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1. Wo
1) Determine the support reactions of the beam shown in Fig. m
‘ —— fO
A b\
e 2L
3 3
L Ay By
B wyL Wy I_x
ANS : A, = 1 B = 4
2) Determine the shear() and moment(M) 3) Draw the shear and moment diagram of the beam.
equations throughout the beam as functions of x. Indicate the absolute maximum shear force (Vimax)
and the maximum bending moment (Mmay)
L at the diagram.
o<z <— 9
3 X v _wy (LQ)_ woL
A =k 20797 18
/l W % 3
' x ! L v o wel  wol  TwyL
I =18 4 36
V——l WyT o w0x2  wol  wext o
=577 T = 27 V= 1 _T—O o =0.707L
2 3
Wol T WX _ wl _Ly_ "o 3
M=~ T== My == (0.707L )~ 57 (0.7072)
= 0.0345w,L>
ANS :  po 00
2L 174
/womB TwyL
ANS : M=— 6L 36
SFD
L 0 1 x
§<:c<L : —woL| A 0.707L B
E— 18
//1 WoX
w=—
| ! L L 2L el
‘WLL 3 £
4
M
0.0345w,L?
wyL w0x2
ANS : T= T oL
A EMD
0 ! f X
P —0.00617w, L2 0.707L b
_ wO _ £ _ U}Ul‘
ANS :  M=——le— )= L 2L
3 3




2.

1) Determine the support reactions of the beam 3 [ oo
shown in Fig.
\;; [) D
: W W
___________ SQ)ilOOKN By 5(2)=10.0KN 2m I m I m—
I ; T“"“""““- ------------------ Ay Cy DY
. | -
| |
Im " im I im Im
Ay By £, D,
U+ M, =0; B,(2)-10.0(1)=0 B,=5.00kN
+ 1) F,=0; A,—10.0+500=0 A, =5.00kN
U+ M,=0; 5.00(1)+10.0(00)—D,(1)=0 D, =5.00kN
+ 1) F=0; C,—500-500-10.0=0 C,=20.0kN
ANS : A =5kN C,=20kN D, =5kN

2) Determine the shear(V) and moment(M)
equations throughout the beam as functions of x.

0<z<3m :

V=5—"5x
B T 3) Draw the shear and moment diagram of the beam.
M=5z=5z « o Indicate the absolute maximum shear force (Vmax)

and the maximum bending moment (Mmax)

at the diagram.

ANS ! V= —52+5
ANS : M= —%xufm
V (kN)
& 10.0
SFD
0 11 21 — —X (Im)
V=>5—5z+20 7
M=5z—>5z » %+20(x—3) -5.00
-10.0
ANS @ V= —5x+25 M (KN -m)
ANS : M= —%x2+25x—60
2.50
BMD
0 11 é 12 —x (m)
-7.50




3. The composite beam shown in Fig. is supported by a
roller at A, by a hinge at B and by fixed support at C.

1) Determine the reaction force Ay (kN) at point A and 25kN/m 15kN
Cx (kN), Cy (kN), Mc(kN-m) at point C.

Support Reactions' For member AB
S+ Y Mz=0; 50(4/3)—A4,4)=0 A, =16.6TkN

LY E =0 B =0

+ 13, =0; B,+16.67-50=0 B, =33.33kN

YF, =0, C,=0 L5kw
YF,=0, C,=15+33.3 =48.3kN

MM, =0, M,=15(1.5)+33.3(3) = 122.5kN « m

ANS : Ay = 16.7 kN, Cx=__0 kN, Cy = 48.3 kN, M. = 122.5 kN-m

2) Determine the resultant internal loadings in the beam Np (kN), Vp (kN) and Mp (kN-m) at the cross
section through the point D.

1
+ —(12.5)(2) = 12.5kN
N —00 Ny =0 ~(12.5)@)

e e s

+ 1 DF,=0; 16.67-125-V,=0
V, =4.17TkN

>+ I M,=0; My+ 12.5(%)— 16.67(2)=0
M, =251TkN *+ m

16.67kN

ANS : Np = 0 kN, Vp = 4.2 kN, Mp = 252 kN-m

3) Determine the resultant internal loadings in the beam Ng (kN), Ve (kN) and Mg (kN-m) at the cross
section through the point E. Point E is just to the right of the 15 kN load.

Equations of Equilibrium:’ For point E 33.33kN 15kN
LZFT =0; Ny=0
e M,
+1)F, =07 —33.33—15— Vy=0 V, =—48.33kN Ny

>+ 3 My=0; My+33.33(1.5)=0 My =—50.00kN « m T 1sm .{VE

ANS @ Ne = 0 kN, Ve =  48.3 kN, Me = 50 KkN-m




4. The thin—walled tube is subjected to an axial force of
40 kN. If the tube elongates 3 mm and its circumference
decreases 0.09 mm. The tube's material behaves elastically.

1) Determine the normal stress g, (MPa) for an axial direction.

2) Determine the normal strain €4 (107>mm/mm) for an axial direction.
3) Determine the modulus of elasticity E (GPa) of the material.
4)
5)

Determine the Poisson's ratio v of the material. 40kN
Determine the shear modulus G (GPa) of the material. 10mm

X
(1) o=2= 1 21000 = 226.35 MPa
A4 7(0.0125—0.01%)
(2)e = i = 3 =3.3333 x 10°°® mm/mm
© L 900
226.
3)B=" = 035 _ 67905 MPa = 67.9 GPa

€, 3.3333x 103
(4) r =27 x 12.5 — 0.09 = 78.4498 mm

784498 _ 19 4857mm
2T
r—r, 12.4857 — 12.5 s
Gt = 125 !
€lat —1.144 x 1073
p=——" = Y = 03432
€ 3.3333 % 10
E 91 < 10°
(5)G = _ 079 O _ 25.28 % 10° = 25.3 GPa

C2(1+v)  2(1+0.3432)

ANS : 1) 0, = 226 MPa, 2) g, = 3.33 (10°*)mm/mm, 3) E= 67.9 GPa, 4) v = 0.344, 5) G= 25.3 GPa

5. 150mm

1) Determine the centroid C from the bottom y, (mm) of the cross—sectional 4
area for the T-beam shown in Fig. __| ¥ |
s T
5 _ 2 TA _ [75mm) (150 mm) @0mim) + [165mm) (80mim) (1 50mim) | S0mm
Y (150 mm) (30mm) + (30/mm)(150mm) 150mm Fe
=120mm

ANS: y. = 120 mm —| |~ 30mm

2) Determine the moment of inertia Ix (105mm*) of the cross—sectional area of the T-beam shown
in Fig. about the centroidal x axis.
1=, +Ad})

= [112(30/77/77) (150mm)® + (30mm)(150mm)(120mm — 75/77/77)2}

+ {112(1 50mm)(80mm)® + (150mm)(30mm)(60mm — 1 5mm)2}

=27.0(10%)mm*
ANS: I, = 27  (10%)mm*




6. The rigid bar is supported by the pin connected rod CB
that has a cross—sectional area of 500mm? and
the Young's modulus of the rod CB is 200GPa.
1) Draw the free body diagram of the rigid bar AB and
determine the reaction force Ax(kN) and Ay(kN) at point A
and the force acted in the rod CB Fgc(kN).

90kN
45KN/m
[;_ Fec: sokn Fac
Ax I o Ax T
: 40kN Ay : 60KN Ay
ANS :© A, = 40 kN, A, = 60 kN, Fec = 50 KN

2) Determine the average normal stress of the rod CB ocg (MPa).
3 4
Fypoe 3><4_90><§:0 y o Fpe=50KN= 50,000V

P ,000V )
= £_ 50,00¥_ 100NV/mm? = 100MPa = 0.1GPa= 10° KPa = 10°Pa

O‘ pr—
A 500mm?

N
A

ANS : ocg = 100 MPa

3) Determine the average shear stress in the 20mm-—diameter pin at A tTa (MPa) which is subjected to
double shear.

V_ V40P +60°  72,110N _ 7211

A 24 B 2007rmm? 2

MPa=115MPa

ANS @ tp = 115 MPa

4) Determine the relative displacement between two points C and B on the rod 8gc (mm).

PL 50,000V « 5,000 50 % 10% x5 _
Ope= = 5 T — 9 5mm or = 5= 2.5X10 Sm=2.5mm
AE  500mm? « 200,0000/Pa 0.5>10 % %200 % 10f
ANS 8gc = 2.5 mm
5) Determine the vertical displacement of the bar at B (8g)y (mm).
5
Opp’ =2.5><§:4.17mm 5
3
or ‘ 5BC=Z.SImn
0 r”‘\,'

3 . 4 !
0 = tan 1(2) = 36.87 (SB)V‘ g
Ei—

Spc  2.5x10°°

8 = —= — =4.167X10 *m=4.17
BB sinf  sin36.87° m mm

ANS : (8g)ly = 4.17 mm




7. A beam(E=200GPa, Cross—section is as shown.) is subjected to the load as shown.

1) Draw the shear and moment diagram of the beam. Indicate the absolute maximum shear force (Vmax)
and the maximum bending moment (Mma) at the diagram.

250 20
5 kN /m §=59'09 mm 4 I‘_ mm—T { o
N—
N— Al
‘ = N ¢ 200 mm
e | 15 mm 15 mm J
3 2m 1 m-—f—1 m—
(b)
ANS: 2) The crosses section of the beam is shown as fig
Determine the moment of inertia (I) and the
¥ (kN) maximum first moment (Qma) of the cross-—
10.0 sectional area about the centroidal N-A axis.
5.00 5.00 Section Properties :
1
0 1 3 3 Ry I= [5(250)(20 )? 4 (250 )(20)(59.09 — 10)2}
-5.00 1
-10.0 +2[§(15)(200)3+(15)(200)(100—59.09)2}
M (KN -m)
= 42.26(10°) mm*
PR, Qs =y A = 49.09(250)(20) +2(59.09/2)(59.09)(15)
0 f - = +—x (m) = 297.8(103)mm3
1 2 3 4
OR -
Quax =y A =(140.9/2)(30)(140.9) = 297.8(10* )mm?®
-7.50

ANS: I = 42.26 (10°) mm*,  Qua = 297.8 (10%) mm®
3) Determine the maximum bending stress (Omax) and the maximum shear stress (Tmax) in the beam.

_ 6 . _
o= _ Mc _ (=7.50(10°)N mgn)( 140.9 mm) _ 9501 MPa
I 42.26(10") mm
S VQnax  10(10°)NV (297.8)(10%)mm?®
max It -

. =92.35MPa
42.26 (10%)mm* (30)mm

ANS: Omax = —25.0 MPa, Tmax = 2.3 MPa
8. A shaft delivers a maximum power of 28260kW and causes the shaft to rotate at 1200 rpm.
The outer diameter of the shaft is 340mm and Inner diameter of the shaft is 260mm.

1) Determine the internal torque (T) on the shaft.

_ 2mT  2mnT _
L= 501000 ~ 60000’ 28200kw=

T=225kN—m=225(10°)N—mm

27 (1200mpm) T
60000 ’

ANS: T = 225 kN-m
2) Determine the maximum shear stress(tmax) developed in the shaft.

_ T 225(10°) 170
max J - s i 4
5 (170" —130")

= 44.3 MPa

ANS: Tmax = 443 MPa
3) Determine the angle of twist(®, rad) of the shaft when the length of the shaft is 60m. (G=75 GPa)

_TL 225(10°) 60(10%)
= E B 3\ T 4 4
75(10 )5(170 —130%)

= 0.2086rad =11.9° =12°

ANS: © = 0.21 rad




9. A shaft delivers a maximum power of 2000kW and causes the shaft to rotate at 1200 rpm.
The outer diameter of the shaft is 200mm and Inner diameter of the shaft is 180mm.

1) Determine the internal torque (T) on the shaft.
2mnT  27nT 2000kw — 27 (1200rpm) T’

~ 601000 60000 60000 ’
T=15.92kN—m = 15.92(10° ) N—mm

ANS: T = 15.9 KkN-m
2) Determine the maximum shear stress(Tmax) developed in the shaft.
6
Tmax — % - 1592(10 ) 100 = 29.47 MPa
%(1004—904)
ANS:  Tpex = 29.5 MPa

3) Determine the angle of twist(®) of the shaft when the length of the shaft is 20m. (G=75 GPa)

6 3
b % _15.92(10°) 20(10°) 0.0786 rad = 4.5°

75(10°) %(1004 —90%)

ANS: ® = 0.0786 rad

10. The member shown in Fig. has a rectangular cross section.

1) Determine the resultant internal loadings(N, V, M) that products at the section C.

125 kN
C
C
250 mm
50 mm = 4m
3 3 e— 1.5 m—-+
A ->x125+2x97.59 =0 - A =1645 <l Yw
5 5 16.45 kN —p ‘%—N
4 4 M
A, ——=x125+—=x97.59=0 -~ A,=21.93
S 5 2193 kN
ANS: N = -16.45 kN, V= 21.93 kN, M= 32.89 kN—-m

2) Determine the state of stress(o., T.) that the loading products at point C.

Normal Force

O'C:E: 16Ny 30 mps
A (0.050m)(0.250 m)
Shear Force

7. =0 since point Cis located at the top of the member.

Bending Moment
- Me _ (32.89/V-m)(0.125m)

I [%2(0.050114)(0.250;”)3

Superposition.
=—63.15MPa o, =1.32 MPa +63.15 MPa = 64.5 MPa

C‘-C:

ANS: o, = —64.5 MPa, Tc = 0 MPa




11. The state of plane stress at a point is represented by the element as shown.

1) Determine the state of stress(ox, 0y, Txy) at the point
on another element oriented 30° clockwise from the position shown.

8 MPa
o, ‘o, o,—0, . —~— 4MPa
0y = 2 + 5 cos20 +7,,sin20
= _13_8+ _1§+86032(—30°)+4sin2(—30°) " ) 12 MPa
= —14.46 MPa S
—F
—12-8 —12+ .
oy = 13 8 _ 13 86052(—30° )—4sin2(—30°)
= —5.54 MPa
B o, 0, .
Ty =TT sin26 +7,,c0s20
—12+
= - TSSmQ(— 30° )+4cos2(—30°)
= 0.27 MPa
ANS: oy = —14.46 MPa, o, = -5.54 MPa, Ty = 0.27 MPa

2) Determine the principal stresses(oi, 02) and the orientation (8,1, ©p2) of the element at the point.

o, T+ o — 19—
Ty =~ L= 13 S o _l0MPa, R= V24 =447
01 = Ogyg + R=—10+4.47= —5.53 MPa
Oy = Ogug — R=10—4.47 = —14.47MPa
_ 7—-’17'!/ _ 2(4) _ _ 0 _ 0 _ 0 0o __ 0
tan29p T — . T "i2+%8 =—2, 29,] =—63.4", 9[,2 =—31.7°, 9p1 =—31.7"+90° = 58.3

T Y

ANS: 0y = =5.5683 MPa, 0, = —14.47 MPa, Op1 = 58.3°%, Op2 = =31.7°

3) Draw Mohr’s circle for the state of stress at the point
and determine the absolute maximum shear stress(Tmax-ans) developed at the point.

(@, 0\ 26,X] @0 0] o (MPa)

26, 0 o (MPa)
A(-12,4)
(gavg-Tmax)
OR
7 (MPa) 7(MPa)
017 03 Onay ~ Omi —(—14.4
T = st = e T _ D (2 ")~ 794 MPa

/4/\/8: —Ema —abs = 7.24 MPa




beam.

diagram.

ANS:

wyL
A, = B, 1 =8.1kN

wyL
max —— B, =— 1 =—8.1kN

woL wU:c?_
4 2L

wol L
M, = Z (07072~ )

Sz =0.707L

_ Yo 3
L (0.707L)
= 0.0345w,L* = 10.06kNm

V
6.3kN
SFD
0 t X
—18kn A 0.707L B
L 2L —8.1kN
3 3
M
10.06kNm
A BMD
0 t 4
~1.8kNm 0.707L B
L 2L
3 3

3) Determine the maximum bending stress (Omax) and the maximum shear stress (Tmax) in the beam.

12. A beam(E=200GPa, Cross-section is as shown.) is subjected to the load as shown. Where w,=3.6kN/m, L=9m.

1) Draw the shear and moment diagram of the

Indicate the absolute maximum shear force (Vmax)
and the maximum bending moment (Mmax) at the

6 . _
S Me (10.06(10°)N gnm)(4 120mm) _ 44.7 MPa
I 27(10°) mm
V@ ) 3 3 3
- Onax _ 8.1(10 )év (2146)(10 Jmm® o
It 27(10°)mm* (30)mm

ANS: Omax = 44.7 MPa,

2) The crosses section of the beam is shown as fig.
Determine the moment of inertia (I) and the
maximum first moment (Qma) of the cross-
sectional area about the centroidal x-axis.

Section Properties :

- XyA _ [75mm](150mm) (30mm) + [165mm ] (30mm ) (150mm
Y™ 34 (150mm ) (30mm ) + (30mm ) (150mm)
=120mm

I = 2(I+ Ad>)
= [%(SOmm)(150mm)3 + (30mm) (150mm ) (120mm — 75mm )]

+ [T12(150mm)(30mm)3 +(150mm ) (30mm ) (60mm — 15mm )?]
=27.0(10%)mm?*

Quax =y A" =45(150)(30) + 15(30)(30) = 216 (10 )mm?
OR
Qnax =y A" =60(30)(120) = 216(10* )mm?

ANS: I, = 27.0 (10%) mm* =~ Qma = 216 (10°) mm3

Tmax = - 2.2 MPa




13. The state of plane stress at a point is represented by the element as shown.

1) Determine the state of stress(oy, oy, Txy) at the point

on another element oriented 45° clockwise from the position shown. 120MPa

r

50MPa
o, to o,—0C .
oy = 5 L4 5 y00526+7-_ws1n29 y
200MPa

— 200;120 + 200 5 120 ps2(—45° )= 50sin2(— 45" ) o x

= 210 MPa I
o, = 200; 120 _ 200; 120 s2(—45° )+ 50sin2(—45° )

= 110 MPa

B 0,0y |
Toly = 5 sin26 + 7,,c0s260

= — Msirﬂ(— 45° ) —50cos2(—45°)

= 40 MPa

ANS: o = 210 MPa, o, = 110 MPa, Tey = 40 MPa

2) Determine the principal stresses(oi, 0,) and the orientation (Bp1, 8p2) of the element at the point.

o, T+ o
y 2001120 _ g, MPa, R = V40®+50°=64.03

Tavg = 79 2
0, = 04y + R=160+64.03 = 224.03 MPa
0y = Oppy — R =160—64.03 = 95.97 MPa
_ 2TL!/ _ _2(50) _ = _ 0 _ 0 _ 0 o __ 0
tan26, = ———"— = S PR =—1.25, 20, == 51.34°, 0, == 25.67", 0,, = 25.67° +90° = 64.33

T Y

ANS: 01 = 224 MPa, Oy = 96 I\/IPa, 6p1 = -25.70, sz = 64.3°

3) Draw Mohr's circle for the state of stress at the point
and determine the absolute maximum shear stress(Tmax-abs) developed at the point.

02=96MPa

O:2 = 96Mpa
O1=224MPa
1 = 224Mpa 03=0MPa

U U (Mpa) O wra

OR TMax= 112

T (Mpa) T ovra)
01— 03 Omax ~ Omin 224—0

T = — 5 = 5 ==, = 112 MPa

ANS.  Tmaxabs = 112 MPa




