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Estimation of Compressive Strength for Existing Concrete Structures
by Non-Destructive Tests
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Abstract

The rebound hammer test and ultrasonic pulse velocity test methods are commonly used to de-
termine the in-situ compressive strength of concrete. One of the special feature of these
methods is that they cannot give consistent and reliable results for variety of structures. In par-
ticular, very old existing structures have been generally received sreious environmental affects
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and thus the strength prediction will be different from normal structures,

The purpose of the present study is, therefore, to propose realistic equations to predict the

in-situ strengths of actual old concrete structures, The rebound hammer and ultrasonic pulse vel-

>ovcity tests, carbonation depth measurments and core compressive strength measurements have

been carried out for very old hydraulic and seacoast concrete structures spanning from one to

about seventy years in age. From these test results, the strength-rebound number relations, the

strength-pluse velocity relatinns and the strength-rebound number-pluse velocity relations have

been obtained through multiple regression analysis.

The present study indicates that the existing equations by nondestructive tests give quite dif-

ferent results from the present data. The proposed equations reasonably well predict the

measured data for old concrete structures, especially for low strength concrete. The prediction

equations proposed here can be efficiently used in determining the in-situ strength of old con-

crete structures.

Keywords : environmental, old hydraulic, regression analysis, efficiently
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reconnaissance and related data
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Fig.1 Flow of in-situ nondestructive test
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Table 2 Data for seacoast structures

Table 1 Data for inland structures
Station Location l&)mtmcnon Survey | Age Clasification
year | year | {year) |ofstruuures
1 |Dalbang Kangwon Tonghe 190 194 4 Dam
2 |Duk-san Chonpuk Muju 180 190 10
3 |Yoisa Kyonggi Yoju 1964 %
4 {Kumjon Chonnam Hwasun 1%63 199 %
5 |Pungsan  |Kyongpuk Andong 1%9 197 B
6 iShinhu Chungnam A-san 199 1989 K|
7 iChil-gok Kyonggi Ansong 1%9 R}
8 |Bak-gok Chungpuk Jechon 1968 | 198 k1]
9 [Hongyang !Chungnam Hongsong | 1945 1986 4
10 [Nangjong  |Kangwon Pochon 196 | 190 4
11 {Habin Kyongpuk Chilgok 194 | 198 4
12 |Kounggu  |Kyonggi Suwen 1943 &
13 |Do-chok Kyonggi Kwangju 1943 £
14 |Pajang Kyonggi Suwon 1943 £
15 {Kongam  |Chungnam Chongyang | 193 4 £
16 |Hwa-am Kyongpuk Youngil 1943 8H
17 {Wun-san Chungnam Sochon 1943 H
18 |Wanggung |Chonpuk Tksan 1981 1986 %
19 |Uilim Chungpuk Chechon 1983 | 1%8 %
20 |Wichon Kyongpuk Talsong 192 | 193 1 |Pumping
21 {Hoopo Kyongpuk Sangju 1973 1%7 Y station
2 |Seopoung  |Chongpuk Chongwon | 1962 | 1987 %
23 |Yong-am Chounpuk Tksan 1959 186 4
24 |Goa Kyongpuk Sonsan 1946 40
25 |Hungchon  |Kyongg You 199 | 194 5 | Badge
% iSingi Kangwon Samchok 197 . 7
27 {Chang-poung |Chungnam Kumsan 91 3
% Miho Chungpuk Chongwon | 1969 | 193 24
2 |Cheewon  |Chungnam Kumsan 1969 A
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Sttion Location MImlnonEmey Age  |Classifcation
(year) |ofstrctures
1 |Nochen Chungnan Poryong 1988 2
2 |Daechi Kyungnam NamHae 188 1%1 3
3 |Changpo  |{Chonnam Haenam 1983 - 8
4 |Dangpo Chonnam Haenam 1978 190 17
5 |Jungdungpo |Chonnam Muan 1978 . 2
6 |Sek-po Chonpuk Puan 9% | 1%l 16
7 |Jisan Chonnam Chindo %7 | 197 2
8 |Kwanduck |Chonnam Changhung | 1966 | 196 .4
9 Songhyun  |Chungnam Taean 1969 190 2
10 |Nambi Kyonggi Hwasong 1969 . 2
11 |Hakdong  |Chonnam Haenam 1969 191 2
12 |Hadun Kyongnam Koje 1968 190 2
13 (Samsan Kyongg Kanghwa 1%6 186 k4
14 |Nae-gu Kyongnam Sachon 159 1989 K]
15 |Gun-am Kyonggi Ansan 1%8 3
16 |Karipo Kyonggi Kanghwa 1968 190 K
17 {Hwasongsa |Chungnam Taean 1%7 3
18 |Hoam Chonpuk Puan 1%7 3
19 |Hankang  |Kyonggi Kimpo 1%6 K]
2 Man<dol Chonpuk Kochang 195 k)
21 |Younja Chonnam Haenam 195 )
22 \Sungveon  |Chungnam Taean 199 | 1989 20
23 Bodoek-po  |Chungnam Tangin 197 | 1%0 R
24 |Youmsan  |Chonnam Youngkwang | 1933 187 5
25 |Hodong Chonnam Haenam 181 1990 %
26 {Haemung | Kyongnam Koje 181 . By
21 |Bu-soo Chungnam Tangjin 181 191 &
28 |Baek-po Chonnam Haenam 195 1989 6
29 |Kwang hoel |Cronpuk Kie me | - |
Table 3 Specification of core drill machine
Division Contents Remarks
Overall height 850 mm
Main body Base width 200 mm
specifications Base depth 255 mm
Total stroke 506 mm
Total weight with motor 4 kg
Max. service diameter 250 mm
Power source voltage 100V /220V Iphase
Motor Frequency 50/60 Hz
specifications Max. output 1.7 kw
Rated amperage 15A
[ No load revolution 900 /500 rpm
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Table 4 Measurement data for inland structure

Vs Fe C G Cv Y
Saton | R || ! tkgf /em®)| (mm) | (%) | (%) | (yea)
DBL | 3 | 410 | 0%%7 18 5 % 23 4
TS1 | 37 | 35 | 09® 14 5 4 13 10
YS1| 29 | 218 | 0998 16 10 6 28 2
KJ1 1 46 | 32 | 09% 157 10 % L1 2
PS1 | 3 | 37 | 09% 164 8 4 21 2
SHIT £ 1 34 | 098 107 15 4 4l 30
CGl{ 3 | 35 | 09%5 13 18 ) 37 30
BGI | 2 | 38 |09% 16 $ bY] 31 K
HYL | 2 ) 58 | 0936 %0 12 41 28 41
NJL | 49| 39 |09 1% % H# 1.2 4
HBI| & | 38 |09 157 15 Y L5 4
KGL | 27 3418 | 099 ) 15 by 31 5
DC1 | 3 | 3% | 0945 130 13 I 38 H
PJL | 27 | 3469 | 099 1% 18 5 25 H
KAL| 7 | 315 | 09918 % 18 &6 41 H
HAL| 24 | 231 | 09 » 18 3 38 H
WS1| % | 34 | 0991 13 10 & 39 $
WGLI 2 | 512 |09 130 5] 8 12 B
ULT | 2 | 70 |09 | 18 12 4 32 bY)
WCL| % | 7% |09 210 2 Y 18 1
HP1 | 31 | 3% | 0907 120 8 8 12 14
SP1| B | 43 | 0% 1% ] 4 il 5
YAL| B | B4 | 098 107 17 46 18 5
GAL| 24 | 768 | 0982 118 19 £ 22 40
HCI L 3 | %10 | 0.9 80 10 3 31 5
CPI | & | I |09 | 15 18 54 28 23
MHE] $8 | 215 | 099 186 U 5t 27 !
JWI | 3| 5% | 09%9 10 k! 5t 25 J!

Note :

R : rebound number, Vs : pulse velocity,
Fc : core compressive strength  (surface transmission)
G : valume of aggregates, C : carbonation depth,

Y : age Cv : void ratio,
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Table 5 Measurement data for seacoast structures.

Station R vs r Fe ¢ G G ¥
im /sec) kgt /car®) | {mm) | (%) | (%) | (year)

NC | seal) 45 | 375 | 008 | 1% LI O A T
land1] 4 | 364 09909 | 19 375 |24

DC | saly 2 | M6 109 | 10 T8 136 3
and1] 34 | 364 | 09963 | 1% S 3

CP | seall 38 | 2139|088 | 26 31 %0 |40 8
lnd]] 36 | 1914 [ 09862 | 1D 30 % 138

DP | sal]| 31 | 3064 | 0909 | I3 T3
d1] 36 | 31X | 09%7 | 1B 70353

JDP | seal] 40 | 388 09| & 15| 49 1 56 | 12
lnd 1| 45 | 3415 | 09%8 | 119 0 | 49 60

SP {lndl] 44 | 2864 | 0998 | 1% 81 B | 42| 16

JS | =all 3 ) 308 (09979 139 048212

1) 32 | 3067 | 00K | M B 4H 12D

KD | seall 24 | 33 09968 | 13 46152

SH |land]| 32 | 2865 05977 | 16 8 16 |33 2

NB | sall 23 | 328|098 | 103 Z | 5|55 2
lrd 1| 29 | 2084 | 0998 | 10 z | % | 68

HD | seall 41 | 3425 | 09%1 | 1% U 48135 | 2
lnd 1| 42 0810 + IR 101 46 1 28

HD | seall £ | 3085 | 0967 | 1B L0465 1391 2
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LG | sealy 43 1 3867 (05909 | 10 6| 80 {26
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GA | sali 46 | 38 | 0081 1t 14| 5 | 15 | 31
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lnd1| 38 | 3% 0907 14 00|27

HG | seall 4 | 349 | 0908 | W7 0 5 |39 3
land1| 40 348 | 0998 | 1B 0] 5 | 39

MD | sal| 3% ;388|098 | 115 51 49 | 38 B
land 1] 31 | 2074 | 0968 | & 0] 5 | 42

YJ | oseal] 41 | 342 | 00%6 | 141 214137 6
landi| 41 7304|094 ) 10 15| 9 |38
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Table 7 Results of regression analysis for relationship
between concrete compressive strength and re-
bound number

Structures . Derived coefficients ]Root mean
Prediction  equa-
location i a 3 X Fquare error
tions
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e
Seacost | | B =t afa R %78 353 | 09| u%
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i =g taR+ak? SL4N | 3200 | 0017 | A
Y TR = talaR na| 199 | 100 [ %3l
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Relationship of inland structures between concrete
compressive strengh and rebound number
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Table 8 Relationship between concrete compressive stren -
gh and ultrasonic velocity of other researchers(?

Researchers | Equations Remarks
v F, = Compressive strength (kgf /cm?)
BAHEEE) ’ V,, = Pules velocity (km /sec)
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ki, ke, C = Empirical constants
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Table 3 Results of regression analysis for relationship
between concrete compressive strength and
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Table 10 Combined tests of other researchers‘®

Reserchers Equations Remarks
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20 - W - K F=102- (k- R)+28 V-9
B - il F=09-R+%2-V,-2B F.=Mpa
Bollander F=111" (0.0082- RHILR - V,~2.7)"%
I F=I18-R+1%- V-62

Note : F,=Compressive(kgf /cm?),
R=Rebound number, V,=Pulse(m /sec)
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Fig. 8 Relationship between concrete core compressive
strength and rebound number and uitrasonic
velocity combined tests(inland)
Table 11 Results of regression analysis for relationship between concrete compressive strength and combined tests
Derived coefficients Root
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Table 12 Aging correction factor for rebound number

Age(year) 10 20 28 50 | 100 | 150 | 200 | 300 | 500 | 1000 | 3000 |Remarks
Passage of time
factor(n) 155 | 112 | 100 | 0.87 | 0.78 | 0.74 | 0.72 | 0.70 | 0.67 | 0.65 | 0.63
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