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Development of the “AQUA-CUT” Method for Forming an Exterior Waterproof Layer
Outside of the Existing Underground Structures

Kazuhiro Konishi Kuniaki Sakurai Ken Sudo

Ikuo Ozawa Keishiro Iriya

Abstract

Recently, a method that injects inorganic material at high pressure into the crack where a water leak occurs
has been widely used to repair water leaks in existing underground structures. However, because of age-related
deterioration of the injection material and changes in the route of the water leak, leakage often reoccurs within
several years. Therefore, it is necessary to develop a more effective waterproofing method. We developed an
industrial method that forms a waterproof membrane outside the underground structure by injecting inorganic
material from inside the underground structure and aiming the injection material toward the ground outside the
structure. Next, to verify the applicability of this industrial method, we performed a full-scale injection
experiment using a soil tank that simulated an excavation structure extending underground to a depth of 10 m.
Our results confirm the following: (1) A 1.5-m? water-resistant layer can be formed outside the wall by
injecting inorganic material at only one place. (2) Water leakage can be decreased to 1% or less by forming the
water-resistant layer.
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Image of the “AQUA-CUT” Method
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Waterproof Method for Established Underground Structure
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Hemispheroid Formed Infiltration Injection Method
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Image of Waterproof by Infiltration Injection Method
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Image of Waterproof by Interface Injection Method
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Parameter Experiment for Gel-time



RMFEATATFEFTHR  No. 73 BERH FHEEM DI TIET 7 7 71 v kOB

Table 1 HREAGRBRO S/ —H
Examination Factor of Injection Test
Used Medium Soil Tank

A | BEESRME | TOKESME | MRS A
1 T VR SRS IRBRERE D | 1 [EIQ2 &)
2 ay)) - Mg A WREEE O | 1\ &)
3 ay)) - Mg ZJE WREGEE O | 1\ &)
4 av))-heE ZJE BeOKKED | 1812 %K)
5 av))-bEE B BOKAED | 1 R+2 &

Table 2 FRIEAGRERDIEAM OELE
Mix Proportion of Injection Materials
for Injection Test Used Medium Soil Tank
iR EE I REAN | 2 RIEA
Al Bk A2 b 11kg 225kg
R £ A N 0.34kg 6.75kg
(0.5n7)
s 496kg 419kg
— TR 2B 285kg 285kg
| TV A LEREEA — 4.5kg
(0.5m”)
ps 250kg 248kg

NT A=K & L1608, 3450, 10124 % T, AR E 200
LT EARBREER L, 77 VUREEICEASN
7=k %, Photo 21T787,

FIBE A D10F DEAM T L LEFEONHEAL
7o, 77 VAT EIZIEN B0 oTz, TAFA K34
BOEAM b TR R TEQNGIEALRER, T2 U
WEEIZIEN 5T, FEAFSLTKRT Lz, L2488, 7
B A B0 OFEAMIT LA FREQ@DEAL, T2
U AT E AR 2 IR 2 OB E T2, HEARKICT
WEMEL TEAMRREBLE LIHER, 7 V%A 5160
&34 D EAMIT EITIRFBIEAZRD LARKIEAL T
W DIZH L, v Z A D10 OEAM TR BRBET
T &7 7 U RIS R EEAE BT ST,

PEDX oz, g A ZOWEREOEAMZEANT
L, BHIZREET, 727 UAREEICH > THEA
SN DD, ZOEAMERAT 2O EIZEA
THZEICEY, LUTORMEFF O KEZ B T &
HEHEE LR,

1) BE & MR O BT U SRR AR 2 I A
2) M FEES IICE S L CHE< IRWIEAK Z ERL
3) IR A2 R E T RENMID & A B K 2 9578

3. REZARROMHERHER

3.1 HEBHE

AN, REEABRRPELT D Z LE2ERT D20,
BN, THOHRRPSEAL TRE~OENY 2 BH
AHEZR T 7 U AR E W2 — A 1L OENRER & Fhi
%o WIZ, FEEABREREFEITOVRBREETH FE
TEDIEEMRT D20, r—A2~50ORER% Tt §
5, I AGRER OB S — & & Table 1127~ 7,

AT D PR AT & 1.0mxBE2.0mx BATZ0.6mé& L,

0.5mt » F O U HAKRREILZHE Lz, EAM
X, BABEBIZTF VLS TABREZEBEATILD L
L7z, HEAM O E % Table 212777,

32 MEtEFAVEREEIARKZERARG—X]D
321 HEREM FEARWRAE AR LSS, EA
HTEW CE X 2emD T 7 U AR &3 2 AR 4l %
FAWT, Fr—X1OHRE AR % 5 LTz,

322 HBREFHLHBRER BUHRIT, TEEDEZE
S SemfF T HS) UIRBIREE D S EE A MV IR L, EZ1m
DT & (R, B2 HIRAK LTz, THENOK
AT B & U, YEARTRICT 7 U WRIZER T 72
BRI S OBmAKEZRIE LT,

T 7 VNARDFRILNS, FZ A 252108, FEAE
&L/ & L CTHEAM & A LI2fER, Photo 3412777
X FEAIDRITIET 7 U AR IS R IR IS IS8 0

Aj‘ ﬁﬁii]ﬁii

I

‘_%_'_ = "'_
Photo 3 VEABHAATE 1 32388 L2 EARBR(T— R 1)

Situation of One Minute after the Injection Begins (casel)
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Situation of Five Minutes After the Injection Begins (Casel)
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Situation of Inside Soil Tank After Injection Ends (Casel)
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Situation of Injection Test Used Medium Soil Tank
Considered Soil and Water Load (Case3)
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Situation of Injection Test Used Medium Soil Tank
Modeling The Backfill Ground (Case4)
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Situation of Injection Test does the First Injection
and the Second Injection (Case5)
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Flow of Full-scale Injection Test
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Outline of Full-scale Soil Tank
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Injection System Test Used Full-scale Soil Tank
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Externals of Interface Layer Formed the Second Injection
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Sketch of Interface Layer
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Determination Result of Thickness of Interface Layer
in Sidewall
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Relationship of Thickness of Interface Layer
and Amount of Spring Water in Sidewall
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