
CE 361 Introduction to Transportation Engineering Name: ______jdf solutions________ 
Test 3 (8 questions on 7 pages)  8:00-10:00 AM, Tues. 14 December 2010 
OPEN BOOK AND NOTES Room 172 WTHR 

 

Room temp. 62 degrees, =65.6, =14.3 
 
For each question, show enough of your work or provide sufficient explanation to allow the 
grader to follow your solution process and, in the case of an incorrect answer, award partial 
credit.  “FTE” = CE361 textbook. 
 
1. Pavement design.   

A. ESALs.  An alternative to the standard 3-S2 axle configuration in FTE Figure 9.7 is 

replacing the rearmost tandem axle with two single axles about ten feet apart. 

 (5 points) Would the new configuration still be given as 3-S2?  If not, what is its new 

designation? 

 (5 points) If the load supported by the rearmost tandem axle in Part A is now shared 

by the two new single axles, what is the impact (in ESALs) that the 32,000-lb. load would 

have on a flexible pavement?  Are the two single axles an improvement over the tandem 

axle? 

B. (5 points) Structural Numbers.  The results of the initial design of a flexible pavement 

are SN3=5.8, SN2 = 4.0, and SN1 = 2.2 for 2.6 million ESALs.  Using the minimum 

thicknesses permitted in FTE Table 9.7 and a1=0.35, what value of “a2” is needed for the 

base layer? 

 

 Yes, it is still a “3-S2”.  A tandem axle on a semi-trailer is an “S2”.  Two single 
axles on a semi-trailer is also an “S2”.      (0:57) 

 (9.2) ESALtandem = 
4

32,000

33, 200

 
 
 

= 0.863; (9.1) ESALsingle = 
4

32,000 / 2

18,000

 
 
 

= 0.624 each;  

2*0.624 = 1.248;  1.248 is 44.6 percent more than 0.863.  Two single axles is 
worse.           (3:11) 

B. With 2.6 million ESALS, min d1=3.5, min d2= 6.0.   

SN2 = (0.35*3.5) + (a2*6.0) = 4.0;  a2 = 
4.0 (0.35*3.5) 2.775

6.0 6.0


 = 0.4625 

(1:45) 
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2. Public mass transportation 

A. (5 points) Service elasticity.  After much effort with the firms hired to do the work, 

Mythaca Bus Company has been able to get the message board, online (MyRideWeb), 

and texting (RouteShout) versions of its passenger 

information systems working as accurately as possible.  

After much data collection following the improvements in the 

information system, MBC has established that average 

passenger wait times have decreased by 24.8 percent, 

while ridership has increased by 3.5 percent.  If no other 

factors have changed, what is the elasticity of bus 

passenger demand with respect to wait time?  Does the sign 

[of the elasticity] make sense? 

B. (5 points) Longitudinal analysis.  Month-by-month 

MBC ridership data for Years 2008 and 2009 are shown at 

the right.  At their June 2009 meeting, what would the board 

members have been told was the percent change in 

ridership in May 2009? 

 2008 2009 

J 356,334     367,921  

F    410,556     405,601  

M    483,264     469,782  

A    467,169     442,820  

M    301,256     324,890  

J    259,358     255,846  

J    243,572     251,712  

A    342,270     308,055  

S    496,387     474,746  

O    481,018     428,938  

N    453,684     424,584  

D    342,593     373,100  

Total 4,637,462  4,527,994  
 

 

A. (10.16) shr = 
% 3.5

% 24.8

Q

S

 


 
= -0.14.  Yes, negative sign makes sense, because 

less wait is good, causing more riders.  Much like smaller headway  
more riders. 

(2:15) 
B. May 2009 vs. May 2008 (not vs. April 2009): 

324,890 301,256

302,256


= +0.07845 or +7.8 percent increase 

(1:40) 
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3. Mixed runway operations.  Landing slots for Year 2011 at MYH Airport are being 

negotiated with airlines serving MYH.  Air Traffic Control personnel at MYH want you to 

analyze the capacity of the main runway under two different sequences of operations during 

the peak hour:   

(a) Ld, Ld, Ld, Ld, La, La, La, La   and   (b) Ld, La, Ld, La, Ld, La, Ld, La.   

Use either FTE Table 11.17 or the SAA version made available to you for HW11.  If the first 

operation is a departure, start the “clock” in your analysis when that aircraft enters the 

runway.  If the first operation is an arrival, start the clock when that aircraft reaches the entry 

gate.  In either case, stop the clock when the last aircraft in the sequence leaves the 

runway.  The entry gate is 5 n.m. from the runway threshold and IFR conditions are 

assumed. 

A. (10 points)  What is the capacity of the main runaway for sequence (a)? 

B. (9 points)  What is the capacity of the main runaway for sequence (b)? 

 

A. Using New Table 11.17 rules 
   

opn seq appr spd separ 
calc 

Tij 
min 

Tij Rule(s) 
 Ld 

   
50 D1 if 1st TO 

Ld 
   

60 D2 to TO 

Ld 
   

60 D2 to TO 

Ld 
   

60 D2 to TO 

La 120 
 

60 15 A2 after Ld rollout 

La 120 3 90 90 A1 betw ldgs 

La 120 3 90 90 A1 betw ldgs 

La 120 3 90 90+45 A1 betw ldgs 

    
560 

 
sec total 

    
70.0 

 
avg delay 

    
51.4 

 
ops/hr capacity 

 

B. Using New Table 11.17 rules 
   

opn seq appr spd separ 
calc 

Tij 
min 

Tij Rule(s) 
 Ld 

   
50 D2 if 1st TO 

La 120 
 

60 15 A2 after Ld rollout 

Ld 
   

95 D2 after La ldg 

La 120 
 

60 15 A2 after Ld rollout 

Ld 
   

95 D1 after La ldg 

La 120 
 

60 15 A2 after Ld rollout 

Ld 
   

95 D2 after La ldg 

La 120 
 

60 15+45 A2 after Ld rollout 

    
440 

 
sec total 

    
55.0 

 
avg delay 

    
65.45 

 
ops/hr capacity 

 

(6:31) 
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4. (10 points) Range/Payload Calculations.  The FAA is considering new weights to be used 

in estimating the payload for a commercial flight.  They are: 

 Passenger with carry-on bag = 185 lbs 

 Checked luggage = 30 lbs. 

If these revised weights are used, how will entries for the 1500-mile case in FTE Table 

11.24 change?  Write the entries in the table below and circle the entries that change. 

Characteristic 
1500-mile range 
(Case 2, revised) 

MATOW 
 

175,400 

Take-off weight, if 
runway constrained 

166,500 

Typical operation empty 
weight plus fuel reserve 

109,211 

Remaining for payload 
and fuel 

57,289 

Number of passengers 
 

112.97  112 

Weight of passengers 
and luggage 

24,289 

Max belly air cargo 
 

0 

Weight of non-reserve 
fuel 

33,000 

Distance to market 
served 

1500 

 

Follow the sequence of Case 2 in FTE Table 11.24. 

Nothing changes until “Number of passengers” = 
24,289

185 30
= 112.97 

(2:30) 

112.97  112 
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5. (5 points) Freight modes.  In the “Solutions” to Problem 1B of HW12, truck mode density 
and rail mode density were suggested as measures.  What important factor/element/issue 
was neglected in one (if not both) of these measures? 

 

The measures ignored the use of the rights of way by non-freight modes, 
namely, passenger vehicles and passenger trains. 

(1:05) 
 
 
6. (10 points) Energy and Technology -- Hybrid bus purchase.  You were emailed a column 

by Kevin Leininger of the Fort Wayne News-Sentinel dated 4 December 2010, in which he 
questioned the wisdom of buying hybrid buses.  Use the values stated in the column as the 
basis for a cash flow analysis that determines the relative life-cycle costs of hybrid and 
standard diesel buses.  Is the purchase of hybrid buses economically justified?  Neglect 
“inflation” and salvage values, but use a discount rate of 3.6 percent.  Show your analysis 
clearly.  If you do not have the column available, use assumed numbers. 
 

Each hybrid bus costs $205,000 more to buy than a standard diesel bus. 
Each hybrid bus cost $8700 per year less to operate. 
Method 1:  Compare Present Values.  Convert annual savings into PV. 

From FTE Figure 5.4:  [P|A,0.036,15] = 
n

n

)i1(i

1)i1(



  = 
15

15

(1.036) 1

0.036(1.036)


 = 11.436. 

NPV = -$205,000 + ($8700*11.436) = -$105,507.  Hybrid’s higher purchase 
price exceeds annual op cost savings.  Hybrid costs more. 
Method 2:  Convert purchase prices into EUAC over 15 years. 

From FTE Figure 5.4:  [A|P,0.036,15] = 
1)i1(

)i1(i

n

n



  = 
15

15

0.036(1.036)

(1.036) 1
 = 0.087444. 

EUAC = +$8700 – ($205,000*0.087444) = -$9226.  Hybrid’s higher purchase 
price exceeds annual op cost savings.  Hybrid costs more. 

 (6:00) 
 
[A student who had “actively” read the clipping would recall that only two 
cost factors were cited by Leininger:  the Hybrid’s higher purchase price and 
the Hybrid’s lower operating costs.  There would be no need to replicate FTE 
Table 10.6.  With a life of n years, only three values needed to be assumed 
and much time could be saved.] 
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7. River Tow.  A channel 10 miles long connects an industrial hub to Murdock Bay.  It is 10.5 
feet deep, but towboat operators complain that it is too shallow for energy-efficient 
operations.  The state government is willing to pay half the cost of dredging that will deepen 
the channel to 13.5 feet for a width of 350 feet.  The other half of the dredging costs would 
be charged to towboats that use the channel. 
A. (4 points) Dredging costs are $4.11 per cubic yard.  How much will the dredging cost? 
B. (4 points) Assume the “typical” user of the channel is pushing a 3x2 tow, as described in 

FTE Figure 12.36.  How much horsepower is needed to push a 3x2 tow at 5 mph in a 
channel that is 10.5 feet deep?  How much horsepower is needed to push a 3x2 tow at 5 
mph in a channel that is 13.5 feet deep? 

C. (4 points) How much would a towboat operator save in fuel costs if the channel were 
13.5 feet deep?  Use the conversion 1 HP = 42.44 BTU/minute, the diesel heat content 
in FTE Table 13.5, and a fuel price of $2.40 per gallon.   

D. (4 points)  If each towboat operator using the deeper channel were to pay all of his fuel 
savings toward the dredging fund, how many such payments would it take to finance half 
the dredging costs? 

A. Dredged channel L*W*D = 17,600 yd * 
350

3
yd * 1 yd = 2,053,333 yd3. 

2,053,333 yd3 * $4.11/C.Y. = $8,439,200 
B. FTE Fig. 12.36:  10.5 ft deep at 5 mph  approx. 1200 HP.  [With linear 

interpolation on the non-linear scale, the maximum possible value is 1337 
HP.] 
13.5 ft deep at 5 mph  approx. 600 HP.  [With linear interpolation on 
the non-linear scale, the maximum possible value is 633 HP.] 

C. Approx. 600 HP saved.  600 HP * 
42.44 / minBTU

HP
= 25,464 BTU/minute. 

10

5 /

mi

mi hr
= 2 hr = 120 min.    25,464 BTU/min * 120 min = 3,055,680 BTU 

FTE Table 13.5:  138,700 BTU/gal for diesel fuel 
, ,  

,  /

3 055 680 BTU

138 700 BTU gal
* $2.40/gal = $52.87 fuel saving each trip through 

channel. 

D. 
$ , , *0.5

$ .

8 439 200

52 87
= 79,811 towboat payments 

(7:39) 
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8. (3 points each) Meet Mythaca’s Mayor!  Later this evening, you will find yourself at the 
annual Christmas/holiday reception sponsored by the Mythaca Chapter of the Institute of 
Transportation Engineers.  As usual, the Mayor of Mythaca and the City Engineer will be 
there.  The mayor loves to learn about the fields in which other people work, so she will 
certainly ask you questions about transportation engineering.  If she asks you the questions 
listed below, you should be able to answer them without consulting any reference material.  
(In other words, don't embarrass yourself in front of the City Engineer by going out to the 
parking lot to get your CE361 materials from your SUV.)  Keep your answers as brief as 
possible.  I'll assume that you can continue your conversation with the mayor after you give 
the brief initial answer that you write below. 
A. How do potholes start forming? 

B. How do you spell the plural of “bus”? 

C. What does Scheduled Headway mean?   

D. The SW end of MYH’s 4418-foot-long runway is 9 feet lower than the NE end.  Do we 

need to reconstruct the runway to make it level?  Why (not)? 

E. Do you like roundabouts?  Why (not)? 

 

A. When water gets under pavement – or – alligator cracking 
B. Buses 
C. The time between consecutive buses arriving on the same route, 

according to the schedule. 
D. No, just apply the 10 foot per foot penalty – or – 9 feet over 4418 feet is 

not serious enough to justify reconstruction. 
E. Yes.  They usually reduce delay and crash severity.  (Other – even contrary 

-- opinions and reasons will be accepted, if properly explained.) 
[Tally of student responses:  31 Yes, 22 No, 5 “It depends”, and 2 no 
answer!] 

(2:20) 
Total 35:53 


