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Units

PRACTICEPROBLEMS =~ ...

1. What SI unit is equal to the combination of base
units kg-m?/s??

(A) joule
(B) pascal
(C) tesla
(D) watt
2, What is a kip?

(A) 1000 in-Ibf (torque)
B) 1000 Ibm (mass)

C) 1000 Ibf (force)

D)

3. What is a metric ton?

—_—

1000 psi (pressure)

200 kg
1000 kg
2000 kg
2000 N

ChCICEE

SOLUTIONS i

1. Kinetic energy is calculated in the SI system as ;—m v?,
with units of kg-m?/s?, which are equal to joules (J).

The answer is (A).

2. The abbreviation kip is used for kilopound, which is
1000 1bf (pounds of force).

The answer is (C).

3. A metric ton, also known as a tonne, is 1000 kg.

The answer is (B).
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1. To find the width of a river, a surveyor sets up a
transit at point C on one river bank and sights directly
‘across to point B on the other bank. The surveyor then
walks along the bank for a distance of 275 m to point A.
The angle CAB is 57° 28'.

—_— '\B
——
e -_-“““-__..-———-——-.
—_—
-.________/'-'-"‘D
57°28'
c A
275 m

What is the approximate width of the river?

430 m

2. In the triangle shown, angles ABD and DBC are 90°,
AD =15, DC = 20, and AC = 25.

D

A C
B

What are the lengths BC and BD, respectively?

A) 12and 16
) 13 and 17
C) 16and12
) 18and 13

Analytic Geometry and
Trigonometry

3. A line with slope 4/3 passes through the point (6,4).
How long is the segment of the line that begins at the
yintercept and ends at the point (6,4)?

A) 10

B) 25
C) 50
(D) 75

4. Which of the following expressions is equivalent to
sin 267

(
(
(

(A) 2sinfcoséd
(B) cos?6—sin®6
(C) sinfcosd

1 — cos 26

(@) —5

5. Which of the following equations describes a circle
with center at (2,3) and passing through the point
(=3,-4)7

(A) (z+3)2+ (y+4)2=85

(B) (z+3)*+ (y+2)?* =71
(C) (z-3)*+(y—2)°=T4
(D) (z—2)*+(y—3)*=74

6. The equation for a circle is 22+ 42+ 3? +8y=0.
What are the coordinates of the circle’s center?

(A) (-4,-8)
(B) (-4,-2)
(€) (=2,-4)
(D) (2,-4)
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7. Which of the following statements is FALSE for all
noncircular ellipses?

(A) The eccentricity, e, is less than one.

(B) The ellipse has two foci.

(C) The sum of the two distances from the two foci
to any point on the ellipse is 2a (i.e., twice the
semimajor distance).

(D) The coefficients A and C preceding the 2 and ¢
terms in the general form of the equation are
equal.

8. What is the area of the shaded portion of the circle
shown?

(A) 2=—1

® (33)er-9

50m
S
(D) 497 -3

9. A pipe with a 20 cm inner diameter is laying horizon-
tally and is filled to a depth equal to one-third of its
diameter with a substance that will prevent flow. What
is the approximate area in flow in the remaining open
cross section of the pipe?

(A) 33cm’
(B) 92cm?
(C) 223 cm’
(D) 314 cm?

10. The equation y= a; + @ is an algebraic expression
for which of the following?

(A) a cosine expansion series
(B) projectile motion

(C) acircle in polar form
(D) astraight line

11. For the right triangle shown, z= 18§ ¢y, s
¥=

: Bey
Y=13 tm
B -

x=18cm

Most nearly, what is csc 67

(A) 0.98
(B) 1.2
(C) L7
(D) 15

42. A circular sector has a radius of 8 em and
length of 13 cm. The area of the circular sector 1?1 ;
nearly g

(A) 48 cm?
(B) 50 cm?
(C) 52cm?
(D) 60 cm?
13. The equation 32 + 437 = 1 defines

(A) acircle

(B) anellipse
(C) ahyperbola
(D) aparabola

14. What is the approximate surface area (including
both side and base) of a 4 m high right circular cone
with a base 3 m in diameter?

(A) 24 m?
(B) 27m?
(C) 32m?
(D) 36 m?

15. A particle moves in the z-y plane. After tse_w“ds'
the 2- and y-coordinates of the particle’s locatiol are
z=8sint and y=6cost. Which of the following
equations describes the path of the particle?

(A) 8622+ 6417 = 2304
(B) 3622- 6412 = 2304
(C) 6422 + 3642 = 2304
(D) 6422 — 363 = 2304

e
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ANALYTIC GEOMETRY AND TRIGONOMETRY 2'3

SOLUTIONS i

1. Use the formula for the tangent of an angle in a right
triangle. The angle may be entered in a calculator in
degrees and minutes if the calculator is in that mode or
the minutes can be converted to decimal form with 60
minutes per degree.

tan6 = BC/AC
BC = ACtan#
= (275m)tan(57°28’)

= (276 m)tan[E)?” -+ (28’][%]]

= (275m)tan(57.467°)
=4311m (430 m)

The answer is (D).

2, For right triangle ABD,

(BD)? + (AB)? = (15)?
(BD)? = (15)% — (AB)?

For right triangle DBC, BC = (25-AB)

(BD)? + (25 — AB)? = (20)?
(BD)? = (20)% — (25 — AB)?

Equate the two expressions for (BD)2

(15)* — (AB)? = (20)® — (25)* + 50(AB) — (AB)?
(15)% = (20)% + (25)°
50

BC=25—AB=25-9=16
(BD)? = (15)* — (9)*
BD = 12

AB = =9

Alternatively, this problem can be solved using the law
of cosines.

The answer is (C).

3. The equation of the line is of the form

y=mz+b

«
The slope is m =4/3, and a known point is (z,y) =(6,4). B
Find the yintercept, b. g
4 £
4= [5’](6) + b g
4
b=4—|—|(6) =—4
HE

The complete equation is

y=%x—4

b is the y-intercept, so the intersection with the y-axis is
at point (0,—4). The distance between these two
points is

d=\(ya—01)* + (23— 7,)°

= J(4—(-4)] + (6 -0}
=10

The answer is (A).
4. The double angle identity is
sin 26 = 2sinf cos @

The answer is (A).

5. Substitute the known points into the center-radius
form of the equation of a circle.

r?=(z— h) + (y— k)?
=(—-3-2)*+(-4-3)?
=74

The equation of the circle is
(=24 (y—3)* = 74

1% =74, so the radius is /74
The answer is (D),

6.. TO. find the circle’s center, put the equation of the
circle into standard form. Complete the square.

x2+4;r+ y2+8y=0
2+ 42444 y* +8y+16 = 4+ 16 4
(242 + (y+4)* = 20

|
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The center is at (—2, —4). The opposite of the offsets of
zand y are the origin of the circle.

The answer is (C).
7. The general form of the equation for an ellipse is
Az?+ Bay+ Cy*+ Dz+ Ey+ F=0

The coefficients preceding the squared terms in the gen-
eral equation are equal only for a straight line or circle,
not for a noncircular ellipse.

The answer is (D).

8. The angle ¢ expressed in radians is

rad

21rrad]r_5i

¢=(150°}[ Trd) -2

The area of the shaded portion of the circular segment is

_ r*(¢ — sin @)

A
2
B (?}gt%—sin?ﬁi]
K 2
2 [:12 5_7f_.l]
“l2)l6 2
49
=|=|(567-3
12}( 7 —3)
The answer is (B).
9, Find the angle ¢.
Area of flow

\0 0““ 0 70,_.m
Area of substance
preventing flow
6.67 cm
1

¢ = 2{arccos((r— d)/r]}

[ 10 em — 6.67 cm ]
= 2arccos
10 cm
7 rad
= .10 ————
ML ]

— 2.46 rad

Q

Find the area of substance preventing flow,

A = [r¥(¢—sing)]/2
(10 cm)?(2.46 — sin 2.46)

- 2
(10 cm)?(2.46 — 0.63)
- 2
= 91.5 cm®
Find area of flow
Aﬂgul = Al‘ofnl - A

— 7(10 cm)® — 91.5 cm’

— 314.2 cm?— 91.5 cm® = 222.7 cm® (223 cud)
The answer is (C).
10. y=mz+ b is the slope-intercept form of the equa-

tion of a straight line. a; and a, are both constants, so
y=a;+ @ describes a straight line.

The answer is (D).

11. Find the length of the hypotenuse, 7.

r=qz?+y? = J(TB cm)® + (13 em)? =222 cm

Find csc 6.

22.2 cm — 1.7

cscl =r/y= 19 cin

The answer is (C).

12. Find the area of the circular sector.

Azﬁz[W]swcmﬁ
2 2
The answer is (C).

y rccsaml jon is
13. The general form of the conic section equation!

Az’ + Bry+ Cy*+ Dz+ By+F=0

: g
fine a circle: Cal

A=3, C=4, F=-1, and B=D=
different, so the equation does not de

late the discriminant.

B2— 4AC= (0) — (4)(3)(4) = %8

e T
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ANALYTIC GEOMETRY AND TRIGONOMETRY 245

This is less than zero, so the equation defines an ellipse.

The answer is (B).

414. Find the total surface area of a right circular cone.
The radiusis r=d/2=3m/2 = 1.5m.

A = side area + base area = mr(r+ -\J r?4+ h?)
= m(L.5 m)(L.5 m + J(l.5 m)? + (4 m)z)
=27.2m* (27 m?
The answer is (B).

15. Rearrange the two coordinate equations.
sint =

cost=

o< oo|8

Use the following trigonometric identity.
sin’0 + cos*0 = 1
2 2
T Y
) 4 MEY =1
5)+()

To clear the fractions, multiply both sides by
(8)* x (6)* = 2304.

3622+ 64y’ = 2304

The answer is (A).

|
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1. What is the name for a vector that represents the
sum of two vectors?

(A) scalar
(B

(C) tensor
(

resultant

—

D) moment

2. The second and sixth terms of a geometric progres-
sion are 3/10 and 243/160, respectively. What is the
first term of this sequence?

(A) 1/10
(B) 1/5
(C) 3/5
(D) 3/2

3. Using logarithmic identities, what is most nearly the
numerical value for the following expression?

logs % +log;12 — log32

(A) 0.95

Algebra and Linear Algebra

Mathematics

4. Which of the following statements is true for a power
series with the general term az'?

I. An infinite power series converges for z < 1.
II. Power series can be added together or sub-
tracted within their interval of convergence.
III. Power series can be integrated within their
interval of convergence.
(A) Tonly
(B) Ilonly
(C) IandIII
(D) IIand III

5. What is most nearly the length (magnitude) of the
resultant vector given the following vectors?

3i+ 4j —5k

T+ 2j+3k

—161 — 14 + 2k
(A) 3
(B) 4
(C) 10
(D) 14

(B)
(C)
(D)

1.33
2.00
2.20

6. What is the solution to the following system of simul-
taneous linear equations?

1024 3y+ 10z =5

82—2y+9z2=3
Sr4+y—10z2=7

(A) z=0.326; y=—0.192; 2= 0.586
(B) z=0.148; y=1.203; :=0.099
(C) 2=0.625; y=0.186; z=—0.181
(D) r=0.282; y=-1.337; 2=-0.131

PPl ©# ppi2pass.com
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N ) . What is most nearly the acute
7. What is the inverse of matrix A7 :o:'s ih-_i (3:, 2,1) and B = (2,3, 2), %;:Jgtf E:;-:fen e g’]
2 3 origin? "t |,
A= ] _
1 1 (A) 25"
7
B) 33°
@ 23 (5
(c) 35° J
(B) :11 :la] (D) 59
12. Force vectors A, B, and C are applied gt , sia
(C) 1 _3l point. e
=172 A=i+3j+4k
(D) | 3] B = 21.+ 7_1.—k
1 -2 C=—-i+4j+2k

8. If the determinant of matrix A is —40, what is the . ,
determinant of matrix B? What is most nearly the magnitude of the resultan

force vector, R?

43 2 1 215 105
k=8 1 2<% 5 10 1/18'4 (A) 13
% 31 1 =l 3 -1 1 st 1
11 1 2 1 108 (B)
(C) 15
e, TR (D) 16
(Bl =40 13. What is the sum of 12 + 137 and 7 — 9;7
() -20 ‘
(A) 19-22j
(D) 0.5
(B) 19 +4j
9. Given the origin-based vector A =i+ 2j +k, what is .
most nearly the angle between A and the z-axis? (C) 25-22j
D .
(A) 22° (D) 25+4j
? 14, What is the product of the complex numbers 3 +4)
(B) 24 _
and 7 — 237
(C) 66°
A .
(D) 80° (A) 10+2j
B ]
10. Which is a true statement about these two vectors? (B) 13+22
i (C) 13+ 345
A=i+2j+k .
B=i+3j-7k (D) 29+ 22;
(A) Both vectors pass through the point (0, -1, 6).
(B) The vectors are parallel.
(C) The vectors are orthogonal.
(D) The angle between the vectors is 17.4°,
PPl ¢ ppl2pass.com —_—
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ALGEBRA AND LINEAR ALGEBRA

1. By definition, the sum of two vectors is known as the
resultant.

The answer is (B).

2. Use the formula for geometric progression to find the
common ratio.

n=1

l=ar
6-1
lg ar d

The term before 3/10 is
3
a; = % =1/5
2
The answer is (B).

3. Use the logarithmic identities.

logzy = logz+logy
logz/y = logz—logy

Alternately, the problem may be solved with the loga-
rithmic identity for changing the base.

1 log =
o log b

 10g,,9)
T log,,(3)

= 2.00

The answer is (C).

4. Power series can be added together, subtracted from
each other, differentiated, and integrated within their
interval of convergence. The interval of convergence is
—-l<z<l.

The answer is (D).

5. The resultant vector is produced by adding the
vectors.

3i+ 4j— 5k
7i+ 25+ 3k
—16i — 14j + 2k
—6i— 8j + 0k

The length (magnitude) of the resultant vector is

IR| = y/(=6)? + (—8)* + (0)?
=10

The answer is (C).

6. There are several ways of solving this problem. One

3 is to write the equations in matrix form and solve for the
[E](m) variable matrix, X.
3 5o S
]0g3 -§- + ]0g3 12 — 1053 2= 10g:l 2 AX =B
8 -2 9|lyl=|3
Since (3)2 = 9, use the logarithmic identities. 8L =102 A7
) AAN'X=A"'B
log,(b") = nlog,(b) = n IX=A'B
_ a1
logy(9) = 1053(32] g
= 21083(3)
= 2.00
M PPl ©¢ ppi2pass.com
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A1 20 47
806 403 806
76 % =5l
403 403 403 ||,
12 7 -2
403 403 403
(11 20 AT
(5) S{JG] =x (3)[55 + (M| 300
(76 —-90 -5
= ((5)| == .. 7| —=
O] + Olmg] * “[403
(12 7 [—22
5| =2 L Il —==
”403} * Olas] * s
0.625
=| 0.186
~0.181

Another method is to manipulate the equations to more
easily solve for two equations with two unknowns, and
then substitute into the third equation to solve for the
third unknown.

Starting with the three original equations:
10z+ 3y + 10z =5(Eq.1)

8z—2y+ 9z= 3(Eq.2)

8z+y—10z= 7(Eq.3)

Inspecting the three given equations, it appears that the
y coefficients are easy to work with for elimination.

In the second equation, the y coefficient is —2. If the
third equation is multiplied by 2 and added to Eq. 2, the
y coefficient can be eliminated. The three equations now

become:
10z+ 3y + 102 = 5(Eq. 1)

24r— 11z= 17 (Eq. 2a)(Multiplied Eq. 3 by 2 and added to Eq. 2.)

8z+y—10z= 7(Eq.3)

Multiply Eq. 3 by 3 and subtract Eq. 1 from that and
the y coefficient will be eliminated:

102+ 3y + 10z = 5(Eq. 1)
24z — 112 = 17(Eq. 2a)
144 — 40z = 16 (Eq. 3a)(Multiplied Eq. 3 by 3 and subtracted Eq. 1.)

Equation 2a and 3a represent two equations with two
unknowns:
24r— 11z = 17(Eq. 2a)

14z — 40z = 16(Eq. 3a)

From Eq. 2a, solving for zin terms of z

24z =17+ 112
r= (17/24) + (11/24)-

By substituting = into Eq. 3a, the value of , can he
solved:

14[(17/24) + (11/24)2] — 40z = 16
14[(0.708) + (0.458)2] — 40z = 16
9.912 + 6.412z— 40z = 16
—33.5882 = 6.088
z= —0.181

By inspection, the only answer amongst the fou
answers that have z= —0.181 is answer (C).

Alternatively, substituting the four answer options
directly into the original equations is probably the fast-
est way to solve the problem.

The answer is (C).

7. Find the determinant.

Al =2x1-1x3=-1

The inverse of a 2 % 2 matrix is

b, —a,
4o adia) 7 @
[A] |A|
[ 1 =3
-1 2
" aol =%

_l-1 3
1=2

The answer is (D).

8. The first row of matrix B is half that of A, anfl the
rminant

other rows are the same in A and B, so the dete
of B is half the determinant of A.

The answer is (C).

e e ——
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AL BRA AND LINEAR ALGEBRA

9. The magnitude of vector A is

IAl= AP+ 2P+ 1) =6

4
2 :
A (1,2,1)
]
1 X

/1

The z-component of the vector is 1, so the direction
cosine is

cosl, = —
J—
The angle is

1
8 = arccos — = 65.9° (66°
7 (66)

The answer is (C).

10. The magnitudes of the two vectors are

|A|= ) + (2% + (1) =6
1B = J(1)? + (3 + (=7)* = 59

The angle between them is

ab,+ab,+a.b
¢ = arccos

|A[B]

(1)(1) +(2)3) +
V659

(1)(=7) ]
= arccos
= 90°

The vectors are orthogonal.
The answer is (C).

11. The angle between the two vectors is

AB
|Al|B|
a,b,+ ab,+a.b. ]
|A]|B]

@ = arccos

Mathematics

= arccos

= Arccos

' (3)(2)+(2)() (1))
JOR+ (27 + (1) (2 + (3 + (2

14
(3.74)(4.12)
14
e ]
= arccos(0.91)
—24.8° (25°)

8= arccos[

The answer is (A).

12. The magnitude of R is

IRl=J1+2-17+(@+7+4)2+(d—1+2)

= /4 + 196 4 25

225
=15

The answer is (C).

13. Add the real parts and the imaginary parts of each
complex number,
(a+3b) + (c+jd) = (a+ ¢) + j(b+ d)
(124+135)+ (7=9j) = (12+ 7) + (13 + (=9))
=19 -+ 4]

The answer is (B).

14. Use the algebraic distributive law and the equiva-
lency j2 = —1.

(a+ jb)(c+ jd) = (ac— bd) + j(ad + bc)
(34 4j)(7 = 2j) = 21 — 85% + 285 — 6

= 21+ 8 + 28j— 6j

= 29 4 22j

The answer is (D).

PPl ¢ ppi2pass.com




Calculus

PRACTICEPROBLEMS = o

1. Which of the following is NOT a correct derivative?

(A) ;-—I-coszz —sinz
®B) L(-2=-31-27
dzx
d 1 1
C) ——m=——
(®) T 2
(D) icsc:t:— —cot z
dr
2. What is the the partial derivative 8f(x, y)/8x, of the
equation
Yy — *=siny?
2821
S e ua—
z°—cosy
2¢% — 21y
B
z°—cosy
L (© 2
| (D) z2—cosy

3. What is the approximate area bounded by the curves
y=8—-22and y= -2+ 27

(A) 22
(B) 27
(C) 30
(D) 45

4. What are the absolute minimum and maximllm val-
ues, respectively, of the equation f(z) = 52’ — 22° + 1 on
the interval [—-2, 27

(A) —47,33
(B) —4,4
(C) 0.95,1
(D) 0,0.27

5. In vector calculus, a gradient is a

1. vector that points in the direction of a general
rate of change of a scalar field

II. vector that points in the direction of the maxi-
mum rate of change of a scalar field

ITII. scalar that indicates the magnitude of the rate
of change of a vector field in a general direction

IV. scalar that indicates the maximum magnitude
of the rate of change of a vector field in any par-
ticular direction

(A) TIonly
(B) IIonmly
(C) TandlIII
(D) MandIV

|
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FE CIVIL PRACTICE

6. Which of the illustrations shown represents the vector
field, F(z, y) = -yi + zj, for nonzero values of zand 7

(A)
x|
AR
(B)
Y
X
Vi
(C)
Y
£N
N[ 7%
(D)
y
A\
AN x

7. If a crop of peaches is picked now, 1000 lugs of
peaches will be obtained, which can be sold at $1.00 per
lug. For each week that picking is delayed, the crop will
increase by 60 lugs, but the price will drop by $0.025 per
lug. In addition, 10 lugs will spoil for each week of delay.
In order to maximize revenue, after how many weeks

should the peaches be picked?

(A) 2 weeks
(B) 5 weeks
(C) 7 weeks
(D) 10 weeks

LPI____O__E_LLH_E_._'""“‘

\\\

8. Determine the following indefinite integrg)

fx3+ r+4

I2

dz

1
(4) T+lnjal-T+C
—z
— +logz—8z+ C
®) 5+

2 2
T
(C) ?+ln|zl-——x—2+c

2
i Loainie- 246
2 T

9. Find dy/dz for the parametric equations given,

z=2t"—t
y=1t3—2t+1
(A) 3t
(B) 3t%/2
(C) 4t-—-1

(D) (3t2—2)/(4t—1)
10. A two-dimensional function, f(z, y), is defined as

f(z,y) = 22— * + 32—y

Wt_lat is the direction of the line passing through the
point (1, —2) that has the maximum slope?

(A) 4i+2j
(B) 7i+3j
(C) Ti+4j
(D) 9i-7j

11. Evaluate the following limit.

z2—4
lim
r—2 T—2
(A) 0
(B) 2
(C) 4
(D) oo
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12. If f(z,9) = ' + 7y + sin 2+ cos® z+ sin® y,
is f/0x?

(A) (2z+ y)y* +3sin®ycosy

(B) (4z—3yP)zy? + 3sin ycos y

(C) (3z+4y*)zy+ 3sin? ycosy

(D) (2z+ y)¥’+ (1 —2sinz)cosz
13. What is dy/dzif y= (22)77

(A) (2z)"(2+In2z)

(B) 2z(1+In2z)"

(C) (2z)"(In2z?)

(D) (2z)*(1+In2z)

what

o
1. Determine each of the derivatives. E
=
d ©
—cosz = —sinz  [OK] =
dz
L(1-2 = @)1 -2f-1) = (-3 -2 [OK
o=t = (1)) == (0K

%csez = —cotz [Not OK]

Option D is not a correct derivative. The correct deriva-
tive trigonometric function is

—cscT = —cscz cotz
dz

The answer is (D).

2. Since neither z nor y can be extracted from the equa-
tion, rearrange to obtain a homogeneous equation in
and y.

2%y — ¥ =siny

flz,y)=ay— ¥ —siny=10
Take the partial derivative with respect to .

Of(z,y) %
= T 27y — 2e

The answer is (C).

3. Find the intersection points by setting the two func-
tions equal.

—2+22=8-12°

2z% =10
= :th
y

-2 + x?

@
|
>
L5 ]
>

|
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The integral of fi(z) — fo(z) represents the area between
the two curves between the limits of integration.

A= [ (@) - fa)ar
= [ (= - (24 )
-5

- fﬁ(m - 2% dz
-5
A5

2 3
= (10z— =z
3 )—JE

=29.8 (30)

The answer is (C).

4. The critical points are located where the first deriva-
tive is zero.

flz) =52 2z2 41
fi(z) = 15z%— 4z
1522~ 4z =0
z(15z—4) =0
z=0 or z=4/15

Test each critical point to determine whether it is a
maximum, minimum, or inflection point.

f"(z) = 30z—4

£(0) = (30)(0) - 4
=—4

This is less than zero, so the critical point at £=0 is a
maximum.

r{g)-onl)-
=4

This is greater than zero, so the critical point at o= 4/15 i
a minimum.

PPl o ppl2pass-com
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§

These two critical points could be a loca] MKy,
minimum. Compare the values of the functiop it
critical points with the values of the funCtian i ﬂ:e

]

endpoints.

f(=2) = (6)(=2)° = (2)(=2 + 1= g
£(2) = (5)(2)° - (2)(2)* +1 = 33
£(0) = (5)(0)° = (2)(0) +1 =1

4 4\ 4\

f[g]: (5)[5] —(2)[T5-] +1

The minimum and maximum values of the equatioy
over the entire interval, —47 and 33, respectively, are g
the endpoints.

The answer is (A).

5. A gradient (gradient vector) at some point P is
described by use of the gradient (del, grad, nabla,
etc.) function, Vfp-a, where a is a unit vector, In
three-dimensional rectangular coordinates, the gra-
dient is equivalent to the partial derivative vector.

Vf-a= 2‘Li-i- E)"-thgk
dx y

This is a vector that points in the direction of the max-
mum rate of change (i.e., maximum slope).
The answer is (B).

6. From the term -1, it can be concluded that

(a) for positive values of y, the vector field points*®
the left

(b)  for negative values of y, the vector field point®
to the right

From the term +zj, it can be concluded that

ints
(8) for positive values of 2, the vector field poi't
upward

-
(b) for negative values of z, the vector field PO
downward

The answer js (C).
un[iml
d7. L(‘ft I represent the number of weekS: The €4
escribing the price as a function of time is

price
——

= $1 — 80.025z
lug

4
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The equation describing the yield is

lugs sold = 1000 + (60 — 10)z
= 1000 + 50z

The revenue function is

price
R= 1
[ T ]( ugs sold)

= (1-0.025z)(1000 + 50z)

= 1000 + 50z — 252 — 1.92522
= 1000 + 25z — 1,25z2

To find the maximum of the revenue function, set its
derivative equal to zero.

drR
dz
r = 10 weeks

=26-25z=0

The answer is (D).

8. Separate the fraction into parts and integrate

each one.
4+ +4
=52 f———d:c+f—ch:+f—dz
= |zdz+ | —dz+4 | —dz
f:l: fz?-
2 -1
=%+ln|:c|+4z— +1G
2
4
=£2-+ln|:z:|—;+C
The answer is (D).

9. Calculate the derivatives of z and y with respect to t.

dy 9
D322
dt

dr

— =4t-1
dt

The derivative of y with respect to zis

(]
Q
=
3]
&
[\
o
-
(v}
=

The answer is (D).

10. The direction of the line passing through (1, —2)
with maximum slope is found by inserting z=1 and
Y = —2 into the gradient vector function.

The gradient of the function is

_(z.p2), 0f(zy, 2) 4 Bf(z,9,2)
Vi@ uz) = Oz dy 8z x
(22— y*+ 32— 'y)
- 8z
= 8(2z% — y2+3a:— y) .
dy
= (dz+3)i — (2y+1)j
At(l!_2)s
VL, =2) = ((4)(1) +3)i — ((2)(=2) +1)j
=Ti+3j
The answer is (B).

11. The expression approaches 0 /0 at the limit.

L9
2-2 0
Use L'Hopital's rule.
d o
2 —_— —
4 (z°—4)
lim = lim dz = lim 2z
-2 £—2 T2 d 2l 1
—(z-2) =
dx
_ @
1

This could also be solved by factoring the numerator
The answer Is (C).

PPl o
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= 2 :

o 12, The partial derivative with respect to z is found by
=3 treating all other variables as constants. Therefore, all
ng} terms that do not contain x have zero derivatives.

o af

< £=2w3+ y'+cosz+2cosz(ﬂ~sinr)

= (224 )y + (1 — 2sinz)cos x
The answer is (D).

13. From the table of derivatives,

d(u”) _ v du y dv
i o E+(ln u)u Ir
u(z) = 2z
’U(I) =

d(jj) = z(2z)"1(2) + (In2z)(2z)*(1)

= (2z)(2z)""! + (2z)"In 2z
= (2z)" + (22)"In 2z
= (2z)*(1 +In2x)

The answer is (D).

PPie ppl2pass.com
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Differential Equations and

PRACTICEPROBLEMS = o,

1. What is the solution to the following differential
equation?

Y +5y=0
(A) y=bz+ C
(B) y= Ce3=
(C) y=Ce=
(D) either (A) or (B)

2. What is the solution to the following linear difference
equation?

(k+ 1)(y(k+1)) — ky(k) =1

1
(A) ok =12—+
®) yb)=1-

(C) (k) =12 + 3k

(D) y(k) =3+

3. What is the general solution to the following differen-
tial equation?

dy  dy
2— —4— 4+ 4y=0
dz? dz Y

(A) y= C,cosz + C,sinz
B) y= e’ + Coe™™*
(€) y=e(C)cos z — Cysin )

y=e"(C, cos z + C,sinz)

4. What is the general solution to the following differen-
tial equation?

d’y _dy
—+2—+2y=0
R

(A) y= C;sinz — Cycosz
(B) y= Cjcosz— Cysinz
(C) y= Cycosz+ Cysinz
(D) y=e*(Cycosz+ C,sinx)

5. What is the complementary solution to the following
differential equation?

v =4y’ + %Ey = 10cos 8z
(A) y=2Cz+ Cyz— Cyq
(B) y=Cie**+ Cpe**
(C) y= C,e** cosl.bz+ C,e** sin1.52

(D) y= Cie"tanz+ Cye” cotz

6. What is the general solution to the following differen-
tial equation?

vV'+u'+y=0
(A) y=eW0%(c, cos—_z"'z.r+ C, sinijx)
(B) y=e %0, cos %;H— C, sin ::-‘r)
(€C) y=e%(c, cos%::% C, sin?r]

—2¢ 3 0
(D) y=e 2’((-1c0353'+ C, sin %J)

PPpl2pass.com




———ﬁ

5-2 FE vt PRACTICE

= ; : ;
T 7. What is the solution to the following differential
~l equationif r—1 a¢ t=0, and dr/dt=0at t = 0?

3

2 2

= 1d°x .

@ 72t 4 R 8z=5

(A) z= ¢ty dte~ 4

; (B) z=2e(cos2¢+ sin 2) +

oo |en

(C) z=etyqpe %

D) = %e*ﬁlch'_;_i_te—-u_‘_%

8. In the following differential equation with the initial
condition z(0) = 12, what is the value of 7(2)?

dz
&? +4r=0
(A) 34x103
(B) 40x10-3
(C) 5.1x103
(D) 6.2x103

9. What are the three general Fourier coefficients for
the sawtooth wave shown?

f(t)
1

m 2n t
-1
= = b = —
(A) ay 0, ay, 0, n ™
1 -1
(B) aDIE! anzo! bnz:r;
1
(C) ep=1a,=1,b,= =
1 1 _ 1
(D) aﬂ:E’a"_E, n_'-_;;

10. The values of an unknown function follow a Fibo-
nacci number sequence. It is known that f(1)=4
and f(2) =1.3. What is f(4)?

(A) —4.1
(B) 0.33
(C) 2.7
(D) 6.6

Pl ¢ ppl2pass.com

SOLUTIONS

1. This is a first-order linear equation with charag !
tic equation 7+ 5= 0. The form of the solutjop, o

Y= Ce—5z
In the preceding equation, the constant, ( could b
determined from additional information_
Alternate Solution

An alternate solution for this is to substitute the Options
into the differential equation and test if the €quatioy
balances. For option B, the derivative of yis

' dy

== = _5Ce 5"
¥ o €

Substitute into the differential equation.
—5Ce™ £ 5Ce% =g
This equation balances for any value of constant Cand

any variable z. The equation does not balance for
options (A), (C), and (D).

The answer is (B),

2. Since nothing is known about the general form of
Y(k), the only way to solve this problem is by trial and

error, substituting each answer option into the equation
mn turn, Option B is

Substitute this into the difference equation.

(k+ 1) (y(k+ 1)) — k(y(k)) =1
1 12 12)
(J'»-H)[l—-—-—.]_k[1_T =1

k+1

k+1—12 k=12

) k+1 . k
k+1-12—-k+12=1

1=1

Y(k) =1 12/k solyes the difference equation.
The answer is (B).

—
— e =

B — e e i A TR




DIFFERENTIAL EGUATIONS AND TRANSFORMS O-3

. This is a second-order, l}Om_(Jg_eneous, linear differen- 5. The complementary solution to a nonhomogeneous
equation. Start by putting it in general form. differential equation is the solution of the homogeneous
differential equation.
y'+ay'+by=0
2y” - 4y’+ y =0
y'—2y'+2y=0
a= -2
b=2 rP+ar+b=0

25
2
.
ri-dr+ =

Mathematics

The characteristic equation is

Since a? < 4b, the roots will be complex, so the form of
he equation is
So, a = —4, and b = 25/4.

y = e™(C,cos Bz + Cysinf,)
The roots are

.
a=5 =7 -1
4b - a? —a+a’—4b
B="7 L
_Nexa— ~(—4)¢\/(—4)’*—(4)[§"1]
2 =
= 1 2
y = e*(C,cosz+ C,sinrT) =2+ 1.5¢

Since the roots are imaginary, the homogeneous solution

The answer is (D). has the form of

4. The characteristic equation is
o B y = ri:(C‘lcosﬁz+ C, sin fz)
a=2 a==
ks —(-4)

The roots are -9 2

—a+ Na?—4b 5
"1.2=-__2___' ﬁ=~Jdb—a

2
—24 (2 - (4)(2) -
. 7 OB -0
= (=1+i), (-1—1) oy 2
=15

Since a® < 4b, the solution is -
The complementary solution is

y = *(Cycos Bz + C,sinfz) i
y = e"(C,cosl.bz + Cysinl.5x)

“= 2 2 i = Clchcosl.Sr-l- C,e** sin1.52
b2 4)(2) - (2°
B = 4b2 2 () ; 2) The answer is (C).

w—— PPI o pgl:p-os.con_-n_
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B.. This is a second-order, homogeneous, linear differen-
tial equation with g = p = 1. This differential equation
can be solved by the method of undetermined coeffi-
cients with a solution in the form y = Ce™. The substi-
tution of the solution gives

(r’+ ar+ b Ce™ =0

?eca_use Ce™ can never be zero, the characteristic equa-
ion is

ri4 ar+b=10

Because a?=1 <4b=4, the general solution is in the
form

y = e*(C, cos Bz + C,sin fr)
Then,

a
a——2 =—1/2

_ ‘\!4b—a2
2 - 2 9

_J@o-ay g3

B

Therefore, the general solution is

y= e—(lﬂ}r( C| cos iz_‘lm + C,sin %z:)

The answer is (A).
7. Multiplying the equation by 2 gives
z" + 8z'+ 16z = 10
The characteristic equation is
r’+8r+16=0
The roots of the characteristic equation are
ry=r,=—4

The homogeneous (natural) response is

-4t e 1
Toneural = Ae” " + Bte

Miﬂ_’luﬂﬂm

\\\\\

To find a particular solution, assume ()= ¢ D
tiate twice and substitute accordingly in the diffe,.:re‘&'
equation. i)

dt?
%(0) +4(0)+8(C) =5

g8
8

Hence, 5/8 is a particular solution that solves the gop.
homogeneous equation.

z= Ae " + Bte™™ “+ %
Since z=1at t=0,

5
1=Ael4—~
8

A=3
8
Differentiating z,
3
o= [-8-](-4)8_“ + B(—4te ™ + e +0
Since z’' =0 at ¢t = 0,

U=~%+B(O+1)

The answer is (D),




DIFFERENTIAL

EQUATIONS AND TRANSFORMS 5'5

8. This is a first-order, linear, homogeneous differential
equation with characteristic equation r+ 4 =0,

'+ 4z =0
R
2(0) = zue(—'l}{m
=12
xn = 12
r =127
2(2) = 1290
=12¢78

=4.03x 107" (4.0x107%

The answer is (B).

9. By inspection, f(t) = t/n, with the period 7= 7.

The angular frequency is
2r 2w
W= — = = =
=g T 2

The average is

™

= (I/T)j;Tf(r.) dt = (1/T)LT.:F,1¢= [Lﬂ][%]tz[

-0

Il

The general a term is

T
a, = (2/7')](; f(t) cos(nmwt)dt
= ;2;1:-:; cos(2nt)dt

2 ot
= ;T—z-j[; t cos(2nt)dt

2| cos(2nt) + tsin(2nt)
w? d(2nt)

dt b
_2 | cos(2nt) + tsin (2nt) y
n? 2n

0

= ;‘1?;[‘309(2?1") + 7 sin (2nw) — cos(0) — (0)sin(0)]

.. ;-;:[1 +m(0) — 1 — (0)(0)]
=0

The general b term is

T
b, = (2/T)J; f(t)sin(nw,t) dt

2 rYtL .
= ;L —sin(2nt)dt

)]
2
—
@
E
Q
=
-
(1]
=

b

9 pr
= — t sin(2nt)dt
ﬂ_zj; sin(2nt)

sin(2nt) — t cos(2nt)
d(2nt)
dt X
2 [sin(2nt) — tcos(2nt}[

2
22

wl 2n

= —-1—-[sin(2mr) — 7 cos (2nm) — sin(0) — (0)cos(0)]
°n

= ;,;[0— m(1) — 0+ (0)(1)]
= =k
The answer is (B).

10. The value of a number in a Fibonacci sequence is
the sum of the previous two numbers in the sequence.

Use the second-order difference equation.

f(k) = f(k—1) + f(k-2)

fB)=f2)+f1)=13+4
= 5.3

J(4) = f(3) + f(2) = 5.3+ 1.3
=6.6

The answer is (D).

PPl ¢ ppl2pass.com
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PRACTICE PROBLEMS =

1. What is the approximate probability that no people

in a group of seven have the same birthday (ignoring
leap year birthdays)?

(A) 0.056
(B) 0.43
(C) 092
(D) 0.94

2. A study gives the following results for a total sample
size of 12.

3,4,4,5,8,8,8,10,11,15,18,20

What is most nearly the mean?

(A) 8.9
(B) 95
(C) 11
(D) 12

3. A study gives the following results for a sample size
of 8 taken from the population.

4. A study gives the following results for a total sample
size of 6.

10,12,13,14,14,15

The mean of the sample is 13. What is most nearly the
sample standard deviation?

(A) 0.85
(B) 0.90
(C) 16
(D) 1.8

5. A population has a population standard deviation of
104, and a sample standard deviation of 11.6. What is
most nearly the population variance?

(A) 46
(B) 52
(C) 110
(D) 130

6. A study has a sample size of 9, a standard deviation
of 4.0, and a sample standard deviation of 4.2. What is
most nearly the sample variance?

(A) 16
2,3, 5, 89 8: 10! 10! 12
(B) 18
The mean of the samples is 7.25. What is most nearly (C) 34
the standard deviation of the sample?
(D) 36
(A) 25 a .
7. A bag contains 100 balls numbered 1 to 100. One ball
(B) 2.9 is drawn from the bag. What is the probability that the
number on the ball selected will be odd or greater than
(C) 3.3 807
D
(D) 36 (A) 0.1
(B) 0.5
(C) 0.6
(D) 0.7
8. Measurements of the water content of soil from a bor-
row site are normally distributed with a mean of 14.2%
and a standard deviation of 2.3%. What is the
——
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. w o o Given this information, which of the followiy,
probability that a sample taken from the ste Wil M5 % gfinitively stated about the system? ¢ i,
apove o ' ¥

(A) At 95% confidence, the sample mean of

(A) 0.3 porter utilization lies jp the
(B) 025 37.2% + 3.4%. s
(C) 037 (B) = gs%tconﬂ(i?llil::&; e 1P0pm-a“°“ ey
= transporter u n lies in e
® 3 (D) 0.42 37.2% + 3.4%. y
1]
ﬁg 9. What is the probability that either exacth{ two heads (C) At 95% confidence, the population g
= or exactly three heads will be thrown if six fair coins are transporter utilization lies outside of the :
R tossed at once? 37.2% + 3.4%. e
(A) 035 (D) At 5% confidence, the population mean of trags.
orter utilization lies inside of t}
(B) 055 :  p
) 0. 37.2% =+ 3.4%.
(C) 0.59 13. What is the approximate probability of exactly ty
(D) 0.63 people in a group of seven having a birthday o
April 157
10. Which of the following statements about probabil- <
ity is NOT valid? (A) 1.2%10°%
(A) The probability of an event is always positive (B) 24x10°%
and within the range of zero and one. (C) 7.4x 108
(B) The probability of an event which cannot occur (D) 1.6 x 10-4
in the population being examined is zero. :
(C) If events A and B are mutually exclusive, then 14.‘ What are the arithmetic mean and sample standard
the probability of either event occurring in the deviation of the following numbers?

same population is zero.
71.3,74.0,74.25, 78.54, 80.6
(D) The probability of either of two events, A or B,

occurring is P(A or B) = P(A) + P(B) — P(A (A) 74.3,2.7
and B). e
B 3.3
11. One fair die is used in a dice game. A player wins 13 148,48
$10 if he rolls either a 1 or a 6. He loses $5 if he rolls any (C) 75.7,2.7
other number. What is the expected value for this
game? (D) 75.7,3.8
(A) $0.00 15 Four fair coins are tossed at once. What is the prob
’ ability of obtaining three heads and one tail?
(B) $3.30 s
1/4
(C) $5.00 - /
3/8
(D) $6.70 ) 3/
. . ! €) 172
12. A simulation model for a transportation system is
run for 30 replications, and the mean percentage utiliza- (D) 3/4

tion of the transporter used by the system is recorded
for each replication. Those 30 data points are then used
to form a confidence interval on mean transporter utj-
lization for the system. At a 95% confidence level, the
confidence interval is found to be 37.2% + 3 49,
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PROBABILITY AND STATISTICS

6. Set A and set B are subsets of the universal set U,
e values within each set are shown.

A={4,1,9}
B = {4, 5, 9, 10}
U=1{4,5,6,7,8,9, 10}
hat is the union of the complement of set A with set
B, A UB?
(A) {4,5,6,7,8,9,10}
(B) {4,5,7,9,10}
(C) {4.5,6,8,9,10})
(D) {5,10}

17. Set A consists of elements {1,3, 6}, and set B con-
sists of elements {1,2,6,7}. Both sets come from the
universal set of {1,2,3,4,5,6,7,8}. What is the inter-

‘section of the complement of set A with set B, A N B?
(A) {2,7}

(B) {2.3,7}

(C) {2,4,5,7,8}

(D) {4,5,8}

18. A given thermometer always measures temperature
as being 2.5°C higher than the actual temperature. The
thermometer is used to measure a water sample and
finds the temperature is 25°C. The random error of the
measurement is known to be zero. Most nearly, what is
the true temperature of the sample?

(A) 23°C
(B) 25°C
(C) 28°C
(D) 30°C

19. A 1 L water sample has a known sulfate concentra-
tion of 225 mg/L. The sample is separated into ten ali-
quots, and each is tested separately for sulfate
Concentration, producing the test results shown.

concentration
(mg/L)
221
229
221
227
226
223
228
223
222
229

aliquot

@Woo -1 O O —

—
(=]

Most nearly, what is the random error associated with
the laboratory measurements?

(A) 3.0mg/L
(B) 5.0mg/L
(C) 10mg/L
(D) 25 mg/L

20. Strength tests of aggregate limestone are carried
out on three field samples, producing the results shown.

T Yy ]
(Ibf/ft?) | (Ibf/fe2) | (Ibf/ft2)
27.77 22.65 21.31
56.35 40.22 42.24
112.74 84,23 83.55
90 —~
g0 - ¥ = 0.7325x + 0.9655

R? = 0.9968

D o~
o o
R |

shear stress (Ibf)
888
T ] ]

- N
o o
I I

1 1 1 1 1 ]
20 40 60 80 100 120
normal stress (Ibf)

The linear model of the relationship is found to be

¥ = 0.7325z+ 0.9655. Most nearly, what is the mean of

the residuals?

(A) -2.02
(B) 0.00
(C) 0.01
(D) 0.68
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PR OLUTIONS i
21. A linear model of the form § = (@+ ba,) bas SOLRIEE

parameters @ = 1.24 and § = 15.35. The observed 4. This is the classic “birthday problem.” Tpe Proby

=y |
dependent variable, y, has a value of 156.21 at == 10. is to find the probability that all seven people ha,ved?:_l

Most nearly, what is the model residual at £= 10?7 tinctly different blirthdays. The solution cap pe i
. from simple counting.

(A) -15 The first person considered can be born on —

(B) -10 which means the probability that the first persy, ;iﬂ!h
nI not be born on one of the 365 days of the year is g,
el () 10
-8 (D) 15 p(1)=1- P(not 1) =1-0=1  (365/35s)
E

The probability the second person will be born o g,
same day as the first person is 1 in 365. (The second pey.
son can be born on any other of the 364 days.) The prop,
bility that the second person is born on any other dayis

1 36
P(2) = p TG A AL
(@ maPleed) 365 365

The third person cannot have been born on either of the
same days as the first and second people, which has s
9 in 365 probability of happening. The probability that
the third person is born on any other day is

This logic continues to the seventh person. The proba-
bility that all seven conditions are simultaneously satis-
fied is
P(7 distinet birthdays)
= P(1) x P(2) x P(3) x P(4) x P(5)
x P(6) x P(T)

— 365364 (363 EEHE&]
"[365][565][365][365 365
X[EEQ [EEE]
365 )| 365
=0.9438 (0.94)

The answer is (D).

2. The mean is
X =(1/n)3 X,
i=1
3+4+4+5

+8+4+8+8+10
411+ 15+18+20

The answer is (B).

l_’LI_,O__LL'il’—'—'"‘”‘""




3, The standard deviation of the sample is calculated as
follows.

s=(h-1) (X~ X)°
+(8 = 7.25)* + (10 — 7.25)?

(2—7.25)* + (3 — 7.25)?
h [_1_] (5—725>)“r(8~725)2
8—1
+(10 = 7.25)* + (12 — 7.25)?
3.5757 (3.6)

il

The answer is (D).

4. The sample standard deviation is

(-3
Il

\ﬁw(n— ]3(%, - X)’

(10 — 13)? + (12 — 13)?

1
= [ﬁ +(13 - 13)* + (14 — 13)?
+(14 - 13)% 4 (15— 13)?
=179 (1.8)
The answer is (D).

5. The population variance is

o’ =

(X.—JU)2

TMz

L
NZ&

The population standard deviation is

’ N
2
Opapulation = 2?( Xi—#)
=

The population variance is the square of the population
standard deviation.

= |

62 apzol:mlauon (10 4) =108 (110)
The answer is (C).

6. The sample variance is the square of the sample
Standard deviation.

= (4.2)* = 17.64 (18)

The answer s (B).

6-5

PROBABILITY AND STATISTICS

7. There are 50 odd-numbered balls. Including ball 100,
there are 20 balls with numbers greater than 80.

P(A) = P(ball is 0dd) = — = 0.5
100
P(B) = P(ball > 80) = % ~0.19

It is possible for the number on the selected ball to be both
odd and greater than 80. Use the law of total probability.

P(A+ B) = P(A) + P(B) — P(A, B)
= P(A)+ P(B) — P(A)P(B)
P(oddor > 80) = 0.5+ 0.19 — (0.5)(0.19)
= 0.595 (0.6)

The answer is (C).

8. Find the standard normal values for the two points of
interest.

z—p  16% — 14.2%

Ziger = -
3% o 2.3%
=0.78 [use 0.80]
I i 12% — 14.2%
HRATY T B 2.3%
= —0.96 [use —1.00]

Use the unit normal distribution table. The 2R(z) col-
umn cannot be used for this problem because the por-
tion of the probability above the mean and the portion
of the probability below the mean are not equal, so the
R(z) column is used. The probabilities being sought
can be found from the values of R(z) for both standard
normal values. R(0.80) =0.2119 and R(1.00) =0.1587.
The probability that the sample will fall outside these
values is the sum of the two values.

P(z < 12% or z > 16%) = 0.2119 + 0.1587
— 0.3706 (0.37)

The answer is (C).

9. Find the probability of exactly two heads being
thrown. The probability will be the quotient of the total
number of possible combinations of six objects taken
two at a time and the total number of possible outcomes
from tossing six fair coins. The total number of possible
outcomes is (2)® = 64. The total number of possible com-
binations in which exactly two heads are thrown is

n! 6!
C(ﬂ_-r)= rl(n— r)! = 21(6 — 2)! s

PPl #¢ ppi2pass.com
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The probability of exactly two heads out of six fair coins is
15
P(A) = P(2 heads) = iy 0.234

The probability of exactly three heads being thrown is
found similarly. The total number of possible combi-
nations in which exactly three heads are thrown is

n! G!
ri(n—r)! — 31(6-3)!
=20

C(n,r) =

The probability of exactly three heads out of six fair
coins is

P(B) = P(3 heads) = 24—? = 0.313

From the law of total probability, the probability that
either of these outcomes will occur is the sum of the
individual probabilities that the outcomes will occur,
minus the probability that both will occur. These two
outcomes are mutually exclusive (i.e., both cannot
occur), so the probability of both happening is zero.

The total probability is

P(2 heads or 3 heads) = P(A) + P(B) — P(A, B)
=0.23440.313— 0
= 0.547 (0.55)

The answer Is (B).

10. If events A and B are mutually exclusive, the proba-
bility of both occurring is zero. However, either event
could occur by itself, and the probability of that is non-
Zero.

The answer is (C).
11. For a fair die, the probability of any face turning up

is 5. There are two ways to win, and there are four ways
to lose. The expected value is

X = Soauf(e) = (sm)[(z)[gﬂ + (-35;[(.-;}[%]]
= $0.00

The answer Is (A).

12. A 95% confidence interval on mean transporter uti-
lization means there is a 95% chance the population (or
true) mean transporter utilization lies within the given
interval based on the sample of 30 replications.

The answer Is (B).

PPl # ppl2pass.com
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43. Use the binomial probability functioy 5
the probability ti}at two of the seven samples y "
been born on April 15. =2, and the Sample sy, . _hﬂ':'g

i)

The probability that a person will have be
April 15 is 1/365. Therefore, the probahiliizl;{;fn o
cess,” p, is 1/365, and the probability of “failyre _Sue.
1 — p, is 364/365. Vgs

nl I
dn-z1" 7

P e
21(7—2)! )| 365 Eﬁ—s]

- o5 3%

=1555x 107" (1.6x 107

F(z) =

P(2) =

The answer is (D).

14. The arithmetic mean is

X = /n) 3%,

i=1
1
= [3](71.3 + 74.0 + 74.25 + 78.54 + 80.6)
= 75.738 (75.7)

The sample standard deviation is

J [1/(n-1)] $(X,~ X)*

@
Il

(71.3 — 75.738) + (74.0 — 75.738)’

B [_1_] +(74.25 — 75.738)?
V=1l 4 (78.54 — 75.738)?
+ (80.6 — 75.738)*
=3.756 (3.8)

The answer is (D).

15. The binomial probability function can be used f0
determine the probability of three heads in four trials:
The probability of heads is independent for the coits: &
they can be treated as four separate trials; that i the
Pml?abﬂity of tossing a single fair coin four times an
getting three heads and one tail is the same 8 "
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probability of tossing four fair coins at the same time 18. Use the equation for measurement error, and solve
and getting three heads and one tail. for the true measurement.
p = P(heads) = 0.5 T = Tirye t Thins T Tre
g = P(not heads) =1-0.5 =05 Tirge = T Thias — z;m i
n = number of trials = 4 =25§_2'5§_0C
z = number of successes = 3 = 22.5°C (23°C) _
T : =83
From the binomial function, The answer is (A). = =
0 =
o
n! § : i i Its. O ==
P(z)= Py Y p%q 19. Find the mean value of the aliquot testing results 2%
L) 21 227
L ____(05)305) 221 L +229 Z€ L S50 = 284 L
"4 226 28 | 293 € 4 298 &
=025 (1/4) & L St L
+223 28 | 999 T8 | 999 1E
This problem may be solved directly because each of the o= L L L
possible outcomes has the same probability. There are 10
16 possible outcomes flipping four fair coins at the same = 224.9 mg/L
time. There are four outcomes with three heads and one
tail. The probability of three heads and one tail is four Th d .
divided by 16 or 0.25. SIS
The answer is (A). ’ 1
apopulntiun = O = E E(II B lu)2
16. The complement of set A contains all of the mem- 2 )
bers of set U that are not members of set A. (221 ME 9049 & )
L
The union of the complement of set A with set B is the & L "
set of all members appearing in either. +(221 _I;_E —994.9 _tgfg_)
AUB = {5, 6, 8, 10} U {4, 5, 9, 10} 2
= {4, 5,6, 8, 9, 10} +(227 T8 9049 EE)
- ) L] ) ) 1 L L
m 2
The answer is (C). . +(226 T -2219 EL&)
; - |10
17. The complement of set A consists of all elements in + (223 I8 9949 E)z
the universal set that are not in set A: {2,4,5,7,8}. L L
The intersection of the complement. of set A with set B lI +( 908 ME _ 2249 8 2
is the set of all elements appearing in both. L L
s mg mg \?
ANB={2 4,57 8 n{lL 26 7} +(223 L 22”’?)
= 7 2
.7} +(221 = - 2249 ’—“LE)
The answer Is (A). m p—
+(229 M8 9949 .Eg_)
L L /]
= 3.1 mg/L (3.0 mg/L)
i The answer is (A).
|
“'l--._-_-_____
e = PPl o PPl2pass.com
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20. From the equation for the residual,

& =Yi— E
e, = 22,65 2f _ oy 91 1of _ § 34 1bi/se?
ft ft?

ey =40.22 2L _ 4004 IPE _ o 02 1b/it?
: ft2 ft2

i
eg=84.23 2L _ 5355 10 _ 68 i/t
ft? fit2

wn
-
o
_—
n
=
o
w

/Aujiqgeqoid

N
‘1—26. _ 1y -_2.22+0.68 e
i=1 .

The answer is (B).
21. From the equation for the residual,

€ = y|_g= Yi— (&'f' E;xl)
= 156.21 — (1.24 + (15.35)(10))
=147 (1.5)

The answer is (D).
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PRACTICEPROBLEMS =

1. A leak from a faucet comes out in separate drops
instead of a stream. What is the main cause of this
phenomenon?

(A) gravity

(B) air resistance
(C) viscosity

(D) surface tension

2. A solid cylinder is concentric with a straight pipe.
The cylinder is 0.5 m long and has an outside diameter
of 8 cm. The pipe has an inside diameter of 8.5 cm. The
‘annulus between the cylinder and the pipe contains sta-
tionary oil. The oil has a specific gravity of 0.92 and a
‘kinematic viscosity of 5.57 x 10~ m?/s. Most nearly,
what is the force needed to move the cylinder along the
pipe at a constant velocity of 1 m/s?

(A) 59N
(B) 12N
(C) 26N
(D) 55N
3. Kinematic viscosity can be expressed in
(A) m?/s
(B) s?*/m
(C) kgs?*/m
(D) kg/s

Fluid Properties

4. Which three of the following must be satisfied by the
flow of any fluid, whether real or ideal?

I. Newton's second law of motion
II. the continuity equation
III. uniform velocity distribution
IV. Newton's law of viscosity

V. conservation of energy

(A) I,II,and III
(B) IILandV
(C) I,II,andV
(D) II,IV,and V

5. 15 kg of a fluid with a density of 790 kg/m?® is mixed
with 10 kg of water. The volumes are additive, and the
resulting mixture is homogeneous. Most nearly, what is
the specific volume of the resulting mixture?

(A) 0.0012 m®/kg
(B) 0.0027 m?/kg
(C) 0.0047 m3/kg
(D) 0.0061 m®/kg

6. The rise or fall of liquid in a small-diameter capillary
tube is NOT affected by

(A) adhesive forces
(B) cohesive forces
(C) surface tension

(D) fluid viscosity

PPI o ppl2pass.com
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7. A capillary tube 3.8 mm in diameter is placed in 2
beaker of 40°C distilled water. The surface tension 15
0.0696 N/m, and the angle made by the water with the

wetted tube wall is negligible. The specific weight of

water at this temperature is 9.730 kN/ m3. Most r‘zea.rly,
what is the height to which the water will rise in the
tube?

(A) 12mm
(B) 3.6 mm
(C) 7.5mm
(D) 9.2mm

_//—
7-2 FE CiVIL PRAGTIGE/’——/—_ \
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SOLUTIONS: .. ..

4. Surface tension is caused by the molecy]

i : ar Coec
in a fluid. It is the main cause of the f Cobesjy,

forces Ormatigy

drops of water.
The answer is (D)
2. Treat the cylinder as a moving plate, and use NeWton'-s

law of viscosity. Find the absolute viscosity of the gj]
the kinematic viscosity. Using

I
yv=—
p
_m k
5 m3
= (0.512 Pa's

From geometry, the width of the separation between the
cylinder and the pipe is

dpipo — dcylindcr
2

8.5 cm —8 cm
2

= 0.25 cm

&=

The surface area of the cylinder is
A =mdL

8 cm

= 7| ——
10 &=
m

(0.5 m)

— 0.126 m*

Find the force needed by using the stress equatio’:

F_ |4

A H dy

e A;,[ﬁ] ~ Au|BY
dy Ay

C— 2 5 s
= (0.126 w®)(0.512 Pavs)| 5oz r #

m
] == i
(100 @)
=258 N (26 N)

The answer is (C).

9
3. Typical units of kinematic viscosity are M /

The answer is (A).

%

-
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FLUID PROPERTIES

8. Newton's second law, the continuity equation, and
e principle of conservation of energy always apply for

7. Since the contact angle is negligible, use 0° for 3. The
capillary rise in liquid is

h = 4o cos B /~d

N mm
. Calculate the volumes. Use a standard water density - ( )[0 L m ]COSU 000 m

£ 1000 ke/m®. -
[9.730 l‘ﬁs][woo %]{3.3 ]

(7.5 mm)

=753%x10"%m

The answer is (C).

N ER Y EASE!

0
=
=
)
£
o
@
=
=
=
o

The total volume is
thul = unter+ Vﬂuid = 0.010 m3 +0.019 m3
= 0.029 m’

The density of the mixture is the total mass divided by
he total volume.

Myater T Mauid = 10 kg+ 15 kg
Viotal 0.029 m®
= 862 kg/m’

p=

The specific volume of the mixture is the reciprocal of
its density.

1 1

Vnnixture =

k
862 —
m

— 0.00116 m*/kg (0.0012 m"/kg)

P mixture

The answer is (A).

6. The height of capillary rise is
h= 40 cos 3 /7d

o is the surface tension of the fluid, 4 is the angle 0,[ e
tact,  is the specific weight of the liquid, and d is the
diameter of the tube.

Tl}ﬂ viscosity of the fluid is not directly relevant to the
height of capillary rise.

The answer Is (D).

PPl ¢ ppi2pass.com
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1. A barometer contains mercury with a density of
13 600 kg/m?. Atmospheric conditions are 95.8 kPa and
20°C. At 20°C, the vapor pressure of the mercury is
0.000173 kPa. The column of mercury will rise to a
height of most nearly

(A) 0.38m
(B) 0.48m
(C) 0.72m
(D) 0.82m

2. The manometer shown contains water, mercury, and
glycerine. The specific gravity of mercury is 13.6, and
the specific gravity of glycerine is 1.26.

1.0m

mercury

What is most nearly the difference in pressure between
points A and B?

(A) 35kPa
(B) 42kPa
(C) 55kPa
(D) 110kPa

3. An open water manometer is used to measure th.e
pressure in a tank. The tank is cylindrical with hemi-
spherical ends. The tank is half-filled with 50 000 kg ofa
liquid chemical that is not miscible in water. The man-
ometer tube is filled with liquid chemical up to the
water.

10m

fill level not drawn to scale

water ~

chemical
400 mm

225 mm

50 mm

What is most nearly the pressure in the tank relative to
the atmospheric pressure?

(A) 1.4kPa
(B) 1.9kPa
(C) 2.4kPa
(D) 3.4 kPa

PPl ¢ ppli2pass.com
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4. A pressure vessel is connected to a simple U-tube
open to the atmosphere as shown. A 10 cm deflection of
mercury is observed. The density of mercury is
13 600 kg/m?. i

i

_.
o
(=]
3

mercury /

C

The vacuum pressure within the vessel is most nearly

(A) 1.0kPa
(B) 13kPa
(C) 39kPa
(D) 78 kPa

5. A tank contains a gate 2 m tall and 5 m wide as
shown. The tank is filled with water to a depth of 10 m.

The total force from hydrostatic pressure on the gate is
most nearly

(A) 90kN
(B) 440kN
(C) B880KN
(D) 980 kN

FE CIVIL PRACTICE ——

6.Almx2m inclined plate is sub
merged as gh,
20‘,\\,»
5m Y
A
/
\
The normal force acting on the upper surface o

plate due to the water (when taking atmospher,
sure into account) is most nearly pres

l\l\<

-'"‘-”
Water

(A) 68kN
(B) 91kN
(C) 203kN
(D) 294kN

7. The water tank shown has a width of 0.3 m. Tt
rounded corner has a radius of 0.9 m.

X

A
0.6m }
i B

09m

|
|
|
c

The magnitude and direction (in degrees from the har-
zontal) of the water force over the length of wall fron
point A to point C is most nearly

(A) 3400 N, 46°
(B) 3400N,73°
(C) 4800 N, 46°
(D) 4800 N, 73°

pPie pplzpess.com
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. Find the height of the mercury in the column.

A= pB+Pgh
Pa— Ps

==

Py
Pa

(95.8 kPa —0.000173 kPa)[lUOO -—]
kPa

[13600 553-][9.81 %]
m S

=0.7181m (0.72 m)

'he answer is (C).

. The manometer can be labeled as shown.

_@4
@ 0125 m

f

glycerine

mercu
v 05m

he pressure at level 2 is the same in both (left and
ight) legs of the manometer. For the left leg,

P2 = Pa+t Puaterd3.4 + PrercurySh2:3

or the right leg,

P2 = P+ Pelycerinedh 12

Where h, , is the distance between levels 1 and 2, hy3 is

the distance between levels 2 and 3, and hj 4 is the dis-
tance between levels 3 and 4.

Equating these two equations for p; and solving for the
pressure difference py — pgp gives

Pr—PB= g(pgl}-mrinchl-i’ 5 pwntorh!i-'l i pth‘ZAB)
[SGg]ycuinchl-2 = SGwnwth-d]

= 9P water

—SGpghas
m kg]
=19.81 —[{1000 —
[ sz][ w’

—(13.6)(1.0 m — 0.125 m)
—111785 Pa (110 kPa)

[(1.26)(0.5 m) — (1.00)(0.125 m)]

The answer is (D).

3. Calculate the density of the chemical from the vol-
ume and mass. The total volume of the tank is

o
L
c
o
L
3]
@
=
z
=
T

= s + wr¥(L —2r)
= 4r(2 m)® +7(2 m)?(10 m — (2)(2 m))
=108.9 m*

The contents have a mass of 50 000 kg, and the tank is
half full, so the density of the chemical is

m 50000 kg
Pohemicsl = 57 — 727 1 5
v (%](108.9 m’)
= 918.2 kg/m’

The relative pressure is

Po— P2 = pwatcrgh2 - Pchemicnlghl

k s
= [1000 -—ga][g.su 3;] L E
m s 1000 22
m /
b
k
—[918.2 —E]{g.fn Ez] ﬁ%‘%
m s J| 1000
m

= 1407 Pa (1.4 kPa)
The answer is (A).

4. The mercury is higher at the vessel end of the U-
tube, so the pressure in the vessel is less than atmos-
pheric pressure, and the U-tube is measuring the vac-
uum pressure in the vessel. (If the mercury were higher
at the end open to the atmosphere, the U-tube would be

PPl ¢ ppl2pass.com
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FE CIVIL PRACTICE

measuring gage pressure.) The vacuum pressure in the
vessel is

Pipe = pgh
10 cm
= [13600 —k-%—][Q.SI 51-] —
m 57 /1100 —
m

= 13342 Pa (13 kPa)

The answer is (B).

Sel=10m-2m=8nm. Hydrostatic pressure is deter-
mined based on the height of fluid above any one point.
Since the top of the gate is 2 meters higher than the bot-
tom of the gate, the pressure at the bottom of the gate
will be higher than that at the top by the equivalent
pressure of 2 meters of water. To calculate the average
pressure exerted on the gate, an average can be taken of

the height of water over the gate. The average pressure
is

P =3pg(h,+ hy)

= [1] 1000 X8 |(g.81 ™ (8 m+10 m)
2 m3 52
= 88290 Pa
The total force acting on the gate is
R=75A
= (88290 Pa)((2 m)(5 m))
= 882900 N (880 kN)

The answer is (C).

6. The upper edge of the plate is at a depth of

hy =35 m — (2 m)sin 20°
=432 m

The value of standard atmospheric pressure, Py is

found in the Units and Conversions table of the NCEES
Handbook:

Paim = 1.013 x 10° Pa.
The average pressure is calculated as

gi= -;_(p1+ P2)

= %{(Pnlm'i' Pgh l) + (pnlm + P.‘th))
= ;_Pg(hl + h’!) + Patm

k

& [-;-][moo —%][9.81 1"2—](4‘32 M5 m) + 101300 py
m B

= 146995 Pa

Y
x
The normal force acting on the plate is

R=pA
= (146995 Pa)((1 m)(2 m))
=293990 N (294 kN)

The answer is (D).

7. Find separately the horizontal and vertical goy,
nents of the force acting on the wall frop Point 4
point C. For the horizontal component, h, = m.'a;;‘
hy=0.6m+0.9m=1.5m,

P, = 709(hy+ hy)

1 kg m
= [E][IO{JO TnEJ(ngI ;'Z-)(O m+ 1.5 m)
= 7358 Pa

The horizontal component of the force is

R, = p;A = (7358 Pa)((1.5 m)(0.3 m))
=3311 N

For the vertical component, calculate the weight of the
water above the section of wall from point B to point .
The volume consists of rectangular prism 0.3 gy

0.6 m x 0.9 m plus a quarter of a cylinder, which hasa
radius of 0.9 m and a length of 0.3 m.

V="N+

= (0:3 m)(0.6 m)(0.9 m) 4+ M09 M*(03m

= 0.3529 m?

Tl}e vertical component of the force equals the weight of
this volume of water,

R, = pgV

- [1000 —I{-%][Q.Sl l"‘f‘,—](o.aszy m’)
m S

= 3461 N
The resultant force acting on this section of wall is

R= [RITR] - y/ (3311 N)? + (3461 N)?

=479 N (4800 N)

The direction of the resultant force from the horizontal ¥

6 = arct Ry SLN
= au-E = arctan 2311 N
= 4(,27° (46°)
The answer is (C).
————""—‘/’
4——-""‘-‘/



Similitude

1. A pitot tube is used to measure the flow of an incom-
pressible fluid with a density of 926 kg/m?®. The velocity
is measured as 2 m/s, and the stagnation pressure is
14.1 kPa. Most nearly, what is the static pressure of the
fluid where the measurement is taken?

(A) 10.4kPa
(B) 11.7kPa
(C) 12.2kPa
(D) 13.5kPa

2. A sharp-edged orifice with a 50 mm diameter opening
in the vertical side of a large tank discharges under a
head of 5 m. The coefficient of contraction is 0.62, and
the coefficient of velocity is 0.98.

sy

> b -__go_n:rﬁ.}

Most nearly, what is the rate of discharge?

=

o

SRR

(A) 0.00031 m3/s
(B) 0.0040 m%/s
(C) 0.010 m¥/s
(D) 0.012m%/s

Fluid Measurement and

3. The velocity of the water in the stream shown is
1.2m/s.

—

h
atmospheric 1 I

—

Most nearly, what is the height of water in the pitot
tube?

(A) 3.7cm
(B) 4.6cm
(C) 73cm
(D) 9.2cm

4. A horizontal venturi meter with a diameter of 15 cm
at the throat is installed in a 45 cm water main. A differ-
ential manometer gauge is partly filled with mercury
(the remainder of the tube is filled with water) and con-
nected to the meter at the throat and inlet. The mercury
column stands 37.5 cm higher in one leg than in the
other. The specific gravity of mercury is 13.6.

Neglecting friction, what is most nearly the flow
through the meter?

(A) 0.10m%/s
(B) 0.17m%/s
(C) 0.23m/s
(D) 0.28m’/s

ppl2pass.com
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5. A 1:1 model of a torpedo is tested in a w_md tuntnl:?é
according to the Reynolds number similarity- At <
testing temperature, the kinematic viscosity of air lf
1.41 x 10~ m?/s, and the kinematic viscosity O

water is 1.31 x 10~® m?/s. The velocity of the torpedo
in water is 7 m/s. Most nearly, what should be the air
velocity in the wind tunnel?

(A) 0.62m/s
(

B) 7.0m/s
(C) 18m/s
(D) 75m/s

6. A 2 m tall, 0.5 m inside diameter tank is filled with
water. A 10 cm diameter circular hole is opened. The
center of the hole is located 0.75 m from the bottom of
the tank. Ignoring all orifice losses, what is most nearly
the velocity of the exiting water?

(A) 4.75m/s
(B) 4.80m/s
(C) 4.85m/s
(D) 4.95m/s

7. Water flows from one reservoir to another through a
perfectly insulated pipe. Between the two TeServoirs,
100 m of head is lost due to friction. Water has a specific
heat of 4180 J/kg'K. Most nearly, what is the increase
in water temperature between the reservoirs?

(A) 023°C
(B) 0.52°C
(C) 0.70°C
(D) 1.0°C

PPl ¢ ppl2pass.com \ _/_://
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1. Solve the equation for velocity in a pitot typ, for the
static pressure.

}DJ = .Pﬂ_ 2
2

926 <& (2 n
m s

— 14.1 kPa"' P
a
2)[1000 —
( )[ kPa

= 12.2 kPa

The answer is (C).

2. The cross-sectional area of flow is

A rD? 7(50 mm)?
0 — ==
4 2
(4)(1000 ﬂ)
m
= 0.00196 m?

The coefficient of discharge is

C = CG.C, = (0.62)(0.98)
= 0.6076

The discharge rate for an orifice discharging in atme-
sphere is

(5 m)

= (0.6076)(0.00196 m?) J (2)[9.81 =
S
=0.012 m%/s

The answer js (D).




FLUID MEASUREMENT AND SIMILITUDE
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3. The difference in height between the pitot tube and
he free-water surface is a measure of the difference in
tatic and stagnation pressures. Solve for the height of
he water.

2
5 (1.2 5)
T L. W £
29 (2)[9.81 E;]
s
=0.073 m (7.3 cm)
p answer is (C).

. The areas of the pipes are

D? (45 em)?
e P S ) — = 0.150 m?
cm
(4)(100 —)
m
2 15 2
Az = wD = ﬂ( Cm) = 0.0177 l:l':l2

2

(4)(100 %)

'he equation for flow through a venturi meter can be
yritten in terms of a manometer fluid reading. For hori-

. flow, z1 = 2
C.A
Q= r————2 J29[—'+ S 32]
= CiA, 29(pm — p)h
2
=
%

Because friction is to be neglected, G, = 1. (For venturi
meters, C, is usually very close to one because the diam-
eter changes are gradual and there is little friction loss.)

)

G, 29(p,, — p)h
2 p
A
Bl
A
(1)(0.0177 m?)
—
L 00177 m
[ 0.159 m’
k
(2)[9 § [1000 —5]
! m

x(13.6 —1)(37.5 cm)

X
k
[1000 —ﬁ—](wo ﬂ)
m m
=0.171m%s (0.17 m*/s)

The answer is (B).

5. From the Reynolds number similarity,

SE] S _[V_IP} _{vfp
Fy b F, - Ko, B
= [Re] |

The scale is 1:1, so the lengths of the protot d
model are the same (I, = [,). : Lt

The similarity equation reduces to
-7
B 1, Ko

(._) (')
I P Vim
141){10 51

2
v , T
Vo = \’F[U'—] (? lll) 52
s
' 1,80 107822
L}

=753 m/s (75 m/s)

The answer is (D).
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6. The hydraulic head at the hole is the height from the
top of the tank to the center of the hole.
h=2m=-—075m=125m

For an orifice discharging freely into the atmosphere,

Q = CAy20h

As orifice losses are neglected, C
sides by A gives

v=C.20h = 1&2)[9.31 1_‘%)(1.25 m)

= 4.95 m/s

— 1. Dividing both

The answer is (D).

pecific energy

7. Convert the frictional head loss to s
2/s? and J/kg

loss. Note that the conversion between m
is 1.
m
AE = h;g= (100 m][9.81 —2-]
s

— 981 m?/s® (981 J/kg)

The temperature increase is

AE 981 kJ_
Mife =25 8 _0.2347K (0.23°C)
P 4180 ——
8 kg-K

nit difference between Celsius and Kel-
hough both scales have different start-
hen temperature difference is being
s the same in Kelvins and Celsius.

Note that the u
vin is the same t
ing points. Thus w
measured, the value i

The answer Is (A).

____——7pass.com
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4. Two adjacent fields contribute runoff to a collector.
Field 1 is 2 ac in size and has a runoff coefficient of 0.35.
Field 2 is 4 ac in size and has a runoff coefficient of 0.65.
The rainfall intensity of the storm after the time to con-
centration is 3.9 in/hr. The peak runoff is most nearly

(A) 8.7 ft%/sec
(B) 10 ft*/sec
(C) 13 ft%/sec

(D) 16 ft3/sec

2. The rational formula runoff coefficient of a 950 ft x
600 ft property is 0.35. A storm occurs with a rainfall
intensity of 4.5 in/hr. The peak runoff from this prop-
erty is most nearly

(A) 21 ft?/sec
(B) 30 ft3/sec
(C) 62 ft®/sec
(D) 90 ft3/sec

3. The table shown contains curve numbers based on
land use and soil type. A watershed contains 10 ac of
residential land of soil type B and 5 ac of grassland of
soil type A.

soil type
land use type A type B
residential 57 72
grassland 30 58

If the total precipitation is 11 in, what will be the
approximate runoff from the watershed?

(A) 54in
(B) 6.0in
(C) 6.7in
(D) 7.2in

4. A watershed occupies a 70 ac site. 45 ac of the site have
been cleared and are used for pasture land with a runoff
coefficient of 0.13; 3 ac are occupied by farm buildings, a
house, and paved surfaces and have a runoff coefficient of
0.75; the remaining 22 ac are woodland with a runoff coef-
ficient of 0.20. The total time to concentration for the
watershed is 30 min. The 20 yr storm is characterized by
the intensity duration curve shown.

20 ~
161 .
£ Hd
£ '"gr.n
g1k =0
g 2D
s T o
< gl Eg
2 %
= e
8

4

I 1

1 1 ]
20 40 60 80 100
duration (min)

The peak runoff for the 20 yr storm is most nearly

(A) 50 ft3/sec

(B) 110 ft¥/sec
(C) 240 ft%/sec
(D) 530 ft?/sec

5. A drainage basin covers an area of 2.4 ac. During a
storm with a sustained rainfall intensity of 0.6 in/hr, the
peak runoff from the basin is 320 gal /min. What is most
nearly the runoff coefficient for the basin?

(A) 0.38
(B) 0.50
(C) 0.65
(D) 0.85

PPl ¢ ppl2pass.com
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SOLUTIONS

1. The ry
n : §
bine the cogffé‘i coefficients are given for each area. Com-

: cients, weight; Al : :
contributing aeq.. ighting them by their respective

c — (28c)(0.35) + (4 ac)(0.65)
2 ac+ 4 ac

= 0.55

Find the peak flow from the rational formula.

Q

Il

CIA = {0.55)(3.9 3){6 ac)
hr
= 12.87 ft’/sec (13 ft/sec)

The answer is (C).

2. Use the rational formula to calculate the peak runoff

from this property. To use this formula, the area of the
property must be in acres.

_ (950 £t)(600 ft)
~—e

43,560 —
ac

A

= 13.09 ac

The peak runoff is

in

Q = CIA = (0.35) (4.5 E)(IS.U.‘] ac)

= 20.61 ft3/sec (21 ft*/sec)

The answer is (A).

3. Find the weighted curve number for the watershed.
From the table, the watershed contains 10 ac of land
with a curve number of 72 and 5 ac of land with a curve

number of 30.
(10 ac)(72) + (5 ac)(30) _

- 58
10 ac+ 5 ac
Find the storage capacity of the watershed.
) 1000 10 = @Q —10=T7.241 in
CN

N

Find the runoff from 11 in of Precipit
“Pltation,

_(P=028 (1lin~(gy

2 . JT241 1
P+0.88 11 in + (0.8)(7 gﬂl.n])
Nr205y

=5433 in (5.4 in)

Q

The answer is (A).

4. The weighted average runoff ¢

: oefficj
shed is E0t for the Wi

- (0.13)(45 ac) + (0.75)(3 ac) +(

70 ac

C

0.20)(22 4
=0.179

From the graph, at t. = 30 min, J =

. g i
rational formula to calculate the peak r wigh D

unoff,

Q= ClA
(0.179) (9 %)(70 ac)

112.5 ft*/sec (110 £t /sec)

i

Il

The answer is (B).
5. Convert the runoff to cubic feet per second.

300 B4

min
[7.48 E] (60
[:td

_ : £
Use the rational formula to determine the 1
coefficient.

Q= = 0.7130 ft*/sec

sec
min

Q = CIA

Ft:l

o i
T IA (0.6 il)(zd ac)

hr

=0.4951 (0.50)

The answer is (B).

%




PRACTICE PROBLEMS

1. A model of a dam has been constructed so that the
scale of dam to model is 15:1, The similarity is based on
Froude numbers. At a certain point on the spillway of
the model, the velocity is 5 m/s. At the corresponding
point on the spillway of the actual dam, the velocity
would most nearly be

(A) 6.7m/s
(B) 7.5m/s
(C) 15m/s
(D) 19m/s

2. An open channel has a cross-sectional area of flow of
0.5 m? a hydraulic radius of 0.15 m, and a roughness coef-
ficient of 0.15. Most nearly, what is the slope of the
hydraulic gradient needed to achieve a flow rate of 10 L/s?

(A) 1.1x10°4
(B) 6.7x10*
(C) 1.1x1073
(D) 6.7x 1073

3. Water flows through a converging fitting as shown
and discharges freely to the atmosphere at the exit.
Flow is incompressible, and friction is negligible.

0y = 150/ o
Vi=1. = Falm
1=12m/s

Most nearly, what is the gage pressure at the inlet?

(A) 10.2kPa
(B) 10.8kPa
(C) 11.3kPa
(D) 12.7kPa

Hydraulics

4. The hydraulic radius of a 5 m deep triangular channel
with a 1:1 side slope is most nearly

10m

== Y

5m

1
(A) 1.0m r
—_—
(B) 1.8m g
(C) 2.0m 29
(D) 28m 2.2
3
s =

5. A pipe carrying an incompressible fluid has a diame-
ter of 100 mm at point 1 and a diameter of 50 mm at
point 2. The velocity of the fluid at point 1 is 0.3 m/s.
Most nearly, what is the velocity at point 2?

(A) 0.95m/s

(B) 1.2m/s
(C) 2.1m/s
(D) 3.5m/s

6. A rectangular channel 3 m wide and 1.25 m deep is
flowing at steady state. The channel momentum is
4.5 m®. The discharge of the channel is most nearly

(A) 53md/s
(B) 5.5m’/s
(C) 6.6m’/s

(D) 8.9m?/s

PPl ¢ ppi2pass.com
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A r—. ‘
thet hydraulic Jump occurs in an open channel where
pstream Froude number is 3.96 and the upstream

g:gilaluicojﬁuingl‘? Most nearly, what is the height of the
(A) 09m
(B) 2.7m
(C) 3.0m
(D) 6.0m
8.

An open channel is upstream of a hydraulic jump.
The channel has an upstream flow velocity of 5.0 m/s, a
constant headwater of 0.50 m, and a Froude number of
2.26. If the velocity is increased by 10%, what is most
nearly the hydraulic jump increase?

(A) 0.14m
(B) 0.15m
(C) 0.20m
(D) 0.32m

9. A fire hydrant has a rated capacity of 1235 gpm at
20 psi. A field test shows that the static pressure of the
hydrant’'s water distribution system is 90 psi, and the
residual pressure is 45 psi. What is most nearly the test
flow rate?

(A) 250gpm
(B) 620 gpm
(C) 970 gpm
(D) 1000 gpm

40. A fire hydrant flow test is conducted. The ratio of
the target pressure drop to the o.hserved pressure drop is
1.67, and the observed test flow is 789 gpm. Most nearly,
what is the rated discharge capacity of the hydrant?

(A) 600 gpm
(B) 1000 gpm
(C) 1200 gpm
(D) 1300 gpm

ant is discharging to the atmosphere at a
from a 2.5 in, smooth, well-rounded
ly, what is the pitot pressure of the

41. A fire hydr
rate of 1125 gpm
outlet. Most near

discharge?
(A) 7.0 psi
(B) 36 psi
(C) 45 psi
(D) 74 psi

12. A fire hydrant discharging to the atm,

3 in diameter square, projecting o OSphery
hydrant has a 3 in diameter smo%th?t\}gli_' Ilather?;
let. The pitot pressure at both hydrants isrg;md oy,
nearly, what is the difference in the digelyy. " M
the two hydrants? ATBE ratey

(A) 210 gpm

(B) 320 gpm

(C) 420 gpm

(D) 640 gpm

13. A fire hydrant being rated for capacity has a sq
sharp outlet with a 2.5 in diameter. The pitot pm:up:;
of the discharge is 53 psi, and the residual pressure dy.
ing discharge is 36 psi. The static pressure of the Systen
is 93 psi. Most nearly, what is the rated capacity of the
hydrant?

(A) 1240 gpm
(B) 1390 gpm
(C) 1400 gpm
(D) 1720 gpm

14. A fire hydrant with a sharp, square 2 in outlet i
rated for capacity twice. At the time of the first test, the
pitot pressure reading is 83 psi. At the time of the sc
ond test, the pitot pressure reading is 63 psi. The resit
ual pressure during discharge is 50 psi during both &t
The static pressure of the system is 106 psi. Most neaﬂ.'-;
how much lower is the discharge of the fire hydrant afte
the second test?

(A) 20gpm
(B) 85gpm
(C) 110 gpm
(D) 120 gpm

15. A fire suppression sprinkler system 18 I °
ply 1209 gpm at 20 psi. Most nearly, what lst
mum number of standard sprinklers '

connected to the supply line?

A) 33
B) 36
C) 48
D) 50

ated o sﬂi?‘
is the ma¥

— e

(
(
(
(
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46. A fire sprinkler system can discharge water at a

; SOLUTION
rate of 71 glirlﬂ at eacl:lu healcll. 'Il‘he l'fprml(ler orifices are SOLUTIONS
xtra large. Most nearly, what is the design pressure at
:.-hich the sprinkler system should operate? 1. The Froude numbers must be equal.
; Fry..=F
(A) 40 psi vdnmdmn r::r:rndel 1

(B) SOPSI .ngh.dam a ngh,model

(C) 120 pSI % —_ Yh dam o (5 _ﬂ]_) -li
(D) 160 psi e o U h,model 5 1
=19.36 m/s (19 m/s)

The answer is (D).

2. The volumetric flow rate is

ok _
Q= '—bL =0.01 m’/s
1000 —
m
0
The velocity needed is Ry
i
3 S
0 0.01 =. g_g
=-—= '—5 = T
v= y) Ee 0.02 m/s ]:E._g
2

Use Manning’s equation to find the slope needed to
achieve this velocity.

v=(K/n)Ry*S"?

[ 2
vn
g =
| KRy
oy 2
(0.02 ?)(0.15)
| (1.0)(0.15 m)?3
=0.0001129 (1.1x107")
The answer is (A).

3. From the continuity equation for incompressible flow,

Al"’l = .A-‘!Vg

L Am (D)
2 A‘z Dz 1

150 mm ]2(1 5 ﬂ)

75 mm s
=4.8 m/s

e——— — PPl o
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Use the Bernoulli equation.

2 2
P2 Va P V]
p 2 2 p 2 19
21 =z2
Pgage = P17~ P2
P 2
Pgage = ‘5("’%‘”"1

k
1000 —= . .
= | —= [(4.8 -—) — (1.2 ——)
2 s s
— 10800 Pa (10.8 kPa)

The answer is (B).

ic radius is found by dividing the cross-
sectional area of the channel by the wetted perimeter.
Because the sides have a 1:1 slope, the cross section of
the channel is a 90°-45°-45° triangle with the vertex
down. The width of the channel surface (the base of the
inverted triangle) is 10 m, and the area of the triangular

cross section is

4. The hydraul

10 m)(5
bh _ | m;( m) _ e

The wetted length of each side of the channel is equal to
the hypotenuse of & 00°-45°-45° triangle with sides of
5 m, and the wetted perimeter is the sum of these two

wetted lengths.
hypotenuse = v 22+ b2 = /(56 m)* + (5 m)’
=7.071 m

wetted perimeter = (2)(7.071 m) = 14.14 m

The hydraulic radius is

cross-sectional area _ 925 m®
14.14 m

H —  wetted perimeter
—1.768 m (1.8m)

The answer I8 (B).

I e
ggieE———

%P

continuity equation for an ip

5, Use the
lve for the velocity at point 2,

fluid and s0 COmpresgy,

p, V' (100 mm Y
= | — = | ———— In
=1.2m/s

The answer is (B).
6. The area of the channel is
A= (3m)(1.25 m) = 3.75 m*

centroid is half the total depth

The flow depth to the
tangular.

because the cross section is rec

h, = (0.5)(1.25 m) = 0.625 m

From the equation for momentum for steady flow rate,

i
M=Q-+Ahc

gA
Q = JoA(M— Ak,)

= J[?.Sl -"%](3.75 m?) (4.5 m® — (3.75 m”)(0.629 m))
s

=89 m’/s

The answer is (D).

7. The height of the hydraulic jump, , is the dov™
stream depth minus the upstream depth, o — ¥t

the hydraulic jump equation,

Yo = %‘-(—1+Jl+8§‘rf)

0.
B 6: (14 1+ (8)(3.99)° ) - 0.65
=27m

The answer is (B).

//
S
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8. From the hydraulic jump equation, the initial down-
stream flow depth is

2
E [0' 20’“](—1 + 1+ (8)(2.26)%)

=137m

ind the Froude number after the upstream velocity is
increased.

v

NS
(1.10)(5.0 E)

5

J[g.m Sﬂ,z](o.so m)
= 2.48

Fr =

After the upstream velocity is increased, the down-
tream flow depth becomes

Yy = y?‘(—l + 1+ 8Fr?)
i [0° g m](wl + 1+ (8)(2.48)? )
=1

52 m

he increase in the hydraulic jump is
1.52m—1.37m = 0.15m

The answer is (B).

9. The observed residual pressure drop parameter is

HR=PS_20pSi

L B
n m
= 70 Ibf/in®

he target residual pressure drop parameter is

HF == PS = PR
=90 E — 45 E‘-'
in’ in?
= 45 1bf/in®

Rearrange the equation for the hydrant’s rated capacity
flow, and solve for the observed discharge.

Qp = Qr x (Hp/ Hp)"™

H,F 0.54
Qr = Qp ;1,;‘
0.54
al - %
= [1235 5_—] e
min 70 _2
mn

=972.9 gpm (970 gpm)
The answer is (C).

10. The rated capacity flow of the fire hydrant is

Qr = Qpx (Hp/ HF)U'M
= [789 g—‘,‘l]u.m)“'“
min
= 1040.7 gpm (1000 gpm)

The answer is (B).

@
17y
20
=)
To
e
=)
I}\
I

11. Rearrange the equation for fire hydrants discharg-
ing to the atmosphere to solve for the pitot pressure. For
a smooth, well-rounded outlet, the hydraulic outlet coef-
ficient is 0.90.

Q = 29.8D*C,P'/?
/ 2
oy
(29.8D%C,

( 2
1125 2L

min

(29.8)(2.5 in)2(0.90)

\

45 psi

The answer is (C).

12. From the equation for fire hydrants discharging to
the atmosphere:‘ the discharge rate for the hydrant with
the square, projecting outlet is

Q =29.8D*q,p'/?

1/2
= (29.8)(3 in)’f(o.?o)[w —?"5 ]
mn
= 1478.3 gpm
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I:hfz discharge rate for the hydrant with the smooth,
well-rounded outlet is

Q = 29.8D%c,p'/?

1)1
= (29.8)(3 111)2(0.90)[62 %]

m

]

1900.6 gpm
The difference between the discharge rates is

1900.6 5 _ 14783 82 _ 4o,
= = 2.4 gpm (420 gpm)

The answer is (C).

13. Use the equation for fire hydrants discharging to
the atmosphere to find the discharge. The hydraulic
outlet coefficient for a square, sharp outlet is 0.80.

Qr = 29.8D°C,P'/?

Ibf }'/2
= (29.8)(2.5 in)*(0.80)|53 —
in®
= 1084.7 gpm

/salnelpAH

=
=
a
-
o.
]
=
(9]
w
e
»

Find the observed and target residual pressure drop
parameters.

HR = PS—20 pSi

1bf Ibf
in® in?
= 73 psi
HF s P.S‘_ PH
in in
= 57 psi

The rated capacity flow is

QR = Q_F x (HR/I-{F)U.EJ

lbf 0.54
| 73 —
a
— |1084.7 £ || —2~
min )| . 1bf
= 2
in

— 1239.8 gpm (1240 gpm)

The answer Is (A).

14. Use the equation for fire 1,
ydr :
the atmosphere to find the g ants dlschmginsh

schar :
test. For a square, sharp outlet sio° QWing ¢
coefficient is 0.80. € the h}'drall]ithiut

Q =29.8D%,p'/?

= (29.8)(2 in)2(0.8[))[83 Ibf)'/2

in?

= 868.8 gpm
Find the discharge during the second test.

Q =29.8D%¢,P'/?

= (29.8)(2 in)z(O.EO)[Gil .l—b;f i
1

= 756.9 gpm

The difference between the two cases is

al al
868.8 =— — 756.9 2= — 111.9 gpm (110 gpu)
min min

The answer is (C).

15. A standard sprinkler has an orifice of ; in dume
From a table of K-factor values, the K factor for anor
fice this size is 5.6 gpm/(psi!/?). The capacity of a sk
orifice at a pressure of 20 psi is

Q= KP'/?
gal
— |5.6 2|l [20 s
“ [ o in’
in®
= 25 gpm

ar
) otem cals
The maximum number of sprinklers the sy P

port is

]
1209 g‘c:t 48 gprin
—min__ g4 gprinklers (
gal
25 min
sprinkler

Klers)

The answer is (C).

Wfﬂaom

—
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16. Rearrange the equation for fire sprinkler discharge
1o solve for the design pressure. The K factor for extra-
o sprinkler orifices is 11.2 gpm/(psi'/2).

larg
Q= KpY2
( 2
p=|9
K
12
1 gal
- min
gal
11,9 —min_
Tt
in?
= 40 psi

The answer is (A).

0
ri%)
20
J o
S o
g_g
I"—‘h
T
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4, Water drains at a constant rate through a saturated
soil column with a diameter of 1 ft and a height of 2 ft.
The hydraulic head is maintained at 5 ft at the top of
the column and 0.5 ft at the bottom. After a period of
1 hr, 100 in® of water has drained through the column.
What is most nearly the hydraulic conductivity of the

soil?
(A) 3.5x107° ft/sec
(B) 4.6 x 10°¢ ft/sec
(C) 7.1 x10° ft/sec
(D) 9.1x 10° ft/sec
2. Darcy’s law is primarily associated with flow through

(A) open channels

(B) pipes

(C) pitot tubes and venturi meters
(D) porous media

3. A soil sample with a permeability of 5 x 10°° in/sec
will be tested using the pipe setup shown. The Plpe,s
diameter is 2 in. The 10 in head differential will be

maintained.
‘él 10in L
=

incomingl

20in

%
soil

The volume of flow is most nearly

(A
B

) 2.5 x 10 in?/sec
(B) 4.9x10°¢ in®/sec
(C) 79x10¢ in®/sec
(D) 3.0 x 10 in3/sec

-—-..______‘_‘___
-,.._____‘_-_-_‘__

Groundwater

4. An aquifer has a thickness of 52 ft and a transmissiv-
ity of 650 ft?/day. What is most nearly the hydraulic
conductivity of the aquifer?

(A) 2.5 ft/day

(B) 6.3 ft/day

(C) 13 ft/day

(D) 33 ft/day

5. The results of well pumping tests from a homogene-
ous, unconfined aquifer are shown. At the time of the
tests, the pumping had continued long enough for the
well discharge to become steady.

parameter value
pumping rate 20 gal/sec
well diameter 1.5 ft
radius of influence 900 ft
depth of aquifer at 135 ft
radius of influence

drawdown in well 11ft

The hydraulic conductivity of the aquifer is most nearly

(A) 1.2 x107%ft/sec
(B) 2.1 x1073ft/sec
(C) 5.0 x 1077 ft/sec
(D) 8.7 x 107" ft/sec

PPl ¢ ppl2pass.com
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SOLUTIONS . . ...

1. The cross-sectional area of the column is

xD? £ )2
aD? _ m(LB) _ 785 &

— 1

A=

“|

The change in hydraulic head over the length of the soil

sample is
dh 05ft—5ft
e R = —2.25 ft/ft

Use Darcy's law.

K:*—%—
it
dr

;3

100 =

hr

(0.785 &2)[—2.25 %]
3 3 ,
x (12 5) (3600 i-ei)
ft hr

9.007 x 1075 ft/sec (9.1 % 1075 ft/sec)

The answer Is (D).

2, Darcy's law is primarily associated with flow though

porous media.
The answer Is (D).

3. The cross-sectional area of the pipe is

2 2i 2
ap? _ M2 _ 5149 in?

A== 4

n hydrau]ic head in the direction of flow

The change i
h of the soil sample is

over the lengt

dh —10 in -
2V = 0.5
70 i in/in

Use Darcy's law.

dh

= —KA|—

o--*1%)
_ (%107 22 )3:142 ) ~05 2
(5>< 0 = (3.142 in®) (].5,'1;_)

7 854 x 1078 in%/see (7.9 % 107 in’/seq

The answer is (C)-
4. From the formula for transmissivity, the permeability
T =KD
2
650 —~—

—12.5 ft/day (13 ft /day)

The answer is (C)-

5. The radius of the well is
D_L5f 4754
2 2

T‘l=

The thickness of the saturated aquifier at the well is

hy= D D,q=135 ft— 11 ft = 124%

Use Dupuit’s equation to find the hydraulic conduct”

ity of the aquifer.

= (135 f0? — (124 £)°) )
— 2118 x 1079 ft/sec (2.1 % g0 /e

The answer is (B).
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RACTICE PROBLEMS =~~~

1. What is most nearly the equivalent weight of alumi-
um sulfate, Aly(SOy)5?

(A) 57 g/mol

(B) 110 g/mol
(C) 170 g/mol
(D) 340 g/mol

—_—

A water sample contains 57 mg/L of phosphate,

PO, ", measured as substance. What is most nearly
the concentration as CaCQ3?

(A) 32mg/L as CaCO;
(B) 36 mg/L as CaCO;
(C) 60mg/L as CaCOy
(D) 90 mg/L as CaCO4

3. The alkalinity of water was determined to be
200 mg/L as CaCO;. If a nitric acid (HNOj;; molecular
weight of 63 g/mol) solution with an acidity of 35 mg/L
as CaCOj is available, most nearly how much acid solu-

tion would be required to completely neutralize 700 L of
the water?

(A) 440L
(B) 3200L
(C) 4000L
(D) 5000L

4. A water analysis of lake water has the results shown,
with all values reported as CaCO;.

Water Quality

The water’s hardness is most nearly

(A) 150 mg/L

(B) 170 mg/L

(C) 290 mg/L

(D) 300 mg/L
8. Water has a carbonate hardness of 92 mg/L as
CaCOj3. Each mol of free electrons provided by CaO will
reduce hardness by eliminating the equivalent mol of
hardness as carbonate. Most nearly, what dose of lime

(CaO; oxidation number 2) as substance should be

added to the water to reduce the hardness to 30 mg/L
as CaCOQy?

(A) 35mg/L
(B) 60 mg/L
(C) 90 mg/L

(D) 180 mg/L

6. Which of the following is generally NOT attributable
to hard water?

(A) scum rings in bathtubs
(B) stains on porcelain bath fixtures
(C) foam in clothes-washing equipment

(D) scale buildup in boiler tubes

7. A fate and transport study was performed on phospho-
rus in a small pond. Biological processes in the pond biota
convert phosphorus to a nonbioavailable form at the rate
of 22% per year. Recycling of sediment phosphorus by
rpot(?d plants and by anaerobic conditions in the hypo

limnion converts 12% per year of the nonbioavailable phos-
phorus back to bioavailable forms. Runoff into the pond

alkalinity 151.5 mg/L evaporates during the year, so no change in pond volume
sodium 120.0 mg/L
calcium 127.5 mg/L
iron (III) 0.107 mg/L
magnesium  43.5 mg/L
potassium 8.24 mg/L
chloride 39.5 mg/L
fluoride 1.05 mg/L
nitrate 1.06 mg/L
sulfate 106 mg/L

-‘-‘-—-‘-‘-‘-‘_‘——u—.—_
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olticurs. Which of the following actions would best reduce
the phosphorus accumulation in the pond?

(A) adding chemicals to precipitate phosphorus in
the pond

(B) fidding chemicals to combine with phosphorus
in the pond

(C) reducing use of phosphorus-based fertilizers in
the surrounding fields

(D) using natural-based soaps and detergents in sur-
rounding homes

8. Hardness in natural water is caused by the presence
of which of the following?

(A) weakly acidic ions
(B) nitrites and nitrates
(C) polyvalent metallic cations

(D) colloidal solids

9. In aquatic systems, phosphorus recycling is signifi-
cantly aided by which of the following?

I. algae
II. fungi
III. macrophytes
IV. phytoplankton

(A) IandIlonly

(B) I,1I, and IlTonly

(C) I,1II, and IV only

(D) II,1II,and IV only
40. Which of the following are sources of color in
water?

1. copper ions
II. iron ions
[II. manganese ions

IV. industrial colloidal solids

(A) IV only

(B) Tand 11 only

(c) I,1I,and IV only
(D) I, 1L I, and IV

%

11. Which of the following processes

(1 is us
the amount of acid in water? ed to Mg

Sy
(A) titration
(B) Afltration
(C) spectrophotometry
(D) digestion
12, Acidity in water is typically specified

which of the following? N terms qf
(A) HyCOj
(B) H*
(C) OH-
(D) CaCOq

13. The National Primary Drinking Water Regulations
apply to every public water supply serving at least hoy
many service connections?

(A) 15
(B) 50
(C) 100
(D) 250

14. The molar nitrogen-to-phosphorus (N:P) ratio fr
ideal algae growth is which of the following?

(A) 10:1
(B) 12:1
(C) 16:1
(D) 18:1

he followiné
nblue bﬂ-b}l

15. In water, excess amounts of whigh of t
can contribute to methemoglobinemia, Of
syndrome?

(A) phosphorus
(B) manganese
(C) carbonates
(

D) nitrates

L,,_,’—'r/fa&,’—'_'—“_"'"
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4, For aluminum sulfate, Aly(SOy4)s;, the molecular
weight i

h'ﬂv.i\l,_,(SCh]! - 2(WAI) + 3(WS] + IQ(MWO)

~ () (26.981 miol) +(3) (32.066 -fa)

+(12)(15.999 —g—)
mol
= 342.148 g/mol

The aluminum ion is triply charged, and there are two
aluminum ions, so the number of charges involved is
(3)(2) = 6. The equivalent weight is

MW 1,50,
EWaise) == .
9%, 7 oxidation number
342.148 -5
_ mol
6
= 57.025 g/mol (57 g/mol)
The answer is (A).

2. The molecular weight of phosphate, PO, is
W‘p02~- == BI'IWP + 4(W0)
— 30.974 -5~ + (4) (15.999 -E—)
mol mol
= 94.97 g/mol

The ion is triply charged, so the equivalent weight is

WATER QUALITY

The concentration as CaCOj is

EWeuco,
EWpo;--
g

= (57 E) e
L /] 31.657 —=—
mol

= 90.21 mg/L (90 mg/L as CaCOy)

Cas CaCO; — Cassubstance

The answer is (D).

3. Since the alkalinity and the acidity concentrations
were both given as CaCOj; equivalents, the volumes can
be determined without converting the concentrations.
Balance the total masses of alkalinity and acidity.

Amygiinity = AM ity

Vaater A Clsteras CaCO g VaciaD Cacid as CaCO,

- antcrA Cwntcr.as CaCOy
e A Coid a5 CaCO,4
mg _, mg
) (700 L](.‘ZOO L 0 I )
= mg mg
5 — Sty -
3 L 0 3
= 4000 L

The answer is (C).

4. Water hardness is determined from the polyvalent met-
allic cations, which are calcium (Ca**), iron (Fe***), and
magnesium (Mg**). Sodium and potassium are singly
charged and do not contribute to hardness.

ha.rdness = Ccav-* - CFt"*++ CMS++

Sfo
s£
£O
:m
ot
)
> C
cw
(FE]

EW, il m m
POT™" = xidation number = 1275 —ﬂg— +0.107 Tg +43.5 i;:g—
94.97 -;ng:l- =171.107 mg/L (170 mg/L)
— —-_3-_-_
= 31.657 g/mol The answer is (B).
—_— B PPl ¢ ppl2pass.com
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5. 1 o B
The lime is being added to the water, so the volume

of solution i
2 lutllon is the same as the volume of treated water.
etermine the CaCOj; dose.

Vo AE
‘ : i =
e water,as CaCO, = VimeD lime,as CaCO,

D lime,as CaCO, = an MA f;'m“'"“' CaCO,
lime
1L (92 28 _an 35)
e
1L
= 62 mg/L

Determine the CaCO ival
weight of Ca0 is 3 equivalent of Ca0. The molecular

MW e = RIWCB o MWO
E

= 40.078 —&_ 4 15.999 &
mol mol

= 56.077 g/mol

Th_e calcium ion is doubly charged, so the equivalent
weight of lime is

g
EW,, . = MWiime 2 56.077 ol
- oxidation number D)
= 28.039 g/mol
The concentration as substance is
EW;

Dlime.saauhsmnm = DllmC,aanCOa W::l;]
28.039 —2—
= (62 %) __ mol

L /| s01-5-

mol

= 34,7 mg/L (35 mg/L)

The answer is (A).

6. Hard water interferes with foam/bubble formation,
turning soap into scum.

The answer is (C).

7. To reduce the phosphorus accumulation in the pond,
the arrival of additional bioavailable phosphorus must
be reduced. This entails watershed management to

; the amount of phosphorus applied as fertilizer
rec(liucéleased through other sources. As eutrophication is
i :'cral process accelerated by the availal?ility of plant
Etilt?-i:nts (nitrogen and phosphorus especially), reduc-

ing phosphorus can slow the process.

x

While there are chemical meang
phosphorus to nonbioavailab]
practical on a large scale an
itself.

O altep th

; isstates, this Ussa]f]m’,’h .
Potentia]),, hm;m Iy

P

. ; ]

It is unlikely that the pond receives unty

from local homes. Use of phosphate_ric}eated disc,

the home will not affect the pond, 1 ﬂerergeutﬁ‘-

The answer is (C).

8. Hardness in natural water is causeq by

of polyvalent metallic cations, the Presey,

The answer is (C).

9. In aquatic systems, phosphorus recy

cling is ..
cantly aided by algae, macrophytes, and 18 18 sigy,

Ph}ioplm;m
The answer is (C).

10. Copper, iron, and manganese ions, and incustri]
colloidal solids are all sources of color in water.

The answer is (D).

11. Titration is used to measure the amount of acid ix
water.

The answer is (A).

12. The measurement of acidity in water is typicly
given in terms of the CaCOj equivalent that would nex
tralize the acid.

The answer is (D).
13. Every public water supply serving 15 or mores™

ice connections must meet the National Primary Dris
ing Water Regulations.

The answer is (A).

is 16:L
14. The molar N:P ratio for ideal algae growth s 16

The answer is (C).

uté

. 2 Couﬂ'i.h
15. Excess amounts of nitrate in water cat

to methemoglobinemia.

The answer is (D).

FPie pplzpase:-cos




1. Primary treatment of wastewater consists of

(A) chlorination
(B) removal of toxic industrial wastes

(C) regulating the flow of the wastewater through
tanks of varied sizes so that the flow is a con-
stant in secondary and tertiary treatment

(D) removing solids and particles of various sizes

2.In a packed bed operating at 25°C, a vapor contained
in an air stream is dissolved in water. The Henry’s law
constant of the vapor is 0.10 atm-L /mol. The volumetric

flow rate of air is 1 m®/s. Most nearly, what volumetric
flow rate of water is required?

(A) 2L/s
(B) 4L/s
(C) 6L/s
(D) 10L/s

3. At 15°C, the Henry's law constant for ammonia is
0.62 atm. The concentration of ammonia in a water sol-
ution at this temperature is 8.1 x 10-3 mol/L. The par-

tial pressure of ammonia vapor above the liquid phase is
most nearly

(A) 9.0x 1075 atm
(B) 4.4x10-5atm
(C) 3.8x10-%atm
(D) 5.0x 1073 atm

4.' T,he equilibrium equation for the dissolution of sulfur
dioxide jp, water is

$0,(9) + 2H,0(1) = HSOj (ag) + H;0™ (aq)
The ®quilibrium constant for this equation is

K, < [805)[H,0%

= 2.1 x 107? (mol/L)?/atm
Pso

2

\

Water Supply Treatment
and Distribution

The variable pso, represents the partial pressure of sul-
fur dioxide in the gaseous phase. The molar concentra-
tion of hydronium ions in water in equilibrium with air
that contains 0.1 parts per million volume (ppmv) of
sulfur dioxide is most nearly

(A) 2.1 %10~ mol/L
(B) 4.6 x 1075 mol/L
(C) 5.3 x 10* mol/L
(D) 2.1 %1073 mol/L

S. Which of the following diseases should be of concern
to the environmental engineer when designing, operat-
ing, or managing water supply projects?

L. acquired immunodeficiency syndrome (AIDS)
II.  Rocky Mountain spotted fever
III.  botulism
IV. tuberculosis
V. Legionnaires’ disease
VL. hepatitis A

(A) I III, and VI
(B) ILIV,and VI
(C) Vonly

(D) Vand VI

6. Which of the following substances are used to remove
calcium and magnesium from hard water?

I. lime
II, soda ash
I1I. ozone

IV. activated carbon

(A) TandII
(B) TIandIII
(C) Iand III
(D) llandIV

\
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7. '- H
Water is recarbonated after it has been softened to

L

I.
11
IvV.
(A)
(B)
(C)
(D)

remove unwanted odors

lower its pH

improve its taste

reduce its scale-forming potential
Tand IT

IT and III

IT and IV

IIT and IV

8. In addition to lime-soda treatment, what method can
be used to reduce the hardness of water?

(A)
(B)
(%)

(D)

neutralizing alkalinity with hydrochloric acid
replacing calcium ions with sodium ions

adsorbing sodium and iron with granular acti-
vated carbon

flocculating the water with magnesium sulfate
(MgS0y)

9. Noncarbonate hardness can be removed by which of
the following?

I.
II.
I1I.
Iv.

(A)
(B)
(®)
(D)

m
m3
3 =
‘E.g'
=
o 3
—.
33
e ]

__——ppidpass.com
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heating
distillation
precipitation softening processes

ion exchange processes

IandII

I and III
IT and IV
III and IV

10. Which of the following are

treatment relative to the adso
by activated carbon?

Eenerally ¢

I. The adsorption is a chemj

cal :
cally irreversible. reaction ayg Y

IT1. The adsorption is a physical renct;
Waals forces) and generally M'ef; El‘:’- (vag der

III. Water soluble, inorganic contam
molecular weights are best
vated carbon.

inants With

adsorbed py :

IV. The contaminant sticks to the surface of ,
activated carbon particles, e

(A) MandIV

(B) IlandIV
(C) 1,11, and III
(D) 1,1, III, and IV

11. 1 L of water having a contaminant concentration¢
1 mg/L is to be treated with activated carbon. A resid
ual or equilibrium contaminant -concentration o
0.1 mg/L is desired. The activated carbon can adsh
5% of its weight at the desired equilibrium concentm
tion. Most nearly, what mass of activated carbon &
required?

(A) 0.9mg
(B) 18mg
(C) 20mg
(D) 29mg
iscnﬂ'ﬁd

12. The electrodialysis of a 0.1 N NaCl solution L, te
out in 100 cells. The flow rate of the solution IS 1 éjﬂb
removal efficiency is 60%, and the elec!nr:nl eﬁi:am-
98%. The current required for operation is most ney

(A) 60A

(B) 200A
(C) 500 A
(D) 1000 A
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rimary treatment of wastewater is the removal

The P part icles.

of.Solids and
rhe answer i8 (D):

¢ volumetric flow rate is

2, Th

Qu Cp = QAHI C'm

Q4H
QW = QAH’ = RT
3
[1 3][1000 —I‘E][O. 10 atm']‘]
S m mol
atm-L
.08206 25° g
[0 ol K ]( 5°C +273°)

The answer is (B).

3. The concentration of ammonia is 8.1 x 107 moles
per liter of solution. The solution is essentially 100%
water. The molecular weight of water (Hz0) is

h'ﬂVHjo = Q(I\MH) + WO

= (2)(1.0079 -g—) +15.999 £
mol mol

= 18.0148 g/mol

The number of moles of water in a liter of water is

i = L = PV
W MWy MWio

[1000 k—f]u L)[IO{]O Egg']

L
(18.0148 —g-)[moo —3—]
mol m

= 55.51 mol

The mole fraction of ammonia in the solution is

n 8.1 x 10~ mol _ 1459 x 10~

55.51 mol

T = Ammonia =

Ny

Use Henry’s law.

WATER Supp i o——

SuPPpL
Y TREATMENT AWD DISTRIBUTION

~ —'BEATMENT awWo sisvaisuvieow 14-3

F, = hz,
= (0.62 atm)(1.459 x 10~%)
=9.047x107% atm (9.0 x 107° atm)

The answer is (A).

4. For mixtures of ideal gases, the volumetric fraction
and the mole fraction are the same.

Yso, = 0.1x 1078

Use Henry's law. The partial pressure of SO, is

Pso, = Pya¥so,
= (1 atm)(0.1 x 107°)
=1.0x 1077 atm

When SO; dissociates, an equal number of HSO3 and
H;0* ions are created, so

[HSO;][H;0"] = [H,0°]

Solve the equilibrium constant equation for the [H,07]
concentration.

[H30+1 = \]Pso,ch

[ mol ]2
L)

= [(1.0x 1077 atm)|2.1 x 1072
atm

= 4.6 x 10~° mol /L
The answer is (B).

5. Items I through IV are not concerns: AIDS is not a
waterborne disease; Rocky Mountain spotted fever is
passed to humans by ticks; botulism is foodborne or can
enter the body through contaminated soil or needles;
and tuberculosis is spread by inhalation of infectious

droplets.
Legionnaires’ disease, on the other hand, is associated

with heat transfer systems, warm temperature water,
and stagnant water. Hepatitis A can also be spread

through contaminated water.

The answer is (D).
S Lo e L PPl ¢ ppli2pass.com
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Bl Lilne
and soda ash are : ‘ :
; used to remove calcium and 12. The required curre
magnesium from harq water. : * e

The answer js (A). I'=(FQN/n) x E,\/E,

i

7. Water is recarbo

lowes it< bH nated after it has been softened to

and reduce its scale-forming potential. )
The answer is (C). x[0.1 BEQWvalent ]

[96 gop——0__ N1,
grequivalent S

= 0.60

. . T
ran- l\tf'anous lon exchange methods are used to replace 1 [Eﬁl—g}
ultivalent ions such as calcium (Ca**) and magnesium

(Mg*+) with monovalent ions such as sodium (Na*).
The answer is (B). |

9. Noncarbonate hardness cannot be removed by heat- 59.07 A (60 A)
ing. It can be removed by precipitation softening proc-
esses (typically, the lime-soda ash process) or by ion The answer is (A).

exchange processes using resins selective for ions causing
hardness.

The answer is (D).

10. Adsorption is a physical process wherein the con-
taminant adheres to the surface of an adsorbent such as
granular activated charcoal. Following saturation, the
adsorbent can be reactivated in a number of ways and
reused. Adsorbents are particularly effective at remov-
ing large organic molecules from the processing stream.

The answer Is (A).

s
Qe 5 11. Since 1 L of water is to be treated, and since the
= 2 concentrations are given per liter, work on a per-liter
< ?D basis. The mass of contaminant removed is
53
@B Tremoved = V(Cin— Cout)
mg mg ) .
= —= i1 ==
(1L) (1 L L

= 0.9 mg

Solve the equation for mass ratio of the solid phase for
the mass of adsorbent.

i} D ournovad 13 0.9 mg

M adsorbent — X 0.05 g = 1omg

The answer is (B).

s ppiipass.com
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1. The solids loading rate for a 30.5 m diameter clarifier
with a flow rate of 5 MGD and an influent total sus-
pended solids content of 150 mg/L is most nearly

(A) 1.1kg/d-m?
(B) 2.2kg/d-m?
(C) 3.9kg/d-m*
(D) 4.2kg/d-m’

2, What can treated wastewater be used for?

I. irrigation
II. fire fighting
. road maintenance
IV. bathing
(A) TandII
(B) IandIII
(C) LI, and III

(D) 1,11, 11, and IV

3. How is most wastewater phosphorus removed?
(A) Primary sedimentation
(B) floceulation and sedimentation
(©) biological processes

(D) adsorption in granular activated carbon towers
4, What is
2 stabilizat;

(A)
(B)

the primary factor that determines whether
on pond will be aerobic or anaerobic?

detention time
depth

Surface (plan) area

temperatyre

e

Wastewater Collection
and Treatment

5. Which type of stabilization ponds are the most com-
mon for small communities?

(A) facultative ponds
(B) aerobic ponds
(C) anaerobic ponds
(D) aerated lagoons

6. Which of the following are used in the secondary
treatment of wastewater?

I. biological beds

II. electrodialysis
HOI.  rotating contactors
IV. air stripping
(A) IIIonly
(B) IandII
(C) IandINl
(D) I,II,III, and IV

—PPl2pass.com
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1. The solids loading rate is

solids Ioading QX 0x

rate A D2
4
al m
5x 10° 2 ( _E)
| ) 150 2
X[3.7854 —-L—]
gal

[w___(so.a m)z][woo E&J
4 g

g
1 5
x( 000 ]

3.886 kg/d-m® (3.9 kg/d-m?)
The answer is (C).

2, Treated wastewater is generally not considered pot-
able. Treated wastewater can be used for irrigation, fire-
fighting, and road maintenance.

The answer is (C).
3. Most phosphorus is soluble. It must be removed
through flocculation and sedimentation.

The answer is (B).

4. The average depth of an aerobic stabilization pond is
about 1.3 m, so aerobic conditions can be maintained

throughout through photosynthesis and mixing due to
wind and convection. Anaerobic ponds are much deeper,
and the biological organisms rapidly deplete the oxygen

at the deeper levels.

The answer Is (B).

5. Facultative ponds are the most common pond type
selected for small communities.

The answer Is (A).

6. Rotating contactors and biological beds are used in
th-e secondary treatment of wastewater. Electrodialysis

and air stripping are tertiary treatments.

The answer Is (C).

—_ ————Japass.com
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Activated Sludge and
Sludge Processing

PRACTICEPROBLEMS

4. A 770,000 gal conventional activated
has a recycle ratio of 0.25, an influent flow rate of
1 MGD, a mixed .liquor volatile suspended solids
(MLVSS) concentration Of. 700 mg/L, and an influent
BOD;s of 160 mg/L. What is most nearly the F:M ratio
of the process?

sludge process

(A) 0.11bm/day-lbm
(B) 0.21bm/day-lbm
(C) 0.31bm/day-lbm
(D) 0.41bm/day-lbm

2, Sludge is digested after being removed from a secon-

dary treatment tank. During the digestion process, the
gas that is produced is mostly

(A)
(B)
(C) nitrogen oxide

(D) hydrogen sulfide

3. A 7400 ft3 conventional activated sludge system has a
recycle ratio of 0.26, an influent flow rate of 9100 ft?

day, a mixed liquor volatile suspended solids (MLVSS)
soncentration of 490 mg/L, and an influent BOD; of

110 mg/L. What is most nearly the F:M ratio of the
system?

carbon dioxide

methane

%hACt@Vated sludge is treated in a 1400 £t aeration basin.
slug biomass concentration is 1800 mg/L. The waste
< dge flows at a rate of 140 ft*/day, and the waste sludge
“Spended solids concentration is 600 mg/L, The effluent

OWS at a rate of 240 t/day, and the effluent suspended

—e

solids concentration is 1900 mg/L. What is most nearly
the solids residence time?

(A) 1day

(B) 3days
(C) 5days
(D) 8days

5. A sample of influent water has a sludge volume index
of 65 mL/g. After 30 min of settling, the sludge volume
is 260 mL/L. What is most nearly the concentration of
mixed liquor suspended solids (MLSS) in the sample?

(A)
(B)

2.0 x 103 mg/L
3.0 x 10 mg/L
(C) 4.0x10°mg/L
(D) 5.0 x 10° mg/L
6. An aerobic digester has an influent average flow rate of
and a suspended solids concentration of
the reactor. The influent 5-day BOD is
310 mg/L, and the influent suspended solids concentration
is 6.0 mg/L. The reaction rate constant is 0.75 day~!, and
the volatile fraction is 0.3. The solids resistance time

(sludge age) is 3 days. The fraction of influent 5-day BOD

consisting of raw sewage is 0.5, What is most nearly the
volume of the digester?

(A)
(B)
(©)
(D)

1700 ft?
2100 ft?
2400 ft?
2600 ft®

7. A high-rate, two-stage anaerobic digester treats raw
sludge with an input rate of 420 ft3/day. The digester
sludge accumulates at a rate of 110 ft?/day. The sludge
reacts after 10 hr, thickens after 7 hr, and is storeq for

15 hr. What is most nearly the reactor volume of the
first stage?

(A) 140 3
(B) 180 ft?
(C) 280 ft?
(D) 460 ft*
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8. Activated slud
hydraulic residen
time is @ days,
170 mg/L, and

ge is treated in an aeration tank. The
ce time is 5 hr, and the solids residence
The influent BOD concentration is
the effluent BOD concentration 18
5.2 mg/L. With a yield coefficient of 0.4 and a microbial

death ratio of 0.1 day—!, what is most nearly the bio-
Iass concentration in the tank?

(A) 1200 mg/rL,
(B) 2400 mg/L,
(C) 3100 mg/L
(D) 4300 mg/L

9. A high-rate, two-stage anaerobic digester treats raw
sludge with an input rate of 1200 ft?/day. The digester
sludge accumulates at a rate of 550 ft?/day. The sludge
coacts after 12 hr, thickens after 10 hr, and is stored for

20 hr. What is most nearly the reactor volume at the
second stage?

(A) 460 ft3
(B) 660 ft3
(C) 820 ft3
(D) 980 3

10. A 15,000 ft3 conventional activated sludge system
has a recycle ratio of 0.38, an influent flow rate of
17,000 ft3/day, a mixed liquor volatile suspended solids
(MLVSS) concentration of 280 mg/L, and an influent

BOD; of 60 mg/L. What is most nearly the recycle rate
of the system?

(A) 2800 ft3/day
(B) 3600 ft?/day
(C) 5300 ft*/day
(D) 6500 ft3/day

0 pp-m---eo”\\/://

SOLUTIONS |

- i
1. The food-to-microorganism ratio ig
F:M = Q4Sy/(Vol X,)
gal ( mg
10° ==—|(160 M8
[1 s day] L )
__'_‘—-—n—._‘_
(770,000 gal)(?’OO —‘%5.)
= 0.297 Ibm/day-1bm (

The answer is (C).

2. The gas produced is primarily methane.
The answer is (B),

3. The food-to—microorganism ratio is

3
[9100 _&_](m EIE)
day

L
(7400 £¢7) (490 %)
= 0.28 day™!

The answer js (B).

4. The solids residence time is

g = _ V(XD
SR g Q.X,

(1400 %) (1800 %)

= m—

fit® mg)
140 —|(600 —2
[ day ( L
ft? ( mg)
240 —|( 1900 —
+ Oday 3

= 4.667 days (5 days)

The answer js (C).




j_____— ACTIVATED SLUDGE AND siupaE processing 16-3
5. Calculate the amount of MLSS. BT i il
sludge volume after settling (mL/L) * 1000 .
SVI= MLSS (mg/L) reactor volume = ———2 te+ Vi,
sludge volume after settling (mL/L) * 1000 | 3
MESS/= SVI 1200 T 4550
mL mg any day (10 hr)
[260 —— | 1000 —-] 2
L g
e 3
& +{550 ——|(20 hr)
= 4.0 x 10* mg/L _ ay
hr
94—
The answer is (C). day

6. The volume of the aerobic digester is

__QXi+ FS)
- Xd(kd'F:J"'l/Gc)
[110 % [(G.O 1;5) +(0.5) (310 “Lﬁ)]

mg 1 1
(12 —I-‘—)[(O.?S day™")(0.3) + [3 dire ]]

= 2643 ft* (2600 ft*)
The answer is (D).
7. The reactor volume of the first stage is
reactor volume = Vi,

&3
[420 —— (10 hr)
day

hr
24 —
day

=175 ft> (180 ft°)

The answer is (B).

8. The tank concentration is

XA = BCY(SD =g Se)
0(1+ k,0.)

mg mg \(,, bhr
(6 days)(0.4)(170 == 5.2 -1—)(24 a6y

(5 hr)(1 + (0.1 day™*)(6 days))
= 1187 mg/L (1200 mg/L)

The answer is (A )-

N-‘-‘-‘-‘---‘-'-‘_‘—|—|—_
\___‘_-_—___

= 822.9 ft® (820 ft%)
The answer is (C).
10. The recycle flow rate is
QR = Q(}R
3
- (17.000 i‘-](o.ss)
day
= 6460 ft®/day (6500 ft°/day)

The answer is (D).
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RACTICE PROBLEMS

« Which of the following pollutants is NOT a criteria
yollutant as defined by the National Ambient Air Qual-
ty Standards (NAAQS)?

(A) carbon dioxide
(B) lead

(C) nitrogen dioxide
(D) dust

» Carbon monoxide has been measured in an automo-
ve repair garage at 9 parts per million by volume
pmv). The garage air has a pressure of 1 standard
tmosphere and a temperature of 18°C. Most nearly,
hat is the observed concentration per cubic meter?

(A) 11 mg/m?
(B) 24mg/m?
(C) 52mg/m3
(D) 94 mg/m?
» The abbreviation VOC stands for

- (A) volatile organic carbon

(B) various ocean chemicals

(C) virtual ob jectionable chemicals
(D) volatile organic compound

* Which of the following equations represents the for-
Mation of acid rain?

(A) $+0;+H,0 — H,80,
(©) 80,+H,0 - H,50,
)

(D 803 + Hzo — sto_,‘

Air Quality

5. Incomplete combustion of fossil fuels typically results
in the selective production of

(A) ozone

(B) smog

(C) carbon monoxide
(D) fly ash

6. What is the maximum size of thoracic particles gen-
erally considered to be inhalable hazards?

(A) 2.5 pm
(B) 10 pm
(C) 50 pum
(D) 250 um

7. Which of the following devices is the LEAST effective
at removing fly ash particles with a diameter of 1 pum?

(A) electrostatic precipitator
B) fabric baghouse

(
(C) venturi water scrubber
(

D) air cyclone
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SOLUTIONS

1. The criteria pollutants are carbon monoxide, lead,
nitrogen dioxide, coarse and fine particles, 0zone, and
sulfur dioxide.

The answer is (A).

2. Since the carbon monoxide concentration as & mass
per cubic meter is desired, calculate the mass of carbon
monoxide in one cubic meter of air. T he molecular
weight of carbon monoxide is

MW = 12,011 —&— 4 15.999 —— = 28.01 g/mol
mol mol

The volume of carbon monoxide in a cubic meter is
9x 1078 m® /ma, and using the atmospheric conditions

(1 atm and 18°C), the mass of this volume is

o
[sw]"
1 m3
(1 atm)(101.3 kPa)[Q x 1075 —3]
m
x[lOOO El5][1000 o
g kmol
| 3
8.314 i“&l—”-l}z
_._.—-—m%— (18°C + 273°)
28.01 ——
mol

— 10.55 mg/m’ (11 mg/m’)

The answer Is (A)-

3, VOC is an abbreviation for volatile organic

compound.

The answer Is (D).

4. Acid rain occurs when S0, or NO, gases react in the
atmosphere with oxygen, water and other chemicals to
form mild solutions of sulfuric or nitric acid.

950, + O, — 2504
S0, + H,0 — H,80,

The answer Is (D).

5. Incomplete combustion is caused by a deficiency of
oxygen during combustion. Carbon burns to CO
because there i inadequate oxygen to produce COs,

The answer Is (C).

e

R‘

6. Thoracic particles are generally lesg
size and are designated PMq.

tha;
t 10 FIIH'QI
The answer is (B).

7. Cyclones rely on gravitational and centy;

to collect particles. Small particles have sﬂﬁﬁl fo

rendering force-dependent collection met,, & 1
by

effective.

The answer is (D).

—_————Fpiapass.com
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4. An undisturbed sample of clay has a wet mass of
100 kg, a dry mass of 93 kg, and a total volume of
0.0491 m®. The solids have a specific gravity of 2.65. The
void ratio is most nearly

2, A saturated sample of undisturbed clay has a wet
mass of 318 kg and a dry mass of 204 kg. The total vol-
ume of the sample is 0.193 m3. Most nearly, what is the
specific gravity of the soil solids?

(A) 24
(B) 26
) 27
D) 29

:{;A sail’s grain-size distribution curve is as shown. The
ective grain size is 0,19 mm, and Dy is 0.49 mm.

100 amm

softLLl |
£ '1
5
2 60 -
.
g
=
E qopiiil] ||
8

20ftH] ]|

10— ™S
1 0.1 0.01 0.001

grain size (mm)

%

Soil Properties and
Testing

(A) 0.17
(B) 0.44
(C) 1.6
(D) 3.0

4. A soil has the following characteristics.

percentage fines, ¥ 69%
liquid limit 72
plastic limit 48

Using the Unified Soil Classification System, what is the
classification of the soil?

(A) GW
(B) ML
(C) MH
(D) CH

5. A sample of soil has the following characteristics,

% passing no. 40 screen 95
% passing no. 200 screen 57
liquid limit 37
plastic limit 18

What is the AASHTO group index number?
(A)
(B
(
(

o

—
=

C)
D) 8

-~
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18-2 FE civiL PRACTICE

6. The lines in a graphical seepage flow net intersect to

form a pattern of

(A) triangles
(B) trapezoids
(C) squares
(D) rectangles

7. A flow net is constructed of

(A) isobars and aquicludes
(B) isobars and streamlines
(C) streamlines and isochrones

(D) isogons and isopleths

o densify and consolidate if sub-
d seismic shaking. When satu-
dergo seismic vibrations, they
lic shear deformation, which
ter pressure. The result is
ffective stress. This haz-

8. Granular soils tend t
jected to vibrations an
rated granular soils un
become subject to cyc
causes an increase in pore wa
usually a severe reduction in e
ardous soil condition is called

(A) consolidation
(B) liquefaction
(C) heave

(D) boiling

©. The specific gravity of the soil solids in a given sam-
ple is 3.11. The porosity of the soil is 27%. What is most
nearly the effective unit weight of the soil sample?

(A) 96 Ibf/ft?
(B) 110 Ibf/ft?
(c) 130 1bf/ft?
(D) 160 Ibf/ft3
The total moist unit weight of a given soil is

] has a porosity of 0.26 and is 100%

10.
120 1bf/ft®. The soi
/ t weight of the soil is most nearly

saturated. The dry uni

(A) 58 Ibf/ft’
(B) 86 Ibf/ft’
(C) 100 Ibf/ft’
(D) 120 Ibf/ft’

B

44. A 1 L field sample contains soil y;

weight of 30 N. The soil is dried complet ellth.an Inj
5t 100°C. The weight of the soil after r Y in gg 4
The maximum volume of the dry soil 5 an)l/u;g s .F
and the minimum volume is 0.60 L. The retg? e s 151
of the soil is most nearly tive deng

(A) 37%
(B) 56%
(c) 62%
(D) 75%
412. An undisturbed 10 cm wide x 10 cm long x

high sample of clay
soil sample is compac
tangular prism 8.5 cm wide x 9 cm long X 3.5 cm hjgh

What is most near
sample?

33%
45%
(C) 49%
(D) 54%
43. A soil sample has the particl
shown.
100

920
80

(A)
B)
)

—_—

|
1

~J
o

=2}
o
1

\
1Y

percent passing
& O
© ©
PR

w
(=]
~

/ I N —

Pz g [

1
particle diameter (mm)

3 3
N

HEEEEERERN

ao
pry

What is most nearly the coefficient of unifo

soil?
(A) 04
(B) 0.8
(C) 3
(D) 6

ﬂ
/’_’LLI_LL'}’"/

pPi_®

| S—

has a dry weight of 32 k :
: > g Th
ted into a minimum volume?eﬁ’:

ly the relative compaction of the g

e size distribution

=

rmity ©f th
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s SOlL PROPERTIES anD TEsting 18-3
1 has a void ratio of 0.41. The unit weight .
14. ;2“3(;1 < 33 kN/m®. What is most nearly thegsatlcf 18. The results of a sieve analysis are shown.
fez it weight of the soil? 100
ra a0 ,/""'”—
(A) 26kN/m’ 80 /
=2}
KN/m? g7
(B) 29 / . 2 60 /
(C) 33kN/m 250 /
D) 37HN/m? o /
5. The water ‘conte.nt _of a satu.rated_ soil sample is 20 /
26%, and the void ratio is 0.57. The unit weight of the 10 A
solids is most nearly 0 _—
0.01 0.1 1 10

(A) 4.5kN/m’
(B) 9.8kN/m’
(C) 22 kN/m?
(D) 28kN/m?

16. An undisturbed soil sample with a volume of
0.30 ft? is weighed in a 0.2 1bf pan. The combined weight
of the soil sample and the pan is 40.5 Ibf. The soil is then
completely dried in an oven at 100°C. After drying, the
combined weight of the soil and the pan is 35.2 1bf. The
unit weight of the soil solids is 194 Ibf/ft®. What is most
nearly the volume of the air in the original soil sample?

(A) 0.010 ft3
(B) 0.035 ft?
(C) 0.10ft3
(D) 0.21ft3

17. A 0.10 m® saturated soil sample is weighed in a
3 kg pan. The combined weight of the soil and the pan
is 450 kg. The soil sample is completely dried in an oven.
After drying, the combined weight of the soil sample
and the pan is 385 kg. What is most nearly the unit
Weight of the saturated soil sample?

(A) 27kN/m?
(B) 34kN/m?
©) 41KkN/m?
D) 44kN/ms

particle diameter (mm)

Most nearly, what is the coefficient of curvature of the
soil sample?

(A) 0.3
(B) 0.7
(C) 2
(D) 3

19. A 4 ft thick clay layer with sandy gravel above and
impervious shale below is being surcharged in order to
achieve 95% consolidation in 60 days. Most nearly, what
must the coefficient of consolidation of the clay be in
order to achieve the desired consolidation?

(A) 0.27 ft?/day
(B) 0.30 ft?/day
(C) 0.34 ft?/day
(D) 0.40 ft?/day

/ PPl ¢ ppl2pass.com
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FE CIVIL PRACTICE

1. Find the volume of

mass is 100 kg and the
of water in the

water in the sample. If the wet
dry mass is 93 kg, there are 7 kg
sample. The standard density of water is

1000 kg/m?, 50 the volume of 7 kg of water is
L
Pw 1000 l‘%
m
= 0.007 m’

Solve for the volume o

f solids usi :
cific gravity. ids using the equation for spe-

Mg
V.
Gg = —-
Pw
Mg
VS =
Gspw

(2.65)[1000 k—ﬁ]
m
= 0.0351 m®

The volume of air in the sample is

Vi= Viora— Y — Vs
— 0.0491 m® — 0.007 m® — 0.0351 m®
= 0.007 m®

The volume of voids is

Vi = V4+ Vi = 0.007 m’ + 0.007 w’
=0.014 m’

The void ratio is

Vy  0.014

T Ve 0.0351 m®
= 0.399 (0.40)

The answer is (B).

2. If the sample is saturated, there is no air in the sam-
pl.e The mass of water in the sample is

my = 318 kg — 204 kg = 114 kg

x-

The density of water is 1000

kg /m?3
water in the sample is B/m’, 5o the Vol
£
f
_Mmy  1ll4kg
VW = P = ——_T(E- = 114 m3
1000 —=
m3

The volume of solids in the sample is

Vs= V= Vyp=0.193 m® - 0.114 = 0,079 9

The specific gravity of the solids is

Ws 204 kg
é) = Vs _ 0.079 lx(na
W 3000 -8
m3
=2.58 (2.6)

The answer is (B).

3. As read from the distribution curve, Dyy=0.39 mn
The coefficient of concavity is

oy Dy (0.39 mm)?
¢ DyDg  (0.19 mm)(0.49 mm)
= 1.63 (1.6)

The answer is (C).

4. The plasticity index is PI=LL — PL=72- 48.:3'
When Fis 69%, the soil is first classified as fine-g2" 5
From the plasticity chart, for a liquid limit of ;2 ::ﬂ-ﬁ
plasticity index of 24 (plots below the line), the
classified as MH.

The answer is (C).

5. The plasticity index is

P1=LL—PL=37-18=19

The group index is

QI = (F— 35)(0.2 +0.005(LL ~ 40))
+0.01(F—15)(PI— 10) )
— (57— 35)(0.2+ (0.009)(37 40)
+(0.01)(57 — 15)(19 — 10)
=7.85 (8)

The answer is (D).
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’ . . . . : he soil is the com-
-~ f streamlines and equipotential 10. The total moist unit weight of t d

e intersections oOf ; : ; i water. For a saturate
s.'e:t:ﬁust pe perpendicular and form a grid of four- bined weight of the soil and the ks walght o

s. These shapes can be referred to as curvi- soil, the water completely fills the voi

] . : ipli the
sided Shapaies. The sides of the square may be curved, the water is the unit weight of water multiplied by
.'lineafespe“n dicular intersections are maintained. volume of the voids.
but P
The answer is (C). _w_ Wt Wy _ W W

Ysat = v Vv V V
7, A flow net uses streamlines (flow lines) and equipo- W w Vi

ial lines (isobars) to show pressure and flow path =— v
.teg hically: Equipotential lines represent levels of con- 4
ga.lll)c hydraulic head, and streamlines represent paths of =T+ Twn

flow.

eris (B) The dry unit weight of the soil is
The answ g

£ i facti I il f Yo = Ysar — TWN
B. The occurrence of liquefaction can result in loss o Ibf 1bf

‘hearing capacity and immediate settlement of founda- =120 =< [62.4 m— (0.26)
tion elements. Excessive settlement and foundation ft ft

movement can cause severe structural damage and pos- — 103.8 Ibf/ft3 (100 Ibf/ft?)
sibly life-threatening destruction of buildings.

The answer is (B). The answer is (C).

9. Rearrange the equation for porosity to calculate the 11. Calculate the dry unit weight, maximum dry unit
void ratio of the soil sample. weight, and minimum dry unit weight of the sample.
The minimum density condition corresponds to the
maximum volume condition.

1-+e
e=— _ W _ 2N
9 J ey Yd-field = vV 1L
= 027 =22 N/L
1-0.27 W 29 N
=5 il =g~ BT
Calculate the saturated unit weight of the soil sample. = 14.67 N/L
i wanlally = 22N
7o, = {Gst el o T = 060 L
. 1+e = 36.67 N/L _
T o
3.11+0.37)[62.4 2 : =2 .£
(3.11 +0.37)( 62. E The relative density of the soil sample is £S5
= C @
1+0.37 T gL
— 158.5 ];bf/fta 'Dr — A Jd-field 7:!-mm)(7d-mu} x 100% 8 uc_|

('ﬂi-mnx = 7:#~tr:i:1)(’7«l-ﬁc~ltl)
N N -

22 — —14.67 —||: —

[ L L ][80.67 I

The . )
effective yn;t weight of the soil sample is

v = Veat — Tw

Ibf 1bf

J
[36.67 %-— 14.67 .:_][22 H
= 168.5 == —62.4 — L
ft’ 3

= 56%

= 96 Ibf/ft3
The The answer is (B).
Mswer is (4),

&
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12. Substitute the equation for dry unit weight into the
equation for relative compaction of the soil sample.

)
v

RC = Yd-field % 100%
Yd-max

7
v field

— [ﬂT]_ x 100%
v
max

The volume in the field is the initial volume of the soil
sample, and the maximum density occurs at the mini-
mum volume. Calculate the relative compaction.

Tp

L}
Vo
RC = —p— x 100%

Vm‘m

Vmin
= -—V;— x 100%
(8.5 cm)(9 cm)(3.5 cm) « 100%
(10 cm)(10 cm)(5 cm)

= 54%

The answer is (D).

h 10% of the particles are finer
ter at which 60% of the par-

41 3. The diameter at whic
Calculate the coefficient of

is 0.2 mm, and the diame
ticles are finer is 1.2 mm.

uniformity:.
m9 )
m g
é_ = Y Dy
> o 1.2 mm
= =
= 2. 0.2 mm
50 =@
@ 0 =
The answer Is (D).

44. Substitute the equation for unit weight
into the equation for the saturated ynjt W::if thhe St
gat gf

soil. the
Wy
V
Gs= "i
Yw
Ws G
Y5 = 0 — bgw
Vs
ima (Gs+e)w _ Gorwtew
sat 1+€ 1+€
. Vs + eYw
1+e

33 51; & (0.41)[9.81 %J
m m

1+0.41
= 26 kN/m®
The answer is (A).

45. For a saturated soil, the volume of voids is the vol
ume of the water.

X

£
Il

Vv

—_—

s

(3.}
Il

SIS =

The unit weight of the solids is

Wo W
w_ W W
T T
V.S‘ V.S'

Twe
w

[9.81 -“—1}](0.57)
m

s 0.26
— 22 kN/m’

€

Vs =

The answer is (C).

is
16. The weight of the water in the sample’

i ol
— - dsoilfi?
H’;'r"' - I/Vr.mn and soil,initial u{‘“n =

— 40.5 1bf — 35.2 1bf

= 5.3 Ibf

W

PP
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The weight of the solids in the sample is

Ws = VV;:.-m and soil final n/;)an
= 35.2 1Ibf — 0.2 1bf
= 35.0 Ibf

Calculate the volume of water in the sample.

e L Ww _ 5.3 Ibf
¥ Tw 62.4 l_b_f
ft3
= 0.085 ft*

Calculate the volume of solids in the sample.

v.— W _ 35.0 Ibf
7 g 1bf
194 —
ft?
= 0.180 ft*

The volume of air is

Vtuml = VA"‘ vrw"‘ V_g
Va= Vigr — Vw— Vs

=0.30 ft® — 0.085 ft° — 0.180 ft3

=0.035 ft°

The answer is (B).

SOIL PROPERTIES AND TESTING 18"7

18. The diameter at which 10% of the particles are finer
is 0.28 mm. The diameter at which 30% of the particles
are finer is 0.37 mm. The diameter at which 60% of the
particles are finer is 0.7 mm. Calculate the coefficient of
curvature.

o D}  (0.37 mm)’
©" DyDg  (0.28 mm)(0.7 mm)
=0.7
The answer is (B).

19. The clay layer experiences one-way drainage. From
a table of time factor values, for a degree of consolida-
tion of 95%, the time factor is 1.129.

T, = ct
Hj
H T,
Tt
(4 £)*(1.129)
"~ 60 days

= 0.301 ft*/day (0.30 ft?/day)

ey =

The answer is (B).

1
m:ﬂ;l.‘he unit weight of the saturated soil sample is the
ihed weight of the soil and water divided by the

voly
rat crln ¢ of the sample. Calculate the weight of the satu-
€d soil sample,

‘;’Vsnt I’Vrmt soilandpan —
© o
(450 kg — 34 kg)[g 81 —] i5
1000 — EE
kN 8 L%
S

= 4.08 kN

eg
Alurateq ypjt weight is

W,

Nogt = —ont

v
_ 4.08kN
0.10 m*

k& = 41 kN/m®
) answar Is (C).

& B
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4. The ultimate bearing capacity of a designed column
is 25 kPa, whereas the toe bearing capacity of the col-
umn is 50 kPa. Most nearly, what is the value of the
bearing capacity safety factor,

(A) 0.5
(B) 11
() 16
(D) 7.3

2, In cohesionless soils, the depth at which the point-
bearing of a pile reaches a constant value is called the

(A) ultimate depth
(B) effective depth
(C) critical depth

(D) maximum depth

Foundations

3. A 2 m wide continuous wall footing is designed to
support an axial column load of 600 kN (per meter of
wall length) and a moment of 250 kN-m (per meter of
wall length), as shown. The footing is placed 1 m into a
sandy soil with a density of 2000 kg/m?, a cohesion of
0.5 Pa, and an angle of internal friction of 30°. The Ter-
zaghi bearing capacity factors are ¢ = 30°, N¢ = 37.2,
N, = 22.5, and N, = 19.7.

/‘\ Mg = 250 kN-m

Most nearly, what is the ultimate bearing capacity per
meter of footing length?

(A) 84kPa
(B) 210kPa
(C) 430kPa
(D) 830kPa

4. A 3 m wide continuous footing is designed to sur

an axial column load of 2000 kN perg meter :fl )]\)\?{fltl
length. The footing is placed 1.8 m into a soij] with a
unit weight of 2500 kN /m?, a cohesion of 20 kPg and an
angle of internal friction of 10°, The .
the Terzaghi bearing capacity
footings.

table shown gives
factors applicable to

N Y E Y YTy

©
=
c
L
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Terzaghi . P
aghi Bearing Capacity Table 6. .A strip footing 1§ placed in g sandy g -
d weight of 115 Ibf/ft® and an angle of imt- Withy,
( eg) Nc Nq NT 25°. A load of 7 klpS/ft2 is apphed t;n:ﬁm&l &[cgm]fn
0 5.70 1.00 0.00 footing is placed at a depth of 3.5 . The f’rfﬁﬂting_ TE
1 6.00 1.10 0.01 ing capacity factors are N, = 12,7 apq y _ < 28kibg,
2 : factor of safety is 1. Most nearly, what i« + T, g i},
6.30 1.22 0.04 : S ¥ What is the .
3 6.62 185 5.06 width of the footing? Minipy,
4 6.97 1.49 0.10
: : . A) 30ft
5 7.34 1.64 0.14 o
6 7.73 1.81 0.20 (B) 351t
7 8.15 2.00 0.27
; : C) 4.0ft
8 8.60 2.21 0.35 (©)
9 9.09 2.44 0.44 (D) 45ft
10
11 1%6116 ggg ggg 7. A strip footing is designed to bear a maximum applif
1 10' : . load of 15 kips/ft? in a sandy soil with a unit weight f
76 3.29 0.85 110 Ibf/ft® and an angle of internal friction of 30°, Dyety
13 11.41 3.63 1.04 site constraints, the maximum footing width is 6 . Tk
14 12,11 4.02 1.26 bearing capacity factors are N, = 22.5 and N, = 197, a¢
15 12.86 4.45 1.52 the factor of safety is 1. What is most nearly the minimm
depth of the continuous footing?
The ultimate bearing capacity of the footing is most (A) 3t
nearly
! (B) 3.5ft
(A) 12000kN/m
, (C) 4ft
(B) 14 000 kN/m (D) 45f

(C) 16 000 kN/m?
(D) 18000 kN/m?

5. A 5 ft wide strip footing is placed in a clayey sand 3 ft
below the ground surface. The soil has a unit weight of
112 Ibf/ft?, a cohesion of 125 lbf/ft"', and an angle of
internal friction of 20°. The Terzaghi bearing capacity
factors are N, = 17.7, Ny = 7.4, and N, = 5.0, and the
factor of safety is 1. Most nearly, what is the ultimate

bearing capacity for the footing?
(A) 3000 psf
(B) 3500 psf
(C) 65500 psf
(D) 6000 psf

m
3
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FOUNDATIONS

4. Calculate the bearing capacity safety factor.

Yyur

Fshuaring capacity —

The answer is (A).

2. The critical depth for loose sands is taken as an
installation depth of ten times the diameter of the pile.

For dense sands, the critical depth is taken as 20 times
the diameter of the pile.

The answer is (C).
3. The ultimate bearing capacity is

%= cN.+7' D;N,+ +v' BN,
= (0.5 Pa)(37.2)

+ [2000 k—f][g.&u E;](l m)(22.5)
m 8

+ [%)[2000 l:ﬂi‘;][g.m %](2 m)(19.7)

=827983 Pa (830 kPa)

The answer jg (D).

4, ;
For an interna fraction angle of 10°, the Terzaghi

“E“Tgﬂcgpacity factors are N, = 9.61, N, = 2.69, and
apacity, Se the equation for ultimate bearing

Ty =
=Nt yD, 4 1Y'BN,

= (20009 Pa)(9.61) + [2500 x 10° -113](1.3 m)(2.69)
m

+[~;~][2500 x 10° %](3 m)(0.56)

=1
137200 N/w? (14009 kN/m?)

he Mswe, is (B ).

5. From the Terzaghi-Meyerhof equation, the ultimate
bearing capacity is

9u = e¢N.++'DsN, + %’I'BN-,
1bf Ibf
= [125 F](lm) - [112 E](3 ft)(7.4)

1 1bf
+[5][112 F](ﬁ ft)(5.0)

= 6098.9 Ibf/ft> (6000 psf)

The answer is (D).

6. Rearrange the Terzaghi-Meyerhof equation to solve
for the footing width.,

9u = cN,+~'D;N,+ 1y'BN,

Ibf 1 Ibf
=115 —|(3.5 ft)(12.7) + | = || 115 2L
[ &3]( ) )+[2}[ 15 &3]3(9'7)
> 7000 1bf/ft?
B =339t (3.5ft)

The answer is (B).

7. Use the Terzaghi-Meyerhof equation. The minimum
depth is the depth of the footing when the maximum

load is applied (g,= 15,000 Ibf/ft2). The cohesion is
Zero.

9u = cN,+¥'D;N, + -}'y'BNT
9y — cN, — %'7IBN1

Df = '}"'jvq
1bf 1bf 1 Ibf
15,000 23 —0 2L [5][110 ET](B £)(19.7)
= 110 2299 5
?t_a- (22.5)
=3.43ft (3.5 ft)
The answer is (B).
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1, A soil has an angle of internal friction of 25°. What is
miosa nearly the Rankine active earth pressure

coefficient?

2. A soil has an angle of internal friction of 25°. What is
most nearly the Rankine passive earth pressure
coefficient?

(A) 059
(B) 1.6
C) 25
(D) 4.1

% & reaining wall supports soil with a vertical height
™. The soil has an angle of internal friction of 32°

an : : L
th;ta'spﬁmﬁc l(umt) weight of 25 kN/m?®. Most nearly,
'S the active lateral soil resultant?

A) 5.0kN/m
B) 15 kN/m
() 16 kN /ry
) 92 kN /m

4, An

in ' EXcayay :
Cifip v ed ]

tnge 8t i 14 1o
€of ll]tel-na_l &iC 1

=]

uniform soil is shown. The spe-

m*, the cohesion is 15 kPa, and the
tion is 15°,

_—"'-"
__——=7" "™ assumed
failure plane

What is most nearly the available shearing resistance
along the assumed failure plane?

(A) 550 kN/m
(B) 600 kN/m
(C) 680kN/m

(D) 940 kN/m

5. A uniform soil slope has a planar slip surface length
of 100 m. The soil’s cohesion is 5 kPa, and the angle of
internal friction is 40°. The angle that the slope makes
with respect to the horizontal is 25°. The weight of the
soil mound above the failure plane is 2000 kN /m. What
is most nearly the mobilized shear force along the failure
plane?

(A) 500 kN/m
(B) 850 kN/m
(C) 1500 kN/m
(D) 2000 kN/m

6. An excavation is made in uniform soil. The available
shearing resistance along an assumed slip surface is
1350 kN/m. The mobilized shear force along the slip
surface is 465 kN /m. The slip surface makes an angle of
45° with respect to the horizontal. What is most nearly
the factor of safety against slope instability? i

(A) 1.5
(B) 2.1
(C) 2.9
(D) 4.1
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20'2 FE CIVIL PRACTICE

B N

;7- rzlretaining wall extends 3 m from the top of bedrock
o the grou_nd surface. The soil is cohesionless and has
the properties shown.

retaining wall
/- ground surface

Z 7 7 7
H=3m
& = 35°
p = 1834 kg/m3
bedrock
.-’\ V r'-‘l \! ,-’ \" rt‘. & \J’ r"'- V J“'l V ;(‘L

Using Rankine theory, the total active earth pressure
per unit width of retaining wall is most nearly

(A) 15kN/m
(B) 22kN/m
(C) 44kN/m
(D) 82kN/m

§ /4

1. The active lateral earth pressure coefficien; . )

tan2[45° - 9—]
2

tanz[flﬁ“ - 250]
2

= 0.406 (0.41)

Ky

The answer is (B).

2. The passive earth pressure coefficient is

Ky = tan2[45° E %] = tan2[45° + %]
=246 (2.5)

The answer is (C).

3. The active lateral earth pressure coefficient is
Ky = tan2[45° - %]
32°
= tan2[45° = '—2"]
= 0.307
Find the resultant active force.
1 1 2l o5 E\-‘-]
Py = sKH*y = [E](o.am)w m)'| 2 75

15.4 kN/m (15 kN/m)

The answer is (B).

4. The relationships between force
gram of the soil are shown.

0m

lip
Janar ®
Calculate the length of the assumed P
p_ 10m _36i”
= sinog ~ sinl5°

/_.”-’Tz’-'--‘-:?m

pP!




RIGID RETAINING WALLS

?

The height of the triangle wedge, hy, is
I

Lg
h, = —tana

[38.64 m ]tan 150

= 5176 m

Calculate the weight of the soil above the failure plane.

Wy, = (area of soil wedge)y = ;—h,L Y
1
= [—}(5.176 m)(38.64 m}(m ﬁ]
2 m

= 1400 kN/m

The available shearing resistance along the failure plane is
Ty = eLg+ W, cos agtan g
= (15 kPa)(38.64 m) + [1400 %]cos 15° tan 15°
=942 kN/m (940 kN/m)

The answer js (D).

5.7 £
he mobilized shear force along the failure plane is
Top = Wy sinag
- kN
= [2000 —-—]sin 25°
m

=845.2 kN/m (850 kN/m)
:
heansygy Is (B),

" e factor
of safety against slope instability is

Fs — Trr
’I,MOB

1 )

- m_

465 XN

m
=29

7. The coefficient of active lateral earth pressure is

2
38°
2

K,= tan2[45° - ¢]

= tan2[45° -
= 0.27
The total active force is
1 2 kg m
= [=(0.27)(3 m)"|1834 —|[9.81 —
2 m’ s?
=21940 N/m (22 kN/m)

The answer is (B).

20-3
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RACTICEPROBLEMS ==~

1. An anchored bulkhead is typically supported by an
bedded base with a tieback near the top. Sheeting

be used to span the distance between the embedded
iles. The LEAST commonly observed failure with this
ype of construction is typically

(A) soil heave of the base layer

(B) failure of the sheeting

)
(C) pull-out of the anchorage
)

(D) embedment at the base such as toe kick-out

2 For the purposes of calculating the maximum stress
In a braced cut, what are the primary factors in deter-
mining the shape of the pressure distribution?

(A) lateral earth pressure coefficient, specific weight,

and cut depth
(B) specific weight, cut depth, and cohesion

cut depth, soil shear strength, and specific
weight

angle (?f internal friction, lateral earth pressure
coefficient, and cohesion

A 30 ¢ deep, 40 ft s

designeq TH quare excavation in sand is being

e ang] € sand will be dewatered before excavation.
Weight ii‘i‘zfif lnter;ml friction is 40°, and the specific
ing SUpport Ibf/ ft.- Bracing consists of horizontal shor-
by § g A ed ]_3y 8 In soldier piles separated horizontally
behing thS:urnmg a simple uniform pressure distribution

sioring, what i imum
Pressyre On the Dilge's? at is most nearly the maxim

(4) 5001bf/ft2
- B 119 g g
© 2499 Ibg/f2
(©) 36001bf/ft2

SOLUTIONS

1. For anchored bulkheads, the sheeting material span-
ning between the piles is typically the most reliable por-
tion of the system. The highest failure occurrence is
usually in the base heave of soils followed by anchorage
pull-out. Failure of the sheeting is rare.

The answer is (B).

2. While the value of the maximum pressure in a braced
cut depends on the lateral earth pressure coefficient,
specific weight, and cut depth, the shape of the pressure
distribution depends on the stability number, yH/c.

The answer is (B).
3. The maximum pressure is
Pmax = 0.65K yH
= 0.65vH tan2[45° - %]

= (0.65)[121 l;;—g](so ft)tan2[45° - 4—2:]

= 513 Ibf/ft* (500 Ibf/ft?)

The answer is (A).
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Systems of Forces and
Moments

PRACTICEPROBLEMS ... Whatismost nearly the value of force F?

: ) A) 25N
1, In the system shown, force F, line P, and line Q are (A) (up)
coplanar. (B) 27N (up)
Q (C) 38N (down)
(D) 43 N (down)
45° F=300N 4. A bent beam is acted upon by a moment and several
concentrated forces, as shown.
. = 60 N
Resolve the 300 N force into two components, one along ~M=20Nm
line P and the other along line Q. Ef
(A) Fq=272N; Fp=126 N
(B) Fo=232N; Fp=186 N B C 5) E
(C) Fo=135N; Fp=226 N ‘t T T
(D) Fo=212N; Fp=226 N "o2m | x 1 ozm |
2, Which ¢ 10N 20N 10N F

ol ype of load is NOT resisted by a pinned )
Joint? Approximate the unknown force, F, and distance, z

that will maintain equilibrium on the beam.

(A) moment " Y

{B) shear F=5 1x=0.8m

(©) axial (B) F=10N;z=06m

(D) distributeq (C) F=20N;z=02m
3. The loadin, (D) F=20N;2=04m

v T il requires a clockwise resisting
et of 20 Nom at the support.

15N

75N ®

0

o

8

-_________.-] W
1m 05m &
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5. Fl‘or the member shown, the 700 N-m
applied at point B.

200 N
_[A 3
A
300N
8m
12
5
\
L]
D
v J,r—'\
—B. ) Ce (—J

x \_'_/

700Nm Zm

Y15()I'\!

moment is

2m

150N

If the member is pinned so that it rotates around
peint B, what counteracting moment must be applied at

point A to keep the member in equilibrium?

(A) 650 N:m
(B) 890 N:m
(C) 1150 Nm
(D) 1240 N'm

6. A force is defined by the vector A =3.5i —1.5j + 2.0k.
What is most nearly the angle between the force and the

positive y-axis?

(A) 20°
(B) 66°
(c) 70°
(D) 110°

7. In the structure shown,
Point E is a rol

the beam is pinned at point B.
ler support. The beam is loaded with a
from point A to point B of 400 N/m, a

istributed load
distributec o0 & point C, and a vertical 900 N force at

500 N-m coupl
point D.

400 N/m

If the distributed load and the vertical load are rem,
and replaced with a vertically upward force of 1700 N
point F, what moment at point F would be nf.'cess,anlt
keep the reaction at point E the same? e

(A) —9000 N-m (counterclockwise)

(B) —6500 N-m (counterclockwise)

(C) 3500 N-m (clockwise)

(D) 12000 N-m (clockwise)
8. Where can a couple be moved on a rigid body tohav
an equivalent effect?

(A) along the line of action

(B) in a parallel plane

(C) along the perpendicular bisector joining the ™

original forces
(D) anywhere on the rigid body

9. The overhanging beam shown is supported b}':dﬁﬁ
and a pinned support. The moment is TeMO. /'y
replaced by a couple consisting of forces app
points A and C.

‘100 N
iJ lB
2
0. '

F
im 0.5m

snte
onstitt’
What is the magnitude of the forces that €

couple?
(A) 211N
(B) 42N
(C) 63N
(D) 83N

% '
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SYSTEMS OF FORCES AND MOMENTS

22-3

?

ot body with a 4 m radius has a 320 N
40. A d‘,sé"bt}:j?;idgh thg center at an unknown angle 6,
force a'ctmeN loads acting as a couple, as shown. All of
- and t\E 0 ces are removed and replaced by a single 320 N
these Er oint B, parallel to the original 320 N force. The
.{::E)i: axlfd after moments at the center O are equal,

Most nearly, what is the angle 67
(A) 0°
(B) 7.6°
(C) 15°
(D) 29°

11. The overhanging beam shown is supported by a
roller and a pinned support. The moment is removed

and replaced by a couple consisting of forces applied at
points A and C.

500 N 210 N/m
8.3N-m
A ",\ # C
B
7 A
‘-—I—— - !
02m 07m 04m 05m

1 -
exah;tl 5 most nearly the magnitude of the couple that
Y Teplaces the moment that is removed?

12. Which structure is statically determinate and sta-
ble with the loadings shown?

3

II
(A) Ionmly
(B) IandIII
(C) IandIV

(D) IIand III

13. A signal arm carries two traffic signals and a sign, as
shown. The signals and sign are rigidly attached to the
arm. Each traffic signal has a frontal area of 0.2 m? and
weighs 210 N. The sign weighs 60 N per square meter of
area. The design wind pressure is 575 Pa. The maximum
moment that the connection between the arm and pole
can withstand due to wind is 6000 N-m, and due to gravity
(weight) is 4000 N-m. i

I1m. 3m 45 m

L *

W SR—
sign

D

i o

Statics
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Neglecting the weight of the pole and limited by the

n;loment-capacity of the connection, what is most nearly
the maximum area of the sign?

(A) 1.0m?
(B) 1.2m?
(C) 2.8m?
(D) 5.6m?

14. A hinged arch is composed of two pin-connected
curved members supported on two pinned supports, as
shown. Both members are rigid. A horizontal force of

1000 N is applied to pin B, as shown. All coordinates are
in meters.

Y‘ 1000 N
X

‘a4

Most nearly, what are the reactions and moments at
joint A?

(A) F,=500N; F,=600 N; My =5000 N-m

(B) F.=600N; F,=>500N; Ma=0N-m

(C) F,=680N; F,=400 N; M, = 5000 N-m

(D) F.=616N; F,=480 N; My =0N-m

SOLUTIONS . .. ...

1. One of the characteristics of the compop :
force is that they combine as vectors intq the t;tﬂts of 3
Draw the vector addition triangle and al fors

determj g
the angles and sides. TIine 4| o

’n

Fp

Use the law of sines to calculate the components.

F  Ig __ B
sin110°  sin25°  sin45°
30N o B
sin110°  sin25° sin 45°
sin 25°
Fy= (300 N)—/)——— =1349 N 5
Q= ( )sin110° 349N (135N)
sin 45°
F, = (300 N =225.7N (226N
p= )sin 110° (226N
The answer is (C).

2, A pinned support will resist forces but not moments.
The answer is (A).

3. The choice of sign on the moments is &}rbitl‘ﬂf)‘
Clockwise moments can be assumed to be positive.

The sum of the moments around the support is

S m =20N-m—(75 N)(0.5 m) - F(1.5 m)
—(15 N)(1.5 m)

Set the sum of the moments equal to 0 and rearrase® i
solve for F.

0 =20 Nem — (75 N)(0.5 m) — F(1.5 m)

~(15 N)(1.5 m) )
20 Nem — (75 N)(0.5 m) — (15 N)(13 22

1.5m
=-2667N (27 N)  [up]

F

The answer is (B).

4. The sum of the forces in the y-direction is

EFI.‘=0 N+F
—60 N+10 N+20 N+10
20 N

F

/’//




oments are positive. The sum of the

Clockwise I : 4
Jocks nd point A is

mOﬂlcntS arou

ZM"\ =0
=90 N-m — (20 N)(0.2 m)
—(10 N)(0.2 m + z) — (20 N)(0.4 m + z)

4424+ 10z+ 8+ 20z = 20
30z =6
r=02m

The answer is (C).

5. Let clockwise moments be positive. Take moments
about point B.

> Mg =700 N-m + (150 N)(4 m)

—(300 N):%](z m)

(300 N) %](4 )
(4
g](s m)

=1242 N-m (1240 N-m)

+(200 N)

The application point of the moment is irrelevant.
The answer is (D).

6. Calculate the dot product of two vectors.

A = 3.5i —1.5§ +2.0k

B=j

A-B= a.b + a,b,+ ab,

= (3.5)(0) + (—1.5)(1) + (2.0)(0)
=15

The i

OFA ( Snitude of B (a unit vector) is 1. The magnitude

same as F) ig

F= [P FiiFe

= V(3.5) + (=15 + (2.0
= 43

SvsTEms oF FoncEs awo moments 22-D

The dot product is defined as the prqduct of the vectcl:r
magnitudes multiplied by the cosine of the angle
between them.

A.B = [A||B|cos®
—1.5 = (4.3)(1)cos 8

—-1.

= 110.4° (110°)

@ = arccos

The answer is (D).

7. The reaction at point E is unknown, but .it .is irrele-
vant. Since the reaction is to be unchanged_, it is neces-
sary only to calculate the change in the loading.

Assume clockwise moments are positive. Take moments
about point B for the forces that are removed and
added.

EMB = EMB‘mmmﬂcd = E MB,add«!
—[400 5](2 m)[ﬂ]
m 2
+(900 N)(1 m+ 1.5 m + 3 m)
—(=1700 N)(1.5 m + 3 m)

11800 N'm (12000 N-m) [clockwise]

This is the moment that is applied by the forces that are
removed, reduced by the moment of the new force that
is applied. The distributed force applies a counterclock-
wise moment, so it is negative, and the force at point D
applies a clockwise moment, so it is positive. The force
to be added at point F is upward, so it is counterclock-
wise, but because it is to be added to the configuration,
it is subtracted, so that moment is positive in the calcu-
lation. A 12000 N-m clockwise moment must be applied
to counteract the change. The location

: of the new
moment is not relevant.

The answer is (D).

8. Since a couple is composed of two
forces, the = and y-components will
matter what the orientation,
duced by the couple remains.

equal but opposite
always cancel, no
Only the moment pro-

The answer Is (D).
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: Set the moment on the arm due to vertica) loadiy
9. The distance between the forces is to the maximum allowed. B eqyy
d=04m+02m+05m+01m T Miguas = (210 N)(8.5 m + 4.5 m)
=12m
=
=4 60 — A £ 7.5 m) = ¥
The forces are [ m? sm( ) = 4000 Ny
2
P M _25Nm Ay = 2.82 m
T d  12m
=208 N (2.1N) The maximum area of the sign is the smaller of these
two values, 1.04 m? (1.0 m?).
The answer is (A). The answer is (A).
10. Assume clockwise moments are positive. Take 44. Sum moments about poi
~ . point C. The z-component of
moments about the center for the original forces. The ] {
320 N force has no moment arm, so it does not contrib- the reaction at point A has a zero moment arm.

ute to the moment. The couple is

3 Mg = 10F, — (1000 N)(5) =0
M = 2Fr = —(2)(40 N)(4 m)

F,= 500 N
=-320Nm

- Point B is a frictionless pin, which transmits w
The single replacemept force must produce a moment of moment, so the member that connects point B to poix
—320 N'm. The horizontal component of the replace- C and the forces on point C impart no moment on ti
ment force acts through the center; only the vertical member that connects point A to point B. The sund
component of the force contributes to the moment. the moments acting on the member connecting point 4

to point B i ;

M = —320 N m = Fr— —(320 N)(sin0)(4 m) point B about point B must equal 0

6 =14.48° (15°) S My = F,(6) — E,(5) = 0
The answer is (C). = (500 N)(6) — F;(5) =0
F, =600 N
11. A couple is a moment. When a moment of 8.3 N-m . ) i 0
is removed, it must be replaced by the same moment. Point A is a frictionless pin, which transo!
moment,
The answer is (C).

The answer is (B).
12. Structure I is simply supported and determinate,
Structure II is a propped cantilever beam, always inde-
terminate by one degree. Structure III is a truss that is
pinned at both ends, also indeterminate by one degree
Structure IV is a beam with three rollers, two in the Ver;
tical direction and one in the horizontal direction, It is
determinate, but not stable, '

The answer s (A).

13. The length of the signal arm is

Ilm+3m+45m=85m

Set the moment on the arm due to the wi
: nd e
maximum allowed. qual to the

EMwind = (0.2 mz)(575 Pa)(8.5 m 44,5 m)

-+ Anlgn(575 Pa)(7.5 m) = 6000 Nm
Asign = 1.04 m2




PRACTICEPROBLEMS = = = . 3. For the truss shown, what are most nearly the forces
Srirm G ke i in members AC and BD?
4, Determine the approximate force in member BC for N g i
the truss shown. L =  §m
3000 N : D G H o} Sm
A —
L 1,
I - |- |
8m Bm 8m 8m
7.5m
(A) AC=11000N;BD= —-7900 N
Dy (B) AC=0N;BD=—-2000N
* (C) AC=1100N; BD=2500 N
3000 N
| I (D) AC=0N;BD=-7900N
5m 5m 5m .
4. The braced frame shown is constructed with pin-
(A) ON connected members and supports. All applied forces are
@) horizontal.
1000 N
©) 1500 N 100 N —Ze B —= 100 N
(D) 2500 N 15m
t2- Find the approximate force in member DE for the A
- truss shown, 200 N - —== 200 N
8 D F
15 m
|
| 16m 100'\'——!’;" 7 3 100 N
, I
20m ‘

Most nearly, what is the force in the diagonal member BA?

| (A) ON
0m 10m  10m (B) 160N
| (A) oN (C) 200N
(B) 6300 N (D) 250N
©) 8809y
D) 10000y

Pl ¢ ppizpea s ——
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sh For the cantilever truss shown, what is most nearly BOLUTIONS ... "
t
e force in member AF? 1. Distance AF is
5000 N 10000 N 5000 N
n 2 5
AF = \[(5 m+5 m) + (7.5 m)? 125
Distance AE is
Em
1 1
AE = 7AF = [51(12.5 m) = 6,95 m
10000 N ;
The sum of the moments around point A js
&y on = (3000 N)(6.25 m) + (3000 N)(lzst
+(3000 N)(5 m F-(1
(B) 5000 N E 0 N;E )) e
+(3000 15 m
C
(C) 10000N Fo =11625 N [upward]
(D) 15000 N *

The angle FAC is arctan (7.5m/(5m + om)) = 3687

Hence, the applied forces are inclined from the horizgy.
tal at 90° —36.87° = 53.13°.

2 F =0
= Fy —(3)(3000 N)sin53.13°
—(2)(3000 N) +11625 N
FA, = 1675 N [upward]
EFr =0
= F_+ (3)(3000 N) cos53.13°
FA,=—5400 N f[to the lcf]

Use the method of sections.
3000 N W F

3000 N

1575 N

PPl @ ppl2pass.com
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TRUSSES

ﬁ

ut point E. The vertical .downward
Take 1n01“fglit%a§aossesl:,hrough point E, and it does not
oin

ced -
f?;wmte a moment
g

ZM}; =0
_ (5400 N)(3.75 m) + (1575 N)(5 m)
—(3000 N)(6.25 m) — BC(3.75 m)
BC = 2500 N

The answer Is (D).
2, Take moments about point G.
EMG = 0
= (—25000 N)(10 m) + Fh'(30 m)
Fy =8333 N [upward]

Use the method of sections.
B D |

/
15m /
f\DE
]
|
1 /A A
[}
t
LFR=0
= 8333 N— DE,
DE, = 8333 N
DE, = (8333 NJ[EP’_]
15 m
=2778 N

DE = /(8333 N)2 + (2778 N)?
=8784 N (8800 N) [tension]

nie anSWer is fC}.

37
ake Moments ahoyt point H.

EM =)
= (5000 N)(24 m) — F(32 m)
Fi=3m50 N

The angle made by the inclined members with the hori-
zontal is

8
—m

zJ-.rctan—--»3 = 18.435°
8 m

(Alternatively, the force components could be deter-
mined from geometry.)

Use the method of joints.
For pin A,

Y F=0
= F,+ ABsin18.435°
= 3750 N + ABsin 18.435°
AB = —11859 N [compression]
EF:- =0
= (—11859 N) cos 18.435° + AC

AC=11250 N (11000 N) ([tension]

For pin C,

> F,=0

BC =0 [zero-force member]

5000 N
BE

B

('M
S F=0

= ABc0s18.435° + BE cos 18.435°

+BD cos 18.435°
0 = AB + BE + BD
EFU =0

= ABsin18.435° 4+ BE sin 18.435°

—BDsin18.435° — 5000 N
BDsin18.435° = AB sin 18.435° + (—AB — BD)

x (sin 18.435%) — 5000 N

= 8in18.435°(AB — AB — BD)
—5000 N

2BDsin 18.435° = —5000 N
BD = ~7906 N (7900 N)

compression in opposite
direction shown

For pin B,

The answer is (A).

X

PPl ¢ ppizpass ——
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4._ Determine the length of member BA by recognizing
this configuration to be a 3-4-5 triangle.

LH.-\ =25 m

Use the method of sections. Cut the frame horizontally
through member BA,

100N —

- > 100 N
cut ﬁ_L~**“/H|w—*

By inspection, the horizontal component of Fp, balan
ces the two applied horizontal loads.

BA, =100 N+ 100 N = 200 N

By similar triangles,
5
BA = [I]@OU N) = 250 N

The answer is (D).

5. Take moments about point B.

> My=0
= —(5000 N)(5 m) + (5000 N)(5 m)
+ RA.(5 l]'l)

Ry, =0N

By inspection, the force in member AF is equal to the
vertical component of the reaction at point A.

The answer is (A).

=S,

PPl o ppizpass:com
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ACTICEPROBLEMS

1. A 2 kg block rests on a 34° incline.

The coefficient of static friction is 0.2. Approximately
how much additional force, F, must be applied to keep
the block from sliding down the incline?

(A) T7N
(B) 88N
(C) 9.1N
(D) 14N

2. A box has uniform density and a total weight of
600 N. It is suspended by three cables, AE, BE, and CE,
as shown. Point E is 0.5 m directly above the center of
the box’s top surface.

E
Fee
Fae c Fag
B
- 441.,
06m

M
St nearly, what is the tension in cable CE?

Pulleys, Cables, and
Friction

3. A rope is wrapped over a 6 cm diameter pipe to sup-
port a bucket of tools being lowered. The coefficient of
static friction between the rope and the pipe is 0.20. The
combined mass of the bucket and tools is 100 kg.

Most nearly, what is the range of force that can be
applied to the free end of the rope such that the bucket
remains stationary?

(A) 560N to 1360 N
(B) 670N to 1440 N
(C) 720N to 1360 N
(D) 720N to 1510 N

4. The two cables shown carry a 100 N vertical load.

(A) 40N
(B) 50N
(C) 60N
(D) 80N

PPl ¢ ppizpas——
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35' ?:Iojt nearly, what is the tension, T, that must be
pplied to pulley A to lift the 1200 N weight?

r
v 27

[ 12008 ]
(A) 75N
(B) 100N
(C) 300N
(D) 400N

N

1. Choose coordinate axes paralle]

: and . R
the incline. perm“d"3U|a:10

Calculate the sum of forces. The force of friction OPposes
motion, so it acts in coordination with the force added
to keep the block from sliding.

Y F,=0=F+ F;— Wsin¢
F= Wsing— F
= mgsing¢ — u N
= mgsin¢ — pu,mg cos¢
= mg(sing — p cos¢)

(2 kg)[9.81 %](sin 34° — 0.2c0s34%)
s
=77N

The answer is (A).

2. The length of the diagonal is

BC = \/ (0.4 m)? + (0.6 m)* =0.721m

The cable length is

2
e = \/[%] + (0.5 m)? =0616™

in the
onent for® ™\,

There is nothing to balance the compf el
direction from point A to the opposit€ EJE each e
force in cable AE is zero. Cables BE and onent of fore®
half of the box weight. The vertical comp

in each cable is 300 N.

E

0.5m

_____——i2pass.com
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|ar triangles, the tensile force in each cable is Substitut
€ (4/3) TAB fOI‘ Tﬁc.

py simi
300 N)(0.616 m
T= ———-———-‘( 0.5m ) =370 N 5 4\ /4
: 5 Tap+ (3) (E)TAB =100 N
answer is (C)- 3 .16
3. The angle of wrap is T 60 N
" AB= DU D
2 oy[ 2m rad
g = (90°+ 20°) 000 | = 1.92 rad The answer is (C).

(This must be expressed in radians.) 5. The free bodies of the system are shown.

The tensile force in the rope due to the bucket’s mass is
F = mg= (100 kg)[9.81 32]
s
=081 N
The free end of the rope can be on either the tight or

loose side. These two options define the range of force
that will keep the bucket stationary.

The ratio of tight-side to loose-side forces is

F 1o _ ,(0.20)(1.92 rad)

= 1.468

Multiply and divide the bucket-end tension by this

ratio,
4T 8T
minimum tension: SLE 668 N (670 N) m
1.468
maximum tension: (1.468)(981 N) = 1440 N S =0
=
The answer is (B). =—1200 N +4T + 8T
127 =1200 N
g' Recognize that the orientations of both cables are T =100 N
tlined by 3-4-5 triangles.
Th, - The answer Is (B).
e equilibrium condition for horizontal forces at

Point A is

F=Tyo—Tpp=0

3 4
s hae— g Txm=1

1
Thc = 3Tan
Th

8 BT "
Do equilibrium condition for vertical forces at
nt A ig

F,= Typ+ Tyc—100 N =0
%TAD-F%TAC_ 100 N = 0

/ PPl o ppl2pass.com
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Centroids and Moments of
Inertia

PRACTICEPROBLEMS

What is the approximate polar moment of inertia about
the composite centroid?
{, Refer to the complex shape shown. (A) 2400 m*
Y (B) 5500 m*
(C) 12000 m*
oy (D) 17000 m*
radius 3. Most nearly, what is the area moment of inertia
72.5 cm about the z-axis for the area shown?
o ¥ 7cm
4cm : le_
35cm
] .
2 cm 6 H| [c D!
What is most nearly the moment of inertia about the 4.5 cm
|| X
(A) 1500 cm* 1.56cm
(B) 3400 cm* |
6 S60vans (A) 89cm
7 cm (B) 170 cm?
5200 cm*
) W (C) 510 cm*
2 Refer to the composite plane areas shown. (D) 1000 cm*
y! 4. Refer to the cross section of the angle shown,
: y
6.5m | — |.- 0.5cm
I e r—
!
j X
| 3cm
65m 0.? cm
: I
I

PPl ¢ ppi2pass.com
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Most nearly, what is the z-coordinate of the centroid of
the area?

(A) 1.56 cm
(B) 1.66 cm
(C) 1.75cm
(D) 1.80cm

S. The centroidal moment of inertia about the z-axis for
the area shown is 142.41 cm?.

y

8.2cm .
F 1E
38cm
G
H D
29cm
| A
x
4.1cm

Most nearly, what is the centroidal polar moment of
inertia?

(A) 79 cmt

(B) 110cm?!
(C) 330 cm?
(D) 450 cm*

6. Refer to the complex shape shown.

%

Most nearly, what is the Y-coordinate of the ¢
Entr

(A) 5.5cm "
(B) 7.3cm
(C) 9.7cm
(D) 1llcm

7. Most nearly, what are the 2~ and ¥-coordinateg

centroid of the perimeter line for the area shown? Of the

4.5cm

3.1cem

5.0cm

NOTE: GH=CD

(A)
(B) 1.0em;4.0cm
(C)
(D) 2.3cm;4.8cm

8. Refer to the composite plane areas shown. The polar
moment of inertia is 377,

1.0cm; 3.8 cm

2.3cm; 4.4cm

y 4
&
(™
1.5¢cm
radius " =
5cm :
1 25ml
I
|
i f -mtion?
8cm Most nearly, what is the polar radius of 8Y
(A) 25m
| (B) 2.7m
3cm (C) 29m
(D) 3.1m
s.com
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=

e y-coordinate of the centroid of the area shown is 11. The centroidal moment of inertia of area A, with
e

0T

; R 1
i respect to the composite centroidal z-axis is .73'94 cm’.
58125 ¢ The y-coordinate of the composite centroid is 4.79 cm.
10cm g The moment of inertia of area A; with respect to the
F——— composite centroidal z-axis is 32.47 cm?.
3cm
G D 4 8 cm
H ¥ 5cm
6cm [
T
A B 4cm
| x diameter
3cm | —
Most nearly, what is tllle?centrmdal moment of inertia o
with respect to the x-axis? A,
(A) 82cm* —2cmx2cm| |7°m
A
(B) 100 cm* { 3
1em
4 L
(C) 220 cm = =
(D) 300 cm* g

10. Refer to the complex shape shown. Most nearly, what is the moment of inertia of the entire

y composite area with respect to its centroidal z-axis?
& (A) 350 cm?
> (B) 460 cm*
1cm (C) 480cm*
S (D) 560 cm?

12, Most nearly, what are the z- and y-coordinates of
the centroid of the area shown?

5cm 2 12cm .
F JIE
4cm
x G —]
H C D
1.5cm
M . 8cm
05t nearly, what is the z-coordinate of the centroid?
(A A B |
) 24em || x
(B) 4cm
25cm
©) 28cm (A) 4.8cm;6.8cm
@) 34 cm (B) 6.0cm; 7.2 cm

(C) 6.0cm;7.6cm
(D) 6.0 cm;B.0 cm

%
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n. The moment of

13. Refer to the complex shape show
| area of

inertia about the y-axis is 352 cm®, and the tota
the shape is 36.5 cm®.

y

©

X

Most nearly, what is the radius of gyration with respect
to the y-axis?

(A) 19cm
(B) 3.lcm
(C) 3.3cm
(D) 4.0cm

4. Calculate the centroidal moment of inertia, ¢
and the distance from that centroid to the ,x-aii:ma'
for

each region.

I

I

For region I ( rectangular),

A= (2 cm)(4 cm) =8 em’
3 4 3
bh e M = 10.67 cm‘i

I ===
12 12
L]
- 4 cm —9%cm
d%A = (2 cm)*(8 cm®) = 32 cm' L'

For region II (rectangular, including half of regionIV), |

A = (10 cm)(2.5 cm) = 25 cm?
3 3
ph® (10 cm)(2.5 cm) _ 13.02 o'

|
12 12 4
d=4cm+ 2.520111 = 5.25 cm ﬂ
\:‘“.
824 = (5.25 cm)*(25 cm?) = 689.06 o' -
on IV):
For region 111 (semicircular, including half of region ]
A__fﬁ_ﬂ(f)cm)z_g@_r_ l_
2 2 2 . ;
I =0.1098r" = (0.1098)(5 cm)* = 68.63
d=4 cm+25 cm+ o '
3
4)(5 cm
= 6.5 cm -+ £_)_(.._E—-—)-

3m \
= 6.0 cm + —22 cm \'h
3m

— cm

|
2 cm
o5m 2| — 2919.33
d?A = [6.5 cm + 29— cm] [ ] =29
37 2

/
W

% ‘ \
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CENTROIDS AND MOMENTS OF INERTIA

e

a1V (circulal')r

i0
Forfeg ; 2 2
A=mT =7(1l cm)" =7 cm
! m(d cm)*
b= grad 'l
m 1
= —cm
4
d=4cm+2.5cm
= 6.5 cm
P24 = (6.5 cm)’(7 cm®)
— 132.73 cm’

parallel axis theorem for each shape.

L,=31 +2 d*A
= 10.67 cm' + 32 cm!
+13.02 cm’ + 689.06 cm'
+68.63 cm’ + 2919.33 cm'
—11 cm — 132.73 cm!

Use the

=3599.2 cm' (3600 cm')
The answer is (C).

2, For a circle, the moment of inertia about the circle’s
centroid,

1'1'1"4

Lel=

c yf 4

] ) -
thii the parallel axis theorem for a composite area. In
centrcgze_ the moment of inertia about the composite
. 194 Is equal to the moment of inertia about the x

daxis, : s
rem'_[!(- While the moment of inertia about the y-axis
aIns the same ag Iyc.

1 4
I = (2)[%— + ('m"z)rz] = 5?3

L=I4p - 5’  art

= I il 377(6.5 111)4
: = 16824 m' (17000 )
h
ean&mr is fD}.

3. Use the formula for the moment of inertia about an
edge for a rectangular shape.

For rectangle HCBA,
bh3 (1.5 cm)(4.5 cm)3
I;rl RN TR
' 3 3
= 45.56 cm'

(I. = bh*/12 could have been used, but the parallel axis
theorem would also have to be used.)

Use the parallel axis theorem to calculate 'the moment of
inertia of rectangle FEDG. d=6.25 cm is the distance
from the centroid of FEDG to the z-axis.

bh®
Ls=—+Ad®
7,2 12 +

_ (7 em)(3.5 cm)®
- 12
= 982 cm’

+ (7 cm)(3.5 cm)(6.25 cm)?

The moment of inertia for the total area is

Iz = Ir.l + I;r.,?
= 45.56 cm' + 982 cm’
= 1028 cni' (1000 cm’)

The answer is (D).

4. The area of the shape is
A= (0.5 cm)(2.5 cm) + (5 cm)(0.5 cm) = 3.75 cm?

The 2-coordinate of the centroid of the area is

M EIHQH

ay
I, B =—=———

Ll A
(0.25 cm)((0.5 cm)(2.5 cm))
+(2.5 em)((5 cm)(0.5¢m))

3.75 cm?
= 1.75 ecm

The answer is (C).

&
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5. The shape is symmetrical about a vertical axis, SO
determine the location of the centroid by inspection.
Determine the centroidal moment of inertia about the
y-axis. Move the y-axis 4.1 cm to the right, so that
the y-axis passes through the centroid. The centroi-
dal y-axis passes through the centroid of the area, so
the parallel axis theorem is not needed. Since the
centroids of the individual rectangles coincide with
the centroid of the composite area about the centroi-
dal y-axis, I, is simply the sum of the moments of
inertia of the individual areas.

_ (1 cm)’(2.9 cm) " (8.2 cm)*(3.8 cm)
Ve 12 12

= 191.26 cm'

I

The centroidal polar moment of inertia is

=11 +1,
— 142.41 cm' +191.26 o’
— 333.7 crd® (330 cm')

The answer is (C).

6. Separate the shape into regions. Calculate the area
and locate the centroid for each region.

m
Il
I

For region L (rectangular),

A = (3 cm)(8 cm)

=24 cm?

8 cm
Y=y

2
=4 cm

For region II (rectangular, including half of region [y
)
A =(2)(4 cm)(5 cm)

= 40 e’
y=8cm+5cm
2
= 10.5 cm

For region I1I (semicircular, including half of region )

ar? (4 cm)?

ds—=
2 2
=87rc::r12
y=8¢m+5cm+§£
3T
4)(4
=13cm+( J(4 om)
3T

=13cm+lgcm
3T

For region IV (circular),

A=nrl=n(15 cm)?

— 2.257 cm®

y,=8cm+5 cm = 13 cm

Z: Yen An
Ve = "=

24

(4 cm)(24 cm®) + (10.5 cm)(40 cm’)
+ [13 cm + 2, cm](srr cm’)
3m

— (13 ¢m)(2.257 cm?)

= 2
24 cm? + 40 cm® + 87 cm? — 2.25m cm

793.5 cm’

82.06 cm®
9.67 cm (9.7 cm)

The answer is (C).

e e
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CENTROIDS AND MOMENTS OF

AT

' i ing the
ntroid of the perimeter using
c,;lclllate t}fliaiulating the centroid of an area, but
ne conce t-olie“ of areas. The total length of the
pgths 1

meter 15
pe 5CIH+5‘U em+ 1.0 cm+ 3.1 cm
L= 2-+4.5 em + 3.1 cm + 1.0 em + 5.0 cm
=252 cm
.t line segment FG and wc_:rking counter-
Stﬂfi“‘.ie “;f:; ;goordinate of the centroid of the perim-
L.]gc JWISE,
gler i
ZziLl
gl
L= 1,

(0 cm)(3.1 cm) + (0.5 cm)(1.0 cm)
+(1.0 cm)(5.0 cm)
+(2.25 cm)(2.5 cm)
+(3.5 cm)(5.0 cm)
+ (4 em)(1 cm)
+ (4.5 cm)(3.1 cm) + (2.25 cm)(4.5 cm)

- 25.2 cm
=225cm (2.3 cm)

The ycoordinate is

L
(0 em)(2.5 cm) + (2)(2.5 cm)(5.0 cm)
+(2)(5.0 cm)(1 cm) + (2)(6.55 cm)(3.1 cm)
+(8.1 cm)(4.5 cm)

25.2 cm
=4M47em (4.4 cm)

Ye

8 :
The polar radiys of gyration is

INERTIA

9. Use the parallel axis theorem to find the centroidal

moment of inertia of each rectangular area.

2

HCBA = area 1 = (3 ¢cm)(6 cm) = 18 cm
2

FEDG = area 2 = (10 cm)(3 cm) = 30 cm

2
Iy, = (Icy + Ayd?) + (Iga + Azdz)
3

- 4

I~ = centroidal moment = Z0H (units: cm )

A = areaofrectangle (units: cm?)
is the distance between the centroidal axis

4= and the second, parallel axis (units: cm)

(3 cm)(6 cm)?
12
+ (18 em?)(5.8125 cm — 3.0 cm)?

(10 em)(3 cm)®

+ 12
+ (30 cm?)(7.5 cm — 5.8125 cm)?
= 304.3 cm' (300 cm')

The answer is (D).

10. Separate the shape into regions. Calculate the area
and locate the centroid for each region.

I

—(v )

I

For region I (rectangular),

A = (1.5 cm)(5 cm)
= 7.5 cm?

1.5 cm

:Bc = e—
2

= 0.75 cm

25-7
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For region II (rectangular, including half of region V),

A = (3 cm)(3 cm + 3 cm)

— 18 cm?
g = (2)(3 em)
' 2
=3 cm

For region III (semicircular, including half of region IV),

A=

z, =3 cm [by inspection]

For region IV (circular),
A = mr? = n(1 cm)?

=‘?‘l'CI[l2

z,=3cm [by inspection]

Calculate the centroid for the whole shape. Note that
region IV is to be subtracted from regions II and IIL

an.nA n

T, = ZA,,

(0.75 cm)(7.5 em®) + (3 cm)(18 cm?)

+(3 cm)[-gz1 cm2] — (3 cm)(7w cm?)

7.5 cm?® + 18 em?® + 221 em® — 7 em?

—9254cm (2.5cm)

The answer Is (B).

ertical distance between the centroidal loca-

11. The v \ :
tion of area A, and the composite area’s centroid is
d, =12L--—yr_,= 10 com % 79 dm

The moment of inertia is

I, = (Ia+ Aydf) =Ly — Ly

(&

(8 cm)(10 cm)’
12 -
2 /

—4.79 em

-

+ (8 cm)(10 cm)[ 10 cm

_73.94 cm® — 32.47 e’
— 563.8 cud' (560 cnt')

The answer is (D).
42. Divide the area into two rectangles, HCBA and
FEDG. Their areas are

A, = (4 cm)(8 cm) = 32 cm?

A, = (12 cm)(4 cm) = 48 cm?

The total area is
A=A +A,=32 cm? + 48 cm?

= 80 cm®

By inspection, the z-coordinates of the centroids of the
rectangles are z,, = 2,2 = 6 cm. The z-coordinate of the

centroid of the total area is

E"TC.I:A 1]
:L'c — ———
A
(6 cm)(32 cm?) + (6 cm)(48 cm’)
80 cm®
= 6.0 cm

tangles ar

rec
tes of the 6 the

By inspection, the y-coordina
The y-coordinat

Y1 =4 cm and y.2=10 cm.
centroid of the total area is

D Yo
o= S22
(4 cm)(32 cm®) + (10 cm) (48 cnt’)
- 80 cm?
= 7.6 cm

The answer is (C).
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of gyration with respect to the gaxis is

(g, Theredt”
I,  [352cnd
WTYA 36.5 cm®
= 3.1 ci

po answer 18 (8)
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aACTICEPROBLEMS s
\What are the approximate vertical reactions at the
:;;ds of the structure shown?
1000 N
i -0 | 10m
| Y

2

|
F
Ra Rg
() Ry=120N; Rz =630 N
(B) Ry=160N; Rp=840 N
(C) Ry=630N; Rp=120 N
(D) Rx=840N; Rg=160N

2, What is most nearly the fixed-end moment at point
Awhen a 15 N load is applied?

L=3m

P

3 For
Poing 4 the bear

shown, the fixed-end moment at

Cannot; exceed 2 Nem.

2m
0.5m
P

What is most nearly the maximum load that can be
applied to the beam?

(A) 18N
(B) 20N
(C) 36N
(D) 7.1N

4. The truss shown is constructed of members ha\_"!ng a
modulus of elasticity of 200 GPa. The cross-sectional
area of each member is 5 cm?.

3m _ 3m 3m _3m

*20 kN

What is most nearly the horizontal displacement of the
roller at location E due to the applied load?

(A) 0.l1cm
(B) 42cm
(C) 6.0cm
(D) 8.5cm

PPI.%
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1. The total length is [, = a+b=30m+ 10 m =40 m.
Take clockwise moments to be positive.

FEM, , —Pab® _ —(1000 N)(30 m)(10 m)?
2 (40 m)?
= —1875 N-m
FEM;, = Pa’h _ (1000 N)(30 m)*(10 m)
L’ (40 m)?
= 5625 N-m

The moment equation at support A is

>_M, = FEM,g + FEMp,
+ (1000 N)(30 m) — (40 m)Rg = 0
= —1875 N-m + 5625 N-m
+ (1000 N)(30 m) — (40 m)Rg = 0
Rp = 843.75 N

The moment equation at support 2 is

3" Mg = FEM 5+ FEMp, — (1000 N)(10 m)
+ (40 m)R, =0
= —1875 N-m + 5625 N-m — (1000 N)(10 m)
R, = 156.25 N
The force equilibrium requirement is
RJ\ -+ RD = 1000 N
156.25 N +843.75 N = 1000 N [check]

R, = 156.25 N; Ry = 843.75 N
(R, = 160 N; Rp = 840 N)

The answer Is (B).

The fixed-end moment at point A is

Pab? B (156 N)(1 m)(2 m)2

FEMas = "2~ = (3 m)?
— 6.667 N-m (6.7 N-m)
The answer Is (B).

§ /

3. The maximum load that can be applied tq the besi
i

2
p_ FEMupl? (2 Nm)(2 pp f
ab? (0.5 m)(1.5 m)?
=711N (7.1N)

The answer is (D).

4. Use the unit load method. The reaction and Member
forces in the truss are as shown.

—20.00 kN

N

N
———
*10!&&1 *20&!\! +1ow

Remove the applied loads and place a unit load at
joint E.

0kN |

1kN A +1kN

Place the results in a table.

L F u LF‘!,

member (m) (kN) (kN) (mkN)
AB 4.24 14.14 0 0

AC 6.00 10.00 1.00 | 6000
BC 4.24 14.14 0 0
BD 6.00 20.00 0 0

cD 4.24 14.14 0 0 "
CE 6.00 10.00 100 | 6

DE 424 14.14 o | % —
total 12000

The displacement at joint E is

Sul
ﬁzEAuE

2
cim
(120 m-kNﬂ)(mo Tn_)

N E.‘E‘.‘-)
% [moo = (mo =
__—--._...'_-"

(1 kN)é = , Pa_
(5 em®)(200 GPa)["’ GPa

§=012cm (0.1 cm)

The answer is (A).

WT;;_’_

—



PRACTICE PROBLEMS

{, A particle’s curvilinear motion is represented by the
equation 8(1) = 20¢ + 4 — 3#*. What is most nearly the
particle’s initial velocity?

(A) 20m/s

(B) 25m/s

(C) 30m/s

D) 32m/s

2, A vehicle is traveling at 72 km/h when the driver sees
a traffic light in an intersection 500 m ahead turn red.
The light's red cycle duration is 40 s. The driver wants
to enter the intersection without stopping the vehicle,
Just as the light turns green. If the vehicle decelerates at
a constant rate, what will be its approximate speed
when the light turns green?

(4) 11km/h
(B) 18km/h
(€) 25km/h
(D) 31 km/h

% A projectile has an initial velocity of 110 m/s and a

mllﬂch ﬂflgle of 20° from the horizontal. The surround-

8terrain is leve], and air friction is to be disregarded.
tismost nearly the flight time of the projectile?

L
Particle’s Position is defined by

it) < 2sinti+4costj ([t in radians]

S

——
——e—

equation s(t)

Kinematics

Wha‘f is most nearly the magnitude of the particle’s
velocity when ¢ = 4 rad?

(A) 26
(B) 2.7
(C) 33
(D) 4.1

5. A roller coaster train climbs a hill with a constant
gradient. During a 10 s period, the acceleration is con-
stant at 0.4 m/s% and the average velocity of the train is
40 km/h. What is most nearly the velocity of the train
after 10 s?

(A) 9.1m/s
(B) 11m/s
(C) 13m/s
(D) 15m/s
6. Choose the equation that best represents a rigid
body or particle under constant acceleration.
(A) a=9.81 m/s*+ v/t

(B) v=a(t—to) +%
(C) v=vu+j:a(t)dt

(D) a= vi/r
7. A particle’s curvilinear motion is represented by the
; — 40t + 512 — 8t*. What is most nearly the

initial acceleration of the particle?

(A) 2m/s’
(B) Sm/s
(C) 8m/s’
(D) 10m/s’

)
L
£
©
c
>
(o]

/’///////’/,wr,ﬁmp...."m
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8. The rotor of &
when the steam
decelerates at g

5 min. What is
the rotor?

steam turbine is rotating at 7200 rpm
supply is suddenly cut off. The rotor
constant rate and comes to rest after
most nearly the angular deceleration of

(A) 0.40 rad/s?
(B) 2.5 rad /s?
(C) 5.8rad/s?
(D) 16 rad/s?

9. The angular position

curve is described by the
seconds).

of a car traveling around a
following function of time (in

0(t) = t*— 282 — 44+ 10

What is most nearl
at a time of 5 57

(A)
(B)
(C)
(D)
10. A vehicle is traveling at 70 km
sees a traffic light in the next intersection turn red. The
intersection is 250 m away, and the light’s red cycle

duration is 15 s. What is most nearly the uniform decel-

eration that will put the vehicle in the intersection the
moment the light turns green?

Y the angular acceleration of the car

4.0 rad/s?
6.0 rad /s?
26 rad/s?
30 rad/s?

/h when the driver

(A) 0.18 m/s?
(B) 0.25m/s?
(C) 0.37m/s?
(D) 1.3m/s?

11. A projectile has an initial
launch angle of 60° from the h
ing terrain is level, and air fric
What is most nearly the horiz
the projectile?

(A) 80m
(B) 400 m
(C) 640m
(D) 1200m

velocity of 85 m/s and g
orizontal. The surround.
tion is to be disregarded.
ontal distance traveled by

PPl ®# ppl2pass.com

12. A particle’s position is defined by

s(t) = 15sinti+ 8.5costj [t iy radiang|

What is most nearly the ma

gnitude of the Partic,
acceleration when t = 7?

(A) 6.5
(B) 85
(€) 15
(D) 17

13. A particle’s curvilinear motion is representeq by

the equation s(t) = 30¢— 8# + 6£. What is most nearly
the minimum speed reached by the particle?

(A) 26m/s
(B) 30m/s
(C) 35m/s
(D) 48m/s
14. A projectile has an initial velocity of 80 m/s and a

launch angle of 42° from the horizontal. The surround-

ing terrain is level, and ajr friction is to be disrega{ded-
What is most nearly the maximum elevation achieved
by the projectile?

(A) 72m
150 m
350 m

(B)
(C)
(D) 620m

\/

. |
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;tial velocity at t=01s

1_1’hei“
_dr _ 95 _ 994 81— 9t
V=4 dt
_ 20+ (8)(08) — (9)(0 8)*

=20 ]1'1/5

the answer 1S (A).

9, Start with the time when the driver sees the signal

tul’ﬂfed'iﬂ =0s
Comvert the initial speed of the car tom / s.

km ) 1000 m
)
Y= 3600 s
h

=20m /s

Determine the deceleration required by using the initial
speed, the distance covered and the traffic light
duration.

s—ut+at2
= ypt 4+ —
2

B ¥ at the
3. The vertical component of velocity 13 g

apex. Calculate the time to reach the apex.
v, = —gt+v,sin(6)
0= —[9.31 -‘%]H (110 ES“—)sin 20°

s
t=2384s

The projectile takes the same amount of time to retun{

to the ground from the apex as it took to reach the apex

after launch. The total flight time is

to = (2)(3.845) =1767s (7.75)

total —

The answer is (B).

4. The velocity is

ds(t .
v(t) = Z(t) = -:—t(2sinti+4costj)
= 2costi—4sint]
At t=4rad,

v(4) = 2cos(4 rad)i—4sin(4 rad)j
= —1.31i—(—3.03)]

A 2 2
Solve for @ and substitute the known values. Iva) = 'J(—ljl) g0
=3.3
2(500 m — 20= x 40
o As=vgt) S 8 The answer is (C).
¢ 402y 5. If th Is f
« If the train travels for 10 s at an avera relocity
= 5 ge velocity of
=-037m /s 40 km/h, then the distance traveled in 10 s is i
Caleulate the s C
peed at the signal. k
[40 T‘”](mon T:-“—)(w s)
m
o T = =
“=tvytat = 2013‘1 + [~o.375-“§][40 s] {8 = Yoo 3600 =
o 8 h
=%m /g =111.1m
Ohvert the speed to km / .
U= [52 1km (3600 s
T
hg anawer is (B),
(1]
L
E
m
c
=
\ i
\ Y e
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o

Rearrange the equation for distance as a function of ini-

tial velocity and acceleration, and solve for the initial
velocity.

8(t) = ag(t— ty)?/2 + vo(t = to) + s,
S(t) — 85— aU(t_* t[))z
VO =

t—t,

[0.4 %](10 s—0s)?
T an—0 2 :
0 10 s—0s

=9.11 m/s

For an initial velocity of 9.11 m/s and an acceleration of
0.4 m/s? over 10 s, the final velocity after 10 s is

Vj = VU + ﬂ.ot
m m
=0.11 _S_+ [04 5—2-](10 8)
=13.11m/s (13 m/s)

The answer is (C).

6. Option A is an expression for acceleration that varies
with time. Option C is an expression for velocity with a
generalized time-varying acceleration. The expression in
option D relates tangential and normal accelerations,
respectively, along a curved path, to the tangential
velocity. For a generalized curved path, these accelera-
tions are not constant.

Option B is the expression for the velocity of a linear
system under constant acceleration.

v(t) = Gofdt = ag(t—ty) +v,
The answer is (B).

7. The acceleration at t =0 is

8. The angular deceleration (velocity) i

wf=wu—at

a= —T*
(mo ﬂ)[gﬂ. el o
min rev 8
= __-—"2'_"---..__
(5 min) (60 —-5—-)
min
= 2.51 rad/s® (2.5 rad/s?)
The answer is (B).

9. The angular acceleration is

d%
t)= — =6ft—4
al) di?

a(5) = (6)(5s)—4 =26 rad/s’

The answer is (C).

10. Rearrange the equation for the distance traveled
under a constant acceleration. Let the initial distance
traveled equal 0 m, and the initial time equal 0s.

s(8) = ag(t— t)?/2+ Vo(t = to) + s,
_ (vt~ tg) + s(t) - o)
- (t—to)?

[Jro l‘E](moo i“—)(m s=0s)
km

ag

h

(2)

S
3600 —
; h
+250 m—0 m
(15 s—05)?
==0.37m/s* (0.37 m/s? deceleration)

Note: It is important that —70km/h be used in the equé-

d*r _ d_z_ 10 — 48¢ tion. If the SIgn is not maintained a large deceleratio”
= 7 - value is calculated incorrectly.
- m/sg The answer is (C).
e 11. Calculate the total flight time. The vertical comP”
nent of velocity is zerg at the apex.
Y= =gt +v, sin(@)
s? 5
t=1750s
PPl o ppl2pass.com \ —
\ /




P

: the same amount of time to return
ectléefgl;?ih e apex as it took to reach the apex

r0j '
pes e total flight time is

oun
the
[Cf'ter aunch. Th
8

t=(2)(7.50 8) = 15.0 5

b porizontal distance traveled is
The
=Y cos(8)t + 2
— (35 -ni)cosGO"(ls.O s)+0m
s

=638 m (640 m)

The answer is {c,'
12, The velocity is
ds(t d - :
v(t) = d(t ) = Eﬁ—(l$smti+8.5cos tj)
= 15costi—8.5sint]j
dv(t
a(t) = ‘:i(t ) = —15sinti—8.5cos tj
a(r) = —15sin7i— 8.5 cos
= 0i+ 8.5j
la(m)| = §/(01)* + (8.55)*
= 8.5
The answer s (B).

13, The Minimum of the velocity function is found by

Equating' the derivative of the velocity function to zero
and solving for ¢

ds d
V(t = m— = =1 2 3
) 2 = 37 (30t—8t"+ 6¢%)

=30 - 16t + 1842

dy

dt = 37 (30~ 16¢ 4+ 18t%) = —16 4+ 36t = 0
= 0444 8

"o = 30~ 167 4. 15,2

| iao = (16)(0.444 ) + (18)(0.444 8)2
& “®dmis (26 m/)
aanme”sm}

Kinematics 27-D

14,
jecti
is ze

The maximum elevation is achieved when the pro-
le is at the apex. The vertical component of velocity
ro at the apex. Calculate the time to reach the apex.
Vy = —gt+ vysin(9)
0=—[0.81 = |t + (80 E)siumz"
s? s
{=0546s

The elevation at time ¢ is
Y= —gt*/2 + vysin(8)t + y,

—-[9.81 52‘-](5.46 5)?
S

2
m\
+(80 --)sm 42°(5.46 s) +0 m
s
=146 m (150 m)

The answer is (B).

(7]
9
=
m
c
=
(@]

\
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RACTICEPROBLEMS

1, The 52 kg block shown starts from rest at position A
and slides down the inclined plane to position B. The
wefficient of friction between the block and the plane is

4=0.15.

What is most nearly the velocity of the block at
position B?

(A) 24m/s

(B) 41m/s

(C) 7.0m/s

(D) 98m/s

lichﬁ 5 kg block begins from rest and slides down an

ed plane, After 4 s, the block has a velocity of 6 m/s.

i angle of inclination of the plane is 45°. Approximately
far has the block traveled after 4 s7

(4) 15m
B) 30m
©) 60mg
D) 191

3,
aszh:feig‘;]ator in a 20-story apartment building _has a
C'-'lel‘ationo kg. Its maximum velocity and mg:umum
lger are 2.5 m/s and 1.4 m/s?, respectlvely.
turasth Weighing 67 kg stands on a scale in the eleva-
¢ elevator ascends at its maximum acceleration:

e

L e e

When the elevator reaches its maximum acceleration,
the scale most nearly reads

(A) 67N
(B) 560N
(C) 660N
(D) 750N

4. A rope is used to tow an 800 kg car with free-rolling
wheels over a smooth, level road. The rope will break if
the tension exceeds 2000 N. What is most nearly the
greatest acceleration that the car can reach without
breaking the rope?

(A) 1.2m/s?
(B) 2.5m/s’
(C) 3.8m/s
(D) 4.5m/s?

5. An 8 kg block begins from rest and slides down an
inclined plane. After 10 s, the block has a velocity of
15 m/s. The plane’s angle of inclination is 30°. What is
most nearly the coefficient of friction between the plane

and the block?

(A) 015
(B) 0.22
(C) 040

(D) 0.85

6. If the sum of the forces on a particle is not equal to

zero, the particle is

(4)

moving with constant velocity in the direction

of the resultant force
(B) accelerating in & direction opposite to the resul-
tant force

(C) accelerating in the same
tant force

direction as the resul-

ith a constant velocity opposite to the

moving W
o resultant force

direction of th

7

L
E
m
=
>

(a]
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7. A 383 N horizont

al force is applied to the 65 kg block

shown. Beginning at position A, the block is moving
down the slope at an initial velocity of 12.5 m/s and
comes to a complete stop at position B. The coefficient
of friction between the block and the plane is = 0.22.

What is most nearl
and B?

(A) 6.1m
(B) 9.1m
(C) 15m
(D) 19m

F=383N

y the distance between positions A

e e e \’/’/’/

1. Choose a coordinate system paralle] anq Perpeng

ular to the plane, as shown. Let the z-axis e posit,lf.
in the direction of motion (to the left). Recognige ¢ I;\e
this is a 5-12-13 triangle. Alternatively, Calculai:

V& + (27 = 13.

From the equations for friction and the equation for the
radial component of force, the acceleration is

ZFz-- ma,
W, — uN = ma,
mgsin@ — pmg cos § = ma,

@ = 98in6— pgcosd = g(sind— y cosh)

= Bs 12
[9.81 52][13 (0.15)[13 ]]
= 2.415 m/s?

The velocity at position B is

vizyi +2a,(z— z,)
VU = IU = 0

vi= 2a,x
- (2)[2.415 -’52‘-](20 m)
S

= 96.6 m?/s?

2
v= ,/96.6 - =9.83m/s (9.8m/s)
5

The answer js (D).

2, Calculate the initia) acceleration.

v(t) = at+v,

m =
0. = YO - 6?_0__5_

t N 4s
1.5 m/g?

I
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ock will have moved

45 the }JI

2
’f_{i_,_+vnt+xﬂ

m 2
—_— 5
[1.5 7 (45)

m
0—1)(4s)+0m
L_,_,_a,———Jr( S)( )

=12m

e answer is ( D).

< Newton's second law. As the elevatqr asc;:ands, it
3> force on the passenger whose inertia resists the
ﬁe{t:nint of the elevator. The inertia force of the pas-
zz;zr will be manifested as an additfional weight read-
ug on the scale. Thus, the acceleration of the elevator
Jlds to the gravitational acceleration.

F =ma= m(a;+ ay)
= (67 kg)|9.81 = + 1.4 =
s
=751 N (750 N)

The answer is (D).

:- From Newton’s second law, the maximum acceleration

F =ma
o F _ 2000N
m 800 kg
= 2.5 m/s?

5. Calculate the initial acceleration.

v, = a,l+ v

g M2
5 s

Vi — Vo

a, =

Choose a coordinate system so that the z-direction is
parallel to the inclined plane. From the equations for
friction, normal force, and the parallel component of
force, the coefficient of friction is

> F, = ma, = mg, — Fy
: = mgsing — pmg cos ¢
mgsing — ma,

3
2
Il

B mg cos ¢
_ gsing—a,
. gcos ¢
[9.81 E;]511[130”— 15 2
] 52

[9.81 -m?]cos 30°
b

=0.40

The answer Is (C).

6. Newton's second law can be applied separately to
any direction in which forces are resolved into compo-
nents, including the resultant direction.

Fp = may

PPl o pp%
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.Since force and acceleration are both vectors, and mass
is a scalar, the direction of acceleration is the same as
the resultant force.

F,
aR=_R
m

The answer is (C).

7. Note that statically the block would not move.
Recall that the block has an initial velocity given.
Choose a coordinate system parallel and perpendicular
to the plane, as shown. Let the z-axis be positive in the
direction of motion (to the left). Recognize that this is
Alternatively,

a 5-12-13  triangle. calculate

.J (5)% + (12)? = 13.

F=

Using the sum of forces and the equations for friction
and normal force, solve for the acceleration.

ZF! o
W,— F,— pN = ma,
mg sinf — F cos @ — p(mg cos 0+ F sin @) = ma,

r—}—](m_gr sin@ — F cos @ — p(mg cosf + Fsinﬂ))

ay==
in@ — pcosd) — f—(cosBJr jtsind)
= g(sinf — p =
5 - 0n)5)
= || == 2
= 931 ][13 (02)[13
383N [ 4 (0.22) ]]
= —4.1567 L'ﬂfﬁ

The velocity is
vi= Vﬁ +2a,(z— )
Vg = 12.56 m/s
Vv = .Tu = 0

o
-
=
Y]
3.
0
7]

T e

The distance between positions A and B is

2
m
: ra
0t (2)[—4.157 E;]
8

—18.79 m (19 m)

r=

The answer is (D).

_____——77pass.com
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Kinetics of Rotational
Motion

MS ;
pﬁAGTIOEPROBI.E 4. In the linkage mechanism shown, link AB rotates

with an instantaneous counterclockwise angular velocity

\ 1530 kg car is towing a 300 kg trailer. The coeff. ' 10724/

Ller-u of friction between all t.ires and the road is 0.80.
i’he «r and trailer are traveling at 100 km/h around a

ed curve of radius 200 m. Most nearly, what is the
wessary banking angle such that tire friction will NOT

o ecessary to prevent skidding?

wag = 10 rad/s (counterclockwise)

() 80°
B) 21°
(©) 3
) 78°

Em

o , . Most nearly, what is the instantaneous angular velocity
2 Why does a spinning ice skater’s angular velocity of link BC when link AB is horizontal and link CD is

increase as she brings her arms in toward her body? vertical?
(A) Her mass moment of inertia is reduced. (A) 2.3rad/s (clockwise)
(B) Her angular momentum is constant. (B) 3.3 rad/s (counterclockwise)
(C) Her radius of gyration is reduced. (C) 5.5 rad/s (clockwise)
(D) all of the above (D) 13rad/s (clockwise)
YAlm long uniform rod has a mass of 10 kg. It is 5. Two 2 kg blocks are linked as shown.

I:}fn ™ at one end to a frictionless pivot. Most nearly,
% s the mass moment of inertia of the rod taken
#out the pivot point?

) 0.83 kg.m?

IB] 2.5 kg.mz

[C} 3\3 kg-mz

['he surfaCEb e fri i 5 105U ly, what is the
3 are fnCthlllEL S. BIDbt llf"-ﬂl‘v 5

Vl;ocity of block B if block A is moving at a s eed of

e D 0

3 m/s?
(A) Om/s
(B) 1.3 m/s 8
] E
(C) 17 m/s §
(D) 5.2m/s a

% /////"/g—fiﬁﬁplzplli-com
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CB'IA car travels on a perfectly horizontal, unbanked cir-
bu ar track of radius r. The coefficient of friction
between the tires and the track is 0.3. The car’s velocity

is 10 m/s. Most nearly, what is the smallest radius the
car can travel without skidding?

(A) 10m
(B) 34m
(C) 50m
(D) 68m

7‘. A unifortp rod (AB) of length L and weight W is
pmnec! at point C. The rod starts from rest and acceler-
ates with an angular acceleration of 12¢/7L.

. - »
D & _Cm ; 0
4

L

What is the instantaneous reaction at point C at the
moment rotation begins?

(a) &
W
(B) T
© =
w
o T

8. A wheel with a 0.75 m radius has a mass of 2Q0 kg.
The wheel is pinned at its center and has a radius of
gyration of 0.25 m. A rope is wrapped around the wheel
and supports a hanging 100 kg block. When the wheel is
released, the rope begins to unwind. Most nearly, what
is the angular acceleration of the wheel as the block

descends?

(A) 5.9 rad/s?

(B) 6.5rad/s’
(C) 11rad/s’
(D) 14 rad/s’

9. A car travels around an unbankeq

without skidding. The coefficient of frin ™ /s oy

tires and road is 0.3. Most nearly, what i tg Ween thy

mum velocity? ® Car's gy,
(A) 14km/h

B) 25km/h

(C) 44km/h

(D) 54km/h

10. A uniform rod (AB) of length L and weight 17
pinned at point C and restrained by cable OA, T}, mb:
is suddenly cut. The rod starts to rotate about p;

with point A moving down and point B moving up, o G

Yo

—_—

A N 8
IL ON 3
c l‘T“
a
o L

What is the instantaneous linear acceleration of point B’

39
(A) 6
(B) =
(C) —=

D) 2

e .00 M
ppie pplfRsmm




KINEYICS OF ROTATIONAT MOTION

elevation angle without relying

'\P
— arctan—
§ = ar ar

520 5]

= arctan 2
[9.81 %](200 m)(aeoo %)
]

=2147° (21°)
The answer is (B).

2, As the skater brings her arms in, her radius of gyra-
tion and mass moment of inertia decrease. However, in
the absence of friction, her angular momentum, H, is
constant.

W=

&
I

Since angular velocity, w, is inversely proportional to
e mass moment of inertia, the angular velocity
icreases when the mass moment of inertia decreases.

The answer is (D).

:;e];l:;l}lass moment of inertia of the rod taken about
is

MI® (10 kg)(1 m)*
3 3
=3.33 kg:m® (3.3 kg-m?)

Il’Ddz

Thaanswer Is (C).

YPing o1 .

It 'F:}otclilf 'IStantaneous center of rotation. The abso-
T.heifmanty directions a points B and C are known.
ly to ti“eous center is located by drawing perpen-
Jofany po-ese velocities, as shown. The angular veloc-
Say,” "'t o rigid body link BC is the same at this

Vg =50 m/s

29-3
The velocity of point B is
rad

VB = ABL&JAD = (5 m)[lo _5—] = 50 I]'J/S

The angular velocity of link BC is

m
T 0B 4m
=12.5rad/s (13 rad/s) |[clockwise]

The answer is (D).

5. The instantaneous center of rotation for the slider
rod assembly can be found by extending perpendiculars
from the velocity vectors, as shown. Both blocks can be
assumed to rotate about point C with angular
velocity w.

3sin30°

= SR VB
“Z0A T BO
2 $30°
r yBC (3 : )(3 m)cos 30
VBT TcA (3 m)sin 30°
=52 m/s

The answer is (D).

0

L
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w
c
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6. If there is no skidding, the frictional force, F, 7, will
equal the centrifugal force, F,. From the equations for

centrifugal force and frictional force, the smallest possi-
ble radius is

2
mv
F =
¢ T
Fy = uN = umg
mv?
= pmg
2
. (10 5‘-)
v s
b= E='—-—-—-=34m

The answer is (B).

7. The mass moment of inertia of the rod about its cen-
ter of gravity is

[ M _ (w2
T 12 " g |12

Take moments about the center of gravity of the rod.
All moments due to gravitational forces will cancel. The
only unbalanced force acting on the rod will be the verti-
cal reaction force, Rc, at point C.

L
D Mg = Rc[d—] = Ipgoeg

rt)- [g}{%n[%l

4
iy

The angular velocity is zero, so the center of the mass
does not have a component of acceleration in the hori-
zontal direction. There is no horizontal force component
at point C.

The answer Is (C).

8. From the equation for the radius of gyration, the
mass moment of inertia of the wheel is

I
==
M yheel
]
I= M yhieol”

The unbalanced moment on the wheel is

M = FR = (mg— ma)R = mR(g— a)

Substitute the acceleration, a, which is the radi I
multiplied by the angular acceleration, q, us, p |

M = my,qR(9— Ra)

The unbalanced moment on the whee]
moment of inertia, I, multiplied by the angu
tion, a.

is also
lar accelery.

M = I
Myl (g — Ra) = m 4 ara

Solve for the angular acceleration.

My ftg
2 2
M yheel”” + Mpjoekdl

o=

(100 kg)(0.75 m)[9.81 E;]

S 1
(200 kg)(0.25 m)? + (100 kg)(0.75 m)* |
=10.7rad/s®* (11 rad/s?

The answer is (C).

9. If the car does not skid, the frictional force and the
centrifugal force must be equal. From the equations for

centrifugal force and frictional force, the car’s maximum
velocity is

2

R = mv
r
Fy = uN = pmg
mv? _
—— = pmg
v= [hgr o
2 min
[9.31 —“?‘] (60 Ei—n) (GU T)
(0.3) > po—; e VI
3 06 km
\ < 50 m
m
1000 —
km
=43.67 km/h (44 km/h)
The answer is (C).

ppl2pass.com




KINETICS OF ROTATIONAL MOTION 29-5

Point C is L/4 from the center of gravity of the rod.
e mass moment of inertia about point C is

ML? EY v
= d’= — 4+ M|—| =|=— 2
e sum of moments on the rod is
3L L
IWY) 4 Wl 1
= F = | — it | it () e _RE,
T Mo=2.Fr [4] 2 [4]2
_wL
4
_ MgL
T4
e angular acceleration is
Mgl
oM _Tam 1z
Ic (7 9_ 7L
— | ML
%)

e tangential acceleration of point B is

ao— e (L)120)_ 3¢
. 4 \ 7L 7

le answer is (C).

Dynamics

PPI1 o
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pRACTIVE 3504‘1 1500.kg car traveling at 100 km/h is towing a
' . # g trailer. The coefficient of friction between the
s, m, shown is guided by a frictionless es and the road is 0.8 for both the car and trailer.

4, The 40 kg mass 3 A .
4], The spring constant, k, is 3000 N/m. The spring is pproximately what energy is dissipated by the brakes

if the car and trailer are braked to a complete stop?

“ompressed. sl}fﬁc_ie;liy and released, such that the mass
fael reaches POTTE - (A) 96kJ
— A9
] (B) 390kJ
(C) 580kJ
h=7m (D) 680kJ
4. A 3500 kg car traveling at 65 km/h skids and hits a
vtrall 3 s later. The coefficient of friction between the
compressed | I tires and the road is 0.60. What is most nearly the speed
position g of the car when it hits the wall?
k= 3000 N/
" (A) 0.14m/s
What is most nearly the initial spring compression? (). Udloys
(C) 51m/s
A) 0.96
W 0 (D) 6.2m/s
B) 1.2m iy ;
8, The 170 kg mass, m, shown is guided by a frictionless
C) 14m rail. The spring is compressed sufficiently and released,
such that the mass barely reaches point B.
D) 1.8m
B
f‘iT‘f’" balls, both of mass 2 kg, collide head on. The ) 2N
welty of each ball at the time of the collision is 2 m/s.
aree coefficient of restitution is 0.5. Most nearly, what
the final velocities of the balls?
h=6
(A] lm/sand __1 m/S m
(B) 2[]]/5 and _2 m/S
( compressed 1 m =170 kg

C) 3m
D) /sand -3 m/s position
4m/sand —4 m/s

is most nearly the kinetic energy of the mass at

What

point A?

(A) 20J 9

(B) 2200 E

(C) 3907 >
Q

(D) 1700

ppl2pass.com
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\ /
\ /
6. A pickup truck is traveling forward at 25 m/s. The 19- The 85 kg mass, 2‘ 32;15\;'&1 ;Sll%gigied lby a frictj, s )
bed is loaded with boxes whose coefficient of friction rail. The spring is co pl . ciently ang Peleageq
with the bed is 0.40. What is most nearly the shortest such that th_e massr})are Y reaches point B, Ty, Spring :
time that the truck can be brought to a stop such that constant, £, is 1500 N /m. ¥
the boxes do not shift? T8 y
Tm Al #
(A) 23s [y
(B) 4.7s
(C) 59s P
(D) 64s
7. Two balls both have a mass of 8 kg and collide head
The velocity of each ball at the time of collision is compressed ¥ m=85kg
18 m/s. The velocity of each ball decreases to 10 m/s in position
Opposite directions after the collision. Approximately k=1500 N/m
how much energy is lost in the collision? 4
(A) 0.57kJ What is most nearly the velocity of the mass at point A?
Y
(B) 0.91kJ (A) 3.1m/s
(C) 18kJ (B) 44m/s L
(D) 2.3kJ (C) 9.8m/s :
8. 'I_‘he impulse-ufoment.um principle is mostly useful for (D) 20m /s
solving problems involving

(A) force, velocity, and time

(B) force, acceleration, and time
(C) velocity, acceleration, and time
(D) force, velocity, and acceleration

9. A 12 kg aluminum box is dropped from rest onto a
large wooden beam. The box travels 0.2 m before cop.-
tacting the beam. After impact, the box bounces 0.05 m
above the beam'’s surface. Approximately what impulse
does the beam impart on the box?

(A) 86N
(B) 12N
(C) 36N
(D) 42N

o
<
3
o]
3
0
w
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sint just before the spri‘ng is released, all of
f Al the!}in the system is elastic potential energy;
Peuirg;oint A, all of the energy is potential energy

avity.

thi
chile &
due to gF
2
_.k_I_- = mgh
2

2mgh
=T

(2)(40 kg)[9.81 -:%](7 m)

3000 Ll

m
=13 m (1.4m)

The answer is (C).

% The velocities can be calculated using the relation-
stips of velocity after impact,

Impact

)= myv,), (1 + €) + (m; — em,)(vy),

(my+ m,)
_ 2kg(—2m/s)(1 + 0.5) + (2 kg — 0.5(2kg)) (2m /s)
2 kg +2 kg

=-Im/s

) = Ti{_‘ﬂ_“_(l_+ €) — (em; — my)(va),

L]

(my+m,)
< 2kg(2 m/s)(1 +0.5) — (0.5(2 kg) — 2 kg)(=2 m/s)
2kg+2 kg

=-.}m'{s

Theanswe, Is ().

L T e
 Origina] velocity of the car and trailer is

[100 . (1000 —m—)
o S h

km
s min
60 — —_—
(0 ) (00 52)
=27.78 m/s

e

—
~ ———— _ENERGY AND WORK

30-3

Since the fina] velocity

S is zero, the en issi i
the original kinetic o ) ergy dissipated is

gy.

T:E‘:‘i
2

2
(1500 kg + 250 kg) (27.78 E)
S

I

2

=675154 J (680 kJ)

The answer is (D).

4. 'Z.[‘he frictional force (negative because it opposes
motion) decelerating the car is

Fy = —uN = —pmg
m
= —(0.60)(3500 kg)[9.81 s_z
=—20601 N
Use the impulse-momentum principle.

Ft,—ty) = m(v; = Vy)

Fi(t,—tp)
e
km m
[65 —h—‘}(IOOU km)

- (60 —S.—-)(GO m)
min h

(20601 N)(0 s —3s)
- 3500 kg
—0.3976 m/s (0.40 m/s)

The answer is (B).
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S. At point A, the energy of the mass is a combination
of kinetic and gravitational potential energies. The total

eﬂﬁrg_y of the system is constant, and the kinetic energy
at Bis0.

E, = Ey
UA =+ TA = Uy
mv?
mgh + 5~ = mg(h+1m)
Ty = mg(h +1 m) — mgh
= mg(l m)

= (170 kg)[9.81 %](1 m)
S
=1670 J (1700 J)

The answer is (D).

6. The frictional force is the only force preventing the
boxes from shifting. The forces on each box are its
weight, the normal force, and the frictional force. The
normal force on each box is equal to the box weight.

N=W=mg
The frictional force is
Fy= puN = pmg

Use the impulse-momentum principle. vo = 0. The ifrit;-
tional force is opposite of the direction of motion, so it is

negative.

F}At = mAv
m(v, — V —mv v
At = ( 2 i) — L et
F, —pmg g
25 —
S

(0.40)[9.81 ?2']

=6.37s (6.45)

The answer is (D).

N

7. Each ball possesses kinetic ener

b
the collision. The velocity of each ba] is?gs and g,
|18 m/s| to |10 m/s|. Uceq frog
AT =T,- T
f
_ 0=+
i 2
r m \? 2
(8 kg) (18 -—) > (10 -‘-‘i)]
- 2) S 5
= ( 5 — !

\

=1792J (1.8 kJ)
The answer is (C).

8. Impulse is calculated from force and time. Momep.
tum is calculated from mass and velocity. The impulse-
momentum principle is useful in solving problems
involving force, time, velocity, and mass.

The answer is (A).

9. Initially, the box has potential energy only. (This
takes the beam's upper surface as the reference plane.)
When the box reaches the beam, all of the potential
energy will have been converted to kinetic energy. .

2

mvl

= J(2)[9.81 E;](0»'2 m)
s
=198 m/s [downward]

. ; f its
When the box rebounds to its highest point, Buai?’--
remaining energy will be potential energy once ag

i

mgh, =
vy = 4[2gh,
= (2)[9.81 5‘;](0.05 m)
S

=0.99 m/s [upward]

_::::::;;
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; mpulse—momentum principle. (Downward is
he 1

» i e positive velocity direction.)
ke

mp = &7 = (1= ¥2)
_ (12 kg)[1.98 l:i ~ (—0.99 i‘i)]

S
_ 35.66 N's (36 N:s)

{0, At point A, the energy of the mass is a combination
Bf|:1‘netic and gravitational potential energies. The total
ergy of the system is constant, and the kinetic energy

#BisO.
E.e\ — EB
UA‘l‘ TA = UB
2
mgh+ mzv = mg(h+1 m)

Ty = mg(h+ 1 m) — mgh

= mg(1 m)
m

= (85 kg)[g.Sl ;2—](1 m)
=833.9J

Tterefore, the velocity of the mass at point A is

mv2

Ty= =~ =839
V= E‘i\_
m
_ [@)(®33.9 )
85 kg
=443 m/s (4.4 m/s)
oo s (),

w
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E
]
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s subjected to the plane stress condition

{,The clement i
HowTl
- o, = —140 MPa
o, = 205 MPa
r, 74y = 100 MPa
- = Ty
—— i ——
Ty Ox
T"T*—.—

Vhatis the maximum shear stress?

4] 100 MPs
) 160 M4
©) 200 Mpa
D) 210 Mp,

24

3 Dlane el .
tengj €ment in a b i i

e ;I ttes i gh o ody is subjected to a normal

directi
Stresses of 28 a, a;siﬁjnwg'f 84 MPa, as well as

28 MPa

Stresses and Strains

Most nearly, what are the principal stresses?

(A) 70 MPa; 14 MPa
(B) 84 MPa; 28 MPa
(C) 92 MPa; —8.5 MPa
(D) 112 MPa; —28 MPa

=]

3. What is most nearly the lateral strain, £, of the steel
specimen shown if F,=3000 kN, E=193 GPa, and
v=0.297

Fi il Fy

——— —_——
A = 0.04 m?2
YL
X

(A) —4.0x 10~
(B) —1.1x 10"
(C) 1.0x10°*
(D) 4.0x 10~

4. The elements are subjected to the plane stress condi-
tion shown.
Ox = —75 MPa
o, = 110 MPa
f"y Tey = 58 MPa

—_—
Txy

PPI o
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= : : 7. The element is subjected to the plane StTess condie:
ng: ® What is the maximum shear stress? shown, The:masimumsben Btress (s 300 Mpy onditjg,
— :- _
°g (A) 58.1 MPa Tx = =310 MP,
55 T, = 250 MPa
w g (B) 60.6 MPa fry Txy = 110 MPg
h C) 75.8 MP
(©) a —
(D) 109.2 MPa

5. What is most nearly the elongation of the aluminum
bar (cross section of 3 cm x 3 cm) shown when loaded to ~—
its yield point? The modulus of elasticity is 69 GPa, and

the yield strength in tension is 255 MPa. Neglect the
weight of the bar.,

iy Y ———
i ¢
Oy
L=25m The principal stresses are most nearly
(A) 250 MPa; —310 MPa
(B) 270 MPa; —330 MPa

N

(C) 330 MPa; —270 MPa
(D) 310 MPa; —250 MPa

(A) 3.3mm 8. Given a shear stress of Tzy =35 MPa and a shear
(B) 9.3mm modulus of G =175 GPa, the shear strain is most nearly
(C) 12mm (A) 25x105rad

(D) 15mm

(B) 4.7 x 10~ rad
(C) 55x10*rag
F (D) 8.3x 104 rad

9. Which of the fol
material?

(A) 0.35
(B) 052
(C) 055

(D) 0.60
A

6. The column shown has a cross-sectional area of
13 m?,

lowing could be the Poisson ratio ofa

What is the approximate maximum load if the compres-
sive stress cannot exceed 9.6 kPa?

(A) 120kN
(B) 122kN
(C) 124kN
(D) 130kN

1ARTSYIE TTTTRTT w
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in a body is subjected to the

plene element
fg;‘sies showr

ot
8

y 50 MPa

BN 120 MPa
e

50 MPa

b x

(fhat is most nearly the maximum shear stress?

31-3

STRESSES AND STRAINS

SOLUTIONS

1. There are two methods for solving the problem. The

first method is to use the equation for Tmax; the second
method is to draw Mohr'’s circle.

Solving by the equation for Tixs

9, — o,
?‘ID&X == :E 2

x J[—mo MPa — 205 MPa
2

(200 MPa)

2

2
+ Ty

2
] + (100 MPa)’

= 199.4 MPa

Solving by Mohr's circle,

] Skl step 1:
(8) 64MPa
(C) 72 MPa a. = —140 MPa
MP g, = 205 MPa
(b) 78MPa ., = 100 MPa
step 2: Draw o-T axes.
step 8: The circle center is
1
C= E(az +* Uy}
= (3 )(~140 MPa + 205 MPa)
= 32.5 MPa
step 4: Plot the points (—140 MPa, —100 MPa) and
(205 MPa, 100 MPa).
step 5: Draw the diameter of the circle.
step 6: Draw the circle.
step 7: Find the radius of the circle.
& N PPl ¢« ppl2pass.com
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step 8:  Maximum shear stress is at the top of the
circle, 7ia = 199.4 MPa (200 MPa).

7 (MPa)

Tmax = 199.4

Omin = —166.9

P4
(140, -100)

Tmin = —199.4

The answer is (C).

2, 7., is negative according to the standard sign
convention,

2
o, — o, "
+

2 ]

1
Omax,min = 5‘(0:‘!‘ ay) * [

= (;})(84 MPa + 0 MPa)

[84 MPa — 0 MPa \?

22w =0 MPs;
2

+(—28 MPa)?

= 42 MPa + 50.478 MPa
= 92.478 MPa; —8.478 MPa

(92 MPa; —8.5 MPa)

The answer is (C).

3. From Hooke’s law and the equation for axig] stress,

(3000 kN)[lODO J‘l.]

e, =2_5 _ kN
I == " EA \
(193 GPa)[m" gl_;.‘;](g,gd m?)

= 3.89 x 10!
Use Poisson’s ratio,

&, = —ve, = (~0.29)(3.89 x 1071
-1.13 x 10~

(—1.1x 10‘-*)

The answer is (B).

PPI o

pmp....=WJ

%

4. The maximum shear stress, 7;, =

. s Rigior.

following equation 18 givey by
o.-o, 2 2
B=q7Y v,

=75 MPa — 110 Mpy 2
. 2 )+ (58 Mpyp

= 109.18 MP3a (109.2 MPa)
The answer is (D).

5. From Hooke’s law, the axial strain is

(255 Mpa)[wﬁ r»l; 3

Pa

D = 0.0037
Pa)|10° ———a-]
(69 G a)[ e
The elongation is
d=¢L = (0.0037)(2.5 m) = 0.00925 m (9.3 un)

The answer is (B).

6. The maximum force is

Frax = 8,4 = (9.6 kPa)(13 m’)
=124.8 kN (124 kN)

The answer js (C).
7. The principal stresses are

Unmx’amiu = %(Ur'i— Uy) e = Tinax
( %)(—310 MPa + 250 MPa)

=30 MPa + 300 MPa
Tmax = 270 MPa

Oin = —330 MPa

4 300 NP

i

The answer js (B).
8. Use Hooke’s law for shear.

Pa ]
6
. (35 MPa)[lO MPa
s ) = ___-___—-—.];r

e

(75 (}Pa)[l09 GPa r

- 4.7x107 ra
=4.67x 10" rad (4.

The answer js (B).




TRESsE AND STRAINS 31'5

isson ratio is almost always in the range
9 Tte[}? Option (A) (0.35) is the only answer that
“;.5'%95 this condition.
o

{0, The maximum shear stress is
2

2
4 Tay

7, =9,

Tonx —

120 MPa — 0 MPa )2
= ( 2 ] + (=50 MPa)2

=78.10 MPa (78 MPa)

Theanswer is (D).

%
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Thermal, Hoop, and
Torsional Stress
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....................................................................................... 3. ThP: cylindrical steel tank shown is 3.5 m in diameter,
e 5 m high, and filled to the top with a brine solution.
Brine has a density of 1198 kg/m?. The thickness of the

{, The 12853{()1[;[];?11 ti’;;}]:ﬁ ic')s nmis%hiaﬁyif?ﬁfaﬁié?ﬂi steel shell is 12.5 mm. Neglect the weight of the tank.
haft 15 1 L
:Esﬁarlstress in the shaft? T T

| l
) 20MPa ©_.

@) 23MPa
() 28MPa
1) 34MPa

2, The unrestrained glass window shown is subjected to
stemperature change from 0°C to 50°C. The coefficient
lthermal expansion for the glass is 8.8 x 10~%1/°C.

/ What is the approximate hoop stress in the steel 0.65 m
/ / above the rigid concrete pad?
& (A) 1.2MPa
(B) 1.4 MPa
// (C) 7.2MPa
(D) 11 MPa

b I 4. A steel shaft is shown. The shear modulus is 80 GPa.

15
"t neacly the change in area of the glass?
o ot V\g
[D} L=10m
0'0028 m!
outside ir!sida
diameter diameter
= B0 mm = 30 mm

e
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e
——
Most nearly, what torque should be applied to the end 7. A circular bar at 10°C is constrained by rigiq oy,
of the shaft in order to produce a twist of 1.5°7 crete walls at both ends. The bar is 1000 mm long ang
has a cross-sectional area of 2600 mm?
(A) 420N.m ) o
= mm
(B) 560 N-m _ Z
(C) 830 N.m / O
s 1000 mm )
5. For the shaft shown, the shear stress is not to exceed E = modulus of elasticity
110 MPa. = 200 GPa
> o = coefficient of thermal expansion
=94 x 10-61PrC

What is most nearly the axial force in the bar if the tem-
perature is raised to 40°C?

(A) 92kN
(B) 110kN
(C) 130kN
(D) 150 kN
- 8. A 3 m diameter solid bar experiences opposing tor-
:; L gg;g "n: ‘ ques of 280 N-m at each end.
T
What is most nearly the largest torque that can be
applied? (‘b
(A) 1700 N-m -
B) 1900 N'm :
(B) What is most nearly the maximum shear stress in the
(C) 2300 N.m bar?
(D) 3400 N'm (A) 22Pa
6. An aluminum (shear modulus = 2.8 x 10!0 Pa) rod is (B) 31Pa
25 mm in diameter and 50 cm long. One end js rigidly
fixed to a support. Most nearly, what torque must be (C) 42pa
applied at the free end to twist the rod 4.5° about its (D) 53p
longitudinal axis? a
9. A 12,5 mm diameter steel rod is pj we
- i pinned between tWo
(A) 26N-m rigid walls. The roq Is initially unstressed. The rod’s
(B) 84Nm temperature syl

adequate] ! Sequently increases 50°C. The ri{li' i;
€quately stiffened ang t bucklin
(C) 110N'm d ed and supported such tha

bi?)es fllot l;cclur. The coefficient of linear thermal BE*PI‘"“'
' SI0N10r steel is 11,7 x 107¢ 1/°C., The modulus of elas-
(D) 170 N'm ticity for stee] is 210 GPa. ’

35m
D
BN

i

d=125mm
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-« the approximate axial force in the rod?
What 15

58 kN

40. 10 km of steel railroad track are placed when the tem-

.t ure is 20°C. The linear coefficient of thermal expan-
.rr?for the rails is 11 X 107% 1/°C. The track is free to
:E]de forward. Most nearly, how far apart will the ends of
the track be when the temperature reaches 50°C?

(A) 10.0009 km
(B) 10.0027 km
(C) 10.0033 km
(D) 10.0118 km

11. A deep-submersible diving bell has a cylindrical
pressure hull with an outside diameter of 3.5 m and a
wall thickness of 15 cm constructed from a ductile mate-
rial. The hull is expected to experience an external pres-
sure of 50 MPa. The hull should be designed as a

(A) thin-walled pressure vessel using the outer
radius in the stress calculations

thin-walled pressure vessel using the logarithmic
mmean area in stress calculations

thin-walled pressure vessel using factors of
safety of at least 4 for ductile materials and at

least 8 for brittle components such as viewing
ports

(D)  thick-walled pressure vessel

1:' A cantilever horizontal hollow tube is acted upon
Avertical force and a torque at its free end.

built-in end

torque, T

y HOooOPp,

32-3

AND TORSIONAL STRESS

Where is the maximum stress in the cylinder?

(A) atthe upper surface at midlength (L/2)
(B) at the lower surface at the built-in end
(C) at the upper surface at the built-in end

(D) at both the upper and lower surfaces at the
built-in end =

13. One end of the hollow aluminum shaft is fixed, and
the other end is connected to a gear with an outside
diameter of 40 cm as shown. The gear is sub jected to a

tangential gear force of 45 kN. The shear modulus of the
aluminum is 2.8 x 10 Pa.

40 cm diameter
g 120 cm )

What are most nearly the maximum angle of twist and
the shear stress in the shaft?

(A) 0.016 rad, 14 MPa
(B) 0.025 rad, 220 MPa
(C) 0.057 rad, 67 MPa
(D) 0.25 rad, 200 MPa

14. A compressed gas cylinder for use in a laboratory
has an internal gage pressure of 8 MPa at the time of
delivery. The outside diameter of the cylinder is 25 cm.
If the steel has an allowable stress of 90 MPa,

what is
the required thickness of the wall?

(A) 0.69 cm
(B) 0.95cm
(C) lLlcm
(D) 1.9cm

PPl o

BPl2pass.com

e
)
(7]
o
=
(1]
o[ =
[&]
[1h]
b=

L,
©
=
[
o
©
=




=
o
.
)
=
D
»

JO SOUBYI3

32-4

FE CIVIL PRACTICE

15. The steel block shown is subjected to a uniformly dis-
tributed stress of 20 MPa (tension) in the z-direction, a
strain of 4.23 x 10~* cm/cm (tension) in the y-direction,
and a uniformly distributed stress of 10 MPa (compres-
§10n) in the zdirection. The steel has a modulus of elastic-
ity of 200,000 MPa, a Poisson’s ratio of 0.30, and a
coefficient of linear thermal expansion of 6.5 x 10~° cm/
cm/°C.

Z| 110 MPa
50 mm
25 mm ;
I
20 MPa | 20 MPa

75mm/| —<€— l —_
I
|

1 | i ™

-1

Most nearly, what is the resultant tension force in the
y-direction when the block experiences a temperature

increase of 30°C?

(A) 153kN
(B) 182kN
(C) 201kN
(D) 225kN

4. The polar moment of inertia is

The shear stress is

(13500 N-m)[0'15 mJ

- =
J 4.97 x 107° o
—90.37 x 10 Pa (20 MPa)

The answer is (A).

2. Changes in temperature affect each linear dimension.

byian = aL(T— T,)
e [8.8 % 1076 ; ](1.2 m)(50°C — 0°0)
= 0.000528 m

Oheight = [s.s x 1078 315](2 m)(50°C — 0°C)
— 0.00088 m

Ajiia = (2 m)(1.2 m) = 24 m”
Agna = (2 m + 0.00088 m)
x(1.2m+ 0.000528 m)

— 2.40211 m’
AA = Aﬁual = Ainitinl .
— 2.40211 m? — 2.4 m*

—0.00211 m? (0.0021 m’)

Alternative Solution

'I_‘he area coefficient of thermal expansion is,
tical purposes, equal to 2a.

=

for all pra®

The change in area is
AA =20AAT
= (2)[8.8 x 107 ;—15}(2-4 m?)(50

—0.00211 m? (0.0021 m’)

oC — UDC}

The answer is (C). u%
i

.

e e.c0m
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nine whether the tank is thin-walled or thick-
3. peter

Wﬂned'
12.5 mm

| 125mm
[9;5__‘2](1000 35)
2 m

= 0.007 < 0.1

=\

<o formulas for thin-walled cylindrical tanks. The pres-
Use

sure is
= [1198 553][9.81 32](5 m — 0.65 m)
m 5
=51123 Pa

The hoop stress is

pr _ pd _ (51123 Pa)(3.5 m)
8 9
12.5 mm
1000 =22
m

= 7.157 x 10° Pa (7.2 MPa)
The answer is (C).

4. Convert the twist angle to radians.

21 rad
360°

¢= (1.5°)[ ] = 0.026 rad

Calculate the polar moment of inertia, J.

6!in.nqrmdiu_,) =15 mm (0.015 111)
Yot i) = 25 mm  (0.025 m)

7= 3!~ bl = (£)(0025 m)* - (0015 m)’)
=534 %1077 m!

The torque is

T < $GJ
I

(0.026 rad)(80 GP [1 9, Pa ]
N &)|A0 GPa
< X(5.34x107" m')

_ 1.0 m
=110.72 Nem (1100 N-m)

Th,
[:] answer is (D).

THERMAL

ND RSIONAL STRESS

Hoop

32-5

S. Since the shear stress is largest at the outer diameter,
the maximum torque is found using this radius. For an
annular region,

Y %(n;‘— ) = (g—)((o.ozs m)* — (0.015 m)*)

=534 %1077 m'

The torque is

6 Pﬁ] 7 .4

5.34 x 10~ m)
o _TE_ (110 MPa)[lO e (
T T 0.025 m

=2349.9 N'm (2300 N-m)
The answer is (C).

6. Convert degrees to radians.

= (4-5")[ 2?3’63’3&]

= 7.854 x 1072 rad

The polar moment of inertia is

25 mm
(2) (1000 ﬂ'l)
m

=3.83x 1078 m’

2

Rearrange the twist angle equation to solve for torque.

¢GJ
L L
_ (7.854 x 107% rad)(2.8 x 10*° Pa)(3.83 x 10-* m')
- 50 em
160 <2
m
= 168.7 N-m (170 N.m)
The answer is (D).

7. The elongation due to temperature change is

5

QL(Tz_ T,)

1
= [9.4 x 107° ;6](1000 mm)(40°C — 10°C)
= (0.282 mm
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Rearrange the elongation equation to solve for force.

F - %EA
%

(0.282 mm)| 200 GPa][mﬁ ke (2600 mm?)
GPa

3
(1 m) (1000 551-)
m
= 146.6 kN (150 kN)

The answer is (D).

8. Maximum s

The shear is
d 3 m
e 9 m)| 22
T—ﬁ_ T[Q] B ( BONm)[ 5 ]
~d Tt 3 4
32 (53)@ m
=52.8 Pa (53 Pa)
The answer is (D).

9. The thermal strain is
£, = aAT= [11.7 x 1078 %](50*’0)
= 0.000585 m/m

The thermal stress is

Pa m
= = ]. 9 T ( . —-—)
o, = Ee, = (210 GPa)[ 0 GP&] 0.000585 =
= 1.2285 x 10° Pa

(This is less than the yield strength of steel.)
The compressive force in the rod is

F=0cA
2
12,
= (1.2285 x 10° Pa)s| —2:5 m:“
(2)(1000 —“—“-‘-)
m
= 15076 N (15 kN)
The answer Is (B).
PPl ¢ ppl2pass.com

hear stress occurs at the outer surface.

\

10. The total change in length is
6, = aLpia(T— T,)

-6 i o 0
=[11x10 55 ) (10 km) (50°C — agecy
= 0.0033 km

Add the change in length to the initial length,

L = Ly + 6,
= 10 km + 0.0033 km
= 10.0033 km

The answer is (C).

11. Tanks under external pressure fail by buckling (ie.,
collapse), not by yielding. They should not be designed
using the simplistic formulas commonly used for thip-
walled tanks under internal pressure.

The answer is (D).

12. The torsional shear stre

SS is maximum at the outer
surface and is the s

ame everywhere on the tube. The
maximum moment oceurs at the built-in end, tensile at

the upper surface and compressive at the lower surface.
The absolute value of the combined stress at the upper
and lower surfaces at the built-in end will be the same.

The answer is (D).

13. Calculate the torque,

V’
T =pF = -—-—_4.9_(:.111_____ (45 kN)[lUUO ]—(Li\—r]
(2)(100 9—“‘-)
m
= 9000 N.-m

The polar moment of inertia is
s /
J= ':?—(f'olh T‘,l)
7.5 cm
—

- (%)[[-—&L - o 3)

(2)(100 9-::15-)

=06.71 x 1076

)
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t i5. Foat : =
e angle of twis o l;‘.?lil triaxial de.fcrn}ataon, tension is considered posi- 3 o
fip (9000 N-m)(120 cm) p—: compression is considered negative. From the [CKE
e = 1zed equation of Hooke’s law, 5
5T~ a8 10 Pa)(6.71x 107 ) (100 o) : s
d m €y=—é(o’y—v(ar+og))+a(7}_]':) =
;0.0571'3 aﬂ:E(EU_Q(T_{"T}))+V(UI+O;)
hear stress in the shaft.
find the s e 433 _, cm
23x 1077 —
cm
10 -
cm 6.5 x 1078 —=-|(30°C
(2) (100 ——) B baoig em |( )
T A °C
=7 6.71 x 1076 m
o705 100 Pa._ (67 MPa) +(0.30) (20 MPa + (—10 MPa))
. = 48.6 MPa
Theanswer is (C). The resultant tension force in the y-direction is

{4, Assume a thin-walled tank. Solve the equation for
ungential (hoop) stress for the wall thickness. Although
the inner radius is used by convention, the outer radius
an be used.

- _d. — p(do_zt) o~ pdu
20, 20, 20,
( MPa)(25 cm)
(2)(90 MPa)

=11l cm (1.1 cm)

Check the thin-wall assumption.

. & 1.11 cm
o 8,—2t T 25cm —(2)(1.11 cm)
2 2
=0.098< 0.1 [thin wall
"he angyg, I8 (C).

P, =04,
[105 Pa ]
— (48.6 MPa)((75 mm)(50 mm)) s
oo =)

= 182250 N (182 kN)

The answer is (B).




ACTICEPROBLEMS .
for the beam shown, what is most nearly the maxi-
:;“m compressive Stress at section D-D, 1.5 m from the
it end?
45 kN
T 1.5m
MR
_|___.__—| %ﬁ 3= D %
125cm | |
= -
section D-D A 3m g5 mCI:
(A) 63 MPa
(B) 110 MPa
(C) 230 MPa
(D) 330 MPa

& Refer to the beam shown. The beam is fixed at one
d. The beam has a mass of 46.7 kg/m. The modulus of

dsicity of the beam is 200 GPa; the moment of inertia
54680 em*,

28m

By
lhepe v2rd force at B is 1500 N. What is most nearly

et A
ﬁ"a‘iengg fCtion of the beam at a point 1.2 m from the

4) _
®) 0.82 mm (downward)

(0) ;0'29 Inm (downward)
by g (apwara)
A7 mm (uDWaId)

R, -

3. Refer to the simply supported beam shown.
1800 N 900 N
. 065m | 1m [o35m,

] t |

G

-
What is most nearly the maximum bending moment?
A) 340N-m
B) 460 N-m
C) 660 N-m
D) 890 N:m

—

(
(
(
(
4. Refer to the cantilevered structural section shown.
The beam is manufactured from steel with a modulus of
elasticity of 210 GPa. The beam’s cross-sectional area is
37.9 em?; its moment of inertia is 2880 cm*. The beam
has a mass of 45.9 kg/m. A 6000 N compressive force is

applied at the top of the beam, at an angle of 30° from
the horizontal. Neglect buckling.

6000 N fao“
|| ]20 cm

What is most nearly the maximum vertical shear force
in the beam?

o

N 2m

(A) 3000N
(B) 3900 N
(C) 5200N
(D) 6100N
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8. For the cantilever steel rod shown, what is mOS:t
nearly the force, F, necessary to deflect the rod a vertl-
cal distance of 7.5 mm?

A ;

10 cm diameter steel
E =210 GPa

AN

™

(A) 6900 N
(B) 8800N
(C) 11000N
(D) 17000 N

6. Refer to the simply supported beam shown.

2500 N 310N
1.26m | 4m |°-5,5m

+ '
.

e

What is most nearly the maximum shear?

(A) 500N
(B) 1000N
(C) 1500N
(D) 2000 N

7. Refer to the cantilevered structural section shown.,
The beam is manufactured from steel with a modulus of
elasticity of 200 GPa. The beam’s cross-sectional area is
74 em?; its moment of inertia is 8700 cm*. The beam has
a mass of 60 kg/m. A 2500 N compressive force is
applied at the top of the beam, at an angle of 22° from
horizontal. Neglect buckling,.

2500 N
22°

T

What is most nearly the approximate absolute value of
the maximum bending moment in the beam?

\
E 3m

(A) 5000 N-m
(B) 5200N-m
(C) 5900 N-m
(D) 6100 N-m

PPl ¢ ppl2pass.com
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8. A rectangular beam has' a Cross section of ;
wide x 10 cm deep and experiences a MaXimum sp, mcm
9950 N. What is most nearly the maximum sheg, = e:

in the beam?

(A) 450kPa
(B) 570kPa
(C) 680kPa
(D) 790 kPa

9. A simply supported beam supports a triangular s
tributed load as shown. The peak load at the right ey

of the beam is 5 N/m.
5 N/m

0
“ 7

| |

10m

What is the approximate bending moment at a point
7 m from the left end of the beam?

(A) 15N-m

(B) 17 N-m

(C) 28Nm

(D) 30Nm
10. Refer to the cantilevered structural section show:
The beam is manufactured from steel with a modulus of
elast1c1t)f of 205 GPa. The beam's cross-sectional ared 5
86 cm?; its moment of inertia is 24 400 cm*. A 37 0003&
compressive force is applied as shown, at an angle of 40

from horizontal. A counterclockwise moment of
Nm is applied to the free end. Neglect beam self-weights

and neglect buckling,
37000 N
40°
T e T Joer

‘%0 N-m

N

1.6m

What is most nearly the deflection at the tiP .Of the

the
beam,due to the external force alone (i.e., neglecting
beam’s own mass)?

(A) 0.63mm
(B) 0.82 mm
(C) 1.2mm
(D)

D) 25mm
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For the structural steel beam shown, the moment of
:|‘I;tia is 250 ind. Most nearly, what is the maximum
:il:?eﬂection for the beam?

w = 1.75 kips/ft

| |
Toiisse A
= 221t R
(A) 0.11in
() 0.25in
(C) 1.27in
(D) 3.6in

12. The steel beam shown supports a masonry wall.
Local codes limit the masonry deflection to L/360.

BEAMS

:l4. For the steel beam shown, the modulus of elasticity
is 29,000 ksi, and the moment of inertia is 468 in'. What
18 most nearly the deflection 5 ft from the left support?

w = 2,78 kips/ft

1 |

18 ft

(A) 0.0300in
(B) 0.3000 in
(C) 0.4000 in
(D) 0.6700 in

185. For the steel beam shown, the moment of inertia is
267 in'. Most nearly, what is the maximum deflected

w = 5,37 kips/ft slope for the beam?
‘ 1 J w = B.4 kips/ft
] 11
| |
15 ft I_’ %

What is most nearly the minimum moment of inertia for .
the beam?

e beam (A) 0.0060

(A) 285int (B) 0.0700

(B) 422 in* (C) 0.0900

(C) 660 in (D) 1.080

(D) 880 in*
13, A steel beam is shown. What is most nearly the

,HMMUM moment of inertia required to limit the elas-
ticslope to less than 5 x 1047

w = 1160 Ibf/ft
| !
e 1 _— ’
10 ft

(4) 495 jpe

(B) 480 i

(C) 507 in4

(D) 925 ipd

e e PPl @ ppi2pass.com
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SOLUTIONS
1. Find the reaction at A.

2 Mg = Ry(4.5 m) — (45 kN)(1.5 m) = 0

The bending moment at section D-D is
M = (15 kN)(1.5 m) = 22.5 kN-m

The maximum compressive stress is at the top fiber of
the beam section.

h
Mc M-g_
Omax = 35— =
b ph?
12
N ) 0.10 m
22.5 kN-m)| 1000 —
N m)[ kN][ 2 ]
(0.125 m)(0.10 m)*
12
=108 x 10° Pa (110 MPa)
The answer Is (B).

2. Use the principle of superposition to determine the
deflection. The total deflection is the upward deflection
due to the concentrated force less the downward deflec-

tion due to the weight of the beam.

The distance to the point of interest, z, is 1.2 m, and the
distance to the point where the force is applied, a,-is 2.8
m, so a > z. The force is upward, and the force in the
equation is defined as positive in the downward direc-
tion, so the force is negative. The upward deflection of

the beam due to the concentrated force is

-"P:Ez <
v = ._G_ETI-(—:;;-!- 3a),forz< a

cm
—(—1500 N)(l.zm)2(100 -n;-)

(s)(zooGPa)[m“ pr?a ](4680 cmt)

% (—1.2m-+(3)(2.8m))

tion is due to the beams own mass.

flec
The downward de d from the fixed end. The load per

Distance z is measure
unit length is

kg Bl=a8N
w=mg= [46'7 ';‘][9'81 32] /m

s

The downward deflection is

(
—*w.‘l.'?'

Y12 = | OuET

](5:2— 4Lz + 612

—[458 -15-](1.2 m)2[100 E.‘E]"
m m

—

(24)(200 GPa)[lOg %](4680 e

X

(1.2 m)® — (4)(2.8 m)(1.2 m)
+(6)(2.8 m)?
= —0.000103 m (—0.10 mm) [downward]

The net deflection is
U=+ V5= 0.28 mm + (—0.10 mm)

= 0.17 mm [upward]
The answer is (D).

3. Determine the reactions by taking moments about
each end.

Y My = —R,(0.65 m+1 m+0.35 m)
+(1800 N)(1 m+0.35 m)
+(900 N)(0.35 m) =0

Ry, =1372.5 N
Z:Fy = Rz +1372.5 N— 1800 N—900 N=0
Ry =13275 N
Draw the shear and moment diagrams.
1800 N 00 N (!

RAIt_ 0.65 m 1m 35T
/ 13725 N

v
K -4275N

—1327.5N
892 N'm
\ 464.6 N'm
/5\
M

_ga Nm
M= VR, = (1372.5 N)(0.65 m) = 892

4
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. m moment occurs 0.65 m from the left end
The ma{:};}; s through zero) of the beam and is equal to

('.'Fhefe (890 Nm)

4, The maximum vertical shear in the beam will occur
atllhe fixed end.

y=ul+Fy
:mgL-l'Fy

- [45.9 l"-g—][s:}.z-:l ‘—”2—](2 m) + (6000 N)(sin 30°)
m s
~3900 N

The answer is (B).

5, For a cantilever beam loaded at its tip, with z =L,

_ =pL?
Yo = 31
p_ “3Ey,
L3
—(3)(210 GPa)|10° —2 ]
GPa
x[}](o.os m)*(7.5 mm)
(1.5 m)3(1000 _m_m)
m
=—6872 N (6900 N) [downward]
The answer is (a),
6, ;
aDEte:Emee the reactions by taking the moments

B and by taking the sum of the forces.

LMy = —R,(1.25 m + 4 m + 0.55 m)
+(2500 N)(4 m + 0.55 m)

+(310 N)(0.55 m)
=0
Ry =1990.6 N
Fy= Ry +1990.6 N — 2500 N — 310 N
=0
Ry=<g19.4 N

BEAMS 33'5
Draw the shear diagram.
2500 N 310N
0.55 m<|

1.25m 4m N\ j
Aa i | As

' 1990.6 N \
v

3R

-819.4 N

From the shear diagram, the maximum shear is
1990.6 N (2000 N).

The answer is (D).

7. The beam is assumed to have no bending or deforma-
tion because buckling is neglected. The maximum bend-
ing moment will occur at the fixed end of the beam. The
moment will be affected by the distributed load and the
external force. Since the force does not act through the
centroid of the beam (i.e., the force is eccentric), both
the vertical and the horizontal components of the exter-
nal force must be included.

The moment due to the beams own mass is

M,

T
—sul’ = 2mgL

= —[%][60 %—][9.81 F:52](3 m)?

= —2648.7 N-m

The moment due to the vertical component of the exter-
nal force is
M, = —F,L = —(2500 N)(sin22°)(3 m)
= —2809.5 N'm

The force is not applied through the beams centroid.
The horizontal component of the force causes the beam
to bend upward, while the other forces bend the beam
downward. The moment due to the eccentricity is

25 cm
(2)(100 ﬂ‘-)

m

M, = Fe= (2500 N)(cos 22°)

= 289.7 N'm

PPl ®¢ ppl2pass.com
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The total moment ig

M = M+ M+ M,

= —2648.7 N-m — 2809.5 N-m + 289.7 N-m
= —5168.5 N.-m (5200 N-m)

The answer js (B).

8. The Transverse Shear Stress is given by the following
equation

)
o =g

The maximum shear stress occurs at the centerline of a
rectangular section, o the Previous equation resolves as
follows, where Q, in this case, is the first moment of area
above the beam section centerline, I, the moment of

inertia of the shape, b, the width of the beam, and h, the
depth of the beam.

Vo
s

VA'Y  vary

bk® ) b2h3

12 12

h2
B Vb x 'E- L 3_V__
b3 om
12
(3)(2250)

= 2

(2)(5 em)(10 cm)(lOO %)
=675 x 10° Pa (680 kPa)

The answer is (C).

9. The total force from the distributed load is
[—1-](10 m)[5 E] =25 N
2 m

This force can be assumed to act at two-thirds of the
beam length from the left end, or one-third of the beam
length from the right end.

Sum the moments around the right end to find the Jeft
reaction,

10 m
ZMrightcnd = (25 N)[ 3

R]nft =833 N

]_ Rluft(lo IllJ =0

PPl e ppidpass.com
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The load increases linearly to 5 N/m at 1 m

G At 7
the loading is (0.7)(5 N/m). The total distribygeg for?’
over the first 7 m of the beam is 6

[%](7 m)[(O.?){5 I—:l-]] =12.25 N

Take the sum of the moments about the point of intereg;
(7 m from the left end) due to the distributeq foree o
the left of the point of interest and the reaction a tp,
left end. The calculation is easier to the left,

7 m
=—20.73 N-m (30 N-m)
The answer is (D).

10. The vertical component of the linear force causes
deflection. The vertical component is shown in the fo).
lowing figure.

37000 N

£

(37.000 N)cos40°

(37,000 N)sind0°

With 2= I, the deflection dye to the vertical component
of the force is

4
—(37000 N)(sin40°)(1.6 m)3[100 %]

(3)(205 GPa)[lo" ohe, (24400 ent')
GPa

= —0.000649 m

(—0.649 mm) [downward]

The eccentric application of the force causes an u'pward
deflection. The deflection due to the end moment 15

cm 4
(600 N-m)(1.6 m)ﬂ[mo TE]

M,L?
T P )
2)(205 GPa)[10° 22 ]24400°m
(2)(205 G a)[l(] GO (
= 0.0000154 m (00154 mm)  [upward]

The total deflection due to the external force alone is

V=0t+4u,= —0.649 mm + 0.0154 mm

= 0634 mm (0,63 mm) [downward]

The answer is (A).




o

deflection occurs halfway c.lqwn the beam
dmU? C phe modulus of elasticity for struc-
odO ksi. From the equation for maximum

p b 5000,
n

5 wl!

|i’mﬂ.\'| & M

=
(384)[29,000 %](250 i)

e answer is (C).

12, From the local code, the maximum deflection is

in
, s &)(12 &—) |
=—= = 0.5 in

Ymax = 360 360

Use the equation for maximum deflection for a simply
apported beam, and rearrange to find the minimum
moment of inertia. Maximum deflection occurs halfway
down the beam from the support. The modulus of elas-
tiity for steel is 29,000 ksi.

5wl?

384ET

[—_ BSwl®
384E|v

max|

|umn.x| =

5.37 kips
5 ft
.EE

ft

in
(15 )12 )

—
= oe—

(384) [29, 000

kips
in?
=421.85 in' (422 in)

|05 )

"13 aﬂsbver is (B),

x\\

e
— e
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13. ¢
Use the equation for maximum slope for a simply

Supported b
inertia, Shiang rearrange to find the moment of

g | L'
T 4 ET
wl?

[ 24E

3\

L

' 1bf in 3
1160 — =

[ & |0 (12 )

(12 1)(1000 ££)

(24)(29,000 <2%(0.0005)

= 480 in'
The answer is (B).

14. Use the equation for elastic curve for a simply sup-
ported beam.

Vg ) = %uﬁ- 2Lz?+ z°)
(2.8 leps -
bl &)(12 —)
12 — B
ft

(24}[29, 000 k,i—"f](élﬁfi int)

[(18 “)(12 lfltl)]a - (2)(18 ft)(5 ft}?(m iﬁn)’

fow(e )

—0.3729in  (0.4000 in)

The answer Is (C).

/PPI e ppl2pass.com
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- § 15. Use the equation for maximum slope for a simply
Ml Supported beam. The modulus of elasticity for steel is
BB 29,000 ksi.
2
1]
o 6 wl?
e 24Er
8.4 El'i_)i fit in_ 3
Y ((24 )(12 )
i ft
F kips i d
(24)(29, 000 ?)(26? in’)
= 0.0899 (0.0900)
The answer is (C).
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[0
B

umn with a cross section of 12 cm X 16 cm
ght and fixed at its base. The column is
t translation in its weak direction at the
aced in its strong direction. The column’s
ticity is 2.1 x 10° MPa.

{, A steEl COI.
Ii‘-l‘ _l m in !'.le].
pmllﬁd agains
pbut is unbr
godulus of elas

pinned in

T Pt/ weak direction

4m

12 cm

]

pin — §
|| fixed A :Iw em
7 Ll
What is most nearly the maximum theoretical vertical
the column can support without buckling?

) 13MN
B) 52 MN
© 61MN
D) 11MN

A1) o

» 10 i
¥ foroe, e < -0 CI Square column supports & compres
What ' of 9000 N. The load is concentrically applied.

S mog ¢ _ ¢
[hemhlmn?t Nearly the maximum compressive stress in

_3- A square column with a solid cross section is placed
in a building to support a load of 5 MN. The maximum
allowab_le stress in the column is 3