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Abstract This paper proposes road safety facilities applying Hot-dip zinc-aluminum-magnesium alloy-coated steel
sheets and coils to reduce the loss of function caused by the corrosion of steel in the service state. Vehicle crash
simulations and full-scale crash tests were carried out to provide reliable information on evaluating the crash
performance with the products of road safety facilities built with hot-dip zinc-aluminum-magnesium alloy-coated steel.
From the results of the simulations and full-scale crash tests, the impact behaviors evaluated by the three-dimensional
crash simulations considering the strain-rate dependency in a constitutive model were similar to those obtained from
the full-scale crash test results. The full-scale crash test results met the crashworthiness evaluation criteria; hence, the
proposed bridge barrier in this paper is ready for field applications.

Keywords : Bridge barrier, Crash simulation, Hot-dip zinc-aluminium-magnesium alloy-coated steel, Passenger
protection performance, Structural adequacy
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Table 2. Test conditions for simulation (SB4 level)
Truck Test

Passenger Car Test
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Table 3. The standards for occupant protection performance

Criteria Unit Limit
Theoretical Head Impact velocity, THIV m/s 9
(Longitudinal and Lateral) (km/h) (33)
Post-impact Head Deceleration, 20
PHD (Longitudinal and Lateral) &
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(b) Single-unit truck

Fig. 2. Vehicle FE models and actual vehicles
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Table 4. Part composition for finite element analysis

model

Part number Part name Element type Material
101 Post(SS400-6T) Shell SM400
102 Front PL(2T) Shell SM400
103 BPL(14T) Shell SM400
104 Rail(3.2T) Shell SGMH490
105 anchor_bolt(M24) Beam F8T
106 Absorber(3.2T) Shell SM400
107 Concrete(35MPa) Solid CSCM
108 rebar(D16) Beam SD400

Full model

Fig. 3. Finite element analysis model for the bridge
barrier
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Table 5. Cowper-Symonds materials constant values
used for steel materials [6, 7]

L Nominal steel grade
Evaluation items
SM400 SGMH490
Static yield stress, 0, _ y 235MPa 315MPa
Material constant, C' 40 3,200
Material constant, P 5 5
1,200
= 1,000
o
2 800
“
$ 600
=] ——True Stress(static)
Y 00 = True Stress(0.1/s)
E = True Stress(1/s)
= —— True Stress(10/s)
T 200 True Stress(100/s)
0
0.00 0.10 0.20 0.30 0.40 0.50

PlasticStrain

Fig. 4. Bilinear hardening curve of SGMH490
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Table 6. Evaluation results of passenger safety

Rail strength Model THIV(km/h) | PHD(g) | Remark
490MP 410 model 30.0 8.9 PASS
@ 475 model 29.1 79 | PASS
410 model 29.8 7.5 PASS

400MPa
475 model 28.3 8.3 PASS
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Table 7. Evaluation results of structural strength

Rail strength Model Max. Displ.(mm) Remark
410 model 52.2 PASS
490MPa
475 model 53.3 PASS
410 model 552 PASS
400MPa
475 model 67.1 PASS
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Fig. 7. Installation view of final modified bridge barrier
for the actual crash test
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(b) Top view
Fig. 8. Comparison of actual crash tests and simulation
results for passenger car
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