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Optimal Performance Design for Concrete Median Barrier with Crashworthiness Analysis

M9, 243, Hga”

Seog Young Han, Seong Ho Ko, Hyung Yeon Choi

ABSTRACT

The purpose of this study is to develop an optimal performance design of a concrete median barrier using the
design of experiment and crash simulation which is done by Pam-Crash, one of the commercial crash simulation
software. A formula of characteristic value was suggested to obtain an optimal performance design considering
all of von Mises stress, volume and acceleration at center of gravity of a heavy truck. An optimal design of a
concrete median barrier was obtained by the analysis of variance based on design of experiment and crash

simulation. A crash simulation with the optimal design was accomplished in order to verify the suitability of the
suggested formula and the proper application of the design of experiment. The obtained optimal design was
satisfied for a domestic design regulation of a concrete median barrier.
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Table 1 Design standard of concrete median barrier”
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Fig. 3 Examples of heavy vehicle's crash accidents with a
concrete median barrier

[o—

Design condition ]
e . Implemented - . i :
Classification road Impact value | Collision speed | Mass of vehicle |Collision angle|Degree of acceleration
(kJ) (km/h) (ton) ©) to the vehicle (g)
Am Frea?way main 130 60
national road
14 15 under 4g
L Bm ( Others 60 ) 40 I
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Fig. 4 Isotropic view of the developed heavy truck model

Table 2 Specification of the heavy truck model
[ I

Division Specification
Length(mm) | 9,389(9,738) (Include cargo)
Overall | Width(mm) | 2,264(2,490) (Include cargo)
Height(mm) | 2,520(2,728) (Include cargo)
Wheel AFirst(mm) 5,050
base | Second(mm) 1,300
Cargo's Length(mm) 8,140(7.378)
inside | Weight(mm) 2,490(2,390)
dimension| Hejght(mm) 1,413(535)
Unloaden vehicle
weight (Kg) 8,933
Max. pay load (Kg) 5,069
Gross vehicle
weight (Kg) 14,002
Front(mm) 2,000
Tread
Rear{mm) 1,805
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Fig. 5 An example of the concrete median barrier model
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Fig. 7 Energy curve of the crash simulation
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Fig. 10 Design variables of the concrete median barrier
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SN ratio = -10 log(a X || max. VM stress ||2
+bX | max. Vol. | +¢
X || max. COG Accl. ||*) )

ANA, G FES AA LA E T &2 A
Z gt e 2 FEF3H(normalization)d} v}, 2
(18] 7} =] (weight factor)= FdE o] vk &
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Table 3 Design factors and levels used in this experiment

[;egign factor| Level Level value

Ry 2 100 90

A 3 305 295 285
B 3 85 80 75
C 3 1270 1140 1000
D 3 100 85 75
01 3 7 6 5
62 3 65 55 45
R, 3 290 280 270
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Table 4 Orthogonal array table of Lis(2' x 3%y

[No.of
exp. R2Z{ A {B | C D | 61| 82 R
1100|305 | 85 | 1270 100 | 7 | 65 | 290
2 [100] 305 | 80 [1140] 85| 6 | 55 | 280
30100 305 | 75 |1000] 75 | 5 | 45 |270
4 |100] 205 | 85 |1270] 85| 6 | 45 |270
s 1100] 295 | 80 |1140] 75 | 5 | 65 | 290
6 [100!295| 75 [1000] 100 »7—-\15*\—2486“
7 1100|285 | 85 | 1140|100 | 5 | 55 | 270 |
8 |100] 285 | 80 |1000] 85 | 7 | 45 | 200
9 [100(285] 75 [1270] 75| 6 | 65 | 280
10 | 90 | 30585 [1000] 75| 6 | 55 | 290
11 o0 305! 80 [1270] 100 | 5 | 45 | 280
12 |90 [ 305075 [1140] 85| 7 [ 65 [270
1390295 ] 85 |1140] 75| 7 ﬁ?@#
14 | 90 | 295 | 80 |1000] 100 | 6 | 65 | 270
15 | 90| 205 | 75 [1270] 85| 5 | S5 | 290
16 | 90 | 285 | 85 |1000| 85| 5 | 65 | 280
17 |90 | 285 | 80 [1270] 75| 7 | 55 |270
18 190 28575 1140/ 100 | 6 |45 (290

£ o] ofFo] 714 F 953, Hl von Mises &
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b [}

a=0.3, b=0.3, 212 3l =045 A5} Table 4
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Table 5 Maximum and characteristic values of the orthog:
onal array table of Lig

No. of Max. von [ Max. COG | Max.
exp. Mises acceleraztion voluzme SN ratio
stress [MPa]| [m/s7] [m7]
! 27756 | 413594 | 04718 | 1309
2 45144 | 38.0878 | 0.3588 | 2230
3 82580 | 359984 | 0.2854 | 1.523
Efb 37269 | 39.8947 | 0.4090 | 1.816
s | 59008 | 413548 | 03474 | 1.509
6 70174 | 397122 | 0.309 | 1.526
7 3.8773 | 385016 | 0.3510 | 2.414
53994 | 40.2365 | 0.3162 | 2.002 |
Fuj 38434 | 382979 | 03920 | 2.114
76112 | 393779 | 0.3080 | 1339
39157 | 342715 | 04238 | 2275
_l g_ | 49363 | 41 4656 | 03894 | 1495
13 45673 | 362513 | 03560 | 2.458
14 55503 | 41.6231 | 0.3470 | 1.591 |
15 43538 | 36.0825 | 03914 | 2245
16_L 78787 | 42.8519 | 03154 | 0.851 |
|17 | 36485 | 380425 | 0.4056 | 2075
18 44532 | 38.4640 | 02994 | 2.646
maximum| 82580 | 428519 | 0.4718 | |
Table 6 ANOVA table (Lig)
Factor S l f \" [ F
R: | 0016 | 1 0016 |
A 0312 , 2 | 0156 | 182
B 0.229 2 0115 |
\ C 1.402 2 0.701 8.15
D 0.110 2 0.055
0, 0.090 2 0.045
PR 1.355 2 | 0678 | 7388
R, 0.027 2 | 0014
e 0479 | 2 0.235?_ |
© | 095D | (1) | (0086 |
T 4115 17 | T
Qw2 o Frol LY At Fo 4 W ol
AR 3 RS A ST, D5 Fo) ekar B
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Table 7 Orthogonal array table of L27(3‘3)
No. of 1 [ 2 3 4 s 1T 6 [ 7 [ 8 9 10 11 12 13
exp. B C [BxC|BxC]| 6/ [Bx6,|Bx6:[Cxp,] A D [Cx6.] 6, | e
1 85 | 1270 | 1 |7 I 1 1 [305 [ 100 [ 1 65 | 1
2 85 | 1270 [ 1 1| 6 | 2 2 2 [ 205 8 | 2 | 55 | 2
3 85 11270 | 1 Lls 3]s 3 | 285 | 75 | 3 | 45 | 3
4 | 85 l140] 2 2 | 7 1 1 2 | 295 85 3 45 | 3
5 85 (1140 2 [ 2 | 6 2 2 3 loss | 75 [ 1 [ es |
6 85 |40 2 | 2 | s 3 3L y0s o |2 [oss |2 |
7 85 | 1000 | 3 3 7 1 ! 31285 | 75 | 2 |55 | 2
8 85 [1000 | 3 | 3 6 2 2 t [ 305 10| 3 | 45 [ 3
9 85 | 1000 | 3 3 5 3 3 1 2 295 8 | 1 | 65 | 1
10 80 1270 | 2 [ 3 | 7 | 2 | 3 [ 1 [205] 75 | 1 |55 ] 3
T 8 1270} 2 | 3 6 3 ! 2 (285 00| 2 | a5 | 1
12 80 [1270] 2 | 3 5 1 2 3 |35 ] 8 | 3 | 65 | 2
13 80 [ 1140 | 3 1 7 2 3 2 [ 285 [ 100 3 [ 65 | 2
14 80 | 1140 | 3 ! 6 3 1 3 | 305 | 8 1 55 1 3
15 80 [ 1140 | 3 i 5 1 2 11295l 7s | 2 |45 |
16 80 [ 1000 | 1 I 2 3 3 1305 8 [ 2 [ 45 | 1
17 80 | 1000 | 1 2 6 3 11 J2os ] 7s ] 3 | es | 2
18 80 | 1000 | 1 2 5| 2 | 2 | 28 100 | 1 55 | 3
19 75 [1270 | 3 2 7 3 2 1| 285 i 2
20 75 [1270 3 | 2 | 6 I 3 2 | 305 2 3
| T
21 75 {1270 3 [ 2 5 2 1 3| 2% 3 i
22 75 [ 1140 [ 1 3 7 3 2 2 [305 ] 75 | 3 | 55 ] 1
23 75 a0 | 1 | 3 6 i 3 3 1205 o0 | 1 |45 | 2
24 75 | 1140 | 1 3 5 2 I | 1 [ 285 | 8 [ 2 [ 6 | 3
25 75 | 1000 | 2 1 7 |3 2 3 1295 [1o0 ] 2 | 65 | 3
26 75 [ 1000 | 2 1 6 1 3 I | 285 | 8 | 3 | 55 | 1
27 75 11000 | 2 i 5 2 1 2 [ 305 | 75 45 |2
176 s=xsi3E=ad
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Table 8 ANOVA table (Lz) 3.14(F042)011 == oA A ERX=
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