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Fxamople:

For the shown section find the shear stresses at points (a&b).
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Fxamople:

For the shown section find the max. shear sitresses and its
position and then draw <t A 50t
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Fxamople:

For the shown section find the max. shear sitresses and its

position and then draw 2t.
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Point (4)

g — 30 [ (30x5x16.76)] |
v  96123.8 10

= 0.08231t/Cm’ |

C.g

A~—~19.26—~

7 - 30 [ (30x5x16.76)]
Yown 96123.8 30 ’

= 0.02773 t/Cm? —

A~—~19.26—

.1 |

40.56 o - .9 il

37.54

9oz = 116.63 @3 |
82.31

27.73 4

G
Kg/cmé

Shear stress distribution

© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Shear Stresses due to Forces
Downloading or printing of these notes is allowed for personal use only.
Commercial use of these notes is not allowed. (www.yasserelleathy.com) Page NQ‘ 27



Point (4)
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Fxamople:

For the shown section find the shear sitresses at the
section (A-A).
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I.= [ (20) (30)° /12 + (20x30) (1.67)°]
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Fxample:

For the shown beam draw the shear stress distribution.

8t

3t/m 'l'
’ALIIIIIIIIIIIIAIII

~3Mm————3m—1.5m '——

~—30cmv

1 7 *
70ecmm 10em 10em

Beam Section

Shear force JI dad ol LlS 0l waus Shear stress)l dolew o

Q=%x% . Shear stressJ| dad sla3ys

82085 pey 5 olas yoydddl o (Al Sectiond] loasw O o oL i
O 85w of &us Shear force gSection_,.’ST Qe cuwasad Shear stress J|

. Shear stress a.le Section)..ST
S F.DJ) aus 3 S g Shear force ayle Section J.ST 43 4o

8t
3t/m ¢
| 1 1

I I I
AN
Im————3m Om ——

12.4375¢ 18.0625¢

12.4375¢%

4.5t
3.43751
+

Ay 4.5625t —

S.F.D 13.5625t
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Beam Section Qrnax. = 13.56251

TA=10x30+ 10x30 =600 cm? :%
S XAxY S
=54 g
?_(10)(30)(15)+(10)(30)(35) l
B 600 £ % 7 g
=25 em 10cm 10cm 10cm

I-= [ (30) (10)° /12 + (30x10) (10)%]
+ [ (10) (30) /°12 + (30) (10) (10)°]

= 85000 cm’
Point (1) & (4)

1
S = 0 zt %
q,-9q,= Q S _Q 0 T3 :
4] |

7% " 7% 0 é
Point (2) R
{
‘1=%x% 10cm  10cm 10em
13.5625 (30x10x10)
qz = X
Up 85000 30
=0.016 t/cm®
13.5625 (30x10x10)
qz = X
down 85000 10
= 0.0478 t/sz
Point (3)
13.5625  (25x10x12.5)
q3 = X
85000 10

= 0.0498 t/Cm’
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0.016
0.0478 24
0.0498 __i__
3
|

4
t/cm° +

Shear stress distridbution

"RIRET IR

SLLasd) o3 td of e S5 ¥ Jiwl o e 4lsw Shear forceld! olosl
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Fxample:

For the shown beam draw the S.F.D then find the moax. shear
stresses and tfs position at the beam section and then draw at.

6t 18t
<] | o
S HEEEEEEEEEEEEEE
rAS

AN
2m =—3m———=3m—————6bm—

/—}800

£ 7 7
10ecm  10em 10em

Beam Section

6t 18t

' v it

AN
— 2m Im————3m———6m

26.51 21.51
20.5t
* 2.5t
T S.F.D
6t —
_21.6t
N
Qnax. = 21.5t
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Beam Section Qraz. = 21.5

TA=10x30+ 10x30 =600 cm? :%
S XAxY S
=54 g
?_(10)(30)(15)+(10)(30)(35) l
B 600 £ % 7 g
=25 em 10cm 10cm 10cm

I-= [ (30) (10)° /12 + (30x10) (10)%]
+ [ (10) (30) /°12 + (30) (10) (10)°]

= 85000 cm’
Point (1) & (4)

*1

S =0 2’ %
| 2
41 |

T°% ~ 7% 9 é
Point (2) f
_i i 1 7 A
q = T x 2 10crn 10cem 10em
21.5 (30x10x10)
qz = X
= 0.02593 t/Cm’
21.5 (30x10x10)
q,g = X
down 85000 10
= 0.07588 t/Cm?
Point (3)
21.5 (25x10x12.5)
q3 = x
85000 10

=0.07194 t/cm’
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0.02593 2,

0.07588
0.07904 _ i _

4
t/Cm® +

Shear stress distribution
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Fxamople:

For the shown beam find the maximum value for the load (w)

so that the maximum shear stress dosen’t exceed 0.9 t/em?.

w t/m
/I I O I B e
AN Ay
— 61y -2~
w t/m

TZm*
5.33w

2.67w .
RN
AN
Qraz. = (3.33w) t 3.33w
For Rectangular section: g, is at C.g
Q. = 1-9 Ai
0.90 t/om’ =1.5 233

w=126t\m
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Fxamople:

For the shown beam find the maximum value for the load (P)
so that the marimum shear stress dosen’t exceed 0.8 t/cm?.
then find the maximum shear stress at point (A).

S
:}S 6P 18P 10P
v vy
/

3 /AN pay
:IL — 2m —=3m——3m——3m—

S
S
—*30crmA——
10ecm 170ecm
6P 18P 10P
vy
/ yy
22.66P 11.34P
S.F.D 16.66P
Qu-a =(6P)¢ 6P 1.84P .@
Q ox=(16.66P) t 11.34P

ST 565 JWL 5 C.g JI aae Section ) b (o,e J3T
. C.gJdl vse Shear stress
L.=[ (50) (80)°/12]~ [ (30) (60)°/ 12 ]
= 1593333 cm’
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~ 9.5
I=—7F =2

__16.66P (50x10x35)+(30x10x15x2)
maz 1593333 20

= 0.01386P t/Cm®

0.01386P t/Cm® = 0.80

P =57.72t

Q.4 =(6P)t =(6x57.72) = 346.32t

At Sec. A-A

_Q .S
I=—Fx-5

__346.32 (50x10x35)+(30x10x15x2)
4-4 1593333 20

= 0.288 t/cm®

© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Shear Stresses due to Forces
Downloading or printing of these notes is allowed for personal use only.
Commercial use of these notes is not allowed. (www.yasserelleathy.com) Page NQ‘ 38



Fxamople:

For the shown section find the max. shear stresses and ils
position and then draw 4f.

» 50t

laale Jei) 5 ddama) Olus (Sed) (o

2 2
9 =Va;+Q, 61.033%

Q, = V50%+ 35° = 61.0331

A= tR? = ®25%°=1963.5 Cm? _ i -
_ 4 9

Imnaz. = 3~ 7 |
4 61.083 _ 2
= 3 Joeg = = 0.04144 t/Cm

67.033%
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EXAMPLE

For the shown section find the max. shear stresses and its position
and then draw it. 50t

Q /I = constant
qa ( S/b)
q max. @ ( S/b) max.

S=[(1/2)(Y)(b)][23.33-2/37Y]

S=({bY)(11.66y-1/3y?

S/b=11.66y-1/3y

d(S/b) /d(y)=11.66-2/3y
d(S/b) /d(y) =0
y=17.5cm

(S/b)max.=11.66x17.5-1/3x17.52=102.07166 cm?

© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Shear Stresses due to Forces
Downloading or printing of these notes is allowed for personal use only.
Commercial use of these notes is not allowed. (www.yasserelleathy.com) Page NQ‘ 40



gqmax.=(Q/1)(S/b)max.

Ix =bh?/36 =(40)(35)*/36 =47638.88 cm’

qmax. =(50/47638.88 ) (102.07166) =0.10713 t / cm?

q max. =0.10713 t / cm?

N
5
2 1
- 3

o
= 2
o~ o
-~ {
-]
I
>
-
o

I
Shear stress distribution (S .S . D)
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EXAMPLE

For the shown section find the max. shear stresses and its position
and then draw it.

A 500KN
£
3
} » 250KN
S
3
~—20cm——F—=20cm— l
Ix=(2) (20) (70)* / 48 = 285833 cm’ A JUOKN

Iy =(2) (35) (40) /48 = 93333 cni'

ForQy

S=[(1/2)(y)(b)I[35-(2/3 y)]

S/b=(1/2)(35y-2/3vy*)

d(S/b)/dy=(1/2)35-4/3y) A—20em—A—20cm—~"

d(S/b)/dy=0 --------—---- y=26.25 cm
(S/b) max. & g max. @ y =26.25 cm

gmax.=(Q/I)(S/b) max.
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(S/b)max.=(1/2)[35x26.25-(2x26.25/3)]=229.6875 cm>
(S/b)c.g.=(1/2)[35x35-(2x35/3)]=204.166 cn?
q max. = ( 500 / 285833 ) (229.6875 ) = 0.4017 KN / cm?

qc.g. = (500 /285833 ) ( 204.166) = 0.35714 KN / cm?

26.25¢cmv

q max. = 0.4017 KN / cm?
qc.g.=0.35714 KN / cm?

KN /cm?

Shear stress distribution (S .S . D)

For Qx

S=[(1/2)(y)(b\)][20-(2/3)y*] TE

S/b=(1/2)[20y-(2/3)y?] ) 2g5>0KN

d(S/b)/dy=(1/2)[20- (4/3)y*] S

d(S/b)/dy=0 -mmmmeemv y=15cm f
—20cm—F—20cm—r

(S/bymax.=(1/2)[(20)(15) - (2/3)x152]=150 cm?
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(S/b)max.=(1/2)[(20)(20) - (2/3)x20%]=66.66cm?
q=(Q/1)(S/b)
q max. = (250 /93333 ) ( 150 ) = 0.40178 KN /cm?

qc.g.=(250/93333)(66.66)= 0.1785 KN /cm>

BNl

q max. =0.40178 KN / cm?
qc.g.=0.1785 KN / cm?

=

15cm

Shear stress distribution (S .S . D)
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Moment of Inertia

Shape Moment of Inertia

Y A=0bh
]
3
e Lo 5
| l hb?
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Shape Moment of Inertia

Y 2

A =nRr?=TL

4
z oz [,— ER'_mD*

7 64
7,— ERY_mD*

7 v— 4 64

_ mR?
4 = 2
x=0.11R*
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Proof of Shear Stresses

Consider an element of a beam contained between two cross sections

a-a & b-b at a small distance apart (dx) and let (M) & (Q) and (M + dM)
& (Q +dQ) be the values of the bending moment and shearing forceacross

the two sections.

f=(M/IX)XY - face a-a
M + dM
f+ dfz( T ) Y - face b-b

; B.M.D.
a b a b
Y dA
| f [+ df
M M +dM | l a |
X / \X \ /
! \ /
Y L
\
]
2 Q-0 y T
© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Shear Stresses due to Forces
Downloading or printing of these notes is allowed for personal use only. Page No. 47

Commercial use of these notes is not allowed. (www.yasserelleathy.com)



For the Hatched part:

and assumig that the stress q is uniformally distributed along the
horizontal plan of area (b dx)

For Equilibrium :

qbdx=[(f+df)dA -[(F)dA=dM/Ix |y dA
qbdx=/[M+dM)/Ix]xydA -[(M/Ix)xy dA
=dM /Ix |y dA

*Where the |y the statical moment of area (S x )
qbdx=dM/Ix (S)

qb=(dM/Ix)/dx (S)

* dM / dx = Q
Q X S X
= X
qX I X b
q= QX X S X q= Qy X Sy
X IX b y Iy b
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Complementary shear stress:

A

\
Y

i
|
|
|
Dy dy
P 7
///!//< qx
q Pre /0‘>

Shear SIress 5 o gouan §s%0 usly Shear stress of o Jo# sacli)) oda
e

Olysl Wolews gl ) Colad) gl Shear stress ) eSe Ll 13U
zdawdl  (ole Shear stress o gi Shear stress J| 1) doums of e o
P N

For Equilibrium :

(qyxa)xb=(qxxb)xa

SO

any vertical shear stress 1s accompanied by horizontal shear stress
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