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ABSTRACT: This paper deals with the stress singularity developed in a polymer layer that is coated to a concrete surface, due to temperature

change. The boundary element method is employed to investigate the behavior of interface stresses. The polymeric layer is assumed to be a linear
viscoelastic material, and is thermorheologically simple. The order of the singularity is obtained, numerically, for a given viscoelastic model.
Numerical results exhibit the relaxation of interface stresses, and large gradients are observed in the vicinity of the free surface. Results show that
the stress singularity factor is relaxed with tine, while the order of the singularity increases with time for the viscoelastic model.

LM E
E3NE FZREANA AFA} 2o uEz} Arrt 3
E ®UE Bosr] A WA ARHA vk 23E 89
of ZRE 1¥A AsE EY F5 2 *zn,} E7E ukx)

=)

shm A4y A FlaeRE 2aE ¥Ug REsH) ©
THHare, 2001). ZH¥ 187 A2E eﬂ;giTea exg}
g W) Hed, 2agesE M2 UE JA8 44 2 97
4AE A7) Hgel LEMS} WA AW (interface) =
Heelx 28 Solyol ZAsk Hnl, oldd Y Solge
gages ¥4 =Y 39 AW mAdd  w
(delamination) 34-¢ 9o % Utk HZ e 42e 2e
Mgl AFH] gl FEE o] 443 =W A
e B S YAET, AW ZAelE So] 39
So] EAGTE e & LM UckBogy, 198 Reedy,
1990; Tsai and Morton, 1991). oj&igt So] 33L& 7

AAA} wg @A AE £73A AW EE] 2 61A)

054-559-1283 mkpark@mkce.ac.kr

72

W BN HelE oyt mAE #Ee
Att S8 EojAe] Ar= A AH Y=
e} ebck.

M &g As AHE

of7] A2

% Age]

\

ES
£73¢] Aol

EIA 0 gL

__4

=0

o

FA3HA o

W, Fule) Er} golx w4y Az E40] HHA =
ool = F& Az Aol wet A dsA Ago) @
BAE e vehdth metd 2aeE X9 9 299
A AR LEMSE BAT W vshts we) @9¢
olafstr] Slshie A sldo) Faysol At Ak B £F
o 29U duE FalN 2azes) AT 9 5
o) AY EAelN el 29 Solgel WAL 24l

sk 23A ok

AW HetA s o8 MRE T3] o] g
E]— Weitsman(1979)2- o} Z-A] H& A7 FHOZHE FES

A 2w sk A $HS d14319tk Delale and
Erdogan(l981)% e a2 289 9 2ES 39 B
¥o] Sj4g A=A o159 4 A oshy, AW $
HEL AW BAE HIZOA v]$ ARm, dgd dFgo=w
AlZbo] Zgtel whet SHES AMBETL o]Fo] Aok vt
olEo] ALt TAFoM AMEE 7B BEdly] Wi, AW



2=yt i3t

e

EAFAA Yehus
of singularity)i}
M A EA
Z WEES v
<9 95 A s BHEeks WY, aga 9y
Yated FRHOE Fohe HAS AABIATH

=RAME, E3HE T 9d :T'_‘%‘% FEA Zo &

T Rz 2T o Jehde ARSE Solde ARk
ek dpHor FAEE A4 IAH éoﬂ HlE) 73Adel
e 22T FMRAdME FA(gid body)E 7HEsIATH
ARSEE2 BXo g ZARS Lee and Westmann(1995)]
FRS AA LA E o]88te FHATE

28 Eo|4d& MHsh= So| A4 (order
HE-o] A 4(stress singularity factor)e] o
ok HZol| Lee(1997, 1998)= 3wkaF ol

Je Aed Arel AW ZA2A g

o >1{] °l°

i

Q

=
E
—__To

ﬂrF

(R
o

=2

fe o

2. 2%

ol
=
)
=
x
lo
0l0
i}
HI
H

o 1%01]*1 ‘?ﬂ
A(rigid body)
13’- FAE 2r0ltt 4714
gk BAle 034
= 4 289 1% RuYsha
gry 38 Fo exwspt e o =29 S Al yeht
8 ARl AAsiA, Fig 1] (b)ll vehd FA84
2dE ARETE ATl =28 B W3 E(plane
strain) ol QIckaL 7HET AL L/h=25 HaiA
Tt

ol)
fo
}L
%,
b
k)
]
0
d
o
©
G
o
2
x
rood

ol‘l
o[Nv

Ly
ém
(=
O/
o
3
i)
o
£

l‘lr

Epoxy Coating Layer

)Y
B A
h Free surface
C X
Concrete D
2L
(a)
B[Y A
| | | L
— } + 4 + +——t
h|1 Epoxy Coating Layer Free surface
| | 3 1 il I lalalalal X
C T T L T T T T T D
|

Fig. 1 BEM Model for Polymer Coating Layer (a) Free body
diagram (b)BEM mesh

v‘i—} Z9 AT tA=R
%“01] 25 #3723y
= Tdsivn 71
. %E 2¥XE T(x )= T(HE 7}Fsch =
3 FHAlele] 25 Hyo] 27l o]|FojTha

AR FE B BAs= &Y WY 73

7438} Lee 59 =F(Lee and Westmann, 1995)0]Ais} 2
o, I8 F ule] TYT &= Wl UuTHOE vHn ol AT

8l EWE(traction)2] E719F F%
FolZn).
7(8) = 3KadTH(D @)

g, v(nE et 2ol

ADelx, K& AH Ass v, » s 2A™ AN

B9 WRUT HHS HRES A, ok 29 29 @
BAATE e
8 F YoM 2= Wyt #d3 A, 28 S0 ol
3 AAXHE WAL A A7t B, 84 AIRE £ o i)
A Pleshe A el o AHE EAEA wethe 7t
Aolall, FolA a4 mdd] g FAHE PP o
Zo] FolAtHLee and Westmann, 1995).
c Nu 8
+ [ Juf5. 9T (.570+) @

: T 3,558 ]
gy e e 2T e sy

= fs[tj( ¥, OU L 9,550+)

N TR L S L PR

[ e ey (o) 2ULEZIED gy

+ fS[V(E)n,( YIU L 9,550+)

A@Q)elM, u o ¢z 2z wels 28Y WEHE Yehiz,
st M mdo) AAEE 7tk ¢ ( e BAE 7]
&1eta 2o o AARHE Folxn, U S T,= HeA 7
Eajjojtt oY 7Ese BA4-:YE U dH=RE T3
A & ok AN f= B AlRHreduced time)S WERY
=, et 2o Fodn =,

e= &= [ A, [T o

A@IM A (DE =9 W3l dEshs ol s o
ehlied, A3 o3l dFHE Az BN 4T =
=wstell tisiA, AE)e] S AEe OEF 2o & F At

mt @

oz oY 4 Yed), AAR delE
gL, AAE tEiME ol A



74 uhgt - ol

Aol FHE AR Feshd ted e WBEHAol

2014}

[H{ =[G 8+ {B;}+{ R} )

AG)AM, HY Ge 9% Fde el B = 259
d&L 7lE)7IH, R Fg4d ol8e Jelvle dolth 4(G)l
AAZE HEsle 29, Fg 19 (b)9 314 2de| ZAAH
el el ERY wE SSo] Aol

FRAR tEiME OS5 e Jed 2do] MY
o}.

_t
W =pytue * (6
K=K,

A@)NA, w(HE A o)A 5 (shear relaxation modulus)
g ez, ke AF A4E 7Ry, Moo, 1 o R=3 1A
K, T 458 Y, As ol AlZtoltk o] |7 FA|5
A FAolle dgH 2& 3] e AHEHIA

#(0)=0.55 GPa; u()=0.11 GPa
Ky=2.0GPa; A=10 min @)
a=5x10"°%/°C
4T=50°C; A,=10

10] .
0 .D_c__ﬂ_k_g_@_q_.g__mmﬂ,

10 3

20 . _ __tt*=0.0

o/[0)oA

— __Ut*=1.4
-30 |
40 |
00 02 04 06 08 10

x/L

Fig 2. Interface normal stress in coating layer
30_‘
25 |
g = o th*=1.4
8 5] o UE*=0
2
M 10 4
5] . . . . . g%
04 oo oo o O ——Ou—G-— 3
0.0 02 04 o6 o8 10
x/L

Fig. 3 Interface shear stress in coating layer
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