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Evaluation of Design Compatibility for Lightweight Soundproof Tunnels
using Pipe Truss Beams

Ahn, Dong-Wook' - Choi, Sung-Joon® - Noh, Myung-Hyun'

'Senior Researcher, Structure Research Group, Steel Solution Marketing Dept., POSCO, Incheon, Korea
Director, TechStar Korean Inc., Seoul, Korea

Abstract: In this paper, the structural characteristics of a lightweight soundproof tunnel to reduce the dead load imposed
on the bridge are investigated. Subsequently, the design procedure of soundproof tunnel structures is reviewed and a
design practice for the lightweight soundproof tunnel is carried out according to the reviewed procedure. Next, design
compatibility for the lightweight soundproof tunnel is verified through a detailed finite element analysis. The result for
evaluation of design compatibility shows that the lightweight soundproof tunnel has structural safety in structural
members, welding zones and foundation parts. It is also confirmed that serviceability and buckling safety is excellent.
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Fig. 1 Configuration of lightweight sound proof tunnels
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Fig. 2 Installation method for sound-absorbing panels

Lateral sound-

absorhing panels

Length reduction

Fig. 3 Function of lateral sound-absorbing panels
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Evaluation of Design Compatibility for Lightweight Sound Proof Tunnels using Truss-type Pipe Beams

START

STEP 1 | Design condition & determine standard section

Y

I> Review of sound proof tunnel’s specification
I Detemine malerials

> Detemnine design force

I Assume standard secion

}

STEP2 Analysis of sound proof tunnels

> Calculafion of loads

G of dul
b Stucture modeling

I Load combinafion

I Summary of analysis resulis

}

STEP3 Mermber design of sound proof tunnels
I» Check sirengh for posts and roof members
I Check siength for joints
Ir Check sirengh for anchors

J

Structural stability

Fig. 4 Design flow for sound proof tunnels
(MOLIT, 2012)
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Table 1. Self-weight of sound-absorbing panels

Element Un(lIt\I /\;Zlezl)ght Wor(l;(l]r\l]{/;ml)oads
Roof panels 343.23 0.86
Side panels 294.20 0.74

Lateral panels 98.07 0.12

Table 2. Basic design wind speed (KRA, 2015)

Category Area Name of place 5;113 g;}ljlg
Seoul, Daegu,
Daejeon,
Chuncheon,
I Inland Cheongju, Suwon, 30
Chupungnyeong,
Jeonju, Iksan, Jinju,
Gwangju
11 West coast Seosan, Incheon 35
Southwest coast Gunsan
Yeosu, Tongyeong,
I Southern coat Busan 40
Southeast coat | Pohang, Ulsan
Eastern cost |Sokcho, Gangneung
v Juju Jeju, Seogwipo 45
Special region Mokpo
\ Ulleungdo 50
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Table 3. Criteria for surface roughness selection (KRA,

2010)

Surface
roughness Surface condition
category

%
(m)

%
(m)

1 = coast, on the sea

0.12

2

200

= areas dotted with
open terrains,

11 farmlands, rural

trees and low-rise

buildings

0.16

300

Table 6. Thermal factor (AIK, 2009)

= areas of dense trees
and low-rise
buildings

111 = areas dotted with
middle and
high-rise buildings

= gentle hill areas

0.22

10

400

= areas of dense
middle and
high-rise buildings

= rugged hill areas

v

0.29

20

500

Thermal condition f;;}tlg;rrézé)
Heated structures (controlled 1.0
structures with snow load) )
Unheated structures (uncontrolled 12
structures with snow load) '
Table 7. Important factor (AIK, 2009)
Important cartegory | Special 1 2 3
Important factor () 1.2 1.1 1.0 0.8
Table 8. Temperature range (KRA, 2015)
Composite
Steel bridge bridge Concrete
Climate | (steel deck | (steel girders bridee
plates) and concrete g

deck plates)

Normal | -10°C~50°C | -10°C~40°C | -5°C~35°C

Table 4. Basic ground snow load (AIK, 2009)

Cold -30°C~50°C | -20°C~40°C | -15°C~35°C

Area

Ground snow
loads (KN/m?)

Table 9. Reaction by supporting point

Seoul, Suwon, Chuncheon, Seosan,
Chungju, Daejeon, Chupungnyeong,
Pohang, Gusan, Daegu, Jeonju,

Classification | fx | fv | F= | M. | M, | M:
(kN) | (kN) | (kKN) |[(KNm)|(kNm)|(kNm)

Reaction 27.16| 0.13 [16.50 | 0.53 |42.84| 0.02

Table 10. Member forces

Classification (+) Temperature|(-) Temperature
Tensile force (kN) 54.64 -
Compressive force(kN) - 54.64
Shear force (kN) 41.99 41.99
Flexural moment (kNm) 42.87 42.87

Ulsan, Gwangju, Busan, Tongyeong, 0.50
Mokpo, Yeosu, Jeju, Seogwipo,

Jinju, Icheon

Jeongeup, Uljin 0.65

Incheon 0.80

Sokcho 2.00

Gangneung 3.00

Ulleungdo, Daegwallyeong 7.00

Table 5. Snow exposure factor (AIK, 2009)
Exposure

Terrain category

coefficient (C.)

A. strong windy areas with open
roofs of no windbreak in
every direction by surrounding
environment such as terrains,
high-rise structures, trees, etc.

0.8

B. strong windy areas with some
windbreaks

0.9

C. locations where a reduction of
the roof loads can not be
expected by the removal of
snows with wind due to
terrains, high-rise structures or
some surrounding trees.

1.0

D. areas that not affected a lot by
wind or exist some windbreak
on roofs with terrains,
high-rise structures or some
trees.

1.1

E. dense forest areas to have little
effect on the wind as roofs
located among dense neeleleaf
trees

1.2

Slope of Roof () Slope of Roof ()

(a) warm roofs (b) cold roofs

Fig. 5 Roof slope factor (AIK, 2009)

Fig. 6 Finite element analysis model for
lightweight sound proof tunnels
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Table 11. Design results for structural members of lightweight sound proof tunnels

S Element
Examination item
Column members Upper & Lower chords Diagonal members Criteria
Sectional shape P-216.3x8 P-114.3x4 P-89.1x4 -
Slender ratio 339 51.3 43.1 200.0
Axial (f,/F) 0.007 0.285 0.145 1.000
Shear (f,U/E)) 0.040 0.003 0.002 1.000
Flexural (f,/F}) 0.768 0.197 0.045 1.000
Combined stress 0.775 0.483 0.190 1.000
Check OK OK OK -

Table 12. Deflections review of the sound proof tunnel

Deflection Review
Vertical [HorizontallCombined Span /300 Check
9, Sy 3, L | L/300 |~
(mm) | (m) | (mm) |(mm)
12.01 0.66 12.03 (12,000 40.00 | 3.33 | OK
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Fig. 7 Finite element analysis model for a unit
structure
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Table 13. Results for detailed FE analysis

Maximum effective stress (MPa)

Maximum shear stress (MPa)

B/A D/C Check

Maximum stress (A) | Allowable stress (B) | Maximum stress (C) | Allowable stress (D)

75.94 140.00 43.63

80.00 1.84 1.83 OK

Table 14. Deflection results from detailed FE analysis

Deflection Review
Vertical [Horizontal Combined Span 1,/300 | Check
s, 5, 5, L | L/300 5
(mm) (m) (mm) | (mm) v
2.26 0.79 2.26 |12,000] 40.00 | 17.70 | OK

%'284% f’gﬁTE RIF PLATE
BOX1 D0%ET
|
BOLT/N
M20-LE0
S A B ) ) |

Fig. 10 FE analysis models for connection parts
between structural members
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Table 15. Safety review for connection parts between structural members

FE analysis results (kN)

Safety review

Shear force
Tensile force (A) Nominal tensile force (kN) | Nominal shear force (kN) | check
F, F, combined (B)
1.12 0.054 | 0.864 0.87 847.80 452.16 OK
Table 16. Safety review for buckling according to load cases
Design loads Buckling loads
Load case (A, kN) (B, kN) %gl;igl Check
wind loads snow loads wind loads snow loads
LC2 84.00 - 10,945.2 - 130.30 OK
LC3 - 45.00 1,073.3 23.85 OK
LC4 84.00 45.00 1,948.0 1,043.6 23.19 OK

(a) LC2 ‘ (b) LC3

Fig. 11 Buckling mode shapes for each load case
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Table 17. Comparison of safety between design and FE
analysis

. Working Allowable
Review stress (A) | stress (B) B/A | Check
Design 0.78 1.000 1.29 OK
FE analysis

(MPa) 75.94 140.00 1.84 OK
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Table 18. Comparison of serviceability between design
and FE analysis

Deflection | Z/300
Review o A Ald Check
(mm) (mm)
Design 12.01 3.33 OK
FE analysis 40.00
(MPa) 2.26 17.70 OK
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