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A Study on Size/Scale Effects in the Failure of Specially Orthotropic
Slab Bridges

Bong-Koo Han™, Duck-Hyun Kim™

ABSTRACT

Most of the bridge systems, including the girders, cross-beams, and concrete decks behave as specially
orthotropic plates. In general, the analytical solution for such complex system is very difficult to obtain. In this
paper presented, a design method of slab bridge of simple supported made by composite materials. For the
design of bridge made by the composite materials, cross-section was used the form-core shape because of this
shape is economical and profitable, and for output of the stress value used finite difference method. In this
paper, the rate of tensile strength reduction due to increased size was considered. Strength-failure analysis
procedure, using the reduced tensile strength, was presented. And also numerical study was made for these
cases.
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Table 1 F.D.M3} Navier 3f2] A3} (%)

X%
im 3m 5m m om
Y&
1m | 0.52499 | 0.14918 | 0.06167 | 0.14918 | 0.52499
3m | 0.39079 | 0.00122 | 0.08227 | 0.00122 | 0.39079
5m | 0.36108 | 0.03749 | 0.12649 | 0.03749 | 0.36108
7m | 0.39079 | 0.00122 | 0.08227 | 0.00122 | 0.39079
9m | 0.52499 | 0.14918 | 0.06167 | 0.14918 | 0.52499
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(DB-24) B 94,143.84
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i) il 2 2 ! e -
B4 010 | 015 | 020 | 025 | 030 2 Uehgon =AY me] Ao FEexFe 1/1000
D | 3848140 | 12298100 | 28362931 | 54490583 | 93129023 =15mm o|E& X o| sl W& Hola glrt.
Dip-Dy | 225851 | 710204 | 1624243 | 3104048 | 5286060
44 go2 DY 22
Dy | 1075366 | 3186174 | 7045237 | 13177026 | 22106014
EZ FHo} o] h=0.3mo|1 AH=Z r=20 ¢ H=uto] o7
Des 428592 | 1347910 | 3082289 | 5890481 | 10031237 = O ] S w59
0,2 AArelglon] 1 Azt Table 69} 2tk
_ Table 6 MT X &= LY o, (MPa)
43 g2 B A7 :
X
- - - 2m 6m 10m 14m 18m 22m 26m
& 3ot o] h=0.3mo|il A F4= r=2091 A3 AU y

Ao 1 A= Table 59 Zc}.

Table 5 &S#BE g AF (mm)

2m 6m 10m 14m 16m 22m 26m 30m

Im | 0.0018 | 0.0084 | 0.0137 | 0.0167 | 0.0172 | 0.1410 | 0.0088 | 0.0018

3m | 0.0018 | 0.0088 | 0.0143 | 0.0175 | 0.0180 | 0.0148 | 0.0092 | 0.0019

5m | 0.0019 | 0.0092 | 0.0150 | 0.0184 | 0.0189 | 0.0156 | 0.0098 | 0.0020

7m | 0.0020 | 0.0097 | 0.0158 | 0.0194 | 0.0200 | 0.0165 | 0.0103 | 0.0022

9m | 0.0021 | 0.0102 | 0.0167 | 0.0205 | 0.0211 | 0.0175 | 0.0110 | 0.0023

11m| 0.0022 | 0.0108 | 0.0176 | 0.0217 | 0.0223 | 0.0185 | 0.0116 | 0.0024

13m| 0.0024 | 0.0114 | 0.0187 | 0.0230 | 0.0237 | 0.0196 | 0.0123 | 0.0026

15m| 0.0025 | 0.0121 | 0.0199 | 0.0244 | 0.0252 | 0.0209 | 0.0131 | 0.0028

17m| 0.0027 | 0.0130 | 0.0212 | 0.0261 | 0.0277 | 0.0224 | 0.0141 | 0.0030
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im | -0.451 | -2.11 | -343 | -4.26 | -443 | -3.82 | -2.47
3m | -0.456 | -2.16 | -3.52 | -4.46 | -4.65 | -4.03 | -2.65
5m | -0.467 | -2.22 | -3.63 | -4.66 | -4.86 | -4.24 | -2.80
7m | -0.485 | -2.33 | -3.81 | -4.97 | -5.21 | -457 | -3.05
9m | -0.505 | -2.43 | -3.99 | -5.20 | -5.47 | -4.80 | -3.20
11m | -0.530 | -2.56 | -4.22 | -5.54 | -583 | -5.13 | -3.43
13m | -0.559 | -2.69 | -4.66 | -5.85 | -6.18 | -5.44 | -3.63
15m | -0.588 | -2.85 | -4.72 | -6.21 | -6.57 | -5.80 | -3.87
17m | -0.618 | -3.01 | -4.98 | -6.63 | -7.01 | -6.20 | -4.18
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Table 7 AMER] £H AFo o, (MPa)

yx 2m 6m 10m 14m 18m 22m 26m
1m | -0.0020 | -0.00955 | -0.0155 | -0.0193 | -0.0201 | -0.0173 | -0.0112
3m | -0.0045 | -0.0179 | -0.0314 | -0.0400 | -0.0461 | -0.0429 | -0.0285
5m | -0.0090 | -0.0546 | -0.0868 | -0.161 -0.177 -0.171 -0.137
7m | -0.0124 | -0.0538 | -0.0990 -0.128 -0.149 -0.138 -0.0903
9m | -0.0145 | -0.0785 | -0.0130 -0.208 -0.229 -0.216 -0.162
11m| -0.0142 | -0.0682 | -0.0116 | -0.164 -0.181 -0.166 -0.117
13m| -0.0112 | -0.0507 | -0.0841 | -0.105 -0.112 | -0.0992 | -0.0644
15m| -0.0076 | -0.0322 | -0.0531 | -0.0587 | -0.0615 | -0.0521 | -0.0302
17m| -0.0028 | -0.0136 | -0.0225 | -0.0300 | -0.0317 | -0.0281 | -0.0189

2 w=FY 38 o, 0 dalAE A4t stglew 1 4
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Table 8 M=9IX] &8 =) 0,, (MPa)
X
y 2m 6m 10m 14m 18m 22m 26m
im | -0.386 0.144 0.117 0.0708 -0.0214 -0.0914 -0.177
3m 0.195 0.184 0.143 0.0924 -0.0360 -0.108 -0.228
5m 0.233 0.213 0.166 0.0859 -0.0314 -0.142 -0.246
7m | 0.264 0.239 0.180 | 0.0858 | -0.0381 -0.161 -0.266
9m | 0.292 0.263 0.192 | 0.0908 | -0.0497 -0.174 -0.289
1im | 0.320 0.287 0.205 0.0947 -0.0583 -0.189 -0.311
13m | 0.355 0.313 0.233 | 0.0852 | -0.0440 -0.229 -0.325
15m | 0.400 0.362 0.260 0.138 -0.0812 -0.223 -0.409
17m | 0.128 0.409 0.306 0.146 0.0700 -0.271 -0.455
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Table 11 459 F719 4 33
3 4 el sl in (um)
A 100006 (1.50mi.) ~ .00010 (2.50mi.)
B .00010 (2.51mi.) ~ .00015 (3.81mi.)
c .00015 (3.81mi.) ~ .00020 (5.08mi.)
D ,00020 (5.08mi.) ~ .00025 (6.35mi.)
E 00025 (6.35mi.) ~ .00030 (7.62mi.)
F ,00030 (7.62mi.) ~ .00035 (8.89mi.)
G .00035 (8.89mi.) ~ .00040 (10.12mi.)
H .00040 (10.12mi.) ~ .00045 (11.43mi.)
J 00045 (11.43mi.) ~ .00050 (12.70mi.)
K 00050 (12.70mi.) ~ .00055 (13.97mi.)
L .00055 (13.91mi.) ~ .00060 (15.24mi.)
M .00060 (15.24mi.) ~ .00065 (16.51mi.)
N .00065 (16.51mi.) ~ .00070 (17.78mi.)
p .00070 (17.78mi.) ~ .00075 (19.05mi.)
Q .00075 (19.05mi.) ~ .00080 (20.32mi.)
R .00080 (20.32mi.) ~ .00085 (21.59mi.)
s ,00085 (21.59mi.) ~ .00090 (22.86mi.)
T .00090 (22.86mi.) ~ .00095 (24.13mi.)
U 00095 (24.13mi.) ~ .00100 (25.40mi.)

kel B3R L=15m, Z b=8m =}, 24 inch
dolE ZEal, 3449MPa(500Ksi)9] A EE 2= & 7HY
Aol disll th Table 129} 22 & HAv|E 2=t
Table 12 A wE Z= Hle] A}
%2 s Lz o)
= ARAT | A3d= | A=
E9] A A
h=0.10
~0.30(m) 3.013 0.53 0.71
o33 AL Al 7HA] FE- & A) IR 4 B
¥ A=HaE Az A, B) AW [AE A A,
C) &, =& % A o= 79l disl Alksioict
Zyzko] 9o diste] A= Hill's (Fx*} =0)2} UrtstH
Von Mises % 2i(F,, =-1/2)& m2s}%ict
Table 13 ZE ZAE A7 4=, ARF=
Type
B A B C
X 375.24 375.24 708
X' 2155351 406.67 406.67
Y 273.35 273.35 385
Y 228.123 321.3 321.3
S 72 72 72
Fxx 1.236x10™ 6.553x10° 3.473x10™°
Fyy 1.604x10™ 1.137x10™ 8.084x10™®
Fx -1.975x107 2.0597x10™° -1.047x10™°
Fy -7.253x10™° 5.459x10° -5.150x10™°
Fss 1.929x10* 1.929x10* 1.929x10"
Fs 0 0 0
o} 7] 4] h %1 ol (m), A type - 1%, 4F BE A
B type - 1% T, C type - 91F, b5 BF e ek
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