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Development and Application of Automatic Stress Analysis Program

for Slab Track
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Abstract

Due to the superior structural capacity, stability, safety, as well as economic
benefits of slab tracks compared to those of traditional rail-ballast counterparts, slab
track systems have become more and more popular in recent railway applications. A
review of the-state-of-the-art procedures in track analysis was first conducted and the
fundamental assumptions and limitations were identified. In particular, the effects
and sensitivity analysis of various design components of slab track systems were
rarely investigated in the existing literature and the gaps between theoretical
closed-form solutions and finite element solutions are unresolved. Consequently, the
main objective of this study is to investigate their theoretical discrepancies, develop
stress adjustment factors and analysis procedures based on elastic track theory to
account for various practical track conditions more realistically.

The well-known three-dimensional finite element program (ABAQUS) will be
adopted in this study. According to earlier literature, various elements will be
carefully chosen to simulate different components of the slab track system, i.e., block
elements, beam elements, and spring elements will be used to model concrete slabs,
rails, and various rail fastenings as well as the subgrade support, respectively. The
entire project consists of two Phases (I and II) to be completed within two years.
The primary research foci of the Phase I are to investigate the theoretical
discrepancies between available closed-form solutions and finite element solutions as
well as to develop a user-friendly interface program as a pre- and post- processor of
the ABAQUS program for future slab track analysis. The major tasks include: (1)
literature review; (2) derivation and validation of closed-form solutions; (3) effects of
various design components; (4) finite element analyses and identification of
theoretical discrepancies; and (5) development of a user-friendly interface program.
Furthermore, the investigation of temperature curling effects, buckling of
continuously welded rails (CWRs) due to the combined effects of loading and curling,
as well as rail weakening effects due to the long-time vibration of the slab tracks
system are the major concern of the Phase II. Many series of finite element factorial
runs over a wide range of railway designs will be carefully selected and conducted.
The major research approach and tasks include: (1) application of the principles of
dimensional analysis and temperature curling effects; (2) buckling of CWRs; (3)
investigation of the effects of vibration on rail fastenings; (4) damage and
deterioration of the slab tracks system; and (5) sensitivity analysis and several
practical case studies.

With the successful accomplishment of this project, it is expected that the
research findings will be efficiently and widely applied in many more practical
railway design and analysis problems. The ultimate goal of this study is to advance
the fundamental and applied technologies in slab tracks analysis and design for our
country’s long-term infrastructure development.

Keywords: Slab Track, Elastic Theory, ABAQUS, Finite Element Method,
buckling of CWRs
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¥ 3FPE 4 F2H L] SR
Z 3 -4 BN AR S Wk 4

X Es I u by A < & F= R £ F|=x $H4E

cm GPa cm* | MPa |em | em? | & E;SAS fg;s MT:] F,:Q r

0 196.2 | 2050 |98.10| 45 |0.0157| O | 0.125 0.354 0.250 0.354
0 215.8 | 4712 |78.48| 60 [0.0118| O | 0.125 0.354 0.250 0.354
0 237.4 | 6537 |49.05| 75 [0.0094| 0 | 0.125 0.354 0.250 0.354
0 261.1 | 4929 |19.62| 90 [0.0079| O | 0.125 0.353 0.250 0.354
9 196.2 | 2050 |98.10| 45 |0.0157|0.2 | 0.123 0.347 0.184 0.261
12 215.8 | 4712 |78.48 | 60 [0.0118 | 0.2 | 0.123 0.347 0.184 0.261
15 237.4 | 6537 |49.05| 75 [0.0094 | 0.2 | 0.123 0.347 0.184 0.261
22 287.2 | 5000 | 9.81 [110(0.0064 0.2 | 0.123 0.347 0.184 0.261
24 215.8 | 4712 |78.48| 60 [0.0118 | 0.4 | 0.117 0.330 0.128 0.182
30 237.4 | 6537 |49.05| 75 [0.0094| 0.4 | 0.117 0.330 0.128 0.181
44 287.2 | 5000 | 9.81 [1100.0064| 0.4 | 0.117 0.330 0.128 0.182
36 196.2 | 2050 |98.10| 45 |0.0157| 0.8 | 0.098 0.277 0.044 0.062
60 237.4 | 6537 |49.05| 75 [0.0094| 0.8 | 0.098 0.277 0.044 0.062
72 261.1 | 4929 |19.62| 90 [0.0079| 0.8 | 0.098 0.277 0.044 0.062
54 196.2 | 2050 |98.10| 45 |0.0157| 1.2 | 0.075 0.214 | -0.010 | -0.014
72 215.8 | 4712 |78.48 | 60 [0.0118 | 1.2 | 0.076 0.214 | -0.010 | -0.014
90 237.4 | 6537 |49.05| 75 [0.0094 | 1.2 | 0.076 0.214 | -0.010 | -0.014
90 215.8 | 4712 |78.48 | 60 [0.0118 | 1.5 | 0.059 0.167 | -0.033 | -0.047
113 | 237.4 | 6537 |49.05| 75 [0.0094 | 1.5 | 0.059 0.166 | -0.034 | -0.048
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o 3-5 BEEMEAH PR LIIGE L
Pl E | L | w|E I, wo| 4| | 1 £ BHF
|7 |6EJ, |SEN M, | M
kKN | GPa | cm' | MPa | GPa cm’ MPa | em | ecm | em | £ | C IP;i S ZPESi s Pﬁlr P;r
196.2[ 196 | 10000 | 941 | 41.2 | 2.11E+05 | 597 | 38.0 | 55.1 | 61.8 |0.690(0.615| 0.634 | 0.298 [0.395|0.240
147.2] 206 | 8000 | 644 | 34.3 | 2.12E+05 | 408 | 40.0 | 58.0 [65.0|0.690|0.615| 0.634 | 0.298 |0.395]0.240
98.1| 216 | 6000 | 416 | 29.4 | 1.95E+05 | 264 | 42.0 | 60.9 | 68.3 [0.690/0.615 0.634 | 0.298 (0.395|0.240
49.05( 226 | 4000 | 241 | 24.5 | 1.63E+05 | 153 | 44.0 | 63.8 | 71.5)0.690[0.615| 0.634 | 0.298 |0.395(0.240
9.81| 235 | 2000 | 105 | 19.6 | 1.06E+05 | 67 | 46.0 | 66.7 | 74.8 [0.690|0.615 0.634 | 0.298 (0.395|0.240
196.2[ 196 | 10000 | 941 | 41.2 | 2.11E+05 | 443 | 38.0 | 55.1 | 66.5(0.690(0.571| 0.712 | 0.377 |0.403|0.275
147.2| 206 | 8000 | 644 | 34.3 | 2.12E+05 | 303 | 40.0 | 58.0 | 70.0 0.690|0.571 0.712 | 0.377 ]0.403|0.275
98.1| 216 | 6000 | 416 | 29.4 | 1.95E+05 | 196 | 42.0 | 60.9 | 73.5 0.690|0.571 0.712 | 0.377 ]0.403|0.275
49.05| 226 | 4000 | 241 | 24.5 | 1.63E+05 | 113 | 44.0 | 63.8 | 77.0 (0.690/0.571| 0.712 | 0.377 |0.403|0.275
9.81| 235 | 2000 | 105 | 19.6 | 1.06E+05 [ 50 | 46.0 | 66.7 |80.5(0.690/0.571| 0.712 | 0.377 |0.403|0.275
196.2] 196 | 10000 | 941 | 41.2 | 2.11E+05 | 337 | 38.0 | 55.1 [71.3]0.690|0.533| 0.803 | 0.469 |0.410/0.310
147.2] 206 | 8000 | 644 | 34.3 | 2.12E+05 | 230 | 40.0 | 58.0 [75.0|0.690|0.533| 0.803 | 0.469 |0.410/0.310
98.1| 216 | 6000 | 416 | 29.4 | 1.95E+05 | 149 | 42.0 | 60.9 | 78.8 [0.690/0.533| 0.803 | 0.469 (0.410|0.310
49.05| 226 | 4000 | 241 | 24.5 | 1.63E+05 | 86 | 44.0 | 63.8 [82.50.690/0.533| 0.803 | 0.469 |0.410|0.310
9.81| 235 | 2000 | 105 | 19.6 | 1.06E+05 | 38 | 46.0 | 66.7 |86.3 0.690|0.533 0.803 | 0.469 |0.410/0.310
196.2[ 196 | 10000 | 941 | 41.2 | 2.11E+05 | 260 | 38.0 | 55.1 | 76.0 0.690|0.500 0.907 | 0.575 ]0.418|0.346
147.2[ 206 | 8000 | 644 | 34.3 | 2.12E+05 | 178 | 40.0 | 58.0 | 80.0 |0.690(0.500{ 0.907 | 0.575 [0.418)0.346
98.1| 216 | 6000 | 416 | 29.4 | 1.95E+05 | 115 | 42.0 | 60.9 | 84.0 (0.690]0.500( 0.907 | 0.575 |0.418|0.346
49.05( 226 | 4000 | 241 | 24.5 | 1.63E+05 | 67 | 44.0 | 63.8 | 88.0)0.690[0.500| 0.907 | 0.575 |0.418(0.346
9.81| 235 | 2000 | 105 | 19.6 | 1.06E+05 [ 29 | 46.0 | 66.7 | 92.0 [0.690/0.500( 0.907 | 0.575 [0.418|0.346
196.2] 196 | 10000 | 941 | 41.2 | 2.41E+05 | 683 | 38.0 | 57.0 [61.8|0.667|0.615| 0.599 | 0.261 |0.390/0.242
147.2[ 206 | 8000 | 644 | 34.3 | 2.43E+05 | 467 | 40.0 | 60.0 | 65.0(0.667(0.615| 0.599 | 0.261 [0.390|0.242
98.1| 216 | 6000 | 416 | 29.4 | 2.23E+05 | 302 | 42.0 | 63.0 | 68.3 [0.667(0.615| 0.599 | 0.261 |0.390|0.242
49.05| 226 | 4000 | 241 | 24.5 | 1.86E+05 | 175 | 44.0 | 66.0 | 71.5(0.667|0.615| 0.599 | 0.261 |0.390|0.242
9.81| 235 | 2000 | 105 | 19.6 | 1.22E+05 | 76 | 46.0 | 69.0 |74.8 [0.667(0.615| 0.599 | 0.261 |0.390|0.242
196.2] 196 | 10000 | 941 | 41.2 | 2.41E+05 | 508 | 38.0 | 57.0 [66.5|0.667|0.571| 0.668 | 0.331 |0.397/0.277
147.2] 206 | 8000 | 644 | 34.3 | 2.43E+05 | 347 | 40.0 | 60.0 [70.0|0.667|0.571| 0.668 | 0.331 |0.397/0.277
98.1| 216 | 6000 | 416 | 29.4 | 2.23E+05 | 225 | 42.0 | 63.0 | 73.5(0.667|0.571| 0.668 | 0.331 (0.397|0.277
49.05( 226 | 4000 | 241 | 24.5 | 1.86E+05 | 130 | 44.0 | 66.0 | 77.0)0.667[0.571| 0.668 | 0.331 |0.397(0.277

44




3R HE 4 TR E T SR
% 3-5 BEREMEAHBRLIEHREL ()
P | E I u | E. I, wo| 4| e | , EFXGHF
Pl L
kKN | GPa | cm' |MPa | GPa cm? MPa| ¢cm | cm | cm E Z % E53| 2| E53| o| M| M,
PZ; Pe, | PLPE,
9.81| 235 | 2000 | 105 | 19.6 | 1.22E+05 | 57 | 46.0 | 69.0 | 80.5 [0.667|0.571| 0.668 | 0.331 (0.397|0.277
196.2[ 196 | 10000 | 941 | 41.2 | 2.41E+05 | 385 | 38.0 | 57.0 | 71.3|0.667(0.533| 0.747 | 0.412 |(0.403|0.313
147.2[ 206 | 8000 | 644 | 34.3 | 2.43E+05 | 264 | 40.0 | 60.0 | 75.0 [0.667(0.533| 0.747 | 0.412 |(0.403|0.313
98.1| 216 | 6000 | 416 | 29.4 | 2.23E+05 | 170 | 42.0 | 63.0 |78.8 [0.667(0.533| 0.747 | 0.412 |0.403|0.313
49.05| 226 | 4000 | 241 | 24.5 | 1.86E+05 | 99 | 44.0 | 66.0 |82.5 (0.667|0.533| 0.747 | 0.412 |0.403|0.313
9.81| 235 | 2000 | 105 | 19.6 | 1.22E+05 | 43 | 46.0 | 69.0 | 86.3 [0.667|0.533| 0.747 | 0.412 (0.403|0.313
196.2] 196 | 10000 | 941 | 41.2 | 2.41E+05 | 298 | 38.0 | 57.0 [76.0|0.667|0.500 0.839 | 0.504 |0.410]0.349
147.2] 206 | 8000 | 644 | 34.3 | 2.43E+05 | 204 | 40.0 | 60.0 [80.0|0.667|0.500 0.839 | 0.504 |0.410]0.349
98.1| 216 | 6000 | 416 | 29.4 | 2.23E+05 | 132 | 42.0 | 63.0 | 84.0 [0.667|0.500 0.839 | 0.504 (0.410|0.349
49.05| 226 | 4000 | 241 | 24.5 | 1.86E+05 | 76 | 44.0 | 66.0 |88.0 (0.667|0.500| 0.839 | 0.504 ]0.410|0.349
9.81| 235 | 2000 | 105 | 19.6 | 1.22E+05 | 33 | 46.0 | 69.0 [92.0 [0.667(0.500 0.839 | 0.504 ]0.410|0.349
196.2] 196 | 10000 | 941 | 41.2 | 2.75E+05 | 779 | 38.0 | 58.9 | 61.8 |0.645/0.615| 0.570 | 0.230 |0.386/|0.244
147.2] 206 | 8000 | 644 | 34.3 | 2.77E+05 | 533 | 40.0 | 62.0 |65.0 |0.645|0.615| 0.570 | 0.230 |0.386|0.244
98.1| 216 | 6000 | 416 | 29.4 | 2.54E+05 | 344 | 42.0 | 65.1 |68.3|0.645/0.615| 0.570 | 0.230 |0.386(0.244
49.05| 226 | 4000 | 241 | 24.5 | 2.12E+05 | 199 | 44.0 | 68.2 | 71.50.645/0.615| 0.570 | 0.230 |0.386(0.244
9.81| 235 | 2000 | 105 | 19.6 | 1.39E+05 | 87 | 46.0 | 71.3 | 74.8 0.645(0.615| 0.570 | 0.230 |0.386|0.244
196.2| 196 | 10000 | 941 | 41.2 | 2.75E+05 | 579 | 38.0 | 58.9 | 66.5|0.645/0.571| 0.630 | 0.291 |0.392|0.280
147.2| 206 | 8000 | 644 | 34.3 | 2.77E+05 | 396 | 40.0 | 62.0 | 70.0 |0.645/0.571| 0.630 | 0.291 |0.392|0.280
98.1| 216 | 6000 | 416 | 29.4 | 2.54E+05 | 256 | 42.0 | 65.1 | 73.5(0.645|0.571| 0.630 | 0.291 (0.392/0.280
49.05| 226 | 4000 | 241 | 24.5 | 2.12E+05 | 148 | 44.0 | 68.2 | 77.0|0.645/0.571| 0.630 | 0.291 |0.392(0.280
9.81| 235 | 2000 | 105 | 19.6 | 1.39E+05 | 65 | 46.0 | 71.3 | 80.5 [0.645|0.571| 0.630 | 0.291 (0.392/0.280
196.2| 196 | 10000 | 941 | 41.2 | 2.75E+05 | 439 | 38.0 | 58.9 | 71.30.645/0.533| 0.700 | 0.362 |0.398/|0.316
147.2| 206 | 8000 | 644 | 34.3 | 2.77E+05 | 301 | 40.0 | 62.0 | 75.0 |0.645/0.533| 0.700 | 0.362 |0.398/|0.316
98.1| 216 | 6000 | 416 | 29.4 | 2.54E+05 | 194 | 42.0 | 65.1 | 78.8 [0.645(0.533| 0.700 | 0.362 |0.398|0.316
49.05| 226 | 4000 | 241 | 24.5 | 2.12E+05 | 112 | 44.0 | 68.2 | 82.5|0.645/0.533| 0.700 | 0.362 |0.398(0.316
9.81| 235 | 2000 | 105 | 19.6 | 1.39E+05 | 49 | 46.0 | 71.3 | 86.3 [0.645|0.533| 0.700 | 0.362 [0.398|0.316
196.2| 196 | 10000 | 941 | 41.2 | 2.75E+05 | 339 | 38.0 | 58.9 |76.0|0.645|0.500| 0.781 | 0.444 |0.404]0.353
147.2| 206 | 8000 | 644 | 34.3 | 2.77E+05 | 232 | 40.0 | 62.0 | 80.0 |0.645/0.500| 0.781 | 0.444 |0.404|0.353
98.1| 216 | 6000 | 416 | 29.4 | 2.54E+05 | 150 | 42.0 | 65.1 | 84.0 [0.645/0.500| 0.781 | 0.444 ]0.404|0.353
49.05| 226 | 4000 | 241 | 24.5 | 2.12E+05 | 87 | 44.0 | 68.2 |88.0 [0.645/0.500| 0.781 | 0.444 ]0.404|0.353
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L3-5 BEEP AL EREL (D)
P | E I u | E. I, (LR A P iy EFXGHF
Pl L
kKN | GPa | cm' |MPa | GPa cm? MPa| ¢cm | cm | cm E Z % E53| 2| E53| o| My M,
PZ; Pe, | PLPE,

9.81| 235 | 2000 | 105 | 19.6 | 1.39E+05 | 38 | 46.0 | 71.3 | 92.0 [0.645|0.500 0.781 | 0.444 |0.404|0.353
196.2[ 196 | 10000 | 941 | 41.2 | 3.12E+05 | 884 | 38.0 | 60.8 | 61.8 |0.625[0.615| 0.544 | 0.203 [0.382|0.246
147.2[ 206 | 8000 | 644 | 34.3 | 3.15E+05 | 605 | 40.0 | 64.0 | 65.0 [0.625[0.615| 0.544 | 0.203 [0.382|0.246
98.1| 216 | 6000 | 416 | 29.4 | 2.88E+05 | 391 | 42.0 | 67.2 |68.3 [0.625/0.615| 0.544 | 0.203 |0.382|0.246
49.05( 226 | 4000 | 241 | 24.5 | 2.41E+05 | 226 | 44.0 | 70.4 | 71.5]0.625[0.615| 0.544 | 0.203 |0.382(0.246
9.81| 235 | 2000 | 105 | 19.6 | 1.57E+05 | 99 | 46.0 | 73.6 | 74.8 [0.625|0.615| 0.544 | 0.203 (0.382|0.246
196.2| 196 | 10000 | 941 | 41.2 | 3.12E+05| 657, 38.0] 60.8| 66.5(0.625/0.571f 0.598| 0.257(0.387|0.282
147.21 206 | 8000 | 644 | 34.3 | 3.15E+05| 450| 40.0] 64.0| 70.0[0.625/0.571f 0.598| 0.257(0.387|0.282

98.1f 216 | 6000 | 416 | 29.4 | 2.88E+05| 291| 42.0] 67.2| 73.5/0.625/0.571| 0.598| 0.257(0.387(0.282
49.05| 226 | 4000 | 241 | 24.5 | 2.41E+05| 168 44.0 70.4| 77.0|0.625|0.571 0.598| 0.257|0.387(0.282

9.81| 235 | 2000 | 105 | 19.6 | 1.57E+05 74| 46.0 73.6[ 80.5/0.625|0.571| 0.598( 0.257|0.387(0.282
196.2[ 196 | 10000 | 941 | 41.2 | 3.12E+05| 499| 38.0] 60.8] 71.3|0.625/0.533| 0.660] 0.320[0.393|0.318
147.2] 206 | 8000 | 644 | 34.3 | 3.15E+05| 341| 40.0] 64.0| 75.0[0.625/0.533[ 0.660] 0.320{0.393|0.318

98.1) 216 | 6000 | 416 | 29.4 | 2.88E+05| 221| 42.0 67.2| 78.8/0.625/0.533( 0.660] 0.320({0.393|0.318
49.05( 226 | 4000 | 241 | 24.5 | 2.41E+05| 128 44.0 70.4| 82.5/0.625[0.533] 0.660[ 0.320|0.393|0.318

9.81| 235 | 2000 | 105 | 19.6 | 1.57E+05 56| 46.0 73.6| 86.3|0.625[0.533] 0.660[ 0.320|0.393|0.318
196.2 196 | 10000 | 941 | 41.2 | 3.12E+05| 385| 38.0] 60.8] 76.0{0.625[0.500[ 0.731] 0.392/0.398|0.355
147.2| 206 | 8000 | 644 | 34.3 | 3.15E+05| 264| 40.0 64.0 80.0|0.625 0.500( 0.731f 0.392]0.398|0.355

98.1 216 | 6000 | 416 | 29.4 | 2.88E+05| 170 42.0[ 67.2 84.0|0.625 0.500( 0.731f 0.392]0.398|0.355
49.05| 226 | 4000 | 241 | 24.5| 2.41E+05 99| 44.0 70.4 88.0|0.625 0.500f 0.731f 0.392]0.398|0.355

9.81| 235 | 2000 | 105 | 19.6 | 1.57E+05 43| 46.0f 73.6 92.0|0.625 0.500] 0.731] 0.392/0.398(0.355
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$ 6% EARERY AR

3 06-1 TR PEE R SBABE
I

X E; u A A y P hfE 8 F R |ABAQUS 4 47 F & PhfEE F R | ABAQUS 2475 &
cm GPa cm* MPa | ecm | em™ | ¢ yEsFl)s/13 y;:;; s ESFI)S/P ylf}: s MT:? FI:Q r MTKI FI:Q r

0 196.2 2050 98.10 | 45 | 0.0157| O 0.125 0.354 0.126 0.358 0.250 0.354 0.245 0.347
0 215.8 4712 78.48 | 60 {0.0118| O 0.125 0.354 0.127 0.358 0.250 0.354 0.246 0.348
0 2374 6537 49.05| 75 10.0094 | 0 0.125 0.354 0.126 0.357 0.250 0.354 0.247 0.349
0 261.1 4929 19.62 | 90 {0.0079| 0O 0.125 0.353 0.127 0.359 0.250 0.354 0.247 0.349
9 196.2 2050 98.10 | 45 | 0.0157(0.2 | 0.123 0.347 0.124 0.350 0.184 0.261 0.183 0.259
12 215.8 4712 7848 | 60 | 0.0118 | 0.2 | 0.123 0.347 0.124 0.350 0.184 0.261 0.183 0.259
15 237.4 6537 49.05| 75 10.0094 { 0.2 | 0.123 0.347 0.124 0.350 0.184 0.261 0.183 0.259
22 287.2 5000 9.81 | 110]0.0064 | 0.2 [ 0.123 0.347 0.128 0.362 0.184 0.261 0.186 0.263
24 215.8 4712 78.48 | 60 | 0.0118 | 0.4 | 0.117 0.330 0.117 0.332 0.128 0.182 0.128 0.180
30 237.4 6537 49.05| 75 10.0094 | 0.4 | 0.117 0.330 0.117 0.332 0.128 0.181 0.127 0.180
44 287.2 5000 9.81 [ 110]0.0064 | 0.4 | 0.117 0.330 0.122 0.344 0.128 0.182 0.130 0.184
36 196.2 2050 98.10 [ 45 | 0.0157| 0.8 | 0.098 0.277 0.098 0.277 0.044 0.062 0.043 0.061
60 237.4 6537 49.05| 75 10.0094 | 0.8 | 0.098 0.277 0.098 0.278 0.044 0.062 0.043 0.061
72 261.1 4929 19.62 | 90 [ 0.0079 | 0.8 | 0.098 0.277 0.099 0.281 0.044 0.062 0.044 0.062
54 196.2 2050 98.10| 45 |0.0157 1.2 | 0.075 0.214 0.075 0.213 -0.010 -0.014 -0.010 -0.014
72 215.8 4712 78.48 | 60 |0.0118 | 1.2 | 0.076 0.214 0.075 0.213 -0.010 -0.014 -0.010 -0.013
90 237.4 6537 49.05| 75 10.0094 | 1.2 | 0.076 0.214 0.076 0.214 -0.010 -0.014 -0.010 -0.014
90 215.8 4712 7848 | 60 |0.0118 | 1.5 | 0.059 0.167 0.059 0.165 -0.033 -0.047 -0.033 -0.047
113 2374 6537 49.05| 75 10.0094 | 1.5 | 0.059 0.166 0.059 0.166 -0.034 -0.048 -0.033 -0.047
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¥ 6%

R RS A

£6-2 BARNPE RhAE
P a q Es Is u l, LY o ABAQUS
kKN |cm| kN/m GPa cm* MPa | cm 2 5L | ML) W
.| PG| P PG| P
9.81 245.25 196.2 1280 98.1 | 40 | 0.1 |{0.353]0.341|0.357(0.338
14.715 245.25 215.8 4713 78.48 | 60 | 0.1 |0.35310.341|0.357(0.339
19.62 245.25 237.4 8463 49.05 | 80 | 0.1 | 0.3530.341|0.357|0.340
24.525 | 10| 245.25 261.1 7513 19.62 | 100 | 0.1 [ 0.353 |0.341|0.355|0.340
29.43 | 12| 245.25 287.3 7081 9.81 [120] 0.1 | 0.353{0.341|0.355|0.341
19.62 | 8 | 245.25 196.2 1280 98.1 | 40 | 0.2 {0.3530.329|0.357 [ 0.327
29.43 | 12| 245.25 215.8 4713 78.48 | 60 | 0.2 |0.353 {0.329|0.357 | 0.327
39.24 | 16| 245.25 237.4 8463 49.05 | 80 | 0.2 10.3530.329|0.356 | 0.328
49.05 |20 245.25 261.1 7513 19.62 | 100 | 0.2 | 0.353 10.329 | 0.355 | 0.328
58.86 |24 | 245.25 287.3 7081 9.81 | 120 0.2 | 0.353 0.329|0.354 { 0.329
29.43 | 12| 245.25 196.2 1280 98.1 | 40 | 0.3 10.3520.317|0.356 | 0.316
44.145 |18 | 245.25 215.8 4713 78.48 | 60 | 0.3 10.35210.317]0.356 |0.316
58.86 |24 | 245.25 237.4 8463 49.05 | 80 | 0.3 10.3520.317]0.355]0.316
73.575 |30 | 245.25 261.1 7513 19.62 | 100 | 0.3 | 0.35210.317]0.354|0.317
88.29 |36 245.25 287.3 7081 9.81 | 120} 0.3 |0.3520.317|0.353 {0.317
39.24 | 16| 245.25 196.2 1280 98.1 | 40 | 0.4 |0.351]0.306|0.355 | 0.304
58.86 |24 | 245.25 215.8 4713 78.48 | 60 | 0.4 | 0.351 |{0.306|0.355|0.304
78.48 | 32| 245.25 237.4 8463 49.05 | 80 | 0.4 | 0.351|0.306|0.354 | 0.305
98.1 40 | 245.25 261.1 7513 19.62 | 100 | 0.4 | 0.351 | 0.306 | 0.353 | 0.305
117.72 | 48| 245.25 287.3 7081 9.81 |120] 0.4 | 0.351 |0.306| 0.352 {0.305
49.05 |20 245.25 196.2 1280 98.1 | 40 | 0.5]0.350{0.295|0.353 {0.293
73.575 |30 | 245.25 215.8 4713 78.48 | 60 [ 0.5 |0.350]0.295|0.353 | 0.293
98.1 40 | 245.25 237.4 8463 49.05 | 80 | 0.5 1 0.350{0.295|0.353 | 0.294
122.625 | 50 | 245.25 261.1 7513 19.62 | 100 | 0.5 [ 0.350 | 0.295 | 0.352 | 0.294
147.15 |60 | 245.25 287.3 7081 9.81 | 120 0.5]0.350{0.295|0.351 | 0.294
ARSI Sk E S & 0 AT R ABAQUS f2it i =
RS ARG SRR T = -0 A L b - i N s W T R 158
PP T 4 D i e B ‘Bo@]%mk@:%?;\ﬁ’ P=9.81 ~

24.2 ~ 40.9 ~ 59.5kN > 4 FrL 582 fiogc E=221 ~ 245 ~ 270 ~ 294GPa » 4%
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¥ 6%

R RS A

F 6-3 B APpivr 42 Pl fdskEd (s/0)

P E; I u S £y s/l; F/P |d*u*s/P
kN GPa cm* |MPa| M | m - - -
9.8 220.7 3480 81 [ 0.50 | 0.56 | 0.900 | 0.321 | 0.160
9.8 220.7 3480 39 10.60 | 0.67 | 0.900 | 0.320 | 0.160
9.8 220.7 3480 55 1 0.55]0.61 | 0.900 | 0.320 | 0.160
9.8 220.7 3480 28 | 0.65|0.72 | 0.900 | 0.320 | 0.160
24.2 2453 2901 114 | 0.50 | 0.50 | 1.000 | 0.357 | 0.178
24.2 2453 2901 78 10.55]0.55]1.000 035 | 0.178
24.2 2453 2901 55 10.60 | 0.60 | 1.000 | 0.355 | 0.178
24.2 245.3 2901 40 | 0.65 | 0.65 | 1.000 | 0.355 | 0.177
40.9 269.8 2391 151 | 0.50 | 0.45 | 1.100 | 0.392 | 0.196
40.9 269.8 2391 53 10.65]0.59 | 1.100 | 0.390 | 0.195
40.9 269.8 2391 103 | 0.55 | 0.50 | 1.100 | 0.391 | 0.196
40.9 269.8 2391 73 10.60 | 0.55 | 1.100 | 0.390 | 0.195
59.5 294.3 1944 190 | 0.50 | 0.42 | 1.200 | 0.427 | 0.213
59.5 294.3 1944 66 | 0.65 | 0.54 | 1.200 | 0.425 | 0.212
59.5 294.3 1944 92 | 0.60 | 0.50 | 1.200 | 0.425 | 0.213
59.5 2943 1944 130 | 0.55 | 0.46 | 1.200 | 0.426 | 0.213

% 6-4 B mimgEs d fskEd (s/0)

P E I, u S 0, s/l. | M/Ps |0*u*s/P
kN GPa cm? MPa| M m - - -
9.8 220.7 3480 81 [0.500.56 (0900|0401 | 0.323
9.8 220.7 3480 24 1 0.68 | 0.76 | 0.900 | 0.403 | 0.321
9.8 220.7 3480 34 10.62|0.69 | 0900|0403 | 0.322
9.8 220.7 3480 51 | 0.56 | 0.62 | 0.900 | 0.402 | 0.322
24.2 2453 2901 114 | 0.50 | 0.50 | 1.000 | 0.364 | 0.360
24.2 245.3 2901 72 1 0.56 | 0.56 | 1.000 | 0.365 | 0.359
24.2 2453 2901 48 | 0.62 | 0.62 | 1.000 | 0.365 | 0.358
24.2 2453 2901 33 10.68 |0.68|1.000 ] 0.366 | 0.358
40.9 269.8 2391 151 | 0.50 | 0.45 | 1.100 | 0.334 | 0.398
40.9 269.8 2391 64 | 0.62 | 0.56 | 1.100 | 0.335 | 0.396
40.9 269.8 2391 96 | 0.56 | 0.51 | 1.100 | 0.335 | 0.396
40.9 269.8 2391 44 10.68 | 0.62 | 1.100 | 0.336 | 0.395
59.5 294.3 1944 190 | 0.50 | 0.42 | 1.200 | 0.309 | 0.436
59.5 294.3 1944 121 | 0.56 | 0.47 | 1.200 | 0.310 | 0.434
59.5 294.3 1944 80 [ 0.62|0.52|1.200 | 0311 | 0.433
59.5 294.3 1944 55 10.68 | 0.57 | 1.200 | 0.311 | 0.432
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$6%F RARERY AR

% 6-5 B puphivr 4 gl plsEd (L 4)

L P E, I, u S ¢, |s/ | L/t | F/P |d*u*s/P

M kN GPa cm® | MPa | cm cm

7.50 | 9.8 | 220.7 | 3480 | 81 50 56 |09 | 13.5 | 0.161 | 0.321

9.00 | 9.8 | 220.7 | 3480 | 39 60 67 |09 | 13.5 | 0.160 | 0.320

825 | 9.8 | 220.7 | 3480 | 55 55 61 |09 | 13.5 | 0.160 | 0.320

9.75 | 9.8 | 220.7 | 3480 | 28 65 72 109 | 13,5 | 0.160 | 0.320

7.50 | 242 | 2453 | 2901 | 114 | 50 50 (1.0 15.0 | 0.178 | 0.357

825 | 242 | 2453 | 2901 78 55 55 (1.0 | 15.0 | 0.178 | 0.356

9.00 | 242 | 2453 | 2901 55 60 60 (1.0 15.0 | 0.178 | 0.355

9.75 1242 | 2453 | 2901 40 65 65 (1.0 | 150 | 0.177 | 0.355

850 | 9.8 | 220.7 | 3480 | &1 50 56 {09 | 153 |0.161 | 0.321

10.20 | 9.8 | 220.7 | 3480 | 39 60 67 |09 | 153 | 0.160 | 0.320

935 | 9.8 | 220.7 | 3480 | 55 55 61 |09 | 153 | 0.160 | 0.320

11.05 | 9.8 | 220.7 | 3480 | 28 65 72 109 | 153 | 0.160 | 0.320

7.50 | 409 | 269.8 | 2391 | 151 | 50 45 | 1.1 | 16.5 | 0.196 | 0.392

9.75 |1 40.9 | 269.8 | 2391 53 65 59 | 1.1 | 16.5 | 0.195 | 0.390

825 | 409 | 269.8 | 2391 | 103 | 55 50 | I.1 | 16.5 | 0.196 | 0.391

9.00 | 409 | 269.8 | 2391 73 60 55 (1.1 | 16.5 | 0.195 | 0.390

850 | 242 | 2453 | 2901 | 114 | 50 50 (1.0 17.0 | 0.178 | 0.357

9.35 242 | 2453 | 2901 78 55 55 (1.0 17.0 | 0.178 | 0.356

10.20 | 242 | 2453 | 2901 55 60 60 (1.0 17.0 | 0.178 | 0.355

11.05 | 242 | 2453 | 2901 40 65 65 (1.0 | 17.0 | 0.177 | 0.355
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\

% 6-6 LML S iRE A

P E, I u E, L u, [ ABAQUS
oL
kN GPa cm? MPa GPa cm? MPa |cm |cem|em | ‘i 0y 51 Edl 52 Edl M, M, 51 Els 52 Els M, M,

P | PO | Pe, | Pe P | P | Pr, | Pl

196.2| 196 10000 | 941 412 | 211000 | 597 |38.0(55.1|61.8]0.690 | 0.615| 0.634 | 0.298 | 0.395 | 0.240 | 0.654 | 0.301 | 0.384 | 0.241

1472 206 8000 644 | 343 |212000 | 408 |40.0(58.0|65.0|0.690 | 0.615| 0.634 | 0.298 | 0.395 | 0.240 | 0.652 | 0.300 | 0.384 | 0.242

98.1| 216 6000 416 | 294 | 195000 | 264 |42.0(60.9(68.3|0.690 [ 0.615| 0.634 | 0.298 | 0.395 | 0.240 | 0.650 | 0.300 | 0.385 | 0.242

49.05| 226 4000 241 245 | 163000 | 153 |44.0/63.8/71.5|0.690 | 0.615| 0.634 | 0.298 | 0.395 | 0.240 | 0.649 | 0.300 | 0.385 | 0.242

9.81 | 235 2000 105 19.6 | 106000 | 67 |46.0|66.7|74.8] 0.690 | 0.615 | 0.634 | 0.298 | 0.395 | 0.240 | 0.648 | 0.300 | 0.386 | 0.241

196.2| 196 10000 | 941 412 | 211000 | 443 |38.0(55.1|66.5|0.690 | 0.571 | 0.712 | 0.377 | 0.403 | 0.275 | 0.732 | 0.381 | 0.391 | 0.276

1472 206 8000 644 | 343 |212000 | 303 |40.0(58.0{70.0|0.690 | 0.571| 0.712 | 0.377 | 0.403 | 0.275 | 0.730 | 0.381 | 0.391 | 0.276

98.1| 216 6000 416 | 294 | 195000 | 196 |42.0(60.9(73.5(/0.690 [ 0571 | 0.712 | 0.377 | 0.403 | 0.275 | 0.729 | 0.381 | 0.392 | 0.276

49.05| 226 4000 241 245 | 163000 | 113 |44.0/63.8(/77.0/0.690 | 0.571 | 0.712 | 0.377 | 0.403 | 0.275 | 0.728 | 0.381 | 0.392 | 0.276

9.81 | 235 2000 105 19.6 | 106000 50 146.0(66.7|80.5(0.690 | 0.571 | 0.712 | 0.377 | 0.403 | 0.275 | 0.728 | 0.382 | 0.393 | 0.275

196.2| 196 10000 | 941 412 | 211000 | 337 |38.0(55.1|71.3]/0.690 | 0.533 | 0.803 | 0.469 | 0.410 | 0.310 | 0.824 | 0.474 | 0.398 | 0.311

1472 206 8000 644 | 343 |212000 | 230 |40.0(58.0|75.0|0.690 | 0.533 | 0.803 | 0.469 | 0.410 | 0.310 | 0.822 | 0.474 | 0.399 | 0.311

98.1| 216 6000 416 | 294 |195000 | 149 142.0(60.9(78.8|0.690 | 0.533 | 0.803 | 0.469 | 0.410 | 0.310 | 0.822 | 0.475 | 0.399 | 0.311

49.05( 226 4000 241 245 | 163000 | 86 |44.0|63.8/82.5|0.690 | 0.533 | 0.803 | 0.469 | 0.410 | 0.310 | 0.822 | 0.476 | 0.400 | 0.310

9.81 | 235 2000 105 19.6 | 106000 38 146.0(66.7|86.3| 0.690 | 0.533 | 0.803 | 0.469 | 0.410 | 0.310 | 0.823 | 0.478 | 0.400 | 0.311

196.2| 196 10000 | 941 412 | 211000 | 260 |38.0(55.1|76.0|0.690 | 0.500 | 0.907 | 0.575 | 0.418 | 0.346 | 0.930 | 0.582 | 0.406 | 0.346

1472 206 8000 644 | 343 |212000 | 178 |40.0(58.0/80.0|0.690 | 0.500 | 0.907 | 0.575 | 0.418 | 0.346 | 0.929 | 0.583 | 0.406 | 0.346

981 | 216 6000 416 | 294 |195000 | 115 |42.0(60.9(84.0|0.690 [ 0.500 | 0.907 | 0575 | 0.418 | 0.346 | 0.930 | 0.584 | 0.407 | 0.346

49.05( 226 4000 241 245 | 163000 | 67 |44.063.8/88.0|0.690 | 0.500 | 0.907 | 0.575 | 0.418 | 0.346 | 0.931 | 0.586 | 0.407 | 0.346
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196.2| 196 10000 941 412 | 241000 | 683 |38.0/57.0(61.8|0.667 [0.615| 0.599 | 0.261 | 0.390 | 0.242 | 0.619 | 0.264 | 0.379 | 0.244
1472 206 8000 644 34.3 | 243000 | 467 |40.0/60.0|65.0|0.667 | 0.615| 0.599 | 0.261 | 0.390 | 0.242 | 0.617 | 0.263 | 0.379 | 0.244
98.1 216 6000 416 29.4 | 223000 | 302 |42.0/63.0(68.3|0.667 [0.615| 0.599 | 0.261 | 0.390 | 0.242 | 0.615 | 0.263 | 0.380 | 0.244
49.05| 226 4000 241 24.5 186000 175 |44.0(66.0(71.5( 0.667 | 0.615 | 0.599 0.261 0.390 0.242 0.614 0.263 0.380 0.244
9.81 235 2000 105 19.6 | 122000 76 46.0(69.0|74.8| 0.667 | 0.615 | 0.599 0.261 0.390 0.242 0.613 0.263 0.381 0.244
196.2 196 10000 941 41.2 | 241000 508 [38.0/57.0|66.5| 0.667 | 0.571 | 0.668 0.331 0.397 0.277 0.687 0.334 0.385 0.279
1472 206 8000 644 343 | 243000 347 |40.0(60.0(70.0| 0.667 [ 0.571 | 0.668 0.331 0.397 0.277 0.686 0.334 0.386 0.279
98.1 216 6000 416 29.4 | 223000 | 225 |42.0|63.0/73.5|0.667 [0.571| 0.668 | 0.331 | 0.397 | 0.277 | 0.684 | 0.334 | 0.386 | 0.279
49.05( 226 4000 241 24.5 | 186000 130 |44.0|66.0|77.0| 0.667 | 0.571 | 0.668 | 0.331 | 0.397 | 0.277 | 0.683 | 0.334 | 0.387 | 0.278
9.81 235 2000 105 19.6 | 122000 57 |46.0(69.0(80.5(0.667 | 0.571| 0.668 | 0.331 | 0.397 | 0.277 | 0.683 | 0.334 | 0.387 | 0.278
196.2| 196 10000 941 412 | 241000 | 385 |38.0|57.0(71.3|0.667 [0.533 | 0.747 | 0.412 | 0.403 | 0.313 | 0.768 | 0.416 | 0.392 | 0.314
1472 206 8000 644 343 | 243000 | 264 |40.0/60.0|75.0|0.667 | 0.533 | 0.747 0.412 0.403 0.313 0.766 0.416 0.392 0.314
98.1 216 6000 416 29.4 | 223000 170 |42.0(63.0(78.8( 0.667 | 0.533 | 0.747 0.412 0.403 0.313 0.765 0.416 0.393 0.314
49.05| 226 4000 241 24.5 186000 99 44.0(66.0|182.5| 0.667 | 0.533 | 0.747 0.412 0.403 0.313 0.765 0.417 0.393 0.314
9.81 235 2000 105 19.6 | 122000 43 46.0169.0(86.3| 0.667 | 0.533 | 0.747 0.412 0.403 0.313 0.766 0.419 0.394 0.313
196.2| 196 10000 941 41.2 | 241000 | 298 |38.0|57.0/76.0(0.667 [ 0.500 | 0.839 | 0.504 | 0.410 | 0.349 | 0.861 | 0.510 | 0.398 | 0.350
1472 206 8000 644 34.3 | 243000 [ 204 |40.0{60.0/80.0| 0.667 | 0.500 | 0.839 | 0.504 | 0.410 | 0.349 | 0.860 | 0.511 | 0.399 | 0.350
98.1 216 6000 416 29.4 | 223000 132 |42.0|63.0|84.0| 0.667 | 0.500 | 0.839 | 0.504 | 0.410 | 0.349 | 0.860 | 0.512 | 0.399 | 0.350
49.05( 226 4000 241 24.5 | 186000 76 |44.0(66.0(88.0( 0.667 | 0.500 | 0.839 | 0.504 | 0.410 | 0.349 | 0.861 | 0.514 | 0.400 | 0.350
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196.2| 196 10000 941 41.2 | 275000 | 779 |38.0{58.9/61.8|0.645|0.615| 0.570 | 0.230 | 0.386 | 0.244 | 0589 | 0.232 | 0.374 | 0.245

1472 206 8000 644 343 | 277000 | 533 |40.0/62.0(65.0| 0.645 | 0.615 | 0.570 | 0.230 | 0.386 | 0.244 | 0587 | 0.232 | 0.375 | 0.246

98.1| 216 6000 416 29.4 | 254000 | 344 |42.0(/65.1/68.3| 0.645|0.615| 0570 | 0.230 | 0.386 | 0.244 | 0585 | 0.231 | 0.376 | 0.246

49.05| 226 4000 241 245 | 212000 | 199 |44.0|68.2|71.5|0.645|0.615| 0.570 | 0.230 | 0.386 | 0.244 | 0584 | 0.231 | 0.376 | 0.246

9.81 | 235 2000 105 19.6 | 139000 87 |46.0(71.3|74.8|0.645|0.615| 0570 | 0.230 | 0.386 | 0.244 | 0.583 | 0.231 | 0.377 | 0.245

196.2| 196 10000 941 41.2 | 275000 | 579 |38.0(58.9(66.5|0.645|0.571| 0.630 | 0.291 | 0.392 | 0.280 | 0.649 | 0.294 | 0.380 | 0.281

1472 206 8000 644 343 | 277000 | 396 |40.0/62.0(70.0|{ 0.645|0.571 | 0.630 | 0.291 | 0.392 | 0.280 | 0.648 | 0.294 | 0.381 | 0.281

98.1| 216 6000 416 29.4 | 254000 | 256 |42.0{65.1|/73.5|0.645|0571| 0.630 | 0.291 | 0.392 | 0.280 | 0.646 | 0.294 | 0.381 | 0.281

49.05| 226 4000 241 245 | 212000 | 148 |44.0(68.2|77.0|0.645|0571| 0.630 | 0291 | 0.392 | 0.280 | 0.645 | 0.294 | 0.382 | 0.280

9.81 | 235 2000 105 19.6 | 139000 65 |46.0(71.3(80.5|0.645|0.571| 0.630 | 0.291 | 0.392 | 0.280 | 0.645 | 0.294 | 0.382 | 0.280

196.2| 196 10000 941 412 | 275000 | 439 |38.0/58.9|71.3|0.645|0.533| 0.700 | 0.362 | 0.398 | 0.316 | 0.720 | 0.366 | 0.386 | 0.317

147.2| 206 8000 644 343 |277000 | 301 |[40.0|62.0|/75.0|0.645|0.533 | 0.700 | 0.362 | 0.398 | 0.316 | 0.719 | 0.366 | 0.386 | 0.317

98.1| 216 6000 416 29.4 | 254000 | 194 |42.0{65.1|78.8| 0.645|0.533 | 0.700 | 0.362 | 0.398 | 0.316 | 0.718 | 0.366 | 0.387 | 0.316

49.05| 226 4000 241 245 | 212000 | 112 |44.0/68.2/82.5|0.645|0.533 | 0.700 | 0.362 | 0.398 | 0.316 | 0.717 | 0.367 | 0.387 | 0.316

9.81 | 235 2000 105 19.6 | 139000 49 |46.0|71.3|86.3| 0.645 | 0.533 | 0.700 | 0.362 | 0.398 | 0.316 | 0.717 | 0.368 | 0.388 | 0.316

196.2| 196 10000 941 41.2 | 275000 | 339 |38.0(58.9|76.0| 0.645|0.500 | 0.781 | 0.444 | 0.404 | 0.353 | 0.802 | 0.449 | 0.392 | 0.353

147.2| 206 8000 644 34.3 | 277000 | 232 |40.0{62.0|80.0| 0.645 | 0.500 | 0.781 | 0.444 | 0.404 | 0.353 | 0.801 | 0.450 | 0.392 | 0.353

98.1| 216 6000 416 29.4 | 254000 | 150 |42.0|65.1/84.0| 0.645|0.500 | 0.781 | 0.444 | 0.404 | 0.353 | 0.801 | 0.451 | 0.393 | 0.353

49.05| 226 4000 241 24.5 | 212000 87 |44.0/68.2(88.0| 0.645 | 0.500 | 0.781 | 0.444 | 0.404 | 0.353 | 0.802 | 0.452 | 0.393 | 0.353
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196.2] 196 10000 941 412 | 312000 | 884 |38.060.8 61.8| 0.625( 0.615] 0.544| 0.203[ 0.382| 0.246] 0.563] 0.205 0.371| 0.247
147.2| 206 8000 644 343 [ 315000 605 40.0| 64.0 65.0[ 0.625| 0.615 0.544 0.203 0.382 0.246 0.561 0.205 0.371) 0.247
98.1 216 6000 416 29.4 | 288000 | 391 |42.0]67.2|68.3] 0.625 0.615] 0.544| 0.203[ 0.382| 0.246] 0.560] 0.204| 0.372 0.247
49.05| 226 4000 241 24.5 | 241000 | 226 |44.0[ 70.4{ 71.5( 0.625( 0.615 0.544 0.203 0.382 0.246 0.558 0.204 0.372| 0.247
9.81f 235 2000 105 19.6 | 157000 99 46.0| 73.6| 74.8| 0.625| 0.615 0.544 0.203 0.382 0.246 0.558 0.204 0.373| 0.247
196.2 196 10000 941 41.2 | 312000 657 38.0[ 60.8| 66.5| 0.625| 0.571 0.598 0.257 0.387 0.282 0.617 0.260 0.376| 0.283
1472 206 8000 644 343 [ 315000 | 450 |40.0]64.0] 70.0[ 0.625| 0.571 0.598 0.257 0.387 0.282 0.615 0.259 0.376| 0.283
98.1 216 6000 416 29.4 | 288000 | 291 |42.0|67.2| 73.5 0.625[ 0.571 0.598| 0.257 0.387| 0.282] 0.614] 0.259| 0.377( 0.283
49.05| 226 4000 241 24.5 | 241000 168 | 44.0| 70.4| 77.0| 0.625[ 0.571] 0598 0.257 0.387| 0.282] 0.613] 0.259| 0.377| 0.282
9.81 235 2000 105 19.6 | 157000 74 46.0| 73.6{ 80.5| 0.625 0.571) 0.598| 0.257] 0.387 0.282| 0.612| 0.260] 0.378| 0.282
196.2] 196 10000 941 412 | 312000 | 499 |38.060.8 71.3| 0.625[ 0.533] 0.660] 0.320{ 0.393] 0.318 0.679] 0.324 0.381| 0.319
1472 206 8000 644 343 [ 315000 341 40.0| 64.0[ 75.0] 0.625| 0.533 0.660 0.320 0.393 0.318 0.678 0.323 0.381] 0.319
98.1f 216 6000 416 29.4 | 288000 | 221 42.0| 67.2| 78.8] 0.625| 0.533 0.660 0.320 0.393 0.318 0.677 0.324 0.382| 0.319
49.05| 226 4000 241 24.5 | 241000 128 | 44.0 70.4] 82.5| 0.625[ 0.533 0.660 0.320 0.393 0.318 0.676 0.324 0.382| 0.318
9.81f 235 2000 105 19.6 | 157000 56 46.0| 73.6[ 86.3] 0.625| 0.533 0.660 0.320 0.393 0.318 0.677 0.325 0.383] 0.318
196.2] 196 10000 941 412 |312000 | 385 |38.060.8 76.0 0.625 0.500, 0.731] 0.392( 0.398 0.355| 0.752] 0.397] 0.386| 0.356
147.2| 206 8000 644 343 | 315000 [ 264 |40.0]64.080.0] 0.625[ 0.500{ 0.731| 0.392] 0.398] 0.355 0.751] 0.397 0.387| 0.355
98.1 216 6000 416 29.4 | 288000 170 | 42.0| 67.2| 84.0f 0.625[ 0.500, 0.731] 0.392 0.398] 0.355| 0.750, 0.398 0.387| 0.355
49.05| 226 4000 241 24.5 | 241000 99 44.0 70.4/ 88.0| 0.625 0.500] 0.731] 0.392] 0.398 0.355| 0.751] 0.400] 0.388] 0.355
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R, =0.64903+0.28037®, +0.037820,

®, =-2.302+2.729A, -2.310A7 -56.964A; -74.696A

®, =-2.346-25.790 A, -78.043A3 -95.504A3 -41.271A;
A, =0.0034x1+0.0001x2 -0.0497x3 +0.9987x4 +0.0098x5
A, =-0.2056x1-0.0016x2-0.0470x3 +0.8708x4 - 0.4441x5

ly V. S S S
=|x1,x2,x3,x4,x5| =| =% ,—& = log(l+—),log(1+—
[ ]gggg(g)g(g)}

r r r r k
Statistics : N =2430 , R*> =0.9995, SEE =0.0063

Limits:l.25<irk<450 059<§ <8.03, 031<£—<939

r r r
P AR AT T et B AL P o AR e
EEAIEEFF U ENERNPUE TR AN 6-4TF o

R. :0.0225+0‘384lf 6- 4
6-4-1-2 TR =EI-EF 4 BEFSF
RFE T 000, 10, =1.45,1.50,1.55,1.60~ ¢,/¢,=1.625, 1.750, 1.875,
2.00~# s/¢,=0.52,0.65,0.78 ,0.91, 1.04, 1.17, 1.30, 1.43, 1.57 2 = 144
EAFTHRE > B SR F A Aot By B EL R it
ARl %o R AEREERF B T AR TS % selil=zli B
frFide =88 Fo= B 2 Wargpdg x 1 B o F 28T A 40 2}

g A A BRI RECE N0 0 s/ BRI e 2 x/e, e

By it sk F/P-F/ FoF e (2028 6-14 &1 > d
BlY ¥ I Sl /0~ 0 /0, B s/t %3 Fy ;75 P v -
P EF Foengrd) 2 ¥8ch x/l, o &% B Rp=F/ Fy T& 5 v it = § 3258

N
4

s HAp s N dr 8 6-5 9757 o
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$ 6% RAPUERS AN

R: =1.000-0.178X - 0.445 X*+0.246 X* -0.048 X* +0.003 X°

-
' 6-5
Statistics: N =844 , R* =0.9999, SEE =0.0045

Limits:% <5.0

r

6-4-1-3 % #@mbih 71+

P ERTE TSR H - phE (P T ol
WF R Ra - R E APuE ) ohd R0y A 430 B pher
W ehd o B H - hE (T cha 4700 7 A ik AR SRR D
TE oG FEN AT S BRI DR R T A eh
PR HmTY he S F RS T H - phE AR RS o

AFT SR S phied g P - B e E T

PRARE A RF - wB Y A B FtiEF L3
B hEE D, A At hE BT > F B E Y 5n Bk
PhiE D, 7 Fo > 18 % by P puig kb chigdp F R O IR 2 on
Pem G AR DSOS BHMITY G- BEE o VARG -
BHpEY o PRl ddc2F 4 5 Fopeo o § 7 B E fhphiE D,
fedt chde @ F 4 5 Fopa © Flet 0 10 73 e e F) gt + D,=0 FF 513 F (pamy)
EI SR ET]F Ry, BH L AFEFFRTRY H- fHmphinr &
Bt S #yiT prenk Ji o

AR T T e ST HiaE R PE HEA e £ 3 e hiEE D, ehiE

il

4y

e i\.'g‘@-f A}ﬁm? R > H - ERE st 1l S B L O/l ~ O )0, 8 T Hik
PHEED, /¢, o BRd o G THRAFEFRT FHAISHEF Khi & %
B G BT SHeD, 0, 0 FIM TP R e ehglice &2 2 468
:i!"\ﬁf;i’% A BT+ Rp, &2 & F|=x $8kD, /¢ Bk (2008 6

-15 %57 > P B BT 2R R de 2 54 6-6

133



$6%F RARERY AR

Q e
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(]
o | o |
IS} S}
© 8 L)
s © g o]
Q °
T o~ [] o ™~
o a ©
© @
o 7 ] o
) 0
2 8 o o e s 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Dallr Dallr
o
—
o
IS}
o
0
g o
k3]
T o~
L o
a
©
IS}
10
IS}
0.5 0.6 0.7 0.8 0.9 1.0
Actual R

Bl 6-15 7 fdhid FFF &2 %%

R=0.9979+0.0428X-0.3202X* +0.1417X’ - 0.0235X"* +0.0014X’

Statistics: N =468 , R* =0.9988, SEE =0.0064

Limits: 0 < D, <6.0
& 6-6

3 LLL,{‘%'# ;};{t 6—7iir'fi§“'g‘_?ﬁ'éﬁ:;“%??;€:J % i\‘.—g‘_P
FRebiE- 8ot k4 Fpg ot r 4 FiBl gt BFe
s B AR B Rt 4 TR 0T SRR R - b
VAR CFE

Fi =PxRy XRe xRy 6-7
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¥ 6% WARG R A

6-4-2 REI A AP
Bl 6-16 5 A fEHEY ¢ cnuif wmdn s o de i AT @ iR £ £ 1
B Rl A 0 AR R BB P E (T AN T AR S R4 6 %
SERIE Dl e F]gt > A R M L TE 2 DI o K

R i BF

v

s HE

d
e

B 6- 16 $1if w45 £ 4 5
?}I% [ &%, 1996] © #& 3|~ 45k 124 & ?%%i\}i_’_m“ 3o
14 Westergaard ¥ & g4 SVER EFEE O KfE 0 AT 2506 -
8B H P g, &7 &% Westergaard ¥ & Jig# S\ irt B4 @
Ro = 1958 6-17 ¢ 7 I hdhle & a7 BFF)F Ry 7 7 "V & &%
B2AEFF B AT AR ARS AR A AR TR
Sph L T Ay R A2 4G B F G
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$6%F RARERY AR

B 6-17 iy = dhit* AR i ¥

UFEM:Jix(RGXRLW) 6-8

3 P (. 2/ m(ay
= (I+4)—|{In==t-py+05+—| =
Tw 2n( ﬂ)hz{{n a}' 4 32(£j }

0,.Westergaard * + ;“ £ R R IR ehE < 4, [FL7]
CApgrE R LG, [L]

P:AVE, [F] ;

af € w2 L]

y:Euler's constant (=0.577215664901 .....)

A2 Mg B PR a7 58 R (T L R B A 4T o

% ¢ 11 Westergaard ¥ & 54 5 A#H L LB KF)F R F g s

=

Zek 3 3 SRR R B ) L BE RS A TI e & T U
AR o Bl o SRR P RGPS AR FF]F T e A oA g
T FEE R o AMER? LB AFE S e PES [HANERY
LA BT ORERS S BAAEL SNV Y 2L Ry DE BT
EHEERT LR EFFEFER -

PR AR R R R R e E B E s FbR

AN
;\
vy

N
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$ 6% RARERA A
A AT S TN E R S ek Bade g AT BT g s
SE Y P E AR 6-12 957 0 < p LA Ak o iR g it Bk E

A

S BREF R A B e 2 ko T R R 2 (48
1996] ¢ # iR EFF Rifl > AL E 2 H @ il 2 KA
o b mMA S AP EAME I R RE RS L R RS R
S z?é.ffﬂ—? Rpo ©

BEER Y & Dy R PR g TR IR
m%ﬁﬁﬁwiwkﬁmifﬁﬁﬁﬂia' PSR oo st 0 J

AR 6-9F T EF BA-EBEIR Y L P LR G

ﬂﬂ’Um%ﬁﬁi%??E%$ﬁﬁ%@44nﬂ;%%ﬁ$

i B qi#r3t B e Westergaard @ & & 4 J[FL?] SR, %7 % i

B SR AREDTE R L BRI AT T A
+

AEFF FHmauE 2 > VAT &P

IPRVEN UL =30 I )/ AN & 3}5'33’35 * Westergaard g4 o ;¢
FehgF o a4 B0 R - 2 494 PP Westergaard
ﬁ&ﬁﬁﬁ%ﬂﬁ@&ﬁ?béiﬁﬁ%£fﬁm I SR R
BRRE AR G wm 2 0 T AP E o T A TR ERLE S
s 4 pF > Westergaard s N FAe i3 I A A 543 it G

&+ F J& & - loannides ¥ ¥4 & R hF P Ao i
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$ 6% RAPUERS AN

e

Westergaard = ;% P #7E3k e0& T (Infinite) "<& #& I y > v

Hom Rz g g s B4 a2 1) Westergaard #7igck e

™
A

7
~~

FUBRE A B G L=8.0/8 1=3.5/> EURE N AL L
PLe ™ 3 AR EFF kBT

e

AL R LE Y T AR ISR Y Ao L s B i T
Westergaard #7igzk e " UK F A& A A iE e 4 o, vt
‘iﬁﬁiéfﬂwmwﬂ% Tren ﬁﬁﬁ‘ﬂ“ﬁﬂﬁﬂiRmﬂpf
PR S EHR ST o Ryw L B ipd S8l LieW/sall o fEE AR

g PURE SR FFORTE LR PE o gd R FARS AT
¥ EFRIL/W/altE 3 R FARAEF]F Ry M AT R—E £
PREERFF AT 2 FRF 225 A FF]F 0 Ry 7

RN Ao N 6-10 [2# %, 1996] #757 o

R, =1.0809 +0.04546®, +0.05792®, +0.03742P,
®, =0.27351+1.28607(A1)
[ 3.44232+ 1.42864(A2)  if A2<-1.6
2 { ~15.77484-22.42728(A2) -7.50782(A2)° if A2=-1.6

_[-1.85756+ 0.17921(A3)+ 0.95723(A3)* if A3<-1.0
8.62686+ 19.22734(A3)+ 9.53635(A3)* if A32-1.0

Al1=-0.67019 x1+ 0.42503 x2 -0.60844 x3 6-10
A2=-0.00271x1-0.42293 x2+0.90616 x3
A3=-0.30625x1-0.02100x2+ 0.95172 x3
= [xl,xZ,x3] :[W,L,E}
L0t
Statistics : N =144 , R*=0.968, SEE =0.0121

Limits: 2<£<7 0.05<— <()3 £>W
14 / 2

AL A 6-10 B R PUE BT o A TR R
AR R G PURE L/~ ARG FORTW/ 0 B R e

138



$6F RAPE RS A

Ring RS AR E L a=(de R d FOMSP B R R Ean T
O DI ke LR A TS o

O AR AR BUE KA T A B R A LS 4
oo ochigE o Flet oo drmeir S OKEEIEGG G om R Rk Flpt g R
© 4 A FEF]F Rw=1.0 ¢
6-4-2-2 PLi- B ETF

Bl 6-16<F €40 § P Eat g (R ) e E A G-
Wy o FIEtAROPEFE  FHRY L8 ¥ -
e d > TRAR L Ao B 6 - 17 W'J'riﬁ:f\i % ¥ (Dual
Tires) &% chfiw > FIp v 4% [ 37 %, 1996]) #73& e cn¥ s
P LB FF RREHPLEE PP

F#Eh (Dual Tires) 1 €4 & BfsF o< » Hfpnd 4 3¢
e (BFEE) 5 0 P EFFLIIL a> B 6- 17 FihE g
BHEEtOR s R4 F 2 i RRENS B £ &R §
B BE UE B 4 > A BERT L FOT R 54 R R bR
FPWRFIECET - TR BHT LA LAT BT B DF
AR H - P EeniRe I M GTR REERT LR AL
Bt BHE -G LA Ph s B4 St ITFEM BRI RS
Rie 21+ ]+ Rz & 2 R=0,/0_, ' 2% 0 5 EHGFiE=tpix?
AL B AR B O s FHEHBTIE=0p Y 24 b X B4 E o

A EE (284, 1996] #3979 &= FihE sl £ 13 1 7]
F RO EZERY ERPEZRRL AR ERRP AL S
(L/0g W/0) G 120 EIIE URE i i pom ke R 2 5 R o
P o Flt kAP hd Rl S s TR P R/ 08 1R T
TaoFGd 3 AN TRT EFIU S a/t 2SR EFF R
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$6%F RARERY AR

BT R R AT SRIT 2 i
F13 R B 4o 58 6- 11 [Lee, 1997]) #757 o

R =—!

g._
R :o.t52311+o.14042q>1 +0.03507 ®,
ch={-0.413+ 0.171(A1)+0.029(A1Y +0.003(A1) if (Al)<-2
2.041 +4.691(A1)+ 2.971(A1} +0.657(A1) if (Al)>-2
o, = {-2.637-36.693(A2)—166.057(A2)2-172.818(A2)3 if (A2)<-0.2
2.596+15.860(A2) -34.892(A2) -179.776(A2)° if (A2)>-0.2

Al =-0.42114x1+ 0.89947x2+0.10787x3-0.04424x4
A2=-0.03365x1-0.97142x2+0.23496x3+0.00027x4

[xl x2,x3 x4] —{1 a t><_a l}

Statistics: N =98 , R* =0.991, SEE=0.0117

Limits:0.0SS%SOA , 0s%s4

6-11
Je# 230 6-11 7 i % AR iR Y PUESTRA > AT

AR H-LaE SR et AT A LR EE/ 080 I AT ;“aia/m%]» 20 6-11

TEE IR E R E]S o

6-4-23 fE£=EAKT

Bl 6 - 16 Fai v FF2 piqo2ivr fomt arfid d 30

FERP LD FAApe o et miE o [FE R, 1996] By e 2
Sl b i i )
- Bde TR SRR R TR F B AR
ﬁ*ﬁ%%?ﬁﬁi%%%ﬁ%@ﬁuﬁﬁdéﬁﬁﬂw%yp;u
TREAE B E A BRI TR TG A R
A E Y A R gsg_f_rﬂ_; o

\1«

TG A A BRI I E A i T
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FOF CRSPERS AT

B 6-187 iF* fix b i £ %-§ F1L ARy & mF Dy @ it
A 35 FREEF A & =8 D=0 FF > 5K L =% B PR
FOpog A PEIEY Gy & E Do SRR KT & 2B Sk
®Opo° % MALEEAE Do i b 4o po > 32 2 B L E 40P L §
s BERAR R AR] o A Do e Bl - TR R P L

Gk enfld BERT L o 0t 4 TR T 10, /0, kA

T A ERGP LR RPETAHFFF Rpo o

W 6-18 ¢ =% ihat? 47 LM

%

énhn
=

AE T AT PP E R R SRR R

a/( : 0.050.1,02,03,04
Dy/¢ : 0.00,0.35,0.71, 1.06, 1.42,1.77,2.13, 2.48, 2.84, 3.19,
3.54,3.90, 4.25, 4.61, 4.96, 5.32
AR REEEREY AT E LR E SRR E AR RALE
2o (L/rgs W/0) 5 135 E 3 & "R E ehiffin iy WEEERET
Bervcfizeall Dyl Rpg Bl 47 M= B2 M GH 6-19 &7 o
FI* PR pFA AT FEIT A Rpg 7f fp > 4230 22 (34 6-12) 3K
20 B 4B 4eB 6-20 0
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$6%F RARERY AR

Op,
RDO ) Op,=0

Ry, =0.20281+0.278170, +0.01147®,
®, =2.2307+3.9926(A1)+2.2017(A1) +0.5347(A1) +0.0468(A1)
®, =8.8856-76.252(A2)+196.14 (A2) - 195.82(A2)’ +66.748(A2)"
Al =-0.74978x1+0.66168x2 -0.00417x3

A2= 0.11226x1+0.99368x2+0.00237x3

X =[x1,x2,x3] :B,%,%}

Statistics: N=78 , R* =0.988, SEE=0.03

Limits: 0.05 s%s 0.4,05%5 53

Bl 6-19a/¢ > Dy/l¥® Rpg2_ B 4 (B4 F &)
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my.ppreg(xmat, R, 2, 2, 8, 3), R-Squared = 0.998

@ @ o | %
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° LI R I i i H o] MMttt s v e a .
o o o
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3 S Eel 5 p
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7 R A T ™ o o~
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R 3 g
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S S ﬁ:ﬂ* _% ® 6]
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x 3 83
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Actual R

Bl 6-20Rpof fo B 2 3 HAB (&4 7 &)

6-4-3 B4 &7 5
BE AT BB i kT 2 U RS AR
B B AT AACE] 6-21 1 o B T RP .

[—
.

R S 28 SR = Sl R R R S

N

BH* PEPENN6-3RFF)F R Bdc ez 57 4 Fyo

3.t 6-5 2N 6-62ZAFFF s o 6-TEFE
Pas—- Bicit birg ek 4 Fo

4. f&* 234 6-8 Westergaard ¥ & 1 & 4 iR F - B ie
Eeng 4 A F Tt P L R4 o, o

5. Mt 6-123 5 F - B ¥ k4 3T Rpg

6. 1IN 6-9 B 4t »ﬁjﬁ;ﬁ%a TR N=0) -
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Pkt 4 R AR o
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| EOURLE P E i
’ R i
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$6F RS MRS A

S TR MR S BRI G B el e 2 0 7 )
*OF A AT R TME R A 3T R AL ] e B R S

6-5 BA RIRHES R
%*m¢é=Bﬂ@?%ﬁﬁf'*vﬁmE%T’ﬁﬂ* L&

P E S g S RS T R R T - 2 5§ B R
%Eﬁﬁ%ﬁ%%—%ﬂﬁwiwﬁi@ T MR B A e R
(R S R S L U Y R i 2
iﬁ%ﬁg&ﬁ&%ﬁ%%i RTa R TR R B4 G OR T ek
Bk o 2t BT R A G B A ATR IRt Ap R o A &4
ARz A A1 R RERARE = 2AFE AL
TR AR ORIE S TR TR

F_k
™

f}T

6-5-1 Fh =k BEFF
6511 AALEAK

3
A ARG L2 54 A4 N T R BT BTG A K3

<
t»\h

W

FARNR

BRR A ALY o BRE R 2 FIEMp T A RE%e P HRK
B4 0B SEEMr T d 258 6 - 13 457 o Tabatabai [1977]) ¥ Salsilli
[1991) -t B & e e ARES 2 BEA K3t o At ksd Bk gk
Beled SRR EARA OB L AN 6- 140 R BV ED O
6-15> 47 18*% ARt E T RZ$IEERA Pl 5> B P hgih i
AEREERE R T B R B EE RS TEAR S E 0B 6-22
Foor H AR A AJESERE R (B S BRI haol B &
L EEEERERE he P B AAER AR o

|\/|_|_ :_h12 6-13

145



¥OoF RARERS AT
ﬂ_ Elhl
o Eh 6- 14
o, E,h, | _o
M — bl 2+ 2 =¢hz
=% B | =
6-15
E,h
he =.|h°+h> =2
w2 0
- — 0 — g —_ — — o'
E E
h; _._1_._. /.. e |l V. JEI
/ " 1A
Lo o'
h2 _-E_Z_-_-_Z / 02 L _0.|
(a) H B & it (b) AARSHER & LI (c) & B# %o
Bl 6-22 AALSHRA W B X B
Lee [1997] 12 p pf » o Fl=t A 47 i3 D B3 fF A 45
2225 6-162 BFIE S R FHTE AT RFEL
ARG ER KRR R B o
heﬁ 2
O unbond z(aw)*R{%a( AJ J
6-16

R=10.72692+0.14272®, +0.00933,
o o] 331765+2.4036(A1) if Als-14
'] 572684 +4.10244(A1) if Al>-1.4

1.619 -8.367(A2)+ 4.877(A2)
Al =0.11914x1-0.99288x2
A2=0.65518x1+0.75547x2

X = [x1,x2] =[%(%T]

Statistics : N =55 , R2=0.998, SEE =0.0066

_{14.535-20.351(A2)+ 5.986(A2)° if A2<1.2
L=

h
Limits : 0.05 < % <04, 1(7) <2
1
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R

AET A B 4 A 54258 —ILLICON 2 k¢ o
NF - RS A B R REE ST ASE B

( Equivalent Moment of Inertia ) i& {7 %7 3k » H e L % 4o 38 6 -
18 #77m oi@* 203N 6-17 2. e %Tm > 11 2038 6-18 2 i+ A K> ;4
PIF @34 B EEF]F Rupond? £ ¥ O % 1 M 3 B ETG heg 735

Bkt oo AT R EERSE RS -

E h® (E.\h.' h.°
I =1 +| 22|, =L 4| 22 |2 —_—¢ff
. ( jz ( jlz 12

heff = 3\/hl3 + (%JhZS
! 6-17

aunbond _U X o X— h _wa Runbond
oo 6-18

6512 IBRAK S

SRS A F AR HHmE S Re BRI &
FEOSOHBAADRIE YRR A Y LSRR RTL
# # [Timoshenko, 1972] - |t » A ZLB2 W2 Z B o LA » 77
TR AR LI o KA 0 B E S NE DS R Y T
TR e o Bk A HRL B HEde®] 6-23 471 oh 2 TEA B R CE 5
RSB hy 5 AR ER By 5 R ES IR F]Y 0 & S RRTD
PMEERINZ ER G x> HEVD 25 6-19P A F A @Y 2
agt fF 7 AT ? BB R G ¢ B DFESR (a=x-h,/2 >

B=h,+h,/2-x )

—_ Elh12 +2E1h1h2 -I-E‘ZhZ2
2(E1h1 +E2h2)

6-19
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$ 6% RAPUERS AN
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ho| |E2 4"1
2

(a) ApEEE (b)) BEAG (¢) e+ & fi B
B 6-23 A% Ek % 55T &R
Lee il — 57| g @ » WAL ER RER TS ZBA %

h;

HEEERSD B 6-24 2 ¥ Ak G ERZ BA 1B 6
-24 (a) %777 o AT L MARR R R S KRR R kA 3 Bk
ERAW S TFE2Z hy® 5 k2 hy 29 h,=ih’+120p
h,, =3/h,” +12h,a® © gt & ox 250 6-20 RiFE TR DER > TR
P AISERRORES FE S NEERRL RS BETFF e

;¥ 6-21 [Lee, 1997] -

h g :3\/h1f3 +(E2jhzf3
b 6 - 20
h 2
O ond :(Uw)*F{%,( %J ]
6-21
- o
E
hl |7
- R
ho| |E2
LI v o
(a) AR WETG T LW (b) i 2 5

B] 6-24 5k R S e 24 A G
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B 6% RAPUERS A

AFgnd 2k [Kuo, 1994] R ¥ - fifsk o5t AL
AR RTINS BAINEY 20 By (TAARREARS R
WiEz Ko o d B 6-23F HEr i 2y S eV 6 - 22 [Kuo,

1994]) #17% o

hi ht

o M+ by

_1:th b = Ul:hzl IBU3

O, 7_,8 7_,8 6-22
_1+p

AT G B4 S B4 A 49428 —ILLICON 2 ¢ > {335 §] 6 -
24 (b) P T — RS AE S HARFFT o2 6-23 57
RO R A 615 9B 2 hyg @2 B Y 0 AT R E

LT N NI

- g
Ubond:waz(X hZ)x = :JWxRbond
@ 6-23

6-5-2 B4 AT E%RE

AFPTEE -2 LY AP 3 R b Eivhy e
B, jr € 2% ar 22 a/fd 0.05~04 -~ (hghy) °d 1.0~2.0 % 55 8
$i » T4 ILLISLAB #2556 » Hh o FFd 3 "I d A 47 k%@
ERARZERRET AFEFFZER A SR RAT Y RP o
6-52-1 I RLBHER K

AP L AERER R LY 0 A& Atk Lee 4 PPR 47 B
2 EFFE A AEFF (2N 6-16) ¢ ILLICON i * + # hie i
A AEE (220 6-18) fof UAFAFT2Z LR B 6-25%
ILLISLAB #4258 A 47 % % fort s 4 3 B F) 5 #3- 8 chjig 4 1L g 0 o
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FOF RIAME RS A
22X BT —Tgmﬂ:p TETARE ™ & o
6-5-2-2 AL EA

AT AR 2G5 > T b2 55 Sk k2 ILLISLAB
ﬁg;‘ﬁg‘]/\;}% s TAe T2 o d M A d W YT 3 B o hyy &2
hoe SR M 25 650 TP 250 6 - 21 2 B4 BE TG L 0B
(hewhyp) > #-7 S NFE R HFEE 50 F s g ok 90 &
22 JLLISLAB 2.~ 475 % W #4cB] 6-26 (a) #7om o A8 7 a2
Je? FRHCGRE 2 (x-h2) /hey FlF 31 2 0 4ot A 47 g % B
B 6-26 (b) #i7% » 3 EF2 L

A7 " ILLISLAB » #5583 % 82 2058 6-22 7 % enjig 4 A B
Rt BB deR 6-27 (a) om0 od PR R FIp - 3
REF N EE A RSES TR o Ra 0 AT SN 6-23
SESE ERS ARt

_,L
p
2L

EEAYTE%RER > d B 6-27 (b) ¥ BET
21 TLLICON #7#% #ihehh 453 38 4 4§ 245
d o A ETR a3 N drd 2 2453 58P 5 [LLICON 12
2.4 Brhgm skt Hehd SRS NT @R A G Eoad A
FrEEFLATAB R mF F RIS ER CADRT BT SR D
A e A AR LA ST R A

L.
FREaip e o

—\

L
WA
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$ 6% AR RS A
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ILLISLAB
Stress of Unbonded Layer
R N s
(a) =278 6-162 4477 30
o
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o
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o
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O
O
O 09
o
QT Y
dD
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o Q
o
?
\ T T T T T T
-350 -300 -250 -200 -150 -100 -50
ILLISLAB

Stress of Unbonded Layer
(b) =74 6-182 4473 3¢
Bl 6-25 AALBEAEES AFFF 27 54 B A F LR
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-300 -200 -100 0
ILLISLAB
Stress of Bonded Layer
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-300 -200 -100 0

ILLISLAB
Stress of Bonded Layer

(b) &R E2 43 & s
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ILLISLAB
Stress of Bonded Layer
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(a) 4-}\‘ 6-22—7\/”*%’}\‘
o4
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-300 -200 -100 0

ILLISLAB
Stress of Bonded Layer
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#O6F RIAMERS AT

6523 AfBARKFHAH
*Fy & [WES, 1974] 2

B fs ¥ Eﬁ; o 36 L FREE o BT Y EAR

o TN BB 2 A B A G PR

ﬁm\%’
'61‘
+ ﬁ\“
L
e
=
@3\
b
"
=
7r_r:
\_

’ ﬁ'éﬁ% [WES, 1974] >

Ay
=
oY)
(@)
e

=,

[ Parker, 1979]) + & 7
AL EERSHEETEISR L EiFm Aok 6-7 977 o

AT RER 6-TFRP T 5 loLga FHRHEY AREIT
RGO FNT e B R RS TR R B B B R
Ao AT M THEFAFEZE > Ld TR FETRRG
U R IR B R A B L AR FL A e
BRK AT ik B R ARG ER R R o & 6 -7 ¢ ki
Gucbilmez [Gucbilmez, 1995] &Ap A7 ¥ > LA KR &Rk 974
SAEDE ERAF o AT R AN K EREARY R o &

W

=

FREUAL P TREDT R RIE R TRELRIEF 4 o TR 6
-7 P akEFE - B2 B4 0 R iﬂ! B4 b ﬂ~
PR AR A 6-T7 9 A v R kAR Y R BB R AR
B F Al FIRERF 4 O & SRR R 4 BT R R 2
G A H e BB e BN E 100 ~ 1248 £ F 0 ARG
TLARRSE R R AT 2 36 1 BB L AT TR
R R TR Z B RF R R e 2 Y B R et 6-162
s d AFEFF AT 8 2 A BFITR o & 6-T7 ¥ PR ypona T 5 3T
Rt B - R A AT B BRI A 0987~ 1.0 2 7
LR T RBI AL AAR LS TR TR T A EF o
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6-7 KARE K HBIHL 5 2

B4 4%
o

¥ 6F

B 4 A 4

W% FHP kNa cm h om E, GPa hy ecm E, GPa k¥ MN/m’ k MN/m’ R,  Rumou
Al1.60 164.7  36.20 14.5 26.2 0.0 0.000 40.5 40.5 1.000 1.000
B2.66L 89.0 28.19 14.0 26.2 0.0 0.000 20.3 20.3 1.000 1.000
Bl.66L 164.7 36.20 14.0 26.2 0.0 0.000 20.3 20.3 1.000 1.000
C2.66S 89.0 28.19 14.0 26.2 15.2 0.041 18.9 18.9 1.000 0.998
Cl.66S 164.7 36.20 14.0 26.2 15.2 0.041 18.9 18.9 1.000 0.998
D1.66 164.7  36.20 14.0 26.2 15.2 0.069 20.3 16.2 1.069 0.997
E2.66M  89.0 28.19 14.6 26.2 15.2 0.124 28.1 19.2 1.100  0.996
El.66M 164.7 36.20 14.6 26.2 15.2 0.124 28.1 19.2 1.128  0.996
F1.80 164.7  36.20 19.7 26.2 0.0 0.000 14.1 14.0 1.000 1.000
K2.100 267.0* 46.46 24.0 26.2 0.0 0.000 243 243 1.000 1.000
N1.86 164.7 36.20 20.3 26.2 15.2 0.069 20.3 16.2 1.045 0.999
N2.86 267.0 46.46 20.3 26.2 15.2 0.069 20.3 16.2 1.053  0.999
01.106 1647 36.20 24.0 26.2 15.2 0.069 20.3 16.2 1.040 0.999
02.106 267.0 46.46 24.0 26.2 15.2 0.069 20.3 16.2 1.045 0.999
P1.812 164.7 36.20 19.3 26.2 30.5 0.103 25.7 11.6 1.179  0.987
P2.812  267.0 46.46 19.3 26.2 30.5 0.103 25.7 11.6 1.210 0.988
QL.102 164.7 36.20 24.0 26.2 30.5 0.103 29.5 13.5 1.153  0.993
Q2.102 267.0 46.46 24.0 26.2 30.5 0.103 29.5 13.5 1.176  0.994
U1.60 164.7  36.20 14.8 26.2 0.0 0.000 55.9 55.9 1.000 1.000

E-6 667.5 54.74 51.5 27.6 0.0 0.000 26.2 26.2 1.000 1.000
M-1 667.5 47.09 30.5 28.4 0.0 0.000 14.9 14.9 1.000 1.000
M-2 667.5 47.09 38.1 28.4 0.0 0.000 14.9 14.9 1.000 1.000
- 267.0 36.93 15.2 27.6 0.0 0.000 16.8 16.7 1.000 1.000
59 445.0 27.71 40.6 29.6 0.0 0.000 12.7 12.7 1.000 1.000
60 445.0 2771 30.5 29.6 0.0 0.000 90.5 90.5 1.000 1.000
61 445.0 27.71 35.6 29.6 0.0 0.000 81.1 81.0 1.000 1.000
62 445.0 2771 40.6 29.6 0.0 0.000 97.3 97.2 1.000 1.000
72 14463 49.96 71.1 28.9 0.0 0.000 18.9 18.9 1.000 1.000
73 14463 49.96 61.0 28.9 0.0 0.000 18.9 18.9 1.000 1.000
1-C5 1602.0 83.79 25.4 413 0.0 0.000 16.2 13.5 1.042 1.000
2-DT 738.7 41.22 30.5 41.3 0.0 0.000 18.9 18.9 1.000 1.000
3-DT 738.7 41.22 35.6 41.3 0.0 0.000 20.0 20.0 1.000 1.000
2-C5 1602.0 83.79 279 41.3 0.0 0.000 27.0 27.0 1.000 1.000
4-DT 738.7 41.22 254 41.3 15.2 1.723 63.5 222 1.248 0.992
3-200 890.0 46.84 38.1 41.3 15.2 1.378 27.6 22.2 1.055 0.998
4-200 890.0 46.84 38.1 41.3 15.2 1.378 33.8 22.2 1.111  0.998
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F6R Rt A
6-6 B R #d 2 FA

dO G RS TR L P € AR AR 4 S 4 )
R e SRR R E

SRESR LA
14F & (T% Fmen? 44 A5

R

R, =0.68081+0.42542, +0.04037®,, +0.01861D
[-2.480+ 0.412(A1) -0.011(A1)’ if AI<I5
1_{-0.149+ 0.079(A1) if Al215

_[-0.149+0.079(A2) if A2<-3.5
2 {1.536+1.285(A2)+0.194(A2)2 if A2>-3.5
_[-1.164-0.030(A3) if A3<-8
’ _{ 4.385+1.305(A3)+0.079(A3)
A1=0.96370x1-0.02263x2 + 0.00552x3-0.00332x4
-0.23136x5 +0.03767x6 - 0.00243x7 +0.0053 1x8

if A3=2-8

+0.12549x9 - 0.00234x10
A2=-0.82137x1-0.16949x2 - 0.00230x3 - 0.00818x4
+0.26187x5-0.47149x6 +0.00207x7 + 0.00419x8

-0.07517x9+ 0.00137x10

ﬁ?
2 =&

2 E A M R

6-7 #Lig Ird2 R
U A o i

P A4 BB i B R T LE 46 4 TR
1 o 2H LT PR E o 3.8 thES G 4 ST - 4.8
FI R e TR o SaRBLA G TR T ) .

6-7-1 ¥ > fg;0
BB R BRI E ) A RRE SR B AR B gk T

TR B A FLE b oehje £ 0 fench 4
pLeb 4 S R LA 4 hk e B MR 4

% 5+ F=F,Sinwt

e

F=F,Coswt >
Hpd Rl B4 S

FARCIP AL A
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¥ 6% WARG R A

mV(t) + ¢ [W(t) + k [W(t) = P,Coswt
.. . 2 P (6 - 25)
V(t) + 28w, (t) + w, v(t) = E"Coafvt

k N 2, 2 LA PA N - »
P Sy

Bz
v(t) =Vc+Vp
v(t) = [ (Acos ot + Bsin w,b)] (6 - 26)
+ R ! [(l—,[a’z)sina,t—2fﬁcoswt]

K (1-B°) +(288%)’

I

a) v 2 4 p - ’ 2 pEN . v 73 2
Fa ’8:5 BUNAREF BB R RS A B o A fRen
n

e “(Acosw,t +Bsinw t) I8 A 5 BEPF A Ji o d LR YR 2 e 0 F R

bl & o T B

1
05 |
O PO AL LA W%HM\HHHHMH\HHHHHH\HHHHHHH\HH
D N oM < I O ™~ o0
-0.5

t
B 6-28 g £ 2 3R s

WEY ¥ - AR R AP 2Pk EHA RS Ukt o

AR K Y A2 kS JRig= p/k v h A MRbEIAE 4
Ja- B2y +288)°

4 ik bty 2 B fL 5 B0 4 2% < ¥] 3 (Dynamic Magnification
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% 6F RN RS A
Factor)D > TRl 584 *xx %3 D EBL2 M %> Blo|%& T 72 FFEA

1
D=
J1- B +(2&8)°

(6 -27)

4 A _2

O 3 / \ —(11.7

R\ —

1 4/Z£\§\ —
SN

0 1 e e e s e

QB L D VvV H® D HB VYO S5 B 5
Q()’ Q- Q/’\ \9’ N r;.\ q:]’ Vv q:\

N\

SR BRI R T U B SO S ok S

FRrerd d e s Fl+ 2 0@ s > L5 R 3RE 5o o §F RS

o

T RF ARG FI AL R MR BTG T

(o))

72 B4 A2 F
R FRaRuE Rt P H A d R ATRE S 0t

i %\13 ’#’ I’Pﬁ'gﬁtm"s e )?n E o 7}'\557{%? qﬁ in%/;%ﬁ‘i\jﬁvji
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£ 6% KA RS AW
B ORID > B R TR T 8 B R R 5 A 4T o 1t R U
W %38 A Z e B B 4 & (Natural Frequency) £2 12 A+t (Damping
Ratio) > i&m A 7 HLE R s 4 (8% T end B 5 o
AF 3 et ABAQUS A28 M-puf SR T - Bl L » 2
bt G 0.05 i At A MERRIES 000540 217 % 0.0 )
P20 i F o B 6-30 5 iU BHREEERLE L
T% =8 2 "EPFec 2 41 F B(Normal Force) - H ¥ » o 31
Fleihiiadd 2 3rp gt P 5 Bprani®sr £ 4 2424 o047

Brdoid b eniEr B4 2 1L E o

Lo
—

1.0

0.5

Normal Force

-0.5

-1.0

T T T T T
0.0 0.5 1.0 15 2.0

time(sec)

Bl 6-30 L SRt F 4 F g
BY AN RO SHEEH R eI E 2 80 B4
AR e ZA RN R F AT RE BEERA AR
ﬂﬁ@&%ﬁig$%@@m®mmMMwﬂié%ﬁﬁﬁ%ﬁu@
6-31 47 o d MTRED > o+ TR F BHEL L AR REZ
BOARAE e b B 0 P B {8 MABITAY 1.6 1t T HETY BB
FORPE B b4 FE LR AR R F K 60% 2§
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¥ 6%

Normal Force
0.4 0.6 0.8 1.0 1.2 1.4 1.6

0.2

R RS A

\ \ \ \
100 150

Whn=rad/sec

Bl 6-31 &~ E3RFBELAIRLZ p RIS Dl %
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CRE ISR S

$7% R L AU

PUE SiEd S i do P 2 g T A > d AR BhE chte
SRR G el AT e AP S R PLE e BB e A g S
BLE R Fle §ORUE B ey R B R R R S S R
o (VR pEFEE > AREFFIX DE AFLRD DERR ]
FHPEERREEFREAB N LATIEE o

i yx F W R48 8 & (Federal Railroad Administration) 3# & *¢
1995 & % 2000 # B ® &+ 7|8 Digtp Flae 20 & & 70k F A 4ok
ST 0 F B LE A AN AR A 5 394% 0 @ B 45.5% 5 i
HEA2T d PV s fUE A BTG g S 2 30 R F] e F R
PuR FliR g S s > B9 Bz doit g M ehR Tk 37%
gty BE R 111% > 2R g @y BRI 30.7% Fav EIEL
Wz BARMAE R G T R RN TR RS 2o

A T oM R BRI 2 g A2 L A RT A G4

= f& [ iFae % > 2000] o EHHEE ST & S HPLE o2 it

7-1 A gt 4o B EUR A 3
G ie PERAIN e TaRFIERE LA L hkmEa 22
o AR A R R R FETH  RE BRRRUR A
REETESEF O NERFAN  RERBEER I G TRAHE X o
YRR AN e 7 Lo A B R A ¢ Z A (R])
¥ (R2) ~HAZX A (R3) ~ g 4 (R4) -~ fupets (RS) 2
fFie® (R6) % i 2 43k o L N F4o™ & 977!

3
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$ 7% fuf B skl
ptk | FAEALR F A
Bent Raill A LSS
Bent Rail (Surface Bent) A LS (g )
Chip/Dent In Head BRI IR R
Chip/Dent In Head > 0.6 cm ERIRAR R R A>0.6 & A
Corrugation B AL
Engine Burn T R R
Engine Burn > 0.6 cm T ERA>0.6 2 &
Flaking PR A
Head Checks (Surface Cracks) RN (R o A X))
Mill Defects - 108 g b
Rl | LOE#) |Overflow FRRERE
Overflow <= 0.4 cm Al E<=04 2> n
B R E>04 o a s
Overflow > 0.4 cm & <= 0.6 cm SN
<=0.6 => &
E R R E>06 o4
Overflow > 0.6 cm & <= 0.8 cm Sl
<=0.8 =&
B h R P>08 o a s
Overflow > 0.8 cm & <= 1.0 cm Sl
<=1.0 2> &
Overflow > 1.0 cm EAEEN>10 o8
A% AR 3 >0.4 2 & > <=0.6
Rail Damage > 0.4 cm & <=0.6 cm | _ o P
A iR 5 >0.6 2 & 0 <=1.0
R1 L(#=#) [Rail Damage>0.6cm& <=1.0cm | N F

Rail Damage > 1.0 cm

G fdp $5>1.0 24

Rail Length (Improper) A diE R (FiEE)
Rail Length <4 m LR BE<4 o ®
Shelling BK A B

Slivers qo 5 AR

Surface Spalls oo

Wear (Side) <= 1.2 cm (> 41 kg rail)

B (] )<=12 2 A (4
mEE>41 2 7)

Wear (Side) <= 1.0 cm (any rail wt)

B (R)<=1.0 2 & (i
P & & 4 )

Wear (Side) Small

B4 (R8) |

Wear (Vert) <= 1.2 cm (> 54 kg rail)

BAL(d-2)<=1.2 = & (4
LE E>54 2 07)
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RENE S F D

ptk | FAEALR F A
Wear (v o ] BAs(E7 ) <=1.0 2 A (i
<= 1. t
ear (Vert) cm (any rail wt) o & § 4 B0)
Wear (Vert) Small EA(EE )| # 7
Bolt Hole Crack <= 1.2 cm Wt B M<=12 o A
RIVEEST6 A
Broken Base > 7.6 cm & <=15.2 cm
<=152 =&
M(* &)
B IRELEIS3.8 oA 1<=7.6
Broken Base >3.8cm & <=7.6cm | _ N
Broken Base <=3.8 cm R A <=3.8 2 A&
Corroded Base PR Ak
Corroded Base > 0.6 cm R IR 48>0.6 = A
Crushed Head ER TR B
End Batter * 2B AR
End Batter <= 0.6 cm * B R <=0.6 = A&
R EIE=>10 = 4 <1.2
End Batter => 1.0 cm & < 1.2 cm ,\f/g 2
® ¥ 3 >0.6 2 A > <1.0
End Batter > 0.6 cm & <1.0 cm ,\f A
End Batter > 1.2 cm REBEE>12 o8
AR w2 4F £)<=20%
Fissure (Trans Or Comp) <= 20%
RE | M(e gy [Fssred P) Pl
Fracture (Detail) <= 20% i (i)<=20%% F#
B (% R R)<=40% @
Fracture (Engine Burn) <=20% ; (= ) ’
B
Fracture Repaired With Joint Bar N RO ¥
Head/Web Separation <= 1.2 cm FRARIR A HE<=12 2 A&
Piped Rail <= 1.2 cm B AR L<=1.2 2 &
Running Surface Damage > 0.6 cm (B & E45>0.6 = 4
IR (kT )<=2.5 o
Split Head (Horizontal) <= 2.5 cm ; A A )
Split Head (Horizontal) > 2.5 cm &  |EE 384 (kT )>2.5 =
<=5.0cm b <=5.0 2 &
FRIRA M (L8 )<=2.5 =
R1 | M(® R) |Split Head (Vertical) <= 2.5 cm PR A(EE)

A

Split Head (Vertical) > 2.5 cm & <=
5.0 cm

RN (2D )25 =«
b0 <=5.0 w &
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TR FuE B AR
ptk | FAEALR WA
Split Web <=1.2cm g g&);l\lj W<=12 A
Torch Cut End * vy i
Wear (Side) Bl (p1:8)
Fril (i) >1.2 o4& >
Wear (Side) > 1.2 cm & <= 1.6 cm R ()
: <=1.6 2 A (4 L E £>54
(> 54 kg rail) i
o)
FrdL (P E)>1.2 o 4 >
Wear (Side) > 1.2 cm & <= 1.6 cm R ()
. <=1.6 24 (Lt £>41
(> 41 kg & <= 54 kg rail) . i
a7 <=54 207)
i B A= (TR #)>1.2 2 4~ (4 &
Wear (Side) > 1.2 em (< 41 kg rail) 2 ﬁ;ﬁg b (& 7
; BrA< (i) >1.2 2 4~ (4
Wear (Side) > 1.2 em (41 kg rail) ;1 E; f)/é} . (
. ) Brd(p)i) >1.9 2 & (4
Wear (Side) > 1.9 cm (> 54 kg rail) ;1 E(ﬁjj o (
BriL (i) >1.0 & 4 »
Wear (Side) > 1.0 cm & <= 1.2 cm f(rli2)
. <=12 2&A Uit £ 41
(41 kg rail) i
o)
B4 (piE)>1.0 24
Wear (Side) > 1.0 cm & <=1.2 cm (< Beas(Rli2)
- <12 24 (B E £<d41
41 kg rail) i
AR
BriL(fp]:8)>1.6 24
Wear (Side) > 1.6 cm & <= 1.9 cm 3 ( 1i2)
- <=1.9 24 (B E £>54
(> 54 kg rail) i
AR
- B AL (R i8)>1.6 2 & (4
Wear (S?de) >1.6cm(>41 kg & <= NN
54 kg rail) -
7)
Wear (Side) Large Bred (T i)+ %, #
Wear (Side) Medium Bl (pli)? & #7, F
Rl | M(? &) |Wear (Side) Very Large B (1p ) e B 22 +
Wear (Vert) Brii(E3)

Wear (Vert) > 1.2 cm (> 54 kg rail)

BAe(£E)>12 2~ (4
PEE>=54 2 7)

Wear (Vert) > 1.2 cm (>=41 kg &
<= 54 kg rail)

BAs (2 )>1.2 o & (4
EE>=41 27 » <=54

a07)
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CRESE S S SRS

ptk | FAEALR F A
Wear (V 10cm&<=1.2 FAEL) 210 2 e
> <=
ear (Vert) > 1.0 cm <L cm <12 24 (b B B >=41
(>=41 kg & <= 54 kg rail) B B
o7 <=54 2 T)
Brio(E% )>1.0 2 A (4
Wear (Vert) > 1.0 cm (< 41 kg rail) ;§€§<41) X (
Wear (Vert) Large EA(EE)* R
Wear (Vert) Medium BAc(£E)7? %4 F
Bolt Hole Crack > 1.2 cm & <=1.9 [#3 3t H¥>12 o4
cm <=19 =~
Bolt Hole Crack > 1.9 cm & <=3.8 [#%23 A ¥>19 =4 >
cm <=3.8 = &
Broken Base > 15.2 cm & <=30.4 |&FVAELA>152 o4
cm <=30.4 = &
HOE£) Fissure (Trans Or Comp) >20% & |HR(HK » & 45
T <=50% £)>20% > <=50%% Fi
Fissure (Transverse) <= 40% AR v )<=40%% F#
Fracture (Detail) <= 40% 2 (m)<=40%% fi
B (% R R)<=40% %
Fracture (Engine Burn) <= 40% ; (ZRER) ’
R
Head/Web Separation > 1.2 cm & <= [#f "L 384 Zg>1.2 = & »
3.8 cm <=3.8 o &
Head/Web Separation > 3.8 cm & <=|Ef "E IR~ #>3.8 = & >
RI | H(ET) P " *
7.6 cm <=7.6 =~
B >1.2 o A > <=3.8
Piped Rail > 1.2 cm & <= 3.8 cm jF-:/w\
B kA >3.8 2 4 0 <=7.6
Piped Rail > 3.8 cm & <= 7.6 cm jF-:/w\

Split Head (Horizontal) > 5.0 cm &
<=10.2 cm

FERRA M (R T)>5.0 o
A <=10.2

AAS

Split Head (Vertical) > 5.0 cm & <=

10.2 cm

FINA (- E)>5.0 &
A <=10.2

AAS

Split Web > 1.2 cm & <= 3.8 cm

BLERA W>12 o A <=3.8

Split Web > 3.8 cm & <= 7.6 cm

Torch Cut Hole

Pt g

Weld Defect < 10%

% R 1< 10% 5 Ak
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¥ 7% g B AR
ptk | FAEALR F A
TR F ik 15>20% 0 <=40%
Weld Defect > 20% & <=40% i
R
TR F 4k [5>40% > <100%
Weld Defect > 40% & < 100% i
R
R Ak 1=10% > <=20%
Weld Defect >= 10% & <=20% 5 1
o AR
Bolt Hole Crack Rt A W
Bolt Hole Crack > 3.8 cm VRS SER AR S AA
. LRI B Mg = 4k frLEp
VHS ¥ B Bolt Hole Crack With Head Breakout e
£ -
Z) Break (Complete) - Clean And s > H s AL
Square
Break (Complete) - Rough And X RUTH-ETE ke kG &
Angled 4
R VH :)"'#" 3 greak At A Tie W/Emergency Joint R4 4 B AT
£ ar

Break Between Ties W/Emer Joint
Bar

RN

Broken Base Ja 2R Rk 2
Broken Base > 30.4 cm R A >30.4 2 A
Fissure (Compound) AL R

Fissure (Trans Or Comp) > 50% & <
100%

AR v 248
£)>50% > <100%% f#

Fissure (Transverse Or Compound) =
100%

A A e A4 £)=100%

&

Fissure (Transverse) > 40%

B A (F v )>40%5

Fracture (Detail) = 100%

) 4 (m%)=100%1 F

Fracture (Detail) > 20% & < 100%

B 5w 3%)>20% » <100%

A

Fracture (Detail) > 40%

B S (m30)>40% 5 £k

Fracture (Engine Burn) = 100%

2 %47 3R 72)=100% t
F#

Fracture (Engine Burn) > 20% & <
100%

A (7 wRAR)>20%
<100% #

Fracture (Engine Burn) > 40%

B 57 1R 7 )>40%

e

Head/Web Separation

RN A

{7
S
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ptk | FAEALR F A
Head/Web Separation > 7.6 cm BRPLIR L H>T.6 o
Head/Web Separation With Head LN 4T F 20T
Breakout
Piped Rail AR 4 L
Piped Rail > 7.6 cm B A% 4 1>7.6
Piped Rail With Head Breakout B AR 4 LI EE IR T
Split Head (Horizontal) RN (kT
EEIRA W (-kT)>10.2 =
Split Head (Horizontal) > 10.2 cm ; PR )
Split Head (Horizontal) With Head |8f #8% B (-k L) ¥ 2 3R %7
Breakout %
R1 L% Bx |Split Head (Vertical) BRI ()
%) _ _ AR B(E 2 )>102 2
Split Head (Vertical) > 10.2 cm N
Split Head (Vertical) With Head IR (-2 ) BEInET
Breakout 2
Split Web PR B
Split Web > 7.6 cm IR HST.6 oo
Split Web With Head Breakout PEINA P ER IR T4
Weld Defect xS
Weld Defect = 100% & 44 1e100% 5 Ff
Bars, Corroded, Single H )bk 4F R4
L S R A A E
Bars, Cracked (Not Center), Single
R2 | Ll N ) Single |,
: : Hplh kg /41547
Bars, Improper Size/Type, Single 5
%
R2 | L1(#&#%) |Bars, Improperly Installed, Single | ¥ ] & & 45 45 i

Bars, Torch Cut/Altered, Single

B ] R 4E G /i

Bolts, Bent, 1 Bolt

MR 14 ah

Bolts, Improper Position or Pattern, 1

Bolt

PRy 3N 7 8 ]
ESp NS

Bolts, Improper Size/Type, 1 Bolt

P F/A0 2 H1R
/J‘*}:

Bolts, Loose, 1 Bolt

SRR 1A
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RN TSR ST
Bolts, Missing/Cracked/Or Broken, 1 2% % /%] st %74 1
Bolt FaEVE 3
Comp Bars, Cracked (Not Center), |H ] £ 4] 4 & 4% 2 %(2L
Single ¢ R )
Compromise Bars, Corroded, Single |¥ ®] £ 3] 4 & 4 4
Insul Bars, Broken (Not Center), GHEEHCEE B
Single H
Insul Bars, Cracked (Not Center), B %R B ) o
Single H i
Insulated Bars, Corroded, Single Bl Ra - Hip
Insulated Bars, Imp Installed, Single | %1% 45 = > H ip
Insulated Bars, Imp Size/Type, BHEA/AINTHEH
Single !
Insulation, Damaged/Missing BHHER/AA
;Iz)silatlon, Damaged/Missing End B AT A
Rail Bond, Broken i LA ST A
R2 Rail Bond, Damaged i L AR B

L1 ) Rafl B(?nd, Missing o s g *
Rail Joint, Frozen A fLdR B R
Shim, Present in Rail Joint G pLdREE Y 3 E Y

L2(###%) |Bars, Broken (Not Center), Both A

H ip

Bars, Corroded, Both

SR a3

Bars, Cracked (Not Center), Both

SRR AR (2
)

Bars, Improper Size/Type, Both

R R i Wi
H

Bars, Improperly Installed, Both

B F R

Bars, Torch Cut/Altered, Both

BN GE A

Bolts, Bent, 2 Bolts

Wi 2 2k

Bolts, Improper Position or Pattern, 2
Bolts

Wi = A A3 HQ L
19 42)

Bolts, Improper Size/Type, 2 Bolts

P F/A150 7 12 1
i

Bolts, Loose, 2 Bolts

TR ETEN

Bolts, Missing/Cracked/Or Broken, 2
Bolts

Bl 4 /B W/ 8T 2
LR
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CRESE S S SRS

Comp Bars, Broken (Not Center),
Both

A B A 4k 4FETR (2
¢ i)

Comp Bars, Cracked (Not Center),
Both

A R A A R 4B (2
VO Y

Compromise Bars, Corroded, Both

A RIB A4 kA

Insul Bars, Broken (Not Center),
Both

G R ETA (2 k)
A 17l

L2(# #%) |Insulated Bars, Corroded, Both BgEFA 3 p
Insulated Bars, Imp Installed, Both |4 s %48 > > & i)
I AR R
Insulated Bars, Imp Size/Type, Both ,; G S
1R
Bolts, Bent, 3 Bolts s 3 L
Bolts, Improper Position or Pattern, 3 |} 245 =24 4] 54 2 (3 £
Bolts B
L3(#= %) ) —
Bolts, I Size/T 3 Bolt B /AT HI L
olts, Improper Size/Type, 3 Bolts Win
R2 Bolts, Loose, 3 Bolts W RiEs 3 4L R4
Bolts, Bent, 4 Bolts s 4 L
Bolts, Bent, 5 Bolts W 5 L
: B /31587 4 2
Bolts, Improper Size/Type, 4 Bolts i
) PR /382 5 2
L4(#=##%) |Bolts, Improper Size/Type, 5 Bolts B ;_ =7
B /31587 6 2
Bolts, I Size/T
olts, Improper Size/Type, 6 Bolts i
Bolts, Loose, 4 Bolts W RS 4 L
Bolts, Loose, 5 Bolts WS 5 L
S B (4 4 1
MI(® R&) |Bolts, Loose, All (4 Bolts) &)ﬂ Bk R (
H:F 4 LF878 (Y B
R2 | MI(® &) |Bars, Broken (Not Center), Single # Al

&)

Bars, Cracked (Center), Single

Hop) A k4B (P Y

Bars, Missing, Single

Hplgreida

Bolts, Only One Bolt Per Rail End

mRks R G 1 AR

Rail End Mis (Tread) > 0.3 cm & <= |4k #iL % =8 A # & (B
0.4 cm B )>0.3 2 & 0 <=04 =&
Rail End Mis (Gage) > 0.3 cm & <= |4 #L % = X I (¥

0.4 cm

BE)>03 2 A 5 <=0.4 2 A
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Bolts, Bent, 6 Bolts

MR 64 ih

Compromise Bars, Cracked (Center),

Single

H | R A b e gx A (Y
7 )

Compromise Bars, Missing, Single

HpRAdgeirg s

Insulated Bars, Missing, Single

BaEg2 >

Insulated Bars, Cracked (Center),
Single

G B ¥
iR

Insulated Bars, Broken (Center),

Single

GHPBEHC Bh) ¥
)

Bars, Broken (Center), Single

AR AT (¢ B ) 0 H
iR

Compromise Bars, Broken (Center),
Single

B G EAFETR (P R
fe) 0 H il

Comp Bars, Broken (Not Center),
Single

BAl G R FETH (LY B
J) > H

Bolts, Loose, All (6 Bolts)

st AUt EiE (6 £ i
i)

Bolts, Loose, All (5 Bolts)

“ih AR e (5 A 1
1)

R2

Rail End Mis (Tread) > 0.4 cm & <= |4k #L % =8 A # 1+ (B
0.6 cm % )>0.4 =& 0 <=0.6 = &
Rail End Mis (Gage) > 0.4 cm & <= |4 fL & =8 A ¢ (¥

0.6 cm

BE)>0.4 2 A 5 <=0.6 2 A

MI(® &) ,
o G PR E>2.5 O A <=3.2
Rail Joint Gap >2.5cm & <=3.2cm | o
AR E>32 o2 0<=5.0
Rail Joint Gap>32cm & <=5.0cm | o <
Bars, Cracked (Center), Both R Ak 4E B (P )
Compromise Bars, Cracked (Center), | ] £ 3] 4 & 45 2 4(7
Both R )
H(Bc£) |Insul Bars, Cracked (Not Center), B HEEEY )
Both % 1p]
Insulated Bars, Cracked (Center), GHEHELC Py »
Both iR
VH(Z-# A RS (Y B ) 0 B
( £) B Bars, Broken (Center), Both " Al e
= 1R

Bars, Missing, Both

Ao d R 4R iR 4
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CRE I E S S 1E

Bolts, Missing Or Broken, All on
Rail End (2 Bolts)

RETH (2 £ 19 )

Bolts, Missing Or Broken, All on
Rail End (3 Bolts)

4R ETH (3 A )

Compromise Bars, Broken (Center),
Both

B A R AFETR (P R
Feo) 0 1R

Compromise Bars, Missing, Both

SRR A A kA

Insulated Bars, Broken (Center),
Both

GHEREH(C B A
iR

Insulated Bars, Missing, Both

BHEREL SR

Rail End Mismatch (Gage) > 0.6 cm f:j:oiﬁiiﬁﬁ (#
. .. |Rail End Mismatch (Tread) > 0.6 cm IR HE (B
VH(ZE¥ B #)>0.6 2 A
R2 7) Rail Joint Gap (Excessive) G PR (GE X))
Rail Joint Gap > 5.0 cm A LI >5.0 o A
fg:i:j;wn Device, Improper T
L(##) [Hold Down Device, Improper A FTEKA /A5
Size/Type * ¥t
Spike, Improper Position A
Hold Down Device, Broken AT F KA ST
Hold Down Device, Corroded EEFHETKA KA
R3 Hold Down Device, Cracked/Bent  |3f 47 7 T3k # 2 &/%% o
Hold Down Device, Loose A H KA P
M(* A) Hold Down Device, Missing FeEFTRARL
Spike, Broken i 4T
Spike, Corroded AT A
Spike, Cracked/Bent i I W o
Spike, Loose i E R
Spike, Missing A
R4 |N/A(#& 4~ )|Tie Plate, Broken, DS PUE BAEETH 0 A
R4 |N/A(#& %~ '5)|Tie Plate, Broken, SS U BF U A 0 H )

Tie Plate, Corroded, DS

g B A 0 S R

Tie Plate, Corroded, SS

g B K4 0 H )

Tie Plate, Cracked/Bent, DS

L L)
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Tie Plate, Cracked/Bent, SS

Puf B AW/ 0 H

Tie Plate, Improper Position, DS

FUE R0 B R

Tie Plate, Improper Position, SS

P R s 0 H

Tie Plate, Improper Size/Type, DS

PUE R < /A
ERE R

Tie Plate, Improper Size/Type, SS

E R W\
eI Al

Tie Plate, Loose, DS

FLE B £ 0 B i

Tie Plate, Loose, SS

FLE B R 0 H )

Tie Plate, Missing, DS

PUERFE AL 0 3

Tie Plate, Missing, SS

PUERFE A 0 H

Tie Plates, Only < 8 of 10 Ties, DS

10 4244 @ puaf BF dic
£<8: 3 )

Tie Plates, Only < 8 of 10 Ties, SS

10 9Lt @ g B dic
<8 H i

LEEFE ST A
RS IN/A(E & ) Gauge Rod, Broken FLEEE ET 4
Gauge Rod, Corroded TLEEE i 4
Gauge Rod, Cracked/Bent PUEEAE B Wb/ %% o
RS [N/A(E A ) Gauge Rod, Improper Pf)sition PLEEE 4 _
Gauge Rod, Improper Size/Type FLEETE © /3138 3§
Gauge Rod, Loose PLEETE £

R6

N/A(& ~ %)

Rail Anchor, Corroded

b E 4

Rail Anchor, Improper Position

B e BB 42 i

Rail Anchor, Loose

b e E 5L

Rail Anchor, Missing

Bl BiE 4

7-2 ekl

PABIEAN e T % -4 s A PR
e 7 H- i (T1) ~ R4 it in (T2) ~ &9 7
B Pubh che IRk 1 (T3) o~ SivAp R chiub 3t i (T4) -~
Pk ka (TS) ~# ki 2 (T6) ~&FZgipd 2 (T7) 2 fuk sy =
(T8) &% ~fd o
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¥7R RS BRAS

ptk | FAEALR AR
L(##) |Single Defective Tie H - it 1
Tl M(*® &) |Single Defective Joint Tie - BEE A I
H(B<£) |All Joint Ties Defective (1 Tie) ﬁﬁﬁb%ﬁr FA— 1)
) Isolated Defective Tie Cluster (2 A I eni b ak 1e (2 12§
L(#E %) ,
Ties) o)
Isolated Defective Tie Cluster (3 A b i dk B (2 134
M(* &) |
™ Ties) )
Isolated Defective Tie Cluster (4 A b i dk B (w134
H(BE) |
Ties) )
VH(2% ¥ Bk (Isolated Defective Tie Cluster (5 A I eni b dk 1e (2 124
Z) Ties) )
. Isolated Cluster with 1 Joint Tie (2 |4 [ cndiut 4 Faz - 12
L(#= %) , _
3 Ties) B (2 Rit)
M(* 2) Isolated Cluster with 1 Joint Tie (3 |4 I cndiuti 4 az — 12
Ties) #wERPM (Z Rit)
HOE ) Isolated Cluster with 1 Joint Tie (4 |4 [ shditt 4t kaz — 12
- 7 |Ties) #FRRP (2 )
VH(Z£ ¥ Bk |Isolated Cluster with 1 Joint Tie (5 |4 [& endiit 4> g — 9
Z) Ties) FEHRY (I )
) Adjacent Defective Tie Cluster (2 |40 A8 ergridt 44 KA = 139
L= /%) ,
Ties) )
Adjacent Defective Tie Cluster (3 |48 A8 cagru i 4% KA = 340
M(® R) . jacent Defective Tie Cluster ( =
- Ties) )
Adjacent Defective Tie Cluster (4 |49 #8chfrit 44 (2 134
H(BE) | .
Ties) )
VH(Z% % Bk |Adjacent Defective Tie Cluster (5 AR AR P At (T 1R
Z) Ties) )
Defective Joint Tie Cluster (2 Ties, 1 |#Ef #rube 4 1= 1340
T5 | MM(® &) . ( F N o
Jt. tie) Yoo - FREERP)
All Ties Within 60 cm of Joint ¥ BE 60 = & B g fipe it
Defective &
MH(¥ & I |Defective Joint Tie Cluster (2 Ties, 2 |#&2f #utt 4% Fo( = 124
BcE) |t ties) oo = IR EE FLIN)
All Ties Within 46 cm Of Joint B FE 46 = A 3% Ef Lt 4
Defective &
HM(B- £ I |Defective Joint Tie Cluster (3 Ties, 1 |#: 2 #uit 4 A= 12 #
® &) |t tie in center) Yoo - REBFRPLED)
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RENE TR TR
Apik | AFHEALR F A
Defective Joint Tie Cluster (3 Ties, 1 |4%8f #L#2# A= 134
Jt. tie) oo - REFE R
HH(B ) Def.ective Joint Tie Cluster (3 Ties, 2 | Ef #iLth 4% Ifﬂ(:: 12
Jt. ties) Yoo - REBFE R
VHM(ZE % [Defective Joint Tie Cluster (4 Ties, 1 |#:2f it 4 Ko w 1341
BE 17 BRIt tie) Yoo - REE R
Defective Joint Tie Cluster (4 Ties, 1 |#:Ef #riit 4 Ko(w 1241
Ts Jt. tie on end) Poo - PRI AR )
VHH(Z4 ¥ |Defective Joint Tie Cluster (4 Ties, 2 4% 5 L2 4 K2 134
BcE I BcE)|Jt. ties on end) Poo - FREFF I A
Defective Joint Tie Cluster (4 Ties, 2 |£: 2 #riit 4 KA(w 124
Jt. ties) Yoo 2 REFRRT)
EHM(1#& & |Defective Joint Tie Cluster (5 Ties, 1 [4% 8 #uiL# Ko7 134
BE 2 ¢ B)|(Jt tie in center) Poor - REFRLEY)
Defective Joint Tie Cluster (5 Ties, 1 |#:2f #riit 4 KA 1341
Ts EHH(#& & Bk |Jt. tie) oo - R L)
% 1 Bc¥) |Defective Joint Tie Cluster (5 Ties, 2 |#:Ef it 4 KA 134
Jt. ties) Yoo 2 REFRRT)
Defective Joint Tie Cluster (5 Ties, 1 |#Ef ittt KA 134
EHVH(1& & _ e e 4
PP Jt. tie ?n end? . ‘ P ;— )Jfga%ﬁﬁfl% u‘_’%:%)
Bt Defective Joint Tie Cluster (5 Ties, 2 |45 8¢ #L¥2 # KA T 134
Jt. ties on end) Poo 2 FREF L R )
L(##%) |Single Missing Tie H-ppd4
T6 | M(® &) |2 Consecutive Missing Tie Cluster | i = 9t 4
H(B<£) |3 Consecutive Missing Tie Cluster |1 4 = 19 #u4L:f 4
1 All Joint Ties Missing (1 Tie) BEHERVEA (- W)
7 2 All Joint Ties Missing (2 Ties) BHERAE A (C TR
C-To-C Distance Along Either Rail >|##: ® & I P o &R <
71 cm Tl 2k
L(#=#)  |Improperly Positioned Ties (Skewed, B (B %)
Etc.)
TS Wide Spaced Ties v B EEE ~
M(* #) C-To-C Dist Along Either Rail > 122 |#uf: ¥ < 3| ¥ & pEg ~
cm 122 o
HOB ) C-To-C Dist Along Rail At Joint > i&»ﬁ? ﬁ’zu% v ~\» f\'J vl B
122 cm Bt 122 24
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7-3 i thES A A

CRE N SR S E

FhE BRI G E RS 2 L FARMR AT
FREA A RT A FAER KA L R R SR

BRIy AR AR R AT R A ¢
et 2 & (B2) ~ /i imin(B3) ~ i o sl puit gz (B4)
A R 0 (BS) s ek (B6) ~ B im ik £ (BT)

o]

/4

7 i s (B1)

/4

/4

PR/ e R(B8) ~if @aiz4 (BY)  #uif 3 -k 2 (B10)
RE T kRS Rk 2 (B ¥4 - g

ptk | FARALR
Bl |N/A(& %~ )|Dirty (Fouled) Ballast i AW
L(#E#) |Veg Growing In Ballast/Roadway  |3f #A/B A F a4 24 &
M(® &) |Veg Interferes With Track Inspection |14 2 & 4 72 #1iE & &
B2 H(EE) Veg Interferes With Train W2 s R
Movements
VH(ZE % B
£) Veg Prevents Train Movements fod 4 EEdEFd (7%
B3 0.5 Settlement of Ballast and/or i R e/ B A T RE=1.2
Subgrade<=1.2 cm A
<«—0.75 Settlement of Ballast and/or i R e/ AT RE=1.9
Subgrade<=1.9 cm A
10 Settlement of Ballast and/or i R e/ B A T RE=2.5
Subgrade<=2.5 cm A
125 Settlement of Ballast and/or i R e/ B A T =32
Subgrade<=3.2 cm A
15 Settlement of Ballast and/or i R e/ B A T RE<=3.8
Subgrade<=3.8 cm A
<175 Settlement of Ballast and/or i R e/ B A T =44
Subgrade<=4.4 cm A
<20 Settlement of Ballast and/or i Ao/ 8 B AL T =50
Subgrade<=5.1 cm AN
<=3 95 Settlement of Ballast and/or R R S i e e

Subgrade<=5.7 cm

AW
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$ 7% P S ARl
k| AR %3
s Settlement of Ballast and/or i sA /2 B AL T =64
' Subgrade<=6.4 cm AN
75 Settlement of Ballast and/or i A/ 2 B A T HE=T.0
' Subgrade<=7.0 cm S
30 Settlement of Ballast and/or i A/ 2 B AL T HE=T.6
' Subgrade<=7.6 cm AN
3.0 Settlement of Ballast and/or i R e/ B A T RS>T.6
' Subgrade>7.6 cm A
Settlement of Ballast and/or i . L
<=0.5(@Brid _ FRHU S Ed
B3 Subgrade at Bridge or Other Track
£e) Structure<=1.2 cm fo/f el 2 24
0.75(@Bi Settlement of Ballast and/or BFEE R SR
<=0. ri
dgo) Subgrade at Bridge or Other Track  |{r/& E& it =19 =
e
s Structure<=1.9 cm A
Settlement of Ballast and/or i . L
<=1.0(@Brid ' R )
Subgrade at Bridge or Other Track
ge) Structure<=2.5 cm ﬁr/i\; B AITIERSLS 24
Settlement of Ballast and/or i . L
<=1.25(@Bri ' FRHEESHESFER
Subgrade at Bridge or Other Track
dge) Structure<=3.2 cm Tl BR324
Settlement of Ballast and/or i . L
<=1.5(@Brid FREEBHESFER
Subgrade at Bridge or Other Track
g°) Structure<=3.8 cm fo/f BRI e=38 2 e
Settlement of Ballast and/or i . L
<=1.75(@Bri _ FRHERSHSER
Subgrade at Bridge or Other Track
dge) Structure<=4.4 cm o/ B R i es=4.4 2 2
Settlement of Ballast and/or i . L
<=2.0(@Brid _ FRHEESHESFER
Subgrade at Bridge or Other Track
&) Structure<=5.1 cm fo/R B RIS 2 A
Settlement of Ballast and/or i . L
<=2.25(@Bri _ FAH RSP ER
Subgrade at Bridge or Other Track
dge) o/ B AR I ER=5T A

Structure<=5.7 cm
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ptk | FAEALR F A
Settlement of Ballast and/or .
<=2.5(@Brid LR
Subgrade at Bridge or Other Track
ge) Jo/ & B AT es=6.4 o &
Structure<=6.4 cm
Settlement of Ballast and/or ,
<=2.75(@ri . CEEERES T
Subgrade at Bridge or Other Track - ) N
dge) Jo/ & B AT FER=T7.0 2 4
Structure<=7.0 cm
Settlement of Ballast and/or
<=3.0(@Brid . T EERES
B3 Subgrade at Bridge or Other Track . ) N
ge) I/ B R T HER=T.6 2 A
Structure<=7.6 cm
Settlement of Ballast and/or ,
>3.0(@Bridg . TR
Subgrade at Bridge or Other Track - )  n
e) o/ & B R HT.6 2 A
Structure>7.6 cm
B4 |N/A(# %~ )|Hanging Ties At Bridge Approach i}% TR R oF e
85 L(##) |Center Bound Track (Cross Tie) bR RGN Ev R SR
M(® B&) |Center Bound Track (Joint Tie) FRER L P RIE ARG &
L(#=#%) |Pumping Ties (One End) Fpe el ik (- 2)
B6 M(* &) |Pumping Ties (Both Ends) FLPrE R (2 )
Pumping Ties (Joint Tie At Joint
HOEE) | d)p g Ties BLp e R (RS L)
<=0.5  |Alignment Deviation<=1.2 cm G R FE<=12 o8
<=0.75 |Alignment Deviation<=1.9 cm G R FE<=19 ok
B7 <=1.0  |Alignment Deviation<=2.5 cm G R FE<=DS ok
<=1.25 |Alignment Deviation<=3.2 cm G R FE<=32 ok
<=1.5  |Alignment Deviation<=3.8 cm G R FE<=38 oA
B7 <=1.75 |Alignment Deviation<=4.4 cm G R FE<=44 ok
<=2.0  |Alignment Deviation<=5.1 cm G R <=5 ok
<=2.25 |Alignment Deviation<=5.7 cm G R FE<=5T ok
<=2.5  |Alignment Deviation<=6.4 cm c R FE<=04 8
<=2.75 |Alignment Deviation<=7.0 cm S e A EE<=7.0 28
<=3.0  |Alignment Deviation<=7.6 cm S e R EE<=T.6 2~
<=3.25 |Alignment Deviation<=8.3 cm S e A EE<=83 2~
<=3.5  |Alignment Deviation<=9.0cm S e A EE<=9.0 2 &
<=3.75 |Alignment Deviation<=9.5 cm S e A EE<=95 o
<=4.0  |Alignment Deviation<=10.2 cm 3w 3 EE<=102 2~
<=4.25 |Alignment Deviation<=10.8 cm 3w 3 EE<=10.8 2 &
<=4.5  |Alignment Deviation<=11.4 cm F e R FE<=114 2 n
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$ 7% fuf B skl
ptk | FAEALR A &
<=4.75 |Alignment Deviation<=12.1 cm G R FE<=121 2 n
<=5.0  |Alignment Deviation<=12.7 cm S R EE<=127 28
>5.0 Alignment Deviation>12.7 cm SR FE>127 a8
P o/ B R R
_|Insuff Crib And/Or Shoulder Ballast folek s g
B8 |N/A(& 4~ %) &

Insuff Crib Ballast

PR ERT L

B8

N/A(& ~ %)

Insuff Shoulder Ballast (Left)

BA g B(= )

Insuff Shoulder Ballast (Right)

B R E R R( )

L(#¥#%) |Erosion Of Ballast (Single Shoulder) |:f w4 &4 (H R]§ A )
M(® B) |Erosion Of Ballast (Crib & Shoulder) |if 74 &4 (FrLte FF frit & )
B9 H(EE) Erosion Of Ballast (Restrict PTG LERTS
Movement)
VH(ZE ¥ Bc , v ,
£) Erosion Of Ballast (Washout) R TR
L(##) |Ditch, Restricted Flow 9 i 1N
Unstable Slope -
B10 Embankment Erosion B 3k R 48
M(*® &) |Ditch, Erosion kA A
Ditch, Struct. Deteriorated (Minor) "k & 5S4 & i (> #)
Ditch, Struct. Deteriorated (Major) "k &S H & (% #)
Culvert, Improper Size/Type ER RS A S
Culvn?rt, Partially Clogged from S TR B R
Debris
B11 | L(##) |Drainage Structure (Other), Improper |4 -k 3% »5 (H 5 ) & < /4] 3¢
Size/Type ? & if
Drainage Structure (Other), Partially |#:-K3&k *5 (H i ) F/& 7 38
Clogged from Debris > g
Bl11 Storm Sewer, Clogged from Debris |& £ T -k FIFF L5
L3 ) Storm Sewer, Improper Size/Type Z ;T kg e A
M(® &) |Culvert, Corroded R AR

Culvert, Flow Severely Restricted

from Debris

i FIRT B IR g ok

-

Culvert, Scoured

R

Culvert, Struct. Deteriorated (Major)

i B HEE (K

Culvert, Struct. Deteriorated (Minor)

i S ()
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CREIEEE SRS SR

ptk | FAEALR AR
Drainage Structure (Other), Corroded | -k 3% *5 (H # )i 4
Drainage Structure (Other), Flow PR E(H ) FIRE B
Severely Rest. from Debris A -2
Drainage Structure (Other), PR E(H B )T T8
Section(s) Displaced
Drainage Structure (Other), Struct. kK% (H & )4 &
Deteriorated (Major) (% #)
Drainage Structure (Other), Struct. kK% (H & ) &
Deteriorated (Minor) ("> #)
Headwall, Deteriorated (Major) AR 5
Headwall, Missing g A
Storm Sewer, Corroded F T RIE R A
Storm Sewer, Flow Severely F 2 TR FIRT BRE
Restricted from Debris FE 3 K
Storm Sewer, Section(s) Displaced |& £ T -Kif #7m 2T %
Storm Sewer, Struct. Deteriorated FR2TOREGEE (S
Bll | M(® &) |(Major) #)

Storm Sewer, Struct. Deteriorated

(Minor)

AT TR SHE (S
)
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71 REAANZ Hig A2 P Y

Wide gage(defective/missing cr ossties)

/ 207 11
Track alignment irregular (buckled/sunkink)
/ 173 9.2
Transverse/compound fissure
156 8.3
/
Crosslevel track irregular (not at joints)
120 6.4
Cross level of track irregular (joints
sgular( ) 114 6.1
Detail fracture — shelling/head check
108 5.8
- /
Broken base of rail
98 5.2
Vertical split head
89 4.8
Switch point worn or broken
86 4.6
Roadbed settled or soft
75 4.0
Head and web separate(outside joint bar limit) 63 34
Other rail and joint bar defects
57 3.0
Track alignmnt irregular-not buckled/sunkink
39 21
- /
Joint bar broken (noninsulated)
34 1.8
Worn rail
31 1.7
Wide ga ikes/other rail fasteners
gage(sp / ) 20 16
Other track geometry defects
29 15
Washout/rain/slide/etc. damage —track 28 1.5
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F TR OPGE B2 BRI
/ /
Super elevation improper, excessive,etc.
27 14
Broken weld (field)
26 1.4
F07-2 PUE AR 2 B g S 2 PR
2 I R i = 2 7 5
PRI A ETR B PRAST o H DA E s
e BT s AR ER D BER L R
fod BBEUE (BUER A 0 i S B Rae
W A i FER 4o g akd IER o BER LG
LRy A A PUES A 0 3 2 5B R
i 7R e it FARTIEH A BRRET T
D RRE R ARG RS RE R ER
B2 T 1 BB A 4 B LR T T BRSO
H 3 E 73 Ry o
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B 8-1(a) - ff 2 R TRk hyphs chfije > ot iR lt
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Por Por
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[\ Q

(a)

T~

(b)

N

~_
(c)

AT
/X A
(d)
B 8-1wE& s hiERIZT R B

F AR IR o R S A Rl R iR A s R e

- BREZAT Rie* o FRAANT L F|RBF 2 LB PR RF L3
)E”;‘EEAT“ *5‘1;117%\4 =\ 8 -1 bt’ 2 ’\‘ 8 -2 2 #EL}E j‘g‘%}iéhﬂ)iATcr
8 8 -3 457 o 0% Euler #24%4% (Pinned- Pinned) i J} if % 2.

HRAER B A S RGETG A 05 BRPFORIE GE[T] o [T]5
BRZH+ o

P, =0A=(E,&)A=(E,aAT)A 8-2
2
AT = Pcr :nnzlb 8-3
E,0A  al A

Pk EaRa g e LA e L = > k4] (Fixed- Fixed)
Z AN PE R ARSI B AR 2588480
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3V 8-5 4T o

2
Pcr=4nijl 8.4
2
AT =P :4n§zzl 2.5
EaA al A

*£ 7 Euler #212 % *t > Timoshenko 23k AT 4 g 7 BT 4
@ v > Timoshenko ek fyjm € ¥ o Euler #2enfe it m £ #&
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i > - 3% BUCKLE #2 5 ~ ¥ - f6 & STATIC ~ RIKS 42 & = & ¥ i
AR G2 N Ex 2 & BUCKLE #2 5 # 4 e B 4 R 1797
#p i e (Eigenvalues ) £2 4% Ay % 2 cnfiuh™ » m STATIC ~ RIKS #%
B v i5d ABAQUS #75% &2 473 B3 Ay (7 5 875 A, SRR
B R AT AR EHRERAHRUFIEE DRI P LSRR

A FHE > Ftd* BUCKLE 425 3217 4 45 o

ABAQUS #25% #74% e BUCKLE & & #2.5 > & 3 Ad@ %/ B4
S Ay BHEA L B R By ] ¥ E 0 - &
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8 F AL A A T
A BRI R AT S PRA £ - BUCKLE # X 425
S T AR R AR R AT A RRE S
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BEEARAE? L Q FHFER A MR ERAER AR AL O
8-8 % 7% o
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(KM + A K™ WM =0 8 -8

20 e QMuEL G MBFEL LI KBEENFEHE
Ao KoM i R4 E 5T BB AL > K A B R EA
ET B REL NP BEA R NM R L B pd B
i 5 Hm eioih (Mode) o BE 5 # By HERE e 4 1=1,2,3,... % 5o
PR AFEREAL T b E o SAL SR E R A T A R e
#pcie (Eigenvalues) > @ 0M T % 2 b ehjF £ EA MR T 91K uin

e & (Eigenvectors) » f* e €974 7 2§ )I* T T
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Bkt > ad 2 g HOR 7 5 PR HERCRIE B P A Ui R
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R Y R TR -
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AL R RS 0 3T R A B e B P R
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¥R kLA A

TR Y RNFIFR AR FIL A A E Y L L EE o AT
i 0% pe? [Bao, 1998] “r# 31 7% 3 5 fhd - B ™ ABAQUS
R R TERBREAZEFR ST IV RES AT ]
B31 ~ B31H -~ B32 ~ B32H - B310S % -
AP E S G o0 AEF Y ABAQUS 1§ "UAE AN ¢ ardg i
SRR F B3GR (74 4700t b A FT F 3R 3 endug #0340 ABAQUS
AR TR R R B g R R > H ¢ % JOINTC ~ 2% o
0> SPRING ~ % Hgif sA4sFi% a2 it # > B & P4 * Foundation

8-2-2 &34 i B
8-2-2-1 4minise
e BA- IR B3l A4 e B32 A4

BEAPT ] A B ERTA F TR - R F S O Ay

1y

BERERS - ROFFRYDAZI a5 TLE FI - PR

PR E Y S K AR RF LY Y R L

7 B3IH &7~ 45p5ie * 5 @ B pF A (CPU Time) » & e asck
AFHFL o L F 0 AT " ABAQUS £25% ¢ 7k e 2
%5 (Open Section) 2+ % B310S - H jcars»c %2 B3l fpfem ® i@
FEERER L A8 FE s RS AT AT -
Fé AU i & 0B A M7 25 & B310S kR4 LIt A o
8-2-22 P IMA
PUE RS e B B AT R RUEES 1R 4 niEr @i

"

Pl o d WRMETG B R AR T IR G e 0 Ft fT R

“rm 2% (BEAM SECTION) # * ABAQUS #%3' ¢ #74% =<7 RECT

187



B8R LA A
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& ) i RE132 (60 = 7 £ 4 #1)
A% LB 8 E (GPa) 206.84

# Fufp oo 03
T 4 358 E (GPa) 79.56

G PR R ik (1°C) 1.1700E-05

4% #1. Timoshenko 3 4 % #k 0.7405 ~ 0.25925
B 8 E (GPa) 8.62
PR 0.345
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FritEex e 2R Fp (N/m) 1.5750E+08
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gt #b > ILLI-BUCKLE #%3\ fedh fen % fie

2R R TR RS T

e p’ti "Eﬂm PO gL '%*711
M A E s B o Bk A TR

$ i kA T K -

196

B EEAL I G S

B if eOfR o AT AR -

y ;—,';3 5 %ﬁ‘* B m.qnj

i ,Eiﬂiﬁ,ﬂ? v -t é"_ﬁ?‘.ﬁj

P%I"



¥R kLA A

8-4 4 S fc At A

Bao [1998) /& * ABAQUS #2374 45/ 2 £ $dk By 17 5 o (v 32

x\”i

B E - L REEA T AT ch i Bl R U B ik
B AN AREWG EEE . AR AT EFT PP F 43
HoMNFETAEFN PR R B RAR CERRAR ~de 2
58 R~ LPLEEIR R RE R F T AR A ik Ay 2 R o

A A TR B310S A~ Z WA LR R T AT 1S 0 B
¥ B310S ~ i FHFg e a ALY A EANE - FE AL T
FER g T A BT EARY PEY RN ESEFA TR
derivigi o Mand A% B HE AR LB a4 B

8-4-1 3B %rw

AT AR R R TR AEH P F AR AR
P SRE i B KGR AT R B T ¢ e
B AR 445 %75 (Closed Section) 1% & #7& 2 » A 47 7 3% -4t
HEBILH DS AT SR B IR F AT DS R T L %
T3 g Al eh T o
8-4-1-1 #3232 H%

AF2 3 2 Buler 24 BI2% 1F 5 1L 5 LA Z A e ehhd# 18
AFEY AriE 2 B AT AR B T AT BRI o A T F it &
fics B FAE N Al E=206GPa 0 a4t 1=0.3 5 1=683cm” > #E 4
#a=6.5%10°1/°C > -4 £ & 10m > # & i 2 5 424 (Pinned- Pinned )
i3 o & ABAQUS #23V i {7 4 47 > *0E £ AT=100 °C 1% % j7 & 3
£ QN g ATV R P A B A R £ AQ"

Y E AR E din=1~4 n L PR AR RN E
¥ ABAQUS # 476 BB R F v d o d & 8 - 4 VLR TIT

197



B8R LA A

AR

#f32 ABAQUS 4 5 en JE2Ed | o - B T HA T 5 4 B h

fim
)

Y

3
3

- R E o d AR RS 2 0 ABAQUS A rinig kg

2z 2w b o

2 & B AR R B E B R
ABAQUS LAY £
Bk Pl TR B R R | AR R
[°C] [°C]
1 0.0810 8.10 8.10
2 0.3237 32.37 32.39
3 0.7279 72.79 72.88
4 1.2926 129.26 129.57

*F 3 7= > g4 (Fixed- Fixed ) #5827 2 % — ik endd Ay
BRE B MG EATE AR R S 3239°C > @12 ABAQUS #t
A ATERE S S 3237°C A K L FEET 0.07% 540 F RS o
8-4-1-2 #H-A& R et

b 4 B ATHOR A L R S 10me £ R 2Rt e 2
Frert Gl d < > e R B 8wk ek o Fpt o g A F AR
R T IIL G PR AR e F TR Y ) LA e
Bl & R g jractians 4T o XM 3 R ¥ it anfp e 4 47 30 £

AT R A REARF R R 0 A PR R B KD

PR REF AT LY B Y ST Sl 3 R e
~F e ERE ka2 - kA TR F el A T T ’%ﬁ‘ﬂ L ¥
SFHRFEAE RS A Tacii L B ol T e

FRg v rE 2 end BT A e T g B S BT
FoRFAGEET PN ZE LRI 3m~10m 0 8 AHET] o AFT

T # s ABAQUS it 74k By A 4595 (8 B enf G BB R > S %A

198



8 F  AIE A AT

1750 9 B R R et g A TR T R 85 A

< 1o 1o
o o
[} o
o™ o«
o] o |
< [} N [}
= c
2 i)
T T
o hd
g [~} o < o
=1 =1
£ =
g o g o
§ ° ° 5 ° o
5 |° > °
£ £
X o 4 o
[=] o
=1 o =3 o
[} o
o o
o °
g B o o o ; — o
° ° o °°o
° g ° o "o o
o b ° o %%
8 3 o o %0 o
o 8 8 ® o
o © °
T T T T T T T T T
400 600 800 1000 40 60 80 100 120
_ Len%tzh of Beam in ABAQUS [inch] . ) Ratio of Length/ Depth in ABAQUS .
Buckling Temperture Ration=(FEM Solution/Euler Beam Solution) Buckling Temperture Ration=(FEM Solution/Euler Beam Solution)

(a) (b)

=) o
= =
o o
«© o)
S S+
IS o

X ES

c c

2 i)

K 3

@ o

e g

=1 =1

5 5

2 © 2 ©

5 & 5 &

= © - °

= =)

£ £

X 4

[=] o

=1 =1

@ )
< <
Q S
IS o

T T T T

T T T T T T T
400 600 800 1000 1200 50 60 70 80 90 100

Length of Track [inc@ Ratio of Length / Beam Depth
Buckling Temperture Ration=(FEM Solution/Euler Beam Solution) Buckling Temperture Ration=(FEM Solution/Euler Beam Solution)
(@) (b)

(c) (d)
Bl S-SHAEREEL R Z jtagHFlL

Bl 8-5 (a) FLBFIEF A 11N ¢ £ B chf 4e » A7 ens & 4

199



EpHT A 0 A B AT E R ek By R RS ISR G 4R3T o AR
moood BT RISk o Bg TS5 A Pﬁéﬁﬁﬁlx S Hcm B oo
Flft 0 AP (A HEREDOINPN FREFF DY T I LFR
SP tha B FR A ]S o
dRREAH NN -3 FRRT A kY Tl B EZER
GO HRAER DS RERIRGIP T oD AL LG R
R A TR EHRER E AR b el s o Ft o T U B
sl HOAE R Lo M2 R uenETe (L Lo B 0 A T dngk Lt
&ﬁ?ﬁﬁkﬁﬁwiﬁﬁﬁbg?iimgﬁoa L,
ERGE = T AFE T E R E T LA R T AT o -

4
&

A
=
hi
(U'S)
ke

8 -5 (a) “riEehff » M3 F M BApT v ABHRTA
bo¥E*t 4 ShehF um d S S P o vh— § M eh %l ¥R h% R by o

Flpt o FA Y B 8-5 (a) et ¥ - AN AT 0 HAERA
UG AP G A R R B ISR RE R 2 AR B
fLeed kA ER L 2% e 3 B h 2 BFant @403, g 7l 23k
Lyhg o S5d igdkF 0 B > B &R LFE E8 & F)=t S8k Lyh, 2

B erff g RS - BET e R Ryl R RIS

AEG T b EATRA A TR AT A B Y g
Al I = p el RS RER u R R | R AR 1R A | R A
5B R R R R TR EL e T AR S o BF]
Frdl L/hg & 5 6 /87 Fenle s » 5d 4 'A% A 45800 38532

s Bl 8-5(c) 230 B HERLAIE BEFAE R 2 Bl

=t

—\\

I}Fb ‘3‘31—’;2‘\ T g]’] ﬂpq&?m&‘?j.ululi'gé\*ﬁ‘*&_;\‘é F}iﬁ/"lig

feo FBE R LRV B S G RN @ 3 A TR

200



¥R kLA A

§F AR A TE R oA 30 2B R AER LBV B
& 13 B % hiE F)=x %8k Lyh, 1 gh%‘]%T v H 5 heB] 8-5(d) T o

d A SmE T @ BHA P mE A P HE Ak B
fa%ﬁ~%&ﬁﬁ@HU£y£§uzkﬁﬁ%§£$’@ﬁj*Qiﬁﬁ
¥ or R ek By R R B IR R 2 B ePRE TS F B ] Sodk Lyhg ih
Hten { 32T Lyhgant 7 A X TR B H AT & & wh o
% fomd B FREIE kAL R E T L/h=50 B HOAGE R
A BV A 01% 2+ c 4ok A TR R 3ol 7 A
WAFEANEER & R FRE RE D] L/hETO0 1 b o gt PR BE R
EFEV BT 24 A 0.05% 0T o E P RE s 5t % o
8-4-1-3 =% ¥ Ay &t

Fipa gAY o Lihy ot EE S TR DE AT # E
Eteng R ASREREF L/h=S50 o BB R LRV BV 204 A
0.1%% % o P @ 3 H FORR P v W IF i re > L5~ 47
WA @by e e g ~F o AT HCAIY Y lom fRE -
BREA E o 4ot e B 2 52 L=10m A 45503 B & 1000 B hE
AE R B mE
Fro dek FHAFBIGE ARG RARG PR kAT oA {2
WAL ERBT 0 WE S~ F B N RERG TR 44T el
FER K¢ " Mo frw @RS PR @ LR e £ F2 W
T R O A R B SN S Rtz B iR e

AT SR e R ALk e 4T RCR] R 0 2 2 Lyh=50 ~ 60

PR R EE R AT IS PR A L 54

708090~ 100 B E R4 » 5 - BEARKIRY 3 b chn i L
RigfFms #¢ L3 EB x4E £11 x/h=15-2.0-25-3.0-3.5+
405455055560 4ot 7 a2 60 B A FFHA] 0 BTiET T

201



%

>

8 F AmPLi A A AT

~ & e 1208 0 0 ABAQUS #7if 3| i E AR R BT o
TPOEE - AR R R R A B w2 g B 50
Xp/he=1.5 2. 30 e $ BB B (E 5 - A A > 27 F x/hy A 358 03F

EHRAEEREHEF I H - B 8-6 (a) ¢ %A L xy/h=1.5~6.0
AR PIE R RRE R Y x/h=15 Z TR R AR R 2 LR R
& xp/hg THE S @ Tl S @ Bl Y B IR 6 BEd AT 5 A AT
117 e Ly/hg Fr A7 S ebd 0 o B 8-6 (b) £t it s 47 % % 1
Y- B3 Ffd BRGNS BlP R AEEE 8-6(a) 4p
T R ERZ LIE FAERNL ¥ - B AT S8 L/

15
15

Buckling Temperture Ration %
0.5 1.0
1 1

Buckling Temperture Ration %
1.0

0.5

2 3 4 5 6 50 60 70 80 90 100

Element Length/Element Depth Beam Length/h of B31 Beam in ABAQUS
Buckling Temperture Diffience Ration=(FEM Solution/Euler Beam Solution) Buckling Temperture Diffience Ration=(FEM Solution/Euler Beam Solution)

(a) (b)
Bl 8-6~F% 7 &l &jrarlt
ZRH 8-60FHEA PR P HEIRT o G RRAE R D
feaci? 5 o d B 7 P AT SRLET] 0 Lo & xp/h A K e pEE I F A
A AR 0§ A ATHCR DR R AR 2 3] S e pE A

202



F 8 R  Am Ui R A 45
Vi R R AR $HenR e S o B Ly HHRT 0 3 x/h R R
B35 T Rl e L FET Jracl 0.5% etk BB KT uiE 3

Wy RLaERER o

8-4-2 v ME B x¥e

A A R P TG TR T AT T kAT R
Sretd MEEFAEI o W2 5 B 2%¥%rd (Open Section) HER % ¢
BB TS RfgoN s H A xde N 8-10 T o

1,2 1 JEJq

Qr —(/]c _EJ? 8-10

Y Qe Aomd = RRAE S AR PL o T S N
ubﬁ?iﬁ“&%ﬁ~w’2%@ﬁéﬁﬁﬂﬁ@@°&%ﬁﬁﬁ
B F 2@ s \=nTl/L, (n=2,3,4,...) L, 2% RE & >n 5 AH
i o B % 5 fR4cd: (Pinned- Pinned ) @ 3 Ay 825 eh (7 5 4c@) 8-7
ST oo B P OR AU G LR R i o ARG HR ) Ak o

Bl 8-7 W ME L Frd By {75
2w B A P ETG HRedk By A 45 ¢ 0 | F] Sl Lohg WA
L;_’/_,_J-r

f 3 £ £ A=bh,»

203



B8 A BEA
Flpb d7 o e B A K AP T L L 27 o LA b
et oAy P o (IJA) B hyr B ¥ & F= xﬁ;:l_/ I /A 3E
TRt o P S fh e S p AT RCE] ) B
s 1w

W fRAR T BE 0 Bl 8-8 & Ay AT kR o

gcr Ration %

ﬂ

T T T T T T T I
600 800 1000 1200 1400 1600 1800 2000

LAY
Bl 8-8 ¢ sME B %Ure £ & &It
d BT ERIIEF Y AL R T4 B* ABAQUS 4 47 5% & #-
Z ¥ & F1=x 4dk L /1,7 A>1000 FF o T
1% » % & Fl=x %8 L, /\1,/A>1350 ¥ > i % ABAQUS 7 & 3 By i £
E IR LES E 99.5% 5 Fr

8-4-3 4k LT &
A WS E BB TG B0 AVETR T a R TR TR B
AT HEAIHE R0 3o T KM - R Y i ET G R

A7 B R TS 31 A 3R BT 3 M (0 X s 7 g

sl

41

BAp M SBoefTarlt A dr oA Y P RER T ¥ R ochw B4k pusg Al 4 B AL
RE70 ~ RE115~RE132~RE140 > # °? ficiE X 2 F B hmfic e = /&%

204



¥R kLA A

Hapuent AR LE T RS A 8-50
% 8-5 il B dre Iﬁtf;ﬁ"

Sl Iy L, A H b, |
RE70 202.3 43.9

REI15 | 2730.5 449.5 72.6 16.8 6.9 7.6
REI32 | 3658.7 599.4 83.3 18.1 7.6 8.1
REI40 | 4037.4 616.0 89.0 18.6 7.6 8.6

2P o Ty 5 dEh 11 ol fsfem’] > B P Dy S50 2-2 If 1
54 LETe fi[om’] > h A4 LenF Rlom] o bygr | A
B A o 4 FLER S0 R [om] S 4 Y [ EEARAK BUA 38 hE B [om] >
Hap 77 2B EB 8-9 [HKS, 2000a] -

“E[em'] > A

l 2
! il hl: 1 -—l
[ . | i | = 8.13 cm
i P h = 18.10 cm
b = 15.24 ¢cm
[ )y
] b, = 7.62 cm
- t1 = 1.41 cm
. t, = 4.73 cm
" t3 = 2.16 cm
(Pt In = 3659 cm®
t, e ! In = 599 cm*
n = cm
! l A = 8329 cm®
. 1
I . | !
|—--| b -
Bl 8- 9REI132 74k fuitf i 12735 ~
8-4-3-1 £ B2 icalt

k&7 % 12 RE70 ~ RE115 ~ RE132 ~ RE140 = f6 4% #1475 A 47 2 Ay

B - A A N 10 3 ok B AR o 1

205



B8R LA A

=

ABAQUS M2/ A 4rens % » B E BAB XY ¥ - A NE LR

BER ¥ EmE R hian S S o B 8- 10 (a) LA dris
OB E R A E SRR R OB -

< <
— —
o~ _| N
— —
Rail Type
1 RE70
g g RE115 s
S S
S o- 3 RE1 $ o
Q RE140 Q
Q2 2
£ £
a a
Q Q
(%] [%2]
@ o 0o
o o
o o
£ =
e g
=1 =1
& 8 o4
(7] [
Q Q.
£ £
O GJ
[ [
j=2) j=2}
£ £
= S <
[=] [5]
=1 =]
@ o
~ -
o -
T T T T T T
200 400 600 800 50 100 150
Track Length [cm] L/In.25

(a) (b)
B 8-10 7 Ip4hbuéto 2 £ B &7 Jcaclb i3
v AE A LT PRk Ry TR B R R B IR R A O B E K OR
bod EBPTAT B fTare iR RS F AL L cn7 e g AR o
Aol 2w T ¢ ST e ae R R TR Y d et e [
FPEARELE O R FP TP U AE ] TR RS
g E R LA LA F e g S s AR AL R
# o B 8-10 (b) # 34 REL1S ~ RE132 - RE140 = #& 4% el J i
Lo Ko A TR AL/ P E D] 100 pF YA F A Sk RpE R
BT IENLFET S D 1% @ RETO B ILY — 673 f e 40 5

HAmALfEen L vt ] 0 B JraciiR o B w4k PLenETE 4

206



¥R kLA A

I FF IR RETO M H 8 ] 4k L%t e B D BITAEA e o
FIpb o od bR 4TV g et BT SR R R R B IRR R A

B R BHMEL KA CHEE R R F R E R TIE £

34

SRR 2 (8T E P A AF AT a o R o T ac e T AR AR L) AL
£ AR HRAG JRTEEG Taliing & o

AFT T 7r 4% REIZ2 4w #Lito ~ & 2 o REH A A7 0 WK
BEfmBRzMG F8mEaadmBhfiipishE-d £ 8-62
AITRET FREFY ML R 40 F AR F A TR R R

BT ar? B R £ o

# 8-6 RE132 4p fru e A EHE By & 4714 e

LR B Ocr[kg/cm]

Llem] | 3% | ABAQUS | %%
1118 1.1435 1.1860 3.6%
1676 0.5082 0.5772 11.9%
2235 0.2858 0.2982 4.2%
2794 0.1830 0.1862 1.7%
3353 0.1270 0.1281 0.9%
3912 0.0933 0.0938 0.5%
4470 0.0714 0.0716 0.3%
5029 0.0564 0.0565 0.2%
5588 0.0457 0.0458 0.1%

8-4-3-2 *» | N2 Tl

KA 5 12 e 3] 848342 RE70 ~ RE115 ~ RE132 ~ RE140
v A PTG S A R RS NS R R ARRL T AR
ST actianhf (o Ty ¥ TR eh 27 3w R F]3+ (Mesh Fineness
Factor, Fpg) ™ 258 8-11 457 » AP S L dp~Zend & o [ 5 44

PTG i BB AT ] R T B R B R AP WA T 2

207



B8R LA A

el R B 8- 11 &1 o

2.0

1.5
N

Buckling Temperature Increase Diffience(%)
0.5 1.0

T T T T T T
1 2 3 4 5

[e]

Mesh Fineness Factor

Bl 8- 11737 U4 475 % Jrapit 2 B 5

d BV B %3 RE115~ RE132 ~ RE140 = fé4% #renia 175 % i
BiTo 02 FE R HTRE - RTR o A 8L R foalhas 58
% 49> » RE70 ¢z acttyt RE1LS ~ RE132 ~ RE140 = 4 #eA 45
SR F o ST EER T o FR Y S Mg

=4

TR FlF Fy<d.0 0 RI& 474 B ¥ $5240:E 99% o

F o= 8- 11

pih s RFE T A 8-2° gl n AAAH L e L RE RS 168
33.5~503-~67.1~83.8~100.6~117.3~134.1~1509~167.6 ~ 184.4 ~
201.2~217.9~234.7~251.5~2682 => = % 16 ‘e jriig £ & 5 » #7873 -
L g & B * 2 ILLI-BUCKLE %7 &) 2 38 S 1 > A 7

208



¥R kLA A

SER R SR E R, LR R
B2 Ve mlaE 2 10 A o gt 160 et BRI T R VBT

acPE o B AR IR 8-12 47 o

@ |
o
O
Q
2]
©
o
o © |
£ o
[0
g
2
©
el
g
E I
(]
|_
(=)
£
<
S
N
m S
o |
o
T T T T T
2 4 6 8 10
Meshfiness

Bl 8-12 2 72> N H AR RZIFE

Y AR LTFEF LU AR R ERPEEL > S
ILLI-BUCKLE # A E & F 73> EHERE RAEEEZTHIL~
% *7 2] > ;%> Mesh Fineness=1 pFFert» 3] = ;% 22 [LLI-BUCKLE #p Fr
LEEBRPPLEEEY % 1 BHE~ 2 > Mesh Fineness =2 P & & ittt
FEE? X % 2 BHEA % > 14 gt 4 B Mesh Fineness =10 % & gt
FFEER 2K E 10 BRE~ 2 od B 8- 12 & 77 % ¥ Mesh Fineness mi‘g 4y
ey R R 2o s -G R BT atehlFA, 4 Mesh Fineness =4 Pz &
& 3 iZ 99.9%-° FI LB 7 A FTPFIE R U 22 3] S VB~ (X [LLI-BUCKLE

SRR TR

8-5 drit Bipicali s 17
FUE s chim g Pt b Ll A TR

209



B8R LA A

S SRS AR LR S I
fRerie AT o ATIUARMAT L A gk U F A AT AR 0 3 #
PN W MR ELE T cREIE 3 IR A REEE FERCEC RN T %
At R A A RN R AR AL s a g R

WA fRenaE WOt o 0T AN S e 2 S U R L B TR R o

851 £ 74 AHAIEE 2L HE
A2 #2 JOINTC ~ 2 % 2x>M 4k b B do 2 o = 4k fiudk
B F BB v ¢ AR e i w2 B R

#o B 8- 13 o7 H b 3k W e ¢ e en i o

e

Joit Uy, @2

Ux, &

i

Pt joit e
3

Bl 8- 13 4n Lz st dei® 3T X R
2o s g B310S A& Wik 0 31 % ch¥ta 5 REI32 44
P SEfE fa Bk * Ee= 206GPa ~ it v=0.3 ~ #if £ L=4.0 m > 3§
ticit4oB 8-13 #F » 12 JOINTC ~ % ##t o JOINTC 3% &7 =~
pd RenS R TS 4 B4 U FEs=127Tmm F ¥ - B JOINTC
~F AT AT
Fr e B reapd RZPRYF Lok BREBEFTHF T A

A AL SO R KE AR R R 8-13°¢ 2 Bpd R

210



¥R kLA A

PR AW Fy > Fp o~ Fys~ Fay s Fss ~Feg 2m 0 2485

o

ol BT

2 ¥ OZEtE o
T~

O o O o
— —
[T [T
@ @
o o
23 2 3
g - g 7
2 2
E o— O — 0 —0——0—0———0—0 E o—— 00— 0——0—0——0—0—0

o o
g g g g
g - g
e e
(3] (3]
¥ ] ¥ S
S < S -
[} [}

T T
4 6 8 10 4 6 8 10
Log(Stiffness of F11) [N/m] Log(Stiffness of F33) [N/m]

O o O o
— —
[T [T
@ @
o o
23 2 3
g - g 7
2 2
E o— 00— 00— 0—0——0—+0—0 E oO— 00— 00— 0—0——0—0—0

o o
g g g g
g - g
e e
(3] (3]
¥ ] ¥ S
S < S -
[} [}

T
2 4 6 8 2 4 6

Buckle Temperature Increase [C]

500
I

Log(Stiffness of F44) [N-m/rad]

1500
I

1000
I

Log(Stiffness of F22) [N/m]

Bl 8- 14 s fo it

Buckle Temperature Increase [C]

500
I

Log(Stiffness of F55) [N-m/rad]

1500
I

1000
I

o
o~
o

[
o—o—0

Log(Stiffness of F66)[N-m]

PREAITEELBY

v P

ko

AR RER 8 - 13 ST chfralie (7 AR de ¢

ka1

SHA AT T P 0 A W% Fiy ~ Fyy ~ Fy3 ~ Fyy ~ Fss ~ Fgg g

45

Lp
DPRECIFEFNPRARERAFEERLZF DM R-B 8-14 7
P A Fy~Fy v Fauy " Fs PREHEBFEROM G d BlP 72
B0 b S H AR TR o T

FII‘F33‘F44‘F55‘2-L TE;E] E; }il{j’)i‘/]’)ﬁi—’\/yjl Ei%#ﬁlﬁ}é;(ﬂ&ﬁj@’g

Rigw Bpd R2ZPHREEF T

‘,_é’.__\;c °o m Fﬁ:] 8 - 14 7*%?'—7'1‘ ’lﬂ\j}fl”}i:;\v‘ v F22 > F66 i‘%%gﬂcﬁ—f% #ié‘/ﬂ)ii%

FVHETAMER A TT WE @S B d R AT BT

211



¥R A A 4
B Fo s Fee o 4 & | F]F 2 — o

8-52 Rl HHR2ZEE
B2 AR U Eg S B D RATHREDD R Fy o Feg
GBI L o A AR Y o R B DR Fyp 4
KRR R2ZBE AL P E 8 - 152417103 > B310S ~ % #F
B F - REI32 Aldm i i & o 2P s S o 2R it
F el FiEsEicitle v vl 2R Fpo 7 285
PLE e B A K Glic Uy BN Fdon 8 8 212 %757 » A& 5 H =
ERBATE AR P H R B e o 5t 5 AT ] A
T BRI T A AT o

ez 2 JOINT

4% i B310S

B 8-15 ~ 4715 7 & Bl
8-5-2-1 i K GEPE
Bl 8-15¢ d REIZ2 Al & a7 8414 & chddics 7 i
FER LB A KFFES o2 R Fp & $8c TR - 5Bt

B LS A AT B d AT e A 70 2 T R
U S SRR HER ¢ A 175k S R Rl AR
i AR @Rt B4 BRR AL ERG K
Ko T RN AR E R Lic o2 L KFEa~r 2SR Fp ¥

\\\xr

212



B8 E LA A
Bk f = Ap e B L KTl U 5 47103 JRd A 3797 19 ek By i
B RARFTE #4 -
AT R A 8- 7 ¢ chh i E R E LR L 4.06m 0 A5 pEic
Flrtemdt KFFa FPREHRT Fic 2T R Fyo Rl LKk
B Up=Fyfs 5 FlE > Mgt 2 5 B AFHCE -

% 8-7 WP A KAEEEATE (1)

PLg & (A ORKFEE | Jo 2P [do B3R | 2K TR B | R B R
L(mm) |s (mm) F, (N/m U5 (KPa) °C
4064 25.4 161 1.75E+04 689 188.4
4064 50.8 81 3.50E+04 689 188.5
4064 76.7 54 5.29E+04 689 188.7
4064 101.6 41 7.00E+04 689 188.8
4064 127.0 33 8.75E+04 689 189.1

2 8-8 MM KB hBAITE (2)

PR | R R | ARFEE e PR | K Tl | Jon 8 B
L(mm) X (mm) |s (mm) [Fa, (N/m)Ux» (KPa) °C
4115 25.4 25.4 1.75E+04 689 185.9
4115 25.4 50.8 3.50E+04 689 185.9
4115 25.4 101.6 | 7.04E+04 689 185.9
4115 25.4 203.2 | 1.40E+05 689 185.9
4115 25.4 406.4 |2.80E+05 689 185.9
4115 25.4 812.8 |5.60E+05| 689 185.9

AR A 8.7 B Ekie R minddcher g 0 B
RSB A K Gl Up 5 B RIFGE SR AR R L BEH 0 T
HALG AP R o B2k & 8-7 ¢ ek AR R F £ KRR fE4r < @ v}
R A MY HETEF]S AT R A KAFEE s EARITS
B310S ~ 2 HER » Flaft LA LR x, B i X anE s o A
AP AR B-TP e AERBIIFEE - AT R REFN -
B f A 8 -8B RMA YT R AT E A 8 - THEI ) v

213



B8R LA A

AR BT A R R xR A 25.4mm o 1 gt 4Ry )2

Fal U K Rr s g VAN S I IR 5/”\’]"?7 fevd £ ¢ lgff"’ﬁ‘}i HAEER
DA o
RS TSR L A B A R gk R R Bk

BRARR MR GEf e Z 7 RFRE T R 4e 2 e afe B oA R4F - Tl
A K Gl Uy o BIA 7900 ek AR R %7 B FIAp e e % o d
v it LK T Uy 5 €& chiyd| S8 &8p B3v AT g 1
SB A 150 R Bk T R R AT o
8-5-2-2 & FLit B

A o MU E AT TR R Y R A H B
S Ui P R B Rl E 7 g i@ S iR R RAT gt -
ph 7oA N 8-2 8 0583 ¢ HAPE P & R R RAT 2 B en
B 127 o sB4 (28 E "f o FRm o PR TR B g EP Aok
SR E* o AFF T 1 REI32 4 #Ltedp e crgif £ R L
K AEGNEET s E 2 3 REME G B, s Al A% T
08 - 9T MR AEAT #7 L 45 B % a EF B GEE
g

% 8-9%F E&T eng {7 i

E  MPa | 68940 | 137880 | 206820 | 275760 | 344700 | 413640 | 482580 | 551520
P, kN | 1263 | 1917 | 2553 3185 3807 | 4435 5071 5693
AT °C 188 143 127 118 113 110 108 106

Z A4 8-907 chi BB FHE 279 &% ABAQUS i&
SERUCRITE S SLESIEE SIS L A S LR U
B AT & R % XAT=P./E0A Ok % > frailisthabd i ¥ 2 2 e 47

SRR AR R T R O E i R E e R e

214



¥R kLA A

ByR R Rkl o
AFE G MA 8-9¢ STk et AR B ILAT=P/EQA ihRf % 3
PR PE o TP E P A A A B K- S LA
7R ik ek By N PO S e 4R BRE O g Ry
P EAP > Ft gt ks B E Po= Py AP, ¢
oAk St B B Uy Rl B R oy YT 0k s
AL LGEM AA L s HiEr 2 N yeB] 8- 169757 0 H ¥ Uy 44
i e BB TS B LK e Rk e 7 4
PRI A K G HcUAP e o 1395 8- 16 ¢ RN BT J IR
TR E o A REEAHPRR A P ETHRE > H G Ee

23813 R dow Pcr“22:°+APcrﬁ BEA B 2R K i Uy

e B R & 0 < Up <4TCEI/L* -

TEl U, L?
P, =n’ oot 8-13
-1 22 <y, s ey 2”2LE' 8- 14

Pcr

Py V

sirzssEsssiicy

Bl 8- 16 34+ Fh A gl Jy 50
AFT G - I IR 0E 2 EATRE - kA T

78 - 14 ¢ s L Kl Uy & Renge FlIF S A 47 Solic b iR (s
ABAQUS #2582 F A% 247 » F #4785 238 8 - 13 ik

215



F8F AU A AT

The U o0 £ 8 - 10 VLRI AR b s PUERICHKE T > 8
A Ak Uy 3 Fenfehit Bl a F U224 58 2% 124
6~7%<H L BE o

4 8-10 7% Uy @# BT 4 b B ek By 7 5

E Ua Per 5 *2 | Per 234 y

MPa N/m kN kN 2
6.89E+04 622 655 696 0.062
1.38E+05 1244 1309 1392 0.064
2.07E+05 1866 1962 2089 0.065
2.76E+05 2489 2612 2785 0.066
3.45E+05 3111 3261 3481 0.068
4.14E+05 3733 3908 4177 0.069
4.83E+05 4355 4554 4873 0.070
5.52E+05 4977 5197 5570 0.072
6.20E+05 5599 5840 6266 0.073
6.89E+05 6222 6480 6962 0.074

ﬂ‘\ﬁﬂigﬁg—L EUEPAS Ll Sl ke SRR H 11 { 5 S50 2 x| ’7515’]‘#;\
Fd - AP HEY I RERGBERRIEFT A7 XY 238 8- 14
SR LU B AR AN EE B RA N S 13

HfErE o d Bl 8 - 17 AR R T RRIE B E @
u*ﬁ RAF BN DeFEEGERLIIERS > ¥ 2L R PRIER L IER
Lo kd o R E BRI - RARR 16T URE LG R L IERAR

WAL R ’ﬁﬁﬁiﬁﬁﬁﬁ%%Pﬂiiﬁéﬁﬁ@i R
v o

257

=y

fRE ¥ k| ZFEFT " 1 5.88% o

216



¥R kLA A

0.20
\

0.15
\

©CoO~NOURAWNEFO

E[Mpa]
68940

137880
206820
275760
344700
413640
482580
551520
620460
689400

(FEM-Theory)/Theory

0.10
\

N
N
»
o -
[N
o
=
N

Model Lengths [m]
Bl 8-17 2 PP Vg o

BRI

D i 2

ie#

8-5-2-3

ARG Bede it e Fy 87 Fee 2R To P 8% $307400E cnigqi k.

N 23

ARt

LU =8

M RAF LG RET 0 F Fy & F66§%}iﬁﬂ§§§l]§]itj
R

Kepd RS R2FATAH 2 RPN REE e
iT# m'rﬂ /\;{L;‘é’,.”] ,L@El\r/} m-ﬁ'ﬁ? E% 5 doo ’\‘ 8-15#17¢ °:EJ’F22 l}’? F66

SRIEFFEFIEY T 5 Fp SR P73 o T AR R ATy &8 Fee 9738 = e

)EH/J?_ )?‘ATF% #E} 4r E'J f%. ij}’fﬁg ':’hikl/.)éhg }iATTotal ©

AT,

total

=AT. +AT.

8-6 Ayt £ IR e i
8-6-1 1 & I S¥c #F3

AR LR AR E R A R S 0 R E AR 5
R R

RO A jTag MY %&ﬁ_’]{ e icAl R R AR G AL

217



5 8% PR
SR P R R E P I R R B PR AT 2 $E e
Gd mrFHET oMo KRR TE 2 AT E
B R B A ﬁm§\€ VA RAIMLALEEMY ol R
s BIRA o G A F A FTRE ST Ao Rtk BREF A TR
£ R AT R rfﬁsfil_)?};i\}i_’_%’ﬁ JeaghfEin e m LR SN8-13° ¥
Fogh s BT RSB R 7 R et BN E A TR R OB S
ded BBl iR 0 Bem N2 A M e B R B AL o AFE T R Fen
Sl L - LI iR o R e 2 B e b By (5
gw&@ﬁg@%ﬁ&%ﬁ»ﬁﬁ%u%841¢$&ﬁ¢ﬁﬂ%é
2480 B 0 AR 4B 8- 18 1T o

8- 11 b P E RS 1T S a0 T B4

Rail Type RE70 ~ RE115 ~ RE132 ~ RE140
L (m) 10.16 ~ 20.32 ~ 30.48 ~ 40.64 ~ 50.80 ~ 60.96
E (GPa) 103.4 ~ 155.1 ~ 206.8 ~ 258.6
U, (MPa) 3.4474 ~ 6.8948 ~ 10.3422 ~ 13.7896 ~ 17.237
8 8 8 8 8 8
818 8 8 8 8 g | 8 g
¥ 18 8 8 8 N ] 8
Z 8 Z 3 8 8
£ 8 Z3 ’ i
<] : &8 ° ’ 8
g8 § g3 : o °
:LO 2‘0 30 40 50 (;0 10(;000 150‘000 200‘000 25(;000
Model Length [m] Young's Moduls E [Mpa]
L} o 8
g ' i v !
N g e 10 g 8
zZ 8|68 8 z - (] 8
£ 813 g 8 . 8
g 7 5 g H 8
1 RIS
ar S
80 90 l(;O 1;I.O 1‘20 l:"»O 14‘10 4 6 8 10 12 14 16
Rail Type U22 [Mpa]

B 8-18 7 I A4S T A By £ 5 4 B

218



¥R kLA A

Wi B 8 - 18 chA {7 % % 7 P A el 2 3 sl {2 do i Kde B
T EAP, > BEEF L PR R Lo~ 4 puensB i 08 E, - 4k L) i
Type £2 3 4o 2 s L K hlic Up e m 3 4 ek fom 2 d
Bl 8- 18 B & suF P » ¥ 4 it & Lo~ Eg~ Type 82 Uy B S8 H
Wt B k) Ay P EAP B R o B Rl F R
FORPE P EAP, bk S TR ILAFERR s o

FENL AT ERERY AR SR FATEFEN R AR
T g LA R (T R 0 HEF S G e ek AT AR LR
FERRG e B T P s e R0 g 4 BIRGRAE TR g
e PUEARES R L TR FRASIE > REFRAERFEIR

I BBUE HR TR RS P b £ R e o

L, Eo~ Type ¥ Uy B o8ic® o Type 3 & B3P 7 b 54k L
g AP F AR ARG o P T 4 el e
Fe7 o F] Ly~ Eg~ Type 22 Uy B 87 b * #uig £ B L 22 #usg
AR R LSl A E F= Sl Lilg R o B P angriig e 4p

S

HoRLEF® 238 8-16 k38 o 258 enp 3 &2 % v § 3 F|ehfusg

WS R LA o i 3 R R RS DR LK G Uy B
0, =4 E- 8- 16
AT E RS P R ARH TR X T 2 TR AR e
Al iy £ AP SRRk Stendk By £ Po AR YE B T £ 0

Rpp=AP/Pe; ° %#P@ﬁﬁm#&?ﬁﬁhﬁ%h%”mﬂ&?€
P, U0 4p f 3 Ay ;\. # 1L Rp=AP, /P, V200 5% 5 3 Ryp &8 & F=%

219



B8R LA A

S8 L/lr 50H 501 8-19 27 # Ry,

"B 8-20 % 5 o

'_3\7]:'( 2}\3{ LS/KR gl %

T

§ N DEDCEDABEHO@OTRD@DO@D@O® O0WO O O © °
Lo
m. —
o f
&
o S
2 :
§
g B e
o §
o
8
e
o
cq — o
o 8
8
50 100 150
L/Ir
B 8- 194k A4 & 1- Rop &7 & F1=% S L/lg cPM 15
o
o
8 o]
o]
i} (o]
8 ) (o]
(o]
&P
o]
P
§O
o 8| v
g < o
@W&
o M
g1 d
o cmm
50 100 150

Bl 8-20 485 4 £ 18 Rpo 22

L/Ir
# F|=% ¥ Ly/lg 0B T2

'

220



58w A 4T

Bigd FlS AT VR TR IR > o B 8-19 -

Bl 8-20 % A A E v Rup ~ Rpo 2 & Fl =k S8 L/l 2 F & M F 42

R J’FL mfgé % o

EAGd Pateha it v @ hd AR F A ST AR
FUE S P8 Lo~ By~ Type 27 U e i Solic ke » hsnd deid
ﬁwmﬁmfﬁmwﬁﬁjbﬁﬁﬁﬁﬁEPH?ﬁﬁﬁ"mﬂ@
FTL P = 2 BHNEF R T S L/ iadr - Lt b @ &
PLF Eoahd R o 2 AT AF - W sd H ¥ en Buler #R3 B IR

B I AT R Uk Sl B 7 S e
/\

BEAP, © % 2B P> popF PP R EeNA 3RS ER
e AR R R R RS SRR R B Y AR R Y
E Ak o A7 ¢ Y B 8- 19 #rA 4 chi ki B BT
FE R T RESH 8-21-
Bl° BT % & F]=x S8k L/lg 31iE 65 PFAP/P, chnt B e ¥ 324 A
99% » % Ly/lg %% 93 FFAP/Py civt & { 4 #3177 32413 99.5%: 3
L e & -

A A BT e SR Y e BB F S

¥+ Ls/ng‘Jé 65~93 > I ¥ :lfs—qﬁlﬁ L BLAR G & g ' E mﬂ—";ﬁﬂ”t,@ ,
NP FUARREATRT @R E L BEEHA SR 2 AT

¥ 2t - - HIHE I EBRRGE AR ETS SFEY -

221



B8R LA A

(@]
owo ©0° ©
@omco(woco
@ ®
@®°
377”7777777777777777 @@M

2 el
!
o |
g M i
hd !
) !
2 i
£ o f :
= .
a 1Tttt S !
- ° fl l
o | |
— i i
§ i i
i i
I I
0| & |
o § i i
o i i
i |
I I
5] i i

T : T ‘ T T T T T

60 80 100 120 140 160 180

L/Ir
= g9 F Los2Z2 ) A2 3o
Bl 8-21 & "L FLf T ac st

AR N 8- 13 e FAr R E > T EFGE R APHTP R L

ol 2 T i B A A S LA e By 4

e RN

B AL Rpg 2 3 & 74

Ry =

5 :#{le Unq)
N T El 7
4
Pcr = P(:Lrjzz_o(l-i_ U22LS )
E.l IT
el
RPU —_ f( 22 ) _
I:)CI' Uz')

8-6-2 Fp el >

d AT E AR A U R BN LB

R 2 ElhRE

X

\

1‘(

v -

) B3 de 2

#

D38 — 17 2311y - F]

=7 Y
eL =S

%ﬁiﬁ’té‘ LS/KR °

)

g R R T i T Rl Lyl o SEF L 1

TRl € MR A e Y RFH AP E Po 2 A

e
a4y

B gk By ;\; £ P."* 4 lr//f

222

Fl4E A £ Rpe 7 -5 4 Euler #24&



%8R 4B A 4

By o BT o PR T £ Rpg W AT S BT L P
Po=Rpe*Pe 20 % 71 » B¢ P," 0¥ * Buler #R3 A ILH 2N KT -
AP L Rper 2 3 & ] S8 i @ F1X S8 L/l 7 11+ B 8
- 19 ¢ Rpo & Ly/lg 2 B enBf (38 (738 jF 4 47 R4F o 247 % 12 [Lee,
1993] #ti# * & Box&Cox ## 3% (Box and Cox Transformation) > 4 7 [
8-19 ¢ enFdd s H B 4o@ 8-22 #77 o {IF B ¥ T KA T 0 Log
Likelihood # & 2L/ i A5 5 -0.5u ° 1395 Box&Cox ## 3 e 3k 4%
(Lyl)™ i p Bt Fiw ff o Tt o 95 = Pl fy £ £ 14 Rpor 2 7R

T o7 4de 8- 18 #7151 o

0.95%

pooyisi 607
0, 005, 000T , OOST |,

00S-

\ T \ \ \
-2 -1 0 1 2

000T-

Lambda

Bl 8 -22Box&Cox #& ¢ [B]

223



B8R LA A

R, = s
Re =-0.0266+0.8315X —9.5687X* +48.5690X > —49.4658 X *
X=_1_
Z 8-18
Statistics :

N=480 , R?=1.0, SEE =0.0004

meyﬁism&7
8-6-3 %A EkE
ARG IR AR R N 8- 184 & 8- 11 ¢ #riE = ik 47 480
ERFZEMPLLEFRE T E ABAQUS A ATl k43 &
Ho TR B 8-23 477 o d WY FRRF 25N 8- 18 2 9 %
RARE LE O R QARG T A Y DRt A L o

o
o _|
o
o o)
o
o _|
o
<t
=) oO
o
o o
— o _|
o o
= ®
g 3
o
o _|
o
N
o
o _|
o
-
T T T T T
1000 2000 3000 4000 5000
Pcr for ABAQUS

Bl 8-23 g LM 2 %

224



F 8 R  Am Ui R A 45

BRGNS 183 Y 2 2 $4c2 - S RF o pHB AL
G SRR T LTRSS EL RS L AR R
AT R0 4 o BT ARER] P 7 il 4 R MLk D e
Bll, ¢ SUBAT Y ¢ EPTBUE 4R T RORL IR 15 0 AR R R
RA 2 PFLR TR §F RGP DR o il PR 2 e

B3 AT R A DR oA S A R HTE T F L ABR
2 R eb GF AU R S N EE L o

Fob o g e AR H R L E R (250 8-16) ¢ e 2R Uy
T AR SR kAo e SR Fp et 8 T g
it b DR F b k38 c G2 BB R NG E > d 3 HE 3

WAL E R EHBTE AR T T I B 8243 X Rl nE

EDR2ZEL B HEDR Fev i5d Foo/ (V2) HH S Rw 56
SR FIW O FELEDRR NPT EBRKITI 20 6-1930 8 A (7
B fs | MK B 4o B FEEARSE W IIUS > 0 B U Rl AR H P R X

Sl TF Rt DHATE R A5 8-18 ¢ 0 REAEF]F Rpg o

Kzeg - 2kb2F22 + F66 8 _ 19

2k, +F, (t/2)
% ks2
—©
a3

ks2

B 8-24 % & fwicitT 2 B

225



B8R LA A

A A 8-2¢ uE £ & 8.40m ¥ 12.30m B b FEw A
¢B iSRS Pl 0 BT R KO=2873N/m > US=0.9MPa > #iE
v AR T AR LT r=108cm o f & A G 8.40m #uf #3) ¢ L/R=7.73 -
ST AT BEF] S Rpg=1.63 0 4t PRAR PUZ AL AR R 5 34.6°C o RIS
B2 Uk AR AR R S 90.9°C @ 11 ABAQUS 4238 3+ B chdruif i
B RE R S 883°Ce ik B A 12.30m #uiE HAl ¢ L/r=11.34 > #7
RH A F]F Rp=3.05 0 MR U AR R 5 16.1°C RISE
2R kSRR R B 65.0°C 0 @ 1 ABAQUS #2548 35 8 e [k S
FAER S 71.3°C-

87 A3

A D R R By TR R T AR R TR N B RFLE kS A
HAyenim 50 B3¢ £ 8 ABAQUS 4254 4% i E 8 R puE S
~F R T At AR R o R A R B S AU OB A iy R~ E
Frlg U AR A o 77 ¢ ¥ 0 ILLI-BUCKLE #25¢ 3 4 » 4
F-RVIREAD BT AAR P AT G ATk b sk R
FEiE A 7% % 22 ILLI-BUCKLE #2582 4758 % w2 & o R/ » 257§
i 2 if2 3% 0 #f ILLI-BUCKLE 425% chit § et i 11 ¢h - hg7 g
L At T ahp G R AT LB - ke e T A
B i iL\ﬁm*ﬂ%ﬁﬁ P e 1T B ERGE R 7 R e F] S o

ARG bR B A T AR A (T U R Ay AR B S B B
Bt a2 P RRE R E LA B FF o7 ¢ F R
Byfp 0 Bk e R LG B b s e B AT I 2 4R
Rl 2500 4 B2 R T M od RIpr > Lo fT 3 7 FFd g 4p
HOBRLEFATRY ARERAESITE P AT RY M- BA TR
P Rl AR B R L Sl B R P A e & S S R R

226



¥R kLA A

'S LOVISVEE RS SRR S TR A AU
T AT Gk ek By TR 2 3 R Ly PE ch
FTUREL AT R % BRI So b N g o i oy

BEZSHESPREE ST ENRIE SR TS S

Folpl e B0 4 > ZRLBARE TN HUE O T RI Y RN
FHRF AR T hnRe B AR F0 O R R 5
%EWﬁfﬁﬁﬁﬁiUiﬁiéﬂ&—?’} GBLE AR 2 BN T RS 4
A2 Al s Flpt R 7 AR S H o

REE G 0 FIE A G E 2 A RN T A E A B
EFEAYT R - BERBRERA TS L AR S T
LAMAY Y A E - Bk S A LRSS 172

B A KT H L SFEN SFTAD > bldodp B
FRP RS S KE L BRI & d ST FR S 2 O

NS

oo
F

b

Rd
e
p
s
a\

R R L R FE N R L B8R e D

7

227



% 9% TKUTRACK #g;

%9% TKUTRACK #23

91 A2\ 2 1
AT EE s TR AR R ik 2 h TS

[
-i:e,

EXCEL #23% ¥ fie & H ¢ 11 Visual Basic BB 1 & » #0472 2

& EXCEL 423%™ » I 11 Visual Basic %fE—- £ £ 3 24 @ * {6 o
Fuig 4 F 4454258 TKUTRACK © @ * 7 35 i 0 4255 ol » 4 6 4
FUE e g SRS TR Sl T O B r o 32ARN § AT A
SHch LR B A5 AR raE 2 IR O B A T AR R R b
R4 TFESE ARNEFE A PEST Bl et BB
Tl A BT ERAE AR R D R o et BT I F T
AE AR Y R E o AR F R T
g T AT AR TR A F A P RGP -
A2l ~ A6 Aol 9-14TR 0 B 9-2 3 A AR dnEmp §

ERR SNE sl @A) HeD TED WD A D

% TEUTRALE

B 9- 1ITKUTRACK #%5% 7+ &, B

228



% 9% TKUTRACK #z;

1
2

; - -

L doitl] | judkl | quil | i3 | deikd =
5 000 gop| 120n] 1600 2400

6 | EM{comeiiet | oooe| 1aa| 206 doia| sae

7 EFi OS] Azl Q0| L] 006

8 Al 260,717 | 257,062 | 205660 | 2i6.AT | 183018

3 | N TR 1000  ooo7] opeT|  owso|  oodl

10 ai Zreor| miesdl 10| %] 0995] ToTal Sum

1l e i) STEOT)  caiEl Q07A] 0SA| 0000 L]
12 Fus | 1a0eas

13 ks 0.516722) 5
R4 s wh A RIER ), PR | | 1

B 9-2 425V 87 anilmt BB AT

9-2 B2 HFE

AEF A 9 -1 Y i R b ERE ALY F AN
ABAQUS 23V i& (7 447 » 11 257 7 #7222 22 TKUTRACK :i& 7 3+
B0 Rolha % 4cB 9-3477 oA d B 9-3F BRI
# TKUTRACK #23% #73F 2 chfls 4 & > 27 ABAQUS #2358 chs 45 55 %

ﬁ \357@0

RS

Actual Stress (MPa)

\ T T T T T 1
0.0 0.5 1.0 15 2.0 25 3.0

Predictes Stress (MPa)
9

B 9-3 % blsE" R

229



% 9% TKUTRACK #z3¢
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kN GPa| cm® |[MPa|GPa| cm® |MPa|cm |MN/m’ m m |MPa| MPa
196.2 | 196 | 10000 | 941 | 41 | 29952 | 508 | 12| 400.5 | 0.34 | 2.08 | 1.04 | 3.01 3.19
196.2 | 196 | 10000 | 941 | 41 | 239620 | 508 | 24 | 400.5 | 0.20 | 2.08 | 1.04 | 1.67 1.58
196.2 | 196 | 10000 | 941 | 41 | 304650 | 508 | 26 | 400.5 | 0.19 [ 2.08 | 1.04 | 1.49 1.46
196.2 | 196 | 10000 | 941 | 41 | 380500 | 508 | 28 | 400.5 | 0.18 | 2.08 | 1.04 | 1.33 1.36
196.2 | 196 | 10000 | 941 | 41 | 468000 | 508 | 30 | 400.5 | 0.17 | 2.08 | 1.04 | 1.21 1.26
147.15 206 | 8000 | 644 | 34 | 398390 |347|26|209.5|0.17 |2.72| 1.36 | 1.09 1.05
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98.1 |216| 6000 |416| 29 | 756000 |225|30| 109.6 | 0.13 | 3.36 | 1.68 | 0.60 0.60
49.05 |226| 4000 |241| 25| 55296 | 130|12| 555 [ 024 |3.84]1.92|1.14 1.11
49.05 |226| 4000 | 241 |25 |442370|130(24| 55.5 | 0.14 | 3.84|1.92 | 0.43 0.41
49.05 |226| 4000 |241|25|562430|130|26| 55.5 [0.13 3.84]1.92|0.39 0.37
49.05 |226| 4000 | 241 |25 |702460 | 130 (28| 55.5 | 0.13 | 3.84|1.92 | 0.35 0.34
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294.3 | 196| 10000 | 941 | 41 | 304650 | 508 [ 26 | 400.5 | 0.19 | 2.08 | 1.04 | 2.23 2.19
294.3 | 196 | 10000 | 941 | 41 | 380500 | 508 | 28 | 400.5 | 0.18 [ 2.08 | 1.04 | 2.00 2.03
294.3 | 196 | 10000 | 941 | 41 | 468000 | 508 | 30 | 400.5 | 0.17 | 2.08 | 1.04 | 1.81 1.89
220.725 | 206 | 8000 | 644 | 34 | 398390 |347|26|209.5 | 0.17 |2.72| 1.36 | 1.64 1.57
220.725 | 206 | 8000 | 644 | 34 | 497580 | 347 |28 |209.5 | 0.16 | 2.72 | 1.36 | 1.47 1.45
220.725 {206 | 8000 | 644 | 34 | 612000 | 347 {30 | 209.5 | 0.15 | 2.72 | 1.36 | 1.33 1.34
147.15 | 216 | 6000 | 416 | 29 [492130 225|261 109.6 | 0.15 | 3.36| 1.68 | 1.11 1.05
147.15 | 216 | 6000 | 416 |29 | 614660 |225|28 | 109.6 | 0.14 | 3.36 | 1.68 | 1.00 0.97
147.15 | 216 | 6000 |416| 29 | 756000 |225|30| 109.6 | 0.13 | 3.36 | 1.68 | 0.90 0.89
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% 9% TKUTRACK #z3¢

P E I u; | Ec I u; | he k all | W t | Pred ABAQUS
73.575 226 | 4000 |241 | 25|442370| 13024 | 555 | 0.14 | 3.84 | 1.92 | 0.65 0.61
73.575 | 226 | 4000 | 241 |25 |562430| 130 |26 | 55.5 | 0.13 | 3.84| 1.92 | 0.58 0.56
73.575 | 226 | 4000 | 241 |25 |702460 | 130 |28 | 55.5 | 0.13 | 3.84 | 1.92 | 0.52 0.51
73.575 | 226 | 4000 | 241 | 25| 864000 | 130 30| 55.5 | 0.12 | 3.84 | 1.92 | 0.47 0.47
14.715 235 | 2000 | 105 |20 | 50688 | 57 | 12| 26.4 | 0.21 | 3.52 | 1.76 | 0.37 0.36
14.715 |235| 2000 | 105|20 | 80491 | 57 | 14| 264 | 0.19|3.52|1.76 | 0.30 | 0.29
14715 |235| 2000 | 105 |20 | 120150 | 57 | 16| 26.4 | 0.17 | 3.52| 1.76 | 0.25 0.24
14.715 |235| 2000 | 105 |20 | 171070 | 57 | 18| 264 | 0.15|3.52| 1.76 | 0.21 0.21
14.715 | 235| 2000 | 105 | 20 | 234670 | 57 |20| 26.4 | 0.14 [ 3.52| 1.76 | 0.19 | 0.18
14.715 | 235| 2000 | 105 |20 | 312340 | 57 |22| 264 | 0.13 |3.52|1.76 | 0.16 | 0.16
14.715 235 | 2000 | 105 |20 | 405500 | 57 |24 | 264 |0.12|3.52|1.76 | 0.14 | 0.15
588.6 | 196 | 10000 | 941 | 41 | 29952 | 508 | 12| 400.5 | 0.34 | 2.08 | 1.04 | 9.04 9.56
588.6 | 196 | 10000 | 941 | 41 | 239620 | 508 | 24 | 400.5 | 0.20 | 2.08 | 1.04 | 5.00 | 4.75
588.6 | 196 | 10000 | 941 | 41 | 304650 | 508 | 26 | 400.5 | 0.19 | 2.08 | 1.04 | 4.46 | 4.39
588.6 | 196 | 10000 | 941 | 41 | 380500 | 508 | 28 | 400.5 | 0.18 | 2.08 | 1.04 | 4.00 | 4.07
588.6 | 196 | 10000 | 941 | 41 | 468000 | 508 | 30 | 400.5 | 0.17 | 2.08 | 1.04 | 3.62 3.79
441.45 | 206 | 8000 | 644 | 34 | 398390 | 347 |26 | 209.5 | 0.17 | 2.72 | 1.36 | 3.28 3.14
441.45 | 206 | 8000 | 644 |34 1497580 | 347 |28 |209.5 | 0.16 |2.72| 1.36 | 2.94 | 2.89
441.45 | 206 | 8000 | 644 |34 612000 | 347 |30| 209.5 | 0.15 [ 2.72 | 1.36 | 2.65 2.68
2943 |216| 6000 |416 |29 |492130|225|26| 109.6 | 0.15 | 3.36 | 1.68 | 2.22 2.11
2943 |216| 6000 |416|29 | 614660 |225|28| 109.6 | 0.14 | 3.36 | 1.68 | 1.99 1.93
2943 |216| 6000 41629 | 756000 |225|30| 109.6 | 0.13 | 3.36 | 1.68 | 1.79 1.79
147.15 226 | 4000 | 241 |25 | 55296 | 130| 12| 55.5 | 0.24 |3.84 | 1.92 | 3.41 3.32
147.15 226 | 4000 | 241 |25 |442370|130|24 | 555 [ 0.14 |3.84 | 1.92 | 1.30 1.23
147.15 226 | 4000 | 241 |25 |562430|130|26| 555 [ 0.13|3.84| 192 | 1.16 1.12
147.15 | 226 | 4000 | 241 |25 |702460 | 130 |28 | 55.5 | 0.13 |3.84| 1.92 | 1.04 1.03
147.15 | 226 | 4000 | 241 |25 | 864000 | 130 |30 | 55.5 | 0.12 {3.84| 192|094 | 0.95
29.43 |235| 2000 | 105|20| 50688 | 57 (12| 26.4 | 0.21 |3.52|1.76 | 0.74 | 0.72
29.43 |235] 2000 | 10520 | 80491 | 57 | 14| 264 | 0.19 |3.52 | 1.76 | 0.60 | 0.58
29.43 |235] 2000 | 105|20 | 120150 | 57 |16| 26.4 | 0.17 |3.52| 1.76 | 0.50 | 0.49
29.43 |235| 2000 | 105|20 | 171070 | 57 | 18| 26.4 | 0.15 |3.52| 1.76 | 0.43 0.42
29.43 | 235| 2000 | 105|20|234670| 57 [20| 26.4 | 0.14 | 3.52 | 1.76 | 0.37 0.37
29.43 |235| 2000 |105|20|312340| 57 |22| 26.4 | 0.13 |3.52 | 1.76 | 0.33 0.33
29.43 |235| 2000 | 105 |20 |405500| 57 (24| 264 | 0.12|3.52|1.76 | 0.29 | 0.30
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