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Experimental study on the influence of temperature on mechanical
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Abstract: Fiber Reinforced Polymer (FRP) composite materials, known for their lightweight, high
strength, fatigue resistance, and corrosion resistance, are gradually becoming important structural
materials in the field of civil engineering. Among these materials, Carbon Fiber Reinforced Polymer
(CFRP) rods possess high tensile strength, making them advantageous for application in cable structures
and widely used by engineers in bridge structures. The epoxy resin adhesive used in the CFRP cable matrix

and bonding anchoring system is temperature-sensitive. This paper focuses on the CFRP cable epoxy resin
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bonded anchoring nodes, conducting load-bearing tests on anchoring systems under different normal
operating temperatures. A systematic study of the mechanical behavior of the CFRP cable anchoring
system in extreme low and high-temperature environments was carried out. The results indicate that the
performance of bonded anchoring nodes is significantly affected under extreme temperature conditions,
particularly with a noticeable decrease in load-bearing capacity in high-temperature environments. In
contrast, the impact on load-bearing performance is relatively weaker under low-temperature conditions.
The failure mode of the anchoring nodes in high-temperature operating conditions is characterized by plastic
deformation between CFRP rods and bonding agents, while in low-temperature conditions, the failure
mode is manifested as slippage at the interface between CFRP rods and bonding agents, as well as between
bonding agents and steel anchor sleeves. This paper provides a load reduction coefficient for the CFRP rod
anchoring system considering high-temperature effects in practical engineering, offering crucial insights for
the subsequent engineering application and maintenance of bonded anchoring nodes.
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Fig. 1 Bridge examples applying bonded anchorage joints
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Table 1 Performance of carbon fiber filament and CFRP
rod cable
Tk 21 4 22 CFRP %
PLAER B/ MPa 4900 1 800~2 200
FiL it /GPa 230 130
R/ % 1.8 1.5~1.6
2 REWMERKEEE
Table 2 Propertities of epoxy colloid
bR/ . ST Uy A/
MER/NA
MPa MPa MPa
107.6 0.2 19.2 21.3
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Fig. 2 CFRP cable and anchorage system materials
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Fig. 3 Specimens of CFRP cable anchorage joints
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Fig. 6 Failure patterns of specimens under high-tempera-

ture load cases
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test load cases
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Table 3 Summary of test data under high-temperature conditions

FENEE TR T/C N F,i/kN 8,1 /mm F.,/kN 8,2 /mm F./kN
W-25-1 25 2 12.57 0.76 40. 01 2.08 37.26
W-25-2 25 2 16. 69 1.36 42.26 7.38 22.13
W-25-3 25 1 30. 64 2.79 — — 31.37
W-25-4 25 2 12. 66 1.24 39. 64 2.39 38. 24
W-25-5 25 2 14.63 1.06 42. 68 2.12 36. 64
W-45-1 45 2 17. 40 2.63 36. 32 8. 09 16. 10
W-45-2 45 1 49. 33 5.93 8.18
W-45-3 45 1 48. 26 — — 5.06 12. 62
W-45-4 45 1 42. 64 — — 5.36 11. 62
W-45-5 45 1 44. 69 — — 5.09 16. 16
W-60-1 60 1 44. 21 — — 7.28 14.12
W-60-2 60 1 43.33 — — 5.96 4.71
W-60-3 60 1 40. 35 6.62 8. 94
W-60-4 60 1 46.16 — — 6.24 8.16
W-60-5 60 1 44, 62 — — 6.19 7.98
W-75-1 75 2 26.55 1.56 41.50 7.63 6.50
W-75-2 75 1 37.23 — — 4.31 6.32
W-75-3 75 1 36.18 — — 4. 65 5.98
W-75-4 75 1 34.69 — — 4.19 6.17
W-75-5 75 1 35.17 — — 1. 39 6.06
W-90-1 90 1 22.04 — — 3. 64 4. 29
W-90-2 90 1 23.37 3.95 6.00
W-90-3 90 1 21. 64 — — 3.81 4.23
W-90-4 90 1 22. 39 — — 3.35 4.71
W-90-5 90 1 22.16 — — 3.97 4.31
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temperature load cases
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Table 4 Summary of test data under low-temperature conditions

R_MEwms T/C N F,- Fiz- Fi3- Fiu /kN O41-042-045-8,4 /mm F./kN
W-D5-1 —5 3 7.92-17.87-62. 54 0.44-2.91-6.01 —
W-D5-2 —5 3 11.68-12.33-53.99 0.68-1.47-4.37 39.21
W-D5-3 —5 2 13.01-52. 66 1.55-4.42 45.97
W-D5-4 —5 3 9.68-14.16-34.11 0.80-1.11-3.22 50. 77
W-D5-5 —5 3 8.32-12.34-53.98 0.39-1.24-4.69 42.64
W-D10-1 —10 5 9.86-8.86-47.71-7.56-15. 25 0.78-5.35-13.48-16.97-20. 11 36. 35
W-D10-2 —10 4 13.19-41.09-48.15-47. 86 0.68-4.35-7.01-8.97 46. 32
W-D10-3 —10 7 8.04-23.05-31.17-55.28-55.98-53.57-46.860.56-3. 26-3.84-5.62-5.82-6.21-6. 31
W-D10-4 —10 4 10.46-12.46-43. 64-44. 64 0.71-3.79-5.96-6. 04 42.64
W-D10-5 —10 4 8.06-12.34-41.36-36.16 0.69-1.68-5.21-6.03 44, 37
W-D15-1 —15 3 7.30-7.12-57.31 1.03-1.24-8.69 55.54
W-D15-2 —15 4 10.09-12.48-57.60-8. 48 1.21-1.48-4.84-6. 37 48.74
W-D15-3 —15 3 6.68-11.13-49. 60 0.53-0.89-4.93 49.03
W-D15-4 —15 3 7.23-10.24-50.16 0.61-1.14-4.71 46. 36
W-D15-5 —15 3 6.37-12.16-49. 61 0.54-1.03-4.63 48. 64
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Table 5 Comparison of test data under different temperature load cases
Wi 5 T/C Fou/kN Fou iR 1E/ % d/mm F./kN F. W@ {8/ %
W-D15-P]J —15 52. 86 32.12 5.56 49. 66 33.28
W-D10-P]J —10 47,57 18. 90 6.924 42.42 13. 84
W-D5-P] —95 55.79 39. 44 4,542 44. 64 19. 80
W-25-PJ 25 40.01 0.76-2.08 37.26 -
W-45-PJ 45 46.23 5. 54 5.36 12. 15 —67.39
W-60-PJ 60 45.73 14. 30 6.25 7.45 —80.01
W-75-P] 75 35.82 —10. 47 4.39 6.13 —83.55
W-90-PJ 90 22.82 —42.96 3.74 4.34 —88. 35
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Fig. 14 Ultimate load under different temperature load

cases

80
— — W-DI10-1 — — W-DI15-1
70 4 —— W-25-1 — - —=W-45-1
60 - — - =W-60-1 — - —W-90-1
1 "'"
504 4 I’ \
Z a0\ VN
S 14
304 {\, /! L \
Noagt [N
0[N [N
P I_l_ T et
1044 AU [y TN S e
/ Y. ¥
o Ja LN AU
0 5 10 15 20 25 30 35
d/mm
B15 SREIZREFTH-LBE/ML
Fig. 15 Load-displacement curve under temperature

load cases

o I R T 503K 56 ef 8- F% i R R & 15 fT R L AR
Tk PR A5 T 1 Wl B ey 282 o T v Tl R ) B B A 2
& TR (R0 R P B8 T T SRR g g Al 11 42 R 45 4 R 7
L p R 2k B SR (L RV [ A K 3 i R PR A
AR Foa Jir » BRI 2 55 CRUVE 115 5 000 KG 45 0 B )
FARE S FoO R ] . AR R R BE R A 1
5B AR T R A BN 0 3 1 A 1R TR R AR IR B
B R W NG IR 235 i A% 2 e 1A RN Al 1 AL T 1
RS BRI IR S IR AT RS B S
CFRP HE&R A1 & K 45 88 . RN S i 3R,
Hh AP IR R R R Y A5 R A A IR BT Al T
K5 W B AR, HAE RS0 1 B W Bk e ) 3¢
JIN 5 PR TR 2R 7R 1 A 1 Y 0 R A I Y A
K25 W B B /N, R S RG 25 18 B B B K.

B TARECR A T, 2K ) AHE T 3,
AT TR R BT T 73 3 T 386 in w4 o 22 4 i 4% T e L
IREE R FE 25 °C~45 °C A BRAZ S 1Tt 45 °C ~
90 °C . W B AR 2% F1 T R AR HE 4 14 7T R 1k B 1Y S B

1) 7 3 I B PR T LR 4 2R [ R B
AN TR AP BE AR AL ZEARIR PR L Bl [ 5 05 A0 Bl FR K
AT R K A 5 TR IR 5 e PR BR R AR A
TE e TR FRIEE T A 11 A5 A A0 PR R 8 il 2 Ol 25 30
Fo I 19 AR 2 RE 1 T Bk, Rl 405 S T A5 IR 52 R 5 e s
PRV B B IR A

2)FE il PRI B I 1Y AP R 45 R B
ZE P AE CFRP % 50K 45 J5 1A 19 ht 245 53t i 5 3.
T 7 Rl P 358 o OB 465 9 B R 2 B SR B AE CFRP
PR 2R 5 5 M AR LA RO 235 i A 15 9 i 7 22 1) )RS 25
GRS JFG rFORS 25 i A 5 4 T £ 5 T s IR Oy 3
RRAE. T 86 2 S R BE 4 50 A [) B 05 2% 4F R BE I AN
o FHRG 45 58 [ g It T B H G R

3) FHE TR IEL B 55, vy I B S5 00 Rl 445 i [ 5 A
e BR A 52 W B0 B AR 2% ey il 2 358 K UL
JRE X i 45 R 11 7 A A BR R 3 0 S B e b
BOCR A 0.9 Fr ik 28 Bk 17 48 8] 28 e R 80035

2% 3k

L1 ®h 48 XUAR P, 7 . &F 4 3 5 4 i 2 52 & b1 RHFE + AR5

il et Uk b Y BT LT DL R Dol K222 R CH AR 2
i) 52020,42(5) : 543-554.
HAN Juan, LIU Wei-qing, FANG Hai. Application of
fiber reinforced resin matrix composites in the civil infra-
structure field [J]. Journal of Nanjing Tech University
(Natural Science Edition), 2020, 42 (5) . 543-554.

[2] ELREFAI A, WEST J, SSOUDKI K. Performance of
CFRP tendon-anchor assembly under fatigue loading
[J]. Composite Structures, 2007, 80(3): 352-360.

[3] YANG Y,WANG X,WU Z,et al. Damping properties
of FRP cables for long-span cable-stayed bridges []].
Materials and Structures,2016,49(7). 2701-2713.

[4] WANG L, ZHANG J, XU J, et al. Anchorage systems
of CFRP cables in cable structures—a review[]]. Con-
struction and Building Materials, 2018, 160: 82-99.

[5] KARBHARI V M. Use of composite materials in civil

infrastructure in Japan [R]. International Technology



%14 ML, E, BEN CFRPH 2R EMEREME R LT IR REAR 79

Research Institute: Baltimore, MD, USA, 1998. 211.

[6] MEIER H., MEIER U. BRONNIMANN R. Zwei CFK-
Kabel fiir die Storchenbriicke [J]. Schweiz. Ing. Ar-
chit. 1996, 114. 980-985.

[7] MEIER U. Structural tensile elements made of advanced
composite materials [ J]. Structural Engineering Interna-
tional, 1999,9(4), 281-285.

(8] Eiakvk My 284k, B W H e CFRP &AL H w5t [T
AR TARMR, 2007,40(1) : 54-59.

LV Zhi-tao, MEI Kui-hua. Research on the first CFRP
cable-stayed bridge in China[ J]. China Civil Engineering
Journal, 2007, 40(1): 54-59.

L9 4F1EVR , 257K, Rt ZE, . CFRP hr g A8 W B 7 45 1
B E R I EREDTTE [T ). HIRAE M 224, 2024, 45,
(3): 220-231.
NIU Yan-zhao, LI Cheng-gao, XIAN Gui-jun, et al.
Mechanical properties of CFRP cable bonded anchorage
system with variable stiffness [J]. Journal of Building
Structures, 2024, 45(3): 220-231.

[10] B, FWr, 2N, FRP ¥ TR KRRIM]. dt

BB A, 201771
WU Zhi-shen, WANG Xin, WU Gang. FRP rein-

forced engineering structure system [ M]. Beijing: Sci-

ence Press, 2017 71.

C11] 2P, XN, FIE 5. 42 &M RHRLR Y5

Wi R R R Re e e R [T, SN M %4 . 2022,
43(9) . 45-54.
WANG An-ni, LIU Xiao-gang, YUE Qing-rui. Re-
search progress on anchorage system and service per-
formance of carbon fiber composite cables[ J]. Journal
of Building Structures,2022,43(9): 45-54.

[12] ASTM D7205/D7205M-21. Standard test method for
tensile properties of fiber reinforced polymer matrix
composite bars [S].

C13] Ju AR5 SRV T L 55 Ao ool % {07 1D I BB 0 45 440 O 32 B
E L) ] @ HA 5 TSR, 2017,34(4) : 9-18.
FAN Zhong, LI Xia, CHAO Jiang-yue, et al. Re-
search on temperature value of steel structure in termi-
nal building[ J]. Journal of Building Science and Engi-
neering, 2017, 34(4). 9-18.

(147 B —%, EAE. WA 1 H R R 3 R AR IR
EAFFE L], MR A S AR . 2021,43(6) : 52-57.
SHENG Yi-an. WANG Bai-sheng. Study on sunshine
temperature field and temperature effect of steel struc-
ture components[J]. Low Temperature Building Tech-

nology,2021,43(6): 52-57.

RS SIS SIS IS SIS SIS SIS SIS S SIS SIS ST SIS SIS SIS SIS SIS SIS SIS S S-S SIS SIS SIS S

(E#% 70 50

[8] HANAOR A. Geometrically rigid double-layer tensegri-
ty grids [J]. International Journal of Space Structures,
1994, 9(4) . 227-238.

[9] MOTRO R. Forms and forces in tensegrity systems [ C]
// Proceedings of Third International Conference on
Space Structures, Amsterdam Elsevier, 1984,

[10] MOTRO R, NAJARI S. JOUANNA P. Static and dy-
namic analysis of tensegrity systems [ C] // Shell and
Spatial Structures: Computational Aspects. Proceed-
ings of the International Symposium., 1986, 26:
270-279.

[11] ROTH B, WHITELEY W. Tensegrity frameworks
[J]. Trans, 1981, 265(2): 419-446.

[12] CONNELLY R, WHITELEY W. The stability of
tensegrity frameworks [J]. International Journal of
Space Structures, 1992, 7(2): 153-163.

[13] CONNELLY R, WHITELEY W. Second-order rigidi-

ty and prestress stability for tensegrity frameworks
[J]. SIAM Journal on Discrete Mathematics, 1996, 9
(3): 453-491.

[14] CONNELLY R, TERRELL M. Globally rigid sym-
metric tensegrities [ J]. Topology Structural, 1995, 21
(6): 59-78.

[15] VASSART N, MOTRO R. Multiparametered form
finding method: application to tensegrity systems []].
International Journal of Space Structures, 1999, 14
(2): 147-154.

[16] DAVIDE C, ANDREA M. Structural performances of
single-layer tensegrity domes [J]. International Journal
of Space Structures, 2012, 27(28.3): 167-178.

(177 Brasse, X8 B ok 2 0K = e bk ok g5 40 i [T
REFER 224, 2000, 33(1): 89-93.

CHEN Zhi-hua, LIU Xi-liang. Study on tensegrity
structures of triangular prism unit [J]. Journal of

Tianjin University, 2000, 33(1): 89-93.





