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The Evaluation of Non—Destructive Formulas on Compressive Strength
Using the Reliability Based on Probability
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Abstract

Proposed equation is used many time in calculation of concrete compressive strength using the non-destructive testing at
precision safety diagnosis. Most of proposed equation is suggested in abroad and have an error to estimate concrete compressive
strength in the domestic. Therefor, proposed equation is low reliability to estimate concrete compressive and it has a significant
effect in reliability of precision safety diagnosis. Nevertheless, It is possible to increase the reliability through a number of
experiments from this problem that occurs in some localized part. This paper is proposed assessment formula of reliability related
core compressive strength to increase the reliability. It is verified that reliability of proposed assessment formula is useful by
probabilistic techniques. It is compared with each graphs of concrete compressive strength of proposed equation. It has been found

that the present methods are very efficient.
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Fig. 1 Proposed method based on reliability of flow chart
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Table 1 Standard of a correlation coefficient

Correlation Coefficient Note
> 0.9 more higher
0.7~0.9 higher
0.4~0.7 be correlation
0.2~0.4 lower
<0.2 more lower

A7, n : FHA 5
T ?5} Jﬂﬂ.ﬂ]—tﬂ o7 Jﬂ7]_—<‘€]: 1—
y TR SRR ke A

AT A e UREA O = Table 29} 7T} (Kwak,
2013)
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Fig. 2 Change of probability of failure due to change of mean
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Fig. 3 Change of probability of failure due to change of variance
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Non- Destructive compressive strength
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Fig. 4 The Change of overlapping probability due to change
of mean(Compressive Strength)
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Fig. 5 The Change of overlapping probability due to change
of variance(Compressive Strength)
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Table 2 List of suggestion formula (Rebound Hardness)

Researcher Suggestion formula

Materials Science Society

. =—18.0+ 1.27R
of Japan Je °

Architec Insti {
chitecture Institute o £. = (7.3Ro+100)x 0.098

Japan
KISTEC (Box) f.=0.276 Ro+17.658
KISTEC(Tunnel) f.=0.222Ro+ 9.446
Tokyo building materials £, = (10Ro+110) 0.098
laboratory
US army f. = (—120.6+ 8.0Ro + 0.0932 Ro) x 0.098
SeoulMetro (Box) f.=40.8—0.234Ro+0.127T

SeoulMetro (Tunnel) f.=9.49+0.248Ro+0.222T

Kimura f.=(9.4%x0.987"Ro + (1.37—109)) % 0.098

Linear regression equation fo=k ¢ Ro+C

ZAREY] BEE J}o}ﬂ ﬂ oHHL Z5uke] ARt
= st TS Aomy-
B ZAYES BEE %—X }°=‘E}(KISTEC 2011)

Table 3 List of suggestion formula (Ultrasonography)

Researcher Suggestion formula
Materials Science Society of f.= (102V,—117) X 0.098
Japan
Architecture Institute of Japan f.=(215V,—620) < 0.098
J.Pysiak f.=(92.5V2=508.0 V,+ 782) < 0.098
Tanigawa f.=(172.5V,—499.6) < 0.098
Linear regression equation fo=k o« Vy+C

3.3 Hmto|Zd= 2H-AI(Modification Factor)

NP HFE FHL A AATEENN
A S el A} glev) ol feiel 47
s ARkl ok} o] BAATE AES T



H =AMl Fato] tid AldES ZaE Hlgt
YAEE FYsk= Aol nFAeth(KISTEC, 2011)

R A9 (Modification Factor) :

i

ANA, R,

E‘é
i)
>«
;g
o
iC
HU
4
ox
w
°
%0

& ANES) vl Bk

2 Q7o) B oS A5 U AR AF TEERA
Eeel W $AE 2A] SR HolelE 723

Table 4 Number of sample

Table 5 Correlation coefficient to Non—Destructive estimating

Classifying Rebound Hardness Ultrasonography
CASE 1 0.315 0.570
CASE 2 0.266 0.590
CASE 3 0.558 0.022
CASE 4 0.321 0.727
CASE 5 0.361 0.607
CASE 6 0.621 0.631
CASE 7 0.185 0.109
CASE 8 0.307 0.964

1 More higher
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Il Rebound Hardness
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4.3.1 CASEI(OOA|3H134)
Table 6 Unconfined compressive strength of CASE1

Classifying Mean [MPa] StDev[MPa]

Unconfined Compressive Strength 33.01 6.41

Classifying Laboratosrgei(;tlipressive gff;ﬁ;i Ultrasonography
CASE 1 30 30 30
CASE 2 27 27 13
CASE 3 30 30 30
CASE 4 33 33 14
CASE 5 26 26 26
CASE 6 27 27 27
CASE 7 22 22 22
CASE 8 15 15 15

Table 7 Reliability analysis result of CASE1

HAARE AR T B A3} AEAE7 e 9 v A
o] CASE® #3471 = CASE7TS A28t X E CASEolA
MZ AL Qe Ao Vel WP ERP S CASE3

Classifyi Mean | StDev Overlapping Modification
SStying [MPa] | [MPa] P Probability Factor
linear regression
equation 33.01 | 366 | 0.77 73.52% 1.001

(Ultrasonography)

IR A St R R o) ﬁﬂE w43 A8 3]
F& 73.52%% LFERSITE

SR E SR pE sk =28 H19H M45(2015.7) 29



0010
=== Overlapping Area

ous | ——Unconfined compressive strength
— —linear regression equal Ay
0008
o007
0006
X o005
i
0004
000

0002

0001

0000

15 El =

Strenglh (Mpa)

0010

0003

0008

0007

0008

0.00s

0002

0001

0.000

4.3.3 CASE3(OOAIsF3 A A7k
Table 10 Unconfined compressive strength of CASE3
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Fig. 7 Reliability probability distribution and trend

(UCS—Linear regression(Ultrasonography))

43.2 CASE2(OOAIsH3 A Hd+7h

Table 8 Unconfined compressive strength of CASE2

Classifying Mean [MPa] StDev[MPa]
Unconfined Compressive Strength 25.71 6.60
Table 9 Reliability analysis result of CASE2
Classifvi Mean | StDev Overlapping Modification
yine [MPa] | [MPa] P Probability [%] Factor
linear regression
equation 24.97 | 452 | 0.78 75.07% 1.001
(Ultrasonography)
o == Overlapping Area A 0.8 "
0007 | —Unconfined compressive strength ~ 0007
— —linear regression equation / \
0.006 / \ 0.006

[Mean[ 2497 ] ! \

P

2% 33
Strength (Mpa)

0.005

0.004
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0.001

0.000
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10

-=-Unconfined compressive strength

- linear regression equation

Fig. 8 Reliability probability distribution and trend
(UCS—Linear regression(Ultrasonography))
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Classifying Mean [MPa] StDev [MPa]
Unconfined Compressive Strength 31.41 6.12
Table 11 Reliability analysis result of CASE3
Classifvin Mean | StDev Overlapping | Modification
Y&V IMpal | IMPal | “ | Probability[%] |  Factor
Architecture
Institute of Japan
P 2882 | 4.27 | 0.75 75.37% 1.095
(Rebound
Hardness)
linear regression
equation 35.16 | 0.12 | 0.71 5.67% 1.000
(Ultrasonography)
0.008 0.008
o | SN e A |,
— —Architecture Institute of Japan / \\
0.006 m /I \ 0.006
[StDev[ 4.27 | |
0.005 0.005
X 0004 0004
w
0.003 0.003
Probaility  75.87%
0.002 0.002
0.001 0.001
0.000 0.000
-15 7 25 33
Strength (Mpa)
50 -a-Unconfined compressive strength
:g -» Architecture Institute of Japan
35
30
25
20
15
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Fig. 9 Reliability probability distribution and trend
(UCS—Architecture institute of Japan(Rebound))
0.008 T 0.008
mmm Overlapping Area I R 0.71
0007 —Unconfined compressive strength :I . 0007
— —linear regression equation | |
0.006 ! 0.006
[Mean| 35.16 |
0005 [stDev| 0.12 | 0005
X 0004 0.004
w
0003 Probability 5.67% 0.003
0.002 0.002
0.001 0.001
0.000 0.000

2% 3 4
Strength (Mpa)

-=-Unconfined compressive...
- linear regression equation

10 11 12

Fig. 10 Reliability probability distribution and trend
(UCS—Linear regression(Ultrasonography))
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4.3.4 CASE4OOASHH434 EE77h
Table 12 Unconfined compressive strength of CASE4

Classifying Mean[MPal] StDev [MPa]
Unconfined Compressive Strength 24.00 5.05
Table 13 Reliability analysis result of CASE4
Mean | StDev Overlapping Modification

Classifying

[MPa] | [MPa] P Probability [%] Factor

linear regression

equation 25.31 | 3.27 | 0.75 76.74% 0.989
(Ultrasonography)

0012 0012
mmm Overlapping Area R 0.75
—Unconfined compressive strength

0010 — —linear regression equation ~ 0010

\
/ [Mean] 2551 |
\
[zl o

[stDev] 505 |

& 0008 0006
i
Probability 76.74%

0004 0004

0002 0002

0,000 0.000

15 7 1 9 2 33 4 49 57
Strength (Mpa)

50 i
bt -=-Unconfined compressive strength
prd - linear regression equation

Fig. 11 Reliability probability distribution and trend
(UCS—Linear regression(Ultrasonography))
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4.3.5 CASES(OOA|3F4 54 A7
Table 14 Unconfined compressive strength of CASES

Classifying Mean [MPa] StDev[MPa]
Unconfined Compressive Strength 32.38 6.51
Table 15 Reliability Analysis Result of CASE5
Mean | StDev Overlapping Modification

Classifying

[MPa] | [MPa] P Probability [%] Factor

linear regression
equation 32.38 | 3.95 | 0.78 76.29% 1.000
(Ultrasonography)

0009 0,009
mmm Overlapping Area Rl 0.78
0.008 —Unconfined compressive strength M 0008
— —linear regression equation /N
0,007 ;o\ 0.007
[Mean]| 32.38 / \\

0006 0.008

!

0005 0.005

F(x)

0004 0.004

Probability 76.29%

0003 0.003

0002 0.002

0001 0001

0000 0,000
15

25 33
Strength (Mpa)

-=-Unconfined compressive strength
- linear regression equation

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Fig. 12 Reliability probability distribution and trend
(UCS—Linear regression(Ultrasonography))
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43.6 CASE6(OOA|3FE554)
Table 16 Unconfined compressive strength of CASE6

Classifying Mean [MPa] StDev[MPa]

Unconfined Compressive Strength 29.77 5.30

Table 17 Reliability analysis result of CASE6

Mean | StDev
[MPa] | [MPa] P

Overlapping Modification

Classifying Probability [%] Factor

linear regression

equation 29.77 | 3.34 | 0.79 78.08% 1.000
(Ultrasonography)

0012 0012
mmm Overlapping Area RI 0.79
—Unconfined compressive strength -

0010 — —linear regression equation 0010

"
I\
0008 [Mean [ 29.77 | ! \\ 0.008
[stDev] 334 | A
X 0008 0,006
g [Mean| 29.77 |

0.004 il 0.004

0002 0,002

0.000 0.000

45 7 1 9 2 3 4 49 57
Strength(Mpa)

-=-Unconfined compressive strength
~ linear regression equation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Fig. 13 Reliability probability distribution and trend
(UCS—Linear regression(Ultrasonography))
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43.7 CASE7(OOH)
Table 18 Unconfined compressive strength of CASE7

Classifying Mean [MPa] StDev[MPa]

Unconfined Compressive Strength 36.58 3.50

Table 19 Reliability analysis result of CASE7

>
i
o
e

AAT} AR E R 9f cBAAI = A3
(F2IhAs AEE S dEAFI| (W R)S 7t
Aestlom, FAEES A& 37 2(Z25Tho] 49.40%,
P AA(ZSIhH0] 21.57%% Hlwd @A vERT ol
A F53 AGEE AR o] 0.185(more lower),
I £R0] 0.109(more lower)E Wl W7] wio|t)

N>

1F >

o
I
w2

4.1.8 CASE8(OOHY
Table 20 Unconfined compressive strength of CASES8

Classifying Mean | StDev Overlapping | Modification
[MPa] | [MPal P Probability [%] Factor Classifying Mean[MPal StDev [MPal
Architecture Unconfined Compressive Strength 30.69 3.70
Institute of Japan
P 33.90 | 1.55 | 0.69 49.40% 1.082
(Rebound
Hardness) _ ,
- - Table 21 Reliability analysis result of CASE8
linear regression
equation 36.58 | 0.38 | 0.71 21.57% 1.000 Classifvi Mean | StDev Overlapping Modification
(Ultrasonography) Ssitying [MPa] | [MPal P Probability [%) Factor
linear regression
o026 o025 equation 30.69 | 3.57 | 097 98.21% 1.000
= Overlapping Area SON( h
——Unconfined compressive strength _ (LHU’HSO ograp y>
0.020 — —Architecture Institute of Japan n 0.020
[Wean | 53.50 | I
E :m-m [}
0015 " ‘I 0015
S ! \l 0010 0010
oot ! 0010 0009 :3132:?&?3:3resswe strength G | @&7 0000
Probability  49.40% 0008 — —linear regression equation 0008
0.005 0005 0007 [ Mean| 30.69 | 0.007
0006 -StDev _&57 0,006
0.000 0.000 X 0005 m 0.005
15 7 1 9 2 33 a 49 57 g [stDev| 3.70 |
Strength (Mpa) 0004 - . 0004
Probability  98.21%
55 0.003 0.003
= -=Unconfined compressive strength
-e Architecture Institute of Japan 0002 0002
45
40 0.001 0.001
3 0.000 0.000
30 -15 7 1 9 25 33 a1 49 57
2 Strength (Mpa)
i ] 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 5
o -=-Unconfined compressive strength

Fig. 14 Reliability probability distribution and trend
(UCS—-LE7i=sts|(Bi)

0090 0090
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|
I
0,060 [Mean | 3658 0,060
000 [stDev] 038 | 0050
)
W 0040 0040

0.030 0.030
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0020 0020
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0.000 0.000
15

25 33
Strangth(Mpa)

w0 -=-Unconfined compressive strength
- linear regression equation

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Fig. 15 Reliability probability distribution and trend
(UCS—Linear regression(Ultrasonography))
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- linear regression equation

Fig. 16 Reliability probability distribution and trend
(UCS—Linear regression(Ultrasonography))
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