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INSTRUCTIONS

Begin each problem in the space provided on the examination sheets. If additional space is required,
please request additional paper from your instructor.

Work on one side of each sheet only, with only one problem on a sheet.
Each problem is worth 20 points.

Please remember that for you to obtain maximum credit for a problem, it must be clearly presented.
Also, please make note of the following instructions.

e The allowable exam time for Exam 1 is 90 minutes.

e The coordinate system must be clearly identified.

e Where appropriate, free body diagrams must be drawn. These should be drawn separately
from the given figures.

Units must be clearly stated as part of the answer.

You must carefully delineate vector and scalar quantities.

Please use a black pen or dark lead pencil for the exam.

Do not write on the back side of your exam paper.

If the solution does not follow a logical thought process, it will be assumed in error.

When submitting your exam on Gradescope, please make sure that all sheets are in the
correct sequential order and make sure that your name is at the top of the cover page. Also,
be sure to identify the page numbers for each problem before final submission on
Gradescope. Do notinclude the cover page or the equation sheet with any of the problems.
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PROBLEM 1 (20 points)

1A. Block A with an unknown weight W is held in static equilibrium by two cables (Ter and Tep). The
tension in cable EF is Ter = 100Ibs. Using the figure below, determine magnitudes of the weight W
and of the tension in cable ED required to maintain static equilibrium. Make sure you include your
Free Body Diagram (on area provided) and write clear equations of static equilibrium. (5 pts)

F
Ter = 100Ibs.

36870 53.130

ZE =0 =—=Tgp cos34.87

Free-body Diagram (1 point)

T Yoo Tee = 100]bs.

|
|
|
+ Ter c0553.13° |
|
: o 5318
136.87
, i
|
|
|
|
|

([oolbs)

Zi =0 =Tgp Sin 36.67
% o _W’

""TEF' Sin 53013
( 100/es)

U Ten = (1004 cos 5308 by 30090
Toy = (oois) (0.6)/(0.8) =|F5 b=

(#Slbs (100 lbs)
T = 7es )ém 36.67 + lee Sin 8303 = 25(0.6)+ (j00) (0.9

4 = 125 [bs.

. 125 Jbs. Zp5)
el = F5- /65. (2 pts)
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1B. Using the method of composite parts, find the area (A) and the x-centroid (xc) of the shaded area
in the figure below with respect to the coordinate axes provided. The circular cutout has a 1-m radius
and is centered in the middle of the 3m-by-3m square part of the trapezoid. Please show your work to
receive credit. If the circular hole was filled in, qualitatively what impact would this have on xc and yc.
(No calculations are required for determining this qualitative impact). (5 pts)

Shape.  Area_(wh)  welwm)
5¢>be < M?— [.5m

—77'\\“”3“?' 45—m < 4m
(/\Y‘ULL _sz, /.FM

Areo-Tot = 6,36 m* _1_

ATDT (1‘3 = ,4, Xe, 4 AL e, + A3 ch
6.3k = ()5 + (45 (4 +(-3 1416 )155m)

Xc_ = 2 A Sq m
A= 10.36 m?2 (1 pt) Xc = Z-.Oﬁ m (2 pts)
xc = Increase Stay the Same (Circle One) (1 pt)
yc = Increase Stay the Same (Circle One) (1 pt)
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1C. Using the method of integration, determine the area (A) and the x-centroid (xc) of the shaded
area with respect to the coordinate axes provided as a function of the constant “a”. Please show your
work to receive credit. Qualitatively, would you expect for yc to be larger, smaller or equal to xc? (No
calculations are required for determining this qualitative impact). (5 pts)

Ya=q Aa= 'j—
et ik

A« ("I - a
[[2] g Ay~ [[y-4
a 0
2 374 2 '
o _g,,,_ = -C—L—- X
A [Z. 3%_ TR
e L R da
Mg - G |
ol oty e o Pl
£ lﬁ] . Y _
he=) | zdzdy /[a = .
3(—‘0 )(xs% o e 2

i

5 Th Hs’ g R R M:Zﬁsi

a -y .._—-—-—'—/ — '

£) = K 75;:] i RS T
o

‘ ¢ - Zq3>(__é43: Z4a uwits.
RN G- LRI N

2./, )
A= a/b units?2 (2 pts ) Xc = Lo

4

yc Trend: yc<Xc  yc=Xc (Circle One) (1 pt)
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1D. A cable is attached at point B that is 6 feet above a pin joint that holds a 1-foot wide gate shut to

prevent spillage of the water to a height of 6 ft as shown. The specific weight of the water is pg =
62.5 Ib/ft3. What is the tension in cable CB when the area is filled with water? (5 pts)

Please Determine:
i. The equivalent hydrostatic force (Feq) applied to the 1-foot wide gate and its location

along gate AB.
i. The force carried in cable AB. PA eﬂl’\ (6’2 5 %ji’) (éﬁ'\ - 3?5.7'%25'

%(Lﬁﬂ) Pa) ()
L L(zsP (375 £2) (17

1406 Jbs

(1404 I1s)
20 = Ta (65 - T2 bﬁ;

6+

Naoe Nest _ 586
B -

1§

Feq = [ 4’ Oé Ibs (2 pts)
Distance of Feq from A along AB = -1 fi (1 pt)
Force carried in the cable BC = : 58 & Ibs (2 pts)
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PROBLEM 2. (20 points)

Given: The inverted T-shaped bar shown is loaded with a 50lb point force at B, a distributed load
from B to D (with a max load per foot of 10Ibs/ft at D), and an 100ft-lb couple at D as shown and is

held in static equilibrium by a fixed support at A.

Find: a) Determine the equivalent force (Feq) for the distributed load and its distance from B (X eg)from
B. (3 pts)

Foy

Y

(CR)(101b/R) =[30bs. |,

i
z

3ft

' 100 ft-lbs

T Load per foot=10 lb/ft

Feq= 3 O Ibs (2 pts) (feq)from B= 4— ft (2 pts)

b) On the artwork provided, complete the free body diagram for the inverted T-shaped bar. Use the
Feqdetermined above in your free body diagram in place of the distributed load. (2 pts)
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c) Clearly write the equilibrium equations and solve for the reactions at the fixed support at A.
Express your solution in vector form. (12 pts)

S M, =0 = ¢, +B)50H (4@-@)(50159(37@) 4160

0 > A
L; C/A: = - [OO 'H—"L‘JS (No‘}ﬂ‘. 'F;.b Pusses an}\ff $0

Tl + 40|bs

C.=_— [OO Eft—lbs6pts) Faz=t 4O i+ +6O  jibspts)

d) If the distributed load were removed from the inverted T-bar, which of the reactions at A (if any)
would change in magnitude (either increase or decrease). Circle the reaction or reactions that would
change from the eight options provided below. (no work need be shown)? (2 pts)

Circle One: None Ca  Ax CA&Ax Ca&A; Ax&A; CaAc&A
(2 pts)
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PROBLEM 3. (20 points)

GIVEN: A pole of negligible mass with an unknown-force F in the z-direction at point D is held in
static equilibrium by two cables (DA and CB) attached to the floor at A & B respectively. There is a
ball-and-socket at point O. The tension in CB is 70-Ib.
) Aat(-4,0,0)
% Bat(2,0,-3)
ra Cat(0,6,0)
c <3t , Dat(0,3,0)

RY

ball and socket joint

a) Complete the free body diagram of the pole using the artwork below by adding FBD
components at point O. (E-pts)
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| D A
b) Write expressic;éor tension vectors Tpa and Tce acting on the pole using their magnitudes

(magnitude of

example. Pleas x&ess your result in elther fractlon or decimal form. (4 pts)

is unknown) and known unit vectors. The applied load is shown as an

Tog <Top ] Toa[- %7 -2 [{ Toa[-08% -0&3]
Tu
207 T30k lbs
. ?o[f—_',:ﬁﬂ.?—'f] #0[47 437 2R {20t - 0]
4 +F
TDA—ITDAI*[( 0. 8)1+(=0:ib )3+ (. & kb 2 pts)
Tep = [(0.286 )i+ (0.857)7 + 04-2‘1 ) k] Ib. (2 pts)
Applied Load= |F|* E 0 yiel 0 Sy 1 )Rk (exampe)

c) Determine the magnitudes of the tension in cables Toa and the load at F. (8 pts)

-2_-'{\7(9 = —[n,b xT{;;ﬂ +£Foc,x T;B] +[ G % FJ

{1

7 )+ SET

0T 0% 603 -~ 30k)|
S =[x Toa(-o-2 o@} [(67)x (20T —607 - 30@1 g

= (2‘4[)‘7’5}} + (—[ZOI - |20

. QM)(: = 3’}:"80 =0 — éO}AS.

Top = 5061bs.

7 Mg=C = 24 Top~ 120 =2

74 = 20 b
|F| = &0 ib.

(4 pts)

(4 pts)
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d) At point O, determine the reactions at O and express as a vector. (6 pts)

=F =5 = [05 +05d +OIE)+ Top + g +F
= (50 lbs)

. o ek 084 -044
o = (Ox'x’ +033 +O*L>+—Tg”( o (6o d

H2o0T - 40&]:‘30@ ¢ &%

T F =0 = Ox - 46 +20 = Ox = 120 [bs.

= bs
e 5|0y +96 lbs.
B o) -

T =0 = Oy =30 +60 =8
OG=[(+20 )i+( + 90 j+( =3O )i (6 pts)
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