CE 3303 — Mechanics of Solids Summer it 2024

xam 1 :
ZMa =p=-37.f(7.s)+g7/) éf”ﬁ 3 4 - gf;-’.f;fs

Deformable Body Equilibrium

Beam loaded as shown. D is a point withinthe-tes i gef-Reactions Ay = 17.95 kips and By = 25.55 kips have

S = =0=fAx "'5
A= 8" e

225 2.5 (%)

5) Determine the internal shear force at D. (4 pts) +T“1:4::{7 —o0 = 17.95-2 ’k
a. -4.37 kip b. 0
ﬁzyss kip d. -4.19 kip

- -= - H
6) Determine the internal normal force at D. (4 pts) ‘ﬁ:& =2 3 +

— el _,_#‘_ e
)= @ T
a. 0 b. 6.00 kip (T) I M +Vv (Aj ’J

ﬂ.oo kip (T) d. 8.00kip (C)

7) Determine the internal moment at D. {4 pts)

+

ngmmrgag - %[)+225“[9+M
M“ + é@g }‘“&fij

a. +65.2kip-ft b. +62.7 kip-ft

c. +67.8kipft ﬁ +60.3 kip-ft
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Summer i 2024 Exam Il c}%gi-) CE 3303 — Mechanics of Solids

oLt n
Stress-Strain Relationships o
D
1) The point on the stress-strain diagram that A
represents ultimate stressis __. (2 pts) !
B C E
a. Point C /5 Point D
c. PointB d. PointE

2) The point on the stress-strain diagram that represents yield stress is _ . (2 pts})

a. Point C ﬁz’oint A
c. PointD d. PointE

The specimen below has an untoaded length L = 250 mm. The Stress-Strain Diagram is shown.

3) Determine the modulus of elasticity, E, of the material.

(2 pts) } 0"/ oy S

ﬂs% GPa b. 360 GPa ’ fﬂy ey -
¢. 320GPa d. 333GPa - ;"‘o';}';p |

z 344/ 4103 /

4} Determine the normal strain of the specimg\‘fﬁ l’é 4

loaded with a force P = 140 kN. (6 p% > o |
; e = SE — € (mm/mm)
<,
4 s e-Y% = e
| g oo 00
24 = p057

Strain = 5 2.2 E“6 %M B ﬁ@?ﬂlﬂ) 5

The system is loaded and supported as shown. The
solid shaft has a diameter, d = 35 mm.
E=200GPa

S

\\
W
X
9

i 46 = ﬁ[;?(%ﬂo@ = /J ﬂma/‘i)

5) Determine Poisson’s Ratio if the measured change in diameter under the load is Ad = +2.40 {103}

mm. (10 pts) e 9_’__
ve__ 237 &
€At
Yz~
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Summer il 2024 Exam il CE 3303 ~ Mechanics of Solids

Torsional Shear Stress & Angle of Twist

The bar is loaded as shoW action BC is solid with pn-eetsidg
outside diameter ¢ and a wall thickness w

diameter of 90 mm. Section AB is a tube with an
123 GPa, G =45 GPa

) Determine the maximum shear stress in the section of the 3 .
W N-spn, M
~ g -
o Maximum shear stress = /4’7 M,Pg T = I£ - i =
10 N A H 6;5
o ) -
P A [40) L gt EL mmt  F (146D %‘1, w
MPz |
G P D) e T

(8 pts)

7) Determine the angle of twist of point A relative to point E
A -pt

Angle of Twist = _~ - 03/ resl # é, _ fZé/ma _ﬂ%al
w JC 4'/5 f

WJ
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Summer |l 2024 Exam |} CE 3303 - Mechanics of Solids

Axial (Normal) Stress, Strain and Deformation

The system is loaded and supported as shown. The system is made of Titanium, Er = 140 GPa. It is a solid shaft
with diameter, d = 30 mm.

24 kN

11) Calculate the axial normal stress in section BC, (6 pts)
n&/j g

Normal stress in section8C=___— 32.5 M Pz (2—:)

-

12) Calculate the displacement of point B relative to point D. (10 pts)

w P | Fpowegor - —p.-0/62

0/56 " aAe 7 T4/ 20 ‘p.;zow@ 0-DIE27
. +&E’°Y,25) —_

Jep = ””&;;;gﬁ /4o000) + 2. 0/506 -

T
g 5053 son
Displacement of B relative toD= _— 5?5- (C~L o

13} Catlcutate the axial normal strain in section DE. (4 pts) g.’}é—/ 5 = % = % E
3. -252 (10%) ™/ 5@243 (10°5) ™ /i . -240m "
C. 262 (10%) ™ /o d. -233 (10°) ™™/ /574 /3 ?0)(140”@
= 2¢%25€-¢ 77,

© Texas Tech University — David Spears @ 2024 Paged of 7



Summer |l 2024 Exarmn CE 3303 - Mechanics of Solids

15 5‘9 2 £

4y n

Bending Stress and Flexure Formula

The cross section of a W200 x 36 is subjected the

resultant Internal bending moment as shown.

Ik = 7.64 (10°) mm?*, |, = 34.4 (10°) mm* £

fn’ﬁ*ﬁ? 1]5:;

14} Determine the Direction of the bending stress at B. (2 pts)

% (Tension) b. - {Compression) ¢. No Stress

15} Calculate the magnitude of the bending stress at B. {4 pts)

8.1 MPa b. 18.8 MPa Og * ﬁﬁ -
c.0 ry

d. 17.4 MPa

16) Calcuiate the bending stress at A. (8 pts)
Ta = + % - T,
- +Mx vy _ My»4
T I
2,2{1003) (i003)/Z5)

s
- s2dings —181dmps = /432 MP>

Bending Stress @ A =
+/ 4.3 Mps
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Summer |} 2024 Exam II CE 3303 — Mechanics of Solids

Transverse Shear

The cross-section has a moment of inertia about the neutral axis, 1 =236 in®, Point B lies 4.0 inches below the
top of the cross-section, 5.0 inches above the bottom of the cross-section.

-— ) /

17) Calculate the maximum transvelge shear &ess. {10 pts)
V. _ 425 (48 3.4Y5)
T2 “—=3

_/-/'}‘,Zg ksi

Maximuim Shear Stress = M{é‘

18) Calculate the transverse shear stress at point B. (4 pts)

a. 10.6 ksi b. 11.0ksi
ﬁ 10.2 ksi d.  9.80ksi g e
/2-255 zo)
VR 4azsi!5’.}-a.57 =75Ys
Te = Te = . ; e )
%6 (€)
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Solids Exam 3 ( % / Summer I} 2024

Thin Walled Pressure Vessels é&M 7) D N)

T - .\J ¥ oAnr ‘y ar
A pressurized cylindrical tank with a diameter 3.5 m, made of 25 mm thick steel, E = 200 GPa Thej
failure stress of the steel is 250 MPa. . Br gt 2%20/25
0= & P? r= w—é 3.5 25

L
= 1) Calculate the maximum pressure the tank can contain with a Factor of Safety of 2.7. ']ﬁ”pts) M E;'

-3
- m 7 = 27
‘ Maximum Pressure = I?"}" M1 =i }.34‘2
MFe

Combined Loads and Stresses
The cantilever has a force applied at the center of the cross-section. This creates 3 types of stress at A.

; 5 4in. .@ 24.5 s g
25 ) "H ol Sl
2 % - _‘I; i ﬁ(:' 4[ %)
Fy= 4-'1’5053'5 45tips
= 3. ect

Cross-section at a-a

2) Calculate the normal stress caused by the axial load at point A. Mts@f‘-”@ g

255" 100
a. -0.661ksi c. 0.688ksi Tpp = A - 1,'[;;{' =\ D717

51
b. 0.747 ksi y -0.717 ksi K

7 450535
3) Calculate the normal stress caused by the bending moment at point A. {3 pts) ;

a. 27.6ksi ¢. -25.6ksi M'ﬂ MP “%[3 {J

Tpnd >
-24.6 ksi d. 26.6ksi 24%

4) Calculate the transverse shear stress at point B {(midheight of the cross-sec n

) t‘i}
1 i
ﬂ 1.54 ksi ¢ 1.70ksi q*,_ I—h _%;Z(_%[z)- I 535

b. 1.60ksi d. 1.47ksi -
= ’-5 '—' - ?——""‘té A = L5536 ke v
AT A D) ke

5) Determine the combined normal stress at point A (3 pts)

Ta= - 2457 — o)

Normal Stress=__ 2 5'% ksi (C) = !’W
V;ﬂ

Texas Tech University — David Spears @ 2024 Pagelof7

Al




Solids Exam 3 Summer |l 2024

Mohr's Circle (15 pts)

6) Draw Mohr's Circle for the Stress Element shown.

7) Show and give the stress values shown on the Stress Element { o, = 100 MPa, ov 40 MPa, v ,.y = 50 MPag,
signs shown on Stress Element), = +i00 Ty == 40 7'7 » 50

8) Show and give the values of the 3 principal stresses, Cr- + OZ, /.” & 649 i

9) Show and give their 3 angles of orientation, 6

10) Show and give the average normal stress (Osve),

11) Show and give the radius of Mohr’s Circle (R} 1€ i F

. o) 5

. 8o+ &bo2 =~ 4/16:0 1%
30-§4.02 7 - X%
= G602 ko' ceud

= ﬂ‘ - 7 ‘o"f » °
- _,m '70 4-55;54'- @ '”777

= 127- 79' :,_?._2'._.,2_}

&_ 177.77~ 4g=-2228
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Solids Exam 3

Summer |l 2024
Stress Transformation

The magnitudes of the state of stress at a point on a member was recorded as o, = 140 MPa, 0, =70
MPa, and 1y = 30 MPa.

o; = - 140 Mpa
G-U: + 70 MPs
Oy (T;'y-: . 50 pr

— Ox

—_— 1,

g - 140270 -180 200052 (30 4 (39 sn2(29
=

(35) + (-529) + (2529

12) Determine the normal stress acting in the

ion if the element is oriented 30° clockwise
from its original position 3¢5 pts)

a. 59.1MPa(C) ﬂ 61.5 MPa (C)
b. 56.7MPa (C)

d. 63.9MPa{(C)

0”-7’ = (—%‘5) - f- ’52-53 —_ (25’,‘?@ - F—_;?—;@l MP&[Q&
13) Determine the normal stress acting in the y’ direction if the element is oriented 30° clockwise

from its original position.:f(é’ pts)

a. 9.17 MPa (1) ﬂ 8.48 MPa (C)

b. 8.14 MPa(C) d.

8.82 MPa (T} —_—
— 9093 ~ ~15 = — /059 MP
7‘/, ' _ . - 140“%
x z

—%~ Sin ?-F'W) + (r%) cos 2(-30) -
14} Determine the magnitude of the transformed in-plane shear stress if the element is oriented 30°
clockwise from its original position.%{&pts)

a. 114 MPa c. 110 MPa

b. 102 MPa é) 106 MPa
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Solids Exam 3 Summer Il 2024
Elastic Curve — Constants of integration, Slope and Deflection

Given the beam loaded as shown with a concentrated Load at point8

v=0
l( 21 kip
| > X
Z
The Moment Equation is: El M(x} = -21x kip-ft 7 ){:: 28 P+ o= - ,asﬁ@ + C]
/

. L, - _ 2 P f2

The Slope Equation is: El B(x) = -10,5x* + C; kip-ft L= ~ 5-‘75'2,_

The Deflection Equation is: E! v(x}= -3.5%> + Cyx + C; kip-ft®

Evaluate the Constants of Integration. ,(g’pts each) gx 222 =02 -35 /2934. ;pﬁyﬂa +&
/

1 0¥
17) G = a. 5820 5082 —~372L8 + /&
0 d. -5280 -~
c. . -528 gz =) 4—695
18) Gy = ﬁ -74536 b. -73654

c. 76543 d. -78635

Given the beam loaded as shown. E = 29,000 ksi, | = 1670 in.*
15 kip
/5!
B E = [ !
- aR ]
> X

ms :'uz

%
The Deflection Equation is: El v{x) = 2.5x° - 4320x + 69120 kip-ft? = 2. '."—{ ‘1) -4320 @ + é:“ 20 =

. k-3 3
19) Calculate the deflection 15 ft left of point A. pts) . . (3
A0 - #F 2106l.5
(24 oW)ﬁL')CD
. L
41,144 in
Deflection = f I
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Solids Exam 3 Summer Il 2024

Design of Beams

The simply supported beam is made of timber that has an allowable bending stress of Canow = 1.60 ksi
and an allowable shear stress of taow = 210 psi. (The architect wants the beam with proportions shown.}
(Hint: Draw a Shear and Moment Diagram to find Vimax and Myax}

10 kip/ft ’ 1'.[.]
’I"rl 2x
a8 5
' X
CrOSS-SeCtl{
v m] I= |‘21- 2—2‘—,_
W(2 ([H* rmﬁ' g, B b
M % - y
M | ”

20} Calculate the required dimension, x, for bending stress. {9pts)

™

a. 6.32in c. 6.58in J = e <=

6.08 in d. _6871n -
y 2 2 g 2
= %X L WEk®)

W

Q\3

=4, 08 1n
21) Calculate the required dimension, x, for shear stress. (9 pts)
67 8.45in c. 9.14in rt-(r'; .9 “V,E,T . i;.o _
b. 879in d. 81lin A< L,.‘Z_- 51210 s |42, ébr

22) Rounding to the nearest inch, what dimension x should be used for the final beam design? /

g_pts) 7 , ,

a. 6.00in 8.00in

b. 7.00in @ 9.00 in
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Solids Exam 3 Summer Il 2024

Column Buckling Load ¢ -
I ?7_E,-¢-___ %’?@ = /2.566 in*
An A-36 steel rod with a 4 inch diameter {circular) cross section {I = ???7 in.%) is to be used as a column.

{E«t = 29,000 ksi, ov= 36 ksi)

23) Determine the maximum allowable axial load the column can support without buckling if t@
foot long column is fixed at one end and pinned at the other. pﬂ"bts)
Fi)l 2in K = )

Maximum Axial Load = _2( 27 kw}’ E a

24) Determine the maximum length of the column to support a 200 kip load without buckling. The
column is pinned at both ends. s5pts) =10

9621t © o254t
e 12,0

® es3t @ _ss9t
J1é 123

. Tr'er
(}i%i P,,_ @:/,,‘::)[i ,;;L) g 4?4«‘:»5‘)
C;Q/E) 5o et 7

209 .

Kz —
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