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ABSTRACT 

In this paper is presented an overview of a bridge cost-allocation procedure that 
uses data from bridges built in the state of Indiana between 1980 and 1983, The 
framework of the present analysis was based on the incremental concept with modi
fication at various steps in the allocation process such that a larger number of 
cost increments were obtained. A technique is discussed for obtaining a large 
number of cost increments in order to render the economies-of-scale problem asso
ciated with the incremental methodology insignificant. The quantitative correla
tion between study vehicle classification and AASHTO vehicles was based on the 
relative effect of both axle loading and axle spacing of each vehicle on con
tinuous-span bridges. The cost responsibility of each vehicle class was determined 
first on the basis of its structural and geometric requirements and then on the 
relative frequency with which it uses the bridges. A discussion of the approach 
employed in the distribution of the bridge construction, bridge replacement, and 
bridge rehabilitation cost is presented. 

There are several methods of allocating bridge costs 
in the literature. However, the most commonly used 
and widely accepted methodology for structural cost
allocation analysis is classical incremental analysis 
<!-i>· Although the concept of classical incremental 
analysis for bridge cost allocation is well docu
mented, the approach for developing the various 
bridge cost functions in the allocation process 
varies among studies. The bridge cost-allocation 
process discussed in this paper is also based on the 
classical incremental framework but with modification 
at various steps. Presented herein is a multi-incre
ment cost-allocation process based on data from 
bridges built in Indiana between 1980 and 1983. 

VEHICULAR CLASSIFICATION AND DESIGN LOADING 

Vehicles that use the Indiana highway system were 
categorized into 14 basic classifications (Table 1) • 

School of Civil Engineering, Purdue University, La
fayette, Ind. 47907. 

Each class was further divided into various weight 
groups. For the purpose of incremental analysis, with 
the exception of the live loads, all loads and forces 
were handled in the same manner as the original 
bridge. The live loads that represented the weight 
of the moving traffic were modified to reflect a 
range of different types of vehicles. According to 
AASHTO bridge specifications (l), traffic-relatea 
loadings can be represented by standard trucks or by 
equivalent lane loads. The trucks specified are 
designated with an H prefix followed by a number in
dicating the total weight of the trucks in tons for 
the two-axle trucks or with an HS prefix followed by 
a number indicating the weight of the tractor in tons 
for the tractor-trailer combinations. The AASHTO 
bridge specification provides only five classes of 
design loading, namely, HS 20, HS 15, H 20, H 15, 
and H 10. Other loadings required for the present 
analysis can be obtained by proportionally changing 
the weight~ of the designated trucks (ll· The modi
fied AASHTO live loadings and the corresponding lane 
loadings used in the present study are shown in Fig
ure 1. The cost functions of each bridge element were 
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TABLE 1 Adopted Vehicle Classification (9) 

Class Description 

1 Small passenger automobiles 
2 Standard and compact passenger automobiles 

and panel and pickup trucks 
3 Buses 
4 Two-axle trucks (2 S and 2 D) 
5 Automobiles with one-axle trailers 
6 Three-axle single-unit trucks 
7 2 S 1 tractor-trailers 
8 Automobiles with two-axle trailers 
9 Four-axle single-unit trucks 

I 0 3 SI tractor-trailers 
1 I 2 S 2 tractor-trailers 
12 3 S2 tractor-trailers 
13 Other five-axle vehicles 
14 Six or more axles 

then computed on the basis of the previously men
tioned set of design loadings. 

CORRELATION BETWEEN AASHTO VEHICLES AND 
STUDY VEHICLES 

It is to be noted that the design trucks are differ
ent from the trucks seen operating on the highways. 
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They are trucks with configurations that would simu
late the most severe live loads on a structure. 
Therefore the correlation between the design vehicles 
and the study vehicle classes should be viewed as a 
critical task in any structural cost-allocation 
study. Without a proper procedure for matching the 
design vehicles with the study vehicle classes, any 
attempt to improve computational precision would be 
limited because the accuracy of the cost functions 
in terms of design vehicles would not be maintained 
when converted into the study vehicle classes. Many 
studies (1-4,6) used gross vehicle weight to estab
lish the -relationship between AASHTO vehicles and 
study vehicles. The use of gross vehicle weight 
neglects axle load distribution and axle spacing. 

Maryland (8,5) used a more rational method in es
tablishing this correlation because it incorporated 
both axle loading and axle spacing in its analysis. 
However, the vehicles were analyzed on simply sup
ported single-span bridges of varying span length 
rather than on continuous-span bridges. The results 
obtained by using simply supported simple spans would 
involve approximations when extended to continuous
span bridges. 

Because most bridges have continuous spans, the 
quantitative correlations between study vehicles and 
AASHTO design vehicles were based on continuous-span 
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FIGURE 1 Modified AASHTO live loading configurations for bridge 
incremental designs. 
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bridges of varying span lengths. Figure 2 shows a 
flow chart of such an analysis. This approach re
quired knowledge of the axle loads and the axle 
spacings of each vehicle weight group. It is to be 
noted that each vehicle within each subweight group 
may have different axle loading and axle spacing be
cause vehicles were grouped according to their high-

no 

H 

COMPARE H 
MOMENT TO 
VEH . MOMENT 

no 

START 

READ INPUT DATA 

PRINT INPUT DATA 

ANALYZE BRIDGE 

ANALYZE VEHICLE 

COMPUTE MOMENT AT 
CRITICAL POINTS 

COMPARE MOMENTS 
SAVE LARGEST 

yes 

no 

DECIDE H DR HS 
VEHICLE 

,__ ___ HS 

COMPUTE EQUIV. H 
OR HS VALUE 

STOP 

COMPARE HS 
MOMENT TO 
VEH. MOMENT 

PRINT EQUIV. OR HS VALUE 

FIGURE 2 Flow diagram for AASHTO loadings and study 
vehicle classes correlation analysis. 
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way use and damage criteria. Therefore, an average 
value for both the axle loading and the axle spacing 
of all vehicles in each weight group was used. 

Table 2 gives the equivalent AASHTO designation 
of each study vehicle weight group. Table 3 gives 
the correspondence of each vehicle weight group with 
the equivalent AASHTO designation in the correlation 
matrix. 

The correlation between the H and HS trucks was 
obtained by equating the maximum moments produced on 
the critical points of bridges. A linear regression 
analysis was then performed on the results. The re
Qression equation found was HS = 0.68 H with r 2 = 
0.89. 

BRIDGE TYPES 

The most recent bridge projects were used in the 
analysis because they represent modern construction 
trends and techniques. Bridges in Indiana built 
within the base period (1980 through 1983) were 
categorized as follows: 

1. Reinforced concrete slab, 
2. Pres tressed concrete I-beam, 
3. Prestressed concrete box-beam, 
4 . Steel beam, and 
5. Steel girder. 

Bridges within each category usually have rather 
similar properties and characteristics. Hence, a 
representative bridge was selected from each of the 
five categories. Incremental analyses were performed 
on each representative bridge using the selected set 
of design loadings described earlier. 

HIGHWAY CLASSIFICATION 

In general, the characteristics of a highway are re
flected by the bridges constructed on that highway. 
Bridges on principal arterials have higher design 
standards than do those on county roads. The follow
ing highway classification was used (~): 

1. Interstate urban, 
2 . Interstate rural, 
3. State primary, 
4. State secondary, 
5. County road, ano 
6. City street. 

BRIDGE COST COMPONENTS 

Bridge costs were divided into the following compo
nents: 

1. Superstructure 
2. Substructure 

a. Abutment and pier 
b. Piling 
c. Excavation and backfill 

3. Railing 
4. Drainage system 
5. Miscellaneous items 

Incremental cost analyses, based on the geometric 
and structural requirements of the design vehicles, 
were performed separately on each of the cost compo
nents. 

COST FUNCTIONS 

The design drawings, plans, and bid information were 
obtained from the Indiana Department of Highways. 
All of the selected bridges were designed for HS 20 
loading. By replacing the HS 20 loading with other 
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TABLE 2 Study Vehicle Classification and Equivalent AASHTO Designation 

Vehicle 
Type3 

J 
2 
3 
4 
4 
4 
4 
4 
5 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
8 
9 
9 

10 
II 
11 
11 
]] 

11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
11 
12 
12 
12 
13 
13 
14 
14 
14 

Gross 
Weight 
(kips) 

4,0 
6.0 
30.0 
5-10.0 
10-15.0 
15-20. 0 
20-25.0 
25-30.0 
9.0 
10-15.0 
15-20. 0 
20-25. 0 
25-30.0 
30-35.0 
35-40.0 
0.20.0 
20-25.0 
25-30. 0 
30-35 .0 
10.00 
0.30.0 
30-60 
0-40.0 
20-25.0 
25-30. 0 
30-35. 0 
35-40.0 
40.45.0 
45-50. 0 
50-55.0 
20-25 . 0 
25-30. 0 
30-35_0 
35-40. 0 
40-45.0 
45-50.0 
50-55.0 
55-60.0 
60-65.0 
65-70.0 
70. 75.0 
75-80.0 
0-40.0 
40.70.0 
0-40.0 
40-60.0 
60.80 

Design Axle Loadb (kips) 

A 

2.0 
3,0 

12 .0 
4 .5 
6.5 
7. 7 

10.2 
12.0 
4,0 
5.0 
8 ,0 

10. 0 
12.0 
13 .0 
J5 .0 
7,0 
9.0 
9, 0 

10.0 

6.0 
16.0 
13.0 

7,0 
8 ,0 
9. 0 

10.0 
10,0 
JO,O 
11.0 
7.0 
8.0 
9.0 

10.0 
11.0 
12.0 
11.0 
10.0 
10.0 
10.0 
l l.0 
12.0 
5.0 

10.0 
8.0 
9.0 
9.0 

B 

2.0 
3,0 

18,0 
5.5 
8 ,5 

12. 3 
14.8 
18 .0 
4,0 
6 .0 
6,0 
7. 0 
8.0 

10.0 
12.0 
8, 0 

10.0 
11 , 0 
13 .0 
4.0 
6.0 

16.0 
9,0 
8.0 

10,0 
l l.O 
14.0 
15 ,0 
16,0 
18.0 
6.0 
7 0 
8 .0 
9.0 

10.0 
11.0 
12 ,0 
13 .0 
14,0 
16.0 
17 ,0 
18 .0 
7 ,0 

18 ,0 
7.0 

12 .0 
16 .0 

c 

1.0 
4.0 
6.0 
8.0 

10.0 
12.0 
13 .0 
5.0 
6.0 

10.0 
12.0 

•A > , V 

18.0 
28 .0 

9.0 
5.0 
6.0 
7.0 
8.0 

10.0 
12.0 
13.0 
6.0 
7,0 
8.0 
9.0 

10.0 
l l.O 
12,0 
13.0 
14.0 
16.0 
17.0 
18.0 
12.0 
16.0 
7.0 

12.0 
16.0 

3 Refer to Table J for description of vehicle types~ 

D 

' A LV 

9.0 
5.0 
6,0 
8.0 
8.0 

10.0 
12.0 
13.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 

10.0 
12.0 
13 .0 
14.0 
15 ,0 
16.0 
8.0 

13.0 
8 ,0 

13.0 
17.0 

E 

3. 0 
4_0 
5. 0 
6. 0 
7.0 
8.0 

JO.O 
12.0 
13.0 
14.0 
15.0 
16.0 
8.0 

13 .0 
5. 0 
7.0 

11.0 

F 

5,0 
7,0 

ll.O 

Axle Spacing' (ft) 

AB 

7.2 
10.05 
31.65 
11.0 
13 0 
14. 0 
15. 0 
17.0 

BC 

11.5 8.6 
14.0 4.0 
14.0 4.0 
14.0 4.0 
14.0 4.0 
14.0 4. 0 
14.0 4. 0 
10.0 16.0 
10.0 17.0 
10.0 18.0 
10,0 21.0 
1 l.5 
4.0 
4.0 

17.30 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10,0 
10.0 
10.0 
10.0 
10.0 
10. 0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
9.0 
9.0 

10.0 
10.0 
10.0 

o rn o,uv 

40.0 
40.0 

4.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22 .0 
22,0 

4.0 
4.0 
4.0 
4. 0 
4.0 
4.0 
4.0 
4,0 
4.0 
4,0 
4.0 
4.0 

18. 0 
18.0 
4.0 
4.0 
4.0 

CD 

5 80 

2 1.00 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

25.0 
25.0 
25.0 
25 .0 
25.0 
25. 0 
25 . 0 
25 . 0 
25 ,0 
25.0 
25 . 0 
25.0 
5.0 
5.0 

2 1.0 
21.0 
21.0 

DE 

4.0 
4.0 
4.0 
4_0 
4.0 
4.0 
4.0 
4. 0 
4.0 
4.0 
4, 0 
4.0 

l l.O 
11.0 
5.0 
5.0 
5.0 

EF 

11.0 
11.0 
11.0 

Equivalent 
AASHTO 
Vehicle 

H 2.9 
H 4.0 
H 17.0 
H 8.9 
H 9.41 
H 12.95 
H 15.29 
H 17.67 
HS 3.0 
HS 6.0 
HS 7.0 
HS 8.0 
HS 10.0 
HS 11.0 
HS 13.0 
HS 6.0 
HS 7.0 
HS 8.0 
HS 9.0 
HS 3.50 
HS 13.0 
HS 23.0 
HS 10.0 
HS 7.0 
HS 8.0 
HS 9.0 
HS 10.0 
HS 11.0 
HS 12.0 
HS 14.0 
HS 7.0 
HS 8.0 
HS 9.0 
HS 10.0 
HS J l.O 
HS 12.0 
HS 13.0 
HS 14.0 
HS 15 .0 
HS 17 .0 
HS 18.0 
HS 19 ,0 
IIS 11.0 
HS 17.0 
HS 11.0 
HS 19.0 
HS 24.0 

bA =first axle, B =second axle, C =third axle, D =fourth axle, E = fifth axle, and F =sixth axle . 
CAB, BC, CD, DE, ;..ind EF =distance in feet between adjacent axles. 

AASHTO design loadings, bridges of different struc
tural and geometric characteristics were obtained. 
For the selected bridges, the original specifica
tions, configurations, and materials that were inde
pendent of vehicular loadings were retained where 
appropriate. In areas in which AASHTO specifications 
governed, those specifications were used in place of 
the original specifications. 

The three lowest bids submitted by contractors 
were chosen and their itemized unit costs were aver
aged. The total cost of each bridge cost component 
was obtained using these itemized unit costs. For 
each type of bridge and cost component, a cost func
tion of the form shown in Figure 3 was obtained. 
Next, by dividing the total cost by the deck area, 
the unit cost per square foot was obtained. Table 4 
gives the unit cost per square foot of superstructure 
by design loading and by bridge type. 

It is to be noted that the distribution of each 
type of bridge is important. For example, there were 
30 slab bridges and 50 prestressed box-beam bridges 
of various dimensions built within the base period. 
To account for this, the total deck area of all 
bridges of each bridge type built within the base 
period (1980 through 1983) was determined and grouped 
according to highway class. A summary of total deck 

area by highway classification and by bridge type is 
given in Table 5. The cost factors for different 
AASHTO loadings and by bridge type were then obtained 
using Equation 1: 

fr1n\ (<;;'\ 1 Ir 1n -, 

CF(k) t~: }l' U(i, k)A(i,j~/ L'f U(i, 20)A(i,j~ • 100% (I) 

where 

i 
j 
k 

A(ij) 

U(ik) 

type of bridge, 
type of highway class, 
[set of design loadings], 
total deck area for the ith type of bridge 
and jth highway class, and 
unit cost for the ith bridge type and kth 
loading. 

It is important to note that the interest here is 
in obtaining cost factors by highway type not by 
bridge type. The cost factors by highway type should 
account for the distribution of each bridge type. 
For instance, certain types of bridges may not be 
found or may be less predominant on particular types 
of highway. The cost factors by highway type were 
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TABLE 3 Correlation Matrix of Study Vehicular Classification and Equivalent AASHTO Designation 

AASHTO 
Classification 

HS H 

l 1.5 
2 2,9 
3 4.4 
4 5,9 
5 7.4 
6 8.8 
7 10.3 
8 11.8 
9 13.2 

JO 14.7 
l l 16.2 
12 17.7 
13 19. l 
14 20.6 
15 22. l 
16 23.5 
17 25 0 
18 26.5 
19 27.9 
20 29.4 
21 30.9 
22 32.3 
23 33,8 
24 35.3 
25 36.8 
26 38.2 
27 39. 7 
28 4 l.2 
29 42.6 
30 44.1 

Gross Vehicle Weight (kips) of Vehicle Type• 

2 4 6 9 10 11 

• 
5-10 

l0-15 10.15 ().20 
15-20 20-25 20-25 

15-20 20-25 25-30 25-30 
30-35 30-35 

20-25 25-30 35-40 
30-35 40-45 

25-30 45-50 
35-40 0-30 

50-55 

30-60 

Note: HS= combination tru cks, H = single unil trucks, and* = vehicle class without weight subdivision. 
8

Refer to Table 1 for description or vehicles. 

BRIDGE COST ALLOCATORS 

12 13 14 

20-25 
25-30 
30-35 
35-40 
40-45 0-40 0-40 
45-50 
50-55 
55-60 
60-65 

65-70 40-70 
70-75 
75-80 40-60 

60-80 

35 

obtained by adding the cost factors of each bridge 
type found on each particular type of highway. For 
the purpose of illustration, Table 6 gives the bridge 
cost factors obtained for state secondary highways. 
A statistical regression analysis was performed on 
these results and plotted as shown in Figure 4. 

In the present study, the basic structure is the fa
cility constructed to support the smallest design 
vehicle. The cost of providing the basic facility 
should be allocated to all vehicle classes, irre-
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FIG URE 3 Slab bridge superstructure cost function. 



TABLE 4 Bridge Superstructure Unit Costs 

Unit Cost ($/ft 2 ) 

Bridge Type H3 HS H 10 H 15 H 20 HS 5 HS 10 HS 15 HS 20 HS 30 

Slab 12.19 14. 27 17. 44 18.73 19.92 16.41 18.61 19.90 21.17 23.03 
Box-beam 16.03 17.07 18.25 19.45 20.48 17.87 J 9.30 20.63 22.31 25.02 
I-Beam 14.78 15.53 16.63 17.71 18.62 16.19 17.59 18.75 19.94 22.10 
Steel beam 15.7 l 17.36 20.19 22. 91 26.31 19.37 23. l 6 26.48 29.8 J 3~. 73 
Steel girder 18.07 19.97 23.22 26.34 30.26 22.85 26.64 30.45 34.29 37.64 

TABLE 5 Bridge Deck Area (ft2 ) Constructed in 1980-1983 by Bridge Type and Highway 
Classification 

Highway Classification 

Bridge Type Interstate Urban Interstate Rural State Primary State Secondary Local Road 

Slab 97,723.60 97,795 ,40 10,967.50 
Box-beam 18,566.50 4,146.90 
I-beam 14,464.80 188,87 l.30 126,291.80 2,412.00 
Steel beam 17,606.30 29,702.4 133,766.20 72,970.90 
Steel girrler 171,835.50 91,637.50 

Note: "'=No bridge of this type constructed within the base period. 

TABLE 6 Cost Factors for State Secondary Bridge 

Cost by AASHTO Loading fypc IS) 

BriLigl' Type II J II 5 llS 5 II 10 llS 10 H 15 11 20 llS 15 

Prestrl'ssl'J 1-he<Jm I, 192, 125 1,395,540 1.604,822 1.705,551 1,819,972 1,831,708 1,946,128 1.'l48,084 
Retnron:l'd concrete sl:::th 66,474 70, 788 74 I 05 7 5,680 80. 035 80.65 7 84,928 85.)50 
Prest rL'sse<l box-bearn 1.866.5()2 1.96Ull 2. 044. 664 2.100 .232 2.221.473 2.236.628 2,35 1,55 J 2.367 .971 
Continuous sln•I bl'alll I, I t.16,372 l,266 ,774 l,449,932 1.473,282 1,671,763 I ,690,006 1.919,864 I . t)J2 .26(} 
Continuous slL'l'I girLll'! Lu~5-.§£'l LlilQJJQQ ~_2l,2l~ ~;7-.§;2_ ~4l12ll ~1L~~l ~]1JljQ ~ ?~9_.}h I 

rota I 5, 927 ,452 6,5 24,413 7,267,4J9 7,482,567 8, 206, 97 4 8,280.222 9,075,423 9.124.231 

Pcrcl'nlage o! total cost 59 65 73 74 82 SJ 'II 'II 
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FIGURE 4 Regression equation for state secondary bridges. 
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TABLE 7 Percentage Distribution of Bridge Rehabilitation 
Cost by Cost It em and by Highway Class, 1980- 198 3 

Interstate 
(rural and Slate State Local 
urban) Primary Secondary Road 

Superstructure 28.5 29.5 26.2 27.00 
Substructure 

Piers and abutments 7 2.6 6.0 5.74 
Piling 0.01 0.6 0. 13 1.37 
Excavation and backfill 9.88 19.6 18.6 18.5 i 

Drainage 0.01 0.10 0.007 0.12 
Railing 5, 7 3.2 6.50 6.08 
Miscellaneous ....i~ ~ _42.50 ~ 
Total 100 100 100 100 

spective of their size and weight features. The ad
ditional cost of providing the additional facility 
above the basic structure to acconunodate heavier 
vehicles was assigned to the heavier vehicles. 
Vehicle miles of travel (VMT), which indirectly mea
sures the frequency of the vehicle in a traffic 
stream, was used as the cost allocator for the basic 
structural costs and additional facility costs. 

TYPES OF BRIDGE PROJECTS 

Bridge projects were categorized into bridge con
struction, bridge replacement, and bridge rehabili
tation. Bridges in each category were further divided 
according to highway type. Next, the itemized unit 
costs of each project within each project type and 
highway type were analyzed and grouped according to 
their cost components described earlier. As an il
lustration, Table 7 gives the percentage distribution 
of bridge rehabilitation cost by cost component and 
by highway class. The cost responsibilities of each 
vehicle class were then computed according to project 
type and highway classification for each cost compo
nent. 
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MULTI-INCREMENT COST-ALLOCATION METHOD 

The inherent weakness of the incremental concept is 
the economies-of-scale problem. However, by increas
ing the number of loading increments, the unequal 
cost problem would be proportionately reduced. Un
fortunately, it was not economically feasible to use 
a large number of loading increments. For example, 
suppose that five types of bridges were selected. 
For each additional loading, there would be five ad
ditional hypothetical bridges that would require a 
large number of design computations. Therefore, an 
indirect approach to obtaining a large number of de
sign computations was developed. 

Initially, bridges were analyzed with a set of 
AASHTO design loadings to obtain the necessary cost 
function in the form shown in Figure s. It was found 
that seven AASHTO loadings would be sufficient to 
cover the entire range of study vehicles and would 
provide the necessary points to plot the cost func
tion accurately. 

The next step was to group all study vehicles that 
produce the same effect on a bridge together. This 
was done by grouping all vehicles with similar AASHTO 
designations together (Table 8). The important point 
here is that all vehicles in the same group basically 
require the same size bridge and the next higher 
group will require a slightly larger bridge. 

It should be noted that the accuracy of each point 
derived from careful analysis is more important than 
the number of points. Each cost function was of the 
form Y = a+B/IX, where a and b were constant and Y 
and X represented the cost and design increment, re
spectively. By substituting different values for x 
into the equation, the additional cost increments 
could be determined. The graphic way of obtaining 
the necessary cost increments was through interpola
tion, as shown in Figure 6. 

The last step of the analysis was the distribution 
of cost responsibilities to all of the study ve
hicles. For example, in Figure 6, Cost Increment A 

15 20 25 30 

AASHTO LOADING 

FIGURE 5 Example cost function obtained from the initial set of loading 
increments. 
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TABLE 8 Relationship Between AASHTO Design Loadings and 
Vehicle Class Weight Groups 

AASHTO Design Loading Weight Group 

[Vl:l, V2:1] 
[V3:1) 
[V4: 1, V8: 1) 
[V4:2, V6: 1, V7: J] 
[V4:3, V6:3, V7:3, VI 1:2, Vl2:2] 
[V7:4, Vll:3, Vl2:3] 
[V4:4, V6:4, VJO:l, Vll:4, Vl2:4] 

HS 2 
HS 3 
HS 4 
HS 6 
HS 8 
HS 9 
HS IO 
HS 11 
HS 12 
HS 13 
HS 14 
HS 15 
HS 17 
HS JS 
HS 19 
HS 20 
HS 22 
HS 24 

[V3:1, V6:3, Vll:5, Vl2:5, Vl3:1, VJ4:1) 
[V4:5, Vll:6, Vl2:6) 
[V6:6, V9: 1, Vl2:7) 
[Vl 1:7, Vl2:8] 
[Vl2:9] 
[V 12: 10, Vl3:2] 
[Vl2: 11) 
[Vl2: 12) 
[Vl2: 13, Vl4:2) 
[V9:2) 
[Vl4:3) 

Note: V =study vehicle designation, number before colon= study vehicle class, and 
number following colon= position of the study vehicle weight group given in Table 3, 
HS= AASHTO vehicle designation, and number following HS= AASHTO vehicle 
index. 

was distributed to all vehicles and Cost Increment B 
was distributed to all vehicles in increments B 
through R according to their VMT-values. Table 9 
gives the data for an example problem, and Table 10 

gives the application of the incremental analysis to 
the example problem. it is to be noted that, for il
lustrative purposes, only four arbitrary AASHTO 
loadings were used. This process is repeated for each 
project type, for each highway type, and for each 
bridge cost component. 

DISCUSSION OF FINDINGS 

In Table 11 are given the cost responsibilities of 
the four generalized vehicle classes determined in 
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the present study. These results are compared with 
those of the FHWA study <lQ). It is to be noted that 
the definition of the four generalized vehicle 
classes was not the same in the two studies. Conse
quently, the results could not be precisely compared. 
However, it could be concluded that passenger 
vehicles as a group were responsible for more than 
68 percent of the total cost. Such a high figure for 
passenger vehicles was due to their higher frequency 
of using the facility (VMT), even though structurally 
they were responsible for a smaller percentage of 
the total cost. 

SUMMARY AND CONCLUSIONS 

As noted earlier, an accurate correlation between 
design vehicles and study vehicles is important in a 
structural cost-allocation study. The present study 
obtained such correlation based on the relative ef
fect of both the axle loading and the axle spacing 
of each vehicle on a series of continuous-s~an 

bridges. Continuous-span bridges were used because 
most bridges are of this nature. 

It is proposed here that the cost of new con
struction, replacement, and rehabilitation of bridges 
be distributed on the basis of the relative costs 
associated with providing 
each class of vehicle. 

the necessary services to 
This is accomplished by 

TABLE 9 Cost Allocation Problem Data 

Cost Increment Cost Allocator 
AASHTO Loading ($xl05 ) (VMT x 107 ) 

HS I 55 45 
HS 2 JU 2U 
HS 3 15 25 
HS 4 _1.Q_ _JQ_ 

100 100 

-

-./"' R He - 0 - 0 p 
II vehicle 

M 

In Thl1 

R1n11• 

1 J 15 17 19 22 24 J 0 

AASHTO LOADING 

FIGURE 6 Final set of cost increments derived from superimposition of 
Figure 5 and Table 8. 
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TABLE IO Application of Incremental Cost Analysis 

AASHTO Design Vehicle 

HS I HS 2 

First increment 55 · (45/100) = 24.75 
Sec.:ond increment 

55. (20/100) = 11.0 
IO· (20/55) = 3.64 

Third increment 
Fourth increment 

Cost responsibility 24.75 

TABLE 11 Comparison of Bridge Cost Responsibility 
Factors (%) of Indiana Study (9) and FHW A Study ( 10) 

FHWA Study ( 1985)3 

Indiana Study ( 1983) 
lncremen tal 

Vehicle Recommended for All Stale 
Type Approachb Bridge Costs' Highways 

Passenger 
vehicles 65.02 69.12 68.58 

Buses 1. 21 0.94 0.28 
Single-unit 

trucks 7.67 6.69 6.27 
Combination 

trucks 27.32 24.19 24.87 

aFederal Highway Cost-Allocation Study (JU), pp. iv-52. 
bAssisns bridge rehabilitation cosls to all vehicles as common co.'\1s. 
CGroups reh1.1bililatfon costs with other structure costs. 
dstate higl1WD)'S +county roads+ cily streets. 

All 
Highwaysd 

73.18 
1.59 

8.28 

17.83 

14.64 

grouping the itemized unit costs attributable to each 
vehicle class according to bridge cost components. 

The chief drawback of the incremental cost meth
odology is the economies-of-scale problem. This 
problem is particularly pronounced when only a few 
cost increments are used. Because the number of 
design analyses required increases with the number 
of cost increments used, often the tendency is to 
minimize design analyses and, thereby, cost incre
ments, The proposed multi-increment analysis would 
reduce the economies-of-scale problem without re
quiring a large number of design computations. 

The cost responsibility of each vehicle class was 
based first on its structural and geometric require
ments and then on the frequency with which it uses 
the facility. Therefore, from the structural stand
point, passenger automobiles were responsible for 
only a small portion of the total bridge cost but, 
because of the high frequency with which they use 
the facility, they were responsible for a high per
centage of total bridge cost. 
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HS 3 

55. (25/100) = 13.75 
IO· (25/55) = 4.54 
15. (25/35) = 10.71 

29.0 

HS 4 
Total Cost 
Increment 

55 · (10/100)-5.5 55 
!0'(10/55)= 1.82 IO 
15 • ( 10/35) = 4.29 15 
20 · (I 0/10) = 20 ..1Q 

31.61 100 
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