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Pirakiat Sumran 2010: Estimation of Compressive Strength of Concrete in Existing Structure by
Rebound Hammer and Ultrasonic Pulse Velocity Methods. Master of Engineering (Civil
Engineering), Major Field: Civil Engineering, Department of Civil Engineering. Thesis Advisor:

Assistant Professor Sompothi Vivithkeyoonvong, Ph.D. 94 pages.

The objective of this research is to present equations for estimation of compressive strength of
concrete structures which are restrained and stressed internally by the use of rebound hammer and ultrasonic
pulse velocity methods. They were modified from the equation , which estimates compressive strength of
concrete , resulted from the tests of 1920 — 15 x 15 x 15 cm. concrete cubes namely , LN(CST) =

0.3110%k *UPVT + 0.03209*k, *k, *RHT +3.322

This research had performed Rebound Hammer and Ultrasonic Pulse Velocity tests for 18 spots in
existing reinforced concrete structures. There were 6 spots in columns , 6 spots in beams and 6 spots in slabs.
After the tests , the concrete samples were drilled out to find compressive strengths by standard compression
test. The equations for estimation of compressive strength of concrete structures were obtained by substitute
the compressive strength of concrete samples (CST) and the calibrated rebound numbers(RHT) into the above

equation.

The equations for estimation of compressive strength of concrete in existing structures which are
restrained and stressed internally by the Rebound Hammer and Ultrasonic Pulse Velocity methods are :
LN(CST) = 0.3110*k *UPVT + 0.03209*k,, *k,,*RHT + 2.987 for reinforced concrete column , LN(CST) =
0.3110*k *UPVT + 0.03209*k, *k, *RHT + 3.055 for reinforced concrete beam and LN(CST) =
0.3110*k *UPVT + 0.03209*k,,*k,,*RHT + 3.124 for reinforced concrete slab. Where CST is compressive
strength of concrete structure. UPVT is ultrasonic pulse velocity and RHT is rebound number from calibrated

Schmidt Hammer.
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N9 2 NATOULUITIY
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A58 3 NATDULUIAIUY

RHT = 0.8674RHT’  + 6.0957
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T]ﬂi%mullﬂﬁ]1ﬂﬂ‘iW‘|"U’t)x‘lﬂ3JE]“]Jﬁ$Eﬂuﬂﬁﬂiﬂﬂﬁﬂ‘u"ll’é)\‘lQ’J@J‘FEJLLQ$W5LﬂEJWI

MAITUIUTIOAVDY @Y U LRI ITCITR Y]
ARUNININTINTE RN NAABUIUINIA NAADUIUING
(/w30 (qTme,2542) (W31P85A,2551)
120 20.0 20.0
140 21.9 21.3
160 232 23.1
180 25.0 24.7
200 26.3 26.3
220 27.8 27.8
240 29.0 292
260 30.3 30.7
280 31.6 322
300 32.9 33.5
320 34.0 34.8
340 35.1 36.2
360 36.5 37.5
380 37.5 38.8
400 38.8 40.1
420 39.8 414
440 41.0 427
460 42.1 438

480 433 45.1
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MAITUUTIOAVDY @YU @UTIUIUT VI
ABUNIAJUNIINTZVON NATOUUINIG NAFDLLLIAIAT
(/) (qIF,2542) (W31PBTA,2551)

500 4.5 46.3

520 45.5 47.4

540 46.7 48.6

560 47.7 49.8

580 48.9 51.0

600 50.0 52.2

31: Concrete Test Hammer Manual (1991)
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A a 9 1A o A v o A A a
‘]/]“]Jizl,lluhlﬂ%TﬂﬂiTi/\I“ll@\‘lﬂiJE]‘]JiZi]'l!ﬂi’E'JQﬂﬂﬁﬂﬂﬂlﬁ)\‘i’Q[’Jﬁ\l“]fﬂl,mz‘v\ﬁlﬂﬂiﬁ

Mdasuisadaveq @YSIIUs I LRI ITC IRt

ApBUNIAFUNIINTTLON NATOULUITIY NATOULUITI
(A5 (9 3%8,2542) (W51NB5A,2551)

120 24.2 23.0

140 26.0 24.7

160 27.5 26.5

180 29.0 28.0

200 30.3 29.5

220 31.8 31.0

240 32.9 32.4

260 34.2 33.8
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Mdafuisadaves @IS UINT @YTIUIUTUINT
ApDUNIAzUNTINTTLON NAFOULUUITIY NATOUUUITIY
( NN./H.2) (9 3%0,2542) (W31Pe3A,2551)
280 35.3 35.2
300 36.6 36.4
320 37.6 37.8
340 38.6 39.2
360 40.0 40.6
380 41.1 41.9
400 423 43.1
420 433 44.4
440 443 45.7
460 45.5 46.9
480 46.7 482
500 47.6 49.5
520 48.5 50.6
540 49.7 51.8
560 50.9 53.1
580 52.0 54.2
600 53.0 55.2

31: Concrete Test Hammer Manual (1991)
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3 o 4 a 4 @ ' o v w v
M990 4 1AUTIUIUTVININATBULUIAIV)NUAIRIEITULTIOAVDIADUAT ANTINTLUON

~ a ) = o A [ @ == a
‘I/I’]Ji%!lluvlﬂi]1ﬂﬂiW\|ﬂli’N@_3J?J‘]Ji$i]"l!ﬂiﬂﬂﬂﬂﬁﬂﬂﬂl@ﬂfj?@l%ﬂllﬂzWiLﬂEJWI

MAITUUTIOAVDY U LRI MTCTR Y] @YU
ARUNINIUNTINTE DN AAOUIIATY AADUIUIAITY
(N3 (qIF0,2542) (W31P85A,2551)
120 30.0 27.9
140 31.8 29.5
160 33.0 31.1
180 34.5 32.6
200 35.7 34.1
220 36.8 35.4
240 38.0 36.7
260 39.1 38.0
280 40.2 39.2
300 413 40.5
320 423 41.7
340 434 43.0
360 445 442
380 45.5 45.4
400 46.6 46.7
420 475 47.8
440 48.5 49.0
460 49.5 50.0
480 50.5 51.2
500 51.7 52.3
520 52.5 53.5

540 533 54.6
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MAITUUITIOAVDY U1 UI @Y IIUT U
APUNINUNTINTZ VDN AAOULUIRITY AAOUIUIATIY
(N3 (qIF0,2542) (W31P85A,2551)

560 54.3 55.5

580 55.3 56.8

600 56.2 57.9

131: Concrete Test Hammer Manual (1991)
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(Standard deviation,sd)
C2C 3.075
C2E 2.929
i 2.978 0.066
C3C 2.958
C3E 2.951
BIC 3.133
BIE 3.034
AU 3.055 0.060
B3C 3.063
B3E 2.990
S1C 3.098
SIE 3.096
2 s2¢ 3.088
WU 3.124 0.039
S2E 3.120
S3C 3.151
S3E 3.190
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Mdfunseda  @ud1ausud  ud sl
YOINBUNTA  NATOULLIAIAY  NAADULUIAIA X Y’ XY
(nA./3.”) Y(q Imde) X(W31Ne5A)
120 20.00 20.00 400.00  400.00  400.00
140 21.90 21.28 452.84 479.61 466.03
160 23.20 23.07 532.22 538.24 535.22
180 25.00 24.72 611.08 625.00 618.00
200 26.30 26.33 69327  691.69  692.48
220 27.80 27.76 770.62 77284  771.73
240 29.00 29.21 853.22  841.00  847.09
260 30.30 30.72 94372 918.09  930.82
280 31.60 32.17 103491 998.56 1016.57
300 32.90 33.49 1121.58 1082.41 1101.82
320 34.00 34.84 1213.83  1156.00 1184.56
340 35.10 36.21 1311.16  1232.01  1270.97
360 36.50 37.50 140625 1332.25 1368.75
380 37.50 38.83 1507.77 1406.25 1456.13
400 38.80 40.12 1609.61 1505.44 1556.66
420 39.80 41.40 171396 1584.04 1647.72
440 41.00 42.66 1819.88  1681.00 1749.06
460 42.10 43.84 1921.95 1772.41 1845.66
480 43.30 45.08 203221 1874.89 1951.96
500 44.50 46.26 2139.99 1980.25 2058.57
520 45.50 47.42 2248.66 2070.25 2157.61
540 46.70 48.63 2364.88 2180.89 2271.02
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Mdfunseda  @ud sl ud sl
VOINBUNTA  NATOULLIAIAY  NAADULUIAIA X Y’ XY
(nn./w3.”) Y(q imde) X(W31Ne5R)
560 47.70 49.83 2483.03 227529  2376.89
580 48.90 51.00 2601.00 2391.21  2493.90
600 50.00 52.20 2724.84  2500.00 2610.00
SUM 899.40 924.57 36512.46 34289.62 35379.22
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2XY - (ZXZY)/N)
>X— (EX)N)

SS,, / SS,
Y -bX

= 0.9127X

2116.8937

2319.2727

0.9127
2.2203

2.2203

- V(Y - a2y - bIXY)(N-2)) =

0.1657
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30.30
31.80
32.90
34.20
35.30
36.60
37.60
38.60
40.00
41.10
42.30
43.30
44.30
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47.60
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X(W31Ne5R)
23.00
24.70
26.46
27.95
29.50
30.98
32.42
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35.15
36.43
37.84
39.20
40.60
41.86
43.07
44.42
45.69
46.94
48.23
49 .47
50.63

51.80

X2

529.00
610.09
700.13
781.20
870.01
959.76
1051.06
1144.47
1235.52
1326.78
1431.87
1536.88
1648.60
1752.09
1855.11
1973.49
2087.58
2203.27
2326.13
2447.28
2563.40

2683.24

585.64

676.00

756.25

841.00

918.09

1011.24

1082.41

1169.64

1246.09

1339.56

1413.76

1489.96

1600.00

1689.21

1789.29

1874.89

1962.49

2070.25

2180.89

2265.76

2352.25

2470.09

XY

556.60

642.20

727.65

810.55

893.73

985.16

1066.62
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1240.80

1333.16

1422.78

1513.24

1624.12

1720.36

1821.90

1923.56
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2135.72

2252.34

2354.77

2455.56
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Mdfunseda  @udansud v sl
VOIABUNTA  NATOULUITIY  NAFOULUUITIY X Y’ XY
(nn./w3.”) Y(q Iade) X(W31Ne5R)
560 50.90 53.08 2817.38  2590.81  2701.72
580 52.00 54.22 2939.27 2704.00 2819.18
600 53.00 55.20 3047.04 2809.00 2925.60
SUM 988.90 1002.66 42520.65 40888.57 41682.83
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>X— (EX)N)

= 0.8761X

2021.4959

2307.3257

0.8761
4.4178

4.4178

- V(Y - a2y - bIXY)(N-2))

0.1570
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VIAOUNTA  NATDLLUIAY  MAARLLLAIATIY X Y’ XY
(PN./53.%) ol Y(qiaude) X(W3INe5R)
120 30.00 27.85 775.62  900.00  835.50
140 31.80 29.53 872.02 1011.24  939.05
160 33.00 31.13 969.08 1089.00 1027.29
180 34.50 32.64 1065.37 1190.25 1126.08
200 35.70 34.13 1164.86 127449 1218.44
220 36.80 35.43 125528  1354.24  1303.82
240 38.00 36.70 1346.89  1444.00  1394.60
260 39.10 38.00 1444.00  1528.81  1485.80
280 40.20 39.22 1538.21 1616.04 1576.64
300 41.30 40.50 1640.25 1705.69 1672.65
320 42.30 41.73 174139 1789.29  1765.18
340 43.40 43.00 1849.00  1883.56 1866.20
360 44.50 44.24 1957.18  1980.25 1968.68
380 45.50 45.44 2064.79 207025 2067.52
400 46.60 46.65 2176.22  2171.56 2173.89
420 47.50 47.84 2288.67 2256.25 2272.40
440 48.50 48.95 2396.10 235225 2374.08
460 49.50 50.00 2500.00 245025 2475.00
480 50.50 51.21 262246 255025 2586.11
500 51.70 52.34 2739.48  2672.89 2705.98
520 52.50 53.53 2865.46 275625 281033
540 53.30 54.60 2981.16  2840.89 2910.18
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VINOUNTA  MATOLLUIAY  MAAOLLUIATIY X Y’ XY
(nn./u.”) ol Y(qiaude) X(W3INe5R)
560 54.30 55.50 3080.25 294849  3013.65
580 55.30 56.75 3220.56  3058.09  3138.28
600 56.20 57.90 335241 3158.44  3253.98
SUM 1102.00 1094.81 49906.72 50052.72 49961.32
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1094.810

1102.000

49961.320

49906.718

43.792

44.080

2XY - (ZXZY)N)
>X— (EX)N)

= 0.8674X

1702.0952

1962.3605

0.8674
6.0957

6.0957

= V(@Y a2 - bEXY)N-2) =

0.0959
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