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A Study on the Compressive Strength Prediction of Crushed Sand Concrete
by Non-Destructive Method

Myung-Sik Kim", Dong-Il Baek"*, and Kang-Min Kim"
YDept. of Civil Engineering, Pukyong National University, Busan 608-739, Korea

ABSTRACT Percentage that aggregate of materials that concrete composed about 70~80% of whole volume, therefore influence
that quality of aggregate gets in concrete characteristics are very important. Schmidt hammer and ultra-sonic velocity method are
commonly used for crushed sand concrete compressive strength test in a construction field. At present, various equations for pre-
diction of strength are present, which have been used in a construction field. The purpose of this study is to evaluate the correlation
between prediction strength by present equations and destructive strength to test specimen, and find out which is a suitable equation
for the construction site, a strength test was carried out destructive test by means of core sampling and traditional test. The exper-
imental parameters were concrete age, curing condition, and strength level. It is demonstrated that the correlation behavior of
crushed sand concrete strength in this study good due to the perform analysis of correlation between core, destructive strength and

non-destructive strength.

Keywords crushed sand concrete, rebound method, ultra-sonic velocity method, combined method, curing condition
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Table 1 Physical properties and Chemical Composition of OPC

Physical properties

Chemical composition (%)

Specific gravity |Ignition loss (%)|Insoluble residue (%)|  SiO; ALO; Fe,04 CaO MgO SO3
3.14 0.5~1.3 0.2~0.9 21.0~225| 4.5~6.0 2.5~3.5 | 63.0~66.0 | 09~-3.3 1.0~2.0
2.1.2 2T 3.1.2 BAM K&
TAe PR AHAG AN AR REA B0} 2LTEE 242 0§ vH A
243 PRy o dERAE dEAste] 9] 7:3 S 98 A WO 300x300x300 mme] W AlHE4
) o gEE A 93 AJHOZ 3100200 mm<l

2.2 ui gt A

B AR ALes R SABEE
21 MPaz} 30 MPa, €€~ 15cm, &7
337 o] HiFAA S A EITE)

AANEEE

4.5%= Table
3. ZAIA M= 3 AIE gy

3.1 SAIH| ME L 4

3.1.1 FJdEQ HZE
1o

Aeg 478 FAAE

Az,

Rl EEA 50/ ZAA A E ARElen v 0100x200 mm $EFE=E AFF FAAZ A3 457
o R ES AFEEle] KS F 2403 A E QA% AlEE TE 2Aslgon, olE FAHYSE ol&s nidd o
FTAA AF PRl SlAst] FYSA Fig 1S B HWE FEAL AL £ 49F NE 4
we) wAgEe A% F8E el ma Rl 3 A FAY TUNE B S8 A 289

2, 562 (8F)0] ©9100x200 mme] ¥FF FojE A FH et
o gEed FRARN.
Water
Coarse 321 HIIMY =2 FHS I0r MEA
Aggregate 71%9] vlutz] Ay o FTAYE AFAEE F
o J o LY L hing | e o) A AgEL Gl AVSE A, HEE Fol
Aggregate (30se0) (90sec) concrete Yol #71e) 5 Z=wid v ohekst 2 5o] Ats ol
+ th, 2z} B A3 A= Table 49k 72e] TKS F 2730
Cement #ZAYE GEPE FZE Y3 AR AJY WY 3
KS F 2731 £3adE ¢&A4% #4& 9% 259 ¥
Fig. 1 Production flow of crushed sand concrete 2 &% A w0 AotE 48 o] &3l 2 AHE
Table 2 Physical properties of aggregates
ltem kind EM Densit}y Water abs.| Abrasion | Unit weight Solid contents | Flat or elongated particles | Soundness
(ghemr’) | (%) (%) (kg/m”) (%) (%) (%)
Crushed gravel 7.12 2.7 1.3 12 1494 55 8 32
Crushed sand 4.14 23 23 - 1690 67 - 2.0
Mixed sand 341 2.6 1.9 - 1804 70 - 1.8
Table 3 Mix proportion of concrete
£, oo w/C S/a Slump | Air cont. Unit weight (kg/m’)
(MPa) (mm) (%) (%) (cm) (%) W C RS CS G
21 )5 45 43 5095 | asi1s 200 368 212 494 994
30 40 185 417 196 457 1,047

W : water, C: cement, RS :river sand, CS : crushed sand, G : gravel
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Table 4 Existing equations

Kind Proposal Equation (MPa)
Japan Institute of Materials F.=13R- 188
Tokyo F,=1.0R- 112
Reb et
€ Outf{)m hod Architectural Tnstitute of Japan F.=074R+ 102
U.S Army F.=— 123+ 0.8R +0.0095R’
AFF (Kimura) F.— 0.956(0.987)R + (0.13t — 11.1)

Architectural Institute of Japan

F,=21.9V, - 63.3

Ultra-sonic velocity Japan Institute of Materials

F,= 104V, 11.9

method (V) I. Pysziak F.=9.44V, - 51.8V,+79.8
7)1l (Danikawa) F.=17.6V,— 5098
Combined Architectural Institute of Japan F.=0.84R +27.4V, - 112

note) Tokyo : The Tokyo building materials inspection center
F. = Prediction strength
R = Rebound value
V, = Ultra-sonic velocity

ez FEAEE 477 A Fhs g = FEFERT B %= w2 YERT
W, 2LAEERS o8-8 vny Fr At FAe] &
AL v, 412 A0EE
Beng ZIEE 300x300x300 mme] FHE AlH
4. M8 Zdu g oE < A&ste] F=E3 7)7ANA FEAA R Hﬁé 28 (4),
562 (858)0] ©100%200 mm2] VF3F %1-8— Z}zr 97| A
417|2 A8 dx z 720E AHs AHT Zoje TREF Avt F &
Z27es AN T 4FUE FHS rKs F 2405 &
410 9538 A e &A= AF Wy, o Aste dAlskad,
AZE 3100x200 mm EFEE AFE FAAE Fojx ol AH 2 #Yo| A AE TKS F 2422
Z3 1A% AH 74(1F), 14AQ2F), 28 (45), 56 el M o] 2 B A% AF Yl ¢
A@F)ll 2zt o F 144709 HBERES ARste] Akl AA BT EE TR R FIANTE A
2R ES 2AEUY. 1 =4 HFEE Table 59 2 CxAARE o]&sle] 20438 FHAAl 40~48°CAIZF
o AA7IERE 21 MPadt 30 MPadl F ¢ EF & R T JEAEE 2R L FF Baws 1WA
ZFHPNZ ZAA Y FEFETE IS FAA 4 Table 59 JeERGen 91 AERE 4= 574
Table 5 Compressive strength test results of crushed sand concrete
Curing | fy | Age Compressive strength Core strength
condition|(MPa)}(day) (MPa) (MPa)
7 1194T191]189]2007197[196]202]195(21.0} - | - | - | = | - | - | - | - | -
’ 14 [236]24.0]24.1|220|2131206(2341240(228] - | - | - | - | - -|-{ |-
28 126.1126.8]26.6]27.9(27.8(27.1]29.3]28329.1|26.2(26.8|263|26.6|24.7|24.3|26.1 255|258
Water 56 |314131.5(313131.3]31.4(32.1131.3(31.0{31.6285(30.0/30.2{29.5|31.2{31.6{30.7}30.2|30.2
71293(287(29.0]289(289(30.1(28.1{275(269| - | - | - | - | - | - | - | - |-
%0 14 133.0032.7]31.8(33.7]34.8(34.7|33.8(337339] - | - | - | - - | -1|-1|-]-
28 36.1]36.0(34.7]34.9(34.9(36.7]36.0|36.1|35.9{31.1|343|32.5|33.1|32.5(33.7|32.0|34.1|33.9
56 137.8138.0(36.7]36.6|36.6|36.3]36.8|36.6|37.6|364|354[359|36.0(35.6|36.236.0(35.7|37.1
7118111771173 189 1188|199 (198192189 - | - | - | - { - | - | - | - | -
) 14 (215223222220 21.7(21.1 | 211 204|200} - | - | - | - | - | - | -] - | -
28 125912671266 12701272127.4]25.0{25.1124.0(24.5]23.6{23.9(22.9)23.8|24.4123.7|247|239
A 56 125.025.11249(27.1]269|282(27.0(26.5|25.1 |24.2|25.3126.4|24.7|24.3|26.0 254 266|253
7121322012150239(249]253(23.0(22.7(233) - | - | - | - | - | - | - | -] -
" 14 [28.1]28.1127.8(30.8[31.3(306(313(305(306] - | - | - | - | - | -1 -] -] -
28 136.1]35.8]34.6]33.0]33.1[32.0(34.0(35.0(33.0|31.633.4|32.2|32.9|31.1|33.1|31.9(33.5|326
56 133.9133.8(343(350(36.0(35.2(35.1(34.3(34.7{32.7132.7|33.1(32.834.5|33.8|31.6|34.6(32.4
saoy 2ag|Eo) ulmial A 2t AEZE FE| a4t AT [ 77
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Table 6 Non-destructive results of crushed sand concrete

Curing T Age Rebound Ultra-sonic
condition | (MPa) (day) index (R) | velocity (km/s)
29.0 4.47
7 293 444
30.0 4.48
31.8 4.53
14 30.7 4.56
322 4.54
21 344 4.57
28 335 4.57
34.1 4.63
36.6 4776
56 35.1 473
342 471
Water 324 456
7 33.0 4.63
30.9 4.56
36.0 472
14 354 4.72
35.6 4.73
30 39.9 4.71
28 39.5 470
39.7 474
41.7 4.80
56 41.7 4.76
420 4.80
23.5 432
7 247 4.19
247 427
32.8 434
14 33.1 437
30.9 427
21 335 433
28 329 4.39
32.7 441
335 4.56
56 343 447
Air 335 450
339 436
7 34.6 439
34.1 4.38
35.8 448
14 344 4.58
343 4.49
30 37.0 4,58
28 36.1 453
36.1 4.54
37.0 4.56
56 37.0 4.66
36.4 4.65

o F.=120R-129524 AAASF R’=065, EEHZ}
3.40, QAL 11.49%E Ve T Figs. 2~3& ¥4
A wt 7125 AHS YeERa =l "4
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Table 7 The results of regression analysis

con diti%n Kind Source r square Stzrrlr(l::rd Errg;))rat °| DF SS MS F Sig.
Regression 0.865 1 681.576 | 681.576
Rebound method | Residual error (0.8 59) 2.20 7.03 22 106.171 | 4.826 |141.231| 0.000
Total ’ 23 787.747
Ultra-sonic velocity Re;gresswn 0.880 1 693.576 | 693.576
Water Residual error 2.07 5.60 22 94.171 | 4280 |162.032| 0.000
method (0.875)
Total 23 787.747
Regression 0.928 2 730.819 | 365.410
Combined method | Residual error (0'921) 1.65 4.94 21 56.928 | 2.711 |134.795| 0.000
Total ’ 23 787.747
Regression 0.651 1 472.889 | 472.889
Rebound method | Residual error ( 0' 635) 3.40 11.49 22 253.974 | 11.544 | 40.963 | 0.000
Total ) 23 726.863
. . Regression 1 610.401 | 610.401
. Ultra- | ,
Air a-sonic velocity e Al error | 0040 230 6.83 22 | 116462 | 5294 | 115307 0.000
method (0.832)
Total 23 726.863
Regression 0.863 2 627.100 | 313.550
Combined method | Residual error ( 0‘8 50) 2.18 8.79 21 99.763 | 4.751 | 66.002 | 0.000
Total ) 23 726.863
note) ( ) = Adjusted r square, DF : Degree of freedom, SS:Sum square, MS : Mean square, Sig : Significance F
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Fig. 3 Comparison of proposed equation by rebound method
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Table 8 Proposed equations of crushed sand concrete

. Curing .
Kind
condition Equation (MPa)
Rebound Water Fc=140R - 19.20
method (R) Air Fc=120R - 12.95

Ultra-sonic velocity| ~ Water Fc=150.0Vp—202.4

method (V) Air Fc=40.80Vp — 154.49
Combined Water F,=—12249+26.59V,+0.83R
method Air F,= —53.75+1231V,+0.78R
80 | st=2232|E5t8| =27 H19A M13 (2007)
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