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Proposal of a New Type of 4-Lane Soundproof Tunnel Girder and Structural
Performance Evaluation

Won-Hui Goh', Min-Jae Kim?, Chuan Ma?, Duck-Man Kang4, Goang-Suep zZi"

Abstract: The soundproof tunnels have been generally designed with H-beam girders, and the high weight of H-beam may cause the excessive design
of the substructure. To solve this problem, this paper proposes a new soundproof tunnel girder design composed of pipes and discontinuous plates.
First, the structural behavior of the straight girder according to the design parameters was examined through finite element analysis. The arrangement
and shape of the plates were determined as the design parameter, to obtain the optimal design of girder. After then, the structural behavior and buckling
stability of the arched girder were subsequently evaluated. As a result of the parameter analysis, it was confirmed that the axial force acting on the
girder increased and the moment decreased as the ratio of unsupported sections decreased or the number of supporting plates increased. The stress
concentration on the pipe member was relieved by increasing the long axis length of the elliptical plate. Arched girder analysis showed that the structural
efficiency increase as the long axis of elliptical plate increase. As a result of the buckling evaluation, the buckling threshold load of the three connected
girders was about 3.7 times higher than the design load. Consequently, it was confirmed that the proposed soundproof tunnel structure design satisfies
both light weight and structural safety.
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Fig. 1 (a,b) I-type girder, (c,d) Sandwich girder,
(e,f) New type soundproof tunnel girder
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Fig. 2 Schematic diagram and loading conditions of
the new type soundproof tunnel girder
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Table 1 Design specification and load of the new type soundproof girder

Member  Steel type  Load type Notation [I\I;/(I)lilc‘:l]
Wind load Wy 0.4840
Upper chord SNT355 Snow load Ws 1.008
Self-weight Wo 0.0642
Lower chord SNT355 Self-weight Wo 0.0642
Web SS275 Self-weight Wo -
Pole SS400 Wind load Wy 0.6000
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Fig. 5 Illustration of analyzed webs of girder
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Fig. 6 Results of structural performance of straight girder;
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Table 2 Result of parameter analysis of new type soundproof tunnel
girder with different web shape under 1N/mm load

. ON Om [0}
Notation p N [MPa N [MPa] M [MPa]

8 81.97 193 15938 4.37 854.02

0.4 12 97.07 193 12474 437 73191

16 10532 193 10430 4.37 658.58

8 7484 193 20021 437 10185

Square 0.6 12 9449 193 170.09 437 92494
16 10346 193 141.10 4.37 815.66

8 62.88 193 267.68 437 1290.1

0.8 12 8940 193 212.76 437 11014

16 100.02 193 150.89 4.37 851.77

8 8197 190 15938 3.63 734.61

0.4 12 97.07 190 124.74 3.63 637.51

16 10532 190 10430 3.63 578.96

8 7484 190 20021 3.63 869.34

Triangle 0.6 12 9449 190 170.09 3.63 797.30
16 10346 190 141.10 3.63 709.07

8 62.88 190 267.68 3.63 1091.6

0.8 12 8940 190 212.76 3.63 942.59

16 100.02 190 150.89 3.63 738.08

8 8197 121 15938 1.82 388.83

0.4 12 97.07 121 12474 1.82 344.01

16 10532 121 10430 1.82 316.77

8 7484 121 20021 1.82 45451

E103.6 0.6 12 9449 121 170.09 1.82 42341
16 10346 121 141.10 1.82 381.48

8 62.88 121 267.68 1.82 562.85

0.8 12 8940 121 21276 1.82 494091

16 100.02 121 150.89 1.82 395.15

8 8197 1.11 15938 147 325.14

0.4 12 97.07 111 12474 1.47 290.86

16 10532 1.11 10430 1.47 269.90

8 7484 1.11 20021 1.47 377.34

E145 0.6 12 9449 111 170.09 147 354.74
16 10346 1.11 141.10 1.47 322.00

8 62.88 1.11 267.68 1.47 463.41

0.8 12 8940 1.11 21276 147 41191

16 100.02 1.11 150.89 1.47 332.60

8 8197 1.11 15938 1.30 297.61

0.4 12 97.07 111 12474 130 269.32

16 10532 1.11 10430 1.30 251.90

8 7484 1.11 20021 130 342.74

E180 0.6 12 9449 111 170.09 130 32536
16 10346 1.11 141.10 1.30 297.63

8 62.88 1.11 267.68 130 417.13

0.8 12 8940 1.11 212.76 130 375.14

16 100.02 1.11 150.89 1.30 306.54
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Fig. 9 Result of shell analysis of arc girder (a) E103.6, (b) E145 and (c) E180

Table 3 Maximum deflection and maximum stress of girder derived by
shell analysis

Plate type Omax [MPa] Simax [mm]
E103.6 319.2 50.68
E145 248.4 37.06
E180 231.9 37.67
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Table 4 Buckling coefficient according to the number of connecting girders

Number of Main buckling Buckling coefficient
connecting girders failure mode (Eigenvalue)
| Lateral buckling failure 0.4864
mode
) Lateral buckling failure 2.6065
mode
3 Lateral buckling failure 3.6920

mode
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