


  

  

  

Units 

PRACTICE PROBLEMS | 

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 

(B 

(Cc 

(D 

3. What is a metric ton? 

) 1000 in-lbf (torque) 

) 1000 Ibm (mass) 

') 1000 Ibf (force) 

) 1000 psi (pressure) 

(A) 200 kg 

(B) 1000 kg 

(C) 2000 kg 

(D) 2000N 

SOLUTIONS 

1. Kinetic energy is calculated in the SI system as zmv?, 

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 Ibf (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’. 
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What is the approximate width of the river? 

(A) 150m 

(B) 230m 

(C) 330m 

(D) 430m 

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? 

) 12 and 16 

) 13 and 17 

) 16 and 12 

(D) 18 and 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 20? 

(A) 2sin@cos@ 

(B) cos? @—sin?@ 

(C) sin @cosé 

1—cos 20 @) = 
5. Which of the following equations describes a circle 

with center at (2,3) and passing through the point 

(-3, -4)? 

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

(B) (e+3)? + (y+2)? = V74 

(C) (#3) +(y—2)?=74 

(D) (r-2)?+(y-3)?=74 

6. The equation for a circle is 2+4r+ y+8y=0. 
What are the coordinates of the circle’s center? 

( 

( 

(A) (-4,-8) 

(B) (-4,-2) 

(C) (-2,-4) 

(D) (2,-4) 

  

| 
| 
| PPi_e ppi2pass.com  



= 
ey 
ey 

rc 
I 
ES = 
& 

  

2-2 a SSS / 

  

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 y? 
terms in the general form of the equation are 
equal. 

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

  

a) Z-1 

@) (B)e-9 

o = 

(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; + az is an algebraic expression 

for which of the following? 

(A) acosine expansion series 

(B) projectile motion 

(C) acircle in polar form 

(D) astraight line 

44. For the right triangle shown, 2=18 om ang 
ys 

g Bey 
Y= 13cm 

C 

x= 18cm 

Most nearly, what is csc 6? 

(A) 0.98 
(B) 12 

(Cc) LT 
(D) 15 

42. A circular sector has a radius of 8 cm and 
length of 13 cm. The area of the circular sector ne 

nearly moe 

(A) 48cm? 

(B) 50cm? 
(C) 52cm? 

(D) 60cm? 

13. The equation 32” + 4y’ = 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) 24m? 
(B) 27m? 

(C) 32m? 

(D) 36m 

15. A particle moves in the ay plane. After t seconds, 

the a and y-coordinates of the particle’s location are 

z=8sint and y=6cost. Which of the following 

equations describes the path of the particle? 

) 362? + 64y? = 2304 

) 3622 - 64y? = 2304 

) 64a? + 36y? = 2304 

) 642? — 364 = 2304 

(A 
(B 
(C 
(D 
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ANALYTIC 

SOLUTIONS nent 

  

4. 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. 

tan@ = BC/AC 

BC = ACtané 
= (275 m)tan(57° 28’) 

= (275 mjtan{sr + 15) 

= (275 m)tan(57.467°) 

= 431.1 m (430 m) 

The answer is (D). 

2. For right triangle ABD, 

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

(BDy = (15)? — (AB)? 

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

(BD) + (25 — AB)* = (20) 

(BD)? = (20)? — (25 — AB)? 

Equate the two expressions for (BD)?. 

(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= mr+b 

2-3 GEOMETRY AND TRIGONOMETRY 

ry 
The slope is m =4/3, and a known point is(z,y)=(6,4). [RY 

Find the yintercept, b. 4 

4 FS 
4= (= +6 iS 

4 
b=4-]—|(6) = -4 (F}o 

The complete equation is 

y= ta- 4 

bis the y intercept, so the intersection with the yaxis is 

at point (0,—4). The distance between these two 

points is 

d= V(y2— ws) + (22-2) 

= J (4-(-4))' + (6-07 
=10 

The answer is (A). 

4. The double angle identity is 

sin 26 = 2sin@ cos@ 

The answer is (A). 

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

r? = (2—hP + (y— ky 

= (-3 - 2)? + (-4- 3)? 
=74 

The equation of the circle is 

(x 2? +(y-3)? = 74 

r= 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. 

x +de+ y?+8y =0 

w+ 40+ 4+ y?+8y+16=4416 

(+ 2)? + (y+ 4)? = 20 
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The center is at (—2, —4). The opposite of the offsets of 

xand yare the origin of the circle. 

The answer is (C). 

7. The general form of the equation for an ellipse is 

Ax? + Bry + Cy?+ D+ 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 

Qn rad) _ Sr 

360° ) 6 
rad   o= caso 

The area of the shaded portion of the circular segment is 

r°(¢—sing) 

2 

a= = sin] 

A= 

2 

=) 
2)N6 2 

= (Z)e-» 

The answer is (B). 

9, Find the angle ¢. 

Area of flow 

Area of substance 
reventing flow 

e67em/ © 8 
  

o= 2{arccos|[(r— d)/r)} 

10 cm — 6.67 cm ] 
=2 arceos{ 10 cma 

o( mrad 
= 141.1 (= } 

= 2.46 rad 

yi) 

Find the area of substance preventing flow. { 

A = [r°(¢—sin$)]/2 | 

(10 cm)*(2.46 — sin 2.46) 

7 2 
_ (0 cm)* (2.46 — 0.63) 

> 2 

91.5 cm? 

Find area of flow 

Apow = Atotat ~ A 

(10 cm)? — 91.5 cm? j 

= 314.2 cm? — 91.5 cm? = 222.7 cm? (223 en’) 

The answer is (C). 

10. y= m+ b is the slope-intercept form of the equa- 

tion of a straight line. a and a are both constants, so 

y=Qt+ nr describes a straight line. 

The answer is (D). 

11. Find the length of the hypotenuse, 7. 

r= Jfo?+ y? = f(18 cm)? + (13 om)? = 22.2 cm 

Find csc 6. 

22.2 cm 

13 cm 
csc8 = r/y= =17 

The answer is (C). 

12. Find the area of the circular sector.   
ee 

2 2 

The answer is (C). 

: ji is 

13. The general form of the conic section equation * 

Ax? + Bay + Cy?-+ Det By+ F=9 
are 

=p=0.4 and Co A=3, C=4, F=~-1, and B=D ; 
define @ circle. different, so the equation does not 

late the discriminant. 

B?— 4c = (oy — (4)(3)(4) = —8 
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  ANALYTIC GEOMETRY AND TRIGONOMETRY 2-5 

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

The answer is (B). 

14. Find the total surface area of a right circular cone. 

The radius is r= d/2 =3m/2=1.5m. 

A = side area + base area = mrcr+ 4 r+ Ay 

= n(1.5 m)(1.5 m + as m)* + (4 m)*) 

=27.2m (27 m’) 

The answer is (B). 

15. Rearrange the two coordinate equations. 

sint = 

cos t = 

ol
e 

ol
s 

Use the following trigonometric identity. 

sin?@ + cos*@ = 1 
2 2 

x y =) 4(2) =1 (5) +) 
To clear the fractions, multiply both sides by 

(8)° x (6)’ = 2304. 

36x? + 64y? = 2304 

The answer is (A). 

   



  

  

Algebra and Linear Algebra 

PRACTICE PROBLEMS | 

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

(A) scalar 

(B) resultant 

(C) tensor 

(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? 

log $ + log; 12 — log; 2 

(A) 0.95 

(B) 1.33 

(C) 2.00 

(D) 2.20 
M
a
t
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e
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4. Which of the following statements is true for a power 

series with the general term a,x"? 

I. An infinite power series converges for 2< 1. 

Il. 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) Ionly 

(B) Ilonly 

(C) Iand III 
(D) Iand II 

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

B14 4j— 5k 
Ti+ 25+ 3k 

—16i — 14j + 2k 

(A) 3 

(B) 4 

(C) 10 

(D) 14 

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

10z+ 3y+ 10z = 5 

8r—2y+9z2=3 

82+ y-10z2 =7 

(A) 2=0.326; y= —0.192; z= 0.586 

(B) 2=0.148; y= 1.203; z= 0.099 

(C) 2=0.625; y=0.186; z= —0.181 

(D) 7=0.282; y= —1.337; z= —0.131 
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= a 7. What is the inverse of matrix A? 
Fi 

Fi a2 3 
FS 11 F 

ay [23 2 3 

) [3 2 ) [3 3 

1-3 © [3-3 

-1 3 D D)o[aaad 

  

8. If the determinant of matrix A is —40, what is the 
determinant of matrix B? 

43 21 215 105 
a=|01 2-1) gp llo 1 2-1 

23-1 1 2. Seetay tl 
1112 1 11 2 

(A) -80 

(B) -40 

(Cc) -20 

(D) 0.5 

9. Given the origin-based vector A =i+ 2j+k, what is 
most nearly the angle between A and the z-axis? 

(A) 22° 
(B) 24° 
(C) 66° 
(D) 80° 

10. Which is a true statement about these two vectors? 

  

(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°. 

44. What is most nearly the acute angle he, rl 

tors A = (8,2;1) and B =(2,3,2), both basayttrs |f 
at the origin? 

(A) 25° 

(B) 33° 

(C) 35° 5 

(D) 59° 

42, Force vectors A, B, and C are applied at A si 
point. ee 

A=i+3j+4k 

B=2+7j-k 
C= -i+4j+2k 

What is most nearly the magnitude of the Tesultant 
force vector, R? 

  
(A) 13 
(B) 4 

(C) 15 

(D) 16 

43. What is the sum of 12 + 13j and 7 — 9? 

(A) 19-22; 

(B) 19447 

(C) 25-22; 

(D) 2544; 

14. What is the product of the complex numbers 3 +4) 
and 7 — 23? 

(A) 1042; 
(B) 13429; 

(C) 13434) 

(D) 29+ 22) 
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SOLUTIONS | 

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. 

  

| The term before 3/10 is 

a 
a=Y=1/5 

2 

The answer is (B). 

3. Use the logarithmic identities. 

log zy = logr+ logy 

logz/y = logz—logy 

3-3 ALGEBRA AND LINEAR ALGEBRA 

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

log 
iog 

1g, 0) 
© 108,0(3) 

= 2.00 

  log,z = 

  

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<2<l. 

The answer is (D). 

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

3i+ 4j— 5k 
Tit A+ 3k 
-16i — 14) + 2k 
—6i— 8) + Ok 

The length (magnitude) of the resultant vector is 

IR| = (—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 
7 $\a2) variable matrix, X. 

logs 2 + logs 12 — log; 2 = logs a ie AX=B 

= log39 10. 3 10)[z) [5 
8-2 ollyl=|3 

Since (3)? = 9, use the logarithmic identities. 8 1 -10}[2] {7 

1 AA'X=A'B 
Jog)(8") = nlog,(b) = n oe hiB 

=-~r 
10g4(9) = logs(3") dates 

= 2log3(3) 

= 2.00 

PPIle ppi2pass.com 
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S20 ace 
806 403 806], 

x =|26 —9 =5//, 
403 403. 403 ||7 
325 22, 
403 403 “403 

11 20 Z| 

©( 56] - 0 [ ols 
76 -90 = =|(5)( 2 90 7)( => 

(3) ;: ol : lag 
12 7 =22 

5)} — Deets —, 

(a) f (5) ole] 
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: 

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

82—2y+9z= 3(Eq.2) 

82+ 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: 

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

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

82+ 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 + 102 = 5(Eq. 1) 

24a —11z = 17 (Eq. 2a) 

14r— 402 = 16 (Eq. 3a)(Multiplied Eq. 3 by 3 and subtracted Eq. 1.) 

Equation 2a and 3a represent two equations with two 
unknowns: 

240-112 = 17 (Bq. 2a) 

142 — 402 = 16 (Eq. 3a) 

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

242 = 17+ 1lz 

x= (17/24) + (11/24)2 

By substituting z into Eq. 3a, the value of ; can be 
solved: 

14[(17/24) + (11/24)2] — 402 = 16 

14[(0.708) + (0.458)z] — 402 = 16 

9.912 + 6.4122 — 402 = 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.   
JA] =2x1-1x3=-1 

The inverse of a 2 x 2 matrix is 

by a2) 

adj(A) 3 —b ay 

\Al 

  

Al=      
The answer is (D). 

8. The first row of matrix B is half that of A, and ee other rows are the same in A and B, so the determ™ of Bis half the determinant of A. 
The answer is (C). 
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9. The magnitude of vector A is 

lAl= (0? + @? +? = 

NA 
2 

Ag 2.1)   

          

ra 

The zcomponent of the vector is 1, so the direction 
cosine is 

1 
cos 6, = Ve 

The angle is 

6 = arccos ¥ = 65.9° (66°) 

The answer is (C). 

10. The magnitudes of the two vectors are 

|Al = JG)? + @)? + (? = V6 

[Bl = f(a)? + (3° + (-7? = V5 

The angle between them is 

fe Parbabe a,b, + a,b, + a,b, 

|A| |B] 
(1)() + (2)(8) + 

V6 V59 

  

we) 
= aces 

= 90° 

3-5 ALGEBRA AND LINEAR ALGEBRA 

11. The angle between the two vectors is 

0 axon A [Al BI 

a,b, + a,b, + a,b, 

A] |B] 

32) + (Y(BH+ M2) 
at +(1y oF ors +a) Jer+@F+ QF 

ain ] 
i 41 4] 

= arccos(0.91) 

= 24,8° (25°) 

a 
& 
rs 
£ 
o 
= 
3 
=      I arccos 

  

; 

  

2 ll = “rs 

  = arcoos{ 

The answer is (A). 

12. The magnitude of R is 

|R| = (142-1) +(34+7+4)7 + 

= J4+196 +25 

225 

=15 

(4-142)? 

The answer is (C). 

13. Add the real parts and the imaginary parts of each 
complex number. 

(a+ jb) + (c+ jd) = (a+ c) +3(b+ d) 

(12 + 137) + (7 — 9j) = (12 + 7) + 5(13 + (-9)) 

= 1944) 

The answer is (B). 

14. Use the algebraic distributive law and the equiva- 

lency j? = -1. 

(a+ jb)(c+ jd) = (ac— bd) + j(ad+ be) 

  
  

(3 + 4j)(7 — 2j) = 21 — 87? + 28j- 67 
The vectors are orthogonal. = 21+ 8 + 28j- 67 

The answer is (C). = 29 + 227 

The answer is (D). 

PPie ppi2pass.com 
  

 



  

  

Calculus 

PRACTICE PROBLEMS oo. 

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

(A) < cos = -sinz 

) 20-2) =-30-2) 

(D) —cser= —cotz 

2. What is the the partial derivative Of(x, y)/@x, of the 
equation 
vy— @t=sin y? 

262 
(a) =—— 

z*—cosy 

2e* — Qry 

z?— cosy 

(C) 2ay— 26 

(D) 2?—cosy 

3. What is the approximate area bounded by the curves 

y=8-2 and y=-2+ 27? 

(A) 22 

(B) 27 

(C) 30 

(D) 45 

rn) 
A 
3 
= 
oO 
eS] 
3 
= 

  

4. What are the absolute minimum and maximum val- 

ues, respectively, of the equation f(x) = 52° — 247+ 1 on 

the interval [—2, 2]? 

(A) —47,33 

B) -4,4 

(C) 0.95,1 

(D) 0,0.27 

5. In vector calculus, a gradient is a 

3
G
 

I. 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 

III. 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) Ionly 

(B) Ilonly 

(C) Tand III 

(D) MandIV 
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8. Determine the following indefinite integral, 

  

  

        

A &. Which of the ilustrations shown represents the vector 
3 ield, F(z, y) =-yi+ aj, for nonzero values of rand y: fetta 

2 ie — 7 
i j : i 

\| 7 (a) Z+m|1-> +6 
x 

¥\s (B) St loge 8+ 6 

(B) 
2 2 

7 (C) Ftinll- +e 

NX 
x 2 

\|4 (0) = +in|o|-S+6 

(C) 9. Find dy/dz for the parametric equations given. 

+ 
‘ae 2 £\~ 2=2t—t 

av 7 y= @-2t4+1 

- (A) 3¢ 

(D) (B) 32/2 
y Me (C) 4t-1 

ANE (D) (3¢?-2)/(4t-1) 

10. A two-dimensional function, f(z, y), is defined as 

7. If a crop of peaches is picked now, 1000 lugs of spit cigd 
peaches will be obtained, which can be sold at $1.00 per fla,y) = 22h y+ 3e—y 
lug. For each week that picking is delayed, the i 5 6. oerensd ved, the crop will What is the direction of the line passing through ti 
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) 41+) 

point (1, —2) that has the maximum slope? 

(A) 2weeks @) +35 

(B) 5 weeks (C) 7i+4j 

(©) Tweeks ©) 9-7 

(D) 10 weeks 11. Evaluate the following limit. 

2 

  

  lim = 
92 o—-2 

(A) 0 

(B) 2 

(C) 4 

(D) 

eee



| 

  

42. If f(2,y)=2°y' + ay‘ + sin 2+ cos? x+ sin y, what 
is Of/O2 

A) (20+ y)¥+3sin? ycos y 

B) (4¢-3y)2y + 3sin? ycos y 

(C) (3¢+4y)ay+ 3 sin? ycos y 

(D) (2+ y)y+(1—2sin 2)cos x 

13. What is dy/dzif y= (22)*? 

( 

( 

(A) (22)"(2+In2z) 

(B) 2a(1+In2z)* 

(C) (2z)¥(In2z?) 

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

4-3 CALCULUS 

SOLUTIONS 00... g 
i 

1. Determine each of the derivatives. E 
Fr 

d 3 
—cosz = -sinz [OK] Es 
dz 

d 
geet 2) = (A= 2-1) = (3). — zy OK] 

did, fag P31 
—-=— =(-1 =—> (OK deg ade © (-1)(@~) ; (OK) 

$esex =-cotz [Not OK] 

Option D is not a correct derivative. The correct deriva- 

tive trigonometric function is 

d 
—csexr = —cscz cota 

The answer is (D). 

2. Since neither z nor y can be extracted from the equa- 

tion, rearrange to obtain a homogeneous equation in x 

and y. 

z’y—e* =siny 

f(a, y) = 2*y— e**—siny=0 

Take the partial derivative with respect to z. 

Of(z,y) _ 2 
aad 2zy — 2e 

The answer is (C). 

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

—24+27=8-2? 

2a? = 10 
r=+J5 
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The integral of Ai(2) — f(z) represents the area between 
the two curves between the limits of integration. 

T
L
 

A= fia) - Aa))ae 

= [24 = (24 2%)aa 
= [a0 20?) de = J 00-20%) 

NS 
= (10¢—225 (102— 52°) log 

= 29.8 (30) 

The answer is (C). 

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

f(x) = 5235-22741 

f(z) = 152? — 4 

152?— 42 =0 
2(15¢— 4) =0 

t=0 or c=4/15 

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

f(z) = 302-4 

£0) = (30)(0) — 4 
=-4 

This is less than zero, so the critical point at 7=0 is a 
maximum. 

rs) onl 
=4 

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

Se ES’ 

a 
These two critical points could be a local maximy 
minimum. Compare the values of the function ee 
critical points with the values of the function at . 
endpoints. the 

F(—2) = ()(—2)° — (2)(-2)) 415-47 
F(2) = (5)(2)° — (2)(2)? +1 = 33 

F(0) = (5)(0)* — (2)(0)? +1 = 
4 ay 4 {2]- 04] - aS] +1 

The minimum and maximum values of the equation 
over the entire interval, —47 and 33, respectively, are at 
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, 
ete.) function, Vfp-a, where a is a unit vector. ln 
three-dimensional rectangular coordinates, the gra- 
dient is equivalent to the partial derivative vector. 

wo 
Vranas 

  

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

6. From the term —yi, 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 points 
to the right 

From the term +2j, it can be concluded that 

(a) for positive values of a, the vector field poi’ 
upward 

ints 
(b) for negative values of 2, the vector field po” 

downward 

The answer is(C). 

satio? 

i Let x represent the number of weeks. The ed! 
scribing the price as a function of time is 

Pilce = 81 — $0.0252 
lug  



  

The equation describing the yield is 

lugs sold = 1000 + (60 — 10) 

= 1000+ 50z 

The revenue function is 

Re [E 

lug 

= (1 — 0.0252) (1000 + 502) 

= 1000 + 502— 252~ 1.2522 
= 1000 + 252 1,252? 

  Joes sold) 

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

= 25 —2.52=0 

= 10 weeks 

The answer is (D). 

8. Separate the fraction into parts and integrate 
each one. 

[Etta = [Eas [Hees fhe 

7 vit Sree e 

+C = 4 inal 4 4 > + Hnla| 

      

The answer is (D). 

9. Calculate the derivatives of cand y with respect to t. 

= = 3-2 
ze 
dx 
—=4t-1 
dt 

4-5 CALCULUS 

The derivative of y with respect to xis 
rn 
4 
3 
= 
o 
£ ra 
3 
= 

  

  

The answer is (D). 

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

The gradient of the function is 

Of(@,4,2). | OF(@%.2), , Of(a,y 2) 
eet ae te, * 
O(2a? ~ y? + 3a— ¥”); 

Ox 

O(20? — y? + 3¢— y). 

oy 7 

(40+ 3)i- (2y+ Dj 

VF(2, 952) 

+ 

At (1, -2), 

VAC, —2) = ((4)(1) +8) — ((2)(-2) +15 
= Ti+ 3j 

The answer is (B). 

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

  

Use L’Hé6pital’s rule. 

  

2 («74 
im =$)= 1m an" = in|?) z2| c-2 z2| d z9( 1 

ae 7?) 
— (2)(2) 

This could also be solved by factoring the numerator. 
The answer is (C). 
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= 
mm 612. The partial derivative with respect to xis found by 
z= treating all other variables as constants. Therefore, all 

Fi terms that do not contain have zero derivatives. 

A of 
2 ap = tye + y'+ cos 2+ 2cos.«(—sinz) 

= (2r+ y)y®+ (1 —2sinz)cosz 

The answer is (D). 

13. From the table of derivatives, 

  

  

a =u"! * + (In u)u 2 
u(x) = 2a 
uc) =2 

a = 2(2z)?-1(2) + (In2z)(2z)*(1) 

= (2x)(22)?"! + (22)" In 2z 

= (20)* + (2¢)7In 22 
= (22)*(1+In2z) 

The answer is (D). 
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Differential Equations and 
Transforms 

PRACTICE PROBL! 

  

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

y +5y=0 

(A) y=524+C 

(B) y=Ce* 

(C) y= Ce 
(D) either (A) or (B) 

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

(+ 1)(w(k+ 1)) — hy(k) = 1 

(A) uh) = 12-4 

(8) wey=1-2 

(C) yk) = 1243k 

) ok) =3+5 

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

ay dv oY 4B ay=0 a? ae +4y 

(A) y= Cycosz + Cysinz 

(B) y= Cye7+ Cye* 

(C) y=e% C, cos x — C, sin x) 

(D) y= e%(C, cos z+ Cysinz) 

  

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

dy | dy FZ +2 + 2y=0 
a ar 

(A) y= C,sinz— C,cosz 

(B) y= C,cosz— Cysina 

(C) y= C,cosr+ Cysina 

(D) y=e“(C,cosx + C,sinz) 

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

y" —4y'+ By = 10cos8e 

(A) y= 20+ Cg— Cyr 
(B) y= Cy + Che 

(C) y= Cye** cos 1.52+ Cye” sin 1.52 

(D) y= Cye* tanz+ Cye7 cot x 

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

y"+y't+y=0 

(A) y= eC, cos Br 4 Cy sinSz) 

(B) y= e"?"(C, cos$z+ C,sinx) 

(©) y= (0, cos S24 CysinZ     

  

) 

(D) y= e?(Ccosde+ Cy sin 
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PM 7. What is the Solution to the following differential Fam = quation if z= 1 at t=0, and dz/dt=0 at t=0? 3 
= 2, =A id‘ dr 3 Pa a rs +8r=5 

(A) r= ey ate-Ht 

  

i (B) 5 | 

(C) 

(D) ra detey Sete, 5 8 = 8 

8. In the following differential equation with the initial condition 2(0) = 12, what is the value of 2(2)?   dx 
a +4r=0 

(A) 34x 10-3 

(B) 4.0 x 10-3 

(C) 5.1 x 10-3 

(D) 62x 10-3 
9. What are the three general Fourier coefficients for the sawtooth wave shown? 

f(t) 

1 

™m™ 

(B) a= 5, 0, =0, 8, = — 

(C) a= 1, 0,=1, b= — 

D) =F, a= 5, b= 
10. The values of an unknown function follow a Fibo- nacci number sequence. It is known that f(l=4 
and f(2) = 1.3. What is f(4)? 

(A) -4.1 
(B) 0.33 
(C) 27 
(D) 66 

| iE... 

5-2 

SOLUTIONS | 

1. This is a first-order linear equation with characteris tic equation r+ 5 =0. The form of the solution ig 

y= Ce 

In the preceding equation, the constant, C, could be 
determined from additional information, 

Alternate Solution 

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

y= = -5Ce® oe 
dr 

Substitute into the differential equation. 

—5Ce** + 5 Ce = 9) 

This equation balances for any value of constant C and 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 in turn. Option B is 

12 fact (k) k 

Substitute this into the difference equation. 

(4+ 1)(u(k-+ 1) = k(y(k)) = 1 
12 12 (eof. 72) af -2 =1 kt 

(+n[Heiae — f= 22) 
K+ k 

kK+1-12-—k4+12=1 
1=1 

y(k) =1- 12/k solves the difference equation. 
The answer is (B). 

ee 

eT 

 



  

  

. This is a second-order, homogeneous, linear differen- 
jal equation. Start by putting it in general form. 

y+ ay'+ by =0 

2y"” —4y'+4y =0 

y! —2y'+ 2y =0 

  

ince a? < 4b, the roots will be complex, so the form of 
she equation is 

y = e(C, cos Gx+ C,sinB,) 

  

-(-2) _ 
2 =1 

4b— a? 

Pond 

[4x2 (-2 

~ 2 
=1 

y = e7(C, cosz+ C,sinz) 

The answer is (D). 

4. The characteristic equation is 

r?4+2r+2=0 
a=2 

b=2 

The roots are 

—a+ ¥a?— 4b 

  

125 2 

_ -2+ (2 = (4)2) 
- 2 

M (-1+ 4), (-1-4) 

Since a? < 4b, the solution is 

y = e(C, cos Bx + Cy sin Bx) 

  oe SE eo -Z-F- 

_ ia @ _ Me)-0F 
20 2 

=1 
y = e-7(C,cosx + C,sinz) 

The answer is (D). 

5. The complementary solution to a nonhomogeneous 

differential equation is the solution of the homogeneous 

differential equation. 

Pn 
& 
3 
£ 
by 
= 
a 
= 

The characteristic equation is 

  

r’+ar+b=0 
25 2 -4r+—=0 r r+ 

So, a = —4, and 6 = 25/4. 

The roots are 

—a+ ¥a?—4b 

  

12 2 

-- + fa? - 2} 
~ 2 
=241.5i 

Since the roots are imaginary, the homogeneous solution 
has the form of 

y = e*"(C, cos Gx+ C, sin Br) 

  

V4b— a? 

2 

{oQ- cr 
2 

B= 

=15 

The complementary solution is 

y = e*"(C, cos 1.5 + Cy sin 1.52) 

= Cye** cos 1.5a + Cye* sin 1.52 

The answer is (C). 
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6. This is a second-order, homogeneous, linear differen- 
tial equation with a= 6 = 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 

Because Ce™ can never be zero, the characteristic equa- 
tion is 

r?4 art b=0 

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

y= e*(C, cos Bx + C, sin Br) 

Then, 

a a=-5=-1/2 

7 _1@O=0F _ oe 
2 

  

Therefore, the general solution is 

y= eO(C, cos 2x + C,sin £) 

The answer is (A). 

7. Multiplying the equation by 2 gives 

x! + 82! + 162 = 10 

The characteristic equation is 

7? +8r+16=0 

The roots of the characteristic equation are 

r=r=-4 

The homogeneous (natural) response is 

z = Ae + Bte~* ‘natural = 

To find a particular solution, assume 2(t) = 
tiate twice and substitute accordingly in the 
equation. 

© Ditferey 
differenti 

  

F(0) +4(0) + 8(¢) =5 

o=8 8 
Hence, 5/8 is a particular solution that solves the Don- 
homogeneous equation. 

z= Ae + BteM 4 3 

Since r= 1 at t=0, 

ol
es
 

Differentiating 2, 

3 
a= (E)-ae« + B(—4te + e") +0 

Since z’=0 at t=0, 

3 
0=-F+BO+1) 

Bes 
2 

  

The answer is (D). 

  yZ



  

  

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

a+ 4c =0 

r=ae" 

2(0) = age 
=12 

y= 12 

z=12e" 

2(2) = 12e-%) 

= 12e8 

= 4.03 x 10° (4.0 x 107) 

The answer is (B). 

9. By inspection, f(t) = t/m, with the period T= 7. 
The angular frequency is 

Qn 
T 

Wo = 

al
y 

The average is 

dy = ar) {50 at = ayn) f’4a= (|g 

-0 

  

N
i
e
l
e
 

ll 

The general a term is 

ir 

a, = (2/T) f f(t) cos( nwt) at 

= ie cos(2nt) dt 

2 ft 
=a t) dt 7 f tcos(2nt) 

  

  

_ 2] cos(2nt) + tsin(2nt) 

a (Qnty 
dt lo 

— 2 [cos(2nt) + t sin (2nt) |" 

i 2n 

  

0 

= =p leos(2nm) +m sin (2nm) — cos(0) — (0)sin(0)} 
n 

= Fell +m(0) -1- (0) 

The general } term is 

= I 2 = (2/T) f"s(dsin( ryt at 
Qprt. 

=<f z sin(2nt) dt 

27 
= > tsin(2nt) dt Ti, sin(2nt) 

® 
AY 
3s 
= 
by 
£ 
is 
= 

  

2 | sin(2nt) — t cos(2nt) 

  

a) d(2nt) 
dt lo 

2 | sin(2nt) — t cos (2nt) |* 

e mn [ 

  

= —L{sin(2nm) — x c0s (2nm) — sin(0) — (0)cos(0)] 
rn 

= + 0-1) -0+ 0) 
rn 

=1 
i 7m 

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. 

S(k) = f(k—1) + f(k- 2) 
(3) = f(2) + fQl) = 1.344 

= 5.3 
F(A) = f(3) + f(2) = 5.3413 

= 6.6 

The answer is (D). 
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Probability and Statistics 

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) 0.92 

(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) 9.5 

(c) 1 

(D) 12 

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

2,3,5,8, 8, 10, 10, 12 

The mean of the samples is 7.25. What is most nearly 

the standard deviation of the sample? 

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) 1.6 

(D) 18 

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

(A) 46 

(B) 52 

(Cc) 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 
(B) 18 
(C) 34 
(D) 36 

7. A bag contains 100 balls numbered 1 to 100. One ball 
is drawn from the bag. What is the probability that the 
number on the ball selected will be odd or greater than 
80? 

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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a Paes ' Given this information, which of the folloy; 
probability that a sample taken from the site will have a be definitively stated about the system? NS facts e 
water content above 16% or below 12%? 

2 
= 
a 
ri ff 

  

(A) At 95% confidence, the sample mean of, 
se (A) 0.18 porter utilization lies in 

(B) 0.25 37.2% + 3.4%. ay, 

(C) 0.37 (B) At 95% confidence, the population inca , 
transporter utilization lies in the" % 

() 0.42 37.2% + 3.4%. "ag 
9. What is the probability that either exactly two heads 
or exactly three heads will be thrown if six fair coins are 
tossed at once? 

(C) At 95% confidence, the population me, 
transporter utilization lies outside of the r ‘ 
37.2% + 3.4%. ™ 

an of 

(A) 0.35 (D) At 5% confidence, the population mean of tran. 
porter utilization lies inside of the range (B) 0.55 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 oy 

10. Which of the following statements about probabil- 
ity is NOT valid? 

(A) The probability of an event is always positive 
and within the range of zero and one. 

(B) The probability of an event which cannot occur 
in the population being examined is zero. 

(C) If events A and B are mutually exclusive, then 
the probability of either event occurring in the 
same population is zero. 

April 15? 

(A) 12x 10-8 

(B) 24x 10-7 

(C) 74x 10-6 

(D) 1.6 x 10-4 

14. What are the arithmetic mean and sample standart 
deviation of the following numbers? 

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 
and B). (A) 74.3, 2.7 

11. One fair die is used in a dice game. A player wins (B) 74.3,3.8 
$10 if he rolls either a 1 or a 6. He loses $5 if he rolls any (OC) 75.7,2.7 
other number. What is the expected value for this 
game? (D) 75.7,3.8 

(A) 80.00 15. Four fair coins are tossed at once. What is the prob 
ability of obtaining three heads and one tail? 

(B) $3.30 A 
1 (C) $5.00 (A) 1/4 

B (D) $6.70 (B) 3/8 
7 “ 7 (C) 1/2 

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 uti- 
lization for the system. At a 95% confidence level, the 
confidence interval is found to be 37,2% + 3.4%,   
i a A 5



  

   

   
     

   

    

      

     

       

  

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

A= {4, 7, 9} 
B= {4, 5,9, 10} 
U = {4, 5, 6, 7, 8, 9, 10} 

hat is the union of the complement of set A with set 
, 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, AN 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. 

PROBABILITY AND STATISTICS 6-3 

concentration 

(mg/L) 
221 
229 
221 

227 

226 
223 

228 
223 

222 
229 

aliquot 

B
e
m
r
d
s
s
e
n
e
 

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

(A) 3.0 mg/L 
(B) 5.0 mg/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. 

  

  

      

rz y y 
(ibt/ft?) | (best?) | (ibe 7ee2) 
27.77 22.65 21.31 

56.35 40.22 42.24 
112.74 84.23 83.55 

90 
go | ¥ = 0.7325x + 0.9655 

R? = 0.9968 
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20 40 60 80 100 120 

normal stress (Ibf) 

The linear model of the relationship is found to be 
= 0.73252 + 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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21. A linear model of the form § = (@+ 62.) has 

parameters @= 1.24 and 6 = 15.35. The observed 

dependent variable, y, has a value of 156.21 at r=10. 

Most nearly, what is the model residual at = 10? 

(A) -15 

(B) -1.0 

(C) 1.0 ) 
(D) 1.5 

SOLUTIONS. ............. 

4. This is the classic “birthday problem.” The 

is to find the probability that all seven people Prey 

tinctly different birthdays. The solution can beh dis 

from simple counting. 
foun 

The first person considered can be born on any @ 

which means the probability that the first person wr 

not be born on one of the 365 days of the year is 0, ill 

P(1) = 1— P(not 1l=1-0=1 (365/365) 

The probability the second person will be born on the 

same day as the first person is 1 in 365. (The second per. 

son can be born on any other of the 364 days.) The proba. 

bility that the second person is born on any other day ig 

1 _ 364 
9) =1— P(not 2) =1-— = 24 

PQ) (net?) 365 365 

The third person cannot have been born on either of the 

same days as the first and second people, which has 

2 in 365 probability of happening. The probability that 

the third person is born on any other day is 

P(3) = 1— P(not 3) = 1-—> = <= 

This logic continues to the seventh person. The proba- 

bility that all seven conditions are simultaneously satis- 

fied is 

P(7 distinct birthdays) 

= P(1) x P(2) x P(3) x P(4) x P(5) 

x P(6) x P(7) 

= ( 365.}/ 364 }/ 363 }/ 362 = 
=: Se Ss See sae es 

{ies 365 )| 365 
= 0.9438 (0.94) 

The answer is (D). 

2. The mean is 

    

X = (i/n) OX, 
isl 

1 3444445 

-(3) +8+8+8+10 
+11 + 15 +18 +20 

= 9.5 

The answer is (B). 
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3, The standard deviation of the sample is calculated as 

follows. 

  

    (2 — 7.25)? + (3 — 7.25)?    
i ( 1 +(5 — 7.25)? + (8 — 7.25)? 

8-1) +(8~7.25)? + (10 — 7.25)? 

+(10 — 7.25)? + (12 — 7.25)? 

= 3.5757 (3.6) 

The answer is (D). 

4, The sample standard deviation is 

z ; 
(/(n— 1) 2(X%,- X) 

(10 — 18)? + (12 — 13)? 

+(13 — 13)? + (14-13) - (4) 
~ 6-1 

+(14 — 13)? + (15 — 13)? 

=1.79 (1.8) 

  

& "1 

  

    

The answer is (D). 

5. The population variance is 

population = 

  

The population variance is the square of the population 

standard deviation. 

0? = Orrutation = (10.4) = 108 (110) 

The answer is (C). 

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

s? = (4.2) = 17.64 (18) 

The answer is (B). 

PROBABILITY AND STATIsTics 6-5 

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

P(A) = P(ball is odd) = 2 = 0.5 100 
19 P(B) = P 0 gi (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% 

  

2y6%, = —— 
DRL 2.3% 

= 0.78 [use 0.80] 

B ogdren a es 12% — 14.2% 

ce i 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(x) column is used. The probabilities being sought 
can be found from the values of R(x) 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(x < 12% or x > 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! ce 
Ta-nt ae-a O(n,r) = 

PPI e ppi2pa 
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The probability of exactly two heads out of six fair coins is 

P(A) = P(2 heads) = 2 = 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 

nt 6! 

mr) = aaa = BE—3)! 
= 20 

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

P(B) = P(3 heads) = 2 = 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) 
= 0.234 + 0.313 - 0 
= 0.547 (0.55) 

The answer /s (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 .. There are two ways to win, and there are four ways 
to lose. The expected value is 

Aix} = Saytad = (10(02(5)} +(-85{0(2)} 
= $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). 

13. Use the binomial probability function te 

the probability that two of the seven samples ae, 

been born on April 15. z= 2, and the sample size, n = 

The probability that a person will have been 

April 15 is 1/365. Therefore, the probabil 
cess,” p, is 1/365, and the probability of “failure,» Ue. 

1 — p, is 364/365. 
ts 

nl zgn-z 
al(n— ml? a 

n= (aaa la 5) 
= eng} (2) 

= 1.555 x 107! (1.6 x 107 ) 

P(t) = 

The answer is (D). 

14, The arithmetic mean is 

n 
X = (1/n) OX, 

isl 

a (Z}ms + 74.0 + 74.25 + 78.54 + 80.6) 

= 75.738 (75.7) 

The sample standard deviation is 

s= 

   

  

(71.3 — 75.738) + (74.0 — 75.738)" 

+ (74.25 — 75.738)? 

+ (78.54 — 75.738) 

+ (80.6 — 75.738)? 

  

= 3.756 (3.8) 

The answer is (D). 

15. The binomial probability function can be used t0 

determine the probability of three heads in four tis 
The probability of heads is independent for the coins: © 
they can be treated as four separate trials; that is, tM 
Probability of tossing a single fair coin four times ” 
Setting three heads and one tail is the same ® ! 

ener ee



  

robability of tossing four fair coins at the same time 
and getting three heads and one tail. 

p = P(heads) = 0.5 
q = P(not heads) = 1-0.5 = 0.5 
n = number of trials = 4 
x = number of successes = 3 

From the binomial function, 

nt 2onmz 
zi(n—a)!? 4 

4! 52 i [aap los" 2 

= 0.25 (1/4) 

P,(2) = 

This problem may be solved directly because each of the 
possible outcomes has the same probability. There are 
16 possible outcomes flipping four fair coins at the same 
time. There are four outcomes with three heads and one 
tail. The probability of three heads and one tail is four 
divided by 16 or 0.25. 

The answer is (A). 

16. The complement of set A contains all of the mem- 
bers of set Uthat are not members of set A. 

A = {5, 6, 8, 10} 

The union of the complement of set A with set B is the 
set of all members appearing in either. 

AUB = {5, 6, 8, 10} U{4, 5, 9, 10} 

= {4, 5, 6, 8, 9, 10} 

The answer is (C). 

17. The complement of set A consists of all elements in 
the universal set that are not in set A: {2,4,5,7, 8}. 

The intersection of the complement of set A with set B 
is the set of all elements appearing in both. 

ANB = {2, 4, 5, 7, 8} N{1, 2, 6, 7} 

= {2, 7} 

The answer Is (A). 

PROBABILITY AND STATISTICS 6-7 

18. Use the equation for measurement error, and solve 
for the true measurement. 

T = Lie + Loins + Tre 

Lee = T— Thins — Tre 
= 25°C — 2.5°C — 0°C 

=22.5°C (23°C) 

The answer is (A). 

19. Find the mean value of the aliquot testing results. 

mg mg mg mg 
1 — +229 —= + 221 —= + 227 —— 22 L + L L 

L 
mg mg mg 
= + 223 —= + 228 —— +226 L + L £ 

mg mg mg 
= +222 — + 229 —— te +223 L + L L 

= 224.9 mg/L 
10 

The random error is 

1 
population = Fre = WU hy 

mg mg 221 —2 — 224.9 —& 
( L 2 L 

  

2 

Y
S
 

+ (229 BE _ 904.9 

—
 

2 
eo 

L 

mg 
+(229 — — 224, L 9 

1     

me 
Ts 

mg mg \? 221 8 _ 994.9 ME +( Te — 224.9 =) 

2 

+ (227 28 _ 904.9 aE) 
L L 

mg mg \? +(226 8 _ 994.9 BS Je) ah (226 TE — 224.9 a 
10 2 

+(228 28 _ 904.9 =) 
L 

2 
| +(228 28 _ 204.9 a) 

L L 

mg mg \? +(223 MS — 904.9 MS Te 224.9 aa) 

=) 
L 

=) 
L   

( 
( 

+(221 “8 _ 904.9 

( 
= 3.1 mg/L (3.0 mg/L) 

The answer is (A). 
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20. From the equation for the residual, 

e=u-F 

e, = 22.65 WE _ 9) 31 BE 1 34 eft? 
ft? ft? 

ey = 40.22 PE ap.o4 BE 2.02 t/t? 
ft? ft 

ey = 84.23 HE _ 9.55 MOE _ 0.68 weyft? 
ft? ft? 

ix = ie 1.34 ~ 2.02+0.68 _ 4 og 
  

  

3 

The answer is (B). 

21. From the equation for the residual, 

&=¥-F=y,-(@+ 6x, 
= 156.21 — (1.24 + (15.35)(10)) 

=147 (1.5) 

The answer is (D). 
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PRACTICE PROBLEMS 

  

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

) 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 10-4 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) 5.9N 

(B) 12N 

(C) 26N 

(D) 55N 

3. Kinematic viscosity can be expressed in 

(A) m/s 
(B) s/m 

(C) kg:s?/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 

Il. the continuity equation 

Ill. uniform velocity distribution 

IV. Newton’s law of viscosity 

V. conservation of energy 

rn 
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(A) 1, I, and IIT 

(B) I,l,andV 

(C) I,ll,andv 

(D) U,IV,andV 

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 m3/kg 

(B) 0.0027 m3/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 
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7. A capillary tube 3.8 mm in diameter is placed in a 

beaker of 40°C distilled water. The surface tension is 

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/m’. Most nearly, 

eo is the height to which the water will rise in the 

tube? 

(A) 1.2mm 

(B) 3.6mm 

(C) 7.5mm 

(D) 9.2mm 

SOLUTIONS oe 

4. Surface tension is caused by the molecular cobes 

forces in a fluid. It is the main cause of the formation” 
N of 

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 oil ys; 

the kinematic viscosity. 
Using 

bh 
y= p 

2 

== [ss x 107 20500 | 
s m 

= 0.512 Pas 

From geometry, the width of the separation between the 

cylinder and the pipe is 

é= pine — Acylinder 

- 2 
_ 8.5 cm—8 cm 

2 

= 0.25 cm 

The surface area of the cylinder is 

A=ndL 

8 cm 

100 = 
m 

= 0.126 m? 

(0.5 m) =| 

Find the force needed by using the stress equation 

dy Ay 

Ms (100 2) = 2 6 (0.126 m?)(0.512 Pa-s) 0.25 om m 

=25.8N (26 N) 

The answer is (C). 

/s- 
3. Typical units of kinematic viscosity ar¢ m 

The answer is (A).     

  

  ie



     

  

   

    

    

   

   

   

  

, Newton’s second law, the continuity equation, and 

the principle of conservation of energy always apply for 

y fluid. 

e answer is (B). 

. Calculate the volumes. Use a standard water density 
f 1000 kg/m?. 

xt 
feny 
Vo 

? 
m_ 10k 

Veates = = = ——Z— = 0.010 n° 
P 1000 <6 

m 

m_ bk 
Vouia => = —e> = 0.019 m? 

e790 = 
mi 

he total volume is 

Veotat = Vwater + Vauia = 0.010 m° + 0.019 m? 

= 0.029 m® 

‘he density of the mixture is the total mass divided by 

he total volume. 

_ Meyater + Mouid _ 10 kg +15 kg 

  

  

= 0.00116 m'/kg (0.0012 m*/kg) 

The answer is (A). 

6. The height of capillary rise is 

h= 4a cosB/yd 

p= = 
Veotat 0.029 m® 

= 862 kg/m® 

he specific volume of the mixture is the reciprocal of 

its density. 

5 Lee 1 

mi aan 962 XS 
m 

FLUID PROPERTIES 7-3 

7. Since the contact angle is negligible, use 0° for 3. The 

capillary rise in liquid is 

h = 4a cos B/yd 

(0.0096 * Jeoso°(1000 =n) 
7 m m 

7 kN N 
i; — |] 1000 —— |(3.8 (2 730 7 ( xk mm) 

=7.53x10->m (7.5 mm) 

The answer is (C). 

PA 
a 
< 
cf 
£ 
o 
Cy 
= 
ac} 
e 
rs 

  

a is the surface tension of the fluid, (is the angle of con- 
tact, 7 is the specific weight of the liquid, and d is the 
diameter of the tube. 

The viscosity of the fluid is not directly relevant to the 

height of capillary rise. 

The answer is (D). 
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PROBLEMS | 
    

4. A barometer contains mercury with a density of 
13600 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 

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. 

   mercury 

  

What is most nearly the difference in pressure between 

points A and B? 

(A) 35kPa 

(B) 42kPa 

(C) 55kPa 

(D) 110kPa 

Fluid Statics 

   

3. An open water manometer is used to measure the 

pressure in a tank. The tank is cylindrical with hemi- 

spherical ends. The tank is half-filled with 50 000 kg of a 

liquid chemical that is not miscible in water. The man- 

ometer tube is filled with liquid chemical up to the 

water. 

fill level not drawn to scale 

water —] 

chemical 

tank 400 mm   

225 mm 

          50mm   

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

(A) 14kPa 

(B) 19kPa 

(C) 24kPa 

(D) 3.4kPa 

  PPl_e ppl2pass.com 

n 
a 
© 
Cy 

fel 
° 
Cy 
= 
3 
=] 
iL 

 



  

aul 
= 
a 

= 
Oo 8 
2 FA 
Es 
roy 3 

  

8-2 FE civit PRACTICE 

  

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. 

  

    

  

mercury 

The vacuum pressure within the vessel is most nearly 

(A) 1.0kPa 

(B) 13kPa 

(C) 39kPa 

(D) 78kPa 

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. 

  

  

gate 

10m   
  

  

The total force from hydrostatic pressure on the gate is 

most nearly 

(A) 90kN 

(B) 440 kN 

(C) 880kN 

(D) 980 kN 

6.Aimx2m inclined plate is submerged ag hi Showy 

The normal force acting on the upper surface of 

plate due to the water (when taking atmos ot 
i Pheri 

sure into account) is most nearly 1 Drs 

(A) 68kN 

(B) 91kN 

(C) 203 kN 

(D) 294kN 

7. The water tank shown has a width of 0.3 m. Tk 

rounded corner has a radius of 0.9 m. 

  

The magnitude and direction (in degrees from the bor: 

zontal) of the water force over the length of wall from 

point A to point C is most nearly 

(A) 3400 N, 46° 

(B) 3400 N, 73° 

(C) 4800 N, 46° 

(D) 4800 N, 73° 

    

  

  

 



  

   
    

   
    

   

    

   

, Find the height of the mercury in the column. 

Pa = Ppt pgh 

Ke Pay PB 

Pg 

(95.8 kPa — 0.000173 kPa}(1000 | 
kPa a aN 

(1800 “(os 3] 
s 

mm 

= 0.7181 m_ (0.72 m) 

the answer is (C). 

. The manometer can be labeled as shown. 

  

   

  

od 
eo 

glycerine 

   

    

     

  

    

mercury 

  

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

Po = Pat Pwater9h3.4 + Pmercury9h2-3 

For the right leg, 

Po = Ppt Pelycerine 91-2 

Where hy.» is the distance between levels 1 and 2, hog is 
the distance between levels 2 and 3, and hy, is the dis- 
tance between levels 3 and 4. 

FLUID STATICS 8-3 

Equating these two equations for p, and solving for the 

pressure difference p, — pp gives 

Pa Pa= 9(Pelycerine!? 1-2 — Prater 3.4 Pugltss) 

areas = ae 
= 9P water —SCughos 

m =| 
= |9.81 —]] 1000 — 

| s? I m 
(1.26)(0.5 m) — (1.00)(0.125 m) 

—(13.6)(1.0 m — 0.125 m) 

= 111785 Pa (110 kPa) 

The answer is (D). 

3. Calculate the density of the chemical from the vol- 

ume and mass. The total volume of the tank is 

Pr 
a 
< 
of 
ct 
Py 
2 
= 
a4 
= 
rg 

  

V = far? +ar(L—2r) 

= (2 m) + 2(2 m)(10 m— (2)(2 m)) 

= 108.9 m? 

The contents have a mass of 50000 kg, and the tank is 
half full, so the density of the chemical is 

a _m 50000 kg 
chemical — T= 77)” 

v (F}ca08.9 m’) 

= 918.2 kg/m? 

The relative pressure is 

Po P2 = Pwater92 — Peremica Gy 

3 
“(0.1 =] 400 mm — 50 mm 

m 
=|1000 

( s 1000 2 
m 

[182 “ios 3] eee 
1 s?}} 1000 BE 

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 

    PPle ppi2pass.com
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measuring gage pressure.) The vacuum pressure in the 
vessel is 

  

Prac = pgh 

10 = (13600 Shes 3] = 
m s* 7) 100 — 

m 

= 13342 Pa (13 kPa) 

The answer is (B). 

5. =10m-~2m=8m. 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 

= $p9(hy + hy) 

= (] 1000 *8}(9.g1 @ (8 m+10 m) 2 m ’? 
= 88290 Pa 

The total force acting on the gate is 

R=pA 
= (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 

h, =5 m-—(2 m)sin20° 
= 4.32 m 

The value of standard atmospheric pressure, Patny is found in the Units and Conversions table of the NCEES Handbook: 

Patm = 1.013 x 10° Pa, 
The average pressure is calculated as 

B= (p+ ps) 

= 7 (Pain + 298:) + (Pain + ah) 
= $09(hy + hs) + Pats 

ky = (5{:000 “hos SJ m+5 m) + 101300 Pa m 8s 

= 146995 Pa 

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 co, 
nents of the force acting on the wall from Point 4's 
point C. For the horizontal component, h, =9 ae 

tg=0.6m+0.9m=1.5 m. 

B, = fpg(hy + hy) 
1 kg m = (510 “£)(o.81 7) (0m+15 m) 

= 7358 Pa 
The horizontal component of the force is 

R, = PA = (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 C. The volume consists of rectangular prism 0.3 mx 0.6 m x 0.9 m plus a quarter of a cylinder, which hasa radius of 0.9m and a length of 0.3 m. 

V=V+y 

(0.9 m)*(0.3 m) = (0.3 m)(0.6 m)(0.9 m) + 7 
= 0.3529 mi 

The vertical component of the force equals the weight of this volume of water, 

Ry = pgV 

= (1000 ‘Iles 3 |(oasao m) 
mY s 

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

R= JRi+R? = (Gar NPs Gael SY 
= 4790 N (4800 N) 

The direction of the resultant force from the horizontal s 

  

@ tas R, _ 3461 N = arc OR = arctan 3311 N 

= 46.27° (46°) 

The answer is (C). 

oe oe as  



  
  

    

Fluid Measurement and 
Similitude 

PRACTICE PROBLEMS nda Rassnairl tssensel cassis 3. The velocity of the water in the stream shown is 

1.2 m/s. 

4. 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? 

    

  

atmospheric 

‘A) 10.4kPa 

B) 11.7kPa 

C) 12.2kPa 

D) 13.5kPa 

a 
i 
= 
I 
= 
oy 
Cy 
= 
ac} 
= 
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( 

( 

( 

( Most nearly, what is the height of water in the pitot 

2. A sharp-edged orifice with a 50 mm diameter opening tube? 

in the vertical side of a large tank discharges under a 
head of 5 m. The coefficient of contraction is 0.62, and (A) 3.7cm 
the coefficient of velocity is 0.98. (B) 46cm 

(C) 7.3m 
(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. 

  

  

  Most nearly, what is the rate of discharge?   

  

(A) 0.00031 m?/s 4 ; 
Neglecting friction, what is most nearly the flow 

(B) 0.0040 m/s through the meter? 

(C) 0.010 m3/s (A) 0.10 m/s 

(D) 0.012 m%/s (B) 0.17 m'/s 

(C) 0.23 m'/s 

(D) 0.28 m°/s 

PPl e@ ppi2pass.com
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5. A 1:1 model of a torpedo is tested in a wind tunne 
according to the Reynolds number similarity. ; t 7s 
testing temperature, the kinematic viscosity of alr f 
1.41 x 10-> m?/s, and the kinematic viscosity ee 
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) 0.62 m/s 

(B) 7.0 m/s 

(C) 18m/s 

(D) 75 m/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) 4.75 m/s 
(B) 4.80 m/s 
(C) 4.85 m/s 
(D) 4.95 m/s 

7. Water flows from one reservoir to another through a 
perfectly insulated pipe. Between the two reservoirs, 
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) 0.23°C 

(B) 0.52°C 

(C) 0.70°C 

(D) 10°C 

   SOLUTIONS 
4. Solve the equation for velocity in a pitot tube for the 
static pressure. 

  

nan 
2 

926 #8 (2 a 
mm s 

= 14.1 kPa— Pa 

2)}1000 —* 
( [ a] 

= 12.2 kPa 

The answer is (C). 

2. The cross-sectional area of flow is 

nD? (50 mm)? Ay=—= 
4 2 

(4) (1000 =) 
m 

= 0.00196 m? 

The coefficient of discharge is 

C = CC, = (0.62)(0.98) 
= 0.6076 

The discharge rate for an orifice discharging in atmo 
sphere is 

Q = CA,.[2gh 

= (0.6076) (0.00196 m2) (alas | m) 

  

= 0.012 m'/s 

The answer is (D). 

 



  

FLUID 

   
    

   

   
    

  

The difference in height between the pitot tube and 
free-water surface is a measure of the difference in 

tic and stagnation pressures. Solve for the height of 
he water. 

(|e. “n= (2 }ox v= 

2gh 

2 
i (12 =) 

h= - = 8 

2 (ofa. 3] 
s 

= 0.073 m (7.3 cm) 

je answer is (C). 

. The areas of the pipes are 

-D? 

sabe 5 = 0.159 m? 
(4)(100 = 

m 

2 1 2 

= a2 See) 5 = 0.0177 m? 
4 cm (4)(100 - 

e equation for flow through a venturi meter can be 
itten in terms of a manometer fluid reading. For hori- 
tal flow, 2 = x. 

e the (2 +2y- Pi + 

hay a) 

C,Ag 29(Pm — p)h 

A,¥ B. 

A 

9-3 MEASUREMENT AND SIMILITUDE 

Because friction is to be neglected, C,= 1. (For venturi 

meters, C; is usually very close to one because the diam- 

eter changes are gradual and there is little friction loss. ) 

  

(1)(0.0177 m?) 
2 

_ (0.0177 m? 
0.159 m? 

a 
AS 
= 
I 
= 
oO 
a 
= 

as) 
2 
ir 

    

=| 900 KE fost 3 [1000 =] 

x (13.6 — 1)(37.5 cm) 

i (1000 | (100 =) 
m m 

= 0.171 m’/s (0.17 m°/s) 

    
The answer is (B). 

5. From the Reynolds number similarity, 

          

[# ma al = (ve 
% » lv), Le p LB In 

= [Re], 
= [Re], 

The scale is 1:1, so the lengths of the protot id 
model are the same (In = |). : Laer 

The similarity equation reduces to 

(),-F] HY), B), 

PAG. vi, ee 

  

a mm 
i [z]-¢ ) 1.41 x 10 ee 

Yn = Vp] | = 

1.31 x 10-6 — 
s 

= 75.3 m/s (75 m/s) 

The answer is (D). 
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9-4 a 

6. The hydraulic head at the hole is the height from the 

top of the tank to the center of the hole. 

h =2m-—0.75 m= 1.25 m 

For an orifice discharging freely into the atmosphere, 

Q= CAgaf2gh 

[As orifice losses are neglected, C = 1. Dividing both 
sides by Ao gives 

v= CJ2gh = 1,] (2) H.|(1.25 m) 
s 

= 4.95 m/s 

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. 

ul 
= 
a 
= 
o 
9 
a 

Fe 
2. 
° 
a 

  

AE = hyg = (100 most =) 
8 

= 981 m?/s? (981 J/kg) 

The temperature increase is 

  

pO x 
ar=ft= B_ _ 0.9347K (0.23°C) 

op 4180 ——— 
o kg-K 

nit difference between Celsius and Kel- 

hough both scales have different start- 

hen temperature difference is being 

he same in Kelvins and Celsius. 

Note that the w 

vin is the same t 

ing points. Thus w! 

measured, the value is t! 

The answer is (A). 
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Hydrology 

    

PRACTICE 

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 ft8/sec 

(B) 10 ft*/sec 

(©) 13ft3/sec 
(D) 16 ft°/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 

21 ft3/sec 

30 ft3/sec 

62 ft?/sec 

( 

( 

( 

( 90 ft3/sec 

O
r
 
e
e
e
 

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) 5.4in 

) 6.0in 

) 6.7in 

(B 

(Cc 

(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 

ra
in
fa
ll
 
in
te
ns
it
y 

(i
n/
hr
) 

20 40 60 80 100 

duration (min) 

The peak runoff for the 20 yr storm is most nearly 

(A) 50 ft3/see 
(B) 110 ft3/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 

PPle ppi2pass.com 
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SOLUTIONS 
1. The ‘ 

. Tunoff coefficients are given for each area. Com- bine the : the coefficients, weightit Dyan eae 
Contributing areas. ighting them by their respective 

C — (2 ac)(0.35) + (4 ac)(0.65) 
2ac+4ac 

= 0.55 

Find the Peak flow from the rational formula. 

= = in Q=CIA (0.55)(3.9 7 \o ac) 

= 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 ft)(600 ft) 

The peak runoff is 

Q = CIA = (0.35)(45 #)(13.09 ac) 
= 20.61 ft?/sec (21 ft/sec) 

The answer is (A). 

. Find the weighted curve number for the watershed. 

Fora tls hitle. the watershed contains 10 ac of land 

with a curve number of 72 and 5 ac of land with a curve 

number of 30. 

7 10 ac +5 ac 
58 

Find the storage capacity of the watershed. 

— 1000 _ 9 — 1000 _ 19 ~ 7.041 in 
= "Cn 58 

   
Find the runoff from 11 in of precipita; ion 

(P 
P+0. 

= 5.433 in (5.4 in) aT) 

        

The answer is (A). 

4. The weighted average runoff h ‘oefficien shed is Mt for the wae 
¢ = (0:18)(45 ac) + (0.75)(3 ac) + (0.20 

(22 
70 ac ~ 

= 0.179 

From the graph, at t = 30 min, J = 9 in/dr. Use y rational formula to calculate the peak rome” ete ‘unoff, 

Q=CIA 

= (0170,(0) ( 79)(9 =) (70 26) 

= 112.5 ft*/see (110 ft*/sec) 

The answer is (B). 

5. Convert the runoff to cubic feet per second. 

320 SL 
Q= ——_2___ = 0.7130 f'/see 

[ras =) (so =) 
ft? min 

of 
Use the rational formula to determine the ™ 

coefficient. 

Q=CIA 

130 oo 9 ee 
“TA” (06 2) 240) 

hr 
= 0.4951 (0.50) 

The answer is (B).   
  

     

   



  

    

    

Hydraulics 

PRACTICE PROBLEMS 

4. 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) 6.7 m/s 

7.5 m/s 

15 m/s 

) 19 m/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? 

(B) 

(C) 

(D 

(A) 11x 10-4 

(B) 6.7 x 10-4 

(C) 11x 10-3 

(D) 6.7 x 10-3 

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. 

D, = 75mm 
() P2 = Patm 

  

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

(A) 10.2kPa 

B) 10.8kPa 

(C) 11.3kPa 

(D) 12.7 kPa 

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

10m 

Porgy conn Pe 

5m 1 

(A) 1.0m 
(B) 1.8m 
(C) 2.0m 
(D) 28m 

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) 0.95 m/s 

(B) 1.2 m/s 

(C) 2.1 m/s 

(D) 3.5 m/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) 5.3 m/s 
(B) 5.5 m°/s 
(C) 6.6 m/s 
(D) 8.9 m/s 
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7. A hydraulic jum . 
bs occurs i 

the upstream Er 'P Occurs in an open channel where 

depth is 0.65 Toude number is 3.96 and the upstream 
m. Most y what i : hydra: lic jump? nearly, what is the height of the 

(A) 09m 

(B) 2.7m 

(C) 30m 

(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) 014m 

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

10. A fire hydrant flow test is conducted. The ratio of 

the target pressure drop to the observed 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 

nt is discharging to the atmosphere at a 

idb Sas ae from a 2.5 in, smooth, well-rounded 

ralet. Most nearly, what is the pitot pressure of the 

discharge? 

(A) 7.0 psi 

(B) 36 psi 

(C) 45 psi 

(D) 7A psi 

  

12. A fire hydrant discharging to the 
3 in diameter square, projecting outlen ooh Te hay hydrant has a 3 in diameter smooth, way "%ther 
let. The pitot pressure at both hydrant 4 outed = 
nearly, what is the difference in the disch, Magy 
the two hydrants? AIRE rates op 

(A) 210 gpm 

(B) 320gpm 

(C) 420 gpm 

(D) 640 gpm 

13. A fire hydrant being rated for capacity has a square 
sharp outlet with a 2.5 in diameter. The pitot presun 
of the discharge is 53 psi, and the residual pressure dy. 
ing discharge is 36 psi. The static pressure of the system, 
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 is 
rated for capacity twice. At the time of the first test, the 
pitot pressure reading is 83 psi. At the time of the st 

ond test, the pitot pressure reading is 63 psi. The resid- 

ual pressure during discharge is 50 psi during Doth tests. 

The static pressure of the system is 106 psi. Most neatly, 
how much lower is the discharge of the fire hydrant ft! 
the second test? 

  
(A) 20 gpm 

(B) 85 gpm 

(C) 110 gpm 

(D) 120 gpm 
3d to SUP 

15. A fire suppression sprinkler system 1S 1 Ne mast 
ply 1209 gpm at 20 psi. Most nearly, what = "be 
mum number of standard sprinklers ¢ 
connected to the supply line? 

(A) 33 

(B) 36 

(C) 48 

(D) 50 

    

  

 



  

    

46, A fire sprinkler system can discharge water at a 
rate of 71 gpm at each head. The sprinkler orifices are 
extra large. Most nearly, what is the design pressure at 
which the sprinkler system should operate? 

(A) 

(B) 

(C) 

(D) 

40 psi 

80 psi 

120 psi 

160 psi 

HypRAutics 11-3 

SOLUTIONS 

1. The Froude numbers must be equal. 

Fraam = FTimodet 
Miam_ __ __Vimodel 

fh dam - AV 9Vi.model 

a Yrdom (5 =) 15 
‘4am = Vmodel Yinka. FAt es 1 

= 19.36 m/s (19 m/s) 

The answer is (D). 

2. The volumetric flow rate is 

ok 
Q= RAE = 0.01 m’/s 

1000 = 
m 

The velocity needed is 

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

v=(K/n)Ri*s'? 
2 

  

    

vn 

5 eRe 
m 2 

(0.02 (0.15) 

~ | (1.0)(0.15 m2 

= 0.0001129 (1.1 x 107‘) 

The answer is (A). 

3. From the continuity equation for incompressible flow, 

  

A\v, = Age 

_ Am _ (Pi . vy = Ay (Dy vy 

2 - (= mm (2 =) 

75 mm s 

= 4.8 m/s 
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11-4 FE civ 

7 : 
5. Use the continuity equation for an j, 

Use the Bernoulli equation. 
fluid and solve for the velocity at point 2 Reompresy 

2 2 
By Bag = Phe baw 

Ayy; = Ave 

p Pp 2 
nD? aD2 

24 = 22 — =| + 

Pgoge = P1— P2 e 
2 

Poe = 508 -¥) 
a(t = (mY fos 2 

ie 2=|D,) 1” (50 mm 32) 

1000 — 
all 

5 2 2 = 1.2 m/s 

=| [(s8 =) 7 (12 »)] 
2 s s 

The answer is (B). 

= 10800 Pa (10.8 kPa) 6. The area of the channel is 

The answer is (B). 
A= (3 m)(1.25 m) = 3.75 m 

4. The hydraulic radius is found by dividing the cross- The flow depth to the centroid is half the total depth 

sectional area of the channel by the wetted perimeter. because the cross section is rectangular. 

Because the sides have a 1:1 slope, the cross section of 

the channel is a 90°-45°-45° triangle with the vertex h, = (0.5)(1.25 m) = 0.625 m 

down. The width of the channel surface (the base of the 

he area of the triangular From the equation for momentum for steady flow rate, 
= 
Sz 
eee inverted triangle) is 10 m, and t 

ary cross section is 
+s oF 1 

2 

ee bh _ (10 m)(5m) _ 95 ye m= 24 Ah, 

eo 
gA A=> 

2 2 
= Jf gA(M— Ah, 

of each side of the channel is equal to Q 9A e) 

‘a 90°-45°-45° triangle with sides of 
2 3 2 

d perimeter is the sum of these two = {9-81 a (3.75 m?)(4.5 m? — (3.75 m ) (0.625 n) 
   The wetted length 

the hypotenuse of 

5 m, and the wette 

  

wetted lengths. = 8.9 m'/s 

hypotenuse = V a+ oF = \(5 m) + (5 my The answer is (D) 

= 7.071 m ‘ 
hy, is the dow 

(2)(7.071 m) = 14.14 m 7. The height of the hydraulic jump, 

stream depth minus the upstream dept 

the hydraulic jump equation, 

The hydraulic radius is 

= Bat {t+ 8Fr?) 

wetted perimeter = 
th, ye— vi 

    Ry = cross-sectional area _ 25 m? 

‘H ~ “wetted perimeter 14.14 m hy=%-%h 

=1.768m (1.8m) 
66 ch 

, 

aa (-14 [r+ O99") 9%? 

=2.7m 
The answer Is (B). 

The answer is (B). 

  
  

 



  

    

    

     

  

   

    

     

   
   
   
   

   

  

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

i B(-1+ 1+ 8FF) 

(SSE }14 1+ (8)(2.26) ) 
= 137m 

ind the Froude number after the upstream velocity is 
increased. 

v 

on 
(1.10)(5.0 2) 

[fos Joo.s0 m) 

= 2.48 

Fr=   

fter the upstream velocity is increased, the down- 
stream flow depth becomes 

m= aa + 1+ 8Fr?) 

ut (8 ya + J1+(8)(2.48)) 

= 152m 

  

‘he increase in the hydraulic jump is 

1.52 m— 1.37 m= 0.15 m 

‘he answer is (B). 

. The observed residual pressure drop parameter is 

Ap = Ps — 20 psi 

= 90 dbf —20 bt 
In in 

= 70 Ibf/in? 

he target residual pressure drop parameter is 

11-5 HYDRAULICS 

Rearrange the equation for the hydrant’s rated capacity 

flow, and solve for the observed discharge. 

Qr = Qr x (Hp / He) 
HV" 

Or= onl | 

Ibe 0.54 
er 

is (1238 = =F 
min J] 7q WE 

in’ 

= 972.9 gpm (970 gpm) 

The answer is (C). 

10. The rated capacity flow of the fire hydrant is 

Qr = Qp x (Hp/ Hp)? 

= [789 Fla.en 
min 

= 1040.7 gpm (1000 gpm) 

The answer is (B). 

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 

Pele 
29.8D7C, 

1195 88 
min 

(29.8)(2.5 in)?(0.90) 

  

45 psi 

The answer is (C). 

12. From the equation for fire hydrants discharging to 

  

Hp = P;— Ph the atmosphere, the discharge rate for the hydrant with = Ibe iz lbf the square, projecting outlet is 

in? in? Q = 29.8D2C,P1/2 = 45 Ibf/in? : ; = it)? = (29.8)(3 in) (07002 ) 
in? 

= 1478.3 gpm 

PPI _e ppl2pass.com     
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  11-6 FE Civit PRACTICE 

The dischar, a 
ge rate fc Y , well-rounded outlet a the hydrant with the smooth, 

Q = 29.8D°G,P'/2 

= (29.8)(3 in(a.0)(o0 - 

  

= 1900.6 gpm 

The difference between the discharge rates is 

1 1 1900.6 S68 _ 14 Bale nin ~ 1478-3 S— = 422.4 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. 

Qp = 29.8D°G,P1/? 
1/2 

= (29.8)(2.5 iny(0.0)(58 *) 
in’ 

= 1084.7 gpm 

Find the observed and target residual pressure drop 
parameters. 

Hp = Ps— 20 psi 
Ibf Ibf =93 5-20 > 
in? in? 

= 73 psi 

Hp = Ps— Pp 
Ibf lbf 

=93 5-36 
in? in? 

= 57 psi 

The rated capacity flow is 

On = Or % (He/ He) 
0.54 

al 
= (1084.7 =) Be min || 5, 1b 

in? 

= 1239.8 gpm (1240 gpm) 

The answer Is (A). 

  

14, Use the equation for fire h 
the atmosphere to find the aisees dlischarg test. For a square, shar, Be during (eee 2 , P Outlet, the hyq v8 the coefficient is 0.80. Ydrauli 

Q = 29.8D°G,P1/2 

= (29.8)(2 in} 0.80 3 ae a 
= 868.8 gpm = 

Find the discharge during the second test, 

Q = 29.8D°C,P}/? 
1 

= (29.8)(2 injaa0os 3] 
in? 

= 756.9 gpm 

The difference between the two cases is 

al cal 
868.8 £ _ 756.9 2 = 111.9 gpm (110 go} min min 

The answer is (C). 

15. A standard sprinkler has an orifice of fin diame 
From a table of K-factor values, the K factor for an 
fice this size is 5.6 gpm/(psi!/). The capacity of sig! 
orifice at a pressure of 20 psi is 

    

  

Q= KP? 

gal 
ia: Tbf. 

ae 0 
a i (Par 

in’ 
= 25 gpm 

mn canst?   i ystel 
‘The maximum number of sprinklers the 59 
port is 

9 gal 

min __ _ 48.4 sprinklers 
gal 

min 
sprinkler 

120 (48 sprinkles) 

25 

The answer is (C). 
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46. Rearrange the equation for fire sprinkler discharge 

to solve for the design pressure. The K factor for extra- 

large sprinkler orifices is 11.2 gpm/(psi!/?), 

Q= KP? 
ay 

P=|=+ le 
2 

7 Sal 
min 

  

11.2 
Ibf 

  

40 psi 

The answer is (A). 
6 
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Groundwater 

  

CE PROBLEMS me 

  

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) 3.5 x 10° ft/sec 

(B) 4.6 x 10° ft/sec 

(C) 7.1.x 10° ft/sec 

(D) 9.1.x 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 pipe’s 

diameter is 2 in. The 10 in head differential will be 

maintained. 

“ema 

  

The volume of flow is most nearly 

(A) 25x 106 in?/sec 

(B) 49x 106 in?/sec 

() 79x 108 in3/sec 

(0) 3.0x10% in?/sec 

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 11 ft 

The hydraulic conductivity of the aquifer is most nearly 

(A) 1.2 x 107% ft/sec 

(B) 2.1 x 10-8 ft/sec 

(C) 5.0 x 10-* ft/sec 
(D) 8.7 x 10°° ft/sec 
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SOLUTIONS 

4. The cross-sectional area of the column is 

  

The change in hydraulic head over the length of the soil 

sample is 

dh 0.5 ft— 
— 0.5 = 5 ft _ 995 f/f 

a 2 ft 

Use Darcy’s law. 

dh 
= —KA|— o=-#a(z) 

Q 
K=-—> 

A ah 

de 
a3 in’ 

__ 100 | 

2 ft 
(0.785 ft?)|-2.25 = 

ft 
aes ; 

x (2 ®) (3600 4) 
ft hr 

= 9.097 x 107° ft/sec (9.1 x 10-6 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 

xD? _ x(2 in)’ 2 
—— 

= 3.142 i Aaa ae = 8.142 in 
  

in hydraulic head in the direction of flow 

h of the soil sample is The change i 

over the lengt! 

0.5 in/in 

  

Use Darcy's law. 

dh 
= —KA|—_ 

o=-na(Z] 
a 10°° 2) (3.142 ind (~ i 
(5 o* <= J@ 42 in’) 052) 

= 7.854 x 10~8 in/sec (7.9 x 10° in'/sex) 

The answer is (C). 

4, From the formula for transmissivity, the permeability 

  

T=KD 
2 

* 650 
K=—= we 

D 52ft 
= 12.5 ft/day (13 ft/day) 

The answer is (C). 

5, The radius of the well is 

  

The thickness of the saturated aquifier at the well is 

hy = D— Dyg = 185 ft — 11 ft = 1248 

Use Dupuit’s equation to find the hydraulic conducti\* 

ity of the aquifer. 

  

1, 200 ft 

gal 0.75 ft 

~ (G5 fey? = (124 ft") 

= 2.118 x 1078 ft/sec (21% 10 
-3 ft/see) 

The answer is (B). 

  
  

    
 



  

  

RACTICE PROBLEMS      

. What is most nearly the equivalent weight of alumi- 
um sulfate, Alo(SO4)3? 

(A) 57g/mol 

(B) 110 g/mol 

(C) 170 g/mol 

(D) 340 g/mol 

    

   

2. A water sample contains 57 mg/L of phosphate, 
‘O;~~, measured as substance. What is most nearly 
he concentration as CaCO? 

(A) 32 mg/L as CaCO; 

(B) 36 mg/L as CaCO; 

(C) 60 mg/L as CaCO; 

(D) 90 mg/L as CaCO; 

3. The alkalinity of water was determined to be 
200 mg/L as CaCOs. If a nitric acid (HNO3; molecular 
weight of 63 g/mol) solution with an acidity of 35 mg/L 
as CaCO; 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) 4000 L 

(D) 5000 L 

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

alkalinity 151.5 mg/L 
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 

Water Quality 

The water’s hardness is most nearly 

A) 150 mg/L 

B) 170mg/L 

C) 290 mg/L 

D) 300 mg/L 

5. Water has a carbonate hardness of 92 mg/L as 
CaCOs. 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 CaCO3? 

( 

( 

( 

( 

(A) 35 mg/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- tus 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 rooted 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 evaporates during the year, so no change in pond volume 
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oR) 
4 
i 

o ES 
RS 
=) 
4 
ir) 

rT] 

 



  

m 
e! 
, 

=] 
2 
S Ey 

a 

m 
3 
=) 
I 
3 
3 
o 
A 
3, 

  

13-2   FE Civil PRACTICE 

crete: Which of the following actions would best reduce 
‘e phosphorus accumulation in the pond? 

(A) 

(B) 

(C) 

(D) 

adding chemicals to precipitate phosphorus in 
the pond 

adding chemicals to combine with phosphorus 
in the pond 

reducing use of phosphorus-based fertilizers in 
the surrounding fields 

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) 

(B) 

(C) 

(D) 

weakly acidic ions 

nitrites and nitrates 

polyvalent metallic cations 

colloidal solids 

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

L 

Il. 

Il. 

Iv. 

(A) 

(B) 

(C) 

(D) 

algae 

fungi 

macrophytes 

phytoplankton 

Iand II only 

I, I, and III only 

I, III, and IVonly 

II, II], and IV only 

410. Which of the following are sources of color in 

water? 

L 

I. 

I. 

Iv. 

(A) 

(B) 

(C) 

(D) 

Gpase.com 
ppre pplZpass 

copper ions 

iron ions 

manganese ions 

industrial colloidal solids 

IV only 

I and II only 

1, Il, and IV only 

I, I, II, and IV 

11. Which of the following processes ee is 
the amount of acid in water? Used to Meg 

(A) titration 

(B) filtration 

(C) spectrophotometry 

(D) digestion 

12. Acidity in water is typically specified j 
which of the following? 

(A) HCO; 
(B) Ht 
(C) OH- 
(D) CaCO, 

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

in terms of 

(A) 15 

(B) 50 

(C) 100 
(D) 250 

14, The molar nitrogen-to-phosphorus (N:P) ratio fir 

ideal algae growth is which of the following? 

(A) 10:1 

(B) 12:1 

(C) 16:1 
(D) 18:1 

. lowing 
45, In water, excess amounts of which of te ey 
can contribute to methemoglobinemia, oT 

syndrome? 

(A) phosphorus 

(B) manganese 

(C) carbonates 

(D) nitrates 

  

  

 



    

SOLUTIONS... 

  

4, For aluminum sulfate, Al,(SO,)3, the molecular 

weight is 

MWa1is00, = 2(MWa,) + 3(MWg) + 12(MWo) 

= (2) (26.981 =) + (3) (:2.066 =) 
mol mol 

+(12)(15.999 =) 
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 

Ey MWai,609, 
41,60.) ~ oxidation number 

342.148 S 
_ mol 

6 
= 57.025 g/mol (57 g/mol) 

The answer is (A). 

2. The molecular weight of phosphate, PO; is 

MWpo;-- = MWp + 4(MWo) 

= 30.974 2+ (4) (15.999 =) 
mol mol 

= 94.97 g/mol 

The ion is triply charged, so the equivalent weight is 

MWpo;-- pS Dore he 
oxidation number 

94.97 
mol 

3 
= 31.657 g/mol 

EWpo;-- a 

a aaa 

13-3 WATER QUALITY 

The concentration as CaCO; is 

EWeaco, 

EWpo;-- 

g& 50.1 - (sr ™) ot nol 
g L /\ 31.657 —— 

mol 

Gscaco, = Crssubstance 

  

= 90.21 mg/L (90 mg/L as CaCO;) 

The answer is (D). 

3. Since the alkalinity and the acidity concentrations 

were both given as CaCO; equivalents, the volumes can 

be determined without converting the concentrations. 

Balance the total masses of alkalinity and acidity. 

Amnatinity = Amaciaity 

Vevaterd Cwatersas Cnc0, = Vacia® Cacid,as CaCO, 

Vecater Cwater,as CaCO 
  V4 = 

‘acid 
A Cycid,asCac0s 

(700 1) (200 a -0 =) 

—, me, me 5 ‘ 
Biggie l | 

= 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. 

hardness = oat = es 

0.1 L me o7 @S L Sia 43. 5 28 

(170 mg/L) 

=1275 =8 

= 171.107 mg/L 

The answer is (B). 
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5S. The lime is being added to the water, so the volume or solution is the same as the volume of treated water. etermine the CaCO dose. 

VictecdN = water Crratersas CaCO, = ViimeD time.as CaCO, 
Vecater Cyater.as CaCOy 

Viime 

a 1)(92 BE _ 39 aE) 
L L 

  DiisweasCaco, = 

1L 
= 62 mg/L 

Determine the CaCO; equivalent of CaO. The molecular weight of CaO is 

MW ime = MWo, + MWo 

= 40.078 & + 15.999 & 
mol mol 

= 56.077 g/mol 

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

g 56.077 6. 
EW, = MWiime = mol 

time “oxidation number 2 
= 28.039 g/mol 

The concentration as substance is 

Dyime,as substance = Dirmo,as CaCO, 

  

EWiime 
EWe.co, 

28.039 &. 
7 (2 =e) at 

L 50.1 
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). 

osphorus accumulation in the pond, 

fea Pea prea bioavailable phosphorus must 

ee Sate ed. This entails watershed management to 

Pete ‘th ‘amount of phosphorus applied as fertilizer 

rere oa through other sources. As eutrophication is 

one ee stocess accelerated by the availability of plant 

0 ant nitrogen and phosphorus especially), reduc- 

Ia phosphorus can slow the process. 

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

FANS to alte, 
i States, this ae tray 

's potentially ha is 
4 

It is unlikely that the pond receives Untreated ed di from local homes. Use of phosphate; 
the home will not affect the pond. re dtp? 

The answer is (C). 

8. Hardness in natural water is cay: sed by 
of polyvalent metallic cations. ¥ the breay 
The answer is (C). 

9. In aquatic systems, phosphorus rec 
cantly aided by algae, macrophytes, and 

The answer is (C). 

ycling is gi 

Phytoplankton 

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

The answer is (D). 

14. Titration is used to measure the amount of acidin 
water. 

The answer is (A). 

12. The measurement of acidity in water is typically 
given in terms of the CaCO equivalent that would ne 
tralize the acid. 

The answer is (D). 

13. Every public water supply serving 15 or ate a 
ice connections must meet the National Primary 
ing Water Regulations. 

The answer is (A). 

th is 16:1 14. The molar N:P ratio for ideal algae growths) 
The answer is (C). 

te 
5 contribu 

15. Excess amounts of nitrate in water ca 
to methemoglobinemia. 

The answer is (D). 

  

  

  

 



  

  

  

Water Supply Treatment 
and Distribution 

pRACTICE PROBLEMS 

4, 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 

(©) 6L/s 

(D) 10L/s 

3. At 15°C, the Henry’s law constant for ammonia is 9.62 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 10-5 atm 
(B) 44x10 atm 

(C) 38x 10-5 atm 

(D) 5.0 10-3 atm 

4 The equilibrium equation for the dissolution of sulfur dioxide in water is 

$02(9) + 24,0(1) = HS05 (aq) + H40* (ag) 
The equilibrium constant for this equation is 

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

The variable po, 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 x 10-® mol/L 

(B) 4.6 x 10- mol/L 

(C) 5.3 x 10-5 mol/L 

(D) 2.1 x 10-3 mol/L 

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

I. acquired immunodeficiency syndrome (AIDS) 

Il. Rocky Mountain spotted fever 

Ill. botulism 

IV. tuberculosis 

V. Legionnaires’ disease 

VI. hepatitis A 

(A) ITIL, and VI 

(B) IV, and VI 

(C) 

(D) Vand VI 

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

Vonly 

I. lime 

II. soda ash 

III. ozone 

IV. activated carbon 

(A) Iand II 

(B) Tand II 

(C) Mand II 

(D) WlandIv 
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7. Wa 

    
   

ter is recarbonated after it has been softened to 10. Which of the following are general 
L treatment relative to the adsorption of <7 fon, 

- Temove unwanted odors by activated carbon? = Contanie’ 
I. lower i ees a PH, I. The adsorption is a chemical react III. improve its taste cally irreversible. 00 and ty, 

IV. reduce its scale-formi Cf II. The adsorption is a physical : 
ormning potential Waals forces) and generally reverse ("de 

(A) Tand III. Water soluble, inorganic contaminants y (B) Wandin molecular weights are best adsorbed ae 
vated carbon. y (C) TandIv What . en 

é e contaminant sticks to the surf t (D) Mandiv activated carbon particles. mace oft 
8. In addition to lime-soda treatment, what method can . Iand IV be used to reduce the hardness of water? (4) a 

(B) IandIV A ne Pa eT 5 (A) _ neutralizing alkalinity with hydrochloric acid (C) 1,U,and 0 

(B) replacing calcium ions with sodium ions (D) 1,0, U1, andIv 
dsorbi , : ; laxieniis 

(©) adsorbing sodium and iron with granular acti 441 6° ater having a contaminant concentrated 
1 mg/L is to be treated with activated carbon, A rai 

(D) flocculating the water with magnesium sulfate ual or equilibrium contaminant concentration ¢ 
(MgSO,) 0.1 mg/L is desired. The activated carbon can ads 

; 5% of its weight at the desired equilibrium concentr: 
9. Noncarbonate hardness can be removed by which of tion. Most nearly, what mass of activated carbon i 
the following? required? 

a I. heating (A) 0.9 mg 

z2 II. distillation (B) 18mg 
ej IIL precipitation softening processes (c) 20mg 
3 IV. ion exchange processes (D) 29mg 

ES ialysi Cl solution is cat = d I 12. The electrodialysis of a 0.1 N NaCl solutio fe 
ta), n out in 100 cells. The flow rate of the solution is Brisk 
(B) Land III removal efficiency is 60%, and the electrical oe 
(C) Wand IV 98%. The current required for operation is most 1°"" 

(D) IlandIV (A) 60A 

(B) 200A 

(C) 500A 

(D) 1000A 
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goLuTIONS 

The primary treatment of wastewater is the removal 

‘ solids ‘and particles. 

tne answer Is (D). 

2, The volumetric flow rate is 

  

  

3 

po [i000 Jo. sunL 
s m* mol 

atm-L 25° 2 Sak I 5°C + 273°) 

(4 L/s) 

  [08206 

= 4.09 L/s 

The answer Is (B). 

3, The concentration of ammonia is 8.1 x 10° moles 
per liter of solution. The solution is essentially 100% 
water. The molecular weight of water (H20) is 

MWy,0 = 2(MWy) + MWo 

= (2) (1.0079 =) + 15.999 
mol mol 

= 18.0148 g/mol 

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

m pV ny = = 
v“MWio  MWu,o 

    

(1000 s\a 1){1000 ral 

ia 
af. m 

(1.0148 £- {1000 4] 
mol m 

= 55.51 mol 
The mole fraction of ammonia in the solution is 

-3 
2 8.1 x 107° mol = 1.459 x 1074 

ny 55.51 mol 

7 = “ammonia 
  

Use Henry’s law. 

P= ha, 
= (0.62 atm)(1.459 x 10~*) 
= 9.047 x 10° atm (9.0 x 10-° atm) 

The answer is (A). 

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

Yso, = 0.1 x 10°° 

Use Henry’s law. The partial pressure of SO: is 

Pso, = Prtal¥so, 

= (1 atm)(0.1 x 107°) 

= 1.0x 1077 atm 

When SO; dissociates, an equal number of HSO; and 
H+ ions are created, so 

[HSO5][H,0*] = [H,0*? 

Solve the equilibrium constant equation for the [H,;0~] 
concentration. 

[H30*} = .[Ps0,Keq 

    
= |(1.0x 1077 atm)}2.1 x 107 

atm 

= 4.6 x 107° 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). 
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6. Lime an ma, me and soda ash are used to remove calcium and ‘Snesium from hard water. 
The answer is (A). 

7. i a Water is Tecarbonated after it has been softened to wer its pH and reduce its scale-forming potential. 
The answer is (C). 

8. Various ion exchange methods are used to replace aa tivalent lons 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- ing. It can be removed by precipitation softening proc- esses (typically, the lime-soda ash process) or by ion 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). 

11. Since 1 L of water is to be treated, and since the 
concentrations are given per liter, work on a per-liter 
basis. The mass of contaminant removed is 

Zremoved = V(Cin- Gout) 

mg me =(1 1)(1 TOS ) 

= 0.9 mg 

Solve the equation for mass ratio of the solid phase for 

the mass of adsorbent. 

08 Tremoved _ 0-9 ME _ 1g ng 
‘Modsorbent ~~ ¥ 0.05 

  

oa
 

Jo
o 

The answer is (B). 

12. The required current is 

T= (FQN/n) x E,/E, 

(oo4ss —S__\iu 
s-equivalent 8 

x(on S-equivalent ] 

= | ——————_____/ 
100 

= 59.07 A (60 A) 

The answer is (A). 
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PRACTICE PROBL 

  

4. 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) 11 kg/d-m? 

(B) 2.2 kg/d-m? 

(C) 3.9kg/d-m? 

(D) 4.2kg/d-m? 

A 

B 

2, What can treated wastewater be used for? 

I. irrigation 

Il. fire fighting 

Ill. road maintenance 

IV. bathing 

(A) Tand Ir 

(B) Mand II 

(C) 1,1, and I 

(D) 1,0, 1, andIVv 

3. How is most wastewater phosphorus removed? 

Primary sedimentation 

flocculation and sedimentation 
biological processes 

adsorption in granular activated carbon towers 
4. What is 
ast tabi » the primary factor that determines whether 

Abilization Pond will be aerobic or anaerobic? 

detention time 

(B) depth 

Surface (plan) area 

temperature 

  

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 

IL. electrodialysis 

IIL. rotating contactors 

IV. air stripping 

(A) IIonly 

(B) TandIl 

(C) Tand It 

(D) I,II, II, andIV 
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SOLUTIONS 
1. The solids loading rate is 

Solids loading QXx Qx 

rate na eAT, =D? 

= 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). 

ating contactors and biological beds are used in 

eatment of wastewater. Electrodialysis 
treatments. 

6. Rot: 
the secondary tr ; 

and air stripping are tertiary 

The answer Is (C).   
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PRACTICE PROBLEMS 

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

(A) 0.1 Ibm/day-lbm 

(B) 0.2 lbm/day-Ibm 

(C) 0.3 Ibm/day-Ibm 

(D) 0.4 Ibm/day-Ibm 
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) methane 

(C) 
(D) hydrogen sulfide 

carbon dioxide 

nitrogen oxide 

3. A 7400 ft? conventional activated sludge system has a recycle ratio of 0.26, an influent flow rate of 9100 ft3/ day, a mixed liquor volatile suspended solids (MLVSS) concentration of 490 mg/L, and an influent BOD; of 
110 mg/L. What is most nearly the F:M ratio of the system? 

‘A) 0.028 day-! 

S
S
B
 

s 
r
e
s
 8 = <
 

Tr Activated sludge is treated in a 1400 ft aeration basin. sh © biomass Concentration is 1800 mg/L. The waste ‘ hudge flows at a Tate of 140 ft3/day, and the waste sludge foeended Solids concentration is 600 mg/L. The effluent OWS at a rate of 240 ft?/day, and the effluent suspended 

  

  

Activated Sludge and 
Sludge Processing 

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

(A) 1lday 

(B) 3 days 
(C) 5 days 

(D) 8 days 

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) 2.0 x 103 mg/L 

(B) 3.0.x 10"me/L 
(C) 4.0 x 103 mg/L 

(D) 5.0 x 103 mg/L 

6. An aerobic digester has an influent average flow rate of 110 ft*/day and a suspended solids concentration of 12 mg/L in 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) 1700 £3 

(B) 2100 ft? 

(C) 2400 ft? 

(D) 2600 ft? 

7. A high-rate, two-stage anaerobic digester treats raw sludge with an input rate of 420 ft?/day. The digester sludge accumulates at a rate of 110 ft3/day. The sludge reacts after 10 hr, thickens after 7 hr, and is stored for 15 hr. What is most nearly the reactor volume of the first stage? 

(A) 140 £t° 
(B) 180 £8 
(C) 280 £t° 
(D) 460 £t° 
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16-2 FE CIVIL PRACTICE 

8. Activated slud, 
hydraulic residen 
time is 6 days. 

ge is treated in an aeration tank. The 
ce time is 5 hr, and the solids residence 
The influent BOD concentration is 5 oe ing/ly and the effivent BOD concentration is 32 ms/L. With a yield coefficient of 0.4 and a microbial death ratio of 0,1 day-!, what is most nearly the bio- mass concentration in the tank? 

(A) 1200 mg/L 

(B) 2400 mg/L 
(C) 3100 mg/L 

(A) 460 £3 

(B) 660 #3 
(C) 820 £3 

(D) 980 £3 

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

SOLUTIONS 

  

1. The food-to-microorganism Tatio is 

F:M = Qo5o/(Vol X4) 
6 gal (160 7) (: x 10 day L 

~~ (770,000 gal)(700 i) 
= 0.297 lbm/day-lbm (0.3 "bm /day-thn) 

The answer is (C). 

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

3. The food-to-microorganism ratio is 

FM = Q)59/(Vol X4) 

ft® =) FE N(149 ms [o.0 al 0 3 
=i oy? 

(7400 f°) (490 3) 
= 0.28 day“! 

The answer is (B). 

4. The solids residence time is 

V(X) 
OX, + OX, 

(1400 £4) (1800 =e) SR epee Nee Dd 
ft 2) 140 ——|( 600 =& Oey (co L 

  9 

  

ft? ( =) —— || 1900 — +20 day i 

= 4.667 days (5 days) 

The answer is (C).  



    ACTIVATED SLUDGE AND SLUDGE PROCESSING 16-3 

5, Calculate the amount of MLSS. 9. The reactor volume is 

  

  

  

sludge volume after settling (mL/L) * 1000 Yt 
svl="-—___ yansS(me/L) reactor volume = ———¢,+ Vat, 

sludge volume after settling (mL/L) * 1000 ft? ft? MSS = 1200 —— +550 —— 
day day mL mg ——_—_.§ |(10 hr) 

(200 = [100 =e) 2 
L g 

65 mL f° 
g +]550 —— |(20 hr) 

< day 
= 4.0 x 10° mg/L = i 

24 —— 
day The answer is (C). 

= 822.9 ft? (820 ft*) 
6. The volume of the aerobic digester is 

The answer is (C). 

  

  

  

Q(X, + FS) 
~ XkaPy + 1/8) 10. The recycle flow rate is 

[xs ft ((e0 =e) ats (0.5)(s10 =) Qn = QR 
day L L ft? 

= ne 1 = [1.0m Foss 
(2 3 )((o7s day) (0.3) +( } ay 

ls Sidays = 6460 ft?/day (6500 ft®/day) 
= 2643 ft® (2600 ft*) 

The answer is (D). 

The answer is (D). 

7. The reactor volume of the first stage is 

D> 
a3 
3 Py 
iS 
a c 
ui reactor volume = Vt, 

ft? 
[x —|(10 hr) 

day 

br 42 
2 day 

= 175 f° (180 ft*) 

re 
ra 
o 
i= 
< 
2 
3 
a 
ui 

    

The answer is (B). 

8. The tank concentration is 

X,= 9.Y (So - 5) 
  

1 + i) 
mg mg \foq bt (6 days)(0.4)(170 5 — 5.2 8) a 

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

The answer ig (A). 

Se a ae
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. Which of the following pollutants is NOT a criteria 
ollutant as defined by the National Ambient Air Qual- 

ity Standards (NAAQS)? 

) carbon dioxide 

B) lead 

) nitrogen dioxide 

(D) dust 

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

So 

(A) 11 mg/m? 

(B) 24mg/m? 

(C) 52mg/m3 

(D) 94mg/m* 

. The abbreviation VOC stands for 

‘A) volatile organic carbon (A) 

(B) various ocean chemicals 

(C) virtual objectionable chemicals 

(D) volatile organic compound 

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

(A) S+0,+H,0 + H,S0, 

(8) 80+0,+H,0 + H,S0, 
(©) S0,+H,0 + H,80, 

(D) so, + H,O + H,S0, 

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 um 

(B) 10 um 

(C) 504m 

(D) 250 pm 

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

(A) _ electrostatic precipitator 

(B) fabric baghouse 

(C) venturi water scrubber 

(D) air cyclone 
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SOLUTIONS oo. 
ide, lead, 

4. The criteria pollutants are carbon monox 
an 

nitrogen dioxide, coarse and fine particles, ozone, 

sulfur dioxide. 

The answer is (A). 

2. Since the carbon monoxide concentration as a mass 

per cubic meter is desired, calculate the mass of carbon 

monoxide in one cubic meter of air. The molecular 

weight of carbon monoxide is 

Mw = 12.011 2 + 15.999 & = 28.01 g/mol 
mol mol 

The volume of carbon monoxide in a cubic meter is 

9x 1076 m/m’, and using the atmospheric conditions 

(1 atm and 18°C), the mass of this volume is 

aso 

[se] MW 
3 

(1 atm)(101.3 weal x 1076 =) 
m 

  

x{1000 == [1000 = 
g kmol 

3 

8.314 = 
_—___kmot (18°C + 273°) 

28.01 
mol 

10.55 mg/m? (11 mg/m’) I 

The answer Is (A). 

3. VOC is an abbreviation for volatile organic 

compound. 

The answer is (D). 

4. Acid rain occurs when SOz or NO, gases react in the 

atmosphere with oxygen, water and other chemicals to 

form mild solutions of sulfuric or nitric acid. 

280, + O2 — 2805 

$0, + H,0 > H,S0, 

The answer Is (D). 

ete combustion is caused by a deficiency of 

combustion. Carbon burns to CO 

nadequate oxygen to produce CO . 
5. Incomplet 

oxygen during | 

because there is 

The answer Is ( C). 

6. Thoracic particles are generally less 

size and are designated PMio. than 19 tn 

The answer is (B). 

7. Cyclones rely on gravitational and centri 

to collect particles. Small particles have omar, 

rendering force-dependent collection methods 

effective. 
beg 

The answer is (D). 
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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 

(A) 0.31 

(B) 0.40 

(C) 0.61 

(D) 1.0 

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 m*. Most nearly, what is the 

specific gravity of the soil solids? 

eA Soil’s grain-size distribution curve is as shown. The 
‘ctive grain size is 0.19 mm, and Dgg is 0.49 mm. 

100 
  

80) 
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grain size (mm) 
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Soil Properties and 
Testing 

The coefficient of concavity is most nearly 

(A) 0.17 

(B) 0.44 

(C) 16 

(D) 3.0 

4. A soil has the following characteristics. 

percentage fines, F 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 

Cc 

(D o
n
a
n
 ) 

) 

) 

) 

    

    Pele pelapess.con 

Ge
ot
ec
hn
ic
al
 

En
gi

ne
er

in
g 

 



    
m 
3 
2 
EI 
o 
B = 

iro} H
A
I
L
 
el
Y)
 

  

18-2 SOE / 

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 

8. Granular soils tend to densify and consolidate if sub- 

jected to vibrations and seismic shaking. When satu- 

rated granular soils undergo seismic vibrations, they 

become subject to cyclic shear deformation, which 

causes an increase in pore water pressure. The result is 

usually a severe reduction in effective stress. This haz- 

ardous soil condition is called 

(A) consolidation 

(B) liquefaction 

(C) heave 

(D) _ boiling 

9. 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 Ibf/ft® 

(D) 160 Ibf/ft> 

10. The total m 

120 Ibf/ft?. The soil has a | 

saturated. The dry unit welg 

(A) 58 Ibf/ft> 

(B) 86 Ibf/ft? 

(Cc) 100 Ibf/ft? 

(D) 120 Ibf/ft® 

cist unit weight of a given soil is 

1 has a porosity of 0.26 and is 100% 

hit of the soil is most nearly 

  

Y, 
44. A 1L field sample contains soil yj 

weight of 30 N. The soil is dried complete a” ing | 

at 100°C. The weight of the soil after det an om y 

The maximum volume of the dry soil a is ay } 

and the minimum volume is 0.60 L. The foie istgp 

of the soil is most nearly 
tivedens | | 

  

(A) 37% 

(B) 56% 

(C) 62% ‘ 

(D) 75% 

12. An undisturbed 10 cm wide x 10 cm long x 5 

high sample of clay has a dry weight of 32 kg. The dri 

soil sample is compacted into a minimum volume, ate. |; 

tangular prism 8.5 cm wide x 9 cm long x 3.5 cm high 

What is most nearly the relative compaction of the gi) 

sample? 

(A) 33% 
‘ 

(B) 45% 

(C) 49% 

(D) 54% 

13. A soil sample has the parti 

shown. 

100 

  

jcle size distribution 

pe
rc
en
t 

pa
ss
in
g 

Ry 
w® 

8
8
é
s
S
s
a
s
 

3 

  

0 
0.1 

1 

particle diameter 
(mm) i 

seermity of 

What is most nearly the coefficient of 
uniformity 

soil? 

(A) 04 

(B) 0.8 

(C) 3 

(D) 6   
 



  

  

as a void ratio of 0.41. The unit weight of 
33 kN/m%. What is most nearly the satu- 

ht of the soil? 

i] hi 14.4 soil 
the solids is ¥ 
rated unit wels) 

A) 26 kN/m* 

) 29 KN/m? 

) 33 KN/m? 
(D) 37 kN/m? 

45, The water content of a saturated soil sample is 
96%, and the void ratio is 0.57. The unit weight of the 

solids is most nearly 

( 

B 
(Cc 

(A) 4.5 kN/m° 

(B) 9.8kN/m* 

(C) 22kN/m* 

(D) 28kN/m’ 

16. An undisturbed soil sample with a volume of 
0.30 ft? is weighed in a 0.2 Ibf 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 Ibf. 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 ft 

(B) 0.035 ft? 

(C) 0.10 ft? 

(D) 0.21 ft? 

17. A 0.10 m? saturated soil sample is weighed in a 

34 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? 

(C) 41kN/m’ 

(0) 44kN/ms 

See eee 

18-3 SOIL PROPERTIES AND TESTING 

18. The results of a sieve analysis are shown. 
100 

90 
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g7 
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8 30 
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0.01 0.1 1 10 

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 ft2/day 
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18-4   FE Civil PRACTICE 

s OLUTIONS _ “Whe The density of water is 1000 

  

kg/m’ 

  

  

  

1. Fi “ ae AOE, water in the sample is > 80 the yo) 
Find the volume of water in the sample. If the wet Mey mass is 100 kg and the dr i of water in th ‘Yy mass is 93 kg, there are 7 kg te my _ 114kg 

1000 kg/m? ‘e sample. The standard density of water is Ww p Me te = Olas 
'S/m'", so the volume of 7 kg of water is 1000 = 

m 
Vii ew 7kg a 
Wis ae = —— ke The volume of solids in the sample is 

Ww 1000 = 
m Vs = V— Vy = 0.193 m? — 3 

= 0.007 mi : is e motaat = omy 
The specific gravity of the solids is 

Solve for. the volume of solids using the equation for spe- 
Sravity. Ws 204 kg 

ms gm Vs__ 0.079 m? 
G.- 8 Ww 1000 oe 

Pw ™ te =2.58 (2.6) 

Gsew ‘i 
93 kg The answer is (B). 

(2.65) 1000 *s) 3. As read from the distribution curve, D3) =0.39 mn. 
m The coefficient of concavity is 

= 0.0351 m* . . 
C= Dy (0.39 mm) 

The volume of air in the sample is © DyyDoy (0.19 mm)(0.49 mm) 
Va = Vena Vw — V5 = 1.63 (1.6) 

= 0.0491 m? — 0.007 m* — 0.0351 m* The answer is (C). 
= 0.007 m? yl 

4. The plasticity index is PI= LL —PL=72 ea 
The volume of voids is When F is 69%, the soil is first classified as ne ae 

From the plasticity chart, for a liquid limit on wis 

Vy = Vat Vy = 0.007 m’ + 0.007 m® plasticity index of 24 (plots below the line), the 
re are classified as MH. 

2 g The answer is (C). 

2 8 The void ratio is 
oa : 5. The plasticity index is 
ey VW _ 0.014 mi fy 
a= °* Vg 0.0351 m* PI = LL—PL = 37-18= 

=0. 0.40 
0.399 ( ) The group index is 

The answer Is (B). GI = (F—35)(0.2 + 0.005(LL ' 40)) 

Me a .01(F— 18)(PI- 10 
2. If the sample is saturated, tier ino air in the sam- +0.01( A 908)(37- 40)) 

ple. The mass of water In the sample = (57 — 35)(0.2 + (0. 9-10) 

= 318 kg — 204 kg = 114 kg + (0.01)(57 - 15) my = 
= 7.85 (8) 

The answer is (D).   
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sections of streamlines and equipotential 

perpendicular and form a grid of four- 

es. These shapes can be referred to as curvi- 

sided ee The sides of the square may be curved, 
Tine cpendiculat jntersections are maintained. 

yu 

the answer is (C). 

6, The inte! 

ines must be 

A flow net uses streamlines (flow lines) and equipo- 

tial lines (isobars) to show pressure and flow path 

E ically. Equipotential lines represent levels of con- 

Ect hydraulic head, and streamlines represent paths of 

flow. 

The answer is (B). 

  

8. The occurrence of liquefaction can result in loss of 

bearing capacity and immediate settlement of founda- 
tion elements. Excessive settlement and foundation 
movement can cause severe structural damage and pos- 
sibly life-threatening destruction of buildings. 

The answer is (B). 

9. Rearrange the equation for porosity to calculate the 
void ratio of the soil sample. 

  

  e= 

l-n 

= 0:97 
~ 10.27 
= 0.37 

Calculate the saturated unit weight of the soil sample. 

— (Sst e)yw 
l+e 

Ibf 
(3.11 +oanfo24 ra 

eat 

  

1+0.37 
= 158.5 Ibf/ft? 

Thi ‘ 
effective unit weight of the soil sample is 

1 = Your — Ww 
= 158.5 IE _ go 4 IE 

ft® 3 

= 96 Ibé/ft? 
q he answer is ( A), 

SOIL PROPERTIES AND TESTING 

410. The total moist unit weight of the soil is the com- 

bined weight of the soil and the water. For a sola 

soil, the water completely fills the voids. The weig) i 

the water is the unit weight of water multiplied by 

volume of the voids. 

W Wet Wy _ We + Ww 
Yeat = vv a "h Vme Sa? Vv 

Ws wW 

viv 
= + Ywnr 

The dry unit weight of the soil is 

Yo = Yaar — YW" 
Ibf 

= 129 bE (sz. 2 (0.26 
ft® ft 

= 103.8 Ibf/ft? (100 Ibf/ft*) 

The answer is (C). 

11. Calculate the dry unit weight, maximum dry unit 
weight, and minimum dry unit weight of the sample. 
The minimum density condition corresponds to the 
maximum volume condition. 

_ 22N 
Ya-fiela = V = TL 

= 22 N/L 

nig, = Me = BN 
fmin VBL 

= 14.67 N/L 

fs adaleWG 022)N 
id-max. V 0.60 L 

= 36.67 N/L 

The relative density of the soil sample is 

D= (Ya-tieta = Ya-rnin) (Ya-max) Po ee ATS gee 
(Ya-max — Ya-min) (Ya-fiera) 

N N N 
22 — — 14.67 —|]3 = L L [v0.07 

N N N 
36.67 — — 14.67 | N ( i T122 

= 56% 

x 100% 

x 100% 

The answer is (B). 
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12. Substitute the equation for dry unit weight into the 
equation for relative compaction of the soil sample. 

Ws w= 5 

RC = Held 190% 
Ya-max 

[7 2 Y Jeowta 

Ws 
Vv 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. 

x 100% 

We 
Vo 
W, x 100%   

  

V, min 

fue x 100% 
0 

— (8.5 cm)(9 cm)(3.5 cm) x 100% 

(10 cm)(10 cm)(5 cm) 

54% 

I 
I 

The answer is (D). 

2 diameter at which 10% of the particles are finer 

a aa and the diameter at which 60% of the par- 

ticles are finer is 1.2 mm. Calculate the coefficient of 

uniformity. 

_ Poo 
“Dio 

1.2 mm 

~ 0.2 mm 

The answer Is (D). 

14. Substitute the equation for unit weight of 

into the equation for the saturated unit weigh tt 

soil. 

Gye 

= 7 = Gow 

_ (Gst ew _ 
sat = lte = 

ast ew 
l+e 

kN 
33 — + (0.41) 

oes m 

= 14+0.4 

= 26 kN/m® 

The answer is (A). 

15. For a saturated soil, the volume of voids is the vol 

ume of the water. 

S
S
F
 

° i 

5 

The unit weight of the solids is 

Wy 

  

Vn 
Ve Vs 
we 

Ww 

[ost Jos 

0.26 
22 kN/m!® Ml 

The answer is (C). 

16. The weight of the water in th 

Wy = Woanandsoil,initial ~ 

= 40.5 Ibf — 35.2 lbf 

= 5.3 lbf 

  

Gstw+ ey 

Vy 

Ww 

tn gece 
< wa 

t oft 

lt+e 

9.81 = 
mm 

1 

WwW. 

Ss 

we. 
Ys 

e sample 6 

Woon andsoiktne!   
 



  

    

    

    

   
   

   

       

  

    

  

    
   

The weight of the solids in the sample is 

Ws = Woanandsoil final — Woan 
= 35.2 Ibf — 0.2 lbf 
= 35.0 Ibf 

Calculate the volume of water in the sample. 

vy, — Ww _ 5.3 Ibe 

"Ww gg. be 
ft? 

= 0.085 ft? 

Calculate the volume of solids in the sample. 

  

y, = Ws _ 35.0 Ibe 
5s Ibf 194 — 

£3 

= 0.180 ft? 

The volume of air is 

Veo = Va+ Vy + Vs 
Va= Veotal — Vy — Vs 

= 0.30 ft — 0.085 ft? — 0.180 ft? 
= 0.035 £t® 

The answer is (B). 

Ur The unit weight of the saturated soil sample is the 
‘al ined weight of the soil and water divided by the Vol ie of the sample. Calculate the weight of the satu- 

ed soil sample, 

War = W, satsoilandpan — Woon 

(450 kg — 34 ia(o81 z] 
2 kg Sere hE 

1000 x 
kN 

= 4.08 kN 
h © Saturated unit weight is 

Your = 

= 4.08 
0.10 m? 

= 41 kN/m? 
Th 
*ShaWer ig (c), 

18-7 SOIL PROPERTIES AND TESTING 

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. 

  
a Dh _ _(0.37 mm) 
© DipDoo (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. 

ey 
  

T,= t 

Hi, 
HiT, 

2 t 

(4 ft)*(1.129) 

60 days 

= 0.301 ft?/day 

° lI   

(0.30 ft?/day) 

The answer is (B). 
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PRACTIGEPROBLEMS 

  

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 
(0) 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°, Nc = 37.2, 

N, = 22.5, and N, = 19.7. 

i,» Mg = 250 kKN-m 

P= 600 kN 
  

      

      

  

Most nearly, what is the ultimate bearin; ig Capacity per 
meter of footing length? OW 

(A) 84kPa 

(B) 210 kPa 

(C) 430kPa 

(D) 830kPa 

4. A 3 m wide continuous footin; 
an axial column load of 2000 kN per meter of length. The footing is placed 1.8 m into a soil wie unit weight of 2500 kN/m’, a cohesion of 20 kPa, and an angle of internal friction of 10°. The table shown gives the Terzaghi bearing capacity factors applicable to footings. 

g is designed to support 
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Terzaghi Bearing Capacity Table 6. A strip footing is placed in a sandy soi weight of 115 Ibf/ft® and an angle of 4°! With, (deg) N, N, Nr 25°. A load of 7 kips/ft? is applied to ahr’! Hits 0 570 i op oto footing is placed at a depth of 3.5 ft. The eealng te 1 6.00 110 oot ing capacity factors are N, = 12.7 and N. = atl, 
2 630 199 ‘nod factor of safety is 1. Most nearly, what ig the? and ty E : . : eo i 3 6.62 135 866 width of the footing? Minin 

4 6.97 1.49 0.10 (A) 3.0 ft 
5 7.34 1.64 0.14 
6 7.73 1.81 0.20 (B) 3.5 f 
7 8.15 2.00 0.27 (C) 4.0 ft 
8 8.60 2.21 0.35 
9 9.09 2.44 0.44 (D) 4.5 ft 

10 9.61 2.69 0.56 7. A stri ing i i ; . A strip footing is designed to bear a maximum il 10.16 2.98 0.69 load of 15 kips/ft? in a sandy soil with a unit ma 12 10.76 3.29 0.85 110 Ibf/ft? and an angle of internal friction of 30°. Dusty 
13 11.41 3.63 1.04 site constraints, the maximum footing width is 6 ft. Te 
14 12.11 4.02 1.26 bearing capacity factors are N, = 22.5 and N, = 19.7, a 
15 12.86 4.45 1.52 the factor of safety is 1. What is most nearly the minimn 

depth of the continuous footing? 

The ultimate bearing capacity of the footing is most (A) 3ft 
nearly 

(B) 35f 
(A) 12000 kN/m? (©) 4% 
(B) 14000 kN/m? (D) 4.5 ft 
(C) 16000 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 Ibf/ft' and an angle of 

internal friction of 20°. The Terzaghi bearing capacity 

factors are N- = 17.7, N, = 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) 5500 psf 

(D) 6000 psf 

Pe 
Fea 
as 
roa   
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SOLUTIONS 

4. Calculate the bearing capacity safety factor. 

E FS pearing capacity 

Il 3 
o
g
 

a
8
 S 

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 

9 = CN. +7! DyN, + Ly’ BN, 
= (0.5 Pa)(37.2) 

k + {2000 [os =a m)(22.5) 

+ [5][2000 *S)[o.s1 Sle m)(19.7) 
2 mm s? 

= 827983 Pa (830 kPa) 

The answer is (D), 

4, ; 
For an internal fraction angle of 10°, the Terzaghi N88 capacity a factors are N, = 9.61, N, = 2.69, and > = 0.56. Use the equation for ultimate bearing 

Quy = Urs N+ DN, + HIBN, 

= (20000 Pa)(9.61) + [2500 x 108 Sas m)(2.69) 
m 

+[5)fe00 x10 Se m) (0.56) 
=I 

“897200 N/m? (14090 kN/m2) 
answer 1s (B), 

19-3 FOUNDATIONS 

5. From the Terzaghi-Meyerhof equation, the ultimate 
bearing capacity is 

Qu = cN, +N, + 37'BN, 

Ibf lbf = [125 PJa7-7 + (12 Fe ft) (7.4) 

2 

= 6098.9 Ibf/ft? (6000 psf) 

+(5)x2 ale ft)(5.0) 

The answer is (D). 

6. Rearrange the Terzaghi-Meyerhof equation to solve for the footing width. 

Il Qu = CN, + Y'DyN, + 4y'BN, 

[us Pres ft)(12.7) + (S][us Pr |B(0.7) ft? 
> 7000 Ibf/ft? 

B=3.39 ft (3.5 ft) 

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 (qu= 15,000 Ibf/ft?). The cohesion is zero. 

4 = eN, + 'DjN, + 3y'BN, 

4u~ eN, — 4y'BN, ay ga 
Dy = YN, 

15,000 IEE _ 9 Yor _ (5] os ft? ft? (2 
ae Ibf 

110 — |(22.5 
| f I ) 

= 3.43 ft (3.5 ft) 

The answer is (B), 
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pRACTICE PROBLEMS oo sssmnnnin 

4, Asoil has an angle of internal friction of 25°. What is 
ost nearly the Rankine active earth pressure 

coefficient? 

(D) 0.58 

2. A soil has an angle of internal friction of 25°. What is 
most nearly the Rankine passive earth pressure 
coefficient? 

(A) 0.59 

(B) 16 

(C) 25 

(D) 41 

& etaning wall supports soil with a vertical height 
and es e soil has an angle of internal friction of 32° what pedite (unit) weight of 25 kN/m®*. Most nearly, S the active lateral soil resultant? 

4 aAn 
sat EXCay * (ifie Wein ted slope in uniform soil is shown. The spe- ght is aNgle of internat N/m’, the Cohesion is 15 kPa, and the 

iction is 15°, 

_---77 “assumed 
failure plane 

2 O oe 

  

What is most nearly the available shearing resistance 

along the assumed failure plane? 

(A) 550 kN/m 
(B) 600kN/m 
(C) 680kN/m 
(D) 940kN/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) 500kN/m 

(B) 850kN/m 

(C) 1500kN/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? 

(A) 15 
(B) 21 
(C) 29 
(D) 41 
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20-2 FE-civir PRACTICE / 

7. A retaining wall extends 3 m from the top of bedrock SOLUTIONS. a, 
2 the ground surface. The soil is cohesionless and has 

le properties shown. 1. The active lateral earth pressure coefficient js 

retaining wall 4 

fe ground surface Ka = tana sf $| 
Zi 

5 
= tan'[a5 ce 

2 

= 0.406 (0.41 
H=3m 

(0.41) 

ob = 35° The answer is (B). 
p = 1834 kg/m? 

bedrock 2. The passive earth pressure coefficient is 

MW VV AV AWA 

Using Rankine theory, the total active earth pressure Kp = tan'[a5°+ $] = van ase + 2] 

per unit width of retaining wall is most nearly 2 2 

=2.46 (2.5) 
(A) 15kN/m 

(B) 22kN/m The answer is (C). 

(©) 44kN/m 3. The active lateral earth pressure coefficient is 

(D) 82kN/m 
Ky= tana - 4] 

2 

32° 
= tan} a" fa 2) 

\ 
= 0.307 

| 
Find the resultant active force. 

1 2195, s 
Py= $K Hy = (F}osone m)|?° 73 

=15.4kN/m (15 kN/m) 

fuk 
is ey The answer is (B). 
5 Fs body 

as 
4. The relationships between forces o> a | 

so gram of the soil are shown. 
ro a 

10m 

TTT 

gpl 
4 planat slips 

Calculate the length of the assumed P! 

10 m_ _ 38.64 
bye = s*Sinas sink 

12 
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The height of the triangle wedge, hy, is 
he 

a! 
| 

Ls 

Ls 
h,= tana be 2 

® (3 ean 5° 
2 

= 5.176 m 

Calculate the weight of the soil above the failure plane. 

Wy = (area of soil wedge) = Filey 

1 
= (56.176 m) (38.64 m{t4 | 

2 m° 
= 1400 kN/m 

The available shearing resistance along the failure plane is 

Tre = che + Wy cosas tand 

= (15 kPa)(38.64 m) + (1400 eos 15° tan 15° 
m 

=92kN/m (940 kN/m) 

The answer is(D), 

ay a 
he mobilized shear force along the failure plane is 

Thos = Wy sinag 

kN 
(2000 Ssinase 

m 
= 845.2 kN/m (850 kN/m) 

The answer is (B), 

W 

The f 
‘actor < 

of safety against slope instability is 

Ps — Tee 
Tyon 

1350 EN 

* TaN 465 N 
m 

= 2.9 

20-3 RIGID RETAINING WALLS 

7. The coefficient of active lateral earth pressure is 

= tan4{ase— & Ky = tan ¢) 

35° = 21 45° — ——— = tan’ G 2 

= 0.27 

The total active force is 

Py = EKyHy 

ki a (F}o2n0 m){1834 *£|[9.81 2 
2 m? s? 

= 21940 N/m (22 kN/m) 

The answer is (B). 
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RACTICE PROBLEMS =e 

  

4, 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 
e of construction is typically 

(A) soil heave of the base layer 

(B) failure of the sheeting 

(C) pull-out of the anchorage 

(D) 
2, For the purposes of calculating the maximum stress 
ina braced cut, what are the primary factors in deter- Mining the shape of the pressure distribution? 

embedment at the base such as toe kick-out 

(A) lateral earth Pressure coefficient, specific weight, 
and cut depth 

(B Specific weight, cut depth, and cohesion 
(©) cut depth t » Soil shear strength, and specific 

weight 

   

    

   

(D) angle of internal friction, lateral earth pressure Coefficient, and cohesion 
3, 

430 ft deep, 40 ft Square excavation in sand is being 

    
  

ess 
he The sand will be dewatered before excavation. 

Weight Bin internal friction is 40°, and the specific 
i sup 1 Ib /| f°, Bracing consists of horizontal shor- 
by Ported by 8 in soldier piles separated horizontally 

ind the ing a simple uniform pressure distribution tl 4 . a © shoring, what is most nearly the maximum 
on the piles? 

  

   

  

        

  

   
   

(a) 500 IbE/fe2 
®) roo tee 
) 2400 they 2 
(D) 

3600 Ibe /ft2 

Excavations 

    

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, 7H/c. 

The answer is (B). 

3. The maximum pressure is 

Puyax = 0.65K .yH 
= 0.65yH tan'{a5° = | 

= (0.65)[121 Feo Beane as = + 
= 513 Ibf/ft? (500 Ibf/ft?) 

The answer is (A). 
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pRACTICEPROBLEMS 

4. In the system shown, force F, line P, and line Q are 
coplanar. 

Qa 

45° F=300N 

25° 

P 

Resolve the 300 N force into two components, one along 
line P and the other along line Q. 

(A) Fa=272N; Fp=126N 

(B) Fo=232N; Fp=186N 

(©) Fa=135 N; Fp =226N 

(D) Fao=212N; Fp =226N 

2. Which ¢ 
Joint? 

‘ype of load is NOT resisted by a pinned 

.) moment 

) shear 

) axial 

distributed 

% The loadin, 
Mo) 8 shown requires a clockwise resisting 

ment of 20 Nem at the support. 

15N 

75N 

  | 
Systems of Forces and 

Moments 

What is most nearly the value of force F? 

(A) 25 N (up) 

(B) 27 N (up) 
(C) 38 N (down) 

(D) 43 .N (down) 

4. A bent beam is acted upon by a moment and several 
concentrated forces, as shown. 

60N 

       0.2m x 12m 
10N 20N 10N Es 

Approximate the unknown force, F, and distance, z, that will maintain equilibrium on the beam. 

(A) F=5N;2=0.8m 

(B) F=10N;2¢=0.6m 

(C) F=20N;2=02m 

(D) F=20N;7=04m 

ST
EN
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  22-2 FE-civit pRAcTiCE 

5. For the member shown, the 700 N-m moment is 
applied at point B. 

  

      

200 N 
3 

7 4 

A 

8m 

y. L_— 

| B° )   

  

  

  700 en 

  

” Yi50 N 

If the member is pinned so that it rotates around 
point B, what counteracting moment must be applied at 
point A to keep the member in equilibrium? 

(A) 650 N-m 

(B) 890N-m 
(C) 1150 N-m 

(D) 1240N-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° 

. In the structure shown, the beam is pinned at point B. 

Le Bis a roller support. The beam is loaded with a 

distributed load from point A to point B of 400 N/m, a 

500 N-m couple at point C, and a vertical 900 N force at 

point D. 

So
ne
s 

  

  

400 N/m f ahs 

          
  

  

  

If the distributed load and the vertical load are rem, 
and replaced with a vertically upward force of 100K 
point F, what moment at point F would be necessary 
keep the reaction at point E the same? 

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 to hare 
an equivalent effect? 

( 

( 

( 

(A) along the line of action 

(B) ina parallel plane 

(C) along the perpendicular bisector joining the? 
original forces 

(D) anywhere on the rigid body 

9. The overhanging beam shown is supported by a i 

and a pinned support. The moment is remov ved a 

replaced by a couple consisting of forces app 

points A and C. 

100 N 100 Nim         

0.4m 7 

hat constitu" 
0.5m 0.2m 

What is the magnitude of the forces t 

couple? 

(A) 2.1N 

(B) 4.2N 

(C) 6.3N 

(D) 83N   
  

  
com    
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j ody with a 4 m radius has a 320 N 
10.4 disk-shaped » the center at an unknown angle 6, 

force a ON, loads acting as a couple, as shown. All of 

ped Be ces are removed and replaced by a single 320 N 
ore int B, parallel to the original 320 N force. The 

oments at the center O are equal. 

    

ce at pol 
Re and after m 

  

   
     

   

      
     

   
    
   

   

Most nearly, what is the angle 6? 

(A) 0° 

(B) 7.6° 
(©) 15° 

(D) 29° 

11. The overhanging beam shown is supported by a 
Toller and a pinned support. The moment is removed 
and replaced by a couple consisting of forces applied at 
Points A and C. 

\" N 

| 7 Z 
02m 07m 04m 0.5m 

210 N/m 
  

8.3N-m 
        

  a 

  
is most nearly the magnitude of the couple that 

Y teplaces the moment that is removed? 

(4) 0.080 Nem 

®) 016Nm 

() 83Non 

©) i5Nm 

SYSTEMS OF FORCES AND MOMENTS 

12. Which structure is statically determinate and sta- 

ble with the loadings shown? 

  Ld
 

  

TI 

  

            

  

TI 

A) Tonly ( 

(B) Iand IIT 

(C) TandIV 

(D) Mand II 

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. : 

im 3m 45m 

gales owes meee 
ee ql ze | 

  

D 
      

9m 
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Neglecting the weight of the pole and limited by the moment capacity of the connection, what is most nearly the maximum area of the sign? 

(A) 1.0 m2 

(B) 1.2m? 

(C) 2.8 m2 

(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, 

  

Most nearly, what are the reactions and moments at 
joint A? 

(A) F,=500N; F,=600 N; M, = 5000 N-m 

(B) F,=600 N; F,=500N; Ma=0N-m 

(C) F,=680 N; F,=400 N; Ma =5000 Nm 

(D) F,=616 N; F,=480N; M,=0N-m 

SOLUTIONS 
    

1. One of the characteristics of the compone, a 

force is that they combine as vectors into the eat ofa 
Draw the vector addition triangle and deter Al force 
the angles and sides. Mine all of 

  

  

Pepi Fa __& 

sinl10° sin25°—sin 45° 
30N fo  & 
sinll0°  sin25° sin 45° 

sin 25° 
Fg = (300 N)——— = 134.9 N (135 

a= Janno = 1349.N (135) 
sin 45° 

Fp = (300 N) = 225.7N (226 N 
p= (800 Sin 110° (226 8) 

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 arbitrary. 
Clockwise moments can be assumed to be positive. 

The sum of the moments around the support is 

Sm = 20N-m—(75 NY(0.5 m) - FS m) 
—(15 N)(1.5 m) 

to 
Set the sum of the moments equal to 0 and rearrange? 
solve for F. 

0 = 20 Nem — (75 N)(0.5 m) — F(1.5 m) 
—(15 N)(1.5 m) 

pe 20 Nam = (75 N)(0.5 m) — (15 NUS x) 
- 1.5 m 
= -26.67N (27N) — [up] 

The answer is (B). 

4. The sum of the forces in the y-direction 6 

Ly : 
= -60N+10N+20N+10 

F=20N 

  

+f 
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moments are positive. The sum of the 
lockwi*° round point A is 

M,=0 

Do oth ne (20 N)t02 m) 
— (10 N)(0.2 m+ 2) — (20 N)(0.4 m+ 2) 

44+2+10r+ 8+ 202 = 20 

302 = 6 
r=0.2m 

The answer is (C). 

5, Let clockwise moments be positive. Take moments 
about point B. 

Mg = 700 N-m + (150 N)(4 m) 

5 —(300 » (Ze m) 

—(300 (Zu m) 

+(200 mE} m) 

= 1242 N-m (1240 N-m) 

The application point of the moment is irrelevant. 

Calculate the dot product of two vectors. 

A = 3.51-1.5j+2.0k 
B=j 

A-B = a,b,4 a,b, + a,b, 

(3.5)(0) + (—1.5)(1) + (2.0)(0) 
=-1.5 

The m, ofA ( ‘“gnitude of B (a unit vector) is 1. The magnitude 
Same as F) is 

P= /Piry Pe 

= (3.5) + (-1.5) + (2.07 
= 43 

SYSTEMS OF FORCES AND MOMENTS 22-5 

The dot product is defined as the product of the yecien 

magnitudes multiplied by the cosine of the ang 

between them. 

A-B = |Al|B| cos @ 
=1.5 = (4.3)(1)cos 6 

-1.5 
6 = arccos 73 = 110.4° (110°)   

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. 

SO Mg = Mp removed ~ 2» Mp added 
N 2m 

(400 Je m7] 

+(900 N)(1 m4 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 a and ycomponents will 
matter what the orientation. Only 
duced by the couple remains. 

equal but opposite 

always cancel, no 
the moment pro- 

The answer is (D). 

    PPle 
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9. The distance between the forces is 

d=0.4m+0.2m+05m+01 m 

=12m 

The forces are 

M_ 25N-m 
Porm 

=2.08N (2.1 N) 

The answer is (A). 

10. Assume clockwise moments are positive. Take 
moments about the center for the original forces. The 
320 N force has no moment arm, so it does not contrib- 
ute to the moment. The couple is 

M = 2Fr= —(2)(40 N)(4 m) 
= -320Nm 

The single replacement force must produce a moment of 
—320 N-m. The horizontal component of the replace- 
ment force acts through the center; only the vertical 
component of the force contributes to the moment. 

M = —320 N m= Fr= —(320 N)(sin@)(4 m) 

@ = 14.48° (15°) 

The answer is (C). 

11. A couple is a moment. When a moment of 8.3 N-m 
is removed, it must be replaced by the same moment. 

The answer is (C). 

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 Is (A). 

13. The length of the signal arm is 

Im+3m+45m=85m 

Set the moment on the arm due to the wi 
maximum allowed. ind equal to the 

LX Myina = (0.2 m?)(575 Pa)(8.5 m 44.5 m) 
+ A sign(575 Pa)(7.5 m) = 6000 Num 

Agign = 1.04 m? sign 

————— 

oy 

i 

Set the moment on the arm due to vertical 

to the maximum allowed. 

SD Moats = (210 N)(8.5 m+ 4.5 m) 

N 
+ [v0 J) salt m) = 4009 Nw 

= 2.82 m? 

loading ena 

A sign 

The maximum area of the sign is the smaller of these 
two values, 1.04 m? (1.0 m?). 

The answer is (A). 

14, Sum moments about point C. The ecomponent of 
the reaction at point A has a zero moment arm. 

¥ Mc = 10F, — (1000 N)(5) =0 

F, =500N 

Point B is a frictionless pin, which transmits » 
moment, so the member that connects point B to poist 

C and the forces on point C impart no moment onthe 
member that connects point A to point B. The sumd 
the moments acting on the member connecting point 4 
to point B about point B must equal 0. 

Mg = F,(6) — (5) = 0 
= (500 N)(6) — F,(5) =0 

F, = 600 N 

. : . ‘its 0 Point A is a frictionless pin, which transmits 
moment. 

The answer is (B). 
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pRACTICE PROBLEMS 

4, Determine the approximate force in member BC for 

the truss shown. 

3000 N 

  

2500 N 

2. Find the approximate force in member DE for the 
truss shown.   8 D F 

| 
| 15m 

P 4g 
| Mm Z 

| Ven N 
Ts 

me 10m 10m 

| (A) on 

| ®) 6300n 
| (C) sso0n 

) 10000. 

3. For the truss shown, what are most nearly the forces 

in members AC and BD? 

|+—__-|     
8m 8m 8m 8m 

(A) AC=11000 N; BD = —7900 N 

(B) AC=0N;BD=-2000N 

(C) AC=1100N; BD = 2500 N 

(D) AC=0N;BD=~-7900N 

4. The braced frame shown is constructed with pin- 
connected members and supports. All applied forces are 
horizontal. 

  

  

        

100 N A= 100N 

15m 

A 200 N —a= = 200N 

15m 

100 N ——y/%y, zis 100N 

20m 
Most nearly, what is the force in the diagonal member BA? 

(A) ON 0 
8 (B) 160N = 

(C) 200N ” 
(D) 250N 
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23-2 FE CIVIL PRACTICE 

S. For the cantilever truss shown, what is most nearly the force in member AF? 
5000 N 10000 N 5000 N 

|     
5m 

10000 N   5m 5m 

(A) ON 
(B) 5000N 
(C) 10000N 
(D) 15000N 

PPie 12pass.com 

    

SOLUTIONS 

1. Distance AF is 

AF = f(5m45 m)+(7.5 m)? = 25m 

Distance AE is 

1 1 
AE = gAF = (F}o2s ™) = 6.95 nm 

The sum of the moments around Point A is 

UM =0 
= (3000 N)(6.25 m) + (3000 ny(125 n) +(8000 N)(5 m) — F(10 m) 

+(3000 N)(15 m) 
Fo, = 11625 N- fupward] 

The angle FAC is arctan (7.5m/(5m + 5m)) = 36.37%, Hence, the applied forces are inclined from the horizon. tal at 90° -36.87° = 53.13°, 

DR= 
= Fa, — (3)(3000 N) sin53.13° 

—(2)(3000 N) + 11625 N 
Fy, = 1575 N_ [upward] 

DE =0 
= Fx, + (3)(3000 N) cos53.13° 

Fx, = —5400 N [to the left]   Use the method of sections, 

\ 
Ye 

I 
3000 N N 

(ec 
i 

NG ~— \ “ \ 

1575 N



  

TRUSSES 23-3 

      
   

  

     

   
    

   

     

    

   
   

   

   

    

bout point E. The vertical downward The angle made by the inclined members with the hori- 
ube mo asses through point E, and it does not zontal is 

oint 

begat moment fo 
& arctan 2— = 18.435° DM = 0 = 
= (5400 N)(3.75 m) + (1575 N)(5 m) 

— (3000 N)(6.25 m) — BC(3.75 m) (Alternatively, the force components could be deter- 

BC = 2500 N mined from geometry.) 

Use the method of joints. 

the answer iS (D). 

    

For pin A, 

9, Take moments about point G. ys F=0 

TM = 0 = F,+ ABsin18.435° . 
= (—25000 N)(10 m) + F, (30 m) = 3750 N + ABsin 18.435 

F, =8333.N [upward] ee = —11859 N_ [compression] 
y 

=0 

Use the method of sections. = (—11859 N) cos 18.435° + AC 

B D4 AC =11250N (11000 N) [tension] 

For pin C, 

15m OF, =0 

BC =0  [zero-force member] 

For pin B, 

5000 N Fa, 

oe UA=0 _" “Oe 
= 8333 N— DE, ie 

DE, = 8333 N TE =0 
DE, = (8333 »( 5m } = ABcos 18.435° + BE cos 18.435° 15m 

+BD cos 18.435° = 2778 N 0=AB+BE+BD 
DE = /(8333 N} + (2778 NP SF =0 

= 8784 N (8800 N) [tension] = ABsin 18.435° + BE sin 18.435° 
The answe 5 —BDsin 18.435° — 5000 N Sris(c), BDsin 18.435° = AB sin 18.435° + (—AB — BD) ay si °: ake moments about Point H 

— y= 000 N . = sin 18.435°(AB — AB — BD) 
UM, =0 —5000 N 

= 2BDsin 18.435° = —5000 N = (5000 = 
Re os a m) ~ (32 m) BD = ~7906 N (7900 N) 

  

compression in opposite 
direction shown 

The answer is (A). 

  PPI e 
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  23-4 FETeTvin pRacTiCE 

4 Determine the length of member BA by recognizing this configuration to be a 3-4-5 triangle. 

Ly, = 25 m 

Use the method of sections. Cut the frame horizontally 
through member BA. 

100N ~ [eho 100 N 

cut —— wy Se 

! Fea ' 

By inspection, the horizontal component of Fga balan 
ces the two applied horizontal loads. 

BA, = 100 N+ 100 N = 200N 

By similar triangles, 

5 
BA = (2} 200 N) = 250 N 

The answer Is (D). 

5. Take moments about point B. 

Mz = 0 
—(5000 N)(5 m) + (5000 N)(5 m) 

+ Rab m) 

Ry =0N 

I 

By inspection, the force in member AF is equal to the 
vertical component of the reaction at point A. 

The answer is (A). 

  
  

 



  

  

     

     

       
   

     

pRACTICE PROBLEMS 

4. A 2kg 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) 7.7N 

(B) 8.8N 

(C) 91N 

(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 

Foe 

Fae c Fae 

A B 

meres 06m fier 
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) 560 N to 1360 N 

(B) 670N to 1440N 

(C) 720N to 1360 N 

(D) 720Nto1510N 

4. The two cables shown carry a 100 N vertical load. 

  

Most nearly, what is the tension in cable AB? 

(A) 40N 

(B) 50N 

(C) 6oN 
(D) 80N 

    PPI e Ppi2pass.com  
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  24-2 FF: CIVIL PRACTICE 

5. s| : Most nearly, what is the tension, T, that must be applied to pulley A to lift the 1200 N weight? 

  

  

(A) 75N 

(B) 100N 

(C) 300N 
(D) 400N 

SOLUTIONS |. 

  

1. Choose coordinate axes parallel and 
the incline. PetPendicus 

  

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. 

A =0= F+F- Wsing 

F = Wsing- F; 

= mgsing — uN 

mg sin d — 444mg cos 

mg(sin ¢ — pcos) 

(2 Kost 3 Jooimae = 0.2co0s 34°) 
s 

=7.7N 

The answer is (A). 

2. The length of the diagonal is 

BO = (0.4 m)? + (0.6 m?? = 0.721 m 

The cable length is 

2 
BE = (om =] +(0.5 m) = 0.616 m 

he int 
the component force 

: . 

osite cornen © 

ct 

There is nothing to balance 
direction from point A to the opp! 
force in cable AE is zero. Cables BE an' nent of for 
half of the box weight. The vertical comp’ 

in each cable is 300 N.   
  

 



  PULL oo ELEYSCRBLES, AND FRICTION 24-3 

similar triangles, the tensile force in each cable is 
By 

(300 N)(0.616 m) 
Cs — : v 

0.5 m 370 N 

The answer is (C). 

3, The angle of wrap is 

Qn rad o 4 ogey{ 2m rad) _ 
g = (90° + 20 | am 1.92 rad 

(This must be expressed in radians.) 

The tensile force in the rope due to the bucket’s mass is 

F = mg = (100 ke (a1 3] 
s 

= 981 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 

A = el = ¢(0-20)(1.92 rad) 

= 1.468 

Multiply and divide the bucket-end tension by this 
ratio, 

af . 981 N 
mini t iS imum tension: [~7ee 

maximum tension: (1.468)(981 N) = 1440 N 

=668N (670 N)   

The answer is (B). 

‘ Recognize that the orientations of both cables are 
fined by 3-4-5 triangles. 

The equilibrium condition for horizontal forces at 
Point A is 

F,= Tyo- Th = 9 
3 4 
3 7Ac— 5 JAB =0 

Tac = 5 Ta 

The 
uilibri iti i sat 

Poin, 4 iabrium condition for vertical force 

F,= Typ + Tyo— 100 N = 0 

$ Tp +2T yo — 100 N =0 

Substitute (4/ 3) Tan for Tac. 

3 4\(/4 eS 5 abt (£)(4) no =100N 

3, 16 . (3 + if) n= 100 N 

Tap = 60 N 

The answer is (C). 

5. The free bodies of the system are shown. 

ZY 

  

DA-0 
= -12000N +47+8T 

12T = 1200 N 

T=100N 

The answer is (B). 
E
S
E
T
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Centroids and Moments of 
Inertia 

    

  

pRACTICE PROBLEMS err What is the approximate polar moment of inertia about 
the composite centroid? 

4, Refer to the complex shape shown. (A) 2400 m* 

y (B) 5500 mé 

(C) 12000m* 

(D) 17000 m*    
    

tem 
radius 

    

  

      
    

  

  

3. Most nearly, what is the area moment of inertia 
2.5m about the z-axis for the area shown? 

— M Zem 
Pep eed . E 

| = 
2cem S H Cc 

What is most nearly the moment of inertia about the 
axis? 

A B 

bee! (A) 1500 cm 150m 

(B) 3400 cm! 
(A) 89cm* 

(C) 3600 cmé : 
(B) 170cm 

(D) 5200 cm‘ 
2Re (C) 510cm 

» Refe i + fer to the composite plane areas shown. (D) 1000 em! 

f 4. Refer to the cross section of the angle shown. 

Vi 

i 0.5 cm 

x 

3em 0.5m 

Le EF 
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Most nearly, what is the «-coordinate of the centroid of 
the area? 

(A) 1.56cm 

(B) 1.66 cm 

(C) 1.75cm 

(D) 1.80cm 

5. The centroidal moment of inertia about the z-axis for 
the area shown is 142.41 cm!, 

¥. 

  

    

        

82cm 
F E 

3.8m 

G 
H D 

2.9m 
A 

x 
4.1m 

Most nearly, what is the centroidal polar moment of 
inertia? 

(A) 79cm‘ 

(B) 110cm* 

(C) 330 cm* 

(D) 450 cm‘ 

6. Refer to the complex shape shown. 

5em 

  
  

  

    
  

3em 

Most nearly, what is the y-coordinate Of the g 
entra 

(A) 5.5m a 
(B) 7.3cm 

(C) 9.7cm 

(D) licm 

7. Most nearly, what are the 2 and ¥-coordinates 
centroid of the perimeter line for the area shown? Of the 

4.5m 

  

  

NOTE: GH=CD 

(A) 1.0cm; 3.8 cm 

(B) 1.0cm;4.0cm 

(C) 2.3 cm; 4.4cm 

(D) 2.3 cm; 4.8 cm 

8. Refer to the composite plane areas shown. The pols! 
moment of inertia is 3714. 

y| 

; ration? 
Most nearly, what is the polar radius of gyratt®! 

(A) 2.5m 

(B) 2.7m 

(C) 2.9m 

(D) 3.1m   
  

    

 



  CENTROIDS AND MOMENTS OF INERTIA 25-3 

    
   

    

  

    

   

   

    

    

    

   

Th ycoordinate of the centroid of the area shown is 11. The centroidal moment of inertia of area A2 with g, The 
respect to the composite centroidal z-axis is 3.94 cm‘, 5125 cm- P 

    

  

  

          

  

          
    

y The ycoordinate of the composite centroid is 4.79 cm. 
ae The moment of inertia of area A3 with respect to the 

ph composite centroidal z-axis is 32.47 cm‘. 
3cm y 

G 8cm H c OD =a 

6cm | 

A B I 4cm 
le x diameter 
3cm | 

Most nearly, what is the centroidal moment of inertia Rate * 
with respect to the x-axis? a 

(A) 82emé 2emx2em| | 7°m 
A (B) 100cm* t 3 

1cm 220 cm* 1 : rE (D) 300 cm* A eae 

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) 350cm* 

» (B) 460 cm! 
tom (C) 480 cmt 

sem: (D) 560 cm*     

12. Most nearly, what are the > and ycoordinates of the centroid of the area shown? 

    
    

      
  

Bem m 126m 
F £ 

a LS 
4cm 

LI x 6 
H c oD 1.5m 

M 7 8cem “st nearly, what is the coordinate of the centroid? 
A) A 8 

| x 
4cm 

(A) 4.8 cm; 6.8 cm 

(B) 6.0cm;7.2cm 

(C) 6.0 cm; 7.6 cm 

(D) 6.0 cm; 8.0 cm 
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FE CIVIL PRACTICE 25-4 

13. Refer to the complex shape shown. The moment of 

inertia about the yaxis is 352 cm‘, and the total area of 

the shape is 36.5 cm?. 

¥ 

  

© 

  
  x 

Most nearly, what is the radius of gyration with respect 

to the yaxis? 

(A) 19cm 

(B) 3..cm 

(C) 33cm 

(D) 40cm 

  

   SOL! TIO! 

4. Calculate the centroidal moment of inertia, th, St 

and the distance from that centroid to the saa 
for 

each region. 

Tl 

tt) — 
TI   
  

    
  

For region I (rectangular), 

A= (2cm)(4 cm) = 8 cm? 

3 3 
— Ok (2em)(4 em) _ 19.67 ont     

L= 
$ eats 2 12 

I 

a 4cm =2cem 
ot 

@A = (2 cm)*(8 cm’) = 32 om! je 

including half of region TV), 
For region II (rectangular, 

A = (10 cm)(2.5 cm) = 25 cm” 
3 

bh? 2 (10 cm)(2.5 cm)" _ 43.99 cnt 

  

  

ie] 
°= 2 12 

d=4em+ 20m = 5.25 cm 

@A = (5.25 cm)?(25 cm) = 689-06 cm! 

ion IV): 

For region III (semicircular, including half of region ! } 

ar? (5 cm)? 25 j 

27 2 2. i \ 

I, = 0.1098r! = (0.1098)(5 em)* = 68.63 om 

d=40m+2.5em+ 37 

sein (4)(5 cm) 

3a 

\ 
= 6.5 cm+ ald cm 

37 1 
3 co 2 257 = 29193 

@A =/6.5 cm+ = om] (= on'] = 9 
a 

  

  
   



  

      
   

    
   

    

    

   
   

   

     

    

   

F ego" IV (circular), 

0 
Ae areal cm) =7 cm? 

ar’ m(1cm)* 

gna 4 
= x cm! 

4 

d=4cem+2.5 cm 
= 6.5 cm 

@A = (6.5 cm)*(m cm’) 

= 132.73 cm! 

arallel axis theorem for each shape. 

L=DL.+b@A 

= 10.67 cm! + 32 cm! 

+ 13.02 cm! + 689.06 cm! 
+ 68.63 cm! + 2919.33 cm* 

- - em! — 132.73 om! 

Use the pi 

= 3599.2 cm! (3600 cm) 

The answer is (C). 

2.For a circle, the moment of inertia about the circle’s 
centroid, 

4 

i ve Parallel axis theorem for a composite area. In 
eaineiaG the moment of inertia about the composite 

i. 7. 8 equal to the moment of inertia about the x 
BS ix. While the moment of inertia about the y-axis ‘auns the same as Iyc. 

  n= ef of cary] lie 

% = 16824 m‘ (17000 m*) 

° newer is (p) 

  

CENTROIDS AND MOMENTS OF INERTIA 25-5 

3. Use the formula for the moment of inertia about an 

edge for a rectangular shape. 

For rectangle HCBA, 

on} (1.5 cm) (4.5 cm)* 

Tal too guilt a | 
= 45.56 cm! 

(I. = bh3/12 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. 

bn® 
la = Fy + Ad? 

_ (7 cm)(3.5 cm)* 

a 12 
= 982 cm! 

+ (7 cm)(3.5 cm) (6.25 cm)? 

The moment of inertia for the total area is 

T, = Ip, + In2 

= 45.56 cm! + 982 cm! 

= 1028 cm! (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 em? 

The «-coordinate of the centroid of the area is 

  

Moy Verna, o> a 

(0.25 cm)((0.5 cm)(2.5 cm)) 

_ +25 cm) ((5 em)(0.5em)) 

7 3.75 cm? 
= 1.75 cm 

The answer is (C). 

St
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25-6 FecoviD PRACTI
CE... 

V 

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 yaxis 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, J,. is simply the sum of the moments of 

inertia of the individual areas. 

_ 41 cm)*(2.9 cm) (8.2 cm)*(3.8 cm) 

12 12 

= 191.26 cm! 

I, 

The centroidal polar moment of inertia is 

J, = 1,,+ 1y, 

= 142.41 cm! + 191.26 cm! 

= 333.7 cm! (330 cm') 

The answer is (C). 

6. Separate the shape into regions. Calculate the area 

and locate the centroid for each region. 

LE» 
I   
  

    
For region I (rectangular), 

A = (3 cm)(8 cm) 

= 24 cm? 

8 cm 
a 

=4cm 

For region II (rectangular, including half of region my 

A = (2)(4 cm)(5 cm) 

= 40 cm? 
5 cm 

= 8 cm+—— 
y 2 

= 10.5 cm 

For region IIT (semicircular, including half of region ™ 

aban eee 

~ 

2 

= 87 cm’ 

y=8om+5em+—— 3a 

, Oe cm) 
=13cm 

30 

= 13 cm+ 6. cm 
37 

For region IV (circular), 

Az=ar?=n(1.5 cm)? 

= 2.25m cm? 

ye = 8emt+5 cm = 13 cm 

wie en An 
“An 

(4 em)(24 cm’) + (10.5 em) (40 cm’) 

+ [1s cm + 16: cm |(87 cm’) 
3r 

— (13 cm)(2.257 cm’) 

—2.25m emt 
24 cm? + 40 cm? + 8 cm” 

_ 793.5 cm? 
82.06 cm? 

= 9.67 cm (9.7 cm) 

The answer is (C). 
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25-7   CENTROIDS AND MOMENTS OF 

roid of the perimeter using the 

ig the centroid of an area, but 
The total length of the 

the centro! 

f Cale 
ot of calcula

tin, 

am i ps in lieu of areas. 

el 

i is 
yimetel pe 95. cm+5.0 m+

 10 ia Bima A) 

b= * "45 em+3.1 om+ 1.0 cm + 5.0 em 

= 25.2 cm 

egment FG and working counter- ith line s 0 

ies dinate of the centroid of the perim- ing W 
seating he a-coor' clockwise, © 

eter iS 

Yak 

(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 cm)(1 cm) 

4.5 cm)(3.1 cm) + (2.25 cm)(4.5 cm) 

~ 25.2 cm 

=2.25 cm (2.3 cm) 

+ 
+ 
+ 
f 
+ 
  

The y-coordinate is 

L 

(0 cm)(2.5 cm) + (2)(2.5 cm)(5.0 cm) 

+ (2)(5.0 cm)(1 em) + (2)(6.55 cm)(3.1 cm) 
+(8.1 cm)(4.5 cm) 

25.2 cm 
=4.447 0m (4.4 cm) 

Ye 

The answer is (C), 
a The polar radius of gyration is 

  

c= J 3ar4 =} 3 

A 2nr? 2 

= (25 mJ 2 
2 

259 oy 

INERTIA 

9. Use the parallel axis theorem to find the centroidal 

moment of inertia of each rectangular area. 

HCBA = area 1 = (3 cm)(6 cm) = 18 cm? 

FEDG = area 2 = (10 cm)(3 cm) = 30 cm? 

Tx, = (loa + Ard?) + loa + A243) 

; be 
Ig = centroidal moment = i (units: cm’) 

A= areaofrectangle (units: cm?) 

is the distance between the centroidal axis 

a and the second, parallel axis (units: cm) 

(3 em)(6 cm)* 

= 12 
+ (18 em?)(5.8125 cm — 3.0 cm)? 

(10 cm)(3 cm)* 

oh. 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. 

Tl 

-—(w}—| 
I 

    

      

For region I (rectangular), 

  

A = (1.5 cm)(5 cm) Rf 

= 7.5 cm? pc} 
t= 1.5 cm 2 

2 
= 0.75 cm 

  

  
Pele pel2pess con
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} 

For region II (rectangular, including half of region IV), 

A = (3 cm)(3 cm + 3 cm) 

= 18cm? 

c= (2)(3 em) 
2 

=3cm 

For region III (semicircular, including half of region IV), 

2 (3. cm)” 
A=™ = 

2 2 

= oe om? =aig om 

Z, = 3m __ [by inspection] 

For region IV (circular), 

Az=mr=n(1 cm)? 

2 =7 cm 

z,=3cm [by inspection] 

Calculate the centroid for the whole shape. Note that 

region IV is to be subtracted from regions II and III. 

De Fon4n 
eS TSO AS 

(0.75 cm)(7.5 cm’) + (3 em)(18 cm?) 

+(3 om)(% en] — (3 cm)(m cm’) 

NE 

7.5 cm? +18 cm? + = cm? — 7 cm? 

=2.54cem (2.5 cm) 

The answer Is (B). 

e vertical distance between the centroidal loca- 

  

11. Th V i 

tion of area A; and the composite area’s centroid is 

d,= oH y= 10cm _ 4.79 om 

The moment of inertia is 

1, = (heat Ad?) — Into Tas 

12 ls 
i 

+(8 em)(10 em) ee — 4.79 om : f   

— 73.94 em! — 32.47 cm 

= 563.8 cm! (560 cm‘) 

The answer is (D). 

12. Divide the area into two rectangles, HCBA and 

FEDG. Their areas are 

A, = (4 cm)(8 cm) = 32 cm? 

Ay = (12 cm) (4 cm) = 48 cm’ 

The total area is 

A= A, + Ap = 32 cm? +48 cm? 

= 80 cm? 

inates of the centroids of the 
By inspection, the a-coord 

e of the 
rectangles are 2,1 = %-2=6 cm. The z-coordinat 

centroid of the total area is 

Te 

— Vetendn 
One 6 A 
_ (6 cm)(32 em) + (6 em) (48 cm’) 

80 cm? 

= 6.0 cm 

By inspection, the ycoordinates of the rectangles a 
te of the 

Yer =4 cm and y,.2=10 cm. The y-coordina' 

centroid of the total area is 

DS VenAn 
sae ot 

_ (4 em)(32 em*) + (10 em)(48 cu) 

- 80 cm? 

= 7.6 cm 

The answer is (C). 

        Ppie ppl2pass-com
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dius of gyration with respect to the yaxis is 

ral 

49.7H i [32 cm! 

NA 36.5 cm? 
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Indeterminate Statics 

: 

i hat can be 
ROBLEMS ssn What is most nearly the maximum load t 

-_ . 

applied to the beam? 

What are the approximate vertical reactions at the (i) en 

MS of the structure s
hown? 

, mes 
(B) 20N 

10 | |---| 
—— 

(D) 7.1N 
  

4. The truss shown is constructed of members having a 

modulus of elasticity of 200 GPa. The cross-sectional 

area of each member is 5 cm?. P
A
W
S
 

Ry 
3m 3m 3m 3m 

(A) Ry=120N; Ra = 630 N 
(B) Ry=160N; Rp=840N 

(©) Ra=630N; Rp =120N 
(D) R,=840N; Rp = 160 N 

  
    

2. What is most nearly the fixed-end moment at point yo " 
Awhen a 15 N load is applied? What is most nearly the horizontal displacement of the 

      
  

| 3m roller at location E due to the applied load? 

[Tame (A) 0.1cm 

| (B) 4.2cm 

(C) 6.0cm 

(D) 85cm   

shown, th By cannot, exceed 2 N-m, e fixed-end moment at 

2m 
0.5m 

Pp 

    

St
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SOLUTIONS 
1. The total length is L = a+ b= 30m+10m=40m. Take clockwise moments to be positive. 

FEM, — —2ab? _ —(1000 N)(30 m)(10 m)? 
AB po ar ee 

-1875 Nem 
Pat) _ (1000 N)(30 (10 m) 

po (40 my? 
5625 N-m 

I 

FEMa, = 

I 

The moment equation at support A is 

My = FEMap+ FEM, 

+ (1000 N)(30 m) — (40 m) Rp = 0 
= —1875 N-m +5625 Nem 

+ (1000 N)(30 m) — (40 m) Rp = 0 
Ry = 843.75 N 

The moment equation at support 2 is 

> Mg = FEMag+ FEMga — (1000 N)(10 m) 

+ (40 m)R, =0 
—1875 N-m +5625 N-m-— (1000 N)(10 m) 

+ (40 m)R, =0 

Ry = 156.25 N 

The force equilibrium requirement is 

Ra + Rp = 1000 N 

156.25 N+843.75 N = 1000 N [check] 

Ra = 156.25 N; Rp = 843.75 N 

(Ry = 160 N; Rp = 840 N) 

The answer is (B). 

2. a=3m-lm=2m 

The fixed-end moment at point A is 

Pab? (15 N)(1_m)(2 m)? 
FEMap = 72 (3 mn)? 

= 6.667 N-m_ (6.7 N-m) 

The answer /s (B). 

=e 
3. The maximum load that can be applieq to the eed 

is 

  

2 

FEM,, =~ . 

p—FEMasl? _ (2m)? my ( 
~ ee ab? (0.5 m)(1.5 my 

=711N (7.1N) 

The answer is (D). 

4. Use the unit load method. The reaction and ; membe 
forces in the truss are as shown. a 

20.00 kN 

  

~< 

Arow zou from 

Remove the applied loads and place a unit load at 
joint E. 

  

  

Place the results in a table. 

  

      

L F 
member (m) (KN) 

AB 4.24 14.14 

AC 6.00 10.00 
BC 4.24 14.14 
BD 6.00 20.00 
cD 4.24 14.14 

CE 6.00 10.00 
DE 4.24 14.14 
  

  

The displacement at joint E is 

Sub rE 
cm 

(120 m-kN?) (100 =) 
cm 

x (1000 ZX] =) 

(1 kN)é = —————— fa) 
(5 cm*)(200 apay(10 GPa 

6=0.12cm (0.1 cm) 

The answer is (A). 
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practice PROBLEMS     

4, A particle’s curvilinear motion is represented by the 

equation s(t) = 20¢-+ 4f — 34. 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 
aconstant rate, what will be its approximate speed 

when the light turns green? 

(A) km/h 

(8) 18km/h 

(C) 25km/h 

) 31km/h 

4.4 projectile has an initial velocity of 110 m/s and a 

we angle of 20° from the horizontal. The surround- 
8 terrain is level, and air friction is to be disregarded. 

What is Most nearly the flight time of the projectile? 

A) 385 

B) 775 

(0) 895 

0) 19, 

a
B
e
s
 

WA ait 

Patticle’s position is defined by 

a(t) = 2sinti+4costj [¢ in radians] 

    

Kinematics 

What is most nearly the magnitude of the particle’s 
velocity when t = 4 rad? 

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) 9.1 m/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=ao(t- ty) + Yo 

(0) vews fatnat 

(D) a=vi/r 

7A particle’s curvilinear motion is represented by the 

equation s(t) = 40¢+ 5t?— 8°. What is most nearly the 

initial acceleration of the particle? 

(A) 2 m/s? 

(B) 3 m/s? 

(c) 8 m/s? 

(D) 10 m/s 

p
a
r
a
l
 er
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8. The rotor of a steam turbine is rotating at 7200 rpm when the steam supply is suddenly cut off. The rotor decelerates at a Constant rate and comes to rest after 5 min. What is most nearly the angular deceleration of the rotor? 

(A) 0.40 rad/s? 

(B) 25 rad/s? 
(C) 5.8 rad/s? 

(D) 16 rad/s? 

9. The angular posit , ion of a car traveling around a curve is described by the following function of time (in seconds), 

O(t) = 8 98?— at 410 

What is most nearl: ly the angular acceleration of the car at a time of 5 s? 

(A) 40 rad/s? 

(B) 6.0 rad/s? 

(C) 26 rad/s? 

(D) 30 rad/s? 

10. A vehicle is traveling at 70 km/h when the driver 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? 

(A) 0.18 m/s? 
(B) 0.25 m/s? 

(C) 0.37 m/s? 

(D) 1.3 m/s? 

11. A projectile has an initial velocity of 85 m/s and a launch angle of 60° from the horizontal. The surround- ing terrain is level, and air friction is to be disregarded, What is most nearly the horizontal distance traveled by the projectile? 

(A) 80m 

(B) 400m 

(C) 640m 
(D) 1200m 

12. A particle’s position is defined by 

s(t) = 15sinti+ 8.5 Costj {tin radians] 

What is most nearly the ma; gnitude of the Particle’ 
acceleration when t = 7? cle's 

(A) 6.5 

(B) 85 

(C) 15 

(D) 17 

13. A particle’s curvilinear motion is Tepresented by the equation s(t) = 30t— 8+ 62, What is Most nearly the minimum speed reached by the particle? 

(A) 26 m/s 

(B) 30m/s 

(C) 35 m/s 

(D) 48 m/s 

14, A projectile has an initial velocity of 80 m/s anda launch angle of 42° from the horizontal. The surround: ing terrain is level, and air friction is to be disregarded. What is most nearly the maximum elevation achieved by the projectile? 

72m 

(B) 150m 

(C) 350m 

(D) 620m 

SS
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TIONS. nN 

tial velocity at t= 
got 
4. The ini 

Ois 

ar _ 9948-90? 
ve dt dt 

= 20 + (8)(0 s) — (9)(0 8)? 

= 20 m/s 

eanswer is (A). 

2, Start with the time when the driver sees the signal 

tum red, fo = oe 

Convert the jnitial speed of the car to m/s. 

km )( 1000 m 

(ZI km 
toe 3600 s 

h 

=20m/s 
  

Determine the deceleration required by using the initial 
speed, the distance covered and the traffic light 
duration. 

2 

s= at + 
2 

Solve for a and substitute the known values. 

m _ 26 og 2(so0 m—20 x 40 s) 

- (40 s) 

= —0.375 m / s? 

Calculate the speed at the signal. 

KINEMATICS 

ar t the 
3. The vertical component of velocity is ero 2 

apex. Calculate the time to reach the apex- 

vy = —gt+vVo sin(9) 

o = -|9.81 t+ (110 sin 20° 
’? s 

t=3.84s 

The projectile takes the same amount of time to return 

to the ground from the apex as it took to reach the apex 

after launch. The total flight time is 

trotat = (2)(3.84 8) = 7.678 (7.78) 

The answer is (B). 

4. The velocity is 

ds(t) 

dt 
= 2costi—4sintj 

v(t)=   = = (asin ti+ 40s tj) 

At t=4rad, 

v(4) = 2cos(4 rad) i—4sin(4 rad)j 

= -1.31i—(—3.03)j 

(=1.31)? + (3.03)? 

=33 
Iv(4)| I 

The answer is (C). 

5. If the train travels for 10 s at an average veloci city 
40 km/h, then the distance traveled in 10 sis eae 

[10 | (1000 =)ao s) 

  
  

"= Uytat = 20 410.375 8(t) = Voret = 
7 03755 40s 

3600 & 

=5m/s 

eis: 

, 

Conv “Wert the speed tokm / hr. 
ys 2] 1km_)(3600 

i ‘ ify =) = 18 answer ig (8), 

2) 

aS} 
= 
oS 
& 
> 

a 

PPIe 
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Rearrange the equation for distance as a function of ini- 
tial velocity and acceleration, and solve for the initial velocity. 

8(t) = ag(t~ t9)?/2 + Vo(t — to) + 
s(t) — sy— a(t ~ to)” 

VY = ——_______2. tt 

(o Soo s—0s)* 
111.1 m-9 m~+—_84 ty 2 

10 s-Os 
= 9.11 m/s 

For an initial velocity of 9.11 m/s and an acceleration of 0.4 m/s? over 10 8, the final velocity after 10 s is 

Vp = Vo + aot 

m m = 9.11 — 4 —](10 =o. 3hny 
= 13.11 m/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) = a9 fat = a(t t) + vy 

The answer is (B). 

7. The acceleration at t=0 is 

2, 2 

a= St fe 10 — 48¢ 
dd 

= 10 m/s? 

The answer Is (D). 

\e} 
4 
=] 
iy 

Es 
9 
2) 

  

8. The angular deceleration (velocity) is 

Wy = Wy— at 

   

Wo — Wy 

a sarees 
rev rad TEV Vlog rad (7200 min If 1s = 

7 oe . 

(5 min) (oo ae ) 
min 

= 2.51 rad/s? (2.5 rad/s?) 

The answer is (B). | 

9. The angular acceleration is 

ao | t)=—> = 6t-4 | a(t) de | 

a(5) = (6)(5 s) — 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 0 s. 

8(t) = ag(t— t9)?/2 + vo(t— to) + 89 
(2)(—vo(t= t9) + s(t) — sy) r @y = ——__ eo 

(t= to)? 

(-70 “(1000 Bas s-0s) 

@) 3600 = h 
+250 m-Om 

(15 s—0s) 
= —0.37 m/s? (0,37 m/s? deceleration) 

Note: It is important that —70km/h be used in the equ tion. If the sign is not maintained a large deceleration value is calculated incorrectly, 
The answer is (C). 

11. Calculate the total flight time. The vertical comP” nent of velocity is zero at the apex. 
\ 

Wy = —gt + vg sin(6) 

O= [981 e+ (8s =) sinoo” 
s? s 

t= 7.505



  

kes the same amount of time to return ile tal PY projectile from the apex as it took to reach the apex 
‘oun 

othe och The total flight time is Jaunch- af er 

t= (2)(7-50 s) = 15.0 s 

horizontal distance traveled is 

The 
r= cos(9)t + Zo 

3 (ss = )cos60°(15.0 s)+0m 
s 

= 638m (640 m) 

  

  

the answer is (C). 

42, The velocity is 

(0) = au 2 + (1b sinti+8.5.c0s ti) 

= l5cos ti—8.5sintj 

j= a) = —15sin ti—8.5cos tj 

a(n) = —15sinti-8.5cosj 

= 01+ 8.5j 

la(m)| = J (04)? + (8.59)? 
= 8.5 

The answer is (B). 

13, The minimum of the vel ‘quating the derivative and solving for ¢, 

locity function is found by 
of the velocity function to zero 

ds d V(t) SS, — Q42 3) (t) de = gy B0t— 8t?+ 61) 

= 30 ~ 16+ 187? 
dy wid 
de ~ G90 16¢+ 184%) = 164 36¢ = 0 
'= 0.444 5 

| Th 80~ 1614 1972 
| = 2 (16)(0.444 5) + (18)(0,444 9)? 
ly tte (26 m/e) 

*ansWvep is (A), 

27-5 KINEMATICS 

14, 
jectil 
is ze 

The maximum elevation is achieved when the pro- 
le is at the apex. The vertical component of velocity 
To at the apex. Calculate the time to reach the apex. 

VW = —gt+ vosin(@) 

0=-|9.81 S\e+ (80 sim aa 
s? s 

t=5.46s 

The elevation at time tis 

y = —gt?/24 Vosin(9)t+ yo 

-[os1 2 ]646 s)? 
s 

2 

+(s0 = )sin42°(5.46 s)+0m 
8s 

146m (150 m) i 

The answer is (B). 

     Ey 
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pracTICE PROBLEMS   

4. The 52 kg block shown starts from rest at position A 
and slides down the inclined plane to position B. The 

coefficient of friction between the block and the plane is 

y=0.15. 

  

What is most nearly the velocity of the block at 
position B? 

(A) 2.4m/s 

(8) 4.1m/s 

(C) 7.0 m/s 

(0) 9.8 m/s 

24.5 kg block begins from rest and slides down an 

inclined plane, After 4's, the block has a velocity of 6 m/s. 

hin angle of inclination of the plane is 45°. Approximately 

farhas the block traveled after 4 s? 

(A) 15m 

8) 30m 

© 60m 

®) 12m 
a 
woh erator in a 20-story apartment building has a 

eelerati 0 kg. Its maximum velocity and moni 

ger are 2.5 m/s and 1.4 m/s’, respectively: : 
ras th, Weighing 67 kg stands on a scale in the eleva 

© elevator ascends at its maximum acceleration. 

  

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) 1.2 m/s? 

(B) 2.5 m/s? 

(C) 3.8m/s? 

(D) 4.5 m/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) 0.15 

(B) 0.22 
(C) 0.40 
(D) 0.85 

6. If the sum of the forces on a particle is not equal to 

zero, the particle is 

(A) moving with constant velocity in the direction 

of the resultant force 

accelerating in @ direction opposite to the resul- 

tant force 

accelerating in the same direction as the resul- 

(B) 

(C) 
tant force 

th a constant velocity opposite to the 
ing wi 

(0) See { the resultant force 
direction ©! 

P
a
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7. A 383 N horizontal 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. 

F=383N     
What is most nearly the distance between positions A and B? 

(A) 6.1m 

(B) 91m 

(C) 15m 

(D) 19m 

SOLUTIONS |. 
   

1. Choose a coordinate system parallel and Perpendi ular to the plane, as shown. Let the zaxis . Pai 
in the direction of motion (to the left). Recognize a 
this is a 5-12-13 triangle. Alternatively, calculate 

(5) + (12)? = 18. 

  

From the equations for friction and the equation for the 
radial component of force, the acceleration is 

DF = ma, 
W,- N= ma, 

mg sin 8 — jumg cos @ = ma, 

  
‘ 2, = 9sin9 — j1g cos@ = g(sin — jp. cos6) | 

= (oi =|2 = (o15)(2)} 

= 2.415 m/s? 

The velocity at Position B is 

vis ve+ 2a,(z— zp) 
Y= %=0 \ 2 

Vv" = 2a,r 

7 faa Je m) 
= 96.6 m?/s? 

= 9.83 m/s (9.8 m/s) 

  

The answer is (D). 

2. Calculate the initial acceleration. 

v(t) = at +vy 
m m 62-0 a,=VO-w _ "ss 

t 4s 

Il 1.5 m/s?



  

    ill have moved 

      

    
     

    

        

   

  

afer S the plock 

at vyt+ 20 
25 

m 2 
15 zla s) 

pel
e” 

=)a s)+O
m 

= 2 8 

=12m 

rreanswer is (D)- 

Newton's second law. As the elevator ascends, it 

force on the passenger whose inertia resists the 

ovement of the elevator. The inertia force of the pas- 

eager will be manifested as an additional weight read- 

ing on the scale. Thus, the acceleration of the elevator 

adds to the gravitational acceleration. 

4, Use 
exerts @ 

F = ma= m(a,+ a9) 

ms = (67 kg)]9.81 +14 5 
s s 

=751N (750 N) 

The answer is (D). 

i Rom Newton’s second law, the maximum acceleration 

  

F=ma 

a= F _ 2000N 

m 800 kg 

= 2.5 m/s? 

Twanewer i (), 

  

28-3 KINETICS 

5. Calculate the initial acceleration. 

Vv, = a,t+Vo 

am 15 = -o0 
s s 
  

10s 

  

I = aw B ~
 a te 

  

Choose a coordinate system so that the 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 

oF = ma, = mg, — F; 
ma, = mg sing — mg cos d 

mg sin ¢ — ma, 

Har mg cos 

gsing—a, 

gcosd 

m).. m 
9.81 —|sin 30° — 1.5 — 

| s? 

[2.1 es 30° 
Ss 

= 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. 

Fr = map 

    PPle Ppl2pass.com 

T
E
T
 ee

 

   



  

  

  

28-4 FE civit PRACTICE 

Since force and acceleration are both vectors, and mass 
is a scalar, the direction of acceleration is the same as 

the resultant force. 

Fr 
ap= 

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 

a 5-12-13 triangle. Alternatively, calculate 

Lor + (12)? = 13. 

  

the sum of forces and the equations for friction 

.e, solve for the acceleration. 

= ma, 
W,- E,- uN = ma, 

o-— F cos0— j(mg cos 6+ F sin@) = ma, 

Using 

and normal fore 

mg sin 

a,= (+ Jongsine — F cos6 — 11mg cos + F sin6)) 

F 
= g(sind — jcos8) — Feo psin@) 

-ba ah g-0=(8 
- (SSIs + 0.295) 

= —4,157 m/s? 

The velocity is 

v2 = vi + 2a,(x—- a) 

The distance between positions A and B is 

2 

2 -(125 =) 
r= Sb = 

(2[-4.157 5] 
s? 

=18.79m (19 m) 

The answer is (D). 

  

  

gz 
a vy = 12.5 m/s 

Es v=%=0 
rs} 7 

a jzpass.com 

  
 



   
   
  

pactice PROBLEMS. a8 

  

30 kg car is towing a 300 kg trailer. The coeffi- 
at of friction between all tires and the road is 0.80. 

The car and trailer are traveling at 100 km/h around a 
tanked curve of radius 200 m. Most nearly, what is the 
reesary banking angle such that tire friction will NOT 

renecessary to prevent skidding? 

4A 15 

(a) 80° 

) 2° 

(0) 36° 

) 78° 

2. Why does a spinning ice skater’s angular velocity 
intease as she brings her arms in toward her body? 

(A) Her mass moment of inertia is reduced. 

(8) Her angular momentum is constant. 

() Her radius of gyration is reduced. 

(0) allofthe above 

441m long uniform rod has a mass of 10 kg. It is 

i td at one end to a frictionless pivot. Most nearly, 

at is the mass moment of inertia of the rod taken 

“aut the pivot point? 

    

Kinetics of Rotational 
Motion 

4. In the linkage mechanism shown, link AB rotates 
with an instantaneous counter i i clockwise angular velocit: 
of 10 rad/s. e y 

ag = 10 rad/s (counterclockwise)    
Most nearly, what is the instantaneous angular velocity 
of link BC when link AB is horizontal and link CD is 
vertical? 

(A) 2.3 rad/s (clockwise) 

(B) 3.3 rad/s (counterclockwise) 

(C) 5.5 rad/s (clockwise) 

(D) 13 rad/s (clockwise) 

5. Two 2 kg blocks are linked as shown. 

Y 

oe B 
  

  
  a (WAAAED 

3 m/s >|       “A 

are frictionless. Most nearly, what is the 

f block A is moving at a speed of 

  

The surfaces ¢ 

velocity of block Bi 

3 m/s? 

(A) Om/s 
(B) 1.3 m/s 

(C) 1.7 m/s 

(D) 5.2 m/s P
r
 
T
r
y
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6. A car travels on a i i perfectly horizontal, unbanked cir- 9. A car travels around an unbanked 

ree track of radius r. The coefficient of friction without skidding. The coefficient of hae Pits cue |! t on the tires and the track is 0.3. The car’s velocity tires and road is 0.3. Most nearly, what is th te een i 
is 10 m/s. Most nearly, what is the smallest radius the mum velocity? © Cats mag 
car can travel without skidding? 

A) 14km/h 

ole 5 25k A m, 

or sae a 44 km/h m, 

50m D) 54k a m, 
(D) 68m ©) 

. 10. A uniform rod (AB) of length L and weight Wj 
7. A uniform rod (AB) of length L and weight W is pinned at point C and restrained by cable OA, The cab 
pinned at point C. The rod starts from rest and acceler- is suddenly cut. The rod starts to rotate about point C 
ates with an angular acceleration of 129/7L. with point A moving down and point B moving up, 

a SS 

10 

A S B 
SSS 

c oo y \ | ; A s 8 
4 C| 

t i 
What is the instantaneous reaction at point C at the L 
moment rotation begins? ak 

What is the instantaneous linear acceleration of point B? 

Ww 
(A) = 39 4 (a) 32 

16 

Ww 

@ ) 2 

co © % 
7 

WwW 

©) (p) 3% 
4 

8. A wheel with a 0.75 m radius has a mass of 200 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) 59 rad/s” 

(B) 6.5 rad/s? 
(C) 11rad/s? 

(D) 14 rad/s? 

i=] 
< 
FI 
ry 

Es 
ro) 
o   
        pers pplzpase-ce™



  

  

   

      

   
   
    
   

   

    

    

     

    

     

      
     

ouuTions. abate 

ecessary superelevation angle without relying 
4.The 
oa friction 5 

a 
= arctan — g= arctan 

[00 42 1000 2) 
= arctan 2 

9.81 = |200 m) (3600 t) 
s° h 

=21.47° (21°) 

theanswer 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, 4, is 
constant. 

w= Ht 
T 

Soe angular velocity, w, is inversely proportional to 
‘he mass moment of inertia, the angular velocity 
‘creases when the mass moment of inertia decreases. 

Theanswer is (D). 

4. The mass moment of inertia of the rod taken about 
One end is 

2 2 Tage “ _ (10 “eit m) 

= 3.33 kg-m? (3.3 kg-m?) 

Meanswerig (C), 

Bind the s 
“ne instantaneous center of rotation. The abso- 

Trina ‘itections at points B and C are known. 
to abe center is located by drawing perpen- 

ofan oie velocities, as shown. The angular veloc- 
“Stan,” POM on rigid body link BC is the same at this 

Ve = 50 mis 

KINETICS OF ROTATIONAL MOTION 

  

29-3 

The velocity of point B is 

rad vg = ABuyp = (5 m)(10 rad) = 50 m/s 

The angular velocity of link BC is 

m 

wp = es 
Be’ 0B 4m 

=12.5 rad/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. 

  

  

  

i HAE By 
“= Ca ~ BO 

m o 
. vBO | (3 ; Jo m)cos 30 

‘B= "CA (3 m)sin30° 

= 5.2 m/s 

The answer is (D). 
a
r
u
}
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6. If there is no skidding, the frictional force, Fj, will equal the centrifugal force, F.. From the equations for centrifugal force and frictional force, the smallest possi- ble radius is 

2 
mv R=   z= 

Fy = uN = mg 
2 

  

mv ss 

7 = emg 

2 

far (09) r=—=—_8/ _gyy 
g 

The answer is (B). 

7. The mass moment of inertia of the rod about its cen- 
ter of gravity is 

ota   

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, Ro, at point C. 

L 
Meo = Re{$] = Tectec 

ele) =((rhe] fet 
ome 

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 

E r= 
Mwheel 

2 
T= Myneoi™ 

The unbalanced moment on the wheel is 

M = FR = (mg— ma)R = mR(g- a) 

~ 
Substitute the acceleration, a, which is the rad; 
multiplied by the angular acceleration, a, Us, R 

M = MbiocR(9— Ra) 

The unbalanced moment on the wheel 
moment of inertia, J, multiplied by the angul 
tion, a. 

is also the 
lar accelera. 

M=Ia 

MpockR(G— RA) = MyheaT?a 

Solve for the angular acceleration. 

Mvioakg 
2 2 

Moyea” + M ptocr   (100 kg) (0.75 m)(o.st 3] 
s' = is’ 

(200 kg)(0.25 m)? + (100 kg)(0.75 m)? 

= 10.7 rad/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 

  

50 m 
™m 

1000 — 
km 

= 43.67 km/h (44 km/h) 

The answer is (C). 
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   Point Cis L/4 from the center of gravity of the rod. 
e mass moment of inertia about point C is 

ML? LY (7 2 4 l=] =|“ yr? To = Ica + Md at (] (f)ue 

e sum of moments on the rod is 

  

3k. L 
_(3W) 4 W\ia 

EMe= DFr=| | 2 (7) 2 

_ Whe 
- 4 
_ Mgl 

ad 

e angular acceleration is 

MgL 

a= SMe _ 4 _ 9 
Io 7 2 TL 

— |ML’ [as] 
e tangential acceleration of point B is 

ee L)(129 39 a, = re = |Z} 22] 32 
2 4 \\7L 7 

answer is (C). 

P
y
a
a
r
}
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jpAcTICE PROBLEMS... 

he 40 kg mass, m, shown is guided by a frictionless 
i The spring constant, k, is 3000 N/m. The spring is 

rompressed sufficiently and released, such that the mass 

baelY reaches point A. 

A 

h=7m 

compressed m=40kg 

position 

k= 3000 N/m 

What is most nearly the initial spring compression? 

(A) 0.96 m 

(B) 12m 

(C) 14m 

(0) 18m 

2 Two balls, both of mass 2 kg, collide head on. The 
‘ocity of each ball at the time of the collision is 2 m/s. 
he coefficient of restitution is 0.5. Most nearly, what 

Xethe final velocities of the balls? 

(4) 1m/sand -1 m/s 
8) 2m/sand—2 m/s 

(C) 3m/s and —3 m/s 

(0) 4m/s and —4 m/s 

    

BO sn oo 
3A 1500 kg car traveling at 100 km/h is towing a 
250 kg trailer. The coefficient of friction between the 

tires and the road is 0.8 for both the car and trailer. 
Approximately what energy is dissipated by the brakes 
if the car and trailer are braked to a complete stop? 

(A) 96 kJ 

(B) 390kJ 

(C) 580kJ 

(D) 680kJ 

4. A 3500 kg car traveling at 65 km/h skids and hits a 
wall 3s later. The coefficient of friction between the 
tires and the road is 0.60. What is most nearly the speed 
of the car when it hits the wall? 

(A) 0.14 m/s 

(B) 0.40 m/s 

(C) 5.1m/s 

(D) 6.2m/s 

5. The 170 kg mass, m, shown is guided by a frictionless 

rail. The spring is compressed sufficiently and released, 

such that the mass barely reaches point B. 

    

  

B 
1m 

A 

h=6m 

compressed m=170kg 
position 

What is most nearly the kinetic energy of the mass at 

point A? 

) 20d 

) 220J 

) 390d 

) 17003 

T
a
u
}
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  30-2 FE CIiVIL PRACTICE 

6. A pickup truck is traveling forward at 25 m/s. The bed is loaded with boxes whose coefficient of friction with the bed is 0.40. What is most nearly the shortest time that the truck can be brought to a stop such that the boxes do not shift? 

(A) 235 

(B) 4.75 

(C) 59s 

(D) 64s 

how much energy is lost in the collision? 

(A) 0.57 kJ 
(B) 0.91 kJ 
(C) 18kJ 
(D) 23kJ 

8. The impulse-momentum Principle is mostly useful for 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 con- 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-s 

(B) 12Ns 

(C) 36N-s 

(D) 42Nss 

10. The 85 kg mass, m, shown is guided bya Srictio 
rail. The spring is compressed sufficiently ang oe 
such that the mass barely reaches Point B, The et 
constant, k, is 1500 N/m. Pring 

      

B 
1m 

A 

h=6m 

compressed m= 85 kg 
Position 

k= 1500 Nim 

What is most nearly the velocity of the mass at point A? 

A) 3.1m/s 

B) 4.4m/s 

C) 9.8 m/s 

( 

( 

( 
(D) 20 m/s 

; 
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ouuTion: A es hee velocity is zero, the energy dissipated is 
int just before the spring is released, all of metic energy, 

qt the the system is elastic potential energy; 2 
the aint A, all of the energy is potential energy Pie Seve 
ile 

ie rogravity. ° 2 ! (1500 kg +250 ke) (27.78 =) 
At =—____ s/s 

2 
= 675154 J (680 kJ) 

2 

r 

  

The answer is (D). 

(2)(40 kw (o.t IG m) 
Ss 4. The frictional force (negative because it opposes 

motion) decelerating the car is 
       

3000 Ne 
m 

=135m (1.4m) Fy = —HN = —pmg 

= —(0.60)(3500 tx[o.sr 5] 
Theanswer is (C). 

= —20601 N 

2. The velocities can be calculated using the relation- ak 
Use the impulse-momentum principle. stips of velocity after impact, 

me F(t, ) = m(v, -%) 
F(ty-¢ 

ne mVp),(1 + €) + (m— ems)(v4),, Wein i - 2) 

. (m,+ mg) oa = 

_ 2kg(-2m/s)(1 + 0.5) + (2 kg — 0.5(2kg)) (2m/s) («5 *2)(1000 2) 

2kg+2 kg -_+ 1 

mins (00 = )(00 55") 
~20601 N)(0 s—3s) 

Hy LY er ee 
muta) 

= 0.40 m/s. 

= ShaLe m/e 0.8) =5(018(2 kg) — 2 be) (—9 m/s) Soe 

=I m/s ae The answer is (B)- 

Meanswer is (4), 

The orice 
original Velocity of the car and trailer is 

(100 =) (1000 =) 
v=t__h km 

60 =) a) 
( min 69 h 

= 27.78 m/s 

P
a
u
l
o
s
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ae Point A, the energy of the mass is a combination 7. Each ball possesses kinetic energy bef, ol inetic and gravitational potential energies. The total the collision. The velocity of each ball is OTe and ate 

at Be o f the system is constant, and the kinetic energy |18 m/s| to |10 m/s]. Teduced ftom is 0. 

AT=f1,- T, 

Ex = By rat ob 9) 
Uy+ Ty = Up = (2) m(v3 -vi) 

mv? 2 
oh = mg(h +1 m) 

2 
Ty = mg(h +1 m) — mgh (8 ta{(1 =) - (10 ral 

= mg(1 m) = (2) a a 

= (170 ko(os1 sla m) 
s 

= 1670 J (1700 J) =1792J (1.8 kJ) 

The answer is (D). The answer is (C). 

6. The frictional force is the only force preventing the 8. Impulse is calculated from force and time. Momen- 
boxes from shifting. The forces on each box are its tum is calculated from mass and velocity. The impulse 
weight, the normal force, and the frictional force. The momentum principle is useful in solving problems 
normal force on each box is equal to the box weight. involving force, time, velocity, and mass. 

  

  

  

  

  

  

  

  

  

N=W=mg The answer is (A). 

The frictional force is 9. Initially, the box has potential energy only. (This 
takes the beam’s upper surface as the reference plane.) 

F,= uN = wmg When the box reaches the beam, all of the potential 

energy will have been converted to kinetic energy. 

Use the impulse-momentum principle. v2 = 0. The fric- : 

tional force is opposite of the direction of motion, so it is mgh, = mvj} 

negative. 1 

y= 2 Ih 
Imp = Ap 1 gn 

F,At = mAv os fost 202 m) 

m(vp—vi) _ =" _ Ma . 
AY: Fy " =pmg 4g = 1.98 m/s [downward] 

m . it 
25 rs When the box rebounds to its highest point, alt 

= = remaining energy will be potential energy once agaln. 

(o.40){0.81 2] 
8 mv3 

= 6.378 (6.45) mgh = 5 

Vy = [2ghy 

The answer Is (D). = 
= fost 2 (005 m) 

s 

= 0.99 m/s [upward] 

[s] = 
PI 
Fy 
EI Es 
7 

pple 12 d 
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. npulse-momentum principle. (Downward is 
tg . the positive velocity direction.) 

he 
= Ap= m(v, — V2) 

m =(2 rs) (1.98 ae (-0.99 =)| 
8 s 

= 35.66 N-s_ (36 N's) 

Imp 

reanswer IS (C). 

{o.At point A, the energy of the mass is a combination 

of kinetic and gravitational potential energies. The total 

aegy of the system is constant, and the kinetic energy 

atBis0. 

Ey = Ey 
Uy t+ Ty = Up 

2 
ght = mg(h+1 m) 

Ty = mg(h+1 m)— mgh 

= mg(1 m) 

(85 ke (9.t ae m) 
s 

= 833.9 J 

Therefore, the velocity of the mass at point A is 

ve [2% 
m 

(2)(833.9 J) 
85 kg 

=4.43 m/s (4.4 m/s) 

Teanswer is (B), 
T
u
l
a
)
 

 



  

  

  

spcriGE PROBLEMS       

    

  

   

  

   

       
   

t is subjected to the plane stress condition 

     

  

      

{The elemen' 

ono. 
ox 

vy 

i ‘Txy = 100 MPa 

oy 

> ~<— oy ‘Ox 

Ty << 

, 
Vitis the maximum shear stress? 

(4) 100 MPa 
8) 160 MPa 

(0 200 Mpa 

®) 210 MPa 

tA A plane : 
"ase 8 ce eae in a body is subjected to a normal 
tea stresses the x-direction of 84 MPa, as well as 

of 28 Pa, as shown. ; 

y 

28 MPa 

84 MPa 

3 ] 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, €y, of the steel 

specimen shown if F;=3000 kN, E=193 GPa, and 

v=0.29? 

Fe —< 

nee 
x 

(A) -4.0 x 10-4 

  Fy. +S   
    A = 0.04 m? 
  

(B) -11x 10-4 

(C) 10x 10-4 

(D) 4.0 x 10-4 

4. The elements are subjected to the plane stress condi- 
tion shown. 

ox = -75 MPa 
oy = 110 MPa 

\" Ty = 58 MPa 

——_—_—_——> Ty 
  

      

x) << 

i y 
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  31-2 FE Civil PRACTICE 

What is the maximum shear stress? 

(A) 58.1 MPa 
(B) 60.6 MPa 
(C) 75.8 MPa 
(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. 

4 

L=25m 

F 

6. The column shown has a cross-sectional area of 13 m?. 

E 

What is the approximate maximum load if the compres- sive stress cannot exceed 9.6 kPa? 

(A) 3.3mm 

(B) 9.3mm 

(C) 12mm 

(D) 15mm 

  

(A) 120kN 
(B) 122kN 
(C) 124kN 
(D) 130kN 

7. The element is subjected to the plane stress condit; shown. The maximum shear stress is 300 MPa. a 
o% = -310 MPa 
oy = 250 MPa 

fr Txy = 110 MPa 

TT ty 
  

      

1 ——<__ 

i 
The principal stresses are most nearly 

y 

(A) 250 MPa; —310 MPa 

(B) 270 MPa; —330 MPa 

(C) 330 MPa; —270 MPa 

(D) 310 MPa; —250 MPa 
8. Given a shear stress of Tzy= 35 MPa and a shear modulus of G= 75 GPa, the shear strain is most nearly 

(A) 2.5 x 10-5 rad 
(B) 4.7.x 10-4 rad 

(C) 55x 10-4 rad 

(D) 83x 10-4 rad 

9. Which of the fol lowing could be the Poisson ratio of @ material? 

(A) 0.35 

(B) 052 

(C) 0.55 

(D) 0.60 

Pe



       

    
¢ clement jn a body is subjected to the 

Jan 
10. chown 
pes 

y 50 MPa 

<—_——— 

120 MPa 0 MPa 121 —_ 

  

  

x 

What is most nearly the maximum shear stress? 

(4) 50MPa 
(8) 64MPa 
() 72MPa 
(0) 78MPa 

ee 

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. 

  

oan 
° 
my 
pe 
= 
I 

cat 
o 
@ 
= 

  

Solving by the equation for Triax, 

  

@-o\ 
Tou = # | 2S) 

= [= MPa — 205 MPa 

2 

= 199.4 MPa (200 MPa) 

2 

+ (100 MPa)? 

Solving by Mohr’s circle, 

step 1: 

a, = —140 MPa 

o, = 205 MPa 

Ty = 100 MPa 

step 2: Draw o-7 axes. 

step 3: The circle center is 

C=7(¢,+4,) 
= (})(—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. 

—_—_________ PP pplapass.com
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step 8: Maximum shear stress is at the top of the 
circle, Tmax = 199.4 MPa (200 MPa). 

7 (MPa) 

Tmax = 199.4 

min = —166.9    
a (MPa)     

Py 

(140, -100) 

Tmin = ~199.4   
The answer is (C). 

2. Ty is negative according to the standard sign convention, 

%,— 0, 
  

2 1 Snax min = 7(%,+9,) + ( 1 +72 

= ($)(84 MPa+o MPa) 

     (® MPa ~0 wey 54 MPa —0 MPa 
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 axial stress, 

N (3000 kN {1000 Pech F, [2000 ¢ & N = BB ————*_a} Fre i BArcinptgg GPa)(io® ay }0.0 mi) 

  

= 3.89 x 1074 

Use Poisson’s ratio, 

&, = —ve, = (—0.29)(3.89 x 10~) 
-LI3x 10 (-1.4 10-4) 

The answer is (B). 

PPie T2pass.com 

4. The maximum shear stress, 7, = : R. Rigg. following equation 1S given bry 

2,49, ey Fg Ra VC )-+7 
-75 ‘a a2 

= ( ‘75 MP: 5 110 MP; ) + (58 MPa 

= 109.18 MPa (109.2 MPa) 

The answer is (D). 

5. From Hooke’s law, the axial strain is 

Pa [Pa)}10° —*_ - (255 MI a ss wea 
= a E 9 Pa } (69 aPa)(0 ape 

The elongation is 

6 = eL = (0.0037)(2.5 m) = 0.00925 m (9.3 mn) 

The answer is (B). 

6. The maximum force is 

Foe = SA = (9.6 kPa)(13 m’) 
= 124.8kN (124 kN) 

The answer is (C). 

7. The principal stresses are 

1 Pmax»Fmin = 5(0, + 0) + Tmax 
( 

MPe 3004 
= ($)(—310 MPa +250 MPa)+ 

= —30 MPa + 300 MPa 
max = 270 MPa 

Onin = —330 MPa 

The answer is (B). 

8. Use Hooke’s law for shear. 

6 Pa ] a 
r. (35 wpa(10 MPa 

tbc es 

|e Pa ] 
e (75 cPa)(i0" Gre. ; 

4 yal 
=4.67x 10 rad (4.7x 10 

The answer is (B).   —  
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isson ratio is almost always in the range 4, The povoption (A) (0.35) is the only answer that 
Si 

ye 

1 Fees this 
condition.

 

gus 

te answer is (A). 

Wt
 40, The maximum shear stress is 

  

g,- % 
Tox = 

120 MPa—0 MPa}? 
J. | + (-50 MPay? 

= 78.10 MPa (78 MPa) 

Teanswer is (D). 
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Thermal, Hoop, and 
Torsional Stress 
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3. The cylindrical steel tank shown is 3.5 m in diameter, 
5 m high, and filled to the top with a brine solution. 
Brine has a density of 1198 kg/m*. The thickness of the 

4, The ae) ND yuu ee at Badin steel shell is 12.5 mm. Neglect the weight of the tank. 

guaftis 1 ane 
in the shaft? 

3.5m 

  

ear t@S 

(a) 20 MPa 

(8) 23MPa 

(0) 28MPa 

(D) 34MPa 

2. The unrestrained glass window shown is subjected to 
atemperature change from 0°C to 50°C. The coefficient 
ofthermal expansion for the glass is 8.8 x 10-°1/°C. 
  

  

fa What is the approximate hoop stress in the steel 0.65 m 

ey be above the rigid concrete pad? 

am (A) 1.2MPa 
(B) 14MPa 

Le (C) 7.2 MPa 

(D) 11 MPa 

4. A steel shaft is shown. The shear modulus is 80 GPa.       

  

1.2m 
tis my 

st nearly the change in area of the glass? 

) 0.00040 m2 
8) 0.0013 ma 

9.0021 m2 
D) ) 8.0098 m? 

outside 
inside 

diameter 
diameter 

=60mm 
= 30mm   
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Most nearly, what torque should be applied to the end 7. A circular bar at 10°C is constrained of the shaft i in order to produce a twist of 1.5°? 

(A) 420N-m 

(B) 560N-m 

(C) 830N-m 

(D) 1100N.m 
5. For the shaft sh own, the shear stress is not to exceed 110 MPa. 

r= 0.015 m 
2 = 0.025m eS) 

What is most nearly the largest torque that can be applied? 

(A) 1700N-m 
(B) 1900N-m 
(C) 2300 N-m 
(D) 3400 N-m 

6. An aluminum (shear modulus = 2.8 x 10! Pa) rod is 25 mm in diameter and 50 cm long. One end is rigidly fixed to a support. Most nearly, what torque must be applied at the free end to twist the rod 4.5° about its 
longitudinal axis? 

(A) 26N-m 

(B) 84Nm 

(C) 110N-m 
(D) 170Nm 

by rigid con. 
crete walls at both ends. The bar is 1000 mm long and has a cross-sectional area of 2600 mm?. 

Z A= 2600 mime 

fe $A 
1000 mm a: 

E = modulus of elasticity 
= 200 GPa 

« = coefficient of thermal expansion 
= 9.4 x 10-6 17°C 

  

  

    

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) 150kN 

8. A 3 m diameter solid bar ex; ques of 280 N-m at each end, 
T 

periences opposing tor- 

© 
What is most nearly the maximum shear stress in the bar? 

(A) 2.2Pa 

(B) 31Pa 

(C) 42Pa 

(D) 53 Pa 

9. A 12.5 mm diameter steel rod is pinned between two rigid walls. The rod is initially unstressed. The rod’s temperature Subsequently increases 50°C, The rod is adequately stiffened and supported such that buckling does not Occur. The coefficient of linear thermal expan- Sion for steel is 117 x 10-6 1/°C. The modulus of elas- ticity for steel is 210 GPa, 

5m 

d= 125mm 

arena ee ee
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;< the approximate axial force in the rod? 
What $ 

(a) 2.8KN 

(8) 15 kN 

© 19 kN 

(D) 58 kN 

40. 10 km of steel railroad track are placed when the tem- 
ature js 20°C. The linear Coefficient of thermal expan- 

gon for the rails is 11 x 10-* 1/°C. The track is free to 
dide 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- 
tial. 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 

(B) thin-walled pressure vessel using the logarithmic 
mean 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 i i cantilever horizontal hollow tube is acted upon Vertical force and a torque at its free end. 

     built-in end 

torque, T 

HOOP, 32-3 AND TORSIONAL STRESS 

Where is the maximum stress in the cylinder? 

(A) _ at the 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 e 

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 subjected to a 
tangential gear force of 45 kN. The shear modulus of the 

40 cm diameter ) 

aluminum is 2.8 x 10!° Pa. 

120 cm 

  

    
F=45kN— > 

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) 0.95 cm 

(C) 11cm 

(D) 19cm 
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= 
a 1 5. The steel block shown is subjected to a uniformly dis- - 

A Fay tributed stress of 20 MPa (tension) in the x-direction, a se ep 

EM strain of 4.23 x 10-4 cm/cm (tension) in the y-direction, 4. The polar moment of inertia is 

2 3 and a uniformly distributed stress of 10 MPa (compres- 
2] sion) in the zdirection. The steel has a modulus of elastic- art a \{ 0.15 m )* 

ity of 200,000 MPa, a Poisson’s ratio of 0.30, and a de (2)( 2 } 
coefficient of linear thermal expansion of 6.5 x 10-6 cm/ 

om/°C. 
= 4.97 x 107° mi! 

The shear stress is 2| 110 MPa 
50 mm 

(13500 Nam (9 =) 
Traanarenongncn\n! 2ote) 

  

  

          

25mm —t r=—= 

1 J 4.97 x 107° mi! 
20 MPa ! 20 MPa 

6 

75mm| —<—7~ | >— = 20.37 x 10° Pa (20 MPa) 

I 
| 

e4S--1"——_ 
The answer is (A). 

“a 
2. Changes in temperature affect each linear dimension. 

10 MPa 
Syiath = @L(T— T,) 

Most nearly, what is the resultant tension force in the su “ 

y-direction when the block experiences a temperature = (28 x 107 s]a2 m)(50°C — 0°C) 

increase of 30°C? = 0.000528 m 

(A) 153 KN oe [ss x 107 ale m)(50°C - 0°C) 

(B) 182kN 
Cc 

= 0.00088 m 

(C) 201kN 

(D) 225 kN 
Ainitit = (2 m)(1-2 m) = 2.4 m 

Agna = (2 m + 0.00088 m) 

x (1.2 m + 0.000528 m) 

= 2.40211 m? 

MA = Agnat — Ainitiat | 

= 2.40211 m?— 2.4 m? 

= 0.00211 m? (0.0021 m’) 

Alternative Solution 
forall pre] 

The area coefficient of thermal expansion is, 

tical purposes, equal to 2a. 

The change in area is 

AA = 2a0A,AT 

7 (ss x 1076 ales m ) (59° - °C 

= 0.00211 m? (0.0021 m’) 

The answer is (C). 
\   
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ine whether the tank is thin-walled or thick- 
g, Deter™ 
walled 

12.5 mm 12.5 mm ___ | 0.007 < 0.1 
(252 ](0% an) 

2 m 

t 

r 

Jee formulas for thin-walled cylindrical tanks. The pres- 
Use 

sure is 

p=pgh 

= [iss *sllos1 a m — 0.65 m) 
m Ss 

= 51123 Pa 

The hoop stress is 

_ pr pd _ (51123 Pa)(3.5 m) 

1 oe 
12.5 mm 

1000 == 
m 

= 7.157 x 10° Pa (7.2 MPa) 

The answer is (C). 

4. Convert the twist angle to radians. 

2m rad 

360° 
  o= 59 = 0.026 rad 

Calculate the polar moment of inertia, J. 

Store) = 15 mm (0.015 m) 
"(ate radius) = 25 mm. (0.025 m) 

© J= Fat at = (F)((o.02s m)! — (0.015 m)*) 
= 5.34 x 1077 mf 

The torque is 

T= POF 
L 

  (0.026 rad)(80 GP; 9 =| rad)(80 GPa) 10' GPa 

= x (5.34 x 1077 mi!) 
_ 1.0m ; =1110.72 Nem (1100 N-m) 

answer ig (D). 

HOOP, 32-5 AND TORSIONAL STRESS 

5. Since the shear stress is largest at the outer diameter, 
the maximum torque is found using this radius. For an 
annular region, 

J =F rty= (F)((o.02s m)! — (0.015 m)*) 

= 5.34 x 1077 mf 

The torque is 

6 7. -7 4 —— |(5.34 x 1077 m') 2 (110 MPa)(10 Mpa |(-34 

) 0.025 m 

= 2349.9 N-m (2300 N-m) 

qr, max = 

The answer is (C). 

6. Convert degrees to radians. 

  o = (459 (75288) 
= 7.854 x 107? rad 

The polar moment of inertia is 

25 mm yore (2) 
2%. 82 (2)(1000 =) 

m 

= 3.83 x 1078 m! 

Rearrange the twist angle equation to solve for torque. 

  

_ oGJ 
as, 

_ (7.854 x 107? rad)(2.8 x 10" Pa)(3.83 x 1078 m') 

= 168.7 N-m (170 N-m) 

The answer is (D). 

7. The elongation due to temperature change is 

6=al(T,- 1) 

= (9. x 10-6 = ](2000 mm)(40°C — 10°C) 

= 0.282 mm 
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Rearrange the elongation equation to solve for force. 10. The total change in length is 

— SEA 
6, = aLinitiat( T— T,) ( ea 

= (1 x 1076 = (10 kim) (50°C ~ 29%) (0.282 mi 20 cPalfio® EF 200 mn) = 0.0033 km , 
: (1 m) (1000 —) Add the change in length to the initial length. f = 146.6 kN (150 kN) 3 L = Linitia + 5; 

= 10 km + 0.0033 km The answer is (D). 
= 10.0033 km 

8. Maximum sh 

  

The shear is 

d 3m TIS -m)| 22 48) mx (2) 
T= = ae = Wh Vaan 

o (S)om 
= 52.8 Pa (53 Pa) 

The answer is (D). 

9. The thermal strain is 

€,=aAT= (1.7 x 1076 % |(60"0) 

= 0.000585 m/m 

The thermal stress is 

= fe, = o Pa” ( m o, = Ee, = (210 GPa)(io aa 0.000585 =) 
= 1.2285 x 108 Pa 

(This is less than the yield strength of steel.) 
The compressive force in the rod is 

F=0A 

2 

P 
= (1.2285 x 108 Pa)n| —125 mm 

(2)(1000 =) 
m 

= 15076 N (15 kN) 

The answer Is (B). 

ear stress occurs at the outer surface. 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 thin- walled tanks under internal pressure. 
The answer is (D). 

‘ 

12. The torsional shear Stress is maximum at the outer surface and is the same everywhere on the tube. The maximum moment occurs 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. 

40 cm 

(2)(100 =) 
m 

= 9000 Nem 

T=rF= 
a (45 kx){1000 A] 

The polar moment of inertia is 

wT 

T= Fs ny 

7.5 cm = (\||__10 
) re (2)(100 =) (2)(t00 =) 

= 6.71 x 10-6 aif
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ist. 15. eg . ge 

® the angle of twis ae ad canal deformation, tension is considered posi- [Ey 
1 +m) (120 : Ssion is considered negative. From thi cod 
th _ een Na on) generalized equation of Hooke’s law, ee aa 

2 -6 A 4 
ie ~ (ga x 10! Pa)(6.71 x 10-* mt) (100 2) 22 oe 

v= 5 (4-46) +a(7,— 7) S 

d 0,057 12! 9, = E(e,- a(T;- T)) + Ko, +0,) 

he shear stress in the shaft. 
zt Oe 

si 4.23 x 197? S 
cm 

10 ee 
| (9000 N-m)| —~°" = (200000 MPa) 2 

(2)(100 =) ~|6.5 x 10° Gx | (30°C) 

a 6.71 x 10-8 - e J 71x m' 
+(0.30)(20 MP; —10 MP. 

= 67.05 x 10° 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 P,=o,A, 

tuugential (hoop) stress for the wall thickness. Although 

the inner radius is used by convention, the outer radius [uo Pa 

MP. 
—— = (48.6 MPa)((75 mm)(50 mm))| ———"— 

pa PL _ P(do= 24) PA, (1000 =) == te Fae 

(aie ) tise ) 2 = 182250 N (182 kN) 
'a)(25 cm 

~ (2)(90 MPa) The answer is (B). 
=111lcm (1.1 cm) 

Check the thin-wall assumption. 

f -_t _ 1.11 cm 

"  dj-2t ~ 25 cm — (2)(1.11 cm) 

2 

= 0.098 < 0.1 {thin wall] 
The answer is (¢ ), 

    ee pees



   
eam shown, what is most nearly the maxi- 

ssive stress at section D-D, 1.5 m from the 
4, For the be 

mum compre 

leftend? 

1.5m 

‘0.om p> Dd 

12.5em 

1.5m section D-D A 3m promo 

    

(§) 63MPa 

(8) 110MPa 

() 230 MPa 

(0) 330 MPa 

me to the beam shown. The beam is fixed at one 
‘ad. The beam has a mass of 46.7 kg/m. The modulus of 
“asticity of the beam is 200 GPa; the moment of inertia 
4680 cms, 

  

  

2.8m ey 
tenet force at B is 1500 N. What is most nearly deflects 
bedeng tion of the beam at a point 1.2 m from the 

0. 

bg mm ePwara) 
“"™n (upward) 

  

3. Refer to the simply supported beam shown. 
1800 N 900 N 

| 0.65 m im 0.35 m 

What is most nearly the maximum bending moment? 

(A) 340N-m 

(B) 460N-m 

(C) 660N-m 

(D) 890N-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 cm?; 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. a 30° 

|» cm 

s 2m 

maximum vertical shear force 

Ye
 

  

  
What is most nearly th 

in the beam? 

(A) 3000N 

(B) 3900N 

(C) 5200N 

(D) 6100N 

P 
s 
s 3S 
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5. For the cantilever steel rod shown, what is most 

nearly the force, F, necessary to deflect the rod a verti- 

cal distance of 7.5 mm? 

  

F 
1.5m 

iy, 

ashen 10 cm diameter steel 
E=210GPa U, 

(A) 6900N 

(B) 8800N 

(C) 11000N 

(D) 17000N 

6. Refer to the simply supported beam shown. 

2500 N 310N 

1.25 m 4m 0.55m 

What is most nearly the maximum shear? 

(A) 500N 

(B) 1000N 

(C) 1500N 

(D) 2000N 

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 cm?; 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° 

Tle 

What is most nearly the approximate absolute value of 
the maximum bending moment in the beam? 

  

  

    

  

  

(A) 5000 N-m 

(B) 5200N-m 

(C) 5900 N-m 

(D) 6100 N-m 

8. A rectangular beam has a cross section of 5 

wide x 10 cm deep and experiences a maximum algae 

2250 N. What is most nearly the maximum shear ae 

in the beam? 
55 

(A) 450 kPa 

(B) 570kPa 

( 

( 

C) 680kPa 
D) 790kPa 

9. A simply supported beam supports a triangular dis. 

tributed load as shown. The peak load at the right end 
of the beam is 5 N/m. 

5Nim    
  

foe ST 
10m 

What is the approximate bending moment at a point 
7 m from the left end of the beam? 

(A) 15N-m 

(B) 17N-m 

(C) 28N-m 

(D) 30N-m 

10. Refer to the cantilevered structural section shown. 
The beam is manufactured from steel with a modulus of 
elasticity of 205 GPa. The beam’s cross-sectional area is 
86 cm?; its moment of inertia is 24 400 cm‘. A 37000 
compressive force is applied as shown, at an angle ot 0 from horizontal. A counterclockwise moment of 
N-m is applied to the free end. Neglect beam self-weight: 
and neglect buckling. 

  

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)? 

/ 
/ 

ih



  
33-3   

For the structural steel beam shown, the moment of 
11. js 250 ind. Most nearly, what is the maximum 

  

                        
  

jpertia b 9 
tion for the beam: 

deflect w = 1.75 kips/ft 

2 Z 

22 ft 

(A) 0.11 in 

(B) 0.25 in 

(C) 1.27 in 
(D) 3.6in 

12. The steel beam shown supports a masonry wall. 
Local codes limit the masonry deflection to L/360. 

w = 5.37 kips/ft 
  

                    
      

15 ft 

What is most nearly the minimum moment of inertia for 
the beam? 

(A) 285 int 

(B) 422 int 

(C) 660 int 

(D) 880 int 

13. A steel beam is shown. What is most nearly the 

MINIMUM moment of inertia required to limit the elas- 
ticslope to less than 5 x 10-4? 

w = 1160 Ibf/ft 
  

                            

10 ft 

(A) 425 ind 

(B) 480 int 

(C) 507 int 

(0) 525 in’ 

BEAMS 

14, For the steel beam shown, the modulus of elasticity 
is 29,000 ksi, and the moment of inertia is 468 in‘. What 
is most nearly the deflection 5 ft from the left support? 

w = 2.78 kips/ft 
  

                                  

(A) 0.0300 in 

(B) 0.3000 in 

(C) 0.4000 in 

(D) 0.6700 in 

15. For the steel beam shown, the moment of inertia is 
267 in‘. Most nearly, what is the maximum deflected 

slope for the beam? 

w = 8.4 kips/t 
  

                          
      

(A) 0.0060 

(B) 0.0700 

(C) 0.0900 

(D) 1.080 
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1. Find the reaction at A. 

Do Mc = Ra(4.5 m) — (45 KN)(1.5 m) = 0 
Ry = 15kN 

The bending moment at section D-D is 

M = (15 kN)(1.5 m) = 22.5 kNm 

The maximum compressive stress is at the top fiber of 
the beam section. 

  

  

h 
_ Mc _ My 

Omax = a bas 

12 
N_)(0.10 m 

22.5 kN-m)} 1000 — 
x ml aul 2 

(0.125 m)(0.10 m)® 
12 

= 108x10°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 

x. 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 

m, so a> 

—Px? 

nl ~ “6B 
4 

cm 

—(~1500N)(1.2m)*(100 =) 

os (6)(2006Pe)(10° £4680 cm!) 

x(—1.2m+(3)(2-8m)) 

(—2+ 3a), forts a 

flection is due to the beams own mass. 

The downward de om the fixed end. The load per 
Distance zis measured fr 

unit length is 

kg ™!| — 458 N, 
w=mg= (:07 aa los =] /m 

The downward deflection is 

  

'z, & 

2 
wr 

a Ee Je 4Le+ 61") 

-(4s8 SJa2 m)*{100 =} 

(24)(200 GPa)(t0° oe] so em!) 

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,1+ U,2 = 0.28 mm + (—0.10 mm) 

  

v 

   = 0.17 mm _[upward] 

The answer is (D). 

3. Determine the reactions by taking moments about 
each end. 

Mg = —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 

DOF, = Rg t 1372.5 N— 1800 N- 900 N= 0 

Ry = 1327.5 N 

Draw the shear and moment diagrams. 

1800 N ‘| N 

| fee Ngee 

Re 0.65 m 1m 0.35 1 Fp 

1372.5 N 
i 
  

  

892 N-m     
M 

_ 92 Nem M = VRg = (1372.5 N)(0.65 m) = 89? 

  

    al
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2 [us Be [ost Je m) + (6000 N)(sin 30°) 

m s 

= 3900 N 

The answer is (B). 

5, For acantilever beam loaded at its tip, with c= L, 

  

_ PL 
“mex * “SET 
p= ~3E Minox 

B 

Pa 
—(3)(21 8 (3)(210 GPa)(0 ae] 

x($)(0.05 m)*(7.5 mm) 

(1.5 m}* (1000 =n) 
m 

= 6872 N (6900 N) [downward] 

The answer is (A). 

& Determ; ine the reactions by taking the moments al 
Sutend B and by taking the sum of the forces. 

OMy = —R,(1.25 m+ 4 m+0.55 m) 
+(2500 N)(4 m +0.55 m) 
+(810 N)(0.55 m) 

=0 
Ra = 1990.6 N 

F, = Ry + 1990.6 N — 2500 N—310 N 
=0 

Ra=819.4N 

  

  

  

BEAMS 

: moment occurs 0.65 m from the left end Di ; x) 
qhe martes through zero) of the beam and is equal to at eee ac 
(where g 0. N-m). 2500 N 310N es 

Nem (89 ceo 392 cme 

eanswer Is (9). By = 

4. The maximum vertical shear in the beam will occur 1.25 m 4m oe 
‘i ed end. R, R, 
atthe fix *” 4990.6 N Fe 
yeul+F, | { 

zmgL + F,       ET 
“EAN -819.4N 

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, = hui? = —}mgl? 

= -(5}(o0 “los =e 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 =) 
m 

M, = Fe = (2500 N)(cos 22°) 

= 289.7 Nem 
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The total moment is 

M = M,+ M,+ M, 
2648.7 N-m — 2809.5 N-m + 289.7 N-m = —5168.5 N-m (5200 N-m) 

I 

The answer is (B). 

8. The Transverse Shear Stress is given by the following equation 

arve yaa 

The maximum shear stress occurs at the centerline of a rectangular section, so 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. 

  

va 
Toy = a 

_ Vay _ vay 
eG ee 12 12 

h? 

r Vb x - £SV' 

6273 2b 

12, 
(3)(2250) 

(2)(5 em)(10 em)(100 a 
= 675 x 10°Pa (680 kPa) 

The answer is (C). 

9. The total force from the distributed load is 

[5] m)(s *) =25N 

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 left reaction. 

  

10m DX Maghtona = (25 »/ z |- Rien(10 m) = 
Rog, = 8.33 N 

  

PPl_e ppi2p 

The load increases linearly to 5 N/m at 10m. At i 
the loading is (0.7)(5 N/m). The total distributeq fae 
over the first 7 m of the beam is 

(SI {cos x) = 12.25 N 

Take the sum of the moments about the Point of interest (7 m from the left end) due to the distributed force to the left of the point of interest and the Teaction at the left end. The calculation is easier to the left. 

7m SoM = (12.25 (Z] — (8.33 N)(7 m) 

= —29.73 Nem (30 N-m) 

The answer is (D). W 

10. The vertical component of the linear force causes! deflection. The vertical component is shown in the fol. lowing figure. 

37,000 N 

   

  

(37,000 N)sin4o° 

(37,000 N)cos4o° 
a 

With z= L, the deflection due to the vertical component of the force is 

4 ~(87000 N)(sin 40°)(1.6 m)'{100 = 13 ee 
3EI 

Pa 4 3)(205 GPa) 10° 28 \(o4,400 om!) (9205 GPe(20 Foc 
= 70000649 m (—0.649 mm) _[downward! 

The eccentric application of the force causes an upward deflection. The deflection due to the end moment is 

2 cm ‘ Max? (600 N-m)(1.6 m) (100 x 
QE LE pee, 2)(2 9 <2 }(24.400 cm’) (2)(205 GPa)(to eek 

UW = 

= 0.000154 m (0.0154 mm) [upward] 
The total deflection due to the external force alone is 

YV=U+n= —0.649 mm + 0.0154 mm 
= —0.634 mm (0.63 mm) [downward] 

The answer is (A).



GE 33-7 
deflection occurs halfway down the beam 

cae The modulus of elasticity for struc- ax : te ae 000 ksi. From the equation for maximum 
’ vaste! a a mply supported beam, 

ecto 

sul! 
|nesl = 384 EI 

kips 15 HBS 3 
s] a |(22 #1) 2 +) 

2 — 

1 ft ia ae ee = 
(380(29,000 “30° (aso in’) 

in 

= 1.27 in 

mneanswer is ( (C). 

{2, From the local code, the maximum deflection is 

Use the equation for maximum deflection for a simply 
supported beam, and rearrange to find the minimum 
Toment of inertia. Maximum deflection occurs halfway 
dovn the beam from the support. The modulus of elas- 
ticity for steel is 29,000 ksi. 

5wL4 

384ET 
p-—_dul4 

384E|v 
‘max 

[ial = 

kips 5.37 — oy 
5] —#_|((a5 #)a2 =)) q ft in 

  

(384) [2 000 Flos in) 
in’ 

= 421.85 int (422 in’) 
The aNsWer ig (8), 

    

13. Use the e 
supported be 
inertia. 

quation for maximum slope for a simply 
‘am, and rearrange to find the moment of 

  

Ibe in,)* 1160 = (a0 ft)(12 -) 

(12 2)(1000 2) 

(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. 

wr 
Umex(2) = MET (13-212? + 2°)   

kips 
2.78 —— ‘ 

ft =) — 2 (5 f(1 ft 
in 

12— 
ft 

——ma 
2020, 000 2 |(468 in') 

in 

[asso(12 n)) eas mys 9)°(12 ) 

+ f(12 my 

= 0.3729 in (0.4000 in) 

The answer is (C). 

PP _pelapass.com



  33-8 FE -crvin practice 

15. Use the equation for maximum slope for a simply supported beam. The modulus of elasticity for steel is 29,000 ksi. 

= 
bo 
BO 
a 
o 

) 
9 
7 
=e wL3 

mal = 
24EI 

  

3 

  

= | ft)(12 2)) 
ets eens Se 

(24)(29, 000 “85)(267 int) 
in? 

= 0.0899 (0.0900) 

The answer is (C).
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ppactice PR 

J column with a cross section of 12 cm x 16 cm 
en height and fixed at its base. The column is 

» ad against translation in its weak direction at the 
wr is unbraced in its strong direction. The column’s 

icity is 2.1 x 10° MPa. 
godulus of elast: 

pinned in 
7, Weak direction 

4m 

12cm mI 
5 

pin ~ ft 

fixed Ni -freem 
i 

le tH} — 

  

      

What is most nearly the maximum theoretical vertical 
thecolumn can support without buckling? 

2At0 
te tee o x10 cm square column supports a compres- 

wae 000 N. The load is concentrically applied. 

“coun nearly the maximum compressive stress in 

Columns 

  

3. A Square column with a solid cross section is placed 
in a building to support a load of 5 MN. The maximum 

allowable stress in the column is 350 MPa. The column 
reacts linearly to all loads. If the contractor is permitted 
to load the column anywhere in the central one-fifth of 
the column’s cross section, what are most nearly the 

smallest possible dimensions of the column? 

(A) 12cmx12cm 

(B) 14cmx 14cm 

(C) 16cmx 16cm 

(D) 18cm x 18cm 

4. What is most nearly the maximum resultant normal 

stress at A for the cantilever beam shown? 

Asy 
a 
  

  

  

7m 1.3m 5m 17.5em 
  

Y
A
Y
 

      

        
  

45°   YG 

7.50m 

350N 225N 

elevation view cross section 

(A) 7.2MPa 

(B) 9.4MPa 

(C) 9.8MPa 

(D) 9.9MPa 
ide and 50 mm 

. A rectangular steel bar 37.5 mm wi : 

eck js pinned at each end and subjected to axial com- 

ion. The bar has a length of 1.75 m. The modulus 

of elasticity is 200 GPa. What is most nearly the critical 

puckling load? 

(A) 60kN 

(B) 93KN 
(C) 110kN 

(D) 140 kN 

———_ Ppt e ppl2pass.com 
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6. What is most nearly the Euler buckling load for a 
10 m long steel column with cup-and-ball ends and with 
the given properties and cross section? 

Tyg = 3.70 x 10° mm! 

  

      

  

E = 200 GPa 

y’ 

100 mm | 

a 

25mm 

x’ > x 

75mm 

    
        y 
25mm 

(A) 15kN 
(B) 24kN 

(C) 43kN 
(D) 73kN 

SOLUTIONS     
4. The column can buckle in either the right-leg, dir 
tion or in the forward-back direction, so both me 

checked to determine the maximum load the coly, a 

can support. The column is 12 cm wide in the right-left 

direction and 16 cm wide in the forward-back direction 

so right-left is the “weak” direction and forward-back jg 

the “strong” direction. 

Check the buckling force in the weak direction. Since the 

column is fixed at one end and pinned at the other, the 
theoretical end-restraint coefficient, K, is 0.7. The effective 

length for buckling in the weak direction is 

Ke=(0.7)(4m) =2.8m ' 

The moment of inertia for buckling in the weak direction is 

3 3 
ont _ G6 emj(12 cm)” 2 2.3 107 at 

T= (12)(100 ==) 

Calculate the critical buckling force from Euler's 

formula. 

WEL 

fo Kop 
  

Pa 5 Ah (2.1 x 10° MP: (10° eax m) 
me@rx 8)|10° Sapa | ~MPaly 

(2.8 m)? 

=6.09x 10°N (6.1 MN) 

  

Check the buckling force in the strong direction. The 
column is not braced in that direction, so for @ column 

fixed at one end and free at the other, K =2. 

Ke = (2)(4m)=8m 

: jrec- 
The moment of inertia for buckling in the stron& dire 
tion is 

  

  

 



       

      
     
   

   

Jate the critical buckling force from Euler’s 

calcula! 

formule 

2s 
fez ( KO? 

3 

a 

(2.1 x 10° Pa)( 108 |e x 107 m!) 

— _—?
 

: (8 my’ 
=13%10°N (1.3 MN) 

This is less than for buckling in the weak direction. This 

force controls. 

the answer is (A). 

2, The cross-sectional area of a square column is 

2 

10 cm 

100 — 
A=b'= = 0.01 m? 

The moment of inertia of the square cross section is 

Ts = — SO __ = 8.33 x 1078 

The distance from the neutral axis to the extreme 
fibers is 

b 
es 2m __ 905m 

(2)(100 =) 

The Stress ig 

c= 

=|
 

_ ~9000 N 
0.01 m? 

=-9x 10° Pa 
(—900 kPa) 

Orsi ative Sign,” forces and stresses are usually given a neg- 

answer is(B . 

SS 

34-3 COLUMNS 

3. The middle one-fifth of the column is a square with 
dimensions of b/5 x 6/5 (0.26 x 0.20). 

area of permitted 

6 
re 
cos et 
eo 

ree) 
Pr 
P= 

  

  

  

neutral axis 7 
of bending [ ee point of 

maximum 
ad stress 

i 0.4b 

b/-4--~— 4------ +-10.2b 
      

0.4b         
The maximum stress will be induced when the middle 

one-fifth square is loaded at one of its corners. 

The cross-sectional area is 

A=)? 

The moment of inertia of the square cross section is 

bf 

12 
I= 

The distance from the neutral axis to the extreme 

fibers is 

8 1 
ni

e 

The maximum eccentricity is 

e=0.1b 

The stress at the extreme corner is 

  

    

6 

_F(Feste , Fests) _ 1 eon (3) wry L, Ty a oe 

12 

2412] 
b b 

2. — 
5 N .2)(5 MN)| 10° (2.2)(5 MI i[10 x] 

  

   
  

6 Pa 
(350 Pay 10 re] 

=0.177m (18 cm) 

The answer Is (D). 
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4. The beam experiences both axial tension and bend- 

ing stresses, so it should be analyzed as a beam-column. 

XM, = (350 N)(7 m) + (225 N)(sin45°)(7 m) 

—(225 N)(cos45°)(5 m) 

= 2768 Nem 

The stress is 

  

h 
Posy a3] 
bh on? 

12 

(225 N) (cos 45°) (100 ony 
as m 

(7.5 cm)(17.5 cm) 

m
v
 

max = 
4 Me 

I 

  

17.5 cm 

cm (2)(100 =) 

(7.5 cm)(17.5 cm)® 

cm \‘ (12)(t00 <a) 

= 7.24 10° Pa (7.2 MPa) 

(2768 N-m) 

The answer is (A). 

5. Use Euler’s formula. K=1 since both ends are 
pinned. Though the problem states the bar width is 37.5 
mm and its depth (thickness) is 50 mm, the critical 
buckling load is governed by the least moment of inertia 
of the cross-section. In this case, use b = 50 mm and h = 
37.5 mm. 

  

2 mEI 

"(Ke 

2p{ oe 
12 

(Ke 

(200 GPa)(10” Fe. (50 mm)(37.5 mm)? 
GPa}! 7 art = (12)(1000 amy 

= m 

((1)(4.75 my)? 
= 141624N (140 kN) 

The answer Is (D). 

6. vz and yy are centroidal axes. Iyy is cok 

from the equation J= 6h®/12 about the centro 

axis of a rectangle. For this cross section, a 

25 mm, h; = 100 mm, b= 75 mm, and hy = 25 min, 1s 

bh? 4 byh?? 

ly = 12 vu 

(25 mm)(100 mm)? | (75 mm)(25 mm)! 
ere aS wee Or INTE somes 

(12) (1000 an) (12) (1000 =) 
m 

= 2.18 x 107° mi! 

Find the Euler buckling load, P.,. The smallest moment 
of inertia (corresponding to the least radius of gyration) 
should be used. Jyy is less than Iyy. 

  

p= el 

(Ke? 

: (200 cPa)(08 ae |ea8 x 1076 mi!) 

((a)(10 my)" 
= 43 kN 

The answer is (C).
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pracTICEPROBLEMS 

  

aA stress-strain diagram is shown. 

o 

What kind of test might result from this diagram? 

(A) resilience test 

(B) rotating beam test 

(C) ductility test 

(D) tensile test 

2.4.0.4 m long steel rod has a diameter of 0.05 m and a modulus of elasticity of 20 x 10‘ MPa. The rod supports 
on N compressive load. Most nearly, what is the 

crease in the steel rod’s length? 

(A) 13x 10-6 m 
8) 25x 10-°m 
©) 51x 10-6m 
®) 10x 105m 

. What t 4 erm is used for the ratio of stress to strain 
°w the proportional limit? 

(a) Modulus of rigidity 
. Hooke’s constant 
C , 

) Poisson's ratio 
0) 

) Young's modulus 

4. What does an impact test measure? 

Ma
te

ri
al

s 

A) hardness 

B) yield strength 

C) 
D) creep strength 

  

toughness 

( 

( 

( 

( 
5. The density of a particular metal is 2750 kg/m*. The 
modulus of elasticity for this metal is 210 GPa. A circu- 
lar bar of this metal 3.5 m long and 160 cm? in cross- 
sectional area is suspended vertically from one end. 
What is most nearly the elongation of the bar due to its 
own mass? 

(A) 0.00055 mm 

B) 0.00079 mm 

(C) 0.0016 mm 

(D) 0.0024 mm 

6. A stress-strain diagram is shown. 

o 

(MPa) 

500 

400 

250 

150    0.2 0.25 0.28 « 

0.0013 

Most nearly, what is the percent elongation at failure? 

(A) 14% 

(B) 19% 
(C) 25% 

(D) 28%
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fot . 
‘ i tatements regardi 

7. In this illustrat hat lue of 40 MPa 9. Which of the following s ‘Tegarding the represent? 2. : ductile-to-brittle transition temperature is true? 
stress 
(MPa) 

40 

  

PE
S 

ta
ht
) 

logN 

I. fatigue limit 

II. endurance limit 

III. proportional limit 

IV. yield stress 

(A) Lonly 

B) IandII 

C) IlandIv 

D) I,I,andIV 

( 

( 

( 
8. If 6 is deformation, and L is the original length of the specimen, what is the definition of normal strain, e? 

(A) en b+8 

PPre I2pass.com 

I. It is important for structures used in cold 
environments. 

II. It is the point at which the size of the she; at lip 
or tearing rim goes to zero. 

III. It is the temperature at which 20 J of energy 
causes failure in a Charpy V-notch specimen of 
standard dimensions. 

(A) Ionly 

(B) IandII 

(C) Tand III 

(D) Iand III 

10. A stress-strain diagram is shown. 

o 
(MPa) 

500 

400 

250 

150    0.00075 | 0.02 
0.2 0.25 0.28 ¢ 0.0013 

Most nearly, what wmiatedal? is the modulus of elasticity of the aterial? 

(A) 20GPa 

(B) 80GPa 

(C) 100 GPa 

(D) 200 GPa



  

  

  

    
soLuTIONS a 

stration shows the results from a tensile test. 
and ductility may be calculated from the 

put the test is not known by those names. The 
ee beam is a cyclic test and does not yield a mono- 
otal 
oie stress-stra

in curve. 

answer is (D). 

he illu 
th resilience 

The 

2, The area of the steel rod is 

jos ad? _ (0.05 my’ 
Us, 4 
= 1.96 x 1073 m? 

The decrease in the rod’s length is 

  

PL 
5 a5 

_ (10000 N)(0.4 m) 
~ Pa 

1.96 x 10~? m?)(20 x 104 MP: [uo (1.96 x m*)(20 x a) MPa 

=1019x 107m (1.0 x 107° m) 

The answer is (D). 

3. Young’s modulus is defined by Hooke’s law. 

o= Ee 

i 's Young's modulus, also called the modulus of elastic- 

a and is equal to stress divided by strain within the 

Portional region of the stress-strain curve. 
The ‘answer is (D). 

GW Ani 

tea wet test measures the energy needed to frac- 

st sample. This is a measure of toughness. 

newer is (C), 
5 The mass of the bar is 

™= pV = pAL 

= [50 = 160 cm? 

" (100 omy 
(3.5 m) 

= 154 kg 
tot, at tal gravite ys the suspen tational force is experienced by the metal 

On point. Farther down the rod, however, 

ae 

M ATERIAL PROPERTIES AND TESTING 35-3 

there is less volume contributing to the force, and the 
stress is reduced. The average force on the metal in the 
bar is half of the maximum value. 

  

7 *max 

={i m 7 [5] i (os1 =| 

= 755 N 2 

The elongation is = 
= 

-AL 
Io 

F AL =ely= 2Ly)= — eho Eo AB Lo 

2 755.N em/) 

- law cm?) (210 x 10° Pa) Jas = (:00 ™m ) 

= 7.868 x 10-7 m_ (0.00079 mm) 

The answer is (B). 

6. The strain at failure used in the equation is found by 

extending a line from the failure point to the strain axis, 

parallel to the linear portion of the curve. The percent 

elongation is an indicator of the ductility of a material, 

but it is not the same as the ductility. The percent elon- 

gation is 

percent elongation = €, x 100% 

= 0.25 x 100% 

= 25% 

The answer is (C). 

7. The illustration shows results of an endurance (or 

fatigue) test. The value of 40 MPa is called the endur- 

ance stress, endurance limit, or fatigue limit, and is 

equal to the maximum stress that can be repeated indef- 

initely without causing the specimen to fail. 

The answer Is (B). 

8. Strain is defined as elongation, 6, per unit length, L. 

The answer is (D). 

he only one that is false. A test piece 
t IT is tl 

oe f energy usually has a small shear lip. 
that breaks at 20 J o! 

The answer is (C). 

———___ PP e ppl2pass.com
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10. The modulus of elasticity (Young's modulus) is the 
slope of the stress-strain line in the proportional region. 

150 MPa 

0.00075 
200000 MPa (200 GPa) 

o 

E 

Ee 

& 
€ 

The answer is (D). 
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   Engineering Materials     

  

     

TICE PROBLEMS 
2. Which of the following figures is a cooling curve of a 
pure metal? 

(A) 

   
    
   

g 3 a z g a 5 & 3 5 eg 8 = Ss
 

  

time 

te
mp
er
at
ur
e 

R 
7 

Oo 

© 

\ 
im 

te
mp

er
at

ur
e 

B (B) 
Tegion enclosed by points DEF can be described asa 

          

     
    

g mixture of solid @ component and liquid a z p component 
a | 
§ | tiquid! . mixture of solid $ component and liquid & Oe liquid component 

4 and | 
solid | solid peritectic composition 

time 
mixture of solid component and a molten mix- (C) ture of a and 3 components 

te
mp
er
at
ur
e 

solid 

(D) 

te
mp
er
at
ur
e 

solid 
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3. A composite material consists of 20 kg of material A, 
10 kg of material B, and 5 kg of material C. The den- 

sities of materials A, B, and C are 2 g/cm’, 3 g/cm’, and 
4 g/cm’, respectively. Most nearly, what is the density 
of the composite material? 

(A) 2.1g/em! 
(B) 24g/cm? 
(C) 2.7 g/cm? 

(D) 3.3g/em? 
4. Which of the following characteristics describes 
martensite? 

I. high ductility 

IL. formed by quenching austenite 

Il. high hardness 

(A) Tonly 

(B) land II 

(C) Land II 

(D) Mand 

5. A mixture of ice and water is warmed from 0°C to 
10°C. How many degrees of freedom does the mixture 
have? 

  

  

    

      

(A) -1 

(B) 0 

(C) 1 

(D) 2 

6. An electrochemical cell is shown. 

(v) 
Ys 

x 

Ree 

plate | 

Zn? cur? 

  

          
What is the reaction at the anode? 

(A) Cu Cu?+ + 2e 

(B) Cu’++2e 4 Cu 

(C) Zn Zn? + 20 

(D) Zn? 4+2e- Zn 

7. Refer to the phase diagram shown. 

oO im / \ 

te
mp
er
at
ur
e 

a B 

The liquidus line is 

(A) CDFG 

(B) CDE 
(C) CBFE 
(D) ABDE 

8. Pearlite is a mixture of ferrite and cementite present 
in cast iron and steel, formed by the cooling of austenite, 
Ferrite is a form of iron that contains only a very small 
amount of carbon. Bainite is an aggregate of iron car- 
bide and ferrite, formed from austenite below the tem- 
perature at which pearlite forms and above the 
temperature at which martensite forms. Rapid quench- 
ing of austenite can result in martensite. What is the 
hardest form of steel? 

(A) pearlite 

(B) ferrite 

(C)  bainite 

(D) martensite 

9. Which of the following processes can increase the 
deformation resistance of steel? 

I. tempering 

Il. hot working 

Ill. adding alloying elements 

Iv. hardening 

(A) Tand II 

(B) TandIV 

(C) Wand It 

(D) IWandIv
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‘on of iron can be inhibited with a more elec- SOLUTIONS 
cating, while a less electropositive coating ore merce 

erate corrosion. Which of these coatings 
to corrosion of iron products? 

rrosi 

ositive © 
5 t0 accel 

  

1. The region describes a mixture of solid 9 component 
“y] contribute and a liquid of components a and f. 

a) dine The answer is (D). 

() gold 2. The solidification of a molten metal is no different 

C) aluminum than the solidification of water into ice. During the 

( . phase change, the temperature remains constant as the 

(0) magnesium heat of fusion is removed. The temperature remains con- 
{Refer to the phase diagram shown. stant during the phase change. 

The answer is (A). 

  

1500 
E 3. Calculate the volume, V, of each material. 

o 
© 1000 V, = 7A 
g D PA 

8 (20 ke) (1000 £| 
5 nee 

g 2— 

cm? 

20 40 60 80 = 3 
# 6 4 2 6 = 10000; cm: 

es) VWy=—2 
proximately how much solid (as a percentage by PB 
ight) exists when the mixture is 30% a and 70% @ g 

id the temperature is 800°C? (10 {1000 ral 

=—{— 
3— 

cm? 

= 3333 cm? 

Vo= wi: 
Po 

(5 (1000 «| 
= kg 
7 JB. 

cm? 

= 1250 cm? 

The total volume is 

Veot = Va+ Ve+ Vo 
= 10000 cm’ + 3333 cm? + 1250 cm? 
= 14583 cm’ 
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The density of the composite material is 

Pe = Li fiP: = fara + fap t Sorc 
hs Vara t+ Veen+ Vero 

Veot 

(10000 ont[2 <,] + (3333 en’(a =| 
cm? cm 

+(1250 oni (4 = 
_ cm’ 

14583 cm* 
= 2.4 g/cm’ 

The answer is (B). 

4. Martensite is a hard, strong, and brittle material 
formed by rapid cooling of austenite. 

Ductility is the property of a material to be able to 
change its shape easily. Because quenching makes fer- 
rous metals hard, and martensite is a very hard metal, it 
has very low ductility. 

The answer is (D). 

5. Solid and liquid phases are present simultaneously, so 
the number of phases, P, is 2. Only water is involved, so 
the number of compounds, C, is 1. 

Gibbs phase rule is applicable when both temperature 
and pressure can be varied. When the temperature is 
varied, Gibbs phase rule becomes 

P+F=C+2 

F=C+2-P 
=142-2 
=1 

The answer is (C). 

6. Zinc has a higher potential and will act as the anode. 
By definition, the anode is where electrons are lost. The 
reaction at the anode of the electrochemical cell is Zn + 
Zn** + 2e-. 

The answer Is (C). 

7. The liquidus line divides the diagram into two 
regions. Above the liquidus line, the alloy is purely 
liquid, while below the liquidus line, the alloy may exist 
as solid phase or as a mixture of solid and liquid phases. 
The liquidus line is CDE. 

The answer Is (B). 

8. Hardness in steel is obtained by rapid quenching 
Martensite is quenched rapidly, so it has a high hardnes, 

(and low ductility). 

The answer is (D). 

9. Steel’s hardness, or resistance to deformation, can be 

increased by surface hardening Processes and by some 

alloying metals. However, tempering and hot worki 

increase the ductility (deformation capability) of stee}, 
not its hardness. 

The answer is (D). 

10. Zinc, aluminum, and magnesium are all more elec- 

tropositive (anodic) than iron and will corrode sacrifi- 
cially to protect it. Gold is more cathodic than iron and 
the iron will corrode first. The iron is lower than gold on 
the galvanic series. 

The answer is (B). 

11. Use the phase diagram to find the fraction of solid. 

1500 

molten mixture of a + B 
(liquid a + liquid B) 

te
mp
er
at
ur
e 

(°
C)
 

© 3 3 

solidus line | 
| 
| 

a solid + B ss 

  

57% 70% 83% 
(wt%) 

wt% fraction solid = ——% x 190% 
T— 23 

_ 10% — 87% 
83% — 57% 

= 50% 

x 100% 

The answer is (D). 
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Structural Design: 
Materials and Basic 
Concepts 

cTICEPROBLEMS 

4, Which statement about the modulus of elasticity, E, 

isttue? 

(A) It is the same as the rupture modulus. 

(B) It is the slope of the stress-strain curve in the 
linearly elastic region. 

(C) Itis the ratio of stress to volumetric strain. 

(D) Its value depends only on the temperature of the 
material. 

2, What modulus of elasticity is predicted by ACI 318 
for normal weight concrete with a compressive strength 
of 3000 Ibf/in?? 

(A) 0.26 x 108 psi 

(B) 1.9.x 10° psi 

(©) 28x 10° psi 

(0) 3.2.x 108 psi 

3, Which of the following criteria must be met in order or the compressive strength of concrete to be satisfied? 

L No single Strength test falls below the specified 
Compressive strength, f’, by more than 0.10/". 
No single Strength test falls below the specified compressive strength, f, , by more than 0.20/!. 

The average of every three consecutive strength 
tests equals or exceeds the specified compressive Strength, 

The average of ever: 
ests: must 
Compressive 

'y three consecutive strength 
not equal or exceed the specified 
strength. 

Tand 

land Iv 
Nand yy 

Wand ty 

4. A waste product of coal-burning power-generation 
stations, fly ash, is the most common pozzolamic addi- 
tive. Which of the following statements are true about 
fly ash? 

I. Fly ash reacts with calcium hydroxide to 
increase binding. 

II. Fly ash reacts with calcium silicate to form a 
binder. 

Ill. Fly ash acts as a microfiller between cement par- 
ticles, increasing strength and durability while 
reducing permeability. 

IV. When used as a replacement for less than 45% of 
the portland cement, fly ash meeting ASTM 
C618 enhances resistance to scaling from road- 
deicing chemicals. 

Al (A) IandII 

(B) IlandIVv 

(C) 1,10, andIVv 

(D) U, 1, andIv 

5. Which category of steel contains 0.15-0.29% carbon? 

(A) low-carbon 

(B) mild-carbon 

(C) medium-carbon 

(D) high-carbon 

6. Which property of steel allows it to undergo large inelastic deformations without fracture? 

(A) yield 

(B) 

(C) ductility 

(D) 

elasticity 

toughness 

  

| as 
PPle Ppl2pass.com 

Ec 
BD 
ir 
So 
=a) 
a 

 



g 
< 
3 
€ 
Es 

  

    

  

37-2 FE-civit pRacTiCE 

7. A simply supported reinforced concrete beam 12 in SOLUTIONS wid le and 28 in deep spans 20 ft. The beam is subjected to a uniform service dead load equal to 2.0 kips/ft (exclusive of beam weight) and to a uniform service live load of 2.4 kips/ft. The factored uniform load is most nearly 

(A) 6.7 kips/ft 
(B) 7.4 kips/ft 
(C) 8.0kips/ft 
(D) 9.2kips/ft 

8. A simply supported reinforced concrete beam 12 in wide, 24 in deep, and 30 ft long is subjected to a dead load of 1.2 kips/ft and a live load of 0.8 kip/ft in addi- tion to its own dead weight. Most nearly, what moment should be used to determine the steel reinforcement at the center of the beam? 

(A) 12 ft-kips 
(B) 350 ft-kips 
(C) 380 ft-kips 
(D) 420 ft-kips 

  

1. The modulus of elasticity is the slope of the stress. 
strain diagram in the linearly elastic region, 

The answer is (B). 

2. The modulus of elasticity is 

B, = 33u2 Jf 
if y'* Tbf = (33)}145 =] 3000 2f (33 5 7 000 

= 3.16 x 10° psi (3.2 x 10° psi) 

Note that this equation is not dimensionally consistent. 
The answer is (D). 

3. The compressive strength of concrete is considered satisfactory if two criteria are met: (a) no single strength test falls below the specified compressive strength, f’, by 
more than 0.10f;, and (b) the average of every three con- 
secutive strength tests equals or exceeds the specified compressive strength. 

The answer is (A). 

4. As the cement sets, calcium silicate hydrate and cal- cium hydroxide are formed. Calcium silicate hydrate is a binder that holds concrete together, while calcium hydroxide does not contribute to binding. However, fly ash reacts with some of the calcium hydroxide to increase binding. 

Fly ash acts as a microfiller between cement particles to increase strength and durability while decreasing pe meability, and enhances resistance to scaling from road- deicing chemicals when it meets ASTM C618 and is used as a replacement for less than 45% of the portland cement. 

The answer is (Cc). 

5. Carbon steels are divided into four categories based on the percentages of carbon: low-carbon (less tha! 0.15%), mild-carbon (0.15-0.29%), medium-carbor (0.30-0.59%), and high-carbon (0.60-1.70%). 
The answer is (B). 

las 6. Ductility is the ability of steel to undergo large wethe tic deformations without fracture. Yield stress a ital tensile stress at which the stress-strain curve exhib its a well-defined increase in strain without an incre in stress. The modulus of elasticity is the slope © 
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| straight-line portion of the stress-strain diagram. iti 
ighness is the ability of a specimen to absorb energy. fou 

mre answer IS (C). 

h the unit weight of unreinforced normal janenerete is taken as 145 Ibf/f°, the unit weight of 
inforced normal weight concrete is usually assumed to 
150 Ibf/ft?. The weight of the beam per unit length is 

(12 in) (28 i) {150 a 
ft? 

12 ny 1000 PE ( ft kip 

The factored uniform load is the maximum of 

  W= bhw = = 0.35 kip/ft 

kips kip = 14D = (1.4)}2.0 2° 4.9.35 SP U=14D c.a20 a +03! =| 

i 
I re 
= 
a 

= 3.29 kips/ft [does not control] 

U=12D4+16L 

i c.ai{20 Kips 9.35 MP), aolra xe) 

  

ft ft 

= 6.66 kips/ft (6.7 kips/ft) 

8. The specific weight of steel-reinforced concrete is 
assumed to be 150 Ibf/ft3. The weight of the beam is 

(12 in)(24 im (150 be 

in Ibf 12 >) J1000 — 
( a one kip 

W= bhw = 

  

= 0.3 kip/ft 

The factored uniform load is 

Us 1.2D+ 1.6L 

=(afie ABS | 9,3 Kip + (1.6)} 0.8 fis tt ov = 3.08 kips/ft 

  

F . pr : uniformly loaded beam, the factored moment is mum at the center of the beam and is 

kips 2 
3.08 —— |(30 ft ( 08 Je ) 

8 
47 ft-kips (350 ft-kips) 
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Reinforced Concrete: 

Beams 

the ACI-specified 

  

pracTl PROBLEMS oc cosntnnnnnn For each beam in the floor system, 
effective top flange width is most nearly 

4, The span length and cross section of a reinforced con- ; 

crete beam are shown. The beam is underreinforced. (A)e)96 in 

The concrete and reinforcing steel properties are (B) 50in 

j= 3000 Ibffin®, fy = 40,000 Ibf/in?, and A, = 3 in’. (C) 60in 
< 
ec 

sft 
(D) 90in 

oo 
Pad cy 

concrete beam with [i a 
3. The cross section of a reinforced 

tension reinforcement is shown. ‘Assume that the beam 

is underreinforced. 

live load, P 

  

dead load, Wo = 5 Ibfift 
12in oa | |   

  ! a 
wil 1sinf 

              

  U1     

    

  

    

  

: a bes 
cross 

section 
20in 

23 in 

weight and based only on the 

ty of the beam as determined 

(ACI) strength 

allowable live load 

Neglecting beam self- 

allowable moment capaci 

using American Concrete Institut 

design specifications, the maximum 

is most nearly 

3-No. 9 bars   

  

    
(A) 23,000 Ibf 

' , 

et 
f= 3000 Ibf/in’ 

. ,000 Ibf 
f, = 40,000 Ibf/in® 

35,000 Ib! 
) a 

A, = 3 in? [three no. 9 bars} 

D 

r 

(D) 50,000 Ib 
baa 

sts of ten 30 ft long reinforced 

5 in deck slab. (A typi 

of the beams.) 
ear force in the beam is 5 kips and 

force in the beam is 15 kips, then 

t of shear reinforcement needed 

tirrup spacing of 8 in based on 

2. A floor system consi 
concrete beams and a continuous 

cal section is shown for the deck and two 

Assume the beams are underreinforced. 

If the dead load sh 

the live load shear 

the minimum amount! 

for a center-to-center s'   Sin 
‘ACI strength design is most nearly 

an (A) 0.10 in? 

(B) 0.12 in? 

| 70 in (C) 0.14 in? 

es eel (D) 0.18 in?
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FE Civil PRACTICE 38-2 

4. The span length and cross section of a reinforced con- 
crete beam are shown. The beam is underreinforced. 
The concrete and reinforcing steel properties are 

f, = 2500 Ibf/in?, f, = 50,000 Ibf/in?, and A,=3.8 in’®, 

oft 2 
live load, P, = 50,000 lbf 

dead load, Wp = 12 Ibfift 
  

                        

          

14in 

| 

_—— Steel reinforcing bars | 72 in} 18 ny | Ae 
y, 7, beam 

cron 
TOR section 

The beam supports a concentrated live load of 
50,000 Ibf. Neglect beam self-weight. The minimum 
amount of shear reinforcement required for a center-to- 
center stirrup spacing of 12 in under ACI strength 
design specifications is most nearly 

(A) 0.17 in? 

(B) 0.23 in? 

(C) 0.38 in? 

(D) 0.78 in? 

5. A floor system consists of 30 reinforced concrete 
beams and a continuous 4 in deck slab. (A typical sec- 
tion is shown for the deck and two of the beams.) 
Assume the beams are underreinforced. 

4in 
  

22in 

  

        

L—-| 
13in 

40in 

f, = 2800 Ibf/in? 

J, = 42,000 Ibf/in? 

L = 30 ft [simple span length] 
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‘Assume the effective flange width for this beam is 40 in, 

If the area of reinforcing steel per beam is 6.00 in?, the 

nominal moment capacity of each beam based on Ac] 

strength design is most nearly 

(A) 150 ft-kips 
(B) 160 ft-kips 

(C) 520 ft-kips 

(D) 650 ft-kips 

6. The span length and cross section of a reinforced con- 

crete beam are shown. The beam is underreinforced. 
The concrete and reinforcing steel properties are 

ff, = 3100 Ibf/in’, f, = 35,000 Ibf/in?, and A, = 2.5 in’, 

  

                    

        

4ft + 
live load, Pr 

dead load, wp = 7 Ibfift 
| 9.5in 

: 
rat Ls steel reinforcing bars | 16 in| 13 inf 
y beam 

cross 
8 ft section 

The balanced reinforcing steel ratio for this beam in 
accordance with ACI specifications is most nearly 

(A) 0.037 

(B) 0.046 

(C) 0.051 

(D) 0.058 

7. A floor system consists of 20 reinforced concrete 
beams and a continuous 3 in deck slab. (A typical sec- tion is shown for the deck and two of the beams) Assume the beams are underreinforced. 

3in 

   20in 

      
ee 

48 in 

J. = 3000 Ibfyin? 
J, = 60,000 Ibf/in? 
L = 30 ft {simple span length]



  

    

    

   
    

   
   

   

   

the effective flange width for this beam is 48 in, ier rea! of reinforcing steel per beam is 7.25 in?, the phe al moment capacity of each beam based on ACT eength design is most nearly 

(A) 680 ft-kips 

(B) 770 ft-kips 

(0) 800 ft-kips 

(D) 880 ft-kips 

. The cross section of a reinforced concrete beam with 
mpression reinforcement is shown. 

  

20 in 
23 in 

  

      

f, = 3000 Ibf/in? 

f, = 40,000 Ibf/in? 

A, = 3 in? 

Al =1 in? 

The nominal moment capacity of the beam is most nearly 

(A) 130 ft-kips 
(B) 150 ft-kips 

(©) 170 fips 
) 100 f-kips 

REINFORCED CONCRETE: 38-3 BEAMS     

9. A monolithic slab-beam floor system is supported on 
a column grid of 18 ft on centers as shown. The dimen- 
sions of the cross section for the beams running in the 
north-south direction have been determined. 

18 ft 18 ft |   

ff 
18 ft 

  

18 ft           

  

        

  

15 in 

(b) 

What is most nearly the effective flange width 

(A) 45in 

(B) 54in 

(C) 63in 

(D) 72in 
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  38-4 FE CIVIL PRACTICE 

10. A reinforced concrete T-beam with a 30 ft span and a 30 in effective width in a floor slab system is fixed at both ends and is reinforced as shown, £. = 3000 Ibf/in’, A.= 3 in’, and Jf, = 60,000 Ibf/in®. The stress block is within the flange. 

    
    

  

        
      
  

  

7-No. 9 Ax Oe < 7-No. 9 
jp 

L— stirrups No. 3 @ 6 in (throughout) 

A<! B<t 3-No. 9 ‘ 

30 ft 
plan view 

  

  

          

  

12in 3-No. 9 
section A-A section B-B 

The nominal moment capacity in the positive moment 
region is most nearly 

(A) 300 ft-kips 
(B) 360 ft-kips 
(C) 390 ft-kips 
(D) 410 ft-kips 

SOLUTIONS 

  

1. The height of the stress block is 

(3 in (40.000 | 
  

Ad, in? a i) 
85/6 (0.85)(3000 PEN 29 in) 

in? 
= 3.92 in 

For flexure, the strength reduction factor, ¢, is 0.90, 

M,= $M, = 644,(4— 2) 
(0.90)(3 in 4,000 i [s in 32 a) 

in’ 2 

2m 
ft 

= 117,350 ft-lbf 

The maximum bending moment occurs at midspan. 

M, = 1.2My+1.6M, 
L? P,L “or + Lo = 1.2   

This can be solved for the maximum allowable live load. 

  

  

wpL? 
M,-1.2 "1 

1.6L 
(117,350 ft-Ibf) 

Ibe 5 5 —|(10 ft) (4) ~(1.2) ( ft 
  

(1.6)(10 ft) 
= 29,319 Ibf (29,000 Ibf) 

The answer is (B). 

ee
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g. The effective flange width is 

   

   

    
    

  

[Z]7e length) = (F}0 to(12 2) 

  

ft 
= 90 in 

smallest by + 1Ghy = 10 in + (16)(5 in) 
= 90 in 

beam centerline _ 50 in 
spacing 

‘Therefore, the effective flange width is 50 in. 

The answer is (B). 

3, For shear, the capacity reduction ratio is ¢ = 0.75. 

‘The ultimate shear force in the beam is 

V, = 1.2Vp+1.6V;, 

= (1.2)(5 kips) + (1.6)(15 kips) 
= 30 kips 

The nominal concrete shear strength is 

V, = yd fe 
(2)(12 in)(20 in), |3000 

  

  

kip 
1000 —— 

Ibf 
= 26.29 kips 

oV, — (0.75)(26. 29 kips) 

Since V, > #V,/2, shear reinforcement is required. 

$V, = (0.75)(26.29 kips) = 19.72 kips 

Since V, = 30 kips > $V, = 19.72 kips, the required 
Shear strength provided by the steel is 

  

4 a" 
Vee wu 30 kips : ki s=—>-V= — 26.29 kips = 13.71 kips 

¢ 7 0.75 

The Tequired steel area is 

Ibf 
(8 in) (13.71 tie) (100 2) 
ia haa ei pbinbls ty SAR 

d 4 
(10.00 120 in) 

iv 

= 0.1371 in? (0.14 in’) 

Although not required for this problem, in an actual 
design and analysis situation, a check should be made to 
ensure that V, does not exceed the ACI-allowed maxi- 
mum shear reinforcement given by V,,... = 8/fibd- ‘symax 

The answer is (C). 

4. For shear, the strength reduction factor, ¢, is 0.75. 
The maximum factored shear force in the beam is at 
either one of the supports and is 

V, = 1.2Vp+16V, 

1k gE 
2 2 

ms) [2 IE) 10 fe) 
ft ,000 Ibf =(12) :p a0 (2m) 

= 40,072 Ibf 

The nominal concrete shear strength is 

  

V, = 2b, dV Ff. 

= (2)(14 in)(18 in),/2500 Abe 
in? 

= 25,200 Ibf 
oV, _ (0.75)(25,200 Ibf) 
2 2 

= 9450 Ibf 
ove 

WZ 

Therefore, shear reinforcement is required. 

In accordance with ACI specifications, the minimum 

required amount of shear reinforcement for a stirrup 

spacing of 12 in is 

  

0b, Ae 50b,,s 

fy 
_ (60)(14 in)(12 in) 

50,000 bt 
in’ 

= 0.168 in? 

re 
2 3 
2 
ry 

= 
aed 
rn 
cy 
i=) 
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  38-6 FE Civic PRACTICE 

The amount of shear reinforcement based on factored loading can be determined as follows. 

  

d 
Y= Ah 

(V+ V,) > V, 
A = Mur o\ 

M d 
Phy 

40,072 Ibf — (0.75)(25,200 Ibf) 5 S108 200 ThA) 
(0.75)(50,000 (3 =| 

in? )\ 12 in 

= 0.376 in? (0.38 in?) 

  

  

The larger value for A, controls. Use A, = 0.38 in’. 
The answer is (C). 

a 
Ee 
i< 

2 
c S 
Es 

  

5. This problem asks for the nominal moment capacity, Mr, not the allowable moment capacity, $M,,. Therefore, 
the reduction factor, ¢, is not needed. 

First, assume that each beam is rectangular with a 
width b= b,= 40 in. The depth of the concrete compres- 
sive stress block is 

Ady 
a= 7 

0.85f.5 
  

lbf 
(6.00 in? 42,000 

  

(0.88)(2500 Jao in) 
in 

= 2.65 in 

Since a < slab depth of 4 in, the nominal moment capac- 
ity of the beam is the same as for a rectangular singly 
reinforced concrete beam. Using b= 6. = 40 in, the nom- 
inal moment capacity is 

M, = 0.85 fcab( d— <) 

(.85)(2800 Pres in) 
in’ 

«(40 im)(26 in- 

in Ibf = }/ 1000 — 
(x wl . kip 

= 520 ft-kips 

2.65 in 

2 

This can also be calculated by using the fol. 
tion in accordance with rectangular sing] 
concrete beam theory. 

Owing equa. 
Y Teinforceg 

b= nile) 
Even though the problem statement assumes that the 
beam is underreinforced, the actual reinforcing stee| 
ratio and its limits should always be checked in Teal 
design and analysis problems. 

The answer is (C). 

6. The ratio of the rectangular stress block depth to the 
neutral axis depth is 

> 0.65 
‘= 4000 B, = 0.85 > [oss - 009 | 
1000 

  

Since f'< 4000 Ibf/in?, 3;=0.85. The reinforcement 
ratio is 

Expressions for A, and d, are needed. 

e¢ = 0.003 

    

  

  

t Ect &, 

For a balanced condition, the concrete strain is 0.003; and the steel is at yield. 

£, £, 

e+e, 
  

ts 
aq A 

ete 

The modulus of elasticity for steel is E, = 29 x 10° ioffn Since e, = 0.003, for the balanced condition, 

1 _ __ 87,000 
d, — ¢(87,000+f,) 
  

ee



  

   

    

       

jred steel area can be found from the nominal 
r e requ 

jpoment strength. 

M, = 0.894. ab( a <) 

  

a 
= Alt 5) 

0.85f.ab 
sy 

nd, since a= Arc 

__ 0.85f;8;0b 

cone nade 

mbining the expressions for p, 1/d,, and Ay, the bal- 

ced reinforcement ratio is 

  

    

  

_ (0.856,f.){_ 87,000 
Po“ lf | 87,000-+f, 

Ibf 
_ [se] 87,000 

4}! 87,000 pas +h 
in 

(0.85)(0.85[ 100 | 
_ in 

35,000 as 
in’ 

87,000 2 
2 in’ 
87,000 be + 35,000 ibe 

in’ in’ 

= 0.0456 (0.046) 

answer is (B). 

* This problem asks for the nominal moment capacity, 
not the allowable moment capacity, $M,. Therefore, 
reduction factor, , is not needed. 

e 
depth of the concrete compressive stress block must 

e 

iene to see whether or not it exceeds the 3 in deck 
erceeds ge the depth of this compressive stress block 

ste deck thickness, then each beam is a T-beam 
ding! ent formulas apply for determination of the 

Concrete moment capacity. If, however, the depth of the 
pressive stress block does not exceed the 

REINFORCED CONCRETE: BEAMS 38-7 

deck thickness, then each beam is a rectangular peas 

and rectangular beam formulas apply for determ» 

of the nominal moment capacity. 

  

by = 12In 

First, assume that each beam is rectangular with a 

width of b= b,=48 in. The depth of the concrete com- 

pressive stress block is 

  

    

Ibe 
25 in?)} 60,000 } Ay (78 | 

4s 
0.85f.b (0.85)(3000 Peas in) 

in’ 

= 3.55 in 

Since a> slab depth of 3 in, the beam is a T-beam. 

Since a = 3.55 in was found by assuming that the beam 
was a rectangular beam with width b = 48 in, this depth 
only indicates whether or not the beam is a T-beam and 
is not the correct depth for determining the nominal 
moment capacity. The correct depth is now found by 
applying the concepts of static equilibrium to the beam. 

To find the correct depth, a, sum horizontal forces in the 
T-beam to show that the upper (above the neutral axis) 
compressive concrete stress block force is equal to the 
lower (below the neutral axis) maximum tensile force 
sustained by the reinforcing bars. By dividing the entire 
concrete compressive stress block section into three 
parts (a rectangular part and two overhanging flanges), 
depth acan be found. 

Ay is the area of overhanging flanges. A, is the total 
area of concrete compressive stress block. A, is the area 
of concrete compressive stress block in the rectangular part of the T-beam between the overhanging flanges. 

Ay = (b= by)hy 
= (48 in - 12 in)(3 in) 
= 108 in? 
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  38-8 FE Civit PRACTICE 

From equilibrium of horizontal forces, 

  

  

0.85f:A, = Adf, 

A.= Ady 
* 0.85 f, 

(7.25 in? (60,00 bt 
= in? 

(0.5)(3000 * 
in’ 

= 170.59 in? 
A, = bya= A,— Ay 

A,-A 
ae aoa 

by 
_ 170.59 in? — 108 in? 
~ 12 in 
= 5.22 in 

Alternatively, a redefined stress block depth could be 

used. 

Ady hjlle~ be) eich AA als 
0.85f-b,, bw 

aa Ibe 
oem (00.000 in?} (3 in)(48 in — 12 in) 

gpl i ama 
= 12 i 
(0.8)(3000 meee in) > 

in 

= 5.22 in 

The nominal moment capacity of the T-beam is 

i hy 
M, = 0.85/¢h/(b, — be) d= > 

+0.86/.ab,(d— s) 

\E} face 
(0.88)(3000 iG in) 

in’ 

i, r 3 in 
x (48 in — 12 in)29 in- aa) 

+0.85) 9000 F520 in) 
in 

5.22 i 
x(12 in)[28 in-- 5 m) 

(12 a )fro00 ee 
t kip 

= 765 ft-kips (770 ft-kips) 

  

Even though the problem statement assumes that th, 

beam is underreinforced, the actual reinforcing steel 

ratio and its limits should always be checked in Teal 

design and analysis problems. 

The answer is (B). 

8. Determine whether compression steel yields. 

A, — A, = 3in?-1 in? 

=2in? 

0.858,f,d'b{ 87,000 
ty 87,000 — f, 

Ibf),, . . 
(0.85) (0.85)] 3000 > |(1 in)(12 in) 

in’ 

10,000 
in 

87,000 dpe, 
x in? 

Ibf Ibf 
87,000 —> — 40,000 

in bie 

=1:2-in? 

Compare both sides of the equation. 

A, — Al > 2:858rfed'b_87,000 
Yt, _ (87,000-F, 

2 in? > 1.2 in? 

Therefore, compression steel yields. 

Calculate the depth of the concrete compressive stress 

block. 

(A,- ADS 
0.85f.6 

f 
(3 in? — 1 in?)| 40,000 be 

in? 

(0.85)| 3000 wae in) 
in? 

= 2.61 in 
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| nominal moment strength is 
qThe 

My= if(4 ; A))(4— <) +Ai(d- 2) 

ibf)| (3 in? 1 inh(20 in — 2-61 in 
[10,000 7 2 

i +(1 in’)(20 in — 1 in) 

~ in Ib: 
12 — }} 1000 — 

( ft I 0 | 

= 187.95 ft-kips (190 ft-kips) 

  

the answer is (D). 

9, The effective width of the flange is determined as the 
smallest of 

[F) com length) = (F}as f(12 =) 

= 54in 

b, = smallest by + 16h, = 15 in + (16)(3 in) 

= 63 in 

beam centerline _ 6 t)(12 3) 
spacing ft 

= 72 in 

Therefore, the effective flange width is 54 in. 

The answer is (B). 

10, The positive moment region for slabs is the central 

region, so cross-section B-B is applicable. Since the 
stress block is within the flange, a < hy, and the T-beam 

can be analyzed like a rectangular beam. The distance 
ftom the extreme compression fibers to the extreme ten- 

sile steel is 

d= 4 in+ 26 in— 2.5 in 

= 27.5 in 

Determine the height of the stress block. 

kips 
A (3 ino xs) 

OS a = = 2.35 in 
0.85 f°, 

EINFORCED CONCRETE] BEANS 38-9 

The moment capacity can be calculated either from the steel properties (with b= b,) ¢ > = b,) or from the concrete prop- erties. Using the steel properties, 

a 

Ma= Ad(t-$) 
: ki i (3 in8 fan “elers 2-2 

_ in’ 2 

in 
12 — 

ft 
= 394.9 ft-kips (390 ft-kips) 

Using the concrete properties, 

, a M, = o.86ffab,(d— $) 

kips 
«2 (0.853 7 |2as in)(30 in) 

  x [25 in- =! =) 

in 
12 — 

ft 
= 394.9 ft-kips (390 ft-kips) 

The answer is (C). 
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pracTICE PROBLEMS. 

  

For the short, concentrically loaded round tied col- 

wn, the applied axial dead load is 150 kips, and 

ied axial live load is 350 kips. 

f= 4000 Ibffin2 
f, = 60,000 Ibffin? 

1. 
‘umn sho 

the appli 

18 in 

longitundinal 
reinforcement 

round tied column 
(cross section) 

uming that the longitudinal reinforcing bars are all 

For the short, concentrically loaded square tied col- 
shown, the applied axial dead load is 150 kips, and 

applied axial live load is 250 kips. 

f= 4000 Ibffin2 
Ly 60,000 Ibf/in2 

18 in 

Pea vioaaat | 
RS 

  

eight bars 

longitudin: ! al reinforcement       

square tied column 
(cross section) 

Reinforced Concrete: 

Columns 

Assuming that the longitudinal reinforcing bars are all 

the same size, the minimum required size of each longi- 

tudinal reinforcing bar is 

(A) no.3 

(B) no.4 

(C) no.5 

(D) no.6 

3. A reinforced concrete tied column is subjected to a 

design axial compression force of 1090 kips that is con- 

centrically applied. Slenderness effects are negligible, 
and the column is to be designed using ACI 318. Given a 
specified compressive strength of 5000 psi, grade 60 
rebars, and a specified longitudinal steel ratio of 0.02, 
what is most nearly the width of the sides of the smallest 
square column that will support the load? 

(A) 12in 

(B) 16in 

(C) 20in 

(D) 24in 

4. A 16 in (gross dimension) square tied column must 
carry 220 kip dead and 250 kip live loads. The dead load 
includes the column self-weight. The column is not 
exposed to any moments. Sidesway is prevented at the 
top, and slenderness effects are to be disregarded. The 
concrete compressive strength is 4000 Ibf/in?, and the 
steel tensile yield strength is 60,000 Ibf/in?. The longitu- 
dinal reinforcement ratio of this column is most nearly 

(A) 0.028 

(B) 0.061 

(C) 0.092 

(D) 0.11 
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  39-2 FE CIVIL PRACTICE 

5. An 18 in square tied column is reinforced with 
12 no. 9 grade 60 bars and has a concrete compressive 
strength of 4000 Ibf/in?. The column, which is braced 
against sidesway, has an unsupported height of 9 ft and 
supports axial load only without end moments. What is 
most nearly the design axial load capacity? 

(A) 930 kips 
(B) 970 kips 
(©) 1800 kips 
(D) 1900 kips 

6. The short tied column shown uses eight no. 8 bars. 
Assume the loading has a low eccentricity. 
f, = 3500 Ibf/in?, and f, = 40,000 Ibf/in2.    8-No. 8 bars 

22in 

The design strength is most nearly 

(A) 710 kips 
(B) 890 kips 
(C) 1100 kips 
(D) 7100 kips 

SOLUTIONS 

4. Determine the amount of reinforcing steel required 
by the minimum required reinforcement ratio, p,, of 
0.01, The minimum area of reinforcing steel required is 

  

Determine the required amount of reinforcing steel 
based on the factored axial load, P,. 

P, = 1.2Py+1.6P, 
= (1.2)(150 kips) + (1.6)(350 kips) 
= 740 kips 

The nominal axial compressive load capacity is 

P, = 0.80P, 

= (0.80)(0.85f.A once + JyAs) 
= (0.80)(0.85f,(A, — A,) + 4A,) 

It is required that P, > P,. For axial compression with 
tied reinforcement, ¢ = 0.65. Setting Pn = P, and solv- 
ing for the area of longitudinal reinforcing steel gives 

Fg g5y'a 30g Bey 
f,- 0.85f. 

  

     

(740 kips(100 

  

(0.80) (0.65) 

~ (0854000 mesos 

  

in? 4 

  

60,009 Bt _ (045{4000 et 
in in 

= 9.86 in? 

   86 in? is greater than A,= 2.54 in? based on the 
inimum allowed reinforcement ratio, py = 0.01: The 

minimum required area of reinforcement is As = 9.86 i"    
The column has six longitudinal reinforcing bars. Th 
required area of each longitudinal reinforcing bar is 

  

Az Av _ 9.86 in? 
Nay 6 bars 

= 1.64 in?/bar 

  PPI e ppi2pass.com



  

     

    

    

ea2atteg 
par area of 1.64 in? is satisfied by ano. 14 bar, which 

= a nominal area of 2.25 in’, The no. 12 bar would also 

satisfy the requirements with a nominal area of 1.76 in? 

‘owever this rebar size is rarely used in conventional 

applications. 

an actual design and analysis situation, a check 

should also be made to see that the actual longitudinal 

reinforcement ratio does not exceed the maximum 

allowable ratio of 0.08. 

In 

The answer is (D). 

2. The minimum required reinforcement ratio, py, is 

0.01. The minimum area of reinforcing steel required is 

A, = pyAg = (0.01)(18 in)? 

= 3.24 in? 

Determine the required amount of reinforcing steel 

based on the factored axial load, Py. 

P, = 1.2P)+1.6P, 
= (1.2)(150 kips) + (1.6) (250 kips) 

= 580 kips 

The nominal axial compressive load capacity is 

P, =0.80P, 

= (0.80)(0.85f-Aconeme + hyAs) 
= (0.80) (0.85f,(A, — 4) + 44s) 

It is required that @P, > Py. For axial compression with 

tied reinforcement, ¢ = 0.65. Setting ¢P,= Py and solv- 

ing for the area of longitudinal reinforcing steel gives 

  

P, i 
4 _ 0.85f,A 

4, — 808 fey 

: f,—0.85f. 

{ Ibf 
(580 tis)100 | 

(0.80) (0.65) 
foo: 

(0.85400 Bras in)? 
we 

in 

Ibf 
«0,000 PE - (0.8){4000 ») 

in’ in 

= 0.244 in? 

2 based on the 

= 0.01. There- 

forcement is 

BS 0.244 in? is less than A,=3.24 in 
re tee allowed reinforcement ratio, Pa 

yn , the minimum required area of rein 

= 3.24 in?, 

REINFORCED CONCRETE: COLUMNS 39-3 

The square tied column has eight uniformly sized lon- 

gitudinal reinforcing bars. The required area of each 

longitudinal reinforcing bar is 

A, _ 3.24 in? 
Nines 8 bars 

= 0.405 in?/bar 

  

  A= 

‘A bar area of 0.405 in? corresponds to a no. 6 bar, which 

has a nominal area of 0.44 in®. 

In an actual design and analy: 

should also be made to see that t 

reinforcement ratio does not exceed tl 

allowable ratio of 0.08. 

sis situation, a check 

he actual longitudinal 

he maximum 

The answer is (D). 
BE 
= 
ra] 
fa 
cy 3. For a tied column, ¢=0.65. For a concentrically 

loaded tied column, the design strength is given by 

  

$Pamax = 0.800(0.85/.(A, — Aw) +4Au) 

For a specified longitudinal steel ratio of 0.02, 

Ay = PyAg = 0-02A, 

  

Substituting gives 

1090 kips = $P, max 

= (0.80) (0.65) 
ki 

(0855 we Ja, = 0.02A,) 
in 

ts 
+|60 ——](0.02A, 

in? ( ”) 

A, = 391 in? 

b= JA, = 301 in? 
=19.8in (20 in) 

The answer is (C). 

4. Determine the design load, Py. 

P, = 1.2Pp+1.6P, 
= (1.2)(220 kips) + (1.6)(250 kips) 

= 664 kips 

The gross column area is 

A, = (16 in)(16 in) = 256 in? 
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FE Civit PRACTICE 39-4 

For a tied column, ¢ = 0.65. The capacity is 

OPynax = 0.804(0.85f.(A, — Au) + An) 

= (0.80)(0.65) 

(0. ssf1 = Kips Hee) in? A,) 

+(e ‘ins Jpn 
in’ 

kips 
(0.80)(0.65) [sro tigate oa BPE 1 4,)+ (o0 Mes) 4 . 

  

[sro kips + 56.6 i Ad] 
in’ 

  

= (0.80)(0.65) x 

= 452.6 kips + {24 Ag 
in’ 

The design criterion is 

bPrmax 2 Pa 

664 kips = 452.6 kips + (29 4 Mau 
in’ 

Ag = 7.19 in? 

Ay _ 7.19 in? 
= 4a _ LY _ 0.028 
a 256 in? 

Check the limits. 

Prin < P < Pmax 

0.01 < 0.028 < 0.08 [OK] 

The answer is (A). 

. The effective length factor for a column braced 

against sidesway is 

K=1.0 

The radius of gyration is 

r = 0.288h = (0.288)(18 in) 

= 5.2 in 

The slenderness ratio is 

(1.0)(9 f(12 2) 
—n 

ee 
= 20.8 

The gross area of the column is 

= (18 in)? = 324 in? 

  

A,= 

The area of longitudinal steel reinforcement is 

Ag = NA, = (12) in?) = 12 in? 

0, the column is a short column. ¢ = 0.65 for 
Since M = 1 load capacity is 
a tied column. The design axial 

$P, = 0.800(0.85/.(A,— Aw) + Auch) 
kips 

(0.354 xe 
in 

x (324 in? — 12 in’) 

+(12 in? 0 xe 
In’ 

= (0.80)(0.65) 

= 926 kips (930 kips) 

The answer is (A). 

6. The gross area of the column is 

Since there are eight no. 8 bars, the area of steel is 

= (8)(0.79 in?) = 6.32 in” 

¢ = 0.65 for tied columns. The design strength is then 

OP, = 0.804(0.85f.(Ay — Ay.) + Auhy) 

= (0.80)(0.65) 

(0. 85)(s500 1 aa. 1 in?— 6.32 in) 

+(6.32 in? 40,00 » 

y| 2 Tf 
1000 — 

kip 

= 709.7 kips (710 kips) 

The answer is (A). 

    
       



    

Reinforced Concrete: 
Slabs 

PRACTICEPROBLEMS 

4, A two-way slab supported on a column grid without 

the use of beams is known as a 

(A) flat slab 

(B) flat plate 

(C) drop panel 

(D) waffle slab 

2. All of the following are conditions that must be satis- 
fied in order to use the simplified method for computing 
shear and moments in one-way slabs, given in ACI 318 
Sec. 8.3.3, EXCEPT 

(A) There are two or more spans. 

(B) Spans are approximately equal, with the longer 
of two adjacent spans not longer than the 
shorter by more than 20%. 

S The loads are uniformly distributed. 

(D) The ratio of live to dead loads is no more than 5. 

  

SOLUTIONS |   
1. A two-way slab supported on a column grid without 
the use of beams is known as a flat plate. 

The answer is (B). 

2. Shear and moments in one-way slabs can be com- 
puted using the simplified method specified in ACI 318 
Sec. 8.3.3 when the following conditions are satisfied: 
(a) There are two or more spans. (b) Spans are approxi- 
mately equal, with the longer of two adjacent spans not 

longer than the shorter by more than 20%. (c) The loads 
are uniformly distributed. (d) The ratio of live to dead 
loads is no more than 3. (e) The slab has a uniform 
thickness. 

The answer is (D). 

g 
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° 
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4 I Reinforced Concrete: 
Walls 

PRACTICE PROBLEMS 

1. According to ACI 318 Sec. 14.3.3, the minimum hori- 
zontal reinforcement for nonbearing walls is 

(A) 0.0012 times the gross concrete area for deformed no. 5 bars or smaller and f, > 60,000 psi 
(B) 0.0015 times the gross concrete area for other 

deformed bars 

(C) 0.0020 times the gross concrete area for smooth 
or deformed welded wire reinforcement not 
larger than W31 or D31 

(D) 0.01 times the gross concrete area 

SOLUTIONS 

1. ACI 318 Sec. 14.3.3 gives the minimum horizontal 
reinforcement for nonbearing walls as (a) 0.0020 times 
the gross concrete area for deformed no. 5 bars or 
smaller and f, > 60,000 psi; (b) 0.0025 times the gross 
concrete area for other deformed bars; and (c) 0.0020 
times the gross concrete area for smooth or deformed 
welded wire reinforcement not larger than W31 or D31. 

The answer is (C). 

rs I 
rH 
2 
a 

  
  

  

PPI e ppl2pass.com



    

Reinforced Concrete: 
Footings 

PRACTICEPROBLEMS SOLUTIONS | 
1. For one-way shear (also known as single-action shear 
and wide-beam shear), the critical sections are a dis- 
tance, d, from the face of the column. 

(A) double-action shear The answer is (B). 

4. The critical sections are a distance, d, from the face 
of the column in 

( 
(B) one-way shear rad 

a) ea sy 
1-1 
7) 

C) punching shear 

(D) two-way shear 

    PPl_e ppl2pass.com



    

Structural Steel: Beams 

  

PRACTICE PROBLEM: 

  

4. A 25 ft long steel beam is loaded uniformly (live) at 4 kips/ft. Loading due to self-weight is negligible, and 
there is adequate lateral support provided to the beam, The required plastic section modulus for a W12 shape 
using grade-50 steel is most nearly 

(A) 60 in® 

(B) 95in® 

(C) 120in? 

(D) 130 in? 

2. A W-shaped beam has a warping constant of 
3450 in®. The moment of inertia about the weak axis is 
45.1 in‘, and its elastic section modulus about the strong 
axis is 99.1 in’. The effective radius of gyration of the 
compression flange is most nearly 

(A) 2.0in 

(B) 3.0in 

(C) 4.0in 

(D) 5.0in 

3. An 18 ft long custom manufactured and rolled con- 
tinuous W14 x 68 shape beam is supported at each end 
and at the midpoint. The compression flange of the 
beam is restrained from moving laterally, and all forms 
of local buckling are prevented. The nominal shear 

Strength as determined from LRFD principles is 
146 kips, Determine the most likely steel variety used in 

the manufacture of the beam and whether or not this 

eam is compact. 

(A) probably noncompact; yield strength = 25 kips/in? 

(B) probably noncompact; yield strength = 36 kips/' in? 

( 

( 

C) probably compact; yield strength = 42 kips/in? 

D) probably compact; yield strength = 50 kips/in? 

SOLUTIONS 

1. Determine the required moment strength. 

L 

M, = 1.6M, = Le 
. F 

(‘ “eles fr)? 35 sahil 33 = (1 7 Et 

= 499 ft-kips 

The required plastic moment is equal to the nominal 
moment. 

M M,=M,= 

  

The required plastic section modulus is 

  

M, = FZ, | 
M, t= By, 

M, 
Z,=— 

oF, 

499 ft-ki 12 =) _ ( ips)( ft 

(0.0){50 <r) 
uy 

= 133.1 in? (130 in’) | 

The answer is (D). 

2. The effective radius of gyration is 

Te | 
T= 

(99.1 
= 1,995 in (2.0 in) 
     

  

PPI e ppli2pass.com



l
a
t
e
}
 2 

< 
Ey 
S 
pF 

  

  43-2 FE-civin practice 

(The equation needed to solve this problem is no longer Present in the NCEES Handbook.) 
The answer is (A). 

3. The NCEES Handbook does not provide sufficient information to calculate the quantities involved in deter- mining compactness. However, virtually all standard rolled W-shapes are compact. (The few exceptions are W40 x 174, W14 x 99, W14 x 90, W12 x 65, W10 x 12, W8 x 10, and W6 x 15 made from A992 steel.) Based on this fact, the beam is probably compact. 
From the W-shapes dimensions and properties table, for a W14 x 68 shape, the beam depth is 14 in, and the web thickness is 0.415 in. The nominal shear strength is 

V, = 0.6Fydt,, 
Vs 146 kips = = es "06d, (0.6)(14 in) (0.415 in) 

= 41.88 kips/in? (42 kips/in?) 

  

The answer is (C). 
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Structural Steel: 

Columns 

h e end built-in and the 

PRACT! E PROBLEMS. Ainley 2. A long column member has one-one J A eos 

ie other end pinned. The column is 
Which statement about 

  

evenly until buckling occurs. 

4. A steel compression member has a fixed support at the column after buckling is true? 

one end and a frictionless ball joint support at the other 

as shown. The total applied design load consists of a (A) The column experiences maximum deflection on 

dead load of 7 kips (which includes the weight of the its midpoint. 

member) and an unspecified live load. Design (not theo- 

retical) effective lengths are to be used. (B) The maximum deflection point is closer to the 

pinned end than the built-in end. 

Mi 
= B= 
rar 30 
=a 
a Pootal     

  

(C) The deflection curve is S-shaped. 

  

(D) The column experiences no deflection under 
fixed wall buckling. 

3. A solid steel column with a fixed bottom support and 
free upper end is concentrically loaded. Material and 
geometric properties are shown. 

P 

10 ft t 

frictionless rollers 

frictionless ball joint 

steel compression member 

member properties: /, = 533 in¢ 
  I, = 174 in4 

A = 19.1 in? 
F, = 50 kips/in? 

fixed base 

(built-in) 

This compression member is controlled by which t: \f gin ‘ype of 
buckling? : 4 

-AB 6 i 
(A) local a m 

(B) torsional baa sional 9ft cross section 
(©) inelastic 

(D) clastic 

F, = 50 kips/in2 

E = 29,000 kips/in?         
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  44-2 FE Civit PRACTICE 

The available axial compressive design stress is most nearly 

(A) 13 kips/in? 
(B) 18 kips/in? 
(C) 29 kips/in? 
(D) 39 kips/in? 

4. A steel column is built-in at one end and free to 
translate and rotate at the other end. The column uses a 
12 ft long W12 x 45 beam. If the yield strength of the 
steel is 50 kips/in?, the critical stress in the column is 
most nearly 

(A) 7.3 kips/in? 

(B) 9.0 kips/in? 

(C) 9.7 kips/in? 

(D) 10 kips/in? 

  

SOLUTIONS 

41. The effective column length factor for design use 
about both the z-axis and y-axis is 0.80. 

The unbraced length of the compression member is the 
same about the z-axis and the y-axis. 

in L, = Ly = (10 (12 2) 

= 120 in 

The radius of gyration about the axis is 

I, 533 int eit [zz & 
A 19.1 in? 

= 5.28 in 

  

  

The slenderness ratio about the z-axis is 

K,L, _ (0.80)(120 in) slenderness ratio, = = IS aie 

= 18.2 

The radius of gyration about the yaxis is 

es | Ly _ [azsint 
"OVA 19.1 in? 
= 3.02 in 

  

The slenderness ratio about the yaxis is 

KL, 

‘% 
(0. 80)(120 in) 

3.02 in 
= 31.8 

slenderness ratio, =   

‘The larger slenderness ratio controls, so use 31.8. 
The modulus of elasticity, F, is 29,000 kips/in®, The lim- iting slenderness ratio is 

4.71 

  

= 113.4 

Since 31.8 is less t F han 113.4, the column fails by inelastic buckling, 
The answer is (C). 
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2, The built-in end of the column is completely fixed 
against rotation and translation. The pinned end of the 
column is free to rotate but is fixed against translation. 

Therefore, the pinned end of the column experiences 
more rotational deflection, and the maximum deflection 
point is closer to the pinned end of the column. 

The answer is (B). 

3, Since the unsupported length of the column is the 
same about both the strong and weak axes, the largest 
slenderness ratio results from bending about the weak 
axis. Therefore, the least radius of gyration applies. 

Teak = 7A 

oe 
es 12 

bh 

    

= 1.73 in 

The effective length factor, K, is 2.10 for the given col- 
umn end support conditions (fixed-free). Therefore, the 
slenderness ratio is 

7 Kl 
slenderness ratio = —— Tr 

(2.10)(9 ty(12 i 

1.73 in 
= 130.94 (131) 

  

  

From AISC Table 4-14, the available column strength 

for a compression member with a slenderness ratio of 

131 is 13.2 kips/in? (13 kips/in?). 

The answer is (A). 

4. The yaxis has the smallest radius of gyration. The 
radius of gyration about the yaxis is 1.95 in for a 

W12 x 45 beam. The effective length factor is 2.10 when 

one end is fixed and one end is free. Use these values to 

determine the slenderness ratio. 

KL 
slenderness ratio = — r 

in 
(2.10)(12 m(12 =) 
oe Ne 
e 1.95 in 
= 155.1 

STRUCTURAL STEEL: COLUMNS 44-3 

Determine the available design stress. The modulus of 
elasticity, E, is 29,000 kips/in?. 

4.71    
= 113.4 

The slenderness ratio is greater than 113.4. Therefore, 
the elastic buckling stress is 

  

2 na TE, 

iG) ae 

i 
{20.000 <= 

“Ss in’ 

155.7 
= 11.90 kips/in? 

The critical stress is 

ki 
R, = 0.8778, = (o.s7[1.90 xe) 

in 
= 10.44 kips/in? (10 kips/in’) 

The answer is (D). 
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45 
PRACTICE PROBLEMS 

4. A bolted steel tension member is shown. 

Holes 

  

F, = 36 kipsvin? for Sin diameter bolts 
F, = 88 kips/in? alk 

\ akin 
Protal ° ° <_t 3in 

    yd 2hin 

Mt in thick steel plate 

What is most nearly the effective net area in tension for 

this plate? 

(A) 2.3 in? 

(B) 3.1in? 

(C) 3.4in? 

(D) 3.8 in? 

2. A steel tension member is 5 in long and } in thick. 
There are two holes in the bar. The holes are in parallel 

and are made for a ,-in bolt each. The net area is most 
nearly 

3. A W-shape member (yield strength of 36 ksi; ulti- 

‘ate strength of 58 ksi) carries an axial live tensile load 

of 420 kips. The member's flanges are bolted to a con 

Rection bracket. The shear lag factor for the connection 

(0:90: The required net area based on the fracture 
“pture) criterion is most nearly 

(A) 12 in? 

(8) iin? 

(C) 22in? 

(D) 27 in? 

PPie T2pass.com 

Structural Steel: Tension 

Members 

4. An L4 x 4 x, angle made from A36 steel is used as a 

tension member as shown. The angle is connected to a 
gusset plate with Y, in diameter bolts. The center-to- 

center bolt spacing is 3 in. The distance from the cent- 

roid of the area connected to the plane of connection 

(the edge), Z, is 1.13 in. 

gusset 

plate L4x4x3/B a 
A aX 

y 7 ' 

Sea ae 
1 

Q 1 

5/8 in bolts 
La A Lax4x3/8 

section A-A 

What is most nearly the shear lag factor? 

(A) 0.72 

(B) 0.78 
(C) 0.81 
(D) 0.86 

a 
2 a) 
2 
a 
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  FE CIVIL PRACTICE 45-2 

SOLUTIONS 

1. For fracture, choose the shortest path, which i 
line ABCD, as shown. path, which is along 

  

4in 

of Te 
eres 2tin 

co be | * 
17 3in 

ox i 2hin 
A 

    
  

The gross member width is 

6, = 2.25 in+3 in + 2.25 in = 7.5 in 

Calculate the net area. 

Ay, = (b— Ddy+ a in))t 

= (7.5 in— (2)(0.625 in + 4 in))(0.5 in) 

= 3.06 in? 

For bolted members with flat bars, the shear lag factor, 

U, is 1.0. The effective net area is 

A, = UA,, = (1.0)(3.06 in?) 

= 3.06 in? (3.1 in’) 

The answer is (B). 

2. The net area excludes area taken up by the holes. 

A,= (6 -do+ 5 in))t 

in. 1. 

= [5 in — (2 bolts) (0.28 bolt +5 in)} 

x (0.5 in) 

= 2.19 in? (2.2 in’) 

The answer is (B). 

3. Find the effective net area based on the fracture (rup- 

ture) criterion. 

b, = 0.75 

T, = In = ble 
kips 

(1.6)(420 kips) = (0.79(58 a. 

A, = 15.45 in? 

  

The net area is 

A, = UA, 

a. — Ae = 1545 int 
i Uo 0.90 
=17.2 in? (17 in’) 

The answer is (B). 

4. The length of the connection for bolted connections 
is the distance between the outer holes. 

L = (2)(3 in) = 6 in 

From NCEES Handbook section Tension Members: Flat 
Bars or Angles, Bolted or Welded, the shear lag factor is 

  

vers 
L 

i as in 

6in 

= 0.812 (0.81) 

The answer is (C). 
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Structural Steel: Beam- 

Columns 

  

      
4. The design shear capacity of the beam is only 

4, A W21x73 beam (Gr. 50) is used to support a 5-ton dependent on the area of the web and its yield strength 
overhead crane runway. What most nearly is the design 

  

hi 
shear strength of the beam? 

as shown 

V, = 0.6F,Ay Cu a! 
cae <9 

i se = 0G EE 
OO 

= (0.6)(50 ksi)(21.2 in)(0.455 in)(1.0) 5 é 

ee 
= 289.38 (289 kips) a 

(D) 289 kips 
The answer is (D). 

2. AW14 x 132 beam has been chosen to carry an axial 
live load of 160 kips and a maximum live moment of . i 
320 ft-kips about the strong axis. The unsupported 2. Find the Euler buckling load. 
length is 32 ft. K=1, C,, = 1, and [,= 1530 in‘. Taking 

  

  

  

into account the second-order effects, what is most 299 kips 1 Par 
nearly the required flexural strength? «EI “f 000 — 2 |(1530 in’) 

a lr 
(A) 340 ft-kips 2 (ce w(2 =) 

(B) 380 ft-kips . 
= 2970 kips 

(C) 420 ft-kips 

(D) 460 ft-kips Find the ¢-z axis flexural magnifier. 

C, 
Byes eee ee 
1 1 — 160 kips 

Py 2970 kips 
= 1.057 

The required flexural strength is 

M, = ByMy = (1.057) (320 ft-kips) 
= 338.2 ft-kips (340 ft-kips) 

The answer is (A), 
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4 
1. The connection shown consists of 11 grade A307 %, i diameter bolts. Bolt hole sizes are standard. The in mate strength of the connected member is 58 ksi. The connected member is 0.5 in \ thick. The edge clear dis- tance is 2.5 in, and the center-to-center Spacing of the 

  

      

   

    

  

holes is 3 in. 

ee Zin 3in 

T 
lee @ 

3in t 
7 1 © @ 

3in 1 
|e e@ @ 

<x. 
2. 
Willi 

The available bearing strength per bolt per inch of thickness in the connection is most nearly 

(A) 76 kips/in 
) 83 kips/in 

91 kips/in 

) 110 kips/in 
2. A connection is made from two 4 in bolts in parallel, 
Placed on a 8.5 in wide steel bar. The bar is 1 in thick that 
has an ultimate strength of 65 ksi. The holes are 3 in from 
their centers to the side of the bar and 2.25 in from center 
to center. Bolt hole sizes are standard. The bearing resist- 
ance of the entire connection is most nearly 

B 
(c 
oO 

(A) 84 kips 

(B) 95 kips 

(C) 170kips 

(D) 210 kips 

/ Structural Steel: 
Connectors 

SOLUTIONS _ 
1. Determine the bolt hole diameter. 

Determine which clear distance, L, the bolts. Obtain the clear distance 
tior holes. 

Value controls for 
in between the inte- 

L,= sd, 
18%, =3in-3 in 

= 23 in < 24 in provided 

The smaller value for the clear distance controls. Deter- mine the available bearing strength. 

$m = GL.2L,R, < 62.44F, i 
= (0.75)(1.2)(24 in)(ss «| 

in’ 

< (0.75)(2.4)(2 in)(s8 “| 
in 

= 107.7 “ < o1.35 Sips 
in 

Since the available bearing strength determined by the 
clear distance is larger than the available bearing 
strength determined by the bolt size, the smaller value controls, and the available bearing strength is 91 kips/in, 
This value may also be determined using AISC tables 
for a center-to-center spacing of 3 in, a connected mem- 
ber strength of 58 ksi, and a bolt size of, in. 

The answer is (C). 
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  47-2 FE -civit practice 

2. Calculate the hole diameter using the bolt diameter and standard clearance. 

1, d, = d+ in 

3. 1, 
=jin+ Zin 

= Hin (0.8125 in) 

The center-to-center spacing of the interior holes is 3 in. Obtain the clear distance between the interior holes. 

  

L. = s—d, 

= 2.25 in— 0.8125 in 
= 1.4375 in 

4 
2 Determine the clear distance between the hole and the s2m = edge of the steel bar. Fa 
FY Et 

d, b= b,- 
=3in— 0.8125 in 

= 2.594 in 

Use the smaller clear distance. Since each bolt has the 
same properties, calculate the available bearing strength 
for one bolt. 

_ (61.20. 
Tn = mI 49. 4d F, 

‘“ 
(0.75) (1.2) (1.435 in (os — 

iy = min; 

(0.75)(2.4) (0.75 in(os 

  

g4.og SPS 
In 

87.75 Kips 
in 

min: 

  

The available bearing strength is 

OR, = Vorat 

= (2 bots 4.09   
bol 

= 168.2 kips (170 kips) 

  

The answer Is (C). 
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Transportation Planning 

and Capacity 

PRACTICE PROBLEMS 

4. An interstate weigh station can weigh an average of 

20 trucks per hour. Trucks arrive at the average rate of 

12 trucks per hour. Performance is described by an 

M/M/1 model. What is most nearly the steady-state 

value of the trucks’ time spent waiting to be weighed? 

(A) 0.13 hr/truck 

(B) 0.25 hr/truck 

(C) 4.0 hr/truck 

(D) 8.0hr/truck 

2. A traffic flow relationship is given by = kv, where q 

is the traffic volume in veh/hr, k is the traffic density in 

veh/mi, and v is the mean speed in mi/hr. The mean 

speed on a road in mi/hr is given by the relationship 

  

  

mi mi 
= 60 — —]0. k v= 60 br ° 2 =| 

The maximum capacity of overall traffic volume for this 

road is most nearly 

(A) 3400 veh/hr 

(B) 4300 veh/hr 

(C) 4500 veh/hr 

(D) 5000 veh/hr 

3. A highway weigh station can inspect an average of 

16 trucks per hour. Trucks arrive at the average rate of 

10 trucks per hour. Performance is described by an 

M/M/1 model. What is most nearly the steady-state 
value of the number of trucks in the station? 

(A) 0.16 

(B) 0.60 

(C) 17 

(D) 25 

4. Vehicles arrive at a parking garage at an average rate 

of 45 vehicles per hour. Vehicles are parked by either of 

two attendants at an average rate of one vehicle per 

minute for each attendant. The queue discipline is first 

come, first served. The arrival of vehicles is modeled as 

a Poisson’s distribution and attendant parking time is 

modeled as an exponential distribution. What is most 

nearly the probability that at least one attendant will be 

idle? 

(A) 0.34 

(B) 0.45 

(C) 0.52 

(D) 0.80 

5. The relationship between traffic density and mean 

vehicle speed is shown for a particular road. 

me
an
 

ve
hi
cl
e 

sp
ee

d,
 

v 
(m

i/
hr

) 

  

70 20 30 40 80 60 170 
traffic density, k(veh/mi) 66.25 

What is most nearly the maximum traffic volume for 
this road? 

(A) 760 veh/hr 

(B) 880 veh/hr 

(C) 900 veh/hr 

(D) 960 veh/hr 
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48-2 FE Civil PRACTICE 

6. A border’s point of entry can weigh an average of 
24 trucks per hour. Trucks arrive at the average rate of 

15 trucks per hour. Performance is described by an 

M/M/1 model. What is most nearly the steady-state 

value of the probability that there will be five trucks 
being weighed or waiting to be weighed at any time? 

(A) 0.010 

(B) 0.036 

(C) 0.38 

(D) 0.63 

7. 15 min interval traffic counts for a traffic flow are 
shown. 

time vehicles 
3:30-3:45 pm. 520 

3:45-4:00 pm. 475 

4:00-4:15 pm 600 

4:15-4:30 pm 625 

4:30-4:45 pm 700 
4:45-5:00 pm. 500 

5:00-5:15 pm. 675 

5:15-5:30 pm 800 
5:30-5:45 pm 825 

5:45-6:00 pm. 750 

6:00-6:15 pm 600 
6:15-6:30 pm 425 

Most nearly, what is the peak hour factor? 

(A) 0.83 
(B) 0.92 

(C) 1.07 

9. A traffic flow has a peak hour factor of 0.54 and a 
peak hour volume of 800 veh/hr. Most nearly, what is 

the hourly flow rate? 

(A) 430 vph 
(B) 800 vph 

(C) 1200 vph 

(D) 1500 vph 

10. A freeway has two 10 ft lanes in each direction, with 
a 2 ft right side lateral clearance and a total ramp den- 
sity of 4 ramps per mile. The hourly volume on the free- 
way is 1800 veh/hr. Most nearly, what is the free flow 
speed on the freeway? 

(A) 55 mph 

(B) 60mph 

(C) 65 mph 

(D) 75 mph 

11. A freeway has four 12 ft wide lanes in each direc- 
tion, no right side lateral clearance, and a ramp density 
of 6 ramps per mile. Most nearly, what is the free flow 
speed? 

(A) 60 mph 
(B) 65 mph 
(C) 70 mph 
(D) 75 mph 

12, A freeway has two 10 ft wide lanes in each direction, a 
2 ft right side lateral clearance, and a ramp density of 
3 ramps per mile. The demand flow rate is 2000 pe/hr/In. 
Most nearly, what is the mean speed of traffic on the 
freeway? 

(D) 1.12 

8. A traffic flow has a peak hour factor of 0.63 and a 

15 min peak hour flow rate of 200 vehicles. Most nearly, 
what is the peak hour volume? 

(A) 

(B) 

(C) 

(D) 

55 mph 

57 mph 

60 mph 

63 mph 

(A) 

(B) 

(C) 

370 vph 

500 vph 

620 vph 

13. A freeway segment has two 12 ft wide lanes in each direction through rolling terrain. The freeway traffic peak hour factor is 0.80, and the hourly flow rate is 1600 veh/hr 
one-way. The traffic flow is 15% trucks and buses. Most nearly, what is the demand flow rate? (D) 700 vph 

900 pe/hr/In 

1000 pe/hr/In 

1300 pe/hr/In 

1500 pe/hr/In 
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TRANS PORTATION PLANNING AND Capacity 48-3 

44. A freeway has five lanes in each direction, The vol- ume is 2300 veh/hr one way, the peak 15 min volume is 
90 vehicles, and the peak hourly volume is 775 vehicles. The heavy vehicle factor of the traffic flow is 0.90, Most 
neatly, what is the demand flow rate? 

(A) 580 pe/h/In 
(B) 650 pe/h/In 
(©) 730 pe/h/In 

(D) 1200 pe/h/In 

15. A freeway segment built through level terrain has 
five 11 ft lanes in each direction and a 6 ft Tight side lat- 
eral clearance. The traffic flow is 23% trucks and buses. 
Most nearly, what is the heavy vehicle factor for the 
traffic flow? 

(A) 

() 

() 

(D) 

0.54 

0.69 

0.77 

0.81 

16. A 6 lane freeway has a vehicular density of 15.3 pe/ 
mi/ln. The mean speed of travel on the freeway is 
60 mph, Most nearly, what is the demand flow rate? 

(A) 860 pe/hr/In 

(B) 870 pe/hr/In 

(C) 920 pe/hr/In 

(D) 1000 pe/hr/In 

17. A freeway segment built through rolling terrain has 
three lanes in each direction. The volume of the traffic 
flow is 3400 veh/hr one way, with a free flow speed of 
55 mph and a peak hour factor of 0.75. The heavy 
Vehicle factor is 0.82, and the factor for driver popula- 
tion is 1.0. What is the level of service, LOS, of the free- 
Way segment? 

(A) Losa 

(8) LosB 

© Lose 

(0) Losp 

18. A free in each direction ith way has two lanes of traffic in eac! 
“ith a demand flow rate of 845 pc/hr/In. The mean 

ge awe et mph. What is the level of service, 
y segment? 

(A) LOSA 

(B) LOSB 

(C) Losc 

(D) LOSD 

19. A 6 lane highway has a free flow speed of 65 mph, 
an observed density of 115 veh/mi/In, and a jam density 
of 265 veh/mi/In. Most nearly, what is the flow rate of 
the highway? 

(A) 4200 veh/hr/In 
(B) 4500 veh/hr/In 
(C) 4800 veh/hr/In 
(D) 5000 veh/hr/In 

20. A roadway facility has a maximum flow rate of 
9000 veh/hr for a free flow speed of 60 mph. The expected 
density during evening rush hour is 250 veh/mi. Most 
nearly, what is the speed of travel during rush hour? 

(A) 25 mph 
(B) 35mph 
(C) 50 mph 
(D) 55 mph 

241. A new roadway facility is designed with an opti- 
mum density of 150 veh/mi for a free flow speed of 
50 mph. The expected density during morning rush 
hour is 175 veh/mi. Most nearly, what is the flow rate of 
the proposed roadway? 

(A) 

(B) 

(©) 

(D) 

3300 veh/hr 

3600 veh/hr 

4000 veh/hr 

4300 veh/hr 

22. A new roadway facility has a maximum flow rate of 
4500 veh/hr and a jam density of 275 veh/mi. Assume 
zero density and zero flow rate conditions. Most nearly, 
what is the theoretical speed of the first driver entering 
a facility? 

(A) 

(B) 

(C) 

(D) 

50 mph 

55 mph 

60 mph 

65 mph 

rs 
és 

Fe 
5 
a Fi A 
g . 

f=.) 
S 
aS 
2 
2 
S 
7) 

 



ey 
3S Oe Soa i] <3 

CE) 
‘Sa 
Pes o- 

ES 

  

  48-4 FE Civit PRACTICE 

23. A freeway facility has an optimum density of 125 veh/mi. Most nearly, what is the jam density? 

(A) 62 veh/mi 

(B) 120 veh/mi 

(C) 250 veh/mi 

(D) 500 veh/mi 

SOLUTIONS 

1. The average time spent waiting to be weighed is 

Ww 
  

= 0.125 hr/truck (0.13 hr/truck) 

The answer is (A). 

2. The mean speed relationship can be substituted into 
the traffic flow relationship, resulting in a quadratic 
relationship (i.e., a parabolic curve). 

: a 
mi It =kv= — =| 9: q=kv Jo ° 2 } 

. a 
= (60 Be) [oa = Je 

  

  

hr veh-hr 

5000, 

capacity 
_ 4000 

3 
$ 3000) 
° 
é 2000) 
3 
° 
? 1000 

50 100 150 200 250 300 
density, k (veh/mi) 

To determine the traffic volume capacity, it is necessary to find the maximum point on the parabolic curve (ie., the location where the slope of the curve equals 0) 

di 44 
dk 

(so Ee 
hr 

-|o2 ale 

  

   
  

yehcht mi mi? =60 2 k 
dk ou hr [os veh-hr 

=0 
mi 

60 — 
k= = 

n 
0.4 

veh-hr 
= 150 veh/mi 
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ibstituting ‘= 150 veh/mi into the traffic flow \- 
si po 

low rela. Calculate the 

  

  

  

  
  

  

idle. Probability, P,, of one attendant being 

q= 1 
0.75 : xy in 

iH Cin 
P= Ry —| = (0.4545)/4 

nt 1! 

= 4500 veh/hr 

The answer is (C). Re 

Finally, add Pp and P, to calculate the probability of at 
3. The average number of trucks in the station is least one idle attendant. P . 

a tucks P = P+ P= 0.4545 + 0.3409 
ees = 0.7954 (0.80) 

u-A 16 trucks 1g trucks 
br hr The answer is (D). 

=1.66 (1.7) 
5. From the mean vehicle speed versus traffic density = 2 

The answer is (C). graph, the relationship is linear. 5 5 
ae 

mi eg 4, The mean arrival rate of vehicles per minute is Bee 1.58 he FS v=53 — —|—_"_|k 
hr veh 

A= = = 0.75 1/min Be aa 
2 mi mi =53 ——_lo: k ty, in mi 38 ° 8 ad [velocity in mi/hr} 

(al br) (60 =) 
  

The service rate per server is js = 1 1/min. 
For two = This expression for speed can be substituted into the 

ecvers (a5-2)5 standard relationship for traffic volume. 

  

    
      

1 y 075 —— qalky (ee _ tain 9.375 { af | =} spt 1 = 53 4 —Jo.8 k 1— i | ey =| hr veh-hr 
; 32 in mi 

Next, calculate the probability, Po, of both attendants = (5s me [os ae 
“ing idle (i.e., no units in the system). 

Ppa LEP An 087 0.455 = 800 
375 I+p 1+0.37 ase 

= 
é 400 

5 
8 200 

10 20 30 40 50 60 70 

traffic density, k (veh/mi)
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  48-6 FE CIVIL PRACTICE 

The maximum traffic volume occurs where the slope of 
this curve equals 0. 

2 mi 2 
—|0.8 ke 

| veh-hr 
  

  

  

  

dk dk 
2 32 

=53 2 _|16§ _|k 
hr veh-hr 

=0 
mi 53 

k eres as mexg ni 
i 

8 onchr 
= 33.125 veh/mi 

The density is 33.125 veh/mi at maximum traffic 

  

  

volume. 

= (53 Bh os i), 9 or ° Veh-br 
mi veh 

= (53 = })/33.125 > (se Feo 3) 
mi? veh ? 

-|0.8 33,125 [os as om 
= 878 veh/hr (880 veh/hr) 

The answer is (B). 

6. The utilization factor is 

  

  

trucks 
15 

gus aay = 0.625 
yt «fe rucl } 

hr 

The probability of five trucks being weighed or waiting 
to be weighed is 

Py=1-p=1-0.625 = 0.375 

P, = Pyp" = (0.375)(0.625)° = 0.036 

The answer /s (B). 

7. Tabulate the data and calculate the hourly volumes 
provided. The hourly volume is the volume from the 
start of the 15 min interval and ending an hour later. 

For example, the hourly volume from 3:30 pm to 4:30 pm is 

520 vehicles + 475 vehicles + 600 vehicles + 625 vehicles 
= 2220 vehicles 

hourly volume 
vehicles (vehicles) 

    

time 

}-3:45 pm 520 2220 

3:45-4:00 pm 475 2400 

4:00-4:15 pm 600 2425 

4:15-4:30 pm 625 2500 

4:30-4:45 pm 700 2675 

4:45-5:00 pm 500 2800 

5:00-5:15 pm. 675 3050 

5:15-5:30 pm. 800 2975 

5:30-5:45 pm. 825 2600 

5:45-6:00 pm 750 

6:00-6:15 pm. 600 

6:15-6:30 pm. 425 

The peak hour occurs between 5:00 pm and 6:00 pm. 
The peak hour volume is 3050 vehicles, and the peak 
15 minute volume is 825 vehicles. The peak hour factor, 
PHF, is 

hourly volume 

4x peak 15 minute volume 

_ _ 3050 vehicles 
~ (4)(825 vehicles) 

= 0.924 (0.92) 

PHF = 

The answer is (B). 

8. Rearrange the equation for the peak hour factor, 
PHF, to find the hourly volume. 

hourly volume 

4x peak 15 minute volume 
hourly volume = (PHF)(4 x peak 15 minute volume) 

= (0.63)((4)(200 vehicles)) 
= 504 veh/hr (500 vph) 

PHF = 

The answer is (B). 

9. Rearrange the equation for the factor peak hour factor, 
PHF, to find the hourly flow rate. 

PHF = hourly volume 

hourly flow rate 

soo “2 
hourly flow rate = hourly volume _ "br 

PHF ~~ 0.54 
= 181 veh/hr (1500 vph) 

The answer is (D). 
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  TRANS 
PORTATION PLANNING AND CAPACITY 

, From tables of adjustment factors, the lane wi 

ti stment for 10 ft wide lanes is 6.6 mph.The pits 

ment for right-side lateral clearance for a 2 ft right side 

Jateral clearance and two lanes in each direction is 

24 mph. The free flow speed, FFS, is always rounded to 
the nearest multiple of 5 mph. 

FFS = 754 7 Yow iio + 3.22TRD 

  

mi mi mi ramps \08 
= 75.4 = -6.6 ——2.4 —— ps 754 6.6 22.4 (3.22)(4 a ) 

= 56.1 mi/hr (55 mph) 

The answer is (A). 

441. From tables of adjustment factors, the lane width 

adjustment, fiw, for 12 ft lane widths is 0 mph, and the 

adjustment for right-side lateral clearance, fic, for no 

right-side clearance and four lanes in each direction is 

1.2 mph. Round the free flow speed, FFS, to the nearest 

5 mph. 

FFS = 75.4 a = fow— fue — 3:22TRD™ 

  

= 59.7 mi/hr (60 mph) 

The answer is (A). 

12. Calculate the free flow speed, FFS. The lane width 

adjustment, fiw, for 10 ft lane widths is 6.6 mph, and 

the adjustment for right-side lateral clearance, fic fora 

2 ft right-side lateral clearance and two lanes in each 

direction is 2.4 mph. Round to the nearest 5 mph. 

FS = 75.4 a = haw fro - 3-22TRD™ 
0. 

mi mi mi ramps 
epe@ pg Bae 3.22)(3 : 
14 6.6 7-24 7S ( ail 

= 58.3 mi/hr (60 mph) 

From a table of breakpoint values, the breakpoint is 
point values, : 

1600 pc/hr/In. Since the demand flow rate is greater 

than the breakpoint, the mean speed of traffic is 

2 

5 = 60—0.00001814(v, — 1600 pe/hr/In) 

= 60 — (0,00001814)(2000 pe/hr/In — 1600 pe/ 
= 57.1 mi/hr (57 mph) 

hr /In)? 

The answer is (B). 

48-7 

13, Calculate the heavy vehicle factor, fy. The passen- 
ger car equivalent for trucks/buses on rolling terrain is 
3.0. 

sot 
1+ Pp(Ep-1) 

eens 
1+ (0.15)(3-1) 

= 0.77 

fav = 

The demand flow rate, vp, is 

Vv 
y= 

PHF x NX fay 
veh 1600 600 hr 

(0.80)(2 lanes)(0.77) 
= 1298.7 pe/hr/In (1300 pe/hr/In) 

The answer is (C). 

14. The peak hour factor, PHF, is 

hourly volume 
PHP = —— 

4xpeak 15 minute volume 

veh 
775 iF 

~ [a)(220 vehicles) 
= 0.881 

The demand flow rate, Up, is 

eft te 
°» = DHF x NX fay 

2300 vehicles 

hr 

~ (0.881)(5)(0.90) 

= 580 pe/hr/In 

  

The answer is (A). 

45. The passenger car equivalents for trucks and buses 

is 2.0. The heavy vehicle factor, fi, is 

1 
hw = TE P(Ep— 0) 

_ 1 
Sav = 75 0,23(2.0— 1) 

Suv = 0.81 

The answer Is (D). 
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  FE CIVIL PRACTICE 48-8 

16. Rearrange the equation for traffic density to find 

the demand flow rate, v,. 

p== 
Ss 

v, = DS 
Be 

=/15.3 BL ( =) 
In e hr 

= 918 pe/hr/In (920 pe/hr/In) 

The answer is (C). 

17. The demand flow rate, vp, is 

i ei 
” PHF x NX fay fp 

veh 3400 + 

(0.75)(3 lanes) (0.82)(1.0) 
= 1843 pe/hr/In 

  

  

The traffic density, D, is 

¥, 
D=+ 

Ss 
pe 

1843 AE rm 
mi 

66 —— 
br 

= 33.5 pe/mi/In 

From a table of LOS ranges, a density of 33.5 pe/mi/In 
falls within LOS D. 

The answer is (D). 

18. The vehicle density, D, in the freeway segment is 

pe 

g45 bE 
In 

mi 
70 — 

hr 

12.07 pe/mi/In 

From a table of LOS ranges, a density of 12.07 pc/mi/In 
falls within LOS B. 

The answer Is (B). 

19. From the Greenshields’ model for flow rate, 

  

    

  

mi 
: 65 —— 2 

= (0s zi)[us a |- —- [a — } 
hr mi-In 265 — mi-In 

mi-In 

= 4231 veh/hr/In (4200 veh/hr/In) 

The answer is (A). 

20. Rearrange the Greenshields’ model for maximum 
flow and speed to find the jam density, D;. 

  

veh 
: (42000 Te" 

mi 60 
hr 

= 600 veh/mi 

The speed of travel, S, is 

250 Yeh 
mi 

mi hr 

hr | 600 Ze 
mi 

= 35 mi/hr (35 mph) 

= 

The answer is (B). 

21. Rearrange the equation for optimum density to find 
the jam density, D,. 

p= 2 
Faved 

D; =2D, 

= (2(150 we 
mi 

= 300 veh/mi 
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  TR ANSPORTATION PLANNING AND CAPACITY 48-9 

From the Greenshields’ model equation for flow rate, 
the flow rate of the proposed roadway, V, is 

5 f 2 
y=5D-—D f D, 

mi veh 50 = hy? 
= (50 ziYLi75 “)- 7 [175 ve 

mi] | 399 YS mi 
mi 

= 3645 veh/hr (3600 veh/hr) 

The answer is (B). 

22. Rearrange the Greenshields’ model for maximum 
flow equation for the theoretical speed for the first 
driver entering a facility, 5. 

  

  

  

DS, Vp = IPF 

4 

4V, r= 
s,=— 2 leewoD, Be 

veh 
5 > 

— eS - ([ 400 =) EE 

o75 veh f 
mi 

= 65.5 mph (65 mph) 

The answer is (D). 

23. From the Greenshields’ model for optimum density, 

D, 
D,= a 

D, = 2D, 

= [25 wt) 
mi 

= 250 veh/mi 

The answer is (C).



ee 
  

  

  

49 Plane Surveying 

PRACTICE PROBLEN 

  

4, Boundary and traverse lines bounding an irregular 
area are shown. 

boundary 

! | 
1 1 I I 1 Sr ail atl ea ay 23tt! 

eg ee cee 
traverse 30 ft 30 ft 30 ft 30 ft 30 ft 

line 

The total area between the irregular boundary and the 
traverse line is most nearly 

(A) 3600 ft? 

(B) 3800 ft? 

(C) 4000 ft? 

(D) 4200 ft? 

2, Global positioning system (GPS) latitudes and longi- 
tudes were taken of a plot of land. In the region where 
the plot is located, the length of a degree of latitude is 
364,320 ft, and the length of a degree of longitude is 
248,160 ft. et 2 

Na73116° 
E122.8163° N473118° 

B £122.8184° 
Cc 

* 
8 
9 
g 

. i A D 

47.3105° 04° 
E122.8162° See rade 

1°E/248,160 ft —> 
What is most nearly the area of the plot? 

(A) 5.0a¢ 

(8) 51 ac 

( 

( 

°) 5.3.00 

D) 5.4.a¢ 

3. The illustration shows a curve from z= 0 to r= 6. 

4   

  

  

                  
1 2 3 4 5 6 

Using intervals of 1, what is most nearly the area under 
the curve predicted by Simpson’s ; rule? 

(A) 14 

(B) 15 

(C) 16 

(D) 17 

4. A polygon is created by enclosing lines as shown. 
4 Cc 
  

8 | 
  

    

        Lt * 
1G 2 3 4 5 6 

Using an interval of 1, what is most nearl; . y the ar the polygon predicted by the trapezoidal rule? mates oF 

(A) 15 

(B) 16 

(C) 17 

(D) 18 

            

  

~a   

< 
se 

= 
3 
a 
ry 
© 
S s ‘= 

D 
3 > 
o 
> a 
EI 
a 
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5. Which statement(s) concerning methods used to 
determine areas under a curve or line is/are true? 

I. The trapezoidal rule applies to areas where the 
irregular sides are curved. 

II. Simpson’s }; rule only applies to an odd number 
of segments. 

Ill. The area by coordinates method can be used if 
the coordinates of the traverse leg end points 

SOLUTIONS | 

1. The trapezoidal rule is 

hythe 
  area = w thothythyt hs 

34 ft + 23 ft 
= (30 ft) 257° 

+23 ft + 29 ft +31 ft. 
are known. 

= 3975 ft? (4000 ft?) 
(A) Ionly 
(B) Monly The answer is (C). 

(C) Tand III 2. Use the area by coordinates method to find the area 
(D) 1,Uand II of the plot: 

X4(¥p- Yp) + Xa(¥o- Ya) 
+X¢(Yp—- Yp) 

+Xp(Ya- Yo) area = 3 

(122.8162°)(47.3116° — 47.3104°) 
+(122.8163°)(47.3118° — 47.3105°) 
+(122.8184°)(47.3104° — 47.3116°) 
+(122.8183°)(47.3105° — 47.3118°) set nee ne ese eeeseer™ 

2 
= —2.62 x 1076 deg? 

Use the lengths per degree of latitude and longitude to 
convert the angles to distance. 

(2.62 x 1076 aee?){ 248,160 ft. [201,920 & ore = See) 
43,560 

ac 
= 5.44 ac (5.4 ac) 

The answer is (D). 
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an even number of intervals, so Simpson’s } 

  

  

  

3. Ee used. Use the graph to determine the meas- 
ne t at each value of x. The starting measurement is 

ize 0. That is, hy = 2. 
n 4 

3 

5 2 

                  
1 2 3 4 5 6 

The area under the curve using Simpson’s J, rule is 

  

k=2,4, 
area = 3 

_ (1)(2 + (2)(4 +1) + (4)(4 +242) +1) 
eeeomerer 

=15 

The answer is (B), 

4. The area of the polygon can be determined by sub- 
tracting the area under the bottom line from the area 
under the top line. 

Since the common interval is 1, there will be seven 
height measurements (ie., n = 7). The height of each 
trapezoid can be determined as shown in the figure. 

4 4     
  

  

  

            

PLANE SURVEYING 

The area under the top line is 

  

hy+h 
are» = of = La hast hat het s+ hl 

= (22 $+3.54443.754+3.5+ 3.25] 

=21 

The area under the bottom line is 

  

hyth 
area inn = 1 La hgthyt het he he 

14+1,1,1,3 } = (1) +54+—-4+54141 = a stg tats 

= 4.333 

The area of the polygon is 

area = AFe@ toy — ATCA bottom 
= 21- 4.333 
= 16.667 (17) 

fo 
& 
> 
Fa 
iS 
EI 
a The answer is (C). 

= 
2 

rf 
S ES Fa 4 
ig FS 

  

5. The trapezoidal rule is applicable to areas where the 
irregular sides are straight or nearly straight. Option I is 
false. Simpson’s }; rule is applicable to areas whose irreg- 
ular sides are curved, but applies only to an even num- 
ber of segments (i.e., an odd number of segment end 
points). Option II is false. The area by coordinates 
method calculates the traverse area using the coordi- 
nates of the leg end points. Option III is true. 

The answer is (B). 
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4. A horizontal curve is laid out with the point of curve, 
PC, station and the length of long chord, LC, as shown. 

  

The radius of the curve is most nearly 

(A) 520 ft 

) 560 ft, 

620 ft 

) 670 ft 

(B 

(Cc 

(D 

2A freeway route has a horizontal curve with a PI at 

sta 11+01.86, an intersection angle, J, of 12°24'00” 
Tight, and a radius of 1760 ft. The PC is located at 

(A) sta9+10 

(B) stag+o2 

(c) sta 10+11 

(D) sta 10424 
3% ‘ 
heck Vertical sag curve has a length of 8 sta and con- 

is tee 8 ~2.0% grade to a 1.6% vertical grade. The PVI 
ated at sta 87-00 and has an elevation of 2438 ft. 

L=8sta 

PVT 
     
  

PVI = sta 87+00 
PVI elevation = 2438 ft 

Geometric Design 

The elevation of the lowest point on the vertical curve is 

most nearly 

(A) 2420 ft 

(B) 2430 ft 

(C) 2440 ft 

(D) 2450 ft 

4. A 6° curve has forward and back tangents that inter- 
sect at sta 14+87.33. 

Pl at sta 14+87.33 
O T= 11°21'38"     

The station of the point of curve, PC, is most nearly 

(A) sta 5+32 

(B) sta 9+93 

(C) sta 11+28 

(D) sta 13+92 
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50-2 FE Civit PRACTICE 

5.A horizontal curve is laid out with the point of curve, 
PC, station and the length of long chord, LC, as shown. 

  

The curve radius, R, is 620 ft. With stationing around 
the curve, the stationing of the point of tangent, PT, is 
most near to 

(A) sta 6+20 

(B) sta 10+42 

(C) sta 14+02 

(D) sta 14+64 

SOLUTIONS. 

  

4. The intersection angle, J, in decimal degrees is 

o , 36 min 
T=104°+ min 

‘deg 

  = 104.6° 

The radius of the curve is 

LC _ _820ft _ 
caer olin 7 104.6° 

sin 
2 2 

(520 ft) 

  

  2sin 

= 518.18 ft 

The answer is (A). 

2. Convert the intersection angle to a decimal value. 

  

The tangent length is 

  

T=R tan 

= (1760 tan ae | 

= 191.20 ft 

The PC is located at 

sta PC = sta PI- T 
= 1101.86 ft — 191.20 ft 

= 910 ft (sta 9+10) 

The answer is (A). 

3. The PVI is located at the curve’s midpoint. The ele- 

vation of the PVC is 

L 
Ypve = Yovit lol z 

  

My 8 sta 4] = 2438 ft + (0.02 : |[100 or 

= 2446 ft 
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distance from the PVC to the lowest point on the 
The 
curve IS 

_ ot 
om 92 

(—0.02)(8 sta 100 =] 
sta 

—0.02 — 0.016 
= 444.44 ft 

Determine the elevation at the lowest point. 

  

= $27 M1) 2 
Y= Yove + oit+ ( OL )e 

= 2446 ft + (—0.02)(444.44 ft) 

0.016 — (—0.02) 

(2)(8 sta) 100 =) 

= 2441.55 ft (2440 ft) 

(444.44 ft)? 

The answer is (C). 

4. The radius of the curve is 

  

pp — 5729.58 _ 5729.58 ft-deg 
Da 6 

= 954.93 ft 

Convert the intersection angle to a decimal value. 

  

T=1e4 21 = ‘- 35 sec 
in i 60 sec |{ gq min 

deg [oe min I deg 

= 11.36° 

The tangent length is 

  

: 
© 

T= Rtan > = (954.93 iytan{ 2° 
= 94.98 ft 

The i © station of the Point of curve, PC, is 

sta PC = sta PI- T 
= 1487.33 ft — 94.98 ft 
= 1392 ft (sta 13+92) 

The answer ig (D). 

GEOMETRIC DESIGN 

5. The intersection angle, J, in decimal degrees is 

a = 96.3° 
60 — 

deg 

I= 96°+ 

The length of curve from PC to PT is 

7 

bes R(x) 

= (620 ro (06.9°)(4 | 
180° 

= 1042.07 ft 

The stationing of the point of tangent is 

sta PT = sta PC+L 
= 422 ft + 1042.07 ft 

= 1464 ft (sta 14+64) 

The answer is (D). 
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Earthwork 

esa een Saacccceinasnpne The total undercut volume of this borrow pit is most 

  

| nearly 

| 4, Earthwork quantities for a section of roadway indi- 
cate a transition from fill to cut. The following areas are (A) 1800 ya 

scaled from the print cross sections. Where there are (B) 1600 yd* 

transitions between cut and fill, the cut and fill roadway 
cross sections are both triangular in shape. (C) 1900 yd° 

(D) 2100 yd° 

m
e
a
n
 

shila (e) (R) 3. The table represents the areas of cut and fill at three 
Fade Na consecutive roadway points (survey stations) along a 

20-+00 a 1864.42 rural road project. 
20+10.50 4 468.88, s 

20+21.50 154.14 103.66 cut fill Sy 
20+28.45 696.75 : point (ft?) (ft?) ce 

20+40 2017.37 - 10+00 1600 270 gs 
20+00 0 810 Be 

s 
30+00 1100 270 £ 

  

The total volume of fill required for this section of road 

is most nearly 
The amount of borrow or waste between the points is 

(A) 11,000 ft? most nearly 

3 (B) 16,000 ft (A) 27,000 ft? borrow 

(©) 19,000 f° (B) 240,000 ft? waste 
(D) 21,000 ft (C) 250,000 ft® borrow 

2. Consider the borrow pit grid shown. Existing excava- 

tion depths (in ft) are shown for each corner. 
4. Earthwork quantities for a section of roadway indi- 

gon 33 cate a transition from fill to cut. The following areas are 

scaled from the print cross sections. Where there are 

s between cut and fill, the cut and fill roadway 

(D) 270,000 ft? waste 

50 
transition: 

h 

‘ 
cross sections are both triangular in shape. 

i 
cut fill 

station (ft?) (ft?) 

mn 
10+30 : 126.5 
10+60 160.7 50.6 

10+82 505.0 =   
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The total volume of fill required for this section of road 

  FE Civit PRACTICE 

is most nearly 

(A) 

(B) 

(C) 

(D) 

3000 ft? 

4900 ft? 

5900 ft> 

7200 ft® 

SOLUTIONS 

4. Earthwork volumes for fill areas and cut areas can be 
calculated using the average end area formula. Since the 
cut and fill areas are triangular in shape, earthwork vol- 

umes in the transition region from fill to cut can be cal- 
culated from the formula that gives the volume of a 
pyramid. 

For sta 20+00 to sta 20+10.50, 

L = 10.50 ft — 0 ft = 10.50 ft 

The fill volume is 

A,+ Ag 
van = 1 2   

1864.42 ft? + 468.88 ft” = (10.50 | 3 

= 12,249.83 ft* 

For sta 20+10.50 to sta 20+21.50, 

L = 21.50 ft — 10.50 ft = 11.00 ft 

The fill volume is 

Ash) 
  Vin = 7 

468.88 ft? + 103.66 ft? = (11.00 a - 

= 3148.97 ft? 

Cut is required at sta 20+21.50, but no cut is required 
at sta 20+10.50, so a cut-to-fill transition occurs 
between these two points. (The cut area could conceiv- 
ably decrease to zero at any point before sta 20+21.50, 
but a reasonable assumption is that data was given at 
sta 20+10.50 for a reason: that is the point where the 
cut becomes zero.) 

The cut area cross section is triangular at sta 20-+21.50, 
tapering to zero at sta 20+10.50, so the soil mass is 
essentially a triangular-base pyramid on its side, with 
the apex at sta 20+10.50. The “height” of this pyramid 
is 11.00 ft. Calculate the volume of a pyramid of cut. 

Veg = Af S828 - ee) 

2 
= (11.00 of") 

= 565.18 ft 
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Vere 

For sta 0+21.50 to sta 20+28.45, 

EARTHWORK 

cut area fill area 

51-3 

cut volume fill volume 

  
station (ft?) (ft?) (ft?) (ft*) 

L = 28.45 ft — 21.50 ft 20+00 ———F864.42 

= 6.95 ft - 12,249.83 

pilis required at sta 20+21.60, but no fillis required at 7OFH050 = MOBS 
sta 20+28.45, 80 @ fill-to-cut transition occurs between 66 " 

these two points. The fill area cross section is triangular 20+21.50 154.14 103. 40.15 

at sta 20+21.50, tapering to zero at sta 20+28.45. The 2956.84 240. 
Sight” of the pyramid is 6.95 ft. Calculate the volume 204+28.45 696.75 _ 
ofa pyramid of fill. 15,674.04 = 

20440 2017.37 - ehh Se 
Var of ssectbese) total 19,196.06 15,638.95 

3 

103.66 ft? : 
= (6.95 afpaee) ‘Therefore, the total volume of fill required for this sec- 

tion of road is 15,638.95 ft (16,000 ft). 
= 240.15 ft* The answer is (B). 

Tigent wolume ty 2. Calculate the average depth of undercut by summing 
A\+A the undercut depths at each of the corners and dividing 

Vou = f+) the total by the number of corners. Calculate the under- 
cut volume by multiplying the area by the average 
depth of undercut. 

The area of each full cell is 

2 2 = (05 w)( ft pa ft 

= 2956.84 ft* 

co3) 
= 
> 
Fy 
= 
Ey 
a 

(50 ft)(50 ft) = 2500 ft? 

r= 
2 
g 
S Es Fa a 
iS = 

  

Fe ‘or sta 20+-28.45 to sta 20+40, The area of each triangular half-cell is 

L = 40 ft — 28.45 ft 

  
  
  

3 2 

= 11.55 ft ae fs 1250 ft? 

The cut volume is 
cell area average depth of volu 

Voy = 1{ Aut Aa number (ft?) _undercut (ft) (ft) 

2 1 2500 2.95 7375 
2 1250 

= (11.55 f4y{ 996-75. 2 + 2017.37 3 Dea oe ae 

2 4 2500 2.60 6500 
= 15,674.04 ft? 5 2500 2.00 5000 

A tab 8 2500 1.93 4825 al 
tmade® ‘Rat summarizes earthwork volumes is now total 34,525 

The total volume is 

34,525 ft? 
Veotal = —_—ee 

ee yd 
= 1279 yd® (1300 ya’) 

The answer is (A). 

> PPle T= 
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3. Use the average end area method. The points are 10 
stations apart. 100 ft stations are used. The cut volumes 

are 

A\+A 
Veut,sta 1 to2 = f+) 

1600 ft? +0 “| 
2 

= (10 sta 100 al 
sta 

= 800,000 ft* 

A\+A 
Veut,sta2to3 = f{ae*) 

= (10 sta( 100 =] 0 ft? + 1100 ft* 
sta 2 

= 550,000 ft® 

The fill volumes are 

A, +A 
Vanistaito2 = fats) 

= (10 sta 100 =] 270 RESO 
sta 2 

r= 
D 

be 
pe Gre) 
a 
Pa oad 

2 
= 540,000 ft* 

A,+A 
Vani sta2to3 = fs 2 | 

  

= (10 sta){100 =| 810 ft? +270 ft? 
- sta 2 

= 540,000 ft* 

Determine the total cut and fill volumes. 

cut: V = 800,000 ft® + 550,000 ft* 

= 1,350,000 ft® 

fill: V = 540,000 ft + 540,000 ft* 

= 1,080,000 ft* 

There is 1,350,000 ft? — 1,080,000 ft* = 270,000 ft* more 
waste than borrow. 

The answer is (D). 

4. Earthwork volumes for fill areas and cut areas can be 

calculated using the average end area formula. Since the 

cut and fill areas are triangular in shape, earthwork vol- 

umes in the transition region from fill to cut can be cal- 

culated from the formula that gives the volume of a 

pyramid. 

For sta 10+30 to sta 10+60, 

L = 60 ft — 30 ft = 30 ft 

The fill volume is 

Ait Ap 
2 Vin = if 

.5 ft? + 50.6 ft? = (on (28 7 

= 2656.5 ft® 

Cut is required at sta 10+60, but no cut is required at 

sta 10+30, so a cut-to-fill transition occurs between 

these two points. (The cut area could conceivably 

decrease to zero at a point before sta 10+60, but a rea- 

sonable assumption is that data was given at sta 10+30 

for a reason: that is the point where the cut becomes 

zero.) 

The cut area cross section is triangular at sta 10+60, 

tapering to zero at sta 10+30, so the soil mass is essen- 
tially a triangular-base pyramid on its side, with the 

apex at sta 10+30. The height of this pyramid is 30 ft. 
Calculate the volume of a pyramid of cut. 

area of base 

3 

160.7 ft? 
3 

Ve = { 

= (30 a 

= 1607.0 ft® 

For sta 10+60 to sta 10+82, 

L = 82 ft — 60 ft = 22 ft 

Fill is required at sta 10+60, but is not required at 
sta 10+82, so a fill-to-cut transition occurs between 
these two points. The fill area cross section is triangular 
at sta 10+60, tapering to zero at sta 10+82. The height 

of the pyramid is 22 ft. Calculate the volume of a pyta- 
mid of fill. 

Vay = a S28 “ Pass 

50.6 ft? 
3 
  = (22 a 

= 371.1 ft* 

  

| | 
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TOR 

The cut volume is 

A,+ A, ton ft 
2 2 =(2 (02 ft? +.505.0 ft 

2 
= 7322.7 ft® 

A table that summarizes earthwork volumes is now made. 

fill cut area fillarea cut volume volume station (ft?) (ft?) (ft?) (ft) 10+30 - 126.5 = 2656.5 10+60 160.7 50.6 1607.0 371.1 10+82 505.0 - 7322.7 = — 
total 8929.7 3027.6 

Therefore, the total volume of fill required for this sec- tion of road is 3027.6 ft? (3000 ft). 
The answer is (A). 

Su
rv
ey
in
g 

i 
oO 
4 
~ 
3 a a 
r= 
= = 

      

  

   



  

  

  

PRACTICE PROBLEMS 

4. A Superpave design mixture for a highway with 
equivalent single-axle loads (ESALs) < 10" has a nomi- 
nal maximum aggregate size of 19 mm. The mixture has 

been tested and has the following characteristics: 

air voids = 4.0% 
VMA = 13.2% 
VFA = 70% 

dust-to-binder ratio = 0.97 
at Nine = 8 gyrations, Gry = 87.1% 

at Ninx = 174 gyrations, Grym = 97.5% 

    

Do these characteristics satisfy their corresponding 
Superpave requirements? 

(A) Yes, all the parameters are within an acceptable 
range. 

(B) No, the VMA is excessive. 

‘C) No, the dust-to-binder ratio is too high. 

) (D No, Gnnm at Nmax is too high. 

2. What is the approximate load equivalency factor 
(LEF) for a 32,000 pound tandem-axle truck? 

D) 21 

* A road leading to a stone quarry is traveled by 40 
Tucks, with each truck making an average of 10 trips 
e day. When fully loaded, each truck consists of a 
tno Single axle transmitting a force of 10,000 Ibf and 

fore Tear tandem axles, each tandem axle transmitting a 
OF the po 000 Ibe. The load equivalency factor (LEF) 

facts ptont single axle is 0.0877. The load equivalency 
or for each rear tandem axle is 0.1206. 

Pavement Design 

The 18,000 Ibf equivalent single-axle load (ESAL) for 

the truck traffic on this road for 5 years is most nearly 

(A) 0.33 ESALs 

(B) 130 ESALs 

(C) 48,000 ESALs 

(D) 240,000 ESALs 

4. A highway pavement design has the material specifi- 
cations shown. 

layer layer 

layer material coefficient _ thickness 

subbase sandy gravel 0.11 in-! 12in 

base crushed stone 0.14 in-! 15 in 

surface asphalt concrete 0.44 in! 6in 

What is most nearly the structural number of the 
pavement? 

(A) 

(B) 

(C) 

(D) o
O
o
 

a
N
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SOLUTIONS 

1. This mixture would be designated as a 19 mm Super- 
pave mixture. The limits for such a mixture are 

air voids = 4.0% 
minimum VMA = 13% 

VFA = 65 — 75% 
dust-to-binder ratio = 0.6 — 1.2 

at Nint = 8 gyrations, maximum G,,,, = 89% 

at Ninax = 174 gyrations, maximum Guam = 98% 

  

All parameters in this mixture are within Superpave 
specifications. 

The answer is (A). 

2. From a load equivalency factor (LEF) table, the load 
equivalency factor for a 32,000 pound tandem-axle load 
is 0.857 (0.86). 

The answer is (B). 

3. The total ESALs per truck for each trip is 

ESALS trick = (m0. of axles)(LEF) 

= (1 single axle)(0.0877) 
+(2 tandem axles) (0.1206) 

= 0.3289 ESALs/truck-trip 

The total daily ESALs for 40 trucks, each making 
10 trips a day, is 

  

    

trips ESALs 
= .3289 ———_. ESALsy,y = (40 treks 10 aay |[os 8 as] 

= 131.56 ESALs/day 

For 5 years, the total ESALs is 

days ESALs ESALS5y, = (5 velo = [uso ] 

= 240,097 ESALs (240,000 ESALs) 

The answer Is (D). 

4. The structural number is 

SN = a,D,+ a,D)+ a3D, 

= (os Ale in) +(o.4 Aas in) 
in in 

+{on A Jaz in) 
in 

= 6.06 (6) 

The answer is (C). 
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Traffic Safety 

  

PRACTICE PROBLEMS 

  

14. What is the design perception-reaction time recom- 
mended by the American Association of State Highway 
and Transportation Officials (AASHTO) for calculating 
stopping sight distance? 

(A) 1.0 sec 

(B) 15sec 

(C) 2.5 sec 

(D) 4.0 sec 

2, What is the acce; pted normal limit of peripheral 
vision? 

(A) 45° 

(B) 80° 

(C) 160° 

(D) 180° 

3. What is the maximum light-intensity-contrast ratio Perceptible to the human eye? 

(A) 4:1 

(B) 3:1 

(©) 21 

) 11 

mie Percentage of roadway fatalities occur in a fe annually? 

(A) 1% 
(B) 2% 

(C) 5% 

(D) 10% 

SOLUTIONS 
  

1. The typical range of reaction times is 1.5-3 sec. 
AASHTO recommends a design perception-reaction 
time of 2.5 sec. 

The answer is (C). 

2. The accepted normal limit of peripheral vision is 
160°, although some individuals have peripheral vision 
up to 180°. 

The answer is (C). 

3. The maximum light-intensity-contrast ratio discerni- ble to the human eye is 3:1. 

The answer is (B). 

4. Work zones account for ap) 
roadway fatalities each year. 

The answer is (B). 

proximately 2% of all 
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PRACTICE PROBLEMS _ 

4, An activity-on-node diagram for a construction proj- 
ect is given. (Activity letters and durations are shown in 

each node circle.) 

  

(A) Odays 

(B) 1day 

(C) 6 days 

(D) 25 days 

2. For which of the following is the Program Evaluation 
and Review Technique (PERT) NOT used? 

construction projects ) 
(B) computer programming assignments 

) preparation of bids and proposals 
) queueing problems 

Construction 
Management, Scheduling; 
and Estimating 

SOLUTIONS 

1. Solve this problem using the critical path method 

(CPM). There are several paths from the start to the 
end of this project. Identify the paths and calculate 
their durations. 
start-A-E-end: 

d=1 day +2 days = 3 days 

start-A-C-D-F-end: 

d=1day+7 days+5 days+3 days = 16 days 

start-A-C-D-G-end: 

d=1 day +7 days+5 days+6 days = 19 days 

start-B-D-F-end: 

d= 4 days +5 days +3 days = 12 days 

start-B-D-G-end: 

d= 4 days+5 days+6 days = 15 days 

Co
ns

tr
uc

ti
on

 

The longest path is start-A-C-D-G-end, so this is the critical path. Because activity G is along the critical path, the float time for this activity is 0 days. 
The answer is (A). 

2. PERT is used to monitor the Progress and predict the completion time for large Projects. All of the choices given except option (D) are activities that have a finite completion time. 
The answer is (D). 

    

  

  

 



  

    

Procurement and Project 
Delivery Methods 

  

1. Which of the following duties would normally NOT 
be a responsibility of the estimating department within a general contractor’s organization? 

) obtaining bid documents (A 
(B) securing subcontractor/material quotations 

(Cc 

(D) 

project cost accounting 

) delivering competitive or negotiated Proposals 

2. In competitive bidding, when the bids are all opened, the owner will normally award the contract to the lowest 

(A) available bidder 
(B) qualified bidder 

C) responsible bidder ( 

(D) bonded bidder 

3. The term “design-build” means the 

(A) design firm designs the project and the client builds it 
(B) design firm both designs and builds the project 

client designs the project and the contractor 
builds it 

Contractor designs the project and the subcon- 
tractors build it 

SOLUTIONS 

1. The estimation process does not include tracking 
costs or recording actual expenses. 

The answer is (C). 

2. In open competitive bidding by public and private 
owners, the bid will be awarded to the lowest responsi- 
ble bidder. 

The lowest responsible bidder is the lowest bidder whose 
offer best responds in quality, fitness, and capacity to 
fulfill the particular requirements of the Proposed proj- 
ect, and who can fulfill these requirements with the 
qualifications needed to complete the job in accordance 
with the terms of the contract. 

The answer is (C). 

3. Design-build is a process where the client interacts only with a single entity, the “design-builder.” While the design-builder is usually the general contractor, it can also be the design firm or a partnership consisting of the design firm and contractor. 

The answer is (B). 
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Construction Documents 

PRACTICE PROBLEMS 

4, An activity is coded as 0793-31 62 13.16 using the 
Construction Specifications Institute’s MasterFormat 
2012. This coding represents construction specifications 
in the division of 

(A) Thermal and Moisture Protection 

(B) Special Construction 

(©) 
(D) Earthwork 

Reserved for future expansion 

2. Which of the following organizations is NOT a con- 

tributor to the standard design and construction con- 
tract documents developed by the Engineers Joint 

Contract Documents Committee (EJCDC)? 

(A) National Society of Professional Engineers 

(B) Construction Specifications Institute 

(C) Associated General Contractors of America 

(D) American Institute of Architects 

SOLUTIONS 

1. The activity designation is translated as follows. 

project 793 

level 1 activity category 31 

level 2 activity category 62 

level 3 activity category 13 

In the MasterFormat specifications, level 1 category 31 

is earthwork, level 2 category 62 is driven piles, and 

level 3 category 13 is concrete piles. All of these sub- 

groups fall under Division 31 - Earthwork. 

The answer is (D). 

2. The Engineers Joint Contract Documents Commit- 

tee (EJCDC) consists of the National Society of Profes- 

sional Engineers, the American Council of Engineering 

Companies (formerly the American Consulting Engi- 

neers Council), the American Society of Civil Engineers, 

Construction Specifications Institute, and the Associ- 

ated General Contractors of America. The American 
Institute of Architects is not a member, and it has its 

own standardized contract documents. 

The answer is (D). 
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PRACTICE PROBLEMS 

4, A crane chart for a crane set up to lift a rooftop onto 
a 60 ft tall building is shown. The crane’s centerline of 
rotation is 50 ft away from the building, and a 140 ft 
boom is used at an angle of 60°. The crane is not allowed 
within 15 ft vertically of the top of the building. What is 
most nearly the maximum operating radius from the 
centerline of rotation? 

40 ft to 150 ft main boom 
170 -     
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190 160 140 120 100 80 60 40 2 @ 
radius (ft) rotation 

(A) bos 
(B) 708 

©) s5& 

©) 100 

festa factor is responsible for an increase in produc- 
Sas a new task is repeated and practiced? 

(A) the leaning curve 
(B) acceleration 
(©) Phasing 

() 
SPeed enhancement 

SOLUTIONS 

  

Construction Operations 
and Management 

  

1. Draw the edges of the building on the chart, then fol- 
low the 140 ft boom curve to where it intersects with the 
60° pitch line. Draw a vertical li ine from this intersection 
to the bottom of the chart. Check for vertical spacing 
requirements between the roof 
boom of the crane. 

of the building and the 

The minimum distance from the roof of the building to 
the boom is 25 ft, which is greater than the 15 ft 
required. Therefore, the maximum operating radius is 
approximately 72 ft (70 ft). 

40 ft to 150 ft main 
170 
160 
SEE 

160 140 120 100 
radius (ft) 

The answer is (B). 

2. The learning curve is res 
increase in production rates as 
at a given task. 

The answer is (A). 
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Construction Safety 

  

lower the boom 

lower the load 

raise the boom and lower the load 

lower the boom and raise the load 

2. In addition to protective goggles, what personal pro- 
tective equipment is required when welding pipe in a 

deep trench? 

(A) fall protection harness 

(B) hard hat 

(C)_ respirator 

(D) hearing protection 

SOLUTIONS 

1. Hand signals in the crane industry are standardized. 

This signal means to lower the boom and raise the load. 

If the fingers were not shown (a fist was being made), 

the signal would mean to lower the boom only (OSHA 

29 CFR 1926.550(a)(4)]. 

The answer is (D). 

2. OSHA does not normally consider an open trench to 
be a confined space. Although there are some combina- 

tions of base metals and rods that produce toxic fumes 

and would require respirators, these are rare in normal 

construction work, so welding in a trench would not nor- 

mally result in the accumulation of toxic gases or the 

need for a respirator. A hard hat is always required 
[OSHA 29 CFR 1926.100]. 

The answer is (B). 
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Computer Software 

PRACTICE PROBLEMS RACTICI EMS re 

4. Which of the following flowcharts does NOT repre- ( ) 
sent acomplete program? 

(A)   

    

| ey 
      
  

  

  
      

(B) (D) 

o a? 
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2. What flowchart element is used to repres ent an 
IF... THEN statement? 7 

(A) 

(B) 

(C) 

(D) 
  

      

3. In programming, a recursive function is a function 
that 

(A) calls previously used functions 

(B) generates functional code to replace symbolic 
code 

(C) calls itself 

(D) 

4. Structured programming is to be used to determine 

whether examinees passa test. A passing score is 70 or 

more out of a possible 100, where exam scores can only 

be integers. Which of the following IF statements would 

set the variable PASSED to 1 (true) when the variable 

SCORE is passing, and set the variable PASSED to 0 

(false) when the variable SCORE is not passing? 

compiles itself in real time 

(A) IF SCORE > 70 PASSED = 1 

ELSE PASSED = 0 

(B) IF SCORE>69 PASSED = 1 

ELSE PASSED =0 

(C) IF SCORE <69 PASSED = 1 

5. A structured programming segment is shown. 

Y=4 
B=4 

Y =3*B-6 
IF Y > B THEN Y =B -2 

IF Y <B THEN Y = Y +2 
IF Y = B THEN Y =B+2 

What is the value of Y after the segment is executed? 

6. A structured programming segment is shown. The 

variable N is an integer greater than zero. 

A=X 
DO UNTIL N =0 
Y=A*X 
A=Y 
N=N-1 

END UNTIL 

Which equation is implemented by this programming 
segment? 

(A) Y =X! 

(B) y =x 

(C) y=xN 

(D) y =xNH 

7. A structured programming fragment is shown. 

1 REAL X,Y 
2X=3 
3 Y = COS(X) 
4 PRINT Y 

Line 2 is 

A) an assignment 

  

(A) 
(D) IF SCORE < 69 PASSED =0 

ELSE PASSED = 1 (B) acommand 

(C) adeclaration 

(D) a function 

PPl_e ppl2pass.com  



  

g.Ina typical spreadsheet program, what cell is directly 

pelow cell ABA? 

(A) ABS 

(B) AC4 

(c) ACS 

(D) BC4 

9, Which of the following terms is best defined as a for- 

mula or set of steps for solving a particular problem? 

(A) program 

(B) software 

(C) firmware 

(D) algorithm 

10. The computer language that is executed within a 
computer’s central processing unit is called 

(A) MS-DOS 

(B) ahigh-level language 

(C) anassembly language 

(D) amachine language 

14. Which of the following best defines a compiler? 

(A) hardware that is used to translate high-level lan- 
Suage to machine code 

(B) software that collects and stores executable com- 
mands in a program 

(C) software that is used to translate high-level lan- 
Suage into machine code 

(D) hardware that collects and stores execut- 
able commands in a program 

12. The effec t of using recursive functions in a program 
generally to use . 

less code and less memory 
less code and more memory 

More code and less memory 
(D) 

13, | Tn whi 
reetly eat of these situations can an 8-bit system cor- “ss more than 128 different integers? 

More code and more memory 

(A) 
ti when the integers are in the range of [—255, 0] 

ms when the integers are in the range of (0, 256) 

©) When the integers are in the range of [-128, 128] 
When the integers are in the range of (0, 512] 

59-3 COMPUTER SOFTWARE 

14, In which of the following computer operating sys- 
tems can a document in HTML (hypertext markup lan- 

guage) format be viewed? 

I. MacOS 

IL. Linux 

II. Windows 

IV. Unix 

(A) Iand III only 

(B) 1,1, and III only 

(C) I, III, and IVonly 

(D) 1,11, II, andIV 

15. A typical spreadsheet for economic evaluation of 
alternatives uses cell F4 to store the percentage value of 
inflation rate. The percentage rate is assumed to be con- 
stant throughout the lifetime of the study. What varia- 
ble should be used to access that value throughout the 
model? 

  

  

  

(A) F4 

(B) $F4 

(C) %F4 

(D) $F$4 

16. Refer to the following portion of a spreadsheet. 

al plc 
| 1} 10) u if 12 | 

} 2) 1 Azz 
| 3) 2 | Aga2” 
| 4| 3 Aaa2| 
[5] 4 Aga"   

The top-to-bottom values in column B will be 

(A) 11,1,2,3,4 
(B) 11,1,3,6,10 
(C) 11,1,4,9, 16 
(D) 11,1,5,12, 22 
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59-4 FE civit PRACTICE 

17. Refer to the following portion of a spreadsheet. 

  

  
The top-to-bottom values in column C will be 

(A) 12, 20, 30, 42, 56 

(B) 12, 40, 55, 72, 91 

(C) 12, 50, 66, 84, 104 

(D) 12, 100, 121, 144, 169 

9° 
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SOLUTIONS _ 

4. A flowchart must begin and end with a terminal sym- 

bol. The symbol at the bottom of option D is the “off. 

page” symbol, which indicates that the flowchart contin- 

ues on the next page. This is not a complete program. 

The answer is (D). 

2. At an IF... THEN statement, the flow of a program is 

decided based on a criterion that can be evaluated as 

true or false. The symbol used to represent a decision is 

the diamond. 

The answer is (B). 

3. A recursive function calls itself. 

The answer is (C). 

4. Option B sets PASSED to 1 for SCORE = 70 to 100 
and sets PASSED to 0 for SCORE = 0 to 69. 

Option A will not give the correct response when 
SCORE =70. Option C will never set PASSED to 0. 
Option D will not give the correct response when 

SCORE = 69. 

The answer is (B). 

5. The first operation changes the value of Y. 

Y=3x4-6=6 

The first IF statement is satisfied, so the operation is 
performed. 

Y=4-2=2 

However, the program execution does not end here. 

The value of Y is then less than B, so the second IF 
statement is executed. This statement is satisfied, so the 
operation is performed. 

Y=2+2=4 

The value of Y is then equal to B, so the third IF state- 
ment is executed. This statement is satisfied, so the 
operation is performed. 

Y=4+2=6 

The answer is (B). 

6. The DO/UNTIL loop will be executed N times. After 

one execution, Y=X*. Each subsequent execution of 
the loop multiplies Y by X another time. Therefore, this 
segment calculates Y = X%*!, 
The answer is (D). 
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7, Line 2 is an assignment. A command, such as line 4, 
directs the computer to take some action such as 

PRINT. A declaration, such as line 1, states what type 

of data a variable will contain (like REAL) and reserves 

space for it in memory. A function, such as line 3, per- 

forms a specific operation (such as finding the cosine of 

anumber) and returns a value. 

The answer Is (A). 

8, Spreadsheets generally label a cell by giving its col- 
umn and row, in that order. Cell AB4 is in column AB, 
row 4. The cell directly below AB4 is in column AB, 

row 5, designated as AB5. 

The answer is (A). 

9, An algorithm is a formula or set of steps for solving a 
particular problem. 

A program is a sequence of instructions that implements 

a formula or set of steps, but the program is not itself 

the formula or set of steps. An algorithm is often imple- 

mented as a program. Software and firmware are pro- 

grams stored on media. 

The answer is (D). 

10. The central processing unit executes a version of 

the program that has been compiled into the machine 
language. This version of the program is in the form of 

operations and operands specific to the machine's 

coding. 

The answer is (D). 

14. A compiler is a program (i.e., software) that con- 
verts programs written in higher-level languages to 
lower-level languages that the computer can 
understand. 

The answer is (C). 

12. A recursive function calls itself. Since the function 

does not need to be coded in multiple places, less code is 
Used. Each subsequent call of the function must be car 
Ned out in a different location, so more memory is usec’ 

The answer is (B). 

i . An &bit system can represent (2)* = 256 diferent 

distinct integers. Normally, the eighth bit is used for 11° 

fet and only seven bits are used for magnitude, 728 a 

BS in a range of [-127, 128] or [-128, 127] (counter 
o TO as one of the integers). If all the integers °° now 

* assumed to have the same sign, a range of 256 int’ 

oa is available. All the answer options except option 

ntain more than 256 distinct integers. 

The answer is (A). 

59-5 COMPUTER SOFTWARE 

14, HTML may be viewed on any computer with a 
compatible browser. 

The answer is (D). 

15. The dollar sign symbol, “$”, is used in spreadsheets 
to “fix” the column and/or row designator following it 
when other columns or rows are permitted to vary. 

The answer is (D). 

16. Except for the first entry (which is 11), column B 
calculates the square of the values in column A. The 

entries are 11, (1)?, (2)?, (3)?, and (4). 

The answer is (C). 

17. Except for the first entry (which is 12), column C 
is found by taking the numbers from column B and 
then multiplying by the entries in row 1. For example, 
B2*A$1 means to multiply the entry in B2, which is 4, 
by the number entered in cell Al, which is 10. This 
product is 40. 

The entries are 12, 4 x 10, 5 x 11, 6 x 12, 7x 13, or 12, 

40, 55, 72, 91. 

The answer is (B). 
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Engineering Economics 

PRACTICE PROBLEMS | 

4, Permanent mineral rights on a parcel of land are pur- 

chased for an initial lump-sum payment of $100,000. 

Profits from mining activities are $12,000 each year, and 

these profits are expected to continue indefinitely. Most 

nearly, what is the interest rate earned on the initial 

investment? 

(A) 8.3% 

(B) 9.0% 

(C) 10% 

(D) 12% 

2. $1000 is deposited in a savings account that pays 6% 

annual interest, and no money is withdrawn for three 

years. Most nearly, what is the account balance after 

three years? 

(A) $1120 

(B) $1190 

(C) $1210 

(D) $1280 

3. An oil company is planning to install a new 80 mm 

pipeline to connect storage tanks to a processing plant 

1500 m away. The connection will be needed for the fore- 

seeable future. An annual interest rate of 8% is assumed, 

and annual maintenance and pumping costs are consid- 

ered to be paid in their entireties at the end of the years 

in which their costs are incurred. 

initial cost $1500 

service life 12 yr 

salvage value $200 

annual maintenance $400 

pump cost/hour $2.50 

pump operation 600 hr/yr 

Most nearly, what is the capitalized cost of running and 

maintaining the 80 mm pipeline? 

(A) $15,000 

(B) $20,000 

(C) $24,000 

(D) $27,000 

4. New 200 mm diameter pipeline is installed over a dis- 

tance of 1000 m. Annual maintenance and pumping 

costs are considered to be paid in their entireties at the 

end of the years in which their costs are incurred. The 

pipe has the following costs and properties. 

initial cost $1350 

annual interest rate 67% 
6 yr service life 

salvage value $120 

annual maintenance $500 

pump cost/hour $2.75 

pump operation 2000 hr/yr 

What is most nearly the equivalent uniform annual cost 

(EUAC) of the pipe? 

(A) $5700 

(B) $5900 

(C) $6100 

(D) $6300 

5, New 120 mm diameter pipeline is installed over a dis- 

tance of 5000 m. Annual maintenance and pumping 

costs are considered to be paid in their entireties at the 

end of the years in which their costs are incurred. The 

pipe has the following costs and properties. 
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initial cost $2500 
annual interest rate 10% 
service life 12 yr 

salvage value $300 

annual maintenance $300 

pump cost/hour $1.40 

pump operation 600 hr/yr 

What is most nearly the equivalent uniform annual cost 
(EUAC) of the pipe? 

(A) $1200 
(B) $1300 
(C) $1400 
(D) $1500 

6. A construction company purchases 100 m of 40 mm 
diameter steel cable with an initial cost of $4500. The 
annual interest rate is 4%, and annual maintenance 
costs are considered to be paid in their entireties at the 
end of the years in which their costs are incurred. The 
annual maintenance cost of the cable is $200/yr over a 
service life of nine years. Using Modified Accelerated 
Cost Recovery System (MACRS) depreciation and 
assuming a seven-year recovery period, what is most 
nearly the depreciation allowance for the cable in the 
first year of operation? 

(A) $640 

(B) $670 

(C) $720 

(D) $860 

7. A piece of equipment has an initial cost of $5000. 
During years 1-3, the rate of inflation is 5%, and the 
effective annual rate of interest is 9%. The uninflated 
present worth of the equipment during year 3 is most 
nearly 

(A) $3200 
(B) $3300 
(Cc) $3400 
(D) $3500 

8. A company is considering buying a computer with 
the following costs and interest rate. 

initial cost $3900 

salvage value $1800 

useful life 10 years 

annual maintenance $390 

interest rate 6% 

Most nearly, what is the equivalent uniform annual cost 

(EUAC) of the computer? 

(A) $740 

(B) $780 
(Cc) $820 
(D) $850 

9. A computer with a useful life of 13 years has the fol- 
lowing costs and interest rate. 

initial cost $5500 
salvage value $3100 

annual maintenance 

years 1-8 $275 
years 9-13 $425 

interest rate 6% 

Most nearly, what is the equivalent uniform annual cost 
(EUAC) of the computer? 

(A) $730 

(B) $780 

(C) $820 

(D) $870 

10. A computer with an initial cost of $1500 and an annual maintenance cost of $500/yr is purchased and 
kept indefinitely without any change in its annual main- tenance costs. The interest rate is 4%. Most nearly, 
what is the present worth of all expenditures? 

(A) $12,000 

(B) $13,000 

(C) $14,000 

(D) $15,000 
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ith a useful life of 12 years has an ini- i i i i 

44. A computer wit y an ini. interest rate is 10%. Neglecting taxes, what is most 

tial cost of $2300 and a salvage value of $350. The inter- nearly the present worth of the equipment if it is 

est rate is 6%. Using the straight-line method, what is expected to save the company $4500 per year? 

most nearly the total depreciation of the computer for 

the first five years? 
(A) $2300 

(A) $760 
(B) $2800 

(B) $810 
(C) $3200 

© $830 
(D) $3500 

(p) $920 

42. A computer with a useful life of 12 years has an ini- 

tial cost of $3200 and a salvage value of $100. The inter- 

est rate is 10%. Using the Modified Accelerated Cost 

Recovery System (MACRS) method of depreciation and 

a 10-year recovery period, what is most nearly the book 

value of the computer after the second year? 

(A) $1900 

(B) $2100 

(C) $2300 

(D) $2400 

13. A computer with a useful life of five years has an 

initial cost of $6000. The salvage value is $2300, and the 

annual maintenance is $210/yr. The interest rate is 8%. 

What is most nearly the present worth of the costs for 

the computer? 

(A) $5200 

B) $5300 

C) $5600 

(D) $5700 

( 

( 

a machine that will be 

used over the next eight years. The purchase price is 

$10,000, and the salvage value after eight years is $1000. 

The annual insurance cost is 2% of the purchase price, 

the electricity cost is $300 per yeaT, and maintenance 

and replacement parts cost $100 per yeat- The effective 

annual interest rate is 6%. Neglect taxes. Most nearly, 

what is the effective uniform annual cost (EUAC) of 
Ownership? 

(A) $1200 
(B) $2100 

(C) $2200 

(D) $2300 

i t company purchases a piece of 

anny 0. After nine years, the salvage va" 0 

age insurance cost is 5% of the purchase price, 

replncity cost is $600/yr, and the maintenance an 

placement parts cost is $120/yr- The effective annual 
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  60-4 FE Civit practice 

SOLUTIONS 

1. Use the capitalized cost equation to find the interest 
rate earned. 

   
_ $12,000 

Pox $100,000 
=0.12 (12%) 

The answer is (D). 

2. Find the future worth of $1000. 

F = P(1 +4)" = ($1000)(1 + 0.06)* 
= $1191 ($1190) 

The answer is (B). 

3. The problem statement asked for the capitalized cost 
of running and maintaining the pipeline, so the initial 
cost is not included in the calculation. The annual cost 
of running and maintaining the 80 mm pipeline is 

Az [32 }.oo0 hr) + $400 = $1900 

Capitalized costs are the present worth using an 
assumed perpetual period of time. 

A _ $1900 

Pa T= O08 
= $23,750 ($24,000) 

The answer Is (C). 

4. The equivalent uniform annual cost (EUAC) is the 
uniform annual amount. equivalent of all cash flows, 
When calculating the EUAC, costs are positive and 
income is negative. All non-annual costs are converted 
to annual costs. The appropriate conversion factors are 

found in the Interest Rate Factor Table for 6% interest 
in the NCEES Handbook. 

EUAC gy = Ajnitiat + A maintenance 

+Apump — A salvage 
= ($1350)(A/P, 6%, 6) + $500 

$2.75 +{ $2 }c000 hr) 

—($120)(A/F,6%, 6) 

= ($1350)(0.2034) + $500 
+$5500 — ($120)(0.1434) 

= $6257 ($6300) 

The answer is (D). 

5. The equivalent uniform annual cost (EUAC) is the 
uniform annual amount equivalent of all cash flows. 
When calculating the EUAC, costs are positive and 
income is negative. 

EUAC 2 = Abniint + A maintenance 
+Apump — Asaivage 

= ($2500)(4/P, 10%, 12) + $300 
$1.40 +{$2|eoo hr) 

—(8300)(A/F, 10%, 12) 
= ($2500) (0.1468) + $300 + $840 

—($300)(0.0468) 
= $1493 ($1500) 

The answer is (D), 

6. The MACRS factor for the first year, given a seven- Year recovery period, is 14.29%. The annual interest Tate and annual maintenance costs are distractors that should not be taken into account. 

D, = (factor) 
= (0.1429) ($4500) 
= $643 ($640) 

The answer is (A). 

rau the maadjusted interest rate is used to calculate the 
three voor tt: the answer will be in dollars affected by three years of inflation. ‘To find the uninflated worth 
must years 280 the effect of inflation during those years St be eliminated from the calculation. To find the 

a eee eee



  
  

wer in uninflated dollars, determine the interest rate 
adjusted for inflation. 

d=i+f+(ixf) 

= 0.09 + 0.05 + (0.09) (0.05) 
= 0.1445 

Use this adjusted rate in the single payment: present 

worth equation, substituting d for i. 

P=F(i+d)" 

= ($5000)(1 + 0.1445) 

= $3335 ($3300) 

The answer is (B). 

8, The equivalent uniform annual cost (EUAC) is the 

uniform annual amount equivalent to all cash flows. 

When calculating the EUAC, costs are positive and 

income is negative. Substitute the values from the eco- 

nomic factor table for 6% and the A/P and A/F col- 

umns. The annual maintenance cost does not need to be 

factored. 

EUAC = Ajnitiat + A maintenance — A salvage 

= ($3900)(A/P, 6%, 10) + $390 

—($1800)(A/F, 6%, 10) 

= ($3900) (0.1359) + $390 

—($1800) (0.0759) 

= $783 ($780) 

Alternately, the problem may be solved using the eco- 

omic factor equations. 

EUAC = Ainitat + A maintenence 4 salvage 

= ($3900)(A / P, 6%, 10) + $390 

—($3900)(A / F,6%, 10) 

ati)" 
= (s300| oT + $390 

  

(a+i)"-1 

= ($3900) (0.1359) + $390 

—($1800) (0.0759) 

= $783 ($780) 

-s1s00)[ 

The answer is (B). 

ENGINEERING ECONOMICS 60-5 

9. An expedient way to find the annual worth of the 
maintenance for the computer is to divide the mainte- 
nance costs into two annual series, one of $275 lasting 
from year 1 to year 13, and one of $150 (the difference 
between $425 and $275) lasting for five years, from year 
9 to year 13. Find the future value in year 13 for each 
series, add them, and then convert the result back into a 
single annual amount. 

=(F/A, i%, n) Eg 
A 
F =(F/A, i%, n) 

The future annual compound amount factor for (F/A, 

6%, 13) is 18.8821 and (F/A, 6%, 5) is 0.0530. 

Fag75 = A(F/A, 6%, 13) = ($275) (18.8821) 

= $5192.58 
Fargo = A(F/A, 6%, 5) = ($150) (5.6371) 

= $845.57 

Fraintenancee = Fos + Feiso = $5192.58 + $845.57 

= $6038.15 
= Fagitenaned A/F 0% 13) 
= ($6038.15) (0.0530) 

= $320.02 

A suaintenance 

Calculate the equivalent uniform annual cost (EUAC). 

EUAC = Ajpitiat + A maintenance ~ A salvage 

= ($5500)(A/P, 6%, 13) + $320.02 

~($3100)(A/F,, 6%, 13) 
= ($5500) (0.1130) + $320 

—($3100) (0.0530) 

= $777.22 ($780) 

The answer is (B). 
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  60-6 FE civit practice 

10. The expenditures for the computer are the initial cost 
of $1500 and the annual maintenance cost of $500. The 
annual costs continue indefinitely, so find the present worth 
of the maintenance cost, which is a capitalized cost. 

capitalized costs = P = = 
1 

A $500 
Prsintenanee = | = Gog = $12,500 

The present worth of all expenditures is 

Petal = Foitiat + Prnnuar = $1500 + $12,500 
= $14,000 

The answer is (C). 

11. With the straight-line method, the depreciation is 
the same every year. Find the annual depreciation. 

c-S, - D,= nts $2300 — $350 = $162.50 

n 12 

The total depreciation for five years is 

DD,_, = (5)($162.50) = $812.50 ($810) 

The answer Is (B). 

12. Subtract the first two years’ depreciation from the 

original cost. 

year factor (%) D, 

1 10.00 (0.10)($3200) = $320 
2 18.00 (0.18)($3200) = $576 

DD, = $896 

The book value is 
BV = initial cost — }) D, = $3200 — $896 

= $2304 ($2300) 

The answer is (C). 

13. Bring all costs and benefits into the present. 

Pots = Raitiat + Fraintenance — Praivage 

= $6000 + ($210)(P/A,8%, 5) 
—($2300) (P/F, 8%, 5) 

= $6000 + ($210)(3.9927) 

—($2300)(0.6806) 
= $5273 ($5300) 

The answer Is (B). 

14. The effective uniform annual cost (EUAC) is the 

annual cost equivalent of all costs. When calculating the 

EUAC, costs are positive and income is negative. Find 

the annual equivalents of all costs and add them 

together to get the EUAC. 

EUAC = Cynitiat(A/P, 6%, 8) 

+Atetricity + A maintenance 

+ Avgrurance ~ $a A/F, 6%, 8) 
= ($10,000)(0.1610) + $300 + $100 

+(0.02)($10,000) 
—($1000)(0.1010) 

= $2109 ($2100) 

The answer is (B). 

15. Add the present worths of all cash flows. 

Potal = —Cintiat — A ctectricity(P/A, 10%, 9) 

—A mnaintenance(P/A, 10%, 9) 

—Avnsurance(P/A, 10%, 9) 

+A venetits(P/A, 10%, 9) 

+59(P/F, 10%, 9) 
= —$15,000 — ($600) (5.7590) 

—($120)(5.7590) 

—(0.05)($15,000) (5.7590) + ($4500) (5.7590) 
+($900) (0.4241) 

= $2831 ($2800) 

The answer is (B). 

le a rere ee eee



    

    

Professional Practice 

PRACTICE PROBLEMS |    

4. What must be proven for damages to be collected 
from a strict liability in tort? 

(A) that willful negligence caused an injury 

(B) that willful or unwillful negligence caused an 
injury 

(C) that the manufacturer knew about a product 
defect before the product was released 

(D) none of the above 

2. A material breach of a construction contract will 
always occur when the 

(A) contractor uses material not approved by the 

contract for use 

B) contractor’s material order arrives late 

C) customer becomes insolvent 

(D) contractor installs a feature incorrectly 

3. Ifa contract has a value engineering clause and a con- 

tractor suggests to the owner that a feature or method 

be used to reduce the annual maintenance cost of the 

finished project, what will be the most likely outcome? 

(A) The contractor will be able to share one time in 

the owner’s expected cost savings. 

(B) The contractor will be paid a fixed amount 

(specified by the contract) for making a sugges- 

tion, but only if the suggestion is accepted. 

(C) The contract amount will be increased by some 

amount specified in the contract. 

(D) The contractor will receive an annuity P ‘ 
over some time period specified in the contract. 

ayment 

4. A tort is 

(A) acivil wrong committed against another person 

(B) asection of a legal contract 

(C) a legal procedure in which complaints are heard 
in front of an arbitrator rather than a judge or 

jury 

(D) the breach of a contract 

5. If a contract does not include the clause “Liquidated 

Damages” agreement that states how much must be 
paid in case of delay. Which of the following is true? 

(A) It is difficult to recover losses for extra hours 
billed. 

(B) Standard industry time guidelines apply. 

(C) Damages for delay cannot be claimed. 

(D) Workers need not be paid for downtime in the 
project. 

6. Which statement is true regarding the legality and 

enforceability of contracts? 

(A) For a contract to be enforceable, it must be in 

writing. 

(B) A contract to perform illegal activity will still be 

enforced by a court. 

(C) Acontract must include a purchase order. 

(D) Mutual agreement of all parties must be 

evident. 
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7. Which option best describes the contractual lines of 

privity between parties in a general construction oo ee 

4. In order to prove strict liability in tort, it must be 

  

obligation to the owner, but will not have a con- 

tractual obligation with the general contractor 

or the subcontractors. 

contract? 

i: 
shown that a product defect caused an injury. Negli- 

(A) The consulting engineer will have a contractual gence need not be proven, nor must the manufacturer 

know about the defect before release. 

The answer is (D). 

2. A material breach of the contract is a significant 
(B) The consulting engineer will have a contractual 

er: to the owner and the general event that is grounds for canceling the contract entirely. 

a ‘5 If the customer becomes insolvent, the customer is not 

(C) The consulting engineer will have a contractual capable of paying for the construction, so the contract is 

obligation to the owner, general contractor, and in material breach of contract. Option (C) is correct. 

subcontractors. There can be an agreement between the contractor and 

(D) The consulting engineer will have a contractual the customer to allow the use of material not approved 

. For example, the contractor 

obligation to the general contractor, but will not 

have a contractual obligation to the owner or 

subcontractors. 

8. A contract has a value engineering clause that allows 

the parties to share in improvements that reduce cost. 

‘The contractor had originally planned to transport con- 

crete on-site for a small pour with motorized wheelbar- 

rows. On the day of the pour, however, a concrete pump 

is available and is used, ‘substantially reducing the con- 

tractor’s labor cost for the day. This is an example of 

gineering whose benefit will be shared 

by the contract for use. 

could use a better material for the same price or a lesser 

material and make a price adjustment. A modification 

to the contract may be agreed to. So, the contract is not 

necessarily in material breach of contract if the contrac- 

tor uses material not approved by the contract for use. 

This eliminates option (A). 

The contractor may still be able t 

schedule if the contractor’s material order arrives late, 

or there could be some flexibility on schedule if materi- 

als are late in the terms of the contract. A modification 

to the contract may be agreed to. So, the contract is not 

f contract if the contrac: 

o meet the contract 

(A) value en 
by both contractor and owner necessarily in material breach o! 7 

é tor’s material order arrives late. This eliminates option 

(B) efficient methodology whose benefit is to the (B). 

contractor only 
: . : The contractor could correct the problem at the con- 

(C) value engineering whose benefit is to the owner tractor’s expense if the contractor installs a feature 

only 
ineorrectly. So, the contract is not necessarily ae ae 

: . 7 rial breach of contract if the contractor inst Is a featur 

(D) cost reduction whose benefit will be shared by incorrectly. This eliminates option (D). 

both contractor and laborers 

9. In which of the following fee structures is a specific 

sum paid to the engineer for each day spent on the 

The answer is (C). 

3. Changes to a structure’s performance, safety, appeal 

ance, or maintenance that benefit the owner in the long 

project? 
i 

sneering clause of 

lary plus 
run will be covered by the value engineering © ; 

(A) salary P contract. Normally, the contractor is able to shat @ 

(B)_per-diem fee 
cost savings in some manner by receiving & paymen 

(C) lump-sum fee 
credit to the contract. 

The an: 

(D) cost plus fixed fee 
swer is (A). 

re paid when responsibility is pro- 4. A tort is a civil wrong committed against @ Lage 

s in some form of 
40. What damages 4! 

yen but the injury is slight or insignificant? 
his/her property which result: 

ages. Torts are normally resolved through lawsuits: 

(A) nominal The answer is (A). 

(B) liquidated 
dam 

m 
‘ ver 

My 
5. ‘This clause must be included in order to rec? 

SOF 
s ust e included 1 

F z (C) compensal y ages due to delay. 

2 < (D) exemplary The answer is (C). 

6 

  

  

  |



  PROFESSIONAL PRACTICE 61-3 

6, In order for a contract to be legally binding, it must 

be established for a legal purpose 

contain a mutual agreement by all parties 

« have consideration, or an exchange of something of 
value (e.g., @ service is provided in exchange for a 
fee) 

not obligate parties to perform illegal activity 

« not be between parties that are mentally incompe- 
tent, minors, or do not otherwise have the power to 
enter into the contract 

Acontract does not need to use as its basis or include a 
purchase order to be enforceable. Oral contracts may be 
legally binding in some instances, depending on the cir- 
cumstances and purpose of the contract. Oral contracts 

may be difficult to enforce, however, and should not be 
used for engineering and construction agreements. 

The answer is (D). 

7. With a general construction contract, a consulting 

engineer will be hired by the owner to develop the design 
and contract documents, as well as to assist in the prep- 
aration of the bid documents and provide contract 
administrative services during the construction phase. 
The contract documents produced by the engineer will 
form the basis of the owner’s agreement with the con- 

tractor. Although the engineer will work closely with 
the contractor during the construction phase, and may 
work with subcontractors as well, the engineer will not 

have a contractual line of privity with either party. 

The answer is (A). 

8. The problem gives an example of efficient methodol- 

ogy, where the benefit is to the contractor only. It is not 

an example of value engineering, as the change affects 

the contractor, not the owner. Performance, safety, 

appearance, and maintenance are unaffected. 

The answer is (B). 

%. A specific fee is paid to the engineer for each day on 

job in a per-diem fee structure. 

The answer is (B), 

2 Nominal damages are awarded for inconsequential 

\iuries, 
The answer is (A). 
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Ethics 

PRACTICE PRO    

4, An environmental engineer with five years of experi- 
ence reads a story in the daily paper about a proposal 
being presented to the city council to construct a new 
sewage treatment plant near protected wetlands. Based 
on professional experience and the facts presented in the 
newspaper, the engineer suspects the plant would be 
extremely harmful to the local ecosystem. Which of the 
following would be an acceptable course of action? 

(A) The engineer should contact appropriate agen- 
cies to get more data on the project before mak- 
ing a judgment. 

(B) The engineer should write an article for the 
Paper's editorial page urging the council not to 
pass the project. 

(C) The engineer should circulate a petition through 
the community condemning the project, and 
Present the petition to the council. 

(D) The engineer should do nothing because he 
doesn’t have enough experience in the industry 
to express a public opinion on the matter. 

2 7 A 7 . th ncogineer is consulting for a construction company 
ihe been Teceiving bad publicity in the local papers aie ‘waste-handling practices. Knowing that this 
Paper's ps, Pa8ed on public misperceptions and the 

¥6 mld nt for controversial stories, the engineer 
editorial See write an article to be printed in the paper’s 

‘age. What stat i i- Deer's aey ement best describes the engi- °er's ethical obligations? 

(A) . 
) The €ngineer’s relationship with the company 

ics it unethical for him to take any public Action on its behalf, 
" (8) , 

ae tet Should request that a local repre- 
Teview te the engineering registration board 

at an im, data and write the article in order 
mpartial point of view be presented. 

(C) As long as the article is objective and truthful, 
and presents all relevant information including 
the engineer’s professional credentials, ethical 
obligations have been satisfied. 

(D) The article must be objective and truthful, 
present all relevant information including the 
engineer’s professional credentials, and disclose 
all details of the engineer’s affiliation with the 
company. 

3. After making a presentation for an international 
project, an engineer is told by a foreign official that his 
company will be awarded the contract, but only if it 
hires the official’s brother as an advisor to the project. 
The engineer sees this as a form of extortion and informs 
his boss. His boss tells him that, while it might be illegal 
in the United States, it is a customary and legal business 
practice in the foreign country. The boss impresses upon 
the engineer the importance of getting the project, but 
leaves the details up to the engineer. What should the 
engineer do? 

(A) He should hire the official’s brother, but insist 
that he perform some useful function for his 
salary. 

(B) He should check with other companies doing 
business in the country in question, and if they 
routinely hire relatives of government officials 
to secure work, then he should do so too. 

(C) He should withdraw his company from consider- ation for the project. 

(D) He should inform the government official that his company will not hire the Official’s brother as a precondition for being awarded the con- tract, but invite the brother to submit an appli- cation for employment with the company. 

4. If one is aware that a registered engineer willfully vio- lates a state’s rule of professional conduct, one should 

(A) do nothing 

(B) report the violation to the st: s ate’s engineerii registration board e ne 
(C) report the violation to the employer 
(D) report the violation to the parties it affects 
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  62-2 FE Civit PRACTICE 

8. A city engineer is in charge of receiving bids on behalf 

of the city council. A contractor’s bid arrives with two 

tickets to a professional football game. The bid is the 

lowest received and is considered realistic for the proj- 

5. Which of the following is an ethics violation specifi- 

cally included in the National Council of Examiners for 
Engineering and Surveying (NCEES) Model Rules? 

(A) an engineering professor “moonlighting” as a 
private contractor 

(B) an engineer investing money in the stock of the 

company for which he/she works 

(C) a civil engineer with little electrical experience 
signing the plans for an electric generator 

(D) none of the above 

6. A senior licensed professional engineer with 30 years 

ect. What should the engineer do? 

(A) Return the tickets and accept the bid. 

(B) Return the tickets and reject the bid. 

(C) Discard the tickets and accept the bid. 

(D) Discard the tickets and reject the bid. 

9. A relatively new engineering firm is considering run- 

ning an advertisement for their services in the local 

newspaper. An ad agency has supplied them with four 
of experience in geotechnical engineering is placed in 

charge of a multidisciplinary design team consisting of a 

structural group, a geotechnical group, and an environ- 
concepts. Of the four ad concepts, which one(s) would 

be acceptable from the standpoint of professional 

a 
vs 
its] 
a 

em) 
ee.     

mental group. In this role, the engineer is responsible for 

supervising and coordinating the efforts of the groups 

when working on large interconnected projects. In order 

to facilitate coordination, designs are prepared by the 

groups under the direct supervision of the group leader, 

and then they are submitted to her for review and 

approval. This arrangement is ethical as long as 

(A) the engineer signs and seals each design segment 

only after being fully briefed by the appropriate 

group leader 

(B) the engineer signs and seals only those design 

segments pertaining to geotechnical engineering 

(C) each design segment is signed and sealed by the 

licensed group leader responsible for its 

preparation 

signs and seals each design segment: 

only after it has been reviewed by an independ- 

ent consulting engineer who specializes in the 

field in which it pertains 

7. The National Society of Professional Engineers’ 

NSPE) Code of Ethics for Engineers addresses competi- 

ne es Which of the following is NOT stipulated? 

neers and their firms may refuse to bid 

etitively on engineering services. 

(D) the engineer 

(A) Engi 
comp 

(B) Clients are required to seek competitive bids for 

design services. 

ing procedures for procuring 
| laws govern: 

Og etal competitive bidding) 
engineering services (€.8.5 

remain in full force. 

Engineers and their societies may actively lobby 

©) for legislation that would prohibit competitive 

bidding for design services. 

ethics? 

I. an advertisement contrasting their successes 

over the past year with their nearest competi- 

tors’ failures 

II. an advertisement offering a free television to 

anyone who hires them for work valued at over 

$10,000 

III. an advertisement offering to beat the price of 

any other engineering firm for the same services 

IV. an advertisement that tastefully depicts their 

logo against the backdrop of the Golden Gate 

Bridge 

(A) Tand III 

(B) I, II, and IV 

(C) II, III, andIV 

(D) neither I, II, III, nor IV 

10. “A professional engineer who took the licen 
examination in mechanical engineering may 

sing 

(A) not design in electrical engineering.” 

(B) design in electrical engineering if she feels 

competent.” 

(C) design in electrical engineering if she feels com- 

petent and the electrical portion of the desi is 

insignificant and incidental to the overall job- 

y sins i 
(D) design in electrical engineering if another ens! 

neer checks the electrical engineering Wor 

  

 



  

44. An engineering firm is hired by a developer to pre- 
plans for a shopping mall. Prior to the final bid 

date, several contractors who have received bid docu- 

ments and plans contact the engineering firm with 
requests for information relating to the project. What 
can the engineering firm do? 

(A) The firm can supply requested information to 
the contractors as long as it does so fairly and 
evenly. It cannot favor or discriminate against 
any contractor. 

(B) The firm should supply information to only 
those contractors that it feels could safely and 
economically perform the construction services. 

(C) The firm cannot reveal facts, data, or informa- 
tion relating to the project that might prejudice 
a contractor against submitting a bid on the 
project. 

(D) The firm cannot reveal facts, data, or informa- 
tion relating to the project without the consent 
of the client as authorized or required by law. 

62-3 ETHICS 

SOLUTIONS   

1. The engineer certainly has more experience and 
knowledge in the field than the general public or even 
the council members who will have to vote on the issue. 
Therefore, the engineer is qualified to express his opin- 
ion if he wishes to do so. Before the engineer takes any 
public position, however, the engineer is obligated to 
make sure that all the available information has been 
collected. 

The answer is (A). 

2. It is ethical for the engineer to issue a public state- 
ment concerning a company he works for, provided he 
makes that relationship clear and provided the state- 
ment is truthful and objective. 

The answer is (D). 

3. Hiring the official’s brother as a precondition for 
being awarded the contract is a form of extortion. 
Depending on the circumstances, however, it may be 
legal to do so according to U.S. law. (The Foreign 
Corrupt Practices Act of 1977 allows American compa- 
nies to pay extortion in some cases.) This practice, how- 
ever, is not approved by the National Council of 
Examiners for Engineering and Surveying (NCEES) 
Model Rules: B.8. Licensees shall not solicit or accept a 
professional contract from a governmental body on 
which a principal or officer of their organization serves 
as a member. Conversely, licensees serving as members, 
advisors, or employees of a government body or depart- 
ment, who are the principals or employees of a private 
concern, shall not participate in decisions with respect 
to professional services offered or provided by said con- 
cern to the governmental body that they serve. 

The answer is (D). 

4. A violation should be reported to the organization 
that has promulgated the rule. 

The answer Is (B). 

5. The National Council of Examiners for Engineering 
and Surveying (NCEES) Model Rules specifically states 
that registrants may not perform work beyond their 
level of expertise. The other two examples may be 
unethical under some circumstances, but are not specifi- 
cally forbidden by the NCEES code. 

The answer Is (C). 
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  62-4 FE civit practice 

6. The National Council of Examiners for Engineering and Surveying (NCEES) Model Rules states that 

Licensees ‘may accept assignments and assume 
responsibility for coordination of an entire project if 
each technical segment is signed and sealed by the 
licensee responsible for preparation of that technical 
segment. 

The answer is (C). 

7. Clients are not required to seek competitive bids. In 
fact, many engineering societies discourage the use of 
bidding to procure design services because it is believed 
that competitive bidding results in lower-quality 
construction. 

The answer is (B). 

8. Registrants should not accept gifts from parties 
expecting special consideration, so the tickets cannot be 
kept. They also should not be merely discarded, for sev- 
eral reasons. Inasmuch as the motive of the contractor is 
not known with certainty, in the absence of other bid- 
ding rules, the bid may be accepted. 

The answer Is (A). 

9. None of the ads is acceptable from the standpoint of 

professional ethics. Concepts I and II are explicitly pro- 
hibited by the National Council of Examiners for 
Engineering and Surveying (NCEES) Model Rules. Con- 
cept III demeans the profession of engineering by plac- 
ing the emphasis on price as opposed to the quality of 
services. Concept IV is a misrepresentation; the picture 

of the Golden Gate Bridge in the background might lead 
some potential clients to believe that the engineering 
firm in question had some role in the design or construc- 
tion of that project. 

The answer is (D). 

10. Although the laws vary from state to state, engi- 
neers are usually licensed generically. Engineers are 
licensed as “professional engineers.” The scope of their 

work is limited only by their competence. In the states 
where the license is in a particular engineering disci- 

pline, an engineer may “touch upon” another discipline 
when the work is insignificant and/or incidental. 

The answer Is (C). 

11. It is normal for engineers and architects to clarify 

the bid documents. However, some information may be 

proprietary to the developer. The engineering firm 
should only reveal information that has already been 
publicly disseminated or approved for release with the 
consent of the client. 

The answer Is (D). 
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Licensure 

PRACTICE PROBLEMS 

4. Which organization provides the authority for the 

private practice of engineering? 

(A) National Council of Examiners for Engineering 
and Surveying (NCEES) 

(B) Accreditation Board for Engineering and Tech- 
nology (ABET) 

(C) United States Department of Commerce 

(D) state in which an engineer lives 

2. Reciprocity is a term that describes the process by 
which one state may honor an engineer's professional 
engineering license from another state. Which word is 
commonly used as a synonym for “reciprocity”? 

(A) normality 

(B) comity 

(C)  suplurity 

(D) anority 

3. What term best defines the reason that engineers 
working for some companies do not need to be licensed 
as professional engineers? 

(A) commercial exclusion 

(B) corporate oversight 

(C) industrial exemption 

(D) caveat emptor 

4. The purpose of professional licensure of engineers is to 

(A) protect the engineering profession 

(B) ensure public health 

(C) limit competition to licensed engineers in a state 

(D) protect engineering titles 

SOLUTIONS 

1. State laws provide the authority for professional 
practice. NCEES writes the examinations used by the 
states. ABET accredits four-year degree programs. The 
United States Department of Commerce is not involved. 

The answer is (D). 

2. The terms comity and reciprocity, though slightly 
different in meaning, are often used synonymously. 

The answer is (B). 

3. Professional licensure is intended to protect the pub- 
lic from engineers in private practice. States have vari- 
ous laws, commonly referred to as “industrial 
exemptions,” that allow engineers to work in the indus- 
try (e.g., in companies that produce products) without 

being licensed. 

The answer is (C). 

4. Although engineering licensure laws do protect engi- 

neering titles, the purpose of professional licensure is to 
protect public health, safety, and welfare from unquali- 
fied practitioners. 

The answer is (B). 
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