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I. INTRODUCTION

A large nunber of Nevada's highways are approaching the end oftheir service life. As a conseguence, an urgent need is present toupgrade and naintain these existing highways. overlay.i.ng thedeteriorated highway pavement with a nehr layer of asphalt concreteis by far the nost efficient and economical way of upgrading itsperforanace' By applying a welr-designed overlay to a deterioratedpavement section' its functional and structurar perfromances can begreatly inproved. The new rayer of asphalt concrete wouru nrorriu"a snoother travered surface and increase the strength of theexisting structure to carry traffic l0ads throughout its design1 1 f e .

The Nevada Department of TransportatJ.on (NDor) has recognrzedthose needs and has sponsored a research proJect for thedevelopenent of a customized overlay design procedure which takesinto account the l0carized conditions throughout the state. Theprinary goar of this overray design proced,ure rs to reconmend apavement structure which can withstand the applied traffic l0adsthroughout the design life without excessive reduction in rtsfunctl.onal and strrrctural performances. The reductLon Ln thefunctLonal perfornance of pavement wirr result Ln excessive ross ofserviceabiltty and/or increase in rougtrness, whire the reduction in
the structural perforntance lrill result in excessj.ve cracking andr/or
rutting.

The overlay design procedure being deveroped in this research



is a mechanistically-based design method. The structural capacity
of the existing pavenent layers represents an important part of the
overlay desi'gn process. The structural evaluation is usually
performed by either one of the tso techniques: a) destructive
testing, or b1 non-destructive testing (NDT).

Destructive testing has not been videty accepted since the
pavement is disturbed during testing. Laboratory tests such as the
resilient modurus, indirect tension, R-varue, and the california
Bearing Ratlo (cBR) are so'e of the tests performed on cores
obtained fron the field. Non-destructive testlng represents an
alternative technJ.que by which the road carying capacrty of the
pavement is evaluated without disturbing or destroying its
conponents. The ueasurement can be repeated at a given point if
needed' The non-destructive eval,uation of pavements generally
follows one of two main techniques: surface defrection or wave
ProPagation' only the surface deflection measurement technique
wlll be discussed since tt Ls the one selected for the overlay
design procedure.

Deflection neasurenent consists of neasuring the deflection

response of the pavement caused by specific t11pes of loading. A
surface loading is generated by an NDT device, such aE the

Benkelnan Beam (static loading), Dynaflect, Road Rater (steady

state vibratory loading) and ttre Falling t{eight Deflectoneter (mD)

(inpulse loading). Table 1 lists most of these devlces along wlth

their configruration and loading properties. currently, highways

and airfield agencies are moving towards using the Ft{D since it

applies inpulse loading which better simulates the actual traffic

t
I
I
I
t
t
I
I
I
I
I
I
I
I
I
I
I
I
I



|u
"+,- " 6

O - .
^ E l
L ' E
aE 'F

r - !

g q
(JFa

o
U'

3
o-
E

L
CD(l,g €

r F 0 ,
e f ;
F c t
.! +,

lr- (,
G'

O I F
o G ,
o c l
@

{.t
P S
( u g l

tl .e
o o= =

+t
ul
q,
+t
6E
C

B

oE + ,( u , E
N p .

+ o -  E
F a g
. E  L Fg  € t t
O p

. F  = 3
+, (,co
( r g .
(l| +Fa

q l C ) F l

o
c)
o
r'l
(V,

o
or(,

€,
UI

3
e
E

!
o,

{J
og t E

E O
F (.,

F - ( l |
G l e

t! lf-(u
o o
rft

co ctl
< F
= ot z =

: o
ro +,

IE
: t r t F
F C l c l

€ a E  .
B3'O L E

=  - L  r - +
- t  c ,  =E

UT +' C'
o = t c  E
3 . u  o ,  F c t

F C L Q )  ( J F l

8 8
rlll ct
rrt @

ooco
(\l

E E
Fl

q,
+t
€+ r >
a/, L-

o
>r+t

tt ,E
G !c , a

+ t . F
a t >

Gt
L  O L  6 r L

€ ) o  Q c ,  o o
o ) + t  O + t  O + ,
-l- .g c\t .E st .Ee, e, c,
F - F

c ,E  € , ' g  o t t
E . r '  t r | u  E c t
€ 9  € 3  € p

. u ,
Er-
.tt c,

. F € l
- t .c= =
ro

c,o c ,
- + ,
ts rt1

oo
o
FI

ooo
Fa

o+ t >
.E 3--
+ r o
v t €

.6
> t

tt-a
a! 'F
o >
+rv,

+t(,
o,

rF
.E
g

GI

+,
C'

c,
=

o
=

E€o
€

vl

o
o.c
-
J(,
t
!

P l *s  l eE IE
I

s  l s
Is  l s
I

E  I E
F l . F

fEI fs
I

E  l s
I  t 3
c n l
E  l 5 ^
E  I ; ;n*l fs

v,
vl

r t s t
G , r

E . r
c , G t
o . o  a
F - :

]
F

. tt^
54 6.cl
G' CF

= .J -

. t A
c . t 'a
=-=

B I
r - G l  I
a ! . F  I
cl+r I. F a E  I
C ' L  Is o  I

. F C l  I

& o l

il

u,
o(,

o
E

F
CI
=

ctl
E

+t
aa
c,+,
q,

+t
C'
5
L
+t
UI
c,
=t
c
og

o
a
6

C'

€

it

C'
L
I
t
E
o(,

lh
o
UI
(J

+t
vl

L
o
+,(,
(t
I
ag
s
qJ

l.rl

CO

I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

, g
t ( ,
r 3
I L
I F

tJr c ,
r =
i L
r F

E
o
+t
IJq,

q - i
q,
ct

G
CL
6
L
ctt
o+,
(J
o,

ll-
o
a

!t
o

!
!g
o

+t
CL
E
lrl

E
o'{
g
6 r

S I
tt
G f r-

x
o
L

C ) r
I

.g

lY
+r c,g r
lrr F



loading' The FWD is currently used as the NDT device for the NDor
overlay design procedure. rts physicar properties and testing
procedure will be described in a ratter part of this report.

Objectives

As nentioned earlier, the overall obJective of this research
is to deverop a nechanistic overlay design procedure applicable for
the Nevada hlghways systen. A totar of eight tasks uust be
conpleted, three of these tasks have been conpleted and reported on
in earlier reports. This report dos.nents the frndings and

deaLs with the analysis of
the Ft{D data. Task 4 incrudes the forrowing subtasks:

rnvestigation of the variabirrty of the FwD data
across the test site.

rnvestigation of the nonrinearity of the Ft{D data.
selection of backcalculation argorithn to estinate
layers noduli.
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2. NON-DESTRUCTIVE TESTING

Test Sites

A total of twenty seven sites were! selected for pavement
evaluation and naterial characterization of the existing pavenent
structures' The criteria used in the serection of the test sites
included:

1. Clfunate

2. Traf f ic

3. Age of pavement

4. Type of Construction

5. Condition of pavement

rn order to accornplish the objectives of Task 4, eleven sites
eere selected fron the entire twenty seven sites for an in-depttr
analysis of site variabil ity, nonlinearity, and backcalculation
procedures' The above five site selection criteria were also
applied in the selection of the eleven sites.

Description of Site Configuration

The individual test site consisted of looo foot section on the
outside traffic lane of the pavenent section. The structural

sections of the eleven selected sites are shown in Table 2. Each

test site was subdivided into twenty one stations (every 50 feet

within the 1000 foot section) for FI{D defLection testing. Figure

1 shows the stations layout for a typical test site.

5
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Table 2 structural properties of selected Test sites

S i t e  r F  T  r r r a -  , :  -  r  
- - - - - -  

:AC Layer ( in.)  Base course ( in.)

11

L2

1 5

L7

2 4

2 6

2 8

3 1

3 5

3 6

:1____-__

4 .  O O

7 . 2 5 '

7 . 7 5 '

5 . 7 5

7 . 7 5

7 . 5 0

3 . 0 0

L 4 . 7 5

6 . 2 5 '

4 . 7 5 "

6 . 5 0

1 1 . 0

1 5 .  0

1 1 .  0

4 r 0

9 . 0

9 . 0

6 . 0

1 3 . 0

9 . 0
8 . 0  ( c T B )

2 8 . 0
8 .0  ( c rB )
9 . 5

*

* *

Does not include leveling course.

Overlayed by concrete 1990.
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FWD Test lccattous
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figune. I spacing of Test Locations rithin Each Test
Site [Total of zr Test Locations/Site]



I
IFT9D Test

The FwD device nas originarly deveroped in Europe. rt
delivers a transient force to the pavement surface. The device
uses a weight which is rifted to a given height on a gruided system
and is then dropped. The falling weight strikes a plate uOderlain
by a rubber cushion which transnits the force to the pavement. By
varying the nass of the falllng weight and/or the drop height, the
impulse force can be varied. The FwD has a relatively small
prel'oad conpared to the actual loading and tlpically varies between
3 and 14* of the uaximum load. The weight drops onto the plate_
rubber systen to provide a load pulse in approxinately a half_sine
nave form (inpulse l0ading). The 10ad is transnitted to the
pavement through a 12 inch diameter plate in nost cases. The purse

duration is usually 3O-4O Dsec.

The defrection is neasured using up to seven verocity
transducers mounted on a bar which is lowered autonaticaLly with
the loading plate. The velocity transducers can be praced at
several radial distances away fron the center of the loading p1ate.

The normal sequence of operatLon is to move the device to the test
point and hydraulically lower the loading plate and the transducers

to the pavenent.

The Nevada Department of Transportation owns the Dynatest FI{D

nodel 8000 which is the most widely used FI{D in the United States

at present. The road range is between 15oo to 24o00 lb. applied by

varying the drop heights and drop weights. The Ft{D testing

sequence for the project consisted of testing every station (ZL
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stacj_ons/site) within the twenty

during each of the four seasons

changres in naterial properties.

applying four load levels and

deflection basins (deflections at

seven test sites at least once

in order to identify seasonal

Each FWD test consisted of

neasuring the corresponding

the various sensors locations).

9



The overall obJeetive of

the entire FtfD data base.

folloning subtasks:

3. DATA AIYALYSIS

task 4 is to conplete the analysis of

The task h.: been dlvided into the

I
I
t
I

1' rnvestigate the variabirity of FWD data across

2. fnvestigate the nonlinearity of FWD data

3. Select a backcalculation nodel

All of the above subtasks have been compreted and the
are documented in this report.

the site

findings

I
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Variability of FwD Data

rt is well known that the subgrade, crushed aggrregate base,
and asphalt concrete courses are all made of nonlronogeneous
materials- As a generar rure in pavenent design, we try to rinit
the variability of the asphalt concrete naterial, and sonewhat
control the variability of the crushed aggregate bases. However,
the quality of the subgrade, which is made of the natural soil, is
almost uncontroll.able. Therefore, a certain degree of variability

would always exist anong the various stations and nLleposts of any

highway section. In addition, ?s the pavement deteriorates and
"'approaches 

the end its design life, the degree of variability is

expected to increase dramatically.

The overlay design process is usually inplenented on old

paveDents which have experienced a reduction in ttreir performance

and may have large variability. Therefore, the investigation of

I
I
I
I
I
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Table:  3 Effect of Site Variabil i ty on FWD Data
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Table:  4 Effect of Site Variabil i ty on FWD Data
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Table:  5 Effect of Site Variabil i ty on FWD Data
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_ _ _ _ : : _ _ _ _ _ _ : r u r  2 . L ? o  o . s 6 2  2 . 0 8 8  o . 4 4 0  o . 4 2 3
Mean 

"i '----;.;;;-----;.;;;---l:;;;----;:;-----;:;;;-
STD* 1 1 1 . 7 1 o . 5 2 3 0 . 0 1 1 0 .  4 9 6 0 .  o 8 7 o .  o 7 9
e - o - v * *  1 . 1 9 5  2 6 . 5 4 g  1 . 1 6 3  2 6 . 3 g 4  1 3 . 9 5 0  1 3 . 2 9 0
* STD-Standard Deviation **C.O.V-(St,t.Dev/Mean) *1OO

I



the site variabil ity is essentiar in order to make some
recommendations concerning the required freguency of FwD testing
and the effect of nonrinear behavior of the pavenent naterials.

The FWD data collected from the eleven sites on two different
dates were analyzed to investigate the variability of the Ft{D data.
The anarysis consisted of deternining the mean, standard deviation,
and coefficient of variation of the deflections at sensors 1 and 6
which are o-o and 55.1 inches anay from the center of load,
respectively. The deflections correspond.ing to the load level
nearest to 9000 lb were arr normalized to equivalent gooo lb
deflections using linear interpolation. The deviations of the
actual load revels from the gooo lb level were very snalr.

Tables 3, 4, and 5 show tylpical site varability data obtained
from each of the three NDor districts. The rest of the site
varlabllity data are shown in Appendix A. The mean, standard
deviation and coefficient of variation (c.o.v. ) (the ratio of
standard deviation to the mean tines 1oo) of the normalized

deflections were evaluated for all twenty one stations of each of
the selected eleven sites.

In nost statictical data, the value of the standard deviation

tends to increase as the nean of the neasured vaLue increases.

Therefore, in order to study the true variability of the data, rre
should look at the c.o.v. values. rt is generarly accepted that

c.o.v. varues below 10 percent indicates low variabil ity, and

values above 10 percent indicate that significant variability

exists. Table 6 summarizes the mean, standard deviation, and

c.o.V. values for all the sites. The data in Table 6 show that the
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Tab le  6  Summary  o f  Means,  S tandard  Dev ia t ions ,  and Coef f i c ien t  o f  Var ia t ions
Test Date of  Dl  ; ; - - - - - - - - - - -S i t e  T e s t  M e a n  S t d  C . 0 . V .  M e a n  S t d  C . o . V .
1 l  8 - 8 8  5 . 8 1  0 . 6 7  1 1 . 4 9  0 . 3 6  0 . 0 7  1 8 . 5 7z-Be e.ee l .8o l8 .os o : f i  o .3s 40.8s
t2 8-88

2-89

16 8-88
2-89

t7 8-88
2-89

24 6-88
l2-88

26 3-88
6-88

28 3-88
6-88

31 7-88
l-89

35 7-88
2-89

36 7-88
2-89

4.79  0  .97  20 .22
4 . 3 3  t . 4 2  3 2 . 7 3

6 . 6 5  0 . 9 9  1 4 . 8 9
4  . 1 4  0 . 5 0  I  I  . 9 7

1 6 . 8 3  2 . 7 2  1 6 .  1 8
1 5 . 9 0  3  .  9 4  2 4  . 7 s

1 3 . 7 4  1 . 2 5  9 . 0 6
9 . 2 5  0 . 8 9  9 . 6 6

8 . 2 5  1 . 4 3  1 7 . 3 8
1 0 . 8 2  1 . 5 8  t 4 . 6 2

52 .31  6  .61  12 .54
4 9 . 9 3  5 . 7 6  1 1 . 5 3

6 . 1 5  0 . 5 9  9 . 6 3
t . 1 5  0 . 2 4  2 0 . 8 6

t t  . 2 2  3  . 6 0  3 2 .  l 0
t  . 7  4  0 . 9 0  5 l  . 7 9

1 4 . 8 2  4 . 4 3  2 9  . 8 6
1 . 8 8  0 . 5 0  2 6 . 3 9

2 7 . 7 5  5 . 3 7  1 9 . 3 4
1 . 6 5  0 .  l l  6 . 8 0

0 . 5 5  0 . 1 5  "  2 6 . 4 8
0 . 5 5  0  . 2 t  3 2 . 8 8

0 . 8 5  0 . 1 1  1 3 . 0 4
1 . 0 9  0 .  1 6  1 4 . 2 5

t . 7 7  0 . 2 8  1 6 . I l
2 . 3 2  0 . 5 7  2 4 .  5 6

1 . 7 6  0 . 3 7  2 t . t 2
1 . 8 8  0 . 3 6  1 8 . 8

l . 8 t  0 . 3 3  1 8 .  l l
|  . 6 2  0 .  1 8  1 0 .  9 7

3  . 6 7  0 . 5 1  1 3 . 9 7
3 . 4 3  0 . 5 0  1 4 . 6 8

0 . 9 4  0  . 2 9  3 0 . 5 4
0 . 5 8  0 . 2 0  3 5 . 1 5

I  . 4 9  0  . 2 4  1 6 .  l 7
0 . 6 4  0 . 0 9  1 3 . 3 8

I  . 2 8  0 . 2 5  1 9 .  5 l
0 . 5 9  0 . 0 8  1 3 . 2 9

2 . t 4  0 . 3 7  t 7 . 4 2
0  . 7 7  0 . 0 8  1 0 . 6 2

3 1 0 7-88
l-89

I



I
najority of the c.o.v. values fall between 15 and 30 percent. The
relatively high c.o.v. values indicate that the sites have
significant varabilities within the 1000 feet sections which must
be taken into consideration in the final overray design procedure.

Determination of FWD Tests/mile: The site variability study showed

that each test site has a certain level of variability. The degrree
of variability was different among the various sites. The effect
of pavement variabirity on the overray design process is generalry
handled in two steps: a) divlde the pavenent section Lnto uniform
analysis units and, b) recommend the required Ft{D tests/ulte. The
analysl's regarding the lengrth of the analysis units nlthln the
pavement section will be discussed as a separate step Ln the
overlay design procedure. The reconnendations of the required Ft{D
tests/nile are based on the site variabirity data and is discussed
in this section.

rn order to evaruate the structurar perfomance of a highway
segrnent, Fl{D tests have to be performed at certain intervals. As
the nunber of tests increases, the estinated stmcturar values more
closely approxirnate the true values. rn other words, the larger
the sailple size, the more rre are able to represent the populatlon.

on the other hand, the larger the sample size, the nore exlrensive

the process will be. The principle of statistical confidence level

is very useful in determining how many observations will be

necessary to ensure that the estimated mean is sithin a certain

tinit of the actual mean. The statistical formula used for this
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I 
purpose is as follows which is recornnended by the 1986 AAsHTo
guide.

t
R = &  (  o  |  ( 1 )

l n

I
where

I n = number of observations (rl D tests)

I K. - the standardized nor:mal deviate, which is a function of
I 

the desired confidence level

| 
1-c = confidence level

o = true standard deviation of the random variable (pararneter)I
t - belng considered

t R = alrowable error I'n the randon variabre being consldered
I

I rhe value of Ko can be obtained from normal distrlbutionI
tables' The forlowing table shons the varues of K, for co'monI

I values of confidence levels.

I
Confldence Level _X"

I  
g o  t  L . 2 8 2

I  
g o  t  1 . 6 4 5

I  9 5  t  1 . 9 6 0

I  
e e  t  2 . 5 7 6

I 
NDoT has been conducting FwD tests at a frequency of 106

tests/nile for this project. This testing frequency is guite high

I t7

I



and the associated cost vrould prohibit continuing at this revel in
the future. However, the true standard deviation of FgtD data of
specific test site can be deter:mined fron this data. The arlowable
error' R, can be estinated based on a conbination of engineering
analysis and practice.

For this part of the study, eleven one thousand feet sections
were selected at randon fron the twenty seven total test sites.
FglD tests were performed at these sites at every 50 feet interval
which gives a rate of 106 tests/nile. Durl.ng ttre anarysis process,
lt was made sure that each test site is nhonogeneousr, i.e. has tlre
same construction hlstory, layer thickness, naterial propertLes and
traffic volune. rt was decided to serect the peak a{D deflection
(D-1) as the random variabre to be used in the analysls. The first
Fl{D sensor was selected since Lt refrects the variabirity of the
subgrade as werr as various pavement layers as opposed to the sirth
sensor which is a function of the subgrrade stiffness only.

For each test section, the average and standard deviatl.on of
the readings of the first r|{D sensor were computed from all 2L
tests (one FWD test every 50 feet of the looo foot section). rt
was then assumed that tlre true standard deviation of the first
sensor readings of each test site iE equal to the standard
deviation obtained fron the 21 FtfD readings. rn other words, it
was assumed that 106 FT{D tests/nile furly represent the np
variabirity of the one rnile section without error. rt nas also
assuned that a 90t confidence level is practically acceptable (K.=

1.645). using equation 1, the percent error in the reading of the

first FWD sensor (absolute error x loo/average value) was coDputed

t
I
T
I
I
I
I
t
I
l
I
I
I
I
I
I
l
I
I

It



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

for  several  levels of  tests/ni le as shown in Tabre 7.

The decision of selecting an optirnun number of FWD tests/lane-

urile is not siurple. Any number of FwD tests sirl be associated

with a certain degree of accuracy. The larger the nunber of FwD

tests/lane-mile, the larger the accuracy J.n representing the test

highway section. on the other hand, the larger the nunber of FwD

tests/lane-rnile, the more expensive the FwD testing process wilt
be' considering the data shown in Table 7, the averagle error for
the test site ranges from s to 1g percentr ds the number of FwD
tests/rane-mile decreases from 50 to 3 tests/rane-mile. The
relationship in Figrure 2 can be divided into high and 1ow benefit

regions. rn the high benefit region, the error in the D-l is

decreased by 4s percent as the result of adding an extra 7

tests/lane-nile (fron 3 to 10 tests/lane-rnire), while in the low

benefit region, the error is decreased by 50 percent as the result

of adding an extra 40 tests/lane-nile (fron 10 to so tests/Iane-

nile). rn order to naximize the benefit of FwD testing and

ninimize the percent error in the measured deflections, the 10

tests/Iane-mile is recomnended.

Nonlinearity of FWD Data

Since the pavement is subjected to a large nunber of repeated

Ioads from traff ic, the sti f fness characterist ics of the pavement

materials should be specif ied based on the resi l ient behavior of

the naterial.  A commonly used measure of resi l ient response is the

resi l ient modurus. rt is customary to use a constant l inear

I
I
I
I
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Table 7 percent Error in FllD sensor Number I Reading for
Var ious Numbers for  Fl , lD Tests/Mi le

i;I--- 
-il;- --N;;El;;7,,,;il---=

:t::_-_-__l:::-_ s0 20 ,0 7 s 3

I
t
I
I
I

l l

t2

8-88
2-89

8-88
2-89

9  l l4 7 9

5  7  l t
8 t 2 1 7

3 5 8
3 4 6

4 6 8
9 1 3

3 5
4 5

6 9
5 8

5 7
4 6

4 5
8 l l

t2  t7
19 27

l l  l 5
l 0  1 4

7 1 0
3 4

l r  1 3  " t 7

1 3  t 5  t 9
20 24 3I

9  l l l 4
7  I  l l

t 0  t 2  1 5

16 8-88

t 7

24

?8

3 l

35

36

310

2-89

8-88
2-89

6-88
l2-88

3-88
6-88

3-88
6-88

7-88
l-89

7-88
2-89

7-88
2-89

7-88
l-89

l 8

7
7

t 3
l l

9
I

7
l 5

24
38

22
l 9

l 4
5

7
t2

l 5

5
6

I t
9

8
7

6
l 3

?0
32

l 9
l 6

t 2
4

?4

9
9

t 7
l 4

t 2
l l

9
20

30
49

28
25

l8
6

I
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I
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I
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I

?
2

4
3

3
3

2
5

7
6

4
2
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Figure 2. Effect of Nurrrber of Fl{D test/mile on the percent error
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I
Iresil ient modulus for the asphalt concrete (Ac) Iayer. However,

consideration should be given to account for the tenperature

sensitivity of the AC layer. Repeated unconfined compression or

confined triaxial testing procedures are often used to evaluate the

resilient noduli of fine-grained soils and grranular naterials.

soils resil ient noduli are stress-dependent. The fine-grained soils

exhibit a resilient modulus that decreases with an increase in the
deviatoric stress, while granular base materials stiffen vith an
increasing deviator ic stress level  (LrZ,3l  .

Based on repeated load triaxial testing to characterize the

resil ient behavior of granurar and coarse-grained soirs,

researchers have proposed the following:

4 = & (o) '

rn which E eguals the resilient nodulus, 0 equals the first stress

invariant or sum of all principal stresses, and I( and n are the

experimental constants. rn the conputation of 0, geostatic

stresses as weII as the stresses caused by the surface load should

be considered. Thonpson has sumnarized the available data for a

broad range of granular materials (3). He pointed out that &
typically varies fron 1620 to 72to, while the Dean value of n

varies from 0.45 to 0.62 for soil t lpes varying from silty sands to

crushed stone.

For fine-grained soils, the most significant influence is due

to deviatoric stress (oa). The available stress-dependent behavior

nodels for f ine-grained soils can be categorized as arithnetic and
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semi-Log moders. rn the arithrnetic model the rerationship between
the resil ient modurus, E. and oo is assurned to be represented by a
number of straight l ines;. while in the seuri-rog moder, the
relat ionship between rog(E.)  and oo is assurned to be r inear (4rsr6).

Apart from exhibiting nonrinear stresi-dependant behavior, the
unbound pavement materials, can undergo failure close to the load.
The failure zone which includes area under tension has been
computed when anaryzing wheel roads on pavements. when unbound
naterials are under failure, the effective stiffness of this region
will be substantially lower.

The main purpose for estinating

the pavement layer stiffness using backcalculation is to use them
in stress and strain computations in the pavement under desJ.gn
wheer load applications. These stresses and strains are then used
as input for pavenent distress (performance) noders such as rutting
and fatiqrue. rt has been pointed out earlier that FwD loading

closely simulates noving truck loading. Therefore, if FwD data
indicates nontinearity to be inpcrtant for the load levels of
interest then it is going to be important for the stress/strain

computations under the wheel loads. To this end an investigation

of the extent of nonlinearity in FWD data was carried out using the

availabLe FWD data. The procedure adopted is presented below.

At each site the FWD data rrrere obtained at load levels varying

fron about 6000 lbs to as much as 22ooo lbs. Deflection data

obtained from the selected eleven test sites for two seasons
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I
(Summer 88 and t{inter-Early 89) and at, stations 6, g, L2, L7, and
20 were considered in the study. rt ri,as decided that it is
unnecessary to include data from all stations for this
investigation. Furtherrnore, sirnilar to the site variability study,
deflections at sensors 1 and 6 were used.' t{trire the defection at
D-1 reflects the infruence of all pavement layers, the deflection
at D-6 tlpicalry reflects the influence of subgrade.

Alr the defrection data serected as outrined above were
rfnormalizedrr using linearity to give deflections for a load of 9000
rbs. The nornarized defrections for a tlpical site (site 11) are
shown in Tabre I and 9. sinilar tables for arr. other sites are
presented in Appendix B. The tables also give the standard
deviation for each station.

rf the FIfD neasurements are indeed free of error (loads and
deflection) and if the pavenent, layers are linear elastic then the
nornalized defrection data wilt be just one point. The range of
variation of defrection indicates the extent of nonrinearity. The
range of variations are presented in ter.ms of coefficient of
variation in Tab1e 10. The results for site 28 have been renoved
fron the table since the FWD data for this site showed inconsistent

surface deflections with the increase in Ft{D load. The coefficient

of variation typically varied fron o.o to 18.3t. cenerarly higher

values were conputed for D6 where the measured deflections are

quite snall. The najority of coefficient of variations fall within

3  5 t .

The deflection variabil ity across a site (i.e. site

variability) has been reported earlier. It is inportant that the
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Table: 6 Effect of Non-Linearity on FWD Data

S i t e : 1 1  D a t e : g - 8 g  S t n : 6 r g r L 2 , L 7 , Z O

station Load D_l D_1 sTD* D_5 D_6 sTD*
___jPr) leooolbs) (eooolbs)

6 . 0 0  g 3 o 4 . o o  5 . 1 0  5 . 5 3  O . 3 O  o . 3 2  o . 3 5  o . o 46 . 0 0  1 2 2 5 5 . 0 0  7 . o 4  5 . L 7  o . 4 o  o . 2 g6 . 0 0  1 7 4 4 9 . 0 0  g . 4 g  4 . g o  o . 4 g  u . 2 56 .  O O  2 2 2 6 4  . O O  1 1 .  7 0  4 . 7 3  0 . 5 7  0  . 2 3
9 . 0 0  g 2 g g . 0 0  4 .  g o
8  .  0 0  L 2 2 4 4  . O O  6  . 7  6g .  o 0  1 7 6 0 9 . 0 0  g .  o g
g . o 0  2 2 2 L 6 . O O  1 1 . 3 0

L Z . O O  g 3 g 2 . 0 o  5 . 9 3
1 2 .  O O  L 2 3 9 2 . O O  8 . 2 2
1 2 . 0 0  L 7 7 4 4 . O O  1 0 . 7 5
1 2 . O O  2 2 3 8 4 . O O  L 2 . 9 3

1 7 . 0 O  8 4 2 4 . O O  5 . 5 3
1 7 . O 0  1 2 3 2 9 . 0 0  7 . 7 9
1 7 .  O O  1 7 5 0 4 . 0 0  1 0 .  o g
1 7 . O O  2 2 3 9 2 . O O  1 2 . 4 1

5 . 3 2  0 .  3 0
4 . 9 7
4 . 6 5
4  . 5 9

6 . 3 6  0 . 4 5
5 . 9 7
5 . 4 5
5 . 2 0

5 . 9 1  0 . 3 7
5 . 6 9
5 . 1 8
4 . 9 9

0 . 3 5  0 .  0 4
o . 2 g
o . 2 7
o . 2 5

o . 3 4  0 .  0 4
o . 2 6
o . 2 9
o . 2 3

o . 3 g  o .  0 3
o . 3 6
o . 3 1
o . 3 1

0 . 3 2
0 .  4 0
0 . 5 3
0 . 6 1

o . 3 2
0 . 3 6
0 . 5 7
o .  5 7

o . 3 6
0 . 4 9
0 . 5 1
o . 7 7

2 0 . o o  8 4 6 4 . 0 0  4 . 9 8  5 . 3 0  O . 4 2  o . 2 4  0 . 2 6  0 . 0 62 0 .  o o  1 2 4 6 4 .  O O  6 . 6 9  4 . 8 2  o . 4 o  o . 2 g2 0 . 0 0  1 7 5 6 0 . 0 0  8 . 5 9  4 . 4 0  0 . 7 3  0 . 3 7
_3! :gg___:3: :o.oo 1o.ss 4.2o o.e8 o.3e--------

' ' E A N :  1 4 4 4 0 - 9 0  8 . 0 9  4 . g 2  0 . 3 1  0 . 4 8  0 . 2 9  0 . o 4

*STD-Standard Deviation

I



Table: 9 Effect of Non-Linearity on FI{D Data

S i t e : 1 1  D a t e z 2 - g 9  S t n : 6 , g r L Z r L 7 , Z O
___;__- _________station r.oad D-l D_l srD* D_6 D_6 srD*

___jy=)  leooolbs)  
vv 

(eooolbs)
6  .  O O  9 8 9 5  .  O O  1 0 .  O g  g  .  L 7  O . a s  o .  g 5  o  . 7 7  o .  0 66 . 0 0  1 4 4 4 0 . 0 0  1 3 . 2 g  g . 2 g  1 . 1 3  0 . 7 06 .  O O  1 9 3 5 2 .  O O  1 5 .  g 1  7  . 3 5  L . 3 7  u . 6 46 .  O 0  2 3 5 0 9 .  o o  1 8 . 3 4  6 . 9 9  L . 6 2  0 . 6 2

I

8 .  0 0  g g 4 g .  o o  7  . 4 7
I  .  O O  1 4 3 2 0 .  0 o  9 .  8 8
8 .  O O  1 9 1 9 2 . 0 0  1 3 .  0 4
8 . O 0  2 3 4 7 2 . O O  1 5 . 6 9

6 .  g 3  0 . 3 2
6 . 2 L
6 . L 2
6 . O 2

1 . 4 9

o . 5 7
o .  g 5
1 .  0 9
L . 2 g

1 . 9 2
2 . 2 2
2 . 6 7
2 . g I

o . 7 3
1 . 0 1
L . 2 9
1 .  5 4

o . 5 2  0 .  0 1
o . 5 3
o .  5 1
o .  4 9

I
t
I

I
I

12  .  O0  9536 .  OO 14  .  35  13  .  541 2 .  O O  1 3 g g g .  0 o  1 7 .  g 3  1 1 . 5 5
1 2 .  O 0  1 8 7 4 4 . 0 0  2 L . 7 g  1 0 . 4 6
1 2 . O 0  2 2 9 4 4 . O O  2 4 . 3 5  9 . 5 5

L . 7 2
1 . 4 4
1 . 2 8
1 .  1 4

o . 2 I

1 7 .  O 0  9 5 4 4 . 0 0  1 1 . 1 9  1 0 . 5 5  O .  g 3
1 7 . 0 0  1 3 9 1 2 . 0 0  1 4 . 1 5  9 . 1 5
1 7 . 0 0  1 9 7 2 0 . 0 0  L 7 . 7 5  8 . 5 3
1 7 . 0 0  2 2 9 5 2 . 0 0  Z L . 7 O  g . 5 1

o . 6 9  0 . 0 3
0 . 6 5
o . 6 2
0 . 5 0

2 0 . 0 0  9 4 5 6 . 0 0  g . 2 L  g . 7 7  0 . 6 0  0 . 5 ?  0 . 5 4  o . o 32 0 .  o o  1 3 9 1 6 . 0 0  1 1 . 9 g  7 . g o  o . g 1  0 . 5 32 0 . o o  1 9 6 6 4 . 0 0  1 4 . 9 4  7 . 2 0  1 . 0 5  0 . 5 12 0 . 0 0  2 2 9 6 0 . 0 0  1 9 . 9 3  7 . 4 2  L . z L  o . 4 7

M E N { :  L 5 6 2 9 . 2 4  L 4 . 3 7  B . 1 O  0 . 6 9  L . 2 7  O . Z 1  0 . 0 6

;*;:;.*;-;;;i".i;;
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variability in defrection due to nonlinearity (importance of
nonlinearity) shourd be assessed arong with the variabil ity in
defrection due to site variabirity. This is achieved in the next
section.

comparison of site variability and Nonrinearity

As was discussed under the site variability and nonlinearity
studies, the range in deflection data from 6000 to 22000 lb FWD
tests nere nornarized to gooo lb. For the site variability study,
the nean, standard deviation, and coefficient of variation of the
deflection closest to gooo rb were conputed for alr 2L stations.
The data sas used to examine the degree of variabirity within each
test site- rn the case of the nonrinearity study, the Dean,
standard deviation , and coefficient of variation of the FwD
deflections at all load levels for each of the randonnry serected
five stations were evaruated. The purpose of conparing the
variabllty study with the nonlineraity study is to decide whether
nonlinearity ls a maJor factor and should be consl.dered in the
overlay design procedure.

As can be shown from Tables 6 and 10, the uaJority of the
c.o-v- values from the site variability study range from 15 to 3o
percent, vhile the naJority of ttre c.o.v. values fron the
nonlinearity study range fron 3 to 5 percent. Thus the ne*ortr

e:<pected fron assuning that the paveuent systen behaves as linear

rather than nonrinear nateriar is nuch less than the rerrorrl

resulting from the spacial variability in naterial properties.
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Figure 3 and 4 show typical comparison of site variabil ity and
nonlj 'nearity data, for sites 11 and 31 which represent the worst
and best nonlinearity conditions, respectively.

Backcalculation of Layers Moduli

The ultimate goar of the backcarculation process is to
estimate the pavement material properties fron NDT data. The basis
of the procedure is to find the set of parameters which corresponds
to the best fit of the measured deflection bowls. The best fit is
achieved by nininizing the error between measured and calculated
deflection bowls.

A growLng body of knowledge already exists in this area with
regard to the backcarculation of layer noduli under nondestructive
test J'oading (NDr), such as the FwD. The ain is to natch neasured
deflections with those calculated using assumed layers noduli. For
more than two decades, the uatching process has been trial and
error, with few rules to guide the anaryst. rn recent years

several autonatic search routines have been developed which
nininize error between neasured and calculated deflection bowls.

Trro such routines are the EI\TERCALC and MODIILUS nodels (Zr8). The
details of these procedures are given below.

The l.tODttLUS urodel is a generalized modulus

backcalculation procedure, developed by the researchers at the

Texas Transportation Institute (TTI) as a part of a NcHRp research

project. As for arr backcalculation procedures, the nodel is
I
I
I
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designed to find the set of pavement noduri that correspond to the
best f it of the measured deflection bowls.

Any 
.backcalculation procedure such as EVERCAT,G, BrsDEF, etc...

requires a defrection conputation routine such as GHEVRoN, BrsAR,
rrLrPAvE' etc"' The nunber of carls for the deflection routine
depends on the nininization argorithn used. For .*urpi", the
EX/ERCALC moder calls the deflection conputation routine
(Nr'AYER+1) *rrER+1 tinres for each deflection bowl to be analyzed,

where Nr'AyER is the total number of layers for which noduli are to
be determined, and rrER is the number of iterations. Generally,
the pattern search technique reguires nunerous carrs of the
defrection computation routine for each measured bowr. This
procedure can be inefficient in the case where a rarger number of
bowls are to be anaryzed. This drawback is overcone in the
MoDttLUs nodel by generating ahead of tine a data base containing
deflection bowrs for the expected range of uoduri and using a 3_
point Lagrange interporation technique to compute the deflectl.on
bowl for any set of unknown values within the expected range. rt
is worth mentioning that after the generation of the data base, the
deflection conputation routine is no longer required.

EVERCALC l\{odel: The back carcutation progran EVERSALg is based

on linear elastic layer theory and uses cHEi\tRoN n-Iayer progrram to

calculate defections in pavements given the pavernent resilient

modulus values (8r9). This program was developed at the University
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of washington and requires Poissonrs ratios and layer thicknesses
for the pavement layers as input. For convergence in deflection,
optirnization inverse sorution argorithn routine that is used with
BfSDEF is incorporated in EVERCALC.

The optinization inverse solution technique niniuizes the
summation of error sguared. Here the error is the difference
between the neasured and calculated deflectione. when the
summation of error squared is equar or smalrer than a specified
tolerance, a natch for deflection basin or convergence between the
calculated and field deflectlon is found. lrtre original program
EVERCALC had some FORTRAN line errors in the convergence routine
and therefore in some cases the progran gets nlocked lnn within a
Do loop' These lines were identified and were corrected at the
university of Nevada, Reno (tNR). rt is a user frlendly Denu
driven progran and has the capabiLity of either accepting seed and
range of moduri for pavernent layers as input or assuning varues
assigned Ln the program.

one of the basic rimitations 
?j=ln" 

prograD is that it assunes
the subgrade extends to infinity=1iau space). rn a nunber of
cases this assumption is unrealistic.

Selection of Backcalculation Model

The E[tERcALc and MoDULUS backcalculation nodels were used to
evaluate the pavernent layers noduli for all ZL station of the

eleven selected sites. The primary goal of this analysis is to

select an aPpropriate backcalculation model to be used in the finalI
I
I
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performance of both rnodels in the above criteria, it is reconrnended

that the MODULUS nodel shourd be used in the overlay design
procedure.
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4. RECOMMENDATIONS AIYD FUTTJRE WORK

Based on the data anarysis conducted in Task 4, the following
recommendations can be made:

o The test sites exhibit large variabirity which shour.d be
considered in the final overlay design procedure.

o The frequency of FWD testing should be herd at or around 10 FnoD
tests,/lane-nile in.order to maximize the benefit of FwD testing and
nininize the error in the FWD data.

o The effect of nonlinearity is very nininal and when compared
with the site variabil ity. Therefore, an FwD 10ad cl0sest to
10'0oo lb shourd be used in the FwD testing with at reast three
replicate tests.

o since the nonrinearity effect is niniroar, onry the FwD tests
closest to lorooo lb road need to be used in the overarr
backcalculation analysis.

o The I.{ODULUS nodel perfomed superior to EVERCALC in all
criteria, therefore, MoDttLus should be used to conduct arl
backcalcuration analyses for the overray design procedure.

rn order to conprete the overray desigm procedure, the
following tasks rnust be completed:

O conplete the backcalculation of all twenty seven sites for all
seasons.
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o Deterrnine the seasonal variation of materials properties.

! .O Finatize the overlay design atgorithn.

I o Develop a user friendly computer program to assist engineers
; with overlay desigm procedure.

I 
o Deverop the finar report and provide training.
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Table: AI Effect of Site Variabil i ty on FWD Data
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Tab le : A2 Ef fect  o f  S i te  Var iab i l i ty  on FWD Data

S i t e  N o : 1 1 Da te :2 /89 Sta t ion :0  to  2O

Stn Ioad D-l Coeft. Dl*Coeft D-6 D6*Coeft

0  1 0 4 4 8  1 1 . 0 7 0
1
2
3
4
5
6
7
8
9

1 0
1 1
T2
1 3
14
1 5
1 6
L7
18
19
2 0

1 0 0 4 0 8 . 5 9 0
9 9 8 4  1 1 . 9 0 0

1 0 0 0 0  1 0 . 0 4 0
9 8 4 8 9 . 1 3 0
9 9 3 6  1 1 . 3 0 0
9 8 9 6  1 0 . 0 8 0
9 8 6 4  1 1 . 1 1 0

0 .  9 0 1  L O  . 7 2 7

9 8 4 8
9 6 5 5

9464
9432
9 4 5 6

7  . 4 7 0
9 . 6 9 0

0 . 9 6 1
0 . 8 9 6

0 .  9 0 0
0 . 9 1 4

0 . 9 1 4
0 . 9 3 2

o . 9 5 1
0 . 9 5 4
o . 9 5 2

o . 9 2 6

o .  o24

2 . 6 2 9

9 . 5 3 6
7 . 6 9 L

9 . 0 3 6
8 . 3 4 4

6 . 8 2 7
9 . O 2 2

8 .  1 9 7
8 .  1 8 7
8 . 7 6 6

9 . 9 8 9

1 . 8 0 3

0 . 9 9 0
0 . 5 3 0
1 .  0 1 0
0 .  9 3 0
0 . 9 1 0
0 .  9 5 0
0 . 8 5 0
1 . 2 9 0
0 . 5 7 0
o . 8 1 0
o .  4 9 0
0 . 9 7 0
1 . 8 2 0
1 .  8 6 0
1 . 0 1 0
o . 7 7 0
1 .  2 1 0
o . 7 3 0
o .  6 9 0
o .  5 3 0
o .  5 7 0

o . 7 6 7
o . 4 7 5
0 . 9 1 0
0 .  9 3 7
0 . 7 4 0
o . 7 7 0
o . 7 7 3
L . L 7 7
o . 5 2 1
o . 7 5 5
o . 4 5 4
o . 9 1 4
1 .  7 1 8
L . 7 4 5
o . 9 4 2
o . 7 2 9
1 . 1 6 4
o .  5 8 8
o . 6 5 6
o . 5 0 6
o . 5 4 3

0 . 9 0 6  1 0 . 2 3 6
o .  9 0 9 9 . L 6 7
o . 9 L 2  1 0 . 1 3 7

9 7 0 4  L 2 . 3 7 0
9 5 5 2  1 3 . 1 6 0
9 5 3 5  1 4 . 3 5 0
9 5 9 2  1 3 . 4 0 0
9 6 4 8  1 0 .  0 4 0
9 5 0 4  1 1 . 3 8 0
9352  L3 .720
9 5 4 4  1 1 . 1 9 0

o . 9 2 7  L L . 4 7 3
o . 9 4 2  L 2 . 3 9 9
o . 9 4 4  1 3 . 5 4 3
o . 9 3 8  L 2 . 5 7 3
o . 9 3 3 9 . 3 5 5
o . 9 4 7  L O . 7 7 7
o . 9 6 2  L 3  . 2 0 4
o . 9 4 3  1 0 . 5 5 2

8 . 6 2 0
8 . 5 8 0
9 . 2 1 0

Mean

STD*

9 7 2 9  1 0 . 7 8 0

2 6 0 . 8 8 1 . 8 5 1

c . o . v * *  2 . 6 9 2  L 7 . L 7 4

0 .  9 1 4

0 . 3 6 6

o . 8 4 7

o . 3 4 6

I 1 8 . 0 s 1  4 0 .  0 5 2  4 0 . 8 4 9

* STD-Standard Deviation **C. O. v-  (Std.  DevlMean) * IOO

I

I



Table: A3 Effect of Site Variabil i ty on FWD Data

S i te  No :12  Da te :B /8g  S ta t i on :0  to  2O
_ _ _ i - _ _ _

Stn Load D-1 Coeft. D1*Coeft D-6 D6*Coeft

o
1
2
3
4
5
6
7
I
9

10
1 1
L 2
1 3
L4
15
1 6
L7
18
19
2 0

9 3 3 6
8 9 6 8
89L2
8 4 8 0
8520
8 4 0 8
8424
8 4 1 6
8 6 4 0
8 6 4 8
8792
8 8 4 0
8760
8720
8528
8 5 6 8
8392
8 5 6 8
8 4 8 8
8352
8376

4 . 9 4 0
5 . 5 3 0
5 . 5 3 0
3 . 0 4 0
2 . 9 5 0
4  . 6 2 0
3  . 2 0 0
4 . 1 1 0
3 . 9 5 0
3 . 2 4 0
4 . 5 1 0
3 . 9 7 0
4 . 3 5 0
4  . 9 5 0
5 . 9 7 0
5 . 6 5 0
4 . 9 8 0
5 . 0 2 0
5 . 1 4 0
5 . 3 4 0
5 . 7 7 0

0 . 9 5 4
1 .  O O 4
1 . 0 1 0
1 .  0 6 1
1 .  O 5 5
1 .  O 7 0
1 .  0 6 8
1 .  0 6 9
L . O 4 2
1 . 0 4 1
1 . 0 2 4
1 . 0 1 8
L . O 2 7
1 . 0 3 2
1 .  0 5 5
1 .  O 5 0
L . O 7 2
1 . 0 5 0
1 . 0 6 0
1 . 0 7 9
1 . 0 7 4

4 . 7 6 2
5 .  5 5 0
5 .  5 8 5
3 . 2 2 6
3 . 0 1 1
4 . 9 4 5
3 . 4 1 9
4 . 3 9 5
4 . 1 1 5
3 . 3 7 2
4  .6L7
3 . 9 4 0
4 . 4 6 9
5 .  0 1 6
6 .  3 0 0
5 . 9 3 5
5 .  3 4 1
5 . 2 7 3
5 . 4 5 0
5 . 7 5 4
6 . 2 0 0

0 .  6 5 0
0 .  8 5 0
0 . 9 7 0
0 .  3 6 0
0 .  4 4 0
0 . 4 4 0
o .  3 2 0
0 . 3 6 0
0 . 5 3 0
0 . 4 4 0
0 .  6 1 0
0 . 5 3 0
0 .  4 9 0
0 .  6 1 0
0 . 5 3 0
0 .  5 7 0
0 . 4 0 0
0 . 4 4 0
0 .  5 3 0
0 .  4 9 0
0 . 5 7 0

o . 6 2 7
0 .  8 5 3
0 . 9 8 0
0 .  3 8 2
o . 4 6 5
o . 4 7 L
o . 3 4 2
0 .  3 8 5
0 .  s 5 2
0 .  4 5 8
o . 6 2 4
0 . 5 4 0
0 . 5 0 3
0 .  6 3 0
0 .  5 5 9
0 . 5 9 9
o . 4 2 9
o . 4 6 2
o . 5 6 2
0 .  5 2 8
0 . 6 1 2

I
I
I

I
I
I

Mean

STD*

c . o . v * *

8626

2 3 8 .  6 8

2 . 7 6 7

4 . 5 9 4

o . 9 2 6

2 0 .  1 5 0

1 .  0 4 4

o .  0 2 9

2  . 6 8 0

4 . 7 9 4

0 .  9 6 9

2 0 . 2 2 2

0 .  5 3 0

0 .  1 5 1

2 8 . 5 4 9

o .  5 5 1

0 . 1 4 6

2 6 . 4 A 2

* STD-Standard Deviation **c.  o.V- (std.  Devluean) *1Oo

I
. l

I
I
I
T
t
I
l
I
I



Table: A4 Effect of Site Variabil i ty on FWD Data

Si te  No:12 Date z2/89 Stat ion:O to ZO

Stn Load D-1 Coeft. Dl*Coeft D-6 D6itCoeftI
I

I
I

0
1
2
3
4
5
6
7
8
9

10
1 1
L2
13
14
15
16
L7
18
19
2 0

LO248
9 8 5 6
9 8 4 8
9 8 6 4
9 8 8 0
9 8 1 6
9 7 7  6
9784
9 7  4 4
9792
9 6 8 0
9 6 8 8
9696
9640
9520
9 4 8 8
9528
9464
9 4 0 8
9 4 0 0
9432

5 . 0 5 0
5 . 7 7 0
5 . 4 9 0
3 . 1 6 0
3 . 0 8 0
3 . 7 9 0
2 . 7 7 0
3 . 5 2 0
3 . 8 7 0
3 . 2 4 0
4 . 1 5 0
3 . 5 2 0
3 . 7 6 0
4 . 1 9 0
7 . 7 9 0
8 . 7  4 0
5 . 2 2 0
5 .  0 2 0
5 . 1 4 0
4 . 9 0 0
5 . 4 5 0

o . 8 7 8
0 . 9 1 3
0 . 9 1 4
o . 9 L 2
o . 9 1 1
o . 9 1 7
o . 9 2 1
o . 9 2 0
o . 9 2 4
o .  g 1 g
o . 9 3 0
o . 9 2 9
o . 9 2 8
0 . 9 3 4
o . 9 4 5
0 . 9 4 9
0 . 9 4 5
0 . 9 s 1
o . 9 5 7
o . 9 5 7
o . 9 5 4

4 . 4 4 4
5 . 2 6 9
5 .  O 1 7
2 . 8 8 3
2 . 8 0 6
3  . 4 7 5
2 . 5 5 0
3 . 2 3 8
3 . 5 7 5
2 . 9 7 4
3 . 8 5 8
3 . 2 7 0
3 . 4 9 0
3 . 9 L 2
7 . 3 6 4
8 . 2 9 0
4 . 9 3 1
4 . 7 7 4
4 . 9 L 7
4 . 6 9 1
5 . 2 0 0

o .  9 3 0
1 .  2 5 0
1 .  1 7 0
o .  4 9 0
o .  4 9 0
o . 5 3 0
o . 2 9 0
o .  4 0 0
o .  6 5 0
o . 5 7 0
o . 7 7 0
o . 6 5 0
0 . 5 7 0
0 . 6 5 0
o . 9 3 0
o .  9 3 0
0 . 6 1 0
o .  6 1 0
o .  7 3 0
o .  6 9 0
o . 7 7 0

0 . 9 1 7
1 . 1 4 1
1 .  O 5 9
o . 4 4 7
o . 4 4 6
o . 4 9 6
o .  2 5 8
o .  3 6 8
o . 6 0 0
o . 5 2 4
o .  7 1 6
o . 6 0 4
o . 5 2 9
o . 6 0 7
o . 8 7 9
0 .  8 8 2
o . 5 7 6
o . 5 g o
o .  6 9 8
o .  6 6 1
o . 7 3 5I

I
t

Mean

STD*

c .  o .

9693

202

2 . O 8 2

4 . 6 4 9

L . 4 7 2

3 1 . 6 5 6

o . 9 2 9

0 .  0 1 9

2 . 0 6 1

4 . 3 3 0

L . 4 L 7

3 2 . 7 3 L

0 .  5 g g

o . 2 3 2

33 .263

o .  6 4 9

0 . 2 1 3

3 2 . 9 9 3

I 

*STD-Standard Deviation

I

**C.  O.  V-  (Std.  Dev/Mean)  *1OO

I
I
;

I



T a b l e : A5 Effect of Site Variabil i ty on FWD Data
t
I

S i t e  N o : 1 6 Date z8/88 S ta t i on :0  to  2O t
Stn IrOad D-1 Coeft. Dl*Coeft D-6 D6*Coeft

I
I
I
I
I
I
I

o
1
2
3
4
5
6
7
8
9

1 0
1 1
L2
13
1 4
1 5
1 6
L7
18
19
2 0

8 8 0 8
8704
8 7  4 4
8576
8 6 6 4
8 6 4 0
8 6 4 0
8 6 8 0
8 5 8 4
8 5 0 4
8 4 5 6
8 4 8 0
8 5 2 0
4592
8 4 8 8
a392
8 5 0 4
8 4 1 6
8 4 4 8
8 4 8 0
8 3 6 8

8 . 3 4 0
5 . 5 5 0
7 . 5 9 0
5 .  8 g O
4 . 7 4 0
6 . 0 5 0
6 . 6 8 0
7 . O 4 0
7 . 0 4 0
6 .  5 0 0
5 . 1 4 0
6 . 4 4 0
6 . 9 2 0
4 . 1 5 0
7 . 1 9 0
6 . 9 2 0
5 .  1 8 0
5 . 7 7 0
6 . 4 4 0
6 . 3 6 0
6 . 6 4 0

L . O 2 2  8 . 5 2 2
1 . O 3 4  5 . 8 4 2
1 . 0 2 9  7 . 8 L 2
1 . 0 4 9  6 . 1 8 1
1 .  0 3 9  4 . 9 2 4
L . O 4 2  6 . 3 0 2
L . O 4 2  6 . 9 5 9
1 . 0 3 7  7 . 3 0 0
1 . 0 4 8  7 . 3 8 1
1 . 0 5 8  6 . 9 8 5
1 . 0 6 4  5 . 4 7 L
1 .  0 6 1  6 . 8 3 5
1 .  0 5 6  7 . 3 1 0
L . O 4 7  4 . 3 4 7
1 .  0 6 0  7  . 6 2 4
L . O 7 2  7 . 4 2 L
1 . O 5 8  5 . 4 8 2
1 . 0 6 9  6 . 1 7 0
1 . 0 6 5  6 . 8 5 1
1 .  0 6 1  5 . 7 5 0
1 .  0 7 6  7  . L A L

o . 8 9 0
0 . 5 9 0
o . 7 7 0
o .  8 9 0
o .  5 5 0
0 . 8 1 0
o . 9 3 0
1 .  0 1 0
0 . 8 9 0
0 . 9 7 0
0 . 8 9 0
0 . 8 5 0
0 . 7 3 0
o . 5 1 0
o . 8 1 0
o . 8 1 0
o . 7 3 0
o . 7 7 0
0 . 6 5 0
o . 8 1 0
o . 8 9 0

o . 9 0 9
0 . 7 1 3
0 . 7 9 3
0 .  9 3 4
0 .  6 7 5
0 . 8 4 4
0 .  9 6 9
L . 0 4 7
0 . 9 3 3
1 . 0 2 7
o . 9 4 7
o . 9 0 2
o . 7 7 L
0 . 6 3 9
0 . 8 5 9
0 . 8 6 9
o . 7 7 3
0 . 8 2 3
o . 6 9 2
0 . 8 5 0
o . 9 5 7

Mean

STD'r

c .  o .  v * *

8557

tL7 .67

1 .  3 7 5

6 . 3 2 2

o . 9 6 2

L 5 . 2 2 4

1 .  O 5 2

0 .  o 1 4

1 . 3 6 9

6 . 6 4 9

0 . 9 9 0

1 4 . 8 9 3

o . 8 1 2

0 . 1 0 6

1 3 . 0 3 3

o . 8 5 4

0 . 1 1 1

1 3 . 0 3 5

I
* STD-Standard Deviation **C. O. V- (Std. DevlMean) *100 I

I
I
t
I
t
I



Tab le : A6 Effect of Site Variabil i ty on FWD Data

_ _ _ _ : IE_yll!:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
- ;;,;;;t ; ; - - - - - - - - - - ;; i ;; ; il; _ ; ;

____::: D_l ; ; ; :--; ; ; ; ; ;-----;: ;----;; [ ; ; ;

o iiet-----;:il-----;:;-----i:,r--::;;;___:.;:;;;_1  9 s 8 4  4 . 2 2 0  o . g i g  4 .  o 1 o  i .  o s o  0 . 9 g 62  9 4 0 8  s . o c o  o . g i i  4 . 8 4 1  i . r z o  1 . 1 1 93  9 3 6 8  4 . o 7 o  o .  g i i  3 . 9 1 0  o .  e e o  0 . 8 2 64  9 4 6 4  3 . 8 3 0  o . g s i  3 . 6 4 2  o . g g o  o . 8 4 G5  9 4 9 6  4 . 5 1 0  o . g n a  4 . 2 2 4  i . z t o  L . L 4 76  9 s 2 o  4 . 4 7 0  o . g i i  4 . 2 2 6  i . s r o  L . z s z7  9 3 3 6  5 . 1 8 0  o . g e a  4 . g g 4  i . : z o  1 . 3 2 18  9 3 9 2  4 . 8 6 0  o .  g s C  4 . 6 s 2  i . z g o  L . 2 3 69  9 4 o o  4  .  4 3 0  o  . g s 7  4  . 2 4 L  i .  z s o  1 .  1 9 21 0  9 4 7 2  3 . 9 3 0  o . 9 5 o  3 . 6 3 9  i . r g o  L . o 7 41 1  9 1 6 8  4 . 2 3 0  o . g l 2  4 . L s z  i . z s o  L . 2 z zL 2  e 2 o g  4 . 5 1 0  o . g 7 7  4 . 4 0 8  i .  r g o  1 .  1 o 41 3  9 4 0 0  3 .  O O O  o . g 5 7  2 . 8 7 2  o .  e s o  0 . 8 1 41 4  9 3 5 8  4 . 1 9 0  0 .  9 6 1  4 . 0 2 5  r .  r z o  L . L 2 41 5  9 3 3 G  4 . 5 5 0  0 . 9 6 4  4 . 3 8 6  i . r z o  1 . 1 2 81 6  9 $ 2  3 . 6 4 0  0 . 9 5 4  3 . 4 7 3  1 . 0 5 0  1 . 0 0 2L 7  9 2 8 0  3 . 6 8 0  o . g z o  3 . 5 6 9  i .  o s o  r . 0 1 81 8  9 2 3 2  4 . 3 1 0  0 . 9 ? 5  4 . 2 0 2  o . e z o  o . 7 g g1 9  9 1 6 0  4 . 3 1 0  0 . 9 8 3  4 . 2 3 s  i . r g o  1 . 1 1 02 0  9 L 4 4  4 . 9 0 0  0 . 9 8 4  4 . 8 2 3  i . z g o  L . 2 7 0
M e a n  9 3 7 9  4 . 3 1 5  0 . 9 6 0  4 . ! . 4 2  1 . 1 3 3  t .  O 8 z
STD* 1 5 0 . 0 0 o . 5 1 0 o . 0 1 5 0 . 4 9 6 0 .  1 6 2 0 . 1 5 5

! :3 : I l l - - - -1 :u t t  11 '82e 1 .s87 11 .e .z  L4 .322 L4 .z4s
*  STD-Standard Deviat ion **C.O.V_(Std.Devluean)* tOO

I

I

I

I



Tablet A7 Effect of site variabir i ty on FWD Data

I
I
I
I
I
I
t
I

____::::_y:t, Dare: s/ea starion:o ro zo
_ l _ _ _ _ _ _

____:::_____p"U D_l coeft. Dl*coefr D_6 D6*Coefto i;ii----;;:;;;-----;:;;;----r::e;;-----;:;;;___==;:;;;_1  8 4 8 0  1 6 . 6 0 0  1 .  o c l  1 7 .  G 1 8  i .  e e o  L . g 7 42  g 4 g 0  1 5 . 2 6 0  1 . 0 6 1  1 6 . 1 9 6  i . z e o  r . g g 93  g3s2  14  .  940  1 .  o7g  16 .  099  i .  seo  1 .  zo34  8 4 5 G  1 4  .  6 3 0  1 .  0 6 4  1 s . 5 z r  i .  o s o  L . 7  6 zs  9 3 6 8  1 3 . 9 9 0  1 .  0 ? 6  1 5 .  o 4 z  i .  g : o  r . 4 3 o6  g r 4 4  r 4 . o z o  1 . 1 0 5  1 5 . s 4 9  i . + z o  1 . 5 G 97  8 0 6 4  1 4 . 6 3 0  1 . 1 1 6  1 G . 3 2 8  i .  + e o  1 . 6 2 98  8 1 2 0  L 2 . g 7 o  1 . 1 0 8  1 4 . 3 2 6  i .  r z o  L . z g 79  8 0 9 0  1 5 . 9 9 0  1 . 1 1 4  L 7 . 6 g g  i . g g o  1 . 4 9 11 0  9 3 2 8  1 4 . 3 1 0  1 . 0 8 1  1 5 . 4 6 5  i .  o o o  L . z g 41 1  s ? 4 o  r e . i g o  L . o s 2  2 o . s L 2  i .  r e o  2 . 3 8 1L 2  8 3 6 9  1 5 . 9 5 0  L . o 7 6  L 7 . o 4 7  i .  o z o  L . 7 4 21 3  9 4 6 4  1 6 . 2 s 0  1 .  0 6 3  L z . 2 7 g  i .  o o o  2 . 1 9 01 4  8 1 6 0  1 6 . 6 8 0  1 .  r o 3  1 8 . 3 9 2  i .  g a o  2 . L g 41 5  e 3 9 z  1 r . 6 6 0  t . o 7 2  1 2 . 5 0 5  i - . s z o  1 . 4 6 e1 6  8 5 3 6  1 3  .  o 4 o  1 .  o 5 4  L 3  . 7  4 9  i .  s e o  r .  6 6 6L 7  s 3 5 o  1 4 . 6 3 0  r . o z 8  t s . z 6 s  i . s e o  1 . 2 0 31 8  8 0 5 6  1 4 .  z o o  1 . 1 1 2  L 6 . 4 2 3  i .  e e o  1 . 6 3 11 9  g 0 1 6  1 3  .  9 1 0  1 .  1 2 3  1 5 .  6 1 8  i .  q z o  I  .  5 9 4
- - - - : : -  - - - - - !? "  17-eeo r .13s  20 .464 i . soo  1 .706
Mean izi----;;:;;;-----il;;-;;:;;;---;:;;;-----;.;;;
s T D *  1 7 6 . 0 5 2 . 4 2 4 0 .  0 2 3 2 . 7 2 4 o . 2 7 L o . 2 8 4
c . o . v * *  2 . 1 3 O  1 5 . 6 9 7  2 . L 4 4  1 6 . 1 8 4  1 6 . 6 6 0  1 6 . 1 0 6
* STD-Standard Deviat ion **C.O.V_(Std.DevlMean)  *1OO

I
I
I
t
I
I
I
I
I
t
I



I

I

Table: Effect of Site Variabil i ty on FWD Data

t 
srD* 3oL.7 47 3 . 7 6 8 0 . 0 3 2 3 . 9 4 2 0 .  5 8 3 o . 5 6 9
c . o . v * *  3 . 3 7 2  2 3 . 8 5 9  3 . 1 5 5  2 4 . 7 8 5  2 5 . 3 1 1  2 4 . 5 6 4
* STD-Standard Deviat ion **C.O.V_(Std.DevlMean)*1OO

____::::_y:11__
---- : : : -

o 21rr----;;.il-----;t;;;---le:?1?-----;:,;---=.;:;i;-1  1 0 0 5 6  1 6 . 5 6 0  o . a g 5  1 4 . 8 2 1  i . z s o  2 . 4 6 L2  9 0 5 G  1 5 . 2 G o  o .  g g a  1 5 . 1 6 6  i .  r s o  2 . 3 3 s3  9 0 0 9  1 6 . 1 3 0  0 . 9 9 9  1 6 . 1 1 d  i .  s s o  2 . 5 4 84  9 1 3 6  1 3 . 1 9 0  o . 9 g 5  L 2 . g g 4  i .  s s o  2 . s L z5  9 o 4 o  1 4  .  s 9 o  o .  9 9 6  1 4  . s 2 s  i .  e e o  1 .  4 5 46  9 0 2 4  1 4 .  o 3 o  o . 9 g 7  1 3 . 9 9 3  i . u o  2 . L 3 47  9 0 1 G  1 6 .  1 z o  o .  9 9 8  1 6 .  1 4 1  i .  o z o  1 .  6 1 28 997 6  11 .  9Bo r .  oo3 1 :2  .  ouz  i .  goo t .  9059  9 0 5 G  r 8 . 5 o o  0 . 9 9 4  1 8 . 3 8 6  i . z g o  1 . 2 6 91 0  8 9 2 8  1 2 . 8 1 0  1 . 0 0 8  L 2 . g L 3  i .  r o o  2 . L L 71 1  g S o o  1 9 . 6 5 0  1 . 0 2 3  2 o . o g 7  i .  o z o  3  .  1 4 0L 2  B B 4 B  1 5 .  3 4 0  1 .  0 1 7  1 5 . 6 0 4  i .  n o  2 . 4 7 21 3  g 7 s 2  l s .  o o o  1 . 0 2 8  1 5 . 4 8 7  i .  e g o  z . 9 L o1 4  8 6 G 4  1 8 . 5 9 0  1 . 0 3 9  1 9 . 3 0 1  i .  o z o  3  .  r 8 91 5  8 ? 9 4  1 0 .  o g o  r . 0 2 5  1 0 . 3 2 8  i .  s a o  1 . 6 1 91 6  s 7 6 B  1 1 . 1 5 0  1 . 0 2 6  1 1 . 4 4 s  i . z z o  2 . 2 7 eL 7  8 ? 6 0  1 r .  3 8 o  L .  o 2 7  1 1 .  6 9 2  i  .  u o  2  .  L g g1 8  s 6 G 4  r ? .  o 4 o  1 . 0 3 9  L 7  . 7 o L  i  .  r o o  2 .  l s l1 9  g 7 s 2  1 6 .  o 5 o  1 .  o 2 B  1 G . 5 0 5  i .  g c o  1 . 9 9 5
- - - - : : - - - - - - : u t n  2 7  ' 2 3 o  1 . o 4 8  2 8 . s s o  i . e e o  r . s s o
Mean 'rio---I;:i'i-----i:;;;----;;:;;;-----;:;;;-----;:;;;-
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Table:  A9 Ef fect  o f  s i te  var iab i l i ty  on FWD Data

I
I
I
I
I
I
t
t
I
I
I
I

____::::_y:,n D"a;;t;stn ;;------il--____:;:;;it:;;,;;;-----::::::.;i,jlii
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M e a n  8 6 6 4  1 3  . 2 1 6  1 .  O 3 9  1 3  . 7 3 6  1 .  6 9 0  1 .  2 5 8
sTD*  94 .75

c . o . v * *  o .  g 7 g
9 . 0 6 1  2 0 . 7 2 4  2 1 .  1 1 5

1 .  1 2 5

8 . 5 1 5
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Table: Alo Effect of Site Variabil i ty on FWD Data
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Table: All Effect of site variability on FwD Data
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Table3 AL2 Effect of site variabi l i ty on FwD Data
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Table: A13 Effect of site variabil ity on FWD Data
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Table:  Ar4 Effect  of  s i te Var iabir i ty on FWD Data
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Table: A15 Effect of site variabi l i ty on FWD Data
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Tab'e: A16 Effect of Site Variabil i ty on FWD Data
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Tab1e: AtZ Effect of Site Variabil ity on FWD Data

Si te  No:35 Date :7  /88 Stat ion:0 to 20
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t

Stn Load D-1 Coeft. D1*Coeft D-6 D6*Coeft t
I
I
I
I
I
I

o
1
2
3
4
5
6
7
I
9

10
1 1
L2
13
14
15
16
t7
18
19
2 0

8920
8 8 1 6
8 5 6 0
8736
8376
8240
4592
8 6 0 0
8 4 8 8
87L2
8 5 4 0
8 5 5 2
8512
8720
8624
8 7 8 4
8776
8704
8648
8 3 1 2
8632

1 0 .  7 5 0
1 1 . 3 4 0
1 0 .  1 6 0
1 1 . 4 6 0
1 3 . 8 7 0
L 7  . 6 3 0
1 3 . 6 0 0
L2 .450
J . 4 . 4 7 0

2 . 7 2 0
1 0 . 8 3 0
1 3 . 2 8 0
1 5 .  1 4 0

9 . 0 1 0
8 . 4 6 0
8 . 1 0 0
7 . 7 9 0
7 . 3 5 0
7  . 4 3 0

L 0 . 8 3 0
7 . 9 5 0

1 .  O O 9
1 .  0 2 1
1 .  O 5 1
1 .  O 3 0
1 .  O 7 4
L , O 9 2
L . O 4 7
L . O 4 7
1 .  0 6 0
1 . O 3 3
L . O 4 2
1 .  0 5 2
1 .  O 5 7
1 .  O 3 2
1 .  O 4 4
1 .  O 2 5
1 . 0 2 6
1 .  O 3 4
1 .  0 4 1
1 .  0 8 3
1 . 0 4 3

1 0 .  8 4 6
LL.577
1 0 . 5 8 2
1 1 . 8 0 6
1 4 . 9 0 3
L9.256
L4 .246
1 3 . 0 2 9
1 5 .  3 4 3

2 . 8 1 0
1 1 .  2 8 1
1 3 . 9 7 6
1 5 .  0 0 8

9 . 2 9 9
8 . 8 2 9
8 . 2 9 9
7 . 9 8 9
7 .  6 0 0
7 . 7 3 2

LL.726
8 . 2 8 9

1 .  5 8 0
2 . 2 6 0
L . 4 2 0
1 . 3 7 0
1 . 2 1 0
1 .  3 3 0
1 . 3 3 0
1 . 3 3 0
1 . 5 4 0
1 .  0 5 0
1 . 3 7 0
1 .  5 0 0
L . 6 2 0
1 . 1 7 0
1 . 2 1 0
1 .  3 7 0
1 . 2 5 0
L . 4 2 0
1 . 5 0 0
1 . 5 4 0
1 . 5 0 0

1 . 5 9 4
2 . 3 0 7
1 . 4 9 3
1 . 4 1 1
1 .  3 0 0
1 . 4 5 3
1 . 3 9 3
L . 3 9 2
1 .  6 3 3
1 . 0 8 5
L . 4 2 7
L . 5 7 9
1 .  7 1 3
L . 2 0 8
L . 2 6 3
1 . 4 0 4
L . 2 8 2
1 . 4 6 8
1 . 5 6 1
L . 6 6 7
1 . 5 6 4

Mean

STD*

c .  o .v * *

8 6 1 6

L62 .86

1 . 8 9 0

1 0 . 6 9 6

3 . 2 9 3

3 0 . 7 9 6

1 .  0 4 5

0 .  o 2 0

L . 9 L 2

1 1 .  2 1 6

3 . 6 0 0

3 2 . 1 0 1

L . 4 2 2

o . 2 3 6

1 6 . 5 7 6

1 . 4 8 6

0 .  2 4 0

1 6 . 1 6 9

I
I

* STD-Standard Deviation * *c. O. V- (std. DevlMean) *tOO

I
t
I
I
I



Table:  A18 Ef fect  .o f  S i te  Var iab i l i ty  on FWD Data

S i t e  N o : 3 5 Date z2/89 Sta t ion :0  to  2o

Stn Load D-1 Coeft. Dl*Coeft D-6 D6*Coeft

o
1
2
3
4
5
6
7
8
9

1 0
1 1
L2
13
14
1 5
16
L7
18
19
2 0

I
I
I
I
I
I

9224
9 2 0 8
9008
9 1 5 0
9L28
9L76
9208
9054
8 9 8 4
9256
9 1 0 4
9 0 1 6
9 0 8 0
92L6
9 3 0 4
9 1 4 4
9 0 4 0
9 0 6 4
9 1 6 0
9  104
9256

o .  4 4 0
1 .  1 1 0
1 . 3 4 0
L . 4 2 0
1 . 3 4 0
2 . 2 9 0
1 . 4 6 0
2 . O 2 0
1 . 3 8 0
3 . 5 6 0
4 . 9 4 0
1 .  5 4 0
1 . 8 6 0
1 . 3 8 0
1 . 1 9 0
I . 4 2 0
1 . 5 4 0
2 . L 7 0
1 .  5 0 0
1 . 5 4 0
1 .  6 2 0

o . 9 7 6
o . 9 7 7
0 . 9 9 9
0 . 9 8 3
0 , 9 8 6
0 . 9 8 1
o . 9 7 7
0 . 9 9 3
1 . 0 0 2
o . 9 7 2
0 . 9 8 9
0 . 9 9 8
o . 9 9 1
o . 9 7 7
o . 9 6 7
o . 9 8 4
o . 9 9 6
o . 9 9 3
o . 9 8 3
o . 9 8 9
o . 9 7 2

o . 4 2 9
1 .  0 8 5
1 .  3 3 9
1 .  3 9 5
1 .  3 2 1
2 . 2 4 6
L . 4 2 7
2 . 0 0 6
1 ,  3 8 2
3  . 4 6 2
4 . 8 8 4
L . 5 3 7
1 .  8 4 4
1 .  3 4 8
1 . 1 5 1
1 . 3 9 8
1 . 5 3 3
2 . 1 5 5
L . 4 7  4
L . 5 2 2
1 . 5 7 5

0 .  4 4 0
0 .  5 1 0
0 . 5 7 0
0 . 6 1 0
0 . 5 3 0
0 .  6 5 0
0 . 6 5 0
0 . 5 7 0
0 .  6 5 0
0 . 7 7 0
0 . 6 5 0
o . 7 7 0
0 . 8 L 0
0 .  6 5 0
0 .  6 1 0
o . 7 3 0
o .  6 1 0
o . 7 7 0
0 .  6 9 0
o .  6 5 0
0 .  5 9 0

o . 4 2 9
0 . 5 9 6
0 . 5 5 9
o .  5 9 9
0 . 5 2 3
0 .  6 3 8
0 . 6 3 5
0 . 5 6 6
0 . 5 5 1
o . 7 4 9
0 . 6 4 3
0 . 7 6 9
0 . 8 0 3
0 . 6 3 5
o . 5 9 0
o .  7 1 9
0 . 6 0 7
o . 7 6 5
o . 6 7 8
0 . 6 4 3
o . 6 7 1

I
I

Mean

STD*

c .  o . v * *

9 1 3 8

8 8 .  0 9

o . 9 6 4

L . 7 6 5

o .  9 1 5

5L.822

0 . 9 8 5

o .  0 0 9

0 . 9 5 4

L . 7 3 9

0 . 9 0 1

5 L . 7 9 4

o .  6 5 1

o .  0 8 6

1 3  . 2 3 3

o . 6 4 2

0 . 0 8 6

1 3  . 3 8 1

I
I
I
I
I
I

* STD-Standard Deviation **c.o.v-  (std.  Devluean) *100



Table: A19 Effect of site variabi l i ty on FWD Data

- - - - - - - ?

Si te  No:36  Date :7 /88  Sta t ion :O to  2o
- - - - - - i :

Stn IrOad D-1 Coeft. Dl*Coeft D-6 D6*Coeft

I
t
t
t
I
I
I
t
I

o
1
2
3
4
5
6
7
8
9

1 0
1 1
L2
1 3
14
1 5
16
L7
1 8
19
2 0

8504
a544
8504
a496
8 5 1 2
8 6 4 8
8424
a376
8 3 8 4
8 6 5 5
a 2 7 2
a264
8240
8272
8320
8 2 8 0
8 1 8 4
8 3 6 8
8 3 6 8
8296
8 2 8 0

8 3 9 0

1 3 1  .  3 1

1 .  5 6 5

2L .7  40
1 5 . 0 6 0
1 6 . 6 8 0
1 5 . 0 6 0
1 5 . 4 2 0

8 . 2 6 0
1 1 . 8 6 0

6 . 8 0 0
1 4 . 1 5 0

8 . 3 0 0
1 3 . 2 4 0
1 8 . 5 8 0
L9 .720
1 4 . 4 7 0

9 . 7 2 0
1 1 . 6 2 0
2 0 . 9 1 0
1 1 .  1 1 0
1 1 .  3 8 0
1 0 .  6 3 0
1 4 . 9 0 0

1 3 . 7 9 1

4 . 0 5 9

2 9 . 4 3 0

1 .  3 7 0
1 .  6 6 0
1 . 4 6 0
1 .  4 6 0
1 . 2 5 0

o . 8 5 0
L . 4 2 0
1 .  5 0 0
0 . 7 3 0
1 . 1 3 0
1 .  0 1 0
L . 4 2 0
1 .  0 5 0
1 . 1 7 0

1 .  2 8 1
1 . 4 4 3
t . 7 5 7
L . 5 4 7
L . 5 4 4
1 .  3 0 1

1 . 0 5 8  2 3 .  O 0 8  1 - 2 1 0

L . O 7  4 7 . 3 0 7 1 .  O 9 0
1 .  0 7 3  1 5 .  1 9 0  0 .  8 5 0
1 . 0 4 0 8 . 6 3 0  1 . 1 3 0

1 . O 5 3  1 5 . 8 5 4
1 . O 5 8  L 7 . 6 5 3
1 .  O 5 9  1 5 . 9 5 3
1 .  O 5 7  1 6 . 3 0 4
1 . 0 4 1  8 . 5 9 6
1 . 0 6 8  L 2 . 6 7 1

1 .  O 8 8  1 4 . 4 0 5
1 .  0 8 9  2 0  . 2 3 5
L . O 9 2  2 L . 5 3 9
1 .  0 8 8  1 5  . 7  4 3
1 . 0 8 2  1 0 . 5 1 4
1 . 0 8 7  L 2 . 6 3 0
1 . 1 0 0  2 2 . 9 9 5
L . O 7 6  1 1 . 9 4 9
L . 0 7 6  L 2 . 2 3 9

1 .  O 5 0  L . L 2 2
1 . 1 7 1
0 . 9 1 2
1 .  1 7 5
o . 9 2 s
1 .  5 4 5
1 . 6 3 8
o . 7 9 4
L . 2 2 2
1 .  0 9 8
L . 5 6 2
L . t29
1 .  2 5 8
1 . 1 3 9
L . 2 2 8

L . 2 7 6

o . 2 4 9

1 . 0 8 5  1 1 . 5 3 2  1 . 0 5 0
1 . 0 8 7  1 6 . 1 9 6 1 .  1 3 0

1 . 0 7 3  1 4 . 8 1 7 1 . 1 9 0

o . 2 3 50 . 0 1 7

1 . 5 5 3

Mean

STD*

c .o . v * *

4  . 4 2 5

2 9 . 8 6 3  L 9  . 7 5 2  1 9 . 5 0 7

* STD-Standard Deviation **c.  o.  V- (std.  DevlMean) *  too

t
" l
I
I
I
I
I
I
I
I



Table: A20 Effect of site variabi l i ty on FWD Data

I
Site No:36 Date:2/89 Sta t ion :O to  20

Stn Load D-1 Coeft. D1*Coeft D-6 D5*Coeft

0
1
2
3
4
5
6
7
8
9

10
1 1
L2
13
L4
15
16
L7
18
19
2 0

I
I
I
I
I
I
I

9 4 0 8
9 8 0 0
957 6
9528
9 4 1 5
9432
9496
9504
9 4 0 0
9448
9448
9392
9296
9288
9472
9376
9 3 6 8
9320
9320
9 3  6 8
9352

2 . 6 9 0
2 . 9 6 0
1 .  8 6 0
2  .2LO
2 . 3 7 0
1 . 2 3 0
1 . 7 8 0
1 . 3 4 0
2 . O 2 0
1 .  5 4 0
1 . 5 8 0
1 .  5 8 0
2 . O 2 0
1 . 5 4 0
1 . 5 4 0
1 . 4 6 0
1 . . 7 8 0
3 . 2 0 0
2 . 5 3 0
1 . 9 4 0
2 . L 7 0

o . 9 5 7
o . 9 1 8
0 . 9 4 0
0 . 9 4 5
o . 9 5 6
o . 9 5 4
o . 9 4 8
o . 9 4 7
o . 9 5 7
o . 9 5 3
o . 9 5 3
o . 9 5 8
o .  9 6 8
o .  9 6 9
o . 9 5 0
o .  9 6 0
o .  9 6 1
o . 9 5 6
o .  9 6 6
o .  9 5 1
o . 9 6 2

2 . 5 7 3
2 . 7 L 8
L . 7 4 8
2 . 0 8 8
2 . 2 6 5
L . L 7 4
L . 6 8 7
L . 2 6 9
L . 9 3 4
L . 4 6 7
1 . 5 0 5
1 . 5 1 4
1 . 9 5 6
L . 4 9 2
1 . 4 6 3
1 . 4 0 1
1 . 7 1 0
3 .  O 9 0
2 . 4 4 3
1 . 8 6 4
2 . 0 8 8

0 . 7 3 0
0 . 7 3 0
o . 7 ' I O
o . 7 7 0
0 .  6 5 0
0 .  6 9 0
o . 5 7 0
0 .  6 5 0
o .  5 7 0
o . 5 7 0
o . 5 3 0
o . 6 1 0
o .  6 1 0
o . 4 9 0
o .  6 5 0
o . 6 1 0
o . 6 9 0
o . 5 3 0
o . 6 L o
o .  s 7 0
o . 4 4 0

o .  6 9 8
o . 6 7 0
o . 7 2 4
o . 7 2 7
o .  6 2 1
0 . 6 5 8
0 . 5 4 0
0 .  6 1 6
o .  5 4 5
0 . 5 4 3
o .  5 0 5
o . 5 8 5
o .  5 9 1
o . 4 7 5
0 . 5 1 8
o . 5 8 6
0 . 6 6 3
o . 5 1 2
o .  5 8 9
o . 5 4 8
o . 4 2 3

t
I

Mean

STD*

C.  O .  V r t *

9429

1 1 1 .  7 1

1 . 1 9 5

1 .  9 6 9

o . 5 2 3

2 6 . 5 4 9

o . 9 5 5

o .  0 1 1

1 .  1 6 3

L . 8 7 9

0 .  4 9 6

2 6 . 3 9 4

o .  6 2 1

o . 0 8 7

1 3 . 9 5 0

o . 5 9 2

o . o 7 9

1 3 . 2 9 0

I 

* sTD-srandard Deviation

I

**C.O.V-  (Std.  Dev/Mean)  *1OO

I
I
I
I



Table:  A21 Ef fect  o f  s i te  Var iab i l i ty  on FWD Data

---:i1!:-::!1I--:--:----------rat:;l-;-t---:--------::::::::e-::-33
stn Load D-1 coeft. 

"i::::::-----3:!----3:::::::
o  8 5 2 8  3 5 . 4 2 0  1 . 0 5 5  3 7 ' 3 8 0  1 ' 9 O O  2 ' 0 0 5

i  e ] l . z  2 3 . 2 8 0  1 . 0 9 9  2 5 . 5 7 6  1 . 4 6 0  1 . 6 0 4

2 9 2 7 2 2 7 . L 9 o 0 . 9 7 1 2 6 . 3 9 2 1 . 6 5 0 1 . 6 1 1
3 g L 4 4 2 3 . 6 0 0 0 . 9 8 4 2 3 . 2 2 8 2 . 1 0 0 2 . 0 6 7
4 8 1 5 2 2 4 . 5 L o 1 . 1 0 4 2 ? . 0 6 0 . 1 . 8 6 0 2 . 0 5 3
5 8 1 2 0 2 3 . 8 7 0 1 . 1 0 8 2 6 . 4 5 7 1 . 8 2 0 2 . o L 7
6 8 0 4 0 2 7 . 2 7 0 1 . 1 1 9 3 0 . 5 2 6 1 . 8 2 0 2 . 0 3 7
7  8 1 6 8  3 1 . ? 8 0  1 . 1 0 2  3 5 ' 0 1 ?  1 ' 9 4 0  2 ' L 3 8

8 8 1 6 8 2 2 . 2 : . : 0 1 . 1 0 2 2 4 . 4 7 2 1 . 8 2 0 2 . 0 0 5
g 8 2 4 8 L 7 . 6 7 o 1 . 0 9 1 L 9 . 2 8 L 1 . 5 0 0 L . 6 3 7

1 0 8 2 4 8 1 9 . 9 2 0 1 . 0 9 1 2 ] - . 7 3 6 1 . 6 5 0 1 . 8 1 1
1 1 8 2 o o 2 o . L 2 o 1 . 0 9 8 2 2 . 0 8 3 1 . 3 3 0 1 . 4 5 0
L 2 8 3 2 8 2 L . 7 4 0 1 . 0 8 1 2 3 . 4 9 4 2 . 2 6 0 2 . 4 4 2
1 3 8 0 0 0 2 2 . 4 9 0 1 . 1 2 5 2 5 . 3 0 1 2 . 2 6 0 2 . 5 4 3
L 4 8 1 8 4 2 4 . 3 5 0 1 . 1 0 0 2 6 . 7 7 e 2 . L 4 o 2 . 3 5 3
1 5 9 3 2 0 2 3 . 6 0 0 0 . 9 6 6 2 2 . 7 9 0 2 . 3 5 0 2 . 2 6 9
1 6 9 0 7 2 2 6 . 6 8 0 0 . 9 9 2 2 6 . 4 6 8 2 . 2 6 0 2 . 2 4 2
L 7  8 0 2 4  3 1 . 6 6 0  L . L 2 2  3 5 . 5 1 1  2 - 3 9 0  2 . 6 8 L
1 8  7 8 0 8  3 3 . 4 8 0  1 . 1 5 3  3 8 . 5 9 1  2 . 5 1 0  2  - 8 9 3
1 9  8 0 8 8  2 8 . 4 2 0  1 . 1 1 3  3 L . 6 2 5  2 - 3 0 0  2 . 5 5 9
2 0  8 0 8 8  2 9 . 6 9 0  1 . 1 1 3  3 3 . 0 3 8  2 -  1 8 0  2 . 4 2 6

8352 25.664 1 .  O 8 0  2 7  . 7 5 3

I
I
I
I
I
I
I

Mean

s r D *  4 3 5 . 6 1 4 . 6 0 3

c .  o . v * *  5 . 2 1 6  L 7  . 9 3 4

0 .  o 5 3 5 .  3 6 8

4 . 9 0 2  L 9 . 3 4 4  1 6 . 4 8 4  L 7 . 4 2 3

L . 9 7 7

o . 3 2 6

2 . L 3 6

o . 3 7 2

* STD-Standard Derviation **C.  O.  V-  (s td,  DevTMean) *  tOO

I
I
I
I
I
I
I
I
I
I
I
I



Table: A22 Effect of Site Variabil i ty on FWD Data

Si te  :31o Date :L /89  s ta t ion :O to  20

stn Load D-l Coeft. Dl*Coeft D-5 D6*Coeft

o
1
2
3
4
5
5
7
I
9

10
1 1
L2
13
14
L5
16
L7
18
19
2 0

10152
9976
9 7  4 4
9704
9 6 8 0
9 5 6 0
95L2
9552
9576
9 5 0 4
9s2A
9 4 7 2
9 5 3 6
9 4 4 8
9456
9448
9472
9 4 4 0
9432
9496
9424

1 . 7 8 0
L . 7  4 0
1 .  7 0 0  0  . 9 2 4
1 . 7 8 0
1 . 9 4 0
1 . 9 4 0
1 . 5 6 0
1 .  5 6 0
L . 7 4 0
1 . 9 4 0
1 .  6 5 0
1 .  7 8 0
1 . 5 8 0
1 .  7 8 0
1 .  7 4 0
1 .  8 2 0
1 .  8 2 0
1 .  6 2 0
1 . 7 8 0
1 . 4 6 0
1 .  8 2 0

o . 8 8 ?  1 . 5 7 8
o . 9 0 2 1 . 5 7 0

1 .  5 7 0
o  . 9 2 7  1 .  5 5 1
0 . 9 3 0  1 . 8 0 4
o . 9 4 1
o . 9 4 6
o . 9 4 2
o .  9 4 0

o . 9 4 4
0 . 9 5 3
o . 9 5 2
o . 9 5 3

o . 9 5 3
o . 9 5 4

L . 8 2 6
L . 5 7 L
1 . 5 6 4
1 . 6 3 5

1 . 4 9 1
1 .  5 9 5
1 . 5 5 6
L . 7 3 4

1 . 5 4 4
1 .  6 9 8

o . 8 9 0
0 . 7 3 0
0 . 8 1 0
0 . 8 1 0
0 . 8 1 0
0 . 8 5 0
o . 8 1 0
0 . 8 1 0
o . 9 3 0
0 . 9 3 0
o .  8 9 0
o .  8 9 0
o . 7 7 0
0 . 8 9 0
0 . 9 3 0
o . 8 9 0
o . 8 5 0
o . 7 7 0
0 . 7 3 0
0 . 5 7 0
o . 7 3 0

0 . 7 8 9
0 . 6 5 9
0 . 7 4 8
0 . 7 5 1
0 . 7 5 3
0 . 8 0 0
o . 7 6 6
o . 7 6 3
o . a 7 4
0 . 8 8 1
0 .  8 4 1
0 . 8 4 6
o . 7 2 7
0 . 8 4 8
0 . 8 8 5
0 . 8 4 8
o .  8 0 8
o , 7 3 4
o  . 6 9 7
0 . 5 4 0
o . 6 9 7

I
I o . 9 4 7  L . 8 3 7

o . 9 4 5 1 .  5 5 8
o . 9 5 0  1 . 5 9 1

o . 9 5 0  L . 7 2 9

o . 9 4 8  1 . 3 8 4
o . 9 5 5 1 . 7 3 8

Mean

STD*

c .  o .  v * *

9577

1 8 2 . 4 1

1 . 9 0 5

1 .  7 5 0

0 .  1 1 6

6 .  6 5 3

o . 9 4 0

o .  0 1 7

1 . 8 3 9

1 .  6 4 5

0 .  1 1 2

6 , 7 9 5

0 . 8 2 3

0 . 0 8 6

L O . 4 2 3

o . 7 7  4

0 . 0 8 2

1 0 .  6 1 5

* STD-Standard Deviation **C.O.V-  (S td .  Dev lMean)  *100

I
I
I
I
I



I
I
I
I
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I
I
I
I
I
I
I
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I
I
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APPEI{DDT B

NONLINEARITY OF F'wD DATA



Table: Bl Effect of Non-Linearity on Ft{D Data

S i t e : 1 1  D a t e : 8 - 8 8  S t n : 6 r 8 r L 2 r L 7 , 2 O  I------- l
station Load D-l D-1 sTDrr D-6 D-6 STD*

6 . 0 0  9 3 0 4 . 0 0  5 . 1 0  5 . 5 3  0 . . 3 0  0 . 3 2  0 . 3 5  0 . 0 4  r

I
I

6 . O 0  1 2 2 5 5 . 0 0
6 . 0 0  1 7 4 4 8 . 0 0

7 . 0 4
9  . 4 9

5 . 1 7
4 . 9 0
4 . 7 3

6 . 3 6  0 . 4 5
5 . 9 7
5 . 4 5
5 . 2 0

5 . 3 2  0 . 3 0  0 . 3 2
4 . 9 7  0 .  4 0
4 . 6 5  0 . 5 3
4 . 5 8  0 . 6 1

o . 2 9
o . 2 5
o  . 2 3

3:13 o '04 
Io . 2 7

o . 2 5

o . 3 4  o . o 4  I
o . 2 6

3:31, I

0 . 4 0
0 . 4 9
o . 5 7

o . 3 2
0 . 3 6
o . 5 7
o . 5 7

I6 . O 0  2 2 2 6 4 . O O  1 1 . 7 0

8 . O 0  g 2 g g . 0 0  4 . 9 0
g .  o 0  L 2 2 4 4 . O 0  6 . 7 6
9 . 0 0  1 7 6 0 9 . 0 0  g . o g
8 ; 0 0  2 2 2 L 6 . O 0  1 1 . 3 0

1 2 . 0 0  9 3 9 2 . 0 0  5 . 9 3
L2.OO L2392.O0 9 .22
1 2 . O 0  L 7 7 4 4 . O O  1 0 . 7 5
12.OO 22384.OO L2.93

1 7 ' o o  8 4 2 4 . o o  5 . 5 3  5 . 9 1  o . 3 z  0 . 3 6  o . 3 8  o1 z . o o  L 2 3 2 B . o o  z . i g  5 . 6 9  0 . 4 9  0 . 3 6  
' 0 3  

I1 7 . O O  1 7 5 0 4 . 0 0  1 o . o g  5 . 1 9  0 . 6 1  0 . 3 1
1 7 .  O O  2 2 3 9 2  . O O  L 2 . 4 L  4 . g g  o . 7 7  0 .  3 1

2 o . o o  8 4 6 4 . 0 0  4 . 9 g  5 . 3 0  o . 4 z  o . 2 4  0 . 2 6  0 . 0 6  I2 0 . o o  L 2 4 6 4 . O 0  6 . 6 9  4 . g 2  0 . 4 0  0 . 2 g2 0 . o o  1 7 5 6 0 . 0 0  g . 5 g  4 . 4 0  0 . ? 3  0 . 3 7
_39:39___izi ie.oo ro.ss 4.2o o.e8 o.3e I
lrEiArr :'n o o 6li;-----;:;;-----; :;;---;;- 

----;:;;-----;:;;----;----

*srD_srandard Devi.arion 
-----:-------:--:-------:------: -::-- -l-11 t

I

I
I
I
I
I
I



Tablez 82 Effect of Non-Linearity on FWD Data

S i te :11 D a t e : 2 - 8 9  S t n : 6 , 8  r L 2 , L 7  , 2 0
I

I Station L,oad D-l D-l STD* D-6 D-6 STD*
(Lbs)  (gooolbs)  (eoooLbs)

I  
- - G . o o  

9 8 9 6 . 0 0  1 o . o g  g . L 1  o ? g 5  o . g 5  o . 7 7  0 . 0 6
I  i . O O  1 4 4 4 O . O O  1 3 . 2 8  g . 2 g  1 . 1 3  O . 7 OO r  UU I4 l f l i lV  o  VU

6 .  O O  1 9 3 5 2  .  O O  1 5 .  g 1  7  . 3 5  L . 3 ' 7  ' O  .  6 4
I  6 . 0 0  2 3 6 0 8 . 0 0  1 9 . 3 4  6 . 9 9  L . 6 2  A . 6 2
I

8 . O O  9 8 4 8 . 0 0  7 . 4 7  6 . 8 3  0 . 3 2  0 . 5 7  0 . 5 2  0 . 0 1
I  8 . O O  1 4 3 2 0 . 0 0  9 . 8 8  6 . 2 L  o - 8 5  O - 5 3
I  8 . O O  1 9 1 9 2 . 0 0  1 3 . 0 4  6 . L 2  1 - O 9  O - 5 1
'  

8 - O O  2 3 4 7 2 . O O  1 5 . G 9  6 . 0 2  L . 2 9  O . 4 9

I  1 2 . O O  9 5 3 6 . 0 0  1 4 . 3 5  1 3 . 5 4  L . 4 9  L . 8 2  L . 7 2  O . z L
I  1 2 . o o  1 3 8 8 8 . 0 0  1 ? . 8 3  1 1 . s 5  2 . 2 2  L . 4 4

1 2 . O O  1 9 2 4 4 . 0 0  2 L . 7 9  1 0 . 4 6  2 . 6 2  L . 2 g
I  1 2 . O O  2 2 9 4 4 . 0 0  2 4 . 3 5  9 . 5 5  Z . g L  1 . 1 4
I

1 7 . O O  9 5 4 4 . 0 0  1 1 . 1 9  1 0 . 5 5  0 . 8 3  0 . 7 3  0 . 6 9  0 . 0 3

I  1 7 . O O  1 3 9 1 2 . 0 0  1 4 . 1 5  9 . 1 5  1 . 0 1  0 . 6 5

I  1 7 . O O  1 9 7 2 0 . 0 0  L 7 . 7 5  9 . 5 3  L . 2 9  0 . 6 2
1 7 . 0 0  2 2 9 5 2 . 0 0  z L . ' l O  9 . 5 1  1 . 5 4  0 . 5 0

M E A I |  :  L 5 6 7 9  . 2 4  L 4  . 3 7  8 . 1 O  O .  6 8  L . 2 7  O  . 7 1  O .  0 6

o  . 5 7  0 .  5 4  0 .  0 3
0 . 8 1  0 . 5 3
1 . O 5  0 . 5 1
L . z L  O . 4 ?

0 .  6 02 0 .  o o  9 4 5 6 .  0 0  g  . 2 L  9 . 7 7
2 0 . o o  1 3 9 1 6 . 0 0  1 l . g g  ? . g o
2 0 . o o  1 9 5 6 4 . O 0  1 4 . 9 4  7 . 2 0
2 0 . o o  2 2 9 6 0 . 0 0  1 9 . 9 3  7 . 4 2

t
I
t *STD-Standard Deviation

I
I
I
I
I
I
I



S i t e : 1 2

Table: 83 Effect of Non-Linearity on FWD Data

Da te :8 -88 S t n :  6  r 8 , L 2 , L 7  , 2 0

I
I
IStation Load D-l

( tbs)
D-1 STD*

(s0ooLbs)
D-6 STD*

(90Oolbs)
D-5

I6 .  O 0
6 .  O O
5 .  O 0
5 .  O 0

8 .  O 0
8 .  O O
8 . 0 0
8 .  O O

1 2 .  O O
1 2 .  O O
1 2 .  O O
1 2 .  O O

1 7 .  O O
1 7 .  O O
1 7 .  O O
1 7 .  O O

2 0 .  o o
2 0 .  o o
2 0 .  o o
2 0 .  o o

8 4 2 4 . 0 0
1 2 5 2 8 .  O 0
1 7 7 5 8 .  O 0
22352.OO

9 6 4 0 .  0 0
1 2 6 1 6 .  O 0
L7792 .OO
22328.OO

8 7 5 0 .  0 0
1 2 5 6 8 .  O O
L 7 7 4 4 . O O
2 2 3 6 0 .  O 0

8 5 6 8 .  O O
1 2 6 0 8 .  O O
L 7 7 4 4 . O O
2 2 4 0 0 .  O 0

8 3 7 5 .  0 0
1 2 4 8 0 .  0 0
1 7 5 1 6 .  O O
22208.OO

3 . 2 0
4 . 3 9
5 . 6 9
6 . 8 0

3 . 9 5
5 . 5 7
7 . 3 9
9 . 0 5

4 . 3 s
5 . 7 3
7 . 3 L
4 . 6 2

5 . 0 2
7 .  0 8
g . 0 g

1 0 . 9 5

5 . 7 7
g . 1 9

1 0 .  5 7
1 2 . 8 1

3 . 4 2
3 . 1 5
2 . 8 8
2 . 7 4

4 . 1 1
3 . 9 7
3 . 7 4
3 . 6 5

4 . 4 7
4 . 1 0
3 . 7 L
3 . 4 7

5 . 2 7
5 .  0 5
4 . 6 1
4 . 4 0

6 . 2 0
5 . 9 0
5 .  4 5
5 . 1 9

o. .26

o .  1 9

o .  3 8

o .  3 5

o . 3 9

0 .  3 2
0 .  3 6
0 . 4 9
0 . 5 7

0 .  5 3
o . 7 3
1 . 0 1
L . 2 5

0 . 4 9
o . 6 9
o . 7 7
o . 9 7

o .  4 4
0 . 6 5
0 . 8 9
1 . 1 3

o . 5 7
0 . 8 5
1 . 1 7
L . 4 6

0 . 3 4
0 . 2 6
o . 2 5
o . 2 3

0 . 5 5
0 .  5 2
0 . 5 1
0 . 5 0

0 .  5 0
0 . 4 9
0 .  3 9
o . 3 9

0 . 4 6
o .  4 6
o . 4 5
0 . 4 5

0 .  6 1
0 . 6 1
o . 6 0
0 .  5 9

0 .  0 4

I
o'o2 

l

o .os  I

I
o . o 1  

I

0 . 0 1

HEiAlf : 1 4 5 6 5 . 7 1 6 . 7 4 4 . O 7 o . 2 6 o . 7 3 0 . 4 4 o . 0 2

*STD-Standard Deviation

I
I
I
I
I
I
I
I
I
I



Table: 84 Effect of Non-Linearity on FWD Data

D a t e : 2 - 8 9  S t n : 6 , 8 , L 2 , L 7  ' 2 O

I Station Load D-l D-l sTD* D-6 D-6 sTD't
I  (Lbs)  (eooolbs)  (eooolbs)

} I E A N :  L 5 6 5 7  . 5 2  6 . 3 9  3 . 5 5  O .  1 1  O . 9 3  0 . 5 1  0 . 0 2

*STD-Standard Deviation

I  s i te :12

o . 2 8  0 . 2 6  0 . 0 2
o . 4 4  0 . 2 8
0 .  5 3  0 . 2 5
o . 5 7  9 . 2 2

0 .  6 5  0 .  5 0  0 .  0 2
0 . 9 3  0 . 5 9
1 . 3 3  0 . 6 3
1 . 6 5  0 . 6 4

|  6 . 0 0  9 7 7 6 . 0 0  2 . 7 7  2 . s 5  O - 1 4

t  6 .  o o  1 4 3 5 2  .  o o  3  . 7 2  2 . 3 3
6 .  O 0  1 9 1 3 6 .  O 0  4  . 7 8  2 . 2 5

I  
6 . 0 0  2 3 4 7 2 . O O  5 . 6 5  2 . L 7

I  g . o o  g 7 4 4 . o o  3 . g 7  3 . s 7  o - o 5
8 . 0 0  1 4 2 4 8 . 0 0  5 . 4 9  3 . 4 7

I  8 . o o  l e o 8 o . o o  7 . 3 s  3 . 4 7
I  8 . o o  2 3 3 2 0 . o o  8 . 9 7  3 . 4 6

0 . 5 7  0 . 5 3  0 . 0 3
0 . 7 3  0 . 4 6
o  . 9 7  0 . 4 6
1 . 1 7  0 . 4 5

0 . 6 1  0 . 5 9  0 . 0 0
0 . 8 9  0 . 5 7
1 . 2 1  0 . 5 8
1 . 4 6  0 . 5 7

I  1 2 . 0 0  9 6 9 6 . 0 0  3 . 7 6  3 . 4 9  0 - 1 6
t  1 2 . 0 0  1 4 2 o 8 . o o  5 . 2 2  3 . 3 1

1 2 . 0 0  1 8 9 6 8 . 0 0  6 . 6 4  3 . 1 5
I  1 2 . 0 0  2 3 2 2 4 . O O  7 . 9 5  3 . O 8

r  1 2 .  o o  9 4 5 4 .  o o  5 . o 2  4 . 7 7  0 . 1 8
1 7 . 0 0  1 4 0 1 6 . 0 0  7 . 0 4  4 . 5 2

I  1 z . o o  1 8 2 2 6 .  o o  9 . 1 3  4 . 3 8
I  1 z . o o  2 3 0 1 6 . 0 0  1 0 . 9 9  4 . 3 0

o . 7 7  0 . 7 3  0 . 0 2
1 . 1 3  0 . 7 3
1 . 5 8  0 . 7 9
1 . 9 8  0 . 7 9

2 o . o o  9 4 3 2 . O O  5 . 4 5  5 . 2 0  0 . 1 2
2 0 . o o  1 3 8 9 6 . 0 0  7 . 8 3  5 . O 7
2 0 . o 0  1 8 0 6 4 . O O  L O . 2 4  5 . 1 0
2 0 . o o  2 2 9 2 0 . o o  L 2 . 4 L  4 . 8 7

I
I
I
t
I
I
I
I
I
I



I
Table: 85 Effect of Non-Linearity on FWD Data

f

S i t e : 1 6  D a t e : 8 - 8 8  S t n :  6 , 8 , L 2 , L 7  , 2 O  I-------  r
Station Load D-l D-l STD* D-6 D-6 STD* r

( tbs)  (e000l . ,bs)  (eoooLbs)

6 . 0 0  8 6 4 0 . 0 0  6 . 6 8  6 . 9 6  o - 1 1  0 . 9 3  0 . 9 7  0 . 0 3  I
6 .OO L2776 .OO
6 . 0 0  L 7 8 2 4 . O O
6.00  223L2 .OO

g .  o o  8 5 8 4 . 0 0
8 . 0 0  1 2 6 6 4 .  O 0
8 . O O  1 7 6 8 8 . 0 0
8 .OO 22232 .OO

1 2 .  O O  8 5 2 0 . 0 0
1 2 .  O O  1 2 6 0 8 . 0 0
1 2 .  O 0  1 7 7 3 6 .  O O
1 2 . 0 0  2 2 2 5 6 . O O

1 7 . O 0  8 4 1 6 . O 0
17 .00  L2524 .OO
1 7 . 0 0  1 7 6 8 0 .  O 0
1 7 .  O O  2 1 8 9 6 .  O 0

2 0 . o 0  8 3 6 8 . O 0
2 0 . o o  1 2 4 3 2 . O 0
2 0 . 0 o  1 7 5 9 2 . 0 0
2 0 . 0 0  2 L 7 8 4 . O O

1 0 .  0 0
1 3 . 6 0
L6 .72

7 . 0 4
1 0 . 5 9
L4 . ' 18
1 8 . 3 8

6 . 9 2
LO.24
1 4 .  0 3
L 7 . 2 7

5 . 7 7
9 . 6 6

1 1 .  9 4
1 5 .  0 2

6 . 6 4
1 0 .  0 8
1 3 . 9 9
L 7 . 4 3

7 . 0 4
6 . 8 7
6 . 7 4

7  . 3 8  0 . 0 6
7 . 5 3
7 . 5 2
7 . 4 4

6 . L 7  0 . 0 5
6 . 2 2
5 .  0 8
6 . L 7

7  . 3 L  O .  1 4  0  . 7 3
7 . 3 1  1 . O 5
7  . L 2  1 .  5 0
6 . 9 8  2 . O 2

1 . 4 2  1 .  O O
2 . O 2  t .  0 2
2 . 5 9  1 .  0 4

o . 8 9
L . 2 9
1 . 9 0
2 . 3 9

o . 7 7
L . L 7
1 . 6 6
2 . L 4

o . 9 3  0 .  0 2
o . s 2  Io . g 7
o . 9 7

o . 7 7  0 .  0 3  I
o . 7 5

3.23 I
o . 8 2  0 .  0 2

i:33 I
o . 8 8

0 . 9 6  0 . 0 3  I
o . 9 6
o . 9 7
L . o 2  ' l

t

7  . L 4  0 .  0 6  0 .  8 9
7 . 3 0  1 . 3 3
7  . L 6  1 .  9 0
7 . 2 O  2 . 4 7

MEiA,l{:  145O1. 52 1 1 . 2 3 6 . 6 5  0 . 0 7 1 .  4 8 o .  g 7  0 . 0 2

I
*STD-Standard Deviation

I
I
I
t
I
I
I



I  s i te :16

Table: 86 Effect of Non-Linearity on FWD Data

D a t e z 2 - 8 9  S t n : 6 r 8 , L 2 ' L 7 , 2 0

I Station Load D-l D-1 sTD* D-5 D-6 sTD*
a (Lbs) (eooolbs) (soool . ,bs)

I  1 2 . O O  9 2 O 8 . O O  4 . 5 1  4 . 4 L  0 . 0 9  1 . 1 3  1 . 1 O  O . O 2

I  1 2 . o o  1 3 5 5 2 . 0 0  6 . 8 0  4 . 5 2  1 . 6 5  1 . 1 o
1 2 . 0 0  1 8 3 6 8 . 0 0  9 . 3 3  4 . 5 7  2 . 3 0  1 . 1 3

I  
1 2 .  O O  2 2 5 2 O . O O  L L . 6 2  4 . 6 4  2  - 8 ?  1 -  1 5

It  1 Z . O O  9 2 8 0 . 0 0  3 . 6 8  3 . 5 7  0 . 0 9  1 . 0 5  1 .  0 2  0 . 0 5
1 7 . O O  1 3 7 3 6 . 0 0  5 . 6 1  3 . 6 8  1 . 7 0  1 - 1 1

I  1 7 . o o  1 g s 3 6 . o o  7 . ? 5  3 . 7 6  2 . 2 2  1 . o B
I  1 7 . o o  2 2 g o g . o o  9 . 6 4  3 . 8 o  2 . 9 L  1 - 1 5

I I I E N { :  1 5 2 9 3 . 3 3  7  . 5 9  4 . 2 3  O .  0 6  2  - 0 6  1 .  1 5  O .  0 2

1 . 3 3  L . 2 6  0 . O 2
1 .  9 8  L . 2 g
2 . 7 L  1 .  3 0
3 . 3 6  T . 3 2

L . 2 9  L . 2 4  0 . 0 1
1 . 9 0  L . 2 4
2  . 5 9  L . 2 6
3 . 1 9  L . 2 6

I  6 . 0 0  9 5 2 0 .  O O  4 . 4 7  4 . 2 3  0 . 0 6

I  6 . 0 0  1 3 9 1 2 . O O  5 . 6 0  4 . 2 7
6 . 0 0  1 8 7 1 2 . 0 0  9 . 0 5  4 . 3 5

I  
6 . 0 0  2 2 9 5 2 . O O  1 1 . 1 1  4 . 3 6

t  s . o o  9 3 9 2 . o o  4 . 8 6  4 . 6 6  o . 1 o
8 .  O 0  1 3 8 2 4 .  O 0  7  . 3 L  4 . 7 6

I  8 . o o  1 8 5 4 4 . 0 0  1 o . o g  4 . 8 9
I  8 . o o  z 2 ' 2 4 . o o  L z . A s  4 . 9 1

L . 2 9  L . 2 7  0 . 0 3
1 . 8 6  1 . 2 3
2 . 6 ?  1 . 3 1
3  . 2 3  1 .  3 0

2 0 . o o  9 1 4 4 . O O  4 . 9 0  4 . 8 2  0 . 0 5
2 0 . o o  1 3 5 8 4 . O O  7 . 3 1  4 . 4 4
2 0 . o o  1 8 3 1 2 . O O  1 0 . 0 0  4 . 9 1
2 0 .  o o  2 2 4 3 2 . O O  1 2 . 3 3  4 . 9 5

I
I
I
I *sTD-standard Deviation

I
I
I
I
I
I
I



Table: 87 Effect of Non-Linearity on FWD Data

S i t e : 1 7 Da te :  8 -88 S t n :  6 , 8  r L 2 , L 7  , 2 O

I
I
IStation Load D-1 D-1

(Lbs)  (eoooLbs)
D-6 D-6 STD'I

(9ooo lbs)

I6 .  O 0  5 7 0 4 . 0 0  9 . 7  6
6 . O 0  8 1 4 4 . 0 0  L 4 . 0 7
6 . 0 0  1 1 0 7 2 . O 0  L t . 9 9
6 . 0 0  1 3 4 0 8 . 0 0  2 0 . 8 7

8 . O O  5 6 8 0 . 0 0  g . g 1
8 . O O  8 1 2 0 . O 0  L 2 . 9 7
8 . O 0  1 1 0 8 5 . O 0  L 6 . 7 6
g .  o 0  1 3 5 4 4 . 0 0  1 9 . 4 9

1 2 . O O  6 0 1 6 . O 0  1 0 . 9 9
1 2 .  O O  8 3 6 8 . 0 0  1 5 . 8 5
1 2 . 0 0  1 0 9 2 8 , O 0  2 0 . L 6
1 2 . 0 0  1 3 1 7 6 . 0 0  2 3 . 3 2

1 7 . 0 0  5 7 2 8 . O O  1 0 . 0 4
1 7 .  O O  8 3 5 0 .  O 0  1 4 . 6 3
1 7 .  O 0  1 1 0 0 8 .  O O  1 8 . 7 0
1 7 . 0 0  1 3 2 5 6 . 0 0  2 1 . 5 8

2 0 . o 0  5 1 2 0 . 0 0  L 2 . 6 9
2 0 . 0 0  7 9 L 2 . O O  L 7 . 9 9
2 0 . o 0  1 0 9 2 0 . 0 0  2 2 . 7 7
2 0 . o o  1 3 3 8 4 . O 0  2 6 . 2 9

1 5 .  4 0
1 5 . 5 5
1 4 . 6 2
1 4 . 0 1

1 3  . 9 6
1 4 . 3 8
1 3 . 5 1
L 2 . 9 5

L6 .44
1 7 .  0 5
1 6 .  6 0
1 5 . 9 3

1 5 . 7 8
L5 .77
1 5 .  2 9
1 4 . 5 5

2 2 . 3 L
2 0 . 4 6
L8 .77
1 7 . 6 8

o. .62

o  . 5 2

o .  4 0

o .  4 5

1 .  7 5

o . 9 7
L . 4 2
1 .  9 8
2 . 5 9

o .  8 9
1 . 1 7
1 .  7 8
2 . L 5

1 .  0 9
L . 6 2
2 . 2 2
2 . 7 L

1 .  0 9
1 .  5 8
2 . L 4
2  . 5 L

o . 9 7
1 .  5 0
2 . 0 6
2  .4 ' l

1 .  5 3
L . 5 7
r . 6 1
L . 7 4

1 . 4 1
1 .  3 0
1 . 4 5
1 .  4 3

1 . 6 3
L . 7 4
1 . 8 3
1 . 8 5

1 . 7 1
1 . 7 0
1 . 7 5
1 . 7 0

1 . 7 1
1 . 7 1
L . 7 0
1 . 6 5

0 .  0 g

o .oe  I

I
o . 0 2  

I

o . 0 2  |

I
0 . 0 6  

I

I
MEAI{: 9 0 9 1 . 6 2 1 5 . 9 9 L5.29 0 . 6 3 1 .  6 5 1 . 5 6 0 .  0 4

T
*STD-Standard Deviation

I
I
I
I
I
I
I



S i t e : 1 7

Tab1e: BB Effect of Non-Linearity on FWD Data

D a t e  z 2 - 8 9  S t n :  6  , 8 , L 2  , L 7  , 2 0
I
I

t station Load D-]. D-l sTD* D-6 D-6 STD*
(Lbs) (9oooLbs) (s00oLbs)

I
t  6 . 0 0  6 2 9 . 6 . 0 0  9 . 8 4  L [ . o z  o . g 8  1 . 4 6  2 . o 9  o . o 4
t  6 . 0 0  9 o 2 4 . o o  1 4 . 0 3  1 3 . 9 9  2 . L 4  2 . 1 3

6 .  O 0  L 2 4 7 2 . O O  L 7  . 8 7  1 2 . 9 0
I  6 . 0 0  1 5 2 z 6 . 0 0  2 o . g L  1 1 . 9 3
a

I  8 . O O  8 9 7 6 . 0 0  1 1 . 9 8  1 2 ; 0 1
I  g . o 0  1 2 5 7 6 .  O o  1 5 . 5 7  1 1 . 1 4

g . o 0  1 5 8 3 2 .  O 0  1 8 . 3 8  1 0 . 4 5

2 0 . o o  8 5 8 4 . O 0  2 7 . 2 3  2 9 . 5 5
2 0 . o o  1 1 9 3 6 . O 0  3 3 . 3 6  2 5 . L 5
2 0 . o o  1 5 0 3 2 . O 0  3 8 . 2 2  2 2 . 8 9

g . o 0  6 3 2 8 . 0 0  8 . 1 8  1 1 . 6 3  0 . 5 8  L . 2 5  1 . 7 8  0 . 0 5

2 . 8 7  2 ' . O 7
3 . 5 5  2 . O 3

1 . 9 0  1 . 9 1
2 . 5 L  1 .  g O
3 . O 7  1 . 7 5

1 . 8 6  1 . 9 5
2 . 5 5  L . g 2
3 .  X l  1 . 8 6

L . 6 2  2 . 3 5  0 . 0 7
2 . 4 3  2 . 4 7
3  . 3 2  2 . 4 4
3 . 9 6  2 . 3 0

I  1 2 . o o  G , - g z . o o  1 0 . 5 9  1 5 . 3 9  0 . 7 8r  1 2 . 0 0  8 8 4 g . o o  1 5 . 3 4  1 s . 6 o
1 2 . O O  L 2 2 3 2 . O O  L 9 . 9 2  1 4 . 6 6

I  1 2 . o o  1 5 4 g o . o o  2 3 . 4 0  1 3 . 6 0
r

1 . 5 4  2 . 2 8  0 .  0 g
2 . L 4  2 . 2 0
2 . 9 L  2 . t 4
3 . 5 2  2 .  0 5

1 7 .  O O  6 0 8 0 .  O 0  8 . 9 7  1 3 . 2 8  0 . 7 3
I  1 7 .  O O  8 7 6 0 .  O 0  1 3 . 1 2  1 3 . 4 8
I  1 7 . O O  L 2 2 3 2 . O O  1 7 . 0 0  1 2 . 5 1

1 7 . O O  1 5 4 5 6 . O 0  1 9 . 9 6  L L . 6 2

I
I
I
I
I
I
I
I
I
I

2 0 . o o  5 7 3 6 .  O O  2 0 . 6 3  3 2 . 3 7  3 . 5 8  L . 2 L  1 . 9 0  0 . 0 3

U E i N f :  1 0 1 8 3 . 2 4  L 7 . 3 6  1 5 . 1 1  1 . 0 9  2 . 3 3  L . 9 ?  O . 0 5

*STD-Standard Deviation



Table: 89 Effect of Non-Linearity on FWD Data

S i t e :  2 4 Da te :6 -88 S t n : 6 , 8  r L 2 , L 7  , 2 0

I
I
IStation Load

(Lbs)
D-1

(s00ol ,bs)
D-1 D-6 D-6

(e0oOLbs)
STD*

5 .  O O  5 9 3 6 . 0 0
6 .  O O  8 7 1 2 .  O O
6 .  O O  1 1 7 1 2 .  O O
6 . O O  1 4 0 4 8 . O O

8 .  O O  5 9 5 8 .  O O
8 .  O O  8 7 5 0 .  O O
8 . O 0  1 1 6 8 0 . O O
8 .  O O  1 4 0 8 2 .  O O

1 2 . O O  5 9 0 4 . O O
1 2 .  O O  8 7 2 0 .  O O
1 2 . O O  1 1 6 8 0 . O O
1 2 .  O O  1 4 0 5 5 .  O 0

1 7 . O O  5 7 9 2 . O O
1 7 . O 0  8 5 5 2 . 0 0
1 7 .  O O  1 1 5 4 4 .  O 0
1 7 .  O O  1 3 8 8 0 .  O O

2 0 . o 0  5 8 0 0 . 0 0
2 0 .  o o  8 5 6 8 . 0 0
2 0 . o o  1 1 5 5 2 . 0 0
2 0 .  o o  1 3 9 3 6 .  O 0

8 . 7 4  1 3 . 2 5
1 3 . 2 0  1 3 . 6 4
L 7  . 7 5  1 3 . 6 4
2 1 . 2 7  1 3 . 6 3

8 . 4 2  L 2 . 7 0
L 2  . 4 5  L 2 . 7 9
1 6 . 5 0  L 2 . 7 9
1 9 . 8 8  L 2 . 7 L

8 . 4 6  L 2 . g O
L 2 . 6 9  1 3 . 1 0
1 7 .  0 8  1 3 . 1 6
2 0 . 5 9  1 3 . 1 8

9 . 3 7  1 4 . 5 6
L 4 . 4 3  1 5 . 1 9
1 9 . 8 4  L 5 . 4 7
2 4  . 2 3  1 5 . 7 1

9 . 4 L  1 4 . 6 0
1 4 .  1 5  1 4 . 8 6
1 9 . 0 1  1 4 . 8 1
2 2 . 8 5  L 4 . 7 6

0 .  1 7

0 .  0 4

0 .  1 1

0 . 4 3

0 .  1 0

L . 2 L
1 .  8 5
2 . 5 5
3 . 1 5

0 . 9 5
L . 2 5
L . 7  4
2 . L O

o . 8 9
1 .  3 3
L . 8 2
2 . 2 6

1 .  5 g
2 . 3 9
3 . 3 6
4 . 2 L

L .  1 7
1 . 5 0
2 . 1 0
2 . 7 9

1 . 8 3
L . 9 2

' 1 . 9 6

2 . O 2

t . 2 8
1 . 2 8
1 . 3 4
1 .  3 4

1 .  3 6
1 .  3 7
1 .  4 0
1 .  4 5

2  . 4 6
2 . 5 2
2 . 6 2
2 . 7 3

1 . 9 2
1 .  5 g
1 . 6 4
1 . 8 0

o . 0 7

0 .  0 3

o .  0 3

I
o ' 1 0  

l

o. ro  I

I
I
I
I

I
litEN{: 9 5 6 5 . 8 1 L 4 . 7 9 1 3 . 2 1 0 .  1 4 1 . 9 1 1 . 7 0 0 . 0 5

I
*STD-standard Deviation

I
I
I
I
I
I
I



S i t e : 2 4

I
I
I
I
I

Table; Bl0 Effect of Non-Irinearity on FWD Data

D t e : 1 2 - 8 8  S t n : 6 , 8  r L 2 , L 7  , 2 0

station Load D-l D-1 STD* D-6 D-6 sTD,r
(Lbs) (so0oLbs) (e00ol ,bs)

L . 2 9  L . g z  0 . 0 9
1 . 9 4  1 . 9 5
2 . 7 5  2 ' . 0 6
3 . 4 4  2 . L 2

9 .  0 3  0 . 1 9
9 . 1 9
9 . 4 3
9 . 5 1

6 . 0 0  5 0 3 2 . 0 0  6 . 0 5
6 . 0 0  9 9 4 4 . 0 0  9 . 1 3
6 . 0 0  1 2 0 0 0 . 0 o  L 2 . 5 7
6 . 0 0  1 4 5 9 2 . 0 O  L 5 . 4 2

1 . 0 1  1 . 5 1  0 . 0 5
1 . 5 8  1 . 5 9
2 . L 4  1 . 6 1
2 . 6 7  1 . 6 5

o . 8 9  1 . 3 4  0 .  0 6
L . 3 7  1 .  3 8
L . 9 4  1 .  4 6
2 . 4 3  1 . 5 1

0 .  1 4

0 .  1 9

r  g . o o  6 0 1 6 . 0 0  5 . 9 3  g . g 7

I  g . o o  g 9 3 6 . 0 0  g . g 9  g . 9 5
t  g . o o  1 1 g g 2 . o o  L 2 . 2 L  9 . 1 6

8 .  O 0  1 4 5 9 2 .  O O  1 4 . 9 0  9 .  1 9

t  1 2 . 0 0  5 9 6 8 . 0 0  5 . 5 7  8 . 4 0
1 2 . O O  8 9 1 2 . O O  8 . 4 2  8 . 5 0

I  1 2 . O O  1 1 9 9 2 . O O  L L . 6 2  9 . 7 2
I  1 2 .  O O  1 4 4 8 8 .  O O  1 4 . 3 1  8 . 8 9

L . 2 L  1 . 8 6  0 .  0 5
1 . 8 5  L . 9 2
2  . 5 5  1 . 9 4
3 . 1 9  2 .  O O

0 .  1 3
I
t  2 o . o 0  5 8 6 4 . 0 0  6 . 6 4  1 0 . 1 9

2 0 . 0 0  8 7 1 2 . O O  9 . 9 6  L O . 2 9
I  2 0 . o o  1 1 8 O O . O O  1 3 . 7 6  1 0 . 4 9

I  2 0 .  O 0  1 4 3 8 4 .  O O  1 6 . 7 6  1 0 . 4 9

1 7 .  O O  5 9 0 4 .  O O  6 . 6 0  1 0 .  0 6  0 . 2 9  L . 6 2  2 . 4 7  0 . 1 0
I  1 z . o o  g ? 9 2 . o o  1 0 . 0 4  1 o . 2 g  2 . 4 7  2 . s 3
!  1 7 . O O  1 1 8 2 4 . O O  1 3 . 9 5  t O . 6 2  3 . 4 8  2 . 6 5

1 7 .  O O  1 4 3 4 4 . 0 0  1 7 .  1 9  1 0 . 7 9  4 . 3 3  2 . 7 2

M E N { :  9 8 1 3 . 7 1  1 0 . 4 7  9 . 1 0  0 . 1 6  2 . 1 O  1 . 8 2  0 . 0 6

*STD-Standard Deviation
I
I
I
I
I
I
I
I



Table: 811 Effect of Non-Linearity on FWD Data

Da te :3 -88 S t n : 6  r 8  r L 2  r L 7  , 2 0

I
I

S i t e : 2 6

Station Load
(Lbs)

6 . O O  8 9 9 2 . O O
6 .  O O  1 3 0 3 2 . 0 0
6 . O O  1 7 6 8 8 . 0 0
6 .  O 0  2 1 6 4 8 . 0 0

8 .  O O  8 8 0 0 . 0 0
8 .  O 0  1 3 0 1 6 . 0 0
8 . O 0  1 7 8 0 8 . 0 0
8 .  O 0  2 1 8 0 8 . 0 0

1 2 .  O 0  8 7 3 6 . 0 0
1 2 . 0 0  1 2 9 0 4 . 0 0
1 2 . 0 0  L 7 7 0 4 . O O
1 2 . 0 0  2 L 7 4 4 . O O

1 7 .  O 0  8 5 7 6 . 0 0
1 7 . O 0  L 2 7 L 2 . O O
1 7 . O 0  L 7 4 7 2 . O O
1 7 . 0 0  2 1 5 2 8 . 0 0

2 0 .  o 0  8 5 7 5 .  O O
2 0 .  o o  1 2 8 5 6 . 0 0
2 0 .  o o  1 7 4 9 6 . 0 0
2 0 .  o 0  2 1 6 4 8 . 0 0

D-l STD*
(eoool-.bs)

7 . 4 8  0 . 1 4
7 . 4 0
7 . 2 4
7 . 1 0

8 . 2 0  0 . 2 6
7 . 9 8
7 . 7 L
7 . 5 0

6 . 8 8  0 . 2 L
6 . 7 8
6 . 4 7
6 . 3 7

9 . 0 5  0 . 3 2
8 . 7 9
8 . 4 9
8 . 1 9

8 . 1 6  0 . 3 1
7 . 9 4
7 . 6 0
7 . 3 6

D-1

7 . 4 7
1 0 . 7 1
L 4 . 2 3
1 7 . 0 8

8 .  0 2
1 1 .  5 4
1 5 .  2 6
1 8 . 1 8

6 . 6 9
9 . 7 2

L 2 . 7 3
l s .  3 8

8 . 6 2
L 2 . 4 L
1 6 . 4 9
1 9 . 5 7

7 . 7 9
1 1 .  3 4
L 4 . 7 9
L 7 . 7 L

D-6

1 . 9 0
2 . 4 7
3 . 6 0
4 . L 2

L . 6 2
2 . 3 5
3 . 2 3
3 . 8 8

1 .  5 g
2 . L g
2 . 8 7
3 . 5 6

1 .  9 4
2 . 8 7
3 . 8 8
4 . 8 1

1 .  6 2
2 . 5 1
3 . 1 5
3 . 8 0

D-6
(s00ol ,bs)

1 . 9 0
L . 7 L
r .  g3
1 . 7 1

1 . 6 6
t . 6 2
1 . 6 3
1 . 6 0

1 .  6 3
t . 5 2
1 . 4 6
L . 4 7

2 . 0 4
2 . O 3
2 . 0 0
2 . O L

1 . 7 0
t . 7 6
L . 6 2
1 . 5 8

STD*

0 . 0 8

I
0 . 0 2  

I

o .o7  I

I
o .o2  

I

o .o7  I

t
t

I
llEiAlI! 1 4 5 1 1 . 6 2 1 2 . 1 9 7 . 2 7 o .  2 1 2 . 7 6 1 .  6 4 0 .  0 4

I
*STD-Standard Deviation

I
I
I
I
I
I
I



S i t e : 2 5

Table: 812 Ef,fect of Non-L,inearity on FI{D Dat,a

Date :6-88 S t n : 6  , 8  r L 2 , L 7  , 2 0

Station Load
(Lbs)

D-l D-1 STD*
(900oLbs)

D-6 STD*
b  ( sOoo lbs )

D-6

I
I
I
I
I
I
I
I

6 .  O O
6 .  O O
6 .  O O
6 .  O 0

8 .  O O
8 .  O O
g .  o o
8 .  O O

1 2 .  O 0
1 2 ,  O O
1 2 .  O O
1 2 .  O O

1 7 .  O 0
1 7 .  O 0
17 .  oo
1 7 .  O O

20 .  oo
20 .  o0
20 .  o0
20 .  oo

8 2 3 2 .  O O
1 2 4 4 0 .  O O
1 7 4 0 0 .  O O
2L720 .OO

9 2 9 6 .  o 0
1 2 4 8 8 .  O O
L7472 .OO
2 1 8 9 6 .  O O

8 3 2 0 .  O 0
L2872.OO
1 6 8 9 6 .  O 0
2 0 8 5 6 .  O 0

9 1 4 4 .  O O
1 2 3 8 4 .  O O
1 7 3 1 2 .  O O
2 1 6 5 6 .  O O

8 1 2 9 . 0 0
L2472.OO
1 7 3 8 4 . 0 0
2 1 8 3 2 .  O O

9 . 0 9
1 3 .  O g
1 7 . 1 5
2 0 .  5 5

1 0 .  5 5
1 4 . 6 3
1 8 . 9 9
2 2 . 2 L

7 . 9 3
1 1 . 2 3
1 4 . 9 0
L 7 . 7 5

1 0 . 7 5
1 5 .  1 4
L9 .57
2 3 . 2 4

9 . 8 0
1 3 . 9 9
L 8 . 1 4
2 L . 4 6

9 . 9 4
9 . 4 6
8 . 8 7
8 . 5 2

1 1 . 4 5
1 0 . 5 4

9 . 7 3
9 . 1 3

8 . 4 7
7 . 8 5
7 . 9 4
7 . 6 6

1 1 . 8 8
1 1 .  O O
10 .  17

9 . 6 6

1 0 . 8 5
1 0 . 1 0

9 . 3 9
8 . 8 5

o . 5 5

o . 8 7

o . 3 0

o . 8 4

0 . 7 5

1 .  4 6
2 . 2 2
2 . 9 9
3 . 7 6

1 . 4 6
1 . 9 9
2 . 5 9
3 . 2 3

L . 7 0
2 . 2 2
2 . 9 5
3  . 4 8

1 . 7 0
2 . 5 5
3 . 5 2
4 . 4 L

1 . 3 3
1 . 9 8
2 . 7 9
3 . 3 6

1 .  6 0
1 .  6 1
1 ' .55
1 .  5 5

1 . 5 9
1 . 4 3
1 . 3 3
1 . 3 3

1 .  8 4
1 . 5 5
1 . 5 7
1 . 5 0

1 . 8 8
1 .  8 5
1 .  8 3
1 . 8 3

L . 4 7
1 .  4 3
1 .  4 4
1 . 3 9

0 .  0 3

o . 1 0

o .  1 3

o .  0 2

0 .  0 3

I IEAI I :  14200.00 L4.76 9 . L 2 0 . 5 5 2 . 4 6 1 . 5 0 0 .  0 5

*STD-Standard Deviation

'{:I
I
I
I
I
I
I



Table: 813 Effect of Non-Linearity on FWD Data

S i t e : 2 8 Da te :  3 -88 S t n :  6  r 8 , L 2  , L ' I  , 2 0

Station Load D-l D-l STD* D-6 D_6 sTDlr
" bs) (goooLbs) (sooor,usl[ !

I
T
I
I
I
I
I
I
I
I
I

6 . 0 0  5 g g g . 0 0  4 2 . 0 6
6 . 0 0  g g 1 2 . o 0  5 4 . 9 8
6 . 0 0  1 2 2 9 9 . 0 0  6 9 . 1 9
6 . 0 0  1 5 1 5 2 . 0 0  7 9 . 6 2

g . o 0  5 g g g . 0 0  4 4 . 0 3
9 . 0 0  9 9 4 0 . 0 0  5 6 . 7 2
8 . O 0  1 2 1 0 4 . 0 0  6 6 . 0 5
8 . 0 0  1 5 0 7 2 . 0 0  7 2 . 8 L

1 2 . 0 0  5 7 6 9 . 0 0  4 5 . 9 3
1 2 . 0 0  g 6 g g . 0 0  5 9 .  g o
1 2 . 0 0  1 1 9 9 4 . 0 0  5 2 . 8 9
1 2 .  O 0  1 4 9 4 4 . 0 0  5 8 . 7 6

1 7 . O O  5 9 3 6 . 0 0  3 2 . 7 7
1 7 .  O O  9 0 3 2 . 0 0  4 2 . 4 5
1 7 .  O O  1 2 3 8 4 . 0 0  5 0 . 8 7
1 7 . O 0  1 4 6 6 4 . O O  5 3 . 4 4

2 0 . o 0  5 g o g . 0 0  3 6 . 5 6
2 0 . o o  9 7 1 2 . O 0  4 6 . 7 6
2 0 . 0 0  1 1 8 1 6 . O 0  5 6 . 3 7
20 .  o0  L4752 .OO 64  .75

64 .29  6 . .67
5 5 .  s 2
4 9 . 9 4
4 6 . 7 0

6 7  . 3 0  9 . 0 1
5 7 . 7 5
4 9 .  1 1
{ 3 . 4 8

7 1 . 5 1  1 4 . 9 0
6 1 .  0 2
3 9 . 7 2
3 5 .  3 9

4 9 . 6 8  6 . 3 1
4 2 . 3 0
3 6 . 9 7
3 2 . 8 0

5 6 . 6 5  6 . 4 7
4 8 . 3 1
42 .94
3 9 . 5 0

2 . 6 3
3  . 8 8
5 . 4 2
6 . 8 3

2  . 8 3
4 . 4 L
5 .  g g
7 . L 6

2 . 5 L
3 . 4 9
4 . 7 3
5 . 6 6

1 . 9 9
2 . 9 L
4 . 0 4
5 .  0 5

2 . L 4
3 . 1 5
4 . 2 5
5 . 2 6

4 . 0 2  0 . 0 5
3 . 9 2
3 . 9 7
4 . 0 6

4 . 3 3  0 . 0 9
4  . 4 9
4 . 4 5
4 . 2 9

3  . 9 2  0 .  1 9
3 . 6 0
3 . 5 5
3 . 4 1

3 .  O 0  0 . 0 8
2 . 9 0
2 . 9 4
3 . 1 0

3 . 3 2  0 . 0 4
3 . 2 5
3 . 2 4
3 . 2 1

M E N { :  9 9 3 4 . 8 6  5 1 . 6 1 4 7 . 1 8 7 . 2 3 4 . 0 1 3  . 4 7

I*STD-Standard Deviation

I
I
I
I
t
I
I

- - ,



S i t e : 2 8

Tab1e: 814 Effect of Non-Linearity on FWD Data

Date :  5 -88 S t n :  6  r 8 , L 2 , L 7  , 2 0

Station Load
(Lbs)

D-1 D-1 STD*
(eoooLbs)

D-6 STD*
(e0ooLbs)

D-6

I
I
I
I
I

6 . 0 0
6 . 0 0
6 .  O O
5 .  O O

8 . 0 0
8 . 0 0
8 .  O 0
8 . 0 0

1 2 .  O O
1 2 .  O O
1 2 . 0 0
1 2 .  O O

1 7 .  O 0
1,7.  OO
1 7 .  O 0
1 7 .  O O

2 0 .  o 0
2 0 . 0 0
2 0 .  0 0
2 0 .  0 0

5 5 1 2 .  O O
8 1 7 6 .  O O

1 0 8 4 0 .  O 0
1 2 9 6 0 .  O O

5 5 1 2 . 0 0
8 0 2 4 .  O 0

1 0 4 8 0 .  O 0
1 3 0 3 2 . 0 0

5 3 9 2 .  O 0
8 0 7 2 .  O O

1 0 7 1 2 .  O O
1 2 9 6 0 .  O 0

5 5 6 8 . 0 0
8 2 4 0 .  O 0

1 0 8 9 6 .  O 0
1 2 9 9 4 . 0 0

5 5 6 0 . 0 0
8 1 2 9 . 0 0

1 0 6 8 0 .  0 0
1 2 7 6 0 . 0 0

4 1 . 3 9
5 3 .  0 9
6 3 . 2 8
7 1 . 3 9

4L .07
5 2 . 7 7
6 3 . 4 8
7 L . 2 3

4 2 . 3 3
5 3 . 7 2
6 3 . 6 0
7 0 . 5 6

3 1 .  9 4
4 1 . 1 5
4 9 . 7 3
5 5 . 4 2

3 5 .  5 7
4 4 . 9 4
3 3 . 7 2
5 9 . 8 8

6 7 . 5 9
5 8 . 4 4
5 2 . 5 4
4 9 . 5 8

6 ' t . 0 6
5 9 . 1 9
5 4 . 5 2
4 9 . L 9

7 0 . 6 5
5 9 . 9 0
5 3 . 4 4
4 9 .  O O

5 1 .  6 3
4 4 . 9 5
4 1 .  0 8
3 8 . 4 1

5 7 . 5 8
4 9 . 7 6
2 8 . 4 2
4 2 . 2 4

6 . 8 7

6 . 5 6

8 . 1 4

4 . 9 ' I

1 0 . 7 5

4 .  0 3
4 .  0 5
4 ' .43
4 . 5 5

4 .  O 3
4 .  0 8
4 . 3 0
4 . 2 2

3 . 5 1
3 . 5 1
3 . 6 0
3 . 6 0

2 . 4 9
2 . 7 4
2 . 8 1
2 . 8 0

3 . 2 L
2 . 7 8
3 . 0 7
3 . 3 1

2  . 4 7
3 .  6 8
5 .  3 4
6 . 5 5

2 . 4 7
3 . 6 4
5 .  0 1
6 .  1 1

2 . L O
3 . 1 5
4 . 2 9
s .  1 8

1 .  5 4
2 . 5 L
3 . 4 0
4 . 0 4

1 . 9 8
2 . 5 L
3 . 6 4
4 . 6 9

0 .  2 3

0 .  1 1

o .  0 5

0 .  1 3

0 .  2 0

ME,N{: 8 8 8 0 . 3 9 4 9 . 5 4 4 9 . 7 7 6 . 2 2 3 . 5 4 3 . 3 9 0 . 1 2

I
*STD-Standard Deviation

f_-:I
I
I
I
I
I
I



Table: 815 Effect of Non-Linearity on FWD Data

Da te :7 -88 S t n : 6 , 8 r L 2 , L 7  , 2 0

I
t

S i t e : 3 1

STD* D-6 lStation Load
(Lbs)

D-l D-1
(soooLbs)

D-5 STD*
(soool,bs)

6 .  0 0
6 . 0 0
6 .  0 0
6 .  0 0

8 . 0 0
8 . 0 0
8 .  O 0
9 . 0 0

1 2 .  O O
1 2 .  O O
1 2 . 0 0
1 2 .  O O

1 7 .  O O
1 7 .  O O
1 7 .  O O
1 7 .  O O

2 0 .  o 0
20 .  oo
2 0 .  o 0
2 0 .  o o

8232.OO
1 2 1 3 6 .  O 0
17104 .  O0
2L784 .OO

8424 .OO
1 2 3 4 4 .  O 0
L7376 .OO
2 1 9 6 0 .  O 0

8 4 7 2 . O O
L2344.OO
1 7 3 4 4 .  O 0
2L9L2  .  OO

8 5 0 4 .  O O
1 2 3 7 6 .  O O
1 7 4 1 6 .  O 0
2  1 8 0 0 .  O O

5 .  0 2
7 . 3 1

1 0 .  0 0
1 2 . 6 5

5 . 0 6
7 . 3 L

1 0 . 0 0
L2 .57

5 . 2 2
7 . 2 7

1 0 . 1 5
L 2 . ' 1 3

6 . 9 4
9 . 8 4

1 3 . 6 4
1 5 . 8 0

5 . 4 9
5 . 4 2
5 . 2 6
5 . 2 3

5 .  4 1
5 . 3 3
5 .  1 8
5 .  1 5

5 . 5 5
5 . 3 0
5 . 2 7
5 . 2 3

7 . 2 4
7 . L 6
7 . 0 5
6 . 9 4

0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0

0 . 5 9
0 .  5 7
o . 5 2
o . 5 7

o . 4 7
0 . 5 3
0 . 5 0
o . 4 8

0 . 9 2
o . 7 g
o . 7 g
o . 7 5

1 .  5 0
1 .  5 0
1 .  5 0
1 . 5 4

t
o '02  

l

o .o2  I

I
0 .  0 3

I
o . o 1  |

o .  o 0 o. .00 I

0 .  1 1

0 . 1 1

o .  1 2

0 . 1 1

0 . 5 3
o . 7 7
1 .  1 7
L . 3 7

o  . 4 4
0 . 7 3
o . 9 7
1 .  1 7

o . 7 7
1 .  O g
1 . 5 0
1 . 8 2

L . 4 2
2 . 0 6
2 . 9 L
3 . 7 2 I

ME.AIT: 1 1 4 0 6 .  1 0 7 . 2 6 4 . 3 9 o .  0 8 1 . 0 7 0 . 6 4

I
*STD-Standard Deviation

G
I
I
I
t
t
I
I



I

S i t e : 3 1

Table: 816 Effect of Non-Linearity on FWD Data

Da te :1 -89 S t n : 6  r 8  r L 2 , L 7  , 2 0I Station I.oad
( IJcs )

D-l D-1
(e00oLbs)

STD* D-6 D-5 STD*
(e0ooLbs)

I
I
I
I
I
I
I
I

5 .  O O
6 .  O O
5 .  O O
6 .  O O

g .  o o
8 .  O O
g .  o o
8 .  O O

1 2 .  O O
1 2 .  O O
1 2 .  O O
1 2 .  O O

1 7 .  O O
1 7 .  O O
1 7 .  O O
1 7 .  O O

20 .  oo
20 .  oo
20 .  oo
20 .  oo

9 2 8 8 . 0 0
1 3 6 0 8 .  O O
1 8 4 0 0 .  O O
22768 .OO

9 3 4 4 .  O 0
1 3 7 2 8 .  O O
1 8 5 2 0 .  0 0
22920.OO

9 3 2 0 .  0 0
1 3 5 5 2 .  O 0
1 8 3 9 2 .  O 0
22729.OO

9 1 6 8 . 0 0
1 3 5 6 8 .  O O
1 8 3 2 8 .  O 0
22624.OO

9 1 6 0 .  O 0
1 3 5 2 8 .  O O
1 8 2 8 8 . 0 0
2 2 6 1 6 .  0 0

1 . 5 9
2 . 3 3
3 . 1 6
3 . 8 7

1 . 0 3
1 . 5 8
2 . 2 5
2 . 9 5

1 .  0 7
1 . 6 6
2 . 2 5
2 . 8 9

1 .  1 5
L . 7 4
2 . 4 5
3 . 0 4

L . 2 3
1 . 8 6
2 . 5 3
3  . 2 0

1 . 0 1
1 .  5 4
2 . O 2
2 . 4 7

o . 4 9
o . 7 3
1 .  0 1
L . 2 g

o . 3 5
o . 4 9
o . 6 5
o . 8 5

0 . 4 0
0 . 5 7
o  . 8 1
0 . 9 7

0 . 8 1
1 . 1 3
1 . 5 8
1 . 9 0

o . 9 9
1 . 0 2
o. gg
o . 9 8

o . 4 7
o . 4 g
0 . 4 9
o .  5 1

o .  3 5
0 . 3 3
o . 3 2
0 .  3 4

o . 3 g
0 . 3 9
0 . 4 0
0 . 3 9

o .  g 0
0 . 7 5
0 .  7 9
o . 7 6

o .  0 2

o .  0 1

o .  0 1

0 , 0 1

o .  0 2

1 .  5 3
1 . 5 4
1 . 5 5
1 . 5 3

o . 9 9
1 .  0 4
1 .  0 9
L . L 2

1 .  0 3
1 .  1 0
1 . 1 0
1 .  1 4

1 .  1 3
1 .  1 5
1 ,  2 0
L . 2 L

1 . 2 1
L . 2 4
L . 2 5
L . 2 7

o . 0 1

o .  0 5

0 . 0 4

o . 0 3

0 .  0 2

llEiA'}{: 1 5 2 3 0 . 8 6 2 . 0 8 1 .  1 6 0 .  0 3 1 . 0 0 o .  5 7 o .  0 1

I
ltSTD-Standard Deviation

s#I
I
I
I
I
I
I



Table: B17 Effect of Non-Linearity on FWD Data

S i t e : 3 5 Da te :  7 -88 S t n :  6 , 8 , L 2 , L 7  , 2 0

Station Load D-l D-1 STD* D-6 D_6 STD*
(s00OLbs)___________1p:l_____-______f :::3:l_

5 .  O 0  8 5 9 2  .  0 0  1 3  .  6 0  L 4  . 2 5  L . . 2 2  1 .  3 3  1 .  3 9  o .  0 36 . 0 0  L 2 7 5 2 . O O  1 9 . 0 2  L 2 . 7 2  l . g 4  L . 3 75 .  0 0  1 7 5 6 9  .  O O  2 2  . 7 7  1 1 .  6 6  2  . 5 g  1 - .  3 36 . 0 0  2 L 9 Z O . O O  2 6 . 9 9  1 1 . 0 4  3 . 1 g  1 . 3 1

8 .  O O  8 4 8 8 .  O 0  L 4 . 4 7  1 5 . 3 4  1 . 2 8g . o 0  L 2 7 5 2 . O O  1 9 . 3 3  1 3 . 5 4
8 . 0 0  1 7 6 9 6 .  O 0  2 4 . 3 L  L 2 . 3 6
8 .  O0  2L952 .OO 29 .57  L2 .L2

1 2 . 0 0  9 5 1 2 . 0 0  1 5 . 1 4  1 6 . 0 1  1 . O O
1 2  .  O 0  1 2 6 0 0 .  O o  2 0 . 7 L  L 4  . 7 g
1 2 . O O  L 7 4 4 0 . O O  2 6 . 9 6  1 3 . 9 1
1 2 .  O O  2 1 8 0 8 .  O 0  3 2 . 3 7  1 3 . 3 5

I
I
l
I
I
I
I
l
I
I
I
t
I
I
t
I
t
I
I

1 7 . O 0  8 7 0 4 . O 0  7 . 3 5
1 7 . O O  ] - 2 7 8 4 . O O  1 0 . 5 1
1 7 .  O O  1 7 8 1 6 .  O O  1 3 . 9 5
1 7 . O O  2 2 L 7 6 . O O  1 7 . 0 8

2 0 .  o 0  8 5 3 2 .  O 0  7  . 9 5
2 0 . 0 0  L 2 7 2 g . O O  1 1 . 3 9
2 0 . 0 0  L 7 6 3 2 . O O  1 5 . 4 9
2 0 . o o  2 2 0 0 0 .  o 0  L g . 2 L

1 . 6 3  0 . 0 5
L . 5 7
1 . 5 4
1 . 4 9

L . 7 L  o .  0 1
1 .  6 8
1 . 6 9
1 .  6 8

L . 4 7  0 . 0 4
1 . 3 7
1 . 4 5
1 .  4 0

1 . 5 6  0 . 0 2
1 . 5 4
1 . 5 1
1 . 5 2

7 . 6 0  0 . 2 7
7 . 4 0
7 .  0 5
6 . 9 3

8 . 2 9  0 . L 7
8 . 0 5
7 . 9 L
7 . 9 6

1 . 5 4
2 . 2 2
3 .  0 3
3  . 6 4

L .  6 2
2 . 3 5
3 . 2 8
4 .  0 8

L . 4 2
1 .  9 4
2 . 8 7
3 . 4 4

1 . 5 0
2 . 1 9
2 . 9 5
3 . 7 2

M E A I |  :  1 4 5 0 2 . 4 8  L 7 . 4 9  1 0 . 5 9  0 . 6 5  z . 4 z  1 . 4 4

*STD-Standard Deviation



I
I
I
I
I
I
I
I
I
I

Table: BL8 Effect of Non-Linearity on FWD Data

S i te :  35 Da te :  2 -89 S t n :  6  r 8  r L 2 , L 7  , 2 0

Station Load
(Lbs)

6 .  O O  9 2 0 8 .  o 0
6 .  O O  1 3 7 1 2 .  O 0
6 . O 0  L 9 4 7 2 . 0 0
6 . O O  2 2 7 6 8 . O O

8 .  O O  8 9 8 4 .  O O
8 . O O  1 3 6 1 6 . O 0
g . o o  1 9 5 0 4 . 0 0
8 . O O  2 2 7 7 6 . O O

1 2 .  O O  9 0 8 0 . 0 0
1 2 .  O 0  1 3 5 2 9 . 0 0
1 2 .  O O  1 9 3 4 4 . 0 0
1 2 . O 0  2 2 6 g g . O o

1 7 .  O 0  9 0 6 4 . 0 0
1 7 .  O O  1 3 5 3 6 . 0 0
1 7 .  O 0  1 9 3 9 4 . 0 0
1 7 . O 0  2 2 6 7 2 . O O

2 0 .  o o  9 2 5 6 . 0 0
2 0 .  o o  1 3 5 6 8 .  O 0
2 0 .  o o  1 8 3 9 2 .  O 0
2 0 . o o  2 2 7 7 6 . O O

D-l STD*
(s00oLbs)

1 . 4 3  0 .  0 8
1 . 5 3
1 . 5 9
1 .  6 4

1 . 3 8  0 .  0 7
1 . 5 1
L . 5 2
1 .  5 6

1 . 8 4  0 .  0 6
1 . 9 0
1 .  9 6
2 . O L

2 . L 5  0 . 0 0
2 . L 5
2 . L 5
2 . L 5

1 . 5 8  0 . O 2
L . 5 7
1 .  6 1
L . 6 2

STD't

o . 6 4  0 . 0 L
o . 6 6
o . 6 5
o . 6 2

o . 6 5  0 . 0 3
o . 7 2
o . 6 7
o . 6 7

0 . 8 0  0 . 0 1
o . 8 3
o .  g 3
0 . 8 3

o . 7 6  0 . 0 1
o . 7 g
o . 7 5
o . 7 5

o . 6 7  0 .  0 1
o .  6 4
o . 6 3
o . 6 4

D-1

L . 4 6
2 . 3 3
3 . 2 4
4 . 1 5

1 .  3 8
2 . 2 9
3 . L 2
3 . 9 5

1 .  8 6
2 . 8 5
3 .  g g
5 .  0 6

2 . L 7
3 . 2 4
4 . 3 9
5 . 4 2

L . 6 2
2 . 3 7
3 . 2 8
4 . 1 1

D-6 D-6
(soool,bs)

o .  6 5
1 .  0 1
1 . 3 3
1 .  5 8

o .  6 5
1 . 0 9
L . 3 7
1 .  7 0

0 .  8 1
L . 2 5
1 . 7 0
2 . L O

o . 7 7
1 .  1 7
1 .  5 4
1 .  9 0

o . 6 9
o . 9 7
L . 2 9
L . 6 2

I MEAI| :  15206. 10 2 . 9 7 1 . 6 6  0 .  0 4 1 . 2 0 o . 6 8  . O . 0 1

I
I
I
I
I
I
t

rtsTD-Standard Deviation



Table: 819 Effect of Non-Linearity on FWD Data

S i t e : 3 6 Date :  7 -88 S t n :  6 , 8  r L 2 , t 7  , 2 0

Station Ioad D-l D-l sTD* D-6 o_i-----r*O_
___j}t)  (eoooLbs) (eoooLbs)

6 . 0 0  9 4 2 4 . 0 0  1 1 . 9 6  L 2 . 6 7  0 . . g 1  1 . 0 5  1 . 1 2  O . o 16 . 0 0  1 2 6 1 6 . 0 0  L 6 . 4 4  1 1 . 7 3  1 . 5 4  1 . 1 06 . 0 0  L 7 6 2 4 . O O  2 1 . 0 3  L O . 7 4  2 . 2 2  1 - . 1 36 . 0 0  2 1 9 3 6 . 0 0  2 5 . 1 9  1 0 . 3 3  2 . 7 L  1 . 1 1

8 .  O O  8 3 8 4 . 0 0  1 4 . 1 5  1 5 . 1 9  1 . 5 8
8 . O O  1 2 3 6 8 . O O  1 8 . 3 0  L 3 . 3 2
8 . O 0  L 7 4 2 4 . O O  2 2 . 9 3  1 1 . 8 4g . o o  2 L g L 2 . O O  2 6 . 9 9  1 1 . 0 4

1 2 . O O  g 2 4 0 . o o  L 9 . 7 2  2 L . 5 4  1 . 5 8
1 2 . O O  1 2 0 6 4 . O O  2 6 . 5 2  1 9 . ? 8
1 2 .  O O  1 7 1 1 2 .  O O  3 4 . 3 5  1 8 .  0 7
1 2 .  O O  2 1 6 1 6 .  O O  4 1 . 1 5  1 7 . 1 3

1 7  .  O 0  8 3  6 8  .  O O  1 1 .  1 1  1 1 .  9 5  0 .  6 4
1 7 .  O O  1 2 3 9 4 .  O O  1 5 . 6 5  1 1 . 3 7
1 7 . 0 0  L 7 4 5 5 . O O  2 0 . 6 7  1 0 . 6 6
1 7 .  O 0  2 1 9 0 4 .  O O  2 5 .  0 5  1 0 . 3 0

0 . 8 5
L . 3 7
1 . 6 6
2 . t 8

1 .  5 0
2 . L O
2 . 9 L
3 . 7 2

1 .  0 5
L . 7 0
2 . 2 2
2 . 7 5

o . 9 1  0 .  0 5
1 .  O 0
0 . 8 6
o .  g 0

1 . 6 4  0 .  0 4
1 . 5 7
1 .  5 3
1 .  5 5

1 . 1 3  0 . 0 4
L . 2 4
1 .  1 4
1 .  1 3

I
t
I
I
I
I
I
l
I
l
I
I
I
I
I
I
I
I
t

2 0  -  0 0  8 2 8 0 .  O o  1 4  -  9 0  L 6 . 2 0  L . 4 4  1 .  1 3  r . .  2 3  o .  0 32 0 . 0 0  L 2 3 L 2 . O O  2 0 . 0 4  1 4 . 6 5  1 . 5 8  1 . 1 52 0 . 0 0  1 7 3 7 6 . 0 0  2 5 . 5 0  1 3 . 2 1  2 . 3 g  L . 2 4
_39:99__ _?:??_?.oo 30.36 12.42 a.;a 1.21
M E A N :  L 4 2 7 5 - g L  2 r . o 4  1 3 . 0 5  1 . 0 4  1 . g g  1 . 1 4  0 . 0 3

*STD-Standard Deviation



S i t e : 3 6

Table: 820 Effect of Non-Linearity on FWD Data

Date z2-89 S t n : 6 , 8 r L 2 r 1 7 , 2 0

Station Load
(Lbs)

6 . O O  9 4 9 6 . o 0
6 . O O  1 3 9 9 6 . O 0
6 . 0 0  1 9 7 0 4 . O 0
6 .OO 23L20 .OO

8 . O O  9 4 0 0 . o 0
8 . O O  L 3 7 7 6 . O O
g . o o  1 9 6 2 4 . O 0
8 . O O  2 2 9 6 8 . O O

1 2 . O O  9 2 9 5 . 0 0
1 2 . 0 0  1 3 6 3 2 . O 0
1 2 . 0 O  1 9 4 4 0 . 0 0
1 2 . 0 O  2 2 7 0 4 . O O

1 7 . O O  9 3 2 0 . 0 0
1 7 . O O  1 3 7 5 2 . O O
1 7 . O O  1 9 5 4 4 . O O
1 7 . O O  2 2 e 4 0 . O O

2 0 . o 0  g 3 5 2 . O O
2 0 . o o  1 3 6 0 9 . O O
2 0 . o o  1 g 4 g g . o o
2 0 . o o  2 2 9 7 6 . O O

D-l STD*
(9o0OLbs)

1 . 5 9  0 . 0 4
1 . 6 9
L . 7 3
1 .  g o

1 . 9 3  0 . 0 9
1 . 9 3
2 . 0 6
2 . L 2

1 . 9 5  0 . 0 6
2 . O 3
2 . O 8
2 . L 3

3 .  0 9  0 . L 7
2 . 8 5
2 . 7 2
2 . 6 5

2 . O g  0 . 0 9
2 . L 2
2 . 2 L
2 . 2 9

D-6 STD*
(90ool ,bs)

0 . 5 4  0 .  0 1
o . 5 8
0' .56
o . 5 5

o . 5 5  0 .  0 3
0 . 4 9
o . 4 9
o . 4 7

0 . 5 9  0 . 0 2
0 . 6 4
0 .  6 3
0 . 5 1

o . 5 1  0 . o 2
o . 5 6
o . 5 5
o . 5 4

o . 4 2  0 . 0 3
o . 4 g
o . 5 1
0 . 5 1

D-1 D-6

o . 5 7
o .  8 9
L . t 7
L . 4 2

o . 5 7
o . 7 3
1 . 0 1
L . 2 L

o .  6 1
o . 9 7
L . 2 9
1 .  5 4

o . 5 3
o . 8 5
1 .  1 3
L . 3 7

o . 4 4
o . 7 3
1 .  0 5
L . 2 9

I
I

1 .  7 g
2 . 6 L
3 . 6 0
4 . 6 2

2 . O 2
2 . 9 6
4 . 2 7
5 . 4 2

2 . O 2
3 . 0 9
4 . 2 7
5 .  3 8

3 . 2 0
4 . 3 5
5 . 6 1
6 . 7 2

2 . L 7
3 . 2 0
4 . 5 5
5 . 8 5

MEJAII: L5377 .43 3 . 7 0 2 . 0 6 o .  0 7 o . 9 2 o . 5 1 o .  0 2

I
I

*STD-Standard Deviation

Table: Effect of Non-Linearity on FWD Data

I
I
I
I



Tablez B,21 Effect of Non-Linearity on FWD Data

S i te310 Da te :7 -88 S t n :  6 , 8 , L 2 , L 7  , 2 0

;; i;;- 
- 
;; 

- - - - - - 
;; 

- - - - -il --- - -;;;; - - - - - 
;-; 

- - - - -;- 
; 
- - - - -;;;;

(IJcs) (e000l.bs) (eooolbs)

t
I
I
I
t
I
I
I
I
I
I

6 .  OO 561 ,6  .  OO 19  .  45  31 .  17  1 . .gg
6 . 0 0  g 0 4 0 . o o  2 7 . 2 7  3 0 . 5 3
6 . 0 0  L o 2 2 4 . O O  3 5 . 1 4  3 0 . 9 3
6 . 0 0  1 4 1 0 4 . o o  4 L . 2 3  2 6 . 3 L

8 . O O  5 5 9 2 . O O  1 5 . 3 8  2 4 . 7 5  0 . 7 3
8 . O O  8 1 6 8 . O O  2 2 . 2 L  2 4 . 4 7
8 . 0 0  1 1 0 3 2  .  O O  2 9  . 3 - I  2 3  . 9 6
8 . 0 0  1 3 9 8 0 . o o  3 5 . 2 2  2 2 . 8 4

1 2 . 0 0  5 5 0 4 . 0 0  L 4 . 8 2  2 4 . 2 3  0 . 5 1
1 2 .  O 0  8 3 2 8 .  O 0  2 L . 7 4  2 3 . 4 9
1 2 . O O  1 1 2 5 6 . O O  2 8 . 8 9  2 3 . L O
1 2 . 0 0  1 3 5 1 6 .  O O  3 4 . 6 3  2 2 . 8 9

1 7 . 0 0  5 4 3 2 . O O  2 L . 8 6  3 6 . 2 2  0 . g 7
1 7 . 0 0  9 0 2 4 .  o o  3 1 . 6 5  3 5 . 5 1
1 7 . 0 0  1 0 7 9 2 . O O  4 L . 4 6  3 4 . 5 8
1 7 . 0 0  1 3 3 2 0 . 0 0  4 9 .  g o  3 3 . 6 5

2 o . o o  5 3 2 9 .  O O  1 g . g g  3 3 . 5 g  1 .  o o
2 0 . 0 0  g 0 g g . o o  2 9 . 6 9  3 3 . 0 4
2 0 . 0 0  1 1 1 1 2 . O O  3 9 . 4 1  3 t . 9 2
2 0 . 0 0  1 3 5 4 4 .  O O  4 6 . 6 4  3 o . g g

L . 2 9
L . 8 2
2  . 5 L
3 . 1 5

L .  L 7
L . 8 2
2  . 4 7
3 . 0 7

1 .  5 0
2 . 2 6
3 . 1 1
3 . 7 6

1 . 5 8
2 . 3 9
3 . 3 2
4 . L 2

1 . 5 4
2 . 1 8
3 . 0 7
3 . 7 6

2 . O 7  0 . 0 8
2 . 0 4
2 . 2 L
2 .  O 1

1 .  g g  0 . 0 5
2 .  O 1
2 . O 2
1 .  g g

2 . 4 5  0 . 0 2
2 . 4 4
2 . 4 9
2 . 4 9

2 . 6 2  0 . 0 7
2 . 6 9
2 . 7 7
2 . 7 8

2 . 6 0  0 . 0 6
2 . 4 3
2 . 4 9
2 . 5 0

M E A l f  :  9 0 9 5 . 2 4  2 8 . 9 5  2 7 . 5 3  O . g 7 2 . 3 8 2  . 2 4  0 .  0 5

I*STD-Standard Deviation

I
I
I
I
I
I
I



Table. B'22 Ef,fect of, Non-Linearity on FWD Data

Si te3 lO Date :1 -99 S t n :  6 , 8 , L 2 , L 7  , 2 0

I
I
I

I
I
I
I

I
I
I
I
I

6 . 0 0  6 g 3 2 . O O
6 . O O  9 5 1 2 . O O
6 . O O  1 3 2 9 6 . O 0
6 . O O  L 6 6 7 2 . O O

8 . O 0  6 6 1 6 . O O
8 . 0 0  9 5 7 6 . O 0
8 .  O O  1 3 3 1 2 .  O 0
8 . O 0  1 5 5 5 2 . 0 O

1 2 . O O  6 6 2 4 . 0 0
1 2 . O O  g 5 3 6 . O O
1 2 .  O 0  1 3 0 4 8 .  O O
1 2 .  O O  1 6 2 8 8 . 0 0

1 7 . O O  6 4 g 0 . o o
1 7 .  O O  9 4 4 0 .  O O
1 7 . O O  1 2 7 8 4 . O O
1 7 . O O  1 6 0 7 2 . O O

2 0 . o o  6 4 2 4 . O O
2 0 . o o  9 4 2 4 . O O
20 .oo  L2728 .OO
2 0 . o o  1 5 9 6 8 . O 0

1 .  3 5  0 . . 0 9
L . 5 7
1 . 5 0
L . 5 2

1 . 5 1  o .  0 5
1 .  6 4
1 . 6 0
1 .  5 9

1 . 4 0  0 . 0 3
1 .  4 9
1 . 4 4
L . 4 6

1 . 4 3  0 . 0 6
1 . 5 4
1 .  5 g
1 . 5 3

1 . 6 1  0 . 0 6
L . 7 4
L . 7 6
L . 7 6

0 . 5 8  0 . 0 7
o . 7 7
o .  6 9
0 . 6 5

o . 8 3  0 . 0 2
o . 8 7
o . 8 2
o .  g 2

o . g g  0 .  0 6
0 . 7 3
o . 7 2
o . 7 8

o . 6 8  0 . 0 3
o . 7 3
o . 7 4
o . 6 g

0 . 5 2  0 . 0 3
o .  7 0
o . 6 6
o . 6 4

1 .  0 3
1 .  6 6
2 . 2 L
2 . 8 1

1 .  1 1
L . 7 4
2 . 3 7
2 . 9 3

1 .  0 3
1 , 5 8
2 . 0 9
2 . 6 5

1 .  O 3
L . 6 2
2 . 2 5
2 . 7 3

1 .  1 5
L . 8 2
2 . 4 9
3 . 1 2

o . 4 4
o . 8 1
1 .  0 1
L . 2 L

o . 6 1
o . 9 3
L . 2 L
1 . 5 0

o . 6 5
o . 7 7
1 .  0 5
L . 4 2

o . 4 g
o . 7 7
1 .  0 5
L  . 2 L

o  . 4 4
o . 7 3
o . 9 3
1 .  1 3

MEAI|  :  10818.29 1 .  8 g I . 4 8  0 . 0 5 o . 8 7 0 . 6 9  0 . 0 4

*STD-Standard Deviation



t
-,

Table: cl Backcalculated Moduli fron EVERCALC and TEXAS Models 

I

I
I

Si te  No :11 Da te :  8 -88 t
Stn I

I
I
I
!
l
I

o
1
3
4
5
5
7
8

E\TER-CAIC RESULT
E1 E2

TEXAS MODEL RESULT Depth to
E2 E3 Bed RockE3 E1

9
10
1 1
L2
13
14
15
16
L7
18
19
2 0

L293339 5s441 105414 1218017 73336 6207L 70.37
t490347  4402L  138162  1034009  78308  6879?  63 .35
L202853 76338 110374 940L75 114435 62L20 59.06
L476673 82165 LL2524 1010846 139961 59901 1r .1.52
2946384  49891  116301  1336079  144495  52408  203 .7L
L478904 49857 110469 L28L247 73L57 6L724 300.o0
1546536  41500  87586  LA42L6L  43163  55818  7L .43
L893992  50695  102108  1141323  10761s  50362  66 .  Os
L536756 39828 LO7L75 L322950 60784 581ss L42.63
L9L2804 43L72 L29786 863735 rr2]-2g 57468 72.42
32785L4 13688 86311 L807757 52L79 32796 Los.09
2236888 25815 101169 1493955 5962L 46250 111.6 i
L6L3762 48709 77682 LLL73L2 9L744 40151 eL.50
1688251  36922  83239  892895  90424  38904  290 .55
L788642 33105 92928 L476595 55391 48848 L24.3s
1596861 32279 93499 L272880 55286 484L7 86.67
L72478L 41319 94630 L439L57 672L8 507?8 82.28
1161332 45252 100019 LL93027 54572 61183 101.79
1151846 54964 114544 968248 79604 64462 57.65
1450154  4542L  150459  1233503  66L23  81193  71 .19

Mean L72348L 45524 105719 L244294 80977 5 5 0 9 0  1 1 4 . 1 7 t
s . D . * 5 3  3  4 0 9 1 4 8 8 8 1 7 9 1 0 265695 2e453 1 0 8 7 9 6 9 . 1 3

cov** 3 0 . 9 5 3 2 . 7 0 1 6 .  9 4 2 l . . 3 5 3 5 .  1 4 1 9 .  ? 5 6 0 . 5 5 I
*S.D=Standard Deviation **QQg=Qeefficient of variation t

I
I
I
I
t



I
I
l
I
t
I
I
I 

APPENDDT c

I
I 

BACKCAT{TJLATTON OF LA'ERS MODTJLT

I
I
I
I
I
I
I
t
I



-:---:t$::::ll-:-----:--- 
- ------;;;;;;:;;---

EVER-CAI4 RESULT TExAs I.toDEL RESULT Depth to
_____:::______:1_______::_ E3 El E2 E3 se& Rock

o L6z46sL 20438---;; ; ; ;--; ; ; ; ; ;----; ; ; ; ;---; ; ; ; ;----;; : ; ;-
1  1161538  23?9L  92332  1323450  21955  73168  47 .O72  1816305  14255  40688  1461901  32801  2L454  88 .803 2432L46 16603 476L8 L206477 65251 22692 157.334 1161099 52L49 46640 333502 L4457L 24?04 151.875 222L576 10135 48294 1999995 14384 29405 7r . .536 3207967 8755 64369 1165008 59599 235gO r13.907 234L602 L7707 335?9 L577Lg5 55131 17089 183.678  4999998  6374  69040  1999995  90116  18881  57 .629 2737476 t  6131 47105 764446 94168 2LO25 118.1210 L749678 11416 63824 260926 75796 23688 85.2s11  2069096  7833  40555  L2g3582  3075s  L7484  113 .45L2 2882405 54oO 257L5 1999995 19137 L2352 148.3813 37254L9 5062 26396 1999995 42530 10683 r48.2s14 4290254 7237 49348 L2355g4 82163 17389 L24.rs15  1993691  10194  49667  13438{2  31403  22666  120 .8916 2227770 6893 34342 L222L48 3ss61 rcgo6 t io .zaL7  1343112  14469  54934  1091593  2780L  29150  s7 .8018  1571348  28930  57148  945664  67788  30696  182 .0s19 1319751 2929L 66427 749298 69289 34386 LO7.6720  1869515  19405  6130?  882910  63410  2s430  150 .10

Table:. C2 Backcalculated ltoduli from EvERcALc and TEXAS Models

Mean 2323640 15832 s0923 L236467 5 5 8 1 5 2 4 8 1 5  1 1 6 . 9 9

I
t
l
t

I
I
I
I
I
I
I

S . D . * 9 9 8 0 3 8 10787 l s234 488025 3 0 4 6 6 L24L4 3 8 . 8 3

cov** 42 .95 5 8 . 1 3 29 .92 3 9 . 4 7 5 4 . 5 8 5 0 .  0 3 3 3 . 1 9 I
*S. Er-Standard Deviation **COv=Coefficient of variation I

I
I
I
I
I



Tabre: c3 Backcalculated Moduli frou EvERcAIf and TEXAS Models

I
I
I

I
I

-----::::-::r ;;-
-:------

E\IER-CAIf RESULT TEXAS MODEL RESULT Depth to
_____:::_____ 

El E2 E3 E1 E2 E3 Bed Rock
o,ie 1 ? ii- 

--;;;;;---e 
ire ! 

---;;;;;;;----;;; 
;;- 

- - 
;;;;;--=* :;; 

-
1 L326623 25765 52777 iozgzzo eeras 13971 87.362 L642LL9 21506 473L6 L2gO520 71085 LLL74 8e.963 L344706 7245s 1034s8 i iaozor  LL2643 3s382 ?3.634 L28LL73 111819 95702 i iggggs 61501 50337 107.905 895084 36595 85192 

-zggoez 
67547 27455 70.486 1403388 sL202 LL2046 ]. iggsze 80887 38795 6L.s77 L237L79 30s84 104402 io igsno 674L2 30622 62.ss8  1694353  30785  7go78  i i a rosz  619s0  2354s  76 .4310  1307s86  3724L  6804?  i i j gzg r  7s350  1see8  6s .se11 1s11619 46266 79890 i iazseo LL4764 22LOs 84.57L2  1203810  37337  81263  ioCeerz  75800  24g4s  83 .s813  1052418  37566  6478L  g i zzzz  69910  20331  76 .2714  448018  46318  7L837  iegaes  84327  23591  79 .2s15 888553 26250 69696 647988 67005 19473 77.gg16 993672 24076 90150 853541 50250 26754 7L.32L7  1123554  22085  88122  928737  51939  24681  63 .9318 LL94799 203L2 77467 1049854 45284 22262 64.4419 925L34 24453 74406 821039 49013 22830 7L.4L20 1136463 1s718 6948s gszaeo + t iEz  18205 68 .s5

___5::____1Trrt. 377'ts 7eo3s 108s865 6sL72 2488s 75.s6

___13:l____?1;;;;---;;;;;:;;;;----;;;;;;-:;;;;----;;;;-:;:;;-
___: : : : :_____?r . r t  s6.33 20.62 31.s4 27.L6 34.2s L4.44
*s.rrastandard;;il;;----;;;;;;;;i;;-;;;;ili;;---

I



I
ITable: c4 Backcalculated Moduli frorn EvERcAr,c and TEXAS Models

S l t e  N o : 1 2  n ^ ! - - ^D a t e : 2 - 8 9 I
stn

EVER-EAIC RESUIJT
E1 82 E3

TEXAS MODEL RESULT Depth to
El E2 E3 Bed nock

o
1
2
3
4
5
6
7
8
9

10
11
L2
13
14
15
l6
L7
18
t9
2 0

L594293
L67 4L82
L693263
L827L66
1984904
1884961
2923498
L977769
2369466
3075t  68
1684189
238742?
L924636
1643988

651498
436415

1433883
1s31676
1664895
1416612
1581194

43696
33293
37252
80756
77275
42594
35208
43285
33165
4t.160
59111
50220
44346
4 5 4 8 6
24643
32797
22347
2 3 3 0 1
21098
32422
19923

55346
40960
43L72
97405

100784
89887

L7 6657
111479

7 6L55
86265
6L923
76L68
85690
728L7
4 8 9 1 4
473a4
77865
77900
66947
65376
62733

L52L329
1129040
1137486
1411199
1999995
L295465
1793958
1187657
1745885
1999995
1188050
1647095
1999995
1065449

437664
258602
8 5 9 9 3 1
885245

1033318
946L9?

1008091

8 1 3 1 7
1 2 3 3 9 5
L32704
199999

68129
L42955
L54452
1 5 8 3 3 9
L26449
L7749L
L72572
L76969

3L622
L53392

5 9 4 0 9
9 2 5 8 5
9 3 0 6 9

102813
96768

111564
8 9 2 0 6

L8672
9 8 5 0

1 0 4 9 1
28472
5 1 3 6 4
244L8
4 1  9 5 5
30005
1 9 3 4 0
2L209
16365
1 9 4 3 1
5 3 6 8 8
19365
1 4 3 6 0
13705
19600
19313
16253
17591
1 5 3 4 3

1 1 0 .  6 7
1 0 0 . 9 2
L O 6 . 4 2

9 9 . 4 1
9 1 . 9 2
7 5 . 9 7
5 8 . 6 3
6 3 . 0 6
7 8 . 6 7
7 5 .  1 5

1 0 0 . 4 0
9 5 . 5 8
7 g .  g g
8 2 . 7 6
8 2 . 4 L
7 8 .  L l
6 7 . 8 3
6 a . 2 2
7 3 . 8 2
7 7 . 2 9
7 3 . 5 3

I
I
l
I
I
I
t
I
I

L779099 40161 77230/ L26484L L2L676 22895 8 2 . 3 6___5::_
s . D .  * 59L3L2 16064 29027 47t629 42570 1 1 8 3 4 1 4 . 0 4

cov** 3 3 . 2 4 4 0 .  0 0 3 7 . 5 9 3 7 . 2 9 3 4 . 9 9 5 1 .  6 9 L 7 . 0 4

*$.n=gtandard Deviation **COv=Coefficient of variation

I
I
I
I
I



I

I

t
I
t
I
T
1
t

Tabre: c5 Backcalculated Moduli from EvERcArc and TEXAS Moders

_____:1::_y''.--_ 
- r',"";;;;;;------- _- G*"*il-*il;--;;; -;;

___-_::: 
El E2 E3 El Ez E3 Bed Rock

o ielei?--;;;;;--- !,;;;---;;;----;;il--;;;;;---.;;:;;-1 581646 30718 57153 483753 82233 2705L 88.752  541901  10825  54682  429276  37974  22422  74 .463  857365  15428  47933  635104  73533  19317  so .204  636384  4s844  6s705  5L4778  117906  31468  sL .285  739350  17041  5 r .164  538311  74gO5 21133  82 .646 642763 L7788 44501 490624 67797 19115 93.  047 s48888 22499 39460 so2 ' .52 54341 L8754 10o.948 497L28 20t25 46089 429LL2 51698 21951 1os.7o9 42A673 42954 4L704 376468 85744 2LOL2 135.1310 644501 44?OO 4go75 662805 7075L 25851 lss.4s11  369755  45556  46580  294LO2 126704  21055  115 .37L2  353181  29878  53433  i zzego  83156  24568  108 .2913  464839  109206  7L256  545750  199999  3Lg20  165 .7s14 276677 48311 467L4 200506 L70028 rg402 L25.6215 392983 2ssg4 48602 274859 113435 Lg467 L2L.L216  475103  59584  55975  381099  199999  22846  1s0 .75L7  418839  53762  51oOO 315881  199999  20196  rLz .4018 432353 27562 53475 2s457g L2238s 2L425 ?s.3019  4L482L  37794  48989  282400  15?390  19343  12s .83
-----3:- ----2:"ot 2LL24 44130 342567 12so4e 16248 1oo. e8

___5::_____:;;;;;---;;;;;---;;;;;----;;;;;;-l;;;;;---;;;;;---;;;:;;-
___3:3::____1.r.rrr 2L415 7466 L25537 5077s 3es5 25.86

___:: : : :_____:; : ; ; --- ; ; : ; ; - -- ; ; : ; ; - ---- ; ; : ; ; - --- ; ; : ; ; - ; ; . ; - --- ; ; : ; ; -
*$. ftgtandard DevLation **ee{=eeeffLcient of variation

I



Table: c6 Backcalculated Moduli from EvERcALc and TEXAS Models

I
I

t

I
I
I
I
I
I
I

EIIER-CAIC RESULT TExAs IiIODEL REsuLT Depth to
_____:3______:1_______: ?______::______:1________:a-. E3 se& nock

o 1es81se 13s1l 3734s 164se11 1o6s7i ; ; ; ; ; --- ; ; ; : ; ; -1 682oL2 2sooOo 444s3 1ee9995 113648 z42ss i iz.gz2 L520077 19590 42934 1999995 9722 29967 119.363 2027269 L724a 4L772 L40g32L L56623 L7826 115.764  1793151  46118  5249L  147395s  158961  25gLL  96 .415 20L4757 L9294 44155 1s91379 132851 Ls4s6 111.466 2410601 15595 41063 1999995 L27g67 L7Z3L L26.4s7 1643995 2O37O 36550 L4]'926L LOL744 L6s7o L47.g38 1888423 15589 40772 1618559 97180 18115 L25.6s9  1859917  38427  39911  L407676  189184  18307  134 .6010 2579583 2984L 44554 Lggg537 184655 1999s 14s.9811 15s1428 74673 38765 L6gL457 199999 17369 L77.66L2  1405041  43745  43178  1089798  199999  19555  l1s .6913  1570153  185790  57833  1999995  LO7s77  34766  ]72 .L214 2LL2082 259L2 44022 1598180 199999 18430 121.58
15 1850551 22067 4249L L2g84g7 186641 17890 139.4916 2427787 40191 47633 1999995 58434 28332 150.17
L7 257L993 27L23 47550 Lggggg' g26LL 23496 13r..5L
18 1606468 39769 44239 L266389 199999 19?31 131.02
19  1538811  56535  4o81s  1416s5s  199999  18446  iez .os
20  1699286  21556  384?8  1091561  193957  r .5128  L25 .s2

Site No:16 ^-- ; -  : -Date  z2-99

Mean 1845312 487L2 4 3 3 8 3 1619905 L44225 20862  135 .17

s . D . * 43L775 57760 4 8 5 3 308510 5 3 6 4 8 4946 2L.20

cov** 2 3 . 4 0  1 1 9 . 5 9 1 1 .  1 9 1 9 . 0 4 3 7 . 2 0 2 3 . 7 L ! . 5 . 6 8 I
*S. D=Standard Deviation **QQ!=Qoefficient of variation

I
t
I
I
I
I



I
I
1
I
I
I

Table' c7 Backcalculated Moduli from EvERcArf and TEXAS Models

Si te  No:17
-- - - - - - -  __:_____ ate:8-g8

EIIER-CAIC RESULT TEXAS UODE; ;il;--;il;;
-----::: El E2 E3 El ez- E3 Bed Rocko ;;;,-;;----;;;;---i1li;----?i??!;----;;;;;----;;;;__==;;:;;_

1 6042s0 zsoo zos i i  3zs2s4 gz igs 8s56 83.302  625658  3?58  21510  249966  rggggg  9406  88 .4?3 67o9s2 2soo zssoz azzgss 
- izieo 

949G 7s.o64 '  58083s  42s6  zzzo i  330957  rzge ia  10358  88 .34s 6sos2s 2soo zgtoi jesrss gzilz LL42s zs.s26 6s8?40 2633 zsiii iszzse rrgaig 10360 77.687 s14101 3sso zei i i  i tse, '  
- ioi is 

Lo?s7 86.068 719509 2676 zgs'. i  )gegzs rese'c 11504 68.9s9 297098 6408 26236 izegzs tzasis L28s7 78.1110 s63750 4s28 23056 iasezs rroiro LO674 86.0411 4667ss 284L L6991 izergg eei6r  ?643 87.00L2 569734 2827 23328 issgss rgioig s78o 83.e813 62s57L 32s6 ].872L zssszz rioisz 8189 8s.7L14 598429 25oo 1858s ?29249 gzlz 8441 85.9s15 684303 6592 27408 386962 rc-aoiz 12898 98.1616 810646 3349 24750 iezsnz ezoi) 10610 ee.l lL7 s16537 5205 22873 igsezz rzsogl LO722 e1.7118 s49161 32so 24267 zageog r iag i i  104e1 8s.2s19 580846 3894 2440L i rggor  rarssS 10700 a4.2s
_____::_ ____2rrort sele 2263L iregga reai6b 1o8se 85.sl

___::: :_____:*ron 36e3 23,,43 3323s5 118404 loo?1 s4.27

___13:l____::ro'  L2s8 36e3 L36?64 44o8e 16s4 7.?8
cov** ;;-.;;---;il;;;:;;-----;;:;;----;;:;;---;;:;;-----;:;;-

*S.D=Standard Deviation **e!17=e6effLcLent of variation

I
I
I
I
I
I
I

I
I
I



I
ITable: c8 Backcalculated Moduli from EvERcALc and TEXAS Moders

-____::::_y:11
EVER-CAIE RESULT TEXAS UODEIJ RESULT Depth toStn E1 E2 E3 El EA E3 Bed Rock________

o  863961  25oO 11636  738020  139496  4650  103 .431 e2L840 4278 L74s8 6862s6 lseeee ;;;; i6r.u,2  835912  4454  17915  556250  199999  ?953  83 .603  703525  7734  16258  547473  199999  73gg  103 .984 1164135 25oO 20825 87?340 199999 7875 76.s85 295484 3606 39094 303571 6605 2202L 2L.746  975688  3304  20607  672673  199999  8508  21 .157 L2993L t2255 39090 238396 20447 238398  1087357  4872  23L4L  909161  199999  ga72  99 .169 L583924 25oO 29343 1999995 5000 LOO2710  961181  25oO 26773  1086121  32583  10861  61 .s811 487544 7103 13510 310498 189194 630? Lr2.24L2  910155  3373  L7g48  628440  199999  74LL  98 .s813  1051957  54L2  14819  g20g4L  190052  6336  126 .80L4  606407  5772  13348  430680  180468  5015  113 .6315 1128370 9045 26023 114?841 199999 LL?2L 95.9216 1512619 5377 L9742 L547426 199999 8128 108.84L7 969432 5391 L9245 1562608 25976 8615 95.5418 550642 4767 18499 279,464 199999 8479 90.3619 57282L 524L 20381 29062: .  199999 9451 8e.1420 50000 3?374 L8732 too572 1oO5?2 10057 ro2.s4

t

I
I
I
I
I
I
I
I
I
I

Mean 826804 6636 20877 753826 147161 9668 8 1 . 3 9

s . D . *  3 8 6 4 3 0  7 2 6 L  7 0 L 6  4 8 3 9 3 6  7 6 0 6 1  4 6 L 7  3 ? . 0 1

cov** 4 6 . 7 4  1 0 9 . 4 2  3 3 . 6 1 6 4 . 2 0  5 1 . 6 9  4 7 . 7 6  4 5 . 4 ?
*S . DEstandard Deviation **COv:Coefficient of variation

I
I
I
I



I Table: c9 Backcaleulated Moduli from EvERcALc and TEXAS Models

I
I
I
I
I
t
I
I
I
I
I
I
t
I
I

____:::_____:t E2 E3 E1 a2 E3 Bed Rocko .?11te----;;;;----;;;;;----i;ieie-----ffi----;;;;--=:;;:;;-
1 543067 3?78 238s7 546235 15307 Sooo 8s.242 65s167 3344 252L5 726344 824L 8457 83.723 669840 2559 28249 695?82 zaeq 8388 84.4s4 692492 3331 28533 733Og2 9110 g34? 90.405 750867 2666 40313 702276 L274L LO272 75.926  648806  2500  26973  690819  8o9s  ?803  83 .197  612631  3161  34493  532516  L9g26  9569  73 .028 608893 2524 38344 562227 izree 9752 67.2se 5t r8334 3501 32s70 6256t4 rn ioc 10213 81.  0810  585890  2664  36613  567794  g iea  10101  67 .Os11 499702 282L 32111 442729 14858 9075 72.OOL2  se5404  25OO 35999  601143  8586  9658  68 .8313 548070 262L 2676L 570091 zaeg 8423 78.8?14  s73210  3121  20607  636463  Za iz  l L?L  100 .5e15  553503  2672  23848  568773  9020  7486  88 .2016 507460 26L6 2o8oo 550801 eaiz  6ss7 86.48L7 585329 2956 Lg728 55732L reooz 6057 104.3918  582908  3027  24067  629439  ?s88  815s  90 .4319 477732 2500 2265A 547gg4 5ooo 7584

_____3:  ____!?rrn 8306 16436 5447s2 75s5 8403 4o.?8
Mean u"iiZl----;;;----;;;;;----;;;;---;;;;;----;;;;----;;;-

Site 24

s . D . * 7 4 3 5 6 1215 67L4 74005 3A77 1 1 5 6 2 L . 9 7
cov** o .  1 2 0 .  3 8 o . 2 4 0 .  1 2 o . 3 7  0 . 1 4 o .  2 8
*S. Dr=Standard Deviation **COv=Coefficient of Variation



Table: c10 Backcalculated Moduli fron EvERcALc and TEXAS Moders

I
I
I
I

I
I
I
I
I
I

Si te  No :24 Da te :  L2 -88

Stn
ErrER-eArf REsur.T TExAs MODEL REsuLT o.pti i"El E2 E3 E1 E2 E3 Bed Rock

o
1
2
3
4
5
6
7
8
9

10
1 1
t2
13
14
15
16
L7
18
19
2 0

-;;;;;;;----;;;_7---;;;----il;;;----;;;;;----;;;;---;;;:;;-
1099638  5058  25376  792467  76155  87L2  ; ; ; : ; ;L254322 49L2 24628 g70].o7 ?7767 8262 L2L.571380595  2815  31867  1251995  38084  goeg  e8 .591300395  3446  30624  1090490  50584  9353  101 .  031604311  4065  4L r20  L475473  45415  L24s6  s2 .25139031s  2531  31888  L227364  40375  8638  100 .e9L268769 3904 38948 LO52737 46340 LLg3? 89.33L27L595 2608 39494 1106858 3L245 10463 87.22L464756 3796 36759 1410539 ZiSZt  11379 ss.o?L205229 2910 39732 L246477 L272L 119?0 83.04LO40702 3209 35775 879570 33160 10821 86.13L294996 2676 45349 L2g6gs5 L2678 12s58 78.221143379 3275 30702 1051410 324L? g57g s6.o41199385  5035  21840  1019315  64885  7546  L28 .42L223342 3163 26927 931703 6r .483 8072 110.931135043 3585 2L2gL 958345 53358 6965 L24.L3L242LL7  3594  21180  945603  72570  6684  136 .16LL94426  4808  24667  1011078  60499  8461  119 .05
LL26376 4957 24558 847ggL ? 4640 8368 1.20.  301109628  2598  29877  1031688  26368  8781  e l . os

___f ::____3:?!2____1:::___T:1___*:1=_-__:2!?'_____::::___t9l:13_
s . D . *  1 3 9 1 3 0 8 7 7  7 4 0 6  1 8 6 1 6 0  1 9 5 2 0  1 8 1 0  1 8 . 2 9

I
cov** 1 1 . 1 7  2 3 . 7 L  2 4 . 1 9 L 7  . 4 6  4 0 . 5 6  L g . 2 g  L 7  . 2 9 I

I
I
I
I
I
I



I
Tabre: cll Backcalculated Moduri from EvERcArc and TEXAS Models

I

S i te  No :26
D a t e : 3 - 8 8I

I
I
I
I
t
1
I
I
I
l
I
I
t
I
I

gvBR-cArc RESIILT TExAs uoDEL REsuLT Depth toStn El E2 E3 El E2 E3 Bed Rock
0 1e10041 5ooo 33L62 L672606 83802 10401 97.63t L828679 5ooo 2sL73 igggggs 20286 9565 112.452 2722994 5726 34906 1999995 14261s 11004 123.003 1821555 5ooo 32095 1999995 20858 LL?46 88 .484 s84745 5964 25933 3gg7u7 47402 10506 48 .s05 1452675 5ooo 27464 L274757 6306t s472 102.s36 1846458 sooo 29820 L377g37 108181 94oo 100.e87 L662375 Sooo 30441 L2452g3 8823a 10092 LLz.A28 1413587 5852 29583 101009r.  86325 10506 104.289 L3507L7 7749 30051 1044560 82580 LL425 101.9210 1s14844 11895 31135 L227sO3 LO2726 L2377 116.8511 1488074 5144 30308 L5273g7 33728 11109 100.35L2 18s6269 e i ig  3 ! .692 1354231 r reg i i  1o98e L3z .ss13 1392195 5753 27036 1065117 etz is 9635 L26.7014 1435149 5ooo 25268 1248681 ee io i  866? 116.4315 1531345 Sooo 30189 1201904 zsszi  10258 LOL.7716 L27L7L'  sooo 31404 1232515 36197 11439 Ls.77L7 LL4275a 6L2g 24L52 402L26 regsae 8369 117.5818 L7L2327 5ooo 2g58g 1737588 5gg74 9619 98.941e 134e882 sooo 2s4L4 rzioi i i  ef i ; ;  8s6o s6.37

_____3:____1:1rr,  sooo 2e5so 1?13e2s 27066 10283 s3.78

---5::--__1::r'0. s761 2s25s L3322L3 7507s 10263 100.63

___13:l____::tr tr  1544 2816 428?82 37874 1o4e 24.68

___: : : : :_____:u. t t  26.81 e.63 32.Ls s0.45 Lo.22 24.53
*S.D=Standard DevLation **ee[=eeefficlent of varLation



Table3 CL2 Backcalculated Moduli from EVERCALC and TEXAS Models

I
I
I

Si te  No :26 D a t e : 6 - 8 8 I
Stn

EIIER-CAIC RESI'LT
Er. E2 E3

TEXAS. MODEL
E1 82

RESULT Depth to
E3 Bed Rock

o
1
2
3
4
5
6
7
8
9

10
11
L2
13
14
15
16
L7
18
19
2 0

1088291
1111621
L422774
L2466L7

543360
833859

1149681
670704
s83L27
7L7396
6L7776
875656
461904
7L8745
72L777
772900
611607
867101

1024431
8L8372
908622

4 8 3 5
2979
7234
3670
2499
4518
2998
8927

10529
10369
10368

7343
53860

5104
363s
3892
4824
3173
3642
2877
3 3 3 0

290L4
27454
30013
3L326
27 6L9
26601
35673
26503
248L2
26660
28595
31192
29024
27L99
31190
30685
29688
26709
28705
3 0 0 3 2
32749

L2L5044
72808L
923406
987853
227027
5743L4
688050
385057
325057
396135
333872
604725
56L652
365507
325511
3 3 9 9 1 0
2e29LL
450998
502074
3 4 8 5 4 5
457908

L6204
7 3 0 8 4

1 3 0 0 4 4
60125
6L242
6 4 8 3 9
77286

100409
9 8 3 0 7

L2L7 42
LO2776

8 1 0 2 3
199999
LL226L

9 5 0 2 3
1 0 8 8 2 1

97576
9 6 4 3 3

L22427
1 0 1 6 9 0

9 8 1 6 8

9 9 8 9
6753
8 6 3 0
8 1 7 8
7185
7792
8225
8 6 8 1
8576
8614
977L

10042
8968
7332
7 6 8 5
7 649
8057
6286
6799
6740
7557

8 9 . 5 9
1 0 0 . 6 9
L L 4 . 5 7

8 '4 .29
7 9 . 9 3

LO2.49
8 1 .  9 9

2 4 3 . 7 6
8 4 . L 7

1 9 9 . 4 0
8 3  . 4 9
8 8 . 8 7

1 8 0 . 2 0
8 5 . 3 9
6 4  . 4 6
7 3 . 6 2
8 4 . t 2
9 0 . 4 5
8 1 .  0 2
8 3 . 5 0
7 5 . 2 8

I
I
I
I

Mean 846015 7667 29LL6 525887 9 6 1 6 5 a o 7 2  1 0 3 . 3 9

I
I
I
I
I
I

S . D . * 244L82 10651 2457 25L251' 3437t 1043 4 4 . 9 6

cov** 2 8 . 8 5  1 3 9 . 9 2 e . 4 4 4 7 . 7 8 3 5 . 7 4 L2 .92 4 3 . 4 8

*9. P=gtandard Deviation **QQ$=Q6efficient of variation

I
I
I
I



1

I
Table: C13 Backcalculated Moduli frou EVERCALC and TEXAs Models

I Si te  No:28 D a t e : 3 - 8 8

Stn
EVER-CAIf RESUTT TEI(AS UODET RESULT Depth to

E1 E2 E3 El 82 E3 ged Rock1
I
t
I
I
t
I

o
1
2
3
4
5
6
7
8
9

10
11
L2
13
L4
15
16
L7
18
19
2 0

5121
4 5 3 1
6643
4 4 8 1
3820
2640
2994
2732
2500
4637
2500
2500
2500
3518
3265
4364
3891
4519
5870
2658
3575

6299
6 5 8 0
6L37
5262
5814
7 3 2 7
5263
5 6 4 8
5452
6503
5 3 9 6
4 5 4 1
5 3 0 6
5777
6320
?864
8 1 0 5
7 8 1 3
8243
6 4 5 3
6 3 0 5

479493
500000
320265
385643
43L372
436185
484050
473300
472033
444789
500000
500000
500000
500000
500000
500000
449763
500000
500000
500000
500000

9 8 8 0
10373

9 3 5 5
4428
9783

11560
9104
922L
8793

10566
8915
7854
7923
8962
9897

LL772
L3322
1 2 3 3 6
12890
11374
10882

369879
422882
2 1 3 9 8 1
250209
234L24
407186
253620
409012
4 4 4 0 8 0
247722
4L470L
366320
330207
5777LO
473576
569515
3 4 9 8 8 9
485640
47LO26
3 5 0 3 8 3
290116

L3676
11187
L6256
L4L7O
15313

5000
14195

6892
5 3 3 5

14991
59L7
8751
5000
57s5
6 6 3 0
6323
9884
9L74

L2466
9228

14954

1 1 5 . 8 0
9 4 . L 7

1 1 5 . 5 3
L ' 1 2 . 7 6
1 0 8 . 7 4

5 7 . 0 9
t 2 9 . 6 2

9 8 . 6 0
9 L . 7 9

L 2 4 . 3 0
9 8 . 7 7

L 2 9 . 8 3
7 0 . 2 L

L L g . 2 7
1 0 0 . 6 9

9 L . 4 6
7 0 . 0 4
8 2 . 7 L
8 3 .  O 1
8 6 .  3 7

1 0 6 . 5 9

I Mean 470328 377 4 10152 379608 10053 6305  LO2 .25

s . D . * 45470 1160 1544 LOLL22 3 8 8 3 1017 2 4 . 9 8

I COV** 9 . 6 7 3 0 . 7 3 1 5 . 2 1 2 6 . 6 4 3 8 . 6 3 1 6 . 1 2 2 4  . 4 3

t 

*S. D=Standard Devl,atlon

t

**QQ\f=Qsefficlent of variation

I
I
I
I



Table: c14 Backcalculated Moduli froru EvERcAr,c and TEXAs ModeLs

s i te  No:28  
- : - : - - - -

D a t e : 6 _ 8 8

EvER-cArf RESULT TExAs l.toDEt RESULT Depth to
_____:::______:1_______:3. E3 El E2 E3 Bed Rock

;_______
o  5 0 0 0 0 0  5 0 0 0 0  7 3 3 2  3 9 4 5 1 8  1 3 1 9 5  5 7 3 1  1 3 9 . 5 11  500000  25000  8350  734638  50oo  6840  90 .102 5oooo0 25000 72ss zs\2,v  L2oo4 sT6i  s8.263 500000 25000 6583 273825 11516 4gg2 : .20.284 500000 25000 7 446 46460L groa 5601 1 '3  .  755 5OOO0O 2so0o 8181 4L366i  io6o ?o1e 55.446 500000 25oOO 6646 198367 L4778 4973 LL7.877 500000 25000 6825 l rczzs 10418 s125 101.  03I  500000  25000  6486  415934  5736  5167  87 .35e  soo000  25000  8s67  se6604  113? ;  ; ; ; ;  74 .L51 0  5 O O O O 0  2 5 O O O  6 8 0 0  3 5 3 6 8 9  ? 6 ? 3  5 1 8 9  8 3 . 3 911 500000 25000 5648 526875 Sooo 4375 L20.24L2  500000  25oOO 6918  373552  5ooo  5558  70 .L713  500000  25000  6832  658640  5ooo  5480  120 .9114  5OOOO0 25OOO 6893  479755  6726  5618  85 .8215 500000 25000 8854 4e2554 78r_9 7LO2 75.6116 500000 25000 9593 549884 522L 8197 66.47L7  500000  25000  9060  430117  9s1s  7070  77 .7018  500000  25000  9995  534025  8190  8040  74 .s819  500000  25oOO 83?3  36472L  g7g5  6322  81 .31

_____3:_____::: : : :___::g::  11614 113ss8 1135s 113ss 6?.61

___5::_____::::::___::::3____r:ll____,aL;_1_____::I----;;;;--;:;;-
---13:1 --:----::31 14oe '44266 

"':____$]__i,li_cov**  o .oo  20 .33- ; ; . ; ; - - - - - ; ; : ; ; - - - - ; ; : ; ;  24 .LL  24 .25
*s.D=standard Deviation **ee\I=e6efficient of variation

I
I
T
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
Table: c15 Backcalculated lloduli from EvERcAIc and TEXAS Models

I
I
t
I
I
I
I
t
I
t

Si te  No :31 Da te :  Z -98

EtrER-cArr REsutr rExAs !,toDEL REsuLT Depth toStn E1 EZ E3 El E2 E3 Bed Rock

o 33429L 13183 45082 281,969 7920L 10791 96.s11 264A65 27957 42699 232844 113600 11584 L22.822  326842  2435e  44276  2sg6sz  101269  12016  i ) s .gz3  241388  46864  33804  2Ls463  1s0312  8830  i i s .gz4 274084 s3062 31859 248334 L70sL7 7644 izo.se5  29511s  34840  41363  2s2sg7  154352  Lozzo  i i r . sg8 309534 23623 79980 262403 104208 2L875 
-eo.gz

9 332390 L7499 54A87 256L4L 133198 12480 78.7410 397834 2L387 50084 3L4L57 14?848 11190 84.5311 249394 54103 70067 22LO43 199999 19493 8e.17L2 3487L4 14961 98553 2s6LL4 68420 247L7 61.1413 282659 31842 93586 282464 84739 28246 6s.74L4 287028 48016 49787 248973 199999 L284s 8s.8e15 246502 41005 49919 2L3436 t85742 L2835 90.9316  326081  26850  59777  263590  156023  14918  .77 .4s
L7  346591  26109  56052  297049  123596  14882  90 .1518 338257 14495 513?6 280379 89643 L23g7 91.5619  336891  14120  6237L  278263  86115  15156  8s .64

_____3:_____??:!::___113:1___3::!1____yT___::::: 6728 232.28
---5::-----19:*---11T:___::9::____?:2???___1131___i1Il___T1,{_

s . D . * 44203 15957 18586 29338  42862  5534  40 .53

cov** 1 4 . 5 7  5 0 . 0 7  3 3 . 7 6 L L . 2 4  3 1 . 9 4  3 9 . 1 0  3 8 . 5 1

I
I
I
I
I
I
I

*S . Dtstandard Deviation **Cov-Coefficient of variation



Table: c16 Backcalculated Moduli from EvERcArc and TEXAs Moders

-----:lE-r::r-:-:-:--::---- ------il;;:;;---
E\rER-cArc;;;;- 

-- --- -_ -;;*, 
;;;;;;;;- 

- 
;il 

-;;
Stn E1 E2 E3 E1 E2 E3 Bed Rock------:--:-----

o  5149887 45L67 58745 1999995 548L7 38046 L25.641 438294, .  500000 45336 i iggggs L258g2 26323 138.462 5924279 498894 54?48 igggggs 73284 49438 97.073 5755256 500000 55089 igggggs 74233 50078 110.024 5436503 6976L 54022 igggggs 46L46 38638 125.885 5451183 LL4029 53388 igggggs 7342L 47ss '  126.386 10000000 5439s 43r .51 i iggggs 58626 309?2 L25.ss7 6552A70 500000 7s3L7 igggggs L2S8s2 78705 s7.ooI  4800414  500000  s4344  igggggs  199526  53143  106 .739 5518352 3L2779 59600 1999995 199999 4Lg52 106.8?10 45427a8 500000 109201 1999995 Lggggg 92096 107.1311 298933L 5ooooo L4754L igggggs L2sss2 14os9z sG.z6L2 222L5o7 494729 L43296 1999995 79432 131562 117.8013 3529923 233244 2L762L 1999995 L258g2 14Os9S 66.6s14  5136634  500000  L34275  1999995  199999  110116  83 .s l15 537774L 500000 80403 1999995 L258g2 ?Lg2s 107.1316  7s32L56  5oo0oo  81208  igggggs  4oGB9 13s631  1oz .30L7  2113558  5OOO0O 140066  1999995  79432  L2g36Z  1O7.1318 5e69252 500000 90693 1999995 Lsg526 53843 96.9019 6785340 500000 84019 1999995 Lgg526 52L27 96.96
_____3:___*99::9__:3::::___:::::___::::::____T:i3 5s040 100.88

___5:1____:f:?2?__'_?:::: 8e8?e leeeees ,rrrrr---;;;;;--;;;:;;-

---13:t---:::?'-!--!!T::---11::9____:____9__:_:Er---;;il-:;:;;-

I
T
I
I
t
I
I
I
t
I
I
I
I
I
I
I
t
I
I

cov** 3 6 . 2 9  4 3 . 3 6  4 9 . 4 3 o . 0 0  4 9 . 6 9  5 2 . 2 4  1 4 . g 1
*s.D:standard Deviation **ee\/=e6efficient of variation
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Tabres c17 Backcalculated Moduli from EvERCerf and TE)GS Models
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Tabre: cl8 Backcalcurated Moduli from EvERcArc and TEXAS Models

S i te  No335
Date 2-99

EVER-CAC RESUTT
stn E3

I[E)(AS UODEL RESULT Depth to
El 82 E3 E4 Bed Rock

o 4999998 250000 L27250
1 4999998 250000 20oooo1
2 4999998 250000 2ooooo l
3 4999998 250000 200ooo1
4 4999998 250000 20oooo1
5 500000 250000 2oooool
6 4999998 250000 200ooo1
7 L457929 250000 20oooo1
8 4999998 250000 20oooo1
9 500000 2272L2 200ooo1

10 500000 82778 20oooo1
11 4999998 250000 20oooo1
L2 4999998 250000 200ooo1
13 4999998 250000 20oooo1
14 4999998 250000 20oooo1
15 4999998 250000 200ooo1
16 4999998 250000 200ooo1
L7 2943496 250000 934371
18 4999998 250000 2000001
19 4999998 250000 2000001
20 4999998 250000 2000001

116847  1999995
92985 1999995
86509  1999995

108587 1999995
95027 1999995
89938 1999995
99657 1999995
793L9 1999995
70066 1999995
87850 445797
64678 5762?6
55504 1999995
907L7 1999995

100773 1999995
74?90  1999995
75151 1999995
56033  1999995
79325 1999995
78829 1999995
76L52 1999995
29A34 1999995

L99526  63095?  139498  4 .90
L99526  630957  133155  86 .70
199999 999997 65L26 86.07
199999 999997 68952 74. tg
199999 999997 97349 87.05
1 9 9 9 9 9  6 3 3 3 5 3  3 3 8 0 1  9 7 . O L
199999  999997  70396  83 .56
199999 999997 39033 s7.20
199999 999997 59s80 LO7.4s
199999  999997  34385  108 .02

79432 251188 57627 r }g.?2
199999 999997 22738 107.41
199999  398107  46340  ] , 2 ] - . 66
L47L28  735640  113116  96 .35
199999  999997  93694  86 .31
199999  633353  3975L  114 .40
199999  633353  39842  s6 .e l
199999  633353  L7762  119 .82
199999 999997 54770 Lo6.77
1 9 9 9 9 9  6 3 3 3 5 3  4 0 7 6 2  8 6 . 8 1
1 9 9 9 9 9  5 3 3 3 5 3  3 9 9 8 9  1 0 6 . 8 1
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t
I
I
I
I
I
I
I
I
t
I
I
I
I
I

Mean 4090543 24095,2 1860078 81361 1858189 191595 783187 62270 92.63

s.D.  1692506 35699 448894 Lg22L 437538 27502 227270 33729 24.s4

cov*  41-38 L4 .82  24 .L3  23 .62  23 .55  14 .35  29 .02  54 .L7  26 .92
*S. Er=Standard Deviati **QQ[=Qsefflcient of variation
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1 Table: c19 Backcalculated l.toduli from EvERcArf and TEXAs Models
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s 'D '  86268 21519 285766 6981 83027 21989 2676L5 2689 59.62
t
T'  COV* 45.11 48.25 228.74 Lg.77l - - - - - - 4 0 . 5 7  4 9 . 6 4  9 4 . 6 9  2 2 . 2 7  4 0 . 4 6

**@\f=QeefficLent of variation
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Table: c2o Backcarculated Moduri from EvERcArc and TEXAS Moders
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cov**  25 '82  49 .34  15 .84  2g .4?  62 .93  21 .30  g ' .sz
*S . D=Standard Deviation **QQg=Qoefficient of variation
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Table2 czL BackcalcuLated Moduli from EvERcArc and TEXAS Model_s

-----:l*-y::I-:----:--. 
-- -

EvER-cAr,. ;;;;------;ilil;;il;;;;3:::::::; -;;

_____:::______:1_______::_ E3 El E2 E3 eeh nock
o 4eeeees 2soooo'-- \;;;;;--;;;;;;;--;;;;;;-;;;;---;;;:;;-1  4999998  25oOOO 134054  1999995  199999  ] : 7247L  L lo .062  4999998  250ooo  133017  1999995  199999  L7LL I4  \o4 .2s3  4999998  25oOOO L20829  1999995  199999  159871  117 .814 4999998 250ooo L] ,L52 ' t  1999995 199999 148820 LL7.475  4999998  25o0oo  10856?  1999995  199999  143?91  111 .  s76  4999998  25oooo  1308?3  1999995  t  99999  169661  105 .  017  4999998  25oOOO L3L77g  1999995  199999  169948  10s .10I  4999998  250ooo  115684  1999995  199999  1s4938  11 r . . 819  4999998  25oooo  102904  1999995  199999  90593  111 .6010  4999998  250ooo  124899  1999995  199999  163471  94 .501 1  4 9 9 9 9 9 8  2 5 o o o o  1 1 4 2 8 1  1 9 9 9 9 9 5  1 9 9 9 9 9  1 5 3 8 8 3  1 1 1 . 9 9L2  4999998  250ooo  139091  1999995  199999  L752LO s4 .7s13 4999998 250ooo 1166?1 1999995 Lggsgs 156158 ro2.7814  4999998  25oooo  117549  1999995  199999  156714  105 .6315  4999998  25oooo  112864  1999995  199999  152616  LLz .L216  4999998  250ooo  112993  1999995  199999  1s2831  118 .46L7  4999998  250000  13?950  1999995  199999  L74426  105 .4618 4999998 25OOOO L2O2LO 1999995 199999 L6o22s 94.3819  4999998  25oooo  L67268  1999995  199999  198669  105 .s0

_____3:____1:rrrrr  2soooo L2sLs7 leeeees leeeee L65428 111.85

---=::----rii:I--:::e::__ll:3l__l$:i:__:lli:il;;;;;-;;;:;;-
_ _ _ ! : 3 : 1  o o 1 3 z 3 1  o r : : _ E : I _ _ _ _ : , : a _

cov** 
-;:;;----;:;;--;:;;------;:;;-----;:;; 

L2.Lz 6.42::-r---*s.D=standard Devl.ation **cov=coeffl,cient of variation
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