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Consideration of Larger Trucks in Pavement

Design and Management

JOHN M. MASON, Jr., and YVERONICA S. DRISCOILL

ABSTRACT

Common pavement design methods {(empirical and theoretical) and axle locad equiv-
alency factors are reviewed. Research on techniques for modeling new truck con-
figurations permitted by the 1982 Surface Transportation Assistance Act is sum-—
marized. A synthesis of various pavement management system methods is provided
along with two case study examples of the impact of heavy truck loads and the

use of double-bottom trailers.

The Surface Transportaticon Assistance Act (STAA) of
1982 permitted longer, wider, and heavier trucks to
operate on the Interstate system and on the primary
system designated by the Secretary of Transporta-
tion. An initial step toward understanding the im-
pact of this new traffic on rcadway pavements re—
quires a knowledge of various pavement design
methods.

One of the highest priority needs in pavement
design is for data to support future evaluations. In
addition to the fundamental pavement structural re-
lationships, the effects of increased loadings on
pavement performance and detericration must be in-
vestigated. Composition of the vehicular fleet, axle
configurations, weight distributions, tire construc-
tion, and magnitude of tire pressures are c¢hanging
rapidly and are expected to have a significant im-
pact on the rate of highway deterioration (l).

In 1981 the Transportation Research Board pre-
pared a proposal, which was subsequently funded by
the TFHWA, to do a study entitled the Strategic
Transportation Research Study (S8TRS). The results of
the TRB Committee's efforts were reported in Special
report 202, ‘"America's Highways——-Accelerating the
Search for Innovation." The highway portion of the
STRS is c¢urrently the Strategic Highway Research
Program (SHRP). A major component of the SHRP is the
study of long-term pavement performance in the
United States. This ambiticus undertaking is ex-
pected to continue for 20 years., Anticipated data
collection includes information on loading, environ-
ment, material properties and variability, construc-
tion guality, and mwaintenance levels in pavement
distress and performance. The objectives are to
evaluate existing design methods, improve design
methodologies and strategies for rehabilitation of
existing pavements, ané improve design eguations for
new and reconstructed pavements (1).

Given these considerations, the purpose of this
paper is to underscore the need to provide an over-
view of current pavement technology. Conclusions
regarding the effects of larger trucks on highway
pavements can only be drawn from a perspective of
the dilemma asscciated with establishing a long-term
pavement data bank. Among the specific concerns that
need to be addressed is the ability fo accurately
collect and maintain traffic and weight data from
which the effects of loading can be determined.
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Traffic is incorporated in design methods primar-
ily through repetitions of an 18-kip equivalent
single axle leocad (ESAL). Conversion of mixed traffic
consisting of various axle loads and configurations
te an l8-kip ESAL is accomplished through the use of
axle load equivalency factors, The most commonly
used equivalency factors are the empirical wvalues
derived by BASHTO (2). Researchers have attempted to
establish theoretical egquations to replicate the
AARSHTO values and to model axle loads and configura-
tions not included in the original AASHTO data base.
Treybig (3) has developed a set of eguivalency facw
tors for use with flexible pavement design. Sharma
et al., {4) have developed equivalency factors for
both flexible and rigid pavement designs.

The empirical pavement design methods reviewed in
this paper are generally based on the widely used
AASHO Road Test results. Boussinesg theory is the
basis for elastic layer analysis and is the corner-
stone of theoretical pavement design. The theoreti-~
cal methods identified in this paper include those
set forth by the Asphalt Institute (5}, Monismith
{6}, Shell (7), Chevron (8), and Chua and Lytton (3).

at first it may appear that these two approaches
are distinctly different. Actually, the design
methods vary from pure "field” experience to de-
tailed finite element analysis technigues, As a re-
suit it is not uncommon to obtain different answers
(pavement thicknesses) from different design methods
using identical input factors (2).

Pavement management systems {PMSs), which assess
and predict roadway conditions and rark maintenance
scheduling in priority order, are valuable tools for
calculating the impact of new truck traffic charac-
teristics. Currently implemented PMS methods, in-
cluding their respective procedures for calculating
traffic impact, are reviewed in this discussion.

Also reviewed are studies that investigate spe-
¢ific topics related to the STAA., Included are re-—
ports on oil Ffield traffic, double bottoms, and
productivity savings.

PAVEMENT DESIGN METHODS

The evaluation of the effects of heavier, wider, and
longer trucks is usually accomplished through the
use of standard pavement design eguations. Ah under-
standing of these design methods is therefore neces—
sary to ensure the proper assessment of the impact
of these vehicles. Every raticnal pavement design
method consists of (a) a theory to predict failure
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or a specific distress parameter or parameters, (b)
an evaluation of pertinent material properties, and
(¢} a relationship between the magnitude of the pa-~
rameter in gquestion and failure at a specific per-
formance level (2). Both empirical and thecretical
procedures are explained.

Empirical Design Methods

AASHTO

The ARSHTO pavement design procedure (2} is centered
on the idea of performance as the failure criterion.
Performance is defined as the ability of a pavement
to satisfactorily serve traffic over a period of
time. The performance of a pavement at any point in
time is measured by the present serviceability index
(P5I)., PSI is calculated using a regression eguation
that considers the following distress variables:
longitudinal roughness, rut depth, cracking, and
patching. A damage eguation is used to estimate the
number of 18~kip ESALs necessary to obtain a spe-
cific value of PSI. The number of axle load applica-
tions, however, is a function of pavement structure,
terminal PSI value, environmental factors, and sub-
grade chatracteristic value. The depth of each layer,
the actual design, is then obtained through a re-
gression equation that uses the structural value of
the pavement.

Medifications to AASHTO Method

The AABHTO method has been implemented for many
years. Alterations, proposed by Lytton et al. (10)
for flexible pavements and Darter as cited by Lytton
et al. (1l0) for jointed concrete pavements, exist
with respect to the shape of the damage eguation. To
satisfy both the inherent boundary conditions and
the experimental evidence, the equation has been
revised to yield an S-shaped curve. The AASHTO de-
sign equation is of the form:

g = (P; - B)/(Pj - Pr) = (W/p)B {1}
where

damage function that begins at 0 and becomes
1 when P = Py,
initial serviceability index,
rresent serviceability index,
Py = terminal serviceability index,
N = number of 18-kip ESALSs, and
p,8 = constants that depend on the pavement
structure and the load acting on it.

02
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The equation used by Darter for describing the long—~
term performance of jointed@ concrete pavements is of
the form:

(P - Pl /{B; = Pg) = 1/{eBl (W) ~ 13 4 1, (2)

where Py is the asymptotic value of serviceability

index that the performance equation approaches.
According to Lytton, the long-term performance of

flexible pavements is described by the equation:

(B - Pg)/(Pg - Bg) = 1 - e~ (p/W}B (3)

Eguations 1 and 2 are compared in PFigure 1 for an
8~in.~thick jointed concrete slab. Figure 2 is a
comparison of Equations 1 and 3 for a flexible pave-~
ment section (seal-coated pavement) with a strue-
tural number of approximately :.0. The graphs illus-
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FIGURE 1 Comparison of original AASHTO
performance equation, Darier’s new performance
equation, and actual performance data for 8-in.-thick
jointed concrete slab.
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FIGURE 2 Comparison of AASHTO
performance equation, Lylton’s new
performance equation, and actual performance
data for a flexible pavement.

trate the more accurate modeling of field data by
the B-shaped curves of Equations 2 and 3.

Theoretical Design Methods

A significant advancement in flexible pavement de-
sign was the introduction of mechanistic design
methods that employ the Boussinesg theory for calcu-
lating stresses, strains, and deflections. The
Boussinesq theory is only directly applicable to one-
layer systems; however, adaptations of the theory
are used in analyzing multilaver systems. The latest
development in pavement design is the incorporation
of finite element analysis. Primary distresses con-
sidered in mechanistic approaches include permanent
deformation, caused by vertical compressive strain
at the subgrade surface, and cracking, caused by
horizontal tensile strain in the asphalt layer. Var-—
ious methods, using different material characteriza-
ticns and distress equations, have been proposed by
the Asphalt Institute (5) , Monismith (6}, Shell (7}«
Chevron (8), and Chua and Lytton (9}.

Asphalt Institute

The Asphalt Institute method for heavy wheel loads
{8) incorporates a multilayer elastic theory to de-
sign full-depth asphalt pavements. The horizental
tensile strain is not considered; therefore the de-
sign is based on 1limiting the subgrade vertical
strain. The asphalt thickness is a function of the
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FIGURE 3 Flow diagram for the Asphali Institute pavement design method
for heavy wheel loads.

subgrade strength and the contact pressure of the of caiculating the bitumen stiffness given time of
load. Figure 3 shows this procedure. leading, temperature, and penetration index. A sec-
ond nomograph allows the determination of the as-
phalt mix stiffness given bitumen stiffness and per-
centage voids in the mineral aggregate. Other inputs

Menismith to the Monismith method include the average asphalt
temperature, the average vehicular speed, the number
Monismith (6) incorporated the original Shell nomo- of standard axles, and the subgrade elastic modulus,
graph, by van der Poel, in his procedure as a means Figure 4 shows Monismith's methodology.
MATERIAL TEMPERATURE SPEED OF NUMBER OF SUBGRADE
CHARACTERISTICS 0F ASPRALT VEHICLES 18 KIP ESAL'S STRENGTH
LAYER
Yy ¥ \
s
N ¥
MAXIMUM ALLOWABLE
ASPHALT AND SUBGRADL f
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MINIMOM LAYER
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FIGURE 4 Flow diagram for the Monismith asphalt pavement design method.
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TEMPERATURE MATERIALS EXPECTED NUMBER SUBGRADE
DATA CHARACTERISTICS 18 KIP ESALS STRENGTH
ESTIMATE ASPHALT ‘ [
FATIGUE STRAIRN
SELECT ALTERNATIVE
STRUCTURES
PREDICT RUT DEPTH
ACCEPTABLE NOT ACCEPTABLE
FIGURL 5 TFlow diagram for the Shell asphalt pavement design method.
EXPECTED DAILY SUBGRADE MATERTAL
18 KIP ESAL'S STRENGTH CHARACTERISTICS

Extension to a three-laver linear elastic system is
possible with the Shell method (7). An updated ver-
sion of the Shell nomograph allows the determination
of the asphalt mix stiffness given the percentage
volume of mineral aggregate, the bitumen stiffness,
and the percentage volume of bitumern. The BISAR com-—
puter program is used to obtain the limiting strain
values and the corresponding number of 18-kip ESALs,
Figure 5 shows the Shell analytical procedure.

Chevron

The Chevron method (8) uses a two-layer elastic
structural model. The contributing factors include
the number of l8-kip ESALs, the subgrade strength,
the modulus of rupture of the asphalt, and the cure
state of the asphalt. Figure 6 is a flow chart that
illustrates this method.

Chua and Lytton

Chua and Lytton (9) calculate the number of passes
of a specific load that causes a critical rut depth,
The procedure can be used iteratively to obtain a
pavement structure that will suffer a specific rut
depth for given traffic conditions. The load-deflec-—

tion relationship is described by a hyperbolic
stress-strain curve for repetitive loading. This
relationship combined with the ILLI-PAVE finite

element program, which simulates deflection basins,
results in rut depth histories for given pavements.

LOAD EQUIVALENCY FACTORS

The traffic factor included in each of the preceding
pavement design methods is an integral compeonent of
the calculation of pavement life spans. With respect
to the design of highway pavements, the traffic im~
pact is normally incorporated through ESALs. (Figure
7). The damage effects of all vehicle types in the
traffic stream are converted through the use of
equivalent axle load factors to relative damage
caused by a standard vehicle. The end result is the

ASSUME LAYER
THICKNESSES

\ (

DETERMINE CRITICAL STRAINS AND
MAXIMUM ALLOWABLE LOAD APPLICATIONS
OVER DESIGN LIFE OF STRUCTURE

: {

DETERMINE DESTGN THICKNLSS
TO SATISFY TENSILE STRAIN
COMDITIONS

\

DETERMINE GESIGN THICKNESS TO
SATISFY VERTICAL SUBGRADE STRAIN
CONDITIONS

SELECT THE LARGEST THICKNESS
AS THE FINAL, DESIGN THICKNESS

FIGURE 6 Flow diagram for the Chevron asphalt
pavement design method.

computation of the number of axle load applications
that a pavement is designed to withstand in its
lifetime. The values used as the equivalency factors
therefore constitute a critical step in the pavement
design process. Tables 1 and 2 give the eguivalent
axle loads calculated using the AASHTO, Monismith,
and Shell eguivalency procedures for the same situ-
ation. The total number of 18-«kip (80-kN} ESALs in
Tables 1 and 2 are AASHTO, 1,443; Monismith, 1,675;
and Shell, 1,50l. Monismith's values differ from
those of BASHTO by +16 percent, and the Shell values
differ from those of AASHTO by +4 percent.

ARSHTO

The most widely used eqguivalent axle load factors
are those developed from the original AASHO Road
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FIGURE 7 Reduction of traffic data to equivalent axie loadings.

TABLE 1 Contrast of Equivalent Axle Loads Calenlated Using the AASHTO, Monismith, and Shell
Equivalency Procedures for Single Axles for Hypothelical Pavement Problem in Which SN = 3.0,

p= 2.3,
Axie Load Equivalency Factors Equivalent 18-kip (80-kN} Axle Loads
B [ o' |
(kips)  (kN) Axles AASHTO (2} Monismith /6]  Shell {7} AASHTO Monismith Shel}
2 8.9 500 6.0003 0.0002 0.0001 0.15 0.1 0.05
6 26.7 500 0.02 0.612 0.011 10 6 8.5
10 44.5 1000 0.12 0.096 0.086 120 96 86
14 62,3 300 0.40 0.37 0.33 120 1 99
18 80.0 200 1.00 1.00 0.90 200 200 180
22 978 100 2,17 2.23 2.0% 217 223 201
26 115.6 o 4.31 4.36 393 43.1 43.6 39.3
Total 710.2% 679.7 610.85

TABLE 2 Contrast of Equivalent Axle Loads Caleulated Using the AASHTQ, Monismith, and Shell Equivalency Procedures
for Tandem Axles for Hypothetical Pavement Problem in Which SN = 3.0, p= 2.5,

Axle Load
Equivaleni 18-kip (80-kN)

Tandem Single No. of Axles Equivalency Factors Axlte Loads
(kips) (kN) (kips)  (kN) Tandem  Single AASHTO (2) Monismith [6/* Sheli /77 AASHTO Monismith Shel

4 17.8 2 8.9 20 40 0.01 0.0002 0.0001 0.2 0.008 0.004
12 53.4 6 26.7 360 GO0 0.02 0.012 0.011 6 7.2 6.6
20 820 10 44.5 500 1,00G 0.16 0,096 0.086 80 96 86
28 1245 14 62,3 860 1,600 0.55 0.37 0.33 440 592 528
36 1601 18 80.0 150 300 1.38 1.00 0.90 207 300 270
Total 733.2 995,208 890.604

"One tandem axle is considered 10 be twa single axies.

Test pavement design procedure (2). In response to a
1982 study, 43 state transportation agencies stated
that they used the AASHTO guide in determining
wheel-axle load eguivalencies (ll,pp.l-4). This pro-
cedure computes the number of axle lcad repetitions
to failure for the pavement being designed. The num-—
ber of repetitions is a function of pavement rigid-
ity, load characteristics, and terminal serviceabil-
ity value. The load characteristics consist ©of the
magnitude of the axle load and the axle configura-
tion (single or tandem). The actual equivalency fac-
tor (Fj) is given as the ratio of the number of

repetitions to failure for a standard 1l8-kip single

axie load (Nfls) to the number of repetitions to
failure for the given axle lecad and configuration
(Ng.)s This ratio has been defined as a regression

equation that includes the wvariables of axle load

(L1}, axle configuration (Lgy), and pavement charac~
teristics (G, 8, a, b):
Fj = Nflg/ij

= Ly b ap?as e 10 %8 Wl
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Values of the eguivalent axle load factor have been
tabulated as computed functions of the structural
number (flexible pavements), the pavement thickness
{rigid pavenents), the terminal seyviceability
(Py)» the axlie load, and the axle configuration
(2} .

Asphalt Institute

The asphalt Institute pavement dJesign methed for
heavy wheel loads (5) incorporates traffic data as
equivalent single wheel loads rather than as equiva-
lent single axle loads, This method is typical of
airport pavement design procedures on which the de-
sign methodology 1is based. The standard highway
pavement design procedure set forth by the Asphait

Institute, however, uses the AABHTC equivalency fac-~
tors.

Monismith

Monismith's procedure defines the load equivalency
factor (EF,,} in terms of axle loads:

EF,,

(w/s0) "
2,44 x 107 * {5

|43

where

EF, = axle load equivalency factor,
W any particular axle load (kN), and
80 standard axle load (kNj}.

The B0-kN standard axle load is roughly equivalent
to the 18-kip standard axle load of the AASHTO de-
sign ().

Shell

The Shell design procedure also stipulates the use
of ESALs through an equation nearly identical to
Monismith's:

n = 2.2 x L07°L" (6)

where n is axle load equivalency factor and L is
other axle load (kN). The standard axle consists of
two dual 20-kN wheels with contact stresses of 600
kN per square meter and a loaded area radius of 105
mm, This relationship is based on the AASHTO equiva-
lency factors (7).

Chevron

Tratfic is reduced to 18-kip ESALs for the Chevron
pavenent design procedure. A particular formula for
calculating the 18-kip ESAL is not given, thus al-
lowing the designer to use his own judgment in
choosing an eguivalency definition.

Chua and Lytton

The procedure of Chua and Lytton does not include
load equivalency factors. Individual traffic loads
are directly incorporated and the resulting rut
Gepths are calculated (9).

Recent Developments in Fguivalency Factors

A significant problem arises when an attempt is made
to use the ARSHTO or related equivalency factors for
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situations that do not fall within the scope of the
AASHTC experimental data. An example of this con-
flict is the evaluation of new or unique truck axie
configurations. Extrapolation of the AASHTC eguiva-
lency factors for these new trucks is not adequate,
and therefore new approaches are necessary.

& fundamental relationship for the eguivalency
factor was devised by Treybig (3). This relationship
results in factors similar to the AASHTO facteors for
identical situations, but it alsc provides for the
calculation of factors for axle loads and configura-
tions not represented by the original AASHTO equiva-
lency factors. The equation for the equivalency fac-
tors [Fi{Xp)1 (3,p.36) is

FiX,) = feg(X,)/c(18g)]P

n
+ T {lejaidg)] - Dejuiqn(Xp)1/e (18535 (7)
(1
B = log F(Xg)/log {z(Xg)/e(18g)] (8)
where
Fi {xp} = equivalency factor for axle configu-
ration n of load x,
£{18g) = maximum asphalt strain or subgrade
vertical strain for the 18-kip ESAL,
ey (Xy) = maximum asphalt strain or subgrade

vertical strain under the leading
axle or axle configuration of locad x,
£i41(Xy) = maximum asphalt strain or subgrade
vertical strain under axle i + 1 of
axle configuration n of load x,
€imi+l Xy} = maximum asphalt sgrain or subgrade
vertical strain in the critical di-
rection between axles i and i + 1 of
axle configuration n of lead x.
e(#g) = maximum asphalt strain or subgrade
vertical strain for an x-kip single
axle load, and
F (Xg) = AASHTO equivalency factor for an X-
kip single axle load.

This eguation should only be applied to pavements
that are similar to those of the AASHO Road Test
with respect to material properties and thicknesses.
Also, this relationship is only applicable to flex-
ible pavements; a similar relationship derived for
rigid pavements dJid not correlate well with the
AABHTO values.

The &rend toward theoretically based equivalency
factors wag continued@ by Sharma et al. (4). Their
method converts mixed traffic with single or tandem
axles and dual tires or single tires of various
widths to eguivalent 18-kip dual-tire single axle
load applications (Figure 8). Two separate sets of
equivalency values were computed, ocne for flexible
pavements and another for rigid pavements.

For flexible pavements the calculation of equiva-
lent wheel load factors began with elastic layer
theory to calculate maximum horizontal strains.
Next, the number of axle load repetitions antil
failure was determined using fatigue analysis. The
equivalent wheel load factors were then computed for
single tires (widths = 10, 12, 14, 16, and 18 in.)
on single axles to allow conversion to 1B-kip dual-
tire (width = 10 in.) single axle loads. Both the
flexible and the rigid pavement equivalent wheel
load factors were verified by field studies (4).

Rigid pavement procedure entailed the use of a
finite element analysis, ILLI-SLAB, to calculate
maximum flexural stresses., Warping stresses are then
added to the flexural stresses; the combination is
then used to calculate the number of axle repeti-
tions to failure using fatigue analysis. Finally,
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I8 Kip dual tire single axle

Non standard axle configurations which were equated through computed equivalence

factors to the standard axle configuration shown above.

Singie axles
Single Tires

e
w

Tandem axles
Dual Tires

[t
[(H——TH

> e

w

Single Tires

B i
L]

e

w =10, 12, 14, 16, and 18 inches

w o= 10"

W= 13"

FIGURE8  Axle configurations examined by Sharma, Hallin, and Mahoney (4.

eguivalent wheel load factors were developed for
single tires (widths = 10, 12, i4, 16, and 18 in.)
on single axles, dual tires {(width 10 in,) on tan-
dem axles, and single tires (width = 13 in.) on tan-
dem axles as conversion factors to 18~-kip dual-~tire
(width = 10 in.) single axle loads (4).

PAVEMENT MANAGEMENT SYSTEMS

If the varicus design thecries are correct in assum-
ing shorter life expectancies and increased distress
levels for pavements subjected to heavier, wider,
and longer trucks, then the ability to monitor these
pavements becomes essential. Pavement nanagement
systems (PM8s) are technigues or methodologies used
to assess the condition of a current pavement net-
work, predict the location of future distresses, and
rank the scheduling of necessary maintenance in
order of priority. Fiscal restraints and responsi-
bilities support the implementation of a PMS to en=-
sure the efficient use of money and materials.

Pavement management systems are necessarily tai-~
lored to each agency's needs and desires. The level
of comprehensiveness varies greatly. Current systems
range from those that are primarily wvisual and sub~-
jective to empirical models that estimate various
pavement distresses and related serviceability. In
general, the effects of truck traffic are included
through fixed percentage increases in the number of
18-kip ESAL repetitions. Seascnal variations and
subgrade condition and composition are also incorpo-
rated in most current PMS procedures., Several exam—
ples illustrate the implementation of a PMS,

Arvada, Colcrado

The city of Arvada, Colorade, implemented a method
of monitoring and evaluating the present condition
of the pavement network in order to identify and
recommend immediate and future corrective measures
(12}, A visual inspection of the network is made to
note and rate various types of pavement distress.
Ride quality is determined and the condition of
structural appurtenances is also recorded. Individ-
ual deduct values are determined for each distress
noted, and a pavement condition rating score (PRS)
is calculated. A computerized decision tree is then
used to obtain the optimum rehabilitation technigues
and agsociated costs. Finally, a priority value is
calculated as a function of cost, length of pave-
ment, average daily traffic, PRS, and presence of
industrial or commercial vehicles (trucks)}. No dis-
tinction is made with respect toc type of trucks in-
volved, axle loadings, or axle configurations.

Alberta, Canada

The PMS used by the province of Alberta, Canada, is
an empirically based procedure that incorporates
pavement performance prediction models to identify
both current and future needs (13)}. Field measure-
ments are first obtained. Then these measurements
are used as input for several regression eguations
to determine three indices: a riding gquality index
(RQ1) represents the roughness of the pavement; the
structural. ability of the pavement to withstand
traffic is based on a structural adequacy index
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(SAI); and severity and extent of surface distress
are recorded as a visual condition index (VCI). The
overall quality of the pavement is represented by
the pavement guality index (PQI), which is a func-
tion of RQI, BSAI, and VCI. Rehabilitation needs are
then established for each index. The inclusion of
truck traffic is accompiished in the calculation of
SAT and is based on the number of 18-kip ESAL repe-
titions. Approximate axle load equivalency factors
are therefore a necessary requirement.

Texas Flexible Pavement Damage Functions

Texas flexible pavement damage functions alsc rely
on an estimate of 18-kip ESAL repetiticons (10). The
Texas method requires the input of the average daily
traffic count, the percentage of trucks, the flex-
ible base thickness, the subgrade Atterburg limits,
the maximum‘ Dynaflect deflections, and climatie
data. The number of 1l8-kip ESAL repetitions is cal-
culated and used as input to several pavement dis-
tress eguations. Pavement distress equations have
been developed to examine rutting, flushing, alli-
gator cracking, raveling, and longitudinal cracking.
A pavement score ranging from 0 to 100 is then ob=-
tained with a value of 35 defined as "failure." The
distress types deemed most significant at the time
of failure are identified. Appropriate rehabilita-
tion strategies can then be recommended to remedy
the condition.

TRUCK IMPACT STUDIES

0il Field Traffic

The usefulness of the Texas pavement distress meth-
odology was demonstrated in a study conducted for
the Texas State Department of Highways and Public
Transportation (14). This study illustrated the ef-
fects of oil field truck traffic on low-volume, sur-
face~treated flexible pavements. A computer program
was created that estimates the service life of thin
surface-treated pavements serving both oil field
traffic and original "intended-~use" traffic. In ad-
dition to the Texras flexible pavement distress egua-
tions, the program also determines a pavement ser-
viceability index based on the standard AASHTO
18~kip ESAL equivalency factors.

Double Bottoms

Impacts of the 1982 STAA permitting larger trucks
are gifficult to ascertain. Thig point is evident in
a study by Tobin and Neveau (15) who investigated
the effects of tandem trailers (double bottows). The
assumptions on which the study was based are criti-
c¢al in that the presence of double bottoms could
either increase or decrease the number of axle load-
ings and correspondingly the amount of pavement de-
terioration. If the £freight tonnage were to remain
constant and be carried via double trailers rather
than single trailers, then the number of axle load-
ings would be smaller because there would be fewer
tractors. Shipping via doubles, however, is 1less
costly per freight unit than shipping via singles.
Therefore the allowance of doubles could result in
greater freight tonnage and, hence, more trucks and
mnore axie loadings.

The AASHTO 18-kip ESAL equivalency factors were
used to model the truck axles and obtain pavement
deterioration rates. Study results indicate that, in
the short term (l0-year span), the impact of tandem
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trailers appears to be negligible with respect to
maintenance costs. For the iong term (20-year span)
no clear relationship could be identified between
maintenance costs and pavement deterioration rates.
The ambiguity lies in the various accompanying fac-
tors including percentage of trucks, type of main-
tenance, and maintenance scheduling.

Productivity Savings

Econcmic implications of the 1982 STAA for governing
entities with respect to pavement management must
alsc be viewed f£rom the perspective of increased
productivity. Although the STAA permitted larger
trucks, it also provided for increased taxes te be
levied on the trucking industry. Nevertheless, the
U.8. Department of Transportation estimated a net
productivity savings for the trucking industry of
$3.24 billicn. The American trucking industry, how-
ever, calculated a net productivity savings of $829
million to be realized from the time of passage of
the bill until 198% (16).

SUMMARY

The effects of heavier, wider, and longer trucks
permitted by the 1982 STAA are not well established
at this time. Various pavement management systems
are, however, being used to moniter roadway systems
and will provide insight into the contribution of
traffic to pavement failure. Fach system discussed
in this paper relies primarily on conversion of the
traffic data to 18~kip ESALs through AASHTO load
equivalency factors.

Axle load equivalency is the fundamental concept
through which mixed traffic is transformed for use
in pavement design and pavement management. This
traditional methodology is also being used to mea-
sure the effects of new truck sizes and axle config-
urations. Most widely used is the RASHTO conversion
to 18~kip ESALs (11).

Extrapolation of the AASHTC 18-kip equivalency
factors for the new axle configurations of larger
trucks is not possible because of limitations of the
empirical data on which the existing factors are
pased. Various attempts have been made by Treybig
{3) and Sharma et al. (4) to establish sets of theo-
retically based equivalency factors that would be
capable of modeling the heavier loads and various
axle configurations permitted by the 1982 STAA,.

Research is limited in the area of load eguiva-
lency factors. If the axle load equivalency cohcept
continues to be applied in analysis, then additional
efforts will be necessary tc determine the proper
values for implementation. Changes, such as those
brought about by the 1982 STAA, require continued
investigations to more closely identify, assess, and
predict the impacts of ionger, wider, and heavier
trucks.
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TRB’s Study of Twin-Trailer Trucks

ROBERT E. SKINNER, JOSEPH MORRIS, and STEPHEN GODWIN

ABSTRACT

The Surface Transportation Assistance Act (STAA) of 1982 legalized the nation-
wide use of twin-trailer trucks on Interstate highways and other designated
primary routes. In this paper will be reviewed what is known to date about the
effect this legislation has had on the trucking industry--who is using these
vehicles, where, and for what purposes. This information, coupled with earlier
research findings concerning twins and other heavy trucks, will be used as the
basis for a brief discussion of the likely effects of twins on the design,
maintenance, and operations of highway facilities. Specific topics will include
road geometry, pavements, bridges, and traffic capacity. Throughout, references
will also be made to other new trucks legalized by the 1982 STAA-~the 48-ft
single~trailer truck and 102-in.-wide trucks.

Twin-trailer trucks=-truck tractors pulling two
trailing units with individual lengths of 27 to 28
ft--have been operating in the United States for
more than 35 years, but their operation has been

Transportaticn Research Board, 2101 Constitution

Avenue, N.W., Washington, D.C. 20418.

confined principally to the far West. In the Surface
Transportation Agsistance act (STAA) of 1982, the
Congress required states to permit the operation of
twing, as well as longer semitrailer trucks ({with
trailer lengths of at least 48 ft) and wider semi-
trailers (ugp to 102 in.}, on Interstates and primary
routes designated by the Secretary of Transporta-




