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Operational and Safety Impacts on Freeway Traffic of 

High-Occupancy Vehicle Lane Construction 1n a Median 

NANA M. KUO and JOHN M. MOUNCE 

ABSTRACT 

In this paper are presented the results of a study by the Texas Transportation 
Institute to evaluate the operational and safety impacts associated with the 
retrofit construction of an authorized high-occupany vehicle lane in the median 
of the Katy Freeway (I-lOW) in Houston, Texas. Because the Katy Freeway tran
sitway is the first of a 70-mi network of transitways to be retrofitted in an 
existing high-volume freeway cross section in Houston, it is important to assess 
the traffic impacts associated with this type of construction. Operational 
impacts studied include travel speeds as a measure of travel time delay, traf
fic volumes as a measure of travel demand served, and lane distributions as ~ 

measure of driver reaction to reduced lane widths and restricted lateral 
clearances. Safety was assessed through an analysis of reported accidents as
sociated with various work area segments and time periods of construction. 
Results indicate that a detailed traffic control plan 
adverse effects of transitway retrofit construction. 
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Many of the metropolitan areas in the southwestern 
United States have experienced unprecedented popula
tion growth in the last decade (1). This growth has 
not only taxed, it has exhausted, the peak-period 
capacity of the freeway systems within these cities. 
Degradation of mobility has progressed to er itical 
stages and, in many instances, is threatening future 
growth and economic vitality. Houston represents an 
extreme example (£_) • 

Working within both physical and fiscal con
straints, transportation officials have turned to an 
ambitious and innovative plan for highway-transit 
priority treatment (3). This approach calls for the 
construction of exclusive, barrier-separated, autho
rized, high-occupancy vehicle lanes within the 
medians of existing cross sections of urban free
ways. These transitways would provide a high level 
of service as an incentive for motorists to use such 
authorized high-occupancy modes as buses, vanpools, 
and carpools. This plan effectively uses the exist
ing urban transportation infrastructure in a cost
effective manner (4). 

The incorporation of a high-occupancy vehicle 
facility into the median requires special retrofit 
construction processes that constrain freeway sec
tions already serving high volumes of traffic. Mini
mizing the adverse traffic impacts associated with 
this type of construction is a primary concern. 
Construction on the first such median transitway in 
Houston was begun in May 1983 on a 5.0-mi section of 
the Katy Freeway ( I-lOW) and is scheduled to be 
completed in October 1984. Because this was the 
initial effort in a planned 70-mi network of tran
sitways to be constructed in a similar fashion, it 
is important to measure and understand the opera
tional and safety impacts on mixed-flow traffic 
resulting from the Katy Freeway transitway project 
(~). This paper is a report on the study conducted 
by the Texas Transportation Institute to evaluate 
the aforementioned impacts and to make recommenda
tions for future project implementation. 

PROJECT DESCRIPTION 

The Katy Freeway is a major Interstate highway , 
(I-lOW) serving travel demands from western Harris 
County to various parts of Houston (Figure 1). Ex-
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tensive residential and commercial development has 
occurred and is continuing to occur along this cor
ridor as far west as Brookshire, a distance of 35 mi 
from downtown Houston. 

Before it was designated I-lOW in 1957, the Katy 
Freeway was known as US-90. Throughout the 1960s 
much of the Katy Freeway was upgraded to Interstate 
standards. Today, I-lOW is a 10-lane freeway from 
downtown to Loop I-610. For a short distance of 2 mi 
(to Antoine) outside I-610, an 8-lane cross section 
exists. Beyond Antoine, the Katy Freeway is a 6-lane 
facility. 

Traffic volumes on the Katy Freeway increased at 
an annual rate of approximately 5 percent from 1970 
to 1980. Weekday traffic volumes per lane currently 
approach 25, 000. Peak direction flow rates exceed 
1,900 vehicles per hour per lane, and travel time 
delays average 18 min throughout a 4- to 6-hr period 
each day (6). 

Increasing development combines with depressed 
levels of mobility to justify the need for a high
occupancy priority transportation facility within 
the Katy Freeway corridor. The Texas State Depart
ment of Highways and Public Transportation and the 
Metropolitan Transit Authority of Houston-Harris 
County jointly initiated technical and funding ef
forts to expedite implementation of the Katy Freeway 
transitway. 

The Katy Freeway transitway was designed to be 
operated in two phases. Construction of Phase 1 
began in May 1983 between Post Oak (near I-610) and 
West Belt, a distance of 5 mi, and will be completed 
in October 1984. Phase 2 will extend the transitway 
another 5 mi from west Belt to Highway 6 (Figure 2) • 
Both phases will be constructed in the median of the 
freeway and will be separated from general traffic 
lanes by concrete median barriers. The facility will 
be reversible (operating inbound in the morning and 
outbound in the evening)i will include an emergency 
breakdown shoulder along most portionsi and will be 
designed to accommodate buses, vanpools, and other 
authorized high-occupancy vehicles. Typical existing 
freeway and proposed transitway cross sections are 
shown in Figure 3. 

Construction of the Katy Freeway transitway was 
combined with the rehabilitation of the freeway 
pavement to minimize traffic disruption and project 
cost. The individual segment limits and correspond-
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FIGURE 1 Katy Freeway (1-lOW) geographic location. 
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FIGURE 2 Katy transitway construction project phases. 
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FIGURE 3 Katy Freeway transitway project existing and proposed cross 
sections. 

ing lengths are given in Table 1, as taken from the 
construction plans (7). Also presented are measured 
1981 to 1983 average daily traffic (ADT) for each 
section (8) • Work was independently sequenced by 
plan and ~affic was diverted within each segment as 
shown in Figure 4. To allow retrofit construction of 
the transitway, work areas were developed in the 
median and to the inside and outside areas of the 
freeway main-lane cross section. Traffic was then 

TABLE 1 Construction Segments and Average Traffic Volumes, 
Katy Transitway Project (7,8) 

Construction Segments (7) 
Average Daily Traffic ( 8) 

Length 
No, (mi) Limits 1981 1982 1983 

1 1.26 West Belt to Gessner 118,000 135,000 136,270 
2 1.44 Gessner to Blalock 156,000 167,000 161,090 
3 1.95 Blalock to Bingle/Wirt 156,830' 161,050' 165,270 
4 0.89 Bingle/Wirt to Antoine 140,410' 143,975' 147,540 
5 0.83 Antonine to 1-61 O 179,000 186,000 192,190 

3 Estimated-no data available. 

routed around the work areas in narrow lanes varying 
from 10 to 11 ft in width with no shoulders on 
either the inside or the outside. Temporary concrete 
median barriers protected and separated the work 
areas from freeway traffic (Figure 5). 

DATA COLLECTION METHODOLOGY AND ANALYSIS 

The impacts of retrofitting the transitway to the 
Katy Freeway were categorized as either operational 
or safety related. Operational measures studied 
included (a) speeds as a measure of travel time 
delay, (b) traffic volumes at sites along the length 
of the Katy Freeway transitway project representa
tive of the various construction segments as a mea
sure of demand served, and (c) lane distributions as 
a measure of driver reaction to reduced lane widths 
and lateral clearances. Safety was assessed through 
an analysis of reported accidents associated with 
various work segments and time periods of construc
tion. 

All operational data were collected manually 
during both peak pei:-.i.ods (mor:uing cu1U evening) anU 
during off-peak periods (midday and nighttime). The 
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FIGURE 4 Katy Freeway transitway project construction sequence. 
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FIGURE 5 Katy Freeway transitway project typical wide area cross 
sections (looking west). 

data were sorted by direction--either eastbound 
(a.m. peak direction) or westbound (p.m. peak direc
tion) . Standard measuring techniques for recording 
vehicular volumes and speeds were employed. No data 
were recorded under aberrant operating (accident, 
breakdown) or environmental (rain, fog) conditions. 

The operational and safety data for each segment 
under construction were compared to the data for 
each segment 1 year before construction. The changes 
were then evaluated using a paired t-test. The speed 
and accident data were compared for identical seg
ments and for equal time periods before and during 

construction. The chi-square test for independence 
was applied to the variables associated with free
flow lane volume distribution conditions to deter
mine the statistical significance of the observed 
by-lane volume distribution changes between full 
width and narrowed lane cross sections. 

The differences between speed profiles before and 
during construction were tested for statistical 
significance. Segment 5 in the morning, Segments 2 
and 4 in the evening, and the overall peak-hour 
peak-direction differences between preconstruction 
and during-construction travel speeds are signifi-
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TABLE 2 T-Tests of Differences in Speeds for Preconstruction Versus During-
Construction Conditions 

Segment Size Difference• Deviation Error T PR>ITI 

Morning eastbound I 8 -1.02 
2 5 -1.27 
3 3 + 1.16 
4 2 -2.42 
5 3 -13.70 

Overall 21 -2.71 
Afternoon westbound I 8 +6. 24 

2 5 +6.02 
3 3 +2 .58 
4 2 +4.33 
5 3 +3.95 

Overall 21 +5.16 

~Durlng- constru .: flon speed~ minus pre-construction speeds. 
Stnllttlca lly sigtdOc1mt ot t he s percen t level. 

cant at the 5 percent level (Table 2). However, of 
these five statistically significant differences, 
only the morning speed differences indicate a nega
tive impact due to construction. On average, Segment 
5 speeds decreased by almost 14 mph with a standard 
error of 1.65 mph in the morning during construction 
as opposed to 1 year earlier. Overall, the morning 
eastbound speeds decreased an average 3 mph with a 
standard error of 1.29 mph during constructioni 
however, this small decrease is practically nonsig
nificant. 

Average peak-period speeds during the first stages 
of narrow lane construction were compared to obser
vations made during the later stages of narrow lane 
construction. Because only two of the segments have 
undergone more than one construction step, only two 

2. 58 0.9 1 - 1.12 0.300 
5.82 2.60 - 0.49 0. 651 
2.71 1. So u.74 0.534 
6.47 4.5 8 -0.53 0.690 
2. 86 1.65 -8.31 o.014b 
5.90 1.29 - 2.11 0.048 

11. 29 3.99 1.56 0. 162 
3.07 1.37 4.38 o.012b 
2.80 1.62 1.60 0.251 
0.28 0.20 22.05 o.029b 
5.11 2.95 1.34 0.31 2 
7.2 1.57 3.28 o.004b 

of the five segments may be tested. Neither of the 
differences in operating speed in each segment or 
throughout the construction length is significant at 
the 5 percent level (Table 3). 

Finally, operating speeds before construction 
(with full-width lanes plus emergency shoulders) 
were compared to initial construction operating 
speeds as well as to later construction operating 
speeds (both with reduced lane widths and no emer
gency shoulders). The results are given in Tables 4 
and 5. Only one difference in operating speed between 
preconstruction and beginning-construction speeds 
was statistically significant at the 5 percent level. 
The traffic in Segment 5 in the morning eastbound 
direction experienced an average decrease of more 
than 15 mph during the first stages of narrow lane 

TABLE 3 T-Tests of Differences in Speeds for Beginning- Versus Ending-Construction 
Conditions 

Segment Size Difference• Deviation Error T PR> ITI 

Morning eastbound 1 4 1.54 4.89 2.45 0.632 0.57 5 
2 2 -5.44 17 .38 12.29 -0.44 0.735 
3 1 -2.89 
4 1 -7.20 
5 I 2.42 

Overall 9 -1.38 7.84 2.61 -0.53 0.6 12 
Afternoon westbound I 4 3.12 15.60 2.8 0 1.11 0. 346 

2 2 3.73 5. 15 3.64 1.02 0.492 
3 1 1.73 
4 1 -0.73 
5 I -0.32 

Overall 9 2.29 4.24 1.41 1.62 0.1 43b 

~Ending-construction speeds minus bc:kin nlna:·construction speeds. 
SllltlJ: lh::aUy significa nt at the s percent l ~\'~ J . 

TABLE4 T-Test s of Differences in Speeds for Preconstruction Versus Beginning-
Construction Conditions 

Segment Size Differencea Deviation Error T PR> ITI 

Morning eastbound I 4 -0.42 3.50 1.75 0.242 0.826 
2 3 -2.36 7.95 14.59 -0.51 0.658 
3 2 2.34 2.53 1.79 1.30 0.417 
4 I 2.15 
5 2 - 15.31 0.84 0.59 -25.81 o.0247b 

Overa ll 12 -2. 71 7.28 2.10 -1.29 0. 224 
Afternoon westbound 1 4 4.26 11.71 5. 86 0.73 0.5 19 

2 3 5.20 3.54 2.04 2.55 0. 126 
3 2 2.10 3.78 2.67 0. 79 0.576 
4 2 1.97 5. 36 3.79 0. 52 0.694 
5 12 3.78 6.74 1.94 1.94 0.078 

Overall 9 2.29 4.24 1.4 1 1.62 0.143b 

~Begirrnlng·C'Ons 1t uc 1i on speeds minu1 preconstruction speeds.' 
Stattst ln 11 y sii:;nlncant at the 5 11crcc:nt level. 
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TABLE 5 T-Tests of Differences in Speeds for Preconstruction Versus Ending-Construction 
Conditions 

Segment Size Difference• Deviation Error T PR>ITI 

Morning eastbound 1 4 - l.63 
2 2 0.36 
3 1 - l.18 
4 l -7.00 
5 2 -J0.47 

Overall 9 -2.72 
Afternoon westbound 1 4 8.21 

2 2 7.26 
3 3 12.10 
4 l 4. 13 
5 9 7.00 

Overall 9 2.29 

~End£ng.•cOnstruction speeds mjnus priocom:1ruction speeds. 
Sr_o t111 lc11lly signmcant at the S perconl lttvt:I. 

construction. Overall, operating speeds did not 
change significantly during the initial institution 
of narrow lane work areas. As for the differences 
between preconstruction and ending-construction 
operating speeds, no negative speed differentials 
were statistically significant at the 5 percent 
level. 

Table 6 gives average measured total volumes at 
sites with representative construction cross sec
tions for morning, evening, noon, and nighttime 
periods. Volumes at capacity during morning peak 
periods approach an average of 1,750 vehicles per 
hour per lane at the locations sampled. This exceeds 
the theoretical capacity service volume of 1, 680 
vehicles per hour per lane for level of service E as 
calculated to reflect the influence of the geometric 
restrictions (10. 5-ft lane widths, minimal lateral 
clearances) on basic capacity (2_). 

TABLE 6 Katy Freeway Transitway Project Observed Work Area 
Volumes (vehicles/hour /lane)" 

A.M. peak 
P.M. peak 
Day off peak 
Night off peak 

Location 

Campbell 
(10.5', 10', 10.5') 

1,708 
1,689 
1,350 

828 

aDate of Observation-May 1984. 

Wirt 
(10', 10', IO') 

1,686 
1,733 
l,424 

796 

Antoine/Silber 
(II ' , 10.5', 10.5') 

1,841 
1,747 
1,507 

856 

1. 55 0.77 -2.10 0.1 26 
0.38 10.27 1.36 0.404 

3.74 1.25 -2.18 0.061 
12.25 6.12 1.34 0.272 
2.77 l.96 3.70 0.168 
3.55 

7.78 2.59 2.70 o.021b 
4.24 l .41 1.62 0.143b 

Table 7 gives a summary of information r egarding 
free-flow vehicle lane distribution sorted by (a) 
inside, middle, and outside lane: (b) daytime o r 
nighttime period: (c) narrowed or full lane widths; 
and (d) total and truck-only vehicles. Table 7 also 
gives the measured sample frequency of vehicles and 
the calculated chi-square statistical information. 
All chi-square tests for trucks only as well as for 
total vehicles indicate that lane distribution is 
not independent of either time period (day versus 
night) or cross-sectional width (narrowed versus 
full) at the 7 percent level. The following effects 
are noteworthy: 

1. During daytime off-peak operation there is 
little difference in lane distribution of total 
vehicles. However, there is a shift of approximately 
20 percent from the inside lane to the middle lane 
by trucks within the narrow lane construction cross 
section over that observed in the full-width cross 
section. 

2. During nighttime operations there is a shift 
of approximately 13 percent from the inside to th e 
middle lane by total vehicles within the narrow lane 
construction cross section as opposed to lan e 
distribution in the full-width cross section. There 
was also a shift of approximately 10 percent from 
the inside to the outside lane by trucks within the 
narrow lane construction cross section over a full
w idth normal cross section. 

3. There was little difference in middle lane 
distribution of trucks between cross sections. 

TABLE 7 Katy Freeway Transitway Project Free-Flow Distribution Statistical Analysis 

Day 
(inside/middle/outside) 

Off-Peak, Hourly Total Vehicle Volumes 

Construction narrowed lanes• 

Chi-square 
DF= 2 
Normal full-width lanes< 

Off-Peak, Hourly Truck Volumes 

Construction narrowed lanes• 

Chi-square 
DF= 2 
Normal full-width lanes< 

2668/3235/22 10 
(33%/40%/27\l>)b 
x2 = 11.ss 
p < 0.0004 
1034/1332/ 1059 
{30%/39%/31 %)b 

87/369/16') 
( 14%/S9%/27%)d 
x2 = 48.86 
p < 0.0001 
75/84/52 
(36%/40%/25%)d 

~Sample locat lon- C•mpbcJI, Wlr l (May 1984). 
Percentage or to rol voh.lcle 'IOh.J tnl'!. 
~mple locat lon- N. WJlcre>I (Mo y 1984). 

Percentage of toutl Lruck voJumo. 

Chi-Square 
DF=2 

x2 = 168.72 
p < 0.0001 

X2 =61.87 
p < 0.0001 

x2 = 8. I2 
p < 0.0172 

x2 = 16.84 
p < 0.0005 

Night 
(inside/middle/outside) 

12 14/24 14/1031! 
(26%/52%/22%)b 
x2 = 2os.s9 
p < 0.0001 
1197/1099/763 
(39%/36%/25<,¥,)b 

27/1 02/24 
(18%/67%/ 16%)d 
x2 ~ 5.32 
p < 0.0684 
20/47 /5 
(28%/65%/7%)d 
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Total accident experience was noted within the 
1 imits of the construction project by segment for 
equal time periods before and during construction. 
These recorded values were related to segment length 
as given in Table 1 and to the measured average 
daily traffic also given in Table 1. This allowed 
the data to be converted to accident rates (accidents 
per 100 million vehicle-miles) that lend themselves 
to statistical analysis for significance of change 
(10). Tables 8-11 give the impact on safety of the 
t~nsi tway construction as measured by the changes 
in accident rates. Three changes in accident rates 
were statistically significant at the 5 percent 
level. The overall accident rate increased between 
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the preconstruction and the during-construction 
periods by 49 accidents per 100 million vehicle-miles 
with a standard error of 22 accidents per 100 mil
l ion vehicle-miles. The Segment 3 accident rate 
increased by 80 accidents per 100 million vehicle
miles between the preconstruction and the during
construction time periods with a standard error of 
27 accidents per 100 million vehicle-miles. Finally, 
between the preconstruction and the beginning-con
s truction time periods, the overall accident rate 
increased by 82 accidents per 100 million vehicle
miles with a standard error of 3 accidents per 100 
million vehicle-miles. It is also important to notice 
one difference that was not statistically signifi-

TAGLE 8 T-Tesls of Differences in Accideni Raies for Preconsiruciion Versus 
During-Construction Conditions 

Sample Mean Standard Standard 
Segment Size Difference• Deviation Error T 

l 9 15.05 66.20 22.07 0.68 
2 7 54.27 133.43 50.43 1.08 
3 5 79.52 60.82 27.20 2.92 
4 3 131.76 110.33 63.70 2.07 
5 6 25.35 204.34 83.42 0.30 
Overall 30 48.68 121.62 22.20 2.19 

~Ourlng-construtlion accident rates minus prcconstruction accident rates. 
St11 tb tlct1llY sl&nlfi cant at the s percent level . 

TABLE 9 T-Tests of Differences in Accident Rates for Beginning- Versus 
Ending-Construction Conditions 

Sample Mean Standard Standard 
Segment Size Difference" Deviation Error T 

l 5 -14.l l 97.03 43.39 - 0.33 
2 4 -44.50 78.00 39.00 -1.14 
3 3 -66.60 34.02 19.64 -3.39 
4 2 164.36 34.79 24.60 6.68 
5 3 -71. 98 39.07 22.56 -3.19 
Overall 17 19.74 96.06 23.30 -0.85 

a Ending-construction accident rates minus beginning-construction accident rates. 

PR>ITI 

0.515 
0.323 
0.043b 
0.175 
0.774 
0.037b 

PR>ITI 

0.761 
0.337 
0.077 
0.095 
0.086 
0.409 

TABLE 10 T-Tests of Differences in Accident Rates for Beginning- Versus 
Ending-Construction Conditions 

Sample Mean Standard Standard 
Se~ment Size Difference• Deviation F.rror T PR>ITI 

l 4 44.75 43.72 21.86 2.05 0.133 
2 3 49.37 202.64 117.00 0.42 0.714 
3 2 117.64 64.90 45.90 2.56 0.237 
4 1 21.14 
5 3 159.45 128.12 73.97 2.16 0.164 
Overall 13 81.68 114.71 31.81 2.57 o.025b 

~lkiln n i ng·CORtin.ic1 lon accident rnteJ minus ending-construction accident rates. 
Sto.tl!tlcully sls.nlfiant at the s JlHCCnl level. 

TABLE 11 T-Tests of Differences in Accident Rates for Preconstruction Versus 
Ending-Construction Conditions 

Sample Mean Standard Standard 
Segment Size Difference" Deviation Error T PR>ITI 

l 5 -8.71 75.79 33.90 -0.26 0.810 
2 4 57.94 90.49 45.25 1.28 0.290 
3 3 54.10 53.57 30.93 1.75 0.220 
4 2 187.08 77.40 54.73 3.42 0.181 
5 3 -108.75 184.44 106.49 -1.02 0.415 
Overall 17 23.44 1?4 Ql 30.Qf:! 0.78 0:1'17 

8 Ending-construcUon accident rates minus preconstruction accident rates. 
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cant: the mean difference in accident rates between 
the preconstruction and the ending-construction time 
periods was not significant at the 5 percent level. 

SUMMARY OF RESULTS 

The results of this study suggest the following 
conclusions: 

1. Transitway construction, as instituted with a 
detailed traffic control plan often involving many 
ramp closures, has not appreciably decreased operat
ing speeds. 

2. The geometric restrictions imposed by tran
sitway construction have not adversely affected 
freeway volumes to the extent that current highway 
capacity theory would predict. 

3. The ins ti tut ion of narrowed lane cross sec
tions and reduced lateral clearances on the inside 
and the outside lanes along the transitway construc
tion areas has resulted in a higher percentage of 
trucks as well as total vehicles using the middle 
and outer freeway lane. 

4. Traffic safety was adversely affected during 
the beginning of each step in the transitway con
struction sequence. However, as time passed, drivers 
were able to adjust to the traffic diversions and 
highway geometric restrictions that accompanied 
transitway construction. 

RECOMMENDATIONS AND CONCLUSIONS 

Retrofitting an HOV facility into the median of an 
existing freeway is a difficult and potentially 
hazardous task. In Houston, the narrow lane cross 
sections and reduced lateral clearances that were 
instituted along the transi tway construction areas 
raised fears of drastically reduced speeds and vol
umes and increased accidents. In response, a de
tailed traffic control plan was developed for the 
management of freeway main-lane traffic during tran
s itway construction. This traffic control plan has 
confronted the potential problems and minimized the 
operational and safety impacts that could have re
sulted from transitway retrofit construction. 

Although the institution of narrowed freeway 
lanes with little or no lateral clearances does not 
produce ideal conditions for optimal freeway opera
tion, it does allow the freeway to continue opera
tion during extensive retrofit construction with 
only minimal operational and safety impacts. Reduc
ing lane widths and using emergency shoulders for 
through traffic is much preferable to the more 
traditional strategy of reducing the number of 
through lanes available to peak-period traffic. 
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