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ABSTRACT

The degree of freeway congestion and delay caused by an accident de—
pends on the length of time that the accident vehicles block a lane and
are visible to other freewav motorists. To reduce the effects of acc1dents,
the investigation by policemen should be made at a location not visible to
freeway motorists. This report discusses the use of specially designed ac-
cident investigation sites which are located in areas adjacent,to the Gulf
Freeway in Houston but concealed from freeway motorists Usage of the sites
reduces delay to freeway motorists and frequency of secondarv accidents To
1mprove operation on other freeways, accident investigation sites should be

installed

Key Word5'~ Acc1dent Investigation Sites; Freeway Safety, Freeway
Delay, Freeway Operation Accident Prevention Benefit/

Cost Analysis.
DISCLAIMER

The contents of this report reflect the views of the authors who are |

responsible for the facts and the accuracv of the data presented herein. iThe

contents do not necessarily reflect the official views or policies of the Fed?

eral Highway Administration. This report does not constitute a standard, spec-

ification or regulation.
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SUMMARY

Sixtéen accident investigation sites were desigﬁated along the Gulf
Freeway from Dowling Street to Broadway Street. The ﬁurpose of the sites
is to provide a piace'out of view of the freeway motorists where police
officers can investigate accidents. Eight of the sites ére 1ocated an
city streets adjacent to the freeway: two are located on city streets
under the freeway; 6ne is located off a city street on freeway right-of-way;
and the other five are on unused space ﬁnder freeway structures.

Officers from the Houston Police Department began using the sites on
July 12, 1971. Data were collected through supplementary accident report‘
forms that each investigating officer filled out. During the first year
of‘opefation, 851 accidents were reported in fhe study area, and the sites
were used for 339 investigations (40 percent usage). In addition, another
176 investigations were conducted at other off-freeway locations (21 percent).

Benefits of the system in terms of delay saved were evaluated for

the peak travel periods. Annual savings from usage of the inveétigation

" sites and other ofofreeway locations amounted to $203;000. In addition,

there was a reduction in secondary accidents during the first year of
operation which resulted in a savings of $25,000. Construction costs were
prorated, and the annual cost plus the maintenance costs were estimated
at $8,000. For the first year of operation, the benefit/cost ratio was
28:1.

The criteria for an acceptable accident‘investigation site are as

fbllows:r must be easily accessible, well-marked, concealed from freeway

iii




motorists, located near a high accident area, constructed at low cost,
an area of at least 1000 sqdare feet of space, and lighted for nighttime

usage.

Implemeritation

bThe application of accidént investigation sites should be considered
for urban freeways with heavy traffic &emand. To provide accessibility,
the sites.éhould be located within freeway fight—of—way and be concealea
from freeway motorists. - Concealment of the sites could be accomplished
by metal or foliage screens. The construction costs of most sites will :
be economically feasible due to reduction in freeway delay alone. To
increase efficiency, an educational program on the use and benefits of
the sites should be conducted for fhe public. This study recommends that

accident investigation sites be constructed on all freeways in Houston.
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INTRODUCTION

Thé movement of vehicles on urban freeways has become an important
part of a metropolitan area. Motorists usually find uninterrupted flow
and few hazards on a freeway. However, the occurrence of freeway inci-

¥ ‘ dents such as accidents or stalled vehicles caﬁsés congestion on the
freeway and delay to motorists. When such an incident occurs, one or
more lanes are blocked resulting in a bottleneck situation and reduction
in freeway capacity. Normally, an accident causes more freeway conges-
tion than a stall since it usually inVolves two or more vehicles. The
dégree of congestion and delay caused by an accident depends on the
length of time that the accident vehicles block a lane and are visible
to motorists. Police usually investigate accidents on the freeway Shoﬁl-

- v lder, therefore, extending the time period during which the motoristé are
distracted by the accident vehicles. If an accident investigatibn is
made at a location not visible to freeway motorists, congéstion and delay
will be reduced and the traffic flow will return to normal more rapidly.

- To continue the development and refinement of traffic control sys-

tems for urban areas, the Texas Transportation Institute (TTI) and the
Texas Highway Department (THD), in cooperation with the U.S. Department
of Transportation, has begun a research project entitled 'Development

of Urban Traffic Management and Control Systems." One objective of this

report is to evaluate a system of accident investigation sites (AIS) located

- on a section of the Gulf Freeway (Interstate 45 South) in Houston. The




sites are copcealed from freeway motorists and are used by the police.to
make their accident investiéations. The accident in#estiéation'site study
is being carfied out in cooperation with the Houston Police.Department (HPD)
and the City of'ﬁouston. |

This study ie an outgrowtﬁ of earlier research of accidents in‘the
ﬁoving freeway lanes. In 1963, Wiishire and Keese Ql)‘conducted e study
on the effects of treffic accidents on freeway operation and the ﬁethods of.
accident investigation. In their conclusiens they stressed the importance
. of clearing the ffeeWay of all visiblersigns of the accident as quickly as
ﬁossible. Lynch and Keese (2) evaluated the‘average time elapsed between
the time of the acci&ent and the time when the damaged vehicles were moved
from the roedway;' They recommended that studies be conducted to devise
procedures for more rapid removal of accident vehicles. 1In 1969, Goolsby (3)
recommended the deeignation and construction of accident in#estigation-sites
on the Gulf Freeway. His study showed that on the average a minor accident
occurriﬁg during peak periode, affects traffic flow for 41 minutes, and of
this time, 24.5 minutes are spent in police investigation. Thus, if the
accident investigation is conducted at a site off the freeway, the accident
would affect traffie for only 16.5 minuﬁes. Goelsby (4) further determined
that a minor aceident blocking one lane of a three-lane roadway reduces
capacity by 50% even though the number of lanes is only reduced by 33%. Also,
if the damaged vehicles are moved to the freeway shoulder, the'ﬁaih—lanes
’ capac1ty is still reduced by 33% because of the "gapers-block" pﬁenomenon.
Thus, to more rapidly restore freeway operations, it is necessary to move

the acc1dent vehicles to a location whlch is out of view of the freeway motorists.
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PILOT STUDY SYSTEM

The Gulf Freeway was designed and built in the late 1940's. The
divided, six~lane freeway is complemented by an adjacent non-continuous
frontage road, and a slip-type design is used for the ramps. The Surveil-
1aﬁcé and Confrol Office, used by the Texas Highway Department and the
Texas Transportation Institute, started operatién in 1967. A closed cir-
cult television system provides surveillance for the six—ﬁile control sec~
tion of the freeway. Within this section, eight inbound entrance ramps
are cdntrolled by signals run by a digital process computer.' This study
was conducted on the six-mile seétion of the freeway within the video

surveillance system (Figure 1).

Location of Sites

Sixteen accident investigation sites have been designated along the
six-mile section of the Gulf Freeway from Dowling Street to Broadway Street.
These sites were chosen because of theif accessibility from thebfreeway
and concealment from freeway motorists. The iocation of the sites were
grouped into three types: a site on a city street, a site on a city street
under the freeway, and a constructed site on unused space within freeway
right-of-way. Table 1 presents a summary of the approximate location of
each site, and Appendix A contains a map of the loéations. Typical layouts
of the investigation sites are shown in Figure 2. Site preparation involved

the installation of direction signs and "No Parking' signs.
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Figure 1. Study area on the Gulf Freeway.




TABLE 1

ACCIDENT INVESTIGATION SITES

Site No. . Location Direction of Access
1 Pease Street Northbound
2 Under Freeway at Scott Northbound & Southbound
3 Under Freeway at Cullen - Northbound & Southbound
4 Sharpe Street Northbound
5 Under Freeway at Lombardy Southbound
6 Under Freeway at Tellepseﬁ Northbound
7 Burwell Sfreet Southbound
8 Harriet Street Northbound
9 Oakcliff Street Southbound
10 Maxwell Street Northbound
11 Under Freeway at Griggs Southbound
12 Under Freeway at Myrtle Northbound & Southbound
13 Under Freeway at Woodridge Northbound & Southbound
14 Thurow Street Southbound
15 Easton Street Northbound
16 Erie Street

Southbound
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Direction signs usually consisted of signs on the service road directing
people to the site and a sign designating the location of the site. "No
Parking" signs were posted at each site to insure available space for the
investigation and accident vehicles. Typical approach signs and signs desig-
nating the sites are shown in Figure 3.

Since‘most sections of the Gulf Freeway are at-grade with the service
road and city streets, many locations>within the freeway right-of-way would
be visible to the motorisps. Therefore, eight siﬁes (4, 7, 8, 9, 10, 14,
15, 16) were located on city streets adjacent to the freewav. The criteria
for locating these sites were: downstream of an exit ramp, on a city street
with light traffic flow, and sufficient parking area for thicles involved
in an accident investigation. The cost for city street sites was $35 per
site for signs. Figure 4 shows an accident investigation béing conducted

at Site 4.

_City streets, underneath one freeway overpass, carry a minimum of traf-
fic flow; therefore, two accident investigation sites (Sites 5 and 6) were
located on these streets under tﬁe freéway. There is Sﬁace available under
the overpass to construct sites; however, to reduce costs, the streéts were
selected. The necessary costs were $35 per site for iﬁstallation of signs.
Figure 5 showsVSite 6 on Tellepsen Street.

Of the remaining six sites, five (Sites 2, 3, 11, 12, and i3) were

located on unusued land under freeway overpasses, and one (Site 1) was lo-



An approach sign to Site 10.

designating Site 2.

Figure 3. AIS direction signs.
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Figure 4.

Accident investigation on city street at Site 4.



Site 6 on right side of Tellepsen Street.

Figure 5. Accident investigation site on city street
underneath freeway overpass.




cated off a city street within freeway right~of-way. Design of these
sites and construction costs are discussed below. Figure 6 is a pic-
ture taken from Griggs overpass with Site 12 in the foreground under
the overpass, and Figure 7 shows an accident investigation being con-
ducted at Site 12.

Design of Sites Requiring Construction — A typical accident in~

vestigation involves five vehicles - one police car, two damaged ve-
hicles, énd two wreckers. If it is assumed that each vehicle requires
a 10 feet by 20 feet space to park, a typical site should contain at
least 1000 square feet of space. The six constructed sites (1, 2, 3,
11, 12, 13) have a surfaced area of 30 feet by 85 feet, or 2550 square
feet. The extra area provides space for driving. Figure 8 shows a
picture of Site 2 and a diagram of the surfaced area.

Site 1 shown in Figure 9 is unique from all the other sites since
it is located in an open area off a city street. The ground, near a
pre—existing luminaire, was graded and paved. This construction amounted
to approximately $3,200,-and‘an additional $35 was spent on signs.

The five sites consfructed under the freeway weré also graded and
paved, and guardrails were placed between the pavement and the bridge
supports for protection. To discourage local use of the sites; the ac-
cess road between the service road and the site did not provide smooth
curves for turning into the sites. All of the construction work émounted
to about $3,200 per site. In addition to direction and "No Parking"

signs, it was necessary to add two clearance signs. . ''No Thru Traffie" .

11



Site 12 in foreground of picture.

Figure 6. Accident investigation site on unused land
underneath freeway overpass.

Figure 7. Accident vehicles moved under the freeway
to Site 12.
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Figure 9. Site 1 on freeway right-of-way off Pease Street.




signs were also installed to discourage motorists from using the sites

as U-turns. Cost of signing amounted to $115 per éite.

Since existiﬁg street lighting did not-provide sufficient illumina-
tion, additional lighting was mounted undér the overpasses. Installation
of the lighting increased the construction costs at each site by about
$2,800. Thus, lighting a;_fhg five sites amounted to about 45 percent
of the total constructionrcosts. Figure 10 shows Site 2 with lighting,
guardrail, and a "No Parking" sign. A second picture shows the entrance/
exit to Site 11.

Of the sixteen investigation sites located on the six-mile sectioﬂ
of the Gulf Freeway, four sites are accessible from either the inbound or
outbound direction, six sites are accessible to inbéund traffic only, and
six sites are accessible to outbound traffic only. Therefore, a site is
located an average of évery 0.6 mile for either therinbound or outbound
direction. Of the Six sites requiring extra éonstruction, four sites are
accessible from both directions, while the bther two:sités are acceésiblev

from one direction only.

Study Procedures

Officers of the Houston Police bepartment began using fhe sites on
July ‘12, 1971. Prior to this date, booklets identifying the location of
the investigation sites were distributed to the police officers. At. that
time, they were also given supplementary freewav accident report forms to be
filled out at each accident by the investigating gffiper. To provide a ba-

sis for the total city, officers investigating accidents on all freeways

15




Site 2 with lighting, guardrail and '"No Parking" sign.

Entrance/exit to Site 11.

Figure 10. Accident investigation sites under freeway overpasses.
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in Houston were requested to fill out the forms; therefore, freeway acci-

dents were reported 24 hours per day, 7 days per week. These forms were
revised in mid-August after representatives of TTI, THD, and HPD decided
that the information provided on the original form was confusing as to
location of the accident and location of the investigation. By mid-Septem-
ber, thé revised forms were being used by a majority of the officers. Fig-
ure 11 shows an example of the revised form. Each investigating officer
was requested to include the following information on the forms: date,
time, location of accident, location of investigation, why investigation

site not used, length of investigation, and officer's name.

17




Date /'— 5 - 72 Time /0 30

Freeway (name) GULF

Location of Accident:

Block No. 7200

Direction of Traffic:
[0 Northbound X Inbound
[ Southbound {7 Outbound
[ Eastbound
[ Westbound
Location of Investigation:
O Sshoulder B Accident Investigation Site No.
O Sservice Road 0O Median

0 city street O other

If Investigation Site Not Used, Why Not?

Type of Accident:
O Major

}J Minor

How Long Did Investigation Take? - 20

Signed /M}{ Oé [Lad

Investigating Officer

Figure 11. Hoﬁston Police Department supplementary
' freeway accident report form.
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DATA ANALYSIS

The analysis of the accident investigation sites included four
major areas: the usage rate, the benefit/cost ratio, the impact
on the operation of the freeway, and evaluation of individual sites.
The usage rate was evaluated according to time of day, month, and direc~
tion of travel. Estimated delay time saved was used to determine bene-
fits of the system. Other benefits derived from the added safety and
convenience of the sites were discussed, but a monetary value was not
calculated. 1In addition to the decrease in time during which capacity
was reduced on the freeway, the impact of accident experience before and
during the study was analyzed; Analysis of individual sites provided in-

formation on modifications to the AIS system.

Usage of AIS

Information from the'sqpplementary freeway accident report forms
was analyzed each week, and summaries were sent to THD and HPD. These
summary forms are found in Appendix B. The summary sheet included the
following: (a) number of police reports received, (b) number of times
the investigation sites ﬁere used, (c) the percent of time the investi-
gation sites or other off-freeway sites were used, (d) the number of
times a service road, city street, or parking lot was used for the inves-
tigation, and (e) apparent reasons for not using the sites. The apparent

reasons included: (a) non-critical time, (b) major accident, (c) short

19




investigation, (d) no towing facilities, (e) site inaccessible, (f) other
given reasons, or (g) no reason giVen. The apparent reason for not using

a site was taken from the policeman's comments on the police report forms.

Usage Analysis - During the first year of operation, a total of 851
policé forms were received. The Police Department closely monitored‘the ac-
‘cident investigation records to insure that all reported accidents were in—
cluded in the study. On 61 percent of the forms, the officer indicated that
bhe had used an accident investigation site or sohe other location off the

freeway to conduct the investigation. These off-freeway locations included

service roads, city streets, or parking lots. Table 2 summarizes the fre-

quency of the site usage.

TABLE 2

FREQUENCY OF SITE USAGE

Percent

Police Report Forms Received » 100
Usage of AIS _ - 40
Usage of Other Off-Freeway Locations ‘ 21

Investigation on Shoulder 39




In Tabie_B, the éiequencywof usaéé.is compared for the peak and off-
peak travel periods. The mofning and evening peak period usage rate for the
'AIS"was 45 percent. The usage rate for the daylight off-peak period was 41 per-
cent,-énd the‘nighttimevusage was 28 percent. One apparent reason'for the
lower usage rate at night is that the lighter traffic flow does not pro-
duce congestion. When investigating an accident during the morning peak-
period, the officers preferredwusingwan‘investigation site over another
off-freeway location by a ratio of 3:1. For the afternoon peak period and
-daylight off-peak, this ratio dropped to 2:1, whiie the nighttime ratio
was a little over 1:1. The overall ratio was aﬁproximately 2:1;

The monthly usage fates of the AIS showed a general increasing trend.
Except for the first two weeké, the usage rate.increased from 27 percent
to about 50 percent, as shown in Table 4. The 48 percent usage rate during
the first two weeks was probably due to the initial efforts of starting the
study. The usage rates of the AIS plus other off-freeway sites
low any trend and varied between 53 and 74 percent.

There was no'significant difference in the frequency of AIS usage ac-
cording to direction of travel. Table-S shows that the investigation sites
on the inbound side of the freeway were used 44 ﬁercent of the time, and
on the outbound side they were used 43 percent. Similar usage was expec—
ted since there are ten sites acéessible to inbound traffic and ten sites
on the outbound side of the freeway. Data prior to October 1971 were not
analyzed for direction of travel, because the first supplementary freeway

accident report forms did not provide this information.
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TABLE 3

AIS USAGE DURING
PEAK AND OFF-PEAK PERIODS

Peak Periods

Off-Peak Periods

Morning Af ternoon Daylight Nighttime
9 am.-3 p.m.
Time Period 6 a.m.-9 a.m. 3 p.m.-6 p.m. (Mon.-Fri.) 6 p.m.-6 a.m.
(Mon.-Fri.) (Mon.-Fri.) 6 a.m.-6 p.m. (Daily)
(Weekend)

No. of Accidents 152 186 321 192
No. of Investigations

at AIS 75(49%) 78(42%) " 132(417%) 54(28%)
No. of Investigations

at Other Off-Freeway .

Locations 23(15%) 39(21%) 70(22%) 44(23%)
Percent of Time AIS

and Other Off-Free- :

way Locations Used 647 637 63% 51%
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TABLE 4

USAGE RATE OF AIS

July

Aug.

1971

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

‘March

1972

Apr.

May

June

July

No. of Accidents

No. of Times AILS
Used

Percent of Time
AIS Used

No. of Times Other
Off-Freeway Loca-
tions Used

Percent of Time
Other Off-Freeway
Location Used

Total Percent of
AIS and Off~-Freeway
Locations Used

52

25

487

10

197

62

17

27%

17

27%

54%

65

23

35%

12

18%

72

22

317

21

29%

60%

75

26

35%

15

207%

55%

72

23

32%

20

28%

607%

69

27

39%

12

17%

567

103

41

407

24

23%

637%

70

34

49%

10

14%

637%

57

28

49%

14

25%

747%

64

26

417

10

167%

57%

69

36

52%

10

66%

21

10




TABLE 5

. USAGE RATE OF AIS
ACCORDING TO DIRECTION OF TRAVEL

) Direction
Inbound Outbound

No. of Accidents
No. of Times AIS Used
Percent of Time AIS Used

No. of Times Other Off-
Freeway Locations Used

' _Percent of Time Other
Off-Freeway Locations:Used




>

A total of 115 officers reported aécidents in the study area during
the first year of operation. The usage rate for a police accident inves-
tigator was obtained by dividing the n#mber of times investigation sites
were use& by the number ofraccidents investigated. Table 6 shows the AIS
usage rates for the poiice officers. Twenty-eight officers>investigated
only one accident, and their usage rate (18 percent) was much lower than
that of other accident investigators (41 percent) .

Comments from Officers - To obtain first hand opinions on the value

of the AIS system, eighteen Houston police 6fficer§'were interviewed at
the Freeway Surveillance Office ih June., Each officér had investigated
more than ten accidents in the study area during’the previéus year, and
their usage rates varied from 14 to 68 percenf;' Most of the officers
agreed fhat the AIS system improved traffic operations during an accident
investigation. When queried as to the conditions under which. they would |
not move the éccident vehiclesvoff the freeway, tﬁey cited the following
situations: when a faﬁality or possible fatality has occurred, when a
crime has been committed, or when phofographs or measurements are needed
at the scene. Severél of the officers said that they hesitate moving

the vehicles when too many cars are involved and when an accident site is
some distance away. Since the AIS system is a new concept, one officer

stated that sometimes he forgot that the investigation sites are available.

One of the problems encountered by the officers was that they had
to explain to the motorists how to get to a site. Also, motorists were

not aware that they could move their vehicles off the freeway before the

25



TABLE 6

FREQUENCY OF REPORTING AND USAGE OF -

Officers Reporting Only One Accident

No. of Officers

No. of Accidents

No. Moved to Sites

No. Not Moved to Sites

Officers Reporting Two to Ten Accidents

No. of Officers

No. of Accidents

No. Moved to Sites

No. Not Moved to Sites

Officers Reporting‘More Than Ten Accidents

No. of Officers

No. of Accidents

No. Moved to Sites

No. Not Moved to Sites

Totals

No. of Officers
~*%No. of Accidents
No. Moved to Sites
No. Not Moved to Sites

28
28
5(18%)
23

- 61
254
106 (42%)
148

26

563
225(40%)
338

115
851
339(40%)
512

*6 report forms from the HPD were not signed.




police arrived. During the_last quarter of the study year, wrecker drivers
were instructed by the police department to move noninjury accident vehicles
to a site as soon as possible. Several officers pointed out that this pro-
cedurercaﬁsed problems if the wrecker driver failed to report where he had
relocated the vehicles. A possible solutionrto this problem is the éxpan—
sion of the THD "freeway patrol" who could be authorized to move vehicles
from the freeway to an AISVand report pertinent information to the Houston
Police Department.

The officers agreed that using a site made their jobs easier because
of the more relaxed atﬁospheré. The sites provided a pléce concealed from
freeway traffic and reduced noise levels. The ﬁnder—freeway sites provided
an added convenience of sheltering ﬁolice and motorists from inclementbweather‘
conditions.

Change ér modifications to the AIS system on the Gulf Freeway were sug-
gested by several officers? and these are incorporated in other seétions. In
genefai, the theme which the officers related in the interviews was to ihform
the motorists of the location and purpose of the sites. Most officers prefer-
red using the under-freeway sites because they are more easily accessible. Plac-
ing some type of communication systém‘ét the sites was suggested by a majority

of the officers.

Benefit Analysis

The anticipated benefits of the AIS system were improvement in safety and
convenience, reduction in delay time, and reduction of secondary accidents.
Benefits derived from the safety and conveiience that the investigation sites

provide were difficult to evaluate quantitatively. - The sequence through which
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a minor accident progresses is listed below with the average time for execu-
tion of each step:

1. Detection and reporting of accidents to Police Dispatcher (1 min-
ute) - use of television surveillance system shortens this activ-
ity.

Location, dispatch, and travel to accident scene of police unit
(11 minutes).

3. Clearance of accident vehicles from traveled lanes (4 minutes).

4. Investigation of accident by police (25 minutes).

Eliminating the 25 minutes for the actual investigation on the freeway results
in only 16 minutes during which traffic flow would be affected. Thus the
freeway operation is restored to normal more rapidly, making it possible for
emergency vehicles and other such vehicles to reach their destinations more
quickly. Analysis of peak-period accident data for the year prior to the in- .
stallation of the AIS systém showed that only 30 percent of the investigations
were made off the freeway. During this study vear when the AIS system was in
use, 45 percent of the peak—period accident investigations were madé at an AIS,
and an additional 20 percent were made at other off-freeway locations (see
Table 3). If an average of thirty peak period accidents occur each month, the
accidents would have affected freeway traffic flow for 1005 minutes for the
year prior to the installation of the AIS system. During the study year, with a

. 65 percent removal rate, thirty peak period accidents affected traffic flow for

742 minutes. This amounted to a 26 percent reduction in affected traffic flow

during peak periods.
Use of the accident investigation sites also decreases delay to freeway
motorists since the "gapers-block" or "rubbernecking" is eliminated after

the vehicles are removed from the freewav. Usage of the sites also reduces
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the hazards to persons involved in an accident investigation. Other bene-
fits of the accident investigation sites unique to a particular type of
accident improve the operation and safety of the freeway.

Reduction in Delay - Usage of the AIS system and other off-freeway

locations reduced the number of vehicle-hours of delay signficantly. Time-
delay . graphs were developed to estimate the totdl hours of delay saved
dﬁring the first year. Initially, time-{Low graphs were used to develop
the time-delay relationships.

To provide a conservative estimate, the following assumptions were
made: all accidents blocked only one lane, accident vehicles were moved
from the freeway lanes in 15 minutes; and no injuries were incurred by
occupants of the accident vehicles. The time-4£ow graph shown in Fig-
ure 12 illustrates the effects of such an accident occurring at 7:00 a.m.
on the inbound Gulf Freeway at Teléphone Road. The demand curve was
based on normal operational data, and the reduced volume curves were plot-
ted using the following three-lane flow rates (4): accident vehicles on
freeway (2750 VPH), accident veﬁicles on freeway shoulder (4030 VPH), and
service volume during normal peak hour (5560 VPH). The area between the
demand and service volume curve.is the delay in vehicle~hours that motor-
ists will experience. The 15 minutes of freeway blockage produced a fixed
delay of 690 vehicle-hours. Additional delay is a function of the inves~

tigation procedure, of which three cases are presented.

In case 1, it was assumed that the accident vehicles were moved to an

AIS or another off-freeway location. Thus, no additional delay occurred, and
freeway operation was normal by 8:15. For case 2, the investigation was

conducted on the freeway shoulder and required 20 minutes. This procedure
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noninjury accident over Telephone Road inbound.

30




caused a total delay'bf 1470 vehicle~hours. A 40-minute investigation
on the shoulder (case 3) produced 2170 vehicle-hours of delay. Similar
graphs were drawn for hypotbétical accidents occurring at various times
during the day at Woodridge, Griggs, and'Dumble; Because of the light
flow rates, delay times between 7:00 p.m. and 6:00 a.m. wefe-neafly zero.
Time?deﬂay graphs consisting of three curves of delay versus the
time of day were plotted for accidents occurring at Woodridge, Griggs,
Telephone and~Duﬁble. Only the iB—hour period from 6:00 a.m. to 7:00 p.m.
was summarized on each graph. Figure 13 is the time-delay graph for acci-
dents occurring at the Telephone overpaés. For example, if an accident
occurred on the inbound freeway over Telephone Road at 7:30 a.m., the amount
of delay to freeway motorists would be 460 vehicle—houré if the.investigation
is conducted off'the,freéway., If the investigation is conducted on the free-
way shoulder and takes 20 minutes, the émount of delay would be 1000 vehicie—
hours. Therefore, 540 vehicle-hours of delay ére saved due tb moving the
vehicles off the freeway. Similarly, a 40-minute invéstigation on the free-

way causes 1480 vehicle-hours of delay. The delay saved in this instance

would be 1020 vehicle-hours, if the investigation is conducted at a site

off the freeway.

There was no significant difference in delay for the three cases dur--
ing the daylight off-peak periods (9 a.m.-3 p;m.), because traffic demand
usually did not exceed the reduced capacity caused by an accident investi—
gation on the shoulderf Thus, fofvﬁﬁis‘study, delay time saved was compu-
‘ted for accidents occurring during the peak beriods only; From September 13,

1971 to July 9, 1972, the estimated delay time saved due to the 93 uses of
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the investigation site was 29,250 vehicle-hours. An additional 8100 ve-
hicle-hours were saved due to investigations conducted at other off-free-
way locations. These results are shown in Table 7.. Data prior to mid-

September were not included in the analysis because the information on the

coriginal forms was insufficient for this analysis.

1n 1969 an economic study of the Gulf Freeway was conducted'using 1967
data. The cost per vehicle-hour of travel was determined to be $2.92 (é);
This value was based on the "conservative' estimate -of 1:0 persons per pas-

senger vehicle. Assuming a compounded increase of 5 percent per year for 5

‘years, and an increase in the vehicle occupancy from the '"conservative' esti-

mate of 1.0 persons to a realistic estimate of 1.2 persons per vehicle, the

value of one vehicle-hour in 1972 would be $4.50. Bv using this‘updafed value,
the monitary savipgs can be calculated. The total delay saved for‘the 35~week
period was 29,580 vehicle—hours, thus resulting in a savings of $133,000. This

représents an annual savings‘of $200,000.

Reduction in Accidents - Restoring freéwéy éperétioné more rapidly also
aids in the reductionrof secondary éccideﬁts that océur as a result of shock
waves. Daté forvthé analysis of secondary accidents wére dbtained from rec-
ords in the Surveillance foicebielevision,Room duriﬁg peak periodsf Dufing
the year ﬁfior torthe A1S system; 15 out of 212 accideﬁtéVWére classified as
secondary; whereas;'with tﬁe use of the AIS, the secondary éccidents decreased
to 8 out of 179 accidénts.' Thgs, the tétal numﬁér of peak peridd accildents
decreaéed by 33, and the number of secondary»accidenté decreased by 7.» Sec-
ondary accidents, éhérefore, represented él% of the reduction in peékfperiod
accidents. |

Using a 24-hour basis, data obtained from the City of Houstén showed
that 1046 éccidentsloccurred'in the study arearduring the year prior to

installation of the AIS system, After installation, there were 851 acci-
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TABLE 7
ACCIDENT DELAY SUMMARY

13, 1971 - July 9, 1972)

Time Period

No. Removed to AIS

Delay Time Saved
Due to Usage of AIS
(vehicle-hours)

No. Removed to Other
Off-Freeway Locations

Delay Time Saved Due
to Usage of Other
Off-Freeway Locations
{(vehicles-hours)




dents or a reduction of 195 accidents. If it is assumed that the proba-~
bility of occurrence of a secondary accident is the samelfor peak periods
and off-peak periods, then about 41 secondary accidents ﬁere prevented
(tﬁat is, 21 percent of 195 accidents). |

Burke (6) in 1970 determined accident costs for the three types of
accidents listed below. Again, assuming a 5 percent per year compounded
increase, the cost per vehicle involved for the following types of acci~
dents in 1972 would be:

1. property damage - $ 307.00

2. injury - %1,857.00, and

3. fatality - $5,380.00.
It was further assumed that all accidents analyzed involved only two cars
and that only property damage was incurred. Therefore, the annual savings

due to reduction of 41 secondary accidents was approximately $25,000.

Comparison of Benefits and Costs

Total construction costs, summarized in Table 8, amounted to approxi -
mately $34,500. Maintenance for the AIS system was minor for the first
year. rThree signs were observed to be damaged, and one light fixture was
reported to be broken. Other repairs were. probably not reported; No cost
figures were available, so a very conservative estimate of $200 per month

was made. An estimate of maintenance costs for the first year is, therefore,

$2,400.




TABLE 8

SUMMARY OF CONSTRUCTION COSTS

Item

Sites Using Exiting Facilities
(Numbers 4, 5, 6, 7, 8, 9, 10,
14, 15, 16) :

Directional Signs

Sites Requiring Construction
(Numbers 1, 2, 3, 11, 12, 13)

Surfacing, guardrail, etec. $19,308.69
‘Clearance Signs at five sites $ - 400.00
Directional Signs ’ $ 210.12

Lighting at five sites $14,178.61

Total Construction Costs '$34,447 .62




To determine the annual cost of the AIS system, the initial con-
struction costs were multiplied by a uniform series capital-recovery
factor which was based on a conservative interest rate of 10 percent

for only 10 years. ‘The benefit/cost ratio (B/C) then can be stated as

follows:
B/C = AB
(crf-IC)+AMC
where AB = annual benefits,
crf = uniform series capital recovery factor for
i=10%, n = 10 years,
IC = initial capital cost,

AMC = annual maintenance cost.

Benefits of the system due to delay saved and reduction in secondary accidents
was $228,000. Thus,

B $228,000
(0.163 x $34,500)+$2, 400

$228,000
$ 8,000

28.5

Evaluation of Individual Sites

An analysis of the usage rate for each site was made. This usage
rate was obtained by dividing the number of times a site was used by the
number of accideﬂts that occurred near it. The number of times that a
site was used was‘based on information obtained from the supplementary po-

lice forms, and the number of accidents that were within moving distance of
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a site was determined by'subjective analysis. Né accident was considered
for more than one site, and Qhen there was a question as to which was the
nearest site, the accident was omitted from analysis. The results of the
analysis are shown in Table 9.

The sites located under the freeway, including the two én city streets,
had a cbmbined usage rate of 53 percent, while the usage rate for the sites
located on city streets was 35 percent. The rates at individual sites
varied from 12 to 64Apercent. Of the seven sites which had usage rates
greater than 50 percent, only two sites (Sites 9 and 16) are on city streets.
These two are the only city street sites immediately downstream of an exit
ramp. To reach all other city street sites, motorists must drive further.
There is a definite trend to use sites that are located undef the freeway
or directly adjacent to it. However, Sites 1 and 10, which are furthest
from the freeway, had usage rates of 36 and 45 percent, réspectively. The
sites with the lowest usage rates are Sites 14 (12 percent) and 15 (22 per-
cent) . Both of these sites are located near the SH 225 interchange which
appears to have affected the usage rate.

An analysis of the nighttime usage of the accident investigation sites
was made to determine if the sites were being used at night and if the ad-
ditional cost for lighting was justified at Sites 2, 3, 11, 12, and 13.
Table 10 is a summary of the results. Unfortunately, the number of acci-
dents near each site was too small in most cases to provide a valid analy-
sis. Most sites had a decrease in ﬁhe usage rate at night. The night~
time usage rate for sites under freeway overpasses, including the two sites

on city streets, was 38 percent as compared with 53 percent for 24 hours.
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TABLE 9

USAGE RATES OF INDIVIDUAL
. ACCIDENT INVESTIGATION SITES

~Number of Usage

Number of Accidents Rate

~ Site Uses - Near Site (%
1 16 45 36
2% 39 103 38
3% 42 : 80 53
4 13 42 31
5% : 26 56 46
6% 21 33 64

7 10 29 34

8 8 27 29

9 10 18 56
10 10 22 45
G 23 R 52
12% 41 67 v 61
13*% 55 87 63
14 3 25 12
15 6 27 22
16 16 31 | 52

*Sites Located under Freeway Overpasses.
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TABLE 10

NIGHTTIME USAGE RATES ‘
OF INDIVIDUAL ACCIDENT INVESTIGATION SITES

(6:00 p.m. to 6:00 a.m.)

" Number of Usage 24-Hour

Number of Accidents Rate Usage Rate
Site Uses Near Site (%) (%)
1 3 14 21 36
2% 8 24 33 38
% 4 11 36 53
4 0 2 0 31
5 1 8 12 46
6 1 3 33 64
7 1 2 50 34
8 2 9 - 22 29
9 2 7 28 56
10 1 2 50 45
11% . 4 10 40 52
12% 3 6 50 61
13*% 9 17 53 63
14 : 1 : 11 9 lé
15 2 14 14 22
16 ‘ 3 4 75 52

* Sites where lighting was installed.
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For the other sites the usage rate decreased from 35 to 23 percent. The
five sites, where lighting was installed, had a nighttime usage rate of

- 41 petcent as compared to a 24-hour usage rate of 52 percent.

Modifications for the AIS System

After a year of experience, the AIS system on the Gulf Freeway was
shown to be satisfactory, based on design and location of sites. However,
with certain modifications it is anticipated that the efficiency of the sys-
tem can be increased. The modifications should be considered fof implemen-
tation of other sites. The basic design of fhe'sites on unused freeway
right-of-way was sufficient.‘ The use of the site as a U-turn continued to
be a minor problem. '"No Thru Traffic" signs reduced this problemband
should be included in the original design. A low curb at the entrance to
the sites could be used to discou?age improper use. Location of the entrance/
exit of the site directly across from a driveway or street is undesirable.

The initial desigh of the sites located on city streets has proven work-
able, but some modificatiéns are needed. Three sites (7, 14, and 15) are lo-
cated on narrow streets and are not long eﬁough for accident vehicles. If
the vehicles involved in the investigation are parked on one side of the street,
the site should be at least 100 feet long (five vehicles, each of which are 20
feet long) . The street should be at least 30 feet wide to allow traffic to
pass the site in both directions during an investigation. A street narrower

than 30 feet should have "No Parking" signs on both sides of the street.
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The installation of lights at a site may not be justified based on
the added cost if nighttime usage rate is low. The purpose of the light-
ing should berto illuminate the area and not provide light for completing
the investigation forms since officers use flash lights. Therefore, ad-
ditional lighting should be-limited>to sites which have a high usage rate
and no city lights. |

The most used sites were thqse under the freeway o&erpasses. Sev-
eral sites (9, 10, 14, ahd 16) were 16cated at places with low accident
rates andvmay be unnecessary. However, the cost of installation was low
($35 a site), and other sites were difficult to reach. Due to freeway
construction, the exit rémp leading tOVSite 15 was permanently closed oﬁ
May 24. The sité is now inaccessible from the freeway, and no replacement

bsite has been proposed}

A site should be located so that it is accessible from the freeway
and easy to find. Locating Fhe site so that it is out of view of freeway
motorists should take secondary consideratién since scréens (metal or fol-
iage) could bé installed; Where possible, sites should be constructed ad-
jacent to the sérvice road as shown in Figure 14. 1If modifications of the
Gulf Freeway AIS system are made, Sites 7 and 8 should be relocated onto

the freeway right-of-way near the service road.

Expansion to Other Freeways

Expansion of the AIS system to other freeways in Houston should be

encouraged. Data on accidents were collected from the other freeways in Hous-

ton on a 24-hour basis. This was accomplished through the supplementary free--
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way accident report forms that the investigatiné officers filled out. A
limited analysis was made to determine characferistics of.accident removal
on the othef free&ays. .Table 11 summafizes accident ekpériénce and re-
moval on all the Houston freewayé._ The Gulf Freeway.study area had thé
highesﬁ removal rate, 61 percent. The removal rate for thc other freeways'
varied from 24 percent to 41 percent. An AIS system installed on the other
freewavs should improve the removal rates. In designating the‘sites, em~
phasis shouid be place& on locations wich high accident rates. Also to be
considered in the city-wide AISAsystem are low construction costs and easily -
accessible sites. Representatives of the Houston Police Dcpartment, City of
Houston - Department of Traffic and Transportation, and the Texas Highway

Department, District 12, should be included in the choosing of the sites.
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TABLE 11

ACCIDENT EXPERIENCE

Gulf* | Gulf** | North | Katy | East Southwest Eastex | N. Loop |S. Loop W. Loop

Freeway Name : I-45 S.| I-45 S. {[-45 N.|1-10 W.|I-10 E.{U.S. 59 S.|U.S. 59 NJ I-610 N. {I~610 S. |[I-610 W.
Distance in Miles 6.2 8.1 8.7 12.8/ 9.8/ . 11.4 8.3 12.7]  11.6 8.5
No. of Accidents 851 273 | 466" 369 344 468 . 519 449 480 525

Sy

No. Investigated on

Fwy. Shoulder or
Median 336 173 301 245 210 298 308 273 320 401

No. Removed To an

Of f-Freeway Loca-
tion 515 100 165 124 134 170 ' 211 176 © 160 124

Removal Rate 617% 37% 35% 347 397% 36% 417 39% 33% 24%

* AIS Study Area

*#% Other than AIS Study Area




FINDINGS AND RECOMMENDATIONS

General

The usage rate for the Accident Investigation Sites on the Gulf Freeway
was 40 percent during the first year of operation. Although this was lower
than was anticipatéd, it is felt that the program has been a success. The
AIS system is a new concept for Handling accidents, and therefore, it should
~be expeéted that through an educational aﬁd managerial process, the usage
rate will increase. That is to say, as policemen and motorists become more

familiar with the purposes and benefits of the AIS, the usage rate will in-

crease,
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Findings
1. Of the 851 accidents repbrted in the study area, 40 percent were
investigated at accident investigation sites and 21 percent at
other off-freeway locations.
2. Of the 348 accidentsrthat occurred on the inbound side of'the

N . ' Gulf Freeway, 44 percent were moved to an investigation site.

On the outbound side, 43 percent of 282 accidenté wéfe removed
to a designated site. ,

3. Between the hours of 6:00 - 9:00 a.m. and 3:00 - 6:00 p.m.,7§3
accidents were investigated at accident investigation sites which
resulted in a savings of 29,250 vehicle-hours of deléy.' During
the same period, 28 accidents were iﬁveétigated at othef off-

freeway locations which amounted to a savings of 8,100 vehicle-

.

hours of delay. The savings in delay totaled $203,0002annua11y.

4, There was a 21 percent reduction in the number of sécondary acci-
dents after the AIS system was installed, fesulting in‘a savings
of $25,000. |

5. "Total coﬁStruction'costs for the system amounted td.$34,500. Main-
tenance costs for the first year were estimated at $2,400.

6. For the first year of operation, proréted costs of the system totaled

$8,000, while benefits from delay saved and éccidentvreduction were

$228,000. Thus, the benefit/cost ratio was 28:1.

7. Criteria for an acceptable accident investigation site are:
! a. easily‘accéssible;

b. well-marked,
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c. concealed from freeway motorists,

d. located near high-accident area,

e. low coﬁstruction costs,

f. ;centain at least 1000 square feet of space, and

g, sufficient lighting.

Recommendations

Based on the first year of operation of the AIS system, the following

recommendations are made:

1.

Because of the success of the first-year program of the AIS sys-
tem on the Gulf Freeway, the evaluation of this system should be
contlnued for succeedlng years so that a long-term operation analy-
sis can be made.

Since the investigation sites have proven ‘to be beneficial on the
Gulf Freeway, they should be expanded to include other freeways
within the State.

To comﬁlement the expansion, there should be a major effort towards
eduéating the general»public as to removal and reporting of accidents
and the purpose and location of the AIS, A city-wide AIS sysﬁem
should then work more eff1c1ently since all freeway motorists would
be able to use the: system. This should reduce some of the problems
encountered by the police_depar;ment in accident investigation.
"Freeway Patrol" vehicles shodid be assigned to the Gulf Freeway to

aid motorists in moving their vehicles off the freeway.
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Conveniences, such as a public telephone or other communication s8ys~

tems should be added to the existing sites.

To assure the effective use of freeway sites and to obtain improved

freeway operations after an accident has occurred, an educational

program should be deVeldped to inform the City Police Department on

the intent and use of the sites. The program should be directed to

the.individual policeman.
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APPENDIX A

"Map of Gulf Freeway Study Area

with Locations of AIS System
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'APPENDIX B

Weekly Summary Sheets and Graphs
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ACCIDENT INVESTIGATION SITE (AIS) SUMMARY
GULF FREEWAY (2000 BLOCK - 8200 BLOCK)

712-17/19-|7/26-|8/2-18/9-{8/16-18/23 8/30{ 9/6-| 9/13-{ 9/20{9/27-{10/4 || total since
WEEK OF STUDY - 7/18 {7/25 |8/1_|8/8 18/15 [8/22 |8/2919/5 {9/2 |9/19 |9/26{10/3 [10/10]] July 12

1) Number of HPD Supplemental Freeway

Accident Report Forms received 16 {25014 2813 s Jas) o |13 |22 ] 14|12 198
2) Percent of reports in which AIS or |

‘off-freeway sites used .

)Y 75% } 68%} 50%Z | 50%) 617 46%Z ) 60% | 4A0%| 55%Z) 69% )} 50% | 71z | 67% 59%

3) Number of times AIS used 12 11 2 4 4 4 4 5 4 6 5 7 5 73
4) 1Investigations conducted off the

freeway (other than AIS)

a., Service road (or citv street) 4 3 2 6 2 3 1 1 3 2 1 32

b, Parking lot . 2 1 3 1 12
5. Investigations conducted on freeway or

shoulder (apparent reasons for not -

using off-freeway site or AIS)"

a. Nom-cy * 3 2 4 31 5 2 1 5 1 2 4 1 33

2. No towing availlable

S Malor incident O 2 | 1 2

d. ALS inaccessible 2 2

€. Shoxt investigation z 11 2 1 8

£._Other given reascn L 2

g. No reason given (investigation 1 3 1 3 ) 5 3 9 2 5 4 31

~———duriog critical timak)

*Non-critical time - weekends, holidays, weekdays (9:00 a.m.-4:00 p.m.; 6:30 p.m.~-6:30 a.m.)
Critical time - weekdays (6:30 a.m.-9:00 a.m.; 4:00 p.m.-6:30 p.m.)




ACCIDENT INVESTIGATION SITE (AIS) SUMMARY
GULF FREEWAY (2000 BLOCK - 8200 BLOCK)

10/18-|10/25- 1/15-l22-ns29- 12/13-12/20- total since
WEEK OF STUDY - 10/24 10731 /2t fn/2s |i2/5 12/19012/26 July 12

Number of HPD Supplemental Freeway
Accident Report Forms received 23 18 24 16 13 414

.Peréent of reports in which AIS or .

off-freeway sites used
‘ )

Number of times AIS used

Investigations conducted off the
freeway (other than AIS)

a., Service road ] £)
b, Parkipng lot

lnveétigations conducted on freeway or
shoulder (apparent reasons for not
using off-freeway site or AIS)"

a. Non—critijcal time#*
L. No towing avallable
S Malox dncident
4o AIS inaccessible
€. Shoxt investigation
L. _Other given reason

g, No reason given (investigation
during critical timek)

*Non-critical time - weekends, holidays, weekdays (9:00 a.m.-4:00 p.m.; 6:30 p.m.~6:30 a.m.)
Critical time - weekdays (6:30 a.m.-9:00 a.m.; 4:00 p.m.~-6:30 p.m.)
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ACCIDENT INVESTIGATION SITE (AIS) SUMMARY

GULF FREEWAY (2000 BLOCK - 8200 BLOCK)

110-|/17- [I/24-11/31 - [2/7- [2/14- |2 /21~ ] 2/28-{3/6 - {3/13 -[3/20- 3/27- |4/3~|]total since
WEEK OF STUDY - 1716 {1723 {1730 |2/6 |2/13 |2/20 J2/27 {3/5 {3/12 [3/19 |3/26 |4/2 la/9 |} July 12

1) Number of HPD Supplemental Freeway

Accident Report Forms received 12 1 34 5 271 25§ 20 | 25 24 | 16 | 12 18 9 12 653
2) Percent of reports in which AIS or ‘

"off-f it d

(as defined in 3 and 4 belge) 587] 507 |100% | s6x]| 762) e0x| 657 | 797] soz| sex | 61z | asz| 752 59%
3) Number of times ATS used 6l13| s | slus| sl o] 7l ale] a| ol 20
4) 1Investigations conducted off the

freeway (other than AIS)

a. Service road (or city street) 2 7 3 4 1 1 1 2 98

b, Parking lot 1 2 ’ 3 1 1 2 3 48
5. Investigations conducted on freeway or

shoulder (apparent reasons for not

using off-frgeway site or AIS)-

a. Non-critical time* 2 4 1 113 1] 1 91

b. No towing available 31 311t} 1 27

. Maior incideat 213 211 2 2 1 26

d. AIS inaccessible (I 10

e. Short investigation 1 1 20

£._Other given reason 2 2 2 2 2 | 2 26

g. No reason given (investigation

during critical timek) 1 4 1 2 3 2 1 65

*Non~critical time - weekends, holidays, weekdays (9

Critical time - weekdays (6:30 a.m.-9:00 a.m.; 4:00 p.m.-6:30 p.m.)

:00 a.m.—4:00 p.m.; 6:30 p.m.~6:30 a.m.)

L3
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ACCIDENT INVESTIGATION SITE (AIS) SUMMARY
GULF FREEWAY (2000 BLOCK - 8200 BLOCK)

)

‘ 14/10- |4/17|4/24-15/1 - |5/8- 15/15-|5/22~{5/29-{6/5~ |6/12-|6/19~]6/26-|7/3~ || total since
WEEK OF STUDY -+ 4/16 |4/2314/3015/7_15/i4 |5/21 |5/28 |6/4 |6/l -|6/i8 |6/25 |7/2 |w9 || July 12
1) Number of HPD Supplemental Freeway ‘
Accident Report Forms received 12 {22 10 | 14|17 J11 J17 | 13| 4 |19 {14 | 17 |18 851
2) Percent of reports in which AIS or
‘off-freeway sites used
) 67%1 77% ) 80% | 437} 59Z) 55% 1 65% ) 6971 86% ] 53% } 64% } 657 ] 56% 61%
3) Number of times AIS used 4 13 7 3 9 1 4 10 4 8' 9 7 10 9 339
4) 1Investigations conducted off the '
freeway (other than AIS)
2. Service road (or city streef) 2 111 2 1111 111 118
b, Parking lot 1 1 1 1 1 2 1 58
5. Investigations conducted on freeway or
shoulder (apparent reasons for not
using off-freeway site or AIS)-
: * 1 1 4 1 1 1 1 101
2. Nop-critical time .
b No towing avajilable 1 1 1 1 1 1 1 2 37
. Maior incident 3 1 32
d ALS inaccessible 2 1 1 2 1 1 19
¢. .Short investigation 1 21
umwmnnnn 1 2 1 1 3 1 4 2 3 2 47
g. No reason given (investigation 2 1 1 1 1 1 4 1 2 79

*Non-critical time - weekends, holidays, weekdays (9:00 a.m.-4:00 p.m.; 6:30 p.m.-6: 30 a.m.)
Critical time - weekdays (6:30 a.m.-9:00 a.m.; 4:00 p.m.~6:30 p.m.)

“t

P




given for not

cgearing freeway (see 5a, S5e and

5g on summary sheet)
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No. of Accidents

1.

Per cent of reports in which AIS
or off freeway sites used (see 2
on summary site)

Per cent of reports in which AIS
used (see 3 on summary sheet)

Per cent of reports in which no
apparent reason given for not
clearing freeway (see 5a, 5e and
5g on summary sheet)
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