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End Stress Analysis of Overlaid Concrete Structures Subjected to Thermally
Transient Condition by Rainfall

(=] _?_ E*
Yoon, Woo-Hyun

ABSTRACT

The vertical tensile stress, ¢y , in the contact zone between the overlay (mortar layer)
and substratum (base concrete) can be the main cause of the failure phenomenon of
overlaid concrete structures. The development of tensile stress, &y . due to external rainy
condition was analytically investigated using finite element method. Rainfall intensity
(ng=1/a, tr=10min, 60min), thickness of overlay (do=1,2,4,10cm) and ovetlay material
(CM,ECM,EM) were the main variables in the analyses. An equation was suggested with
which the development of vertical tensile stress, d; . in the rainy condition could be
determined. Using this equation, it is possible to select proper material prope}ties and
overlay thicknesses to prevent failure in the contact zone due to thermally transient
condition caused by rainfall.

Keywords: vertical tensile stress, contact zone, failure phenomenon, rainfall intensity,

overlay, overlaid concrete structures, thermally transient condition
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Table 2 Vertical tensile stresses in the contact zone for
various load cases and mortars as a function of

do (overlay thickness) [Nfmm?]

Mortar M ECM | ECM | EM EM
LC,do 10 20 20 40
do=lem | 1.5 1.6 3.1 3.1 5.5
do=2cm | 4.4 4.7 7.3 7.8 12.5
do=4cm | 7.3 7.9 10.5 | 12.0 | 18.9
dp=10cm| 9.7 10.1 | 14.0 | 150 | 23.7
do=1lem | 0.3 0.5 1.2 1.7 3.3
do=2cm | 1.1 1.7 2.7 3.5 6.3
do=4cm | 2.4 3.2 5.0 6.1 10.4
do=10cm| 4.3 5.1 7.7 7.9 13.0
do=1lem | 0.1 0.4 1.2 1.7 3.3
do=2cm | 0.4 0.8 1.7 2.8 5.5
do=4em | 1.0 1.7 2.8 4.7 8.5
do=10cm| 2.5 3.3 5.3 7.3 12.5

LC1

Le2

LC3
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Table 3 Correlation coefficients of the regression

analysis(LC2)

Equation do do do do
No. =lcm =2cm =4cm | =10cm
(1n 0.848 0.840 0.836 0.780
(12) 0.999 0.999 1.000 | 0.994
(13) 0.963 0.961 0.956 | 0.922

Table 4 @y, F in the equation (12) from regression
analysis (¢, INfmm?], F[10%)

do=1lcm do=2cm do=4cm | do=10cm

Load

case Ia

oo oo F 0o F oo F

LC1|1.4117.81(|4.19(15.8316.75]22.78|9.05|27.39
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Table 5 a4, Fy in the equation (15) and correlation

coefficients

Load
case

oa=as+bs + do (1)
ga=a, - do® ()
ca=as+bs - Indo (r%)

Fa=ar+br - do (1)
Fa=ar - do™ (r")
Fa=ar+be - Indo (%)

c4=2.18+0.745do
(0.913)

04=1.86d0"" (0.881)
64=1.71+3.33Indo
(0.994)

Fa= 105400+ 18600d0,
(0.879)
Fa=93200d,""
(0.894)

4=91100+85300Indo
(0.975)

LC2|0.24(5.8511.09{ 9.90 | 2.37|15.33|4.31|16.52

LC3[0.11|6.18(0.26| 9.93 | 0.84 |14.5712.31[19.45
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LC2

64=0.18+0.43do
(0.979)

¢4=0.34d0"* (0.921)
54=0.04+1.79ndo
(0.993)

Fa=75500 +10200do
(0.831)

1 =66800d,°*
(0.883)
Fa=66200+48200Indo
(0.924)

LC3

c4=-0.18+0.25do
(0.999)

64=0.11do"* (0.993)
64=-0.18+0.97Indo
(0.904)

Fa=68000+13500do
(0.948)
Fa=66600 - do™*
(0.974)

4=61400 + 58400Indo
(1.00)
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