CE 270

Fall 2011

Problem Set 5 (Bending Stress and Strain) Solution
+6—4Y. Determine the maximum Llensile and compressive
bending stress in the beam if it is subjected to a moment of
M =4kip-ft

Secrion Properties:
Iy A
ZA
0.25(4)(0.53) + 2[2(3)(0.5)] + 5.5(10)(0.5) :
= — = 340 in.
4(0.5) + 2{(3)(0.5)] + 10(0.5)

_ﬁ:

Ing= 1'—2{41(&53) + 4(0.5)(3.40 — 0.25)°

1 - ’
+2 E[D.S}GJJ + 0.5(3)(3.40 — 2}-1

- %{‘D.S}[li}"} + 0.5(10)(5.5 — 3.40)°
= 91.73 in*
; S ; Me
Maximum Bending Stress: Applying the flexure formula o, = T

$(10°)(12)(10.5 — 3.40) . .

(o )max = = 3715.12 psi = 3.72 ksi Ans,

91.73

4(10°)(12)(3.40) . .

() ma = T = 1779.07 psL = 1.78 ksi Ans,

0.5 in.
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“h—h8,

The rod is supported by smooth journal bearings at

A and B that only exert vertical reactions on the shaft.
Determine its smallest diameter & if the allowable bending

siress is o, = 180 MPa,

Allowable Bending Stress: The maximum moment is M., = 11.34 kN -m as
indicated on the moment diagram. Applying the flexure formula

T max

180 10°)

= Uallow =

5= an c
f

11.34(10%)(4)

gy

d = (L08626 m = 86.3 mm

Ans.
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«6—6Y, Two designs for a beam are to be considered.
Determine which one will support 8 moment of M =
150 kN - m with the least amount of bending stress. What is
that stress?

Section Property:

For section (a)

_ 1 223 1 3 _ =13 4
I = E{G.Z}{D_u ) — Etﬂ.l?}{l}j} = 0.21645(10 ) m

For section (b)

e (0.2)(036%) — ]%{{}.135}[0.33} = 0.36135(10%) m*

12
. ; ; Mc
Maximum Bending Stress: Applying the flexure formula o, = v
For section (a)
_ 150(10%)(0.165) - TS
Tmax T 0216451077
For section (b)
150(10°)(0.18)
=———— = T4T72 MPa = 74.7 MPa Ans.

Tmax = 0 36135(10°7)
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*6—140. The low strength concrete floor slab is integrated
with a wide-flange A-36 steel beam using shear studs (not
shown) to form the composite beam. If the allowable
bending stress for the concrete is (oyuw)oon = 10 MPa, and
allowable bending stress for steel is (o) = 165 MPa,
determine the maximum allowable internal moment M that
can be applied to the beam.

Section Properties: The beam cross section will be transformed into

E,, 2.1

that of steel. Here. n= E, =ﬁ=i}.lil}5. Thus,

by = nb,,, = 0.1105(1) = (L1105 m. The location of the transformed section is

_ SyA
Y=73a

_ 0.0075(0.015)(0:2) + 0.2(0.37)(0.015) + 0.3925(0.015)(0.2) + 0.45(0.1)(0.1105)

0.015(0.2) + 0.37(0.015) + 0.015(0.2) + 0.1(0.1105)

= 03222 m

The moment of inertia of the transformed section about the neutral axis is

- 1 g
I =357+ Ad> = ﬁmz}(n.t}la )
+ 0.2(0.015)(0.3222 — 0.0075)

s 1—12{0.015)(:).373] + 0.015(0.37)(03222 — 0.2)2
+ 1’—2{0.2;(0.0153} + 02(0.015)(0.3925 — 0.3222)%

1 ; ;
+ E([}.IIDS](D.I’) + 0.1105(0.1)(0.45 — 0.3222)°

= 647.93(107%) m*
Bending Stress: Assuming failure of steel,

Mc, _ M(0.3222)
alowlse = ——:  165(10%) = —————
Gt (i) 647.93(10°9)

M =3317T7T052N-m =332 kN-m

Assuming failure of concrete.

Me,,,

M(0.5 — 03222
(ratiow)eon = 1 7 H ]'D(lﬂﬁ] = (.1105 ;

647.93(10°°)

M = 329849.77 N-m = 330 kN - m {(controls) Ans.

6-49, 6-



