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Study on Impact Echo Identification of Sleeve Grouting Defects
in Prefabricated Shear Wall

XU Haifeng, YAO Fei” , Abulikemu - Abula
(College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract; The grouting defects of rebar sleeve greatly affects the connection performance of the prefab-
ricated shear wall. Therefore, it is necessary to study the detection and evaluation method of the grou-
ting quality of the sleeve. The grouting defects of fabricated shear wall sleeves were identified by using
the impact echo method, and the fabricated shear wall models with double rows of 18, 20 and 25 mm
grouting sleeves were established respectively, and the impact echo finite element analysis was per-
formed. The impact-echo test of fabricated shear wall specimens under mass was carried out, and the
spectral characteristics and time-frequency characteristics of echo signals under different impact loads
were studied. The results show that the echo signal spectrum presents different distribution characteris-
tics under different impact loads. The frequency spectrum and time-frequency diagram of the grouting
area and the non-grouting area under the impact of 5 mm steel balls are different, which can identify the
grouting situation inside the sleeve near the impact point. The test results are consistent with the finite
element analysis results.
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Fig. 1 Diagram of the principle of impact-echo testing
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Fig. 2 Local numerical model of prefabricated shear

wall with grouting defects
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Fig. 3 Partial details of different defect conditions

(taking 25 mm steel as an example)
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Tab. 1 Table of material parameters

by RPEASE AT 3 4 , A
LN Y ey
REEL 3x10" 2 500 0.2 3 651
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Fig. 4 Half-sine impact load function
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Fig. 5 Frequency spectrum of impact load
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Fig. 6 Possible reflection frequency interface
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Tab. 2 Theoretical calculation values of reflection frequency

of the main interface of each model

praglis Sooma 7kHz  f, /kHz  f, /kHz
18 mm HFFE R 8.76 29.21 54.98
20 mm FHE R 8.76 29.21 54. 45
25 mm PWHTE R 8.76 29.21 53.42
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Fig. 7 Frequency spectrum of 20 mm rebar sleeve under different impact loads

¥ v;,

b

(b)) AFEE AWM ER
& 8 whih A ERFI 14

Fig. 8 Impact steel balls and sleeves

| 390 | 250 |
&

PO Bl S e s T P (B :mm)

Fig. 9 Diagram of steel grouting sleeve (unit; mm)

—WUZR I SUZ A 0 500l AL, DA T [ 9 3
a7 LA L% fR] PN S 2 B Ao fh T T I o A
SL, B RUZ AR el FHAG R B JBeaty 3 AL 1 B 1k
T



6 ok TR K %W (AR B FE R 2023 4F

® 3 EEARGEITR B P IS 0 358 3 A 5 0 AT L R L I 72 45 /)
Tab. 3 Statistical table of sleeve specifications AR ML A HL TH A5 0 XF 501 % 0 45 B SR , ERS

W BREAME BREAE BRKE BfeE XEF AR R AL (R 5 WOR A BAR 301 38k 53
jmm o w5 AT AT, BT LA B

18 4l 30 348 3 [ 35 {5 AR I 8] _E 300 R 5 3, A A TR 2 )2

20 a4 32 390 3.3 I TR AT L o /1N AR R — A3 e R 7 1

2 >3 38 480 45 HEHEEA BRI [ IR F 45 Bl A5 5 A TR
&= o= € IO N T 1 SO O A

3.2 MEHEIKESHIE S AT R B N 1] S48 A Al BE A I 1] R A

IFRST RN E R T A e B, R R RS AR A e R, Pt AR
FRAE LA, X HLLL 25 mm BUAGAES AR R B AT X — MU X I 5 i i A7 AR 38 2340 o3, nl DAAE
ST, WA 1L TR, %8 DU AN A Jir L) T TE AN () 08 B A A

AT R R SRR B vh i 5 ST L A E R R, A SCE R 25 mm AT E
KIL,3 mm BIERE 5 mm EREY [R5 SR TR el [0 AR S, X AT /N I AR 4 g
9 f A g 4y 10 8 mm 10 mm fERAOME S 12 M, /DB EGE ] cmord -1, AR &5 R A 12
TEMGH, X S A B2 R — 8, Hoh, W 11 Pios,

(a) (b) PRI NITCIEHER % 5 55,3 mm IR s XFHE 12(a) —(d) RIR, BCHESS 52 5 30 %
TR I I TR s PR 11 (e) (d) il SERYIESIAT LERAR DL, 359 7F 8 kHz 7 A7t Bl S 45
BE A% 45 g 175 AT 0 IX 3 5 s S i s Tt 1 11 B (8 12 (a) (b) g @R AE TR 8853 ) |, 78
(e)—(h) AR RE B P A AELEAR I LAY, T vt e 25 kHz Ze45 th B0l (18] 12(a) (b) HL (8 4R

REIRIEIATRA RET/R 58 o T 50 552 5 LR 982 0 4 P
BB, HEBLS I HE LS T 2 i B O
3.3 Wi ERAE S M RS o 030 5 5B OB/, 7 ST SR Ly

P A3 50 B 2 A AR I AN o S AT 8 1, [) SR ASCRB A b 5 0 0 g — 00 1) 2 0 0 0 O i,
IFARATE 5 RO A A SR (5 B —Fh 7k, B S ), e 2 s i

= o | i 1 1
< Cace Y w ) a -.‘ : P o
”"I;'- B BENEL REFE O REE 2) S =4
8 o @ o s, -7 ¥ g < . ..
H " #eerce: | <[THH) <ITH ) <[ TH ]
(a) 1-1 30T 3 9l - 2 |RIE
e . - e .
. . . -
'S JAl - .
2 ! o KB A 1 o )
2] ) g - AR :
b 2 v . " . ° . .q
N LR . : 44| .. 441“
2 < " . .
4l ’ ‘A 1 Ul A
[ é . N . . ° .'-‘
Al . = . 4 = N = i
1 =3 2 4 v - e - ey
< Al -
& | bog] 2] 2
alr.::*
’ 2 a 501 100 {501 01100 |504 0} 100 |50}
YA
A
al, -
223 T el 223 T el A-4 I T
7
o i
i 2 (0) 2-2554-43 T
(b) ML

T 2-2 R R ERE ATESORE3-3 S —HEEHIME AR, 57— HEES R R HE AR 44 o SUHEES A AR,
10 18 mm BFHHEIKER CAD BEIHE (B mm)

Fig. 10 CAD design diagram of 18 mm steel grouting sleeve(unit; mm)



TR0 457 - 5 T S0 7 35 2 R AR s ) ot [ R 7

— MHEEE — s
732 844 — 6837.32 — T
1.0F 1.0 L
08}
e
S ost
Los|
02}
0.0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
& /kHz PR /kHz
() XUk SE 5 XHEB 2S5 B (3 mmANER) (b) 002 5255 3 ) SE ) G (3 mmeRER)
8.05 — XUHEEE S — JEEs s
Lol a8 — MkE o[B8 —— T
0.8+ 081
==y Il%
£ oof 2 osf
lm 0.4t lm 04l
02t 02t
0.0 0.0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
FE /kHz B /KHz
() PUHERE SE5 XCHERE 255 b (5 mmeRER) (d) )25 5z 5 e ) 2% SEXT EE (S mmANEK)
s 1 — Bk
R AL R Lol B — mES
0.8 0.8
g £
§ 0.6} i) 0.6 -
o 04f w04l
02} 02}t
0.0 0.0
010 20 30 40 50 60 70 010 20 30 40 30 60 70
BE /kHz B /KHz
() PUHER Sz 5 XCHERR 255 Eh(8 mmETER) () JT 3% S 55 378 00 2 ST EE (8 mméER)
- sy — s
7.568.18 _ %ﬁiﬁ; 8.05 818 s

1.OF

JH—IEAE

0 10 20 30 40 50 60 70
FH# /kHz
(g) XS S 5 W HEBE 2= %68 L (10 mmETER)

0 10 20 30 40 50 60 70
HiZ /kHz
(h) JT A0 2 5 3 A0 2 sE 0t L (10 mmERER)

P 11 IR Y ool FER AT 25 mm SR ES DT

Fig. 11 Frequency spectrum of 25 mm rebar sleeve under different impact steel balls
i, ofreky 5 52 A ) L, DU [ 906 45 540 55 114 5L ok

B e WO R AR Bl 2, 1R A5 R R W], A 8
10 mm P e AMERAE TR, W03 P rp A A dii P2 0t

4 #ie

1) et i 8068 [T 9 15 5 BRI R AIE A R R



8 Wodb TR R ol (A R OB 2 R

2023 4F

/1N I AR

5
12
4 1.0
N
T 3 0.8
=
< 0.6
1 02
0 2 4 6 8
IE]/x1073 s
() 5 mmANER WHER 5L
5 x10* ]
2.0
4
= 15
3 '
X
2 1.0
=
| oS S 03
Py
0 2 4 6 8
I E] /<103 s
(c) 5 mm BRIz 0 25 51

HROARER 18.20.25 mm A9 A £ fa] i) 78 3K ik
B,5 mm i R AT LU R0 X 0 BT P 3 A 9
KGO, IF B Wik g 45 2R 54 IR oo i &4

AN
H o

2) ity [l P Al g8 KA BRIT AT 285 R 7 | X
TORCHEAS BB, T HEES fAT 0 0 5 0 X A6
EHEE T AR AT AERE I L T B A S Al
DA Ay s S BRI 08 30 00 4 — 000 ) 2 £ 8 S
o BT S, A S e

SE

(1] 076 SRIHET. W IR f0 8 S 2 0 7 BB ARG I ik
[J]. #Rah5upik 2018, 37(10) ; 43-49.

[2] LI D, LIU H. Detection of Sleeve Grouting Connection
Defects in Fabricated Structural Joints Based on Ultrason-
ic Guided Waves [ J ]. Smart Materials and Structures,
2019, 28(8): 1-12.

P AR AR B 5RO S0, AR BT XTI CT B0R
B TR TR 28 S B A B [ T ] e i A, 2017, 39
(4).6-11.

WU C, YANG C, MA S, et al. Feasibility Study on

Grouting Compactness Detection in Sleeves Using Piezoe-

(3]

[4]

lectric Transducers[ J]. Applied Sciences-Basel, 2020,
10(1) :1-11.
[5] XU B, FAN X, WANG H, et al. Experimental Study on

PF /=10 Hz

5 210’ A
1.6
4 1.4
. 1.2
3 i 1.0
0.8
2 0.6
1 0.4
0.2

0 2 4 6 8
I1E]/x103 s
(b) 5 mmARI BRI ) 25 512

: x10° /NI S

2.5
4
2.0
3
1.5
2 1.0
1 M_‘ 0.5
0 2 4 6 8

B 1E]/x107 s
(d) 5 mmENERBUHE 2%

B 12 5 mm Bk R A 25 mm X1 I R

Fig. 12 Time-frequency diagram of 25 mm rebar sleeve under 5 mm steel ball

Grout Defects Detection for Grouted Splice Sleeve Connec-
tors Using Stress Wave Measurement [ J |. Construction
and Building Materials, 2021, 274.121755.

2 AR, £ A A T e TR Y A PR
AL A I T A F ST ()], R 3h 45 rhdi, 2018, 37
(11).:265-272.

[7] JIANG W, XIE Y, WU J, et al. Influence of Age on the
Detection of Defects at the Bonding Interface in the CRTS
III Slab Ballastless Track Structure Via the Impact-Echo
Method[ J]. Construction and Building Materials, 2020,
265. 120787.

KANG J M, SONG S, PARK D, et al. Detection of Cav-

(6]

ities Around Concrete Sewage Pipelines Using Impact-
Echo Method [ J]. Tunnelling and Underground Space
Technology, 2017, 65 1-11.

LINY F, YEJ W, LO C M. Application of Impact-Echo
Method for Rockbolt Length Detection[ J]. Construction
and Building Materials, 2022, 316, 125904.

(107 X #, Z ) B, VR0 R vl [l 90 72 5 TRV 3R 2 52

BRI rh AR [ )] JCARAR I, 2017,39(4) : 12-16.

[11] COLLA C, LAUSCH R. Influence of Source Frequency

(9]

on Impact-Echo Data Quality for Testing Concrete Struc-
tures [ J]. Ndt & E International, 2003, 36 (4):

203-213.
(THEH 20 11)



20 Wodb TR R ol (A R OB 2 R

2023 4F

Sk

(1] 4B Wi, A S 22, 0 VIR 6 - ABUATE A P9 T i T
TR HBFFE )], PGS EEST,2010,36(12) :359-360.

(2] SRESE, T E AR, 00 H 0 T AVE B 15 5k 7 11 2 )
TAREP L] ARKI,1997(2) ;24-25.

[3] BN, B e, TAmE. U RV 30 it T2 g e 17 4%
PRI AT [J]. KA B 5 45 B, 2018,38 (1) :
34-40.

[4] BYOUNGIL K, JAEKYU K, SEUNGHYUN L, et al.
Driveability Analysis of U-type Sheet Pile Using WEAP
Program[ J]. Journal of the Korea Academia-Industrial
Cooperation Society, 2006, 7(4) :671-678.

[5] B, JaRdeikik U BTN 7 1R 5 AR 2 K T
PR R[], IR AR K L, 2016(6) :26-29.

(6] JaRu. Jeokidk W ) B &+ U BURAEAE o 324
FERIRFHBFSE[ D] 95 H o IR 2 B, 2014.

[7] %5 W REEWIRP R U TR it T8 A R R AT
[J]. LHEEST,2020,27(5) :58-60.

(87 3 3. A ITEHN T 55 VR ATE Al L B 15 5 8 B A it
TAHRBFE[)]. BB HHA ,2018(12) :29-33.

(9] Bhardl. /N Ze G IR BT RS PPP I H B IR AR
THARB R [J]. TR ARG, 2020,5(12)
112-113.

[10] sgtte 52 R R . Jo ok Ny 1R B L W A

( L4%5 8 1)

[12] YAO F, ABULIKEMU A. Effect of Impact Source on
Detection Quality in Impact Echo Testing of Sleeve Grou-
ting[ J]. Materials Testing, 2020, 62(9) ; 927-935.

[13] JIANG W, XIE Y, WU J, et al. Identifying Bonding
Interface Flaws in CRTS III Type Ballastless Track
Structure Using the Impact-Echo Method[ J]. Engineer-
ing Structures, 2021, 227, 111429.

[14] SOLANKI M T, VAKHARITA D. Extending Hertz Equa-
tion for an Elastic Contact Between a Layered Cylindrical

Hollow Roller and Flat Plate Through an Experimental

MES 2 PERERESE[ T ]. 0T 23 (W) 5 TR 2440, 2018, 14
(3) :688-696.

[11] Fsziz. H s IR AL e 52 B [ TR v 1]
KBRS TRHAR ,2020( 1) :60-62.

[12] SEED H B, REESEL C. The Action of Soft Clay Along
Friction Piles[ J]. Transactions of the American Society
of Civil Engineers, 1957, 122(1) . 731-754.

[13] ROY M, BLANCHET R, TAVENAS F, et al. Behav-
iour of a Sensitive Clay During Pile Driving[ J]. Canadi-
an Geotechnical Journal, 1981, 18(2) :67-85.

[14] YANG J, THAM L G, LEE P K K, et al. Observed
Performance of Long Steel H-piles Jacked into Sandy
Soils[ J]. Journal of Geotechnical and Geoenvironmental
Engineering ASCE, 2006, 132(1) ; 24-35.

[15] SRIETE. TN 7 P4 2k 4 i i TR 6+ H U A 25 g Pk
REREFEL D). HUM BTV K%, 2019.

[16] T4, 2= M RS, 55, BHEST 1500 1 B350
FIAERA[T]. 5 1% ,2012,33(4) :1006-1012.

[17] AR IS, X &, %5, s 4 - S5 b B fil T 40 55
SREEFFEIRIS AT ST [ J]. M 25 (A 5 TR A=, 2018,
14(1) ;67-71+228.

(18] ZEWr . 25 S A B RN W 1 45 1 4% 9l 5 £ 0 i 5
TIERFFE[ D] UM R, 2010.

SRS EAE)

Technique [ J ]. Industrial Lubrication and Tribology,
2017, 69(2) : 312-324.

[15] SANSALONE M, STREETT W. Impact-Echo. Nonde-
structive Evaluation of Concrete and Masonry[ M ]. US;
Bullbrier Press, 1997.

[16] HSIAO C, CHENG C, LIOU T, et al. Detecting Flaws
in Concrete Blocks Using the Impact-Echo Method[ J].
Ndt & E International, 2008, 41(2) ; 98-107.

(SRS ERH)



