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 FLEXTBLE PAVEMENT STRUCTURAL EVALUATON
USING BACKCALCULATED MODULI

1. Measure deflection basins at representative locations along the
project (e.g., 100 ft. intervals or less for projects less than one mile,
and 300 to 500 ft. intervals for longer projects). Set FWD loading as
close as possible to wheel load of design or critical vehicle. For

s)

highways, use 9-kips. F i i 24-ki . Also,
run Ilgﬁter and heavier loads (if possible) so that the extent oI load.Qr

str sensitivity can be determined.
Do not NOTMEITy place the load plate on cracks. However, it may be

desirable to obtain some deflections on alligator cracks or other prominent
cracks to later determine the extent of deterioration at those locations.

2. Measure AC surface temperature hourly throughout the testing
period by drilling a 2 inch deep hole, filling with oil or water, and
inserting a thermometer. Measure deflections at one or more points each
hour for use as reference points to adjust other deflections if temperature
changes significantly.

3. Pl imum deflection profile along the project and examine § /)?:f/
the profil%fmﬁﬂThum deflection for uniform T
temperature). If there exists obvious variation along the project, it may )
be desirable to divide the project length into different design or St L
evaluation sections. The reason for differences in deflections for the Sl

different sections should be determined (e.g., change in pavement thickness
or soil type). i ’

L

4. Back-calculate modulus of layers and subgrade for each test
location using an elastic layered based computer program (ELSDEF OR
BISDEF). /
Do not average deflection basins back-calculate for the average .~
basin. Look for a few points of erronous data where something may of
happened to the deflection reading and delete if too far out (bad data
always exists for some reason).

Determine the mean AC stiffness modulus for each design section at the
field measurement temperature.

5. Estimate each pavement layer modulus value for each season (or
month) under consideration. -
AC stiffness varies greatly with temperature and must be adjusted for S
each seasonal period. Adjust the mean backcalculated AC stiffness modulus Le
(at the field temperature) to the estimated pavement temperature for each ;
bajor season (or month) over the year. Mean monthly air temperatures for -
the Champaign area are given in Figure 1 and an approximate relationship
between mean monthly air temperature and AC layer temperature is given in
Figure 2. Use the general shape of the graph in Figure 3 to adjust the
stiffness modulus measured in the field at a given temperature to the mean
pavement layer temperature for each month obtained from Figure 2. Assume
that the slope of the stiffness modulus versus temperature is constant to
make this adjustment. : :
Unstabilized granular base and subbase and fine grained subgrade soil
modului may also need to be adjusted for seasonal conditions based upon
expected frost and moisture conditions. An example of this is shown in
Figure 4 for the central Illinois area.




ystTUs MOTIq

auy3 3uippe 4q

sJnjeaadway Y3 Suyjzoealqns pue ¢2 £Aq uns 3y3z BuIpPIAIP
po93eINOTEd 3q ued

*(4 oOf) ®aae ay3 uy sdoad Tedyoutad ay3 403 Tewjulm §§ ymods

a1 °yanoa3d guetd

‘spanqedadwsy A{JEep WNWJUIR pue wWNWIXEW

J03 9TQETIEAR 3B3Y JO 37uUn ® $3 Aep 29.483p Buimoad V .

] 1] ] ] 1] ) ] ) ] 1 ]
rez i 8y | »m.anm op.omm £6°9€ m sgL's | - R e B B e Lo
SRS S SO R S e T T R L R L
! ' ' ! ] ! ' “ " ; "
cem } mee e} emm} eee } me= ] ===} === 1 0°26 1 omTER }o971l9 i--eBRd
] ] ] [] [] ] P ] [] ] ] ]
’ [] 1] Y ] 1] [ [} [ 1] [} [
! ' ' ! ! ! ! ! ' ' i :hraesx
“ “ “ “ ! ! ; ! ; ; '
: ! ! ! ! v : . ! i 1 !
€ 1S borte fEL jomz i €E Poe- 1 {utie | gtwe | owtgE {-m-dequedee
' H | [ ] '
SIS - VencE t LzoL lswz 1 osat L oL RV PR T 31 | 170§ }-=-J9Quan0,
! ] [] . ) “ [} “ H 1 (] [}
0 P m LEh m £6° m 612 1 wen i 92 b P 9°ss m 9w ! w99 i----4940390
H [ ] H 1 ]
0 bos b oL .. 18" “” 66z | 918 m g€ m s6 b 2rLg " 1°55 _ 1°8L m--..onsoo%m
1] 1] 1] ' [
0 b TR m wt | 90°€ m 620'1 m Ln m w6 i 2El | 1'z9 ! 8°€g {-----3sn3ny
_ ! . . ! ' !
0 o9 R RRUU 280't 1 1S P96 b6l | o8'wo | 0°58 m--d.-'-aasa
o i L iweodawzioww [ ouss [ ew 1 16 el fotg |Lgs i-m-----eunr
[ 1] ' 1] "
0 bl {06 m 10z | 15°€ | 169 m 33 m 16 ezo §gtis |0l femmmmom-keN
L] . ] " }
g o | v | 00°2 bore |owee | se 1w ]oes bl ozees =-----T3adY
' 1] ] v -. . -
s 1L besw | ens L booeL et m 5*0f 3 6°Ln m------aogux
Fs b dorzies fuen o booe b2 PE6z |0tz i wtle ---Aueniaed
1] 1] 1 1 H H
s 1w fseeiy “ O R U B i 0vgL .} 2°€E {----Asenuer
—_ — — — . - - - — - [} - ]
) ¢ m m uy m uy ! -uy s33up - dn H Jdo m do ! Ao, m do m
! ! ! ! I -—-uegs | --ueus | ' ! ]
! sa0m Jo |} ! ! asSAep | a9amoT { L2433y |} ! ! H
youy 0L°0)--ueyl}--ueyy} | 99a383p aouzuuuonaou“ounuuuonaou“ ) lwnujugwiunuyxen
Tegnousiyzsa shep} sJ4oq | sso7 | | SutmoJ8 | wnmiutW | woWIxeW 1} ATtep | Atiep | ATrep !
Bedaayljo uonsac“||||IIFWI|||l—omuuo><“uo Jaqunu} ] ! 1988a9ay ! 38eadAy ) 3813AY Y3 uon
! 98eaaay | ~--aaeylitris | | 93eaaay | ~-=3ABY TTIA OL ! ! !
— 101 uy saeak 2! ’ uy sde93k 2 ' ' ' !
1
uoyqeqjdiovagd e 9Jnjedadual m
— . H e~ H
[STOUITII ‘suequn 38 £L-1G61 PaXdsduaul BT pIPI0das 2.9n e3eq)
. NoXiviTdToaud any aunrvuzaiai-—1 @D

fonns yog

oci

B-15



12 Mix Temperature°F (Of WWM{\’}")

100 | ,

!
i

4 l . ! 1 ]
/40 80 60 70 80
’;’;“ ~ Weighted Mean Monthly Avg Temp MMATI'F

~ - P f~3
'J nMRT <o L R 4&:0!{ M,‘;( ’[e~7<rc6«rl - }o'}f

Figure ﬂ Determination of Seasonal Pavement Temperature.
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Asphalt Concrete Modulus (ksi]
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Figure a AC Modulus/Temperature Relationship.
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6. Compute critical stz}ﬂun%an pavement layers for each month over a
year for each aircraft or truck under comsideration using the elastic
layered program. For highway evaluation, the 18-kip equivalent single axle
load is normally used as the standard. However, the entire range of axle
weights could be used, but this may require adjustment of subgrade and
granular base moduli for lighter and heaver axle loads due to stress
sensitivity.

7. Compute the expected or "allowable" number of load applications to
"failure" using an AC fatigue model and a subgrade permanent deformation
model for each month (denoted by N;j). Two reasonable models are given
that were developed by the Corps of Engineers, and have been used
successfully for consulting work.

Asphalt Concrete:

logy(COV) = - ( 5.0 logyoTSTRAIN + 2.665 log)o(Eac/14.22) + 0.392 )

Where: COV = number of coverages to unknown amount of fatigue
cracking
TSTRAIN = tensile strain in the AC layer
Eac = stiffness modulus of the AC layer, psi

Fine Grained Subgrade

COV = ( 0.005511 / VSTRAIN)®-527
where: COV = number of coverages to 0.5 ins. of rutting
VSTRAIN = vertical strain on fine grained subgrade

8. Compute past damage (and future damage if desired to determine if
pavement can withstand future loadings over some time period) using Miner's
accumulated hypothesis:

LA )
Pewows <1

DAMAGE = n; / Ny Cav

where: n; = no. of axle or gear loads for the ith

month actually applied to the pavement at a
given load magnitude.

N; = no. of axle or gear loads for the ith
month allowable to "failure" computed from
fatigue or permanent deformation models.

If more than one axle or gear load is used, this summation must be repeated
for each and the total damage summed for all axle or gear loads.



‘9. Develop a table of results (using a spreadsheet) for both past and

future traffic such as shown below for the pavement.

Spreadsheet To Compute Past Fatigue Damage For A Given Pavement Section,

Given Axle Type And Load Level.

Temsits (';”.,f;
My *

T mE Since Opening

/| 10E-6° To Traffic DAMAGE
MONTH El E2 E3- TSTRAIN Nallow n _applied n/N
JAN 2,000,000 50,000 25,000 150 10,000,000 100,000 0.10
FEB ETC.
MAR
APR 700,000 20,000 5,000 400 350,000 100,000 0.29
MAY
ETC.
DEC

TOTAL FATIGUE DAMAGE = 0.85
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10. Experience has shédh'ﬁhafgtthDAMAGE7va1ues computed normally
agrees with visable pavement fatigue cracking. Figure 5 shows some results
for a group of highway pavements. A very general correlation between past
computed Miner’s Damage and field fatigue cracking is as follows:

Computed
Past DAMAGE Expected Pavement Condition

0.0 to 0.25 Fatigue cracking may not be visable, or
only a small amount should be visable.
Substantial life remains.

0.26 to 0.50 - Fatigue cracking should definitely exist
along the pavement. About half the
pavements fatigue life remains. Extensive
patching of fatigued areas would restore
fatigue life to those areas.

0.50 to 1.50 From 25 to 75 percent of the length of the
wheel path or length of the pavement
should show fatigue cracking. No fatigue
life exists unless extensive patching is
done in the areas of fatigue cracking.

> 1.50 Fatigue cracking should be prevalent

over most of the pavement length. No
fatigue life exists.

When the computed DAMAGE results do not agree roughly with the visible

fatigue cracking, the evaluation should be re-checked and modified.

Potential problems include errors in estimating past traffic loadings,

unrealistic back-calculation values for moduli, unreasistic adjustment of

moduli over the year, and an inadequate fatigue curve used in the

computation.

11. These evaluation results can be then used to assess remaining
life of the existing pavement and also its ability to handle future
traffic. The results are also very important for overlay design purposes.
The greater the past damage, the thicker the overlay must be to support
future traffic.
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