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DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for the
facts and the accuracy of the infor mation presented herein. T his document 1is
disseminated under the sponsorship of the De  partment of Transportation, University
Transportation Centers Program, and California Department of Transportation in the
interest of infor mation exchange. The U.S. Government and California Departm ent of
Transportation assume no liability for the conten ts or use thereof. The contents do not
necessarily reflect the official views or policies of the State of California or the
Department of Transportation. This report does not constitute a standard, specification,

or regulation.
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ABSTRACT

The proposed study will use the Pareto Prin  ciple and an acciden t chain analy sis to
analyze historical accident records to develop new construction project workplace s afety
recommendations that will reduce active construction project risks to pedestrians, drivers,

and transit passengers.

Fulfillment of this objective r equires the rese arch team to work closely with s tate

transportation department agency staff to

e Review existing California Departm ent of Transportation (Caltrans) contractor

safety rules, regulations, and processes;
e Review informal Caltrans contractor work practices and processes;

e Collect and review Caltrans accident data (specific to injuries to the public while

they are using the transportation network);

e Analyze and correlate accident data with work practices and accident conditions

(using the Pareto Principle and an accident chain analysis); we will

> Analyze whether Caltrans safety practices were followed
> Identify areas where practices where not effective
> Analyze of role of site conditions in accident

e Develop improved measures to Caltrans’ sa fety processes so as to redu ce crash

risk and improve transit safety.

The fulfillment of this objective also requires publishing a report of findings to share
lessons learned with the Caltrans local district staff, as well as and state and federal

agencies.
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INTRODUCTION

As the public agency responsible for the annual delivery of over three billion
dollars in construction projec ts, the California Departm ent of Transportation (Caltrans)
has a tremendous responsibility to these deliver construc tion projects using project
delivery processes and procedures that create the minimum risk to pedestrians, drivers,
and transit passengers while also maintaining a safe working environm ent for all of its

employees, consultants, and contractors.

This study exams accident data from over 74 ,000 accidents th at occurred on
selected highways in Southern California. The objective of the analysis is to com pare
accident data and characteristics for acciden ts which do not occur in construction zones
with accidents that did occur in construction zones. Us ing Pareto Charts to conduct this
comparative analyses, recomm endations to reduce accidents in construction zones are
made. Potential accident chain scenarios ba sed on the analysis are also developed as a

tool to communication accident mechanisms.

Literature Review

Study of construction work zone accid ents has beco me a nationwide and
statewide priority. Title 23 United St  ates Code (USC) 402, enacted in 1966 and

administered through Title 23 Code of Federal Regulations (CFR) 1204.4, and California
Vehicle Code (CVC) Section 2900 €t S€d. requires the State of California to have a data

collection system as part of the process to reduce the number and/or severity of accidents
on roads in the S tate of California. Inresponseto Title 23, USC 402, the State of
California developed the Traffic Collision Reports (TCR's) used by po lice agencies to
collect and compile accident data. W hen the State developed the TCR' s, they also
developed the accident database (SW ITRS) that resulted from the data collected and
compiled from the traf fic collisions reports. The State also develo ped the Traffic
Accident Surveillance and Analysis System (TASAS) used by the California Departm ent
of Transportation (Caltrans) to an alyze accident, traffic, and highway data collected and

compiled by Caltrans. The State of California has developed a process that utilizes the


http://www.leginfo.ca.gov/cgi-bin/displaycode?section=veh&group=02001-03000&file=2900-2910
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TASAS data base, including the accident info rmation collected and compiled into it, to
effectively reduce the num ber and sever ity of accidents on all h ighways under the
jurisdiction of the Stat e. This study to date has not extensively looked at accidents as

related to active construction projects.

California has also created th e Statewide Integrated Traffic Records System
(SWITRYS), a statewide records system. SWITRS is a centralized accumulation of data for
fatal and injury motor vehicle traffic accidents. California's Department of Transportation
(Caltrans), Department of Motor Vehicles (DMV), and CHP for med a committee to act
as caretakers of SWITRS. Each has a special interest in the information garnered from
accident investigations. CHP, Caltrans, and DMV use the statis tics to improve roadway
conditions and monitor the effectiveness of enfo rcement efforts. Each uses the system in
their own way to maintain a safe motoring environment for the public. Again, however,

construction related accidents are not separately considered or analyzed.

At the federal level, the Highway Safety Information System (HSIS) Laboratory
offers value to FHWA's Research and Developm ent program, to other offices within
FHWA and DOT, to the safety res earch community in general, and to State and local
engineers/planners. HSIS m aintains a data base for which eight States (California,
Illinois, Maine, Michigan, Minnesota, North Carolina, Ut ah, and W ashington) provide
crash, roadway inventory, traffic, driver, vehicle, and other information that can be linked
to analysis files for a wide spectrum of sa fety studies. Te xas, in particular, has had
progress in research of construction project impacts to traffic accidents (Fontaine 2001,

Fontaine and Hawkins 2001)

Pareto Principal

The study will use the P areto Principle and an accident chain analysis to analyze
historical accident records to develop new construction project workplace safety
recommendations that will reduce active construction project risks to pedestrians, drivers,

and transit passengers.
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The Pareto Principle is based upon th e observation of Vilfredo Pareto in
nineteenth century Italy that 20% of the population controlled about 80% of the wealth.
Researchers have applied Pareto’s concept  to many other topics other than wealth
distribution and have found that in most cases , occurrences are distributed in a way such
that a vital few m ake up the largest por tion of the population of outcom es — but not
always strictly in a 20-80 re lationship (Juran 1989). The Pareto diagram is a graphic
representation of this concept. The Pare to diagram itself is a his togram with the
categories of data arranged in order from the largest the smallest and a cumulative curve
for all outcomes. Used in resea rch applications, Pareto diagrams graphically allow the
separation of the vital few items from which the m ajority of occurrences are generated
from the trivial many. Resources are then dire cted to the vital few, thus maximizing the
effective use of available resources. Used in such a fashion, Pareto diagram s have been
used or proposed in a num ber of applica tions such as qu ality control (Kuprenas and
Kenney 1999), engineering management (Graves 1993), and safety (Kuprenas et al 1999,
Kuprenas and Nasr, 2000).

Accident Chain Analysis

Accident chains are a s imple graphical tool used to repres ent the condition of
events that result in an accident. Each ci rcumstance / event is il lustrated through a box.
Arrows connecting the boxes indicate a relatio nship between the circumstances / events.
The final box in the chain is the accident. Items immediately preceding the accident are
the direct cause of the acciden t, but the value of the accident chain is beyond th  ese
events. The chain identified events prior to these direct cause events that if eliminated
would prevent the accident preceding event from happening. In many cases, removal or
mitigation of these ear lier events is significantly easier (effort, cost, time, etc.) Than

removal of later events.

Accident chains within this work are used in such a fashion. When an accident
causing event is elim inated, the accident is m itigated. This work will create ac cident

chains based on data identif ied from the Pareto analy sis. The work will also crea te
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mitigated accident chain diagrams to assist in determining how to reduce or eliminate the

construction zone accidents studies in the chain diagrams.

DATA

Accident data ispu lled from the Ca lifornia Department of Transportation
(Caltrans) accident database called “Traffic Accident Surveillance and Analysis System”
(TASAS). Data used in the an alysis is all accidents in Caltrans District 7 (as shown in
Figure 1) for the three year period from 10/01/00 to 09/30/03 on the five state routes 005,
010, 101, 110, 405. Accidents in all dire ctions (northbound, southbound, eastbound, and
westbound), all tim es of day, and all condit ions are included. The TASAS database
includes several data fields. The TASAS data fields used in this study are

e Number of vehicles

e Type of vehicle / party

e Type of accident

e Movement proceeding accident

e Primary collision factor (including construction activity)
e Other associated factor

e Sobriety / drug use

The data set is subd ivided into two groups — all accidents (including accidents in
construction zones) and accidents that specifically occurred in construction zones. Table
1 below summarizes th e data to be used in the analyses. Note within column 4 of the
figure the large variatio n in number of accidents in construction zones. Note that this
variation is less a function of the road, but rather more a function of whether construction

took place over the three year period.
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Appendix 1 is the TASAS printouts used to  develop the database used in this
study. Appendix 2 is a printout of the Caltrans Traffic Manual, Chapter 3 which
includes information as to how the accident data is collected by the state (Califo rnia

Department of Transportation, 2006).

FIGURE 1. Map of District Numbers
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TABLE 1. Accident Data

Total Number of Number of Number of
Route Accidents Accidents Not in Accidents in
Construction Zones Construction Zones
1) (2 ©)) (4)
005 16,562 16,207 355
010 18,306 17,194 1,112
101 13,169 12,938 231
110 10,555 10,480 75
405 15,894 15,715 179
TOTAL 74,486 72,534 1,952

ANALYSIS

The analysis of this research is simple. The approach is to compare accident data
and characteristics for accidents which do not occur in construction zones with accidents
that did occur in construction zones. Usi ng Pareto Charts to conduct this com parative
analsyses, recommendations to red uce accidents in construction zones are m  ade.
Potential accident chain scenarios based on the analysis are also dev eloped as a too 1 to

communication accident mechanisms.

Pareto Charts

Series of figure showin g Pareto charts with two pieces of inform ation for each
accident attribute studied. The x axis on the ch art represents the attribute outcomes and
the y axes showing percentage. The left axis is the percentage of each indiv idual
outcome (measured as a bar) and the right axis is and the cumulative percentage for all

listed outcomes (measured as a curve). Seven charts and, he nce, seven accident
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attributes, are included in the analysis. E ach charted attribute has b etween four and
seventeen outcomes. Each figure also shows information on two sets of data, a dark grey
set of frequency bars and curve (representing accident data for all accidents) and a light
grey setof frequency bars and curves (representing accidents that happ ened in

construction zones).

Table 2 below summarizes the number of injuries and of the number of accidents
per injury. Note within columns 3 and 5 of the figure a lower num ber means that the
accident would be more likely to result in injury — a value of one would m ean every
accident resulted in aninjury. T he table shows a 4.2% increase in the average of

accidents per injury.when the accident occurs in a construction zone.

TABLE 2. Accident Data — Injuries

Accidents Not in Construction Zones Accidents in Construction Zones
Route . .
Number of Accidents per Number of Accidents per

Injuries Injury Injuries Injury

(1) (2) (3) (4) (5)
005 4,098 3.95 93 3.82
010 4,418 3.89 319 3.49
101 3,584 3.61 68 3.40
110 2,722 3.85 20 3.75
405 4,475 3.51 50 3.58
Average - 3.76 - 3.61
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Table 3 below summarizes the number of fatalities and of the number of accidents
per fatality. Note within colum ns 3 and 5 of the figure a lower num ber means that the
accident would be more likely to result in fatality — a value of one hundred would m ean
every one hundred accidents re sulted in a fatality. Th e table shows a signif icant
difference between the averages shown in columns 3 and 5. The table sh ows an increase
of 37.4% in the average of accid  ents per fa tality when the accident occurs in a

construction zone

TABLE 3. Accident Data — Fatalities

Accidents Not in Construction Zones Accidents in Construction Zones
Route . .
Number of Accidents per Number of Accidents per
Fatalities Fatality Fatalities Fatality
(1) 2) (3) (4) (5)
005 89 182.10 3 118.33
010 55 312.62 2 556.00
101 30 431.27 4 57.75
110 38 275.79 1 75.00
405 42 374.17 1 179.00
Average - 315.19 - 197.22

The Pareto chart showing the number of vehicles involved in each accident of the
study is shown in Figure 2. The dark bars show the non-construction zone accidents; the
lighter bars are the cons truction zone accidents. The figure shows so me increase the
number of vehicles inv olved in accidents when the accident occurred in a construction
zone — construction zon e accidents are much less likely to involve only one vehicle and
more likely to involve more three or m ore cars. A comparison of averages of number of

vehicles (calculated based on number of accidents weighted based upon number vehicles
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divided by the total number of accid ents) shows a 3.04% increase in average of vehicles

when the accident takes place in a construction zone (1.973 verses 1.908).

The Pareto chart showing the type of ve hicles involved in each accident of the

study is shown in Figure 3. As in the other figures, the dark bars show the non-
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FIGURE 2. Pareto Chart — Number of Vehicles Involved in Accident
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construction zone accidents; the lighter bars are the construction zone accidents. Vehicle
/ party types are as shown in Table 4. The figure shows a large difference in frequency of
occurrence between construction and non-construction zone a ccidents for vehicle / party
type “All G’s” — defined in Table 4 to be truc ks with trailers. The chart and data show

that accidents that involve trucks rose in frequency from 5.75% to 9.20 % (representing a

60.2% increase) for accidents that occurred in construction zones.
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FIGURE 3. Pareto Chart — Type of Vehicle / Party

10


victoriv
Typewritten Text
10


TABLE 4. Vehicle / Party Types

Code Type of Vehicle / Party
(1) 2)
A Passenger Car / Station Wagon
D Pickup
AllG's Truck with Trailer

F Truck

M Other

C Motorcycle

J Emergency Vehicle

E Pickup with Trailer

N Other (non-motor vehicle)

I Bus

0 Spilled Loads

H School Bus

v Pedistrian

B Passenger Car with Trailer
L Bicycle

\Y Dismount Pedestrian

P Disengaged Tow

K Construction Equipment

11
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The Pareto chart showing the type of accident for each accident of the study is
shown in Figure 4. The chart represents a typical, traditional Pareto chart shape. Again,
the dark b ars show the non-con struction zone accidents; the lighter bars are the
construction zone accidents. Not unexpected ly given the traffic controls comm on in

construction zones, the figure shows “rear end” and “sideswipe” are the most common
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FIGURE 4. Pareto Chart — Type of Accident
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type of accidents. Accidents in construction zones were slightly more likely for these

two types of accidents (83.0% verses 76.9% cumulative percent)

Figure 5 shows the Pareto chart fo r the m ovement proceeding the collision for
accidents that took place in construction zones and in non-construction zones. As in the

other figures, the dark bars show the non-construction zone accidents; the lighter bars are
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FIGURE 5. Pareto Chart — Movement Proceeding Accident
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the construction zone accidents. The m ovements of “slowing, stopp ing” and “changing
lanes” occur with greater frequency in accide nts in construction zones. As was the case
in Figure 4, these resu Its are not unexpected given the traffic ¢ ontrols common in

construction zones).

Within the TASAS database one fundamental piece of information is the primary
collision factor to each accident. The Pareto chart showing the primary collision factor in

each accident of the study is shown in Figure 6. The dark bars show the non-construction
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FIGURE 6. Pareto Chart — Primary Collision Factor
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zone accidents; the ligh ter bars are the cons truction zone accidents. The figure shows
the most common primary collision factor to be “speeding” with “other violations” and
“improper turn” also relatively common f actors (~20% and ~10% respectively). The

figure shows differences in collision factors based on construction zone accidents.

Figure 7 is a Pare to chart primary collision factors but with the “speeding” and

“other violations” factors removed and the chart recalculated. The figure is of value
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FIGURE 7. Pareto Chart — Primary Collision Factor With “Speeding” and “Other
Violations” Removed
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because it clearly shows a substantial difference in collision factors based on construction
zone accidents —th e most str iking in the co llision factor of “influence of alcohol”.
Based on figure 6 (all factors) the data shows alcohol to be the primary collision factor in
7.3% of accidents in construc tion zones and only 4.7% in accidents in non construction
zones. This 56% increase for construction z one accidents due to the influence of alcohol
is a key finding repres enting about 150 additional accidents in District 7, resulting in 40

injuries and 1.3 fatalities over the three years of the study.

The TASAS database collections collision factors other than the primary collision factor.
This field is called “Other Associated Factor”, and Pareto chart for these other asso ciated
factors is shown in Figure 8. As in the other figures, the dark bars show the non-

construction zone accidents; the lighter bars are the construction zone accidents. Many
of these factors are common to the factors show n in Figures 6 and 7. L ike Figure 6, the
figure shows the increased influence of sp eeding on accidents in construction zones,
however, in Figure 8, the difference is even m ore pronounced. Speeding is identified as
another associated collision factor in 16.6% of a ccidents in non-construction zones and

22.4% of accidents in construction zones.

The Pareto chart showing the influence of sobriety / drug use on frequency of
accidents in construction and non-construction zones is shown in Figure 9. Asin the
other figures, the dark bars show the non-construction zone accidents; the lighter bars are
the construction zone accidents. On the x-ax is of the fig ure the letters “HBD” are a
TASAS abbreviation for “Had Been Drinking”. The figure shows the striking increase in
accident frequency on all HBD subcatego ries. The three HBD subcategories (“under

influence”, “not under influence”, and “im pairment unknown”), increase in frequency by

69.8% in construction zone accidents (from 5.19% to 8.82%).

16
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Accident Chains

Accident chain analysis will focus on cons truction zone accident scenarios identified

through the Pareto chart analyses. Accident chains will illustrate how
e Sideswipe accidents
e Rear end accidents
e Loaded truck rear end

accidents could have been created. Mitigated accident chains are also created for each

scenario in order to understand how to eliminate these types of accidents.

Figure 10 shows the accident chain for one finding from the analysis of the TSAS

Construction Zone data analysis. The figure shows how the hypothetical Construction

Accident Chain

Traffic
Controls
Needed

Lane Traffic
Controls
Needed

Center
Median
Improvements

Construction
Zone

Vehicle Driver
had been

Drinking

FIGURE 10. Accident Chain — Sideswipe / Drinking
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Project of a center median improvement project requires traffic controls, specifically lane
traffic controls. The fi gure also shows the hypothetical case of a driver who had been

drinking arrived at the area wi th lane traffic controls. The combination of these two
events results in a sides wipe accident (shown in Figure 4 to be 12% more likely ina

construction zone).

Figure 11 shows one simple mitigation for the accident shown in Figure 10. Again, the
figure shows how the hypothetical Construction Project of a center median improvement
project requires traffic controls, specifically lane traffic controls. Again, the figure also
shows the hypothetical case of a driver who had been drinki ng arrived at the area with

lane traffic controls. Figure 11 shows an external influence in the accident chain — law

Mitigated Accident Chain

Center Traffic Lane Traffic
Median Controls Controls
Improvements Needed Needed

Construction
Zone

Vehicle Driver
had been X4> No Accident
Drinking

FIGURE 11. Accident Chain — Sideswipe / Drinking — Mitigated
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enforcement in place. The additio n of the law enforcement removes the drunk drivers
from the roadway and eliminates the combination of the two critical events that resulted

in a sideswipe accident.

Figure 12 shows the accident chain for a second finding from the analysis of the TSAS
Construction Zone data analysis. The figure shows how t he hypothetical Construction
Project of parkway im provements project re quires traffic construction zone signage
(signage to reduce speed). The figure also shows the case of two drivers approaching the
construction zone with the reduced traffic sp eed. Driver #1 is shown not to recognize the
construction zone signage, while driver #2 is shown to recognize the signage and slow
down. The combination of these three events results in a rear end accident with driver #1
running into driver #2 who slowed down (shown in F igure 4 to be 6.5% more likely in a

construction zone).

Accident Chain

Construction Parkway Construction
Zone Improvements Zone Signage

Driver misses
sign and does
not slow down

FIGURE 12. Accident Chain — Rear End Accident / Follow Too Close

21
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Figure 13 shows one simple m itigation for ac cident shown in Figure 12. Again, the
figure shows how the hypothetical Construc  tion Project of parkway im provements
project requires traffic construction zone signage (signage to reduce speed). Again, the
figure also shows the case of two drivers approaching the construction zone with the
reduced traffic speed. Figure 13 s hows an additional influence to the accident chain of
Figure 12. The figure shows the utilization of additional construction traffic zone signage
prior tothe parkway improvem ents. In this mitigate chain figure, Driver #1 now
recognizes the construction zone signage and slows down. Driver #2 is shown to
continue to recognize the signage and slow down. The elimination of the Driver #1 error
prevents the rear end accident since both drivers have slowed down (shown in Figure 4 to

be 6.5% more likely in a construction zone).

Mitigated Accident Chain

Construction Parkway Construction
Zone Improvements Zone Signage

FIGURE 13. Accident Chain — Rear End Accident / Follow Too Close - Mitigated
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Figure 14 shows a second accid  ent chain fo r the rear end accid ent problem in

construction zones. The figur e also shows the involvem ent of a loaded sem i-truck and
trailer in the accident (shown in Figure 3 to b e 60% more likely to b e involved in an
accident in a construction zone th an not in a construction zone). The f igure shows how
the hypothetical Construction Project of road way resurfacing project that requires one

traffic lane to be clo sed and requires traffic to merge. In this cas e, a loaded tru ck has
reduced braking ability. The combination of these two events (reduce ability to brake and

merging traffic) results in a rear end accident.

Figure 15 shows a mitigated accident chain for Figure 14. Using the same mitigation
measure of additional traffic control signage in the construction zone (as was also used in
the mitigated accident chain shown in Figure 13 ), the loaded semi-truck and trailer has

adequate time to brake and avoids a rear end accident with merging traffic.

Accident Chain

Traffic
Required to
Merge

Construction Roadway

Zone Resurfacing LEmDE e

Loaded

Semi-Truck ez

Braking Ability

with Trailer

FIGURE 14. Accident Chain — Rear End Accident/ Truck
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Mitigated Accident Chain

Traffic
Lane Closed Required to
Merge

Construction Roadway
Zone Resurfacing

Loaded

) Reduced .
S(_aml-TrL_lck Braking Ability X No Accident
with Trailer

FIGURE 15. Accident Chain — Rear End Accident / Truck — Mitigated

Figure 16 s hows the s cenario of a failed m itigation. The figure s hows the
mitigated chain of Figure 15, but in this case, the additional traffic control signage in the
construction zone was ignored by the truck driv er. The combination of the three events
(reduced ability to brak e, ignored signage, and m erging traffic) results in a rear end
accident. Figure 17 sh ows the failed m itigation scenario of Figure 16 corre cted by the
addition of an additional external in fluence — law enforcement in p lace. The addition of
the law enforcement eliminates the critical ev ent of the truck driver ign oring the traffic
control signage in the cons truction zone by reducing speeding the construction zone, by
creating an enforcement presence, and by monitoring trucks as they enter the construction

zone. This enforcement creates an accident chain in which one event is removed
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Mitigated Accident Chain (Failed)

Traffic
Required to
Merge

Construction
Zone

Roadway

Resurfacing Lane Closed

Loaded
Semi-Truck
with Trailer

Traffic
Signage
Ignored

Reduced
Braking Ability

FIGURE 16. Accident Chain — Rear End Accident / Truck — Mitigated - Failed

(ignored signage), thereby elim inating the accident despite two events still remaining

(reduced ability to brake and merging traffic).

These eight accident chain analyses demonstrate the ability of the tool to id entify key
actions to reduce accid ents. Even with the hypothetical cases as analyzed abo ve,

construction zone accident reduction strategies of
1. Additional signage
v Reduction in “missed” signage

v’ Greater time for drivers to react and adjust
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Mitigated Accident Chain (Failed and Corrected)

Traffic
Lane Closed Required to
Merge

Construction Roadway
Zone Resurfacing

Loaded Traffic
Semi-Truck Reduced Signage X

- L No Accident
with Trailer LAl Ignored

FIGURE 17. Accident Chain — Rear End Accident / Truck — Mitigated — Failed —
Corrected

2. Additional Law enforcement
v’ Heightened driver awareness of traffic signage
v" Removal of drunk drivers
v Reduction in speeding

have been identified th rough the chains. A dditional chains using actual accid ent data

would result in many more potential construction zone accident reduction strategies.
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CONCLUSIONS AND RECOMMENDATIONS

As the public agency responsible for the annual delivery of over three billion
dollars in construction projec ts, the California Departm ent of Transportation (Caltrans)
has a tremendous responsibility to these deliver construc tion projects using project
delivery processes and procedures that create the minimum risk to pedestrians, drivers,
and transit passengers while also maintaining a safe working environm ent for all of its
employees, consultants, and contractors. This study has introduced a m ethodology that
uses the Pareto Principle and an accident chain analysis to analyze historical accident

records.

This study has exam ined accident data from over 74,000 acciden ts pulled from
the TASAS database that occurred on selected highways in S outhern California between
10/01/00 to 09/30/03 on the five state ro utes 005, 010, 101, 110, 405. The analysis has
compared accident data and characteris tics for acciden ts whichd o noto ccur in
construction zones with accidents that did o ccur in con struction zones. Using P areto
Charts to conduct these com parative analyses, recommendations to reduce accidents in
construction zones are made. Potential accident chain scenarios based on the analysis are

also developed as a tool to communication accident mechanisms.
Specific findings of the analysis were found to be

e A large variation exists in the number of accidents in construction zones. Note
that this variation is less a function of the road, but rather more a function of

whether construction took place over the research period

e There is a 4.2% increase in the average of accidents per injury, when the accident

occurs in a construction zone.

e There is an increase of 37.4% in the average o f accidents per fatality when the

accident occurs in a construction zone.

e There is some increase the num ber of ve hicles involved in accidents when the

accident occurred in a construction zone — construction zone accidents are much
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less likely to involve only one vehicle a nd more likely to involve m ore three or

more cars.

A 3.04% increase in average of vehicles was found when the acciden t takes place

in a construction zone (1.973 verses 1.908).

Accidents that involve trucks rose in freque ncy from 5.75% to 9.20 %

(representing a 60.2% increase) for accidents that occurred in construction zones.

The historical accident da ta shows “rear end” and “sides wipe” are the m ost
common type of accidents in construction zones (likely as a consequence of the

traffic controls common in construction zones).

Accidents in construction zones are slightly more likely for these “rear end” and

“sideswipe” types of accidents (83.0% verses 76.9% cumulative percent)

The movements of “slowing, stopping” a nd “changing lanes” o ccur with greater
frequency in accidents in construction z ones. These results are not unexpected

given the traffic controls common in construction zones.

The historical data shows the most common primary collision factor in
construction zone accidents is “speeding” with “other violations” and “improper

turn” also relatively common factors (~20% and ~10% respectively).

When the “speeding” and “other viola tions” factors rem oved, “alcohol” is the
primary collision factor in 7.3% of accidents in construction zones and only 4.7%

in accidents in non construction zones.

This 56% increase for construction zone accidents due to the influence of alcohol
is a key finding representing about 150 additional accidents in District 7, resulting

in 40 injuries and 1.3 fatalities over the three years of the study.

Speeding is identified as another associated collision factor in 16.6% of acciden ts

1n non-construction zones and 22.4% of accidents in construction zones.
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e The three “Had Been Drinking” subcat egories (“under in fluence”, “not under
influence”, and “im pairment unknown”), increase in freq uency by 6 9.8% in

construction zone accidents (from 5.19% to 8.82%).

IMPLEMENTATION

Future California Department of Transportation construction safety research should
focus on two approaches — breadth and depth. Breath means to expand the data set. The
TASAS database is a significant res earch resource for dozens of purposes. W ith respect
to construction safety, future research shou 1d duplicate the analyses of this wor k but

include all freeways within the state. This analysis would
1. Confirm the findings of this work
2. Allow comparison of findings across Caltrans Districts
3. Identify relationships between variables that were not identified in this work
4. Allow statistical verification of result

Depth means to dig deeper into the curren t data. Every record in the TASAS database
has a specific accident reco rd associated withit. The acc ident records are only

summarized in the database. Future research could make use of these records and would

1. Allow specific understanding of conditions (roadway, traffic, construction, etc.) at

time of accidents
2. Allow specific understanding of drivers’ thoughts at the time of the accident

3. Enhance accident ch ain analyses by using actual case s tudies (as op posed to

hypothetical cases)

It must be noted, however, that privacy issues associated with use of the records would

need to overcome.
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Future Caltrans construction zone rese  arch beyond the TASAS database can be
accomplished. Rather than focus on the accident after it happens, future research should
also look at near m isses. Through docum ented records of near m isses and / or through
the use of stationary video cam eras over cons truction zones, Pareto analysis of near

misses and their root causes can be identified and accidents reduced.

The implementation of the research findings could be imm ediate value. It is
recommended that Caltrans u se the results of the Pareto charts presented to create
additional accident chain diagram s to supplement the initial diagram s presented in this
work. Based on these diagram s, Caltrans can review existing cons truction work zone
policies with respect to law enforcement, signage, work hours, etc. and determ ine if any
additional accident mitigations beyond their current system s are potentially poss ible.
Timeframes for this implementation could be immediate. Implementation cost would be
expected to negligible since safety analysis of projects and policies is a routine element of

Caltran’s business.
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APPENDIX 1

Raw Accident Data from TSAS
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Accident Data - All Accidents - 005 Freeway
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APPENDIX 1

Caltrans Traffic Manual, Chapter 3
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Traffic Manual

Chapter 3 - Accident and Roadway Records

3-01 - Basic Information

3-02 - Accident Reports

3-03 - Accident Record Systems

3-04 - Caltrans Accident Surveillance and Analysis System (TASAS)
3-05 - TASAS Accident Data (AXDB)

3-06 - TASAS Highway Data Base

3-07 - Kilometer Post Markers

Section 3-01 - General Information
3-01.1 Introduction

Three elements are considered in accident analysis:

1. The driver;
2. The vehicle; and
3. The roadway and its related environment.

Accident records contain information relating to each of these three elements that may be
studied by the engineer and others.

3-01.2 Legal

Title 23 United States Code (USC) 402, enacted in 1966 and administered through Title
23 Code of Federal Regulations (CFR) 1204.4, and California Vehicle Code (CVC)
Section 2900 et seq. requires the State of California to have a data collection system as
part of the process to reduce the number and/or severity of accidents on roads in the State
of California.

In response to Title 23, USC 402, the State of California developed the Traffic Collision
Reports (TCR's) used by police agencies to collect and compile accident data. When the
State developed the TCR's, they also developed the accident database (SWITRS) that
resulted from the data collected and compiled from the traffic collisions reports. The
State also developed the Traffic Accident Surveillance and Analysis System (TASAS)
used by the California Department of Transportation (Caltrans) to analyze accident,
traffic, and highway data collected and compiled by Caltrans.
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Title 23 USC 152, enacted in 1973, administered through Title 23 CFR 924, requires the
State of California to have a process whereby, through the use of a survey of all public
roads, the responsible agencies of the State will identify and analyze locations, then
prioritize, schedule, implement and evaluate safety improvements to roadways which are
intended to reduce the number and/or severity of accidents on all public roads.

In response to Title 23 USC 152, the State of California has developed a process that
utilizes the TASAS data base, including the accident information collected and compiled
into it, to effectively reduce the number and severity of accidents on all highways under
the jurisdiction of the State. To aid the further analysis of locations investigated, Caltrans
maintains a copy of the TCR's.

Absolutely critical to the process developed by the State to meet the needs of the above
Federal laws are the Traffic Collision Report utilized in the date bases maintained by
Caltrans, the California Department of Highway Patrol (CHP) and numerous local
agencies within the State of California. While the reader is referred to the TASAS data
system for general information on trends and location to be studied, Traffic Collision
Reports must be used for the detailed analysis necessary for the development of projects.

The California Vehicle Code (CVC) Section 20008, Duty to Report Accidents, requires a
centralized collection of data for fatal and injury motor vehicle accidents. The driver of a
vehicle involved in an injury or fatal accident is required to make (or cause to be made) a
written report within 24 hours after the incident. Local police units are required to
forward reports for the previous month to the California Department of Highway Patrol
(CHP) in Sacramento by the fifth day of the month.

Section 16000 (CVC), Report Required, requires the driver of every motor vehicle
involved in an incident which resulted in damage to the property of any one person in
excess of $500 or in bodily injury or in death of any person shall within 10 days report
the accident on an approved form to the California Department of Motor Vehicles
(DMV).

3-01.3 Reporting Level

The reporting level in the State of California varies over a broad range. Factors having a
significant influence on reporting level are as follows:

1. Severity: For fatal accidents, the reporting level is 100 percent; for injury
accidents, the reporting level is 90 percent; and for property damage only, the
reporting level is 40 percent.

2. Jurisdiction: The reporting level varies from one reporting unit to another.

3. Number of Parties Involved: The reporting level of multi-vehicle accidents is
higher than it is for single vehicle accidents.
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4. Time of Day: The reporting level of nighttime accidents is higher than it is for
daytime.

Section 3-02 - Accident Reports
3-02.1 General
Accident Report forms are designed by various jurisdictions to satisfy various objectives.
3-02.2 Uniformity

The Federal Highway Safety Program Standards require that accident records systems
maintained on a local level must be compatible with the statewide system which in turn
must interface with elements of a national system. This requirement plus the increased
study and analysis on a county-wide, regional and statewide basis give weight to the
desirability of a small number of acceptable “standard” forms.

The most widely used form in the State of California is the form CHP-555. This form, the
CHP Collision Investigation Manual (CIM), and training in usage of the forms and
manual are provided by the CHP at no cost to the local police agencies to encourage
complete and uniform reporting.

3-02.3 Accident Reports Confidential

Section 20014 of the Vehicle Code requires reports made to the CHP shall be avilable for
the confidential use of the Department of Motor Vehicles, Caltrans, and local authorities
having jurisdiction over highways. Information from individual reports and/or data
should be considered as confidential.

Summary data and copies of reports may be studied by agents of non-public agencies
under controlled conditions for valid research purposes.

Section 3-03 - Accident Record Systems

3-03.1 General

Various cities within the State of California have had experience with several types of
records systems. The system that best fulfills the requirements of a particular jurisdiction
can vary from a manual plotting and filing system for a compact area with very low
traffic volumes, to a very complex computerized system for a large urban area or
statewide agency.
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3-03.2 Manual Accident Record System

The simplest manual system may consist of a pin map (accidents are plotted) and an
accident file (reports are stored in date order or report number order, or a combination of
both). A card or binder index is created for the reports. See Figure 3-1.

The pin map may use pins of different size and color to indicate months of the year and
accident severity. Manual systems are satisfactory where the volume of data is very
modest and the cost of electronic data processing equipment is not warranted.

3-03.3 Electronic Data Processing (EDP) Accident Record Systems

As the volume of data increases, manual systems become cumbersome and labor
intensive and conversion to EDP becomes advantageous.

In conversion, a considerable effort must be expended to convert at least a portion of the
manual system file into a historical EDP accident data base.

The same effort of conversion to create an historical accident data base is sometimes
required when an elementary EDP system is modified or is replaced by a more
sophisticated system.

An example of a very large basic EDP system is the “Statewide Integrated Traffic
Records System” (SWITRS) administered by the California Highway Patrol. The
Caltrans “Traffic Accident Surveillance and Analysis System” (TASAS) is an example of
a large dual data base EDP system. California counties or cities with large EDP systems
include Alameda County and the cities of Los Angeles, San Diego and San Jose.

3-03.4 SWITRS General

The Statewide Integrated Traffic Records System (SWITRS) is a statewide records
system. SWITRS is a centralized accumulation of data for fatal and injury motor vehicle
traffic accidents. In addition, a large proportion of the reported property damage only
accidents are also processed into SWITRS. The reports are generated by over 100 CHP
areas and over 500 city police departments, sheriffs offices and other local jurisdictions.

The processed volume of reports is about 2,500 per working day. All reports are checked
for completeness, coded, key punched and processed into a computer data base. The
computerized data is then available for quarterly and special reports for participating
cities and counties and other State agencies.

3-03.5 SWITRS Data to DMV
The California Department of Motor Vehicles (DMV) receives driver related data for its

driver record files. All accidents processed through SWITRS have information
transferred to drivers licenses and this becomes part of public record. This information
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can be made available to authorized agencies by contacting DMV.
3-03.6 SWITRS Data to Caltrans

State highway related collision reports receive additional coding as to objects struck and
location details. Caltrans receives this State highway related data on a weekly basis for
the Traffic Accident Surveillance and Analysis System (TASAS). The accident data
transmitted to Caltrans does not contain names, drivers license numbers, addresses,
vehicle license numbers, or data on age and sex of drivers and victims.

3-03.7 SWITRS Quarterly Output Reports

SWITRS produces eight quarterly reports several weeks after the end of the quarter as
follows:

Report No. 1 - Type of involved party for accidents and victims.

Report No. 2 - Accidents by day and hour of day.

Report No. 3 - Primary collision factors for accidents and victims.

Report No. 4 - Motorcycle, bicycle, and pedestrian accidents and victims by time of day.
Report No. 5 - Alcohol involvement by age and sobriety of involved party and by
accident type.

Report No. 6 - Pedestrian involved accidents, location details and victim data.

Report No. 7 - Bicyclist involved accidents, location details and victim data.

Report No. 8 - Accident location details and involved party data year to date.

Examples of each of the preceding reports and a discussion of the data items are
contained in the SWITRS Users Guide available from the California Highway Patrol.

Reports 1 through 5 have parts A and B which are cumulative year to date, and latest
quarter, respectively. These reports (1 through 5) are statistical summaries only, whereas
reports 6, 7 and 8 are individual listings. The year end Report 8 could be used by local
authorities for traffic engineering evaluations.

3-03.8 SWITRS Output Reports and Other Services

Detailed explanations of other SWITRS reports are contained in the SWITRS Users
Guide, Chapters 4 and 5. One report that may be of use for traffic accident analysis is the
General Retrieval Program (GRP). If specific data is required for traffic analysis or
special research studies, the data may be obtained by use of GRP. Most of the collision
report data can be obtained by GRP and can be formatted to an individual listing or a
summary listing.

Section 3-04 - Caltrans Traffic Accident Surveillance and Analysis System (TASAS)
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3-04.1 TASAS General

TASAS is a sophisticated version of an EDP traffic records system. It has an accident
data base (AXDB), linked to a highway data base (HDB) which contains description
elements of highway segments, intersections and ramps, access control, traffic volumes
and other data. TASAS serves the needs of many offices within Caltrans and also
provides roadway and/or accident information for other associated State and local
agencies.

Detailed instructions as to coding, processing, and data retrieval are contained in the
TASAS manuals, Section 100 and 200, TASAS Accident Data Base Support Processing
Procedures, and other compilations.

3-04.2 TASAS Data Bases

All of the records in the TASAS data bases are stored in a manner that each record can be
accessed directly. The two major data bases are as follows:

1. TASAS Accident Data Base (AXDB).
2. TASAS Highway Data Base (HDB).

Section 3-05 - TASAS Accident Data (AXDB)
3-05.1 AXDB General

This data base contains specific data for accidents that are State highway related. Each
accident record contains a ramp, intersection or highway kilometer post marker address
that is a key to tie to the Highway Data Basel (HDB).

The master file contains records for 10 years plus the current year. The processing of
collision reports is shown diagrammatically in Figure 3-2.

3-05.2 Content Accident Data Base

The individual records in the AXDB contain two basic types of information which are:
1. General accident information including:

a. Location

b. Time and Date

c. Severity

d. Primary Collision Factor

e. Environmental Items

f. Roadway Conditions

g. Type of Collision

h. Number of Vehicles Involved

2. Information for each party including:

99


http://www.dot.ca.gov/hq/traffops/signtech/signdel/chp3/images/fig3-2.jpg
victoriv
Typewritten Text
99


a. Party Type

b. Condition of Party

c. Actions of Party

d. Casualties Per Party

There are some AXDB records that do not contain any “party” information and only
partial general accident information. Each accident record may contain an entry for each
party up to a maximum of nine.

3-05.3 Responsibility for Maintaining and Updating AXDB

The general responsibilities of Headquarters and District Traffic Branches for the
Accident Data Base are as follows:

A. HEADQUARTERS RESPONSIBILITIES:

1. Coordinate with various CHP SWITRS Units to receive and process State
highway related collision reports.

2. Provide guidance for CHP party coding unit.

3. Provide accident kilometer post marker location personnel and supervision for
review and processing collision reports.

4. In conjunction with CHP and DMV, maintain collision report file to include ten
years plus the current.

5. In cooperation with Headquarters Office of Computer Systems personnel:
a. Process SWITRS State related accident tapes and related edits.
b. Provide training and consultation service to District TASAS personnel
regarding accident retrieval and other TASAS program problems and/or

questions.

c. Identify and provide needed modifications, improvements and extensions
of TASAS accident programs.

d. Produce and distribute quarterly and annual reports.

e. Provide relocation, removal, addition, and correction for computer
accident records.

f. Monitor TASAS EDP costs.

6. Provide manuals and other printed instructions.
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7. Provide TASAS data and informational service to other Headquarters (HQ) units
and other public and private agencies.

B. DISTRICT RESPONSIBILITIES:

1. Provide accident data and advisor service for the District Traffic Division and
other district divisions.

2. Maintain a district collision report file sufficient to provide for district
requirements (copies of reports from Caltrans HQ Record Center can be obtained
when necessary).

3. Spot check and/or review kilometer post marker coding of collision reports and
initiate necessary relocation and other correction processes.

4. Maintain liaison with local police departments, traffic departments and CHP area
offices located within the district to encourage accurate and complete reporting.

5. Report problems, possible improvements or modifications to programs, manuals
or other related items to HQ TASAS Unit.

6. Control use of “available upon request” programs so as to make economic use of
TASAS accident programs.

3-05.4 TASAS Accident Output Reports
TASAS provides the following output reports:

1. TASAS Selective Accident Retrieval (TSAR) - Furnished on Request.

A detailed list of accidents and/or summary is available for any type or types of accidents
on any section of highway, any ramp or any intersection in the State Highway System.
Accidents may be selected by location, highway characteristics, accident data codes or
any combination of these.

2. Cumulative Number of Accidents by Kilometer Post Marker1 (Table A) - Furnished
Annually.

Table A reports include cumulative totals for two time periods, 12 months and 36
months.

3. Selective Accident Rate Calculation (Table B) - Furnished on Request.
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Table B reports for accident data calculations are available for any highway or section of
highway, any or all ramps, any or all intersections for any time period specified. The
report shows both actual and average rates. The report also shows total accidents,
fatalities, injuries, multi-vehicles, wet, dark, persons killed and injured and the
significance.

4. High Accident Concentration Locations (Table C) - Furnished Quarterly.

Table C reports list high accident concentration locations. It counts the total number of
accidents for 3, 6, 12, 24, and 36 month periods. It also calculates the actual rate and
shows the average rate for the 12 month period. This report does have the option to
consider highway segment lengths of up to 0.8 km.1 Locations with total accidents of 4
or more and significance in the 3, 6, or 12 month period are flagged as requiring
investigation.

5. Wet High Accident Concentration Locations (Wet Table C) - Furnished Annually.

Wet Table C Reports list high wet accident concentration locations. It counts the total
number of accidents for the 3, 6, 12, 24 and 36 month periods. It also shows the number
of average wet accidents and calculates the actual rate for the 36 month period. Locations
with 3, 6, 9 or more accidents and significance in the 12, 24 or 36 month periods
respectively are flagged as requiring investigation.

Examples of the retrieval process, TSAR and Tables A, B, C, and Wet Table C are shown
in Figures 3-4 through 3-12.

Section 3-06 - TASAS Highway Data Base
3-06.1 HDB General
The Highway Data Base (HDB) contains the current and historical descriptions of
approximately 20,000 intersections, 13,000 ramps, and 24,400 km of highway segments
in the State system. 1

3-06.2 HDB Content

The Highway Data Base contains intersection, ramp, and highway segment records which
contain the following information:

1. Location: District, route, county, kilometer post marker identification.

2. Highway group: Divided, undivided, independent alignment or unconstructed.
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3. Descriptions: Bridges, ramps, intersections, etc.

4. Average daily traffic (ADT).

5. Federal aid system designations.

6. Other information needed for Federal Highway Administration reports.

7. Characteristics:

e The highway records provide the detail, design and geometric features
relating to the main line, including access control, roadbed and median
information.

e The intersection records describe and identify all intersections in the State
Highway System including control, lighting, type, main line and cross
street ADT information.

e The ramp records identify the specific location of all ramps connected to
the highway, the type of ramp configuration, on or off, rural or urban and
ADT with history.

3-06.3 Responsibility for Maintaining and Updating HDB (See Figure 3-13)

The responsibilities for maintaining and updating the Highway Data Base are assigned to
Headquarters and District Traffic Divisions as follows:

A. HEADQUARTERS RESPONSIBILITIES
The Roadway Records Unit in Headquarters has the overall responsibility to maintain a
Statewide Highway Data Base. All additions, deletions and corrections must be processed
through this unit.
Specific responsibilities are as follows:
1. In cooperation with Headquarters Office of Computer Systems (Information
Services) produce and distribute the California Highway Log and other data

compilations.

2. Provide personnel to fulfill request for specialized compilations of data, and
provide training and/or advisory service to other Headquarters units and districts.

3. Maintain a file of title sheets, reduced plans and kilometer post marker
computations.
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Provide preliminary and final kilometer post marker computations for
realignments, major improvements, and new route adoptions to districts and other
Headquarters divisions.

Provide detailed coding of all roadway information to be processed into the HDB
computer files.

Provide continuous maintenance of the HDB to ensure an up-to-date computer
file.

Provide manuals and other printed instruction materials.

. In cooperation with Headquarters Office of Computer Systems (Information

Services), identify and provide needed modifications and improvements to the
HDB.

B. DISTRICT RESPONSIBILITIES

1.

Appoint an individual as District TASAS HDB Coordinator to maintain liaison
with the Headquarters Roadway Records Unit, fulfill requests for roadway
information, and collect and forward information regarding needed corrections
and/or additions to the HDB.

Review Headquarters kilometer post marker calculations for being complete and
correct.

After determination of kilometer post markers, prepare plans for installation of
kilometer post markers, and verify accuracy of placement in the field to within
0.016 km.

Collect, compile, and forward to Headquarters data relative to the HDB for
projects that are not advertised through Headquarters.

Notify Headquarters Roadway Records Unit of effective dates (open to traffic) of
improvements for both Headquarters and district advertised projects.

Review “As-Built” plans and forward appropriate data to Headquarters to ensure
that the HDB accurately reflects actual conditions.

Report problems, possible improvements or modifications to programs, manuals
or other HDB related items to the Headquarters Roadway Records Unit.

3-06.4 TASAS Highway Data Base Output Reports
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1. Multi-Retrieval Highway Data Base TSRR (AXR330) - Furnished on Headquarters
Request.

This program provides for the highway data base to be accessed and detailed records
printed out for ramps, intersections and highway segments without having to access the
accident file. The summary contains segment totals by various types and vehicle
kilometers traveled. Selection of highway data base records may be made based upon
various highway, intersection or ramp characteristics.

2. Actual Highway Data (AXRO85) - Furnished on Headquarters Request

This report is a record of the actual contents stored in the highway data base. There are
four formats available: Current, Current with History, Previous and Previous with
History. The contents are similar to AXR156, and include descriptions of major highway
points (junction of State routes, bridges, structures, etc.). Segment lengths, Federal aid
designations, left and right roadbed information, median information, traffic volume data,
various effective dates, and other data are also included.

3. Actual Intersection Data (AXRO085) - Furnished on Headquarters Request

This report prints the detail information for all intersections on the State highway system
currently open to traffic.

The following information is provided in this report:
a. Location: District, route, county and kilometer post marker.
b. Name of cross street or intersecting State route.
c. Type of intersection and effective date.
d. Types of traffic control devices and street lighting.
e. Intersecting street information: Number of lanes and ADT.
f. Available for any intersection or group of intersections needed.

There are four formats available for this report: Current, Current with History, Previous,
and Previous with History.

4. Actual Ramp Data (AXRO085) - Furnished on Headquarters request.
This report prints the detail information for ramps on the State highway system currently
open to traffic. A ramp is defined as a roadway connecting two State highways (one of

which is a freeway), or connecting a freeway to a local street. A collector road in an
interchange area is coded as a ramp.
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The following information is provided in this report:

Location: District, route, county and kilometer post marker.

Description, including the ramp direction such as southbound or northbound, on
or off ramps. There is also a separate on-off field.

Ramp type and effective date.
Federal aid information.
Ramp ADT as of the end of the calendar year.

No totals are accumulated on this report.

5. Highway Characteristics Reference Table (AXRO82) - Furnished on Headquarters
Request.

This report lists highway segments, intersections and ramps. The report is available in
current alignment only, prior alignment only, or combined current and prior alignment

format.

The following information is provided in this report:

a.

b.

Location: District, route, county and kilometer post marker.
Highway group and facility type.

Highway segment length.

Effective date.

Description of intersections and ramps.

Current or prior indication.

Sequence number.

6. California State Highway Log (AXR156) - Furnished Annually.

The California State Highway Log contains a record for significant highway points in the
State highway system which existed at the end of the calendar year.
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The following data is provided by this log:

a.

1.

Description of every major highway point (Junction of State routes, bridges,
structures, etc.).

Each record identified by kilometer post marker and given length to the next
highway point.

Cumulative totals of road kilometers and daily vehicle kilometers at city limits,
county lines and end of routes.

Federal aid designations

Type of pavement, width of pavement and shoulder information for left and right
roadbeds.

Median Information.
Current roadway effective date and date of last significant change.
ADT (Average Daily Traffic).

Information organized in district-route order.

Examples of some of the various TASAS output reports from the Highway Data Base are
shown on Figures 3-14 and 3-15.

NOTICE

The following information regarding Kilometer Post Markers are for future application.
This information will apply after the field conversion of existing markers and conversion
of the Highway Data Base.

The existing markers in the field are in English units (miles). The markers in the field are
not to be mixed, metric and English, nor is a dual system contemplated. Installation of
new markers, replacement of missing markers, and correction (relocation) of existing
markers will be done in English units (miles). The previous policies of calculation, lateral
placement, and spacing for two lane roads and divided roads and rural and urban will
remain effictive until such time as a full field conversion program is applied.

Section 3-07 - Kilometer Post Markers

3-07.1 General
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The kilometer post markers in the field are used by traffic officers, maintenance forces
and others to locate specific incidents or features with reference to the kilometer post
marker system. The kilometer post marker is integral to the kilometer post marker system
and shall not be used for additional marker functions. Other types of markers shall not be
used as kilometer post markers. The kilometer post marker shall indicate the route,
county, and kilometer post marker of the installation; only kilometer post markers shall
contain the route and county designation.

Reference is made to Section 3-06.3 and Figure 3-13 of this manual as to the
responsibility for kilometer post markers.

3-07.2 Kilometer Post Marker Calculations

For Headquarters advertised projects the Roadway Records Unit of Headquarters Traffic
shall calculate preliminary kilometer post marker values. After review and agreement by
the District Traffic Branch, these kilometer post marker values are used to prepare plans
for placement of kilometer post markers.

For projects not advertised through Headquarters, the District Traffic Branch shall be
responsible for liaison with District Construction, and/or Maintenance Branches, other
agencies, etc., for obtaining data to update the HDB and calculate kilometer post markers.
This material is to be transmitted to the Roadway Record Unit in Headquarters and after
review and agreement between Headquarters and district the calculated kilometer post
markers are used to prepare plans or lists for placement of kilometer post markers.

3-07.3 Placement of Markers

A. Rural Areas (See Figure 3-16).

1. Two-Lane Roads.

Markers are placed 1.6 km apart on both sides of the highway, staggered by 0.8.

2. Divided Roads

Markers are placed 1.6 km apart on both sides of the highway at the same kilometer post
marker location.

B. Urban Areas (See Figure 3-16).
1. Two-lane roads.

Markers are placed 0.8 km apart on each side of the highway, staggered by 0.4 km.

2. Divided roads.
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Markers are placed 0.8 km apart on each side of the highway at the same kilometer post
marker location.

3. See ‘D’ see below.

C. Maximum Spacing.

When a regular marker falls within 0.4 km of a landmark (bridge, etc.), the 1.6 km or 0.8
km marker may be omitted. The intent is to have kilometer post markers spaced no
farther apart than 1.6 km on rural highways, or 0.8 km on urban highways. This is a
maximum spacing. Additional markers may be placed in areas where it is desired to have
additional highway reference points.

D. Incorporated or Suburban Areas.

Kilometer post markers may be omitted in communities with city-street characteristics of
curb, gutter, sidewalks and local development. In these areas, intersecting streets would
be used as reference points in lieu of markers.

E. Kilometer Post Marker at County Lines.

At county lines, the county names and kilometer post marker information are delineated
on separate markers and mounted side-by-side on separate posts, facing both directions of
traffic.

F. Kilometer Post Marker Equation.

1. Kilometer post marker equation with a difference in value of 0.03 km or more
shall be posted on the highway.

2. Each side of the equation is shown on separate markers and mounted side-by-side
on separate posts, both facing the direction of traffic. See Figure 3-17.

3. Current kilometer post marker letter prefix and suffix codes are listed in the State
Highway Log. They are also defined in the TASAS Manuals. All prefix letters
shall be shown on the kilometer post markers. The suffix letter E identifies a
kilometer post marker equation. In the field, the letter E is replaced with BK
(Back) and AH (Ahead) on separate markers, placed side-by-side.

3-07.4 Kilometer Post Markers for Structures

1. Kilometer Post Markers

Kilometer post marker or G11 signs shall be mounted on, or placed at bridge abutments
and at the beginning of bridge rails.
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On skewed structures the kilometer post marker will not necessarily be identical on each
side of the highway. The kilometer post marker on each side of the highway is the
kilometer point of the centerline opposite the marker location. See Figures 3-18 and 3-19.

2. Highway Log Kilometer Post Marker Values.
a. Overcrossing and Underpass.

The Highway Log kilometer post marker for an overcrossing or underpass is measured
from the centerline or layout line of the structure where it intersects the centerline of the
highway. This rule applies to all structures crossing over the highway regardless of the
skew. See Figure 3-18.

b. Undercrossings, Overheads and Bridges.

Single Structure: The Highway Log kilometer post marker is measured along the
construction line as shown on the contract plans. The value is assigned to the paving
notch at the end of the structure. See Figure 3-19.

Divided or Separated Structures on Divided Highways: The Highway Log kilometer post
marker is measured along the construction centerline of each structure. The value is
assigned to the paving notch at the end of the structures. Depending on the width of the
median and the skew, two kilometer post marker values may be assigned to each end. See

Figure 3-19.

3-07.5 Plans for Placement of Kilometer Post Markers

The preparation of plans for placement of kilometer post markers shall be the
responsibility of the District Traffic Branch. These plans may be combined with other
traffic plans for striping, signing, etc., where possible. In some instances, plans may not
be required and a list of markers to be placed may be sufficient.

Orders for kilometer post markers should be combined with orders for other types of
markers whenever possible. The orders should be placed well enough in advance to
ensure that the markers will be in place when the facility is opened to traffic.

3-07.6 Kilometer Post Markers

Dimensions, lettering and positioning standards are included in the Standard Plans.
Kilometer post markers shall not be reflectorized. If a kilometer post marker should fall
within a line of guide markers, it shall be placed in a manner that will not interfere with

the guide marker pattern. Kilometer post markers are not to be used as guide markers,
clearance markers, culvert markers, etc.
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3-07.7 Kilometer Post Marker Installation and Verification

Kilometer post markers shall be placed a minimum of 0.6 m and not more than 3.6 m
beyond the edge of shoulder on the right side of the highway facing traffic. Generally,
they should be placed in such a position as to minimize interference with maintenance.

When installed behind guardrail, the marker shall be placed so that the entire legend is
legible from the road.

Stenciling of the kilometer post marker on concrete median barriers is permissible in
addition to, but not in place of the regular kilometer post markers. This is an additional
aid for maintenance and accident investigation forces.

All markers shall be located to an accuracy of 15 m on the ground. The value shown on
the marker shall be to the nearest 0.015 of a kilometer (15 m), and shall reflect the
kilometer point of the centerline opposite the marker location.

The District Traffic Branch shall have the responsibility to verify the accuracy of the
placement of kilometer post markers. Periodic field review and inspection should be
conducted to repair or replace damaged or illegible markers. Any markers found to be
more than 15 m from the intended location must be relocated.

3-07.8 Correction of Existing Markers

Reports of incorrect kilometer post markers may originate from various sources. The
District Traffic Branch and the Roadway Records Unit of Headquarters Traffic must be
in agreement as to which field markers will be corrected and which accident records will
be relocated before any action is initiated.

3-07.9 Financing

1. Replacement of existing markers which are destroyed or damaged beyond repair
shall be financed from Maintenance funds.

2. The placement of additional or revised markers due to route redesignations,
adoptions or major errors shall be financed from HB1 Safety Improvement Funds.
Use the blanket Expenditure Authorization funds (EA) for installations under
$2,000.00. Individual EAs are required for installations over $2,000.00.

3. Placement of markers on new construction shall be financed from the contract
allotment.
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Figure 3-2
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Figure 3-3
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Figure 3-4
TSAR DETAIL
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-5
TSAR SUMMARY
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-6
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-7
TSAR SUMMARY-Continued

Aldd¥ LON $300-- 0°0 0O
Q3LVIS 1ON-> L°LL 2
ONNOBLS3IM-M 2°GE 9
GNNOELSY3-3 L'h6 9L
AlddV LON S300-- 0°0 O 0’0 0 aNNog MS‘3S ‘S-S 0°0 O
Q3LVLS LON-> 0°00L Lt 9°LL € aNnog MN ‘AN ‘N-N 0°0 0
II01HIA AVMYNNY-S 0°0 O 0’0 0
IN3Q120V dWv¥-¥ 0°0 O 00 0 3000 1od  ¥3EWAN
GNIM-d 0°0 0O 0’0 0 Se=m====TIAVHL 30 NOILO3YIQmmmmn-=>
LNIHVddY INON-N 0°0 0O L'n9 LL
HIHLO-W 8°G L 0'0 0
31D1H3A G3ATOANINN-T 0°0 O 00 0 HIHLO - TVWINY=-Z 0°0 0O
d1nd3 I10IHIA 193430-% 0°0 O 0°0 0 53002 QITVANI- 0°0 0O ¥33Q - IVWINV-X 8°'G6 L
QVOM HLIM HYITIWVINA-F 0°0 0O 0’0 0 SNE THOS JAVIT-HudV-L 0°0 O MOOLS3AIT - TWWINV=M 0°0 0O
NOISIT10D SNOIAI¥d=1 0°0 O 0°0 0 AVMOVOY NI 1ON-9 0°0 0 NVI41S303d LNNOWSIG-A 0°0 O
dWYY 3AVIT/¥3ILNI-H 0°0 O 0’0 0 HOTHS 1ON|-AVMAYO¥-S 0°0 O NVI¥1S303d=N 0°0 0
0144v¥l 09 ¥ 40IS-9 0°0 O 0’0 0 AIVMX LON ONIX-t 0°0 0O NIV¥l-1 0°0 0
NOILNILLYNI-4 87 L L'l 2 HINI LON=XTVMX ONIX-£ 0°0 O Q3dOW-¥ 0°0 0
LN3IW3YNOSE0 NOISIA-3 0°0 0 8°¢ 1 LSHINI=¥TVYMX ONIX-Z2 0°0 0 3IT1D1H3IA G3ATOANINA-D 0°0 0
SNOILYIOIA ¥3Hi10-9 0°0 0O 9'LL ¢ NV 14153034 MOL Q3IOVON3SIQ-d 0°0 O
9NIQ33dS-S 0°0 O g LA Savol a3T14s-0 8°5 L
N¥NL ¥3dOMdWI=h 0°0 0 9°LL £ Q3LVLS LON-> L°LL 2 H3A YOLOW-NON-¥IHLO-N 0°0 0
Q131A OL 3¥NIV4-E 0°0 O 0’0 0 ¥IH10-¥ L'LL 2 HIA HOLOW-Y¥3HLO-W 9°LL ¢
3S070 00L MOT104-2 0°0 0O 0°0 0 AVM ONOMM TAY¥L-D 0°0 0 3104018-1 0°0 0
JOHOOTY 3IONIMT4NI-L 0°0 O 0°'0 0 ONIOY¥IW-d 0°0 0 d1ND3 LSNOD AWMHOIH-Y 0°0 0O
Q3X¥vd-0 0°0 0 31D1HIA ADNIOY3IWI-F 0°0 0
3000 104  HIAWNN 104 W3IGWNN N1 ddO OLN| SSO¥D-N 8°¢ L SNE ¥3HLO-1 0°0 0O
z ¥ L # NYNL 34VSNN ¥3HIO-W 0°0 0 Sng TOOHOS-H 8°6 L
e — HOLOVY QILVID0SSY HIHLO=-==-=-memmm==> ¥OTHS WO¥4 ¥IIN3-T B°G L HT¥L ANYL 2 ® YML/WHL-9 0°0 O
ONI¥HVd=¥ 0'0 O WML MNVL L ® YML/M¥1-G 070 O
SINVT ONIONYHO-F 0°0 O ¥INNVL LINA 3TONIS-f 0°0 0
ITDIHIA ¥3IHIO SSvd-1 L'LL 2 YIVHL € % MOLOVML/YMI-E 0°0 0
INIddOLS ‘ONIMOTS-H 0°0 0 WIVHL 2 ® HOLOVML/NY¥1-Z 0°0 0
ONI¥OVE-9 0°0 0 HIVHL L ¥ HOLOVMLI/NM1-9 8°6 |
$3000 GITV¥ANI- 0°0 O NYNL N ONIXNVW-4 0°0 O MOLOVML MNONML/MONY¥L-4 9°LL €
Aldd¥ LON $300-- 0°0 0O N¥NL L1437 ONIWVW-3 L°LL 2 WIVML/M 13NVd/dN¥D1d=-3 0°0 0
Q3LVLS LON=-> 0°00L LI NHMNL LHOIY ONINVW-0 0°0 0O HONML T3NV4/dNHOI1d-0 2°GE 9
3uNI¥4/103430 3¥IL-2 0°0 O avoy 440 NV¥-2 6°26 6 I1DADHOLOW-0 8°G L
Q3ATOANI 3MI14-8 0°0 O LHO1VHIS 030300¥d-8 L'Lh L MIVML/M ¥VD HONSYd-8 0°0 0
SIVIYILYW SNOQYYZYH-Y 0°0 0O 03dd01S-¥ L°LL 2 NOOVM Y1S/¥VD MONSVd-¥ 8°8S 0L
3000 104 HIGWNN 3000 1Dd  YISWAN 3000 104  H3IBWON
<mmmmmmmmaNO | LYWHOANT VI 03dSmmmmmmmmmn> <-===NOIS|7700 ON1Q30I¥d LNIWIAOW===> <-mmmmmmccccccacIdAl ALYYdmmmmmmmmenae>
- = = AMVWWNS AL¥Vd - - -
06-0€-90/L8-10-10 ‘008°$L/008°hL ‘9L-D¥S-£0 NO SINIQI22V 11V 6ELS ON D3N
5 39vd 96-60~L0 IYAIIMLIY Q¥OO3IM 3JA1LD3TIS SVSVL AMVWWNS-00V OF£HXY

The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-8
TSAR SUMMARY-Continued
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-9
TASAS TABLE A
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.



victoriv
Typewritten Text
121


Figure 3-10
TASAS TABLE B
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The TASAS Highway Data Base is currently available only in US values.

Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-11
TASAS TABLE C
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-12
TASAS WET TABLEC
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-13
HIGHWAY DATA BASE FLOW CHART
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Figure 3-14
TYPICAL HIGHWAY DATA BASE REPORT
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-15
TYPICAL HIGHWAY DATA BASE REPORT
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The TASAS Highway Data Base is currently available only in US values.
Users requiring metric values can apply a conversion factor of 1.6093 to obtain a metric value in kilometers.
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Figure 3-16
PLACEMENT OF KILOMETER POST MARKERS
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Figure 3-17
KILOMETER POST MARKER EQUATIONS
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Figure 3-18
SKEWED OVERCROSSING
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Figure 3-19
KILOMETER POST MARKERS FOR STRUCTURES
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