International Journal of Mechanics Research 7727t %%, 2025, 14(1), 11-20 Hans X
Published Online March 2025 in Hans. https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2025.141002

AR TR HEEER AT SHHNE
SR IF RN

Faw, B K, EFTHR
HRBHER AR R S e S e, B

Woks . 202542 100 FHER: 20254F2H25H; & A H: 20254F3H14H

HE

AR FRGEN T B R TR A RIS S AR (CFRP) B R Be 45 T B ME AR O , 8 I A A b 11 R 48
) ] B 48R0, 28 T CFRPEEARRIRE ST (-30°C, 20°C, 70°C, 140°C, 180°C) I 1234 RE 5 53K
B, BRTHWEEEEETINE. HRAERRE, EHREERAERT, JEFETHEE
ZRiR B (Tg)iy, CFRPE DAEMBAFERBRBILE, RMHEEHILIREE(SEA): MAEESTTg
i, BN PR N IT S, SEARE T, RPMPHEREIE T R AEMRERTE. 7
Wi E4883% T, CFRPEIREBR IR ERILH AR e ik, BRI TgiEFE G E WA AABRNER
HEeH. EEEEHRH—SHE, SEARTKIETRAES . K REN T EECFRPE f#ERAI R
PUBI BB, NCFRPE I # i # i 5 MR IR IR B B S B 45 T SR 3

X 5in
CFRPYE, ML, MFAEL, bk

Experimental Study on High and Low
Temperature Mechanical Properties of
Carbon Fiber Reinforced Epoxy Composite
Tubes under Compression Loading

Qichang Li, Bing Du’, Yuhang Ren

College of Materials and New Energy, Chongqing University of Science and Technology, Chongqing

Received: Feb. 10%", 2025; accepted: Mar. 25", 2025; published: Mar. 14, 2025

EIREE

NEFIH: Y, MK, BT RGBT 4R RIS R SR R IR 2R R B ). 0
1 %t, 2025, 14(1): 11-20. DOI: 10.12677/ijm.2025.141002


https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2025.141002
https://doi.org/10.12677/ijm.2025.141002
https://www.hanspub.org/

ZFarly %

Abstract

This study investigates the effect of temperature on the crashworthiness of carbon fiber reinforced
epoxy composite (CFRP) tube energy-absorbing structures. Using quasi-static axial compression
and lateral compression tests, the mechanical properties and failure modes of CFRP tubes were sys-
tematically examined at various temperatures (-30°C, 20°C, 70°C, 140°C, 180°C), providing a com-
prehensive analysis of their crashworthiness. The results indicate that when the temperature is be-
low the glass transition temperature (Tg), CFRP tubes primarily absorb energy through fiber break-
age under axial compression. Conversely, when the temperature exceeds Tg, the predominant de-
formation mode transitions from petal-shaped failure to progressive folding, accompanied by a sig-
nificant reduction in specific energy absorption (SEA). Under lateral compression, the energy ab-
sorption behavior is unstable; however, specimens exhibit enhanced load-bearing capacity near Tg.
With increasing temperature, the SEA declines sharply, reflecting diminished energy absorption ca-
pability. This study highlights the critical influence of temperature on the mechanical performance
and failure mechanisms of CFRP tubes.
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Table 1. Parameters of CFRP tube specimen
#* 1. CFRP EMit 2%

J5 [ (mm) £ & (mm) HE(g) H4%(mm) 2% (kg-m™)
2.0 120.0 56.0 59.8 1.8 x10°
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Figure 1. Ambient temperature chamber and quasi-static compression test method
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Figure 2. Load-displacement curves of CFRP tube axial compression test at different temperatures
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Figure 3. Failure of the specimen under axial compression
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Figure 4. Relationship between failure mode and temperature in axial compression test of CFRP tubes at different temperatures
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Figure 5. Load-displacement curves of CFRP tube flatwise compression test at different temperatures
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Figure 6. Morphology of the specimen after flatwise compression test
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Figure 7. Failure of specimen under lateral compression
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Figure 8. Energy-displacement curves (a) axial compression, (b) flatwise compression
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Table 2. CFRP tube axial compression crash resistance index

% 2. CFRP EHhE E MR ME 1% REFE IR

B EA (K]) PCF (kN) Fim (kN) CFE SEA (kl/kg)
-30°C 3.06 7291 34.03 0.46 54.64
20°C 2.81 66.44 3131 0.47 50.17
70°C 2.60 69.14 2891 0.41 46.42
140°C 0.28 13.88 3.16 0.22 5.00
180°C 0.11 7.29 1.23 0.16 1.96

7 3 M5 9 BN T CFRP B M) R4 (i i PERedabr . SR E4aAH L, 0l 46 1) SEA {8 3% %
%, 25 FEIR T8I A E] ) H 4 E A S 21 4 (¥ e R e e &, 0] 1) s 446 D) 52 PR T S
SRIEMBARNERE . E-30CHEL T, SEA % 20°CHf FFEZ 0.2%; 180°CHELT, SEA N4 73.2%. A
CFRP A 1 4g T B P Febr FR A B . iR JEAC T Eid%in Tg I, CFRP EALHAL, BUAEE
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Table 3. CFRP tube flatwise compression crash resistance index
% 3. CFRP B [aE 4414 BEHR 4R

A EA (J) PCF (kN) Fim (kN) CFE SEA (k/kg)
-30°C 51.72 4.99 1.07 0.21 0.923
20°C 51.83 438 1.07 0.24 0.925
70°C 51.34 4.00 1.07 0.26 0.916
140°C 50.38 3.08 1.04 0.33 0.899
180°C 13.94 0.64 0.29 0.45 0.248
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Figure 9. Crashworthiness radar diagram (a) axial compression, (b) flatwise compression
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