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Experimental Analysis of Curling Behavior of Concrete Slabs on Grade under
Temperature Loading and Underlying Layers' Effects
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Kim, Seong-Min  Park, Hee Beom

Abstract

This study was conducted to analyze the curling behavior of concrete slabs on grade under temperature loading through the laboratory tests and
to investigate the effects of the support conditions of underlying layers on the curling behavior of the stab on grade systems. For the laboratory tests,
the concrete slabs were fabricated and the temperature measurement sensors were installed. The tempetature loading was applied intentionally and
the time histories of the vertical displacements of the slab at several different positions were measured. One-layered underlying layers were made
using different materials and different thicknesses. Two-layered underlying layers were also made to have the same composite stiffness each other,
but the material of the upper layer was designed to be different. The experimental analysis results showed that the trend of the displacement time
histories of the slab was basically the same as that of the temperature gradient time histories. The characteristics of the curling behavior of the slab
were analyzed by separating the regions of curling up and curling down. The difference in the vertical displacements at the center and comer

decreased as the stiffness of the underlying layer became larger, and the upper layer's material of the underlying layers affected the curling behavior
of the slab.

Keywords : concrete slab, curling, curl up, curl down, underlying layer, temperature gradient

= SE3EE Wopd BT Wg ASL ) A8 E o) ENsn son
apze] F40] 99 29 180 o2 988 RS 23] g3 $9eT 49 9
s BN AR on As2 LRSS shoi] gehue) e SR W) 3
19T}, S 5 A 1@% 2] PAARCH, e BY AR L o83 B9 FAE Bl
2 g2A s B4, sAE aw—%—g— Bzoz 74 2EANEE QPR 29 HH AISHE 4
> AU A 8 el £ €9 BaE LETRG 29 A O
Aokt Fue neor 2% A5 84S 49 z_wr dnie Fhop 7y ¥
) 393 29 57 991 Aol Bhapl 9 249 o329 AR 40l B9 A w— dxE e

_LJ
_&

rlr
U\n
_o|g




3 =
3tz oJsf M}
oIAA EAYE
TR TG 5o TEHE AsiA B
—'5: A vl LB A}

AFslEol o QH‘:} 23]
%E—:? o] IFA Y As< Auist
g ZAE ¥ 7NEH7) o
ol g3 27128 59 &4 W) 4
7otz od Ao Wl$ FaA
53 ;,l—‘E A o|tH(Kim et al., 1998: Jeong and
Zollinger, 2004; Nam et al., 2006).
stzol A4 u) E3E TAY 3
AYE g B Tz $H-& Aujst
9 shie o2 B E A=)
=9 AR Folct, 27 1] B2l nis} o
Z e &8 99 257} 3 LER
A7) W gjHe] FUYRI} 92 £1
(Ee @7} o2 W27ke Fele 3ol
A H (0] & Arhgolgt &, dolle vt
EWY] 257} SR RT} FolHA seue
7h okl 2 de7tn 255371 2 g3t gy
Yol ZAE (o] & HYolat &), ol g AL A
o @ielg Fe

Al

fu

14

o

N, rlo
Ny

, of%

=

L 1o
o

_0_|L

N

i)

2

HE,

i
v
oy M

X o ox
do M o &
g Lu

KU

o ooﬂl,
o,
oly
=2
1o

)
2
.ﬂ
FF% ot =

BAr AT S
on, e

> o

2 o}l'u
Ol
rﬂg‘&

4 o5 2

X

zXo]

—

|r FM

R
ko

r
L ol

T m g

1-4
yo

1

rUS
o

k)
4 % o

ol
S0

o{N ml> rum m{N
o2 £ o

o Hr [z

o e Ao Curl Up

Fh o« F4F AANEY - F4
m%% Curl Down

I8 1. g2e T At

a7 1604 HojFe v} 2o Aok 32 ¢
of 2AYE P} FiA YohA A5 o

o &t 29T W H93o) fddme &
o %3 Alolo] BEWA| Yol omH 2]

000000V O00O0000CO000000C00000000000000C0O0C000000C0000V00O00000000C000C0Q000000Q0O0O

E Y B AFE dEZo] AHHoZ AX F
ol rjEd S L ﬂﬂ] AYA7)A] et kARt
ZAYE 8o} 73 s F o) A Aot
B} ZHT o) SYH} SHEF Alo]e] FEH
Z 01 Zolx| A = S E 27l & ZABES
80| 7t Ert. 0|9} 2ol A e dlelH e
A AAE L 7R s Fo] 238 &Y H §Y
< F7WIIA Hol E23E T FA & 2
£ XA Ech(Bradbury, 1938). o3t 485

of 3t s3] FEL AFgsteol vt s
% 8k (Westergaard, 1925)4 Mz Ahtd A3 s
Ho|A HEZ BE §F24E 133 24 sl
Z9 A7} 84 Bh(Jeong et al., 2006).

2 A7 BAL 23YE 149 dedld )
2 E T U= Ay 23E &8 A2HS
1-83te] 2EdtFo] & Hd F83le] L)
AR E do] durdQl A5E 48e Bl 23l
B8t B3 S H h AR Fo] EPH F
g Agd "X 9FE E’“&“ 7101‘3} e
0431 7W

o

BHEzo] AR 270 dabd w9 Aukelo] =9l
23 E & #BY AL 28] ik &
A 7t= AZef dol7t Imel™ A7 5emdl 22
PIE ¢ E 29 20 B st 2ol ARSI,
A sEel 29E welsle A8 e S
317] HeElsteE SojBue A& a8 X &4 3
o -?—u}o] £o)B T2 A AeT AY Ao B

2ERSE S Hold e 3] 3t
il AZ 19 20 BQ ule} o] FHO ZHE

rkojg



0000000 C0000CO000CO00000000V000000LO0CC0C000000000000CA0T0O0N0OVOOOCO000000CO0V0C0

lan Zolvhth 238 5 ¥
£ AR Ao el LT ANE SR 59
933} 3520 Raag,

08 2. SEs HE Y SEMA A

HEF Ak app2e] P T 7 #
AN A2k R WA aR3e) $4 A4

OEA st Afeln 7 HAE RS 4
AAG e dysht sBst A WEshe T
o H49 59 Az Jdo| tE Byt HF
o $24 ANEE B2 o] AaN 29 3
BQl uke} o] N2 th2 ARE ol 3l RES
FRAAY B 22 ABE AR FHEEe]

g gPatd ShiEg PG AH8E A
= Ao 3t AE|RE3} et ~EIRE ma)
o 5ol 2l FAE 4, 8 16 th27 o
A9 < 29

Strong Styrofoam

Concrete Slab Weak Styrofoam
Wood
Underlying Layer <—
ying Lay Sand 4cm
7 | Sand 8cm
Sand 16cm

(a) A|X|= 3

Concrete Slab

Upper Layer Strong Styrofoam + Sand

Sand + Strong Styrofoam

Lower Layer

=

=
Lo]

Jﬁ

B AzeE 49 982d 4do] uE A
AL YEidE 22 3(b)dl Jekd uiet
F A N2 P2 ARE o] 83t F F2 Ao v
A g uHto] sh A3 FYsIAT. ol g o
TR arFe TS o8 s B <
o A7 Aol sth-2e 4 XWE—%J% ojm & #A|
"\ﬂ}l:i H]—i 1)

m“ o

43 %

O

0 i
2L

o 1o 5L
Olr
ok,

Shd

4y 1o N\m
oX
i,
[e]
[
=
m
i3
o,
)
oft
2 o
=
IT
o

4z e
st ol

(=
=2
4
X
o
ool
©

38!
H
ot
fitles
N
3
£
)
=
T
1o

ol
Ol
N
Ao
o
ol
2
40 o
N
X
ol
i

S8om
o fo |z ot
~N FU\KU mlo =
S gy Jo
N lﬁ H!
T oy
wy L
B
P
Jhu
32‘
Sath
.
oo
uic)

o o
h
~
_Orﬁ
Ju

i
o
sL
-
D,
P‘L'
N
£
Ho X

jud)
-

g

e

=
o,

it
o
ol

»

P =

1o

]

ra

=

O
[

o,

o
i
2 gy
rto
b
5

O
=
Ofr
lo

tng &7

O AT S

Ol
-

tlo |z
o
W
N,

S 2 ne
Y
rir
)

2

Mowet oo o
T e

o

po)

0,

-

2

lad

1o

ox

—c -

=
r% ”T‘
I o
m}l_, ko) 1
o o o
W Ay go

%0 o =

o2 o2

B

~
1o
=

Ahetatsict. ZHO} &
7k e 4A ALE F J=F Ao H

EAE o &sto] AT F vdE oA
t}, =3 LVDTE o83l e S4 T A=
Aot P& TE F o] & Eeh2E FE ol
slo] Ao an WY S0 foldtes sl

th a3 Ak £AE 1A =AE 22 Fol <

(a) 22 (2 2AD

(b) =72 = (EO2 2

T8 4. 2EskE Mst



=
o,
i ﬁgQGDDOCJO0OOO0QOOOODOOC)ODOOODQQOOOOGOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODODOOOOQOOOOQ

Bg oA ¥ Bol 4¢ W §HE ForT
o gt N PSS SEG F AL 8
83 Asigel BRdEe WaTe BN WEAY

Fol d&2 Astetel SHEE DGANHLH L&l
oM T g Ert B Wiz 4¥S 5
sttt webx Yt BB MR HY
o ArheS AHA T BHAE g7l AsE
34T F UEE %o ol 37y dald 9
M Bt ZFste EdS BARE Rolth,
sHfB7t 298 W Su o HA AN 7
A9l Mste 2et7] fiot] a8 5o B vkt
o] €& ] I ¢ ¢ 131 FUFH
118} Alolo] LVDTE A#stglth. 2 LVDTE 2
ol Uehd vl o] o|F5 ¥4 o} 4FEH
TH A 292 E F4E 5 YES AT

0% 6. #HeY Y x| A

3. AlE|Za 2
3.1 2iig 24

B9 YL oplste B o 2x

Hsle] 2AME 18 6ol YEATE 239 M &
Aol Agzylo] mAL B FojA &fr %
g 74 W By EHe] 7MY 7HtE &
E9 F5E BoFH dot AOAFE 229 F
Theol Zade A& & & Qi 23 4 2% Zo
oA FULxd] thae AlZhE Holrl Aods
E ZolxE AL & F Utk Bo] AR 4o 74
£ ue EET MAF Zadte A2 ¢ F UoH
dgg B AAIE &PBY 227} §F
3 @ojAA "o}, olyfelx &EfH FHOZHY 2
o] 7} %M%J_T% LE Aago] oA AL ¢ F
o] ZojA4E YR 2E Havt F

Temperature (°C)
. "

o 30 80 8Q 120
Time (min}

2 6. Zolof e 2z

sgue Ay YL FAM3] dsixe €A Al
7ol Hold =W E o] &3t EHjEe #7 &
ZTHIE A stolol gt AAZE Hold WE £
=] ¥yt Age] oluy] wEel| ol2f g H]AdY &
ol s Aste seEe FFET YA}

£ 9AEE cblde 43 LRE T Ao
Zex 9y, oHe WY Y L= T
e 18 72 01%-8}04 Bt 2gINE B

Ao AL 2EAXY FEF FAYAE B
o Foy 7ZF oA BT 27t dRste HHe
AR 7] F AR AL2 TP st
A O BN £ 2k -E* ] uE ge Y
(Dell g3 7 & glom 4% =77t 3ls 4

HEEEsE =2F



#
OODDOOOODOOOOOOOOOOOOOODOOOOOOOOOOQOOOOOOOODQOOGQOOOOOOOOOQOOOOOOOOOOOOOQOOOOOl

0.565 = h,
0.845 = h,
1.0=hy

0.935 = h,

0.78 = h,

0,876 = hy

87, 48 5 A3 18 2

$9 g2 4 (228 7 4 ok
M=[,EoTydA=Eay TyA (1)
M=EIk=EloG (2)

714 Ev B4AS, 1€ 9H2ARHE, aE
AJASE, TE LE, Ve FY202HHY A
g, A€ B3, k= ZE, G FAAY 27
olth. 949 F Ao Ve Fo] Arin /TR
W AY LT E thE Zo] 7 ¢ gl

= % 2 Tyh, (3)

G471 he B Ee $YHY FAoH p ot
T 2 79 Jehd Agjelth, mEtA £ AgoA ]
Y LxTulE 4] (4)9 o] 7+ 4 Ut

G =0.096 x (T, x (-2.25) % 0.565
+T, X (—1.62) X 0.845+T,
X (—0.56)X 1.0+ T, x 0.38 4)
x 0.935+ T, x1.31x0.78
+T; x1.94 x0.875)

He] AE o83t 17 6ol VeI ol &=
W3S o] &3] Azt e MY LT E T3}
| a¥ 83 2o, 2N £ & Sie vhe) o] 4
H27) SHBo ABLEE ZINAS ASdE
By AthES opr)shs B(-) 2=l §4
3 FBke Ag & & o &Y 3R &x

el L

7t ozl Mt eETA} BRsE AE ¥ 4
Itk @2 ol g3tel SeAE ARG 2R Y2A
A& Aol 29ud BYE WIHE H(+) &
=77} 349 271k A€ ¢ 4 gem Al
Agell B2 LT A Bastel 0 288

e A E o

1

o

Temperature Gradient (°C/icm)

5] 30 80 90 120
Time (min)

8 8. 3 27y s

230l Sus} o9 67 8N HolE L&
32 wg dg 29 ASE 248 27 99 2
£ Gehigch, 48200 2 LEPug S7i)
we gofusl Aoed He 2E TudNe g
7} okl Were 2 FAekE A€ ¢ 4 god &9
B 2o 29 2AAE W A2 BASE R
& %% g B LR} asH ol5 e A
b 25 g s 2730 2A €0 2
28 A3 A LEPIvL 348 Z1e BE
149l 851 A2 71947 2952 BT o
g2 wAs gl S92 FYNIIA "ot 2
% Soh A RS WSl A B 22
e AL ¢ & T meq 17 89 LETH
Fa3 23 99 W9e BAL S HAE Beh,
Sourt 2YY o u) FILEH TN
o Wglel Wk B8 Bz SRk 7
g o & o w9 Y 282U T 2 39
Ao 243 A9 Wak AL S 42T 2

>

o ru



- 0ORVVO00VVO000ODOT0OORLVVNOCLINRO0ORUO0000000RRCO0OOTDROOCROCOORO0OROCA00QO00000Q

o}

ok 2 glont 233te] N2 YA S ek

Displacemeant {mm)
L=]

-D.&

a 30 60 90 120
Time {min}

a8 9. Y e

19 108 s Fuis ¢ °ﬂf‘H He 5
B9 Baghe 7o HsE £4F Ao}, &
B A Aol u=THle] G4} FALE 7fi§ ¥
ol & 3ot e urt Ao e 39 7

X sEFe] A&l oS AeAY Wiz $¢
FRL 3] FHFo] A ER WY ¥

7 FREAN © 3A B AL YA 5

™

et w2 297t 29T W gYnel FY8
o4 533e] o] oA 2E uslel vgl
&£ 3 2o o ARA HE A ¢ 5 U0

9.6

Center

Wik Average

Displacement {mm}
(=]

o 30 &0 90 120
Time (min}

38 10. 33 S W

23 100 Yehd Azt mpe 429 o] wge
33 8 Ve Azl mE 2=ule] oA
2L A7t M wge 2ReTHElE GEATY &
ol wisigte] RAE 7 5 Jom sufre =

ol "o, JdN &

Ust oMo eerulst sHRste #AE
a9 11e Jelige. 38 B e 37}
of h& seBe st $Y¢ ZFAY FAHH
o] ¥ishe =74 371 271dE M99 Wt 2
A ezt AXY AR Wl dsiEe
a8 AAA gE As ¢ 5 o 2o AN
sHfurt HYaA e FHE EokE He E?BH
s} sigte] AA} A9 AF AR E AE
Fslot. gdust 29% de 2ETH S
w2 FolAe] Wge] Hshe o= Hk MY &
AE Bolx glevt FFdMe A A¥e BAE
Bolg A& &+ ;}EP A eolA B S
2ok de E?“HQF Al te] aAZE A A
2277 F 0.5C/mY
“H el Wzt A9 ~r7“°ﬂ 7 $43] e

22 e offe oddl & Ex g+ At
‘3—1 AA7L =R 2o 3 Do) FA @3
o o M elel Wst A7) wEoln

08

-~ Comer
- Center

Displacement (mm)
@
.
I
s
.
/
4
\ ; //
l'\

08
3 2 -1 o 1
Tempstature Gradient {°Clom)

38 11, 2570 mE A9}t FLol|Me] tHHY s

o] T4} ToA 9] Wee] Aol& T3
LETHg sdEe] Y AFde BAE BAS
kil :1%1 12¢ 2t} B $93 29 b9k

ezt S7HE o BldE A e 718§
—?:E-?HM ad W A AgH o Fag)
el A L7t $718 e WXt vl
Aol v A 0 Z Frkste g & 4 9len
A Lzt 24 e A AFH e WA}

SREEHD| =2



00C0000C0000CO00000000CO000000000V000CC00000000000000000QOC00000C0000C0CO0E00O00000C0

7h ZasA He AS ¢

1
£
£
2
k]
-3
a

-1

-3 -2 -1 0 1

Temperature Gradient (°Cicm)

38 12, B SoiMe] SRe

SECEE 745£ PR gdz T o
Bol Wels eETohel B2k 3ol et ¥

<1 Comer
+ Center
A Difference

" ¥=0.3062x - 0.0912
R?=0.9129
A

-3 -2 -1 Q
Temperature Gradient (°C/cm)

(a) HHoliM HoR

Displacement (mm)
o

= Comer
y = 0.1292x + 0.4087
R? = 0.9616 & Center
— A Difference
E r_,__h———-'——“—’_‘
E Il
z »
§
EO
8 —_—
s
[-%
2
a

Temperature Gradient (°Clcm)

(c) HHEolM 2

28 13, 2E7het

-{m

< asto] BAs 19 133% 2ot

UM e =Tt &

A He o] FAAE o] 83t xR

18( «1 éiﬂ‘ﬂﬂ ﬁﬂ}—%‘% 9] 735l
#AE

o ol 71471
o expHse) 47412 e £
2o]A)% AU L A8 S A4 ¥ LVDT 03
o wsep) Hue 24 Ao 1e
R EREE S
SEEEPEEREECE PR
2449} 71971E SAEIt BAD AN B
% W) b Ahev) Ag AddA BHad w7t
7V AR = Ago] it

1
13 Corner
# Center
— ®, A Difference
E
E
-
£
@
£0
@ i .
H o
5
a
2
a
y=0.3076x +0.1599
a R® = 0.9805
A .
3 -2 -1 ¢
Temperature Gradient {°C/em)
o —y
(b) Hok2old He
1
1 Corner
# Center
y = 0.4383x + 0.0503 A Difference
R? = 0.9625

Displacement {mm}
©

0.5
Temperature Gradient {°C/cm)

(o) Holy B
Sxue] 2



Lf
OOOOOOOOO 00000000QCOQO0O0CO0O0O00000C000000000000O000000000000000000Q0VO0O000C00Q00000

3.3 3175 d& =4

golA HAE 4¥EAY JHEL 53
8eme} 22 FAH & Bfoln S F
o] gAviEte golA AR SHue YutA
A Y AT ¥l 9A " AT 3FFY
Tl gAY 4B E L=THE THIdx &
Hol Ay A=t HEA Hol e ¥y H &
g FEF2 WAA g0t wA £ d7XE 3t
#2914l gue Y As viAE IFE
Y] fist 28 3914 A E uis} 2ol o3
TR ARE ol &3l RSE TS HEE
FY3RoH 2AE E 19 248t eI
BoM =T F7o] mE FAEAY e
vl 71219 2% AF73t] wet BoFn Yigs
YERT. FAwe] STt <dE 9T
FUolA 9 Aoz} LETHjo] wiet HEldte
AEE gt

2 =T SelA e g FUI} T
A9 wsiatol7t e A A AL
usiA o}, & £°] £t AP o
AAgo] A7 S FYFET spZo] HE
A 3 ez FEL2 EA = o] 23l 23
7}t 9A] ol 2 HAA =7 G 9} 2

E 1. 5188 7ol mE s2i2 g HS

LETH(C/em) F71 B £2EH (mm) F7H

B Fiio) 99— 2d- | o
Avke | ¥% | FY | B9 | °

=4 0.1140| 0.2754 | 0.1047 | 0.3729 [ 0.2168

Zé~E2E| 0.2035 | 0.4184 | 0.1219 | 0.5555 | 0.3248

FR2E|ZE| 0.3675 | 0.2634 | 0.0949 | 0.6851 | 0.3527

2ef 4em | 0.3121 | 0.3143 | 0.1126 | 0.3833 | 0.2806

2 8em | 0.3062 | 0.3076 | 0.1292 | 0.4383 | 0.2953

E# 16cm | 0.4311 | 0.4056 | 0.1693 | 0.3428 | 0.3372

0.3726 | 0.2914 | 0.1421

28 4em(8]) + 0.3297 | 0.2840

BREHEE

AR+

0.3154 | 0.4056 | 0.1335 | 0.5210 | 0.3439

2 dem

Ue] #giatol7t S BE AMH L2 AA 3 e
A 33U W Ho} ZolA Hrt, E 10)M 8
F&o] 22 7AH e 448 AvER 2
o] FA7t FALFE Mt ARE Ae € ¢
goH ol Refd] FA FHEFE ARE A
AFe] ZaE7] ot} 339 FA7L PG
el A8 Ado] AXHE ZH e = Eo
M 2E|ZEOZ R3] THHUE BFE ATE
H okgh AE|ZEQ] Aol AR Fo] Fopx HY
A7} 24 s AL 8UE U

T 3ol FiY AR tE ARE 74H
o g€ el ZAE AT EY. R3] FAY o
2 ARZ oA Ug "E o= A57} 9 3
T offel iAo BARlC] EFAANHL 4
A dok. AT oA € F UKol dRFo] B
& 2812F 02 FEH] J& W 27t Aol U2
B9 HATL 2E|2E0] Ao 302 75l w8
e A& ¢ F ok 2E2F0 e & B+
Adate 2E2Fo 2 7AE FSY A FET
ozt 3A Ve oA F 7 39 BEIAAHo|
g he) 2El2E o2 FAE 3539 A Fd H]
8 FefA|7] Eolct. AT 27} Al 312
W27} 22 5o FAEHY & S
o] WAt} AS A EHE ALE Kol H s A
Zate H39 5Fol ASAT ofd X
(granular)®] ARZ FHHNE BFle EFAA
g Brhe F499359 ARl o8] 23 Aol 2
A FFe Teve A & 5 3tk

4 48

2 947 Ande] $oI7 227E 2ot &
S5 wobd 2P ) ASE A 4BE
8 $48n 2AuE A g e 74
o] gefuel AY A% WP JYL vl EAE
H37] 95kl SAHAT. V4L A3 22HE

i



000000000000 000000OON0O00000000NO0CCO0000000CCO0000000000000000000000N0O0OOQOCQ0000

EHEE Aty 2224 AME FFeon
AN 2 35S 7]'"51'“1 LVDTE °]&3tdq &
B9 o] o)A W9 e HE 28t s
39 FHE T Y BHAAM F2aH e A
E 2 3RES o83 AR FAE s
"’-‘4?‘]7‘]3‘3—‘ OEA e Zfold, ede i

< BZog 7143ty EF +IAAFL s
“5“’*“-‘51-9} A HAEdte F3EEY Agde
T2A e A$olth £ AFE FaA v 2
S HEL TEE F I

ol

-gYug dojdz 259 expTE
WY 43 LETHE T £ A
LRI A2k w}f—’— A

°]-8-3to]
o2&

o) ates e =
9 %] 43hA 2 w—nﬂ—
JELEEERCEEEE A
o 27 wgs) e Sz gt 29
¢ e 29 YRR 5239 93
o A BT S Wee T HE
5 AR 2,

- 2RY A 2= Si9ked
A9 Tt Aohee) 292 ¢ W sy 39
3 i) s Aol LRI F1eS
2 A A Fh8e A3 L) B,

- $o s} BY EE Ak AeelN L)
A2l YYR Y2 Soke At 2Y2 3

Y3 29 Wl LxTH) W Ao

SEECEREEERECY IS

- el Wsd BE &Y
SEEREEESES R

A Wt Y Gom AY e

W13 A Al 15

EETA/} 432 0 3729 1] 371

A

B
\Y

- 83l A 79 e ARE FAENE A
Foe B8 FAAA ] gfue] Ay A%
gt o 2 AlstA HA T HHS sHFol <
AR FAHUE A Folle 2F A% 57
AR 39 73 ARl 28 o
AA %< TA €.

mlo

zALe 2

2 =32 20074 FRAY (SUHAY R e
F2AANGE) 2 2 =8EeAEA T AYE wol
T2 (KRF-2007-331-D00493).

it

kot

Bradbury, R, D. (1938). Reinforced Concrete
Pavements, Wire Reinforcement Institute,
Washington, D.C.

Jeong, J. H., Lee, J. H., Suh, Y. C., and Zollinger,
Z. (2006). "Effect of slab curling on
movement and load transfer capacity of saw-cut
joints,” Transportation Research Record -
Journal of the Transportation Research Board,
No.1947, National Research Council. pp. 69-78.

Jeong, J. H. and Zollinger, D. Z. (2004). "Early-
age curling and warping behavior: Insights
from a fully instrumented test-slab system,’
Transportation Research Record - Journal of
the Transportation Research Board, No.1896,
National Research Council. pp. 66-74.

Kim, S-M., Won, M. C. and McCullough, B. F.
(1998). "Numerical modeling of continuously
reinforced concrete pavement subjected to
environmental loads,” Transportation Research

Record, No. 1629, Transportation Research

Board, National Research Council, pp. 76-89.

Nam, J.-H., Kim, S.-M. and Won, M.C. (2006).
"Measurement and analysis of early-age
concrete strains and stresses: Continuously



£
0000000000000 00C0000000000000000000000000C000000000C0000000000000000000000000000

reinforced concrete pavement under Westergaard, H. M. (1925). “Stresses in Concrete
environmental loading,” Transportation Pavements Computed by Theoretical
Research Record-Journal of the Transportation Analysis,” Public Roads, Vol. 7, pp. 25-35.
Research Board, No.1947, National Research

Council. pp. 79-90.

H o+ €:2008.7. 3
A A €:2008.7. 8
AAIEEY 1 2008. 8. 11



