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- P' = 150 1b
P'=1501b

M =7501b - in.

P = 150 1b 80 lb 80 lb

P = 1501b

il . M =960 1b - in. M’ =9601b - in.
p

(b)
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F,=Joy, dA=0
My =Jzoy dA=0
M, =[-yo, dA=M

(b) Longitudinal, horizontal section

(a) Longitudinal, vertical section
(plane of symmetry)
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Neutral
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I [ | | | i’ | 1 | u
For a linearly elastic material,

Ee YEe = —Xam (stress varies linearly)
C C
y

For static equilibrium,

Fy=0=[oy dA= I——O‘m dA 7
Oz—a—mjydA
C
M = [-yo, da=]-y[ Lo, |da= 2= [y? ga= 22!
C C C
Mc M
O'm:—:—
S
O'X:—Xam ax——w
c |
WWW.AEGHBALI.BLOG.IR . ~ An[=
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A = 24 in2

T The maximum normal stress due to bending,

h=8in. Mc M

J MU TS

| =section moment of inertia

I .
S = — = section modulus
C

| | ,, | 5Dbh
I E— s S=-=12"" _1pp3_1pph
! c h2 6 6
l il i 7
(@) S-beam (b) W-beam
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755
Appendix C. Properties of Rolled-Steel Shapes
(SI Units)
S Shapes
(American Standard Shapes)
Flange
Web Axis X-X Axis Y-Y
Thick- | Thick-
Area Depth | Width ness ness I, S, Iy I, S, r,
Designationf A, mm? d,mm | b,mm f,mm | t, mm | 10°mm* 10°mm?® mm [10°mm* 10°mm® mm
S610 X 180 22900 622 204 27.7 20.3 1320 4240 240 | 349 341 39.0
158 20100 622 200 27.1 157 1230 3950 247 325 321 39.9
149 19000 610 184 22.1 18.9 995 3260 229 |20.2 215 323
134 17100 610 181 22.1 15.9 938 3080 234 119.0 206 33.0
119 15200 610 178 22.1 127 878 2880 240 | 179 198 34.0
S510 X 143 18200 516 183 234 20.3 700 2710 196 1213 228 339
128 16400 516 179 234 16.8 658 2550 200 1197 216 344
112 14200 508 162 20.2 16.1 530 2090 193 | 126 152 29.5
98.3 12500 508 159 202 12.8 495 1950 199 | 118 145 30.4
S460 X 104 13300 457 159 17.6 18.1 385 1685 170 [104 127 27.5
81.4 10400 457 152 17.6 11.7 333 1460 179 8.83 113 28.8
S380 X 74 9500 381 143 15.6 14.0 201 1060 145 6.65 90.8 26.1
64 8150 381 140 15.8 104 185 971 151 6.15 85.7 27.1
WWW.AEGHBALI.BLOG.IR . = =
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wu l o ” [ = i' w-'-u l: o 1) N

Y
» C
1:5m:0m: 1 I\/IC:I\/I
p ¢ Ec Ec | El
&, =—VE, = v
. P
= ’l gz - _V(C;X - ﬂ
2 P
Neutral axis of \‘ I
transverse section \ ,'
P / 1 v . :
p=p || — = —anticlastic curvature
i PP
\.'Lc'
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) E =165 GPa

20 mm o .
- & (a) The maximum tensile

40 mm

(b) The compressive stresses

(c) The radius of curvature

12 mmT—
1= %0 mz]() T e % 18 mm_‘:
l L //' | r "
Yo = 20 mm “_—*l
30 mm
2 | o . 3 _
Area, mm< | y,mm YA, mm IX,=Z(I+Ad2)=Z(ﬁbh3+Ad2)
1|20x90=1800 | 50 90x10° 1 ; )
40x30=1200 | 20 24x103  ~ (¢90 20° +1800x12°)
" A =3000 S yA =114x10° +(:30x40° +120018?)
- 3 | =868x10°mm =868x10"m*
¢_XYA_114x10° .
SA 3000

WWW.AEGHBALI.BLOG.IR o — boos yaald
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o Mes_ 3KN-mx0.022m _ o o

868 x10°mm*
~ 3kN-mx0.038m

I
Mg,

Og = = - — = -131.3MPa
I 868 x10 " mm

¢y = 0.022m '

:cB=O.038m ' E:M _ 3KkN-m

- p El (165GPa)868x10°m*)
L 2095%x103m?
o,

/— Center of curvature p=47.7m
WWW.AEGHBALI.BLOG.IR o)len Juos — | pllas Crsglis
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.l". :'”U.u"l " ”: on -

y y o =—¥
01 = Oy o9 =Noy
Ux o, = E¢, =—%
o,=E,¢, = —%
dF, =0'1dA=—%dA
dF, :GZdA:—%dA
" dF, =—@dA=—ﬂ(ndA)
P P
E
!: nb =! " :_j
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- |
0.4 in. »1 F*Lm»‘ '« 0.4 in u ,..iﬂ
= _

(Es = 29x106 psi) and (Eb = 15x106 psi)

Determine the maximum stress in the steel and brass
when a moment of 40 kip*in is applied.

3in.
6 .
_Es _ 29><1O6 ps_l 1933
T E, 15x10°psi
Brass Brass bT =0.4in+1.933x0.75IN+0.4in =2.25In

| =1b.h®=21(2.25in.)3in)’ =5.063in*
0.4 in.»’ ‘<— 1.45 in.—»l I«— 0.4 in.
‘ j oo = Mc _ (40kip -in )1.5in) 1185 ks

s LB I 5.063in*
N. Al. (O-b )max =Om
(05 )pay = Nom =1.933x11.85 ksi
All brass (O.b )max —11.85 ksi
e 2.95in. — (05 Jmay = 22.9ksi
;3 WWWAEGHBALLBLOG.IR e)les Juos — | allos Creglis
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Ul.o

5/8-in-diameter steel rods

E = 29x106psi for steel

E = 3.6x106psi for concrete

Bending moment of 40 kip*in for 1-ft width
Determine the max. stress in Both

Es _ 29x10° psi
Ec 3.6x10° psi

A :8.06x2[%(g in } - 4.95in?

=8.06

12x(5J ~4.95(4-x)=0  x=1.450in

_ Mc; 40kip-inx1.45in

o, = — =1.306ksli
| 44 .41n
o, = 18.52 ki 5. =n Mc, _ 8.06 40Kip-in >< 24.55|n _18.50ksi
I 44.41n
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—
I

2ol

B\

2.4 \\\\\\ g.: 3

AN

K 2.0 \ \ WY \151~
1.8 K1 N
\\ \ 1.1
1.6 [ AN\ \Qt\Q
—~—
e W T
1.2 1.01 3.0
1.0 2.8
0 0.05 0.10 0.15 0.20 0.25 03
r/d 2.6 a
24 i
NN
Mc <20~ RN
om =K— 18 \\\\\
m I 1.6 il T \
: \\._ ———
1.4 s o
1.2
1.0
0 0.05 0.10 0.15 0.20 0.25 0.30
r/d
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M’

max

max

«——Rp
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2w igimIl oleo

PLASTIC ~ 9y
- 2

7 C
= y, = elastic core half - thickness
PLASTIC —C P =0y
(C)M>MY
y -
<A M, =3 M, =plastic moment
- 7, k = —% =shape factor
. M y
R (depends only on cross section shape)
(d)M = MP
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