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Structural Behavior of Concrete Pavement due to

Temperature Variations
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Abstract

Some sections of concrete highway pavements have been viewed with great concern by highway off-
icials and engineers due to the severe cracking and failure problems. This is mainly due to the traffic
loads in addition to temperature variations between top and bottom of concrete slab, which cause the
concrete slab to curl up and down depending on the thermal gradient, respectively.

Subsequently, a major consideration was given to the derivation of stiffness matrix and equivalent
nodal loads due to the uniform gravity load, temperature and shrinkage of concrete. And the structural
behavior of concrete highway pavement due to the temperature variations throughout the nations has
been emphasized.
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Fig. 2 : Curling and Warping of Pavement Slabs
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Fig. 3 : Monthly Air Temperature( SEOUL, TAEGU 1989.)

3% k.

4. FEIRAML| o2 HIH

FFgxe] #ddNd F83 IFS vAE=
LEIE U eEds e RS A
slH o] 2z kol 93 ¥ 37 (Bending effect) 2
A7le AgZe] i 7129 duzl, YuA,
Wuxz 13 #HH W&y (Planar effect) 7}

oJEe] L=l g TAYE TALYE

F2o) dotd gAY olegos M
A HELAWE ol §F YU AN} HWY
%2 A% BHAHREN BHALS frEat
3 AFY L2 °ﬂ%ﬁ4ﬁﬂ@%% !
3 540l me TFPEY A%ta ATARE A
Pt

HAAINE §HeLE Fig.4o] Blute} o]
4709 HHE 2m, 3 B FAUY(w)S} 2
7he] HHEH(E, 6.), F 3/M2 AF=(Degree

._98_

///i//7m~mm 7l
§;;;§§§§§§§T—

y Py
z o, f f
v
O i‘ , .
> g
L]
Fw
Plate Bending Element Imrplane Elenent

Fig. 4 : Dimension & Positive Direction of Skewed Element

of Freedom)& 7}x1 3 249 12719 8%
E zA "
ol AW} 1o Sl AHEF L o}

&3 peh

Qi= Qil = w1 = W,
[QQ:, 0 { —dw i/dy
Q13 O,Vi dw i/dy

i

A

yi

P=rP,
#
Pi3 -
(71 i=1,2, 3, 4= AHN3)
Fare] Foo) uat APE WS
Ao g Fojxy

L

L

W=C1+C2X+C3Y+C4YZ+C5XY+C6Y2+C7
X3+C8X2Y+C9XY2+C10Y3+C11X3Y+C12
XY3

AR B2 (Stiffness Matrix) 342 o}S-3 o}

K=/ [BIT [E] [B] @V

=t - ab - sina) - ff [BI" |[E] (B) dR - dS

4714 B
CERDE]

WG P RASRA,
#AE Ve, 9 97



At zEs A4W A 235 (19916)

z3 ¢

219 321 FAE A f=¥ (B [E] [B] & Gau-
ss Quadrature Method & o] &3l 748 L 2
8} At} (Ref. 6)

4.2 =714 A 8+&(Equivalent nodal load)

421 SEX 35

BYAAY adkol] Wel SEZFo] 48T
o 2 Ayl g SoheE FAS e
2o,

Fy=A [ fTW dA=W |J| [T dR - dS
=W ab sin(a)ff fT dR - dS

A7 fe FAFE A Gauss Quadrature
Method & o] 83l 22 A& 5t Ha)shd oh-&
o g} ’

r1/4 ]
—b/12
all2
1/4
b/12
Fy=4- W -ab-sinla) | all2
1/4
—b/12
—al12
1/4
b/12
L —af12 -

422 2% &

S4E IF SYH Yo exWsle ¥y
oA wtet7hx] My WEl dopw 2w L% 2jo)
dr=(ZA8E ZFULE-ZIE vl eg)o)
T @arel g3} FoF AW Fe g »

o,

&= [ —d?w/dx? —a dT |t
[—dlw/dyz} = [—adT/tJ

2d’w/dxdy 0

q71M a=d BPAF, t=F B T

Fi=f,B"Ee dA
=ab Sin(a) [ B" E€,dR - dS
=ab Sin(a) [fB (D, D, O Y(—adT|t) {1]dRds
O O Dy 0

[— —2 Cotla)™
alSin(a)
—b/Sin(a)
2 Cot(a)
—a/Sin(a)
—b/Sin(a)
~2/Cot(a)
alSin(a)
—b/Sinla)
2/Cot(a)
—a/Sin(a)
L —b/Sin(a)

=Er (« dT)/12(1 — PR)

4.3 Parallelogram In-plane Stress Element

SANEZZF P A8ty AFH YL 2}¢s)
Folut £ HAF 181 FAYE LBy
o] 2zatolell g S22 W e} ofBmwrato = o]
A M2 Qe S He] YE Y} ZasE Az
7% (Shrinkage), & H 9} Auwrzle] vl=Sub-
grade Friction), 18]35 %9 Myy S0z
Ve AW & A7} o),

oY TANETF B o] HuHeF Y
QAo HH57] Yol FPFasES o
3 HPAHY P2 @ A(Parallelogram In-
plane Stress Element)E o] &3t} o]& Figdoll
Bl uie} go), 4719) HH(node) & 23 7t A A
AN X, Y Fggoge] £HEgg 23 279
AHfr = (Degree of Freedom)& <la), & 8742 =}
FEE 2 HPAPARH g 2 o))

714 HEEY g 28 8709 e 9
3l

il

..99_



REEMLol & S E Sk o] B B8 TR

Joint
. Slab Length (22Ft) Joint
= [ ]
) 5.5 11 22
m L] L] Li L) L) L] L) T ¥ T L LE L] L]
psi
m-//‘——\'\
g 208 4T = +28°F
@ 188-
T ar=@e'r
g °
o -1H:-£L___________-~
~209

Fig. 5 : Initial stress due to thermal loads Along the Slab
edge( 1psi=.07kg/ cnf)

q=UL V), Up Vy Uy Vi, U, V JT01 3

PPN P altol siHE HYdFe 7t
2 HAEYHE o] &3] A —1%¥E 17129} 4
7 AT & ¥ A(normalized Coordinate system)&
A}t

u=cite,  putey o pte,

v=cstcg s pte; s gty t pm ©1Th

x,y HFEoNA v2dbYdE uvet Edll x, y K
oMol WHE e, et AGEBE ¢,

€= (g Y= oulax
&, ) avlay
Exy av/ay+av/ax

Z e=du
o 71 A u={u, v}
d=n|EQM2= (dldx O

O dldy
dldy dldx

B
)

o

78S & AxWe e 2 T isotropic A

2} Hooke’s law+=

°, 1 PR 0 | T e,

¥y _ 2 i4

o, 1-PR 0 0 I—ZI?R &
FARBR(KE FE37] 98 7Hddel daE o
=] el digstH

o=[E] - {eT—ea}

1 1
— T =f. o T .
K fB EBadv tabmn(a)/:l[lBEde
dn
Gauss A&
&t

AVE-3+ 73 A) 3 H o] Ref. 79 F

44 B ¥ oo SrHEAREE

BHPAPAY g9 HAAR EMHSe vhEs)
T, AEFFNE, 229 ARFFIF -‘o:—2 Z}
A Afxd Fede S/HEPERFL
=3 o3 g

44.1 &% 3}&(Temperature loading)

ZAYE SHEU M 2E¥ste B
F(surface)ol o] 258 T, B 5 (Bot-
tom)o| Mo 258 T,, EHE FIHmiddle)oll A
9] 22 & T,, 71& 2% (Reference Temperature)
€ T,2 89 23324 EAE & A

=, A2)=A4+BZ+CZ?
7] A=T,
B=1t (T,-T)
C=2[¢ (T +T,—2T,)

o5 2sWY A% SAPHEE B4
SR
(Fe)=— [IBYIE] - (e} dv
F2)
a j [BIT(E] |:F(z):ldxdy dz
0
LEMY 2335 FDE SHBSA To)A
NP LEASE YT

- T= [¥* A2 dz=t[T,~T,+@+T,~21,)[6]
—t/2

o] & Gauss HE S 9%
FZrog Hshd,

—13%8 17422 37

{Fe}={F)=a-absn4) (BT [E] [TJ dudy
T

0

—100-



AT Z2EE A48 A 235 (191.6)

=93

4.4.2 Az 42(Shrinkage)st=

TAYES] AxF2or Q8 ZAYE &g
Hol HHuLls} 99w, B AxsE W
o(E,h,-) =y i7]‘563 Eé}:(eo)g]’ é’q:ﬂ—- l‘g"% U:H’

{Fe}=—f [BI[E] - {e } dv

(Fyp=— [ (BB - e} dv

=1+ ab sin(4) - fe,)} [, f[B]T[E][IJ dvdy
1

HS. Thermal Initial Stress

Location dT Average Stress(kg /cnf)
Along the (C) oy oy
0 0 0
Edge -55 —10.5 —0.5
+11 21.5 0.9
0 0 0
Long.center —5.5 -12.5 —~10.2
+11 24.2 16.0
0 0 0
Joint —5.5 —10.2 —6.0
+11 20.9 10.5
Cross at 0 0 0
the —5.5 —12.5 —6.7
mid-slab +11 24.3 9.1

5. 2EHsl) e TYEAS| A8 HE

FTLEUE )& ZAAE P H
HFEH 2dgde SefHo 42 SRy 23
AEE A3 dve g %EY == Y
(Dowel)wt7d e 2%, thdnte]l Aol o st

Hags mdE Aoz HY Axyy 3y
AXege z“’«] 7+ g o B don
ZIZAL fPo42 TAHE A4 2yne 7}
A Z ol A z}:z} Fake] W9lE 12§ Winkler
foundation® 2 3l 3L LPHE Yyoz
¥ F¢#8A FEANA L2138 FEACONS V
(Ref. 8)& o] &3l 2xWslo g ¥
Heo 93t AFg d73d

TAYE IFEHE YA FE FRIEE
29 Z2l 3.6m dAMo) LB Zo] 6 3
A% S E, FA 25em, GHOZ BHFRY 2

ANEE AMEF A, @A AN ACT
Committee 5447} A ¢ts+ Ec=(1-P) Em+ P.Ef,
(Ece HfrR73 a0 ES @YAS, P= NG E
UF, Eme EY 20 QA5 e 4o v
BAFIE AHg-ste] 37 X 10%kg/erl 0.2 71A 31y
Lom ¥olH]& 0.20]t}

F3E XFEYH YR exwsi= oy
oMM H 3 vpejgre] &YPH A, stHe Lx
o1& drat g, 2 9o A& najste 4T
€ 0CHH 2T, 5T, 7T, 9¢C, 11Tt 277
IFsHEE A oA E T3 2B A FAH
o, dT7F 11T 39 S8 YR 2ugo
2 °F 300psi(2lkg/cn) 2] HeHol RS Y, 477}
(-) AeE E2AYE 2Yr 9 vidgo] &
7t Eol A& A EEA FHAHY, 4T
=5C10F)Q 7% oF 150psi(10.5kg/cn) 2] 28k
H&o| SHH FYol RS A4 Qo)

9s} ol ~5CU0F), +11C(R0F)e] exu
318 3= A9, SdHEY Mg E oa Ye
o] WslE TAIF Aol aYsE A SaH A7
ST HAAR 9 Pgo] Hal Zrsld &

HE FPN Al §e L 4 AT, Wool F

o7 wstgre] x, yutapol el Hsel =77
B Ao 2} exuste 2o A He
de o+ Yok

6. 48

A5 FAYE FFFINA BolT Qe Azt
 adday @3 F3F AFEE) yH s,
23} 9o B84 exWslel Yoz
71229 RS BAE 1 Yok, A=Hoz
7HE U 849 ¥ BH7ILL 0CHE Y, A
A71 2L QEA g A 35.5CE NNE2RT,

FE 1499 3 o Y7L A3 11CH

o], HI9 HA7)LL 198630 7= 95}
25.6°C%111}. 7l exze] Wale me AF2xe
H3le S8 £ 30emE 28§ 30cm x| Fol) A
9 2x& o 2CAHEY 2EA0)E Holn, 22
E LeHo AsH 2EI}E 0F 1479

-101-



REE b o1 BAE HsGEk o] L B8 FR

(+) Hd g 20F(11C) & 7HA L el = of
WFFo o ESA Hn, oH 6A1AdE (—)
H gt 10F(5.5C) & 7HAL wEtdle e
o2 EsHA #o|, sdE FFAXe Art
HEHL g8 A2 S=FAAE ARt A
o] AFatFel wE LS A4 5 A
o, ol EAHE 2EEH AVlE 11T AR
o] B gt 2xztolo A oF 2lkg /ot B E
o Hdl Y-&Fo] HAst] ZFAA o w2} 2=
Wste] 7)o A2 v s & = Urh

1. References

1. Westergaard, H.M., “Analysis of stresses
in Concrete Pavements due to Variations
of Temperature”, Highway Research Boa-
rd, Volume 6, 1926, pp.210—206.

2. Grinter, L .E., “Design of Reinforced Con-
crete Road Slab”, Bulletin No.39, Texas
Engineering Experiment Station, March,
1931.

3. Harr, M.E., and Leonards, G.A., “Warp-
ing Stresses and Deflections in Concrete

-102-

Pavements”, Highway Research Board,
Proceedings, Vol 39, 1959, pp. 157-171

. =94 71A, “Monthly Weather Re-

port”, 1980—1990.

. Tia, M., Armaghani, J.M., “Field Evalu-

ation of Rigid Pavements for the Develop-
ment of a Rigid Pavement Design
System”, Univ. of Florida Final Report,
Submitted to FDOT, July, 1986.

. Jo, Byung-Wan, “A Finite Element Analy-

sis for the Concrete Highway Pavements
with Skewed Joints”, I EET3F] =83
A8d A4%5, 1988, 124,

. Jo, Byung-Wan, “Development of Finite

Parallelogram Element for the In-plane
Analysis of Concrete highway Pavement.,
Computers & Structures”, Britain, Vol.
36, No 4, pp.737—742, 1990.

. Jo, Byung-Wan, “Development of Finite

Element Analysis Program for the Con-
crete Pavement”, 471238 A3@ A2
3, 1990, 2¥

(A%} 1991. 4. 16)



