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Abstract: The strength measurement curves of impact elastic wave compressive strength and impact elastic wave
rebound compressive strength have been established for the first time, and estimated compressive strength of volcanic
rock concrete was verified. A comparative analysis and research were conducted with the current rebound method
and ultrasonic rebound comprehensive method strength measurement curves. The results show that the current
rebound method and ultrasonic rebound comprehensive method have significant errors in estimating the compressive
strength of volcanic rock concrete. The strength measurement curves of impact elastic wave method and impact elastic
wave rebound comprehensive method are more suitable for volcanic rock concrete. The error of the impact elastic
wave rebound comprehensive method strength measurement curve is lower, with the average relative error and
relative standard deviation being 9.3% and 11.3%, respectively. The relative residual error of this curve for the
verification results of small component core drilling is within £ 11%, and the residual error is within +6 MPa.

Key words : volcanic rock concrete; impact elastic wave method; rebound value; ultrasonic wave velocity;

strength curve

S2PR TAR h R T AOTR BE L DU B U BRI Uy o I Sk S g G kY R TR

Wk H 91 :2023-03-16; 4811 H #1:2023-05-17

FEETH : 2 A8 GE B T RHAUE BoR eI 5 (2 38RHUE[2021]12745 ) s 2 M A BHTHI5 A (202303AC100005)
F—AEE . 2(1998—), B ZRG LN, = R0 1A E-mail: 18456531775@163.com

WIAER 5 EAR(1983—), T, HR s, = w4 SRR = 58 e A BR A 7] IE @ 20 TR, i+ E-mail : yddang@163.com



%5124 T

3o, A - el v TR ABUAS I K 1 A R B BT SR

1329

J2 RN P A S B A B TR B L T R A
Xt R kA A5 22 ALE R 5 iR BE £ Bl G
PRSI 7 12 K JHG X T 4 A o 18 TC VR A 0 Sk
SR PR P [0 58 255 5 325 o e 25 Al L ) 5
TR BE 5 B AT OB N BIF 5 5 7 [ SRR 2 5
A EE, et i 3 B A HR A D7 A LA R I R R A
AT A ek P vk TR W TN ) 4 5
3 1% R IR T A VR BB L AR
WL TR B B A A ) OC AR AT ) TR B A e (H
¥ JC ] T 22 FL B RHE BE - Jo45 I 55 A9 T 52

A SCHEST T K A TR B b T i B A e i e
fo 0 5 £, 55 (0] g R P (] L vk DN ot RS
JEVEXT HE , it — 2B 4R T o 0 — [l 32545 325 00 5 oy
2 IFHEAT TR A OCEE SR O vh il PR A E Al

Fi

g
*1

K1 kil mIEsR

G2 AUB RHRBE LR AR T — FHR TR X £
FLE AR T TR - TR Y S A 5 R 4
150 LA S SR IR 1) 5 oA S0
1 #RRIREFFE
1.1 FE#r

IKUE : BT B AR TR A BRBTAE AR P-O 42.5
IR . KL BUE T AR K LA T R A BRA
A, 28 d & PEAEE 7600, ik B B Lk 98 %0, Hb 3 AR
308 m”/kg. K AL R BUCH = F B o AR
HIE SRR AE RS A P 58 DL I 1R 1 A KA HLHI D
B B vh B Rk O A P B8 WL 2 2. KR : 25
A1 R R A R B DS-12 S 58 R B R IR = M e
AR, B B REV10.5 %0, 18K 3 32.4 %6 K - FRIK .

I

.1 Morphological characteristics of volcanic rock
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Table 1 Properties of volcanic rock

Loose bulk density/ Compact bulk Apparent density/ . . 24 h water absorption Crushed value
., ) ., _, Particle size/mm o
(kg-m™?) density/(kg-m ™) (kg'm™7) (by mass)/ % indicator(by mass)/ %
1270 1340 2570 5-25 2.5 15
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Table 2 Properties of sand

Loose bulk density/ Compact bulk density/ Apparent density/ Crushed value indicator(by ~ Stone powder content(by
(kg-m ™) (kg-m ™) (kg-m ™) mass)/ % mass)/ %
1470 1690 2610 23 3.9
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Table 3 Mix proportion of volcanic rock concrete
kg/m’
Strength grade Cement Volcanic ash Water Machine-made sand Volcanic rock Admixture
C20 231.0 77.0 185.0 831.0 976.0 4.3
€30 286.0 50.0 185.0 818.0 961.0 4.7
C40 350.0 61.0 185.0 784.0 920.0 6.2
C50 394.0 69.0 185.0 710.0 942.0 7.4
C60 529.0 0 185.0 666. 0 920.0 7.4
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Fig. 2 Distribution of measuring points(size:mm)
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Table 4 Comparison of accuracy of volcanic concrete strength evaluated by different standards
Method Standard code Recommended regression curve /% e/ %
JGJ/T 23—2011 [8=10. 344 88R" 71001070017 3 11.4 15.0
Rebound
DBJ 53/T-52—2021 /5=(0.002 2R* + 1. 469 8R — 12. 821 2)10 5 11.0 14.2
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Fig.3 Box diagram of impact elastic wave velocity
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Table 5 Statistical table of impact elastic wave velocity

Parameter C20 C30 C40 C50 C60

Total number of samples 175 177 179 178 178
Average value/(km-s ') 3.334 3.398 3.447 3.482 3.510
l-quantile/(km+s™") 3.296 3.368 3.411 3.444 3.473
Median/(km+s™") 3.330 3.400 3.442 3.480 3.502
3-quantile/(km+s™") 3.369 3.430 3.474 3.512 3.538
Standard deviation 0.052 0.041 0.041 0.048 0.048
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Table 6 Regression analysis of data from impact elastic wave method

Function a c o/ % e/ %
fi=a+bXu, —106. 856 46.900 12.6 18.4
fo=a+bX v, +ecXv? —3539.399 2025.031 —284.786 10.3 14.8
fo=aXuv' 1.047 3.187 13.0 18.6
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Fig.4 Strength curve of volcanic rock concrete by
impact elastic wave method
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Fig. 5 Deviation analysis of impact elastic wave method
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Table 7 Regression analysis of impact elastic wave rebound
comprehensive method data

Function a b c /% e%
fao=atbXv.+cXR —89.822 22.307 1.519 9.3 11.6
fi=aX v XR 0.060 1.508 1.303 9.3 11.3
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Table 8 Curve verification results of residual impact elastic wave rebound comprehensive method

Number Impacr‘ elastic W(i\fe Rebound value Actual compressive Presumptive Residual error/  Relative residual

velocity/(km=s™") strength/MPa strength/MPa MPa error/ %

1 3.287 33.6 32.4 35.0 —2.6 —8.0

2 3.293 35.9 34.4 38.2 —3.8 —11.0

3 3.229 34.0 34.8 34.6 0.2 0.7

4 3.334 38.6 39.7 42.8 —3.1 —7.9

5 3.293 40.0 40.0 44.0 —4.0 —10.0

6 3.330 40.6 43.2 45.6 —2.4 —5.7

7 3.351 38.1 46.0 42.4 3.6 7.8

8 3.328 45.6 47.9 53.1 —5.2 —10.8

9 3.437 43.5 54.6 52.3 2.3 4.1

10 3.399 42.6 55.0 50. 1 4.9 8.9
11 3.474 46.0 58.0 57.2 0.8 1.4
12 3.528 51.9 64.4 68.5 —4.1 —6.4
13 3.537 48.0 67.8 62.1 5.7 8.4

14 3.543 50.0 69. 1 65.7 3.4 4.9
15 3.502 54.5 71.3 72.2 —0.9 —1.3

[J]. China Concrete and Cement Products, 2019(12) :18-23.(in
3 g:él: -Io/l’: Chinese)

(1) R JH BAT b5 o v #7571 7 [l 8 25 5 0
R K 1Ly A TR O T PR R B S 2 R R 2 RN
AH X A o 25 35 8 R BRE, S g AT okl A TR
B Y JC BRI 5 BAT A M A v HE A [l gk
s il e AT T Ol A TR BE (07 4R xR 22
AR XF bR A 22 35 B 11.0% M 14.2% , K6 I K JE
AN

()P 5 )l AIREE PR EE LA R
B 149 G 1 g ST 1 e o D8 0 R gt R ST S8 A X iR 22
FURE % b v 22 43 91 R 10.3 % F114.8% , 0] HI T 6 I
KRB PR R .

(3) ST T i gl — Il 380 255 45 3 D el 2 2
JITHE SE BU I 5 E 1) - 449 K 6T 5 2 R X A v 22 4 1)
R 9.3% FI11.3% , 28 S A4 /N B 4 6 B i 1%
5, 1 2 A X A% 22 7E £ 11% AN, 58 24 76 + 6 MPa L)
VA, BT ek i — [ B8 2% 5 9 e 0 9 i b A o 2K 1L
AR BE - B BT R B

5% 3k
DU D KM, F U, P R, 4 ek ol 0 U 1R e B 9

[T 5 7K P i, 2019(12) : 18-23.
ZHAO Qi, SANG Yuan, GAO Jinlin, et al. Summary of the

research on impact-echo method to evaluate the quality of concrete

(2] B, 0, ATk, 55 LDAM PR 5 5 ol 3y 4Gl =2 iR
e AR5 () SR, 2018,21(1) 1 131-137.

WEI Ya, WAN Cheng, ZUO Yongzhi, et al. Infrared thermal
image method and ultrasonic rebound method in assesing
fire-damaged concrete[ J].Journal of Building Materials, 2018, 21
(1):131-137. (in Chinese)

S BN, DA T RN AF IR BE L bR B R 1 2 ) 2
IR BT @SR AR, 2019, 22(2) 1 260-265.
DANG Yudong, MA Xiaojie, DONG Chenhui, et al.
Characterization of spatial non-uniformity of physical properties
for concrete materials[ J].Journal of Building Materials, 2019, 22
(2):260-265. (in Chinese)

XU X L, 0, 55 ] S 2 v R W A R HIR B
L ET] R EEE,2019(11) :174-177.

LIU Qian, LIU Jinghong, LIU Ting, et al. Ultrasonic rebound
method for detecting the strength curve of recycled brick aggregate
concretel J]. Concrete,2019(11) :174-177. (in Chinese)

P SCER AR IGE T R (] SRR TR IR S RHIR BE L R A
RFE[ )] eERER AR, 2013,32(6) : 1119-1125.

YANG Wenhui, LI Xiaoli. Experimental study on the application

[5]

of ultrasonic-rebound combined method in specified density
concrete[ J]. Bulletin of the Chinese Ceramic Society, 2013, 32
(6):1119-1125. (in Chinese)

ER I R S A TRE L e RIS [ ) ] kT , 2020,
27(3):201-202.

[6]

WANG Zhitian. Study on testing structural concrete strength by
impact elastic wave[ J]. Urban Residence, 2020, 27(3) : 201-202.



1334

#OR

MoB % )

%526 4%

[10]

(in Chinese)

FET RATME Eh KSR AR T il O D A B T S TR B
SR JEE A I H AR A SRS [T ] Bkl 4 57, 2020,60(6) : 1-5,11.
JIANG Yong, WU Jiaye, MA Yonggiang, et al. Research and
application of detection technology of tunnel lining concrete
strength based on impact elastic wave[J]. Railway Engineering,
2020, 60(6):1-5,11. (in Chinese)

HEAEF S e X o 25 5 K B 31 e 87 5 ek A 00 ) o £ 54
BT B A [T]. IR FRL A5, 2010, 36(4) : 102-104.
TIAN Beiping, WU Jiaye, ZHAO Qiang, et al. The impact
elastic wave in the diversion tunnel lining quality examination
non-destructive testing technology[ J].Sichuan Building Science,
2010, 36(4):102-104. (in Chinese)

BT, E A, XK, 45 B R AL e v 0k
FHEAZ IR SEL T ). FEDCSCHE R (A AR , 2017, 36(1) «
14-18. (in Chinese)

WEI Lianyu, WANG Jinwei, LIU Yongping, et al. Tests on the
features of elastic wave velocity in bridge grouting tunnel [J].
Journal of Chongqing Jiaotong University (Natural Science) ,
2017, 36(1):14-18. (in Chinese)

RS R TS R A VR AR R TR IR BE A 0 wh it Dl A%
FRAFELT ] AR A 24, 2019, 22(6) 1 928-932

DONG Yuwen, LU Muxiu, ZHENG Lei, et al. Characteristics
of impact elastic wave propagation in concrete after freeze-thaw
cycle[ J].Journal of Building Materials, 2019,22(6) :928-932. (in
Chinese)

et | 5 DO RIR R 0 D5 2 3 B AR SE L D 1. 2290
2N A R4, 2022.

JIN Zhuangzhuang. Experiment and application research on
concrete strength curve of bridge in arid area [D]. Lanzhou:
Lanzhou Jiaotong University, 2022.(in Chinese)
BRPE, EAL WRRSE A5 iy I 3k X R BE b ) TR AG
IR 8 LT ] B H 12541, 2020, 37(1) : 149-154, 478
LI Yanlong, WANG Junzhong, CHEN Junhao, et al.

Experimental study on the detection of internal damage of concrete

[13]

[14]

[15]

[16]

[18]

by impact-echo method [J]. Chinese Journal of Applied
Mechanices, 2020, 37(1):149-154,478. (in Chinese)

T H A ARG, AV el o] 3 vk R A UG A g
T35 A AR 5 [ 7). K 1 % HL, 2019,45(3) 1 120-124,

DING Yongnan, LI Shuguang, TIAN Juntao, et al. Quantitative
evaluation of stress-induced damage in low-strength and
high-strength concrete by impact-echo method[J]. Water Power,
2019, 45(3):120-124. (in Chinese)

JAGANATHAN A P. Multichannel surface wave analysis of
reinforced concrete pipe segments using longitudinal and
circumferential waves induced by a point impact[J]. Journal of
Applied Geophysics, 2019, 163:40-54.
TR, PR ) FE R, A5 L 2 b DX RS 306 TR - 0 5 ol 2% 2
JEARAGIN 7 2t P ERPFE LT ] R - 5Kk Jefl i, 2017(12) . 74-78.
QIAO Hongxia, .U Chenggong, JIAO Xiaoguang, et al. Study
on applicability of strength curve of pumping concrete and
nondestructive testing method in Lanzhou area[J].China Concrete
and Cement Products,2017(12) : 74-78. (in Chinese)
T, B R S RIRIE AR BE L ) A VR RE S O A
¥awrsel ] RS 1 ,2019(2) :61-64.

WANG Xiaoxiao, ZHAO Heng, TAN Xinlei, et al. Study on
mechanical properties and microstructure of natural pumice
concretel J]. Concrete, 2019(2) :61-64. (in Chinese)

SR TSS90 R U5 L 7 [ L5 v 0 i gty 28 8 O
FELD ] SR T dE T2 k2%, 2019.

JIAO Shilun. Experimental study on strength curve of
high-strength concrete by ultrasonic rebound method in Handan
area[ D]. Handan: Hebei University of Engineering, 2019. (in
Chinese)

INERIR e ~) (] B, 4 T 9 5 b DX ot [ 9 2 TR 5 -
PRI A I ST R BE | 2018(8) 1 22-26.

SUN Shuanhu, TANG Xianxi, HE Yong, et al. Experimental
study on non-destructive testing of concrete based on impact echo
method in cold and damp areas[J]. Concrete, 2018(8) :22-26. (in

Chinese)



