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Chapter one : Strength of Materials
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lrength Of Materials

Shear force and bending moment diagram

% X
|
i
i
i
i i
i i
i
; i
X X
?‘
Positive S. I Positive B.M

< Concentrated loads:

R, (12)=10(10)+ 20(6)+ 30(2)- 20(8) = R, = I0KN 10KN 20kv - 30KN

%ﬂ,|‘2_f"¢4_"1$2_'".‘

D F=0=>R,+R,=10+20+30-20 e Y Ej:
= R =30KN o
section x; ! > > u J’ I
M,=R, - X=10x ‘_xA\ \ ?
,07/ incr.'easing line) Rit—>—) 20KN i
v section y,;
My, =R, Y-10(Y-2) 1OkN
10-Y = 10Y +20 = 20 ]
(horizontal line) ‘
30kN' Y
G60KN.m 60KN.m
20KN.m
|
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o Notes:

1.

bending moment of these points.

Values of shear force =Slope of bending moment.
2. Area of shear force diagram between two points =value difference between

< Uniformly distributed loads:
Y Mg=0
R,*12=25%]12%6 = R, =150KN
Y FY=0
R,+R,=25%12=> R, =150KN
Section x:
S.FX=150-25X(decreasing line)

B@szRA*x—W*x%:nox—u;x?

Convex parabola
TO ﬁnd B@)Mlnax 4
dM i

A 0= 150-125X =0 X =6m
X

= BA¥M,, = 450KN.m

max

dM

dx

= Q-

- Note:S[*F,=Q, =150-125X =
M= Qdx

IFQ =0= M is minimum or maximum

W=25 KN/m

/
RRYEY

C
Ry

6m

15

A

A

dM |

dx

-150kN
450KN.m

1
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' ' : " Chapter Thre
trength Of Materials '
e ———————

60 KN/m
< Distributed loads of increasing value ,
"
Y MB=0= RA*12 :60—;12(300 x4 5. RA=120KN
12 \ ' R,
2FY=0:>RA+RB=60*7:>RB=240KN RAA< x &\ . . |
X
SECTION X: 1 120 KN
60
O, = RA—iW\, (x)=120-1 —*XjX =120-2.5X"
o 2 - 2\12
IL (Convex parabola)
Ox=0= X =./48 s60 knm 210K
5
Mx=RA* X - i(5)())()£ =120X -2 Xx°
2777)3 6
(Convex third degree)

M, atOx = Oatx = /48

M,y = 120(@)—%(«/4—8)3 = 560KN.m

f’i[;

le

< Couples: ;
2 MB=0=RA*10=10= R4 = 1KN |

' |

Ox =RA=-] -IKN 3IKN j
Mx=-R4 X=-X
Mc=-8 2 KNm\ |
Note: point of inflexion occur at (M=0)

-8 KN.m

10

_

|
%
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Example-1-
S ME =0=> RA*8+40*2
= 10*2*7+20*6+20*3+10(1)+20(3)(1.5)

= RA=42.5KN

YFr=0= RAzRE=10(2)+20+20+10+20(3)+40:> RE =127.5KN

0B = 42.5-10(2)-20=2.5KN

QD=22.5—20-—20—20(2)—10:67.5KN o POKN
(L X OKN/m
MX =42.5X - IO.X(—;)
2 | F

Re

MB = 42.5(2)- 10(323} = 26 KNm
MY = RA(Y)-10%2(Y~ 1)-20(Y-2)-

Y-5)_ ) | |
20(Y—5)—20(Y—5)[—§—j_—90+82.5Y—10Y 25K 22.5KN |

, ' E401<1v
g I
MY = 0= 10Y2—-82.5Y+90=0 i !
2.5 KN

=Y=690ry= 1.5_(neglect) i
3 | L 17.5KN
MC = 90 +82.5(5)—10(5)° =72.5 KNM L |
cL ME = 90+ 82.5(8)— 10(8)° —10(1)=—80KN .M

| -67.5KN |

b KN

| -87.5 KN

65KN

11
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trength Of Materials : .

J

Example 2 ’
C=80KN.M |
1
> MB=0=> Re(6)+10%3%1.5+80 2*6*48*2:>Rc, 2 .
S FY =0= Re+RB=10%3+~+48%6 = RB=147KN _ joxm
; ; 2 . IR >~
OX = —Re+—wx.x=27.2+—=(48)=.x=-27.2+4x’ | | C | &
2 2 6 ‘ Rg ¢
¢ (Concave parabola) L 3 6m
! e |t >
Ox=0=4X°-272=0=>x=26lm \ \
3 '.
Mx=27.2x—iw.x.£=27.2x——1—(8x)*x*£27.2x——x3 L 1I7KN
2 3 2 3 4
(Convex third degree)
3
M, :27.2x(2.61)—z(2.61)3 =47.3KN.m : a
M=0::>—3—x3—27.2x:0:>x:4.5m' \ %’
4 | _30KN ‘.
3 ! : '-.
Mc=27.2(6)—;(6)3 = —125KN.m i g P—

L 45 KN.m

-125 KN.m

12
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The weight of the beam 100N/m. find:
(1) The reactions at A and B

bending moment

Solution:
V
Y MB=0= RA*5—100%5%2.5+100%1%0.5=0
= RA=240N
Ry
D FY=0= RA+RB=100%6 = RB=360N
Mx=RA*x—100x*§=240x—50x2
240KN
Rx=RA-100x = Rx=240-100x =
M, atR=0=240-100x=0=>x=24m
M, =240(2.4)%50(2.4)" = 288N.M
_ From (SF.D)
4 gg: 200 =>x=24m
x S5-x

BM,, = areaof(S.F.D)=é*240*2.4 = 288N .M

13

@n'englh O!'Matcrials | ' ' Chagt er Thr ee)

Example: A simply supported beam (ABC) has length of (6m) and loaded as shown below.

(2)Draw shear force diagrams and from it find the value and position of maximum

W=100 N/m \
IIRTRRRERYRYR
Ar,

Sm | Im

A

-260KN
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