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Ultrasonic characterization of mechanical behavior of backfilling

concrete at early age

GAO Xicai'?,ZHAO Cheng"*, WANG Qi'?, MA Tengfei"*, LIU Shuai'’

(1. College of Energy Engineering ,Xi'an University of Science and Technology ,Xi'an 710054 ,China ;2. Key Laboratory of Western Mine Exploitation and Hazard
Prevention , Ministry of Education , Xi'an University of Science and Technology , Xi'an 710054, China)

Abstract:In order to study the ultrasonic prediction method of damage and failure of early age roadside filling
concrete, four early age filling concrete specimens of 7, 14,21,28 d were prepared. The microstructure was observed
by scanning electron microscope,and the uniaxial compression mechanical properties were tested. The variation of
continuous ultrasonic parameters in the process of damage accumulation of filling concrete was analyzed. The
experimental results showed that with the increase of age,the internal structure of the filled concrete specimen was
gradually dense,leading to nonlinear increase in the uniaxial compressive strength and the elastic modulus of the
concrete. The Poisson's ratio showed a nonlinear decreasing trend, and the ultrasonic wave velocity and the main
frequency amplitude showed an increasing relationship. The amplitude of the main frequency had a high correlation
with the crack propagation of the specimen. According to the exireme value point of the main frequency amplitude,
the crack closure stress point o, and the damage stress point o,y were determined. The crack development was

divided into three stages according to the characteristic stress point. The maximum value point of the main
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frequency amplitude can be used as the precursor information of the instability and failure of the filling concrete,

which provided a theoretical basis for the ultrasonic prediction of the bearing performance of the roadside filling

concrete.

Key words : uniaxial compression; early age ; backfilling concrete ; mechanical behavior; ulirasonic characterization
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Fig. 1 Backfilling concrete samples
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Fig. 4 Backfilling concrete specimen instability mode
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Fig. 6 Relation of stress-strain of backfilling concrete

at different ages

HR R 7 AR jh 2R AR fL B TT LA 2 BB
& MR o JHN TS o, BRI & 0 T S
o MHIRFE1T% ~ 26%WEAE R F14b , AN ST 55, o
HINFET8% ~ 84%WEAELIN FTAL o BARKEIE R I3 x5 00,
2, % o RHEERNTT .
2 FHEEBTBERNE

Fig.2 Characteristic stress points of backfilling concrete

at different ages
#®#d o /MPa o, /MPa oo, o /MPa oo,
7 9.57 2.12 22% 8.01 84%
14 12.34 2.09 17% 10.24 83%
21 12.92 2.66 21% 10.12 78%
28 13.35 3.46 26% 10.81 81%
Ty 22% 82%

AN B FE SRR - PSR | R R R
P ECAR AL LR AN TR 7 o Bl I N7 d 38 i 3]
14d, JUERER K T 43%, SapE B K T 21%,
A BN T 2% 14 ~ 21 AR BABTERER KT
8.31% , MPEBI B K T 7.78% , JAM LI /N T
0.76%;21 ~ 28 dIEHAHT SRS K T5.32%, #pEiE
KT 6.72%, 1AM LB/ T 0.24%,

PUESRE AP R FIAMA L S B R X
H

053012-4



FEA % R 5ERER TRE%M Vol. 4, No. 5(2022): 053012

R, =—0.009 1> + 0.509¢ + 6.053 3

E=-0.00212+0.1322: +2.5135 (1)

1=0.000 02:> —0.001 2¢ + 0.262
R R A PIPLEIRE , MPa; E N HYERE  GPa;
w RTANA s e R TR L d o

AT AR B | BT RIA A H SR LA

Hi 2R A0 52 P R 04 51)°90.995,0.993F10.992 5, # Kk
F0.990, Z IR Z Wi R AL AT DUBF s R AR BT R 3R
BE MR FA A L SR AR R . (1) FIE
7RI N, FeIETR 5 1 A e He 5 B A S A o P
B 2 R S P 33 1 R A, (3 0 3 T i e )
S AR EE B RS 0 2 R LR M 3 A B, B AR R IR IR
BB, S5ERISCRIEIRE T RE S,
23 B BE IS I K FESRTR B KA SR B TR TS , T
HIREEL “HetE” R,

18 55 0.30
""" PRI SR B 2k
T PR RS 2k 15.0
P TR LA IR 10.28
= e {45 8
L:h\k( 14 // ](T::{ ﬁ
ﬁ P 40510265
12 > ] =
& i 358
ok —u— RN SR 410.24
—a— R i 3.0
—— Y \
8 . ) {E*/AFK | 25 los
0 7 14 21 28
14 41/d

K7 AR TEIRIREE + A SRR
Fig.7 Variation of mechanical parameters of backfilling con—

crete at different ages

24 BEBEBSHEHSH

LIRSGE T R AFAEBR R, 2SR ey TR+
e RN I N R NI U S e
PG BURE RS ME , — T, GG RS AN
TR MO K, S B A4 W BB B TR 5 —
THT 4 (38 75 1) R A — BT RICR 08, S B 7 U
SRR PR IE RN o
241 A2 RRSR AR R ACHLAE

XF AR R R4 1 0 FE IR TR 5E iR R kA T
FE IR, 15 8 B I R AR AR A 140 kHz, MRS
1 2 (2) 15 B4Rk il 1 70 IETR 5 A 7 Il A
FER F Origin R AR 48 75 P US55 2R T s A L
HHAS 5 (FFT), 150 RS A e SETR 58 iR A W e A
Tk, AR IR KB R A, LR R 4R 1 A AR
i,

B P IR | AR (A S 1 B e R an=(2) M
8F7N o

v=0.12281In(r) + 2.549 4 )
A=0.0151¢+0.57 @)
A, o AR, m/s s AZ ESIRME, Vo
150 1.1 73.0
—a— EHifl]
140[ ——
| U

—
(5]
(=]

FAE/kHz
S 8

100+
----- R EL DL 2k
o S - pAmE 107
80T
1 1 1 Loe 27
7 14 21 28
W91 /d

K8 FEiRiREE T B RS HRE R R
Fig. 8 Variation of ultrasonic parameters of backfilling

concrete with age

T T RN S A L5 R AP B SR St R B
43 51°40.996 3,0.987 3,k F0.987, LI RN
R DABSE G- by AT A 75 e D oK AR (L 5 o B Y %
Fo HI(2)FIEISAT AL, P 5k HH 2 IR Ltk 3
RKER, FHIRMAES R ELEBE LR, HERDY
B IRBE AR KA =S £, Tk
S BURE LA B RS ILIR A, LB B
ST IZ B, RS B E B SR
VRS , TG P I N AR K

BRI AR TR I 25 B /AT, 57
ProestE) K7 A, AR RS B FARE 082 kHz, /N T &
SRR B IR E . FEE RS R
FAAE I K, R FLIHIBEE - AT B W BUE
1., [FIET28 did BA AT 45 {47 123.01 kHz , Rk B &
SHF#R 140 kHz, Y BA28 A AR AR —
IR
242 A Fk F ISR B S TAHAE

B 75 Y AR 1 A A AL AR v] R AR IR B £ Y
BRIRA"™ | 47 R (75 2 40 28 5 o A A AL AL
BEUNEI9FT /R o

B 9| A, A [R] 4 B TR 58 i 1 i ks
R 7 U S A (LB o AR AR AL AR B 2 B /MR
Beah—Hpse LA —BRR TR Mka%, Eadxttig
T B AR A AR Ak, DRI T b FATR (/N
i 3 TR D, SR I R WA I AR

053012-5



FEA % R 5ERER TRE%M Vol. 4, No. 5(2022): 053012

24
{20
Ted W
o PR =
&j; g 4 1.6 @
N =
4§ {128
By T
'E)(’L
— W 0.8
—u— PR
. . . . \ 0.4
0 0.1 02 03 04 05 0.6
NAE/1072

(a)7 diki

FHRAE/V

—— TR

/0N W B 3 B B« 3 450 1B R 0.424 VI K F|
0.481 V, FHUMRMER B/MNE D), X2 H TR ER
B B FE IR BE 1 PR AL BR T B A &, B 7S D S it
BB . RN o 15 %UEER 75

Kz b BB 45 IR 1E H 0.481 VG K F|
1.119 V., LB B, FeIHBEEE - NIRRT G A A=
{BREE R 3, MR AMERE “HE—HR%—
HARE” SR, FREE KRN E Z W, I
N1 o T T DB R 7 5

RARTFER B : FHR IR A R 1.119 VIS /N3
0.401 V. Pl B S 4kses K, FeIHIREE - MR 2P
5L BRIA] 28 5T, 2 LB = A, B S AT RN
ERNGE, EMMRERIE TR, B EE,
RS+ MR PE & & H 25 E E 2R
RSN, W] SRR A s AR L FH 2P T B

| | L ) ! 0.4 S ILEY SRR E B
0 0.1 0.2 0.3 0.4 0.5 0.6 ﬁ;ﬁmﬁﬁlﬁ{#%%ﬁﬁm EuJE’fH PanYe)
EEQAE 243 AT E Nk EIRGIEG AL R ) A
b) 14 digh e s 3 — P
6 o 25 HRLAR2.4.27%5 F 7 R AL e
118 TE ESEEAE 3B B, FRIHTR B R
146 MABRERAEKRESR, LTI, & CIERT E55F
114 < v N
1,E {8 BN sh B P LS4 sl R 2B P&
iDL BB T BB AR b
108 N oo 1BFTFR B, BT HIVED R A Al b
—— FHRE I 82 G A R EBOA R AR VSR, BRI &
03 04 05 M o BN BEAR/NER, HHFRH B
Y ﬂi: 2 ’ S
o BIEYT, oL BT IE—E £, T
1.2 78 I SR AR (A SRR 7 5 2R3,
'\— o F3 ETEHINIEREHENREL NS
é Fig.3 Characteristic stress points based on amplitude of
[’ 1081= .
Zf ﬁ main frequency
é -4 0.6 #H#8d o /MPa o’ /MPa oo, o’ /MPa oo,
% — ik 7 9.57 1.64 17% 7.64 80%
. . . —— EEE ] s 14 1234 1.48 12% 9.88 80%
0.1 02 03 04 05 06 21 12.92 1.97 15% 9.95 71%
REAZ/107 28 13.35 3.05 23% 10.60 79%
(d)28 ditit
4 17% 79%

B9 BT ARG RFE R 15 E
Fig. 9 Characteristic stress determination based on main

frequency amplitude

KBRS
BHEMNERYE. D28 diR AR LA
11, MR 4% FE SRR il 2 AR AL AL , DK 2R ELTE
BT R4 1 AR R R AT DL A3 B B

FE R U 3 A0 R R A A B A B I T
ol HITE12% ~ 23%VE(E N TI4b , BN TT 8 oty
HIFETT% ~ 80%WEAE N F14b o BN EbFR2, s
B S B ARFALE IS 7 R BRI 0 7 — o 72 il 2 e 1Y
BRAE F1 S HRZEA KT 5%, XS B T R
B 441 TR 24 BR 7 F A B L AR R AE B AR TR, 7]

053012-6



FEA % R 5ERER TRE%M Vol. 4, No. 5(2022): 053012

T, B e EATRAE AT LABE ST s 0 45 55 FE IR BE +
YRR TRAL , R T A0 oL AR R AR AT
DI 48 55 SEIUR Bk + R RS IR R ETIRR R

3 4 #

(1) i B o 4 1A 0 A e B T IR 15
B WS I I, FEIRTRBE T AR B e e 588 B
PAAS A AR, (E S B R A 1 W, 3
P e AR LR PR3 8, B AR AR R B B/, FEIRIR Bt
ERErEsE N,

(2) FEEFRY IS BHE I, FEEIRSE il
A=Y 2, IRAG T FL IR S0, A Tl
FERALRE AR B A PSR L B | 50
{EA SO B K

(3) HNATECT , FEIHIREE LB 75 I FHEME
23 MBS —FLE LT —RATR K&k
RS, MRS S s A i AR 50 S 3B B, SRR ELE
WAL TV SR BE - FEIEAB IR RASRITIRAR B o

(4) TP MR, R A
ERREAL e GBS I A, ol B AR N T
R 0l AP A RE RRFIE I ) AR BT TR ) - R AR
R E IR R ) IR EA KT 5%

£ 2% 3Lk (References) :

(1] xjorel. THEEPER A SHER D] 7 ILES S TRE R,
1994,11(4):2-10,80.

LIU Tingcheng. Application and progress of coal pillarless roadway
protection[J]. Mine Pressure and Roof Management, 1994, 11(4):2—
10, 80.

(2] KM, 22950, B, . WL FRBCRENT S BBk
AHMITEMRI]. Ry 5EL TR, 2013,30(2): 159-164.
ZHANG Jixiong, JIANG Haiqiang, MIAO Xiexing, et al. The rational
width of the support body of gob-side entry in fully mechanized backfill
mining[J]. Journal of Mining & Safety Engineering, 2013,30(2): 159-
164.

(3] kEH,HUH, BHE, % TIEESRF A TR RN 2 AL

il R SERE X (1], JEA24R , 2021, 46(12): 3805-3818.
ZHANG Dangyu, GAI Qiukai , HUANG Lei, et al. Temporal and
spatial evolution mechanism and risk zoning of microseisms in working
face passing through the roof of old roadway[J]. Journal of China Coal
Society,2021,46(12): 3805-3818.

(4] K, BHRM, 5KIGHE, . TR AR A REIEE
P I]. RS R THREN,2018,35(1):213-220.

ZHAO Yong, YANG Tianhong,ZHANG Penghai, et al. Numerical
simulation of rock damage based

parameters [J]. Journal of Mining & Safety Engineering,2018,35(1):

process on microseismic

(5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

053012-7

213-220.

RYETC, KA. Rz X TR RER B RGO T
HREIBIR (J]. B %4, 2017,48(4):59-62.

DENG Weiyuan, KANG Tianhe. Micro seismic monitoring research on
roof fracture at the first fully mechanized mining face in special thick
coal seam under goaf[J]. Safety in Coal Mines, 2017 ,48(4): 59-62.
WICH, EiE8, 5Ems, 5. A SCEIR RIS SHRAE
[J]. &+ H12,2016,37(2): 399-406.

XU Wenbin, WANG Yunmin, DANG Peng, et al. Precursors to
compression failure of cemented backfill mass based on the
multiparameter method[J]. Rock and Soil Mechanics,2016,37(2):
399-406.

QI Tingye, FENG Guorui. Resistivity and AE response characteristics
in the failure process of CGB under uniaxial loading[J]. Advances in
Materials Science and Engineering,2017,2017:1-11.

WANG Jie,FU Jianxin, SONG Weidong, et al. Mechanical behavior,
acoustic emission properties and damage evolution of cemented paste
backfill considering structural feature[J]. Construction and Building
Materials, 2020,261(20): 119958.1-119958.16.

OB, B, X0, 45, S URMEL [ FE SRR IR AL R
PR BHRE (J/OL]. 256 1% 5 TSR : 1-16[2022-04-13].
DOI: 10.13722/;. cnki. jrme. 2021.1264.

HUA Xinzhu, CHANG Guanfeng, LIU Xiao, et al. Strength evolution
law and acoustic-emission characteristics of multi-source, coal-based
backfilling body of solid wastes[J/OL]. Chinese Journal of Rock
Mechanics and Engineering: 1-16[2022-04-13]. DOI: 10.13722/.
cnki.jrme.2021.1264.

WEE, A, BER, 5. 0L eI A R B AR
RSB R ). &A% 5 TRE¥R, 2021,40(12) : 2434-
2444,

GUO Yuxia,ZHAO Yonghui, FENG Guorui,et al. Study on damage
size effect of cemented gangue backfill body under uniaxial
compression[J]. Chinese Journal of Rock Mechanics and Engineer-
ing,2021,40(12):2434-2444.

CARRION A, GENOVES V,GOSALBEZ J,et al. Ultrasonic signal
modality : A novel approach for concrete damage evaluation[J].
Cement and Concrete Research,2017,101:25-32.

ALIREZA Sepehrinezhad , VAHAB Toufigh. The evaluation of
distributed damage in concrete based on sinusoidal modeling of the
ultrasonic response[J]. Ultrasonics,2018,89: 195-205.

WU Jiangyu, FENG Meimei, NI Xiaoyan,et al. Aggregate gradation
effects on dilatancy behavior and acoustic characteristic of cemented
rockfill [J]. Ultrasonics,2019,92:79-92.

CAO Shuai, YILMAZ Erol, SONG Weidong, et al, Assessment of
acoustic emission and triaxial mechanical properties of rock-cemented
tailings matrix composites[J]. Advances in Materials Science and
Engineering,2019,3:1-12.

Zhit, EHEX, DR REEDEFRNESHIES ). T
U, 1992, 14(4): 98-101.

LI Weidu, TONG Shouxing, MA Xiulin. Signal spectrum analysis for



REA% RT 5EEER TRE%M Vol. 4, No. 5(2022): 053012

[16]

[17]

[18]

[19]

[20]

ultrasonic testing of concrete [J]. Nondestructive Testing, 1992, 14(4):
98-101.

HEE, B BETEE RN AR IR - B4 o 22 I At
1. KRR A ,2020,51(7): 161-170.

XIAO Chujun, CUI Bo. Study on monitoring of roller compacted
concrete setting process based on ultrasound transmission method[J].
Water Resources and Hydropower Engineering,2020,51(7): 161-
170.

BE R, A, BEE, % BT/ NE@RESREE
W SRR 54047 (1], BEANEEH, 2021, 51(16): 110-115.
YANG Changmin, SHI Chong, SU Shengxi, et al. Detection and
analysis of grouting compactness based on frequency spectrum analysis
and wavelet packet entropy technology[J]. Building Structure,2021,
51(16):110-115.

WRIE, Bhs2 T, ot T. 2T i IRl Bk i TR R - R SR B A
H5ES4EUR U], SOERS¥ S TR, 2021, 18(9): 2316~
2323.

YAO Fei, LU Xingqi, CHEN Guangyu. Experimental and signal
processing research on concrete-rock structural defects by impact-echo
method[J]. Journal of Railway Science and Engineering,2021,18(9):
2316-2323.

BRARSL, FRBUME , BB, KT A TR 5 55 i TUM) (KA G 1
(1. HETEMF,2017,19(6): 80-85.

WEI Baoli, GUO Chengchao, CUI Can. Fatigue life prediction of long-
life pavement using frequency-domain analysis[J]. Strategic Study of
CAE, 2017, 19(6): 80-85.

VIER , /N, 2R AT, 5. BT O B 8 R B B3R
R EnRIe I (1], B IR, 2016,21(2): 60-63,82.

[21]

[22]

[23]

[24]

[25]

053012-8

XU Yanchun, XIE Xiaofeng, LI Kungi, et al. Experimental studying on
rock fractures and grouting influence based on ultrasonic testing[J].
Coal Mining Technology,2016,21(2):60-63, 82.

FEWE. AT RS AR RS L AR5 (D). EX.
ERE R, 2014.

JIANG Yuhong. Experimental research on the damage of concrete
based on nonlinear ultrasonic characteristics[D]. Chongging: Chong-
qing Jiaotong University, 2014.

BRI, 2R, % EE AR EE L TN RS
BrFE D). B5RlEE, 2017,33(3):94-99.

GAO Hao, HAO Wenxiu, LI Liang,et al. Experimental study of
concrete work stress using ultrasonic testing[J]. Building Seience,
2017,33(3):94-99.

FRFF, 5 FBE. A RIZERIREE + SN 85 1 H R 7S Bk
0. BHE T RE#4R , 2017, 32(5): 1-4.

CHEN Shengping, SU Zihao. Ultrasonic wave study on uniaxial loading
damage of different types of concrete[J]. Journal of Hubei University
of Technology, 2017,32(5): 1-4.

T B, 20, BER, % DEBRILBE TR 558
IR [T, Ba 5 TR, 2020,39(9): 1787-1796.
DING Ziwei, LI Xiaofei, TANG Qingbao,et al. Study on correlation
between fractal characteristics of pore distribution and strength of
sandstone particles[J]. Chinese Journal of Rock Mechanics and
Engineering, 2020, 39(9): 1787-1796.

YAN Baoxu,ZHU Wancheng, HOU Chen, et al. Characterization of
early age behavior of cemented paste backfill through the magnitude
and frequency spectrum of ultrasonic P-wave[J]. Construction and

Building Materials, 2020,249: 1-12.



