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Examination of the Speed-Flow 
Relationship at the Caldecott Tunnel 

HooNG C. CHIN AND ADOLF D. MAY 

Recently , a new procedure for analyzing mulrilane highways was 
proposed, together with a set of speed-flow curves that were 
rather different from those in the Highway apacity Manual 
(HCM) . Consideration is given to whether a freeway basic ection 
treated as a multilane divided highway section with no access 
points can be analyzed using this procedure. The speed and flow 
characteristics of a freeway section (California State Highway 24) 
at the Caldecott Tunnel are examined and compared with the 
speed-flow curves in the HCM for freeways and those in the new 
procedure for multilane highways . The problems associated with 
traffic data gathering, reduction, and analysis are also reviewed. 
It wa found that the new procedure reflects the speed-flow char
acteristics at the Caldecott Tunnel better than the HCM proce
dure for freeways. 

The relationship among speed, density, and flow of traffic on 
a highway has been the subject of many years of intensive 
research, resulting in numerous publications on theoretical 
models and empirical investigations of the traffic character
istics of highway sections. The first traffic flow model pos
tulated by Greenshields assumed a linear relationship be
tween speed and density, giving a parabolic speed-flow function. 
This shape has influenced the understanding of the relation
ship between speed and flow on highways for many years. 

Traditional speed-flow curves as represented by those in 
the different versions of the Highway Capacity Manual (HCM) 
(1,2) are taken to be smooth, that is , differentiable and con
tinuous functions over the entire range of density values . Al
though the 1985 HCM has noted some studies (3 ,4) indicating 
that speed-flow relationships may be better described by non
differentiable and perhaps discontinuous speed-flow func
tions, the results of these studies have not been incorporated 
in the HCM calibrated curves. Adopting a continuously dif
ferentiable speed-flow function necessitates the bending of 
the speed-flow curve and a precipitous speed drop near ca
pacity. This condition is clearly seen in the HCM speed-flow 
curves, in which the optimum speed is always at about 30 
mph for freeways and multilane highways , regardless of the 
geometrics . 

Recently , a set of speed-flow curves for multilane highways 
has been proposed (5) as a revision to Chapter 7 of the HCM. 
This new method is referred to here as the JHK method. 
Figure 1 shows the set of speed-flow curves proposed. Several 
interesting differences become apparent when these curves 
are compared with those currently used in the HCM for mu!-
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tilane highways and freeways , as shown in Figure 2. These 
differences include the following: 

•The mean passenger car speed , instead of the average 
travel speed, is used as the speed variable in the speed-flow 
relationship. 

• Only the upper branch of the speed-flow curves dealing 
with uncongested flows is presented in the JHK method. Com
paring this method with the HCM curves indicates that the 
former predicts a drastically smaller change in speed with 
increased flows. The mean passenger car speed remains con
stant for flows up to 1,400 passenger cars per hour per lane 
(pcphpl) and subsequently drops gradually and nonlinearly as 
capacity is reached. The total drop in speed in the upper 
branch is always 5 mph for all curves . In contrast, the HCM 
curves predict a gradual drop in speed as flow increases, fol
lowed by a precipitous drop in speed near capacity. Clearly, 
the shape of the JHK curves implies that the speed-flow func
tion is nondifferentiable at capacity . 

• In the set of JHK curves, capacity is at 2,200 pcphpl under 
ideal conditions and is independent of the design speed of the 
highway. Indeed, capacity is constant regardless of the effects 
of geometric inadequacies , such as reduced lane width and 
lateral clearance. The HCM curves suggest that the capacity 
of multilane highways and freeways under ideal conditions is 
2,000 pcphpl except when the design speed is 50 mph, in which 
case the capacity is 1, 900 pcphpl. 

Besides these differences in the speed-flow curves , there 
are several other differences related to the two methods of 
the operational analysis of multilane highways: 

•Development environment, which has been classified as 
rural and suburban in the HCM procedure for multilane high
ways, is replaced by a more precise measure of access density 
in terms of the number of access points per mile in the JHK 
method. 

•As in the HCM procedure, multilane highways are clas
sified as divided or undivided in the JHK procedure . How
ever, highways with continuous left-turn lanes separating op
posing flows are considered specifically as divided highways 
in the JHK method instead of being somewhat in between 
divided and undivided highways in the HCM procedure. 

• In the JHK method, lane width, lateral clearance, type 
of median, and number of access points affect not the capacity 
but the operating speed of the highway. In the HCM method, 
reduction in lane width, insufficient lateral clearance, or less
than-ideal median type and development environment result 
in a reduction in highway capacity . Hence , adjustment be
cause of non ideal geometrics (not including terrain type) causes 
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FIGURE 1 JHK speed-flow curves for multilane highways 
(5). 
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FIGURE 2 HCM speed-flow curves: (a) multilane 
highways; (b) freeways (2). 

a vertical translation of the ideal speed-flow curve in the JHK 
method but a change in the horizontal scale of the speed-flow 
curve in the HCM method. 

• The JHK method uses a new set of values for heavy
vehicle factors. In general, trucks and recreational vehicles 
have lower equivalent factors than those in the HCM. Fur-
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thermore, no distinction is made between trucks and buses 
for the purpose of passenger car unit (pcu) conversion. 

• Adjustment for noncommuter traffic in the JHK method 
is considered unnecessary and therefore is not included. 

• The density values that divide the various levels of service 
are also revised, with the exception of levels of service (LOS) 
A and B. Furthermore, because the capacity may occur Clt 
any speed in the new method , the maximum density value for 
LOS E is not fixed as it is in the HCM. 

If the JHK method, which is meant for multilane highways , 
is acceptetl in the HCM, some disparity may exist between 
the design of multilane highway sections following the JHK 
procedure and the design of freeway sections following the 
procedure of Chapter 3 in the HCM. For example , a multilane 
divided highway with less than one access point per mile and 
designed for 70 mph under ideal conditions is expected to 
yield a higher capacity than a freeway section under ideal 
conditions with the same design speed . Consequently, if a 
freeway basic section were analyzed as a multilane divided 
highway section with no access points according to the new 
procedure, a better level of service and higher capacity could 
be obtained . 

The speed-flow characteristics of a freeway section (Cali
fornia State Highway 24) near the Caldecott Tunnel are ex
amined to see how well the observed conditions are predicted 
by the speed-flow curves in the two procedures: (a) by ana
lyzing the freeway section according to the current HCM method 
for freeways and (b) by treating the freeway section as a mul
tilane divided highway with no access points and analyzing it 
according to the JHK procedure. 

First, recent studies of speed-flow relationships are re
viewed, highlighting the prubkms em:ountered in making such 
studies. This review is presented in the next section, followed 
by a description of the Caldecott Tunnel site and the proce
dures of data collection and reduction. The results of the 
speed-flow analysis are then discussed , tugell1e1 with a com
parison of the HCM and JHK curves . 

RECENT STUDIES ON SPEED-FLOW 
RELATIONSHIPS 

In recent years, several studies on the traffic characteristics 
of freeways (6-10) have challenged some of the traditional 
views of the relationship among speed , flow, and density. 
Except for Banks' work in San Diego (9) , these studies relate 
Canadian conditions, with data taken mostly from Queen 
Elizabeth's Way near Toronto. 

Several important issues have been raised in these studies , 
but basically these issues have to do with the way in which 
speed, flow, and density data are gathered, reduced, and 
analyzed . The common contention has been that serious mis
interpretations of speed-flow relationships can result if un
suitable data reduction and analytical prucedures are em
ployed and if the influence of the study location on the nature 
of the data is disregarded. The problems associated with un
suitable analytical procedures, data gathering, and reduction 
are reviewed in this section. 

The traditional method of analyzing speed, flow, and den
sity data is to fit a function to the data. The problems related 
to fitting a curve to a set of speed-flow data have been pointed 
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out by Hurdle and Datta ( 4) and Allen et al. ( 6). The form 
of the speed-flow curve, whether it is continuously differen
tiable, continuous but not continuously differentiable, or dis
continuous, cannot be normally discerned from data alone. 
Yet the choice of the speed-flow function can have a signif
icant impact on the interpretation of the speed-flow relation
ship. In order to avoid this problem, these researchers have 
departed from the usual way of fitting a curve to the data and 
have instead resorted to interpreting the speed-flow relation
ship by merely observing the scatter of data. 

One consequence of not fitting a single function to the 
speed-flow data is that the speed-flow curve is examined in 
two portions: (a) the upper branch for the uncongested re
gime, in which the speed is seen to be relatively insensitive 
to flow, and (b) the lower branch for the congested regime. 
The main problem then lies in distinguishing the field data 
belonging to each portion-a complicated task when the flow 
is near capacity. Hall and Gunter (7) have even considered 
whether the speed-flow states can be between the two branches 
of the speed-flow curve by examining the issue of transition 
between the two regimes: flow breakdown and recovery. 

Apart from the problems resulting from predetermining the 
speed-flow function, there are several other problems related 
to data gathering. All the researchers have reasoned that the 
location at which the data are gathered affects the nature of 
the data. Hall and Hall (JO) have pointed out that the study 
location with respect to the bottleneck of the freeway is im
portant-a point that was made Jong ago (3) but has not been 
seriously considered. A location upstream of a bottleneck may 
never experience flows near capacity because the flows are 
limited by the capacity of the bottleneck. A truncation in the 
speed-flow curve may result in this case. On the other hand, 
flows on a location downstream of a bottleneck may also be 
constrained by the bottleneck so that the true capacity of the 
location may not be recorded. Banks (9) reiterated this theory 
and noted that it may be difficult to find a location in which 
flows at capacity are observed. As pointed out by Hall and 
Hall (JO), even though a location is characterized by the two 
portions of the speed-flow curve, in practice to obtain both 
of them for a particular location is difficult. 

Persaud and Hurdle (8) have also indicated that speed data 
gathered in fhe acceleration zone downstream of a queue may 
be seriou ly misinterpreted. Becau e vehicle di charging from 
the queue accelerate over a finite listance, speed · ob ·erved 
in this zone may be influenced by the presence or absence of 
a queue. On this point, Hall and Hall (JO) observed a re
duction in speed in their site when there was an upstream 
queue, but Banks (9) observed no discernible change in speed 
in his site. 

Serious problems may also arise because of data reduction 
procedures. For example, Allen et al. (6) have analyzed the 
data lane by lane, upposing that there are different speed
flow relationships between the different lanes wherea Banks 
(9) has chosen to combine the data for all lanes, arguing that 
some portions of the speed-flow curve may not be observed 
otherwise. Persaud and Hurdle (8) also suggested that the 
averaging effect of taking data from different locations in a 
bottleneck may be the reason for the precipitous drop in speed 
near capacity observed in previous studies. 

Related to the problems of data gathering and data reduc
tion is the quality of the data gathered. Banks (9) has made 
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use of data obtained from loop detectors installed on the 
freeways. These data are in the form of flow counts and oc
cupancy. Speed is then determined indirectly, a computation 
that is found to be rather unreliable (11). On the other hand, 
Hurdle and his associates ( 4,8) have made use of time lapse 
photography to obtain a more direct, though not necessarily 
more accurate, measurement of speeds. The disadvantage 
they faced is that the sample size can be rather small. In order 
to increase the sample size for the study, the sampling time 
interval is shortened, to 2 min in their case. However, this 
change results in a greater variance in both speed and flow 
on the speed-flow plot, which may hamper a good evaluation 
of the change of speed with flow. 

Another problem encountered by these researchers is the 
question of truck percentages. Persaud and Hurdle (8) se
lected a site at which trucks were not present, but, in the 
other studies, the proportion of trucks was estimated. All 
studies have assumed a truck equivalent factor of 2, but Banks 
(9) has avoided the problem by expressing flow in vehicle 
units rather than pcu. 

In the light of these problem , it i extremely important 
that data be obtained and analyzed properly if a meaningful 
compari on i · to be made between observed speed-flow con· 
ditions and predicted relationships. 

DATA COLLECTION AND REDUCTION 

The data used in this study are taken from the two westbound 
lanes that emerge from the northern bore of the Caldecott 
Tunnel lh rough which California State Highway 24 pa ses. 
The Caldecott Tunnel has three bores: the southern bore is 
devoted to eastbound traffic, the northern bore to westbound 
traffic, and the center bore to rever ible traffic flow. Typically, 
the center bore is open to westbound traffic in the morning 
and ea tbound traffic in the afternoon. 

The section under investigation is about 200 ft downstream 
of the tunnel exit. At this point, the two lanes are each 12 ft 
wide, and the lateral clearance is 6 ft on each side. The lanes 
are loping, with a downgrade of 5.5 percent. An offramp 
from the freeway is located about 900 fl after the tunnel exit 
and an onramp is located 600 ft further downstream. The flow 
on the off- and onramps, which primarily serve the control 
center above the tunnel, is so low that traffic on the main line 
is unaffected by the traffic on the ramps. 

When the westbound flow exceeds the capacity of the tun
nel, traffic backs up from the entrance of the 3 000-ft-long 
tunnel. Under normal conditions, traffic emerging from the 
tunnel is free flowing. 

At the time of the study, two sets of detectors were installed 
about 200 ft downstream of the tunnel exit along the we t
bound lanes. These detectors were installed as part of a proj
ect funded by the California Department of Transportation 
(Caltran ) to study detector technologies for freeway sur
veillance and control. The first et of detectors are inductive 
loop detectors buried on the roadway on each of the two 
lanes. (These two lanes are referred to here as the shoulder 
and middle lane. There are other we tbound Janes, but they 
use the other tunnel bore.) The second set of detectors are 
ultrasonic detectors su pended from a roadway overpass about 
100 ft down tream of the loop detectors. Both ets of detectors 
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are wired to a roadside junction box and connected to Fisher
Porters recorders and Caltrans 170 controllers located in the 
Caldecott Tunnel control room just above the study site . Every 
1/60 sec, the 170 controllers would scan the various detector 
stations for the presence of a vehicle within the detection 
zones. Detector information is transmitted from the control 
center via a telephone line to a microcomputer for data log
ging at the Institute of Transportation Studies at the Univer
sity of California in Berkeley. 

The detector signals are transformed to pulses, from which 
durations of "on" and "off" times at each detector station 
can be determined. Irregular signals have been eliminated, 
and the possibility of detectors miscounting the vehicles has 
been studied by comparing the detector pulses with visual 
observation of the traffic recorded on a video recorder over 
a period of 2 hr. An average overcount of 0.4 percent was 
made by the loop detectors, whereas the ultrasonic detector 
overcounted on average by 2.0 percent. The computation of 
flow across the detectors is therefore based on the loop in
formation. 

Speed measurements are obtained not from occupancy data 
but by measuring the time of travel of a vehicle between the 
loop and ultrasonic detectors. Provided that the correct pair 
of pulses can be identified, it is possible to determine the 
speed of the vehicle by noting the time difference between 
the onset of the pulses. Matching the pulses is crucial to the 
correct evaluation of the speeds because any mismatch can 
lead to biased results. The criterion to identify the correct 
match is based on the computed speed of the vehicle asso
ciated with the pulses. If the pulses are wrongly matched, the 
computed speed will either be too high or too low. An ar
bitrary, though not unreasonable, upper limit of 100 mph and 
a lower limit of 20 mph are set to test the pulse matching. 
Matching proved to be rather insensitive to the values of the 
cut-off levels when they are near the two limits set. In most 
cases, the pulses matched sequentially . On the basis of ob
servations made from the 2-hr video recording, the number 
of matched pulses accounts for about 99.5 percent of the cases . 
The computed speed values are certainly not affected by ig
noring the unmatched cases. 

In order to express flows in pcu, the type and proportion 
of heavy vehicles must be known. However, these character
istics cannot be obtained directly from the detector infor
mation . On-site observation shows that the number of rec
reational vehicles and buses is small compared with the number 
of trucks. It is therefore sufficient to consider just oue class 
of heavy vehicles . Furthermore, it is possible to estimate the 
percentage of heavy vehicles by treating long vehicles as heavy 
ones. This calculation requires that the length of vehicles be 
known, which is obtained by noting the computed speed of 
individual vehicles and the corresponding recorded "on" times. 
Investigation into the distribution of "on" times of the loop 
and ultrasonic detectors shows that the loop detectors gave 
more reliable "on" times. The length of vehicles is therefore 
computed on the basis of the "on" times recorded by the loop 
detectors. Although the computed values of vehicle length 
are not precise, the estimated percentage of heavy vehicles is 
not significantly affected by this . According to a comparison 
of the detector pulses and the video recording, a threshold of 
27 ft is found to distinguish long vehicles, including trucks, 
buses, and recreational vehicles, from passenger cars. Instead 
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of applying a fixed pcu equivalent for the heavy vehicles (such 
as 2), the pcu equivalent factors used in this study are based 
on the recommended values given by the HCM and JHK 
methods. 

A total of 131 hr of data was collected over several occasions 
from March 16 to April 18 of 1990. On the basis of detector 
information , the space-mean speeds (harmonic mean of in
dividual speeds) , vehicle counts , and proportion of heavy ve
hicles on each of the two lanes for various time intervals were 
obtained. 

ANALYSIS OF SPEED-FLOW DATA 

Speed-Flow Relationship 

Figure 3 shows the speed-flow plot for the average lane using 
data grouped in 2-min, 15-min, and 1-hr sampling periods. 
For shorter periods , there is a greater scatter in the data in 
the measurements of speed and flow. However, the abun
dance of data points and the controlled measurements of speed 
have produced a tight band of the data in all three graphs 
(except where the flow is extremely low, resulting in a cor
responding small number of speed measurements) . Clearly, 
there is a well-defined relationship between speed and flow 
in the upper branch of the speed-flow curve. 

Speed is insensitive to flow in the low-flow region for flows 
up to about 800 vehicles per hour (vph), beyond which the 
speed drops gradually but definitely until the maximum flow 
is observed . The graphs indicate that it is not correct to suggest 
that speed is insensitive to flow for the entire upper branch 
of the speed-flow curve. However, a precipitous drop in speed 
near capacity is clearly absent, and speed remains above 50 
mph even for flows exceeding 2,000 vph. There is also little 
evidence that the second derivative of the speed-flow function 
is negative. Indeed, the upper branch of the speed-flow curve 
can be considered a bilinear function, with speed independent 
of flow in the low-flow range and a linear drop in speed in 
the moderate- and high-flow range. The speed drop observed 
is about 0. 7 mph for every increase in flow of 100 vph, a little 
more than what Banks reported in San Diego (9). 

The speed-flow plots also suggest that flows in excess of 
2,200 vph are possible for 1-hr periods and certainly for 15-
min and 2-min periods. This finding confirms previous ob
servations in Canada and San Diego that flows substantially 
higher than the HCM capacity value of 2,000 pcphpl are pos
sible even over a sustained period . 

Effect of Different Lanes 

The speed-flow relationships are plotted on the basis of the 
15-min grouping for individual lanes and shown in Figure 4. 
Under low-flow conditions, there seems lo 1.Je little difference 
in the speeds measured on the shoulder lane and those mea
sured on the middle lane. As flow increases, the difference 
in speed becomes more apparent, with traffic on the shoulder 
lane moving at about 3 to 5 mph lower than that on the middle 
lane. Also, a higher value of maximum flow is recorded in 
the middle lane than in the shoulder lane. The difference in 
speeds and maximum flow attained in the two lanes may be 
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FIGURE 3 Speed-flow plot at Caldecott Tunnel for 
different sampling intervals. 
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caused by a larger proportion of heavy vehicles and other 
slower moving vehicles in the shoulder lane. 

Figure 5 shows the distribution of the heavy vehicles for 
the two lanes. Most of the time, the percentage of heavy 
vehicles is small, with 45 percent of the cases without heavy 
vehicles in the middle lane. On the other hand, there is a 
wide range in the proportion of heavy vehicles in the shoulder 
lane; in a number of cases, this proportion exceeds 10 percent. 
On average, 2. 7 percent of heavy vehicles travel on this stretch 
of the roadway throughout the day, with the mean speed of 
heavy vehicles about S mph lower than that of the passenger 
cars. 
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Effect of Upstream Queue 
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The effect of an upstream queue on the speed-flow charac
teristics at the site is also investigated by isolating the speed
flow data corresponding to periods with an upstream queue. 
The precise times when the queue forms and vanishes are not 
known. However, in general, an upstream queue is present 
at the entrance of the tunnel during the morning peak hours. 
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Figure 6 shows speed-flow data in which cases with an up
stream queue are plotted differently than those without an 
upstream queue. The data are gathered at 15-min intervals 
for the middle and shoulder lanes. Judging from the plots for 
both the lanes, there is no evidence that the speed-flow char
acteristics are any different when there is an upstream queue 
than when there is not. That the speed is not different between 
the two groups of data is not surprising because vehicles dis
charging from the queue would have returned to their normal 
speed at the end of the tunnel, which is about 3,000 ft long. 
The maximum flow attained when there is a queue is also 
comparable with the high flows attained otherwise. However, 
it is not clear why flows dropped significantly below the max
imum possible on a number of occasions. 

Comparison with HCM Curves for Freeways 

To compare the observed speed-flow data with the HCM 
curves, the speed, flow, and proportion of heavy vehicles must 
be grouped in 15-min periods in accordance to the time period 
of measuring flow used in the HCM. Because it is not possible 
to distinguish the different types of heavy vehicles from the 
data available, a single value of truck equivalent factor is used 
to convert the vehicle flows to passenger car flows. For down
grades, the equivalent factors given in the HCM are rather 
imprecise. The recommended procedure is to establish the 
average truck speed and to obtain the equivalent grade of the 
same length as outlined in Appendix I of Chapter 3 in the 
HCM (2). On the basis of an average truck speed of 50 mph, 
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FIGURE 6 Speed-flow plot at Caldecott Tunnel with and 
without upstream queue. 
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an equivalent factor of 2 is used . Because the lane width and 
lateral clearance of the site are ideal, no adjustment is made 
for these factors. In addition, no adjustment is made for the 
influence of driver population, which is assumed to be com
muter traffic. Because the amount of adjustment varies for 
each 15-min period, adjustments are made on the data points 
rather than on the speed-flow curves. The adjusted 15-min 
speed-flow data are plotted in Figure 7, together with the 
HCM speed-flow curves corresponding to four- and eight-lane 
freeways with a design speed of 70 mph. 

The observed data deviate from the HCM curves, especially 
under high-flow conditions. On a number of occasions, a flow 
in excess of the capacity value of 2,000 pcphpl has been ob
served. If an operational analysis of the freeway section were 
performed for various 15-min intervals on the basis of HCM 
curves, LOS E would be encountered on a large number of 
instances in which the speed is higher than the 55-mph speed 
limit. 

The discrepancy between the observed data and the HCM 
curves may result simply because the site under investigation 
is not an average one represented by the HCM. On the other 
hand, the HCM recommended values used may not be ap
propriate. If the latter is true, then there are three possibilities 
in explaining the difference between the observed and pre
dicted data. First, the pcu factor may be too high. Although 
possible, this error is difficult to judge. Moreover, even as
suming a passenger car-unit value of 1.0, the difference be
tween observed and predicted remains high. Second, the HCM 
capacity value of2,000 pcphpl may be too low. This possibility 
was already noted in the previous section. Third, the speed
flow curve may be inappropriate. If the uncongested speed
flow data found in this site are representative, they indicate 
that the second derivative in the speed-flow curve is unlikely 
to be negative and is definitely not so negative that it results 
in a precipitous drop in speed near capacity. 

Comparison with JHK Curves for Multilane Highways 

The basis of comparing the speed-flow characteristics ob
tained from the Caldecott Tunnel site with the JHK method 
of analyzing multilane highways is that the freeway section 
can be regarded as a multilane divided highway with no access 
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points. The number of differences between the current HCM 
method of evaluating freeways and the JHK method of eval
uating multilane highways requires that the speed-flow data 
be adjusted differently. First, the speed of passenger cars is 
used in obtaining the speed-flow plot. For the set of data 
used, however, there is only a small difference between the 
passenger car speed values and the all-vehicle speed values. 
The method of equivalent grade is again used to estimate the 
heavy-vehicle factor, but in this case an equivalent factor of 
1. 7 is used as recommended. 

In selecting the appropriate speed-flow curve, the JHK 
method requires that the free-flow speed of passenger cars in 
the section be known. Two ways of determining the free flow 
speed have been suggested. The first is to estimate the ideal 
free flow speed from the value of the posted speed limit and 
then to reduce the speed value by adjustments for nonideal 
geometric conditions. The second requires a site measurement 
of passenger-car speeds under low- or moderate-flow condi
tions. 

The posted speed limit on this freeway is 55 mph. According 
to Table 7-2 in the JHK procedure (5), this limit gives a 
corresponding ideal free flow speed of 59.3 mph. Because the 
geometric conditions are ideal at this site, no reduction in the 
free-flow speed value is necessary. The speed-flow curve that 
is based on this value, together with the adjusted speed-flow 
data, is shown in Figure 8. The JHK speed-flow curve mar
ginally underestimates the speeds under low-flow conditions 
but overestimates the speeds under moderate- and high-flow 
conditions. In general, this speed-flow curve gives a better 
reflection of the conditions at the Caldecott Tunnel site than 
the HCM speed-flow curves used in the previous section. 
However , a maximum flow of2,300 pcphpl attained at a speed 
of about 50 mph is still higher than the JHK capacity value 
of 2,200 pcphpl at 55 mph. Furthermore, the speed at capacity 
is approximately 10 mph lower than the free flow speed , com
pared with a speed reduction of 5 mph as suggested in the 
JHK method. 

If speed measurements are taken from the field to estimate 
the free flow speed and a 15-min sample is used, then the 
speed value in any of the data points falling within the low
or moderate-flow region shown in Figure 8 could have been 
used. In this case, the free flow speed may range from 55 to 
63 mph, and any speed-flow curve with intercepts within that 
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range may have been chosen for the analysis. Figure 9 shows 
the envelope of the speed-flow data, together with the curves 
corresponding to the upper and lower values of the measured 
free flow speed. There can be quite a difference in the choice 
of the curve u ed. However, the difference may not be sig
nificant in the evaluation of the level of service. 

CONCLUSION 

It could be argued that the results discussed in the previous 
paragraphs are limited because only a single location was 
investigated. Certainly, some of the findings cannot be gen
eralized and can only be confirmed with observations from 
other sites. Nevertheless, the findings not only gave some 
insight into the relationship between speed and flow but should 
also provide motivation for more investigations on the speed
flow interaction of traffic on the highways. 

The manner in which the speed and flow data were gathered 
not only resulted in a sufficiently large number of samples for 
analysis but also ensured reliable measurement of traffic speeds. 
The results indicate that, under uncongested conditions, there 
is a well-defined relationship between speed and flow that 
can be described in the form of a bilinear function . The study 
confirms earlier reports that there is no precipitous drop in 
speed as flow approaches capacity and that flows in excess of 
2,200 pcphpl are possible . However , the presence of an up
stream queue does not seem to affect the speed-flow rela
tionship at the location studied. 

The results also how that the peed-flow conditions at the 
Caldecott Tunnel have not been we ll represented by the HCM 
speed-flow curves but were reasonably reflected by the JHK 
speed-flow curves for multilane highways. If the results ob
tained are representative, it may be better to evaluate freeway 
basic sections by treating them as multilane divided highways 
with no access points and following the JHK procedure for 
multilane highways. 
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