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INTRODUCTION 

Highway bridges are a necessary part of any roadway system and have 

always been the subject of specialized engineering efforts. Their con

struction requires more sophisticated engineering analysis for their de

sign and higher construction cost than the roadways connecting them. In 

the past the primary purpose of the extra effort has been to insure that 

the bridge structure would support dynamic design loads without failure. 

Until relatively recently the width of bridges was not a major concern 

and would often be reduced for economic reasons. The results of this 

pr act ice are narrow bridges, especially on the rural road system, that 

pose a threat to all motorists. 

Since bridges are typically designed to provide longer service lives 

than the connecting roadways there are many instances where the roadway is 

upgraded and, due to cost constraints, the bridge is not. Due to the 

relatively high-cost of bridge widening and construction some bridges date 

back to the early 1900's. The physical obstructions of the bridge abut

ments and parapets, many of which are unguarded, present dangerous fixed 

objects to motorists. The changes in cross section width between the ap

proaching roadway and narrow bridges result in traffic flow restrictions 

and present unexpected hazards to motorists. The result is an increase in 

erratic driving behavior, fixed-object accidents and vehicle-vehicle acci

dents. 

The optimal solution would be to upgrade all narrow bridges on our 

Nation's roadways. The extreme costs associated with rebuilding all of 

the deficient bridges on our roadway system makes the optimal solution, at 

least on a short-term basis, unrealistic. The result is that highway 

agencies are implementing countermeasures designed to reduce crash se

verity and improve motorist information by providing increased advance 

warning, delineation and hazard conspicuity. The rationale behind these 

countermeasures is that if it is not possible to physically protect the 

motorist from hazards then efforts must be exerted to provide them with 

sufficient information to protect themselves. How effective these low

cost countermeasures are in actually increasing motorist safety is, how

ever, difficult to ascertain from accident-based studies. 
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The difficulty in determining the effectiveness of low-cost narrow 

bridge countermeasures by accident based analysis is due to the low number 

of accidents per bridge per year, inaccuracies in identifying the exact 

accident location from report forms and identifying the exact date that 

the countermeasures were installed. This study was initiated in response 

to the recognized difficulties in conducting accident based effectiveness 

evaluations of low cost countermeasures at narrow bridge sites. The study 

concentrated on analyzing only operational data such as vehicle speed and 

lateral placement on countermeasures installed during the project tenure. 

Sites selected for project purposes consisted only of 2-lane, single 

structure, undivided bridges. 

1. Study Scope and Objectives 

The purpose of this research was to determine the effectiveness of 

1 ow-cost countermeasures in reducing accidents at narrow bridges. The 

study concentrated on developing an accident based analysis methodology 

and on performing an operational based analysis of changes to driving 

behavior resulting from low-cost countermeasure implementation. The spe

cific objectives of this study were: 

• To develop an accident based methodology that could be used to 
evaluate the effectiveness of safety countermeasures at narrow 
bridges. The actual performance of the accident based analysis 
was not part of the study scope. 

• To collect and analyze operational data such as vehicle speed and 
lateral placement to determine what changes, if any, result from 
the installation of low-cost countermeasures at narrow bridges. 

2. Research Approach 

The first objective resulted in a document that specified the steps, 

concerns and analysis methodology appropriate for conducting accident 

based effectiveness evaluations at narrow bridge sites. This document was 

submitted to the Federal Highway Administration under a separate cover. 

The remainder of this (at hand) report consists of a description of 

the research approach and results of study efforts pertaining to the oper

ational based evaluation. The individual study tasks and their sequence of 

performance are presented in figure 1. 
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TASK A 

Conduct Literature Review 

Review of available literature 
to determine measures of effec

tiveness, data collection 
methods and results of previous 

narrow bridge studies 

----------- --------Submitted to Federal Highway Admin
istration Under Separate Cover 

TASK B 

Develop Accident Based Analysis Plan 

Develop accident based evaluation 
and sampling plan to determine 

effectiveness of low cost counter
measures at narrow bridge sites. 

~-----------------_J 

TASK C 

Determine Oaerational Data Analysis 
an Sampling Plan 

Select appropriate operational mea
sures of effectiveness, site selec-

tion criteria, data collection 
method, quality control and data 

analysis techniques. 

TASK D 

Obtain Before Data 

I 

TASk E 

Install Countermeasures 

Determine appropriate low cost 
countermeasures and request 

installation by roadway agency. 

TASK F 

Obtain After Data 

TASK G 

Analyze Data 

Figure 1. Flow chart of project tasks. 
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3. Literature Review 

Narrow bridges have been recognized as a highway safety problem for 

many years. A 1978 study by NHTSA reported that the severity of bridge

related accidents is roughly twice that of average accidents.[1] 

Other studies have revealed that as many as 60,000 bridges are deficient 

in width.[ 2] 

Studies have shown that bridge accidents result in high severity 

rates as emphasized by the accident experience for the States of Virginia 

and Kentucky as shown in table 1. These findings indicate that bridge

related accidents are considerably more severe than other accident types 

and their frequency represents cause for concern. 

Table 1. Percentage of bridge-related accidents. (Source [1,2]) 

Interstate/Parkway Highways Primar;y/Secondary Highways 

Percentage of Percentage of Percentage of Percent age of 
State All Accidents A 11 Fat al it i es All Accidents All Fatalities 

Virginia 3.2 7.1 1.6 3.4 

Kentucky 7.6 17.2 2.9 3.8 

A recent study by Mak and Calcote for the Federal Highway Administra

tion provides considerable information on the extent of the accident prob

lem relative to narrow bridges.[ 3] The authors recommend that em

phasis should be placed on single structure bridges on two-lane undivided 

roads which have shown the highest accident rates and severity. One of 

the original objectives of the Mak and Calcote study was to evaluate the 

effectiveness of various accident countermeasures at narrow bridges. Dif

ficulty was encountered, however, in evaluating low-cost countermeasures 

due in part to the inability to determine what and when countermeasures 

were implemented on the study bridges. The authors stated that there are 

indications that low-cost countermeasures are being used at many sites, 

even though it was not possible to evaluate their effectiveness in that 

study.[ 3] 
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Other researchers have al so noted the safety problems with bridges. 

Kaiser determined that traffic accidents at bridges account for twice as 

many fatalities as railroad crossing accidents and represent about three 

percent of all accidents in Ohio.[ 4] Hilton estimated that narrow 

bridges account for 1.6 percent of all accidents and 3.4 percent of al 1 

fatalities on interstate highways.[ 5] 

One of the major hazards associated with bridges is that many are 

functionally obsolete, being built prior to the adoption of current design 

standards. Michie states that, based on length al one, a bridge is roore 

hazardous than the roadway in general and that a large number of bridge 

accidents can be attributed to narrow bridges, obsolete approach guard

rails and inadequate bridge rail installations.[6] Based on the 

Federal Highway Administration's national bridge inventory conducted in 

1975, 75 percent of the nation's 564,000 bridges were built prior to 

1935.[7] This report estimated that 20 percent or 105,000 bridges 

are structurally deficient or functionally obsolete and this number is 

expected to increase by 2,000 per year. Based on this National Inventory 

report, Weaver and Woods estimated that the number of narrow bridges on 

2-lane rural roads was 37,00o.[8] 

Although bridge widening is thought to be the most desirable treat

ment for narrow bridge problems, the high cost [about $200,000 (1973 dol-

lars)] of this countermeasure makes it infeasible in most instances, 
[9] Mak and Calcote have pointed out that limited resources necessi-

tate the selection of cost-effective treatments, such as signing, roadway 

delineation, and longitudinal markings.[ 3] However, since the effec

tiveness of these countermeasures are controversial there exists a need to 

formally evaluate the effectiveness of the various low-cost countermea

sures on accidents and traffic operations. 

a. Definition of a Narrow Bridge. 

No exact definition of a narrow bridge exists although several sub

jective classifications have been proposed. Most authors agree that 

bridge width alone cannot be used to define a narrow bridge. AASHT0 con

siders a narrow bridge as any .bridge which has a width less than the 
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approach travel led way. [lO] AASHTO al so states that the term 

"narrow" is subjective and should be based on the following characteris

tics. 

Geometrics 

1 Approach roadway width 

1 Approach sight distance 

I Bridge width 

I Bridge length 

• Horizontal alignment 

• Vertical alignment 

Traffic Characteri sties 

• Approach speed 

1 Traffic volume 

• Percent commerical vehicles 

Other important factors requiring consideration may include area type 

and functional class of the highway. AASHTO provides a table that can be 

used to classify bridges as narrow based on factors of functional road 

type, average daily traffic, and percentage of commercial vehicles.[lO, 

pg 84 - 85 ] Commercial vehicles includes buses, large recreational 

vehicles, and farm vehicles, as well as trucks. Applying the AASHTO 

definition of a narrow bridge results in bridges with clear widths (width 

between rails or curbs, whichever is less) equal to or less than the 

values in the table being classified as narrow. For example, for a minor 

road of 500 ADT with five percent commercial vehicles, a width of 22 feet 

(6.8 m) or less would be classified as a narrow bridge. The AASHTO report 

also states that: 

"Regardless of the classification or other conditions, any bridge 
which has a width less than the approach travel led way should 
definitely be considered as a narrow bridge."[10] 

Thus, AASHTO considers a bridge to be narrow if it either meets specified 

roadway conditions or where the bridge width is less than the approach 

travelled way. A distinction is also given by AASHTO between one-lane and 

two-lane bridges. A one-lane bridge is considered to be any bridge with a 

width less than 18 feet (5.6 m).[10] 
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b. Area of Bridge Influence 

Narrow bridges can cause accidents that do not occur at or on the 

physical structure of the bridge itself. Previous research has recognized 

that driver behavior is modified on bridge approaches resulting in changes 

in vehicle lateral placement and speed, which can result in increased ac

cidents. This requires that an appropriate area of influence which in

c 1 udes roadway segments that approach and le ave the bridge ( i . e., the de

parture) be established. 

A study by Turner and Rowan was conducted of accidents (1972-1979) on 

State routes in Alabama relative to 960 bridges.[11] A definite in

crease was found in accidents on bridge approaches and departures which 

was more than twice the rate of the adjacent roadway. This increase was 

found to extend approximately 0.35 miles (0.56 km) from the bridge ends. 

Also, police officers were found to record bridge accidents to the nearest 

one-tenth of a mile (0.16 km) in more than half the cases, although some 

accident report forms required recording to the nearest hundredth of a 

mile.[ll] This implies that accidents occurring at the center of a 

short bridge may likely be incorrectly coded as occurring on the bridge 

approach. 

In a 1982 study of accidents on narrow bridges, Mak and Cal cote col-

1 ected bridge related accidents which were coded as occurring on the 

bridge or within 500 feet (155 m) on either side of the bridge.[ 3] 

This study established an area of influence of a 200 foot (62 m) bridge as 

being the actual bridge length pl us 1,000 feet (310 m), or a total of 

1,200 feet (372 m). 

The results of accident based studies indicates a need to consider 

the approach on each side of the bridge when collecting driver related 

operational data and for conducting accident based countermeasure evalua

tion. The length should be a minimum of one-tenth of a mile (0.16 km) on 

each side of the bridge to account for inaccuracies in accident reporting 

and changes in vehicle encroachments and speeds on bridge approaches. For 

highway agencies where locational reporting accuracy is low, a length of 

up to three-tenths of a mile (0.48 km) on each side of the bridge may be 

appropriate. 
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c. Evaluation of Countermeasures Based on Accident Data 

There have been several accident studies conducted to determine the 

relationship between bridge width, roadway width and accident experience. 

Raff investigated the effect of differences in approach width versus 

bridge width on accident rates in 1953. [l2] Structures narrower than 

the approach pavements by more than one foot (0.31 m) experienced signifi

cantly higher accident rates. Results also show that minimum accident 

rates occur when the structure is wider than the roadway by 7.1 to 9.0 

feet (2.2 to 2.8 m). The study indicates that where bridges have the same 

relative roadway width that the accident frequency is influenced by the 

actual bridge width. Bridges less than 20 feet ( 6.2 m) wide have appreci

ably higher accident rates than wider bridges. 

In 1966, Jorgensen analyzed data frcm two previous studies (Gunnerson 

1961, and Williams and Fritts, 1955) and developed families of curves to 

forecast accident reduct ion by bridge width. [l3] Both studies report

ed that accident rates decreased when both the bridge and roadway were 

widened. However, when only the roadway was widened, the accident rate 

tended to increase. 

Another study of bridge accidents was conducted in Colorado over a 

four year period for 219 bridges on rural two-lane primary roads.[l4] 

On the basis of the accident experience, it was found that the optimum 

structure width should be 30.5 feet (9.5 m), six feet (1.9 m) wider than 

the approach roadway or wide enough to carry the full approach roadway 

shoulder (which ever is greater). This study concluded that bridges on 

2-lane primary highways which carry the full approach width have an aver

age accident rate of 20 percent lower than bridges which do not carry the 

full approach width. In addition, it was found that narrow bridges have 

an accident rate seven times higher than bridges whose width is gr eater 

than the approach width and 14 times higher than bridges defined as having 

the optimal width. A study conducted in West Virginia, however, found no 

strong relationship between shoulder width and accidents.[lS] 

Agent, conducted a study of bridge accidents in Kentucky in 1975, 

which indicated that a smaller proportion of accidents occurred on bridges 
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with full width shoulders.[16] Due to a high number of nighttime ac

cidents, this study concluded that a problem of night conspicuity may 

exist. This apparent night problem was further supported by a three-year 

study in North Carolina where nearly two-thirds of the accidents occurred 

at night.[ 17 ] 

Mak and Calcote completed a comprehensive accident study in 1983 in 

which bridge-related accident 

from five states _[ 3] Data 

data were collected for a three-year period 

from 11,880 sites were collected and 

bridges were classified into categories based on the prevailing design 

standards in each state. One of the conclusions was that the distribution 

of accidents by type is affected by bridge curb-to-curb width but not by 

bridge narrowness. The percentage of single vehicle accidents was deter

mined as increasing with decreasing bridge curb-to-curb width. It was 

also determined that 2-lane, undivided, single-bridge structures have con

siderably higher accident rates than other types of bridges. This study 

disclosed that collisions with unguarded bridge ends resulted in high 

severity rates. These results compare favorably with other bridge acci

dent studies leading the authors to contend that the severity of bridge 

accidents can be reduced 68. l percent by using guardrails and proper tran

s it ion treatments. 

Mak and Calcote analyzed detailed bridge and accident data on a sam

ple of 1,989 2-lane, undivided and 2-lane, divided twin structures. 

[ 3] The bridges and their associated accident data were stratified 

into narrowness categories and revealed the following: 

• Accident frequencies increase with greater values of bridge 
length, bridge width, percent shoulder reduct ion, degree of curva
ture on the bridge and approaches, percent grade on the bridge and 
ADT. 

• Accident rates also increase with greater values of bridge length, 
percent shoulder reduction, degree of curvature on the bridge and 
approaches, and percent grade on the bridge, but are unaffected by 
bridge width. 

• Accident frequencies and rates increase drastically with increas
ing degree of roadside distraction. 
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• Accident severity increases with greater values of bridge length, 
percent shoulder reduction and speed limit but decreases with 
greater bridge width, higher level of roadside distraction and in
creasing ADT. However, the relationships are generally very weak 
except for roadside distraction. 

d. Evaluation of Low-Cost Countermeasures by Using Operational MOE 

An inherent difficulty in performing accident based effectiveness 

evaluations at narrow bridge sites is low accident frequency. Therefore, 

while the accident rate at a narrow bridge site may be far in excess of 

average roadway segments, the number of accidents are stil 1 relatively 

small at a given bridge site. Mak and Calcote concluded that performing 

accident analysis at an individual location requires unacceptably long 

time periods in order to accumulate sufficient data for statistical valid

ity.[3] Evaluations based on operational measures of effectiveness 

have the advantage of not requiring long periods of time to obtain ade

quate sample sizes. 

Operational evaluations can be conducted shortly after countermea

sure implementation (within one or two months) and requires two days or 

less data collection for both the before and after the time periods. The 

use of operational measures of effectiveness (MOE) can provide an interim 

measure of effectiveness prior to an accident based evaluation. The in

herent assumption behind a nonaccident based evaluation is that a signifi

cant change in appropriate MOEs {i.e., lateral placement, encroachments, 

and speed changes) is indicative of improved safety. It is assumed that 

if a countermeasure results in a significant reduction in vehicle en

croachments and other hazardous maneuvers, then this reduction is synom

onous with a reduction in accident potential. 

The operational evaluation can also provide information on subtle ef

fects of countermeasures on traffic operations (i.e., changes in vehicle 

speed or lateral placement at night versus during the day). Low-cost nar

row bridge countermeasures that have been evaluated using operational MOEs 

have included: snow and ice detection sytems, delineation treatments such 

as roadside delineators and pavement edgelining, chevron markings, guard

rails and various bridge warning signs and sign configurations. Opera-
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tional data collected and used to evaluate the effectiveness of the 

countermeasures included vehicle speeds, vehicle lateral placement, brake 

light indications, vehicle encroachments and steering wheel reversals. A 

summary of these studies is presented in table 2. 

MacWhinney, Lovell, and Ruden tested various snow and ice detection 

and warning systems (signs) on a bridge in the High Sierra Mountains in 

California.[ 18] The system consisted of snow and ice detectors and 

corresponding motorist warning signs. Speed data were collected using 

speed sensors at three locations. The speed differential caused by the 

presence of the warning sign was determined by comparing the initial speed 

before the warning sign and the speed after the warning sign. The results 

indicated that approach speeds were significantly lower (0.10 level) after 

the placement of warning signs for initial speed ranges of 31 to 60 mi/h 

(49.9 to 96.6 km/h) during the night. This speed reduction was attributed 

to the presence of the advance warning signs. 

Powers and Michael examined the effects of a combination of delinea

tion treatments for a narrow bridge in Indiana.[19] The delineation 

treatments tested included edgelining throughout the area, supplemental 

delineators on the curve, painting centerlines on the bridge deck and yel

l ow curbs. Spot speeds were recorded using a radar meter before and after 

the treatments were implemented. The results indicated a slight increase 

in speeds (0.05 level) after placement of the delineation treatments ex

cept at the bridge approach and recovery zones. 

Barness and Nesbitt evaluated the effects of the combination of vari -

ous countermeasures for a narrow bridge in the state of Washington. 

[ZO] The countermeasures included repositioning and revising bridge 

warning signs, installing chevron markings and lowering a berm that hid 

the bridge from driver view. Speed data were collected using a videotape 

recorder, and the deceleration rate at the bridge approach was observed. 

Data were collected before and after the countermeasures were implemented. 

The results displayed a 5 to 9 mi/h (8 to 14.4 km/h) reduction in the 85th 

percentile speeds after countermeasure implementation, however, no statis

tical tests were conducted to determine significance. 
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I-' 
N 

Study 

Macwhinney, 
Lovell. and 
Ruden. 1975 

Powers and 
Michael 

Barsness and 
Nesbitt, 1981 

Koziol, 1976 

Quimby 

State 

Ca11fornh 

Indiana 

Washington 

Maine 

Indiana 

Table 2. Summary of narrow bridge studies. 

Countermeasures No. of Narrow Operational MOE'S 
Being Evaluated Bridge Sites Used 

Snow/ice detection 1 • Vehicle Speed 
and warning systems. 

Oel ineat ion 1 • Mean Speed 
• Roadside reflectors. 
• Pavement edgelines. 
• Signing. _ 

• Repositioning and 1 • Speed Data 
revising signs. • Deceleration rate 

• Chevron markings. by observation,. 
• Lowering a berm 

that blocks view of 
bridge. 

• Edge striping. 1 • Speed Data 
• Lateral clearance • Lateral placement 

warning sign. of vehicles. 
• Guardrail over 

bridge and approaches. 

• Reflector button warn- 1 • Lateral placement 
ing sign. of vehicles (dis-

• Reflectorized back- tance of outside 
ground with red edge of right front 
c 1 usters. ·wheel with res-

• Reflectorized sign pect to rl ght 
with panels at bridge. hand edge of pave-

ment). 

Data Collect ion 
Results Techniques 

• Mean speeds lower Magnatometers 
in bad weather. ( ~peed Sensors) 

• Approach speeds 
lowered by pre-
sence of sign. 

• A slight increase Electro-matic 
in mean speed Radar Speedmeters 
after delineation 
treatments were 
Implemented. 

• 85th percentile • Unknown (probct>ly 
speed reduct ions radar gun). 
of 5 to 9 mph • Videotape to film 
after counter- deceleration. 
measures were 
implemented. 

• Vehicles deceler-
ated at a more 
gradual rate. 

• No significant Uns pee if i ed 
changes in speed 
for al 1 three 
treatments. 

• Improved p 1 acement 
in one direction 
with edge striping 
sign. 

• Improved placement 
in both directions 
with edgelining 
and add it ion al 
signs. 

• Vehicle placement 
closer to center-
line for guardrail. 

• At night vehicles • Photo-Velaxometer 
move toward the for mul tip 1 e speed 
center 1 ine wl th readings. 
the presence of • Movie camera for 
warning signs. multiple lateral 

placement reclling. 



I-' 
w 

Study 

Quimby (Cont'd.) 

Khan, 1980 

Pigman and 
Agent, 1979 

Koz io 1, 1978 

Roberts, 1976 

State 

Ohio 

Kentucky 

Maine 

West Virginia 

Table 2. Summary of narrow bridge studies (continued). 

Countenneasures No. of Narrow Operational MOE'S 
Being Evaluated Bridge Sites Used Results 

• Reflectorizing • Vehicle Speed • Warning signs had 
center line and no influence on 
above sign. vehicle p 1 acement 

during daytime. 
• Warning signs had no 

impact upon speed, 
but, the geometry 
of the bridge did 
effect speed. 

Raised Reflective 1 • Vehicle placement • Vehicle placement 
Pavement Markers (measured from vari c'bil ity re-

pavement marking mained constant. 
to longitudinal • Speed increased 
axis). at night. 

• Speed data (85th 
percent I le). 

• Brake light indi-
cations. 

• Encroachment on 
paint lines. 

Ral sed Pavement 1 • Visual observa- • 85th percent I le, 
Markers tlons. speed dropped s lg-

• Speed data. nlficantly at 
• Centerline en- night. 

croachment data • Mean speed renalned 
(encroachment rate). constant. 

• Encroachments were 
less severe at n lght. 

Several Types of 1 • Vehicle speeds • Speed reduct ions of 
OynillliC (Activated) (average). up to 2 mph re-
Sign Systems • Lateral placements sulted. 

(distance to cen- • Lateral placement 
terline). was not affected. 

Bridge Shoulder Width 1 • Mean speed. • Speeds were 1 ower 
• No curbing. • Vehicle placement. when curbing was 
• Two-foot curb. in place (60.7 mph 
• Four-foot curb. vs. 62 .36 mph). 
• Six-foot curb. • With 6-foot curbing, 

vehicles travel fir-
ther away from the 
shoulder edge at the 
center, upstream, 
downstreilll end of 
the bridge. 

Data Collect ion 
Techniques 

• Video surveil-
1 a nee sys ten 
( with gr id) . 

• Radar speed 
meter. 

• Manual obser-
vat Ions. 

• Radar speed 
meter. 

• Nine Loop Sen-
sors ( speed 
data). 

• Pressure-
Sensitive co-
axl al cables -
( lateral place-
ment data). 

Tapeswitch System 



t-' 
.i,. 

Study 

King and Pl lllllller 
1973 

Walker 

Hanscom 

Table 2. Summary of narrow bridge studies (continued). 

Countermeasures No. of Narrow Operational MOE's 
State Being Ev a 1 uated Bridge Sites Used 

West Virginia • Shoulder width on 1 • Vehicle lateral 
bridges. (simulated) placement (dis-

tance from center 
of left wheel to 
centerline). I 

• St~ering wheel :re-
versals. 

• Speed change. 
• Accelerator pedal 

movement. 
• Brake pedal appll-

cations. 

Maryland Bridge Width 11 Lateral Placement 
Virginia (distance of right 
Oregon wheel to curb). 

West Virginia Snow/Ice Warning 1 Mean Speed 
Signs 

Oat a Co 1 lect ion 
Results Techniques 

• Very few acceler- • Greenshiel ds 
ator pedal move- Ori vometer - i n 
ment s or speed test veh le le • 
changes (partial- • Time-1 apse 
ly because sub- mov le camera to 
jects .ere told record lateral 
to drive at a placement. 
steady speed). • Radar speed 

• Greater nunt>er of meter. 
steering wheel 
reversals for 
narrow shoulders 
( <4-foot). 

• Pl acement was 
furthest fran 
centerline with 
shoulder width of 
4- to 6-foot. 

Based on the trans- Unspecified 
verse position of 
vehicles and roadway 
width, the requl red 
bridge width can be 
detennined. 

Speeds were reduced TES 
fran 1 to 6 mph for 
different sign can-
bl nations. 



Koziol tested various treatments on a narrow bridge including: edge 

striping, lateral clearance warning sign with advisory speed plate, and 

full guardrail at the bridge and approaches.C 21J Speed and lateral 

placement information were collected at the site before and after the 

treatments were implemented. The author concluded that pavement edge 

striping improved lateral placement for one direction of travel since the 

vehicles were rrore centered in the lane. A canbination of two narrow 

bridge advance warning signs, an advisory speed plate, pavement edge 

striping and a lateral clearance warning sign improved lateral placement 

for both directions of travel. However, the addition of the guardrail 

caused vehicles to drive closer to the centerline. There were no signifi

cant changes in speeds for al 1 three treatments. No quantitative results 

or statistical tests were presented in the Koziol report. 

Quimby tested three types of bridge warning signs and a reflectorized 

centerline at a narrow bridge in Indiana.[ 22 ] The three signs tested 

included a reflector button, a reflectorized background (with cluster) and 

a reflectorized sign (with panel). Also a reflectorized centerline was 

installed with the latter sign. Vehicle speeds were collected using a 

Photo-Vel axometer at several locations along the bridge and bridge ap

proach for each sign type with a movie camera used to collect lateral 

placement data. The conclusions of the study are summarized below: 

• At night, vehicles move toward the centerline with the presence of 
warning signs. 

• Warning signs had no influence on vehicle placement during the 
daytime. 

• Warning signs had no impact upon vehicle speeds at the narrow 
bridge site. Bridge geometry appeared to be the control ling 
factor. 

Khan tested raised reflective pavement markers at a narrow bridge in 

Ohio.[ 23] Data were collected for vehicle lateral placement, speed, 

brake light indications, and encroachment on paint lines before and after 

the pavement markings were installed. The results indicated that the mean 

nighttime vehicle lateral placement increased significantly (0.05 level), 

but the variance remained the same in the before and after time periods. 

Also, speeds increased signficantly at night after the pavement markings 

were installed. 
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Pigman and Agent tested raised pavement markers at a narrow bridge in 

Kentucky.( 24] Data collection consisted of vehicle speeds and center

line encroachments using a radar meter and visual observations, respec

tively. Data were collected before and after the pavement markers were 

installed. The results indicated that the 85th percentile speed dropped 

significantly at night and that encroachments were less severe after the 
pavement markers were installed. 

Koziol conducted a before and after study to evaluate the effective
ness of four dynamic sign systems at a narrow bridge site.[ 25 ] The 

four signs tested included: flashing beacons, strobe lights, and two neon 

sign messages. Two of the dynamic signs were tested only at night. Vehi

cle speeds and lateral placement data were collected at several spots near 

and on the bridge before and after implementation of each device. Speed 

reductions of up to two mi/h (3.2 km/h) resulted for the various sign sys

tems, however, lateral placement was not affected. 

Roberts examined the effects of bridge shoulder width on vehicle 

speed and lateral placement at a bridge on a four-lane divided highway in 

West Virginia.( 26 ] Various sizes of curbing were installed (no curb

; ng, two-foot curb, four-foot curb, and six-foot curb) and evaluated. 

Speed and lateral placement data were collected using a tapeswitch system. 

Based on the analysis of variance test, the results indicated that speeds 
were lower when curbing was in place. Also, with six-foot curbing, vehi

cles tended to travel further away from the shoulder edge at the center of 

the bridge and upstream and downstream end of the bridge. 

King and Plummer examined the effects of various bridge shoulder 
widths on operational parameters in West Virginia using a simulated 

bridge.C 27 ] Subjects· drove an instrumented test vehicle, and data 
were collected using a Greenshields Drivometer and an 8mm movie camera. 
Information collected included: vehicle lateral placement, steering wheel 

reversals (major and minor), speed changes, accelerator pedal movement and 

brake pedal applications. The results indicated that vehicle placement 

was furthest from the centerline for shoulder widths of four to six feet 

( 1. 2 to 1. 9 m ) • 
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Walker examined the influence of various bridge widths on the trans
verse positions of vehicles.[ 28 ] Eleven bridges were tested with 

widths ranging from 23 to 50 feet (7.1 to 15.5 m) in Maryland, Virginia, 

and Oregon. On the average, a vehicle al lowed between 5.9 feet (1.8 m) 

and 6.9 feet (2.1 m) between the right wheel and curb (in the daytime). 

This information was used to develop minimum adequate widths of bridges 

for various roadway widths. Based on the average transverse positions of 

vehicles, the authors recommended a minimum bridge width of 26 to 28 feet 

(8.1 to 8. 7 m) for an approach roadway with a pavement width of 18 feet 

(5.6 m) and three foot (0.9 m) shoulders. 

Hanscom tested four types of icy bridge warning signs at a bridge in 

West Virginia.C 29 ] The Traffic Evaluator System was utilized to ob

tain speed data. The combination of the "WATCH FOR ICE ON BRIDGE" sign in 

advance and the "ICE ON BRIDGE WHEN FLASHING" sign at the bridge resulted 

in the greatest speed reduction. 

In summary, nine of the twelve studies examined used operational 

parameters to evaluate the effectiveness of various countermeasures for 

problems at narrow bridges. The other three studies examined the influence 

of various bridge geometrics (shoulder width, total bridge width, curbing) 

on operational parameters. 

For the studies that evaluated nongeometric (low-cost) treatments, 

two basic types of countermeasures were tested. They included: bridge 

warning signs (ice, narrowness, etc.) and delineation treatments (raised 

pavement markers, edge striping, etc.). The three studies that examined 

geometric countermeasures evaluated the impact of shoulder width, curbing 

and bridge width on operational parameters. 

Eleven out of the twelve studies used vehicle speed as a measure of 

effectiveness. Eight studies used vehicle lateral placement as a measure 

of effectiveness. One study attempted to use information such as steering 

wheel reversals, accelerator pedal movement, and brake pedal applications. 

However, these variables can only be collected using an instrumented vehi

cle and, therefore, in most cases, would not be considered practical mea

sures of effectiveness. 
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Most studies that evaluated delineation treatments found that there 
were improvements in lateral placement (vehicles rooved away from the 
centerline) after the treatments were implemented. However, speed was 

found to increase in another study, decrease in two studies and not be af
fected in another study. For the various warning sign types, in general, 

speed was either reduced or not affected by the presence of the signs. Two 

out of the three studies that examined the effects of signing on lateral 

placement found that there was an improvement in 1 ateral placement ( veh i

c les moved away from the centerline). 

Eleven out of the twelve studies used only one bridge to test the 

various countermeasures. In addition, one study used a simulated bridge 
erected in a parking lot and two other studies used a bridge at a test 

f ac i 1 i ty. 
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COLLECTION OF OPERATIONAL DATA 

1. Measures of Effectiveness 

The primary purpose of installing low-cost countermeasures at narrow 

bridge sites· is to reduce accident frequency. Mak concluded, however, 

that the use of accident frequency as the measure of effectiveness (MOE) 

at an individual site is difficult due to the small number of accidents 

per year per bridgeJ 3] This study, therefore, concentrated on ob

taining operational MOEs that were related to the ultimate objective of 

reducing bridge-related accidents while simultaneously providing a measure 

of the intended effect of each countermeasure being evaluated. 

The selection of appropriate operational MOEs was accomplished by 

establishing a causual chain of the predominant accident types, probable 

causes, countermeasures, and safety objectives as presented in figure 2. 

Low-cost countermeasures at narrow bridge sites are intended to reduce 

accidents by altering driving behavior. These intended changes in dri~~r 

behavior are referred to as intermediate objectives in figure 2. The MOEs 

selected to evaluate the low-cost countermeasures are primarily related to 

measures of vehicle speed and lateral position. The logical relationship 

to these measures and the intermediate objectives are presented be 1 ow. 

• Mean speed over all tapeswitch deployments. The low-cost counter
measures provide additional driver information and guidance. 
These driver inputs may result in changes in average speed through 
the bridge and bridge approach. The expected direction of this 
change between the before and after time periods is not, however, 
readily evident. The installation of a countermeasure to improve 
driver awareness (i.e., delineation) could result in either an in
crease or a decrease in average speed, depending on the physical 
conditions at the bridge site. For example, some bridge approaches 
with limited sight distance may pose problems for vehicles ap
proaching too fast and then decelerating rapidly to pass safely 
over the bridge. In this instance, countermeasures such as ad
vance warning signs would be intended to reduce average speeds on 
the approach. Evaluation of this countermeasure, using mean speed 
as the MOE, could interpret a reduction in speed as an indication 
that the countermeasure is effective. However, consider the case 
of a narrow bridge where the visibility is so poor (i.e., no 
lighting or delineation), that motorists must slow down at night 
to safely traverse the bridge site. An effective delineation 
treatment (i.e., raised pavement markers, paddle markers, strip
ing, etc.) may improve visibility such that motorists can ade-
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BRI OGE RELATED 
ACCIDENT TYPES 

Accidents involving 
vehicles striking the 
bridge rail, abutment 

or the bridge 
approach guardrail 

Accidents involving 
vehicles striking other 

vehicles as a result 
of narrowing of the 

bridge (head-on, side
swipe, rear-end, etc.} 

,'v 
0 

--

--

PROBABLE CAUSES 

- improper right hand 
vehicle clearance 

- improper speed 1--

- inadequate driver 
information 

- improper left hand 
vehicle clearance 

- improper speed t--
- inadequate driver 

information 

... 

PROJECT COUNTERMEASURES 

- advance warning signs 
- roadway edge lines 
- raised pavement 

markers (RPM} 
- Type 3 object markers 
- Type 2 object markers 
- roadside delineators 

ULTIMATE OBJECTIVES 

- reduce fixed object 
accidents 

- reduce vehicle-
v eh ic 1 e ac c i dents 

w 

--

MEASURES OF EFFECTIVENESS 

INTERMEDIATE 
OBJECTIVES 

- improve rootori st 
information 

- improve lateral 
I .. I p·l acement 

- improve speed 
characteristics 

- difference in before and after 
mean speed across deployment 

- difference in before and after right hand 
road edge clearance frCJII trap to trap 

- difference in before and after 
maximum speed variation across 
deployment 

- difference in before and after right hand 
clearance deviation across deployment 

Figure 2. Causual chain and appropriate measures of effectiveness for low cost 
countermeasures at narrow bridge sites. 



quately recognize the bridge site and maintain their approach 
speed to safely cross the bridge. In this instance, an effective 
countermeasure may result in vehicle speeds which remain unchanged 
or increase slightly. 

• Maximum speed variation across deployment. This MOE was obtained 
by measuring the maximum variation ,n speed that individual vehi
cles exhibited in the trap array. This maximum speed variation 
was averaged over all of the observations to obtain the analysis 
value. The increased visual conspicuity and motorist information 
provided by the low-cost countermeasures can logically be expected 
to result in more uniform speeds through the bridge approach. 
Speed variability may be indicative of the potential for acci
dents. A sudden deceleration on the bridge approach could create 
unexpected hazards resulting in rear-end (from a trailing vehi
cle), bridge related or head-on accidents (excessive speed caus
ing the inability to maintain proper lateral position). Increased 
motorist information (i.e., adequate delineation or advance warn
ing) could theoretically result in a more gradual deceleration by 
the motorist and enhanced safety through the bridge site. 

• Mean speed at tapeswitch deployments. This MOE was obtained by 
averaging the speeds at each trap of every valid vehicle that 
traversed the test site. The purpose of this MOE was to determine 
if the low-cost countermeasures resulted in changes to the speed 
profile at the bridge sites. The most advantageous condition 
would be to have identical average speeds, or a linear reduction 
in average speed, at every tapeswitch deployment. This would be 
indicative of increased motorist information and confidence in the 
vehicle guidance tasks required of the narrow bridge site. This 
analysis differs from the analysis of speed variance in that it 
provides a measure of the average speed at each trap. The analy
sis of speed variance used the average speeds at each trap to 
develop a variance measure of the entire approach site. The anal
ysis of mean speeds by tapeswitch deployment permits the further 
analysis of which traps had the highest or lowest mean speeds if 
significant differences are revealed by the statistical analysis 
of the before and after time periods. 

• Right hand lateral position at tapeswitch deployments. This mea
sure of lateral placement was selected to provide an indication of 
the effectiveness of the countermeasure changing the lateral posi
tion of the vehicles. It provides an indication of the potential 
for accidents with fixed objects that are located to the right of 
the roadway and with opposing vehicular traffic. Analyzing· later
al position from trap to trap al lows the determination of the 
change in right hand distance from trap to trap and where on the 
approach these changes occurred. The lateral placement measures 
were obtained by measuring the distance from the right edge of the 
paved roadway surface to the outside edge of the right front tire. 
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1 Deviations in right hand lateral placement between tapeswitch 
deployments. This MOE was obtained by determ1n1ng the differences 
in the average right hand lateral di stance between adjacent tape
switch deployments for both the before and after time period. The 
purpose of these analyses was to determine if the low-cost 
countermeasures were effective in providing increased motorist 
guidance resulting in a more uniform vehicle path. 

Many of the low-cost countermeasures evaluated during this project 

consisted of treatments that should benefit the motorist primarily at 

night. To evaluate the effect of light conditions on MOE effectiveness, 

the data were collected separately for daylight and night conditions. The 

type of vehicle was also noted to permit a determination if various class

es of vehicles are impacted differently by the implemented countermea

sures. 

2. Characteristics of Selected Test Sites 

Efforts were concentrated on identifying appropriate two-lane undi

vided bridges for the study. The selection of appropriate test sites was 

based on the narrow bridge definitions used in the Mak and Calcote study. 

These definitions are:[ 3] 

• Narrow Bridge Definitions 

1) One-lane, 18 feet (5.5 m) or less in width. 

2) Two-lane, 24 feet (7.3 m) or less in width. 

3) Total approach width greater than total bridge width ( curb
to-curb) and bridge shoulder width less than 50 percent 
of approach roadway shoulder width (i.e., greater than a 
50 percent shoulder reduction). 

4) Total approach width greater than total bridge width and the 
bridge shoulder width is 50 percent or more (but less than) 
approach roadway shoulder width (i.e., 1-50 percent shoulder 
reduction). 

• Non-Narrow Bridge Definition 

1) One lane, more than 18 feet (5.5 m) in width. 

2) Tot al bridge width equal to or greater than tot al approach 
roadway width. 
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Nine narrow bridge sites, six in Michigan and three in Ohio were sel
ected for analysis. Data were obtained from both approaches to the nine 

sites resulting in measurements on 18 approaches. A summary of the physi

cal characteristics of each approach is presented in table 3. Inspection 

of this table indicates that all of the narrow bridges selected for analy

sis were less than 24 feet (7.3 m) in total width (curb-to-curb). Mea

surements of approach widths were obtained by measuring the total di stance 

from roadway edge to roadway edge. The bridge directional width was ob

tained by measuring from the curb, when present, or from undisturbed 

debris from the bridge rail (approximately six inches (15.2 cm)) to the 

center of the centerline on the bridge deck. All of the test sites con

sisted of total bridge widths that were less than the approach roadway 

width. 

All of the test sites were located in rural environments with one-way 

volumes that varied from a minimum of 800 to a maximum of 2,625 vehicles 

per day. The majority of approaches consisted of straight roadway sec

tions with sight distances greater than 900 feet (279 m). Those locations 

that had reduced sight distances due to horizontal and vertical curves 

were posted at speeds below 55 mi/h (88 km). In all cases, the available 

sight distance was greater than the minimum safe stopping distance recom

mendations of AASHTO for the posted speeds.[30, pg 138] 

3. Descriptions of Implemented Countermeasures 

The selection of countermeasures for project implementation was based 

on a consideration of what was already present and the standard practices 

of the respective highway agency. Standard practice for some agencies, 

for example, did not include the installation of raised pavement markers. 

In these instances, raised pavement markers were not considered for in

stallation because they would have resulted in roadway conditions, espe

cially at night, that were abnormal to the driver expectancy of area 

motorists. 

A summary of the traffic control and delineation devices that were 

present prior to countermeasure installation and the actual countermea

sures ins tal 1 ed are presented in tab 1 e 4. The countermeasures were al ways 

installed in addition to existing conditions with the only exception being 
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N 
.i::,. 

Site 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Total 
Bridge 
Width Length 
(ft) (ft) 

24.0 24 

18.4 50 

20.5 56.6 

19.9 39.5 

18.0 44 

20.2 46 

20.3 82.2 

19.4 44 

18.5 42 

Table 3. Summary of physical features at narrow bridqe test sites. 

Percent Reduction 
One 

Approach Approach Bridge Shoulder Roadway Roadway and Way 
Design a- Roadway Directional Width and to Shoulder to Al i qnment and Posted Vol-

tton Direction Width (ft) Width Twe (ft) Bridge Bridge Sight Distance Speed ume Environment 

11 EB 23.6 9.9 !:. 4' gras! 13.6 35.4 Straight +900' 45 ·1750 Rural, F ar111 

12 WB 23.9 10.5 !. 4' grasi 14.5 36.l Vert ic a 1 Curve 45 1900 Rural , Woods 
600' 

21 EB 20.0 9.2 !:. 4' gras! 8.0 34.3 Straight +900' 45 1000 Rural, Woods 

22 WB 20.6 9.2 !:. l' gras! 10.7 18.6 Straight +900' 45 1000 Rural, Farm 

31 NB 21.6 10.5 3.5 grass 5.1 28.3 Vert ic a 1 Curve 40 850 Rural, Woods 
600' 

32 SB 22.7 10.0 2.5 grass 9.7 26.0 Straight +900' 40 900 Rural, Woods 

41 EB 23.7 9.9 5 grass 16.0 40.9 Horizontal Curve 35 2625 Rural , Woods 
321' 

42 WB 24.0 10.0 1 grass 17.1 23.5 Horizontal Curve 35 2625 Rural Woods · 
525' 

51 EB 22.l 8.4 3 grass 18.6 35.9 Straight +900' 45 1200 Rural, Farm 

52 WB 22.5 9.4 3 grass 20.0 36.8 Straight +900' 45 1200 Rural • Farm 

61 NB 22.7 8.8 3 grass 11.0 29.6 Straight +900' 45 000 Rural, Fann 

62 SB 22.3 8.4 3 grass 9.4 28.6 Straight +900' 45 000 Rural. Fam 

7l NB 22.3 10.l 1. 7 gravel 9.0 21.0 Straight +900' 45 1075 Rural, Farm 

72 SB 22.4 10.l 1.7 gravel 9.4 21.3 Straight +900' 45 1075 Rural • Fann 

81 EB 24.4 9.7 !:. 4 grass 20.5 40.l Vertical and 55 650 Rural, F arna 
Horizontal curve 

+900' 

82 WB 24.8 9.7 !:. 4 grass 21.8 40.9 Vertical and 55 650 Rural, Farm 
Horizontal curve 

+900' 

91 EB 18.8 8.5 + 4 gravel 1.6 31.0 Straight +900' 55 525 Rural, Farm 
and grass 

92 WB 19.0 8.3 :_ 4 gravel 2.6 31.5 Straight +900' 55 525 Rural, Fann 

•. 



rv 
Ul 

Approach 
Design at ion 

B = Before 
C = Counter-

measure 

11 B 
C 

12 B 
C 

21 B 
C 

22 B 
C 

31 B 
C 

32 B 
C 

4 

X 
--

X 
--
X --
X 
--

X 
--

X 
--

Table 4. Traffic control features at narrow bridge test sites. 

Traffic Control Features 

Raised Pavement Center] i nes 
Edgeline Post Delineators Markers 
(inches) (Type 2) Type 3 Adhesive Narrow Approach Bridge 

Object L&R Delineation Bridge 
6 8 LHS RHS Markers Sides CL Markers Signs Solid Skip Solid Skip 

-- -- ----- ----- 2 ----- ----- ----- 1 @ + 500' X -- X --
-- X 5@ 50' 5@ 50' 4 ----- ----- ----- ----- -- -- -- --

yellow white 

-- -- ----- ----- 2 ----- ----- ----- 1 @ 500' X -- -- X 
-- X 5@ 50' 5@ 50' 4 ----- ----- ----- ----- -- -- -- --

yellow white 

-- -- ----- ----- 2 ----- ----- ----- 1 @ 500' X -- None --
_,. -- 5@ 50' 5@ 50' 4 ----- ----- ----- ----- -- -- -- --

yellow white 

-- -- ----- ----- 2 ----- ----- ----- 1 @ 443 I X -- None ---- -- 5@ 50' 5@ 50' 4 ----- ----- ----- ----- -- -- -- --
yellow white 

-- -- ----- ----- 2 ----- ----- ----- ----- X -- X ---- -- 5@ 50' 5@ 50' 4 ----- ----- ----- ----- -- -- -- --
yellow white 

-- -- ----- ----- 2 ----- ----- ----- ----- X -- X ---- -- 5@ 50' 5@ 50' 4 ----- ----- ----- ----- -- -- -- --
yellow white 



N 
o, 

Approach 
Designation 

B = Before 
C = Counter-

measure 

41 B 
C 

42 B 
C 

51 B 
C 

52 B 
C 

61 B 
C 

62 B 
C 

71 B 
C 

72 B 
C 

4 

X 
--
X 
--
X 
--
X 
--
X 
--
X 
--
X --

X --

Table 4. Traffic control features at narrow bridge test sites (continued). 

Traffic Control Features 

Raised Pavement Center! i nes 
Edgeline Post Delineators Markers 
(inches) (Type 2) Type 3 Adhesive Narrow Approach Bridge 

Object L&R Delineation Bridge 
6 8 LHS RHS Markers Sides CL Markers Signs Solid Skip Solid Skip 

-- -- ----- ----- 2 ----- ----- ----- ----- X -- X ---- X ----- ----- - ----- ----- ----- ----- -- -- -- --
-- -- ----- ----- 2 ----- ----- ----- ----- X -- X ---- X ----- ----- - ----- ----- ----- ----- -- -- -- --

-- ----- ----- 2 ----- ----- ----- ----- X -- -- X 
-- -- ----- ----- 4 ----- ----- ----- l @ 587' -- -- -- --
-- -- ----- ----- 2 ----- ----- ----- ----- X -- X ---- -- ----- ----- 4 ----- ----- ----- 1 @ 573 I -- -- -- --
-- -- ----- ----- 2 ----- ----- ----- 1@ 679' X -- None ---- -- ----- ----- 4 ----- ----- ----- ----- -- -- -- --
-- -- ----- ----- 2 ----- ----- ----- 1 @ 589' X -- None ---- -- ----- ----- 4 ----- ----- ----- ----- -- -- -- --
-- -- ----- ----- 2 940' 940' ----- l @ 1318' -- X -- X 
-- -- 5@ 50' 5@ 50' -- @ 40' @ 80' 8 on E. ----- -- -- -- --

yellow white spacing spacing side of 
bridge 

-- -- ----- ----- 2 873' 873' ----- 1@ 430' -- X -- X -- -- 5@ 50' 5@ 50' -- @ 40' @ 80' 8 on W. ----- -- -- -- --
spacing spacing side of 

bridge 
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-.J 

Approach 
Desi gnat ion 

B = Before 
C = Counter-

measure 

81 B 

C 

82 B 

C 

91 B 

C 

92 B 

C 

Table 4. Traffic control features at narrow bridge test sites (continued). 

Traffic Control Features 

Raised Pavement Centerlines 
Edgel ine Post Delineators Markers 
(inches) (Type 2) "Type 3 Adhesive Narrow Approach Bridge 

Object L&R Delineation Bridge 
4 6 8 LHS RHS Markers Sides CL Markers Signs Solid Skip Solid Skip 

X -- -- ----- ----- 2 ----- ----- 11 on N 1@ 575' X, -- X --
side 

-- -- -- 5@ 50' 5@ 50' -- 650' 650' ----- ----- -- -- -- --
@ 40' @ 80' 

spacing spacing 

X -- -- ----- ----- 2 ----- ----- 11 on S 1 @ 575' X -- X --
side 

-- -- -- 5@ 50' 5@ 50' -- 650' 650' ----- -- -- -- --
@ 40' @ 80' 

spacing spacing 

-- X -- ----- ----- 2 755' 755' ----- ----- -- X X --
@ 40' @ 80' 

spacing spacing 
-- -- -- 5@ 50' 5@ 50' -- ----- ----- 11 on N 1@ 600' -- -- -- --

side 

-- X -- ----- ----- 2 763' 763' ----- ----- X -- -- X 
@ 40' @ 80' 

spacing spacing 

-- -- -- 5@ 50' 5@ 50' -- ----- ,.. ____ 
11 on S 1@ 600' -- -- -- --

side 



mutually exclusive countermeasures such as different edge line widths. 
Test approach 11, for example, initially had two type 3 object markers 

with an additional four added as part of the project countermeasures. 

There were, therefore, a total of six type 3 object markers, three on each 

side of the approach, present during the after time period. Figures 3 

through 11 present the before and after countermeasure conditions. 

4. Collection of Field Data 

The collection of field data was accomplished by using the Federal 

Highway Administration's fully automated Traffic Evaluation System (TES). 

The TES is a computerized data collection system that obtains data through 

a series of tapeswi tches. The tapeswitches consist of two copper strips 

separated by a thin plastic divider along each edge of the switch. As a 

vehicle passes over the switch the vehicle's weight causes contact of the 

copper switch which closes a circuit. The electrical impulse generated by 

each closed circuit is transmitted to a rheostat which identifies the 

switch location and the resultant current triggers the recording of a 

time, switch code and location code. 

Four tapeswitch stations were deployed on each narrow bridge approach 

to record the speed, vehicle type, vehicle width and lateral placement of 

traffic. The approximate positions at which the four tapeswitches were 

deployed is presented in figure 12 and described below. 

• At a free flow point on the narrow bridge approach. An additional 
diagonal switch was installed at this location to determine vehi
cle width which was necessary for the determination of encroach
ments. The free flow point was determined to exist at a distance 
from the bridge that was equal to or beyond the safe-stopping 
sight di stance. 

• At points that were 2/3 and 1/3 the safe stopping sight distance. 

• At the beginning of the bridge. 

The above criteria was used to guide the deployment of TES tape

switches but the actual deployment was dependent upon the physical site 

characteri sties. Roadway surface condition, the location of physical fea

tures (such as trees) for anchoring the TES unit and other site character-
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istics resulted in variations of the actual tapeswitch locations. The 
actual location of each trap in the array for each approach is presented 

in table 5. This table presents the distance of the furthest edge of each 

trap from the start of the bridge. 

Figure 13 indicates the arrangement of each tapeswitch deployment. 

In each case, the ends of the tapeswitches were located at a known dis

tance, 01, off of the edge of the roadway to minimize the potential 

damage to the lead wires at the end of the tapeswitch. Placing positions 

of the tapeswitch off the edge of the roadway al so provided a means to 

collect shoulder encroachment data. The two tapeswitches perpendicular to 

the centerline (A and B on figure 13) provided a means to determine the 

speed of vehicles at the station. Since tapeswitches A and B were placed 

at a known distance apart, S, the speed of vehicles were determined by: 

S ed = S x conversion factor 
pe Time B - Time A 

(1) 

For example, if the two tapeswitches are placed 10 feet apart, and the 

impulses are noted at the time points 231.02 and 231.22 seconds, then 

10.0 ft. X (0.6817) 
Speed= 231.22 - 231.02 seconds 

= (50 ft/sec) (0.6817) 

= 34.09 mph 

The lateral placement of vehicles was determined from the canputed 

speed and the time of impulse on the diagonally placed tapeswitch with a 

known angle 'theta'. The di stance travel led by the vehicle between 

tapeswitchs Band C (denoted by x) was determined from the known speed of 

the vehicle as it crossed tapeswitch B and the difference in the recorded 

time impulse between tapeswitches Band C. The function used was: 

X (ft) = (timec - timea) (sec) x speed (ft/sec) (2) 

Fol lowing the previous example, with impulse time of 231.22 and 231.45 

leads to: 

X = (231.45 231.22) x 50.0 
= 11.5 feet 
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Table 5. Distance of lead trap edge from start of bridge (feet). 

Trap Number 
Approach 

Desfgnation 1 2 3 4 

11 900 600 300 0 

12 600 400 200 0 

21 904 600 300 0 

22 900 604 300 0 

31 600 400 200 0 

32 935 600 300 0 

41 321 214 107 0 

42 525 350 175 4 

51 920 600 300 0 

52 900 600 300 0 

61 900 600 300 0 

62 900 600 300 0 

71 900 600 300 0 

72 900 600 300 0 

81 950 500 250 0 

82 900 600 300 0 

91 900 600 300 0 

92 900 600 300 0 

1 ft= 0.31 m 
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The trigonometric relationship for the tangent of theta (0) was then 

applied to compute the distance 02. 

d (3) 
tan 0 

If 0 = 30 degrees, then 

0 - (ll. 5 - lO.O) = 2.59 feet 2 - o .5773 

The difference between 02 and 01, provided a measure of the 1 ateral 

placement of the outer wheel on the roadway (or shoulder). 

A similar set of relationships were used to derive the value Y and 

subsequently 03 from data obtained from a second diagonal impulse from 

tapeswitch C. The difference between 03 and 02 indicates the tracking 

width of the vehicle which was used to classify the vehicle by type. The 

tapeswitch system allowed for the counting and classification of vehicles. 

Axle counts were obtained by noting the number of sets of axles crossing 

tapeswitch A. The axle count in conjunction with the measurements of 

vehicle width permitted a determination if the vehicle was a truck, bus or 
within the category of auto, van or pickup. 

5. Data Quality Control 

Quality control measures were applied during tape switch deployment, 

data collection periods and data analysis. The quality control procedures 

during dep 1 oyment consisted of ensuring that the tapeswitches were secure-

1 y fastened to the road surface and installed with the proper distances 

and deployment angles. The proper distances and angles were verified by 

performing a number of trial runs at known speeds with a vehicle of known 

width. If al 1 the traps did not produce identical and correct speeds then 

adjustments were made and additional trial runs performed. Similarly, if 

the first trap did not produce the correct estimate of vehicle width then 

adjustments were made to the diagonal tapeswitches until correct measure

ments were obtained. 

Personnel remained with the equipment continuously while it was de-

ployed. This served to help prevent vandalism and to quickly identify 
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when problems occurred. Typical problems encountered with the system in

cluded loosening of tapeswitches from the pavement, tapeswitch failure, 

loss of battery charge, shorting due to moisture buildup and disconnection 

of leads. These faults were evidenced by monitoring the record indicator 

1 i ghts of the TES unit. When a vehicle progressed through the trap array 

an indicator light was illuminated for each tapeswitch that was operation

al. Tapeswitches that failed to operate properly were repaired prior to 

the loss of an appreciable amount of data. 

The quality control measures applied after the data was collected 

' were accomplished by data reduct ion software. This software developed 

specifically for the TES system was designed to translate fiel ct-encoded 

data and check for erroneous or unreasonable data. A description of the 

faults identified by the software and the resultant actions that were 

taken are presented in table 6. 
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Table 6. Quality control checks on TES data base. 

Identified Fault 

Headway time< 0.33 seconds. 

Acceleration> 10 fpsq or deceleration 
> -20 fpsq. 

Invalid lateral displacement. 
(Disp. < 0.0 or> 5.5 ft.) 

Inv al id wheel path width for vehicle 
type. 

Lead diagonal switch hit missing. 

Multiple hits on lead diagonal switch. 

Lateral displacement missing. 

Lead trap (1 or 5) data missing or 
i nv al id. 

Inv al id absolute speed. (Speed 
< 1 mph or> 95 mph.) 

Absolute relative speed> 20 fps 
and headway time < 3.0 seconds. 

Unlikely relationship between# of 
axles and# of tandems. 

Unreasonable# of switch hits invented 
to create vehicle at trap. 

Max wheelbase> 20% more than min 
wheelbase across deployment. 

The number of axles for this vehicle 
changed across deployment. 

The number of tandems for this vehicle 
changed across deployment. 

Inv al id vehicle type (wheel base 
error). 

Data missing or invalid for 2 or 
more traps. 

Compound severe data validity 
errors. (E.g., no valid trap data.) 
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Action Taken 

Note only, value not of immediate 
interest. 

Data included. This is an evaluation 
me as urement. 

Value excluded from calculations of 
measurements. 

Value excluded from calculations of 
me as urement s. 

Unable to calculate wheel path width 
& clearance. 

Unable to calculate wheel path width 
& clearance. 

Unable to calculate any clearance. 

Unable to calculate wheel path width 
& clearance. 

All data for trap excluded from cal cu-
1 at ions. 

All data for trap excluded fran cal cu-
1 at ions. 

All data for trap excluded fran cal cu-
lations. 

Al 1 data for trap excluded fran cal cu-
lations. 

All data for vehicle excluded from 
data base. 

All data for vehicle excluded from 
data base. 

All data for vehicle excluded from 
data base. 

All data for vehicle excluded from 
data base. 

All data for vehicle excluded from 
data base. 

All data for vehicle excluded from 
data base. 



ANALYSIS OF OPERATIONAL DATA 

The analyses of the measures of effectiveness (MOE) related to vehi

cle placement and speed were performed using a before-after experimental 

design. The .before period consisted of TES deployment prior to the in

stal 1 at ion of any countermeasures. The after period data were obtained 

after the countermeasures had been in pl ace for at least two months. The 

two month waiting period was used to allow any possible novelty effects to 

dissipate prior to data collection. 

The before-after design was considered appropriate since; 1) data 

were being collected at the same sites for each time period; 2) the amount 

of total lapsed time between finishing the before and after data col lec

t ion tasks was less than four months; and 3) the tot al amount of data col-

1 ect ion at each site generally exceeded 24 hours. The result was rela

tively large sample sizes obtained within a short time interval. The pos

sible effects of biasing factors such as trends over time and regressfon 

to the mean were not, the ref ore, considered as threats to statistical 

validity. 

The obtained data for both the before and after time periods were 

divided into periods of day and night conditions and into categories of 

vehicle type. The categories of vehicle type were determined by estab-

1 i sh i ng criteria based on the number of ax 1 es, wheel base and wheel path 

width. The criteria that were used to classify the vehicle types are sum

marized in table 7. 

The type of analyses performed was dependent upon the MOE and whether 

each MOE was obtained on a site or a trap-to-trap basis. Al 1 of the data 

were divided into categories of bridge approach by time of day and vehicle 

type. A significance level of 10 percent (i.e., level of confidence of 90 

percent) was used for al 1 the statistical tests of this study. A general 

discussion of the analysis methodology and statistical tests that were ap

plied are presented below. Complete discussions of how each test was ap

plied to a particular MOE are presented in the following sections of this 

report. 
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Table 7. Summary of vehicle classifications criteria . 

TES PROGRAM PARAMETERS SPECIFIED WHEEL-PATH-WIDTH VALIDITY LIMITS (feet) 

Criteria Suspect if Suspect if Invalid if Invalid if 
Cl ass ificat ion Axles Wheel base less than greater than 1 ess than.· greater than 

Smal 1 auto 2 ~ 6.0 ft. & < 8.3 ft. 4.053 5.390 3.840 5.647 

Medium auto 2 ~ 8.3 ft. & < 9.3 ft. 4.124 5.498 3.907 5.788 

Large auto 2 ~ 9.3 ft. & < 10.4 ft. 4.560 5.600 4.320 5.867 

Motorcycle 2 l 3.5 ft. & < 6 .o ft. ----- ----- ----- -----
Pickup/Van/Utility 2 1 10.4 ft. & < 13.0 ft. 4.123 5.958 3.901 6.235 

2 axle truck 2 L 13.o ft. & < 20.0 ft. 4.325 7.220 4.220 7.600 

3 axle truck 3 < 25.0 ft. 4.325 7.220 4.220 7 .600 

Bus 2 ~ 20.0 ft. 6.150 7.220 6.000 7.600 

Combination Truck 3 ~ 25.0 ft. (or 4-5 axles) 4.325 7.410 4.220 7.800 

(Large) Comb. Truck ~ 6 ---- 4.325 7 .410 4.220 7.800 



• Analysis based on individual observations. The software logic of 
TES enabled the system to identify a vehicle at the first tape
switch deployment and to follow that vehicle through the trap ar
ray. A unique identifier was assigned to each vehicle and the 
speeds and lateral position at every tapeswitch deployment was re
corded as part of that vehicle's data. It was possible, there
fore, to determine the speed and lateral position changes exhibit
ed by each vehicle as it progressed through the trap array. The 
individual vehicle data were used as input to the first battery of 
statistical tests. This resulted in group means and statistical 
tests that were based on large sample sizes and degrees of free
dom. Statistical analyses between before and after MOE values of 
individual vehicle measures were conducted by using computerized 
statistical analsyis packages. The TES software programs were used 
to develop estimates of individual vehicle speeds and roadway 
lateral placement. The distributions of these data were deter
mined by applying the nonnal option of the proc univariate state
ment. When a nonnal data distribution existed then the t-test 
procedure was applied to determine if a significant difference 
existed between the before and after MOE values. The first step 
in the application of the t-test was to develop a F statistic to 
test for equality of the before and after population variances. 
This was necessary because the t-test computes two t statistics; 
one based on the assumption that the variances of the two groups 
are equa 1 and another, approximate statistic, based on the assump
tion that the variances are unequal. An example of the SAS output 
for a t-test on the mean speed across trap deployment is presented 
as figure 14. 
The level of significance used for both the F-test and the t-test 
was 10 percent. The F-test was conducted under the null hypothesis 
that the variances of the two groups were equal. If the probabil
ity computed by SAS was less than 0.10, then the null hypothesis 
was rejected and the t statistic for unequal variances was used. 
A similar analogy existed for the t-test which had the null hypo
thesis that the means of the before and after groups were equal. 
If the probability of a greater absolute value of t (two-tailed 
significance probability) was less than 0.10 then the null hypo
thesis was rejected with a significant difference in the group 
means being indicated. The underlying assumption of the t-test 
procedure is that the variables are nonnally and independently 
distributed within each group. The t-test has the properties of 
being applicable to small sample sizes while being almost identi
cal to the standard normal distribution as the sample size in
creases. 

• Analyses based on the individual vehicle t-test results. The re
sults ot the statistical analysis of individual veh1c le measure
ments consisted of determinations as to whether individual sites 
or individual traps exhibited a significant difference in their 
before and after MOE values. The sign test was applied to the 
site specific data to determine if there were a sufficient number 
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SITE• 1 -- EASTBOUND -- •INEXPENSIVE COUNTERMEASURES AT NARRROH BRIDGES• STUDY, FHHA Contact No. DTFH61-83-C-00148 20 
20•21 SATURDAY, JUNE 14, 1986 

AnalyHs of •tteaaures-of-Effectlveneaa• (MOEa> and Allied Par-eters 

----> ANALYSES OF •MEAN SPEED ACROSS DEPLOYMENT• NOE (Questionable data EXCLUDED> - [AVGNPH22l <---
Vehlcle-Group•AUTOS/LINOS/VANS/PICKUPS 

VARIABLE• AVGttPH 

DEPLOY 

1•PRE-TREATMENT 
Z•POST-TREATMENT 

TTEST PROCEDURE 

Mean speed acroaa deploy■ent (MPH> 

N MEAN STD DEV STD ERROR MINIMUM MAXIMUM 

9135 47,90048328 4.99732498 0,05228575 15.71590909 78.78409091 
3597 48.13650106 4,86930851 0,08111891 25.70454545 76.10795455 

FOR HO• VARIANCES ARE EQUAL, F1 • 1,05 HITH 9134 AND 3596 DF PROB> f'• 0,0639 

VARIANCES 

UNEQUAL 
EQUAL 

T DF PROB> ITI 

-2.4440 6740.8 
-2.4166 "12730.0 

0.0145 
0.0157 

----------------------------------------- Vehlcle-Group~TRUCKS/BUSES ----------------------------------------------------
VARIABLE• AVGNPH Mean speed acroaa deploy■ent <MPH> 

N MEAN STD DEV STD ERROR MINIMUM MAXIMUM 

1•PRE-TREATNENT 
2•POST-TREATNENT 

66 44.01626033 5,68615515 0.69991740 32.21590909 55.17613636 
46 43.44997530 7,02253365 1.03541610 18,05113636 56.28409091 

FOi HO• VARIANCES ARE EQUAL, F'• 1.53 MITH 45 AND 65 DF PROB> f'• 0.1110 

VARIANCES 

UNEQUAL 
EQUAL 

T 

0.5091 
0,5286 

DF PROB> Ill 

83 • .5 
11 o. 0 

0.6120 
0.5982 

---------------------------.,,--------------------- Vehlcle-Group=COMBINATION-TRUCKS -------------------------------------------------
VARIABLE• AVGNPH Mean speed acroaa deploy■ent (MPH) 

N MEAN STD DEV STD ERROR MINIMUM MAXIMUM 

1•PRE-TREATMENT 
Z•POST-TREATMENT 

34 42.69034091 3,67975926 0.63107351 33.49431811 50.31636364 
11 39,65392562 5.20173656 1.57049316 32,13068182 41,22159091 

FOR HO• VARIANCES ARE EQUAL, F'• 2.00 MITH 10 AND 33 DF PROB> F•• 0.1301 

VARIANCES 

UNEQUAL 
EQUAL 

T 

1. 7940 
2. 1420 

DF PROB> Ill 

13.4 
43.D 

0.0955 
0.0379 

Figure 14. Sample SAS output fort test of mean speed across deployment. 



of instances where a significant difference existed to conclude 
that the countermeasures resulted in a net difference over all of 
the sites. The sign test is a nonparametric procedure that does 
not make any assumptions about the form of the distribution of 
differences or that the data is drawn from the same distribution. 
The test is applied by focusing on the direction of the differ
ences and whether the sign of the difference is pl us or mi nus. In 
applying this test to the resultant individual vehicle t-test data 
positive signs were used to signify a significant increase between 
the before and after condition, and negative signs a significant 
decrease. The sign test works under the null hypothesis that half 
of the differences would be expected to be positive and half nega
tive. The null hypothesis is rejected, and a significant differ
ence assumed, if too few differences of one sign occur. 

• Analysis of mean MOE values. The mean MOE values generated by the 
t-tests on the individual vehicle data were analyzed by site and 
by tapeswitch deployment. This was accomplished by using the ap
propriate mean from each test site and performing statistical 
tests to determine if significant changes had occurred between the 
before and after time periods. Since means instead of individual 
vehicle observations were being used in these tests the total num
ber of observations used for each time period were approximately 
18 and 72, respectively, for site and trap specific analyses. 
Tes ts for normality and variance homogeneity were first applied to 
the data. If both the before and after time period being analyzed 
exhibited a normal distribution, then statistical procedures using 
SPSS-X PC were applied to the data.[31] Site-specific data were 
analyzed using the t-test and trap specific data with the paired 
t-test. The paired t-test was used for trap specific analyses 
because the MOE values obtained were dependent upon the di stance 
of the tapeswi tch dep 1 oyment from the bridge. The paired t-tes t 
controls for this source of variability and lowers the sampling 
error. It accomplishes this by computing the difference for each 
matched pair and making inferences about the mean of the corres
ponding population of differences. 

1. Mean Speed Over All Tapeswitch Deployments 

A summary of the before and after mean speed across all of the tape

switch deployments is presented in table 8. This table contains the mean 

speed across the deployment, the total number of vehicles that were used 

to determine the mean speed and the results of each t-test. The results 

of the t-test are presented in such a manner that the direction of signif

cant difference is known. The plus and minus signs indicate that there 

were s i gni fi cant increases or decreases in the mean speed between the be

fore and after time periods. The use of zeros indicates that there were 

no significant increases or decreases in the mean speed. 
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Table 8. SWJVDary oft-test analysis of individual vehicle speeds (10 percent significance level). 

Al 1 Time Day Night 
Period$ and 

Vehicle Type$ All Vehicle Autos, Van ·Trucks and All Vehicle Autos, Vans 
COllbined Types Pickups Buses Types Pickups,. 

Analysis 
Approach Mean Hean Hean Hean Hean Mean 
and Time Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. 
Period (mi/h) Veh. (1) (mi /h) Veh. (1) (mi /h) Veh. (1) (mi/h) Veh. (1) (mi /h) Veh. (1) (mi/h) Veh. 

11 Before 47.80 (9925) ♦ 47 .99 (7740) 0 48.04 (7657) ♦ 44.03 (58) 0 47.16 (1495) 0 47.19 (1478) 
After 48.04 (3851) 48.13 ( 3166) 48.23 (3115) 43.06 (42) 47.52 (488) 47.54 (482) 

12 Before 50.63 (10571) ♦ 50.85 (8930) + 50.89 (8851) + 47.23 (57) - 48.99 (1059) 0 49.02 (1051) 
After 50.93 (3806) 51.09 (3360) 51.18 (3320) 43.11 (29) 49.25 (303) 49.27 (305) 

21 Before 47.16 (2207) + 47.10 (1708) + 47.22 (1661) + 43.22 (35) 0 47.15 ( 374) 0 47.30 ( 360) 
After 48.17 (1235) 48.19 (1037) 48.32 (1008) 45.53 (18) 47.82 (131) 47.78 (130) 

22 Before 47.57 (1729) ♦ 47 .65 (1301) + 47 .82 (1245) + 43.95 (38) 0 47.26 (315) + 47.29 (305) 
After 48.78 (1086) 48.58 (887) 48.74 (853) 45.12 (26) 50.27 (122) 50.27 (122) 

31 Before 42.98 (3606) 0 42.99 (3042) 0 43.02 (3025) 0 Insufficient 43.43 (392) 0 43.77 ( 392) 
After 43.15 (2095) 43.11 (1630) 43.14 (1622) sample size 43.77, (307) 45.55 (307) 

32 Before 45.55 (3387) ♦ 45.59 (2802) 0 45.62 (2787) 0 Insufficient 45.75 (388) 0 45.76 ( 388) 
After 45.98 (2233) 45. 74 (1668) 45.76 (1659) sample size 46.46 (306) 46.47 (304) 

41 Before 36.38 (12407) ♦ 36.17( 10406) + 36.22(10244) + 33.55(112) 0 37.82 (1248) + 57. 39 (1243) 
After 37.48 (4932) 37 .37 (3854) 37.43 (3799) 33.06 (39) 38.22 (643) 55.49 (637) 

42 Before 42.96 (14611) - 42.88(12157) - 42.92(12002) - 40.55(102) 0 44.07 (1231) 0 44.11 ( 1225) 
After 42.63 (6015) 42.41 ( 4404) 42.44 (4363) 39.72 (28) 43.76 (811) 43.77 (810) 

51 Before 51.27 (346) 0 53.35 (12) 0 53.35 (12) 0 Insufficient 51.04 (278) 0 51.22 ( 273) 
After 51.34 (1413) 50.93 (626) 51.16 (601) sample size 51.76 (537) 51.78 (531) 

52 Before 51.68 (626) 0 52.37 (23) 0 52.37 (23) 0 Insufficient 51.49 (505) 0 51.60 ( 498) 
After 51.35 (1513) 51.51 (760) 51.81 (717) sample size 51.28 (606) , 51.29 (601) 

(1) - S.D. • Significant difference, (+) • significant increase,(-) • significant decrease, (0) • no significant difference 
1 mi/h • 1.6 km/h 

S.D. 
(1) 

0 

0 

0 

+ 

0 

0 

-

0 

0 

0 
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Analysis 
Approach 
and Time 
Period 

61 Before 
After 

62 Before 
After 

71 Before 
After 

72 Before 
After 

81 Before 
After 

82 Before 
After 

91 L'efore 
After 

92 Before 
After 

Table 8. Sunmary oft-test analysis of individual vehicle speeds 
(10 percent significance level) (continued). 

All Ti• O.y 
Periods and 

Vehicle Types All Vehicle Autos, Van Trucks and All Vehicle 
Combined Types Pickups Buses Types 

Mean Mean Mean Mean Mean 
Speed No. S.D. Speed No. s.o. Speed No. s.o. Speed No. s.o. Speed No. 

(ml/h) Veh. (1) (mi /h) Veh. (1) (mi/h) Veh. (1) (mi /h) Veh. ( 1) (mi/h) Veh. 

51. 72 (1411) + 51. 71 ( 1091) + 52.01 (973) + 45.92 (27) 0 51. 92 (279) 

53.63 (1194) 53.74 (826) 54.07 ( 773) 48.80 (43) 53.45 (244) 

53.65 ( 1950) + 52 .76 (1144) + 53.13 (1064) + 47.93 (56) 0 54.68 (538) 

54.61 (1390) 53.50 (709) 53.97 (653) 47.88 (47) 56.01 (467) 

53.59 (1187) 0 53.67 (698) 0 54.ll (616) 0 50.78 (60) 0 52.95 (382) 

53.56 (1578) 53.41 (1106) 53.59 (1054) 49.21 ( 34) 53.10 (321) 

53.33 (1350) - 53.70 (919) - 53.88 (859) - 51.79 (42) 0 52.26 (334) 

52.65 (1779) 52.57 (1388) 52.69 (1314) 50.37 (46) 53.24 (301) 

50.28 (576) 0 50.32 (504) 0 50.40 (490) 0 49.02 (10) 0 52.42 (42) 

50.33 (1233) 50.39 (984) 50.44 (944) 49.20 (30) 49.44 (183) 

45.32 (1085) 0 44.95 (680) 0 44.99 (665) 0 Insufficient 46.52 (295) 
45_.14 (498) 45.20 (375) 45.27 (366) sample size 44.45 (89) 

53.80 (673) - 53.61 (466) 0 53.54 (452) 0 Insufficient 54.19 (155) 

52.78 (2310) 53.49 (1803) 53.58 (1758) sample size 49.95 (397) 

53.92 (771) - 54.27 (543) - 54.36 (532) - Insufficient 53.18 (170) 
51.32 (2037) 51.67 ( 1549) 51.75 (1518) sample size 50.28 (420) 

Night 

Autos, Vans 
Plckµps 

Mean 
s.o. Speed No. 

(1) (mi /h) Veh. 

+ 51. 94 ( 273) 
53.66 (232) 

+ 54.74 ( 531) 
56.10 ( 458) 

0 52.88 ( 371) 
53.09 (309) 

+ 52.43 (312) 
53.29 (287) 

- 52.42 (42) 
49.59 (180) 

- 46.57 (292) 
44.45 (89) 

- 54.16 ( 154) 
50.08 (388) 

- 53.06 ( 165) 
50.28 (420) 

(1) - s.o. • Significant difference, (+) • significant increase, (-) • significant decrease, (0) • no significant difference 
1 ml/h • 1.6 km/h . 

S.D. 
( 1) 

+ 

+ 

0 

0 

-

-

-. 

-



Inspecting the direction of significant changes in mean speed from 

table 8 does not reveal any discernable patterns within the sites. Only 

sites 22, 61, and 62 had an increase with no accompanying decreases in 

mean speed across all analysis categories. Each of these test approaches 

consisted of straight roadway sections with no sight restrictions. The 

test approaches with horizontal curves (41, 42, 81 and 82) displayed a 

greater number of significant mean speed reductions across analysis cate

gories than speed increases (eight reductions versus four increases). 

Inspection of table 8 reveals that small changes in the mean speeds 

often result in significant differences due to the large sample sizes. 

This is understandable since the accuracy of the mean speed estimates 

increases as the number of vehicles on which the sample is based also 

increases. The relationship to sample size may explain why there were not 

a larger number of significant differences exhibited during the night than 

revealed by the study. Since the use of roadway delineators, reflectorized 

hazard markers. pavement markings, and raised pavement markings have a 

different impact at night than during the day, it was expected to observe 

differences between the day and night data. That this difference was not 

exhibited by the study may be due to the smaller sample sizes available 

during night conditions. 

The results of the t-test, presented in table 8 were investigated to 

determine if a sufficient number of increases or decreases in mean speed 

had occurred to signify the presence of trends. This was accomplished by 

app 1 yi ng the sign test to determine if, at a 90 percent leve 1 of con

fidence, an increase or decrease in mean speeds could be expected to occur 

from the installation of low cost countermeasures. The results of these 

tests, performed on a combined category of all vehicle types for three 

time periods, are presented in table 9. The resultant probability of ob

serving an equal or more extreme number of increases in mean speed are all 

greater than the desired significance level of 0.10. It cannot be con

cluded, therefore, that the countermeasures being evaluated resulted in an 

overall increase in speed. 
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Table 9 .. Summary of sign test on the change in mean speed (mi/h) between 
the before and after time periods. 

All time periods and Al 1 vehicle types 
vehicle types Day Night 

significant 8 6 5 
increases (+) 

significant 4 3 4 
decreases (-) 

no significant 6 9 9 
difference 

probability of 0.19 0.25 0.50 
a greater number 
of speed increases 

1 mi/h = 1.6 km/h 

The mean speeds at each test site were al so analyzed to determine if 
there were any significant differences between the before and after data 

across al 1 of the test sites. These analyses were performed separately 

for day and night conditions on the category of al 1 vehicle types. The 

results of these analysis are presented in table 10. An inspection of 
the bottom of table 10 reveals that the probabilities for both the day or 

night conditions did not indicate a significant difference at the 0.10 
significance level. 

sult in significant 
test sites. 

The low cost countermeasures did not, therefore, re

changes in the mean speeds when evaluated over all the 

2. Speed Variation Across Deployment 

A summary of the site specific. analysis of the maximum speed varia
tion is presented in table 11. The intuitive logic used in the selection 
of this MOE was that a reduction in speed variation denotes increased 
safety due to more uniform vehicle speeds. An inspection of table 11 
indicates that the only approach test sites that experienced an increase 
in speed variability for at least one analysis category were sites 12, 51, 
and 82. Al 1 of the remaining approach sites experienced either a reduc

tion in speed variability across all analyses categories or no significant 

change. The large sample sizes resulted in relatively smal 1 changes in 

the speed variation as exhibiting significant differences. This is similar 

to the condition encountered during the mean speed analysis. 
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Table 10. Student t analysis of mean speeds at each test site 
(mi/h) for all types of vehicles. 

Approach. Day Night 
Designation Before After Before After 

11 47.99 48.13 47.16 47.52 
12 50.85 51.09 48.99 49.25 
21 47.10 48.19 47.15 47.82 
22 47 .65 48.58 47.26 50.27 
31 42.99 43.11 43.43 43.77 
32 45 .59 45.74 45.75 46.46 
41 36.17 37.37 37.82 38.22 
42 42.88 42.41 44.07 43.76 
51 53.35 50.93 51.04 51. 76 
52 52.37 51. 51 51.49 51.28 
61 51.71 53.74 51.92 53.45 
62 52.76 53.50 54.68 56.01 
71 53.67 53.41 52.95 53.10 
72 53.70 52.57 52. 26 53.24 
81 50.32 50.39 52.42 49.44 
82 44.95 45.20 46.52 44.45 
91 53.61 53.49 54.19 49.95 
92 54. 27 51.67 53.18 50.28 

Mean 49.00 48.95 49.02 48.89 

Standard 4.99 4.59 4.74 4.36 
Deviation 

t value 0.03 0.08 

degrees of 
freedom 34 34 

probability 0.98 0.93 

1 mi/h = 1.6 km/h 
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Table 11. Summary oft-test analysis on maximum speed var4ation of individual vehicles across deployment 
(10 percent significance level). 

A 11 T1nie D•y N19ht 
Per1ods and 

Veh1ce Types All Veh1cle Autos, Van Trucks and All Veh1cle Autos, Vans 

COlllb1ned Types Pickups Buses Types Pickups 

Analys1s 
Approach Hean Mean Mean Mean Mean Mean 

and Time Speed No. s.o. Speed No. s.o. Speed No. S.D. Speed No. s.o. Speed No. s.o. Speed No. S.D. 

Period (mi/h) Veh. (1) (mi/h) Yeh. (1) (mi /h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. ( 1) (mi /h) Veh. (1) 

11 Before 5.46 (9925) - 5.47 (7740) - 5.46 ( 7657) - 6.05 (58) 0 5.50 (1495) 0 5.50 ( 1478) 0 

After 5.19 (3851) 5.12 (3166) 5.10 (3115) 6.29 (42) 5.73 (488) 5.73 ( 480) 

12 Before 3.06 (10571) + 3.09 (8930) + 3.08 (8851) + 4.96 (57) 0 2.94 (1059) + 2. 93 ( 1051) + 

After 3.24 (3806) 3.24 (3360) 3.24 (3320) 4.32 (29) 3.42 (309) 3.42 (305) 

21 Before 5.56 (2207) - 5.83 (1708) - 5.82 (1661) - 6.29 (35) - 4.62 ( 374) - 4.67 (360) -
After 4.53 (1235) 4.65 (1037) 4.69 (1008) 3.79 (18) 3.81 (131) 3.83 (130) 

22 Before 3.98 (1729) 0 3.96 (1301) 0 3.97 (1245) 0 3.68 (38) 0 4.17 ( 315) o. Insufficient 

After 3.87 (1086) 3.97 (887) 3.97 (853) 3.72 (26) 3.69 (122) sample s1ze 

31 Before 2.97 (3606) 0 2.90 (3042) 0 2.00 (3025) 0 Insufficient 3.42 (392) 0 3.42 ( 392) 0 

After 2.93 (2095) 2.85 (1630) 2.85 (1622) sample size 3.23 (307) 3.23 (307) 

32 Before 4.97 (3387) - 4.93 (2802) 0 4.93 ( 2787) 0 Insufficient 5.23 (388) 0 5.23 ( 388) 0 

After 4.83 (2233) 4.81 (1668) 4.81 (1659) sample size 5.13 (306) 5.14 (304) 

41 Before 2 .87 (12407) - 2 • 93 (10406) - 2. 93 (10244) - 2.77 (112) - 2.54 (1248) 0 2.54 (1243) 0 

After 2.60 (4933) 2.65 (3856) 2.65 (3799) 2.11 (39) 2.45 (643) 2.45 (637) 

42 Before 3.36 (14611) - 3.38(12157) - 3. 38 ( 12002) - 3.18 (102) 0 3.32 (1231) 0 3.32 (1225) 0 

After 3.29 (6015) 3.24 (4404) 3.24 ( 4363) 2.95 (28) 3.27 (811) 3.27 (810) 

51 Before 3.76 (346) 0 2.34 (12) + 2.34 (12) + Insufficient 3.83 (278) 0 3.81 ( 273) -
After 3.39 (1413) 3.49 (626) 3.46 (601) sample size 3.23 (537) 3.31 ( 531) 

52 Before 4.69 (626) 0 5.72 (23) 0 5.72 (23) 0 Insufficient 0 4.60 (505) - 4.56 ( 498) 0 

After 4.75 (1539) 5.17 (760) 5.14 (717) sample size 4.241 (606) 4.25 (601) 

(1) - S.D. • Significant difference; (+) • significant increase, (-) "significant decrease, (O) a no s1gnificant difference 
l ~i/h • 1.6 km/h 



Table 11. Sunmary oft-test analysis on maximum speed variation of individual vehicles across deployment 
(10 percent significance level) (continued). 

Ul 
U'\ 

All T111e D•y Night 
Periods •nd 

Vehicle Types All Vehicle Autos, Van Trucks and All Vehicle Autos,· \I ans 
Combined Types Pickups Bu\es Types Pickups 

Analysis 
Appro•ch Mean Mean Mean Mean Mean Mean 
and Time Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. s.o. Speed No. 
Period (1111 /h) Veh. (1) (mi /h) Veh. (1) (m1/h) Veh. (1) (m1/h) Veh. (1) (mi /h) Veh. (1) (mi/h) Veh. 

61 Before 5.41 ~1411) - 5.46 (1019! - 5.43 i973l - 5.26 li~l 0 5.02 (279) - 5.07 (273) 
After 4.01 1194) 4.05 (826 4.04 773 4.10 3.73 (244) 3.76 (232) 

62 Before 4.75 (1950) - 4.95 (1144) 0 4.98 (1064) 0 4.22 (56) 0 4.57 ( 538) - 4.59 (531) 
After 4.42 (1390) 4.99 (709) 5.01 (653) 5.16 (47) 3.56 (467) 3.57 (458) 

71 Before 3.38 (1187) - 3.69 (698) - 3.64 (616) - 3.83 (60) 0 3.10 ( 382) 0 3.11 ·(371) 
After 2.95 (1578) 3.06 (1106) 3.06 (1054) 3.10 (34) 2.83 (321) 2.78 (309) 

72 Before 2.74 (1350) 0 2.79 (919) 0 2.75 (859) 0 3.66 (42) 0 2.67 (334) 0 2.70 (312) 
After 2.69 (1779) 2.72 (1388) 2.72 (1314) 2.56 (46) 2.59 (301) 2.55 (287) 

81 Before 4.48 (576) 0 4.34 (504) 0 4.35 (490) 0 4.66 (10) 0 6.44 (42) - 6.44 (42) 
After 4.33 (1233) 4.31 (984) 4.31 (944) 4.13 (30) 4.65 (183) 4.67 (180) 

82 Before 6. 73 (1085) + 6.87 (680) + 6.90 (665) + Insufficient 6.67 (295) + 6.70 (292) 
After 7.95 (498) 8.01 (375) 7.99 (366) sample size 7.84 (89) 7.84 (89) 

91 Before 5.29 (673) - 5.19 (466) - 6.00 (452) - Insufficient 3.28 (155) 0 3.06 ( 154) 
After 3.81 (2310) 3.91 (1803) 3.91 (1758) sample size 3.58 (397) 3.03 (388) 

92 Before 3.36 (771) 0 3.52 (543) 0 3.56 (532) 0 Insufficient 2.92 (170) 0 2.94 ( 165) 
After 3.25 (2037) 3.31 (7549) 3.31 (1518) sample size 3.04 (470) 3.04 (420) 

(1) - S.D. • Significant difference; (+) • significant incre•se, (-) • significant decrease, (0) • no significant difference 
l mi/ha 1.6 km/h 

s.o. 
( l) 

-

-

0 

0 

-

+ 

0 

0 



The speed variations were analyzed by the sign test to determine if 
the frequencies with which increases and decreases in variability occur 

are significantly different. Inspecting the surrmary of the sign test, 

presented in table 12, reveals that there is a significant reduction in 

speed variability for the category of all vehicle types when analyzed for 

all time periods. The low cost countermeasures do, therefore, result in 

more uniform driving behavior. This uniformity is not evident, however, 

when analyzed on a site-by-site basis separate 1 y for day or night cond i -

t ions. 

Table 12. Sign test on the direction of change for maximum speed 
variation (mi/h). 

All Time Periods All Vehicle Types 
and Vehicle Types Day Night 

significant 2 3 2 
increase (+) 

significant 9 7 6 
decrease (-) 

no significant 7 8 10 
difference 

probability of 0.03* 0.17 0.15 
a greater number 
of speed increases 

* denotes signficiant difference at significance level of 10 percent 

1 mi/h = 1.6 km/h 

The student t-test was performed on the mean speed variation to de

termine if there were significant differences between the before and after 

data for day and night conditions. A summary of the analysis is presented 

in table 13. Notice that the overall means for all of the time periods 

are relatively close to each other. Since the student t-test probabili

ties are greater than 0.10 it cannot be concluded that a significant dif

ference exists between the before and after measurements for either day or 

night conditions. 
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Tab le 13. Analysis of mean variation in speed for all vehicle types 
{mi/h). 

Approach Day Night 
Designation Before After Before After 

11 5.47 5.12 5.50 5.73 

12 3.01 3.24 2. 94 3.42 

21 5.83 4.65 4.62 3.81 

22 3.96 3.97 4.17 3.69 

31 2.90 2.85 3.42 3.23 
32 4.93 4.81 5.23 5.13 

41 2.93 2 .65 2.54 2.45 
42 3.38 3.24 3.32 3.27 

51 2.34 3.49 3.83 3.32 
52 5. 72 5.17 4.60 4.24 

61 5.46 4.05 5.02 3.73 

62 4.95 4.99 4.57 3.56 

71 3. 69 3.06 3.10 2.83 

72 2.79 2. 72 2.56 2.74 

81 4. 34 4.31 6.44 4.65 

82 6.87 8.01 6.67 7 .84 
91 5.19 3.91 3.28 3.58 
92 3.52 3.31 2.92 3.04 

Mean 4.29 4.09 4.15 3.90 

Standard 1.30 1.29 1.27 1.29 
Deviation 

t value 0.48 0. 58 

degrees of 
freedom 34 34 

probability 0.64 0.56 

1 mi/h = 1.6 km/h 
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3. Mean Speed at Tapeswitch Deployments 

Analyses of vehicle speeds at each tapeswitch deployment were per

formed to determine if the speed profile of motorists changed due to the 

installation of the low cost countermeasures. Inspection of the data in 

table 14 indicates that trends which were present during the before time 
period continued to the after period. For example, site approaches 11, 

12, 32 and 41 exhibited higher speeds at the bridge than at any other 

tapeswitch locations on their respective roadway approaches. This con

tinued to the after period. Only approach site 12 had a vertical curve on 
the roadway approach which would explain the speed increase at the bridge. 

Approaches 12, 31, 81 and 82, which also had vertical curves, did not 
exhibit similar speed characteristics at the bridge. 

A paired t analysis was performed on the trap data to ascertain if 

there were significant differences in the before and after time periods. 
This analysis was performed by considering the data from the different 

time periods for each trap as being paired observations. The paired t 

analysis, for example, resulted in the before data from trap 1, approach 
12, being paired with the after data from trap 1, approach 12. The paired 

t analysis compensated for the differences in trap distance from the 

bridges. The results of the paired t analysis, performed separately for 

day and night conditions on the category of al 1 vehicle types, are sum

marized in table 15. There were no significant differences, at a signi

ficance level of 10 percent, indicated by either the day or night data 
sets. It cannot be concluded, at a 90 percent level of confidence, that 

the low-cost countermeasures resulted in significant changes in speed be
tween tapeswitch locations. 

Table 15. Summary of paired t analysis of mean speeds at tapeswitch 
deployments (mi/h). 

Day Night 

Before After Before After 

Mean 48.50 48.61 48.48 48.59 
standard deviation 5.13 4.61 4.64 4.56 

t Value -0.80 -0 .59 
degrees of freedom 71 71 
probability 0.43 0.56 

1 mi/h = 1.6 km/h 
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Table 14. Summary oft-test analysis of individual vehicle speed at each tapeswitch deployment 
(10 percent significance level). 

Al 1 Time Day 
Periods and 

Vehicle Types All Vehicle Autos. Vans. Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Desi ration 
Dis ance Mean Mean Mean Mean. Mean 

From Bridge Time Speed No. S.D. Speed No. s.o. Speed No. S.D. Speed No. s.o. Speed No. 
Approach (Feet) Period (mi/h) Veh. (1) (mi /h) Veh. (1) (mi/h) Veh. ( 1) (mi /h) Veh. (1) (mi /h) Veh. 

11 1 Before 44. 96 {10340) + 45.13(8066) + 45.19(7978) + 40.71 ( 61) 0 44.28(1558) 
900 After 45.20 (3974) 45.34(3279) 45.45(321) 39.51 (45) 44.33 ( 494) 

2 Before 47 .67 (10277) + 47 .84(8012) + 47. 90(7924) + 43.64 (69) 0 47.06(1550) 
blm After 48.30 (3989) 48.35(3294) 48.47(3235) 42.57 (50) 47. 96 ( 494) 

3 Before 48. 50 ( 10327) + 47.69(8058) + 48. 75 (7967) + 44.02 (61) 0 47.85(1553) 
100' After 48.86 (3968) 48.90(3275) 49.01(3216) 42.73 (46) 48.69 (493) 

4 Before 49. 66 (10322) - 49.85(8050) - 49.90(7960) - 46.06 (60) 0 49.02(1554) 
7r After 49.36 (3938) 49.41(3242) 49.50(3190) 44.38 (43) 49.07 (498) 

12 1 Before 49. 98 (10804) 0 50.21(9136) - 50.26(9050) - 45.41 ( 61) - 48.46(1080) 
blm After 49.81 (3883) 49.95(3412) 50.04(3368) 41.30 (31) 48.35 (318) 

2 Before 49. 73 (10869) + 49.95(9184) + 49. 99 ( 9098) + 46.02 ( 61) - 48.16(1090) 
-mr After 50.18 (3895) 50,35 (318) 50,46(3379) 42.05 (31) . 48.50 (318) 

3 Before 51.08 (10831) + 51.30(9160) + 51.33(9078) + 48.46 (58) - 49.46( 1077) 
ffl After 51.60 (3895) 51. 75 ( 3420) 51. 86 ( 337 3) 43.14 (32) 50.07 (316) 

4 Before 51. 51 ( 10877) + 51.74(9190) 0 51. 78( 9170) + 49.53 (60) - 49. 73 (1091) 
7r After 51. 73 ( 3883) 51.88(3411) 52.00(3367) 42.25 (31) . 50.30 (319) 

21 1 Before 49.46 (2365) 0 49.51(1821) 0 49.64(1771) 0 45.11 (38) 0 49.14 (413) 
"904 After 49.78 (1296) 49. 76 (1081) 49.91(1050) 46.86 (19) 49.65 (146) 

2 Before 47.92 (2387) + 47.92(1834) + 48.05(1783) + 43.44, (39) 0 47.85 (420) 
blm After 48.85 (1311) 48.84(1097) 48. 97(1066) 46.34 (19) 48.56 (145) 

3 Before 46.30 (2346) - 46.18(1814) + 46.31(1766) +: 41.55 (36) + 46.51 (403) 
100' After 47.60 (1308) 47.64(1096) 47. 76(1065) 45.37 (19) 47.20 (143) 

4 Before 44. 73 (2335) + 44.49(1802) + 44.63(1751) + 40.01 ( 39) + 45 .42 ( 402) 
7r After 46.40 {1288) 46.27(1073) 46.39(1043) 43.87 (18) 47.14 (146) 

(1) - S.0. = Significant difference; (+) = significant increase, (-) = significant decrease. (0) = no significant difference 
1 mi/h = 1.6 km/h 

Night 

Au.tos. Vans, 
'Pickups 

Mean 
S.D. Speed No. 

( 1) (mi /h) Veh. 

0 4 4. 32 ( 1540) 
44.36 (488) 

+ 47 .09( 1533) 
47.98 (488) 

+ 47 .87 ( 1535) 
48.71 (487) 

0 49.04(1536) 
49.08 (492) 

0 48.50(1072) 
48.37 (314) 

0 48.20(1082) 
48.52 (314) 

0 49.49( 1069) 
50.08 (312) 

0 49.75(1083) 
50.30 (315) 

0 49.34 ( 397) 
49,63 (145) 

0 48.04 (404) 
48.53 (144) 

0 46.66 ( 388) 
47 .16 (142) 

+ 45.57 ( 386) 
47 .10 (145) 

S.D. 
(1) 

0 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

+ 
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Table 14. Summary oft-test analysis of individual vehicle speed at each tapeswitch deployment 
(10 percent significance level) (continued). 

All Time Day 
Periods and 

Vehicle Types All Vehicle Autos, Vans, Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Desi tat ion 
D1 s ance Mean Mean Mean Mean Mean 

From Bridge Time Speed No. S.D. Speed No. S.D. Speed No. 6.D. Speed No. S.D. Speed No. 
Approach (Feet) Period (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. ( 1) (mi/h) Veh. (1) (mi/h) Veh. 

22 1 Before 48.99 (1988) + 48.88(1467) + 49.01(1409) + 45.49 (40) 0 49.32 (391) 
.!ffiIT After 50.05 (1127) 49.82 (917) 49.99 (880) 46.37 (29) 51.57 ( 128) 

2 Before 47 .01 (2038) + 46.90(1504) + 47.01(1442) + 43.90 (41) 0 47.44 (402) 
604 After 48.54 (1170) 48.28 (955) 48.45 (914) 44.98 (32) 50.18 ( 132) 

3 Before 46.06 (2083) + 45.98(1540) + 46.09(1477) + 43.08 (41) 0 46.13 (411) 
jOIT After 47. 28 ( 1194) 47.01 (977) 47.17 (934) 43.95 (32) 48.76 (134) 

4 Before 4 7 . 62 (1995) + 47.50(1468) 0 47 .65(1407) 0 43.56 ( 39) 0 47.82 (401) 
0 After 48.19 ( 1160) 47.94 (952) 48.08 (912) 45.47 (29) 49.94 (129) 

31 1 Before 42. 35 ( 3767) + 42.39(3177) + 42.42(3160) 0 Insufficient - 42.53 (407) 
1ilm After 42.65 (2216) 42.64(1731) 42.67(1722) sample size 43.08 (316) 

2 Before 42 .06 ( 3833) + 42.08(3241) + 42.10(3224) + Insufficient - 42.53 (406) 
.mir After 42.56 (2227) 42.51(1740) 42.53(1731) sample size 43.15 (318) 

3 Before 43.54 (3850) + 43.48(3259) 0 43.51(3242) 0 Insufficient - 44.56 (405) 
200 After 43.84 (2236) 43.75(1746) 43.77(1737) sample size 44.62 (321) 

4 Before 43.86 (3753) - 43.83(3180) 0 43.85(3163) 0 Insufficient - 44.56 ( 398) 
1r After 43.56 (2148) 43.57(1699) 43.60(1661) sample size 44.06 ( 314) 

32 1 Before 43.37 (4195) + 43.47(3506) + 43.49(3483) + 40.56 ( 16) 0 43.36 (447) 
m After 44.01 (2530) 43.81(1888) 43.82(1875) 41.97 (11) 44.29 (330) 

2 Before 45.80 (4215) + 45.86(3524) 0 45 .88( 3501) 0 43.06 ( 16) 0 46.12 (446) 
1ilm After 46.11 (2537) 45.91(1894) 45.92(1881) 43.84 (11) 46.49 (331) 

3 Before 45.47 (4078) + 45.50(3414) + 45.53(3391) + 42.06 ( 16) 0 45.81 (435) 
jOIT After 46.29 (2495) 46.11(1858) 46.12(1845) 44.19 (11) . 46.45. (329) 

4 Before 47 .48 (3675) 0 47.52(3044) 0 47.55(3028) 0 Insufficient 47.73 (409) 
1r After 47.60 (2353) 47.31(1766) 47. 31 (1757) sample size 48.31 (311) 

(1) - 5.0. = Significant difference; (+) = significant increase, (-) = significant decrease, (0) = no significant difference 
1 mi/h = 1.6 km/h 

Night 

Autos, Vans, 
Pickups 

Mean 
S.D. Speed No. 

( l) (mi/h) Veh. 

+ 49. 37 ( 380) 
51.57 (128) 

+ 47.60 (390) 
50.18 (132) 

+ 46.22 (399) 
48.76 (134) 

+ 47. 93 ( 389) 
49 .94 (129) 

0 42.53 (407) 
43.08 ( 316) 

0 42.53 (406) 
43.15 (318) 

0 44.56 (405) 
44.62 ( 321) 

0 44 .56 ( 398) 
44.06 (314) 

+ 43.36 (447) 
44.29 (328) 

0 46.12 (446) 
46.51 (329) 

0 45.81 (435) 
46.47 (327) 

0 47.73 (409) 
48. 33 ( 309) 

S.D. 
( 1) 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

+ 

0 

0 

0 
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Table 14. Summary oft-test analysis of individual vehicle speed at each tapeswitch deployment 
(10 percent significance level) (continued). 

All Time Day 
Periods and 

Vehicle Types All Vehicle Autos• Vans. Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Desi9nation 
Distance Mean Hean Hean Hean Hean 

From Bridge Time Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. 
Approach (Feet) Period (mi/h) Veh. (1) (mi/h) Yeh. (1) (mi/h) Veh. (1) (mi/h) Yeh. (1) (mi/h) Yeh. 

41 1 Before 36.33 (15604) + 36.02(12588) + 36.07(12410) + 33.00 (121) 0 38.06(1985) 
m After 37.22 (6234) 36.87 (4619) 36. 93 ( 4563) 32.29 (39) 38. 81 (1042) 

2 Before 35.90 (12883) + 35.67(10775) + 35. 72( 10603) + 32.96 (117) 0 37 .50( 1289) 
m After 37 .02 (5013) 36.89 (3915) 36.95 (3859) 32.61 (39) 37. 79 (659) 

3 Before 36.98 (15962) + 36.71(12831) + 36.76(12652) + 33.86 (121) 0 38. 37 (2089) 
T07 After 38.15 (6370) 37.95 (4689) 38.00 (4632) 33.55 . (39) 39. 01 (1096) 

4 Before 37. 23 (15949) + 37 .02(12815) + 37.07(12635) + 34.05 (123) 0 38.30(2000) 
7J After 38.56 (6367) 38.36 (4682) 38.41 (4626) 33.81 (39) 39.44(1100) 

42 1 Before 43.08 (15228) - 43.02(12596) - 43.06(12435) - 40.77 (104) 0 44. 25 ( 1353 ) 
m After 42.79 (6272) 42.55 (4539) 42.70 (4496) 39.28 (29) 44.34 (867) 

2 Before 43.36 (15204) - 43.27(12583) - 43.31(12420) - 40.89 ( 104) 0 44.53(1344) 
Er After 42.94 (6261) 42.66 (4539) 42.70 (4496) 39.28 (29) 44.32 (816) 

3 Before 43.25 (15009) - 43.15 (12467) - 43.18(12308) - 40.79 (102) 0 44.48(1297) 
m After 43.07 (6204) 42.86 (4515) 42.89 (4471) 40.22 (29) 44.10 (838) 

4 Before 42 .08 (15322) - 42.00(12673) - 42.03(12510) - 39.79 ( 104) 0 43.06(1366) 
T After 41.66 (6288) 41. 50 ( 4555) 41.53 (4512) 39.59 (29) 42.42 (868) 

51 1 Before 51.99 (400) 0 54.07 ( 15) 0 54.07 (15) 0 Insufficient 51.78 (322) 
fflJ' After 52.42 (1829) 52.13 (873) 52.37 (833) sample size 52.78 (669) 

2 Before 50.88 (418) 0 52.77 (15) 0 52.77 (15) 0 Insufficient 50.50 (340) 
oUlJ After 51.55 (1830) 51.10 (868) 51.48 (833) sample size 51.94 (678) 

3 Before 50.91 (381) 0 54.00 (12) 0 54.01 (12) 0 Insufficient 50.56 (310) 
l!m After 50.26 (1634) 49.84 (744) 50.18 (734) sample size 50.71 (500) 

4 Before 50.19 (417) 0 52.32 (15) 0 52.32 (15) 0 Insufficient 49.77 (342) 
u After 50.52 (1883) 49.98 (890) 50.36 (846) sample size · 01.26 (693 > 

(1) - s.o. = Significant difference; (+) = significant increase, (-) = significant decrease, (0) = no significant difference 
l mi/h = 1.6 km/h 

Night 

Autos, Vans, 
Pickups 

Hean 
S.D. Speed No. 

( 1) (mi/h) Yeh. 

+ 38.08( 1976) 
38.83 (1035) 

0 37.54(1284) 
37 .81 (653) 

+ 38,39(2079) 
39 .04(1089) 

+ 38.33(2080) 
39 .46(1093) 

0 44. 29( 1346) 
44.34 (866) 

0 44.57(1337) 
44.33 (860) 

0 44.52(1291) 
44.10 (837) 

- 43.09(1359) 
42.43 (867) 

+ 51. 94 ( 317) 
52.77 (662) 

+ 50.73 (334) 
51.93 (671) 

0 50.79 (304) 
50. 71 (574) 

+ 50.00 (336) 
51.27 (686) 

S.D. 
( 1) 

+ 

0 

+ 

+ 

0 

0 

0 

-

+ 

+ 

0 

+ 
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Table 14. Summary oft-test analysis of individual vehicle speed at each tapeswitch deployment 
(10 percent significance level) (continued}. 

All Time Day 
Periods and 

Vehicle Types All Vehicle Autos, Vans, Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Designation 
Distance Mean Mean Mean Mean Mean 

From Bridge Time Speed No. s.o. Speed No. S.D. Speed No. s.o. Speed No. S.D. Speed No. 
Approach (Feet) Period (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. 

52 1 Before 52. 71 (702) 0 53.86 (23) 0 53.86 (23) 0 Insufficient 52. 51 ( 575) 
m}li After 52.91 (1864) 53.17 (948) 53.47 (893) sample size 52.76 (730) 

2 Before 52.73 (673) 0 54.19 (24) 0 54.19 (24) 0 Insufficient 52.44 (545) 
bITO" After 52.29 (1769) 52.41 (907) 52.67 (858) sample size 52.29 (674) 

3 Before 52.49 ( 704) - 53.18 (24) 0 53.18( (24) 0 Insufficient 52.30 (577) 
10U After 51.87 (1880) 51.95 (975) 52.26 (921) sample size 51.89 ( 715) 

4 Before 49.05 (710) 0 49.08 (24) 0 49.08 (24) 0 Insufficient 48.92 (580 
7r After 48.79 (1899) 48.55 (967) 48.91 (912) sample size 49.19 (745) 

61 1 Before 53,81 (1935) + 53.76 (1371) + 54 .06 ( 1288) + 48.52 (52) 0 54.07 (404) 
m}li After 54.42 (1402) 54.56 (971) 54.90 (914) 48.79 ( 45) 54.15 ( 288) 

2 Before 52.51 (1936) + 52.40 (1377) + 52.65 (1294) + 48.35 (52) 0 53.02 ( 399) 
bITO" After 53. 79 (1397) 53.94 (971) 54.24 (915) 48.82 (45) 53.64 (283) 

3 Before 51.63 (1629) + 51.59 (1175) + 51.84 (1104) + 48.41 ( 48) 0 51.97 (321) 
10U After 53.41 (1288) 53.44 (888) 53.71 (833) 49.48 (43) 53.44 (266) 

4 Before 50.31 (1827) + 50.34 (1297) + 50.57 (1237) - 45.57 (33) 0 50.53 (381) 
7r After 52. 54 (1405) 52.56 (963) 52.81 (905) 48.49 (45) 52.62 (298) 

62 1 Before 53. 99 ( 2067) + 53.03 (1212) 0 53.53 (1124) 0 46.06 (63) 0 55,11 (576) 
"ffl After 54.61 (1499) 53.67 (759) 54.16 (697) 47.97 (50) 55.76 (512) 

2 Before 53.29 (2062) + 52.28 (1212) + 52.71 (1125) + 46.41 (63) 0 54. 61 ( 5 72) 
bITO" After 54.50 (1517) 53.34 (770) 53.83 (707) 47.70 (51) 55.81 (518) 

3 Before 52.85 (2070) + 51. 79 ( 1227) + 52.10 (1141) + 47.48 (61) 0 54.19 (567) 
10U After 53.80 (1473) 52.49 (760) 52.86 (699) 47.91 (50) 55.38 (489) 

4 Before 53.40 (2034) + 52.47 (1197) 0 52.73 (1114) 0 49.29 (58) 0 54.41 (565) 
7r After 54.55 (1484) 52.88 (750) 53.29 (689) 48.00 (49) 56.55 (5ll) 

(1) - S.D. = Significant difference; (+) = significant increase, (-) = significant decrease, (0) = no significant difference 
1 mi/h = 1.6 km/h 

Night 

Autos, Vans, 
Pickups 

Mean 
s.o. Speed No. 

( 1) (mi/h) Veh. 

0 52.66 (565) 
52. 78 ( 728) 

0 52. 62 ( 535) 
52.30 (669) 

0 52. 51 ( 566) 
51.89 ( 710) 

0 49.05 (571) 
49.19 (740) 

0 54.18 (394) 
54.44 ( 274) 

0 53.11 (389) 
53.89 (270) 

+ 51.99 (314) 
53.62 (253) 

+ 50.59 (371) 
52.84 (284) 

+ 55.17 (568) 
55.88 (500) 

+ 54.67 (564) 
55.91 (506) 

+ 54.24 (559) 
55.44 (479) 

+ 54.45 (558) 
56.63 (500) 

5.0. 
(1) 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

+ 

+ 

+ 
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Table 14. Summary oft-test analysis of individual vehicle speed at each tapeswitch deployment 
(10 percent significance level) (continued). 

Al 1 Time Day 
Periods and 

Vehicle Types All Vehicle Autos. Vans• Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Desi ration 
D1 s ance Mean Mean Mean Mean Mean 

From Bridge Time Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. 
Approach (Feet) Period (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. 

71 1 Before 54.D7 (1285) 0 54.45 (768) 0 54.90 (674) - 52.01 (67) 0 52.91 (403) 
ffi After 53.98 (1741) 53.93 (1256) 54.14 (1189) 49.37 (43) 53.16 ( 327) 

2 Before 53.44 (1287) 0 53.58 (771) 0 54.07 (676) - 50.89 (68) - 52. 71 (403) 
bffir After 53.37 (1781) 53.13 ( 1292) 53.42 (1221) 46.70 (45) 53.17 (332) 

3 Before 52. 97 (1285) 0 52.77 (768) 0 53.22 (676) 0 50.28 (68) 0 52. 72 (402) 
"3W After 53.25 (1766) 52.92 (1276) 53.23 (1207) 47.16 (43) 53. 39 ( 332) 

4 Before 53.44 (1230) - 53.26 ( 732) - 53.68 (646) - 50.41 (61) - 53.17 (389) 
0 After 52 .68 (1771) 52.34 (1280) 52.61 (1213) 46.78 (42) 52 .91 ( 334) 

72 1 Before 53.81 (1400) - 54.15 (961) - 54.33 (893) - 52.49 (47) 0 52.79 (340) 
ffi After 53.08 (1830) 53.12 (1426) 53.23 (1352) 50.60 (46) 53.18 (312) 

2 Before 53.57 (1420) - 53.90 (975) - 54.11 (905) - 52.01 (47) 0 52.52 (346) 
m After 52. 64 (1874) 52.63 (1459) 52. 72 (1385) 50.69 (46) 52.88 (321) 

3 Before 52.97 (1419) - 53.30 (970) - 53.51 (902) - 51.07 (45) 0 51.92 (350) 
ffl After 52.28 (1867) 52.19 (1456) 52.28 (1380) 50.33 (47) 52.88 (316) 

4 Before 52.60 (1392) - 53.00 (946) - 53.19 (881) - 51.06 (44) 0 51.46 (348) 
u After 51. 92 (1864) 51. 78 ( 1452) 51.86 (1376) 49.91 (47) 52.73 (319) 

81 1 Before 49.70 (1784) + 49.91 (628) 0 50.02 (608) 0 48.19 (15) 0 49.12 (76) 
-gm After 50.41 (1319) 50.29 (1045) 50.40 (1003) 48.31 · (31) 50.69 (203) 

2 Before 39.40 (1784) + 40.05 (1330) 0 40.06 (1291) 0 42.85 (25) 0 38.07 (313) 
'SW After 40.61 (2071) 40.86 (1625) 40.81 (1570) 45.36 (36) 39.33 (332) 

3 Before 44.57 (1840) + 44.94 (1351) + 44.99 (1313) + 44.41 (24) 0 44.16 (349) 
Eli After 45.60 (2367) 45. 93 (1848) 45.95 (1788) 46.17 (39) 43.81 (391) 

4 Before 45.68 (1911) + 46.02 (1406) + 46.08 (1366) + 45.17 (25) 0 45.31 (358) 
0 After 46.85 (2396) 47.08 (1863) 47 .11 (1801) 47 .13 (40) 45.55 (401) 

(1) - S.D. = Significant difference; (+) = significant increase, (-) = significant ~ecrease. (0) = no significant difference 
1 mi/h = 1.6 km/h 

Night 

Autos. Vans. 
Pickups 

; 

Mean 
S.D. Speed No. 

( 1) (mi/h) Veh. 

0 52.83 (390) 
53.18 ( 315) 

0 52.66 ( 391) 
53.20 (320) 

0 52 .63 ( 389) 
53.39 (320) 

0 53.05 ( 377) 
52.84 (322) 

0 52.96 (316) 
53.32 (295) 

0 52. 70 ( 322) 
53.00 (304) 

- 52.05 (325) 
53.02 ( 301) 

- 51.55 (323) 
52.75 (303) 

0 49.35 (75) 
50.83 (200) 

0 38.06 (305) 
39. 34 ( 328) 

0 44.24 (340) 
43.92 ( 383) 

0 45.40 (349) 
45.69 (393) 

S.D. 
(1) 

0 

0 

0 

0 

0 

0 

0 

-

0 

0 

0 

0 
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Table 14. Summary oft-test analysis of individual vehicle speed at each tapeswitch deployment 
(10 percent significance level) (continued). 

All Time Day 
Periods and 

Vehicle Types Al 1 Vehicle Autos, Vans, Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Designation 
D1stance Hean Mean Mean Hean Mean 

From Bridge Time Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. S.D. Speed No. 
Approach (Feet) Period (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. (1) (mi/h) Veh. 

82 1 Before 45.95 (1160) 0 45.28 (690) + 45.33 (675) + Insufficient 47. 49 ( 351) 
900 After 46.33 (520) 46.36 (389) 46.45 (379) sample size 45.59 (93) 

2 Before 42.96 (1218) - 42.63 ( 716) + 42.68 ( 701) + Insufficient 44.01(10370) 
1iim After 41.38 (531) 45.59 (398) 41.48 (388) sample size 41.06 (95) 

3 Before 40.88 (1830) + 40.48 (1052) + 40.66 (1022) + 34.11 ( 16) + 41. 93 ( 564) 
1Urr After 42. 70 (1822) 43.01 (1333) 43.16 (1285) 41.06 (29) 40.86 ( 304) 

4 Before 44. 95 ( 1813) + 44.44 ( 1045) + 44.56 ( 1015) + 39.40 ( 16) + 46.45 (558) 
0 After 46.18 (1816) 46.29 (1329) 46.41 (1282) 44.21 (29) 45.10 (302) 

91 1 Before 54.25 (706) - 54.17 (493) 0 54.18 (478) 0 Insufficient 54.36 ( 160) 
900 After 53.45 (2362) 54.18 (1842) 54.27 (1795) sample size 50.55 (408) 

2 Before 54.32 (710) - 54.28 (497) 0 54.25 (482) 0 Insufficinet 54.55 (159) 
1iim After 52.86 (2360) 53.59 (1841) 53. 67 (1794) sample size 49.97 (406) 

3 Before 53.82 (711) 0 53.45 (494) 0 53.39 (479) 0 Insufficient 54 .68 ( 164) 
1Urr After 53.36 (2379) 54 .10 (1861) 54.17 (1814) sample size 50.41 (405) 

4 Before 51. 71 (706) 0 51.24 (488) 0 51.14 (474) + Insufficient 52 .87 ( 164) 
0 After 51.30 (2367\ 51.87 (1847) 51.96 (1800) sample size 49.04 (408) 

92 1 Before 53.44 (829) - 53.84 (590) - 54.01 (575) - Insufficient 52.74 (178) 
~ After 51.44 (2089) 51.91 (1587) 51. 97 (1553) sample. size 49.93 (433) 

2 Before 53.64 (834) - 53.94 (595) - 54.26 (577) - Insufficient 53.12 (178) 
'ii01i After 51.59 (2097) 52.04 (1591) 52.16 (1555) sample size 50.27 (436) 

3 Before 52.49 (847) - 52.66 (610) - 52.91 (594) - Insufficient 52.19 (176) 
lml" After 51.16 ( 2089) 51.49 (1586) 5L61 (1553) sample size 50.21 (433) 

4 Before 53.06 (825) - 52.98 (595) - 53.18 (579) - Insufficient 53. 25 ( 172) 
0 After 50.86 (2063) 51.00 (1568) 51.09 (1532) sample size 50.51 (426) 

(1) - S.D. ; Significant difference; (+) ; significant increase, (-) ; significant de,crease, (0) ; no significant difference 
l mi/h; 1.6 km/h 

Night 

Autos, Vans, 
Pickups 

Mean 
S.D. Speed No. 

( 1) (mi/h) Veh. 

- 47 .53 (348) 
45.59 (93} 

- 44.04 ( 367) 
41.00 (94) 

- 41.99 (558) 
41.04 (299) 

- 46.51 ( 522) 
45.27 (297) 

- 54.34 (159) 
50.71 (396) 

- 54.53 (158) 
50.11 (394) 

- 54 .65 ( 163) 
50.50 (395) 

- 52 .85 ( 163) 
49.20 (397) 

- 52.60 (173) 
49.93 (433) 

- 52 .98 ( 173) 
50.27 (436) 

- 52.04 (171) 
50.21 (433) 

- 53.15 (167) 
50.51 (426) 

S.D. 
(1) 

-

-

0 

-

-

-

-

-

-

-

-

-



4. Right Hand Lateral Position at Tapeswitch Deployments 

The analyses of right hand lateral position at tapeswitch deployments 

were conducted to determine if the countermeasures caused lateral position 

variations within each site and where on the approach these variations oc

curred. The lateral placement measures were obtained by measuring the 

distance from the right edge of the paved roadway surface to the outside 

edge of the right front tire. Table 16 contains a summary of the right 

hand lateral placement by tapeswitch location. 

The data were measured in feet with a positive sign indicating either 

placement to the left of. or direction away from. the right hand roadway 

edge. Positive signs associated with the placement measures indicate that 

the average vehicle position occurred with the right front tire totally on 

the paved surface. Positive signs in the significant difference column 

indicate that the average direction of movement between the before and 

after time periods were to the left away from the right hand road edge. 

Inspecting the signs associated with the lateral position measures of 

table 16 reveals that approach sites 11, 21, 22, 32, 42, 52, 61. 62, 91 

and 92 experienced average movements to the right at the traps closest to 

the bridge after countermeasure installation. Approach sites 31, 41, 71, 

72, 81 and 82 experienced average movements to the left at the traps clos

est to the bridge after countermeasure installation. The way in which the 
directional movements are distributed among the approach sites results in 

difficulty associating the direction of movement with the types of coun

termeasures installed. Approach sites 11, 12, 41 and 42 received eight 

inch (20.3 cm) edgelines installed as part of the countermeasure. Ap

proach sites 11 and 42 resulted in average movements to the left, site 41 

except for the category of trucks and buses resulted in movements to the 

right and site 12 experienced no significant changes in any analysis cate

gory. There are, therefore, no evident directions of movement that can be 
associated with the implemented countermeasures. 

Paired t analyses were performed on the tapeswitch deployments to as

certain if the differences experienced at each tapeswitch deployment were 

sufficiently large to be significant. These analyses were performed by 

considering the data from different time periods for each trap as being 

66 
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Table 16. Summary oft-test analysis of right hand lateral placement for individual vehicle observations 
(10 percent significance level). 

All Time Day 
Periods and 

Vehicle Types All Vehicle Autos, vans, Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Desiqnation 
Ihstance Dis- Dis- Dis- Dis- Dis-

From Bridge Time tance No. s.o. tance No. s.o. tance No. S.D. tance No. s.o. tance No. 
Approach (Feet) Period (ft) Veh. (1) (ft) Veh. (1) (ft) Veh. ( 1) (ft) Yeh. (1) (ft) Veh. 

11 1 Before 3.86(10145) - 3.78 (7952) - 3.79 (7867) - 3.42 (60) - 4.19 ( 1507) 
~ After 3.22 (3949) 3.16 (3254) 3.17 (3196) 2.55 (45) 3.59 (494) 

2 Before 3.81(10146) - 3. 75 (7925) - 3.76 (7838) - 3.28 (60) - 4.03 (1518) 
omr After 3.47 (3956) 3.41 (3270) 3.45 (3211) 2.75 (46) 3.82 (486) 

3 Before 4 .37 l9931 > + 4.36 (7773) + 4.37 (7684) + 3.93 (59) + 4.34 (1475) 
!OlJ After 4.49 3788) 4.49 (3123) 4.50 (3064) 3.93 (46) 4.49 (474) 

4 Before 2.83(10163) - 2.82 (7920) - 2 .82 (7830) - 2.82 (60) 0 2. 92 (1537) 
0 After 2.62 (3411) 2.59 (2726) 2.59 (2685) 2.47 (32) 2 .76 (489) 

12 1 Before 4.44(10346) - 4.42 (8745) - 4.42 (8661) - 4.20 (59) - 4.55 (1039) 
omr After 4.05 (3865) 4.01 (3395) 4.02 (3351) 3.66 (31) 4.39 (317) 

2 Before 3. 90(10767) - 3.88 (9099) - 3.88 (9014) - 3.59 (60) 0 4.08 (1078) 
lmJ After 3.65 (3885) 3.62 (3416) 3.63 (3372) 3.38 (30) 3.83 (316) 

3 Before 3.95(10605) - 3.91 (9004) - 3.91 (8923) - 3.86 (57) 0 4.28 ( 1022) 
"200 \ After 3.83 (3844) 3.80 (3400) 3.81 (3354) 3.56 (31) 3.96 (309) 

4 Before 3.14( 10791) 0 3.10 (9119) 0 3. 09 ~ 9036) 0 3.15 (60) 0 3.49 (1080) 
u After 3.12 (3849) 3.10 (3387) 3.10 3394) 2.91 (30) 3.35 (310) 

21 - 1 Before 3.21 (2334) + 3.16 (1800) + 3.16 (1751) + 3.04 (37) 0 3.39 (404) 
"901' After 3.41 (1282) 3.37 (1071) 3.38 (1041) 3.02 (18) 3.60 (142) 

2 Before 3.01 (2361) + 2.98 (1814) + 2.99 (1763) + 2.91 ( 39) 0 3.09 ( 415) 

. omr After 3.35 (1293) 3.33 (1083) 3. 34 (1053) 3.04 (19) 3.44 (143) 

3 Before 4.69 (2226) - 4.65 (1731) - 4.65 (1686) - 4.51 (34) - 4.85 ( 375) 
!OlJ After 4.46 (1214) 4.41 (1017) 4.43 (988) 3.80 (17) 4.75 (133) 

4 Before 4.64 (2180) - 4. 59 ( 1695) - 4. 59 ( 1649) - 4.77 (34) - 4.79 (368) 
0 After 4.23 (1260) 4.19 (1053) 4.19 (1023) 4.25 . (18) 4.50 (143) 

(1) - S.D. = Significant difference; (+) = significant increase, (-) = significant decrease, (0) = no significant difference 
1 ft= 0.31 m 

Night 

Autos, Vans, 
,Pickups 

Dis-
S.D. tance No. s.o. 
(1) (ft) Yeh. (1) 

- 4.19 (1490) -
3.58 (488) 

- 4.04 ( 1501) -
3.82 (480) 

+ 4.35 (1459) + 
4.48 (469) 

- 2.92 ( 1519) -
2 .75 (483) 

- 4.55 ( 1031} -
4.39 (313) 

- 4.09 (1070) -
3.84 (312) 

- 4.28 (1014) -
3.96 (305) 

0 3.49 (1072) 0 
3.35 (306) 

+ 3.39 ( 388} + 
3.60 (141) 

+ 3.09 ( 399) + 
3.44 (142) 

0 4.84 ( 361) 0 
4.75 (132) 

- 4.79 ( 355) -
4.49 (142) 
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Table 16. Summary oft-test analysis of right hand lateral placement for individual vehicle observations 
(10 percent significance level) (continued). 

All Time Day 
Periods and 

Vehtcle Types All Vehicle Autos, Vans, Trucks and All Vehicle 
Trap COlllbtned Types Ptckups Buses Types 

Oesitation 
Dis ance Dts- Dis- Dis- Dis- Dis-

From Bridge Ttme tance No. S.D. tance No. S.D. tance No. s.o. tance No. S.D. tance No. 
Approach (Feet) Pertod (ft) Veh. (1) (ft) Veh. (1) (ft) Veh. (1) (ft) Veh. ( 1) (ft) Veh. 

22 1 Before 3.75 (1958) + 3.70 (1447) + 3.71 (1390) + 3.46 (39) 0 3.94 (384) 
"ffi After 4.00 (1104) 3.94 (900) 3.95 (863) 3.62 (29) 4.26 (124) 

2 Before 2.61 (2026) 0 2.58 (1495) 0 2.59 (1433) 0 2.40 (41) 0 2. 72 ( 399) 
oIT4" After 2.59 (1165) 2.55 (950) 2.57 (909) 2.11 (32) 2.74 (132) 

3 Before 4.49 (947) - 4.48 ( 744) - 4.49 ( 716) - 4.50 ( 17) - 4.43 (137) 
lUlJ After 3.92 (1120) 3.38 (931) 3.89 (889) 3.78 (31) 4.20 (113) 

4 Before 3.73 (1960) - 3.69 (1441) - 3.68 (1381) - 3. 72 (38) - 3.87 ( 393) 
0 After 3.06 (1138) 2.99 (935) 2.99 (896) 3.05 (28) 3.42 (128) 

31 1 Before 3.19 ( 3734) + 3.15 (3152) + 3.15 (3135) + I nsuf ft ct ent 3.46 (401) 
olfil After 3.51 (2205) 3.48 (1723) 3.48 (1714) sample size 3.71 (314) 

2 Before 3.46 (3789) + 3.41 (3200) + 3.41 (3183) + Insufficient 3.85 (403) 
m After 3.89 (2217) 3.85 (1732) 3.85 (1723) sample size 4.15 (316) 

3 Before 3.66 (3790) + 3.62 (3208) + 3.62 (3191) + Insufficient 3.99 (400) 
"200 After 3.75 (2161) 3.68 (1684) 3.68 (1676) sample size 4.16 (311) 

4 Before 3.30 (3708) + 3.28 (3145) + 3.28 (3128) + Insufficient 3.49 ( 391) 
0 After 3.59 (2102) 3.56 (1638) 3.56 (1630) sample size 3.75 (304) 

32 1 Before 4.48 (4055) + 4.46 (3397) + 4.46 (3375) + 4.31 ( 15) 0 4.65 (420) 
m After 4. 65 (2512) 4.61 (1876) 4.62 (1863) 4.13 (11) 4.74 (326) 

2 Before 4.00 (4180) + 3.97 (3498) + 3.97 (3475) + 3.76 (16) 0 4.20 (442) 
olfil After 4.25 (2580) 4.17 (187l) 4.18 (1858) 3.55 (11) 4.48 (329) 

3 Before 4.43 (3873) + 4.40 (3267) + 4.39 (3244) + 4.98 ( 16) 0 4.62 ( 397) 
lUlJ After 4. 77 (2358) 4.72 (1762) 4.71 (1749) 5.36 (11) 4.89 (316) 

4 Before 4.08 (3322) - 4.06 (2760) - 4.05 (2746) - Insufficient 4.24 (358) 
0 After 3.70 (2219) 3.64 (1665) 3.65 (1656) sample size 3.85 (302) 

(1) - S.O. = Significant difference; (+) = significant increase, (-) = significant d~·rease, (D) "no significant difference 
1 ft = 0.31 m 

Night 

Autos, Vans, 
Ptckups 

Dis-
s.o. tance No. S.D. 

( 1) (ft) Veh. (1) 

+ 3.93 ( 373) + 
4.26 (124) 

0 2. 72 ( 387) 0 
2.74 (132) 

- 4.44 (130) -
4.20 (113) 

- 3.88 ( 381) -
3.42 (128) 

+ 3.46 (401) + 
3.71 (314) 

+ 3.85 (403) + 
4.15 (316) 

+ 3.99 (400) + 
4.16 (311) 

+ 3.49 ( 391) + 
3.75 (304) 

+ 4.65 (420) + 
4.74 (324) 

+ 4.20 (442) + 
4.49 (327) 

+ 4.62 ( 397) + 
4.90 (314) 

- 4.24 (358) -
3.85 (300) 
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Table 16. Summary of t-test analysis of right hand lateral placement for individual vehicle observations 
(10 percent significance level) (continued). 

All Time Day 
Periods and 

Vehicle Types All Vehicle Autos, Vans, Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Desi tat ion 
D1 s ance Dis- Dis- Dis- Dis- Dis-

From Bridge Time tance No. S.D. tance No. S.D. tance No. S.D. tance No. S.D. tance No. 
Approach (Feet) Period (ft) Veh. (1) (ft) Veh. ( 1) (ft) Veh. (1) (ft) Veh. ( 1) (ft) Veh. 

41 1 Before 4.18(14949) - 4.11(12180) - 4 .12(12007) - 3.48 (118) - 4.66 (1771) 
m After 3.87 (6001) 3.75 (4590) 3.76 (4454) 2.99 (38) 4.53 (941) 

2 Before 5.12 (8008) - 5.11 (6923) - 5.12 (1770) - 4.89 (104) - 5.19 (613) 
m After 4.88 (3597) 4.86 (2894) 4.87 (2843) 4.46 (36) 5.03 (402) 

3 Before 3,84(15158) ... 3.82(12146) 0 3.83(11975) 0 3. 27 ( 116) 0 3.93 (2003) 
1U7 After 3.90 (6142) 3,84 (4583) 3.84 (4526) 3.36 (39) 4.23 (1003) 

4 Before 2 .68(15366 ~ ... 2.65(12583) ... 2.65(12406) ... 2.23 (122) 0 2.85 ( 1883) 
u After 2.83 (6348 2.79 (4669) 2.79 (4613) 2.45 (39) 3.06 (1097) 

42 1 Before 3.52(14813) - 3.46(12399) - 3.46(12241) - 3. 36 ( 104) - 4.06 (1188) 
m After 3.42 (6203) 3.29 (4503) 3.29 ( 4462) 3.04 (28) 3.93 (850) 

2 Before 3.84(14748) - 3.80(12276) - 3.80(12115) - 3.89 (103) 0 4.14 (1242) 
35U After 3.78 (6080) 3.69 (4466) 3.69 (4424) 3.80 (28) 4.24 (811) 

3 Before 4.01(13940) 0 3.97 ( 11725) 0 3 .97 (11574) 0 3.87 (98) 0 4.27 (1082) 
m After 4.01 (5903) 3.95 (4326) 3.95 (4285) 3.83 (27) 4.28 (771) 

4 Before 3.74(15173) - 3.68(12577) - 3 .69 (12414) - 3.58 (104) - 4.21 (1324) 
0 After 3.36 (6200) 3.28 (4487) 3.28 (4446) 3.01 (28) 3.68 (856) 

51 1 Before 3.09 (390) + 3.38 ( 15) 0 3.39 ( 15) 0 Insufficient 3.06 (313) 
"9'21)' After 3.30 (1805) 3.31 (865) 3.34 (826) sample she 3.26 (653) 

2 Before 3.71 (406) + 3.58 (15) 0 3.58 ( 15) 0 Insufficient 3.78 (330) 
liOO After 3.98 (1767} 3.79 (842) 3.82 (800) sample size 4.22 (651) 

3 Before 4.67 (350) ... Insufficient Insufficient Insufficient 4.75 (289) 
lOU After 4.53 (1424) sample size sample size sample size 4.76 (518) 

4 Before 3.13 (403) 0 3.36 (13) 0 3.36 (13) 0 Insufficient 3.19 (332) 
u After 3.18 (1769) 2.99 (840) 2.99 (799) sample size 3.48 (642) 

(1) - S.D. = Significant difference; (+) = significant increase, (-) = significant dj!<:rease, (0) = no significant difference 
1 ft = 0.31 m 

Night 

Autos, Vans, 
Pickups 

Dis-
S.D. lance No. S.D. 

( 1) (ft) Veh. (1) 

- 4.67 (1763) -
4.45 (934) 

- 5.19 (609) -
5.02 (398) 

... 3.93 (1993) ... 
4.22 (996) 

... 2 .85 ( 1875) ... 
3.07 (1090) 

... 4.06 (1181) -
3.93 (849) 

... 4.14 (1236) + 
4.24 (810) 

0 4.26 (1076) 0 
4.28 (770) 

- 4.21 (1317) -
3.68 (855) 

- 3.07 (309) -
3.27 (646) 

- 3.79 (324) -
4.23 (644) 

0 4 .75 (283) 0 
4.77 (512) 

+ 3.17 (326) + 
3.49 {636) 
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Table 16. Summary oft-test analysis of right hand lateral placement for individual vehicle observations 
(10 percent significance level) (continued). 

All Time Day Night 
Periods dnd 

Vehicle Types All Vehicle Autos, Vans, Trucks and All Vehicle Autos, Vans, 
Trap C01Abined Types Pickups Buses Types Pickups 

Desitation 
Dis ance Dis- Dis- Dis- Dis- Dis- Dis-

From Bridge Time tance No. S.D. tance No. S.D. tance No. S.D. tance No. S.D. tance No. S.D. tance No. S.D. 
Approach (Feet) Period (ft) Veh. (1) (ft) Veh. (1) (ft) Veh. (1) (ft) Veh. (1) (ft) Veh. ( 1) (ft) Veh. (1) 

52 1 Before 4.18 (699) 0 3.98 (22) 0 3.98 (22) 0 Insufficient 4.22 (546) 0 4.23 ( 536) 0 
"001r After 4.17 (1816) 4.09 (923) 4.12 (869) sample size 4.29 (710) 4.30 (705) 

2 Before 4.42 (605) 0 3.79 (22) -t 3.79 (24) -t Insufficient 4.50 (481) -t 4.50 (472) -t 
omr After 4.37 (1473) 4.22 (731) 4.24 (689) sample size 4.62 (564) 4.62 (559) 

3 Before 4.08 (660) 0 3.49 (24) -t 3.49 (24) -t Insufficient 4.13 · (539) -t 4.13 ( 528) -t 
lOU After 4.03 (1775) 3.89 (937) 3.93 (888) sample size 4.26 (652) 4.26 (647) 

4 Before 3.55 (684) - 3.25 (24) - 3.25 (24) - Insufficient 3.58 (560) - 3.59 (552) -0 After 2.44 (1870) 2.35 (960) 2.35 (905) sample size 2.58 (725) 2.58 (720) 

61 1 Before 3.69 (1910) - 3.60 (1357) - 3.63 (1274) - 2.97 ( 52) 0 4.07 ( 396) - 4.08 ( 386) -
"001r After 3.46 (1378) 3.39 (961) 3.43 (904) 2.75 (45) 3.71 (278) 3.76 (264) 

2 Before 3.97 (1840) - 3.87 (1328) - 3.90 (1245) - 3.28 ( 52) 0 4.36 (358) - 4.39 (349) 0 omr After 3.89 (1336) 3.79 (939) 3.82 (883) 3.31 (45) 4.24 (256) 4.30 (243) 

3 Before 4.66 (1381) - 4.63 (1006) - 4.64 (942) - 4.42 (44) - 4.82 ( 260) 0 4.83 (254) 0 
lOU After 4.49 (1106) 4.43 (779) 4.46 (731) 4.07 (39) 4.70 (209) 4.76 (197) 

4 Before 3.87 (1641) - 3.88 (1169) - 3.88 (1114) - 4.02 (30) - 3.82 (341) - 3.81 (331) -
0 After 3.26 (1372) 3.22 (934) 3.23 (877) 2.96 (45) 3.39 (294) 3.41 (280) 

62 1 Before 3.02 (2053) -t 2.90 (1203) -t 2.94 (1115) -t 2.25 ( 63) 0 3.30 (572) -t 3.30 (564) -t 

"001r After 3.17 (1487) 2.97 (754) 3.03 (692) 2.24 (50) 3.47 (508) 3.47 (496) 

2 Before 3.04 (2041) -t 2.78 (1201) 0 2.82 (1115) 0 2.25 ( 62) 0 3.56 (564) 0 3.57 (556) 0 omr After 3.15 (1502) 2.84 (763) 2.88 (700) 2.18 (51) 3.63 (513) 3.63 (501) 

3 Before 3.56 (2011) -t 3.35 (1123) -t 3.37 (1117) -t 2.95 ( 61) -t 3.98 (538) -t 3.98 (530) -t 

lOU After 4.19 (1388) 3.91 (734) 3.94 (675) 3.59 (49) 4.61 (436) 4.60 (426) 

4 Before 3.90 (1875) 0 3.86 (1123) - 3.83 (1042) - 4.13 (57) - 4.00 (509) 0 4.00 (503) 0 
7r After 3.67 (1443) 3.50 (734) 3.50 (675) 3.35 (48) 4.01 (492) 4.01 (481) 

(1) - S.O. = Significant difference; (+) = significant increase, (-) = significant d~rease, (0) • no significant difference 
1 ft= 0.31 m ' 
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Table 16. Summary oft-test analysis of right hand lateral placement for individual vehicle observations 
(10 percent significance level) (continued). 

All Time Day 
Periods and 

Vehicle Types All Vehicle Autos, Vans, Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Des1tation 
Dis ance Dis- Dis- Dis- Dis- Dis-

From Bridge Time tance No. S.D. tance No. S.D. tance No. S.D. tance No. S.D. tance No. 
Approach (Feet) Period (ft) Veh. (1) (ft) Veh. ( l) (ft) Veh. (1) (ft) Veh. ( 1) (ft) Veh. 

71 l Before 4.25 (1257) - 4.10 (758) - 4.20 (664) - 3.40 (67) 0 4.47 ( 383) 
"9oiY After 4.07 (1626) 3.97 (1158) 3.98 (1098) 3.69 (37) 4.30 (313) 

2 Before 3.98 (1269) 0 3.90 (761) 0 3.99 (666) 0 3.28 (68) 0 4.09 (396) 
lioo After 3.99 (1744) 3.92 (1267) 3.94 (1199) 3.55 (44) 4.14 (324) 

3 Before 4.05 (1257) 0 4.02 (749) 0 4.09 (658) - 3.63 (67) 0 4.04.(394) 
j'jffi" After 4.08 (1722) 4.00 (1245) 4.00 (1181) 4.02 (40) 4.32 (319) 

4 Before 4.32 (1153) + 4.41 (673) + 4.39 (593) + 4.45 (57) + 4.17 ( 374) 
0 After 4.50 (1721) 4.53 (1237) 4.50 (ll71) 4.98 (41) 4.44 (327) 

72 1 Before 3.45 (1386) - 3.30 (952) + 3.33 (885) - 2.84 (46) 0 3.85 (336) 
900 After 3.69 (1810) 3.60 (1419) 3.61 (1345) 3.09 (46) 4.04 (308) 

2 Before 3.49 (1407) + 3.31 (965) + 3.34 (897) + 2.79 (45) + 3. 91 (344) 
lioo After 3.84 (1847) 3. 77 (1442) 3.80 (1368) 3.12 (46) 4.17 (313) 

3 Before 3.93 (1392) + 3.84 (950) + 3.89 (885) + 3.19 (44) + 4.19 (345) 
1lm After 4.09 (1732) 4.00 (1336) 4.01 (1267) 3.59 (43) 4.40 (302) 

4 Before 3.93 (1357) + 4.04 (918) + 4.04 (858) + 4.12 (41) + 3.64 (342) 
0 After 4.48 (1835) 4.51 (1428) 4.50 (1353) 4.83 (47) 4.37 (315) 

81 l Before 4.88 (624) + 4.84 (546) + 4.85 (530) + 4.32 (11) + 5.21 (42) 
~ After 5.12 (1307) 5.10 (1038) 5.10 (996) 4.82 (31) 5.27 (199) 

2 Before 4.52 (1682) + 4.48 (1262) + 4.49 (1224) + 4.45 (24) 0 4.81 (288) 
5015 After 4.88 (1805) 4.82 (1436) 4.82 (1385) 4.82 (33) 5.17 (276) 

3 Before 4.47 (1713) + 4.47 (1265) 0 4.48 (1229) 0 3.80 (22) + 4.50 (317) 
m After 4.55 (2246) 4.47 (1761) 4.47 (1704) 4.28 (37) 4.92 (359) 

4 Before 3.29 (1750) + 3.30 (1272) + 3.31 (1232) + 3.49 (25) + 3.21 (343) 
0 After 4.33 (2345) 4.38 (1822) 4.38 (1760) 4.28 (40) 4.20 (393) 

(1) - S.D. = Significant difference; (+) = significant increase, (-) = significant decrease, (0) = no significant difference 
1 ft= 0.31 m 

Night 

Autos, Vans, 
Pickups 

Dis-
S.D. tance No. S.D. 
( 1) (ft) Veh. ( 1) 

- 4.48 ( 376) -
4.32 (302) 

0 4.09 ( 384) 0 
4.15 (314) 

+ 4.04 (384) + 
4.31 ( 310) 

+ 4.15 ( 365) + 
4.40 (316) 

+ 3.90 (312) + 
4.04 (292) 

+ 3.94 (321) + 
4.18 (297) 

+ 4.20 (321) + 
4.40 (288) 

+ 3.61 (318) + 
4.35 (301) 

0 5.21 (42) 0 
5.27 (196) 

+ 4.82 (280) + 
5.15 (272) 

0 4.50 (309) + 
4.92 (352) 

+ 3.21 (334) + 
4.20 (385) 
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Table 16. Summary of t-test analysis of right hand lateral placement for individual vehicle observations 
(10 percent significance level) (continued). 

All Time Day 
Periods and 

Vehicle Types All Vehicle Autos, Vans, Trucks and All Vehicle 
Trap Combined Types Pickups Buses Types 

Desitation 
D1 s ance Dis- Dis- Dis- Dis- Dis-

From Bridge Time tance No. S.D. tance No. S.D. tance No. S.D. tance No. S.D. tance No. 
Approach (Feet) Period (ft) Veh. (1) (ft) Veh. (1) (ft) Veh. ( 1) (ft) Veh. ( 1) (ft) Yeh. 

82 1 Before 4.74 (1091) + 4.70 (647) - 4.70 (632) - Insufficient 4.82 (332) 
-m After 4.47 (501) 4.45 (376) 4.45 (366) sample size 4.53 (88) 

2 Before 4.25 (lll5) - 4.24 (682) - 4.28 (667) - Insufficient 4.25 ( 391) 
oUlJ After 3.50 (524) 3.51 (391) 3.51 (381) sample size 3.59 (310) 

3 Before 4 .48 (1771) + 4.37 (1022) + 4.38 (993) + 3. 71 (16) + 4.63 (544) 
100 After 5.32 (1658) 5.30 (1219) 5.32 (1173) 4.91 (28) 5.42 (278) 

4 Before 3.02 (1800) + 2.92 (1039) + 2.92 (1009) + 2.61 (16) + 3.11 (554) 
0 After 4.07 (1799) 4.10 (1317) 4.10 (1270) 4.10 (29) 3.81 (299) 

91 1 Before 3.11 (698) - 3.06 (489) - 3.08 (475) - Insufficient 3.20 ( 157) 
"9m) After 2.93 (2358) 2.89 (1839) 2.90 (1792) sample size 3.08 (407) 

2 Before 2.84 (705) - 2.76 (494) - 2.77 (480) + Insufficient 3.10 ( 157) 
olil.f After 2.95 (2338) 2.86 (1839) 2.89 (1778) sample size 3.21 (400) 

3 Before 3.12 (694) - 3.08 (481) - 3.07 (466) - Insufficient 3.30 ( 160) 
"3W After 2.88 (2344) 2.85 (1836) 2.85 (1789) sample size 3.03 (396) 

4 Before 3.52 (696) - 3.54 (478) - 3.52 (464) - Insufficient 3.48 (164) 
0 After 3.15 (2347) 3.14 (1830) 3.14 (1783) sample size 3.21 (407) 

92 1 Before 2.93 (807) - 2.28 (569) - 2.88 (555) - Insufficient 3.07 ( 177) 
"9o1r After 2.53 (2070) 2.45 (1571) 2.45 (1537) sample size· 2.83 (430) 

2 Before 3.15 (827) 0 3.09 (589) 0 3.09 (572) 0 Insufficient 3.31 ( 177) 
oOli After 3.12 (2088) 3.05 (1583) 3.05 (1547) sample size 3.34 (435) 

3 Before 3.17 (832) 0 3.15 (598) 0 3.15 (583) 0 Insufficient 3.14 ( 173) 
100 After 3.12 (2043) 3.09 (1548) 3.09 (1515) . sample size 3.20 . (426) 

4 Before 2.95 (815) - 2.93 (587) - 2.92 (573) - Insufficient 2.95 ( 170) 
0 After 2.53 (2054) 2.52 (1560) 2.51 (1524) sample size 2.56 (425) 

(1) - S.D. = Significant difference; (+) = significant increase, (-) = significant decrease, (0) = no significant difference 
1 ft= 0.31 m 

Night 

Autos, Vans, 
· Pickups 

Dis-
s.o. tance No. s.o. 
(1) (ft) Veh. (1) 

- 4.82 (329) -
4.54 (88) 

- 4.25 (307) -
3.58 (94) 

+ 4.63 ( 538) + 
5.43 (274) 

+ 3.11 (548) + 
3.81 (294) 

0 3.20 ( 156) 0 
3.09 (395) 

0 3.11 ( 156) 0 
3.21 (389) 

- 3.30 (159) -
3.03 (386) 

- 3.48 ( 163) -
3.19 (396) 

- 3.07 ( 172) -
2.83 (430) 

0 3.31 ( 172) 0 
3.34 (435) 

0 3.13 ( 168) 0 
3.20 (426) 

- 2.95 ( 165) -
2.56 (425) 



paired observations. The paired t analyses compensated for the differ

ences in trap distance from the bridges. The results of the paired t 

analysis, perfonned separately for day and night conditions on the cate

gory of vehicle types, are summarized in table 17. There were no signifi

cant differences, at a significance level of 10 percent, indicated by 

either the day or night data. It cannot be concluded, therefore, at a 90 

percent level of confidence that the low-cost countermeasures resulted in 

significant changes in right-hand lateral placement between tapeswitch 

dep 1 oyment s. 

Table 17. Summary of paired t analysis of right-hand lateral position at 
tapeswitch deployment (feet). 

Day Night 

Before After Before After 

mean 3. 71 3.69 3.95 3.97 
standard deviation 0.60 0.67 0.60 0.67 

t value 0.38 -0.58 
degrees of freedom 70 71 
probability 0.71 0.56 

1 ft= 0.31 m 

5. Deviations in Right-Hand Lateral Placement Between Tapeswitch Deploy

ments 

Analyses were performed on the average variation that occurred be

tween adjacent tapeswi tch deployments and between dep 1 oyments that were 

the furthest apart. The purpose of these analyses was to determine if the 
low-cost countermeasures were effective in providing increased motorist 

guidance resulting in a more uniform vehicle path. The data for these 

analyses were obtained by determining the difference in the right-hand 

lateral placement, from table 16, for the appropriate trap pairs. 

Inspection of the resultant differences in table 18 reveals that the 

type of movements between adjacent trap pairs remains relatively constant, 

between the before and after time periods. Those pairs that exhibited 

average movements to the right (minus sign) between the traps in the be

fore period usually exhibited movements to the right in the after period. 
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Approach 
Site 

Designation 

11 

12 

21 

1 ft. = 0. 31 m 

Table 18. Difference in lateral placement between adjacent tapeswitch deployments (feet). 

Day Night 
Change in All Vehicle 

Lateral Types and all All Vehicle All Vehicle 
Placement Time Periods Types Autos, Vans Types 

Between Traps Combined Cambi ned and Pickups Trucks/Buses Cambi ned 

1-2 -0.05 -0.03 -0.03 -0.14 -0.16 
0.25 0.25 0.28 0.20 0.23 

2-3 0.56 0.61 0.61 0.65 0.31 
1.02 1.08 1.05 1.18 0.67 

3-4 -1.54 -1.54 -1.55 -1.11 -1.42 
-1.87 -1.90 -1.91 -1.46 -1. 73 

1-2 -0.54 -0.54 -0.54 -0.61 -0.47 
-0.40 -0.39 -0.39 -0.28 -0.56 

2-3 0.05 0.03 0.03 0. 27 0.20 
0.18 0.18 0.18 0.18 0.13 

3-4 -0.81 -0.81 -0.82 -0. 71 -0.79 
-0.02 -0. 70 -0. 71 -0.65 -0.61 

1-2 -0.20 -0.18 -0.17 -0.13 -0.30 
-0.06 -0.04 -0.04 0.02 -0 .16 

2-3 1.68 1.67 1.66 1.60 1.76 
1.11 1.08 1.09 o. 76 1.31 

3-4 -0.05 -0.06 -0.06 0.26 -0.06 
-0.23 -0.22 -0.24 0.45 -0.25 

Autos, Vans 
and Pickups 

0.15 
0.24 

0.31 
0.66 

-1.43 
-1.73 

-0.46 
-0 .55 

0.19 
0.12 

-0.7g 
-0 .61 

-0.30 
-0 .16 

1.75 
1.31 

-0.05 
-0 .26 
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Table 18. Difference in lateral placement between adjacent tapeswitch deployments (feet)(continued). 

Day Night 
Change in Al 1 Vehicle 

Approach Lateral Types and al 1 All Vehicle All Vehicle 
Site Placement Time Periods Types Autos, Vans Types Autos, Vans 

Desi gnat ion Between Traps Combined Combined and Pickups Trucks/Buses Cambi ned and Pickups 

22 1-2 -1.14 -1.12 -1.12 -1.06 -1.22 -1.21 
-1.41 -1.39 -1.38 -1.51 -1.52 -1.52 

2-3 1.88 1.90 1.90 2.10 1. 71 1. 72 
1.33 1.33 1.32 1.67 1.46 1.46 

3-4 -0.76 -0.79 -0.81 -0.78 -0.56 -0.56 
-0.86 -0.89 -0.90 -0. 73 -0. 78 0. 78 

31 1-2 0.27 0.26 0.26 Insufficient 0. 39 0.39 
0.38 0.37 0.37 Sample Size 0.44 0.44 

2-3 0.20 0.21 0.21 Insufficient 0.14 0.14 
-0.14 -0.17 -0 .17 Sample Size 0.01 0.01 

3-4 -0.36 -0.34 -0.34 Insufficient -0.50 -0.50 
-0.16 -0.12 -0.12 Sample Size -0 .41 -0 .41 

32 1-2 -0.48 -0.49 -0.49 -0.55 -0.45 -0.45 
-0.40 -0.44 -0.44 -0.58 -0.26 -0 .25 

2-3 0.43 0.43 0.42 1.22 0.42 0.42 
0.52 0.55 0. 53' 1.81 0.41 0.41 

3-4 -0.35 -0.34 -Q.34 Insufficient -0. 38 -0.38 
-1.07 -1.08 -1.06 Sample Size -1.04 -1.05 

1 ft. = 0.31 m 
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Table 18. Difference in lateral placement between adjacent tapeswitch deployments (feet)(continued). 

Day Night 
Change in All Vehicle 

Approach Lateral Types and al 1 All Vehicle All Vehicle 
Site Placement Time Periods Types Autos, Vans Types Autos, Vans 

Design at ion Between Traps Cambi ned Cambi ned and Pickups Trucks/Buses Canbi l}ed and Pickups 

41 1-2 0.94 1.00 1.00 1.41 0.53 0. 52 
1.01 1.11 1.11 1.47 0.50 0.57 

2-3 -1.28 -1.29 -1.29 -1.62 -1.26 -1.26 
-0. 98 -1.02 -1.03 -1.10 -0.80 -0.80 

3-4 -1.16 -1.17 -1.18 -1.04 -1.08 -1.08 
-1.07 -1.05 -1.05 -0.91 -1.17 -1.15 

42 1-2 0.32 0.34 0.34 0.53 0.08 0.08 
0.36 0.40 0.40 0. 76 0.31 0.31 

2-3 0.17 0.17 0.17 -0.02 0.13 0.12 
0.23 0.26 0.26 0.03 0.04 0.04 

3-4 -0.27 -0.29 -0.28 -0.29 -0.06 -0.05 
-0.65 -0.67 -0.67 -0.82 -0.60 -0.60 

51 1-2 0.62 0.20 0.19 Insufficient o. 72 0.72 
0.68 0.48 0.48 Sample Size 0.96 0.96 

2-3 0.96 Insufficient Insufficient Insufficient 0.97 0.96 
0.55 Sample Size Sampel Size Sample Size 0.54 0. 54 

3-4 -1.54 Insufficient Insufficient Insufficient -1.56 -1.58 
-1.35 Sampel Size Sample Size Sample Size -1.28 -1.28 

1 ft.= 0.31 m 
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Table 18. Difference in lateral placement between adjacent tapeswitch deployments (feet)(continued). 

Day Night 
Change in All Vehicle 

Approach Lateral Types and all Al 1 Vehicle All Vehicle 
Site Placement Time Periods Types Autos, Vans Types Autos, Vans 

Design at ion Between Traps Combined Combined and Pickups Trucks/Buses Ccxnbi ned and Pickups 

52 1-2 0.24 -0.19 -0.19 Insufficient 0.28 0.27 
0.20 0.13 0.12 Sample Size 0.33 0.32 

2-3 -0.34 -0.30 -0.30 Insufficient -0. 37 -0.37 
-0.34 -0.33 -0.31 Sample Size -0. 36 -0 .36 

3-4 -0.53 -0.24 -0.24 Insufficient -0.55 -0.54 
-1.59 -1.54 -1.58 Sample Size -1.68 -1.68 

61 1-2 0.28 0.27 0.27 0.31 o. 29 0.31 
-.J 0.43 0.40 0.39 0.56 0.53 0.54 
-.J 

2-3 0.69 0.76 o. 74 1.14 0.46 0.44 
0.60 0.64 0.64 0.76 0.46 0.46 

3-4 -0.79 -0.75 -0.76 -0.40 -1.00 -1.02 
-1.23 -1.21 -1.23 -1.11 -1.31 -1.35 

62 1-2 0.02 -0.12 -0.12 0.00 0. 26 0.27 
-0.02 -0.13 -0.15 -0.06 0.16 0.16 

2-3 0.52 0.57 0.55 0.70 0.42 0.41 
1.04 1.07 1.06 1.41 0.98 0.97 

3-4 0.34 0.51 0.46 1.18 0.02 0.02 
-0. 52 -0.41 -0.44 -0.24 -0.60 -0 .59 

1 ft.= 0.31 m 
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Table 18. Difference in lateral placement between adjacent tapeswitch deployments (feet)(continued). 

Day Night 
Change in All Vehicle 

Approach Lateral Types and all All Vehicle All Vehicle 
Site Placement Time Periods Types Autos, Vans Types Autos, Vans 

Designation Between Traps Combined Combined and Pickups Trucks/Buses Combined and Pie kups 

71 1-2 -0.27 -0.20 -0.21 -0.12 -0.38 -0.39 
-0.08 -0.05 -0.04 -0.06 -0 .16 -0 .17 

2-3 0.07 0.12 0.10 0.35 -0.05 -0.05 
0.09 0.08 0.06 0.47 0.18 0.16 

3-4 0.27 0. 39 0.30 0.82 0.13 0.11 
0.42 0.53 0.50 0.96 0.12 0.09 

72 1-2 0.05 0.01 0.01 -0.05 0.06 0.04 
0.15 0.17 0.19 0.03 0.13 0.14 

2-3 0.44 0.53 0.55 0.40 0.28 0.26 
0.25 0.23 0.21 0.47 0.23 0.22 

3-4 0.00 0.20 0.15 0.93 -0.55 -0.59 
0.39 0.51 0.49 1.24 -0.03 -0.05 

81 1-2 -0.36 -0.36 -0.36 0.13 -0.40 -0.39 
-0.24 -0.28 -0.28 0.00 -0.10 -0.12 

2-3 -0.05 -0.01 -0.01 -0.65 -0.31 -0.32 
-0.33 -0.35 -0.35 -0.54 -0 .25 -0 .23 

3-4 -1.18 -1.17 -1.17 -0.31 -1. 29 -1.29 
-0.22 -0.09 -0.09 -0.04 -0. 72 -0. 72 

1 ft. = 0. 31 m 

,~ 



• 
Table 18. Difference in lateral placement between adjacent tapeswitch deployments (feet)(continued). 

Day Night 
Change in All Vehicle 

Approach Lateral Types and all All Vehicle All Vehicle 
Site Placement Time Periods Types Autos, Vans Types Autos, Vans 

Desi gnat ion Between Traps Combined Combined and Pickups Trucks/Buses Canbi ned and Pickups 

82 1-2 -0.49 -0.46 -0.42 Insufficient -0.57 -0.57 
-0. 97 -0. 94 -0. 94 Sample Size -0. 94 -0. 96 

2-3 0.23 0.13 0.10 Insufficient 0. 38 0.38 
1.82 1.79 1.81 Sample Size 1.83 1.85 

3-4 -1.46 -1.45 -1.46 -1.10 -1.52 -1.52 
-1.25 -1.20 -1.22 -0.81 -1.62 -1.62 

91 1-2 -0.27 -0.03 -0.31 I nsuff i ci ent -0.10 -0.09 
0.02 -0.03 -0.01 Sample Size 0.13 0.12 

) 

2-3 0.28 0.32 0.30 Insufficient 0.20 0.19 
-0.07 -0.01 -0.04 Sample Size -0.18 -0.18 

3-4 0.40 0.46 0.45 Insufficient 0.18 0.18 
0.27 0.29 0.29 Sample Size 0.18 0.16 

92 1-2 0.22 0.21 0.21 Insufficient 0.24 0.24 
0.59 0.60 0.60 Sample Size 0.51 0.51 

2-3 0.02 0.06 0.06 Insufficient -0.17 -0.18 
0.00 0.04 0.04 Sample Size -0 .14 -0 .14 

3-4 -0.22 -0.22 -0.23 Insufficient -0.19 -0.18 
-0.59 -0.57 -0.58 Sample Size -0.64 -0 .64 

1ft. = 0.31 m 



This observation is supported by the results of the paired t analyses that 

are summarized in table 19. There were no significant differences, at the 

10 percent significance level, between the lateral movements exhibited by 

adjacent pairs in the before and after time periods. 

Table 19. Summary of paired t analyses on lateral position changes 
between adjacent tapeswitch deployments (feet). 

Day Night 

Before After Before After 

mean -0.06 -0.07 -0.13 0.69 
standard deviation 0.68 0.77 -0.13 0.78 

t value 0.16 -0.01 
degrees of freedom 51 53 
probability 0.87 0.99 

1 ft= 0.31 m 

Paired t analyses performed on the differences in lateral rrovement 

between the furthest trap pairs (i.e., tapeswitch deployments 1 and 4) are 

summarized in table 20. This analysis did not display any significant 

differences, at the 10 percent significance level, between the lateral 

movements of the furthest trap pairs in the before and after time periods. 
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Table 20. Sunmary of paired t analysis on overal 1 difference in right 
hand lateral placement (feet). 

Approach Day Night 
Designation Before After Before After 

11 -0.96 -0.57 -1.27 -0.83 

12 -1.32 -0.91 -1.06 -1.04 

21 1.43 0.82 1.40 0.90 

22 -0.01 -0. 95 -0.07 -0.84 

31 0.13 0.08 0.03 0.04 

32 -0.40 -0. 97 -0.41 -0.89 

41 -1.46 -0.96 -1.81 -1.47 

42 0.22 -0.01 0.15 -0.25 

51 -0.02 -0.32 0.13 0.22 

52 -0. 73 -1.74 -0.64 -1. 71 

61 0.28 -0.17 -0.25 -0.32 

62 0.96 0.53 0.70 0.54 

71 0.31 0.56 -0.30 0.14 

72 0.74 0.91 -0.21 0.33 

81 -1.54 -0. 72 -2.00 -1.07 

82 -1. 78 -0.35 -1.71 -0. 72 

91 0.48 0.25 0.28 0.13 

92 0.05 0.07 -0.12 -0.27 

Mean -0.20 -0.25 -0.40 -0.40 

Standard 0.92 0. 72 0.89 0.72 
Devi at ion 

t value 0.32 -0.02 

degrees of 
freedom 17 17 

probability 0.76 0.983 

1 ft = 0.31 m 
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CONCLUSIONS 

The conclusions presented below are based on the results of the proj

ect analysis, observations made during the study and the literature re

view. 

1. An al ys is of ind iv i dua 1 vehicle speeds indicated that the ef feet 

of the low-cost countermeasures were essentially the same for day 

and night conditions. Three sites during the day and four during 

the night experienced a significant decrease in speed. When both 

day and night conditions were analyzed together eight sites ex

perienced a significant increase, four a significant decrease and 

six no significant difference in mean speeds between the before 

and after time periods. These results did not establish a suf

ficient difference in the mean speed increases or decreases to 

attribute the effects to the low-cost countermeasures. The low

cost countermeasures cannot, therefore, be assumed to result in 

significant changes in mean speeds. 

2. An inspection of the mean individual vehicle speed at each tape

switch deployment was performed to determine if the speed profile 

of motorists changed due to the installation of the low-cost 

countermeasures. Inspect ion of the mean speeds at each trap de

ployment revealed that trends that were present in the before 

time period continued to the after period. Those sites which ex

hibited peak speeds at the trap located closest to the bridge 

during the before period also exhibited peak speeds at the bridge 

during the after period. It cannot be cone 1 uded • at a 10 percent 

significance level, that the low-cost countermeasures resulted in 

significant changes in mean speed between tapeswitch deployments. 

3. Estimates of vehicle lateral placement were obtained by measuring 

the distance from the right road edge to the outside of the right 

front tire. Inspecting the manner in which the directional move

ments were distributed among the approach sites resulted in dif

ficulty associating the direction of movement with the types of 

countermeasures installed. For example, four approach sites re

ceived eight inch (20.3 cm) edgel ines as part of their physical 
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upgrade. Two of these sites resulted in average movements to 

the right, one site experienced movements to the left and one 

site experienced no change in any direction. It could not be 

concluded that the low-cost countermeasures resulted in signifi

cant changes in right hand lateral placement between tapeswitch 

deployments. 

4. An al yses were performed on the average variation that occurred 

between adjacent tapeswi tch deployments and between deployments 

that were the furthest apart. The purpose of these analyses was 

to determine if the low-cost countermeasures resulted in a more 

uniform vehicle path. Inspection of the differences indicated 

that the type of movement between adjacent trap pairs remained 

relatively constant between the before and after time periods. 

Those pairs that exhibited average movements to the right between 

the traps in the before period usually exhibited movements to the 

right in the after period. There were no significant differ

ences, at the 10 percent significance level, between the lateral 

movements exhibited by either adjacent pairs, or between the 

furthest trap pairs, in the before and after time periods. 

5. Estimates of the maximum speed variation were obtained by measur

ing the greatest difference in speed exhibited by individual 

vehicles as they progressed through the trap array. This maximum 

speed variation was averaged over all the observations to obtain 

the analysis value. The intuitive logic in the selection of this 

MOE was that a reduct ion in speed variation denotes increased 

safety due to more uniform speeds. This effect was expected to 

be more pronounced during the nighttime and periods of low visi

bility when the delineators, edge lines and hazard markers pro

vide maximum conspicuity. Analyzing data obtained by combining 

the day and night observations into one group revealed that a 

significant number of analysis sites, at the 10 percent level of 

significance, experienced a reduction in speed variability after 

countermeasure implementation. When the average speed variation 

was analyzed separately for day and night conditions, however, 

there were no significant differences between the before and 

after time periods. 



6. The inability of the measures of effectiveness to exhibit signif
icant differences between the before and after time periods can 

be interpreted in two ways. The first way is that the operation

al measures of effectiveness related to vehicle speed and posi

tion are not appropriate measures for narrow bridge sites. The 

literature review indicated that these measures had been used 

successfully in prior studies at narrow bridge sites. The use of 

the Traffic Evaluator System (TES), however, resulted in much 

1 arger data bases and greater accuracy than those studies that 

relied primarily on manual data collection techniques. In addi

tion, since the narrow bridges studied existed on low volume 

rural roadways the majority of roadway users can be expected to 

be local motorists who are familiar with the roadway geometrics. 

These motorists know the presence of the narrow bridge and have 

developed driving patterns to safely negogiate the hazardous 

roadway feature prior to the installation of the low-cost 

countermeasures. Their driving characteristics may not, there

fore, be altered by the installation of low-cost countermea

sures. 

The second possible interpretation is that the countermeasures 

are not effective in influencing driver behavior. However, the 

inability of the operational measures of effectiveness to identi

fy changes in driving behavior does not necessarily imply that 

the low-cost countermeasures are i nef feet i ve. Accidents are 

relatively rare events that result from circumstances related to 

the driver, vehicle, roadway and environment. The low-cost coun

termeasures provide increased delineation and driver information. 

The impact of these enhancements on potential accidents involving 

unfamiliar drivers, impaired drivers and unfavorable environment

al conditions (such as restricted visibility, wet and slippery 

road conditions) cannot be ascertained by analyzing average oper

ational measures. A determination on the actual effectiveness of 

1 ow-cost countermeasures, therefore, requires a proper accident

based evaluation. 
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