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The Study on the Optimal NDT Method for the Explosion
Damage Analysis for One-way RC Slabs
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Abstract : It is necessary to analyze on the compressive strength among material properties of concrete for confirming damages of
architectures due to large explosion. A non destructive test is known as the representative methods estimating compressive strength and
ultrasonic pulse velocity, rebound hardness test are widely used because of their simplicity, convenience. But combined method supplementing
two types is applied at now as they are affected by the characteristics of test specimen. In this research to check damages on the members of
structure before and after explosion, the characteristics of compressive strength are compared and analyzed through a real explosion test prior
to full scale structures. The test results showed that the larger the TNT powder and the shorter the distance, the greater the decrease in strength
before and after the explosion and that the largest displacement and moment for the explosive load and the greatest decrease in the strength at
the central part. Due to the surface condition and the thickness variation of the concrete specimens, the standard deviation value is the smallest
in the combining method of fusion of the ultrasonic method and rebound hardness method. Thus, the combining method can be one of
appropriate methods to evaluate the strength in the reinforced concrete structures damaged by the explosion.

Key Words : one-way RC slab, explosion damage, ultrasonic pulse velocity, rebound hardness test, combining method
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Fig. 1. Arrangement of bar for a RC150 slab,
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Fig. 2. Arrangement of bar for RC200 slab.
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(a) Direct
Fig. 4. Types of UPV measurement,

(b) Indirect (c) Semi-direct
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Fig. 5. UPV test.
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Table 2. Condition of explosion test

UPV RHT CM
Div. Before After Before After Before After
Explosion | Explosion | Explosion | Explosion | Explosion | Explosion

2nd
RCI50 2A1 2B1 2C1 2D1 2E1 2F1

d om | o2 | 202 | 2 | 2E2 | 2R2
RC200

3rd 3A1 3B1 3C1 3D1 3E1 3F1
RCI150A

3 ol sa2 | sm | 32 | sm2 | 3R | 3R
RC150B

3rd 3A3 3B3 3C3 3D3 3E3 3F3
RC150C

4th
RCI50A 4A1 4C1 4E1

4th
RCI50B 4A2 4B2 4C2 4E2

Test Name of . .
Round Specimen Weight of TNT (kg) |Standoff Distance (m)
RCI150
2 100 15
RC200
RCI50A
100 10
3 RC150B
RCI50C 50 4.5
RCI50A 5
4 100
RC150B 7

250 HEHE 0|83 A= Aol Table 39
A2 A8tk dle S0 24+ A3 A1 RC1500]
gt %‘??].— GRS = %E&%QAL
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Table 3. Prediction equations of compressive strength by

uPv?

Div. Prediction Equation

Architectural Institute of Japan.

J. Pysniak

F, =215V~ 620

F, =925V}~ 508 Vp+ 782

KEPCO Research Institute

F,=339.1V,— 1107

F. : Compressive Strength (kg/cm) V,, : P-wave velocity(kmy/s)

Table 4. Measured UPV and estimated compressive strengths
for 2A1

Arrival Architectural J KEPCO
Test . Vp | Institute of . Research | Avg
No . time Pysniak .
Point (15) (m/s) Japan (MPa) Institute | (MPa)
s (MPa) (MPa)
1 | A1 | 40.7 | 3808 19.47 18.5 18.06 | 18.67

2 | A2 42 3690 16.98 16.36 14.13 | 15.82

41 | F-6 43 3605 15.19 14.97 1131 13.82
42 | F-7 46 3370 10.24 11.81 35 8.51
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Table 5. Measured UPV and estimated compressive strengths Table 7. Measured rebound values and estimated
for 2B1 compressive strengths for 2C1
. Architectural KEPCO . Japan Testing
Test Ar.rlval Vp | Institute of J'. Research | Avg Reboun Socwty of Center For
No ; time Pysniak . Test Materials . EMPA | Avg.
Point (15) (m/s) Japan (MPa) Institute | (MPa) No Point d No. Science. Japan Construction (MPa) | (MPa)
H (MPa) (MPa) (n=9) MPa) P Materials
1| a1 | 412 [3638] 1589 | 1549 | 1241 | 1459 (MPa)
2 | A2 40.0 | 3753 18.31 17.47 16.23 17.33 ! Al 25 13.82 13.72 1387 | 1380
. 2 | A2 32 22.74 20.58 2392 | 2242
41 | F-6 40.7 | 3690 16.98 16.36 14.13 15.82 !
42 | F-7 40.0 | 3753 18.31 17.47 16.23 17.33 4] F6 265 1573 1519 1602 | 1565
42 | F-7 29.5 19.55 18.13 2033 | 1934
2A1-Velocity(m/s) 2A1-Strength(MPa)
A B c D E F A B c D E F .
! o0 ! 2" Table 8. Measured rebound values and estimated
3800 19 )
, . ‘ - . ‘ ® compressive strengths for 2D1
N 3700 3 | | 1 . Japan Testing
Society of
3650 15 Reboun . Center For
S e | w0 4 ‘ ) ‘ " No Test d No. Materials Construction EMPA | Avg.
Point Science, Japan . (MPa) | (MPa)
3550 13 (Il:9) Materials
° 1 3500 ° 2 (MP&) (MPa)
s4e0 10 1 A-1 24.5 13.18 13.23 13.15 | 13.10
7 ’ 2 | A2 25.0 13.82 13.72 13.87 | 13.72
(a) 2Al )
2B1-Velocity(mis) 2B1-Strength(MPa) 41 | F-6 255 14.46 14.21 1459 | 14.34
A B c D E F
* 4| F7 | 235 1191 12.25 1171 | 11.87

E
A
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Fig. 7. Estimated UPV and compressive strength for 2A1 and
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Table 6. Prediction equations of compressive strength by

schmidt hammer test”
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Div. Prediction Equation

EMPA Science and Technology F,=14.66 R— 225
Society of Materials Science, Japan F.=13R—184
Japan Testing Center For F. = 10R—110

Construction Materials

F. : Compressive Strength (kg/cm) R : Rebound Number
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Table 9, Prediction equation of compressive strength in a Table 12. Summaries of estimated compressive strength(Unit,
combining method with UPV and Rebound hardness test® MPa)

Div. Prediction Equation Py RHT o™

Before After Before After Before After

Architectural Institute of Japan F.=8.20+269V—1094 Div Explosion | Explosion | Explosion | Explosion | Explosion | Explosion
RILEM log,yF, = 0.01149 R+ 0.3794 V+ Avg|Center| Avg|Center| Avg|Center | Avg|Center | Avg| Center| Avg|Center
F. : Compressive strength (kg/cr), R : Rebound number Ré‘ﬂ.o 14.6| 14.1 [147] 13.1 [180] 17.5 [13.0] 125 [12.6] 11.9 [104] 88
V: ultrasonic pulse velocity(km/sec) ond
252| 25.7 |16.6| 11.9 |27.7| 29.4 |12.0| 11.5 [26.6| 28.0 |11.4[ 7.5
RC200
Table 10. Estimated compressive strengths for 2E1 in associated 3id 11390140 1109] 57 1245 254 [181] 159 |148] 155 [9.5] 41

with UPV and rebound number RCIS0A

3rd

Rebound Architectural RC150B| 143 129|107 80 [242| 249 |183] 175 |152] 143 | 9.7| 69
Test Vp . RILEM | Avg.
No | point | N0 (g | Institute of Japan gy | (vipa) 3 1173|174 | 84| 128 [254] 247 [183] 195 |184) 181 [ 73] 118
(-9 (MPa) RCIsoc| 73] 174 | 84| 128 1254 247 [183] 195 |184) 18.1 173 11.
1 A-1 25 3808 13.26 1433 13.8 4th
RC1S0A | 182] 206 20| 222 17.5| 19.6
2 A2 32 3690 15.77 15.56 15.7
4th
) RC150B | 193 196 23.6| 21.9 192 186
41 F-6 26.5 3605 9.11 12.49 10.8
42 F-7 29.5 3370 5.33 11.01 8.2 i—‘lfq- A—E‘ﬂ oa :’Lz‘sl— ol— 701_5% 2_]_ Aa]—%lg]
RC2009] H$-& A5}l 15~19 MPa HEo] gl e
Table 11. Estimated compressive strengths for 2F1 in associated o] whEPA T B3| ola 24 E JERTie 2
> 1__ — 1
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_ AR ol 28T HE AHEA BE AZHo
No | Tt | v o Foan | RILEM | Ave ot A AlZo] ks o oA X ghe RO Wk
Point X MP: -
oint (n=9) (w/s) (MPa) (MPa) | (MPa) =k AAEEIETE 21 MPao]al 76404 9] =)
1 A-1 245 3638 8.38 1219 | 103 T7F 22 MPa®l AL 1183 H F0] Askst A=
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Zrre] eaph tha SBE LejHo|A o] TojHF o
42 F-7 235 3753 10.6 13.13 11.9 9/]?_5]_ 71_574131}9/] H]_TJV_7]— rﬂﬁ_é}\:}-_ﬂ E]—I:]—Q\:}-
281} £uH wpbATY BshHo] o] thoFst
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Table 13. Max, Min and Std(Standard deviation) for UPV and
RHT (Unit, MPa)

UPV RHT

Div. |Before Explosion

Std

After Explosion
Max Std

Before Explosion

Max Std

After Explosion
Max Std

Min Min Min Min

2nd
RC150

2nd
RC200

3rd
RCI50A

3rd
RC150B

3rd
RC150C

4th
RCI50A

4th
RC150B

83|27 (21.1)102| 3.0 |23.1|13.1| 28 | 15.6|10.0| 1.4

189 3.7 |372| 66| 6.7 (360|199 4.1 |181| 82 | 23

82| 2.6 |182]-163 327118.1| 3.5 (256| 52| 47

63 ] 3.1 ]68.6(-10.0 30.8(187| 29 | 244|100 3.5

94 | 28 [ 21.1]-248 3081206 25 |276| 04 | 55

129 25 288 88| 3.5

14.3 1871 2.6
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