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Sheet 4 : Bending Stresses

1- A bending test was carried out on a steel beam having a cross section 4x8
cm and 80 cm span length. The beam is centrally loaded. the load (P),

and the middle deflectiorc (y) were as follows :
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Draw the load deflection diagram and determine:

- Proportional limit stress. - Modulus of elasticity.

- Modulus of rapture. - Elastic energy stored in beam.

- Modulus of resilience.

1- (Proportional limit stress) = G

I, = (Bisasesll * sl ) /12 = (478))/12= 170.67 cm’
L Ymax =4 Cm, ™ (Proportional limit force) Ppro = ;8-Q_O_kg
5 M o = Poro* L(sP@N) /4= (800*80)/4 = 16000 kg.cm

r- 0'pr = (M pro* Ymax )/

[

I, =( 16000 * 4) / 170.67 =374.993 kg/cm’

| 2- (Modulus of elasticity) E ()
at P =200 kg (deflection) §=0.5mm
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= (P*L’)/(48*E*1,)

= 0.5/10 = (200*80%)/(48*E*170.67)

* E=249995.12 kg /cm?
3- (Modulus of »raptAu’re_)_ = 'Ldu]t =(ultimate stress)

Poro 08 11 M= P L /4 = 1890*80/4 = 36400 kg.cm

# Out= max* Ymax / I = (36400*4) / 170.67 = 84844 kg/cm’

e aup. 4

4 - (Elastic energy stored in beam) = R
at Ppro =800 kg , Opro

R =0.5* Py * 8,0 = 0.5%800*0.2 = 80 kg.cm

5= (Modulus of resilience) = M.R

MR =0.5* g, * &, = R/ volume = 80 / (8*4*80) = 0.03125 kg/cm’

2- A simply supported beam with a rectangular cross section XxY,
Loaded by a distributed load W along its span L.

How is the stress changed by :reduéingtd_\hzilf each of:

- Distributed load W. - Length of span.

- width of the beam. - Depth of the beam.
Ymax =V/2 , Mmaxy = W*L?/8 1, = x_\’*%f’ , A = x*y

0 -M* Yoo I, = (W*L?/8) *¥0.5 y*(12/xy°)=(3/4)*(wL?/xy3) = (3/4)A
Where : A = (wL?/xy%)= (4/3) 6, constant
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(3/4)*(0.5W*L2)/(xy2)=(3/8)* (wWL?/xy®) =(3/8) A =(3/8)*(4/3) 6, =0.5 o,

2-When : 1,=0.5 L,
E‘Gz=(3/4)*(W*(0-5L)2)/(Xv2) = (3/4)*(w*0.25L%)/(xy") =

(3/16)*(wL*/xy*)=(3/16) A = (3/16)*(4/3) 0, = 025 61

3-When : X,=0.5 X,
fit}fcrz = (3/4)*(W*L)/(0.5xy*) = (3/2)*(WL¥/xy?) =(3/2) A= (3/2) *(4/3) 0; =

20

T —

4iWhen : V,=05 Vs

02 = (3/8)*(W*L)/(x*(0.5y)°) = (3/8)*(w*L)/(0.25xy?) =3* (wL?/xy’)

—3A=3*4/3)0; =4,

3-Bending test was carried out on a beam having H-cross
section as shown in figure, the beam is simply supported at
point's 500 cm apart, with two-third points loading.Strain
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| 8Uage was attached to the beam at the maximum deflecti' |
location. If the modulus Ofmﬂait"sc'ty is 8x1015 kg/cm.
asShWe

- What load is required to give strain reading of 0.003 7
- The maximum elastic deflectlon

- Elastlc strain energy stored in beam.
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E =8*1075 kg/cm?, €=0. 003 » Ymax = 2'2' _5 cm

maxB-M = 1/2*P*166 67 = 83 335Pt cm

— i oh\ SRR |

I=[ 2{((60*5°/12)+60*5*20%)+(5*35%/12)}]=276979.167 cm"

1- w0 = E* e = (8%(10"5))*0.003 = 2400 kg/cm?
0 =(Mmax™ Ymax )/ Ix= (8.3335*lz:‘qi\lOOO*ZZ.S)/276979.167 =2400

*6.77P=2400 - P = 354.51ton - P/2= 177.255 ton

r-wq, o TS E

2- (deflectlon)6

[T u':.m L A it gl HI R R

Bmax = (23/648)*(PLY/ E1)

L
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=(23/648)*(177.255*1000*(50073))/(8*(1075)* 276979-16‘;‘
355

3 elastic srain eergy sored n the bearm)
R =0.5"P*8max =0.5%177.255%3.55-314.63 t.cm
- 314627.625 kg

4- Determine the cross section dimensions of a 2.50 m simply
>Upported beam with two point loads applied at the fourth
Points under 3 totg| load of 4 tons and a distributed load
equal 1.5 t/m.The modulus of rupture js 800kg/cm? ,with

a depth equal to foyr times the width. Use design stress based
on the modulus of Fupture with a factor of safety equals 3.

maxB.-M = 1.25+1,172=

2422tm, Yp,=2bcm
L= (b*(4b)3)/12=j5i‘.3;3_l_54‘_~“t‘:ﬁ1-i ,modulus of rapture = cru,t=800kg/cm2

f.O.S = Oult / Oal = 800/O'all =3 b -3 -
—pm— e T — —— 1 N
- Gall = 266.67 kg/em? = . e
x 1 i

< Oalt = (Mmax* Ymax )/ L= (2.422%(1075)*2b)/(5.33b*) = 266.67
(90881.80113/b%) =266.67

b® = 340.8025

b =6.985019~7 cm - d=4y7=28cm
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Ol = (Mmax® Ynay )/ L= (2.422%(1075)*2b)/(5.33b%) = 266.67
(90881.80113/b%) = 266.67

b> =340.8025

- b =6.985019~7 cm - d=4.7=28cm
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