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SHEAR FLOW
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SHEAR FLOW
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Where:
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Fxamople:

For the shown beam which have the shown cross section , it 1is

required to find the maximum value of load ( w ) so that

1— the maximum shear stress on bolts = 0.90 t/em?
2— the maximum shear stress on weld = 0.70 t/ecm?
3— the maximum shear stress on section = 0.85 t/cm?
4— the maximum comp. stress on section = 1.4 t/em?
5— the marimum tension stress on section = 1.2 t/em?
using bolts with diameter 20 mm , pich of bolts = 30 em and
size of weld = 4 mm.
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w t\m

K 7.2 |30cm IR N NN N N N N NN N N B

Ao A

~—8m -

—e— %2
~—~—20cm—~
Beam Section

Normal stressesJU glew ;L] lad o gllaadl Ulisedl 0da ¥
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w t\m
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Properties of area

/'g'@ZOcmHé" 5

A=26x2+20x2+20x2+30x1.2 T R 2

= 168 Cm? L

X 1.2 |30cm
7=2A x Y 7
XA
— 40x1+40x33+52x35+36x17 b === 2
Y= A—200cm—
168
= 22.87 Cm

L=[(20x2%/12) +(40x 21.57%) ]
+[(20x2%/12) +(40x 10.43%) ]
+[(26x2%/12) +(52x 12.43%) ]
+[(1.2230°/12) +(36x5.57%) ] = 84857 Cm*

© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Shear Flow
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‘ 9



1)For the maximum shear stress on bolis=0.90t\cm?®

_ Tx Piteh /'gLIZO(Jn} P
boti" Tz made %
0 4 12.43
st S = .
T — 34857x(26x2x1243) e ) 2
T= 0074172 w -
H—1.2 |30cm
2 2)%
A¢:7l:4d _ 1t(4) = 3.14 Cm? 22.57
B e R
n =2 A~=20em—~
m = 1
_0.074172 wax 30
0.90= 2x1 x3.14
w=2.54t\m
2)For the maximum shear stress on weld=0.70t\cm?
For the upper weld B spem i
T - %2
Twera™ nx size
12.43 10.43 - N
_9 .
T_ ] X A _ _
4w H—1.2 |30cm
= Wx(26x2x12.43+20x2x10.43)22.57
= 0.122w J — 88— 2
n = 2 A~20cmn—
Size = 0.4mm
_0.122w
0.70= 2x0.4
w =4.58 t\m
Shear Flow
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For the lower weld M H200m
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34857 Sy m—
n =2 A—~20ecm—~

Size = 0.4mm

0.099w
0.70=
2x0.4 w =5.65t\m

3)For the maximum shear stress on section=0.85t\cm?*

C.9d) s (oye yiuol (¥ C.gJ) wiemax. shear stressl

_i i /g'LZOcmv'gV p
I b %>
g = W 20x2x21.57+1.2220.57x10.285 ||
C9 34857 1.2 > | 300m
= 0.85 t/Cm? 22,57
— ) /=== X2
w=7.96t\m apy—

4)For the maximum comp. stress on section=1.4t\Cm?2
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¢
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5)For the maximum comp. stress on section=1.2t\Cm?2
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34857
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Fxamople:

For the shown beam which hoave the shown cross section , it 1s
required to find the maximum value of load ( P ) so that

1— the maximum shear stress on section = 0.8 t/ecm?
2— the maximum comp. stress on section = 1.4 t/ecm?
3— the maximum tension stress on section = 1.2 t/em?
[ : : ] §E128

.

30cm
H 1.2 Hx 1.2
=—3Mm=——3m=—3m~

A di—n §3?28
|,3|8/;,1¢‘30m.8/:/?| ’

Beam Section
then Find :
1 — the maximum pitch of bolts if the maximum shear siress
on bolts = 0.7 t/em? & bolt diameter 22 mm
2 — the maximum size of weld if the maximum shear stress

on weld = 0.60 t/cm?

Straining actions P P

T v v

#Qy =Pt i Ay

# Mx = 8P m.t 3m—>+3m*+3m¢

# Q@x = 0 ! i Pa)

# Mz =0 ma. P 2,
S.F.D
w2,

B.M.
3P
© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Shear Flow

Downloading or printing of these notes is allowed for personal use only.
Commercial use of these notes is not allowed. (www.yasserelleathy.com)

Page No. 13



Properties of area

[ l§18
1 ] 52
A=40x1.8x2+ 8x22x4+ 30x1.2x 2
= 280 Cm? 1 30em
x x
J H—1.2 H—1.2
18.8
oo S Y

|,3| 8 ,18ecm 8 |/3
zliss ¥ G 5 gl Hsomadl 5 (839 ”Nn ‘J,:. ‘JAM Section JI |is

L=[(40x1.8%/12) +(72x 17.9°) ]
+ 4 [(8x2°/12)+(16x167%)]
+ 2 [(1.2230°/12)] = 67988 cm*

1)For the maximum shear stress on section=0.80t\cm?®

C.9J) wic (o,e yiuol (¥ C.gJ) yiemax. shear stressl

AN
g-_9 ., S 58
I b
30cm
Vs
L) 8 , 18cm 8 |}3 )
g — P 40x18x179 +8xx16x2+1.2x15x7.5x22
C9 64983 Rx1.2
= 0.80 t/cm?
P =63.03t%
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2)For the maximum comp. stress on section=1.4t\Cm?2

N M HBIS Normal stress JI Uolew

-_— + xy _ _ ’T -
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For bolts . .

— = 3.8
3 T x Pitch .
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3, 8 ,18cm , 8 3
A1

wtd® (2.2)f

A¢: 4 = 4 = 3.8 Cm?

n =2

m = 1

0.70 = 0.274127 x Patch Pitch = 19.4 Cm
3.8x 2 x1

of ua J331 (3,0 0y
Pitch = 19 Cm| o= Vludl Julss more safell

roliael!
For Weld = — §12.8
I
Lyeta nx size
- - - - 30cm
=Lx5' Jx H—1.2 H—1.2
I 18.8
14.46 J A
= 40x 1.82 17.9  m— di— X2
57085 » (0% 1.82 17.9) , N
W3, 8 L 18em 8|/3_1'8
= 0.274127 t\Cm 4
n = 4
0.274127 .
0.60= . Size =0.228 Cm = 2.28 mm
4 x Size
of Sum 5SY W35l OB
Size =3mm el clow 3oLy more safel
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Fxamople:

For the shown beam which hove the shown cross section find:
1— the maximum shear stress on bolts

2— the maximum shear siress on weld

3— the maximum shear stress on section

4— the maximum normal stress on section

2PL 300:1:20\\ 61 18t

—qp—1— I
2PL 250x16/_ l l 4 t\m

AN e

NPL 400x10 _, T 3 6m
weld size
3 mm I 4b |
Bolts pitch 24 cm
22 mm diameter
Beam Section
Properties of area 2PL 300220
\
GBY) el Js Jlais Section ) 1is / =
s 3 JUL ool el s 2PL 250x16
il b Y C.gJl Glus I x | “— "N PL 700450
236mm
L=2[(30x2%12) +(60x 22.6°) ] T

3 2 Bolts pitch 24
+ 2 [ (2533: 1.6 /12) +(40x 20.8 )] 2; Tjwﬁ‘;mmetec:n
+ [ (1x40°/12)] = 101298 Cm*

ST asls 4 Shear force diagram J| p s Mazimum sheard) slayd

ol Gus Zero shearJl 55 as s Maximum moment J) slowd 45 Lo

momentl] Ll s &3 Zero sheardl ae S Maximum moment JI
LAbgJl ede wie
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S.F.D
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2.5 _ 21.5

o958 dadyl ode wie moment JI uwss Zero sheardl S €6 e 4

. marimum momentJ| g2

Mopar. =21.5x 5.375 61 18t
— 42587525375/ 2 l l 4 t\m T
=57.78 m.t ITTIT1) |
AN 0.625 ¢—5.375—Dy
<—2mTf3m 31 : 61y ll
I /
26.5t \__21.5t]

12m.t

S57m.t 57.78m.t
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Straining actions

# N=0

# Qy =21.5tT
# Mx = 57.78 m.t
# My, =0

#Qx =0

# Mz =

1)For the maximum shear stress on section

q:%x S C.gd) wie oye youo! ¥ C.gdl e max. shear stressJ

b
2PL 300x20
S
[ — | |
2PL 250x16/
- - - - xX
X T PL 400x10
236Mmm

Bolts pitch 24 em
22 mm diameter

_ _R1.5 3022222.6+25x1.6220.8 +1.2 x20x1210
Cg 101293 1

= 0.507 t/Cn?®

q =507 kg/Cm?

2)For the maximum shear stress on bolts

— T« Pitch
Yot~ x mxAg

_ 9
’C—I—xS

_21.5
101293

x (30x2x 22.6) T= 0.288¢\Cm
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2PL 300x20

n =2
m = 1 2PL 250x16/

Pitch = 24 Cm

_0.288x 24 2
Qo= T = 0.908 t/Crm

- - X
PL 400x10

X t - -
236mm
|
Tpo1t = 908 kg,/Cm* " Bolts pitch 24 om
22 mm diameter

3)For the maximum shear stress on weld

T

Ywera™ nx size

Q
= — S
T I
= &x (30x 2x 22.6 +25x 1.6x 20.8)
101293
2PL 300x20
T= 0464 t\Cm S .
n =2 2PL 250x16'/
Size = 3 mm b
0.464 2
Q. = =——2_ = 0.774t/Cm
¢ 2 x0.3 x ? ~— "N PL 700470
Yeta= 774 kg/Cm*| < 36[”7” I
_ Bolts pitch 24 cm
22 mm diameter
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4)For the maximum normal stress on section
S5 o Y Pl Section JI C,T s 2PL 300220 %57. 78 m.t

Stresses J| a8 gle moment J| ol =

—+ ]
max. normal stressJl olusd cUI 2PL 250x16/

sole of i moment ST s T T ~— - 755580
Mooz, = 57.78 m.t 236]””"’ 1
| . .a : ]
cm.t
= 57782100 53 6 _ 71.846 t/Cm?
101293
,fa:1346 kg/sz
_ M.
h=-Tv
cm.t
= _07.78x100 53 6 _ _ 1.346 t/Cm?
101293

f=-1846 kg /cm?

Ho¥ O glalll Luslyo Wl Zlos Sgw dAblaie jupd) Slelall) (45
. —Ve moment ST e W) 5 +Ve moment ;ST le
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Fxamople:

For the shown beam which have the shown cross section , it is
required to find the maximum value of load ( w ) so that

1— the maximum shear stress on bolts ¥ 0.90 t\cm?
2— the maximum shear stress on weld ¥ 0.70 t\em?
3— the maximum shear stress on section ¥} 0.90 t\cm?
4— the moaximum comp. stress on section ¥} 71.60 t\em?

5— the maximum tension stress on section } 1.40 t\em?
using bolts with diameter 20 mm

2.5 2.5
IF25cm—7
— | |\§ 2
1 4 \7.6 W t\m
tirrrrrrrrr it rrnd
K 1.0 |40cm ’Q’ L. rﬁr
—21m 61y
—e— N 17.6

~—25ecm—~
Beam Section

Then find the maximum pitch of bolts and the minimum size
of weld so that:

a— The maximum shear stresses on bolts # 0.9 t\em?
b— The maximum shear stresses on welds ¥} 0.5 t\em?

© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Shear Flow
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‘ 22



Properities of area

2.5 2.5
A=30x2+25x1.6x2+ 40x 1 il sady
= 180 Cm? 1 76
?=z*§j’ Y b} o |s0em
?_60x44.2+40x42.4+40x21.6‘+ 40x0.8T
= 168 /ﬁ N 7.6
= 29.133 Cm o

L=[(30x2°/12) +(60x 15.06°) ]
+[(2521.6°/12) +(40x 13.27°) ]
+[(1x40°/12) +(40x 7.533%) ]
+[(25x1.6°/12) +(40x 28.33%) ] = 60412 cm/*

S'training actions

8T a5y 4 Shear force diagram J| p s Maximum sheard) slayd
ol Gus Zero shearJl 55 as s Maximum moment J) slow¥ 5 Lo

momentl| Ll s o3 Zero shearJ) wic O8% Maximum moment J)

CAbdJl sde Gae
w t\m
I I I I I I I I
—2Mmv 6
5.33w 2.67w
3.33w
S.F.D
2.67 233 ﬂz'w
X 6-X » X =2.67m 2.6 7w

—-——b6—r——~—a
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Mopow = 2.67wx 2.67

|||||||||||‘I|||||
— 2.67wx 2.67/ 2 N

A—2m 6m—

= 3.56w m.t 5.33w

I
2.67w|

B.M.D
# N=20 +Ve momentJJ”w.s“"J,‘S‘w_,ds
#Q, = 3.33th <y 4 —Ve moment U &..4..3.'9').\51‘9
# My =2wm.t$ (Sec.1) Bl b 5,800 gl ¥
= 3.55w mt4 (Sec.2)
# My = 0
#Qx =0
# Mz =0
1)For the maximum Tens. stress on section=1.4t\Cm?2
Sec.1 1) y 2.5 2.5
U3 o e ¥ momentJ) pas o3 AT
f = %y Comp. agle a3 of slicw sy 2
= _cm.l Tens. laide p dlda® 4 .
1.4= _2wx100 44 067 i
60412 }_' N
1.0 |40cm
w = 26.32 t\m 29533
X 7.6
A~25pm—
2w
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Sec.2 3 5 Jiw¥ momentJ) anw Jod 3.55w

2.5 2.5
]:L-_— %ﬂy Tens.l.ne.l.gaw"ﬂohm PR 57@/ 5

Y em.t = — ¥
Comp.laale p dlaty 1.6

1.4= 3:55Wx 100 59 133 ’
60412 _T__ N
1.0 |40cm
w=238.165t\m 29.133

J X 7.6

fL~R5em—

2)For the maximum comp. stress on section=1.6t\Cm?

Sec.1 2.5 2.5
M %250&%7‘4
[ = M= 2
I y em.t -6
1.6 = _2wx100 o9 133
60412 40cm
w=16.58 t\m
1.6
Sec.2
", 3.55w
- M
I Y cm.t -
1.6 = 3.55wx 100 16.067 7.6
60412
w = 16.92t\m #0cm
1.6
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3)For the maximum shear stress on section=0.90t\em?®

C.9J) e oy stuol (¥ C.gJl vemax. shear stressJl

S : s
I=T =% = e
—T ) ) 40cm
29.133 1.0
} —S2— X 1.6

_ 333w 25x1.6228.33+27.53x1x13.76
C9 60412 1

=0.90 t/cm?

w = 10.875 t\m

Failurel) cuws gl go WY w siuof 3l
w=28.165 t\m

Q =2.33xw =27.217
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For bolts /2%.'5425cm7'24§
_ T Pitch %2
qbolt_ nx mxA¢ 1 7.6
T-'—- iix S } - _
—H—1.0 |40cm
R7.217
= (30x 2x 15.066) 29!33
T = 0.40726 t\Cm Al%_ﬁl( X 1.6
_Ttdz _ T (2)2 — 2
Ax= T = Y = 3.14Cm
n =2 m = 1
q, .= 0.9 t\Cm?
0.90: 0.40726 x Patch Pitech = 13.87 Cm,
3.14x 2 x 1 . . . w
of ua J331 (3,0 0y
PitCh: 13 Cm b'.ki L) Wmore sa,feJl
yaoluaal]
For upper weld 25 25
At H425cm7'év
Yeta™ B roize 1 —X1%
T-4-=5 T
= 2reir, (30x2x15.06+25x1.6x13.27)} A0 |#0om
60412 29.133
T= 0.646 t\Cm J — 82— X 1.6
n =2 q,=0.5t\(m? #250m
0.50= —2-220 Size =0.646 Cm = 6.46 mm
x Size
of Cua 583 W35l Gy
Size =7mMmm plll e 3oLy more safeld
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For lower weld

2.5 2.5
‘c AF=25em 4
Yeta™ By oize p=s=ES Y
Q (i
T-= I T S 1 —H#H—1.0 |40cm
R7.217 29.133
= Rox 1.6 x 28.33
G047z = (#ox1.6x ) J d {6
— —
T— 0.510 t\Cm A~Roem—A

n =2 q..=05t\Cm?

0.50= 2510 Size =0.51 Cm =5.1 1mm

R x Size
ol Gus HSY) W3 U 0,8
Size =6mm plolll aws 30L5 more safel
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Fxamople:

For the shown beam which have the shown cross section , it 1s
required to find the maximum value of load ( w ) so that

1— the maximum shear stress on section } 0.85 t\em?
2— the marimum comp. stress on section } 1.60 t\em?
3— the maximum tension stress on section } 1.30 t\em?
using bolts with diameter 20 mm

Then find the maximum pitch of bolts and the minimum size
of weld so that:

a— The moaximum shear stresses on bolts b 0.9 t\cm

b— The maximum shear stresses on welds } 0.7 t\em

c— The maximum bearing stresses on bolts p 2.2 t\em

¥ 30c11v /
§2
X2
]U[ ‘
w t\m
i||||||||||||
1.2 40
~——— 6m—————
r A0 L A2
[ ] NN
2
% 30c1Tv /

Beam Section

. 'jE‘:Le:Z%

L100x100x10
A=15.6 cm?
Ir=Iy=98 cm?*
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Properties of area ——300m——

NN N

A=30x4+ 40x1.2+15.6x2+30x6 I :
= 379.2 Cm? U
x x
?_EA xY i
- A (7.2 40
30x4x2 +1.2x40x 24+ 30x6x47
?_+15.6‘x2x(44—2.65)
379.2 PIS A
= 29.88 Cm
—30cm—~

L=[(30x4°/12) +( 1202 (29.38—2)%) ]
+[(1.2240°/12) + (48 x(29.38—24)°%) ]
+2[(98)+15.6 (41.35—-29.38)° ]

+[(30x6°/12)+ (180x(47-29.38)%] = 160619Cm*

Straining oactions

# N=20 w t\m
#Qy = 6wt iIII|||||||||
# Mx = 18wm.t -~ S
# M, =0 6w

#Qx =0

# Mz =0
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1)For the maximum Comp. stress on section=1.6t\Cm?2

HB‘chnﬁ(
f=X, = 3>
* I. 7 cm.t - ) ‘T5 2
1.6 = 18w x 100 29.38 l 20.62

160619 x ) xl
w =4.859t\m 1.2% l40
29,38
[ |J5 2
1 T ] N 2

2)For the maximum Tens. stress on section=1.3t\Cms?*

f = M

° I ycm.t

1.8= 18w x100 5462 w = 6.32 t\m
160619

3)For the maximum shear stress on section=0.86t\cm?®

C.9J) wic yo,e yiuol (¥ C.9J) yiemax. shear stressl

f——30cm———~
I b X2
W 2062
l J 20,62
X _ _Z]
)
40
1.2-4 29 38
— TR%
2
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g = 6w x30x4x27.38+1.2x25.38x25.38/2
C9 1606719 1.2

=0.86 t/Cm® w=7.43t\m

Failurel) cuws gl go oY w il a5l

w = 4.859 t\m|

Q =6xw =29.459 1

For bolts group (4) A—230em——~
For Shear siresses o , w 5
. 17.62
B T x Pitch — [ —
Sort "m0 x mxAg groupA U
x x
T-—=5 £
1.2-1 40
29.459
— S 30 .
16‘0619x( x 6x 17.62) olds
T = 0.575 t\Cm
2 2)* : — RN
A¢=n4d = 1t4( . = 3.14Cm *? - g
f—30ecm———~A
Yo 0-9 T\ Cm*
0.90= %575x Putch Pitch = 9.82 (m

3.14x 2 x 1

T x Pitch ... ) ’
Qo= nxxmx4¢ O sl gle Shear stressesJl Ul 48

Gl oyl (b Lo LS eluad) gl Bearing stressesJl Ul 4 Ll
3 P T x Pitoh
qbewring_ nNx ¢ xztmzn - nNx ¢ xitmzn
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For Bearing stresses

T x Pitch
hott™ " B X Stoin,
T=—F"75 Ll pac oSl ud Ll Shear Stress J) b LS
_ 29.459
160619

T= 0576 t\Cm
3x2=6cm

x (830x 6x 17.62)

2 t min.

@D em — —
@D = 2 Cm n =2 ““

qbearing =R2.2 t \sz

2.2 = 0575z Pitch Pitch = 15.25 Cm.
2 x 2 x1

Bearing stressesJ) 4 Shear stressesJl b ,o,JU 45 I PitchJ) 0
om Ll Julis more safed] ¥ siuodMd las,ds 5 089 e J359) a5l

Pitch = 9.82 Cm Pitch = 9 Cm Rkt
For bolts group (B) Soom %2
grou; 2
For Shear stresses _ ?
_ Tx Pitch :
o™ "m0 x mxAg I
_ Q g x x
T - I X ) )
1.2-H
L9459 (30x6x17.62+2215.62(14.62— 2.65)) ¥
160619 29,38
T- 0.65t\Cm J
2 2)% , 40 A 2
A¢=“4d = “4() = 3.14Cm ? : - X2
A——30em———
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n =1 m = 2

q .,=0.9t\Cm?

0.90= -2:.65 x Puich Pitch =8.78 (m
3.14x 2 x 1

For Bearing stresses
T x Pitch

qbolt= nox ¢ X ztmin.

T-= jo S Lo Luss pac OSeadl 5ed Lilas Shear Stress JI 43 LS

29.459
_160619 x(30x6x17.62+2x15.6x(14.62— 2.65))
= 0.65 t\Cm
2x1=2cm 7
m'm,
= 2 Cm
n =1
qbeaﬂng =2.2 t \sz
2.2 = %65 x Puich Pitch = 8.2 Cm
1 x2 x1.2
Pitch = 8 Cm
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For bolts group (C)

For Shear stresses

_ Tx Pitch
Yori= nxrmxAg
T- jo S
_29.459
160619
T=0.309t\Cm

2 ® (2)?
A¢:TC4A __E’(2) _

4
n 2 m

q .= 0.9 t\Cm?

1

2(30x2x28.38)

f——30cm———~

[VdVd)Vd’4

NN

—

~N—_—_———

3.14Cm ?

0.90= 2309 x Piich Pitch = 18.29 Cm
3.14x 2 x 1
For Bearing stresses
T x Pitch
hott”™ "1 & B & Tlrman.
T-= iix S Lol pue SSaadl Had Lilss Shear Stress JI g3 LS
29.459
T =0.309 ¢ \Cm
2CMm . 22
2t'rroxi/n.
D = 2 Cm @ | ' Rz
n =2
qbearing =R.2 1 \sz
2.2 = 0309z Pilch Pitch = 56.93 Cm

2 x 2 xR

Pitch = 18(Cm
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For lower weld

Qweta ™ nx size

_ 29.459
~ 160619

= 0.596 t\Cm

(30x 4 x27.38)

n =2

o 0.596
2 x Size

S

Size =0.42 Cm =4.2 mm

Size =58mm

Ypera= 0-7 t\Cm*

Vi
7
NN N

X _ X
1.2-1 40
27,38
4B A2
L | | iz
f——30cm———A

ol Sum 58 a5l )8
plolll daws 30lyy more safell
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