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Design Optimization of Safety Barrier Consisting of Steel Rail and
CFRP Post
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Abstract: In this study a hybrid safety barrier system consisting of steel rail and carbon fiber reinforced polymer
(CFRP) post is considered. While CFRP post is selected for impact energy reflection due to its high strength, steel rail
is selected for impact energy absorption due to its high ductility. A numerical model considering the elastoplastic
behavior of steel is formulated to simulate the dynamic responses of the hybrid system subject to an impact load. A
hybrid roadside guard rail system of steel rail and CFRP post is proposed and analyzed with a case study. The
numerical model for the hybrid roadside guard rail system is used to find optimized design of the proposed hybrid
system.

Key Words: hybrid system, roadside safety barrier, steel rail, CFRP post, dynamic analysis, reliability analysis,
optimization
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Fig. 3 Idealized Elastoplastic Model of Steel
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Table 1. Mechanical Properties

Properties
Material ~ Density E Strength Rupture
(kg/m3) (GPa) (MPa) strain
CFRP 1800 245 2500 -
Steel 7800 200 400 21%
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Fig. 4 Impact Load (Qmax = 80 kN and td = 0.1 sec)
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Table 2. The Properties of CFRP Posts for Case Study

Properties
Type Mp 1 A h
(kN-m)  (10°m% (10°m2) (m)
Type 1 209.4 6.2 1.63 0.148
Type 2 690.3 222 4.74 0.161
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Fig. S Force Evolution on Steel Rail for Safety Bamier

Consisting of CFRP Post "type 1" and W-Rail
Thickness of 26 mm
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Fig. 6 Displacement Evolution of Steel Rail for Safety
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Fig. 8 Displacement Evolution of CFRP Post for Safety
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W-Rail Thickness of 26 mm
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Fig. 10 Reliability Index for Safety Barrier Consisting of
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Fig. 11 Objective Function for Optimization

Fig. 11014 BQl ZAATH ZAdde 7 3
AHEEEl S AAREY A 2,08 %‘é
S & 5tk ARHoR WMEE 30% FEIE
=171 80 kNell whisto] WFeEte]e] Hopwslrt
03 mE A YT A AT 2005 A
gl A7 AU
Fig. 123-E] Fig. 15% CFRP7]% "type 1"l tha}
of HA3t @ A dY FA 3.1 mmeol thst ZA
Ao Zg3h= %, WS, CFRP 7|59 3%, HY
o gt F4-¢9 UehSIth Fig. 12614 A @l
A2 772 kNO FESteel 5 F ol ol skF
TS T es HolEr
ig. 13014 A ddS HhHe] 0.063m7HA ¥
g olon, 5 & FFugo] BASSS HolE

4>~
N 32 B

10, dlo

maximum force, 77.2 kIN

Load (kN)

0.0 02 04 06 0.8 1.0
Time (s)
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Thickness of 31 mm
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Fig. 13 Displacement Evolution of Steel Rail for Safety
Bamier Consisting of CFRP Post '"type 1" and
W-Rail Thickness of 31 mm
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Fig. 14 Force Evolution on CFRP Post for Safety Bamier
Consisting of CFRP Post '"type 1" and W-Rail
Thickness of 31 mm
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Fig. 15 Displacement Evolution of CFRP Post for Safety
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W-Rail Thickness of 31 mm
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