
CE 361 Introduction to Transportation Engineering Name: _____jdf solutions__________ 

Test 3 (6 questions on 6 pages)  =66.0 3:30-5:30 PM, Tue. 11 December 2012 

OPEN BOOK AND NOTES         =15.2 
Room 172 WTHR 

 

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. The Shoridan Port access road, revisited.  In HW10, it was assumed that each 3-S2-4 

truck would haul either two full containers or two empty containers.  Consider the third 

possibility: A 3-S2-4 truck leaves the port with one full container (as hauled in HW10) on the 

semi-trailer and one empty container on the “full trailer”.  (A “full trailer” is defined as a trailer 

that is supported entirely by its own wheels.) 

A. (8 points) Enter in the table below the load on each axle for that truck. 

B. (8 points) Enter in the table below the ESAL value for each axle of that truck on flexible 

pavement. 

axle Load (lbs) ESAL  

Steering 12,000 0.1975 A1 

Drive * 33,750 1.068 A2 

Semi-trailer tandem 33,750 1.068 A2 

Full trailer, front tandem 10,750 0.011 A3 

Full trailer, rear tandem 10,750 0.011 A3 

(The Drive Axle is the second axle of the five axles in the problem.  It is the axle through which power 

is transferred to the pavement, as in “four-wheel drive” or “front-wheel drive”.) 

A1:  12K on steering axle, independ of load(s) on trailer(s) 

A2:  Empty 3-S2-4 wt = 47K-12K = 35K.  4 axles  8.75K/axle empty 

 50K full container on drive axle and semi-trailer axle = 25K/axle.   

(50K, not 53K, as hauled in HW10.  Trailer w/ full container treated separately from 2nd trailer.) 

 8.75K + 25K = 33.75 K = 33,750 lbs.  (Same as kips/axle values in HW10, Prob 1B.) 

A3.  4K empty container on two tandem axles on full trailer  2K/axle 

 2K + 8.75K = 10.75K/axle = 10,750     [5:32] 

B. (9.1)  
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(9.2)  
4
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       [8:55] 



CE361 Test 3 - 3 - Student’s initials ____jdf______ 

2. Pavement Management System.  On 1 Nov 2012, you were emailed an electronic handout 

that was a 3-page excerpt from the “Asset Management Guide for Local Agencies in 

Michigan”.   

A. (4 pts) “Bang for the buck”.  That is the strategy the Guide argues for.  What is the 

two-word term for the strategy the Guide wants to replace? 

B. ESL = extended service life.  In class on Friday 2 November 2012, we tried a strategy 

that involved only Crack Sealing.  That version of the handout’s Figure 6.6 is shown 

below.   

 (6 pts) How many lane-miles of Non-Structural Overlay (NSO) only (no other 

pavement treatment) could be done without exceeding the $3,732,800 budget?   

 (6 pts) What would be the net ESL? 

625 la-mi in network 
   Programmed  Fxd cost ESL # la-mi Extra Total $/ESL 

Activity per la-mi yrs to fix La-mi-yrs cost 
 Reconstruction $530,000  15 0 0 $0  $35,333.33  

Rehabilitation $170,000  14 0 0 $0  $12,142.86  

Mill & Overlay $68,000  8 0 0 $0  $8,500.00  

Non Struc Overlay $32,000  2 0 0 $0  $16,000.00  

Crack Seal $4,800  1 625 625 $3,000,000  $4,800.00  

Totals 
  

625 625 $3,000,000  
 Net ESL 

   
0 

   

A. Worst First 

B. ESL 

 $3,732,800/($32,000/la-mi) = 116.65 la-mi 

[10:20] 

 Network loses 625 la-mi of remaining service life each year. 

NSO saves 2*116.65 = 233.30 la-mi-yrs 

Net ESL = 233.30 – 625 = -391.70 la-mi-yrs (a net loss) 

[11:30] 
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3. Transit elasticity in Everett WA.  Problem 1 of HW11 was based on an electronic handout 

about proposed fare increases by Everett Transit.  Part A of that problem estimated 

revenues for the current ridership and fare structure, as shown in the table below. 

Category Fare0 %Rship Rship0 Rev0 

adult base 0.75 0.71 1.63E+06  $1,224,750.00  

youth 0.50 0.19 4.37E+05  $218,500.00  

E&D 0.00 0.10 2.30E+05  $0    

  

1.00 2.30E+06  $1,443,250.00  

The last paragraph of the electronic handout described a proposal to raise only the adult 

fare (from $0.75 to $1.00).  The total revenue increase would be $270,000, instead of 

$440,000. 

A. (8 points)  What would be adult ridership after the fare increase, based on these data? 

B. (8 points)  For the ridership and revenue changes described above to happen, what 

would the demand elasticity for adult riders have to be? 

 

A. ($1 * Q1) - ($0.75 * 1.63e6) = $270,000 

1,222,500 270,000
Q1 1,492,500

1.00


   or 

1,224,750 270,000
Q1 1,494,750

1.00


  if “Rev0” above is used directly. 

[13:55] 

B. 

1,492,500 1,630,000Q1 Q0

1,630,000 0.084356Q0
0.253

P1 P0 1.00 0.75 0.333

P0 0.75

  
  

   
   

    
   
   

 or 

1,494,750 1,630,000Q1 Q0

1,630,000 0.082975Q0
0.249

P1 P0 1.00 0.75 0.333

P0 0.75

  
  

   
   

    
   
   

if “Rev0” was used. 

[16:11] 
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4. Runway Capacity and Delay. In HW12, MYH had Runway Configuration 2 with MI=82.6 

and ASV=285,000 ops/yrs.   

A. (6 points) New runway configuration.  The MYH Airport Authority is considering adding 

a crosswind runway, so that it will have Runway Configuration 10. Shown below is the 

extension of FTE Figure 11.23 for Runway Configuration 10.  If nothing else is changed, 

what will be MYH’s ASV value? 

 
B. (6 points) Rationale.  What is gained by adding the crosswind runway? 

C. (6 points) Average aircraft delay.  If MYH has expecting 210,000 operations in a certain 

future year, what will be the average delay per aircraft in that year?  Show clearly how 

you used the figure below to find your answer. 

 

A. MI is still 82.6  ASV=285,000 ops/yr 

 

B. No change in ASV, but it may allow the airport to stay open when strong 

crosswinds make the existing parallel runways unusable. 

[17:58] 

C. (11.19)  DF = 210/285 = 0.737. 
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DF=0.737 on horizontal axis of figure above, up to dotted line, turn at 

dotted line and draw horizontal line to vertical axis.  Value at vertical axis 

= 0.75 minute/aircraft. 

[21:17] 
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5. (16 points) Barge Tow Configurations.  In class we watched video of a 1x5 tow traveling at 

4.99 mph.  Its draft was 8.5 feet.  Calculate R(sf) for the 1x5 tow. 

 

(12.14)  Rsf = f * Swet * V1.825 

(12.15)  f = 0.0106 L-0.031 with L = 195 ft/scow * 5 scows = 975 ft 

  f = 0.0106 (975)-0.031 = 0.008563 

(A 1x5 tow is 1 scow  wide and 5 scows long, as defined on FTE 706 and as drawn by Julia Comodeca 

in class on 30 Nov.  In CE361, we have used only 35x195 scows.  We even spent time in class 

generating a list of three reasons why they are oriented as they are.) 

V = 4.99 mph * 
5280ft / statutemi

6076ft / nauticalmi
= 4.336 knots 

(Find Nautical mile = 6076 feet on FTE 705, as demonstrated by Liu Ke in class on 30 Nov.) 

Wetted Perimeter = (2*5*195) + (2*35) = 2020 ft 

Wetted sides = 2020 * 8.5 = 17,170 sq ft 

Bottom area = (5*195*35) = 34,125 sq ft 

Swet = 17,170 + 34,125 = 51,295 sq ft 

Rsf = 0.0086 * 51,295 * (4.336)1.825 = 439.29 * 14.544 = 6,388 lbf 

(If you failed to convert V from mph to kts, your incorrect Rsf value would be 8,256 lbf.) 

(FTE Figure 12.36 is not needed for this problem.) 

[31:15] 
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6. (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. What is pavement’s worst enemy? 

B. A member of the Mythaca City Council wants the Mythaca Bus Company to switch to 

smaller buses during off-peak hours.  Is this a good idea?  Why (not)? 

C. Which type of bus would be easier to convert to CNG technology -- a standard diesel 

bus or a diesel-hybrid bus?  Give the most important reason. 

D. What does a “+” mean in a windrose? 

E. What is the average profit margin (in percent) for Fortune 500 companies? 

F. My neighbor works for the railroad.  I just heard he broke a knuckle on the job.  Explain 

how that could happen. 

A. Water 

B. Not a good idea.  Labor is about 70% of op costs.  Adding small buses to 

the fleet does not reduce labor costs, but increases capital and 

maintenance costs. 

C. Diesel-hybrid bus is easier to convert, because its roof is strong enough 

to support CNG tanks instead of batteries. 

D. “+” means more than zero percent and less than 0.1 percent. 

E. 5 percent.  Any value less than ten percent will be accepted. 

F. The connector between two railcars broke. 

[34:00] 

2 students turned in Test 3 before 60:00. 

3 more students turned in Test 3 before 75:00. 

8 more students turned in Test 3 before 90:00. 

25 more students turned in Test 3 before 1:45:00. 
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45 of 83 students present took more than 1:45:00. 


