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Safety evaluation of W-beam guardrail on freeway

CHEN Tao', WU Ling-sheng®, TIAN Dong-xiang', WEI Lang'
(1. Key Laboratory of Automobile Transportation Safety Techniques of Ministry of Transport, Chang’an
University, Xi’an 710064, Shaanxi, China; 2. Sichuan Expressway Construction

Development Corporation, Chengdu 610000, Sichuan, China)

Abstract: In order to achieve rapid evaluation of guardrail safety in Chinese freeway
reconstruction and expansion projects to meet the revised design requirements of traffic safety
facilities standards, research on the W-beam guardrail collision safety evaluation was carried out.
Finite element models with plate thickness of 4 mm for the new standard W-beam guardrail and
the plate thickness of 3 mm for the old standard W-beam guardrail, the constraint model of soil
and column, and the integrated finite element model of Chevrolet C2500 were established.

Contact area in the collision of vehicle body and guardrail was locally refined by grid. The
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accuracy of finite element models for vehicle-road-guardrail was verified by real vehicle test. The
difference of design standard for different guardrails was analyzed, and the improvement program
of adding middle column for the old standard guardrail with plate thickness of 3 mm was put
forward. According to the evaluation specification for highway safety barriers (JTG/T F83-
01—2004) ,the crash simulation test was conducted. The parameters of finite element simulation
of the guardrail maximum deformation, accelerations of vehicle body centre of mass, the degree
of vehicle driving-out were then acquired. The safety performance of the old and the new standard
guardrail and revised guardrail was compared, and the feasibility of the improvement program
was evaluated. The results show that the relative error of the maximum dynamic deformation is
2.8%, and the error of degree of vehicle driving-out is 1° by comparing simulation test and real
vehicle test, which proves the accuracy of the established finite element model of vehicle and
guardrail. The deformation of improved guardrail model after collision is 436 mm, the three-axis
accelerations of vehicle body centre of mass are less than 20g, and the degree of vehicle driving-
out is less than 12°, which are all within the standard range. Therefore, the improved design of
guardrail is feasible. The three-dimensional nonlinear finite element simulation method can
rapidly evaluate the safety performance of W-beam guardrail and improve the design efficiency of
freeway safety facilities. 8 tabs, 6 figs, 19 refs.

Key words: traffic engineering; W-beam guardrail; crash simulation; safety performance; recon-
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Tab. 2 Structure parameters of Grb-A-E W-beam guardrail mm
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Tab.3 Material parameters of W-beam slab and prevention block
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Fig. 1 Treatment of constraints of guardrail post

PR A AL 22 1) SR P v o R R A I L P 3
B R IR RE H R R B R S5 AL B9, R )
PRI BR Dy 67. 6 kN BT 4] Sy B R A BR Oy 39 kN,
TE A5 50 55 I A i A o A el BB e AR O R i
IR W 2R DL . O T B A A S PR A O
TEAll 13 07 0 Fo/F ik SE MR A S A IB S A 3 8 . AE
PAM-CRASH H v fi] A W A 2 TR 540 5 3
B B BB L ST A 22 ) 0 3 e 2 U 2 AR 2R
TR 32 ) 7 B R RO W ) e 2 e AR 2L
2.2 REARTER

AR SR B 8 A R S /N RV G R RY L LL S
2% (C2500 Pickup by Ji 0 g 57, A AU 4510 66147
B, 10 6414 B8 91, K 5 452 mm. 5 2 000 mm, &
1 825 mm, BRGNP 2 fron. & 2 o X
R AT B T 6] Y O R e AR R K T B R 4
AT B ) 1) 3 L 18] 5 Z A RS AR TR T T

B2 AR

Fig. 2 Finite element model of vehicle
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Tab. 4 Evaluation specification for highway guardrail safety
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Tab.5 Parameters comparison between simulation

test and impact test

X R KR A | REREMOE/ | R
Jem H A #/kg BE/CY |(kme h 1| fiE
D FH W 57 HE
1520 20 100
KK |2 3.0 o Ji]
[ip=* W 7 HE
Tl > 1520 20 100
e | ]

eI 3 v ¢ Ry 300 ms I RIE 9 45 R 5 5 4 il
AR e AP AR S A [R]  f 4 aod A
TR S B 2 AR SLAE



96 k& XFFHROARAHFR) 2017 %
, ‘ ‘ ‘ TR A 2k AR v AR RO Y = R R I
] 4 PR R R R AR R XYL Z g
s PIFE20g LR o B S R Y N ] S 12 msH L SR
() t=0ms FL5 490 #2 T B 2 fo s 25 1R 9 3 JF JR 980/, 150 ms
. I 250 A4 R 56 B 38 ST A 7 B 5 Sn R A ek —
A—‘—ﬁ A0 W s 0P A T I B A . i 4
(b) =100 ms A E], X ) R 0 A AR R R KL X STk
‘_ﬁ ‘ CL8 T RS BT P 10 ms 61 A 24
(©) =200 ms B A o AT 3 2 AR 5 0 i 3 B e KL, 2 08 4
AT 1Ak BT A5 A A 0 i A R OM 10, 2g.
— . % 6 0 T 07 SRR 15 R R HE
(d) =300 ms FR I 3R B K sh AR T i 5 52 R 50 250 1 A
3 R XPR2E R 2,900 B AR X IR 22k 2,506, RUIA
Fig.3 Impact process SSCAEE TR B A e M Sz ke S o il R A OO
0.15¢ 0.10 0.151
‘E 0.10} E 0.05} E 0.10+
= Jg—o.os- @ 0
§ 0 g—o.lo— g—o.os
—0'050 160 2(|)0 3(I)0 —0'150 1(‘)0 2(I)0 3(|)0 —0'100 l(I)O 2(|)0 3(‘)0
I} [8]/ms B [8]/ms i [8]/ms
(a) 26 H 200 1 8 BE XT) (b) 2 {8 1 0 3 (YD) (c) 26 P 4 £ I 82 FE (21
B4 2R PR A 2
Fig.4 Acceleration curves on centroid of car body
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Tab. 6 Results comparison between simulation test and impact test Tab.7 Simulation programs on vehicle impact with guardrail
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Fig. 5 Comparison of impact with different guardrails (=300 ms)
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