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Design Optimization and Experimental of CFRP Anchorage with
Arching Clip-type
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(1. School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114, China;
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[ Abstract] The existing CFRP ( carbon fiber reinforced plastic) plate clip-type anchorage exhibits arching deformation during the
tensioning process due to compressive forces on the inside wall of the anchor cup. This causes “voids” at the contact interface between
the anchor cup and the clip, leading to an uneven distribution of lateral forces within the CFRP plate anchorage section. The sides of
the CFRP plate are prone to cracking failure due to stress concentration. An optimized design for arching clip-type CFRP plate anchors
was proposed to address this issue. Finite element numerical simulations and static loading tension tests were conducted on clip-type
anchors with varying arch heights. The findings show that the primary failure mode of conventional CFRP plate clip-type anchors is
initial cracking followed by fragmentation, with an anchoring efficiency of only 68. 75% . When the arch height is low, the voids in the
anchor cup are not adequately filled, resulting in lower compressive stress and an anchoring efficiency of 56. 67% . When the arch
height is too high(0.5 mm), stress concentration occurs in the middle section of the CFRP plate anchorage, which increases the
anchoring efficiency to 81. 25% , but this is still suboptimal. Notably, when the arch height is set to 0. 25 mm, anchoring efficiency
increases to 90. 83% , and the failure mode shifts to explosive failure, indicating that the CFRP material has been fully utilized. The
rational adjustment of the clip’s arch height effectively prevents cracking failures in the CFRP plate anchorage due to voids,
demonstrating the significant engineering application value of this research.

[ Keywords] CFRP plate; anchorage; clip arcing; design optimization; finite element simulation; static load test

Bl 2F 2fE 18 58 42 5 #4 B} ( carbon fiber reinforced N A ok 5 el , FE TN J7 [ S04, o 4 E O M
plastic, CFRP) #ix""", A H s (50 0 | it B o5 fi230 0 SRR S CFRP AU [ A | BE o & $2 7

s E I 2024-10-11; EiTHH]: 2025-05-14

ESTH. KIPH T RSN R TR IS (11KA14) ; KD T RSEHF 25 Rl TR H (11ZDXK02)

F—1EE . BE(1999—) , 2o, DU%, R RB B B - 0F50 A . WSS 05 1) - KIS EAR R REER TR . E-mail :844196928 @ qq. com,
CEEMEE . HPH(1976—) B DU, WIRTRE B T URE BSOS B R A AR DA | A M S M RB SR AR . E-mail : xdhxx @

csust. edu. cn

¥ F5 M HE - www. stae. com. cn



B R 5 TR

9562 Science Technology and Engineering

2025,25(22)

SEF R BT R BT RE S, SR, % F CFRP
M E A 3 45 1) SRR AR LU BT RE O 22,
G Je 1 4l BV R A7 sk P it ad R b, B2 0B
e v 2 W HE AR, B AR B A R HEAR TR, S8
CFRP M 32 JE R 43 A AR ¥ 5310 ki 7 3t 7 ik 5]
CFRP #x AUt h 55 B2 B, CFRP #x Bl % 2 B 24 mk 2R
PG, TEUCIEOUT 4l L A0 4 R 3, Bk A
UK AR CFRP MU EE A A BHE RE . A T Fe 0y & 4%
CFRP i) 51 801 BE , 0 250 % 4% G2 it BL kAT 44k,
DLRUIE L B8 w5 008 A 04 n 1 285 4, 12 v &5 4 {1
%ﬁ:‘)-lﬂ] .

AR I, RZ 2 E B R IX — A B, IREF X
HBIAHLHIHEAT TIRABRST, #1217 ff He iz n)
TR A RO, BRI o 2 A X S Al 7Y
B ELAE R — RO R BT R T e Al iy o i T
3, IRl A BROTEE, IEIR A RU# Y T CFRP i
FEWT A0 A 1) B 7 T 2848 1T 2 AR 8 1) BY D) IR
et e P b SR LR b 4R Uk T s, 9
A I IR I, X T B AT LA S0 CFRP i
ot JEL G T ) R 1) B N S RN T BT R g, SRR 1
3 g ) A e R 55 0 Al TG R 11 A BIR e A AR 4L
kpr I AR, WL ER B A Al L TS R A P AR
BEAR R G X s B Y Y ) AR T HO AR TR
& s 235 i A A g, sk R T
— BRI T, B BR R e R TS R i R AT
“HIBD” AL FE BRI A, L2 B RS S0 S 45° 40
D7 4L, AR CFRP AR 52 3 R 359 51 1 1 H
I3AR, Tan Z1WFE T T CFRP A RIH:FE ML
B RS, 0 AT A EAE T, il CFRP AR
1A 5T, - a3 56 56 I L ROR Gk #
98% I I, AN, SCHR[ 15-16 | &% HE e F iyt
P T e R Y T T PR S 1A TR oA T 2
Fy X — Bt B T i e B 2T 4 A rb S T RE DR B TR
FIAS TR 55 592 B v 1] X 38 & A AR G RS A ) R [
At A Bl T4 P L % 8 T R e S 300 X At L o
MRER AL T 9, SR, LR BF R E AR R Z
Ak T B o SR AT IR A5, IR R Y
FAISEL L B e Fr iR TR T iy oIl v T2 =2 45 X 4 L
()5 AR 2% TR

ZE L TIR X F AR R B CFRP BN 7 43
A SIS O R A 8P 2, SR M X 42
e U B BB R O T H ORI A, TE4S
LB AR B R B AR T I i LA,
R TRl AR PN BE 37 21855 5 7 4 I = A i AR TR
HETFECE AR 5 3¢ 22 (8] H IR B, o 30 52k
e ias T PG 5 & CFRP AR Hi 2 350 8 ARG A

[ &SNP JISE

ST, BB e R A ARG B R TR
T R A R S P PR A B B B B < i 23 BB
B PRSI I v PR 5 I RE G R e fih e
AR F 5 5P 42 it AR, 4 T L 9 e i
RUBE, I Wi fR CFRP M52 1 730 A 34 50, A 2L ik
CFRP A [RBE SR a8 0 156 171 5 | ) BB AR , 3 T 4 e
BIRAS A TR e R B I i B 19 AL 1)
R, PR3 AR 0T i L i 1T 2803 Y R i
HLl

1 ZhEMZITRARTE

1.1 FEREINEITNE

Je Fr i E: R RIEAL GBI I 7 1 T 51 A
TR e N =R R BUE AN B X SR N2
F SRR TR P ik B T, a2 17 3 ) R A mRR Y B
JERLHE .

WE s, BB R iy R T o R 5K
JEAR, BARFEE N . e F i L b i [ 26 i 3 M4
SIFATREIR I 31X 3 A s a3 e B il 2 rh i o
MIASFRS [ e B 3 il A, DL F 36 i
T ] P Y B.C P Ri . A % BC HEABWMER
PR BB E SN I 7 RS BE e, 7 Z BT L
AHFRC [ A REE AFR | SJ 7 4 JEE 5 2 B0 4 /N P
PMITE X Jhoy ) b, B A 0 S e B 8 Oy
— B R T e R BT RS B P E R e

B
AN LA E.--mc
|
_______________ _|i CFRPHR > 7
L/ /|
0

KT e Ao o s 2 1A
Fig. 1  Schematic diagram of the clip’s arch profile
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Fig. 2 Schematic comparison of the contact relationship

between the anchor cup and the clip in the initial state
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Fig. 3 Schematic comparison of the contact relationship
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between the anchor cup and the clip under applied load
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Fig. 4 Schematic diagram of the force on the contact

surface between the clip and the anchor cup
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Fig. 5 Schematic diagram stress distribution on the

inner surface of the anchor cup
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Table 1 Main design parameters of the components
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Fig. 7 Stress cloud diagram of the clamped part of the CFRP plate
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Table 2 Finite element simulation results

Fig. 6  Simplified finite element model
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finite element simulation and static load test
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