.6.2.1 Beams shall satisfy (a) through (c):
(a) Clear span £, shall be at least 4d
(b) Width b,, shall be at least the lesser of 0.34 and 250 mm
(c) Projection of the beam width beyond the width of the
supporting column on each side shall not exceed the lesser
of ¢, and 0.75c¢;.
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CHAPTER 10—COLUMNS
10.7—Reinforcement detailing
10.7.4 Offset bent longitudinal reinforcement

10.7.4.1 The slope of the inclined portion of an offset
bent longitudinal bar relative to the longitudinal axis of the
column shall not exceed 1 in 6. Portions of bar above and
below an offset shall be parallel to axis of column.

10.7.4.2 If the column face is offset 75 mm or more, longi-
tudinal bars shall not be offset bent and separate dowels,

lap spliced with the longitudinal bars adjacent to the offset
column faces, shall be provided.
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N &5 oy > @B, = 90.8[0.85f (45 — As) + F,Ag] = 0.65 x 0.8[0.85f/A, + (F, — 0.85f)A;]

zy90 b ogiw > @P, = ©0.85[0.85f, (A, — As) + F,A5] = 0.75 x 0.85[0.85f/A, + (F, — 0.85f) 4]

22.4.2 Maximum axial compressive strength

22.4.2.1 Nominal axial compressive strength P, shall not
exceed P, mq in accordance with Table 22.4.2.1, where P, is
calculated by Eq. (22.4.2.2) for nonprestressed members and
composite steel and concrete members, and by Eq. (22.4.2.3)
for prestressed members.

Table 22.4.2.1—Maximum axial strength

Transverse
Member reinforcement )
Ties conforming to
22.42.4 0'8(”(“ @)
Nonprestressed ; :
Spirals conforming to 0.85P, \\ (b)
22425 N

R22.4.2 Maximum axial compressive strength

R22.4.2.1 To account for accidental eccentricity, the
design axial strength of a section in pure compression is
limited to 80 to 85 percent of the nominal axial strength.
These percentage values approximate the axial strengths
at eccentricity-to-depth ratios of 0.10 and 0.05 for tied and
spirally reinforced members conforming to 22.4.2.4 and
22.4.2.5, respectively. The same axial load limitation applies
to both cast-in-place and precast compression members.

0

reinforcement.

22.4.2.2 For nonprestressed members and composite steel
and concrete members, P, shall be calculated by:

P,=0.85(/(Ag— Ay) + f, Ay

where A, is the total area of nonprestressed longitudinal

(22.4.2.2)

D9 (0 dmlme p5 D90 4 (Ghed e Al RES) (LS Cwglie
@Py = @F,A; = 0.9F, A,

22.4.3 Maximum axial tensile strength

22.4.3.1 Nominal axial tensile strength of a nonpre-
stressed, composite, or prestressed member, P, shall not be
taken greater than Py, .y, calculated by:

P nt,max :f yAsl + (/,;e + Aﬂ)Apt

(22.4.3.1)

where (f, + Af,) shall not exceed f,,, and A, is zero for

nonprestressed members.
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Ag = 8x3.14 x 112 = 3039 mm?
Ag =400 x 400 — 3039 = 156960 mm?

oPy. = 9(0.8P,) = ¢ (0.8 (0857.(4, — A) + fyAS)>
= 0.65(0.8(0.85 x 25 x 156960 + 400 X 3039)) = 2366 kN
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Figure 7-6 Braxial Interaction Surface
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Axial load resistance, P,

Asl = As2 = 41 X 14? = 2462 mm?

. & DUnIﬁrmcmmmsskm
Sou
. —

=]

Moment res:stance, M,

5yl Sixin gyl Y

s

Waoled oy p) adalio Slp 1) (6 970 (S99 Lo (S )l loges
Ag = 400 x 400 = 160000 mm?

f! = 25MPa
E, = 400MPa

e

F Balanced failure

400 mm

400mm.

ldz = 64 mm

'—T_

di1 =336 mm

P, = 0.85 x 25(160000 — 2 X 2462) + 400 X (2462 x 2) = 5265729 N = 5265kN

Es2 =

(336 — 64)

551:()

336
a = 0.85x = 0.85 x 336 = 285.6 mm

C. = (285.6 x 400) x (0.85 x 25) = 2427.6 kN
Cs = 2462 x (400 — 0.85 x 25) = 932864.5 = 933 kN

Py = C, + Cs = 2427.6 + 933 = 3360 kN
@Pg = 0.65 X 3360 = 2184 kN

x 0.003 = 0.0024

h
) + Cg X (E - 64) = 265728295 = 266 kN.m

Mg =C, X (h a
B — c 2 2
@Mp = 0.65 X 266 = 172.72 kN.m
==t =0.00 =y
® & o o 's=0.0024
a=g(
¥=336

.854

fs
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400

400

5yl Sixin gyl Y

£g; = 0.002
£s, = 0.002048

3
X = gx 336 = 201.6 mm

a = 0.85x =0.85x 201.6 =171.36 mm

C. = (171.36 x 400) x (0.85 x 25) = 1456.56 kN

Cs = 2462 x (400 — 0.85 x 25) = 932864.5 = 932.9 kN
Tg = 2462 x (400) = 985203 = 985.2 kN

P, =C.+Cs — T, = 1456.56 + 932.9 — 985.2 = 1404 kN

@P; = 0.65 X 1404 = 912.7 kN

h a

h h
My = C. X (— - —) + Cs X (— - 64) + Tg X (d _E> = 427371184 = 427.37 kN.m

2 2 2

@My = 0.65 x 42737 =277.79 kN.m

0.85f'c

fs

40003
64 =
® o o o
x=2D1.6
e o o o —
£s=0.002
g1 = 0.005

&, = 0.001476
3
x=§><336: 126 mm

a = 0.85x = 0.85 x 126 = 107.1 mm
C, = (107.1 x 400) x (0.85 x 25) = 910.35 kN
Cs = 2462 x (0.001476 x 2 X 10° — 0.85 X 25) = 674.83 kN

T = 2462 X (400) = 985.2 kN

Py, =C, + Cs — T, = 910.35 + 674.83 — 985.2 = 599.98 kN

@Pp = 0.9 Xx599.98 = 540 kN.m

h a h h
MD:ccx(———)+cs><(——64)+Tsx(d—§)=359.086k1v.m

2 2 2

@Mp = 0.9 x 359.086 = 323.18 kN.m

64

0.85fc

—

fs

£s=0.005
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C. = (0.85 x x X 400) x (0.85 x 25) = 7225 xx N

!

Cs = 2462 x <x x 0.003 x E — 0.85 x 25) = 2462 X (x 2 % 0,003 x 2 x 105 — 0.85 25) N
Ts = 2462 X (400) = 985203 N985.2 kN
Pp=C,4Cs—T,;=0 - C.+Cs=T,
2 % 0.003 x 2 x 105 — 0.85 25) =985203 - x =87.9333mm
C. = 7225x = 635.32 kN
2 40,003 x 2 x 10° — 0.85 25) = 349.88 kN

a = 0.85x = 74.74mm

x
7225x + 2462 X (

X
Cs = 2462 x(

Mp=Cox(5-2)+Cox (2-64) + Ty x (d—2) = 28489 kN.m

My = Cox (d—2)+Cs x (d — 64) = 28489 kN.m

@Mg = 0.9 X 284.89 = 256.4 kN.m
- 0.85fc

a=0.85x fo=¢'s*Es

® & o o X £'=(x-d'yx"0.03

400

e o o o : | fs=Fy

Es
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21.2.2 Strength reduction factor for moment, axial force,
or combined moment and axial force shall be in accordance

with Table 21.2.2.

21.2.2.1 For deformed reinforcement, &, shall be f/E;.
For Grade 420 deformed reinforcement, it shall be permitted

(M, P
(0.9M,, 0.9P,)

Axial load, P

Acceptable
region

—
e

e

(0.65M,, 0.65P,)

/ Moment, M

to take &, equal to 0.002.
Table 21.2.2—Strength reduction factor ¢ for moment, axial force, or combined moment and axial force
¢
Type of transverse reinforcement
Net tensile stain &, Classification Spirals conforming to 25.7.3 Other
<&y Compression-controlled 0.75 (a) 0.65 ®)
(Sr - sty) (8, - sty)
itionl!! 0.75+0.15—— 0.65+025———
£, <& <0.005 Transition (0.005—¢,) () (0.005—¢,) @
g >0.005 Tension-controlled 0.90 (e) 0.90 ®
MFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.
&cy = 0.003 Compression
[
¢ ¢
A
—_— 0.90
d;
> 0.751
0.65 -
Compression Tension
| & controlied — N Transition | controlled
N F — - >
—Reinforcement closest &= &y &=0.005

to the tension face

Fig. R21.2.2a Strain distribution and net tensile strain in a
nonprestressed member.
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Fig. R21.2.2b Variation of ¢ with net tensile strain in

extreme lension reinforcement, &,
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My s MX (lejon sl S 51 comi (i (555700 Zod )b Py
This equation is simple in form and the variables are easily determined. Axial load strengths P, , P, , and P,
are determined using any of the methods presented above for uniaxial bending with axial load. Experimental
results have shown the above equation to be reasonably accurate when flexure does not govern design. The
equation should only be used when:

P, > 0.If]A
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/ | =5 P, - M, interaction curves
P e ——

== Failure surface Sz

= Plane at constant P,

Mr_\_ox.:

y‘
|

Load contour

i

" So

IH

=

»

(@ =) 9,5 eolial o abal 5l g5 oo o anog ok
Bresler indicated that, typically, a varied from 1.15 to 1.55, with a value of 1.5 being reasonably accurate for most
square and rectangular sections having uniformly distributed reinforcement:

(Mnx )“ <Mny >“
+ =1
MnOxl MnOy

1.0 ——
\\k o
0.8 \ N Ny
' AR \
Yo 9 \
06 N
Mny 2,
Mnoy
0.4
0.2 \
0 0.2 04 06 0.8 1.0
Mnx
MnOx

www.hoseinzadeh.net YEY



$297%0 5950 b ol o 05920 g0 o\ VAV

PCA L o2 Jouie hg,-F-Y

A
10[% B)*+P)*=1 - (P)*=05 - aln(Bf)=Ln0.5
B B
Load contour Ln(0.5) (1)
Mny 4 a = ,8 = 0.5\
Mnoy Ln(B)
B
5 = ._,T'. S e e "_ =
Uniaxial moment strength =
about x axis = Mpex S
2 about y axis = Mngy 5
Biaxial moment strength Bt -
bout x axis = Mpy = =
Tl oboutyaxissun,  EEEEEEEN
0 d 2 3 4 ; V”.VG 7 8 ;— I 0
Mnx
MI'IO‘
M, Y(1-B). M M 1— M M M
c [me](T)+ M_r:; - X ( B) +—L =1for —~ > —%
1.0 Mpox \ B noy nx  Mpox
B
B
M (1-B)
Mpy M, x ( noy) _B + My, = Mpgy
B Mox Mnoy B {}
45% A b (1 - B\
M 1.0 Mux = | Moy = Mgy
Miox \ B J

For lightly loaded columns, 8 will generally vary from 0.55 to about 0.70. Hence, a value of 0.65 for f is generally a
good initial choice in a biaxial bending analysis.
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= mm s mm
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_——_— = a=2. st , = = 4. a=\u. S
bh ~ 600 x 600 Y Tz 6003 '
Use 16 928 - 2.73%
0 R-4-60-0.9
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P, = 0.85f/(600%) + (F, — 0.85f,)9852 = 12471.37 KN

NG oloé ' "] INTERACTION DIAGRAM R4-60.8 };,
p;=0/ fi=4ksi f—
18 P\ N fy=60ksi e o o
R E
T e ¢ o
16 NL006 N o
\ e Py
14 \ 0.05 N
004 filfy=0 | |
N N, v
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5 NN 025
0.02
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nx 411.48 x 10° 0105 2 Pox 0.92
—_ = = U. - — = U.
»hZ — 0.65 X 28 x 6003 fIbh

Prox = 0.92 X 28 X 6002 = 9273600 N = 9273.6 kN

Mny 171.45 x 10° By

= = 0.0436 =11
FIbh? ~ 0.65 x 28 X 6003 ~ Fbh

By = 1.1 X 28 % 6002 = 11088000 N = 11088 kN

- @P, =5516.1 kN
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shear within a story (ED),, = Z &
Bas = - - 1+ B,
maximum factored story shear associated
with the same load combination (02E. I, +E]I,)
(ED, =
1 + B ds
20y,
> P, is the summation of all the Foryp, <2, k= "Y1 [Ty, _ EI
. . 20 (ED) 4 =
factored vertical loads in a story | |gory,, >2,k=091+v,, 1+B,,

N\

If 9, exceeds 1.5,

A, first-order relative
lateral deflection between

the top and the bottom of
that story due to V.

shall be permitted

(a) 8S=L21 \\ p W (ED),,
-0 e,y

only (b) or (c) ®) 8, = >P 21 \

(¢) Second-order elastic analysis | | columns in a story

0.752":Pé Zi’c is the summation
‘ for all sway-resisting

ke

Y'P, total factored
vertical load

N\

N
LA,
Q=—

7 V;s ec

/
Vs horizontal
story shear

L >22
r

0>0.05 kﬁgzz E>

r

ke )
0<0.05 “< Min| ke

r u
r

ke,

v

s Min| k

u

¢ _ :
<34+12(M,/M,) [> M. =8( M . Mimin )
;

M, = My +8,Mys | M, shall not exceed 1.4( My, + M, ) |
My = Mans + 8, Mo (M, shall not exceed 1.4( My, + My, ) |

M =M, M=M,

40
"
<34+12(M,/M,)

40

[8 shall not exceed 1.4 ]
(Mo, in=Pu(15 + 0.03h) |

e

columns without transverse
loads between supports

columns with transverse
loads between supports.

C =0.6 04]‘/1I
n= 0604 Y

Cn,=10

2 u
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be permitted to be taken as 1.0 (02E1 +EI)
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maximum factored 148,
sustained axial load E I
Bans = : p ; (ED),, =—=
maximum factored axial load associated AT B
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with the same load combination
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Figure 11-9 Effective Length Factors for Compression Members in a Nonsway Frame
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Figure 11-10 Effective Length Factors for Compression Members in a Sway Frame
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B dns =% 7Y
Bans shall be the ratio of maximum factored sustained axial

load to maximum factored axial load associated with the
same load combination

Bss = the ratio of maximum factored sustained shear
within a story to the maximum factored shear in that
story associated with the same load combination
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6.6.4.4.4 For noncomposite columns, (EI).s shall be
calculated in accordance with (a), (b), or (c):

0AL,
(@ (ED) 4 =

— £ 6.64.44
1 + Bdns ( a)
(02E1 +EL)
(b) (ED),, = ¢ (6.6.4.4.4b)
1 + Bdns
E]Tl
EN  =—= 6.64.4.4
(©) (ED) 4 5B, ( c)

where P, shall be the ratio of maximum factored sustained
axial load to maximum factored axial load associated with
the same load combination and 7 in Eq. (6.6.4.4.4c) is calcu-
lated according to Table 6.6.3.1.1(b) for columns and walls

Table 6.6.3.1.1(b)—Alternative moments of inertia
for elastic analysis at factored load

Alternative value of I for elastic analysis
Member | Minimum I Maximum
A4 M P
Columns | 1o 1| ggo+252e || 1- e _gs5te 0.8751,
and walls 2 4, Ph P g
Beams,
flat plates b
? 0.10+25p)| 1.2-02—>|I
and flat 0.251, (0.10+ p)( " ] f 0.5I,
slabs

Notes: For continuous flexural members, 7 shall be permitted to be taken as the average
of values obtained for the critical positive and negative moment sections. P, and M,
shall be calculated from the load combination under consideration, or the combination
of P, and M, that produces the least value of .

Sl oo ool ﬂdns oo | Elppr anulons jo NONSWay) ol ool Jloe 5w a5 (S50 ;0 398 Olawbre )0 ippe 4355 @

Ec;lg:ESIISE uL“S‘ Pc[ _ (1 + ﬁdns)ll _ (1
Py (A +Ba)r (1+25)
1
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6.6.3.1 I'actored load analysis

6.6.3.1.1 Moment of inertia and cross-sectional arca
of members shall be calculated in accordance with Tables
6.6.3.1.1(a) or 6.6.3.1.1(b), unless a more rigorous analysis
is used. If sustained lateral loads are present, I for columns
and walls shall be divided by (1 + B), where By is the ratio
of maximum factored sustained shear within a story to the
maximum factored shear in that story associated with the
same load combination.

Table 6.6.3.1.1(a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at
factored load level

Moment of Cross-sectional
Member and condition Inertia area
Columns 0.701,
Uncracked 0.701,
Walls
Cracked 0.351, 1.04,
Beams 0.351,
Flat plates and flat slabs 0.251,

Table 6.6.3.1.1(b)—Alternative moments of inertia
for elastic analysis at factored load

Alternative value of I for elastic analysis
Member | Minimum I Maximum
A M P
Columns | .o, 0.80+25° || 1-—*_05= 0.8751
and walls & 4, Bh 1 :
Beams,
flat plates b
’ 0.10+25p)| 1.2-02—>=|I
and flat 0251, (0.10+ p)[ ” J . 0.51,
slabs

Notes: For continuous flexural members, f shall be permitted to be taken as the average
of values obtained for the critical positive and negative moment sections. £, and A,
shall be calculated from the load combination under consideration, or the combination
of P, and M, that produces the least value of I.
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A

Position of frame element
as a result of global lateral

translation, A, shown by
dashed line S
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—

Max &

A= &

(c) Maximum (e + 5)

occurs at one (a) Deflected
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column.

(b) M.
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|« Final deflected position of the
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global lateral translation, A, and
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6.2.5 Slenderness effects shall be permitted to be neglected
if (a) or (b) is satisfied:

(a) For columns not braced against sidesway

kt
L <22 (6.2.5a)
r
(b) For columns braced against sidesway M < - M, >
My M,
ke
" < 34+12(M,/M,) (6.2.5b) (\ (\\
r \\ \\
\ i
al’ld \\l //’
1
kt !
* <40 (6.2.5¢) ! /
¥ / l’
|
where M,/M, is negative if the column is bent in single / \\
curvature, and positive for double curvature. b \j
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6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, , shall be calcu-
lated by:

A
= 6.6.4.4.1
O=—5 ( )

us ¢

where ) P, and ¥, arc the total factored vertical load and
horizontal story shear, respectively, in the story being eval-
vated, and A, is the first-order relative lateral deflection
between the top and the bottom of that story duc to V.

6.6.4.3 It shall be permitted to analyze columns and storics
in structures as nonsway frames if (a) or (b) is satisfied:

(a) The increase in column end moments due to second-
order effects does not exceed 5 percent of the first-order
end moments

(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05

www.hoseinzadeh.net Y&
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6.6.4.5 Moment magnification method: Nonsway frames

6.6.4.5.1 The factored moment used for design of columns
and walls, M, shall be the first-order factored moment M,
amplified for the effects of member curvature.
M. =M, (6.6.4.5.1)

6.6.4.5.2 Magnification factor & shall be calculated by:

C
§=—"—210 (6.64.5.2)
1_ u
0.75P

6.6.4.5.3 C,, shall be in accordance with (a) or (b):

:(Q<0.05) ouls )l.e,o 6[.@{43 BBt HIR VWA -Y-\¥

(a) For columns without transversc loads applied between
supports

(6.6.4.53a)

6.6.4.4.3 The effective length factor k shall be calculated
using E, in accordance with 19.2.2 and [ in accordance with
6.6.3.1.1. For nonsway members, k shall be permitted to be
taken as 1.0, and for sway members, k shall be at least 1.0.

M
C,=06-04—1
M

2

where M/Mj is negative if the column is bent in single
curvature, and positive if bent in double curvature. M,
corresponds to the end moment with the lesser absolute
value.

(b) For columns with transverse loads applicd between
supports.

C,=1.0 (6.6.4.5.3b)
6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M5 i, calcu-
lated according to Eq. (6.6.4.5.4) about cach axis separately.
My min = P15 +0.03h) (6.6.4.5.4)
If My min exceeds M, C,, shall be taken equal to 1.0 or
calculated based on the ratio of the calculated end moments
M/M,, using Eq. (6.6.4.5.3a).
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:(Q<0.05) oo )Lero LgLQ,ulS Jr )iJ Aoy A=V ¥
6.6.4.6 Moment magnification method: Sway frames

6.6.4.6.1 Moments M, and M, at the ends of an individual
column shall be calculated by (a) and (b).

(a) Ml - Mlm‘ + 8les (66461&)
(b) My = My, + &My, (6.6.4.6.1b)

6.6.4.6.2 The moment magnifier &, shall be calculated by
(a), (b), or (c). If 85 exceeds 1.5, only (b) or (c) shall be

permitted:
(@9, = % >1 (6.6.4.6.2a)
) & = ;ZP >1 (6.6.4.6.2b)
0.75%P,

(c) Second-order clastic analysis

where ) P, 1s the summation of all the factored vertical loads
in a story and ) P, is the summation for all sway-resisting
columns in a story. P, is calculated using Eq. (6.6.4.4.2) with
k determined for sway members from 6.6.4.4.3 and (El)ey
from 6.6.4.4.4 or 6.6.4.4.5 as appropriate with B, substituted

for Bays.
A0 (5 pol oo
il pleale 3 () goi) gade bl Jobd a3 ORY slagiw (2l 50 15 EY Fl e 30 alw 3l 1A
238 o Jor was j5Le 830 T3l G 53 5 )lyan £ab phaf wCessl (Y £43)
1 g ()
Y fai (Y
2 Mo gl 9o R o 4y o (¥
A1 gie g ynma b e 4y K2y (F
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oty y 50 53 1 oy 3 g S MRS o b daslona by g 00,90 Cows 4y ) i b S gl 4 o Sa¥IUT S L O

.M)’.{u& Sy ‘) G.Sl.& KPREN] )SJ .ﬁJbT j’ ol

.Mwwgw&kqw}dal,u@,ao”] ;:..»ql,o,;.u)a,id‘(P—A LT dpgo ayo SVl LT S0 L (Y

i e oA Al 93085 S Gl 4 g 00yl s w1, gt 2 S oJalS o LT Sy L (Y
398 590 a0 (F
Fans

6.2.3 Methods of analysis permitted by this chapter shall

be (a) through (e):

www.hoseinzadeh.net

(a) The simplified method for analysis of continuous
beams and one-way slabs for gravity loads in 6.5

(b) First-order in 6.6

(c) Elastic second-order in 6.7

(d) Inelastic second-order in 6.8

(e) Finite element in 6.9

\fas
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&Y g >b sl -4\ F

Sway Non-sway
Frame Frame
v Neglect v ké,/fr<
ke, It < 22 es ! £3
u Slenderness 34 +12(M; /M) < 40
No No
[ ]
Moment Nonlinear second- Elastic second- Moment
Magnification order analysis order analysis Magnification
6.6.4.6 6.8 6.7 6.6.4.5

Total moment including second-order effects < 1.4 times the moments due to

first order effects
6.2.6
Yes No
Design for Revise Structural
Total Moment System

o3l dawaid ;o Wb &jgan! e 0 0eh adgl K plp 14 51 i wls waisd 5l e S el ol Bl to pas

6.2.6 Unless slenderness effects are neglected as permitted
by 6.2.5, the design of columns, restraining beams, and other
supporting members shall be based on the factored forces
and moments considering second-order effects in accor-
dance with 6.6.4, 6.7, or 6.8. M, including second-order
effects shall not exceed 1.4M,, due to first-order effects.

www.hoseinzadeh.net
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maximum factored sustained EI
shear within a story (ED),, = —£
Bds = N . 1 + B ds
maximum factored story shear associated
with the same load combination £ = (0.2E.1 . TEI )
( )eﬁ— - 1 + B ds

> P, is the summation of a

factored vertical loads in a story

1l the Foryp, <2,k= 20;(;" =l yn,

Fory,, >2,k=091+y,

N\

only (b) or (¢)

A, first-order relative
lateral deflection between

the top and the bottom of
that story due to V

shall be permitted

1
a)d =——2>1
e
If 0, exceeds 1.5,

L e 1 o
(0) o, =—=x5p 21
1= 0.75£1P - Zi’c is the summation

for all sway-resisting

(c) Second-order elastic analysis | | columns in a story

> P, total factored
vertical load

V.s horizontal
story shear

ke
\Q / Q>0.05 Ma i) |:> M, =M, M, =M,

ke
= >22

7
7

0<0.05 ke, < Min

r

ke, > Min

r

M; = M+ 8,Mys | M, shall not exceed 1.4( My, + M,,) |
My = Myus + 8,Mo (M, shall not exceed 1.4( My, + M) |

40

keu E> M. =M,
T < 34+12(M, /M) [8 shall not exceed 1.4 ]
40 (My,in = P.(15 +0.03h) ]

ke, _ £
“ <34+12(M,/M,) |$Mc 8( My . Momin)

columns without transverse
loads between supports

columns with transverse
loads between supports.

r

— 1
C,=06-04—"|/

www.hoseinzadeh.net

) __~h
0.75P,
C,=10
04E,
(ED),, £
For nonsway members, k shall 14B
be permitted to be taken as 1.0

(02E1, +E,I,)

(EI)W_ — s se
maximum factored 148,
sustained axial load E
Bdns = . R N ( EI) — c
maximum factored axial load associated AN B
) . s
with the same load combination
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oo Lo 2Y g Jle - o) F

bl (b oad 3)ls slasl el 2, C3 gt Jobo slas e

f. = 28 MPa; F, = 420MPa

2Bl (o S MM ply A S o iSes dib (oo (Sl e S 9
500 mm= .5 5, « 600 mm=,5 glas | :aSan ail o b 5 ol adnie olal
600x600 mm : ol ails 5.5 g aSan dib 1o ligin alaie ool

[, = 7700mm =(aib STG (ST) iSon aib 45 st Jsb

600

Ly = 7700 — 22 = 7400 mm =GiSas o5 (als Jsb

ol ool a8 5 L 0 cutte 0,5 Ceelo gy b S cdle .l odal ) Jgax 0 C3 g sl )l cu o hed 5 g (5595 L
Ll QMT Cawdy L{br.: 6‘]; 0351 9 LQJBMAJ 6‘).: 07I ud;)lag)dﬁ JB‘ d.,..:).o )JL:T uul.w‘].: @L..: U"“

Axial load (kN) | M-top (kN.m) | M-bot (kN.m)
D 4710.5 1.37 0.96
L 1061.50 44.44 22.36
E 21.60 5.49 16.90
1.00 1.4D 6594.70 1.92 1.34
2.00 1.2D+1.6L 7351.00 72.75 36.92
3.00 1.2D+.5*L+E 6204.95 29.35 29.23
4.00 1.2D+0.5*L-E 6161.75 18.38 -4.57

2 P, = 168169 kN

Ll ply caSon aiids )0 ldgiw (b 9 5 970 ,b & goxo

ZPL = 16240 kN

z Vex = 19100 kN

oll
£ 9|
Z| ol
5 [

7
] |
£ I
" 5
®
2 I

3

.|
£
N~
N~ G

5 @ 8.53m =42.65m

©) ® @ ® ®

853m | 853 m 853m | 853 m | 853 m
AR B

3] T T T 1 Joists | I I I

| g ] e i A R
@ - ___ ] R

| gl [ |
| e | |
| © =Sy & e = I = iy =
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| OE o
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iJ>
sl K 6 ,2Y Sl (0,8 jslate Caz b ol cplply .Cal ool &)1 Jol 4 o Judodd ol Gulsl o (g 0 9)lg (log s Sl (il o
0 lpee b o 00l jloeo HlA5 0590 gt 45 09l et ol lal jelaie (s gl alis pgi O jao j0 c0ald &l

B S, Bl 5l et gy -

Dl oo wgme (NONSWAY) 00ls s 4l il 0.05 51 2aS" (Q) (s lul Gl 31 5o 4 azg b

6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, (, shall be calcu-

lated by:
IPA
=—t2 6.6.44.1
Q vt ( )
where ) P, and ¥, are the total factored vertical load and A, first-order relative
horizontal story shear, respectively, in the story being eval- lateral deflection between
uvated, and A, is the first-order relative lateral deflection the top and the bottom of
between the top and the bottom of that story due to V. that story due to V.
6.6.4.3 It shall be permitted to analyze columns and stories 2P, total factored
. 4 ¢ . sfied: vertical load Sway
in structures as nonsway frames if (a) or (b) is satisfied: \w‘ 71 05005
. ] 2P A
(a) The increase in column end moments due to second- Q="
order effects does not exceed 5 percent of the first-order Vb
end moments - 0<0.05
) ; V.s horizontal Nonswa
(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05 story shear y

sl 00 dlime 5 Jgaz )0 e abib (gl Guail (L8 azio o Altie Sledbl 4 4z g5 b
Z P, = 1.22 Py + 0.52 P, =1.2x 168169 + 0.5 X 16240 = 209922.8 kN
aie & y50 b Vs = 19100 kN
alins O yg0 b Ag= 5 mm |
s &0 3k [, = 6700 mm )

_ R4
Vl.lSlC

- Q = 0.0082 < 0.05 - (Nonsway) oo ,le
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P-A 5l 605 k5 o pod) yn -V

09l owyp 1L 6.2.5.¢ 56.2.5b Ly, 5l P-delta Sl Jlasl pg3) cpl b 5 0l oo NONSWaY) 0 |lgo 05l

6.2.5 Slenderness effects shall be permitted to be neglected
if (a) or (b) is satisfied:

(a) For columns not braced against sidesway

ke
L<22 (6.2.52)
-
i i MI:Mlns+8les
(b) For columns braced against sidesway k% >22 My = My, + 5, My,
ke Sway e
TS 34+12(M,/M,) (62.5b) | 2>0.05 TRS 2 M=M, My M,
and Kt 40
0<0.05 | —+< Min| ke, |:>ML.=M2
K, <40 (6.2.5¢c) |Nonsway | 7 P 34+12(M,/M,)
r

where M;/M, is negative if the column is bent in single
curvature, and positive for double curvature.

40

K, > Min| ke
r — <34+12(M,/M,) |$Mc:5(Mz s Momin)
r

95 (50 drmloe C3 (g 6,8 ol g8 Ll J5u8 ca
I )

r= |72 03 (5 ax) = 0.3 X 600 = 1800 mm | .,
—= =35.56
K=1 | r
Ssiw 33T Jsb 1, = 6400 mm )
5,5 yskaie S pln 1 Kolade plgie oals jlee sl o5l jox
el 00 almil 35 Jgoz 5 cilizes clo,l e 5 gl 6,8Y S
M-top | M-bot Min {34+ 120:/M5) Ky
(kN.m) | (kN.m) | Curvature | M1 M2 n 40 r Slender?
1.4D 1.92 134 double 134 1.92 Min(42.4, 40)=40 35.56 NO
1.2D+1.6L 72.75 36.92 double 36.92 | 72.75 Min(40.09, 40)=40 35.56 NO
1.2D+.5*L+E 29.35 29.23 double 29.23 | 29.35 Min(45.95, 40)=40 35.56 NO
1.2D+0.5*%L-E | 18.38 -4.57 single -4.57 | 18.38 | Min(31.02, 40)=32.02 | 35.56 YES

el ol o olez )b cuS 5 50 6,8V S 00,8 jekate (plply g bl (e 00 Crnd o Sl s (gt 6 EY e )lox b cuS S 0

KL,
- = 35.56 > 32.02 — Slender
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4 LS5 e anl wass K asle =Y
:1.2D+0.5L-E L S5 jlcos

4EI
Bone = 1.2D _ 0917 9 - 56034 x 1013
dns — - Y-

12D+ 05L—E 1+ Bans
E = 4700+/f] = 24870 MPa

=800 08 x 1010 mme
9T 12" 12 ~ ¢ mml
eff

b ogr wals> ply G Sl 5k

T[ZEIeff
=———=-=13502000 N = 13502 kN

° (kLu)z CM
Cy = 0.6+ 0.4 457 _ 0.6994 Ons = P = 1766
w=06+04X 0= 0. 1~ 57
P, = 6161.75 kN )

g o oolitul B o s Sl Elepp annloe o (NONSWAY) w3l 00l los (5w 45 (590 59 (558 Slowlrs )0 g 4555 @
A5 walys oslanl B cu s 3l s cnl yo (SWay) wil s e aiils ST s

0.4E,I,
@ (ED 4 = 1B
dns

_(02EI,+E],)

(a) For columns without transverse C —0.6—04 M,
loads applied between supports T M

2 (b) (El)q?r — 1 s se
(b) For columns with transverse C.=10 +B
loads applied between supports. o El
(C) (ET )eﬁr = -
1+Bdns
) 1%
P T (El),,
A ¢ (ke,)’
C
=" >
) — 1.0 /
0.75P<—""]

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M, ,,;, calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

M) pin = P.(15 + 0.03h) (6.6.4.5.4)
If My pin exceeds M,, C,, shall be taken equal to 1.0 or

calculated based on the ratio of the calculated end moments
M,/M,, using Eq. (6.6.4.5.3a).
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b gle S aule F

Axial load (kN) | M-top (kN.m) | M-bot (kN.m) | M-min Sns | Mu (kN.m)
1 1.4D 6594.70 1.92 1.34 - 1.92
2 1.2D+1.6L 7351.00 72.75 36.92 - 72.75
3 1.2D+.5*L+E 6204.95 29.35 29.23 - 29.35
4 | 1.2D+0.5*L-E 6161.75 18.38 -4.57 203.34 | 1.78 362.3

.M,a}‘}/)idqg'm\”sﬂ\ syl eus o
adgl S aS 05l oy b wpais Gl L8 spiie 05h s0id b (Jol 4 ye K) oads dulee S b S8 oo azgi LT JL oS5 0

wils Pl 5l xS
M., = 18.38
Mpor = —4.57 M, = 6M, = 1.78 x 203.34
M = P,(15 + 0.03h) = 6161.75(15 + 0.03 X 600) = 203.34 kN.m
=3623kN.m
04E,1,
@) (ED), = 1B
(a) For columns without transverse M, ans
) C,=06-04—
loads applied between supports M, (b) (ED),, = (02E1,+E]I,)
o =
(b) For columns with transverse C. =10 1+ B
loads applied between supports. " EI
©) (ED)yy =—
1+ Bdns

/

c

4

_W(ED,

(ke,)’

C
=7 >
5 — 7 >1.0 /

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M, ,,;, calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

Mo, in = Po(15 + 0.03h) (6.6.4.5.4)

If My pin exceeds M,, C,, shall be taken equal to 1.0 or
calculated based on the ratio of the calculated end moments
M,/M,, using Eq. (6.6.4.5.3a).
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O Sl psY 0,8l do )0 dilne -0

Pu (kN) Mu (kN.m) Pu/bh (Mpa) Pu/bh (ksi) Mu/bh”2 (Mpa) | Mu/bh”2 (ksi)
6594.70 1.92 18.32 2.62 0.01 0.00
7351.00 72.75 20.42 2.92 0.34 0.05
6204.95 29.35 17.24 2.46 0.14 0.02
6161.75 362.30 17.12 2.45 1.68 0.24

ooyl e solatul 25 o Kl 5l 4l 5,8 L

600 — 2 x 62.5 0.7917
y=——7"7-——=0.
600
R—4-60-0.75
4.0
. — 4 ksi h
’Yf 60 ksi m
y=0.75 n——
ITEEX]
35 e/h = 0.1 bl[s | ¢
L[] *
L N J ’ e e
I | e P
| pg= 0.05 ﬁ
3.0 1 ~ J
pg= 04 N Ih—
IN e/h=0.2 4
| ~ N
o5ilg 003 § Qv
1 , N T /
pg=0.02 NG x< \ e/h=03 g
e | PN \, L
~ + [ % N AN
o 20f 5.~ 0.01 > < ‘ u
<9 =0 \, N N elh =04
/ AN N 72N LT 1
A N\ N _ TN | A
15 —-\ -7 N\ e/h=05
| = 0'5’;\\ =T \\ ‘>\ = —
fomt 1 [
S 7\ P ></ \\ o7
P ] ‘/ T o/
1.0 Comp. Cont. Limit N\ =<1 Ag W I\ N Iy
| N el, = 1_//
N TN N —1]
: D
05 / — Ten/s.'Cont_ Limit A A= ~/}_’~ \/ T\ \\
) / ol L l / ==L _ AN
/ L g < /// / T N
> [ T =L
S S A % / Vv A\
~ et 4 y4 /
0 01 0.2 0.3 04 0.5 06 07 0.8 09 1.0
¢—M", ksi
bh?
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Y sleggiw YAY
oot g &Y ygir Jla V1V F

(f'c=28 MPa) .aules acwloe | o1 sl o3 Heile,] jlaie g ales J S oo ools sla b il o 1) Cl gt 5 o5k 5o

El | I : : : : :
\ al |y I I b 1] 7skab
1 | I I @ijl::: 2 :::H:::H:::ﬂ::::IH )
: S I R T
1 I I I I | @4::::#:::”:::”:::?.::%. D
A | | | | | — o
I S S-S S

iSas alieb 5 it g Lo sl
500 mm=,5 5, « 600 mm=,.5 glas )l 1,5 ol

600 X 600 mm : 5w ol

[ = 4500 — 300 = 4200 mm =(ail ST WST) aSen fygiw Job

[ = 3600 mm =(aib WSTG LST) ol ik (yst Jsb
L, = 4500 — 600 = 3900 MM =GiSan (55 Lalls Jsb

s § L s Cude 05 Cel Sz o b U Cldle el il aie ) Jsaz 0 Cl eiw lp )l oo (e K5 (5597 b

] 00
Axial load (kN) | M-top (kN.m) | M-bot (kN.m)
D 2799 1.37 0.96
L 1328.00 44.44 22.36
EY -217.35 3.00 189.00
1 1.4D 3918.60 1.92 1.34
2 1.2D+1.6L 5483.60 72.75 36.92
3 | 1.2D+0.5L+EY 3805.45 26.87 201.33
4 | 1.2D+0.5L-EY 4240.15 20.87 -176.67
5 0.9D+EY 2301.75 4.23 189.86
6 0.9D-EY 2736.45 -1.77 -188.14

(ogw VA) iSa ails ) Lggiw (o5 9 (55970 )1 E 9o

ZPD = 80527.5kN

z P, = 38959kN

Z Vey = 7169 kN

a3l w2l mm plp EY dj); Sl cow GSen aab ood ol 86 055 @
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6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, (, shall be calcu-

lated by:

where ) P, and ¥, are the total factored vertical load and
horizontal story shear, respectively, in the story being eval-
uated, and A, is the first-order relative lateral deflection

(6.6.4.4.1)

between the top and the bottom of that story due to V.

6.6.4.3 1t shall be permitted to analyze columns and stories
in structures as nonsway frames if (a) or (b) is satisfied:

(a) The increase in column end moments due to second-
order effects does not exceed 5 percent of the first-order

end moments

(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05

Dl g0 Dgmite (SWAY) 0als

A, first-order relative
lateral deflection between
the top and the bottom of

that story due to V.

>P, total factored
vertical load Sway
\Q /( ©>0.05

zpab

7 I/us ec

0<0.05
Nonsway

V.s horizontal
story shear

el ol a5 Jgur ;o iSes alib (5l sl (B axio )0 alies lbl 4 a5 L

P,A,
Pu-story (kN) | Ag (mm) | Vu-story (kN) | I, (mm) Q= V.l
1 1.4D 112738.50 - - 4200 -
2 1.2D+1.6L 158967.40 - - 4200 -
3 | 1.2D+0.5L+EY | 116112.50 21.00 7169.00 4200 0.0810
4 | 1.2D+0.5L-EY 116112.50 21.00 7169.00 4200 0.0810
5 0.9D+EY 72474.75 21.00 7169.00 4200 0.0505
6 0.9D-EY 72474.75 21.00 7169.00 4200 0.0505

www.hoseinzadeh.net

D9 ca Dgmte (SWAY) 0uuis )l LiSKed ail el ool Cewss 0.05 51 o (Q=0.081) (5,lal sl Sl 4 axg5 b

YV¥



1Y glsgiw) YA

P-delta 3l ¢,.8 1 )0 pgy) omyp -V

maximum factored sustained 0.4E 1
shear within a story (ED); = =5
Bds = . . 1+ Bds
maximum factored story shear associated
with the same load combination — (02E1,+E]I,)
( )qyr - 1 + B ds

: ; 20-y
Y P, is the summation of all the Foryp <2, k= —"2l+yn
factored vertical loads in a story | |gory,, >2,k= 09T+ vy,

If & exceeds 1.5,

only (b) or ((.:) (®) o, = 3P, 21 \
shall be permitted 1= 0.755P = >'P. is the summation

. . for all sway-resisting
(c) Second-order elastic analysis | | columns in a story

My =M+ 8,Mys (M, shall not exceed 1.4( My, + M, ) |

ke

L>22 _
r M= Moy + 8, Mo (M; shall not exceed 1.4( My, + M, ) |
Sway 10
Q>005 “ <22 I:> M1=M1 M, =M,
r
21 g Cel Jae (ST Y slily 50 55 S Lo CL g 5o
El 1 1 0.7 600%/12 + 600%/12 \
- % (T)wl B 0.7 ((L)Col—bot + (L)Col_wp) B <( 4200 ) ( 3600 ) S04 L b 1057
top — El - 1 500x6003/12 = 0O. m = .
2 (L )beam 0.35 (L)beam el ( 7200 ) J
Ypor =1

K =09/1+v, =09Vl + 4957 = 2.197

r=03H =03x600 =180mm)
kK=2197 —=476>22 - cul S S s

osiw ST Jsb I, = 3900 mm r
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M-top | M-bot Milns | M2ns | Mls M2s
(kN.m) | (kN.m) | M1 M2 (kN.m) [ (kN.m) | (kN.m) | (kN.m) Q O Mu
D 1.37 0.96
L 44.44 | 22.36
EY 3.00 | 189.00
1.4D 1.92 1.34 1.34 1.92| 1.34 1.92 - - - 1.92
1.2D+1.6L | 72.75 | 36.92 | 36.92 72.75| 36.92 | 72.75 - - - 72.75

1.2D+0.5L+E | 26.87 | 201.33 | 26.87| 201.33| 23.87 | 12.33 | 3.00 | 189.00 | 0.0810|1.09 | 217.99
1.2D+0.5L-E | 20.87 |-176.67 | 20.87| -176.67| 23.87 | 12.33 | -3.00 |-189.00 | 0.0810 | 1.09 | -193.32
0.9D+EY 4.23 | 189.86 | 4.23| 189.86| 1.23 0.86 3.00 | 189.00 | 0.0505 | 1.05| 199.93
0.9D-EY -1.77 |-188.14| -1.77| -188.14| 1.23 0.86 | -3.00 |-189.00 | 0.0505 | 1.05 | -198.20

maximum factored sustained 04E I
shear within a story (ED)y; =—FF
de = N . 1+ Bds
maximum factored story shear associated
with the same load combination £y . = (0.2E.1 <t E]I,)
(EDy = 1+B
ds
20-y,
> P, is the summation of all the For iy <2,k= =12 flry,, _EIT
: : 20 (ED)y =
factored vertical loads in a story | |pory, >2,k=09T+vy,, 1+B,,
~ 1
(@ 9, = o >1

If &, exceeds 1.5,
only (b) or (c) ®) 3, =
shall be permitted

1= 0.753P = Zi’c is the summation
‘ for all sway-resisting

(c) Second-order elastic analysis | | columns in a story

ke My =My + 8,Mys (M, shall not exceed 1.4( My, + M, ) |
= >22 =
r My = Mous + 8,M, [M2 shall not exceed 1.4( My,s + M,,) ]
Sway
0>005 | ke,

—322 I:> M1:M1 M2:M2

7
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21 Ak alie gt aSol 4 az g b g dlxe bl 45 (5,6Y b iSen aibs sligin Sl b aalne cox

el el e sl Y il ) 58 S e a5 F 51 sl (ST 0 48,5 18 slegnns o

I I I 600%/12 600%/12 B
Bl 0.7 ( ! I ) 0.7 < + >
- % (L)wl 3 (L)COI—bot + (L)col_top B ( 4200 ) ( 3600 ) S04 ! ’ 4057
top — El - i 500%x6003/12 = o. m = =
Z (T)beam 0.35 (Z)beam 0.35 ( 7200 ) |
Ypot =1 }
600*
I, = = 1.08 x 101° 4
9 v 08 0" mm
. . 04EI
g = i Sl )b b Elyps = g =1.0744 x 1014
s — ] - 1+ .Bds 7TZEIeff
F il b >R =rys = 14429 kN
E = 4700/ = 24870 MPa ¢
K =091+, = 0.9V1 + 4957 = 2.197
g o1 Jobo Iy = 3900 mm J

oo el Jhaio sl 4y sbiwly 1o 25 SO s aS Y 9 ¥ slo WST j0 48,5 13 slggiw o

@), 07(On O 07 () + (2559 l
= 4457 } P, = 2.73

R R N e R
Ypot =1

_ 600*

= 1.08 % 1010 4
Iy =~ = 1.08 x 10" mm

ds 0.4E]
_ebet b = 8 — 10744 x 101
Buas - = 0 1+ Bas 7TZEIeff
F b > Fe="rys = 23084 kN
E = 4700/f, = 24870 MPa '
K = 0.9\/T+n, = 0.9V1 +2.73 = 1.7378
g o1 Job Iy = 3900 mm

2 P, =12 x 14429 + 12 x 23084 = 450156 kN

Z P, =12 x 14429 + 12 x 23084 = 450156 kN
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Y'P, is the summation of all the
factored vertical loads in a story

Fory, <2,k= 20;(;""‘ Jl+wn

Fory,, >2,k=091+y,

N\

I

only (b) or (c)

If &, exceeds 1.5,

shall be permitted

(a) 8s=$21 \\

1

®) 3, ==>x5p 2!

— 2w
0.752P, =—

(c) Second-order elastic analysis

ke, >22

r

Sway .
0 >0.05 igzz

r
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Al
> P, is the summation

for all sway-resisting
columns in a story

Ml = Mlns + 8sjtlls

[M1 shall not exceed 1.4( My, + M) ]

M2 = M2ns + 8sM2s

[M2 shall not exceed 1.4( My, + M) ]

|j|> M =M, M,=M,

YYA

M1lns M2ns M1s M2s Pu-story
(kN.m) (kN.m) | (kN.m) (kN.m) (kN) Pc-story O Mu
1.4D 1.34 1.92 0.00 0.00 112738.50 4.5038E+05 1.5 1.92
1.2D+1.6L 36.92 72.75 0.00 0.00 158967.40 4.5038E+05 1.89 72.75
1.2D+0.5L+EY 23.87 12.33 3.00 189.00 116112.50 4.5038E+05 1.52 300.33
1.2D+0.5L-EY 23.87 12.33 -3.00 -189.00 116112.50 4.5038E+05 1.52 -275.67
0.9D+EY 1.23 0.86 3.00 189.00 72474.75 4.5038E+05 1.27 241.49
0.9D-EY 1.23 0.86 -3.00 -189.00 72474.75 4.5038E+05 1.27 -239.77
maximum factored sustained 04E I
shear within a story (ED),, = — £
Bds = - - 1+ Bds
maximum factored story shear associated
with the same load combination _(02EI1,+E]I,)
(ED) 4 =
1+ Bds
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18.7—Columns of special moment frames

18.7.3 Minimum flexural strength of columns

18.7.3.1 Columns shall satisfy 18.7.3.2 or 18.7.3.3. 18.7.3.3 If 18.7.3.2 is not satisfied at a joint, the lateral
strength and stiffness of the columns framing into that joint

18.7.3.2 The flexural strengths of the columns shall satisfy ~ shall be ignored when calculating strength and stiffness of
the structure. These columns shall conform to 18.14.

Y My > (6/5)) My (18.7.3.2)
s N\

Where , (Mo + Myg) 2 2 (Mo + M)
>M,. is sum of nominal flexural strengths of columns
framing into the joint, evaluated at the faces of the joint. M
Column flexural strength shall be calculated for the factored
axial force, consistent with the direction of the lateral forces (_\
considered, resulting in the lowest flexural strength. "

>M,; is sum of nominal flexural strengths of the beams
framing into the joint, evaluated at the faces of the joint.
In T-beam construction, where the slab is in tension under
moments at the face of the joint, slab reinforcement within Mnr < e) Mne
an effective slab width defined in accordance with 6.3.2 shall
be assumed to contribute to M, if the slab reinforcement is

developed at the critical section for flexure.
Flexural strengths shall be summed such that the column \U

moments oppose the beam moments. Equation (18.7.3.2)
shall be satisfied for beam moments acting in both directions
in the vertical plane of the frame considered.

) —Slowlxe
O 51 35 pai paliie land JSOI AS (T agee 30 Ol S i S5l b Alib Sy g ailes S QB oYY
@ithe (g (gl (pliuad 80 - (g ema oy S 0l 1,510 9 135 KN.m il s ((Ghine 9 o)
S50 e 5 g Pp=233KN, PL=72KkN, Pg= £24KN ;92 41 90 (53950 (5905 9 JSb
St el o Fasluwl )0 Ggiuw a2 i JLadl 5o gﬁ Couud il 12D+ L+ E i oy0

Toowl yS035 53 ohasl 31 Ky plus ay 59500 (51053 S 5 50 (59500

P (kM) 1.30 00
1000 1.20 (v
1.40 (v
. | 1.10 f
150 200 M.GeN.m)
D) A S

0 g (s Caglie .S dwle 1) (MC) gt (sias Cuoglio 2L L Lo (135 KN.M) cesl ols dllue 055 aS 1, MC luie

i Sl Rl Oy 659700 S92 $98 )b S 5 Sl Con )Mo ol Fge (5970 (595 ey (Kin g Cens (U Sue g 00 i

P=1.2x233+72124={§;g’;x

b sl gl g 009 (S1y2) oS 3TOKN [ il o g cdod Canglie ooy ools  iaS )0l ol SLo 4y a5 b

M. = 200 ( 376 — 300
€ 1000 — 300

OF S g 5 S e 5 0590 005 50 (plply g WSk (oo alb Sy g dilas G QB a5 0gd 8 Al (o0 5 5l 5 68 g (rlnle
S yekate Wb ) gt g b s (i Cuogliie ggomme el Jate 25 93 9 (55 99 45 2k S Sl el

) x 200 = 178.29 kN.m
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18.8.4 Shear strength b2

18.8.4.1 V, of the joint shall be in accordance with Table
18.8.4.1.

Table 18.8.4.1—Nominal joint shear strength V,

c2 ¢l

Joint configuration vV,

For joints confined by beams on all four - [2]__/
170/ A,

facest!] 14,

For joints confined by beams on three 74 121
1.2A/ f/A.

faces or on two opposite faces!!! s, T

;. 2
For other cases 1O f/4;

[l Refer to 18.8.4.2.
121} shall be 0.75 for lightweight concrete and 1.0 for normalweight concrete. 4; is

given in 18.8.4.3.

18.8.4.2 In Table 18.8.4.1, a joint face is considered to be
confined by a beam if the beam width is at least three-quar-
ters of the effective joint width. Extensions of beams at least
one overall beam depth A beyond the joint face are consid-
ered adequate for confining that joint face. Extensions of
beams shall satisfy 18.6.2.1(b), 18.6.3.1, 18.6.4.2, 18.6.4.3,
and 18.6.4.4.

18.8.4.3 Effective cross-sectional area within a joint,
A;, shall be calculated from joint depth times effective joint
width. Joint depth shall be the overall depth of the column, A.
Effective joint width shall be the overall width of the column,
except where a beam frames into a wider column, effective
joint width shall not exceed the lesser of (a) and (b):

(a) Beam width plus joint depth
(b) Twice the smaller perpendicular distance from longitu-
dinal axis of beam to column side

21.2.4.3 For beam-column joints and diagonally reinforced

coupling beams, ¢ for shear shall be 0.85.

AEUST & ol 5 o5 (53 l3e 53 st (ygin e S5 Fos b ol plihe (0l Bee
() 9 (Al Jladie g3 n jiSas Jlail f5e 2ie wlier Jladl it sligg 4

g Jluzs! [Ju‘fsnu'ﬂﬁ =Min(b+h,b+2x)}

Jlast ahadio JS7 Gos adlol 4y ,5 6,0 —all

5 97 g1 3ges Sz 0 (i g 3l T gz alold 0 Sl gm0 ) c@

Juast 3es = h+

Slml Crgo 1S o (3l 50 Juls”
39 (oo S dndir 30 iy 7 A
O Dlwlone 30 13 Ko 3! i .

/

/

3o 3580125 f, ity JUal doicr / -

O@‘v’_’&(d}’}éj)ﬁs&e‘?
Sl ol Ll dolir 58 (o

b oo PRI LTVA) & Jlail o) (oo conglitn s jgame i bawg B3k Loz a5 Sl ledsnw o @
28b gt o P 075 Pl oy (b0 i85 (byd o
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2700 kN ()
V=200 kN
’ A 2600 kN (Y
\ 450mm |
, T 2400 kN (Y
As=3000 mm? As=3000 mm* e —
- - E
C B ™ ) 2 2300 kN (¥
As=2200 mm? As=2200 mm? oI
) 7 loda
s
Yoans
V=200 kN
A
C'=>> =T
T <= <= C
A
. A—
C =T = As(1.25f,) = 3000 x 1.25 x 400 = 1500 kN
C'=T' = As(1.25f,) = 2200 x 1.25 X 400 = 1100 kN
V,=T+C' - = 1500 + 1100 — 200 = 2400 kN
¥ Slasls

2300 b g uM 5D b (Sa plasle Sy

G & g Jlail & Jae ok oy ga 50 -FY

51 6091 e ghae S00X500 £MS1 Jobo a1 (ohipe spi Balie ailiar Coul i pighsS
plod §1p2) lidyge ot a3 Jilia adl ok Juaie yio ao 400 sl b sloys & Aok s ler
G958 32 Belaia 1) yoi Sl B 5930 Sl Jiz (3gis g 0l (i 035 K 3 0jbu glis!
2313 5158 0349 (b 36 ST ypite T s Ll ol 43 45 WS B )8 (aitrad S (248 sy (gleo!

C35 (F C25 (v

WO gl
C30 (Y } C40 (M
Vans

(2300 x 10%) < (@V, = ¢ x L7AJfZA; = 085 x 1.7 x /I X 500%)  — f! > 40.5 MPa

Table 18.8.4.1—Nominal joint shear strength V,

Joint configuration

Va

For joints confined by beams on all four
faces!!!

/N2

For joints confined by beams on three
faces or on two opposite faces!!

12374,

For other cases

LoAJf74, ™
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Y
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N
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+ J AS =Yo (Y
As=05A
Ag=vo (f

<@V, - A =2420mm?

Table 18.8.4.1—Nominal joint shear strength V,

Joint configuration Va
For joints confined by beams on all four 5, 2
170 f/A.
faces!!] \/7" g
For joints confined by.beams on three 190 \/7; 4 2]
faces or on two opposite faces!!
;12
For other cases 1.07»\/76 A,
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Table 9.3.1.1—Minimum depth of nonprestressed beams
Support condition Minimum A
: Simply supported £/16
beams not supporting or attached to -
partitions or other construction likely h One end continuous o185
| to be damaged by large defiections | 7 } Both ends continuous €21
Cantilever 418
9.3.1.1.1 For f; other than 420 MPa, the expressions in
Table 9.3.1.1 shall be multiplied by (0.4 + £,/700).
Sustained load Time-dependent
duration, months factor §
3 1.0
6 12
12 14
60 or more 2.0
=A_+A + A +vA
‘ Asustained D" "sp Partition * ' SL
| I | .
Creep = ;’\.A x B¢\ stained Supporting or atiached io
‘ P ’ non structural elements
Likely to be damaged
\\\ / by large deflections
/480
A ot A + A + A <
tmal Partltlon Creep initial
€240, Supporting or attached to
non structural elements
Not likely to be damaged
4 4 by large deflections
o 9L aqSDL o 4L a
E[ El, El, EI
1 e ]

3
M
I +|1-| ==,
Mﬂ
= maximum moment in
member due to service loads =
at stage deflection is calculated

24.2.3.6 For continuous one-way slabs and beams, I, shall
be permitted to be taken as the average of values obtained
from Eq. (24.2.3.5a) for the critical positive and negative
moment sections.

That part of the total deflection occurring after attachment of

nonstructural elements, which is the sum of the time-depen-

dent deflection due to all sustained loads and the immediate
deflection due to any additional live load™?!

(24.2.3.53)

1mmed1ate

A + A + A + APartition )_ (AD+ ASD) <360

ol 9 65 E5 bl » Y Jlade ailawe (PAL) 00i; slo,b 5l cide g (o ans wdye b JS Jels (sustained load) _esls L
wd)S s 5025 J10.20 L plu Y olg oo SsSae lp Jlo (glp 058 cpnd b gt gLl

3 om il 255yl 355 (oo Sloml (sl o3l o (sl JLal 5l a1, S0 i 5 (s o B aslons 10 (5 (o0 a0l ol b
(U5 9) 0850 5k sl UK i byl oI5 oo 1) Dimiriar e o5 o5 151 Ainitiar Jlade Glgs (oo cguae JS e i drnlne
o3y b 5l AU anle v (333 L oljen addslos o b b ply sl ojle jue szl Jlasl Gloj 5 o3le sl o920 & atan b 5 285 L o
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CHAPTER 9—BEAMS

9.3—Design limits
9.3.1 Minimum beam depth

9.3.1.1 For nonprestresscd beams not supporting or
attached to partitions or other construction likely to be
damaged by large deflections, overall beam depth A shall
satisfy the limits in Table 9.3.1.1, unless the calculated
deflection limits of 9.3.2 are satisfied.

Table 9.3.1.1—Minimum depth of nonprestressed
beams

Support condition Minimum #Y
Simply supported 416
One end continuous 4/18.5
Both ends continuous 421
Cantilever 48

Nlg
D

pplicable for nor ight and f, =420 MPa For other
cases, minimum / shall be modified in accordance with 9.3.1.1.1 through 9.3.1.1.3,

as appropriate.

9.3.1.1.1 For f; other than 400 MPa , the expressions in
Table 9.3.1.1 shall be multiplied by (0.4 + £,/ 700).

9.3.2 Calculated deflection limits

9.3.2.1 For nonprestressed beams not satisfying 9.3.1
and for prestressed beams, immediate and time-dependent
deflections shall be calculated in accordance with 24.2 and
shall not exceed the limits in 24.2.2.

CHAPTER 7—ONE-WAY SLABS

7.3—Design limits
7.3.1 Minimum slab thickness

7.3.1.1 For solid nonprestressed slabs not supporting
or attached to partitions or other construction likely to be
damaged by large deflections, overall slab thickness A shall
not be less than the limits in Table 7.3.1.1, unless the calcu-
lated deflection limits of 7.3.2 are satisfied.

Table 7.3.1.1—Minimum thickness of solid nonpre-
stressed one-way slabs

Support condition Minimum A
Simply supported 120
One end continuous £/24
Both ends continuous £/28
Cantilever £/10

mExpressiun applicable for normalweight concrete and £, =420 MPa For other
cases, minimum /# shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3,
as appropriate.

7.3.1.1.1 For f; other than 400 MPa , the expressions in 1
Table 7.3.1.1 shall be multiplied by (0.4 + £,/ 700).

7.3.2 Calculated deflection limits

7.3.2.1 For nonprestressed slabs not satisfying 7.3.1 and
for prestressed slabs, immediate and time-dependent deflec-
tions shall be calculated in accordance with 24.2 and shall
not exceed the limits in 24.2.2.
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8.3—Design limits
8.3.1 Minimum slab thickness

8.3.1.1 For nonprestressed slabs without interior beams

enanIing hataeen ciinnarte an all cidee having 8 Mavimiiagm
Spalliliilyg DOLWCCTL SUPPOILLS U1 all S1UCS, Havillg a daAlinulii

ratio of long-to-short span of 2, overall slab thickness 4 shall
not be less than the limits in Table 8.3.1.1, and shall be at
least the value in (a) or (b), unless the calculated deflection

e AFQ 2D ovn catia

| By . . Had.
LW Ul 0.0.4 alv dauniivu.

(a) Slabs without drop panels as given in 8.2.4... 125 mm.
(b) Slabs with drop panels as given in 8.2.4........ 100 mm.

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams
(mm)1

Without drop panels®! With drop panels?!
Interior Interior
Exterior panels panels Exterior panels panels
Without | With Without | With
s edge edge edge edge
MPal?! | beams | beams! beams | beams!!

280 €,/33 €,/36 £,/36 £,/36 £,/40 £,/40

420 €,/30 €,/33 €4/33 €,/33 €./36 €,/36

520 €,/28 €,/31 €,/31 €,/31 €./34 €,/34

11l¢, is the clear span in the long direction, measured face-to-face of supports (mm).
12IFor f, between the values given in the table, minimum thickness shall be calculated
by linear interpolation.

B1Drop panels as given in 8.2.4.

141Slabs with beams between columns along exterior edges. Exterior panels shall be
considered to be without edge beams if oy is less than 0.8. The value of a, for the edge
beam shall be calculated in accordance with 8.10.2.7.

bl 5o 555 4
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I Edge | l | [ : [ Eggfns
' Beams | |
L] [ | |
! ! 5 £,/36 | -
7 | 4,133 [ £,/33 | i £ i
m T |j{| “““ lE ————— B pa - - - B
i i
| | T £,/36 | 2,33
T £/33 | £/30 | |
| | i R
R ARRRREEEa i1 R ]
? | £,/30 l £,/30 7 | £,/33 | £,/33
| | | |
[] 1] ] - -

(a) Flat Plates (without drop panels)

(b) Flat Slabs (with drop panels)

Figure 10-4 Minimum Thickness of Slabs without Interior Beams (Grade 60 Reinforcement)

www.hoseinzadeh.net Yq¥



Ldls glgih YAy

8.3.1.2 For nonprestressed slabs with beams spanning
between supports on all sides, overall slab thickness 4 shall
satisfy the limits in Table 8.3.1.2, unless the calculated
deflection limits of 8.3.2 are satisfied.

Table 8.3.1.2—Minimum thickness of nonpre-
stressed two-way slabs with beams spanning
between supports on all sides

af,,,l“ Minimum A, mm
O < 0.2 8.3.1.1 applies (a)
b (0'8 i zﬁy)o) (by2h3
Greater g
02 <0, <20 P S——
% of: 36+5B(at,,, —0.2)
125 ©
J
4 0.8+ 71 [21.[3]
Greater 1400 (@)
Ofin >2.0 . N @ 7
of: 36+9B
90 (e)

[lg, is the average value of a, for all beams on edges of a panel and o, shall be calcu-
lated in accordance with 8.10.2.7.

121¢, is the clear span in the long direction, measured face-to-face of beams (mm).

1318 is the ratio of clear spans in long to short directions of slab.

8.3.1.2.1 At discontinuous edges of slabs conforming to
8.3.1.2, an edge beam with a,> 0.80 shall be provided, or the
minimum thickness required by (b) or (d) of Table 8.3.1.2
shall be increased by at least 10 percent in the panel with a
discontinuous edge.
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Sy 9 yi0 o 200 il 3 J10 Canlohud g yiio chao 400%400 Loy i gdadio Slayl a5 5 yu0
SopolaS’ as (LS i O S S (Al h =400 mm ¢ b =400 mm ghic olayl b 4

I-‘—3@7m=2lm—*| Pl JI SO g3 yolie 3
T | 1.0 (A
|
N o 0o 1.2 (¥
g
® o o 1.4 (¥
on

y & _
Tt 1.6 (f
X
Vs
_ 400 % 400 x 200 + 200 X 200 X 300 _
beam = 4002 + 2002 - ecimm
4 4
2 2 200 2 2 4
Ipeam = —5—+ 400% X (220 — 200)° + +2002 x (300 — 220)? = 2586666667mm

_ 2586666667 _
o= ((3700)x2003) =1.048
12

centerline of panel
A
/////// B = 200 mm |<— 200+7000/2=3700 mm +|/
pd /,
/ // 200 mm
/ h =200 mm e \
e L

h, < 4h
200 mm
|—400 mm —»|

(a) Edge beam dimensions

=

(b) Slab dimensions
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=A +A +
Ap*hg, APartition+YAL’

Supporting or attached to |
non structural elements

Likely to be damaged
A A \ £/480 / by large deflections
+
L+ A Partition * Creep mmal <
£/240, -
Supportmg or attached to

+

non structural elements
Not likely to be damaged
by large deflections

\>

3 That part of the total deflection occurring after attachment of
I = [M cr J I + [1 [ cr I (24 235 ) nonstructural elements, which is the sum of the time-depen-
- - 2. a . . . .

dent deflection due to all sustained loads and the immediate
deflection due to any additional live load?!
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Ve Ve
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03,556 S 5 ghaite (15 U 5l ahade o285 )6 0 590 alols iy
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24.2.3.5 For nonprestressed members, effective moment
of inertia, I, shall be calculated by Eq. (24.2.3.5a) unless
obtaincd by a more comprehensive analysis, but 7, shall not
be greater than .

MCT ’ MCT ’
I = n I, +|1- A I, (24.23.52)

24.2.3.6 For continuous one-way slabs and beams, I, shall
be permitted to be taken as the average of values obtained b 4
from Eq. (24.2.3.5a) for the critical positive and negative
moment sections.
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24.2.3 Calculation of immediate deflections

24.2.3.1 Immediate deflections shall be calculated using
methods or formulas for clastic deflections, considering
effects of cracking and reinforcement on member stiffness.
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Acreep= 2 X A@;b)l{
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24.2.4 Calculation of time-dependent deflections

24.2.4.1 Nonprestressed members

24.2.4.1.1 Unless obtained from a more comprehensive
analysis, additional time-dependent deflection resulting
from creep and shrinkage of flexural members shall be
calculated as the product of the immediate deflection caused
by sustained load and the factor A,

A =—2
1+50p’

(242.4.1.1)

24.2.4.1.2 In Eq. (24.2.4.1.1), p' shall be calculated at
midspan for simple and continuous spans, and at the support
for cantilevers.

24.2.4.1.3 In Eq. (24.2.4.1.1), values of the time-depen-
dent factor for sustained loads, &, shall be in accordance with
Table 24.2.4.1.3.

Table 24.2.4.1.3—Time-dependent factor for
sustained loads

Sustained load duration, months Time-dependent factor §
3 1.0
6 12
12 14
60 or more 20
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Likely to be damaged
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A A A A A A £/480
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D" Ssp T L T 2 partition Creep ) initial <
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Supporting or attached to
non structural elements
That part of the total deflection occurring after attachment of Not likely fo be dgmaged

by large deflections

nonstructural elements, which is the sum of the time-depen-

Aaflantinn dixa ta all grrgtaina A laodq and tha 1mamaa

dAant 3 Az
dent deflection duc to all sustained loads and the immediate J

deflection due to any additional live load™

l
STV J»JL’LSAZLI-OW) JS S s piSTas cails (pdy cam) 6l ojle e sliml @ Juatte Cilis a5 90,0 5 i Gollas
rwf‘f)bmk)iwﬁcwfww"kjiw)*u.)f‘f)éta&‘u.“45&&4[;60&44.06‘0)@);&6‘)}‘4)}4&&0&09“C‘).bds

CHAPTER 24—SERVICEABILITY REQUIREMENTS

24.1—Scope
24.1.1 This chapter shall apply to member design for
minimum serviceability, including (a) through (d):

(a) Deflections due to service-level gravity loads (24.2)
(b) Distribution of flexural reinforcement in one-way slabs
and beams to control cracking (24.3)

(c) Shrinkage and temperature reinforcement (24.4)

(d) Permissible stresses in prestressed flexural members
(24.5)

24.2—Deflections due to service-level gravity
loads

24.2.1 Members subjected to flexure shall be designed
with adequate stiffness to limit deflections or deformations
that adversely affect strength or serviceability of a structure.

24.2.2 Deflections calculated in accordance with 24.2.3
through 24.2.5 shall not exceed the limits in Table 24.2.2.

Table 24.2.2—Maximum permissible calculated deflections

Deflection
Member Condition Deflection to be considered limitation

Flatroofs | Not supporting or attached to nonstructural elements likely to Immediate deflection due to maximum of ,, S, and R £/180M1

Floors be damaged by large deflections Immediate deflection due to L £/360

Likely to be damaged by | That part of the total deflection occurring after attachment of
Roof or Supporting or attached to non- large deflections nonstructural elements, which is the sum of the time-depen-

floors structural elements Not likely to be damaged dent deflection due to all sustained loads and the immediate
by large deflections deflection due to any additional live load™

£/48081

£/24011

IILimit not intended to safeguard against ponding. Ponding shall be checked by calculations of deflection, including added deflections due to ponded water, and considering time-
dependent effects of sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

12ITime-dependent deflection shall be calculated in accordance with 24.2.4, but shall be permitted to be reduced by amount of deflection calculated to occur before attachment of
nonstructural elements. This amount shall be calculated on basis of accepted engineering data relating to time-deflection characteristics of members similar to those being considered.

BILimit shall be permitted to be exceeded if measures are taken to prevent damage to supported or attached elements.

HILimit shall not exceed tolerance provided for nonstructural elements.
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CHAPTER 7—ONE-WAY SLABS

7.6—Reinforcement limits

7.6.1 Minimum flexural reinforcement in nonprestressed
slabs

7.6.1.1 A minimum area of flexural reinforcement, A i,
shall be provided in accordance with Table 7.6.1.1.

Table 7.6.1.1—Ag min for nonprestressed one-way
slabs

E' F

1.4 0.25 f;)

4s > 0.002
- — .
bh

0.0018 x 420
E
0.0014

AS>M
_)_
bh ax

CHAPTER 8—TWO-WAY SLABS

8.6—Reinforcement limits
8.6.1 Minimum flexural reinforcement in nonprestressed
slabs

8.6.1.1 A minimum area of flexural reinforcement, A mis,
shall be provided near the tension face in the direction of the
span under consideration in accordance with Table 8.6.1.1.

Table 8.6.1.1—A; i, for nonprestressed two-way
slabs

www.hoseinzadeh.net

Reinforcement
type F As,min Reinforcement
Deformed bars | <420 0.00204, type 5 Agin
Deformed bare 0.0018x 420 Deformed bars | < 420 0.00204,
i Greater —4, 0.0018x420
or welded wire | > 420 of: f Deformed bars Greater Qlexal
reinforcement : 0.00144 or welded wire | > 420 of: Jy £
- £ reinforcement ’ 0.00144,

CHAPTER 24—SERVICEABILITY REQUIREMENTS

24.4—Shrinkage and temperature reinforcement

24.4.3.2 The ratio of deformed shrinkage and temperature
reinforcement area to gross concrete area shall satisfy the

limits in Table 24.4.3.2.

Table 24.4.3.2—Minimum ratios of deformed
shrinkage and temperature reinforcement area to

gross concrete area

Reinforcement

type f-“l As,min
Deformed bars | <420 0.00204,
Deformed bars Greater 0.0018x420 A
or welded wire | > 420 of: 5 ¢
reinforcement : 0.00144,

24.4.3.3 The spacing of deformed shrinkage and tempera-
ture reinforcement shall not exceed the lesser of 54 and 18 in.

Y.
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CHAPTER 7—ONE-WAY SLABS
7.6—Reinforcement limits
7.6.3 Minimum shear reinforcement

7.6.3.1 A minimum area of shear reinforcement, A, in,
shall be provided in all regions where V, > ¢ V.. For precast
prestressed hollow-core slabs with untopped £ > 12.5 in.,
Ay min shall be provided in all regions where V, > 0.5¢V .

CHAPTER 10—COLUMNS

10.6—Reinforcement limits
10.6.2 Minimum shear reinforcement

10.6.2.1 A minimum arca of shear reinforcement, A, in,
shall be provided in all regions where V, > 0.5¢ V.

www.hoseinzadeh.net YA
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CHAPTER 9—BEAMS

9.6—Reinforcement limits

9.6.3 Minimum shear reinforcement

9.6.3.1 A minimum arca of shear reinforcement, A, pin,
shall be provided in all regions where ¥V, > 0.5¢V, except
for the cases in Table 9.6.3.1. For these cases, at least A, min
shall be provided where V, > ¢ V..

Table 9.6.3.1—Cases where A, i, is not required if
0.5¢V. <V, <oV,

Beam type Conditions
Shallow depth h < 250 mm
h < greater of 2.5¢,0r 0.55,,
Integral with slab and
h <600 mm
Constructed with steel fiber-reinforced
normalweight concrete conforming to :nSdGOO mm
26.4.1.5.1(a), 26.4.2.2(d), and 26.12.5.1(a ,
and withff')S 42 MPa( ) ® Vo< ¢2\/7‘de
One-way joist system In accordance with 9.8
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Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members
Specified
Concrete exposure Member Reinforcement cover,mm

Cast against and
permanently in All All 75
contact with ground

No. 6 through No.

50
Exposed to weather 18 bars
or in contact with All No. 5 bar, W31
ground or D31 wire, and 40
smaller
No. 14 and No. 18
. . 40
Slabs, joists, bars
d wall
Not exposed to and wats No. 11 bar and 20
. smaller
weather or in
contact with ground Beams, Primary reinforce-
columns, . .
ment, stirrups, ties, 40

pedestals, and

.. spirals, and hoops
tension ties P ? P
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9.8—Nonprestressed one-way joist systems
9.8.1 General

9.8.1.1 Nonprestressed one-way joist construction consists
of a monolithic combination of regularly spaced ribs and a
top slab designed to span in one direction.

9.8.1.2 Width of ribs shall be at least 4 in. at any location
along the depth.

9.8.1.3 Overall depth of ribs shall not exceed 3.5 times the
minimum width.

9.8.1.4 Clear spacing between ribs shall not exceed 30 in.

9.8.1.5 V., shall be permitted to be taken as 1.1 times the
value calculated in 22.5.

9.8.1.6 For structural integrity, at least one bottom bar
in cach joist shall be continuous and shall be anchored to
develop f, at the face of supports.

9.8.1.7 Reinforcement perpendicular to the ribs shall be
provided in the slab as required for flexure, considering
load concentrations, and shall be at least that required for
shrinkage and temperature in accordance with 24.4.

9.8.1.8 One-way joist construction not satisfying the limi-
tations of 9.8.1.1 through 9.8.1.4 shall be designed as slabs
and beams.

9.8.2 Joist systems with structural fillers

9.8.2.1 If permanent burned clay or concrete tile fillers of
material having a unit compressive strength at least equal to
f.' in the joists are used, 9.8.2.1.1 and 9.8.2.1.2 shall apply.

9.8.2.1.1 Slab thickness over fillers shall be at least the
greater of one-twelfth the clear distance between ribs and
1.51n.

9.8.2.1.2 For calculation of shear and ncgative moment
strength, it shall be permitted to include the vertical shells of
fillers in contact with the ribs. Other portions of fillers shall
not be included in strength calculations.

9.8.3 Joist systems with other fillers
9.8.3.1 If fillers not complying with 9.8.2.1 or removable

forms are used, slab thickness shall be at least the greater of
one-twelfth the clear distance between ribs and 2 in.
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600
tmin = >0 =30cm

128w c_hw ..\?‘5 » 0)‘5 )lJ' d.a...ul?u —Y
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0.01 x 21 = 0.21 kPa Seel o (A

0.03 x 21 = 0.63 kPa Obow dle e el Y (Y

0.13 x 6 = 0.78 kPa O pgd VY (Y

0.5 kPa S a5 &5 enilo ¥ L Q3 G (F

1 kPa L Ssb (339 O

(0.25 x 0.1 x 2 + 0.05 x 1)25 O s O

= 2.5kPa
12

1 kN/m? (Partition) + 2kN/m’ =3 kPa 10055 ,b
qu = 1.2x5.65+1.6x3=11.58kPa SIS ca o b
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S dem culs Juus =Y

11.58 x 0.42 0.154 kN
=—=0U. .m
v 12
1000 x 502
M, = 0.42v21 X B — = 801950 N.mm = 0.8 kN.m
0.156 < 0.6 x 0.8 OK.
CHAPTER 14—PLAIN CONCRETE Table 21.2.1—Strength reduction factors ¢
. Action or structural element ) Exceptions
14.5—Design strength 06510 | Near ends of preten-
Moment, axial force, or ’ .O sioned members where
14.5.2 Flexure ; 0.90 in
(@) | combined moment and strands are not fully
. accordance .
axial force with 21.2.2 developed, ¢ shall be in
14.5.2.1 M, shall be the lesser of Eq. (14.5.2.1a) calcu- ““ | accordance with 21.2.3.
lated at the tension face and Eq. (14.5.2.1b) calculated at the Additional requirements
compression face: ) Shear 075 | aesgiven i(fil 2_1-2-‘3 for
structures designed to
ist earthquake effects.
M,=0.420\[1!S,, (145212) - — - TS carqree e
c orsion . —
M, =085£/S,, (14.52.1b) | @ Bearing 0.65 —
© Post-tensioned anchorage 0.85 o
where §,, is the corresponding clastic section modulus. zones
[6)) Brackets and corbels 0.75 —
Struts, ties, nodal zones, and
bearing areas designed in
® accordance with strut-and- 075 o
tie method in Chapter 23
Components of connec-
tions of precast members
® controlled by yielding of 0-90 o
steel elements in tension
(1) | Plain concrete elements 0.60 —
0.45to
. Anchors in concrete 0.75 in
0 elements accor o
dance with
Chapter 17

4z b 2iS sloygileyl (b -F

_ (05x¢q,) x6% (0.5x11.58) x 62
B 8 B 8

=26 kN.m

P14 > Ko e g0 3l oolawl o,8 L

M,

d=300—-20—-7=273mm
Agx400

. __Asx400
M, = AF, (273 - E) = A; X 400 x | 273 — 027200 | = 29359143 N.mm = 29.35 kN.m

M, <09xM, OK.
Loilo,] oo iSTas 5 Bl S -0
2 % 3.14 x 72

_ —0.011 = 1.1 % > 0.35 % OK
P =573 %x 100 ° ’
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= 0.00226 > 0.0018 OK
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55 2t (slas Koo 4l 4y s b il 4 285 sloysile] h byl Jilam il Slos SIS slasile ] ke s
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3,5 ool 10 5 Koo 3l olgs oo 0L 0.46 cm?

on s, (A

q,=11.58x0.5
PEEEREBRERE TP

A

e 6-2d 1

Qu X 05x(L—-2xd) 1158%x0.5% (6 —2x0.273)
= 2 B 2

e

= 15756 N

V. = 1.1 x 0.75 x 0.174/21(100 x 273) = 17545 N

@V, = 15756 — 17545 < 0
23,5 oolitul 150mm Jolsd b 06 51 g3 (oo 098 solitul b o5 Jslas g5k
A, = 28.26 mm?

by 100 ,
Ap—min = 03525 = 0.35—150 = 17.5 mm

E, 300
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kg kN
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(q) X2  (5.2) x 62 )
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Mer) (So,50 S5 S aulxe -)

500 mm
50 mm | v
250 mm
100 mm
_ 500 X 50 X 25 + 250 X 100 X 175 _ 100
= 500 x 50 + 250 x 100 - umm
500 x 503 , 100 x 2503 . .
lg=—"p7—+ 500 x 50(75)2 + —; — *+100x 250(75)2 = 416.66 x 10 mm
I, 0.62v20 x 416.66 x 106
o = Il _ = 5.776 kN.m
Vi 200
der) alato 05,55 S 5 gyl Glow dewle =Y
500 mm
— P12 ':[Y
| | d=273mm
2016 + @12
2 x10° 9515
n=——=09.
470020
nAg = 9.515 x (2 X @16 +1x <p12) = 4902.3 mm?
(n— 14} = 8515 x (@12 + ¢8) = 1391.06 mm?
Y =63mm

400 x 503 100 x Y3
ler = =5+ (50 X 400) X (Y = 25)% + ————+nds(d = ¥)* + (n = DAL(Y — d')? = 257 x 10° mm*
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Dead { sk o2 055) 0.3(SDead+Part) _
+ + 0.75Live (1,48 o3 ,\)
0.7(SDead+Part) 0.25Live

kN
=46 X =14 kN _qc kN
m2 =1.4 2 =1.5 m2

ALAAGAAGA

&l ol b Slabs Jlasl 3 8
(Jgtele ¥)

kN
dpead = Zsm

kN
Aspead = ZW

-~
(dns Jlu0) (1> slast _
) 9part
N _—y
v Arive =
bl S

ooy Job ;8 4z 5 pojly )b jlade aule Y

(Dead) b ax 5 0 5509
9 on ol 1 o3l o el JLai 5] 5 o5l il 57 s a5 03,0 9
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:(Partition) gus das 4 bgs o 030 39
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ASb ¢l ojle e olalad Jlas! ) LS ol S
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il anle a0 g sl oslu e labad Jlasl 51 L3 az 25 2 o)l )b
Dead + 0.7 X (SDead + Part) =254+ 0.7(2+1) = 4.6%

Dl ol et Slala JLail | ey dz i Sl " eSS L

kN
0.3 X (SDead + Part) + 0.25 Live =03 x (24+ 1)+ 0.25x 2 = 1.4W

. . ‘ n ;‘ -n lJ
Sl RSN P

kN
0.75Live = 0.75 X 2 = 1.5—
m
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Rl 5 oyl Glow il (oo Gl Lok &5 al> o 58 )3 (plply ST (oo et G S Fge (ol ¢ LM‘)*-’)’%‘B)S‘J Ol 4 s
b o
23,5 dplone | (er) abgy o oo yul oo jlaiie 9§ M) g X (5 (o0 6 )BS L 5l al> 50 50 0 ACT 5L

Dead (caiw o2 035) 0. 3(SDead+Part)
+ 0.75Live ( U.\f ol )
0.7(SDead+Part) 0. 25L|ve

=4.6 % =1.4 "N =1. 5

24.2.3.5 For nonprestressed members, effective moment i} G &
of inertia, I, shall be calculated by Eq. (24.2.3.5a) unless 7A) a a a4
obtained by a more comprehensive analysis, but Z, shall not
be greater than I, & ol e Solabas Jlast 1 fS

(Jsl s ¥)
(Y [ Y, 37
I =L "J I+ 1—L ”J I, (242353 -~ ~ —
M, M, (do JLu ) o315 sl
M, = maximum moment in member due to service loads = -~ -
at stage deflection is calculated, N-mm Wb JS

(sl o3l e Sl JLasl 5l B3 5 Jsl ole T) (55l ST (359 5l (Frond 5 a2 25 (139 00,0 ) ST Cod fge wyil les

0.5¢qL?
My = Mpyo7sp+o.7rart = —8
0.5 X (4.6) x 72 5.776\° 5.776\°
= 3 =14.09kN.m >Ie—D+0.7SD+0.7PaTt = (m) X 416.66 + |1 — (m) 257 =

Mg, = 5.776 kN.m
I, = 416.66 x 10°
Iy = 257 x 10° J

=268 x 10® mm*

My = Mp4sp+partition =
_ 05x(35+2)x 72

8 (5776’ 5.776 _

M, =5.776 kN.m
= 263.4 x 10° mm*
I, = 416.66 x 10°

I, =257 x10° )

(D+SD+Partition+0.25L) _ails sla b 3l cont ge coryal o

Mg = Mpsp+Partition+0.25L =
05X (46+1.6) x 7

N 8 5.776

5.776
18375 kN.m  Uepisprparcsoast = (Tagae) X 41666+ [1 ~(o572) ]257 -

M, = 5776 kN.m
=262 X 10® mm*
Ig = 416.66 X 10°

I, =257 x 10° )
«(Total=D+SD+Partition+L) la,l JS 5l cox Sge gyl ylowe
Mg = Mpysp+partition+L. =
_ 0.5% (4.6+ 1.4+ 15) x 72
- 8 5.776\° 5.776\°
2296 kN.m. [ Le-psspepartivontt. = (55gg) X 41666+ 1 - (522) [257 =

Mg, = 5.776 kN.m
I; = 416.66 x 10°
Iy = 257 x 10° y

= 260 x 10® mm*

il b az 5 Jolgd 4 by e 0.5 (o o (598 Laulg) o *
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Dead (Caim o2 055) 0.3(SDead+Part) ] —
+ ¥ 0.75Live (1,45 o33 ,b)
0.7(SDead+Part) 0.25Live

=46 KN kN kN
46 2 =14 3 =15 3
A A A A A A

&l o)L.uJ.:P Oolaked JLas! J| J.E

fola ¥ kN
(dj ° ) Qpead = 25?
N - kN
v spead = 27,'7
(b e 8) (oSl sl kN
: dprare = me
- - kN

Quive = 2 z

bob s
:(J9| ole V) ! ol s Slalad JLa.T‘ )\ 8 00,0 slayls

— 6 4
le—p+0.75D+0.7Part = 268 X 10> mm

dp+0.7sp+0.7part = 0.5 X (4.6) = 2.3 kN.m 5 qlL*
A =— 1 =1275
E. = 4700v20 = 21019 MPa D+0.75D+07Part = 384 E|, mm
L=7m

(D+SD+Part) o 4 )L L ol et 05 0 sla,b JS

Ie—p+sD+ partition = 263.4 X 10° mm*

dD+SD+ Partition — 05(35 + 2) =2.75kN.m 5 qL4
A ition = ——— = 15.52mm
E, = 4700v20 = 21019 MPa DsSbPartition ™ 384 EJ,
L=7m

«(D+SD+ Partition+0.25L) _3ls sla )b

_ 6 4
Ip+sp+ partition+0.251 = 262 X 10° mm

4
dp+sp+ Partition+o.2sL = 0.5 X (3.5 + 2.5) = 3kN.m Apys spipartitiontoas,= 5 qL = 17 mm
artition .
E, = 4700v20 = 21019 MPa 384 El,
L=7m

«(D+SD +Partition+L) l»,L IS

— 6 4
Ie—D+SD+Partition+L = 260 x 10°> mm

. =0.5x(3.5+25+1.5) =3.75kN.m 5 qL*
dD+SD+Partition+L ( ) AD+SD+Partition+L: @ﬁ — 21.45 mm
E. = 4700720 = 21019 MPa e

L=7m

(Live) ows; ,b il cos ST JSs s

A= Apisp+partition+L — Ap+sp+partition= 21.45 — 15.52 = 593 mm
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24.2.4 Calculation of time-dependent deflections
Table 24.2.4.1.3—Time-dependent factor for

24.2.4.1 Nonprestressed members sustained loads
Sustained load duration, months Time-dependent factor &
24.2.4.1.1 Unless obtained from a more comprehensive 3 1.0
analysis, additional time-dependent deflection resulting p 2
from creep and shrinkage of flexural members shall be -
calculated as the product of the immediate deflection caused 12 14
by sustained load and the factor A, 60 or more 2.0
A, = § 2424.1.1)
1+ 50p°
24.2.4.1.2 In Eq. (24.2.4.1.1), p’ shall be calculated at
midspan for simple and continuous spans, and at the support
for cantilevers.
24.2.4.1.3 In Eq. (24.24.1.1), values of the time-depen-
dent factor for sustained loads, &, shall be in accordance with
Table 24.2.4.1.3.
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@12+ ¢8  3.14 X 62 + 3.14 X 42

' =0.0012 2
bd 500 x 273 As-year = T g0y — 1886
=2 p
@12+ @8  3.14 X 62 + 3.14 x 42 "
p'= = =0.0012{ , _ _ 094
bd 500 x 273 3—-month — 1+ 50p' = U

£=1

A reep—syear = (Msyear) Bpsp+ partition+o2s.) = 1.886 X 17 = 32 mm

= (A3montn) (Ap+0.7sD+0.7 part) = 0.94 X 12.75 = 11.86 mm

creep—3month
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CHAPTER 6—STRUCTURAL ANALYSIS

6.5—Simplified method of analysis for
nonprestressed continuous beams and one-way
slabs

6.5.1 It shall be permitted to calculate M,, and ¥V, due to
gravity loads in accordance with this section for continuous
beams and one-way slabs satisfying (a) through (e):

(a) Members are prismatic

(b) Loads are uniformly distributed

©L<3D

(d) There are at least two spans

(e) The longer of two adjacent spans does not exceed the
shorter by more than 20 percent

6.5.4 V, due to gravity loads shall be calculated in accor-
dance with Table 6.5 4.

Table 6.5.4—Approximate shears for nonpre-
stressed continuous beams and one-way slabs

Location V.
Exterior face of first interior support 1.15w,£,/2
Face of all other supports w2

End span
Discontinuous end

N\

Interior face of
exterior support

Interior spans

Exterior face of

first interior support

{8} Terminology.

oy 9 S Gulps by 4 a8 b G sldls Ldos-1A

6.5.2 M, due to gravity loads shall be calculated in accor-
dance with Table 6.5.2.

Table 6.5.2—Approximate moments for nonpre-
stressed continuous beams and one-way slabs

Moment Location Condition M,
Discontinuous end integral with w214
End span support
Positive Discontinuous end unrestrained w211
Interior 1 ) w16
spans
Interior face Merpber built integrally with sup- w224
. porting spandrel beam
of exterior Momber built inteerally with
support ember built integrally with sup- w2116
porting column
Exterior Two spans W, 9
face of first
interior More than two spans w210
support
Negativel'l | Face of
other All w211
supports
(a) slabs with spans not
Face of all | exceeding 10 ft
supports (b) beams where ratio of sum Wl 12
satisfying of column stiffnesses to beam wn
(a) or (b) stiffness exceeds 8 at each end
of span

[To calculate negative moments, £, shall be the average of the adjacent clear span
lengths.

6.5.3 Moments calculated in accordance with 6.5.2 shall
not be redistributed.

Other faces of\

interior supports

Cr= —1/9 if only two spans, —1A10 if three or
more spans

Cn IO 171 —1/10 111 116

Cv 1.0 1.13 1.0

{0y Moment and shaar coefficients—Discantinuous end unrestrained.

Cm Bd—124 114 —1or—1r10Bd _111 116
C 10 145 10

(c) Moment and shear coefficients—Discontinuous end integral with support

where support is a spandrel girder.

[l
1.0

Cn 114

Cy

111
1.0

—1/9 or —1/10
1.15

1/16

) Moment and shear coefficients—Discontinuous end integral with support

where support is a column.

www.hoseinzadeh.net YYA
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e
6 KN/m? 1 s ais )39 olusl boas) ,b 9 9 KN/M? ol i 0050 b agles (>b 1) 50 5.4m Jobo b ailas 4w b ad b 5 Jls

HIS ca o b
Qu = Max[ 1.2x9+16%x6, 1.4%x9]=204kPa

o calbes s -
Jb s Jus -V

5 (o0 e lel wlas gl bl el
5400
7 = 225mm
Jo e ppdss V)
(s sl @14 5 Ko 5l eslainl S,8 0
d =225-27 =198 mm

1.15 X 20.4 x (5.4 — 0.5 — 2 X 0.198)
V, = -
@V, = 0.75 X 0.17v/25 x (1000 x 198 ) = 126.22 kN

= 52.83 kN

.Q)L).S )Lu ‘5.»)) )53&)1 4 g 009 WL\A h=225 mm J"‘J’ J‘d Caolus
s> o5 4S5 o P SO PO oo o acwlxe =Y

_ 20.4 x (54 — 0.5)2
My _ext = 24 = 20.4kN.m - A, =318 mm?
oM, = 0.9 X A, X 400 x (0.9 x 198)

Ag_min = 0.002 X 225 X 1000 = 450 mm?

ol JBlas Jlade 5l iy a5 o4 anlgs 452 mMm2 Ll s (5 e o 0 AS ke Oygo opl 10,5 soliiel @L12@25 3 g oo

(10 o5 AT gl o e St sloo Sl ailne Y

20.4 X 4.92

12—1st—int = —10 = 48.98 kN.m - AS = 763.5 mmz

@M, = 0.9 X A; X 400 x (0.9 x 198)

239y wolyz 769.3 mm? s e o 4o AS Jlaie 914@20 [/ oolizu/ 5,8 b

769.3 x 400
2 x 1000 x 0.85 x 25

oM, = 0.9 X 769.3 x 400 x (198 - ) = 5283 kN.m

S Alos A3 o5 4SS o shie cded sloo Ko aiils ¥

_ 20.4 x 4.92
u—2st—int = T = 4453 kN.m N As = 694 mmZ

oM, = 0.9 x A, X 400 x (0.9 X 198)
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239y wolys 769.3 mm? s e o 4o AS laie 914@20 [/ ooliz/ 5,8 b

769.3 x 400
2 x 1000 x 0.85 x 25

oM, = 0.9 X 769.3 X 400 x (198 - ) = 52.83kN.m

el Jged LB

s sl jo Cude sied sloo Sls aiile -0

20.4 x 4.92

M{;—lst = T = 3498 kN.m N As = 545 mmZ

®M,, = 0.9 X Ag X 400 x (0.9 x 198)
2392 walyz 565.2 MM* s o S5 ;0 AS Jlaie 912@20 5l soliul 5,5 L

565.2 x 400
2x 1000 x 0.85 x 25

@M, = 0.9 X 565.2 X 400 X (198 - ) =392kN.m

el Jgud 8
b Ao 0 St sies (oo Sls dile  -F

20.4 x 4.92

M{;—lst = T = 30.61 kN.m N As = 477 mmZ

@M, = 0.9 X A; X 400 x (0.9 x 198)
gy daly> 452 mm® ls e S 0 AS lade P12@25 [/ oolit 5,6 L

452 x 400
2 x 1000 x 0.85 x 25

oM, = 0.9 x 452 x 400 x (198 - ) =31.55kN.m
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Column 45x45 cm
Internal-Beam 35x50 cm
External-Beam 35x70 cm

L2 670 cm
L1 530 cm
Fy 400 Mpa
g-Dead 400 kg/m~2
g-Live 500 kg/mn2
qu=1.2*D+1.6L 1280 kg/m~2
5 )l 5 byl

1
=
bl i | | B
o
TS [
Al A I
bl
|
5 Do £y
Slab-beam I B |
strip £2/2 1,
Centerline 7l 1 dale b 03 gaos
of panel £, — —=

www.hoseinzadeh.net rvYs



I —slab =

357.5x153

I — beam = 1482624 cm*
1
= 100546.8 cm* | ¢

| — beam = 1482624 cm*

I —slab =

287.5 x 153

12

= 80859 cm*

I — beam = 585247.39 cm*

[ —slab =

670 x 153

12

= 188437cm*

| — beam = 585247.39 cm*

I —slab =

530 x 153

12

www.hoseinzadeh.net

= 149062cm*
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55 35

55 35
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35 357 35
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= = 15, /2 NN
100546.8 14.74 I | !T\g
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T 530/2 !
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am =

4
_ (670 — 45)(800 + 0.6 x 400)

=13.65cm -

36000 + 9000 x (

. 530—-45
8.10—Direct design method

8.10.1 General

8.10.1.1 Two-way slabs satisfying the limits in 8.10.2 shall
be permitted to be designed in accordance with this section.

8.10.2 Limitations for use of direct design method

8.10.2.1 There shall be at least three continuous spans in
each direction.

8.10.2.2 Successive span lengths measured center-to-
center of supports in each direction shall not differ by more
than one-third the longer span.

8.10.2.3 Panecls shall be rectangular, with the ratio of
longer to shorter panel dimensions, measured center-to-
center of supports, not to exceed 2.

8.10.2.4 Column offset shall not exceed 10 percent of the
span in direction of offset from either axis between center-

670—4—5)

h =15 cmis OK

s b sy ooliid Lulys JiS ¥

530
(530 - 530) <—- OK

670 <20K
530

Offset is Zero OK

lines of successive columns. 500
m <2 OK.
8.10.2.5 All loads shall be duc to gravity only and
uniformly distributed over an entire panel. , o2 =18.33
8.10.2.6 Unfactored live load shall not exceed two times &
the unfactored dead load. ! {3‘23?? al=1472 5.3 m
o8 '
02<—L2<50 (8.10.2.7a) I
oLt == i ﬂp—4 <
o4 =35
a5 X 670" _ 24502 oK 5.3
. —_ = (. . I 2 m
where ay and ay, are calculated by: a, X 5302
Iy _l =
_ “cb”h
o, = _Emls (8.10.2.7b) 4 , ! 5.3 m
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8.10.3 Total factored static moment for a span

8.10.3.1 Total factored static moment M, for a span shall
be calculated for a strip bounded laterally by the panel
centerline on each side of the centerline of supports.

8.10.3.2 The absolute sum of positive and average nega-
tive M,, in each direction shall be at least:

M, =22 (8.10.3.2)

8.10.3.2.1 In Eq. (8.10.3.2), £, is the clear span length in
the direction that moments are considered, shall extend from

face to face of columns, capitals, brackets, or walls, and shall
be at least 0.65¢;.

8.10.3.2.2 In Eq. (8.10.3.2), if the transversc span of
pancls on cither side of the centerline of supports varies, £,
shall be taken as the average of adjacent transverse spans.

8.10.3.2.3 In Eq. (8.10.3.2), if the span adjacent and

parallel to a slab edge is being considered, the distance from
edge to panel centerline shall be substituted for £;.

www.hoseinzadeh.net YE.
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Ln=5.3-0.45

2z

Ln=5.3-0.45

7

7

7

|
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0.57 M,

0.35M,

b alas okl g Sbo slo ST (s -0

Myeg, = 0.16 X 25216 = 4034.56 kg.m
Mpos; = 0.57 X 25216 = 14373.12 kg. m
Myegz = 0.7 X 25216 = 17651 kg. m
Mnegs = 0.65 X 25216 = 16390 kg. m
Mposz = 0.35 X 25216 = 8826 kg.m

8.10.4 Distribution of total factored static moment

8.10.4.1 In an interior span, M, shall be distributed as follows:
0.65M, to negative moment and 0.35M,, to positive moment.

8.10.4.2 In an end span, M, shall be distributed in accor-
dance with Table 8.10.4.2.

Table 8.10.4.2—Distribution coefficients for end
spans

Slab without
beams between
Slab with | interior supports
Exterior beams Without | With | Exterior
edge between all edge edge | edge fully
unrestrained | supports beam beam | restrained
Interior 0.75 0.70 070 | 0.70 0.65
negative
Positive 0.63 0.57 0.52 0.50 0.35
Exterlor 0 0.16 026 | 030 0.65
negative

8.10.4.3 Modification of negative and positive factored
moments by up to 10 percent shall be permitted if the
total factored static moment for a panel, M,, in the dircc-
tion considered is at least that calculated by Eq. (8.10.3.2).
Moment redistribution in accordance with 6.6.5 is not
permitted.

8.10.4.4 Critical section for negative M, shall be at the
face of rectangular supports.

8.10.4.5 Negative M, shall be the greater of the two inte-
rior negative M, calculated for spans framing into a common
support unless an analysis 1s made to distribute the unbal-
anced moment in accordance with stiffnesses of adjoining
clements.
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' 53m
T \ \ | 5.3m
T \ i 5.3m

! _ 1NN + }

design strip
67m | 67m
T

€,=5.3-0.45=4.85m

n

Slab-beam
strip £2/2
: O . Jgiw 3198 0990
Centerline P I ottt g
of panel £, —<fF+—
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8.10.5 Factored moments in column strips

e e

8.10.5.1 The column strip shall resist the portion of inte-

rior negative M,, in accordance with Table 8.10.5.1.

Ln=5.3-0.45 Ln=5.3-0.45

2z

Table 8.10.5.1—Portion of interior negative M, in 4 o7 ’
column strip S e
£/t
anlr/ty 0.5 1.0 2.0
0 075 075 075 kg
>1.0 0.90 0.75 045 )
Note: Linear interpolations shall be made between values shown.

8.10.5.2 The column strip shall resist the portion of exterior
negative M, in accordance with Table 8.10.5.2.

Table 8.10.5.2—Portion of exterior negative M, in

column strip o ly 4y
72 100 - 1OBt + 12Bt ( 1 - £_

4 1
uﬂlz/ll B 0.5 1.0 2.0
0 0 1.0 1.0 1.0
>2.5 0.75 0.75 0.75
0 1.0 1.0 1.0
>1.0
>25 0.90 0.75 045

Note: Linear interpolations shall be made between values shown. B is calculated using
Eq. (8.10.5.2a), where C is calculated using Eq. (8.10.5.2b).

B, =—2 (8.10.5.2a)

3
Cc= 2(1— 0.631jﬂ (8.10.5.2b)
y) 3
8.10.5.3 For T- or L-sections, it shall be permitted to
calculate the constant C in Eq. (8.10.5.2b) by dividing the
section, as given in 8.4.1.8, into scparate rectangular parts
and summing the values of C for cach part. AETRETY

8.10.5.4 If the width of the column or wall is at least (3/4)£;,
negative M), shall be uniformly distributed across £,.

€,=5.3-0.45=4.85m

8.10.5.5 The column strip shall resist the portion of posi-
tive M, in accordance with Table 8.10.5.5.

Table 8.10.5.5—Portion of positive M, in column strip

[223)
anby/ty 0.5 1.0 2.0
0 0.60 0.60 0.60
>1.0 0.90 0.75 045

Note: Linear interpolations shall be made between values shown.

8.10.5.6 For slabs with beams between supports, the slab
portion of column strips shall resist column strip moments
not resisted by beams.

DU\ VI A U 10 153X55
C= (1 - 0.63—)T + (1 —0.63 —)— = 736529 cm* =1.954 < 2.5

70 55 3 - b= 2 % 670x153
12

aril,  3.1%6.7

=391 >1
L 5.3

- USE1

arly L, 6.7
Mygc—gxr = 100 — 108, + 128, l (1 — L—) =100 — 19.54 + 12 X 1.954 X 1 X (1 - E)
1 1 .

= 74.26%

afllz L2 67
Mpos—_gxr = 60 + 30 [ 1= (1.5 - —) =60 + 30(1) (1.5 - —) =67.07%
L L 5.3

af1l2 L, 6.7

5.3
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M= - 4034‘ kg.m M= -17651 kg.m
M.Col.Strip=0.74*M= - 2996 kKe.m 1y co| Strip=0.67*M= - 11840 kg.m

M.Mid.Strip=0.26"M= - 1038 kg.m 11 niid Strip=0.33*M-= - 5812 kg.m

\

M= - 16390 kg.m
M.Col.Strip=0.67*M= - 10994 kg.m
M.Mid.Strip=0.33*M= - 5396 kg.m

M= + 14373 kg.m
M.Col.Strip=0.67*M= + 9641 kg.m
M.Mid.Strip=0.33*M= + 4732 kg.m

M= + 8825 kg.m
M.Col.Strip=0.67*M= + 5920 kg.m
M.Mid.Strip=0.33*M= + 2906 kg.m

8.10.5.7 Factored moments in beams

8.10.5.7.1 Beams between supports shall resist the portion
of column strip M, in accordance with Table 8.10.5.7.1.

Table 8.10.5.7Z.1—Portion of column strip M, in

beams
unlyfty Distribution coefficient
0 0
>1.0 0.85

Note: Linear interpolation shall be made between values shown.

8.10.5.7.2 In addition to moments calculated according to
8.10.5.7.1, beams shall resist moments caused by factored
loads applied directly to the beams, including the weight of
the beam stem above and below the slab.

8.10.6 Factored moments in middle strips

8.10.6.1 That portion of negative and positive factored
moments not resisted by column strips shall be proportion-
ately assigned to corresponding half middle strips.

8.10.6.2 Each middle strip shall resist the sum of the
moments assigned to its two half middle strips.

8.10.6.3 A middle strip adjacent and parallel to a wall-
supported edge shall resist twice the moment assigned to the
half middle strip corresponding to the first row of interior
supports.
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D=0.6t/m*
— 2 — 2 : -
J. =200kg/cm® , f =4000kg/cm ol W oF cr39 o558,
A - L=0.4
= ~—r| M,=3Ttm , M_=59m q
B :1! —————————— « :i 'I— M, =4.6tm , M =T74m (v
ﬁiﬂ y iy M, =69m , M_=110tm v
i’ l__ “J l"’ M, =86tm , M _=130tm ¢
C W - —— - —w g4
¥ i N
[ 6.0m | I
Yoy
L, L2 (12%0.6+1.6X 0.4) X 4 X (6 — 0.4)?
My, = 82 n_( = ) ( ) o 132tonm - M; = 0.35M,, = 7.46 t.m.
L2 (12%0.6+1.6X0.4) X 6 X (4 — 0.4)2
My, = q”82 n_ ¢ 5 ) ( ) 132tmm - M; = 0.35M,, = 4.62 t.m.
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8.7.3 Corner restraint in slabs

8.7.3.1 At cxterior corners of slabs supported by edge
walls or where one or more edge beams have a value of as
greater than 1.0, reinforcement at top and bottom of slab
shall be designed to resist M, per unit width due to corner
effects equal to the maximum positive M, per unit width in
the slab panel.

8.7.3.1.1 Factored moment duc to corner effects, M,,, shall
be assumed to be about an axis perpendicular to the diag-
onal from the corner in the top of the slab and about an axis
parallel to the diagonal from the corner in the bottom of the
slab.

8.7.3.1.2 Reinforcement shall be provided for a distance in
cach direction from the corner equal to one-fifth the longer
span.

8.7.3.1.3 Rcinforcement shall be placed parallel to the
diagonal in the top of the slab and perpendicular to the diag-
onal in the bottom of the slab. Alternatively, reinforcement
shall be placed in two layers parallel to the sides of the slab
in both the top and bottom of the slab.

www.hoseinzadeh.net Yy
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R8.7.3 Corner restraint in slabs

R8.7.3.1 Unrestrained corners of two-way slabs tend
lift when loaded. If this lifting tendency is restrained by ed;
walls or beams, bending moments result in the slab. Tt
section requires reinforcement to resist these moments ai
control cracking. Reinforcement provided for flexure in t
primary directions may be used to satisfy this requiremei
Refer to Fig. R8.7.3.1.

| LLang
! (Lrong)/5
| |
T <
_____________ o2e% L
l B-1 o eto% g‘
! As top per 8.7.3 —4 .9 iy ]
! As bottom per 8.7.3 : é
l N ~
0
l |
|
] I
OPTION 1
! ‘-Long
! (Liong)/5
| |
w —g
| B-1 —g’
~
| d
! Ag per 8.7.3 I E
| top and bottom NI ~
m!
i |
|
| I

OPTION 2
Notes:

1. Applies where B-1 or B-2 has a¢ >1.0

2. Max. bar spacing 2h, where h = slab thickness.
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FIGURE 128 Two-way or punching shear.
C1+d/2 +d/2
At

[———7
I |:| I C24d/2+d/2
| |
| |

L —a

b0=2xC1+2xC2+4d

/ b =C1+C2+d

b = C1+2xC2+2d 0

Jcnd/z

C1+d/2
C1+d/2 +d/2
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22.6—Two-way shear strength

22.6.4 Critical sections for two-way members

22.6.4.1 For two-way shear, critical sections shall be
located so that the perimeter b, is a minimum but need not
be closer than d/2 to (a) and (b):

(a) Edges or comers of columns, concentrated loads, or
reaction areas

(b) Changes in slab or footing thickness, such as edges of
capitals, drop panels, or shear caps

22.6.4.1.1 For square or rectangular columns, concentrated
loads, or reaction areas, critical sections for two-way shear
in accordance with 22.6.4.1(a) and (b) shall be permitted to
be defined assuming straight sides.

22.6.4.1.2 For a circular or regular polygon-shaped
column, critical sections for two-way shear in accordance
with 22.6.4.1(a) and (b) shall be permitted to be defined
assuming a square column of equivalent area.

22.6.4.2 For two-way members reinforced with headed
shear reinforcement or single- or multi-leg stirrups, a critical
section with perimeter b, located d/2 beyond the outermost
peripheral line of shear reinforcement shall also be consid-
ered. The shape of this critical section shall be a polygon
selected to minimize b,,.

www.hoseinzadeh.net Yo-

22.6.5 Two-way shear strength provided by concrete
22.6.5.1 For nonprestressed two-way members, v, shall

be calgulated in accordance with 22.6.5.2. For prestressed
two-way members, v, shall be calculated in accordance with

(a) or (b):

(a) 22652
(b) 22.6.5.5, if the conditions of 22.6.5.4 are satisfied

22.6.5.2 v, shall be calculated in accordance with Table
22.65.2.

Table 22.6.5.2—Calculation of v, for two-way shear
Ve
0.330/7 @
0.17 [1 + ij_ ®
JXJ_ ©

Note: p is the ratio of long side to short side of the column, concentrated load, or reac-
tion arca and a is given in 22.6.5.3.

Least of (a), (b), and (c):

0 083(

22.6.5.3 The value of a, is 40 for interior columns, 30 for

edge columns, and 20 for corner columns.

\.-—--—-——-—--

\7 vy
|| / , \Crmcal section

(22.6.4.1)

/\ Effective load area

Actual load area

a
In = - ’ B:b—:

Fig. R22.6.5.2—Value of B for a nonrectangular loaded area
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22.6.6 Maximum shear for two-way members with shear
reinforcement

22.6.6.1 For two-way members with shear reinforcement,
the value of v, calculated at critical sections shall not exceed
the limits in Table 22.6.6.1.

Table 22.6.6.1—Maximum v, for two-way members
with shear reinforcement

i Maximum v, at Maximum v, at
Type of shear critical sections critical section
reinforcement | defined in 22.6.4.1 defined in 22.6.4.2
$tirrups 0. 17?‘\/fc, (a) 0-171\/](; (b)
_'}EIeaded
shearstud | 0250 @  01TMfS | @
reinforcement

22.6.6.2 For two-way members with shear reinforcement,
effective depth shall be selected such that v, calculated at
critical sections does not exceed the values in Table 22.6.6.2

Table 22.6.6.2—Maximum v, for two-way members
with shear reinforcement

Maximum v, at critical sections
defined in 22.6.4.1

Type of shear reinforcement

Headed shear stud .
reinforcement ¢O'66 \/Z ()
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l. 200mm , 30 mm_
I F L

.

2800 ¢4
3000 ¢r
T 3200 ¢v
3400 ¢

300 mm

300 mm

Y oays
oduzxiw 100mMm alols 4 b b il (0 200mMm s Sge Gos aS0l a4 az g b 0gd co dulee (gt 51 d/2 alold & mil lae

Py (o0
by = 800 + 441 + 505.8 + 441 + 800 = 2987.8 mm

1004300+100 x tg 22.5 =441 mm‘

o

100 45

100 2x100 x tg 22.5 +300x1.41=505.8

100

— ] 300

600+200=800 mm / ) ——

\100+300+100 x tg 225° =441 mm‘

100

600+200=800 mm
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U 5550 alold U g plicie (gdaame b 9 5o (ygv 4dyb 30 JI0 b ae)l s e lar S 50 =Y
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Fouwl 250035 23 polie 1 Sy plaS & (Jlee et S g9y JI0 4db

460 (¥ 540 (v 690 (Y 814 (
¥oans
0.33 ( 0.33 \
017(1+7) 0.17(1+2) =051
oV, = pMin ' B Jf!bod = pMin ' ( +T) o NI
0083(“"Xd+2) 0083(4OX180+2>—042
> by ) ' 2320 o

= 0.33./f/boyd = 0.75 x 0.33v25 x 2320 x 180 = 516780 N = 517 kN
Table 22.6.5.2—Calculation of v. for two-way shear

Ve

033041/ @
2 ’
Least of (a), (b), and (c): 0.17 [l + EJ WL ®

d
0_083[2+°;; Jx\/f' ©

(2
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550 ()
§._r // 850 (v
E 1250 (v
1700 (¥
¥ oaus
400
bo =650 + 650 = 1300mm =, =1 a; =20
0.33 ( 0.33 \
017(1+2) 0.17(1 2 0.51
- - : +-)=0.
B Jf!bod = pMin ( 1) NN
0083(%Xd+2) 0083(20X500+2>—08
: b ' 1300 e

0
= ¢0.33,/f/bod = 0.75 x 0.33V25 x 1300 x 500 = 804375 N = 804 kN

/‘650 mm

R

400 mm

_

650 mm ——
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(o id poo S0 JUSH 531 51 Sl 35 (ruizpod ol (Jpans 3 C25 £95 51 oy 3

iﬂ_ﬂmn‘l $00 mm 6430
-
W7 9150 (v
§l_ i
3350 (¥
FR3D (¥
b, = (400 + 500) x 2 4+ 1100 + 1100 + 500 = 4500mm
0.33 0.33
0.17 (1 + 2) 2
. : ri _ 0.17 (1 + —) =0.51
V. = pMin B \/Ebod = @Min 1 \/Ebod
0.083 (“°Xd+2> Lo 083 (3o><11oo+2) —077J
> by ) ' 4500 =
= ¢0.33\/f/byd = 0.75 x 0.33V25 X 4500 x 1100 = 6125625 N = 6125 kN
0 Slewle

@iy dako b (Glao (i SO ety ST I S adybys by paliie gy STas -YF

39500yT 31 51 .Gl 137 guialaS 635 (09t o0lisiw! (o9 KBNS Uy 2y ya3le,T 5 azmilin

3t SV g3 lanogi 1y (5 9igleS T03 U palie (o251 5955 Do o0 99 o3liuwl (S o

3 SaolaS a3 KN s 31 o0l Cansddy paliio o g9 (S9 g 5 Coygu0 o) )0 905 u.:.nij'

() Comd ol ablgd By bt 3 sgkiielfog uale Kudp iy sloeiys

P 290 (B9 9 0391 0.1 S9ur (St alae bamme 4y IS yi3e Gos Sy ))
Jogd oo Jiko (yoim s JI5 31 gloadd Jolae

1338 (f 1020 (¥ 950 (¥ 703 (N
Yoans
inlple Wb oo SRolS Grai 4 g (S Coglite (o8 0 Ko (599331 L
oV, = oV, + @V, = 62—5+ 703 = 1020.5 kN

ke yiSlas cnlply a3l 0 635 KN iy @V = 0033/ fbod Jako aSul &y az55 b 09, 513 90.5flbod §l wls b e

b el plp @V Gl Js8 S8
@V, < 90.5\/f/bod = 1.5 X 635 = 952.5 kN

22.6.6.2 For two-way members with shear reinforcement,
effective depth shall be selected such that v, calculated at
critical sections does not exceed the values in Table 22.6.6.2

Table 22.6.6.2—Maximum v, for two-way members
with shear reinforcement

Maximum v, at critical sections
Type of shear reinforcement defined in 22.6.4.1
Stirrups ¢0.5 ,/ fc' (@
Headed shear stud M
reinforcement ¢O'66 fc ®
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(&) Transfer of unbalanced moments to column.
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(b) Shear stresses due to V.

(¢} Shear due to unbalanced moment.
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{d) Total shear stresses.
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(a) Critical perimeter of an interior column.
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(c) Critical shear perimeter of corner column.
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13.3.3 Two-way isolated footings

13.3.3.1 The design and detailing of two-way isolated
footings shall be in accordance with this section and the
applicable provisions of Chapter 7 and Chapter 8.

13.3.3.2 In square two-way footings, reinforcement shall
be distributed uniformly across entire width of footing in
both directions.

13.3.3.3 In rectangular footings, reinforcement shall be
distributed in accordance with (a) and (b):

(a) Reinforcement in the long direction shall be distributed
uniformly across entire width of footing.

(b) For reinforcement in the short direction, a portion of
the total reinforcement, y,A4,, shall be distributed uniformly
over a band width equal to the length of short side of
footing, centered on centerline of column or pedestal.
Remainder of reinforcement required in the short direc-
tion, (1 — y,)A4;, shall be distributed uniformly outside the
center band width of footing, where 7y is calculated by:

(13.33.3)

where P 1s the ratio of long to short side of footing.
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14.4.3 Footings
14.4.3.1 General

14.4.3.1.1 For footings supporting circular or regular
polygon-shaped concrete columns or pedestals, it shall be
permitted to assume a square section of equivalent area for
determining critical sections.
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13.3—Shallow foundations
13.3.4 Two-way combined footings and mat foundations

13.3.4.4 Minimum reinforcement in nonprestressed mat
foundations shall be in accordance with 8.6.1.1.

CHAPTER 8—TWO-WAY SLABS

8.6—Reinforcement limits
8.6.1 Minimum flexural reinforcement in nonprestressed

puy iy A
\zans

8.6.1.1 A minimum area of flexural reinforcement, A, min,
shall be provided near the tension face in the direction of the
span under consideration in accordance with Table 8.6.1.1.

Table 8.6.1.1—A; ,» for nonprestressed two-way
slabs

& S wiS oYgd JBlas -V-YY

R8.6.1 Minimum flexural reinforcement in nonprestressed
slabs

R8.6.1.1 The required area of deformed or welded wire
reinforcement used as minimum flexural reinforcement is
the same as that required for shrinkage and temperature in
24.4.3.2. However, whereas shrinkage and temperature rein-
forcement is permitted to be distributed between the two

faces of the slab as deemed appropriate for specific condi-

tions, minimum flexural reinforcement should be placed as
close as practicable to the face of the concrete in tension due
to applied loads.

Figure R8.6.1.1 illustrates the arrangement of minimum
reinforcement required near the top of a two-way slab
supporting uniform gravity load. The bar cutoff points are
based on the requirements shown in Fig. 8.7.4.1 3a.

Reinforcement
type f,» MPa A, iy mm’®
Deformed bars <420 0.00204,
Deformed bars 0.0018 x 420 A
or welded wire >420 Greater of: £, €
reinforcement
0.00144,

www.hoseinzadeh.net v5s

To improve crack control and to intercept potential
punching shear cracks with tension reinforcement, the
licensed design professional should consider specifying
continuous reinforcement in each direction near both faces
of thick two-way slabs, such as transfer slabs, podium slabs,
and mat foundations. Also refer to R8.7.4.1.3.
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