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COMBINED STRESSES
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Stresses at any plane
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Principle Normal stresses and their planes
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Principle Shear stresses and their planes
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Fxamople:

For the shown stress state it 1s required to find :

a) The principle normal stresses and their planes .

b) The principle shear stresses and their planes and the
assoctated normal stresses.

C) calculate the stresses at a plane with Ol = 20 .

then check your answer using mohr’s circle.
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3)Stresses at plane with o= 20.
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mohr’s circle for stresses
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Fxamople:

For the shown beam , it is required to get the principal
normal & shear stresses & their planes at the shown points.
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For principal stresses
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1 )Principle Normal stresses and their planes
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2)Principle Shear stresses and their planes
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For principal stresses

:-: q l

S, =0.142 t\cm? /
2 sale i) ampll s |

f =0 Al gle (3sae Normal stressJ)
y <olse Shear stress)l 5 aciof

q =+0.093t/Cm? cacyYool asy -

\0
\

0/’

Fmaz. = [%] i‘\/[’%]&f q?

Frnge= [ 0.14§+0 ]i\/[ 0.122—0 124 0.0932
Fnaz. = 0.188 t/Cm?2 7—0
S omin. = — 0.046 t/Cm?
=29  -2(0.093)
tan 26 = fo—Jy 0142 -0
20=-52.6° 0= —-26.3
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Point (3) at sec C—C
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1 )Principle Normal stresses and their planes
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S'tresses

3
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For principal stresses
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2)Principle Shear stresses and their planes
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Fxamople:

For the shown beam , it is required to get the principal
normal & shear stresses & their planes at points (m,k).
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Properties of area
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Normal sitresses 50_”_@1_F

# f: + N Mx + M X
y Wy A A i
fo___3 26 19.5
m==06785" 0.049 %" 0049 ?°

=+ 195 t\m? a3

Shear stresses

Shear Stresses J| —iwsd r‘S’Q y & Q x oy Shear Stresses JI cuusd

Shear sitresses Shear sitresses
due to Torsion due to forces
9t M:=6m.t
=6t
q¢ 9t
q

L) JS wie Lgluto 0 J) a3

Oy 3_)5‘4.”.'439»9 ‘}LD 3\.\‘9.?,‘34.”
radius JI juds LaJ
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#qy—?ny 4 gl

—4 3=3x‘4 Ll Shear Stress JI olosl
— — 2 oloil juds g0 Shear Stress Jl olos
30785 - 1928 t\m* | Shear forceJ)
#49x=0

_M __6 _ 2
#4d: = IPxR = 595 * 0-5 =30.61 t\m l

15.28=14, 9: = 830.61 q

# 9y, . =9, + 9 = 45.89 t\m?

Yrotal

For principal sitresses A

\

Jp =#I9G0NE oy el e G
f =0 anf gle g3sae Normal stress | qy

Y <olge Shear stressJl 5 aedof

q =+45.89t\m? - aeol any

1)Principle Normal stresses and their planes

g = [ LT g £\ Lo Tu j2, g2
Fame [ 195+ 0 ]i\/[ 1952— 0 12, 45.89%

man. 2
Snaz. = 205 t\m 2
fmin. = — 10 t\mz

© Copyright Eng.Akram Moustafa2013. All copyrights reserved. Combined Stresses
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

9=0




-29  —-2(45.89)
- f.—f, 1956 - 0

20=-252° 0=-12.6"
2)Principle Shear stresses and their planes

qm%:: _'7'_‘\/[ M ] 2.7(_ qz

195 —0 2 ,
Tmger. = +\/[ J%+45.89

qmax.— 107.7 t\mz qmin.'-: —-107.7 t\mz
Point (k) at sec A—A , .. 7Y

Normal stresses Comp,; 19.5
m.t
#f=+ N , M + My M X
AT LY*TL”
f ___8 _ _26 19.5
k == 0785  0.049"%°" 0049* "
=— 270 t\m? L&y M,=26m.t

Shear stresses

Shear Stresses JI s r.‘.s" Qy & Q x iy Shear Stresses J| cuusd

. e ‘u M t ‘la.\.u
Shear stresses Shea;r stresses
due to Torsion due to forces

Ll JS wie L 5luito O J) a3

O3 51l dase (ple 89 52 g0l
radius JI jud o)
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#qx—Qxx S _ 4xgﬁ

b 38 " 4

_ 4 6 _ 2 oladl juds g2 Shear Stress JI olss)

3 *0. 785 10.20 t\m*— Shear forcell
# qy: 0

M, __6 _ 2
#9; = IPxR 0098 * 0.5 =30.61 t\m?*—
® 3 9, =10.20 ® )
l 9: = 30.61 — Voriiar
0 =9y

#9z, =9 + ¢ = 4080 t\m?

For principal stresses A
q
j P -
J u.c.SaJI oo Aoy gl dagdl &
qQ~_— normal stressJl ;4% of WY I
fx =—270 t\mz Lps ac ol Al (gle (o9 gec fx

|
!
NI
|
|

a3 ¢ylee Shear stressdl g
Jy =0 i glestressestt abs of a3 5 aeslil
by Cuady bolas

g =—40.801t\m?2 s 5¥ Wl Ll 7015,
1 )Principle Normal stresses and their planes

Sonin. = — 276\ 2
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—29 _ -2(-40.80)
fo—fy —R270-0

20=-16.8° 0=-8.40"

tan 20 =

2)Principle Shear stresses and their planes

T, = i\/[fxz;fy]ﬂ g2

Drmgx. = t\/[ _2720 — 0]2+ (- 40.80) 2

man.

qmax.'-: 141 t\'mz qmin.'-: —141 t\mz
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Faxample:

For the shown board , it is required to get the principol

stresses and their planes at point (a,b) , knowing that the
cross section for the post 1s a hollow square section with
side 25 em and thickness oh 0.5 cm.

Wind pressure = 100 kg\m?

Own weight of board = 0.25 t

neglect own weight of post .

blY 0.5¢cm Void
T I £ l
! Ain Shams| &
§ X all _ X University S
)
L |
v Post 1 o%
A—25cm— A A 3y
SEC. A-A Base S
- P7777777777777777777777777

straining actions

# W= 0.25t

# P = wind pressure x Area
ghes ) o WY Lol SV Area JI 5L,
Area J) 35U Wy Jwind U ,.89) 3t s
(321.5) i sl dpala?)

§P=0.10\m? (321.5)= 0.45¢t F
# N=0.25t (Comp.)

#Qy = 0.45 ¢ ™ . T i
4 ~. X
4 =0 3B N
o - R
# Mx =0.45 « (3+ 0.75)= 1.6875 m.t = 168.75 cm.t

# My =0.26 «(1+ 1.50)= 0.625 m.t > =62.5 cm.t
# Mz =045« (1+ 1.50)=1.126 m.t ) =112.5 cm.t
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ﬁny = 168.75 cm.t

X—t|- X >>
i M,=62.5cm.t
N=025t || y
(Comp.) |

straining oactions
Jor mnormal sitresses

A Qr=0451t

Y
Mz=112.5
jamin @—-—X cm.t
!
'y

straining oactions
Jor sheoar stresses

Properties of area

Y 0.5cm
A =25+256—24+24 =49 cm? T —
S
. 25425° 24.24° 4 S x—t- {—x
Y
f—25cm—

Point (a) at sec A—A

Normal stresses

ﬁ My = 168.75 em.t
Y 0.5¢em

NN
#f=e Yy Moy, My T
4" LY " L”" S x %ol >
R =TI | 2
N=025t ||
+ 4692(52 x 12.5 _(Comp) 'Y
A—Roem—

=+ 0.154t\cm? 4%

Shear stresses

Shear Stresses JI Caiwsd ‘.SQ y & Qx doupd Shear Stresses JI caws
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Shear stresses

Shear stresses

due to Torsion due to forces
AQy =0.45 t
b Y cm Y LICTN
T 9 ! 0.5 T b. 0 f
12.5
. 12 q,| 12
l§ X$ = NP X § X—a’. ¢ d - X
I q; | 9 I | 12.5
__Y;qt g )
A—25cm— &—'quy 25 crr—
M Q S
q, - #qy="y 2
¢ R Ameant Y I b
112.5 _0.45 2. (12+0.5)(6)+(25+0.5)(12.25)
= . ~ 4905 0.5 +0.5
(2)(24.5* 24.5)(0.5)
= 0.187 t\cm? i = 0.02t\cm? T
A q, =0.02
e e
:[> i quotal
¥ 4: =0.187 =0.166

For principal sitresses

fy =+0.154 t\cm? .3
£, =0

q =-0.166 tscmz
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1 )Principle Normal stresses and their planes

Fmgz. = [M] i\/[M]ﬂ g2

o= [ 0+0154 ]+\/[ 0154 124 (~0.166)
S oz, = 0.26 t\cmz
9=0
Smin. = — 0.106 t\em?
=29  -2(-0.166)
tan 26 = fo—Jy  0- 0.154
20=-65° 0 =-32.55"

2)Principle Shear stresses and their planes

qm%:: i‘\ﬂ' g ] 2.,(_ qZ

Trng. = +\/[ 0’54]2 (—0.166) 2

mwn.

Ymaz.= 0.183 t\cm? Ymin.= —0.188 t\cm?2

Point (b) at sec A—A

My= 168.75 cm.t
Normal stresses blY 0.50m
I~ A
# f:: + N Mx * M“I =
A Ixy Iyx é X—tI- X »
[, =_ 0.25  168.75 N / M.=62.5cm.t
b 49 4905 * 1% ! ,,-i r=
=025t |
62.5 Y
+ ooz * 0 _(Comp)__ |
—2R5ecm—~

=—0.435t\cm? Lio
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Shear stresses

Shear Siresses JI cauws 5@y & € x 4oy Shear Stresses J) cawsy

.Lmrm@rﬁMtw

Shear stresses

Shear sitresses
due to Torsion due to forces
AQy =0.45 t
(b| Y o5 Y o5
T 9 I cm T b. TC”m
12.5
| 12 12
g X$9 - S x %l LN x
I q¢ | 9 I | 12.5
'_Yb‘It S.S.D Yy N
A—25cm— ——9qy 25 Cr—r
M; Q, S
— 112.5
(2)(24.5+24.5)(0.5)
= 2
0.187 t\em? €«— «—eo

Ty

R

fy
fy =—-0.435 t\cm? Lo
f, =0
q =0.187t\cm?
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1 )Principle Normal stresses and their planes

Fge = [ 22 Tu i\/[%]ﬂ ¢

0- 0.435 0 + 0.435 .2
fmq,x.-:[ > ]i-\/[ 5 ] +(0.787)2

Loz, = 0.07 t\cm 2
q=0
Sinin. = — 0.504 t\cm?
=29  -2(0.187)
tan 26 = fo—Jy 0+ 0.435
20=-40° 0=-20

2)Principle Shear stresses and their planes

tpgee N[ L7 T0 ) g

0 + 0.435 2
T = i\/[ 5 ]+ (0.187) %

Y maz.= 0.286 t\cm? Yrmin.= —0.286 t\cm?
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Proof of principle stresses and their planes

2X=0

Fx(LcosO)(1)=q(Lsinb)(1)+F(L)(1)cosd
+q6(L)(1)sin9

108 cosO+qesin9= Fx cosO - q sin@ ---------- 1)

XY=0

Fy(LsinO)(1)+q6(L)(l)cos€)=q(Lcos€))(1)
+F, (L) (1)sin6

F, sinG—qOCOSG = Fysinb -qcosO ------—---- (2)

Solve (1) & (2)
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Cos0 (& (V) Uoled) 0o Soyb e (v) Uoled Las
Odolead) G gandly Sin6 3 (Y) Uoleally

Fy (cos?0 +sin*0 ) = Fx cos?0 + F y sin*0 - 2q sin 6 cos 0
Fy= Fx cos’0 + F y sin®0 - q sin 20 --------- (3)

sin? 0 = (5 - /5 c0s20)

cos> 0= ()5 +) cos20)

Fy=Fx (Y5 +% ¢c0s20)+Fy (% -% cos20)-qsin20

fo + fy e fy - fy
2

) cos 20 -qsin 20 |(4)

SinB (&8 (V) Uoledl 0o G3yb e (0) Uoled Lo
u.ﬁJJLcuaJ' O &4.%.”3 -Cos 6 d‘é (Y) UJLC‘AJ"
q, (cos?0 +sin?0 ) = Fx Sinf Cos - Fy Sin® Cosb - q (sin* 0 - cos* 0)

) sin 20 + q cos 20 ------- (5)

ZeroJL sl 9 Foo dolew Jold Fmax.&Fmin.olew ¥
dFO /dOo=0

-q
tan 20 =
(Fx-Fy)/2
equation no. ( 6)
-q
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-q

sin 20 =
2 (FX'FY) 2
Qq + 5 ]
(Fx - Fy)
cos 20 = 2
5 (Fx-Fy) ,,
Qq + 5 |
sin 20 = 1
5 (Fx-Fy) .,
Qq +[ 5 |
-(Fx - Fy)
cos 20 = 2
qu-l-[ (FX '2FY) ]2

o yed] OL gl Loy o @) Ll slaes SYsled] 0dn

Fx &Fy J 2o, 0a)l U givaall ale

Fmax.&Fmin. J

@S €0s520,5in20 (fiesd e o ecd Fmax.&Fmin. dad olbu¥

(&) Yoledl

) +q*  -(7)

fy + fy
fmax.:( 2 )+

fy + f
o (———)-
min. 2

)+q*  --(8)
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dq,/do =0

Fx-Fy)/2
t.21112€)=(X qY) —-—-—-(9)
q

(Fx-Fyy/2 10

Comparing equation ( 6 )
with equation ( 10 )

cot 20 =

20,= 20p+90° —(11)

eq- OF: 45°

@b €0520,5in20 (giesd He oecs Fmax.&Fmin. e olou¥
(o) doledl

fX - f y 2
q =+ ( )+
max. 2
fX = f 2
q_ =- ( T )+q’
min. 2
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