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ABSTRACT

The failure phenomenon of overlaid concrete structures, such as surface crack, and peel-off failure, shear bond
failure in the end contact zone, was investigated due to humidity changes. To investigate this failure phenomenon,
the surface tensile stress, and the shear stress, the vertical tensile stress in the contact zone were analysed using
the non-linear stress-strain relationship of material such as strain-hardening- and strain-softening diagrams. Overlay
thickness and overlay material were the main variables in the analyses. It is assumed that the initial surface
humidity of overlaid concrete structures was 100 % r.H.. With a atmospheric humidity of 55 % r.H. and two load
cases for drying(I.Cl), curing and drying(LC2), the stress states of overlaid concrete structures were calculated. The
result shows that only fictitious cracks occurred in the overlay surface of CM20, ECM25, and no shear bond failure
occurred in the contact zone without CM20. The peel-off failure was proved to be the main cause of the damage in
the overlaid concrete structures. Only for overlay thickness of lem occurred no peel-off failure in the case of drying
after a long-term public use(LC1). In the case of curing and drying during overlay work(LC2) occurred the peel-off
failure within 1.5days for all the overlaid concrete structures.
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Table 1 Values of the coefficient a, n in the eq. (1)

H=100 % H=76% H=55%

a n a n a n
Concrete | 3.7 | 0.26 14 1 03 | 07 | 038
M 6.1 036 | 43 | 040 | 21 044
ECM 88 | 033 | 55 | 042 | 29 | 045

Materials

Table 2 Material properties of concrete and mortars

Matcrials Do 7 E 7 ! Y
[10 "m*/s] | [IN/mm?] | [10 */%] (-]
Concrete 5.0 25000 15 0.15
%— 10 95000 ;g 0.15
ECM15 15
ECM20 1.0 20000 20 0.20
ECMZ25 25

Table 3 Adhesive tensile and shear strength fuo', s’

Materials Concrete| CM ECM
Tensile strength fu
[N/mm] 35 20 20
Shear strength fis'
IN/mm2] 125 40 40
767
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Fig. 1 Definition of the f-ecurve (Strain-Hardening,
Strain—Softening model)

Table 4 Gr and f’, wi, wz in Fig. 1

- Gr i w1 w2
Materials [N/m] [N/mm?] [mm] [mm]
Concrete 120 3.0 0.029 0.200
CM 70 50 0.010 0.075
ECM 55 5.0 0.009 0.065
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L-Substratum overlay

His=Initial humidity of the substratum,
Hio=Initial humidity of the overlay
Ho=External atmospheric humidity

Fig. 2 Load case LC1, LC2 for the relative humidity
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Table 6 Umax,Omin [N/mm?] in Fig. 7

Mortars | CM15 | CM20 | ECM15 | ECM20 | ECM25

Unax 14 1.7 1.2 14 1.3

Umin 1.0 0.8 0.8 1.0 0.8

Table 7 v30,[N/mm’], ts, tilday] in Fig. 8 and (t)

do=10 cm(during curing)| do=2 cmfafter curing)
U3 t3 (3] 0y ti 4(3]
CMI15 1.0 1.0 1.0 1.8 9.0 14
CM20 1.2 1.0 0.8 2.0 8.0 1.2
ECMI15| 05 2.0 2.7 14 11.0 19
ECM20| 08 2.0 1.7 1.6 10.0 16
ECM25( 08 1.0 1.3 1.8 9.0 14

Mortars

T=a2|Ess] =28 H147 52(2002)

ok



A&l ZREhs N b, Hol 8 f,3b ojmjel Ak

& A RTH Table 8).
¥5F 5 drl emefAlE

7o) BA A B% =0 Nt

A7IZH0D St whay
O]l BR & X

off4 ABeFs}it) Table 84 2ol do=l cmel At & .

W 2§87 fo] KA o AR olslolm, AR By

st 1419~2159 Alelz etk faoaH o & 9
v oate 2ol do=l em® 2 emAbol9) F 15 emoiA Ho
dhag g#o] B Ane xadhh dh>2 eomoME AR
71 B R ARE 248k AHS 2~1947H 0.
1~08 AR, of AL dort BV E HS wEa
o o SEE FelMst Pol] Hgde BAM 2
T5 ARz, 7 vags 48 $9 271 ROMis<
ECE\KZO<CM5<FLM255§CMZO Frofh

B9 1029 A%, 1Y M PRl B F AFEL
AASAS U g8e 343 _,7}0},64 1= 7a~ 5
Ao A(Pel Faled Axk 1 REH DT o 12 N/mm'S
AT QEEU FeEA 7 e gEy M“
BCMISe] sk Ak 298 Aejahy ab}e 98} gt} o
o ol o FE Tl LCIY AT RAFE ~2

Nimaf S SH3hT QOoNE e By T BApgs) o
f [N’}

St 1]
% y]

Fig. 9 Development of the vertical tensite stress
fy in the contact zone(LCl}

b Ve

e Y

s e

- | day]

% U B

B B

=
-
P

Fig. 10 Development of the vertical tensile stress
fy in the contact zone during and
after curing work

e

T HE WE ZaRE QAR BARS) SAEN

oy

Table 8 6IN/mm?, to, tlday] in Fig. 9
do=10cm

do=lem| do=2cm dp=4 cm =
Mortars
flulifi{al{tlhlulitwifliy

o5 [12]208]02]25]09]02[35 60| 02] 20|31
omzo 14115803 {27 {09 01 [anl62] 01 {4283
ECMI5 | 11]215] 082311 |04]31]31]0a]a6 92

ECMZ01.11167102(23{10]02133]62102{38}32
ECMZS_“.B 141101126108101137164{01(41(28

Table 9 1,iN/mm?), to, Liday) for ECM15 in Fig. 10

A MW BE B3
2 Peel- Offm&-**él vlwA Grpar &
effaf

4

U LGS Benrhe o

[
o ;’{g‘

EM =304 ol Hef A &Y fiof

C’&Zﬁi FEo] FAs 1019 A%E 15m, 1029
T 10emALES ZemE 2IER B3k

5 & E

AT drlel HxE s wasel dyaia
Z} } 2 5% Hge Added TAHe ¢ Aday
3RS viAE BHYMe] #F 9l

ji“d ?l%‘ 4, E:’%%—ﬂr 7\ R AAudMe 2%
(Pecl-Of ¥ 7 1IN A4 H &7} AQ FAE
Wb A%‘:‘ S} AT o2F &3 2AE ¥

& T S BEA P F 9] wEF o A
9] T7W AR o] 9, 2 2 gt
o oeR Pt

1) A2EE Eob R4 3o F9e wAN g
B REE At gAY 7P 79 ol GhemA
uf - v ols £ el w9 wa £nw
T Aol Mg 2T 4ol AU
ﬁ%}’% o,
2 O ARl A & 7
7} Az AR B2 ~‘$~2%7J31 ajeto g Uepds, g
B RPN R Tl B3 FeE o 43
3= 7}% obdgol =& BYE Ve ALY W
Fx PRAE B REERECMIBE @ Bl
3 5 ARmaAde oz A %*Df%% &
Aol é@% felgie 20 9



Ao S (Peel-OI OIS, 2 L=
ENIAE AR 9% Q% 2ol A1 FT 84
= vehdt £9 A 23 34 = A
£ 253 T kol amol R BE gunn e ge
$ARL, 05 YA $ F 7)ol =
159 olulel WHE 3 BEE 23},
meb g8%7] B Ael A 7]
U 32T 48 AYE o] AARIA
AL SAE0] A 8 wAlo) aielof s, 1
A dozZemA $H A EE A8
e A1z 2ased e o
#97] gje] FaHolol & Ao B,

[e==7

STl ol

1. Yoon, W. H., “Damage of Overlaid Concrete
Structures Subjected to Thermally Transient
Condition by Rainfall,” Journal of the Korea
Concrete Institute, Vol. 13, No. 5, pp.491-498,
October 2001.

2. Sim, J. S, Oh, H. S, and Yu, J. M., “A Study
on the Prediction Model of Shear Strength of
RC Beams Strengthened for Shear by FRP,”
Journal of the Korea Concrete Institute, Vol.
12, No. 5, pp.35~46, October 2000.

3. Park, T. H, By, J. S., and Cho, B. S., “Flexural
Behavior of Dual Concrete Beams Using Fiber
Reinforced Concrete at Tensile Parts,” Journal
of the Korea Concrete Institute, Vol. 13, No. 6,
pp.584~592, December 2001.

4. Chung, Y. S, Park, J. H, Park, H. S., and Cho,
C. B, “Pseudo Dynamic Test for the Seismic
Performance Enhancement of Circular RC
Bridge Piers Retrofitted with Fibers,” Journal
of the Korea Concrete Institute, Vol. 14, No. 2,
pp.180~189, April 2000.

5 Sim, J. S. and Oh, H. S, “Semi-Empirical
Prediction of Crack Width of the Strengthened
Bridge Deck with External Bonding Plastic,”
Journal of the Korea Concrete Institute, Vol.
14, No. 2, pp.231~238, April 2000.

6. Klopfer, H., “Wassertransport Durch Diffusion
in Feststoffen.” Bauverlag GmbIl Wiesbaden
und Berlin, 1974.

7. Yoon, W. H.,, “Untersuchung der Temperaturund
Feuchtebedingten  Spannungsverhdltnisse  im
Bereich von Instandsetzungen bei Massiven
Betonbauten,” Dissertation der RWTH Aachen,
8. 1989.

772

8. Bazant, Z. P. and Najjar, L. J., “Nonlinear Water
Diffusion in Non Saturated Concrete,” Materials
and Structures, Vol. 5, No. 25, pp.1~20, 1972.

9. Argyris, J. H., Wamke, E. P., and Willam, K. ],
“Berechnungen von Temperaturund Feuchtefeldern
in Massivbauten Nach der Methode der Finiten
Elemente,” DAfStb Heft 279, 1977, pp.1 ~42.

10. Weber, J. W., “Empirischer Formeln zur Beschrei-
bung der Festigkeitsentwicklung und der
Entwicklung des E-Moduls von Betons,”
Betormwerk+Fertigteil-Technik, 1979, pp.753~T756.

11. Brithwiler, E., “Bruchmechanik von Staumauer-
beton Unter Quasi-Statischer und Erdbeben-
dynamischer Belastung,” Dissertation EPF
Lausanne, July,1988,

12. Ferraris, C. F., “Mechanismes du Retrait de
Lapate de Ciment Durcie,” Dissertation der
EPFL, These No. 621, 1986.

13. Mears, A. R. and Hobbs, D. W., “The Effect
of Mix Proportions Upon the Ultimate
Air-Drying Shrinkage of Mortars,” Magazine
of Concrete Research, Vol. 24, No. 79, pp.77~
84, 1972,

14. Hillerborg, A., “Analysis of one Simple Crack,
Fracture Mechanics o Concrete,” Elsevier
Science Publishers, Amsterdam, 1983, pp.223~
249.

15. Brithwiler, E. and Wittmann, F. H., “The
Wedge Splitting Test, a Method of Performing
Stable Fracture Mechanics Tests,” Proceedings
of the International Conference on Fracture
and Damage o Concrete and FRock,
Contribution VIII-5, Vienna, July, 1988.

16. Huges, B. P. and Chapman, G. P, “The Complete
Stress-Strain Curve for Concrete in Direct
Tension,” RILEM Bulletin No.30, 1966, pp.95~
ar.

17. Cleland, D. ], Naderi, M, and Long, A. E.
“Bond Strength of Patch Repair Concrete,”
Adhesion between Polymers and Concrete
(ISAP), 1986, pp.235~244.

18. Hilsdorf, H. K. and Belli, H. W., “Einflu8 der
Haft-briicken auf die Haltbarkeit von Aus-
besserungen mit Zementmdrtel” Forschung
Strafenbau und StraBenverkehrstechnik, Heft 342,
1981, pp.45~90.

19. Judge, A. I, Cheriton, L. W., and Lambe, R.
W., “Bonding Systems for Concrete Repair
-An Assessment of Commonly Used Materials,”
Adhesion Between Polymers and Concrete

g=Zae|EstE =2 M143 53(2002)



(ISAP), 1986, pp.661 ~631.
20. Peier, W. H., “Adhesion Testing of Polymer

Modified Cement Mortars,” Adhesion Between
Polymers and Concrete(ISAP), 1986, pp.730~740.

FO

A 7ol thafA

o)
= =2
ol AT, 98 4 AAGLA: B o v

J)r‘q__ WA 2ok} H£% WMEld AT g 737411114
Q2

EN
=]

W= oA ol gEe T
ke ad

FPA HY F dizlel

HER T4, AAE sha)s dske 31 9% S8
07 2AES 8 At Aol AR AjEe] sldY
Aol 1Atk &8 AXe BHEZo FAY By AE

5 49l ol dehhe ddEE B3

Aol F 7P Ao dald Al Azs) A B
AN A AZT DS NUTeR Bt 4] F )
J(CM2D, ECMESIOIA B4 MBS st wale) b i
z} AFaks 93 BEAE Agsini 3 An

%

)01 HER) &9 Fagooz et ol &
lemellMRh 53 Zern @2 ghe /A8, B

(o] E% fﬁ“/} O}M

S5 wslo| 12 2I2lE GIR| BhAIel SaRA

713



