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Empirical Correlation for the Estimation of Resilient Modulus of Cohesive Soils
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SYNOPSIS:

The 1986 AASHTO Guide for the Design of Pavement Structures introduced the resilient modulus as a definitive material

property to characterize roadbed soil. Although the incorporation of resilient modulus represents a significant advance in pavement design practice,
the test procedure for resilient modulus is complicated and time-consuming. Therefore, it is necessary to develop data base of resilient modulus for
the soils frequently encountered; and to develop the reliable correlations between resilient properties and parameters from simple routine tests. In
this study, resilient modulus tests were performed on five cohesive soils sampled from in-service subgrades. The stress at 1 percent axial strain in
unconfined compression test (Suiox) was found as a good indicator of the resilient modulus, and the unique relationship between Mgz and Suiox
was obtained. A simple chart to estimate the resilient modulus at different levels of confining stress and deviator stress was also developed.

1. Mg

OIABE TaE BF7Ie wEEF HAEA REF L4 2 @4
Wyo] YAIET o|2% Ao AU ¢ ot FAHAY L
Fol xulel 2oz A% Holmz xwre HEGHAsE o3P
XAz Ee 203 E4F shiolr}l 1986d /AAE AASHTO =
2HAAMNL ABENASTE 715, BEI)S, ity EHRAE ALE
g Ag 2AsT Yo, B E2UeAE0] oA HEEY
A Mdel A& gn diy2e dg4dol B s &
g 9% Fug Besta gx Aok

YutHel EFAGHENE HH HEFYAFE FH87 A8 7
AL 196080 HEY @& dTAEHeuklelomd} Klomp, 1962;
Fredlund 5, 1977; Jones®} Witczak, 1977; Robnett® Thompson, 1976;
Thompson®} Robnett, 1979; The Asphalt Institute, 1982; Powell %,
1984: Carmichael®} Stuart, 1985; Brown, 1990, Drumm %, 1990; Farrar
¢t Tumer, 1991 &j3) Aksio} Sttt o] FAHASL HAYHAA
A Foll hal] AAE ABEAAFAYe FAE o8t My
g zo] tipielth @AM AFHY HAGruFAL A
tbRe] aAT ch2 3 (Waterways Experimental Station, 1949; Johnson
3} Sallberg, 1960, 1962; Wahls &, 1966) gte] deie &34 ¥}
o2, olF AYdd 28 FHdE dEedAss AAgH e
tao Hegddse] 238 f8 AN by e solm gl
= 7ZYPAL CBRZt(Heukiclom® Klomp, 1962; Powell &, 1984;
Brown, 1990)o]t} RZk(Farrar?} Turner, 1991; The Asphalt Institute,
1982)3 HEgAAse @AYoty 2t CBRolY Rt 2AHE
E APHEL doje vojad) 4FE T RS Rojn IAT B
919 CBRo|ut Rgk oA gk A%

Aoz yordch SlolA AF3 UlREe) FYAEL WEHFY

2718 s gorEE Fold Fo HRUYASE vdges
Zo A},

2 =RoME 5FFA GARFPFE U HRgdAF ¥
4g =d3n, deRd EFAN YA AL parameterst HHBAHA
el @AAE g, wEaEH F4EH AV nE 3
BeAdAS¢e Qg F35r] A48 3ey 2§ AdEn.

2. gReAATe Y

S2o) age] BsE £WAQY £ (Swess Pulse)?} EFFE
& 3o z8-3c} Graingers} Lister (1962), Seed % (1962), HRB
(1962)5o] o338 S e sinusoidal BFoln, duration® 3
ol wal Frlete W I Arle Held wmEk FHAUC
Barksdale (1971)) o)3}® §@nte] 279} duration 2F &Eo}
BERAEHo R RE Zolo Foln

EFTZEL £YLS nEHFE Yonz, 4P 15 HHEH
of A3ete wEASIFEAPe] Al Bol FHET HEGA
AFe B WEHFon Ade Y7} WYo| HysteresisE ©]EH
o BAAFoI wEHE HgA Ko AL AdHez yw
W 2y 19 geon HEGHATE ohed Heol Fodn

Mp= L )

€r

A7H Mp2 HERGAAS, 00z WHEHAEY, 6l HEEHNUY)
t}.

— 259



TIME

TOTAL
1 RESILIENT

]
',.___—_ My !:
PLASTIC
}.__.1

DEVIATOR STRESS DEVIATOR STRESS

STRAIN

23y 1. FEEAAse A (Robnett™} Thompson, 1976)
3. 4% Taay
3.1 A &3]

Ao A" HAHEE QUeuF 57/ m&xne] myboA
AAY Aoz Y4EY A & FHE B 1o Hole st &
. 3§ Fo]Y3t3 hollow-stem augerZ 7|33 BR7|Z§ AA
¥ F drill rig? 70 mm ZHH Y HEY HEE o] BUHY A
BEE 33U Holwgo 2 BHF AT ARG AAY F
145 mm - 155 mm Aol Eg Y3 ANPAEE 83t a¥
2€ A FE AgAzAe] mytdelE ERUHAY 2o v
Aoltt, Al ZF 9] dlolEl& Troxler 3440 moisture-density | o1&} E=
DYxgyez EHE AFBY/ELE FE dAd

E L AEY A 8 &9 27

A A=A w ER AE A7 | 4FF A
South Bend | US 20| A-4/A-6 (CL) |89d 8 [90d 1-7¥
Fort Wayne | US 24} A-6/A-7-6 (CL) | 87'd 8¢ | 90d 94

| Washington | US 50| A-6 (CL) 89 69 |o1d 19 |
Bedford SR 37| A-7-6 (CH) 703 8¢9 | 91d 499
Bloomington | SR 37| A-7-6 (CH) 72d 104 | 91d o9

South Bende= E 16 QFE A4S =2 xAo] g7 Hd A
E7F A3E /Y¥ Toidk HE" F Caterpillar CAT 815
sheepsfoot B2 434 whEsie] Tz o] AFA E4gAe=z
de ARYUEE EFUAE AUgPd R0 493 e AL
4 F Ut o] WAL FFFE vty Yl FaEn AxEUE
t F71gel #EHAT vl i HJEF AFHAAA X
T Aol $uHA gz A oy ARYEY FiE HER B
of AFFold 2FY AlFE A FAv Y Yoz Ay Aol

Fort Wayne2- Caterpillar CAT 825 sheepsfoot 8212 4 WA 63] ¢}
APom AR 06 m= 8 A 93] wiE chAEHL =dte] Axd
T e AIFF 2 Wt gy 2asE 43 e
& 9+ Aok

Washington& A1 Z#e|7} 433 +5Ud 8422 4% 0.6 me
4 9] special subgrade treatment& 3 AHoz I Puo =
& AZUEE AIFHUTH M EA] Caterpillar CAT 553 sheepsfoot & -
22 33), Raygo 404 vibrating sheepsfoot Eej= 23] ohg= i)
Special subgrade treatment®} YWHHER S trxod X7} Mol u|s=3
oz F a8 oy solEE d3AF M2 €4t ¢&% T4
22 AAY + Utk olzxE WAGAFH HAPLFuE BE
OAZHe AxFe NS ¢ & Uoh 2P =g XHEE
S35 dAE FUlskgen 100 % ETAHE JFTMo| P $EHY
¢ 4 Uk

Bedford®} Bloomington& 70 dt] Zykel] A]FE o] A|F 7] &)
ZA31A gtoy ¢FFE xute] XaEI ALY 100 %ol HIES
& 4 ek

32. AEAFAE

Y A 89 TF membrane-§ A F 0.025 mmfsece] WYL
215 om(F 1.0 % HYE7HA] EYRAFPE AT A
2o+ Duncan®} Chang(1970)9] hyperbolic 4-¥-d8¢ WAHE o4&
ate] A S 2d 3L Y4EUZAYY 90y & FTHT W
¥ hyperbolic ¥-8- WY& FHE Holm Urh. BAEL] HEUAA
& NgA AlRd FHMAE $89 ZrE 07 kyem® B}k A3 F
A3FE Yoz AAFEY 2L WYE fUneg, 499
ZHY 1 % olstoll A T parameterS 3l AEF @A S e BAE
Fog =¥3UL olg A3 RIIGHAFE), 53 HUYE0.25
0.50, 0.75, 1.00 percent)ol Aol U=¢t=2-¢, EA {3007, 0.14,
0.35, 0.7 kg/em)ol A &} secant modulus& 31Tk,

33. AEEAF Al

YUY HA F FYH ARY tha] AASHTO T 274-82 A
atef) el AERAHAS AQE YT dE3AHAPes AW
W¥ol 15 mmz wfg #x, AEGAHAIYoll Conditioning VA7 Q)
202, daAHAHY AR AY AEGGAFY Alole FAY
F A& Aoz PIE HABEAHAST AL AEY FHLYS
7HE 4R A7) 2A43HL wEAHo 7 ALATE FFA
4 WHEAE FEAHAYLZ conditioningT} B-AIY FEAR T4
€t} Conditioning AEF I APLe] A%a, AE9 NEaNy
o BHAAY YAGHE A7) A Aotk AHEE A% 3
ERAAAS AlEL 20949 e wrEHaEn 144849 2y
o2 olgojxu] A lME 2008]9 stress pulse’} A|Eo] FEH
o & AP AR} swess pulser=  FFALAIZE 01%,

—260—



STRAIN/STRESS

24

——— 2.20 ——r—r
-~ SOUTH BEND ~ FORT WAYNE
» L} -
E 210¢ E
P S 200¢ 1
= 208} -
E £
o I
W 200} @ eof 100% S, UNE
x ¥ a
e S [~
g "o 2 e
- | © AS COMPACTED ° . © AS COMPACTED
% 190F. W service 1 b4 4 IN SERVICE
a o STD. PROCTOR COMPACTION [=] a STD. PROCTOR COMPACTION Gy=2.70
e, PP Piudie/ it tublet -t SR, S
& 7 8 9 10 11 12 13 14 15 8 10 12 14 16 18 20 22 24 26 28 30
MOISTURE CONTENT (%) MOISTURE CONTENT (%)
1.90 — v v 1.80 v —
—~ WASHINGTON ~ BEDFORD
" - -
E E 170 40 1
R N >
1.80 -3 4 a
£ ‘\955 E et 4
o ° [
] ] 100% 3, LINE
= o * o}
E i} Qag e . 1
z Z Gy=2.80
: © AS COMPACTED >:_ 1.40 Y 4
[ 4 IN SERVICE Gy=2.7 [ & IN SERVICE
o o STO. PROCTOR COMPACTION a o STD. PROCTOR COMPACTION Sg™2.7
1.60 i A A A . A 1.30 n " A i Y A.
12 14 18 18 20 22 24 26 15 20 25 30 3s 40
MOISTURE CONTENT (%) MOISTURE CONTENT (%)
1.80 7 v v
o~ BLOOMINGTON
E 170 b E
=
=
X 1.80 F 1
X3
S
L 1eof 100% S, LINE ]
z
5 .
> 140} 4
= & IN SERVICE
o @ STD. PROCTOR COMPACTION
1.30 e - —~
15 20 28 30 3s 40
MOISTURE CONTENT (%)
a9 2. MEY Sited] ubdE
. v v T v v r v - —r———
0.0120 T T T T T s T T T B
0.0105 - w + 1
. E }. -
0.0080 |- 1 N I i
L q > F 1
0.0075 |- - X 1o ]
F A [ 1
0.0060 -— —_1 m [ 1
0.0045 |- - x I 1
' L E ©» 05 ~
0.0030 |- Fwes - 2 3 Fwad
£ N/C=18.0 X q = g M/C=16.0 ¥ 1
0.00t5 |- 7,=1.885 ton/m*> < t 7,=1.885 ton/m’ ]
PO S MU OO TR RS PP /AP TV NS WU W R,
0'00000,0 0.2 0.4 0.8 0.8 1.0 1.2 0.0 6.2 0.4 0.6 0.8 1.0 1.2

AXIAL STRAIN (%)

AXIAL STRAIN (%)

Y 3 9E4EAYY $8-89e A ¥ W hyperbolic §3-H¥& A

—261—



BLEA AHAIE 0929 haversine waveolth. 1§ 4% IEYAAS A
¥F Z3% stress pulseo)™ 1@ 5& HYAFAE plotting¥ Holo}.

0.50 v~ - v v~ v—
AT 200TH CYCLE

CONFINING STRESS=0.21 kg/cm? (3 psi) |
DEVIATOR STRESS=0.42 kg/cm? (6 psl) 1

o o

o -

o o
—

DEVIATOR STRESS (kg/cm?)

|
0.20 }
0.10 } ]
1
0.00
0.0 0.t 02 03 04 05 06 07 08 09 1.0

TIME (second)

24 4. ARGGAF A¥F ZHE Suess Pulse

1000 — T ¥ - T . v v -
-~
“ CONFINING PRESSURE
,_E, v 0.42 kg/cmt SG psi
< soot v 0.21 kg/cm* (3 psi) |
o 0 0 kg/cm® (0 pai)
=
)
Y eo0f 4
)
=
=}
g oot D\\\M *
—
z
¥ 200 ]
n { BLOOMINGTON NO.15
il W/C=22.2% y,=1.862 t/m’
m 0 I R - e, i 3. " e, e d -

4] 1 2 3 4 5 (] 7 8 9

DEVIATOR STRESS (psi)

0.80 m T T T T
—_
E v v a 1
<2 /
o 0.60 | 4
< i v v o
0
)
¥ 0.40 | //
0 b
x vy o
2 o020 /// CONFINING PRESSURE |
< v 0.42 kg/cm? is psi
b ,)7,"'-' v 0.21 kg/cm? 3{ul ]
a8 o O 0 kg/cms (0 psi

0.00 4 } N i 1 L

0.00 0.05 0.10 0.15 0.20 0.25 0.30

RESILIENT STRAIN (%)

% 5 A4ES ARVAAS AYAH

4 d9ds 2 84

9 Az Fol F7hsAY Peust BadA PS5
€ dutgen Friske o] wAHLD aHY A2WNET =
= §ulst HEEAASTY B 43 WA ExdHe] #& @
H4E & 4 ok Lambe (1958), Seed9} Chan (1959), Barden®}
Sides (1970), Hodek@} Lovell (1979)0] o}8t® &o) Tzof 3oty =
A& in-service 4E] R} as-compacted “FEfol 98 H-edotm $r)
E3 Sced 5 (1962)T Monismith F (1967« W&o 2 A &
9 FFHE F&F2E IVl A §8F02 U i
e HEgds4de Rduvdn 9o a2 B d3s P
in-service AFElS] ¥FH AXYEE HEQ FF B4z AQA
Jde A F2 ZAAE 7lUY # gio

B BGHAF best indicatorF 7] 918 YEYZAYOR Y
A& parameter§ol] ¥ regression analysis@ AAlE|T &
parameter& % 0.25, 0.5, 0.75, 1.0 % W& o] Y2Y2LY(Svozsx,
Swoss, Suorsw, Suios)o] HBEAGAS 7Y FL& AVTAE ZE
ol BHEHULH B =FoA i 2E o) uish vy A
THE ARch Y HYge) AE4E RYYY Y e AEY
Algqe] BEAY YAFd A e 2D EYUSL] BEYSY
7t AETE FuATTE ANE A%l Jdemg 1 % MYAY o
2 %53 (Suiex)] predictor variable2 A 315t

3% 6& MpT Suwextd BAHE plotF HOZ Sye’t 2 FL
HBEHAFE F& 4 F Utk 92LEAY] $9HA gdd
South Bend& A 93l RF H<E MpT Suox BAS ZE Ao
gAHRALY F£Ho| 7)o wel MpR} Suestel 1€ B
g3 & & Utk FUY Suosd FolEE F45LYol F548 My
#e I TAO)E Sues’t E 48 F7HEE Sues7t 20 kglem?
Ql %o HEBFHASLE FT4HEY0] 042 kyom’ A7} F&4LYo)
1 Ao WEa ¢k 50 % FE Atk 2B kyle] AU
2 stiffgh HAHEQY A$ 745899 A7t yEEAdAs 438
daFol ALE & & Uk

Robnett3} Thompson (1976)& FHGAAFMp)st ¥HE-221-8-8 (0,)
o] BAF bilinears 7}H3te] AL breakpoint Mg Mg - 05 TA 9
HEAZ P dAZH ALSE ¥ AT 3. ojgE2 4
2EANG S5t 2A8™o) 042 kyem® Uule] B GAHST
breakpoint Mp2. ZM3}5ich & =EojAE £a-88 042 kg/em?, 7
449 021 kyem’ ol YBYAASTE WEANZ AT MeT
SutoxZte BEA& N3 7] 918 multiple regressiond& 8% HA3}
o3 gL gAAo] ALHUG

M= —112.5+833.8 S n.ox ~99.11 S tn.ox’ ¢)]
4 29 ABAFRIE 0850]" {MSEE 1288 kglem’o|t}. whef

Sutox?} 3.0 kg/em®BTh & 270¢] dlo|Eli FAISH Madt Suresitel
e vy de Yoz vepd £ ok

- —262—



Mp=606.6 S 1n.0% 3

714 Mrg 22188 042 kgiom®, 7428 021 kgiem’ o] A&
A, Suese 1 % HEAY YFA2LYo|t}t 4 39 JPAs
RYE= 09790 {MSEE 1216 kgiem®olth, 2§ 7€ $lIA #te
AY4& 95 % confidence interval, 95 % prediction interval®} ¥
plot¥ HAE Holxm it oA dFE HEY siteEL & oY
9 RF3Fol g AFE ke dJ gz 2%
U %% Mg - Suos BAIE Eolx it mheba 4 29 3 A& Al
FF bt Wsisltets fAST as-compacted ‘dE] Mgk of
Yz} in-service AHdE 3 $715sicke @dddch

— 2500 v T v v y T
~ 4, ot c‘-u.ﬂlg/em' (8pel) and g,=0.42kg/cm’ (8pal)
g & FORT WAYNE
. 2000 | & WASHINGTON
3 © BEDFORD o a
<~ o BLOONINGTON
Y is00t ‘o s
-1 a
2 a
1=} o8 A
g ooop “ﬂ!“ a W
= a ‘t ¢
Zz Py .
u 500 | s o
= )
& 4
w ° a
3 0 N . " R . "
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
— 2500 T + T r r T
~N M, at "-o.ﬂkqlem' (6peil) and c,-O.ZIke/em' {3psi)
g & FORT WAYNE
S\ 2000 } 4 WASHINGTON
o © BEDFORD
-~ * BLOOMINGTON a
(723 s
9 1500 +
51 a & & a
= a
o { o o
Q 1000 A
[ A a
z s Lt
& sp0} s »évc: ]
2 i
Lt © 4%—
o« o n A de A 1 e
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
. 2500 — v A .
~ My ot v‘-a,leq/cm' (6psi) ond c,-okg/cm' {0psi)
E & FORT WAYNE
N 2000 | 4 WASHINGTON
2 © BEDFORD
~ o BLOOMINGTON
2 1s00
3
8 a s e a8
b4 1000 | a4 e 1
- A
z a‘“QA a s
] s00 b 4sl g
= “" Q‘ 8 ¢ &
8 B3
o a e —_—, s i i A
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Su AT 1% STRAIN (kg/cm?)

29 6. AT IHESL Mg - Suies BA

2000 T T v v 5

o —— M =—112.54833.8 8, 99011 Sy, o e
£ - = - 95% CONFIDENCE INTERVAL . e -
{ .......... 95% PREDICTION INTERVAL e .-
S 1500
A
]
=1
S 1000 |
a
=]
=
Z
& 500 |
=
n
2

0

0.0

2000 T —p—— T T

o —— M,=808.6 S,
E - - - 95% CONFIDENCE INTERVAL
3 - 98% PREDICTION INTERVAL T,
g 1500
R
7
=1
3> 1000
2 L
<]
=
] 500 ¢
=
n
W
@

o . A L

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Su AT 1% STRAIN (kg/cm®)

3% 7. ALE Mg - Sues BA AYPY

5. e Y AEAY JEEGGAF

oM AYE ZEAEL F28Y 042 kgom', T58Y 021
kgfem’ml o] SlB@GAHASLE EXNZ AHSSAOY, 3T 48
A AMg 9ste HEEHATE PHENSYY T4 P
2 BY3e ol dasig & dFdAM dojd AdHEFe s
AAEHE At g 2L Aoz AU

Mr=A Spox @

NN Mp2 B 4593 wEZagYclMe ARGHAF
Sutox= 1 % HPlAY U%Y%H Y, AT regression parametero] c}.
Regression parameter A® F4-33 3 WHE-&31-889 Yfoln 1y
82 RE 3AY £ ot 2nz PP YN R AGE
39 8olA Aol 4 48 o]&3W HFEAAsE FHE 5+ Uk
ol ¥t A wEHIY ALE HBVHAsE F8dE 289
o F489e i plotdtd, FHPLEEHANHY M - 0 BAF
d& + Aok



1400 ——————1———— ] — T
—— 0y=0.42kg/cm? Spslg
c-- 0;-0.21k9/cm’ 3psi
1200 eeees oy=0kg/cm? (Opsi) -
% 100}
©
e
- 800
=
<
<
T 600
400 [
200 N R TP DU SR SR
0.1 0.2 0.3 0.4 0.5 0.5 0.7
DEVIATOR STRESS (kg/cm?)
1Y 8. Regression Parameterd] $4-& 9% =X
6. d&

AYGAHE U AYAT] BA 3 BRE RE oegR B
& Aee It

() 8 S7elM nald 845 4%, 303 4 A=z
FHe AduiEschds vastd vsdAY L ez BE
o}t £33 owte]l FuHEe ¢FF d38n, Ato] Al wta} 90

WA 100 % 9 EEol HI Yol BEEHUR

w)
g
%

(2) In-serviceAtele] FBEHAFE A2YEY F7ht F99
#LA durd ez Frlele Aol BFHUY FFE] S scatterd
Bt} oA OAHESY FEXU FFH EAo] dA R
e chAA Y Aelel o FA Y%L W) wEeld aBaz
in-service AEle ¥tz A HEEAASFY FHEL A% parameter
2E e g2 Aez o

3 HEEAHAFE 1 % HHAAMY dFAETEA F2 ATW
AE Holn] B Ao 1dg HFEL BF k3 ARE &4
AgtE AP T4 AME ascompacted B in-service FJEjo] ZF F
£ 7bssith aeg FolA £ Susd F3stH HEEAHASF
9] Ao sHzsich

7. AR

The Asphalt Institute, (1982). “Research and Development of the
Asphalt  Institute’s  Thickness  Design  Manual, Ninth
Edition.” Research Report No. 82-2.

Amer. Assoc. of State Hwy. and Transp. Officials, (1986).
“AASHTO Guide for Design of Pavement

Structures."Washington, D.C.

Assoc. of State Hwy. and Transp. Officials, (1982).
AASHTO Designation: T 274-82 “Standard Method of Test
for Resilient Modulus of Subgrade Soils.” Washington, D.C.

Barksdale, R. D. (1971). “Compressive Stress Pulse Times in Flexible
Pavements for Use in Dynamic Testing.” Hwy. Res. Record

Amer.

345, 32-44.
Brown, S. F. (1990). "The Relationship between California
Bearing Ratio and Elastic  Stiffness for Compacted

Clays.” Ground Engrg., 23(8), 27-31.
Carmichael 1II, R. F., and Stuart, E. (1985). “Predicting Resilient
Modulus: A Study to determinc the Mechanical Properties of
Subgrade Soils.” Transp. Res. Record 1043, 145-148.

E. C, Boateng-Poku, Y., and Pierce, T. J. (1990).
“Estimation of Subgrade Resilient Modulus from Standard
Tests.” J. Geotech. Engrg., ASCE, 116(5), 774-789.

Farrar, M. J., and Tumer, J. P. (1991). “Resilient Modulus of Wyoming
Subgrade Soils.” Mountain-Plains Consortium Report No. 91-1.

Fredlund, D. G., Bergan, A. T., and Wong, P. K. (1977).
'Relation betwecen Resilient Modulus and Stress Condition for
Cohesive Subgrade Soils.” Transp. Res. Record 642, 73-81.

Grainger, G. D, N. W. (1962). “A Laboratory
Apparatus for Studying the Behavior of Soils under Repeated
Loading.” Geotechnique, 12(1), 3-14.

Heuklelom, W., and Klomp, A. J. G. (1962). “Dynamic Testing as a

Controlling During After
Construction.” Proc. 1st Int. Conf. on Structural Design of
Asphalt Pavements, Univ. of Michigan, Ann Arbor, Michigan,
667-679. _

Jones, M. P., and Witczak, M. W. (1977). “Subgrade Modulus on the
San Diego Test Road.” Transp. Res. Record 641, 1-6.

Lee, Woojin (1993). “Evaluation of In-Service Subgrade Resilient
Modulus with Consideration of Seasonal Effects.,” Ph.D. Thesis,
Purdue University, West Lafayette, Indiana.

Robnett, Q. L., Thompson, M. R. (1976). “Final
Report-Resilient  Properties of Subgrade Soils.” Transp. Engrg.
Series No. 14, Univ. of Illinois at Urbana-Champaign, Urbana,

Drumm,

and Lister,

Means  of Pavements and

and

Illinois.

Seed, H. B, Chan, C. K, and Lee, C. E. (1962). “Resilient
Characteristics of Subgrade Soils and Their Relation to Fatigue
Failures in Asphalt Pavements.” 1st Int. Conf. on the Structural
Design of Asphalt Pavement, Univ. of Michigan, Ann Arbor,
Michigan, 611-636.

Thompson, M. R, and Robnett, Q. L. (1979). “Resilient
Propertics of Subgrade Soils.” J. Transp. Engrg., ASCE, 105(1),
71-89.

—264—



