
CE 361 Introduction to Transportation Engineering Name: _____jdf solutions____ 

Test 1 (6 questions on 5 pages)   6:30-7:30 PM, Wed. 3 October 2012 

OPEN BOOK AND NOTES  Solutions =44.8, =15.8 Room 200 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. Traffic Flow.  At one rural 2-lane segment on SR361, the ADT on SR361 is expected to 

reach 20,000 by year 2030.   

A. (10 points) What is the 30th Design Hourly Volume for the segment? 

B. (10 points) If the capacity of one lane in either direction is 1800 vph, what is the 

maximum directional distribution (where 50/50 is the minimum) at which one-lane 

capacity is not exceeded? 

 

A. [2.1]  Fig. 2.12  30th DHV = 0.155 of ADT.  0.155* 20,000 = 3100 vph  

B.  [3.1]  FTE130: directional distribution = = 0.581 or 58/42 directional split 

[2:55] 

 

 

 

 

 

 

2. (10 points) Traffic Speeds.  On page 14 of the June 2012 issue of Thinking Highways 

magazine, one can read: 

“If the vehicles passing the upstream detector travel at a constant speed until they reach the 

downstream detector, the [time] mean speed and space mean speed would be the same.”   

Do you agree with that statement?  Explain your answer. 

 

[2.2]  The magazine is wrong.  For individual vehicles, the statement would be true, 

but the word “mean” indicates that a composite measure is sought.  The calculations 

on FTE pages 55-56 demonstrate that the quote is incorrect.  Mean speeds for 

multiple vehicles will not be the same – TMS vs. SMS – because the slower vehicles 

weight the SMS more heavily.  The TMS is not so affected. 

[5:35] 
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3. (10 points) Poisson Geyser?  The time between eruptions of Old Faithful Geyser in 

Yellowstone National Park averages 45 to 90 minutes.  Based on Prof. Fricker’s comments 

in class, are the Old Faithful eruptions a Poisson process?   

 

[2.4]  See the three assumptions on FTE page 79.   

(1) “The number of events that occur in one time interval is independent of the 

number of events in any other time interval.  There is no pattern, no memory, and no 

interdependence between events.”  This criterion does not hold, so the geyser 

“arrivals” are not a Poisson process.  There is a strong relationship between events, 

including the time to the next event being dependent on the duration of the previous 

event.   

(2) “The event rate remains constant …”  The “arrival rate” for eruptions is constant.  

(3) “The probability that a single event will occur during a short time period interval is 

proportional to the length of the time interval.”  For t<45 minutes, this statement does 

not hold.  P(n=1) = 0 for t<45 and P(n=1)  1 for 45<7<90 or so. 

Use either (1) or (3) to support the answer “No”. 

[9:48] 



CE361 Test 1 - 3 - Student’s Initials: ___jdf____ 

 

4. (10 points) Queueing.  Recall Problem 1B in HW4.  “[All traffic that arrives after the backup 

on I-65 reached Exit 158 is diverted at that exit.  This creates another backup because the 

ramp’s capacity is much lower than the arrival rate, but at least the service rate is not zero.]”  

“Another backup” refers to the queue caused by southbound I-65 traffic continuing to arrive 

at 2475 vph, but being diverted onto the offramp at MP158 that (even with police directing 

traffic) has a service rate of 950 vph.  Recall that the diversion begins at 6:12pm and ends at 

7:00pm. 

A. (5 points)  The one-lane offramp at MP158 is 0.15 mile long.  How many vehicles will be 

on the offramp at any time during the diversion? 

B. (5 points) At 7:00pm, vehicles already on the offramp must continue to wait for “service” 

there, but the vehicles on I-65 that have not yet entered the offramp may now proceed 

on newly-reopened I-65.  At what time will the queue on the offramp dissipate?  Assume 

that the normal arrival rate for the offramp is essentially zero. 

C. (10 points)  Sketch the queueing diagram for the offramp and label the key coordinates.  

Include the vehicles that were in the diversion queue, but were able to stay on I-65 after 

7:00pm. 

D. (10 points) As of 7:00pm, how much delay was suffered by the vehicles that were 

diverted to the offramp?  Include in your calculations those vehicles that were in the 

diversion queue, but were able to stay on I-65 after 7:00pm. 

A. [2.3.1]  0.15 mi * Dj = 0.15 mi * 174 vpmpl * 1 lane = 26 vehs 

B. (26 vehs)/(950 vph) = 0.0275 hr = 1.64 min  2 minutes. 

C. ** [3.3]  The arrival curve AC1 in the queueing diagram for diverted traffic starts at  

coordinates (0,0) and 

ends at (a), where 

x=7:00-6:12=48 

minutes and 

y=2475*(48/60)=1980 

vehs.  The departure 

curve DC1 starts at 

(0,0) and ends at (b), 

where x=48 minutes 

and y=950*(48/60)=760 

vehs.  At 7:00pm, only 

26 vehs remain in the 

offramp queue; no 

other vehicles join 

them, so AC2 has  

slope = zero, with y=760+26=786 from 7:00pm (c) to offramp queue dissipation at 

7:02pm (d).  The slope of DC2 = slope of DC1.   

D. [3.3]  The area of the trapezoid between the arrival and departure curves is 

(1/2)*((1980-760)+0)*(48/60)=488 veh-hrs.      [16:10] 

** A difficult question, but two students earned full credit! 
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5. Trip Generation.   

A. (10 points)  Use HBW P = 8 + (1.2 * # of vehicles) and FTE eqn (4.5) to estimate HBW Pi 

and HBW Ai, i=1,3.  Round off your P and A values to the nearest integer.  Show hand 

calculations for P2 and A2.   

B.  (10 points)  What values of Pi and Ai, i=1,3, should be used at the start of the Trip 

Distribution step?  Use the rightmost column of the table provided to enter any adjusted 

values.  Describe and demonstrate your procedure. 

TAZ i vehs/zone empl/zone HBW P(i) HBW A(i) HBW A’(j) 

1 88 669 114 970 387 

2 162 30 202 44 18 

3 267 415 328 602 240 

644       1616       645 

 

A. [4.2.2]  HBW P2 = 8 + (1.2*162) = 202.4  202; HBW A2 = 1.45 * 30 = 43.5  44 

B. [4.3.3]  Need to balance Ps and As.  P=644 vs. A=1616.  Adjust each A(i) by 

644/1616, using sum of productions as target. 

A’(1) = 970 * (644/1616) = 386.6  387 

A’(2) = 44 * (644/1616) = 17.53  18 

A’(3) = 602 * (644/1616) = 239.9  240 

A=645 now.   

[21:39] 
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6. (10 points) Link performance functions.  SR 708 is a 2-lane rural highway.  After an 

analysis based on the Highway Capacity Manual, SR708 is found to have a capacity of 1550 

vph in each direction.  The free-flow travel time on one segment of SR708 is 51 seconds.  

Using the standard FHWA LPF, what will be the travel time on that segment when the flow 

rate is 1465 vph? 

 

[4.5]  LOS “C” capacity = HCM LOS “E” capacity * 0.75 = 1550*0.75 = 1162.5 vph 

(4.13)  

   
b 4.0

0
1465Vt t 1 a 51 1 0.15 51* [1.378] 70.3sec

C 1162.5
   

     
      

 

[23:45] 


