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Thickness Incremental Method for Allocating Pavement 
Construction Costs in Highway Cost-Allocation Study 

T. F. FW A and KUMARES C. SINHA 

ABSTRACT 

A new incremental approach is proposed for allocation of pavement construction 
costs to highway users. A description of the concept and a working algorithm 
for computation of the cost responsibility of each vehicle class are presented. 
The proposed procedure considers pavement thickness increments rather than 
traffic volume increments or decrements commonly employed in past cost-alloca
tion studies, thereby eliminating the need for an iterative process to compute 
the vehicle equivalent single-axle load (ESAL), which is required for cost re
sponsibility calculations. The procedure also eliminates the economy-of-scale 
problem present in the classical incremental cost-allocation method. A hypo
thetical numerical example is given for illustration. Cost responsibility re
sults of a full-scale analysis are also presented. 

Highway cost-allocation studies seek to distribute 
highway cost equitably among all classes of users. 
The results of cost~allocation studies have been 
used to assist state legislatures as well as the 
U.S. Congress in making highway user tax decisions. 

New pavement cost is one of the major cost items 
in a highway cost-allocation study. Historically, 
the most commonly used procedure for allocating 
pavement construction costs has been the traditional 
incremental method. In this method, the costs of 
pavement are allocated on the basis of the incre
mental costs needed to build a thickness capable of 
accommodating a particular category of traffic (_!J. 
The cost-allocation method employed by 'a 1965 FHWA 
study (~) is an example of the incremental technique 
in which trucks and cars share the costs of the ba
sic pavement depth necessary for carrying cars, and 
the costs of the extra pavement depth required to 
carry heavy trucks are charged to heavy trucks (~). 

In spite of its wide application in the area of 
cost-allocation, the traditional incremental ap
proach has been found to be unsatisfactory as a oro
cedure for allocating pavement construction cost. 
Pavement costs remain one of the most controvers i al 
aspects of highway cost allocation. Presented in 
this paper is a review of the tranitional incre
mental method as well as other methods adopted in 
recently completed studies, and a proposal for re
vised incremental approach for allocating pavement 
construction costs. 

REVIEW OF EXISTING COST-ALLOCATION METHODS 

In general, the existing pavement cost-allocation 
methods may be classified into three broad catego
ries: (a) methods that follow the traditional incre
mental appro ach, (bl methods that distribute cost 
directly in proportion to a cost allocator, and (c) 
decremental or avoidance methods based on a removal 
technique that hypothetically removes vehicle groups 
from the traffic stream. Listed in Table 1 are some 
recent s tudies classified according to their alloca
tion methods (2-11). 

'!'he direct - ;;;-st-allocator approach is easy to 
use. However, its theoretical hasis is weak, and it 
is questionable whether an equitable and fair cost 
allocation is attainable with such an approach. 

TABLE 1 Allocation Procedures for New Pavement Cost in 
Recent Studies 

Procedure Type and Study 

Traditional incremental 
approach 

Oregon, 1980 (4) 
Wyoming, 1981 (5) 
Maryland, 198 3 (6) 

Direct cost-allocator approach 
Kent ucky , 1982 (7) 

Georgia, 1979 (8) 

Virginia, 1982 (9) 

Maine, 1982 (] OJ 

Connecticut , 1982 (11) 

"Decremental removal' or 
avoidance approach 

FHWA, 1982 (2) 

Wisconsin , 1982 (3) 

Virginia, 1982 (9) 

Description 

In crementally by observed axle weight 
Traditional six-step incremental method 
Eleven axle load in crements, cost alloca ted on 

the basis of axle miles 

Based on total 18-kip ESAL for a 20-year 
period 

First 5-in. concrete or equivalent asphalt 
concrete thickness distributed to all vehi
cles according to vehicle miles of travel 
(VMT); balance allocated on the basis of 
ESAL and VMT 

Minimum pavement method; minimum thick· 
ness costs distributed by average daily traffic 
(ADT); balance allocated by ESAL 

Passenger car equivalent (PCE), 50 percent of 
minimum pavement cost; VMT, the other 
50 percent; balance allocated by ESAL 

Common costs allocated by VMT, attribut-
able costs by ESAL 

Uniform removal technique by hypotheti
cally removing vehicle classes and calcu
lating costs saved using AASHO Road Test 
equations 

Basic costs distributed in proportion to PCE 
miles; service costs allocated by avoidance 
technique; remaining unallocated service 
costs distributed to all vehicle groups in 
proportion to ESAL 

Similar to Wisconsin basic-avoidance-residual 
technique, except that the basic costs are 
allocated to all vehicles on the basis of ADT 

The traditional incrementa l approach, whic h has 
e n joyed wi de a pplica tion in the p a st, has bee n much 
cr it ici zed fo r it s unfa i rnes s in a llocat i ng pavemen t 
thicknes s cos ts by g iving the benef its of economy o f 
scale to heavy veh icle c l asses (2 , 3 ,12 ) . Economi es 
of s cale in p a vement cost allocatio~ ~ ise f r om th e 
nonlinear r e l a tions hip betwee n p a~eme nt t hic kness 
a nd tr a f f i c loadings. A c u r ve o f p av eme nt t h ickness 
plotted agains t traffic loading t ends t o leve l of f 
a s load i ncreases. Figure 1 shows a t yp ica l pav eme n t 
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Rigid Pavement 

Modulus of Subgrade Reaction 200 pci 

Modulus of Elasticity 4,c I 0 6 psi 

Concrete Working Stress 500 pst 

20 25 30 35 40 

F!GURE 1 
thickness. 

I 8-kip ESAL APPL ICATION ( I 06) 

Relationship hetw~en F.SA L application and pavement 

thickness-load relationship for rigid pavements. A 
similar nonlinear relationship also holds for flex
ible pavements. This means that the last unit thick
ness at the top of a pavement could with stand much 
higher traffic loading than could the first unit 
thickness at the base of the pavement. Under the 
traditional incremental approach, vehicle classes 
arc ciddcd ccqucntially to th& traffic stream and 
those vehicle classes added later are assigned lower 
unit costs than those vehicle classes added earlier. 
An unfair allocation results as long as the sequen
tial addition of vehicle classes, which is the cen
tral idea of the traditional incremental approach, 
is retained. 

In reality, traffic loadings are applied randomly 
and not in the pattern assumed in the traditional 
incremental approach. Applying traffic loads sequen
tially in vehicle classes is also not consistent 
with most pavement design proc edures. Practically 
all pavement design methods involve consideration of 
t he ent i re traffic loadings as one entity and the 
pavement thickness is then designed for these mixed 
traffic loadings as a whole. No existing desiqn pro
cedure has indicated or implied that a certain 
thickness is designed explicitly for a particular 
class of vehicle. In other words, vehicle classes 
have never been considered individually for thick
ness design purposes. 

The considerations discussed in the preceding 
paragraph can be used as a yardstick to judge the 
rationality of any cost-allocation procedure for 
pavement thickness cost. Several attempts have been 
made to improve the accuracy and rationality of the 
traditional incremental method. Studies have been 
made by using 15 or more increments (2), instead of 
the traditional six increments that we~e used to in 
crease the accuracy of cost allocation. Unfortu
nately, the cost (pavement thickness) increment is 
not a linear function of the parameter ( in this 
case, the vehicle class) increment. Increasing the 
number of increments alone doe s not eliminate the 
inherent weakness of the method. That is, the econ-

omy-of-scale problem remains no matter how many in
crements are used in the analysis. 

In an attempt to overcome the economy-of-scale 
problem, the Wisconsin study (l_) employed a tech
nique called Basic-Avoidance-Residual (BAR) for al
locating pavement costs. A vehicle group is randomly 
removed from the traffic stream and the reduction in 
pavement thickness is calculated. This vehicle group 
is then returned to the traffic stream and the pro
cedure is repeated by removing a different vehicle 
group. The calculated cost reduction for the pave
ment saved each time is considered to be the respon
sibility of the vehicle group removed. The main 
drawback of this procedure is that thickness reduc
tion is computed for each vehicle group at the top 
end of the thickness design curve shown in Figure 1. 
This is not consistent with the actual concept used 
with most pavement thickness design procedures, An
other undesirable featnre of this method is that the 
avoidance technique described in the preceding para
graphs cannot fully account for the entire attrib
utable pavement t hickne~s. A res idual thicknc~:; i:: 
left unallocated after all vehicle groups have been 
considered. This leftover portion is distrihutea to 
each vehicle group in proportion to its contribution 
t o the total equivalent single-axle load (ESAL). 

A notable contribution toward logical allocation 
of pavement thickness cost was made in the federal 
cost-allocation study completed in 1982 (~) • A dec
reme ntal a ppro ach was adopted in which traffic was 
syste ma t i cal l y remove d a nd the atte ndant hypotheti
cal cost savings were assigned to the vehicles under 
consideration . Because order of remova l can drastic
ally affect the cos ts assig ned t o a given axle, it 
was p roposed tha t each vehicle cla ss be divided into 
an e qua l number o f subgroups, and one subgroup from 
each vehicle class be removed before the second sub
group was removed from any class. The amount of 
thickness saved was distributed to vehicle classes 
on the basis of ESAL. On the basis of the argument 
that the ratios of thickness saved for one vehicle 
class relative to other vehicle classes were nearly 
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constant at different points on the removal curve, 
only an average ESAL value for each vehicle class 
was computed. Each average ESAL value was obtained 
iteratively by first assuming a middle-range pave
ment thickness. 

DESCRIPTION OF THE PROPOSED APPROACH--THE THICKNESS 
INCREMENTAL METHOD 

A revised incremental procedure is developed in this 
paper to (a) overcome the problem of economy-of-scale 
in pavement thickness cost allocation and (bl be con
sistent with procedures commonly used in pavement 
design. 

The proposed cost-allocation procedure begins by 
defining pavement thickness increments, in contrast 
to the common practice of starting with traffic in
crements or decrements. There are two advantages to 
this new approach: (a) by beginning with a known 
thickness, calculation of ESALs becomes a straight
forward noniterative procedure, and (b) pavement 
thickness is more directly related to cost than is 
traffic loading. 

In the definition of the number and magnitude of 
pavement thiclrness increments, a minimum practical 
pavement thickness must first be determine~ because 
it is impractical to construct surface, base, or 
subbase courses of less than some minimum thickness. 
This minimum thickness is the basic pavement thick
ness that is required regardless of the traffic 
level. For instance, the AASHTO Interim Guide (13) 

recommends the following minimum practical thick
nesses: 

Course 
Surface 
Hase 
Subbase 

Thickness (in.) 
2 
4 
4 

Only those costs that correspond to the thickness 
in excess of the specified minimum will be allocated 
by the incremental approach described in this sec
tion. The costs corresponding to the minimum thick
nesses cannot be allocated to any particular vehicle 
group and will be considered as nonattributable 
costs or basic costs. These costs are the collective 
responsibility of all the vehicles that use high
ways. They are commonly distributed to vehicle 
classes on the basis of a use-related travel func
tion such as vehicle-miles of travel (VMT) Ill or 
passenger car equivalent (PCE) (~), 

The total thickness in excess of a specified min
imum is divided into equal increments, the number 
and thickness of which depend on the desired ac
curacy of the final results. Beginning with the 
specified minimum thickness, a thickness increment 
is first added. With this thickness, the ESAL of 
each vehicle type or a representative vehicle type 
of a vehicle class can be computed directly from 
equations developed from the AASHO Road Test (14). 

The same procedure is repeated for each~addi
t ional increment until the last increment is added 
and analyzed. The incremental pavement thickness 
cost calculated for each thickness increment is 
assigned to all vehicle classes based on their need 
for that thickness in accordance with pavement de
sign procedure. When each increment is sufficiently 
small, the proportional amount of incremental pave
ment thickness cost attributable to a given vehicle 
clann can be taken as being in direct proportion to 
its ESAL value at the thickness concerned. 

An important feature of the foregoing procedure 
with respect to input data requirements is worth 
mentioning. With the exception of direct cost-allo
cator methods (i.e., the second procedure category 
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in Table 1) , virtually all analytical cost-alloca
t ion methods use the following general relationships: 

C = f(T,C,m) 

t 

ESALx 

CRx 

where 

g(Vt,VPx,ESALx,r,s,k) 

h(t,Wx) 

w(ESALx,1 ESALx,t,c,VPx) 
X 

c = unit pavement thickness cost; 
m pavement material type; 
T total thickness of pavement; 
C total pavement cost; 
V total traffic volume; 

(1) 

(2) 

(3) 

( 4) 

Vt traffic volume considered in an intermedi
ate stage of cost-allocation analysis, 
0 ,S_ Vt ~ V; 

t pavement thickness corresponding to traf
fic volume Vt, O ~ t ~ T; 

VPx volume proportion of vehicle class x, x 
1,2, ••• ,n; 

n = total number in vehicle class; 
ESALx equivalent 18-kip single axle load of ve

hicle class x, x = 1,2, ••• ,n; 
r = regional factor to account for regional 

climatic and environmental effects; 
s subgrade soil property parameter; 
k pavement material properties; 

Wx axle loads of vehicle class x, x = 1, 
2, ••• ,n; and 

CRx cost responsibility of vehicle class x, 
X = 1,2, .•• ,n. 

The FHWA study's Uniform Removal Technique, Wis
consin's BAR method, and the traditional incremental 
approach all involved consideration of increments or 
decrements of traffic volume and the resulting pave
ment thickness was computed iteratively by using the 
relationships in Equations 2 and 3. This process 
requires a complete range of input information, as 
is needed in a design problem. Cost-allocation anal
ysis, though closely related to design, is not a 
design problem because the total pavement thickness 
is already known. For a pavement constructed or go
ing to be constructed with a total thickness T and 
cost C, Equations 1, 3, and 4 indicate that with an 
appropriate procedure such as the method proposed in 
this paper, it is not necessary to resort to the 
iterative thickness design steps in order to calcu
late cost responsibilities. Consequently, informa
tion such as V, r, s, and kneed not be known in a 
pavement cost-allocation problem. 

COMPUTATIONAL ALGORITHM OF THICKNESS INCREMENTAL 
METHOD 

The AASHO Road Test equations (13,14) for the ESAL 
calculation can be expressed as follows: 

log ESALx: G [(l/b1sl - (1/hxll 

+ log {[(Lx + L)/19]A • (L)B} 

Gs log [(I - Ptl/(I - 1.5)] 

bx: C + [D(Lx + L)E/(SN + l)F • (L)H] 

SN s T for rigid pavement 

SN al • Dl + a2 • D2 + a3 • d3 for flexible 
pavement 

(5) 

(6) 

(7) 

(Sa) 

(8b) 
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where 

L,c = axle load (kips); 
L ,. 1 for single axles, 2 for tandem 

axles; 
terminal serviceability index; 
slab thickness (for rigid pave
ment), structure number (for 
flexible pavement); 

A,B,C,D,E,F,H,I constants with values specified 
in Table 2: 

al,a2,a3 .. layer coefficients representa
tive of sur face, base, and sub
base course, respectively: and 
thickness (in.) Of surface, 
base, and subbase course, re
spectively. 

Dl,D2,D3 

TABLE 2 Values of Constants 
in Equations 5-8 

Flexible Rigid 
Constant Pavement Pavement 

A 4.79 4.62 
B 4.33 3.28 
C 0.40 1.00 
D 0.081 3.63 
E 3.23 5.20 
F 5.19 8.46 
H 3.23 3.52 

4.20 4.50 

Inputs to the problem include (a) cost informa
tion, (bl pavement data, and (c) traffic composi
tion, vehicle axle configuration, and axle-weight 
data. In practically all previous cost-allocation 
studies, pavement costs were assumed to be directly 
proportional to thickness. The Thickness Incremental 
Method presented herein does not have this restric
t ion. The algorithm described in the following can 
accommodate any nonuniform linear or nonlinear 
thickness-cost relationship. 

The computation algorithm for cost allocation in
volves the following steps: 

1. Divide the pavement thickness in excess of a 
practical minimum into N equal increments. In the 
case of flexible pavement, each increment is com
posed of thickness of surface, base, and subbase 
materials in the same proportions as are in the 
total "excess" thickness to be allocated. 

2. Calculate the cost for the minimum thickness 
and distribute to all vehicle classes on the basis 
of VMT. 

3. Calculate the incremental thickness cost. 
~. Add an increment tc the minimum thickness, 

and compute ESAL for all vehicle classes (or vehicle 
types if desired) using Equations 5 through 8. 

5. Compute the cost responsibility factor of 
each vehicle class (or vehicle type) as the follow
ing ratio: 

M 
F(i,j) P(i) • ESAL(i,j)/): (P(r) • ESAL(r,j)J 

r=l 
(9) 

where 

F (i ,j) 

p (i) 

ESAL(i,j) 

M 

cost responsibility factor of vehicle 
class i for thickness increment j, 
proportion of vehicle class i in traf
fic stream, 
ESAL of vehicle class i for thickness 
increment j , and 
total number of vehicle classes. 
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6. Allocate incremental thickness cost to each 
vehicle class as follows: 

c ( i , j) = F ( i , j) • Cd ( j ) (10) 

where c(i,j) is the cost allocated to vehicle class 
i for thickness increment j, and Cd(j) is the incre
mental cost for thickness increment j. 

7. Repeat steps 5 and 6 for each new thickness 
increment until the full pavement thickness is 
reached. 

8. Calculate the total allocated cost for vehi
cle class j by summing up its cost r esponsibility 
for all increments: 

C (i) 

where 

N 
CM ( i) + L C ( i , j ) 

j=l 

C(i) total cost responsibility of vehicle 
class i, 

(11) 

Cm(i) cost responsibility of vehicle class i for 
the minimum thickness, and 

N total number of thickness increments. 

AN ILLUSTRATIVE EXAMPLE AND FINDINGS 

A hypothetical problem, described in Figure 2, is 
deve loped herein fo r i l l ustra tion purpos e s . Only t wo 
vehicle types a e chosen f o r ease and clarity in 
presentation. Also , mi nimum practica l t h ickness i s 
set to O t o highlight t he s alient features of t he 
incremental allocation procedure. cost is assumed to 
be directly proportional to pavement thickness. From 
the results shown in Figure 2, the following obser 
vations can be made: 

l. Incremental cost responsibility varies with 
pavement thickness. A fair allocation of cost c annot 
be att a i ned by using a direct cost allocator. Usi ng 
an ESAL evaluated at full thickness as the cost al
locator overestimates cost responsibility of the 
heavier vehicle whereas using an ESAL at intermedi
ate range tends to underestimate its responsibility. 

2. The cost responsibility curve fluctuates be
cause it depends on the relative magnitude of ESALs 
of different vehicle classes that are themselves 
nonlinear functions of thickness. It may not be ap
propriate to use an average ESAL value for each ve
hicle class to allocate costs. 

3. The overall cost responsibility distribution 
will change when a minimum practical thickness is 
introduced. The direction of this change depends on 
the magni t:ude of the 
and the ve h i cle-mile 
class. 

minimum C.h i K e ss int~cdu.c~d 
proportion of each vehicle 

4. For structural numbers greater than 6, fur
ther analyses show a small but steady increase of 
heavy vehi cle responsibility. 

5. Results from a similar analysis performed on 
concrete pavement (see Figure 3) show the same pat
tern of cost responsibility d istribution, but the 
amplitudes of fluctuations of t he cost responsibil
ity curves are much smaller. 

Figure 4 presents a plot of cumulative cost respon
sibility versus pavement thickness for t he probl em 
described in Figure 2. The total cost responsibili ty 
of each vehicle class is given by the responsibility 
value at T, the total pavement thickness. 

In Table 3, cost responsibility factors for the 
hypothetical problem in Figure 2 are computed by 
using five different methods. The traditional incre
mental method always underestimates the cost respon-

= -
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FIGURE 2 A hypothetical cost-allocation problem for flexible pavement. 
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FIGURE 4 Variation of cumulative cost responsibility with pavement 
thickness-by thickness incremental method for problem in Figure 2. 

TABLE 3 Solution to Figure 2 Problem with Different Cost
Allocation Methods 

Method 

Thickness incremental method 
ESAL cost-allocator method 
FHWA study's (2) Uniform Removal Technique• 

Evaluated at SN= 2.5 
Evaluated at SN= 3.0 
Evaluated at SN= 3.5 

Wisconsin stmly's BAR method" 
TradHionul i.ncromental rnethod0 

Cost Responsibility(%) 

Vehicle 
Class I 

43 .8 1 
40.00 

48.38 
50.54 
50.45 
38.79 
81.54 

Vehicle 
Class II 

56.19 
60.00 

51.62 
49.46 
49.55 
61.21 
18.46 

3 Additional data: total 18·kip ESAL applications= 10,000,000; region factor= l .O; 
soil support value= 2.!i. 

sibility of heavy ve hicles because of the economy-
0f-!!l"'1! l e proh l em d escribed earlier. The second and 
third methods may underestimate or overestimate 
heavy vehicle responsibility. In the former case, 
this depends on the total thickness of pavement as 
can be seen from Figure 2 and in the latter, on the 
thickness at which ESALs are computed. For most 
pract i cal situations where total heavy truck ESAL is 
higher than total 1 ight vehicle ESAL, Wisconsin's 
BAR method leads to an overes t imation of heavy vehi
cle responsibility. 

RESULTS OF A FULL-SCALE STUDY 

The thickness incremental method was used in the 
1983-1984 Indiana cost-allocation study to allocate 
pavement construction costs. Presented in Tables 4 
and 5 are data and cost responsibility results for 
rural Interstate highways in Indiana. Sixteen con
tracts completed between 1980 and 1983 were included 
in the analysis. 

Table 4 shows the average traffic volume composi
tion of 14 vehicle classes on Indiana rural Inter
states. Each of these 14 classes was further subdi
vided into weight categories in increments of 2,500 
lb. Table 4 presents the aggregate cost responsibil
ities for the 14 vehicle classes. For illustration, 
the breakdown of class 12 vehicle cost responsibil
ity into weight category responsibilities is shown 
in Table 5. 

CONCLUSIONS 

There are two unique features that distinguish the 
proposed procedure from other exi s ting cost-alloca
tion methods: (a) a more direct approach using the 
cost-related pavement thickness as the controlling 
parameter i s followed; and (b) the amount of input 
data required i s considerably less. For example, 
only the proportional distribution of each vehicle 
class in the traffic stream is needed. 

TABLE 4 Average Traffic Volume Compasition on Indiana Rural Interstates 

Vehicle Class• 

2 3 4 5 6 7 8 9 JO 11 12 13 14 

Volume( %) 15.64 48.84 2.36 0.3 1 1.12 0.42 0.36 0.06 0.17 0.07 2.52 27 .20 0.76 0.16 
Cost responsibility (%) 8.54 26.85 1.98 0.48 0.65 0.42 0.47 0.03 0.23 0.06 3.73 54.19 2.13 0.24 

3Dcflnillon orv~Mcl!! ela.uec: aus J, 1m11U p~JHngcr- (!QU j lass 2, :; lnndnrd :md compact pllllsen1tor car1. pnn~t,, nnd pickups; Class 3, two•:a:tle lruc:k (2S and 2D); Class 4, 
bus; Cl11s.,. 51 car with (Ht"'°toclc rraller; CIDS..\ 6. 1hrcaM1 1e sln1Ie-unit tr uck : .ta;s ?. 281 tnu:tu1·tl'll ilcr: Cla.s;i. 8, car with two-axle trailer: Cbn 9, rout-axle single-unit truck; 
C:la.~ 10. 3SJ trncf0Mtt1ilier: C:1u1 11, lS"11rnctor-tr,11Uar: Clllss 12 , 3S'2 uoccor•troiler; Cla~it; 13. otl,~r nvc•u::le : Class 14, six or more axles. 
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TABLE 5 Pavement Construction Cost 
Responsibility Factors for Weight 
Categories of Class 12 Vehicle on Rural 
Interstate 

Subdivision 
No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Total 

Weight Category 

Less than 22,500 
22,500-24,999 
25,000-27,499 
27,500-29,999 
30,000-32,499 
32,500-34,999 
35,000-37 ,499 
37,500-39 ,999 
40,000-42,499 
42,500-44,999 
45,000-47,499 
47,500-49,999 
50,000-52,499 
52,500-54,999 
55,000-57,499 
57,500-59 ,999 
60,000-62,499 
62,500-64,999 
65,000-67,499 
67,500-69,999 
70,000-72,499 
72,500-74,999 
75,000-77,499 
77,500-79,999 
80,000-82,499 
82,500 and above 

Cost Responsi
bility(%) 

0.040 
0.205 
0.736 
2.170 
1.847 
1.192 
1.043 
0.971 
0.938 
0.934 
0.964 
1.009 
0.971 
l.252 
1.490 
2.075 
2.047 
2_159 
2.708 
4.418 
7.609 
9.015 
4.923 
2.296 
0.254 
0.624 
54.190 

By having each vehicle class proportionally rep
resented each time an incremental cost is allocated, 
the proposed cost-allocation procedure effectively 
eliminates the economy-of-scale problem associated 
with the traditional incremental method. Iterative 
procedure is avoided by taking the thickness incre
ment as the starting parameter. The algorithm is 
applicable to any nonuniform linear or nonlinear 
thickness-cost relationship. The procedure is easy 
to understand because it follows traditional thought 
in increasing thickness to account for increasing 
traffic. 

REFERENCES 

1 . E. V. Kiley. Concepts of Cost Function and In
cremental Solutions of Vehicle-Tax Allocation 
Problem. Bull. 121. HRB, National Research 
Council, Washington, D.C., 1956, pp. 12-16. 

2. Final Report on the Federal Highway Cost Allo
cation Study. FHWA, U.S. Department of Trans
portation, May 1982. 

7 

3. Highway Cost Allocation Study, Final Report. 
Wisconsin Department of Transportation, Madi
son, Dec. 1982. 

4. Final Report, Motor Vehicle Cost Responsibility 
Study. Oregon Department of Transportation, 
Salem, 1980. 

5. Wilber Smith and Associates. Highway User Fee 
Study. Joint Transportation and Highways In
terim Committee, Wyoming State Legislature, 
Cheyenne, Feb. 1981. 

6. Maryland Cost Allocation Study. Maryland De
partment of Transportation, Baltimore, Feb. 
1983. 

7. J.E. Black and J.G. Pigman. Allocation of 
Transportation Costs to Users. Research Reper t 
UKTRP-81-22, Kentucky Transportation Research 
Program, university of Kentucky, Frankfort, May 
1982. 

8. Georgia Highway Cost Allocation Study. Research 
and Development Bureau, Office of Materials and 
Research, Georgia Department of Transportation, 
Atlanta, Mar. 1979. 

9. Report of the Joint Legislative Audit and Re
view Commission on Vehicle Cost Responsibility 
in Virginia. Senate Document 13. Commonwealth 
of Virginia, Richmond, 1982. 

10. Maine Highway Cost Allocation Study, Final Re
port. Maine Department of Transportation, Au
gusta, Dec. 1982. 

11. Highway User Costs in Connecticut. Research Re
port 85051-F-82-l. Office of Research, Connec
ticut Department of Transportation, Wethers
field, Feb. 1982. 

12. Guidelines for a Study of Highway Cost Alloca
tion. Congressional Budget Office. Washington, 
D.C., Feb. 1979. 

13. AASHO Interim Guide for nesign of Pavement 
Structures. AASHTO, Washington, D.C., 1972, 
(rev 1981). 

14. The AASHO Road Test. Report 5: Pavement Re
search. HRB Special Report 61E. HRB, National 
Research Council, Washington, D.C., 1962, 352 
pp. 

The contents of this report reflect the views of the 
authors who are responsible for the facts and the 
accuracy of the data presented herein. The contents 
do not necessarily reflect the official views or 
policies of the Federl Highway Administration. This 
report does not constitute a standard, specification 
or regulation. 
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