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Freeway Travel Time Evaluation Technique 
YASUJI MAKIGAMI and WILLIAM L. WOODIE, 

Institute of Transportation and Traffic Engineering, University of California, 
Berkeley 

•THIS REPORT describes a systematic analytical procedure to evaluate the effective
ness of freeway improvement plans such as design modifications and ramp control 
implementations. In this analytical procedure, the total travel time along the freeway 
under given physical and traffic conditions is calculated systematically. The procedure 
consists of 2 submodels: freeway capacity analysis and freeway travel time calculation. 
The capacity analysis for freeway, ramps, and weaving sections is carried out accord
ing to the 1965 Highway Capacity Manual. Demands are calculated from origin and 
destination (0-D) tables of 15-minute time intervals, and the travel speed for each 
freeway subsection is estimated using the relationship between volume to capacity (v /c) 
ratio and operating speed. The travel time is calculated for both nonqueuing and queu
ing situations. In addition to the theoretical development and the structure of the mod
el, computer operation procedures such as input coding system and output format are 
included, and the results of sample outputs are compared with the data collected from 
the East Shore Freeway. 

MODEL STRUCTURE 

Description of Systems 

Physical Condition of Freeway-To make a reasonable estimation of travel time on 
a freeway, it is necessary to know the physical and operational characteristics of the 
freeway and to put them into an appropriate numerical expression. 

In general, freeway sections exhibit a number of varying design and operational 
features. Thus, to establish a meaningful relationship between traffic volume and the 
average speed of traffic, it becomes necessary to divide the freeway section into sev
eral homogeneous subsections that exhibit the properties of constant capacity and de
mand over their lengths. It is also necessary to itemize the features that affect the 
capacity of each subsection such as design speed, number of lanes, lane width, per
centage of grade, grade length, and location of on- and off-ramps. Traffic factors 
that affect subsection capacities and that are hypothesized to be constant over the peak 
period should also be listed in the same table. It is convenient for later analysis to 
list all these elements in the format shown in Figure 1. 

Traffic Demand-Traffic demands are introduced into the freeway section in the 
form of 0-D tables. The first subsection and each on-ramp are considered as origins, 
and each off-ramp and the last subsection (NSEC) as destinations. The origins and the 
destinations are numbered consecutively from upstream to downstream as shown in 
Figure 1. 

Considering the fact that traffic demands during a peak period usually vary, the 
peak period should be divided into a number of smaller time intervals. It is therefore 
necessary to input an 0-D table for each time interval. 

This method for treating traffic demand, although adding complexity, yields the 
following desirable characteristics: (a) Actual demand patterns are more realistically 
simulated; (b) travel times for individual 0-D movements can be readily obtained and 
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Figure 1. Freeway subsection parameters. 

are essential for evaluating the effectiveness of such improvements as ramp control; 
and (c) the resultant freeway model exhibits a flexibility that will facilitate considera
tions of network traffic movements and patterns. 

Basic Assumptions-Following are the basic assumptions of the model: 

1. Traffic is treated as a compressible fluid where an individual vehicle is regarded 
as an integral part of the fluid and is not considered individually. 

2. Within a given time interval, traffic flows remain constant and do not fluctuate 
over that time interval. For a given subsection, traffic demands are expressed as a 
step function over the entire time period under consideration. 

3. Capacities of subsections, including weaving sections and merging points, are 
estimated using Highway Capacity Manual (.!) methods. 

Model Development 

Demand Calculation-As mentioned previously, an 0-D table format is used to input 
traffic demand. It is therefore necessary to calculate total demands for on- or off
ramps and for each subsection from the 0-D table. 

Let NTRIP (I, J) be the traffic demand (number of trips) between the Ith origin and 
the J th destination: 

NTOR (I) = L NTRIP (I, j) 
j 

NTDE (J) = L NTRIP (i, J) 
i 

where NTOR (I) is the I th on-ramp demand and NTDE (J) is the J th off-ramp demand. 
From assumption 2, the subsection demand between the I th origin and the J th des

tination can be calculated as follows: 

IVOL (L) 
I 

= L NTOR (i) -
i=l 

J-1 
L NTDE U) 
j=l 

where Lis any subsection number between the Ith on-ramp and the J th off-ramp. 
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Capacity Analysis -The Institute of Transportation and Traffic Engineering has al
ready developed a series of computer programs for capacity analysis in accordance 
with the 1965 Highway Capacity Manual. Therefore the main efforts of this study were 
directed toward fitting these programs into the system of the freeway model. 

Freeway Capacity-The basic relationship of the freeway capacity program is 

SV = 2,000NWT(v /c) 

where 
SV service volume in vehicles per hour, 

N number of directional lanes, 
W adjustment factor for lane width and lateral clearance, 
T truck factor, and 

v /c volume to capacity ratio. 

The program (freeway capacity submode!) is an independent submode!, and the out
puts of this submode!, such as freeway capacity and truck factor, become inputs for 
the main routine for the freeway model. Special consideration is required for those 
subsections with an auxiliary lane or the subsections where the number of lanes change, 
because the freeway capacity submode! cannot handle capacity analysis for subsections 
with special geometric features. 

Ramp Capacity-Because the freeway model is supposed to be used to analyze traf
fic flows on a critical bottleneck section in a freeway system, the ramp capacity anal
ysis is based on the D-E method, which is used for level of service Dor E. 

In this ramp capacity analysis, the lane 1 volumes at merging points (500 ft down
stream of each on-ramp) are compared with the merging capacity, which is 2,000 
vehicles per hour. If the lane 1 volume at the merging point is found to be greater 
than the merging capacity, the exceeded demand is stored at the merging point and the 
queue length and the delay time caused by the merging restriction are computed fol
lowing usual queuing theory. 

Several check systems are included in the ramp capacity analysis routine in order 
to supplement the merging volume analysis, which is based on the D-E method; there
fore, the routine cannot handle ramp capacity analysis for unusual ramp design fea
tures such as left-side ramps and the 2-lane ramps. There are 3 kinds of input data 
for this check system: special ramp indicator, on-ramp limit, and off-ramp limit. 
If there are any left-side ramps or 2-lane ramps, the special ramp indicator should 
be coded 1 or 2 respectively, and the capacities of those ramps may be input to the 
computer in the form of ramp limits. The ramp limits, in this case, should be the 
best estimation for capacities of those special ramps. Traffic demands at special on
ramps are compared with ramp limits, and, if the demand exceeds the ramp limit at 
the special on-ramp, the delay time and queue length are computed and the results are 
printed in the computer output. 

Ramp limits are set to 1, 500 vph for usual ramps. By reducing this value to the 
ramp metering rate, it is possible to evaluate the effect of ramp control plans on free
way traffic. 

Off-ramp demands are merely compared with ramp limits. If the demands exceed 
the ramp limits at certain off-ramps, a statement is printed in the computer output 
just to show the excess demands at those off-ramps. There are no particular computa
tion procedures for the queue length or the delay time evaluation for the off-ramp ex
cess demands. 

Weaving Capacity-For a given weaving section, the length of the weaving section 
can be found from the subsection parameter table, and the weaving volumes can be 
calculated from the 0-D tables for each time interval. Then the value of the weaving 
influence factor K can be found using Figure 7. 4 of the Highway Capacity Manual. Then 
if K is greater than one, the maximum volumes for the designated levels of service 
can be calculated using the following formula given in the Highway Capacity Manual: 

V + (K - 1) X W2 sv = N 
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where 
V total volume in vph, 
N number of directional lanes, 

SV service volume in vph/lane, and 
W

2 
smaller weaving volume in vph. 

Taking the upper limit of level of service E, 

Then, adjusted capacity C' would be 

c' = c - (K - 1) x w
2 

(1) 

The first half of the weaving capacity subroutine is directed toward finding the loca
tion of r amps, the length between ramps, and configuration of ramps, using weaving 
volumes derived from 0-D tables. A maximum of 2 adjacent sections can be analyzed 
in case of multiple weaving. 

Estimation of Average Speed- The average speed of each subsection is estimated 
from the r ela tionship between the v /c ratio and the operating speed shown in the High
way Capacity Manual. In Figure 9.1 in the Manual, the operating speed is expressed 
as a function of v /c ratio, number of lanes in one direction, and design speed of the 
freeway. 

For convenience of computer operation, all the curves in Figure 9.1 are fitted by 
various polynomials. The operating speed is then converted to the average speed by 

VA =Vo - DS/10 x (1 - v/c) 

where V 0 is the operating speed in mph and DS is the design speed of the freeway in 
mph. 

Travel Time Calculations-As long as the capacity is greater than the demand, the 
travel time for a given s ubsection and a given time period can be calculated as follows: 

where 
TT 
VA 

D 
L 

TO 
while 

where 

L 
TT = 5,280 x VA x D x To 

travel time in vehicle hours , 
average speed in miles per hour, 
demand for a given time period in hourly rate of flow, 
length of subsection in feet, and 
time interval; 

D 

d density in vehicles per mile, 

then 
d x L 

TT = 5 280 To 
' 

(2) 

(3) 

Queuing Extension of Freeway Model-When demands exceed capacities for certain 
subsections, physical queues occur in the upstream of these bottleneck subsections. 

H the density of traffic flow in a queuing situation is known, it is possible to esti
mate the physical queue length using the following equations: 

(4) 



and also 

rate of flow of excess demand at subsection i in vph, 
demand for the bottleneck subsection i in vph, 
capacity of subsection i in vph, 
length of the physical queue formed upstream of subsection i in miles, 
queuing density in subsection i-1 in vph, and 
nonqueuing density in subsection i-1 in vpm. 
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(5) 

Then, if the travel speed in queuing density is known, it is possible to evaluate the 
delay time caused by the bottleneck and the effect of the bottleneck on the total travel 
time. 

Densities and travel speeds in queuing situations can be estimated by using the re
lationship between v /c ratio and average speed as it was. done for nonqueuing situations. 
If, for a certain time interval, the demand exceeds the capacity in subsection i, the 
flow rate in subsection i should be equal to the rate of capacity flow; and the average 
speed of traffic in capacity flow should have the value corresponding to v /c = 1 on the 
curves in Figure 9.1 of the Highway Capacity Manual. The demands of downstream 
subsections should be recalculated based on the capacity flow rate of subsection i. 

The traffic volume upstream of subsection i, for example for subsection i-1, should 
be 

where 
Di-1 demand for subsection i-1 at this time interval, and 
Ui-1 volume of traffic leaving subsection i-1. 

Then if Di-1 < Ci-1• the travel speed in subsection i-1 can be estimated by reading 
the value of the speed corresponding to v/c = (Di-1 - NPi)/Ci-1 on the dotted line for 
level Fin Figure 9.1 of the Highway Capacity Manual. Then the queuing density for 
subsection i-1 can be calculated from Eq. 3, and the physical queue length at the end 
of this time interval can be calculated from Eq. 5. 

If the physical queue length exceeds the length of subsection i-1, the physical queue 
length extended into further upstream subsections should be considered in the same 
way. 

Then travel time for subsection i-1 can be expressed as follows: 

where 

I ) 1 2 I TT = t x di-1 x Li-1 + (di-1 - di-1 2 t r + (To - t) di-1 x Li-1 

r 
d{-1 - di-1 ' 

Li-1 
r 

length of subsection i-1, and 
time interval, 0.25 for 15-minute interval. 

If Di-1 > Ci-1, the excess demand of subsection i-1 is added to NPi, and the computer 
proceeds to subsections further upstream following the procedure described earlier 
until the computer finds a nonsaturated subsection. 

When the demand becomes less than the capacity at subsection i, but physical queues 
still remain in upstream subsections i-1, i-2,. .. , stored vehicles are discharged into 
downstream subsections through subsection i with the rate of NPi, where NPi = Ci - Di. 

The travel speed in queuing densities, the decrease of the physical queue length, 
and the travel time can be calculated using a similar method described earlier. 
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TABLE 1 

DATA CARD CODING FORMAT FOR FREEWAY CAPACITY ANALYSIS 

Field Description Columns Field Format 

1 Title 1 through 28 Flexible 
2 Number of lanes 30 11 
3 Peak-hour factor 34 through 37 3F.2 (O. 77 to 1.00) 
4 Lane width 39 through 41 2I (9, 10, 11, 12) 
5 Obstruction 

distance to right 43 through 44 lF (0. to 9.) 
6 Obstruction 

distance to left 46 through 47 lF (0 . to 9. ) 
7 Percentage grade 49 through 50 1F(O.to7. ) 
8 Length of grade 52 through 55 3F.2 (0, 0.25 to 4.00) 
9 Percentage trucks 57 through 59 2F (00. to 20.) 

10 Average highway speed 61 through 63 2F (50, 60 , 70) 

Note: One card for each subsection. 

PROCEDURE FOR COMPUTER CALCULATION 

Freeway Capacity Submode! 

The data card coding format for the freeway submode! program is given in Table 1. 
Data cards should be prepared for each freeway subsection. 

When data cards are placed in the computer, a number of checks are made prior to 
the actual capacity calculations. 

After the initial checks have been completed and adjustments in input data made, 
the program completes the capacity calculations. The 3 major portions of the output 
are input, termination or modification statements, if any, and results. 

F reeway Travel Time Submode! 

There are 4 different formats for the model input: control card, freeway subsec
tion parameters, on-ramp volume limits, and 0-D tables. The coding formats for 
the freeway subsection parameters and 0-D tables are given in Table 2. 

TABLE 2 

DATA CARD CODING FORMAT FOR TRAVEL TIME COMPUTATION 

Field Description Columns Field Format 

a 

1 
2 
3 
4 
5 
6 

7 

8 

9 

2 

3 

16 

- - . .. ...... . ... .. a r J."t::t::wa.y i.:lULJOC"\.W.UJJ. r a. ... A ............. \.. .. 

Subsection number 
Number of lanes 
Capacity, vph 
Subsection length, ft 
Truck factor 
On-ramp Indicator 

Off-ramp Indicator 

Special ramp 
indicator 

Remarks 

4 and 5 
10 

11 through 15 
16 through 20 
21 through 2 5 

29 

30 

34 

36 through 80 

Traffic Demand b 

Demand between 0-1 
and D-1 

Demand between 0-I 
and D-2 

Demand between 0-1 
and D-3 

1 through 4 

5 through 8 

9 through 12 

*********** 
Demand between 0-1 

and D-16 61 through 64 

21 
11 
5I 
51 
4F.3 
O, If there Is an 

on-ramp 
D, If there is an 

off-ramp 
1 for left-side ramp 

and 2 for 2-lane 
ramp 

Flexible 

41 

41 

41 

One card for each subsection. 
b 

Demand should be in 15-min rate of flow. 
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After reading input data for freeway subsection parameters and on-ramp volume 
limits, the program follows the travel time calculation procedure from the first time 
interval to the last. The flow diagram of the freeway travel time submode! is shown 
in Figure 2. 

An example of output from the freeway travel time submode! is shown in Figure 3. 
The major portions of the output are (a) the input data of subsection parameters; (b) 
the summary of computing results; and (c) the travel time and the single trip travel 
time of each 0-D movement. 

The summary includes the section number; input demand; traffic volume, capacity, 
and weaving effect all in hourly rate of flow; v /c ratio; density in vehicles per mile; 
average speed in miles per hour; an asterisk for queuing identification, if any; sub
section length and queue length both in feet; and excess demand in hourly rate of flow. 

Capacity Analysis 

Read Input for Traffic 
and Roadway Condition 

Freeway Capacity Analysis 

Print Results 
(Freeway Capacity) 

I 

'--- - ----

Travel Time Calculation 

Read Input for 
Subsection Parameter 

Read 0-D table 

Compute Demand 

Ra.mp Capacity Analysis 

Weaving Capacity Analysis 

Demand < Capacity? 

Yea 

,. ____ _......,_, Queue Discharging Process 

Travel Time Calculation 
for Queue Decreasing 
Process 

No 

Travel Time Calculation 
for Non-queueing 

Print Results 

!Ast Time Interval 

Figure 2. Flow diagram of freeway model. 

Travel Time Calculation 
for Queue Increasing 
Process 

Go to Next Time I nterval 
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rnP!H o•u 
"\n <>UBSECT 1 OHS FA.Cl 1 )" 4.0 FACl?I : 1.0 

SSEC NOa CAP. LENG TRK. ORGo LFT SUBSECTION LOCATION 
NO. LANE FA(. oes. Rr-oP 

5 9'i34 1630 .9ti3 00 0 MAINLl"IE ORIGIN TO POWELL OFF 
5 9453 L960 .961 0 POWELL OFF TO POWELL Ori 
5 9615 1550 0961 0 0 0 POWl:ll ON TO ASHBY OFF 

' 76IQ 196Cl .952 0 ASHBY OFF TO ASHBY ON 
75 50 500 .952 0 0 ASHBY ON TO 50!' FEET PTo 
7550 4790 0952 0 Cl 500 FEET PTo TO UNIVFR51TY OFF 
769 2 3030 .961 0 l/N I VF.RS I TV OFF TO IJNTVFRSITY ON 

' 7692 2160 .961 00 n UftlVERC.J TY ON TO GILMAN OFF 
H63 2030 .961 0 GI L~AN OFF TO GI l14AN ON 

10 9130 12'":>0 .970 00 0 Gll~AN ON TO BUCHANAN Off 
JI 4 7619 900 .952 0 I BUCHANAN OFF TO HOFFMAN OFF I LEFT I 
12 J 5 671 D20 .961 0 0 HOFFMAN OFF TO Pl ERCE OFF 
13 J 5750 120 .961 0 PIERCE OFF TO PIERCE ON 
14 J 5606 261(1 .970 00 0 PIERCE ON TO CENrnAL OFF 
1' ' 5728 1660 .970 0 CENTRAL OFF TO CENTRAL ON 
16 ' 5606 JA90 o97(l 00 n CENTRAL ON TO CARLSON OFF 
17 ' 5520 2"1(1 o94n 0 CARLSON OFF TO CAfJLSON ON 
lB ' '!191)0 ]460 o9!li" 00 n CARLsnN ON TO POTREf!O OFF 
19 ' 580b 3800 0970 n POTRERO OFF TO CUTT ING ON 
20 ' 5880 1100 0980 0 0 CUTTING ON TO ( ,RADE CHANGE PT o 
21 ) S9'i>O 660 .980 0 O GRAOE CHANGE PT o TO MACDONALD Off 
22 3 S9'i>O 1480 0980 0 0 MACOONALO OFF TO SAN PAALO Off 
23 3 57Z8 1480 0970 0 SAN PABLO OFF TO SAN PAOLO ON 

" 685 0 eon 0980 0 0 0 SAN PABLO ON TO SOL ANO OFF ,, 5800 4690 0970 0 0 SOL .. NO OFF TO &JI. Ii PA9 \.0 l),AH Qll r 
26 5806 2190 0970 0 DM4 Jl'OAO o• r TO DAM ROAD ON 

" -i8oo 2..,:?o o97n 00 0 DAM ROAD ON TO ROAD 20 OFF 

" 5049 "'o 0850 o ROA') 20 OFF TO GR!\OF CHANGE PT o 
29 '4746 1180 0793 0 GRAl'IE CHANGE PT. TO ROAD 20 ON 
JO 1 lo700 2'560 0180 00 n ROAO ?O ON TO MATNLPff DESTl"'l.6.TJON 

RA"°'P l IMI TS • 1500 
OFF-RAMP 6 L !MIT • 2000 

SUB • o rnN.n Ot"HA !<tO •• • VOL FWRY WEAVE V I C DENS "4l1H TRAV LEHG QUEUE NP 
SEC ORG 0£5 TOTAL CAP Eff llME 

1 7648 1080 76'i8 7648 9434 0 .81 21 •• .32 1630 
2 0 0 6568 6371 94 53 0 ·" 2 8 44• •• 9 1960 
J 200 1040 6848 6747 9 083 532 ·" " 10• .96 1550 
4 0 0 '5808 5692 76l9 0 .74 18• lo 19 1960 

' 680 0 6488 6372 7 5 50 0 .84 44 J6• .15 •oo 
6 0 600 6488 6372 nso 0 ,94 59 27• lo97 4790 
7 0 0 5888 5688 7692 0 ·" 03 17• 2.02 3030 
B 840 2 00 6728 6564 7571 121 .86 78 ,,. loll 2160 
9 0 0 6528 6336 7563 0 ·" 79 20• loll 2030 

10 1 0 80 760 7608 7416 7lo 16 1714 1.00 4, " .40 1250 
11 0 1800 6648 6655 llo42 117 .B9 JO 55 .18 900 
12 0 80 5048 4899 5671 0 .86 >9 55 o26 1320 
13 0 0 lt968 4824 5750 0 •" 2 9 55 ... 720 
14 J 2 0 520 5288 51"4 5606 0 .88 Jl " . ., 2610 
15 0 0 4768 4637 5728 0 .eo 27 56 .33 1660 
16 320 240 5088 4413 5806 0 .76 JO 49• .4J 1890 
17 0 0 11848 4186 5520 0 ·" 45 31• ·" 2310 
18 240 •oo 5088 4426 5950 0 .74 73 2 0• ·" 1460 
19 0 0 4688 41')41 '!1806 0 .69 89 1'• 2o82 3800 
20 1 000 0 5688 5227 5227 653 i .oo " " ·" llOO 
21 0 320 5688 5227 57 9 7 653 .98 39 44 .16 660 
2Z 0 480 5368 4937 5904 46 ·" " " .30 1480 
23 0 0 4888 4502 57 2 8 0 ·" ,. S6 .29 1480 

" BOO 440 5688 53 02 6052 798 ·" >4 55 .16 BOO ,, 0 1280 52lo8 489) 5800 ·" " " ,95 4690 
26 0 0 3968 3705 5806 .6J 21 57 .4J 2190 
27 200 •oo 4168 3905 5800 .61 22 " .45 2320 

" 0 0 3568 3345 5049 .66 19 S7 .J6 830 
29 0 0 3568 )345 4746 .10 19 " ·" 1180 
JO 120 3688 3688 3465 4700 ·" 20 56 .51 2560 

QUEUE LENGTH DELAY 
VEHfCLES Ool VEH-HRS 

ON-RAMP INPUT POINT 
MERGING POINT 

TOTAL 

0 
JO 
•o 

ON-R4MP 

ON-RAMP 

IHPUT POINT 
MERGING POINl 

TOTAL 

INPUT POINT 
MERG !NG PO I NT 

TOTAL 

0 
51 
51 

0 
11 
11 

184 
184 

TRAVEL TIME FOR ONE TRIP .Ol MINUTE 

q 10 I l 17 l'J llo I':> 16 

U lll ':i08 821 972 990l01610831l'i9I'70Jt.5'1M'l72RHl7)19112001 
0 96 4 2 7 HO 891 909 9) 5 10 0 2 1078123'ill'H 2 1h02l6471742J8301920 
0 0 212 525 676 694 720 7fJ7 863102lolJ571)8'TlliHl S77l61'H705 
(I Cl 0 111 262 280 3 0 6 373 449 610 9 43 9Hl0JBil l312011291 
0 0 0 I" 40 58 84' l'H 277 388 7 2 1 7 5 1 796 R91 9791069 
0 0 0 0 0 O O 53 1C9 290 623 65 1 698 793 881 971 
0 (I 0 0 0 0 0 0 43 71)lo 537 567 612 7(17 795 885 
o a o o o a o 19 412 44 2 '1t17 sE12 610 160 
(I (I II) C'I 0 0 51 Rl 126 2<'1 109 l99 

10 II 0 n II\ 0 0 0 0 16 Ill 199 289 
11 0 0 0 0 0 0 0 45 l '5 
12 Q 0 0 0 0 0 0 0 0 51 

TOTAL TR.t.VEL T JME IN oOl VEH-HR S 

Q 10 11 11 ll 14 15 16 

144 767l 24'i 6ff4280 24 9 66 2201 l'H 617 50616ft021U 1I 5 7'156'>151)07601 
o a 21 o 4" 166 o 150 o 6t a o 8 2 2 ... 2 122 8'12 
0 (I 0 0 0 497 )6 249 129 27.l 67 0 119 lo'l2 2151420 
0 0 0 17 196 20 24 89 177 94 277 115 4lo.5 ?001506 
0 0 0 6 51 0 8rt 22 206 'I I I A1 loe. ) 0•6 IJOl,OQ 
o o n o o o o n 20 " 2 se 111 ln:? 112 

1 0 0 0 0 0 0 0 17 0 37 s 1 176 92 649 
8 0 0 0 0 0 0 1 13 29 32 87 '55 380 
9 0 0 0 0 0 0 0 0 l7 187 1211044 

10 0 0 0 0 0 75 61 606 
11 0 0 0 0 0 0 lo 99 
12 0 0 0 0 0 0 0 25 

CURRENT TIME INTERVAL 
\/EH-HRS 

FRE EWA.Y TRAVEL T!Mfz 4loSo 
INPUT DELAY= 22. 

TOTA L TRAVEL TIME= 4680 

CUMULATI VE VALUE S 
PA SS-HRS VEM-HR~ PASS-HRS 

614. 1)6 6 . 19120 
31. 46. 61. 

646. 14320 1976. 

FEET 
0 0 

103lo 197 
1549 197 
1959 197 

4 9 9 940 
4789 9'0 
3029 940 
2159 940 
2029 940 

0 
0 
0 
0 0 
0 0 
0 0 

260 •4• 
2309 ... 
1459 544 
1799 •44 

0 0 
n 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Figure 3. Output from the freeway travel time submode!. 
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The total travel time and the single trip travel time for each 0-D movement are 
printed in the same format as that for the input 0-D table. The total travel time is 
expressed in hundredths of an hour, and the travel time for one trip is expressed in 
hundredths of a minute. The total travel time expended in the whole freeway section 
during each time interval is printed under the 2 tables. 

MODEL VALIDATION AND CONTROL PLAN EVALUATION 

Model Section 

The northbound evening peak traffic on the East Shore Freeway, which extends from 
the Eastbay Distribution Structure to Hilltop Drive interchange, was selected to de
velop and validate the freeway model. Comprehensive traffic data were collected from 
the freeway section through the Bay Area Freeway Operations Study, which has been 
conducted by the Institute of Transportation and Traffic Engineering. These data in
clude volume counts on all on- and off-ramps, vehicle performance studies, and aerial 
photography. A complete inventory of the data utilized is presented in another re
port (5). 

The freeway subsection parameters for the study section are shown in Figure 1. 
0-D information for the study section was collected through a postcard survey and a 
license-plate study. 

Validation 

System Validation-Validation of the computer program was undertaken to ensure 
that the model would derive similar results as compared to those obtained through 
manual calculation. For this purpose a freeway section was selected from the begin
ning of the study section to the Hoffman off-ramp. Manual calculations from this free
way section were made for both queue-increasing-time-interval and queue-decreasing
time-interval; the results are given in Table 3. The differences between the com
puted and the manually derived results would be caused either by round-off processes 
in the calculations or reading errors on graphs for v /c ratio and average speed rela
tionship from the manual speed estimation method. 

Validation Against Actual Traffic Data-Three variables were selected from the 
computer output and compared with the data collected from the study section: single 
trip travel time, total travel time, and traffic densities. 

Figure 4 shows single trip travel time variation through the study section both from 
the model outputs and the actual data. At any time interval, the model outputs show 
much greater values than the actual conditions. For example, comparing the time 
interval between 5:00 p.m. and 5:15 p.in., the single trip travel time from the model 
output is about 35 percent greater than the actual value. In fact, the total travel time 
between 4:00 p. m. and 6:00 p. m. from the model output is 31 percent greater than the 
actual data. Figure 5 shows the total travel time expended within each 15-minute time 
interval as calculated from both actual data and model outputs. 

TABLE 3 

RESULTS OF SYSTEM VALIDATION 

Time Interval Manual Computer Percent 
and Traffic Calculation for 

Situation 
Calculations Results Error 

4th time Queue length 4,404 and 4,395 and 0.02 
interval, 14,102 ft 14,203 ft 0.7 
queue in- On-ramp delay 1.15 vehicle-hr 1.1 vehicle-hr 
creasing Total travel 

time 228.3 vehicle-hr 228 .0 vehicle-hr 

7th time Queue length 5,310 ft 5,354 ft 0.8 
interval, On-ramp delay 0.0 vehicle-hr 0.0 vehicle-hr 
queue de- Total travel 
creasing time 196.8 vehicle-hr 197.0 vehicle-hr 
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Figure 4. Single travel time versus time of day. 

Figure 6 shows density contour maps based 
on both actual data and model outputs. Com-
paring the actual contour map developed from 
aerial photographs, it was found that the mod-
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Figure 5. Total travel time versus time of day. 

el could locate 3 actual major bottlenecks on the East Shore Freeway: (a) subsection 
5 in the vicinity of the Ashby interchange, (b) the weaving section between the Gilman 
on-ramp and the Buchanan off-ramp, and (c) the weaving sections between the Cutting 
on-ramp and the MacDonald off-ramp. Even though the model gave longer congestion 
time periods for those major bottlenecks, it could not indicate minor bottlenecks such 
as the weaving section between the Carlson on-ramp and the Potrero off-ramp. 

Refinement and Reevaluation 

ttetmement-comparmg me moae1 output w1m actual aata, it is apparent mat me 
model cannot be used without some modification. Considering the fact that the model 
always estimates greater travel times and longer congestion time periods, it was as
sumed that during evening peak periods drivers might travel on the study section with 
higher speeds than the speed estimated from Figure 9.1 of the Highway Capacity Man
ual, and that the actual capacities of the study section would be little different from 
the capacities calculated strictly following the Highway Capacity Manual. Consequently, 
the steps taken to refine the model were (a) adjustment of the relationship between v /c 
ratio and speed, and (b) capacity adjustment. 

Relationship Between Speed and v/c Ratio- For the nonqueuing situation, the aver
age speeds calculated from the actual data are plotted for the v /c ratio of correspond
ing subsections and time intervals. Then, the relationship between speed and v/c ratio 
was fitted by a straight line and parabola as shown in Figure 7. On the other hand, be
cause there were not enough data for the queuing situation, no adjustments were made 
for the lower part of the curves, which represents the relationship between v /c ratio 
and the speed for the queuing situation. 

Capacity Adjustments-Capacities at bottleneck sections were estimated from both 
the actual freeway volume counts and the relationship between bottleneck subsection 
demands and the length of congestion periods. Then, with these adjusted capacities, 
the model was tested again. Comparing the test-run results with actual data, capac 
ity adjustments were made at certain sections where the model produced physical 
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queues, which should not occur judging from the actual data. These new capacities 
are only slightly different from the original capacities calculated through the Highway 
Capacity Manual method; the differences are between -1 and +4 percent. 

Reevaluation-The model was tested with the adjusted capacities and the new rela
tionship between v /c ratio and the average speed. The results are shown in Figures 
4, 5, and 6. 

Figure 4 shows that for any given time interval the single trip travel time with ad
justed capacities and the new speed relationship is within a ±15 percent error. 

Figure 5 shows the total travel time variation with time for both the model output 
and the actual data. The computer outputs for total travel time are within a ±10 per
cent error for 5 out of 8 time intervals. Generally the results show greater values 
of total travel time for before-peak time intervals and smaller values for after-peak 
time intervals. This deviation is caused from the instantaneous demand propagation, 
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which is one of the basic assump
fions of this model described ear
lier . Anyhow, the total travel time 
between 4:00 p . m . and 6:00 p . m. 
was estimated with less than one 
percent error . 

Figure 6 shows the density con
tour map. Minor bottlenecks could 
not be located even with adjusted 
capacities. However, for 3 major 
bottlenecks, the model shows rea
sonable congestion time periods. 

Application 

The freeway model was finally 
applied to evaluate the freeway im
provement plans along the East 
Shore Freeway. Two improvement 
plans were tested to show how the 
model reacts for different traffic 
and roadway conditions. These two 

' 
A•uo90 ""' l<om """·''"'"~"'fool -+---+--i-1- --1-'---'I\ 

201--t-t-1-+--t--t--+--+-+-~--t---t--t--+--+--+--:::l--..,_~ -+--I 
".c! .,. 

10 1-1~t--t-+--t--t-+-+-+-:::i.o--F-t--t---t---t---t---t---t---t--t --
0 0,1 0.2 0.3 O.• 05 0.6 0.7 0,9 10 

VIC 

Figure 7. Relationship between v/c ratio and average speed. 

plans are (a) adding an auxiliary lane between the Cutting on-ramp and the MacDonald 
off-ramp, and (b) having a ramp closed at the Gilman on-ramp between 4: 30 p. m. and 
5:15 p.m. 
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Figure 8. Test improvement plan evaluation. 



Figure Sa shows the results for plan 1. The bottleneck between Cutting and 
MacDonald is almost eliminated, but other bottlenecks are produced downstream. 
Total travel time saved is 1S4 vehicle-hours. 
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Figure Sb shows the results of plan 2. The bottleneck between Gilman and Buchanan 
is almost eliminated. However, the downstream bottlenecks cannot be eliminated. 
Reduction in total travel time is about 5S9 vehicle-hours. In this case, travel time 
increase for diverted traffic is not considered. It is necessary to give it considera
tion on an associated surface street network. 

CONCLUSIONS 

The experience gained in working with development of the freeway model led to the 
following conclusions. 

1. The freeway model based on the Highway Capacity Manual gives estimates of 
travel times for both nonqueuing and queuing situations. The model can be used to 
evaluate the effectiveness of freeway operation improvement plans. 

2. The length of the freeway sections should not be too long. Judging from the 
outputs of single trip travel times, a reasonable section length is between 5 and 10 
miles. 

3. The following possible future research might further develop the systematic 
and analytical evaluation procedure: establish systematic and reasonable procedures 
for adjusting capacities, and develop a procedure to evaluate the movement of di
verted traffic on related network systems. 
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