
14 Transportation Research Record 949 

Strain Energy Analysis of 

Pavement Designs for H P.~vv Trnrlt-~ --------. J ..._ ... ~ ......... ....._I..J 

HERBERT F. SOUTHGATE, ROBERT c;. DEEN, AND JESSE G. MAYES 

Classical concepts of work, or strain energy, as applied to the analysis of 
stresses, strains, and deflections under various vehicular load configurations 
on pavement systems are summarized and controlling equations for strain 
energy density are presented. When considering strain energy density, strain 
energy, or work, all components of stresses or strains must be taken into ac
count so that total internal behavior can be evaluated. Previously, pavement 
thickness design systems have been developed using only one component of 
strain, typically at the bottom of the asphaltic concrete layer or at the top of 
the subgrade. Strain energy concepts permit modifications to thickness de-
sign systems to account for the net effect of all components of strains or stresses . 
Effo~t!; cf !c~d~ J:-:d d::;t~·:hutlc :~ cf !ouclii Vii wchi.:;:cii u1c ;;umma1i:c:ccl. Oiic 
startling result shows the large increase in fatigue rate due to unequal distribu
tion of loads between the two axles of a tandem group relative to the fatigue 
rate caused by an equal load distribution. Damage factors and pavement thick
ness designs for heavily loaded trucks exceeding legal load limits are also dis
cussed. The effects of those vehicles on Interstate pavements are compared to 
the effects of more normally loaded vehicles. 

The work done by a force when its point of applica
tion is displaced is the product of that force (par
allel to the direction of movement) and the di s 
placement. When work is done on some systems, the 
internal geometry is altered in such a way that 
there is a potential to give back work when the 
force is removed, and the system returns to its 
original configuration. This stored energy is de
fined as strain ene r gy. Strain energy per unit 
volume at a given point in the body is t.he st;rain 
energy density at that point. 

STRAIN ENERGY 

Strain energy density is a function of Young's mod
ulus of elasticity and Poisson's ratio of the mate
rial and the nine strain (or stress) components; 
however, it is independent of the coordinate system. 
Stress and strain components, referenced to a local 
cylindrical coordinate system, for each load are 
calculated by the Chevron program (l) • The clas
sical equation for strain energy density derived by 
Sokolnikoff (] ) is as follows: 

W = L L [(I/2) AV eii + G ei{ij) 

(1) 

where 

W strain energy density (or energy of deforma
tion per unit volume); 

E 

u 
>. 

i,jth component of the strain tensor; 
E/[2(1 + ull, the modulus of rigidity (or 
the shear modulus); 
Young's modulus; 
Poisson's ratio; 
Eu/[(1 + u) (1 - 2u)l: and 

V = Ell+ £22 + 33• 

Strain energy density may be calculated using stress 
components by the equation 

2 2 2 ) [(I + µ)/E) (a 12 + a 23 + a 31 (2) 

where 

~ 011 + 022 + 033 anu 
crij i,jth component of the stress tensor. 

Inspection of Equation 1 shows that the term 
E/ [2(1 + ~)] is contained by me ans of the terms 
>. and G. Also, it is noted that the strain com
ponents are squared. Having calculated .strain 
PnPrgy rlPMS.ity, wnrk ~+-r~i" (]) m ::::t ~, ho """-h+- ~1" c ~ fr-err. 

e = (2 W/E)°.5 w (3) 

where Ew is work strain. 
stress is given by E£w· 

The associated work 

Interpretations of Work Strain 

Adrriittedly. wor k strain is not ::::1 +-rnc c-+-..- ::d" hor,::::1nc- 0 

Poisson's ratio has not been eliminated before tak
ing th e square root; however, it is of the same 
order of magnitude as any of the strain components. 
Calculating the work strain is a minor effort be
cause all terms of the equations are either required 
input to, or calculated output of, the Chevron N
layer (1,4) program. Work strain is also the com
posite, -o~ net effect, of all strain components and 
thus is an indicator of the total strain behavior. 
Figure 1 shows that there is a direct correlation 
between a strain component and work strain. 

Uses for Work Strain 

Some thickness design systems for flexible pavements 
are based partly on tensile strain criteria at the 
bottom of the asphaltic concrete layer. Kentucky's 
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proposed system (2_-2) is based in part on the tan
gential strain component. The tange ntial component 
is generally the largest in magnitude, but the ra
dial component often is nearly as large. Only the 
tangential component has been used because labora
tory test data yield one component of tensile 
strain. The net effect of all components of strain 
(work strain) can be correlated with any component 
of strain. Thus, design s y stems based on one com
ponent of strain may be converted to a design sys tem 
that uses the net effect of all component strains. 
The load-damage factor relationships presented in 
this paper are based on work strain. All comments 
concerning component strains also apply to component 
stresses. 

Fatigue Concepts 

The equivale nt axle load (or EAL) approach converts 
all axle load weights that pass over a pavement 
during its design life to some reference axle load. 
The reference axle load weight selected in Kentucky 
was 80 kN (18,000 lb). Any axle l o ad could have 
been selected, and the change from one axle load 
reference to another should not change the results 
of a design system. The 80-kN (18,000-lb) axle load 
was probably selected because it represented, at the 
time the EAL concept was developed, the typical 
legal axle load limit recognized in many states. 
The 80-kN (18,000-lb) axle load was also the r e fer
ence used at the AASHO Road Test in the early 1960s. 

The passage of one 80-kN (18,000-lb) axle load 
results in the application of one EAL. An 89-kN 
(20, 000-lb) axle load is equivalent t o applying 1. 7 
EALs: the 89-kN (20,000-lb) axle load would cause 
1. 7 times the damag e to the pavement as would one 
80-kN (18,000-lb) axle load. The EAL for a given 
group of axles, thus, repres ents the damage factor 
(load equivalency) for that particular group. 

Figure 2 illustrates how the damage factor for 
selected axle groups varies with increasing loads on 
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Figure 2. Variation of damage factor for selected axle groups as load on axle 
group is changed, 
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those groups. The load-damage factor relationships 
shown in Figure 2 were developed from analyses using 
the Chevron N-layer computer program, which is based 
on elastic theory. Pavements analyzed were the 
hundred possible combinations of thicknesses, of 
which 67 were built and tested, at the AASHO Road 
Test. The tire loads and axle spacings were thos e 
used on the test vehicles at the AASHO Road Test. 
The load-damage factor relationship is expressed by 

DF = 10[• + b (log Load) + c (log Load)2) 

where 

DF 
a,b,c 

damage factor and 
coefficients by regression analyses. 

(4) 

Table 1 gives the numerical values for the coeffi
cients in Equation 4 for each axle configuration. 
The coefficients have been published previously (_!!) 
for the two- and four-tired single axle and eight
tired tandem axle groups. 

Table 1. Regression coefficients to calculate damage factors 
for various axle configurations . 

Los (Damage Factor)••+ b (Los Load)+ c [Log Load) 2 

COEFFICIENTS 

AXLE CONFIGURATION I b C 

Two-Tued Single 
Front Axle -3.540112 2.728860 0.289133 

Four-Tired Single 
Rear Axle -3.439501 0.423747 1.846657 

Eight-Tired 
Tandem Axle -2.979479 -1.265144 2.007989 

Twelve-Tired 
Tridem Axle -2.740987 -l .973428 l.964442 

Sixteen-Tired 
Quad Axle -2.589482 -2.224981 1.923512 

Twenty-Tired 
Quint Axle -2.264324 -2 .666882 1.937472 

Twenty-Four Ti.red 
Sextet Axle -2.084883 -2.900445 1.913994 

Figure 3 shows how the damage factor increases 
due to an increasing difference of load distribution 
between the axles of a tandom group. The signifi
cance of unevenly distributed loads between the two 
axles of a tandem is indicated by an examination of 
individual axle loads for 335 vehicles of the 3S2 
(five-axle semitrailer) configuration listed in the 
1976 W6 tables for Kentucky. Appropriate damage 
factors were applied to those individual axle loads • 
Figure 4 shows the large difference between uniform 
and nonuniform load distributions using factors from 
Figure 2 and those adjusted by Figure 3 for nonuni
form load distributions. AASHTO (9) damage factors 
also were applied to the same vehi;ie loads. Figure 
4 shows that there is very little difference in the 
summation of EALs based on AASHTO damage factors and 
the energy-based factors adjusted for nonuniform 
loading. 

For PxamplP, it has been found that only about 10 
percent of the tandem axle groups observed in Ken
tucky have loads uniformly distributed between the 
two axles. Analyses indicate that the nonuniform 
distribution between the axles in a tandem group can 
account for as much as a 40-percent increase in the 
damage to a pavement. The difference between the 
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Figure 3. Multiplying factors increasing damage factors due to nonuniform 
load distribution between axles of a tandem. 
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axles exceeded B. 9 kN (2,000 lb) 
tandems on semi trailers and two 
tractors. The use of floating 

for three of 10 
of 10 tandems on 

axles also may be 
undesirable unless a means is found to ensure that 
the tloating axle carries its proper share of the 
load. It has been observed that loads carried by 
floating third axles may vary from a low portion of 
the total load, providing little benefit from the 
additional axle and shifting the additional load to 
the two remaining axles in the group, to an unduly 
large percentage of the load. Both conditions in
crease the damage significantly over the situation 
where the load is distributed uniformly among all 
axl~.!1 • 

Experience indicates that the elastic theory and 
work concept used in Kentucky predict reliably the 
number of EALs a given pavement system can support 
in its lifetime. Conversely, it is possible to 
design a pavement that will adequately resist the 
damage of a specified number of EALs. However, the 
I:Jrublem uf predicting the rate at which EA.Ls will 
accumulate remains. This involves estimating the 
numbers and types of vehicles that will use a sec
tion of highway as much as 30 years in advance. To 
illustrate the problem, a section of KY 15 was de
signed to carry a given number of EALs. The pave
ment, however, failed after only B months. Analyses 
showed that the pavement did carry the EALs for 
which it was designed. Unfortunately, the opening 
cf a coal producing operation that created 
volume of heavy traffic was not foreseen, 
rate of accumulating EALs was underestimated. 

HEAVY LOAD DESIGN 

- ,_ ..! _,_ 
d 11.L.tJU-

and the 

In almost any state, some commodity is transported 
on overloaded trucks. Coal and limestone are two 
such commodities in Kentucky. In other states, 
industries that generate overloaded trucks might be 
logging, pulp wood, minerals, ores, grains, or other 
agricultural products. Many county roads in Illi
nois, for example, lead to a grain elevator and have 
only one paved lane. Typical gross loads are given 
in Table 2 for three truck configurations in Ken
tucky coal fields. Table 2 also gives the corre
sponding damage factors obtained from Figure 2. 
Classification counts in 1981 on one of the main 
coal-haul non-Interstate routes were used to obtain 
the percentages of the three configurations. Note 
that the 3S3 can carry 111 kN (25,000 lb) more than 
the 3S2, yet the 3S3 produces slightly less total 
damage per trip. 

Table 3 gives only the design EALs for the three 
truck configurations of Table 2. Two of the thick
ness design charts contained in l.11~ proposed Ken-

Table 2. Damage factors for typical heavily loaded truck configurations . 

FRONT AXLE TANDEM TRIDEM NUMBER TOTAL 
GROSS TOTAL OF TRUCKS DAMAGE 
LOAD LOAD DAMAGE LOAD DAMAGE LOAD DAMAGE DAMAGE PER 100 PER 100 

CONFIGURATION (kips) (kips) FACTOR (kips) FACTOR (kips) FACTOR PER TRIP TRUCKS TRUCKS 

Single Unit 
Three-AxJe Dump 96 20 3.2 76 57.0 60.2 25 I.SOS 

Five-Axle 
Semi-Trailer 2@ 2@ 
3S2 115 15 I.IS 50 4.65 10.5 70 732 

Six-Axle 
Semi-Tr.ailer 
3S3 140 15 I.I 5 so 4.65 1.S 4.50 10.3 s __ s1_ 

Total EALs 2,288 

i3 

... 
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Table 3. Pavement thickness designs for heavily loaded trucks. 

NUMBER DESIGN DESIGN TIIlCKNESS 
OF TRUCKS DESIGN EALs (in.) 

PER DAY YEARS P1=3.5 Stm AC' 100% AC" 

100 617,760 
3,088,800 18.2 11.8 

10 6,177,600 20.1 13.1 
20 12,3SS,200 22.1 14.S 

200 1,235,520 
6,177,600 20.1 13.1 

10 12,355,200 22.1 14.S 
20 24,710,400 24.2 15.8 

Assumptions: 8 50 percent - haH of pavement thick-
Swidays • 52 is asphaltic concrete, half is unbound 
Holidays . 8 granular base 

Bad Weather . 5 •100 percent - fuU-depth asphaltic 
concrete 

Total Non-work = 65 
Working days per year = 365 . 65 = 300 

tucky thickness design system (6) are shown in Fig
ures 5 and 6. Assuming a design CBR of 5.2, which 
is typical for many Kentucky soils and is the same 
soil used at the AASHO Road Test, the required 
thicknesses are given in Table 3 for the various 
combinations of truck volumes and design periods. 
Kentucky assigns a terminal serviceability of 3.5 
for pavements expected to support 4 million or more 
80-kN (18,000-lb) EALs in the design life. 

28 

26 1--l--l-~H·-1-1-1·~-+-1--1----1-11-1 -1---1-1--1-~-l---l-..j.....l-

17 

Comparison with .Interstate Tr.affk 

Interstate traffic is a mixture of loaded and empty 
trucks, as reflected by loadometer studies. Average 
damage factors (_2,_&) were calculated and applied to 
eight classification counts made in 1981 at two 
locations. The volume of truck traffic was 28. 3 
percent on I-65 and 39.0 percent on I-71. However, 
the number of trucks was nearly the same on each 
route and almost identical regardless of which 
quarter of the year the count was made. Thus, truck 
traffic was fairly constant. Table 4 shows that the 
daily and annual EALs for these two routes were 
nearly the same. The data in Table 3 indicate that 
approximately 200 heavily loaded trucks per day can 
cause the same fatigue as all trucks using I-65 or 
I-71. 

A second comparison was made on the basis of net 
tonnage and the associated accumulation or fatigue. 
Table 5 gives the tare weight for typical vehicles 
for both the heavily loaded trucks and those nor
mally found on Interstates and other routes. This 
permits a theoretical comparison of net tonnage 
hauled by the two groups of vehicles. The following 
assumptions were made: 

1. The number of trucks was taken from I-65 data 
in Table 4 for the corresponding classifications in 
Table 2. This represents typical use on Interstates. 

2. The remainder of the traffic stream would be 
constant for both comparisons and therefore are not 
included in this example problem. 
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Figure 6. Thickness design curves for pavement structures where 100 percent of the total pavement thickness is asphaltic concrete. 

3. Each axle group is loaded to the legal maxi
mum. 

4. For an Interstate, 365 days are assumed for 
EAL calculations because truck traffic does not 
appear to vary significantly on any given day. 
However, for coal or similar commodities, there are 
market slumps and bad-weather days that reduce the 
total number of working days to approximately 300. 

The following methodology was used to calculate 
the net loads: 

1. Legally loaded trucks for the three classifi
cations reported for I-65 were used to calculate the 
fatigue for 1 year. The fatigue for 1 year for 100 
heavily loaded trucks also was calculated. The 
ratio of the two fatigue calculations multiplied by 
the original 100 heavily loaded trucks produces the 
total number of heavily loaded trucks required to 
produce the same fatigue as the trucks reported on 
I-65. 

2. For each classification of legally loaded 
trucks, the number of trucks per day were multiplied 

Table 4. Vehicle classification counts and corresponding EAL for two sites.on Kentucky Interstates. 

SINGU! UNIT TRUCKS SEMI-TRAILER TRUCKS 

AUTOS& 1WOAXLES 1WOAXL£S TIIREE FOUR nlREE FOUR FIVE SIX 
AVERAGE PICKUPS FOUR TIRES SIXTIRES AXLES AXLES AXLES AXLES AXLES AXLES 1'01'.AL 
DAMAGE 
PACTOR O.OSOI 0.0605 0.2953 0.6386 0.6386 0.6353 0.7514 0 .6267 0.6000 

VOLUME: TOTAL OF FOUR DAILY COUNTS 

1-65 51,026 52 2,435 272 IS 266 1,442 15,319 67 70,894 
1-71 32,392 356 2,015 426 137 372 945 IS ,889 1'0 52,682 

EAL, 

1-65 2,556.4 3.1 719.1 173.1 9.6 169.0 1,083.5 9,600.4 40.2 14,355.0 
Average 3,588.8' 

(.71 1,622.8 21.S 595.0 272.0 87.S 236.3 710.0 9,957.6 99.6 13,602.6 
Average 3,400.6. 

•Annual EAL for 1·6S • 365 x J,588.IJ: 1,309,895. 

bAnnu1l EAL ror 1·71 • 365 x 3,400.6 =-1,241,235, 

.. 
:; 
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Table 5. Gross, empty, and net weights of selected vehicle configurations. 

NORMAL TRUCKS HEAVILY WADED TRUCKS 

EMPTY GROSS NET DAMAGE EMPTY GROSS NET DAMAGE 
WEIGIIT WE!GIIT WEIGHT FACTOR WEIGHT WEIGIIT WEIGIJT FACTOR 

CLASSIFICATION (kips) (kips) (kips) 

Three, Axle 
Single-Unit 20 46 26 

Five-Axle 
Semi-Tr.ailer 30 80 50 

Six-Axle 
Semi-Trailer 32 % 64 

3Di Hcrenl from empl} weight of nnrmall~ loaded truck~. 

by the net load and accumulated; The product of the 
number of heavily loaded trucks and their net loads 
was also calculated. 

3. The total net load per day for the legally 
loaded trucks was divided by the total net load for 
the heavily loaded trucks. 

For the same fatigue, calculations shown in Fig
ure 7 indicate that the number of heavily loaded 
trucks is approximately 10 percent of the number of 
legally loaded trucks. Furthermore legally loaded 
trucks would transport approximately 7. 7 times more 
payload than would the heavily loaded trucks with 
only about one-fourth (1/3.72 from Figure 7) of the 
fatigue damage. 

Net Total Net 
Number Weight' Weight 

Classification or Trucks (kips) (kips) 

Normally Loaded Trucksb (per day rOr 365 days per year) 

Three-axle 
single unit 68 26 1,768 

Five-axle 
semitrailer 3,830 50 191,500 

Six-axle 
semitrailer _ 1_1 64 ~ 

Total 3,9) 5 194,356 

Heavily loaded trucks (per day for 300 days per year) 

Three-axle 
single-unit 25 66 

Five-axle 
semi I railer 70 85 

Six-axle 
semitrailer ....2 106 

Total 100 

Average 
Damage 
Factor• 

I 18 

1.80 

I 74 

EAL per year 

60.2 

10.45 

JO.JO 

EAL per year 

Ratio or EAL = :::~:
1
; !/~~,: · = \\~:

4 
= J .72 for equivalent ratigue damage 

Number o r heavy truds 

J ,7'.!x25= 93 ,J 
3 .72x70= 260 7 
J .72 X 5 = .1Q.l 

Total 374 5 

66 
85 

106 

6,145 
22,159 
...lJ.2..4 
30,498 

Ratio or m~t load = t~.!~.!L _ ~ 356 x 3il = 7 . 7 
hoovlly l<>Jdrd - 30,498 x J OO 

8fro m Table S bDail y volume : o ne- rourth o r volume~ in Table 4 

Total 
EAL 

80,24 

6,894 

~ 
7 ,003,82 

~ 
2,556,394, 

1,505 

731 ,5 

--21.J 
2,288,0 

~ 
686,400 

Figure 7. Sample calculation sheet to compare fatigue and payloads. 

Deteclucalion of Pavements 

Many Kentucky pavements have been subjected to 
heavily loaded vehicles. Some observations of the 
effect on pavements are given in the following para
graphs. 

PER TRIP (kips) (kips) (kips) PER TRIP 

1.18 

I.BO 

1.74 

30' 96 66 60,2 

JO 11 5 85 10.45 

34 140 106 10.30 

Pavements designed for light to medium traffic 
will deteriorate rapidly under heavy loads, and the 
paved surface of a rural secondary road may be 
broken up and even disappear in 1 to 2 years. Dur
ing construction of 11 km (7 miles) of KY 15, two 
unanticipated strip mine operations were opened. 
Eight months later, a 102-mm ( 4-in.) asphal tic con
crete overlay was placed to eliminate severe rut
ting and some cracking. The overlay was required 
and laid before the official opening of the new 
construction to traffic. 

On an experimental full-depth asphal tic concrete 
pavement with cross sections ranging from 254 to 457 
mm (10 to 18 in.), cold weather temperature cracking 
was observed in the passing lane. Those transverse 
cracks were 1. 2 to 1. 8 m ( 4 to 6 ft) apart in some 
areas. The cracks were evident in the outer lane 
only at the outer and centerline paint stripes. 
Evidently, the heavily _loaded trucks kneaded the 
pavement surface together. It is not known whether 
the cracks extend below the surface layer. 

On a 432-mm (17-in.) full-depth asphaltic con
crete pavement on the Daniel Boone Parkway, there ~s 
a long steep grade that shows progressively deeper 
rutting as the top of the hill is approached. The 
change in rutting was pronounced and occurred over a 
fairly short length where drivers downshift into a 
lower gear. The amount of rutting then remained 
relatively constant over a considerable distance. 
When the driver shifted to an even lower gear, 
another significant increase in rutting occurred and 
remained constant over a considerable length. The 
lengths of constant rutting decreased as the truck 
approached the top of the hill. Rutting varied from 
6.4 mm (0.25 in.) at the bottom of the grade to 76 
mm (3 in.) at the top of the hill. Two experiments 
were conducted to help understand the cause of the 
rutting. 

First, a full-depth trench was excavated across 
the climbing lane containing the severe rutting. 
Inspection of the cross section showed that rutting 
occurred only in the top 152 mm (6 in.) and all 
construction interfaces below the 152-mm (6-in.) 
depth were parallel and straight. Above 152 mm (6 
in.) construction interfaces were undulating and 
layer thicknesses varied due to differential densi
f ication under traffic. Also in the upper layers, 
the normally random orientation of aggregate par
ticles was totally reoriented so that the particles 
were parallel to each other. 

The second experiment consisted of making two 
shallow saw cuts across the lane. One was perpen
diculor to the centerline, and the other was on a 45 
degree angle with the lower end of the cut at the 
shoulder. Both cuts were filled with small-diameter 
glass beads used in highway paint stripping. Four 
weeks later these cuts were inspected. Both cuts in 
both wheel track areas had been displaced downgrade 
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by 16 mm (0.6 in.). Thus, the high torque at the 
tire pavement interface caused a downward flow of 
the surface mix. The lack of stability of the bitu
minous mixture was determined to be caused primarily 
by u 3.::-,ft gLadc vf aophaltic c1::u,erlt. tt11 vvt:ilcty 
with a stiffer grade of asphaltic cement was placed. 

SUMMARY 

Pavements can be designed for heavily loaded trucks, 
but the rate of accumulating fatigue is greatly ac
celerated. The accumulation of fatigue for heavy 
trucks is highly disproportionate to the amount of 
payload Lt:~nspot:Led. Foi: Ll,e """"' faligue ""u <1S

sumed proportions of trucks, the number of trucks 
loaded to the legal maximum axle loads is approxi
mately 10 times the number of heavily loaded trucks. 
For the same fatigue, legally loaded trucks can 
transport approximately 8. 2 times more payload than 
can heavily loaded trucks. 

deteriorate rapidly and severely when subjected to 
heavily loaded trucks. Observed deterioration 
varies from accelerated rutting, both in depth and 
time, to severe breakup of the paved surface. 
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Pavement Analysis for Heavy Hauls in Washington State 
RONALD L. TERREL AND JOE P. MAHONEY 

An evaluation of the haul routes associated with moving heavy nuclear power 
plant components over existing state and county roads is described. These 
routes were associated with the planned construction of the power plants at 
Satsop (southwestern Washington state) and Sedro Wooley (northwestern 
Washington state). The procedures for evaluating the proposed moves are 
provided and include descriptions of the field and laboratory tests and analyt
ical techniques. Ultimately, the haul routes analyzed were not used. 

In recent years construction of nuclear power plants 
instigated analyses of the feasibility of using ex
isting highways for hauling very large and heavy ma
chinery. These hauls require special tractors and 
trailers to accommodate the machinery as well as to 
spread the load to minimize damage to pavements and 
bridges. 

A special permit is required by those who perform 
the heavy hauling. For modestly oversize or over
weight vehicles, obtaining a permit is somewhat rou
tine as long as local requirements of wheel load and 

spacing are met, and the fee is usually nominal. 
Very heavy loads, however, require considerably more 
analysis to assess potential damage to the existing 
facilities, and the fee is commensurate with the ex
pected cost to repair the damage. 

Plans for constructing two nuclear power plants 
in Washington State instigated pavement analysis for 
the purpose of obtaining permits. Each plant had a 
different owner, and each owner was required to back 
up the application with an analysis of the signifi
cant damage that would be incurred, if any. For one 
project, Skagit, the supplier of the reactor equip
ment was required by the plant owner to deliver the 
equipment to the job site, so the supplier arranged 
for a consultant to evaluate the proposed route. 
The consultant's report was, in turn, presented to 
the Washington State Department of Transportation 
(WSOOT). For the other project, Satsop, the plant 
owner requested that the pavement evaluation be made 
by WSDOT, but be paid for by the plant. 


