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Nondestructive testing principle and technology of tension of anchor bolts

ZHANG Tianyu, ZHONG Xingu, ZHAO Chao, CHENG Zhongyue
(Hunan University of Science and Technology, Xiangtan 411201, China)
Abstract: Based on its multi-contact surface characteristics, an indoor model is built to study the vibration characteristics of the
anchorage system of an anchor bolt. By installing an acceleration sensor at the top of the unstressed section of the anchor bolt to
test the time-history signals, the vibrating spectra at the top of the unstressed section of the anchor bolt are obtained through the
fast Fourier transform. The dominant frequencis of the spectra have good identification, then the variation law of the dominant
frequencies with the tension force and the unstressed length of the anchor bolt are obtained. But the dominant frequencies in the
unstressed section are not the multi-order vibrating ones of the tension section of the anchor bolt. On this basis, the elastic
vibration model for the anchor bolt is established by regarding the nut as an elastic foundation, and the rigid vibration model is
established by assuming the nut and the anchor bolt to rotate relative to the contact surface between the nut and the spherical
washer, then the frequency equations for the models are obtained, respectively. Based on the identified dominant frequencies,
the stiffness parameters in the frequency equations can be solved. The indoor and field tests show that there is a good linear
correlation and monotonic increasing relationship between the stiffness parameters and the tension. Further indoor model tests
show that its relationship characteristic has no obvious correlation with different media in contact with the butterfly pallet and
different lengths of tension section of the the anchor bolt. Therefore, the nondestructive testing principle, method and technical

route for the tension of the anchor bolt are put forward. The field small-scale tests show that the proposed method is reliable.
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Fig. 1 Structural diagram of anchor bolt

FESSAT A TR BB (RamicB) R TSGR M N AR Fy
BN Ik s SRR AT A Rk B HE
B HRLRI RN, R AT RS AT TR
WTTE. BATECR R, i 2 I A SRS A i
i, HANBEE A sRBH AR Fy BEAS BT Ik
FEIZ, HEHR, MRAE A, Blskdr iy 0
ABESEIUN TAEB B A N . Yang SFPIIH LK
I, AERT E 9 O00 FR) S 2R B 22— s e
(PZT), — MENBABR AR 51— MRS,
A B AT RS A T S e R H R S T A ik
1B, HEESAT R 3Ghnmag oK, LUES SR E
VENBAT SRBL IR/ B Fi b3 52 202 SRV,
N FEAL VG, RORI SECIE R AT BROT 24 B 5 i ] 4R
Bpz (a3 B AR, i R e B AR A
B ) e H AT 5K 3R/ o STHR[S ~ 913 BT AT LA
Tl BIF 5B AT ] 2R P A/ R 20 0 SR e S B AT KR
IR ZPAFHAT sk h ) oA TT % . Ik Wang
S UOIFE 3 A R R 1o L e A o 1R °F 1 2 8 20 e
PR T N TR R BE R W AT R B 0 KA,
7E 28 AL ) S5 A T SEBIL 1 RFT S 0 RN B JE
B R ST A B A R T T 2R R A
I R 2 S e L, ESCRER[10]% A F B 1 s

N2 3 B BE RS e IR AT S 3 748 23 i AR IR P AR R
Wi, S s TR r A AT ] 4 28 1) S0 i F8 0T B AT B
FERATRENLIE

A S T o AR AT I A R 1 A B o TE L
B, WRAUHIRBNRE, QST I AR LA A [ A R
JURPRFPEAR AL I F) 28R, R4 1 HAR R ) 22 iE 2
BOSHATIRAL IR AR, SR T TSRk BL A o4k il
THEBORERE, B Z I TR RSt

1 ETHEEERRSFEREARS R

WK 2 Fromidid 7 340 cmX 60 cm X 140 cm %
TR AR, TR SN C50. R T
BRI 2R FLE, BN 5 em, FLIESCAIFE 30 cm,
TEFK P FLIE %25 T 20 mm JE 1) Q235 M HMR . R
PESCHR[2], RIGEEAT ELAR N & 20 1) BHRB335 24
I, AEREAT SRR 2 BT AL . AN BRI P
B MR RE, WRTEAERL 5 R (] [ 45 75 AR R R B
fi . WEFEAEAL R 5 mm ) Q235 MMCELH], P
TN 100 mmX 100 mm,  #5FF 55— 4l [ 2E R e+
o C A B FE 40 em), RBS BTk 70 K T8l AT e ik
By, BEFFKRPLE (BRBD KN 3 m.

TR T S
i e

2 ERRELERREE

Fig. 2 Schematic diagram of interior concrete model
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Fig. 3 Schematic diagram of test scheme
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Fig. 4 Time histories and spectra of acceleration when striking

unstressed section (length of unstressed section of 97 mm,

tension of 30 kN)
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Fig. 5 Time histories and spectra of acceleration when striking

tensioning section (length of unstressed section of 97 mm,

tension of 30 kN)
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Table 1 Relationship between predominant frequency of unstressed section of anchor bolt and tension (length of unstressed section remains

unchanged during experiment)

TR KR B K ENMIKE s kR MURE B Sk
m Hz kN m Hz kN m Hz kN
0.0895 610 10.02 0.0700 914 9.96 0.0492 1392 9.96
0.0899 632 14.97 0.0702 933 14.77 0.0497 1445 14.77
0.0896 659 19.78 0.0699 953 19.72 0.0505 1533 19.72
0.0900 676 25.06 0.0701 988 24.73 0.0502 1607 24.73
0.0901 681 29.48 0.0700 1000 29.80 0.0504 1625 29.80
0.0900 710 34.49 0.0699 1027 34.35 0.0509 1645 34.35

®2 WIATNNRSEMERSHKNNRFER (RBRFKRDRFRE)

Table 2 Relationship between predominant frequency of unstressed section of anchor bolt and tension (tension remains unchanged

during experiment)

TR KL, s skhify RNKE sERE kR ROKE SR, KR/
m Hz kN m Hz kN m Hz kN
0.1490 278 10 0.0920 643 22 0.0590 1287 30
0.1170 396 10 0.0830 747 22 0.1500 363 46
0.1000 502 10 0.0580 1274 22 0.1200 505 46
0.0805 682 10 0.1450 341 30 0.0950 717 46
0.0620 1029 10 0.1210 447 30 0.0790 944 46
0.1300 378 22 0.0970 634 30 0.0610 1385 46
0.1150 455 22 0.0790 837 30
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Fig. 6 Relationship between predominant frequency of unstressed
section of anchor bolt and tension (length of unstressed
section remains unchanged during experiment)

2.3 RIFKNATTEFEN N KEZSTRNE
TR TR ALAFAE

[ P58 4 HRESAT RS, 70 ) AR AT SR B0 A

AR CBRBSIM N 10, 22, 33, 46 kND, B U)EIH

FFERL I B, FRAFHAT TR AL B B 3 m AR AT N

71 BT AR S 18] v s IR A R ISR 2. 18 7

PR, AREIRAF IR B ANAR I 5T B To S B3R

FEL PRI

TRAFREFT IR BB FE AN, BT I N7 BT
S P 1) AR B KL 7 S 0 R OREFIK
o S ANAR L O B T N B R PRI I,
HEVR: FERNAT IO ) BTG 2 R N T S AR S A 3RS
(R3PS R AT SR BB (R BO
IRKHL 5 2 B IRl h R S IR SIS, TS B AT
BB A R AP EE ARG RO B S [ R B |
RREERI A . WORAER AR B ISR IR BN A
H o FLAE VR g SL AT B ] 1A AR IR BRI 0 A AL A
RABEOE TR, BT JC R 7 BT SR A 14 11
AR Gy AR B S I VR AT e ] A 2R A R



144 " + I B ¥ #H

2024 4E

(IR BIRFIE , ST AT T T SRBIRFIEZ A 15 &R
R]EAR ) B AT 5KHE 0 R e VR B A AT 1

3 WHHHEBEARANFRELENES

HEWITFRN K FHR
3.1 $EITEEG RN BRI FER

WE 1R, HFFREE RGBT AR R o
BEWRRE, BRIZAPE . WEACAL. BRIk R B AR
ST B T RS L Rl I Bl o VR 1D
(R, A7AE 2Nt eI B RE S B AT 357 F B i
BB RS ER IR BRI AR S R AEAL . WRICRS
& J I BRI Bl A ) o AN SCHRIIF e e U417,
WERESS [ By (YRl P NIBE . 2k vk v 2
I £ 5 925 [ 7 7 B A LU 0 5855 B AT iz 77 B L
i

W ABREGE [ BB USRI N KEL, k BT 5K HE 71
BRI SE K RE, BT NEFFPUS NI WIRREE
BRI EE . BRI AR ST . RS &R
SR - B A R R O SR, R 43
Nk kas ks, WIE 8 FToR, HARRIRE) AR I FE &
Bk ki kas ks 4 AR, (@ ERATIC R BTN
iy 22 2 IR B A% A T R AR R A0 P R 1R — A
FRATR, SRGEFANZR 7 LG R . WARTE E 4R
B — D, R RAAE 2 FTRett, 4
SIAT LR B SR AR | NIAASE AR [ B A B Sk
TR REFIIXERE R, S R R IR R
e R VA, BT REL ) C7D) B A
IR

=
EI A
R
AERI BB '
ﬁr %
4 g KEI ‘ =
, 22y
y N
T N
ko
L1y A i
&
E
k3 ﬁ
¢
S P
T4 B

8 $EATHEF R e FiREMRE

Fig. 8 Global vibration model for anchorage system of bolt
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Fig. 9 Elastic foundation-beam model
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Table 3 Calculated results of stiffness parameters of model

EBL EBAB . FPREREE RUERDR  ERD) ERODB . SEEEREREUR - RIEBON
Bk s U WIESHG RIESHK Bk s T RESHR RIS Mk
m Hz (10°N'm?) (10°N-m') m Hz (10°N'm?) (10°N-m'")
0.149 278 10 14 49 0.061 1385 46 29 86
0.117 396 10 13 48 0.090 610 10 15 51
0.100 502 10 14 48 0.090 632 15 16 56
0.081 682 10 13 47 0.090 659 20 18 60
0.062 1029 10 15 50 0.090 676 25 19 64
0.145 341 30 21 67 0.090 710 34 22 70
0.121 447 30 21 68 0.070 914 10 17 56
0.097 634 30 21 68 0.070 933 15 18 58
0.079 837 30 21 67 0.070 953 20 19 60
0.059 1287 30 22 67 0.070 988 25 20 65
0.130 378 22 18 60 0.070 1000 30 21 67
0.115 455 22 18 60 0.070 1027 34 22 70
0.092 643 22 19 62 0.049 1392 10 15 47
0.083 747 22 19 61 0.050 1445 15 16 52
0.058 1274 22 20 63 0.050 1533 20 20 61
0.150 363 46 31 85 0.050 1607 25 22 66
0.120 505 46 29 84 0.050 1625 30 23 68
0.095 717 46 28 84 0.051 1645 34 24 72
0.079 944 46 29 85

&4 NESHSKRNHKXREFHE
Table 4 Characteristics of relationship between stiffness parameters and tension

R KT — g AR NI FE 2280 ko/(10°N -m 2) NIRRT NI S8 ki/(10N-m )P

56l /m KN RME B *’““Ef,i"“‘l BOME RO R *’““Ef,i"“‘l
0.149~0.049 10 13 17 3.464 19.24 47 56 7.874 20.19
0.090~0.050 15 16 18 1.633 9.07 52 58 4.320 11.08
0.090~0.050 20 18 20 1.414 7.86 60 61 0.816 2.09
0.130~0.058 22 18 20 1.673 9.29 60 63 2.608 6.69
0.090~0.050 25 19 22 2.160 12.00 64 66 1.414 3.63
0.050~0.145 30 21 23 1.927 10.71 67 68 1.309 3.36
0.090~0.050 34 22 24 1.633 9.07 70 72 1.633 4.19
0.150~0.051 46 28 31 3.464 19.24 84 86 1.673 4.29

VE: a AETEEA 13%103~31x103 N-'m 2, b AF4biaH N 47x100~86x10° N-m !,
B, KH kR sk R (15) e —AR %0 KRR,
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50

koo FIEL, KHIEBHMRAI (17) W EH SR il
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WEZE AR AT ], 2 0 S 38 SRR 9 i 2
ORI RS 2 Sk )56 A IR s 4T oi B 11 BEERRERIESE b SHEE

R T 1S KN D, TR . SR, Rtk Fig. 11 Relationship between stiffness parameter ko and tension of
TR 3 SRR R T BB K, A SRR BT clastic foundation-beam model
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Fig. 13 Relationship between stiffness parameter k1 and tension of

rigid body model (comparison of different contact

conditions of butterfly pallet)
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Table 5 Parameters of anchor bolts in slope and comparison

between calculated and measured tensions

TR AB  ERIB T WERIESE sk S/

K /m WARIAE/Hz  k/(106N-m ) kN
0.063 910 47 19.01
0.054 515 7 10.63
0.061 762 26 13.37
0.138 230 32 14.89
0.090 256 9 8.14
0.077 922 69 28.67
0.051 518 6 7.89
0.084 692 55 21.17
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Fig. 17 Schematic diagram of nondestructive testing method and technical route
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