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Anti-collision performance of FRP-concrete combined guardrail
under heavy vehicle impact
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Abstract: To improve the protective capabilities of existing low-grade concrete guardrails against heavy vehicles,
three types of composite protective plates designed for direct installation on the surface of concrete guardrails
were developed. Refined finite element (FE) models of truck-guardrails were established, and the reliability of
these models was verified by comparison with crash test results. Six evaluation indexes, including impact force,
collision angle variations,vehicle trajectory, height variations of the carriage box tail,vehicle dynamic extroversion
value and camber angle, were considered. The anti-collision performance of the three schemes was compared and
analyzed. The results indicate that all three kinds of guardrails effectively guide vehicles to turn smoothly during
the integral truck impacts. Scheme 1, without hindrance, demonstrates superior performance in key indices

compared to the others. Under towed truck impacts, scheme 1 exhibits excellent guiding and blocking capabilities,
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with an exit angle of only 0.75°.The protection energy of the combined guardrail reaches 650 kJ, providing a
protection capacity 4 times greater than the existing low-grade guardrail.

Keywords: combined guardrail; crash simulation; anti-collision ability; composite material
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Fig.1 Structural dimension of combined guardrail(unit:mm)
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Fig.2 Damage comparison between FRP and concrete plate after 20 times of continuous percussion
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Fig.3 FE models of heavy vehicles
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Table 1 Composite material parameters
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Fig.5 Verification of FRP material parameters
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Fig. 6 Verification of core material parameters
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Fig.7 Energy curve of of scheme 1 Fig. 8 Time history curve of impact force
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Fig. 9 Collision angle variations
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Fig. 10 Trajectory of collision vehicle
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Fig. 11 Vehicle rolled-over index Fig. 12 Height variations of the carriage box tail

T M AR AR A AN 1B 13 BT, 76 BE A TR BE L4 R a8 R, 2 0 e K A A a5 B 80°, T B — AP A Rl 4 T
ARy 150, AMBFE B R AR T 433% . 420 20 25 AR I 2l 2 G 18] 14 o , T DL 30 07 58 = 0% S 4 A B
B, e R KCF BB A 3 1.6 m, TR — U 1 mo SREAREE L REARLL, Or & — 3R N R sh 40
(B REAR T 166% o 38 3o &5 B % LU AT 2 BEL AR 7 A DS G U2 000 300 58, A s 2 W1 353 B 97 AL | BHEL ™y
B AP RUR 2

HAR BT A g 5 45 0 R RE A AR S A N A 15 TR, 0.3 s I %) 4 Sk il 9 B B, 3 b O SR 1 AR —
AT AR B AR I D 1], ZE RS 20 IR e Wi R L A S s S AT B 5 L A PR 15(0) TR . 0.6 s Z
Y TR 7 A i RBP4 B A, 40 LA A S e 00 Sy S A B 2 e 6 3% TR) 57 R i — 20 R R
DT, AP 15Ce) B s 50.9 s 2, 5 58— 5 07 3R R A5 e SR 8, [a] i 1) O35 g4 R, O R = AR
i R B 1) B ) A T AT A XU L L B A A R B M T, AR S A 25 W 15 (d) iR 5 1.2 s O
ST AR Bl AR | B S B R O 5 AR R R AR W R 15 (e) TR o R A5 R DL S R B, 1R AR
W AT & 2B e S IR, 28 B = SE AT VAR S R R L IR AR S A AR R R A IR I 15 () BT . BER A
2 7E T Y A A4 o I A B B A 3O DR A PR B T RS 5 2 ) A TE 10 e [B] B {75 5 6 Il 48 4 A
AR AR RRATURE, G 15 Ce) BT o I, TR B b 4 R S ok 39 TO0 15 i 358 o™ 5 T i S A TS L B A 04 A i 4
TN, 2550 2 e 25 3P RS R, (OO 3 T AT S, e & B0 4 o 7 2 AP RS g A 9 Ak S A R Ak
A3 R T S A R AT R R R R R A A O A R BELR A R T — A A S I R AT SRR Ak



% 4 ¥ HMH,F .FRP-RELHSAXFPEGFEAEHBE LS 59

B Et R H, BELCR™ H Ao A7 B T2 g 55, A 1S () Brs o NI, 7 R —ZR A PR RE e L, RETE
TINAT 25 1k AR A BB, R B2 4 o

80T 4r
—— g~
70 3 —— §$;
&t - gi; 5 5 —— BEAiREE LA
> —— FR= i
& 0T — AR B
= £ ZERR SR A R R 5 i
z 40 8,
E B
# 30 -
&1}
20
-2r BRI PR
10
3}
0 L 1 1 1 1 1 1
0.0 0.3 0.6 0.9 1.2 1:5 0.0 0.3 0.6 0.9 1.2 1.5
EIS If 1] /s
13 EFHMAAETK 14 F@HIHHIMIE
Fig. 13 Vehicle inclination angle variations Fig. 14 Vehicle dynamic extroversion value
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Fig. 16 Vehicle height variations Fig. 17 Vehicle overturn variations
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Fig. 18 Overcoming rolled-over process
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