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Question # 1 (6 points):

The rectangular concrete beam is reinforced with three 20-mm
200 mﬁ'“": 1 diameter steel rods as shown. If the allowable compressive
stress for concrete i (O,)))concrete = 12.5 MPa and the allowable
hl d tensile stress for steel is (G)sieel = 220 MPa , determine the
\ required dimension d so that both the concrete and the steel
/ achieve their allowable stress simultaneously (i.e. at the same
® P time). The modulus of elasticity for concrete and steel are
HH‘“H \y Econcrete = 25 GPa and Eg. = 200 GPa, respectively.
B _200
E. 25
o. _ Mx and o, = n.M(d_x)
1 1
nM (d — x)
o, n(d —x d
- ]\fl _nd=x) _ )
o, Mx X X X
I bx.E =nA4 (d —x)
i = S 41 b :
x no. A =—"" and A =32(20)|=942.48mm>
¢ © 2n(d —x) ‘ 4
Substituting the known values for o, o, and n Substituting the kng)wn values f(;r A, n, b and d=3.2x
94248 = 2;)0; - 23(;0; = 5.682x
d_9 1= 220 132 (8)3 2x-x)  33.2x
X no, 8(12.5) s x =165.87mm
sd=32x Therefore  d =3.2x=3.2(165.87) =531mm




Question # 2 (6 points):
P

f

S0 minad

i

o due to axial force:

The offset link shown supports the loading of P =30 kN.
Determine its required width w if the allowable normal

stress 1s o, = 73 MPa. The link has a thickness of 40 mm.

_ P _ 30(0°) _ 750(10%)

g

A (w004 w

o due to bending:

Mc _ 30(010°)(0.05 + 5)(3)

oy =

I H(0.04)(w)?
4500 (10°)(0.05 + £)

ro

H.l

Tmax = Tallow — Ta + Ty

750(10°)  4500(10°)(0.05 + %)
73(10°) = i + X -

e
73w = 075w + 0225 + 225w
Tiw? —3w—0225=0

w = 00797 m = 79.7T mm

Y Rt

M=30x103(0.05+w/2)

(0.05+w/2) P=30 "~




Question # 3 (9 points):

18 kN 6N For the beam and loading shown;
a) determine the support reactions
b) draw the shear and bending moment diagram

Afa ) ¢) determine the maximum absolute value of the
| X ~‘ M=10kN-m shear and bending moment
Im Im—p—2m d) determine shear and moment as a function of x
S | for the region 2 <x <4
a) Support Reactions |8 KN & kN
> M, =0: 182)+6(6)+10-4B, =0
:.B, =20.5N Ae=0 g : - Yo
DY F,=0: A4,+205-18-6=0 I:“”'" T T
DF,=0: 4,=0

b)
V(kN)
@
J5
3 7 T X(m)
—_ #‘5
Sdear a{@f das Maximum absolute value of the shear is 14.5 kN
M (kal-m)
-
4 &
. 1 : fF—x{(m)
]
el
zgram
momant d}? Maximum absolute value of bending moment is 22 kN.m
d) shear and moment as a function of x for 2 <x <4 18 kKN

DM, =0: M+18(x-2)-3.5x=0

v
SM =-14.5x+36 l )M.
SF, =0: 35-18-V=0 py ol

SV =-145

Ay=3.5kN




Question # 4 (9 points):

50 mm 50 mmI

| —100 mm—| ,

50 }um The wood beam given has an allowable shear stress of t,; = 7 MPa.

a) Determine the maximum shear force V that can be applied to the
200 mm

cross section shown.

1

50 mm

b) Plot the shear-stress variation over the cross section roughly.

1 i 1 i S0 mm 50 mm
I= 1—,}:;[;.2;:[[;-.2;:) - 1—,,[[;.11:[[].1}J = 125(107%) m* I t=—100 mm— I

50 mam

1.IQI'I12I X

Tallow = It S50mm’|’

V[(0.075)(0.1)(0.05) + 2(0.05)(0.1)(0.05)]
125(107%)(0.1)

7(10%) =

1
50 mam

V= 100 kM

The shear-stress variation caused by a vertical shear force over the cross section will be as below:




Question # 5 (10 points):

A steel pipe of 300-mm outer diameter is fabricated from

6 mm 6-mm-thick plate by welding along a helix which forms an

—“| |“— angle of 22.50 with a plane perpendicular to the axis of the
/& pipe. Knowing that a 160-kN axial force P and an 800 N.m
Weld

torque T, each directed as shown, are applied to the pipe,

determine o and 1 in directions respectively normal and

tangential to the weld. (Hint: Firstly find the state of stress

and then calculate the transformed stresses with ©=22.5").
1 -

c}z = 08m . 1&}_ = o:l5h, L= oaeooébm

¢, = Ca=-t = 0144

A= (cl‘ T 'ﬂ'fa-rg.-"- p+f’?-#-1\]’ SIJ?I-P}:;.:'{ e

J = Til: {C-::r * c.q )*’-’ %(a—fslr = a-ﬂ?ﬂ-* )':" 119-2xi076 m'

3 Sreesees J 20-88 MPa
_ #_P_ __ feewe® 4
&= B EShixo—® kS fieez M
_ Te _ L800(euis) l T
z N T HIOE £HY "R | FR——
Gy= © 5 '5:}. = = 2808 HPfa 'r.r_-,- = feez Mfa 1
Gu i
Zf\ // s Choose the «' qu.‘j' axes respe edive ff
} \“’Fﬂ, +au-.je‘m5:|'ﬁf and novmead o the weld.
Ai) TL“-”-J G;‘ - G‘j! g_,L.tJI "ru = (E.;::Ir
P il 71.5°

e b i 6= 22.5°

&' G}_EGI- - ﬁli-—gfcaa%é} - ’E‘,ﬂ,..’iin e
-J:.:_‘w‘zil_ -EL__.;P'J.F__E cos YE° = fooz sin ¥5°©

"

= = 3538 HPq {5:3 - 254 MPq
’{’,;Jf T - Eﬁ—;ﬁ ein 40 + Tﬁ ens 16
T _z;.&? 1l Ein 5" + 002 cos 45"

- Ft HPa Tu=—95 MPa —




Question # 6 (10 points):

Column AB has a uniform rectangular cross section with b=12 mm
and d=22 mm. The column is braced in the xz-plane at its midpoint
C and carries a centric load P of magnitude 3.8 kN. Knowing that a
factor of safety of 3.2 is required, determine the largest allowable
length L. Use E=200 GPa. (Hint: Consider buckling in xz-plane and
yz-plane separately).

VP = (3.2)(3.8%/0%) = 12.16% 10> N

= rJEL
he = T{g

Bucifﬁiwq I¥ X.‘Z-Pa-?ane_ L= L:_ = 11'1!-%'-1‘:—
2 »

1= 5 db? = éj”]ﬁi?: 2. 168 20" mm
—_ |g3:n.'jt:}'q re?

. o J(GoowO® N A J6B8rITV)_
L - II.J !;1']-5 "'-J'IDE b lﬂ-n"l?M
L Y J=
y2-plane . Lo 2L 1= =1 r__:s%
T = — 2 o LfisAS -5 = K ra - - u
T = gbd” = 212022 = 10.643%10° mm = 10,648 %10 m

- T [(200%10M(10.6%8 » (o™ )
[2.16 » O3

= O.657 m

-
']

The Swr-_.i??r fﬁ--ﬁﬁlia jauearns_ f= D E57 w = ESET7 mim, «
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Question ≠ 1 (6 points): 


		

[image: image2.png]





		The rectangular concrete beam is reinforced with three 20-mm


diameter steel rods as shown. If the allowable compressive stress for concrete is (σall)concrete = 12.5 MPa  and the allowable tensile stress for steel is (σall)steel = 220 MPa , determine the required dimension d so that both the concrete and the steel achieve their allowable stress simultaneously (i.e. at the same time). The modulus of elasticity for concrete and steel are 

Econcrete = 25 GPa and Esteel = 200 GPa, respectively.
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Substituting the known values for σs, σc and n
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Substituting the known values for As, n, b and d=3.2x
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Question ≠ 2 (6 points): 


		

[image: image8.png]





		The offset link shown supports the loading of P = 30 kN.


Determine its required width w if the allowable normal


stress is σall = 73 MPa. The link has a thickness of 40 mm.





		

[image: image9.png]o due to axial force:

30(10%)
AT o0

o due to bending:

M _ 300100
g H0.04)(w)*
4500 (10%)(0.05 + %)

W

Fonax = Tatlow =

at b

T50(10%)  4500(10%)(0.05 +
7aqr) = 20 OO

T3P = 075w + 0.

5+ 225w
T3 - 3w - 0225=0

w = 0.0797m = 79.7 mm
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Question ≠ 3 (9 points):


		

[image: image11.png]





		For the beam and loading shown;


a) determine the support reactions


b) draw the shear and bending moment diagram


c) determine the maximum absolute value of the 

shear and bending moment


d) determine shear and moment as a function of x

for the region 2 < x < 4





		a) Support Reactions
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b) 


[image: image14.png]V(kn)

35
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Shear diagram
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Maximum absolute value of the shear is 14.5 kN

[image: image15.png]momant dliagram




Maximum absolute value of bending moment is 22 kN.m

		d) shear and moment as a function of x for  2 < x < 4
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Question ≠ 4 (9 points):

		

[image: image18.png]50 mm 50mm
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		The wood beam given has an allowable shear stress of τall = 7 MPa. 

a) Determine the maximum shear force V that can be applied to the cross section shown. 

b) Plot the shear-stress variation over the cross section roughly.
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The shear-stress variation caused by a vertical shear force over the cross section will be as below:

 [image: image21.png]





Question ≠ 5 (10 points):

		

[image: image22.png]





		A steel pipe of 300-mm outer diameter is fabricated from     6-mm-thick plate by welding along a helix which forms an angle of 22.50 with a plane perpendicular to the axis of the pipe. Knowing that a 160-kN axial force P and an 800 N.m torque T, each directed as shown, are applied to the pipe, determine σ and τ in directions respectively normal and tangential to the weld. (Hint: Firstly find the state of stress and then calculate the transformed stresses with Ө=22.50).
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Question ≠ 6 (10 points):

		[image: image25.png]







		Column AB has a uniform rectangular cross section with b=12 mm and d=22 mm. The column is braced in the xz-plane at its midpoint   C and carries a centric load P of magnitude 3.8 kN. Knowing that a factor of safety of 3.2 is required, determine the largest allowable length L. Use E=200 GPa. (Hint: Consider buckling in xz-plane and yz-plane separately).
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