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Foam Injection - An Effective Way to Control
Various Ground Conditions

In conventional Earth Pressure Balance shield
tunneling, the ground at the excavation face is
stabilized through the injection of slurry into the
chamber and/or at the excavation face. However,
this method has a serious drawback: the consis-
tency of the excavated earth is mud-like, and is
therefore difficult to transport and process. In
addition, large and costly equipment is required for
the preparation and injection of slurry.

The innovative Rheological Foam Shield Tun-
neling Method was created to overcome the prob-
lems associated with Earth Pressure Balance shield
tunneling. Its versatility makes it ideal for all types
of soil types, ranging from gravel to clay strata.

Tunnel excavation with the Rheological Foam
Shield Tunneling Method proceeds by the injection
at the excavation face and/or into the chamber of
a foam produced from a special foaming solution.
Injection of the finely-dispersed foam, which has a
shaving cream-like consistency, serves to improve
the fluidity and water-sealing characteristics of the
excavated earth, and prevents adhesion of the
excavated earth to the interior walls of the cham-
ber. This ensures the smooth progress of tunnel
excavation, since the excavation face is
maintained in a balanced, stable condition. After
excavation, the foamed soil is defoamed and the
condition of the waste soil returns to nearly its
original condition, thereby facilitating economical

waste soil treatment and disposal.

d _‘“'..._5_-_ ! _I: !

Pheological Foam (microscopic phofo, 60:1)

il &ling rations i ravel strata, the
For tunneling operations in gravel strata, the

foam acts Tike ball bearings, so foam injection

enhances the fluidity of the excavated soil,

This eliminates the problem of clogring in the

Flui_dit}r chiamber, and facilitates more effective exca-

vation performance since the catter and screw

LR convevor can be operated at lower torques,

The injected foam is compreszsible and thus capable of

During excavation in stff clay soils, excellent exca- accommaodating earth pressure due to excavation. This
vation performance is also assured since foam minimizes pressuce variation at the excavation fdce,
injection prevents adhesion of the excavated earth maintaing excavation face stahility, and ensures regular
o terilito. thelereavation fate i or tharaes cutter operation for improved excavation performance.

walla.
The interstitial ground water {illing the gaps between
z0il particles is displaced and replaced by the finely-
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Rheological Foam Shield Tunneling Method-
General Features

After the injected foam has evaporated, the excavated
aoil returns to nearly itz origingl condition, thereby
facilitating the treatment and disposal of excavated

a0il.
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Foam Injection System
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Foam Control System

Automatically Controlled Injection Process

The Foam Control System i=.capable of
real-time measurement of such critical
conditions ag tunnel excavation speed,
imternal chamber pressure (ie, earth
pressure gl the excavation face), and
cutter targue. 11 bas a buill-in micro-
processor for automatic control and
adjustment of the special foaming =olu-
tion fecd rate and the compressed air
flow rate (as a compressible [luid) to
ensure that the preset foam injection
ralio and the within-chamber foaming

ratie arve constantly maintained at the

proper optimum levels. - - ;
Foam Control System Car

Defoaming Equipment

Effective Defoaming Capability

The deioaming equipment aulomatically
controls the special defoaming solution
spray amount in proportion to the vol-
ume of excavaled soil Lo be defoamed.
The spray method and position is varied
accarding to the waste =oil discharge
method used.
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Excavation Operation Control Chart
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Foamed Soil Characteristics
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The Foam Injection Ratio (Injected Foam Volume/Excavated Soil Volume) is

FO am h]jeCtiOIl Ratio Determined Based on Soil Characteristies,

Formula for calculating the foam injection ratio Foam Injection Ratio by soil Characteristics (Example)
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Where X = percentage by weight passing a 0.075mm sieve (1f 4% X560, then X =50%)
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Materials and Agents Used

Special Foaming Solution(1m?*)

Typeh Typel

OK-1 a0 10e

Standard Ratio OR:2 | meeeeees 12 ke
Water G708 SRl

Pl 7.6 %3

Frtipaitiss Specific Gravity Lo 100
Viscosity(21°C) 27cP J00cP

Mote; A or Tyvpe B special foaming solutions are specified according to soil type.

Special Defoaming Solution(1m®)

OK.-01 100 &

Standard Ratio OK-02 g
Water 898 £

pll hd

Praoperties Specific Gravity 0,95
Viscosity(20°C) 25ck

Special Foaming Solution Special Defoaming Solution

For the enil grade, a, of page b Q=24%, and an internal chamber pressure of O.8kgf/en?®, the foaming
rittio {foam voleome/special foaming salution volume) =4 for special foaming solution Type A,

2408

(10002 =024

For the soil grade, b, of page 5 Q=37%, and an internal chamber pressure of 1.2kgf/eny?, the foaming
ratio (foam volume/special foaming solution volume) =6 for special foaming solution Type B (Mote: Use of the special defoaming solution s optional.)
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Aisawa Construction Co.,Ltd.
Aoki Corporation

Asanuma Corporation

Chizaki Kogvo Co., Ltd.

Daiho Construction Co., Ltd.
Dai Nippon Construction
Fudo Construction Co., Ltd.
Fujita Corporation

Fukuda Corporation

Hazama Corporation

Honma Corporation

JDC Corporation

Kajima Corporation
Katsumura Construction Co., Ltd.
Konoike Construction Co., Ltd.
Kumagai Gumi Co., Ltd.
Maeda Corporation
Matsumura-Gumi Corporation
Meikd Construction Co., Ltd.
Mitsubishi Construction Co,. Ltd.
Mitsui Construction Co., Ltd.

Mitsui Harbour and Urban Construction Co., Ltd.

Morimoto Corporation

Muramoto Construction Co., Ltd.
Nankai Construction Co., Ltd.
Nara Construction Corporation
Nishimatsu Construction Co., Ltd.

Nissan Construction Co., Ltd.

For inquiries:

Obayashi Corporation
Ohmoto Gumi Co., Ltd.

Okumura Corporation

Penta-Ocean Construction Co., Ltd.

Sato Kogyo Co., Ltd.

Seibu Construction Co., Ltd.
Shimizu Corporation

Shiraishi Corporation

Sumitomo Construction Co., Ltd.

Taisei Corporation

Takenaka Civil Engineering & Construction Co., Ltd.

Tekken Construction Co., Ltd.
Toa Corporation

Tobishima Corporation

Toda Corporation

Tokyu Construction Co., Ltd.
Toyo Construction Co., Ltd.
Yahagi Construction Co., Ltd.

The Zenitaka Corporation

Bentonite Sangyo., Ltd.
Daiichi Kasei Sangvo Co., Ltd.
Kanzaki Shoten Co., Ltd.
Keihin Soil Co., Ltd.

Maruma Technica Co., Ltd.

Miike Machinery & Materials Trading Co., Ltd.

Tachibana Material
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