J of Korean Tunn Undergr Sp Assoc 15(5)455-468(2013) elSSN: 2287-4747
http://dx.doi.org/10.9711/KTAJ.2013.15.5.455 pISSN: 2233-8292

W Zg MOILST Ao G2 FH x| EY B

e
é

= O T T

=1 2 A 3%
NEE - B 471y
M3, SEEX|FEHTAL EXIFEHHATY HMSAATA SMHATY
°H|EY, SIEEXIFETAl EX|IFEHTY AMSIAATA AT
M3, QlSITHEIL ALS|7|HIAARIZSHE ESTEME wp

Analysis on the characteristics of the earth pressure distribution induced by the

integrated steel pipe-roof construction
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ABSTRACT: Inrecent, various types of steel pipe-roof methods, which is reinforced by mortar after propulsion of steel pipe
into the ground, have been used for the construction of trenchless underpass. Integrated steel pipe-roof has flexural stiffness
and can resist against overburden load and reduce the stress acting on the concrete underpass structures. Due to arching effect,
vertical and horizontal stress distribution around the steel pipe-roof is changing. In this study, therefore, the characteristic
of stress distribution around the underpass induced by the construction of integrated steel pipe-roofis investigated by using
numerical method. To examine the soil-structure interaction, interface element is introduced. Results show that vertical
stress acting on the concrete structure placing inside the steel pipe-roof is significantly reduced due to arching effect and
flexural stiffness of integrated steel pipe-roof. Design load can be reduced and effective design of underpass will be available
if the earth pressure reduction due to arching effect is considered in the design stage.
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Table 1. Properties of materials for numerical analysis

Material Specification UrzlktN‘/V;%ht Elasti((lzwr;;)dlﬂus Poisson's Ratio
Steel pipe Diameter: 812.8 mm, Thickness: 10 mm 75 210,000 0.25
Steel guide L-50x50x6, CT-149x149x5.5x8 75 210,000 0.25
Connecting steel plate Thickness: 12 mm 75 210,000 0.25
Mortar - 22 24,518 0.25
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Table 2. Properties of ground for the numerical analysis

Ground Unit weight Cohesion Friction angle Elastic modulus Poisson’s ratio
(KN/m’) (kPa) ©) (MPa)
Fill layer 18 0 35 50 0.35
Alluvial soil layer 18 0 35 50 0.35
Weathered rock 21 30 33 200 0.30
Weak rock 22 130 35 300 0.2
Table 3. Properties of pavement structure
Layier Unit wei}ght Thickness Elastic modulus Poisson’s ratio
(KN/m”) (m) (MPa)
Asphalt Surface 23 0.15 3,000 0.35
Binder 23 0.30 2,000 0.35
Base 20 0.10 1,000 0.35
Sub-base 20 0.30 100 0.35
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Fig. 4. Simulation and analysis considering construction stage

Table 4. Characteristics of H-beam (300 x 300 x 10 x 15)

#1410}
R e

Area Shear area Weight perm | Second moment of area Radius of gyration Section modulus
(em’) (em’) (kg/m) (em’) (cm) (em’)
119.8 30 94 20,400 6,750 13.100 7.510 1,360 450
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Fig. 8. Strain distribution of internal beam with and without interface element

Table 5. Axial strain and force with and without interface element

Axial strain (%) Axial force (N)
Interface
Internal beam External beam Internal beam External beam
With interface (Case I) 4.08 x 10 482 x 10* 1.027 x 10° 1214 x 10°
Without interface (Case II) 3971 x 10 475 x 10" 1.001 x 10° 1.197 = 10°
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Fig. 14. Horizontal stress distribution
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External Beam

10.69 KN

10.77 KN

4.017 KN

Internal Beam

Supporting Beam
Axial Force
Supporting Beam
Axial Force
Supporting Beam
Axial Force
Supporting Beam
Axial Force

4.018 KN 10.69 KN 10.77 KN 3.94 KN

Fig. 15. Axial force of supporting beam
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Table 6. Conditions of design for underpass
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Conditions for underpass and design load

Width Two lanes, Four lanes
Underpass
Length 40 m
Ground depth 3.0 m
Ground water level GL-1 m
Live load DB 24

Condition for design load

CASE @ : Application of design load of 100% (Present condition)
CASE @ : Application of design load of 80%
CASE @ : Application of design load of 60%

Table 7. Properties of pavement structure

Laver Unit weight Thickness
4 (KN/m’) (m)
Surface 23 0.15
Asphalt
Binder 23 0.30
Base 20 0.10
Sub-base 20 0.30

466



Q)
=2

A8

pAS

o=

sol LR Ao wE

9 A

s

o =gt

Fiid
f
il
ox,
Eiid
1

Table 8. Properties of the ground

Unit weight Cohesion Friction angle
Type (kN /m3§h (kPa) ©) & N Values
Fill Layer 20 0 30 30

Table 9. Decrease rate of construction cost and thickness according to the lower design load (except for the earthwork cost)

Two lanes Four Lanes
Design Load Construction cost Thickness Construction cost Thickness
(%) (%) (%) (%)
80% ()5 (%) 10 (%) 2 (%) 7
60% (¥) 10 (¥) 15 (¥) 9 (V) 14
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