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Material selection and structural design of highway lightweight guardrail
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Abstract ; Traditional carbon steel guardrails have the disadvantages of high weight per unit volume, high car-
bon emissions during production and transportation, low product reuse rate, and easy entry of vehicles into op-
posite lanes in collision accidents. A new type of stainless steel (QN1701) was selected as a lightweight guard-
rail material. Chemical composition analysis shows that it has the characteristics of high manganese, high chro-
mium and high PREN value. Its tensile strength reaches 740 MPa, yield strength is 430 MPa, and its elonga-
tion is 54% , which is 56% ~72% higher than the corresponding mechanical index of traditional carbon steel
(Q235), and therefore has higher structural safety. According to the theoretical calculation of Newmark-3
method , the QN17011 guardrail structure system can effectively reduce the severity of the collision and protect
the vehicle from rushing out of the guardrail. The guardrail structure with the design protection class being SB
is 48.3% lighter than that of Q235 carbon steel guardrail. Numerical simulation results show that the safety
performance of the new stainless-steel guardrail meets the requirements of SB-level crash worthiness.
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Tab.1 Comparison of chemical compositions of QN1701 and Q235

w/ %
RUKL
C Si Mn Ni Mo Cu N
QN1701 <0.15 <1.00 5.0~8.0 16.0~18.0 1.0~2.0 <0.60 0.8~3.5 0.2~0.3
Q235 <0.20 <0.35 <1.40 / / / /

1.2 QN1701 hZFEsE

QN1701 F1 Q235 Jy2#tEREXT L L3R 2, &0R
W GG L BELE TR, AR ELEE N 1.2
mm [ 5 44 BE, QN1701 (1) BT 7 58 & Ry 740
MPa, %R Q235 (430 MPa) ¥ 1.72 i ; HJE IRk 5%
JER 430 MPa, 2424 Q235 (275 MPa) ¥ 1.56 f%;
HAEAAN 54% , 2920 Q235(33%) 11 1.63 £,
I HA T S S 2 A

&2 QN1701 #1 Q235 HFEsExf b —Si &k
Tab.2 Comparison of mechanical properties of
QN1701 and Q235

BIkF  PUPLERE/MPa JEARGRE/MPa ZE{HZ/%
QN1701 740 430 54

0235 430 275 33

FERFUIRE T JE YN 4.0 mm (5 QN1701
1 Q235 7£ 20,0, -20 . -40 F1-60 °C Hy i PERE

WAL X sk 3 s, QN1701 7E 20,0 °C 1)
i I PE S Q235 1 2.2 fE M 2.9 £, AL T
Q235, H PR E TR E

F3 QN1701 71 Q235 /i EpExf b —ba &k
Tab.3 Comparison of impact properties of
QN1701 and Q235

Wi PERE/ (] - em™)

R/ C
QN1701 0235
20 183 82.8
0 181 62.0
-20 172 20.4
-40 160 17.2
-60 154 7.2

QN1701 F11 Q235 Tif J&§ sk 14 g #E A [ 1L 56 J7
PR AT 22 SR s, QN1701 A5 H 37 R 240
mV, SEE N 8.57 o/ (m? - h), N 1 JE 2L
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Fig.1 Result comparison of QN1701 and Q235
infiltrated for 48 hours
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Fig.2 Room temperature tensile stress—strain curves
of QN1701 and Q235
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Tab.4 Comparison of main components of
QN1701 guardrail and those of Q235
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A% 31.68 3.0 ke
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Fig.3 Schematic diagram of collision process of current semi-rigid steel guardrail structure
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Fig.4 Schematic diagram of QN1701 guardrail system
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Fig.5 Computational and analytical model

considering vehicle rotation
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Fig.6 Schematic diagram of collision process of

new guardrail structure
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Tab.5 Q235 guardrail (SB grade) component composition and weight

FEI 20 ¥, FAIERA Hi/kg PRI R Wi /kg
I AR 4 320 mmx506 mmx85 mmx4.0 mm 101.740 1 101.740
AL 130 mmx 130 mmx6 mmx2 610 mm 60.970 2 121.940
[5%5 BEL e 200 mmx( 66+300) X256 mmx4.5 mm 11.390 2 22.780
B / 8.732 1 8.732
%X 6 QN1701 ##2(SB &) M ARFIEE—
Tab.6 QN1701 guardrail (SB grade) component composition and weight
FaE 24 TR TR HH/kg BRERITA R H i /kg
W34 4 320 mmx506 mmx85 mmx3.0 mm 75.60 1 75.60
SRR C125 mmx60 mmx5.0 mmx1 650 mm 16.30 3 48.90
57 BH R 262 mmx247 mmx4.0 mm 2.15 3 6.45
B / 1.02 1 1.02
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Tab.7 Structural parameters and collision conditions of test vehicles for highway roadside guardrails

Bidr gy R AR EREEE HOSE RAOPSE(KxTEx) RS/ (km - h™')  BEREAE/(°)
/NI 1.5 0.5~0.6 4.6 mx1.77 mx1.5 m 100 20
SB%  hEIEE 10.0 1.2~1.4 11.2 mx2.4 mx3.0 m 80 20
KAIE 18.0 1.4 8.0 mx2.5 mx3.0 m 60 20

WA BT OB S A LS-Dyna #E47 07 ELR
T EW TR A & 7 s, 07 EAE Rk 8
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Tab.8 Simulation evaluation results

PRER PREERK EWRK EfimK
W MEMSES HMss S shESSME
I/m PiEAIME/m  Hi/m ME/m
INBIZRZE 0,413 0.980 — —
hRIZ G 1,120 2.077 1.659 1.896
KEIRH 1.260 1.311 1.928 2.699
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Fig.7 Vehicle collision guardrail anti-collision trajectory
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