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ANCHORAGE FORCE PREDICTION FOR THE CFRP-BAMBOO BOLT

BASED ON ARTIFICIAL NEURAL NETWORK Y

LI Dongbo*? ZHAO Dong* HUA Jun* ZHANG Qif
*(Department of Mechanics, School of Science, Xi’an University of Architecture & Technology, Xi’an 710055, China)
T(School of Civil Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract To protect against the destruction of cultural relics, the artificial neural network and the toolbox
of MATLAB artificial neural network (ANN) are applied to set up an intelligent model of the anchoring force
prediction with consideration of the bolt diameter, the bolt length, the angle of inclination, the grouting body
intensity, the aperture and the carbon fiber wrapped spacing, based on the in-situ test of the anchorage force
of the CFRP (carbon fibre reinforced plastics)-bamboo bolt used in the protection of a certain earth site in
Xinjiang. And by learning the samples from the in-situ test, the applicability and the feasibility of the method
are checked. Based on the calculation results, the sensitivity of influencing factors on the anchorage force of the
CFRP-bamboo bolt is analyzed by using Los(5°) orthogonal table, which may provide a reference for similar

reinforcement engineering practical applications.

Key words CFRP-bamboo bolt, anchorage force, artificial neural network, BP model, orthogonal experiment

design, sensitivity
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2.2 FUMARE RHE
2.2.1 BN R R S i E
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IR R BB B . HAR WA R DL &
VESARGRIE . LIRS BRETHEQHERIMER 25 6 N3 m A
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2.3.1 IR BRI A (1) 1k ¢

AR MATLAB [FH48 M 2 T AR gt T
B PR F SRR . EUHT 48y B O - ast kb n [ £/

Prep JEAT IR BT 10 4180k DO 18 k22 ST FEAR,
wmk 1.

2.3.2 H A IH— b abBE

P 8% 2 ST 147 5000 A 0T D00 6% (10 27 ST S 8 L A
2% [FDORS BE AR AT R 12 Jehh, mi T R ARk
PR, FIAGAERT T2 SR A Bl A Rde N, BT RE
WS SEMAAR R, DAL e Ay ST A A AE B N 2R A
B CHPIRSEAL T 0, AT RIE—JHAA
R B B RO LAL, BLHOR R
UERFAMZE L TT AR A S AT 40 bR AR AL B K
W7 REAT. X TRAFEA FIRE AR A )1 —, LY
ELISR IR A A AT AT 28 T G I 0 R KO PR X3ty
® 2 AR ESE, T [-1,1) 200, fE
IR A28 (RS SAGE I, 4 v SR

xR 1 FNEREIER

5 KE/mm  EHA/mm LR /mm BERAMASRIE/MPa  BREFYEGELSENE /mm  WURMAE /() HETE /KN
1 800 33 85 1.92 75 0 12.05
2 1200 33 85 1.92 75 0 14.8
3 1500 33 85 1.92 75 0 21.86
4 2000 33 85 1.92 75 0 31.5
5 3000 33 85 1.92 75 0 46.4
6 1500 26 85 1.92 75 0 11.5
7 1500 55 85 1.92 75 0 21.35
8 1500 33 75 1.92 75 0 17.15
9 1500 33 110 1.92 75 0 24.9
10 1500 33 85 1.84 75 0 15.9

F 2 A—UEWMEIHR

5 KE/mm  BHE/mm  fLR/mm  ERARSRE/MPa A AEESEE / mm  IRMA /() R /RN
1 —1.0000 —0.5172 —0.428 6 —0.9640 0.0000 —1.0000 —0.8796
2 —0.6364 —0.5172 —0.428 6 —0.9640 0.0000 —1.0000 —0.729 1
3 —0.3636 —0.5172 —0.4286 —0.9640 0.0000 —1.0000 —0.3428
4 0.0909 —0.5172 —0.428 6 —0.9640 0.0000 —1.0000 0.1847
5 1.0000 —0.5172 —0.428 6 —0.9640 0.0000 —1.0000 1.0000
6 —0.3636 —1.0000 —0.4286 —0.9640 0.0000 —1.0000 —0.9097
7 —0.3636 1.0000 —0.4286 —0.9640 0.0000 —1.0000 —0.3707
8 —0.3636 —0.5172 —1.0000 —0.9640 0.0000 —1.0000 —0.600 5
9 —0.3636 —0.5172 1.0000 —0.9640 0.0000 —1.0000 —0.176 5
10 —0.3636 —0.5172 —0.428 6 —0.9640 0.0000 —1.0000 —0.6689

2.3.3 MR KA S

R4 MATLAB 128 4% T HLA B $2 4L (1) b
H 081, R FH A — 4k J5 16 5 5 g g 1R B AR 2R 47 )
Zx, &0t 14 B2 WL, FEREE R 0.01, R ZEREY
GUECS i & 4 Fion (RPN H08 14 50
), IRk 2E 4 0.00723219, HARKEE A 0.01).

RA A R EAEALGEBEAT IO, AL ST JF:
XS PRI IEAT S A — A Ak PHAGH 21 5 2 TR B

2.3.4 TINEE R SR 725 M

S PR TR RS AL S ok R 2 1) 2% 3T, ik E
TIRE I REFRAR, AL M S TP A7 T REARL S
WAEARZ PR DGR, e T 25 S i th 2 R] AL
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LI 5 2 IsUAr T B 1 D A AR A I

SRUF I P 25 HEAT 1AL, RE I 2 LI RLAT i A 0 X
Bt AT LB M (3R 3), P AP AR 22
1.72%, WAL TR 2, S E 7% A AT v A
i .

3 WENFIEFRHRIES

3.1 EXRAEA

WRAEATMEARE (L2 S H A J5 725 E AR 2
(JB/T 7510-1994)) , ASCHE I A=A A 5,
RIZEAECh 6, 730 0 S H AT A T 0 6 6 A 52
PRIEE, sk 4, Forbas 3 g Bk B AT 45 5 R 32 1)
HIHH .

VR A5 57 2 B RN PR 3R B0 5 Lgs (59) IEATER.

* 3 MNERRIRE

W T n
po KO/ TR/ AL ‘i’gf ﬁi;;’f kAT iﬁg / f)ﬁ”ﬁg | e
mm mm mm (®) W wE TR
MPa mm kN kN
1 1500 33 85 628 75 172 17.3799 0.1799 1.04%
2 1500 33 8  1.92 0 0 9.85  10.2026 0.3526 3.58%
3 1500 33 85  1.92 150 0 135 13.8475 0.34752.57% L7270
4 1500 33 8  1.92 75 10 16 15.8999 0.1001 0.63%
5 1500 33 8  1.92 75 15 147 148151 0.1151 0.78%
x4 AEMEER
WEG% K /mm fe/mm JUe/mm ORI/ BETHRGE e o)
MPa [A] f /mm
1 —20% —20% —20% —20% —20% 20%
2 —10% —10% —10% —10% ~10% —10%
3 0% 0% 0% 0% 0% 0%
4 10% 10% 10% 10% 10% 10%
5 20% 20% 20% 20% 20% 20%

3.2 WHWEHEMEZRHIESHT

T Tk 0T D9 23 PR N oMk B, 1 B T FH 50 1
P 288 65 A7 DK TR 11 1) 288 o 304 7 90000

) A« T [ 88 S b X Js bk A 1
KRN 1200mm, HA2H 30 mm, fL424 80 mm,
WARBRSE K 1.92 MPa, BReF4EQELEAIEE A 75 mm,

fHRHEE R 10°.

FRHRIETE 1) Los (5%) IEAZERNHR 5 PIALHR AR
WIHHATERER 6 11 25 MRALEFEA.

FHNZRUF T I 8 BT ok 5 A2 STREAR ) 31
HEATT, sk 7.

BRI R AR 5 RIS kP,

R 5 BHAMRTLER

WERE KR /mm fe mm A mm RIS BTG e o)
MPa [ #H /mm
1 960 24 64 1.536 56
2 1080 27 72 1.728 63
3 1200 30 80 1.920 75 10
4 1320 33 88 2.112 77 11
5 1440 36 96 2.304 84 12
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*x 6 HAEHAE
jﬁ:ﬁ K /mm A4 /mm 4LE/mm i&%’%ﬁ;ﬁrﬁ/ MfTéﬁfEf% ’fﬁﬁﬁ)‘j})ﬁ/
oaE) a (B /mm ®)
1 960 24 72 2.112 75 9
2 1080 24 96 2.304 84 12
3 1200 24 88 1.536 77 8
4 1320 24 64 1.920 56 10
5 1440 24 80 1.728 63 5
6 960 27 80 1.920 7 12
7 1080 27 72 1.728 56 8
8 1200 27 96 2.112 63 10
9 1320 27 88 2.304 75 5
10 1440 27 64 1.536 84
11 960 30 64 2.304 63
12 1080 30 80 1.536 75 10
13 1200 30 72 1.920 84 5
14 1320 30 96 1.728 7 9
15 1440 30 88 2.112 56 12
16 960 33 88 1.728 84 10
17 1080 33 64 2.112 7 5
18 1200 33 80 2.304 56 9
19 1320 33 72 1.536 63 12
20 1440 33 96 1.920 75
21 960 36 96 1.536 56
22 1080 36 88 1.920 63
23 1200 36 64 1.728 75 12
24 1320 36 80 2.112 84 8
25 1440 36 72 2.304 7 10
RT MMLEREK
RIS TNER RS TN RS WNER  WKS5 WNgER |{KS TgR
1 10.295 6 6 11.7330 11 10.038 2 16 14.2617 21 16.4879
2 11.0749 7 11.3783 12 9.9477 17 12.060 5 22 19.0099
3 11.1526 8 11.0008 13 9.9748 18 11.7374 23 11.7244
4 13.7677 9 11.5170 14 10.0821 19 14.1691 24 11.9178
5 11.5347 10 12.4002 15 10.0837 20 23.2374 25 16.884 2

P2 N RAEA A B0 T B AR bR I FE{EH, X
7] AN A (i br SR e K S e ME 2 72, 74

B Z AR PTRT R FAR 22 , ik 8.

I 8 AT, BB [ 77 1058 w0 DS 3% 10 R
RO HIAT AR BEIRAAORE . K fLAR fURHA

MR ET e T 58

% 8 EXMIEARK

[}

[VEZ4 FH¥E  KE/mm EHf/mm  fLE/mm AR/ Wﬁﬁ%g’% s/
MPa [A] #F /mm (°)
;g M 12,5633 11.5651 11.9982 2.8315 12.6910 13.5449
W2 g P 12.6943  11.6059  12.5404 11.796 2 13.1505 12.7050
3K CP¥IME 111180  10.0253  11.3741 15.544 6 13.3444 13.1724
®afg P 12,2907 15.0932  13.2050 11.0717 12.3825 11.7570
¥ 5 Mg P 14.8280 15.2048  14.3766 12.2503 11.9259 12.3150
&= 3.7100 5.1795 3.0025 4.4729 1.4185 1.7878
W2 s 3 1 4 2 6 5
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