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through which artificial freezing is used to temporary chan
properties at certain soil strata by consolidation.

brne suoply_' .
Pipes prior 10 freezing
Done return

JjEEsE © O O O
RSN )| Sl : ' t
B Foliowing inltiation of freeze _'-

e e o o |

BRVARS Closure of frozen earnh wall
Comp lete frozen earth wall

r

/
‘.,

' i

. — T e e e e ]

' f
P —— - o b . — -aba



-y

I
.k
v TEITENT TS |

F- -‘u
———

v

) |

. | S
r b |

.5
| G ULV G, TR | .=~

vl b onw
1[ ¥
R e

1r
L3

hamanadio s oan o Al

o | I——

r
e b 5
- r= .y P s
- _JL__ ﬁ.-L‘-ak._..‘L._ —

r

-l

.
L e

"))
e
N
o
o
E
Y=
(0]
+
c
o
N
-
o
==

According to freezing pipe arrangement, there

are vertical freezing and horizontal freezing.
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Principle of Artificial Ground Freezing
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Principle of Artificial Ground Freezing
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Liquid Nitrogen (LN) freezing
-Direct freezing

Brine freezing
-Indirect freezing
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Principle of Artificial Ground Freezing @C

. INFreezing

Freezing Plant Simple, no equipment Complex, big equipments
Electrical PowerNo Large cost
Min. Temp. -196°C -30°C
Frozen soil Low temp., high strength High temp., low strength
Freezing rate  Rapid Slow
Environmental No pollution, no noise, no . , .
: Y Noise, occasional brine leakage
- impact vibration
NCost-eﬁective Not good Good
L Economic for small volumes or Economic for large volumes
Applicability : " : : :
time critical operations and/or long time periods
Controlability = Not easy Easy

Cold burns and lack of oxygen
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Freezing rate:

1week by LN
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Frozen soil structure characteristics

Good water tightness
High soil strength

Low risk on loss of ground & strength

. Soil strength could be monitored
: by temperature

Soil strength could be
controlled by temperature
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History of Artificial Ground Freezing '@c

In 1883, freezing method was initially used to sink a shaft for a coalmine in
Kaebari, German, with success.

In 1955, freezing method was initially used to excavate shaft for coal mine
in China.

By the end of 1960s, freezing method was initially used in Beijing

~ metropolitan.

'u' ently, freezing method is widely used in cross passage and shield
:s"‘"’ ﬂirm and break-out reinforcement construction for metro tunnel i
m, 0 f‘e metro cities, such as Shanghai, Beijing, Tianjin, Guangzhou
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Application of AGF
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Application of AGF in Tunneling Works -

= Cross-passage construction

* Ground reinforcement for shield

launching or arriving

Tunnel restoration
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0 Cross-passage construction ‘ ‘ J -
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Cross-Passages in Metro
(with drainage sump)
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0 Cross-passage construction

Drainage Sump in Metro
(in DOT)




8 “ma- vl be owed bocom ma o= — e e el B Y S —— PR S p—— -L. - . h . vt bon s | T | ——
r " R T p - g oy - .y LT o o e | b - «F- gr e T . . - - g - ‘.'
m—L—-.-uL-.—a,tMJL-.‘L_—«,L_.JLH..JL_--—M ,ALML-—«L—LAL._-.-L—.*JLH_GL—._-‘LM P

‘I'- —_— o . —— -
i b

fede

A INE

'r M| ) . ' :
IO TINNEN TIIUUN TINNNN TRRN TIGNNURR EERRR. EWRR WU, TR R L .mm—A
- - " — T . - S | i T e ~r .r- Ty

! {
bt bt sy | DRSSO | BTN | GRRT | LSS | s

-y ’
U] WP TESE] PSR—



- .y
I \ ,
4. e e e Bas
-y P

——— 3 P
-JL..—.—..-.J.—..-..JL-....- e W

! ] ] 'L ] = 'L" v ’ 5 ] i !
B S O e L-.- R e | GIRIEES ThANNE WIRER WOERR W W TS JEELE WURNS TSR, TN TR N ...
- or g g - g o - r - - . T ~ r- -~ —‘L-‘— SreE e T e kT e ST e S
Siah | LAl | Gl | Redsies | LD oA SOt 3 wedila i | Pl eald S | AR LTI e | Lt ey | L ntol | D iy e




r _ T r - . >

e | - ol bna (8 . Y| SN | - ! - - — —— ' b
)

.,“... .'.. f

r r > r -L'- .y [ > L - - q{ r
T TOE DED TER DN TERR TS TNSRn TR TERRRRL TR IR TR IR R TIEDTTR R TR, e ==

Tunnel restoration
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 the tunnel collapse of Line 4, Shanghai Metro
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Three Critical Risks:

“  Drilling from within sub-surface space
— Water and soil ingress

Freezing and excavation
— Segment deformation

Ice-wall failure
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Drilling from within tunnel

Using stuffing-box
- As Blow-Out Preventer (BOP)

Ground Segment Flaned casing-stub

. 2004.01.30
Gate valve (spherical)

Freeze-tube
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Measures for risk control QTE;C

Flood-prevention facility

steel segment
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Safety door

a-.-...-;:.. .-_.a(.. --.--.a[-.-..—cL- - | - .J'Lm -.nL.—-..--- L-—-“-d ........o - sl I‘ ———aad -.-.p-—.—oL.-.
] r - ~yr * v ve S — -—r ' o [ [
———- s el nssal bhomesned bosaaam s bananm _‘L."——-', -L_ --.—..-_.—‘Lm-—.. P | TSI | VISR | VISR - —-—--.l.——--L-.—.-.-h--J s b



Experience of STEC




Experience of STEC

No. Project name Length Overburden Project type/parts/location Remarks
Shanghai Yangtze River tunnel 8 cross passages '
1 project( shield with largest 15 33~39 circular section with
diameter in the world) diameter around Sm
! Metro No.9, Shanghai 12 21.6 Cross passage cases -
3 Xinjian road tunnel 25 35 road/cross passage tunne}
excavation
4 Tianjin metro 13 17 Cross passage by NATM
5 Hangzhou metro 12 23.5 Cross passage
e Shantou Huaneng.electrlclty _ 25 reinforcement
. factory project
15 shield break-in
Nanjing metro — .
16 shield break-out cases —
23 shield break-in shield
Hangzhou metro — -1
23 shield break-out break-in
and break-
- 18 shield break-in out soil
Shanghai Qingcaosha raw improvement
water supply project .
T 23 shield break-out
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Case Study

= Cross Passage Construction of
East Fuxing Rd. Double-Deck
Cross-River Tunnel (Shanghai)

= Cross Passage Construction
in the Shanghai Yangtze River
Tunnel (Shanghai)

= Stonecutters Island Sewage
Treatment Works (Hong Kong)
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= Shantou Undersea Tunnel Repair

= Replacement of the wire brush tail
seal during the long-distance
shield driving in Shanghai Yangtze
River Tunnel

= Restoration of the tunnel collapse
of Line 4, Shanghai Metro
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