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Evaluation of Bond Strength Properties with Changing the Aspect Ratio

and Temperature of Concrete
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PURPOSES : The main purpose of this study is suggest of field bond strength evaluation method for more objective evaluation method
through Evaluation of Bond Strength Properties with changing aspect ratio and temperature.

METHODS : The evaluation is laboratory bond strength test. Using the core machine, the pull-off test method ; the bond strength test of

interface layer the universal testing machine.

RESULTS : As a result of the laboratory bond strength evaluation, it was verified that the bond strength by aspect ratio decreases linearly with
increasing aspect ratio and the bond strength properties by temperature change existed at high and low temperature condition relative to odinary

temperature condition.

CONCLUSIONS : According to the results of laboratory bond strength evaluation, the field bond strength evaluation results suggest applying
the proposed correction factor (0.8, 1.0, 1.4, 1.9) according to aspect ratio(0.5, 0.1, 1.5, 2.0), For more objective evaluation of the bond strength, it is
analyzed that the evaluation value is within 6 ~ 32°C and the result can be obtained within 5% of the coefficient of variation.
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Table 1. Bond Strength of Foreign Standard

Bond strength
Type standard Test method
ACPA, 2008 >1.4MPa Pull-out
Virginia >1.0MPa Pull-out
USA Washington >69MPa | Slant shear
Florida ect
=2 1MPa
FHWA =1.4MPa
Canada | Stark and Polyzois =0.9MPa
Sweden |Road Administration| =0.8MPa
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Table 2. Bond Strength of Korean Standard

Bond
Type strength Note
standard
Bonded
Korea Expressway Corporation| =1.4MPa concrete
overlay
Ministry of Land Infrastructure Bonded
=1.0MPa concrete
and Transport
overlay
Quality Performance Index =1.4MPa Brlrigzi_riz(:k
(Korea Expressway Corporation)] =1.0MPa P
concrete
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Table 3. Test Conditions of Laboratory Bond Strength

Evaluation
Overlay Disk(mm) Rate of | Boring
Type think _ _ loading depth
(mm) | Diameter | Thick | (vPa/s) | (mm)

KS F
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Fig. 1 Result of Compressive Strength Evaluation by
Aspect Ratio (Kim et al., 1999)
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Fig. 2 Result of Direct Tensile Strength Evaluation
by Aspect Ratio (Hong, 2003)
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Table 4. Test Variables of Laboratory Bond Strength

Evaluation
Qverlay Boring Total
Type thinkness depth )
variables
(mm) (mm)
Laboratory bond | 4, " 99 | 10, 30, 60 9
strength evaluation

3

Aspect Raito = Li/d, Lo/d Boring Depth Ratio = T+/d, T2/d

Fig. 3 Aspect Ratio(A.R) and Boring Depth Ratio(B.R)
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Table 5. Result of Laboratory Bond Loads Evaluation
for Each Test Variables

Boring depth | Boring depth | Boring depth
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Table 6. Result of Laboratory Bond Loads Evaluation
by Aspect Ratio(1)

Breaking load (kN)
Type B.R BR B.R Aver
(0.23) (0.69) (1.39) ’
AR 4.82
09 | °% 492 A7 00%)
AR 4.47
(1.39) 4.63 4.80 3.98 (92.8%)
AR 3.76
og) | 309 4.82 3871 (g1
6.0
X 40 TP
S @
8 - ¥ =-0.9224x + 5.6997
- R =0.9929
2
< 20
3
@ 10
0.0
0.00 0.50 100 150 2.00 250
Aspect Ratio

40mm|0.92|0.23|5.36|0.92(0.69|4.92|0.92|1.39 | 4.17 | 4.82

60mm|1.39]0.23|4.63|1.39|0.69|4.80|1.39|1.39|3.98| 4.47

90mm|2.08|0.23(3.09|2.08|0.69(4.32|2.08/1.39(3.87| 3.76
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Fig. 4 Result of Laboratory Bond Loads Evaluation
by Aspect Ratio(2)
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Table 7. Test Variables for Revalidation of Aspect
Ratio Effect

Type Bond condition Aspect ratio

0.69 (30mm)

srength svatsaton | seroe | 138 omm
Y 2.07 (90mm)
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Table 8. Result of Bond Strength Evaluation by Aspect
Ratio(1)

AR (0.69)-30mm | AR (1.38)-60mm | AR (2.07)-90mm

Type Diam Load Stren | Diam Load Stren | Diam Load Stren
eter kN) gth | eter ®N) gth | eter ®N) gth
(mm) (MPa)| (mm) (MPa)| (mm) (MPa)

#1 14341303 |205|434 (162|110 | 434|114 | 0.77
#2 | 434|495 |335|434 (195|132 |434|174 | 1.18
#3 | 434|258 | 174 | 434|216 | 1.46 | 434 | 1.08 | 0.73
Aver 352|238 191 ] 1.29 1.32 |1 0.89

4.00

300 y=-1.0754x + 30089
- R =0.9336

200

Bond Strength(MPa)

100 I
050

0.00
0.00 050 100 150 200 150

Aspect Ratio

Fig. 6 Result of Bond Strength Evaluation by Aspect
Ratio(2)
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Fig. 7 Bond Strength Test Procedure for Suggestion of
Correction Factor
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Table 9. Result of Bond Strength Evaluation by Aspect

Ratio(1)
AR (0.5) AR (1.0) AR (15) AR (20)
Type Strength Strength Strength Strength
AR (MPa) AR (MPa) AR (MPa) AR (MPa)

#1 0.49| 283 |097| 208 |155| 172 |196| 110

# |049| 315 (096| 246 |150| 172 |199| 149

#3 |050| 296 (093 240 |155| 146 |197| 105

aver. (049] 298 |095 231 |1583| 163 [197| 12

Variance 0.03 0.04 0.02 0.06
Coefficient
of 5% 9% 9% 20%
variation
400
350
T 300 e ¥y =-1.1922x + 3.5111
o s iy
s g R? = 0.9424
f 250 '
qgj 2.00 e
= @
»
_g 150 P .
S 100 L]
m
0.50
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Fig. 8 Result of Bond Strength Evaluation by Aspect
Ratio(1)
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Table 10. Suggestion of Correction Factor by Aspect

Ratio

AR (0.5) AR (1.0) AR (15) AR (20)
Type Strength Strength Strength Strength

AR apa) | AR oapa) | AR | oapa) | AR | upa)

#1 049| 283 |097| 208 [155| 172 |196| 110

#2 049] 315 |096| 246 150 | 172 |199| 149

#3 050| 296 |093| 240 |155| 146 |197| 105

aver. |049| 298 |095| 231 |153| 163 |197| 121

Relevgnce 128.8% 100.0% 70.6% 52 4%
ratio

Correction 078008) 1.001.0) 1.42(1.4) 1.91(1.9)
factor
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Table 11. Test Variables for Bond Strength Evaluation
by Temperature Changes

Type Measuring temperature
High temperature 37.2C
Odinary temperature 18.1, 19.7°C
Low temperature -4.2°C

Fig. 9 Measuring Temperature

Table 12. Specific Mix Design

Tvoe Slump | Air |W/C|S/a| Unitary quantity(kg/m’)
VP (mm) [ ) | ) @ [ w ] ¢ | s lalL
Ref. | 120 | 5 |24 [100|240[1,000]1500] - |100
Over | 160 14 &l 35 |55 | 76 | 360 | 906 (787|115
lay | ~220
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Table 13. Bond Strength Depending on Temperature

Type
T Measuring Bond strength(MPa)
ype
temperature| #1 | #2 | #3 | #4 | #5 |Aver
1| High 372C |2.66(264|298|275|298|2.80
2 ) 18.1C 3.27| 3.1 13.16|3.38|3.18|3.22
—Odinary
3 19.7C 2.8713.1213.35|3.23| 3.1 | 3.13
4] Low -4.2C 2.55|8.25]3.02|2.26|2.24 | 2.66
6.0
® 50
g ¥ =-0.001x* + 0.0375x + 2.8371
T ceeeeaR2ZQ8IG. ... .
[&)) " L
é 3.0 —— E ........................ OOE -
@ i .l :
PR I e i i
-10 0 10 20 30 40
Temperature(C)
Fig. 10 Result of Bond Strength Evaluation
Table 14. Analysis by Trend Formula
Temper
06| 0|5([6|10[16]20(25|30|3R([3FH|40 |4
ature(t)
Bond

strength [2.362/2.625[2.837/2,999[3,02613,112/3.175/3,1873.1503 0623 013[2.925[2.737| 26500
(VPa)

74.11(82.35/89,02/94.12]94 96/97 65/99 61| 100 (98,82/96,08/94.54{91.76/8585| 78 43
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