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ABSTRACT 

This evalua t ion assesses the ei:i:ects of nonfreeway .:IK (resurfacing-restoration
rehabilitationl design criteria used as an alternativ" to c ri t:Pdl'I pr<>vi01.1 "'ly 
developed and adopted for new construction in Illinois. The objectives of this 
evaluation were to determine if significant accident rate reductions occurred 
after 3R improvements on 284 mi of 2-lane rural highways in Illinois from 1978 
to 1981, and how cost- and safety-effective these 3R improvements were. Acci
dent data were retrieved for 2 years before and after improvement. Statistical 
testing found the 3R improvements to significantly lower accident rates . Al
though accident reduction savings were less than 3R improvement costs, safety 
accounted for only a portion of the benefit::; dori•.;ed, which also included the 
preservation of existing pavements and more efficient vehicle operations. Con
trol sites were not used because aggregate accident data before and after reha
bilitation of a relatively large number of projects were to be analyzed. Al
though the separate effects of improved geometric design elements, improved 
skid resistance, or general downward trend in accidents were not identified, 
the study results demonstrated the overall safety effectiveness of the Illinois 
3R program. 

The Federal-aid Highway Act of 1976 amended the term 
"construction" to permit the funding of resurfacing, 
restoring, and rehabilitating (3R) existing highways 
with more flexible and tailored design guides. The 
1982 Surface Transportation Assistance Act intends 
that 3R projects be constructed to "standards to 
preserve and extend the life of highways and enhance 
safety." 

From 1976 to 1978, the Illinois Department of 
Transportation developed nonfreeway 3R design pol
icies for the preservation of existing Illinois 
highways with due consideration for cost and safety 
effectiveness, value engineering, and environmental 
concerns (see Figure 1). Figure 1 is a photograph of 
a typical Illinois 3R improvement. Illinois 3R de
sign criteria provide for certain alignment correc
tions and improvements of high accident locations 
but may permit lower design speeds and narrower 
traffic lanes, shoulder widths, and clear zones than 
Illinois' new construction-reconstruction criteria 
for the same traffic volumes. Table 1 gives a com
parison of reconstruction and 3R design policies for 
typical design speeds in miles per hour (mph) and 
average daily traffic (ADT) volumes. In many cases, 
3R design criteria utilize criteria specified for 
lower-volume, new construction projects. For ex
ample, a 22-ft wide pavement specified for a recon
struction improvement at 60 mph with volumes of 400-
2 ,000 vehicles per day maY, have been permitted to 
remain in place on a 3R project for traffic volumes 
up to 5,000 vehicles per day under certain condi
tions from 1978 to 1981. Later editions of these 
policies continue to provide the direction for con
ducting the 3R program for improving highways (other 
than expressways and freeways) in Illinois. 

The purpose of this evaluation is to determine if 

Illinois Department of Transportation, 2300 South 
Dirksen Parkway, Springfield, Illinois 62764. 

FIGURE 1 IDinois typical 3R improvement. 

TABLE 1 Typical IDinois Design Criteria 

Criteria 

Design speed8 {mph) 
Design traffic, ADT 
Pavement width (ft) 
Shoulders {ft) 
Paved shoulder (ft) 
Clear zones {ft) 

Reconstruction 

60-70 
3,000-5,000 
24 
8-10 
4-10 
34-40 

Rehabilitation 

55 
3,00G-5,000 
22-24 
4-6 
I 
12-18 

3Existlng alignment may remain in piece for 10 mph less when practi
cal. 
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significant accident rate reductions occur after JR 
projects are completed and how cost- and safety
effective these projects are. Positive results would 
provide factual data to support JR programs, both 
statewide and nationally. In addition, a comparison 
of accident rates after improvement will also be 
made to determine if projects improved with policies 
developed for highways with average annual daily 
traffic (AADT) of over J,000 vehicles have any sig
nificant safety or cost difference from projects im
proved with less stringent policies developed for 
highways with AADT under J,000 vehicles. 

DATA COLLECTION 

Selected projects were on 2-lane Illinois- or U.S.
marked routes without access control in rural areas. 
The minimum project length was 2 mi. Bridge acci
dents and rehabilitation costs were omitted. 

Monthly construction reports from late 1978 
through early 1981 (approximately 2. 5 years) were 
searched for widening and resurfacing projects meet
ing the preceding criteria. Forty-four projects hav
ing a total of 284 mi were located. The projects had 
a proportion of two-thirds widening and resurfacing 
(WRS) to one-third resurfacing (RS) (see Table 2) • 

TABLE 2 Project Distribution 

AADT Type Projects Miles DailyVMT 

Under 3,000 RS 9 74 132,434 
Under 3,000 WRS 28 159 252,502 
Above 3,000 RS 3 26 152,405 
Above 3,000 WRS 4 25 114,086 

Total 44 284 651,427 

Resurfacing projects may also have included some 
roadside treatment, superelevation correction (where 
appropriate), and the improvement of high accident 
locations. 

Accident data were retrieved for the study loca
tions for 2 years before and after improvement. 
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Project accident data were investigated before im
provement for bias in the following areas: 

l. Thirteen high-accident locations in 284 mi 
were considered too infrequent to influence the ef
fect of JR policy application. 

2. A Student's t-test at a 95 percent confidence 
level found no significant differences in accident 
and severity rates in projects having AADTs above or 
under J ,000 vehicles before improvement. Tables J 
and 4 give information for total accidents (TA) , 
property damage accidents (PD) , personal injury ac
cidents (PI), fatal accidents (FA), persons killed 
(K), persons injured (inj.), mean accident rates per 
100 million vehicle mi for TA, and mean severity 
rates for FA + PI. 

It was concluded that project accident data for 
the period before improvement was reasonably un
biased, and, therefore, suitable for further analy
sis. Control sites were not used because aggregate 
accident data before and after rehabilitation of a 
relatively large number of projects were to be ana
lyzed without investigating the effects of specific 
geometric design elements. 

SAFETY ANALYSIS 

Measures of effectiveness (MOEs) included total 
accident rates, nonintersection accident rates, 
severity rates, and nonintersection severity rates. 
Accident rates are expressed as accidents per 100 
million vehicle miles of travel (VMT) annually. Se
verity rates are the number of fatal plus i.nJury 
accidents per 100 million VMT. Nonintersection acci
dent rates and severity rates are the MOEs that are 
expected to be most directly affected by JR policies 
used in Illinois on 2-lane rural highways. Figure 2 
shows mean accident rates before and after improve
ment. 

Total accident rates, nonintersection accident 
rates, and mean severity rates showed statistically 
significant reductions from the before period to be 
after period (see Tables 5 and 6). Similar reduc- · 
tions after improvement were observed in two project 
groups with AADTs above and under J ,000 (see Tables 

TABLE 3 Total Before Accidents-by AADT Group 

Accidents Persons Mean Mean 
Accident Severity 

TA PD PI FA K Inj. Rate Rate 

AADT under 3,000 618 380 220 18 22 358 231.70 86.81 
AADT above 3,000 439 264 167 8 10 292 235.57 99.57 

Percent difference 1.6 14.7 
T-statistic -0.0303• -0.6377" 

8
The calculated t-statistic must be outside the 95 percent confidence interval from <-2.021 to >2.021 for a sig
nificant difference in rates with 42 degrees of freedom. 

TABLE 4 Before Nonintersection Accidents by AADT Group 

Accidents Persons Mean Mean 
---- Accident Severity 

TA PD PI FA K Inj . Rate Rate 

AADT under 3,000 471 295 161 15 18 254 175.24 63.08 
AADT above 3,000 330 192 130 8. 10 231 176.57 78.29 

Percent difference 0.8 24.l 
T-statistic -0.0308. -0.8672" 

3The caJculated t-statistic must be outside the 95 percent confidence interval from <-2.02 1 to >2.021 for a sig
nificant difference in rates with 42 degrees of freedom . 
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FIGURE 2 Mean accident rates-before and after improvement. 

7-10), except that the mean severity rate reductions 
were not significant for either group. (The 1-
tailed, paired t-test at a 95 percent confidence 
level was used for these analyses.) 

No statistically significant differences were 
found in mean accident rates and mean severity rates 
in the period after improvement when projects with 
AADTs above 3,000 were compared to those with AADTs 
under 3,000 (see Tables 11 and 12). (The 2-tailed, 
Student's t-test at a 95 percent confidence level 
was used for these analyses.) 

TABLE 5 Total Accidents 

Accidents Persons Mean Mean 
Accident Severity 

TA PD PI FA K Inj. Rate Rate 

Before 1,057 644 387 26 32 650 232.32 88.84 
After 790 459 314 17 21 510 173.23 72.82 

Percent reduction 25.4 18.0 
T-statistic 3.3233 1.9523 

3The ca1culated t-statistic must exceed the 95 percent confidence interval limit of 
>l.682 for a significant rate reduction with 43 degrees of freedom. 

Accidents Persons Mean Mean 
Accident Severity 

TA PD PI FA K Inj. Rate Rate 

Before 801 487 291 23 28 485 175.45 65.50 
After 564 321 227 16 20 346 126.36 53.95 

Percent reduction 28.0 17.6 
T-statistic 3.010• 1.6923 

8 The calculated t-statistic must exceed the 95 percent confidence interval limit of 
>1.682 for a significant rate reduction with 43 degrees of freedom, 

TABLE 7 Total Accidents Before and After Improvement With an 
AADT Under 3,000 

Acddent~ Po:,:o r.~ Mean ~.'feG!1 

Accident Severity 
TA PD PI FA K Inj. Rate Rate 

Before 618 380 220 18 22 358 231.70 86.81 
After 462 275 177 10 II 283 172.70 71.65 

Percent reduction 25.5 17.5 
T-statistic 2.8963 1.59183 

3The c[!culated t-statistic must exceed the 95 percent confidence interval limit of 
>I.690 for a significant rate reduction with 36 degrees of freedom. 

TABLE 8 Nonintersection Accidents Before and After 
Improvement With an AADT Under 3,000 

Accidents Persons Mean 
Accident 

TA PD PI FA K lnj . Rate 

Before 471 295 161 15 18 254 175.24 
After 338 203 126 9 10 187 127.51 

Percent reduction 27.2 
T-statistic 2.5375" 

Mean 
Severity 
Rate 

63.08 
53.00 

16.0 
1.27803 

8The calculated t-statistic must exceed the 95 percent confidence interval limit of 
>1.690 for a significant rote reduction with 36 degrees of freedom. 

TABLE 9 Total Accidents Before and After Improvement With 
an AADT Above 3,000 

Accidents Persons Mean Mean 
Accident Severity 

TA PD PI FA K Inj. Rate Rate 

Before 439 264 167 8 10 292 235.57 99.57 
After 328 184 137 7 10 227 176.00 79.00 

Percent reduction 25.3 20.7 
T-statistic 2.06783 1.64783 

3 The calculated t-statistic must exceed the 95 percent confidence interval limit of 
>1.943 for a significant rate reduction with 6 degrees of freedom. 

TABLE 10 Nonintersection Accidents Before and After 
Improvement With an AADT Above 3,000 

Accidents Persons Mean 
Accident 

TA PD PI FA K Inj. Rate 

Before 330 192 130 8 10 231 176.57 
After 226 118 IOI 7 10 159 120.29 

Percent reduction 31.9 
T-statistic 2.027" 

Mean 
Severity 
Rate 

78.29 
59.00 

24.6 
1.8133 

3 The calculated t-statistic must exceed the 95 percent confidence interval limit of 
>1.943 for a significant rate reduction with 6 degrees of freedom. 



Sanford et al. 

TABLE 11 Total After Accidents-By AADT Group 

Accidents Persons Mean Mean 
Accident Severity 

TA PD PI FA K Inj. Rate Rate 

AADT under 3,000 462 275 177 10 11 283 172.70 71.65 
AADT above 3,000 328 184 137 7 10 227 176.00 79.00 

Percent difference 1.9 10.3 
T-statistic -0.0735 3 -0.38933 

aThe ca1culated t-ste.tistic must be outside the 95 percent confidence interval from <-2.021 to >2.021 for a sig
nificant difference in rates with 42 degrees of freedom. 

TABLE 12 After Nonintersection Accidents-By AADT Group 

Accidents Persons 

TA PD PI FA K Inj . 

AADT under 3,000 338 203 126 9 10 187 
AADT above 3,000 226 118 101 7 10 159 

Percent difference 
T-statistic 

Mean 
Accident 
Rate 

127.51 
120.29 

5.7 
0.22708 

Mean 
Severity 
Rate 

53.00 
59.00 

10.2 
-0.4107 8 

8The ca1cu1ated t-statlstic must be outside the 95 percent Confidence interval from <-2.021 to >2.021 for a sig
nificant difference in rates with 42 degrees of freedom. 

ECONOMIC ANALYSIS 

The present worth of savings resulting from total 
accident reductions (including those at intersec
tions) were compared to the total project costs for 
the 3R projects. The analysis period was 20 years 
with one resurfacing included at 13 years. A con
stant dollar analysis was performed with an 8 per
cent interest rate. The Illinois Department of 
Transportation Constructioh Price Index was used for 
1981 base-year adjustments. The economic value of 
accidents prevented is $8, 340 per accident based on 
1981 National Safety Council costs and Illinois De
partment of Transportation composite statewide aver
age accident distributions of property damage (PD), 
personal injury (PI) , and fatal accident (FA) pro
portions. Project salvage and maintenance values 
were assumed to be zero after investigation found 
them to be minimal cost variables. Road-user bene
fits from decreased delay, pollution, fuel costs, 
and vehicle maintenance were not quantified for con
sideration. The present value of total reconstruc
tion and increased road-user costs as a result of a 
"no-build" alternative was not calculated. Table 13 
gives a summary of the economic analysis. 
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Figure 3 shows Cl plot of a sensitivity analysis 
of various economic service lives and interest rates 
that show a relatively minimal effect on the bene
fit/cost (B/C) ratio. A B/C ratio of 0.141 for an 8 
percent cost of capital for 20 years would only vary 
to 0.165 for a 30-year life, or ! ary to 0.115 for a 
10 percent cost of capital. 

ECONOMIC SERVICE LIFE, YEARS 

FIGURE 3 Benefit-cost ratio sensitivity analysis. 

TABLE 13 Economic Analysis Results 

Under Above 
CONCLUSIONS 

Economic Indicator 3,000 AADT 3,000 AADT AllAADTs 
The following conclusions are made: 

Cost per mile3 $180,422 $204,777 $184,781 
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40 

Benefit-cost ratiob 0.098 0.325 
Cost-effectiveness ratioc $80,917 $25,669 

~~dJust c:i d to l 98 1 C0$1S. 
Pru-e.n I valuo of accldciiu .u v!ng.s io to lnl p11)ject costs. 

c An nuoLized projoet cost pa:r Qccidcul t "rc-duC<ld . 

0.141 
$58,444 

1. The Illinois 3R improvements significantly 
lowered total and nonintersection accident and se
verity rates when projects were aggregated, which 
demonstrates that the Illinois 3R program enhances 
highway safety. 
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2. After improvement, total and nonintersection 
accident and severity rates were not significantly 
different from one another when project groups with 
AADTs above J,000 were compared to those with AADTs 
under J,000. This demonstrates that JR policies are 
equally safety-effective for projects with AADTs 
above and under J,000 (in this study, more stringent 
policies were applied to projects with AADTs above 
J, 000). 

J. Costs for JR projects exceeded accident re-
duction savings. This can be attributed to 

a. Prevailing medium-volume rural conditions 
with minimal high accident locations before im
provement, 
b. Accident savings spread over entire project 
section lengths rather than just accident spot 
lengths in the economic analysis, and 
c. Safety or accident savings that account for 
only a portion 0£ tne benetlts derived trom reha
bilitation projects when the accident rates are 
generally not above the state-wide average. 

Although they are not quantified in this 
evaluation, some other benefits (aside from those 
associated with accident savings) include 

(1) Road-user benefits derived from decreased 
delay, pollution, fuel costs, and vehicular 
maintenance; 
(2) Road-user benefits derived from the com
fort and convenience of travel over a 
smoother and sometimes wider travelway; 
(J) Benefits derived from preservation of the 
existing highway system, reduced maintenance, 
and preclusion of further deterioration to 
the point of costly reconstruction; and 
(4) Benefits derived from the overall economy 
and welfare of the state from an improved 
system delivery of people and goods. 

4. JR improvements are more cost-effective on 
projects with AADTs above J,000 because more acci
dents are reduced for the same construction cost. 
Note also that 

a. This lends support to priority programming of 
higher volume projects while recognizing that re
sponsible programming must include lower volume 
projects to maintain system integrity. 
b. This finding would be expected when there is 
only a 12 percent difference in construction 
costs per mile, but a much greater percentage in
crease in traffic exposure allowing for more ac
cident reduction. 
c. This finding lends support to continued ap
plication of more stringent JR design policies to 
projects with traffic volumes above J,000 ADT. 
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5. Although the separate effects of improved 
geometric design elements, improved skid resistance, 
or general downward accident trends were not identi
fied, the study results from a relatively large num
ber of JR projects and mileage demonstrates the 
overall safety of Illinois' JR program. 

a. Although the use of additional control sites 
without improvement for comparison with rehabili
tated sites for the detection of underlying acci
dent reduction factors is desirable, it is very 
difficult and time consuming to locate comparable 
control sites without some type of improvement 
during the study perious. 
b. The use of state-wide accident trends as a 
surrogate control for comparison purposes would 
not be valid because control sites should be com
parable locations without improvement during the 
study period. Illinois accident trends also re
flect an annual $900 million highway program in
cluding some type of proposed and scheduled 
improvement to about 25 percent of all high-acci
dent locations state-wide. However, rehabilita
tion improvements did have slightly lower average 
accident rates before and after improvement and 
about the same reduction as the state-wide aver
age reduction for 2-lane rural highways during 
the same period. 
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