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FOREWORD

The 3™ Sino-Japan Geotechnical Symposium is held in Chongqing, China, from 4" to 7*
November 2007. This volume contains 92 papers contributed by over 200 authors on the
new frontiers in Chinese and Japanese geomechanics and geotechnical engineering.

In China, the speeding economic growth demands the development of civil projects. In
recent years, considerable experiences of geotechnical engineering have been accumulated
and geotechniques developed. In Japan, extensive civil projects have been developed along
with many useful experiences and advanced techniques. While in both China and Japan, to
meet people’s ever-diversifying needs, there is an increased appreciation of innovative
theories and creative technologies for further development of geotechnical engineering.
Under these perspectives, CISMGE — CCES and JGS organize this joint symposium to
provide a forum for researchers, engineers and project managers both from China and
Japan to exchange information and share experiences in the field of geotechnical

engineering.

We are most grateful to all the authors for their efforts in the preparation of the papers.
We also wish to thank all of those who contributed to the success of the symposium and the
publication of the proceedings. Special thanks are due to Mr. Naidong Wang, Ms. Wei
Hou, Ms. Yuxia Kong , Mr. Enyang Zhu and Mr. Zhiwei Gao for their valuable

assistance.

The Chinese Institution of Soil Mechanics and Geotechnical Engineering-The China Civil
Engineering Society

and

The Japanese Geotechnical Society
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BEHAVIOR OF GROUND IN EXCAVATION PROBLEMS: MODEL TESTS AND NUMERICAL SIMULATIONS

BEHAVIOR OF GROUND IN EXCAVATION PROBLEMS: MODEL
TESTS AND NUMERICAL SIMULATIONS

T.Nakar’, F. ZHANG”, H. M. SHauIN® and M. KikumoTto®”

ABSTRACT

In order to investigate the fundamental mechanisms of the generation of earth pressure and
the ground movement in excavation problems such as tunneling and braced open
excavation, 2D model tests and the corresponding elastoplastic finite element analyses were
carried out. It is experimentally shown that the earth pressure and the ground movement
are very much influenced by excavation patterns and existing building loads. In tunneling
problems, the influence of deflection pattern of circular tunnel and the influence of
existing building load on the earth pressure and the ground movements are discussed. In the
open excavation problems, the influence of deflection process of wall and the influence of
existing load are discussed. The numerical simulations using an elastoplastic constitutive
model named subloading t; model, which can describe typical stress — strain behaviors in
general stress conditions, describe well the observed earth pressure and ground movements

in both excavation problems.

Key Words: Model Test, Numerical Simulation, Braced Open Excavation, Tunnel

Excavation, Existing Load, Circular Tunnel

theory such as Terzaghi’s loosening earth

1 INTRODUCTION pressure theory and Rankine ~ s earth
In urban area, shallow tunnel pressure theory. The surface settlements in
excavation and open excavation cause tunneling are predicted by elastic finite

problems to the deformation of elements analysis or Gaussian distribution

surrounding ground and adjacent structure curve fitting, assuming volume loss due to

together with the stability of the tunnel, tunneling. In the open excavation
the retaining wall and the ground. At problems, the deflection of wall is
present practice, earth pressure of the predicted using beam spring model, and
tunnel and the retaining wall and their the deformation of the ground is estimated

stability are predicted with rigid plasticity

i) Professor, Department of Civil Engineering, Nagoya Institute of Technology, Showa-Ku, Gokiso-cho, Nagoya, 466-8555,

Japan.
ii) JSPS Postdoctoral Fellow. Department of Civil Engineering, Nagoya Instute of Technology, Showa-Ku, Gokiso-cho.

Nagoya,466-8555,Japan.
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by elastic finite element analysis assuming
the wall deflection calculated by the above
beam spring model. In this research,

model tests and corresponding finite

element analyses are carried out to
investigate the earth pressure and the
ground movements for both excavation
problems. In the case of tunnel excavation
two types of grounds are considered — one
is the Greenfield ground where no loads
from existing structures  are
employed, and the other is the ground with

existing building loads. Two — dimensional

super

finite element anlyses are carried out with
FEMt;-2D
subloading ¢; model (Nakai and Hinokio,
2004).
stress

characteristics of soils such as the influence

using the  elastoplastic
This model can describe typical

deformation and strength

of intermediate principal stress, the
influence of stress path dependency of
plastic flow and the influence of density

and/or confining pressure.

2 DESCRIPTION OF MODEL TEST

2.1 Tunnel excavation
Apparatus of Model Test

Figure 1(a) shows a schematic diameter
of 2D ' Fig. 1 (b)
represents a newly developed model tunnel

tunnel apparatus.
with circular cross section. It consists of a
shim at the center of the tunnel surrounded
with 12
strongly tightened all around the shim with
rubber band. One motor is attached with
the shim to pull it out in the horizontal
The model tunnel is kept in

segments. The segments are

direction.
space with a vertical shaft, and can be

4

moved in the vertical direction with
another motor. Therefore, the device
consists of two motors — one is for

shrinking the tunnel whiles the other for
moving the tunnel in the vertical direction
to fix it at a chosen ground depth. It is
possible to make these motors work
simultaneously and individually together
with controlling the speed of the motors.
With the motor the shim is pulled out
gradually which changes the diameter of
the shim, consequently the segments move
inward and the diameter of the tunnel is
reduced. Changing the shape of the shim
different kinds of excavation process, such
as full face excavation, top and side drift
and bench cut excavation can be
reproduced with this apparatus. The

reduction of tunnel diameter and the
amount of radial shrinkage are obtained
gauge reading which is

determined from the calibration result.

from a dial

The vertical movement (if requires to
impose) of the tunnel is also measured with
another dial gauge. Therefore, the
shrinkage of the tunnel can be attained in a
controlled manner, which can simulate the

condition of a real tunnel construction.

In the apparatus 12 load cells are used
to measure earth pressure acting on the
tunnel. The load cells are attached with the
blocks which are placed surrounding the
segments of the tunnel. Each load cell
block is 2. 35cm in width and 5. Ocm in
length. The blocks are tightly fastened
with band.

pressure can be obtained at 12 points on the

rubber Therefore, earth
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(a) Schematic diagram of 2D tunnel apparatus

Rubber band 5.00cm

" Load cell

(b) Circular tunnel device

periphery of the tupﬁgriél at a time. Earth
pressure can also be obtained at any other
positions by rotating the tunnel around the
tunnel axis. In this case, it would require
to make the model ground once again.
Including the load cell blocks the total
diameter of the model tunnel is 10. Ocm.
The circular tunnel device is placed on an
iron table that was used for the trap door
tunnel apparatus ( Nakai et al., 1997;
Shahin et al., 2004). It has 10 moveable
blocks above which the ground is made.
The reason of using this type of base is to
adjust the initial stress condition of the
ground such a way that the stress
distribution becomes similar to the ground
without tunnel (K, stress condition). The

surface settlement of the

ground is
measured using a laser type displacement
transducer with ‘an accuracy of 0. 0lmm

and its position in the horizontal direction

is incurred with a supersonic wave
transducer. Photographs are taken during
experiments which are later on used as

input data for the simulation of ground

movements with Particle Image
Velocimetry.
To simulate building loads flat

foundation is used. For applying dead loads
on the top of the ground a plate of 8cm in
width is placed at the surface of the ground
adjacent to the model tunnel, and the load
is applied at the middle of the plate before
performing tunnel excavation. This load is
kept fixed throughout the test. A constant
value of dead load of Q =0.32 (X 9.8N/
cm) is applied on the ground surface,
which is around 1/3 to 1/2 of the ultimate
bearing capacity of the ground.
Model Ground and Excavation Patterns
Firstly, the tunnel device is set at a
height of 10cm; the height is measured
from the bottom boundary to the tunnel
invert. Varying the distance between the
tunnel invert and the bottom boundary,
several experiments were conducted. It was
found that this height (10cm) is free from
the influence of the bottom boundary.
After setting the tunnel device, mass of
aluminum rods, having diameters of 1.6
and 3.0mm and mixed in a ratio of 3 : 2 in
weight, is stacked up to a prescribed
depth. The unit weight of the aluminum
rod mass is 20. 4kN/m®, and the length is
5.0cm. The initial ground is made in such a
way that the earth pressure becomes similar
to the earth pressure at rest adjusting the
bottom moveable blocks of the apparatus.
Great care is taken to make a uniform
5



