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ABSTRACT

Keywords: Deep excavations, Building protections, Taipei rapid
transit system

The objective of this research is to investigate the design and analysis for
building protections in the deep excavations of the Taipei Rapid Transit
System. The mechanism and effectiveness for the methods of building
protection are deeply studied. Besides, an excavation case, Cathy Tien-Mu,
which damaged many adjacent buildings during foundation construction, is
also studied to investigate the causes of building damages.

Four building protection methods for the building protection during
excavation, cross wall, compaction grouting, micro pile and preload, were
used in the Hsien-Tien and Tan-sui lines. The effectiveness of the various
building protection methods are evaluated through the criterion established by
TRTS as well as monitoring data. Results show that cross wall methods,
applied two train stations, and compaction grouting methods, used in three
train stations, exhibited little improvement in reducing ground settlement.
Micro piles, only applied in the exit B of the Wan-Lung station, seems to have
the function to reduce the settlement. 50% of the preloading on the struts,
required by the specification of the TRTS bureau, applied to every TRTS
station. However, the settlement at the northern part of the station where the
site is mainly consisted of the Sungshan formation was commonly larger than
that required by the specification. The settlement at the southern part of the
station where the site was consisted of the Chinmei formation is smaller than
that required by the specification. Finally, the various analysis methods for
ground settlement are evaluated. With the case history of building damage
induced by the Cathy Tien-Mu excavation, it is inferred that the building
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settlement was mainly induced by the lowering the piezometric level of the
aquifer layer, which caused the above clayey soil consolidated.
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D =1.5H tan(45°-¢'/2 Soil Very . Very
( ¢'12) description| loose Loose |Medium| Dense dense
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04 .
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0 1 1 1 1 1 1 1 1 1

0 02 04 06 08
Relative dry density, D,

Where 7 =Settlement ratio

(@hts 23 2wk G (b)Ap $+ 3 & frim et 2 B %
Workmanship Construction difficulty
Factor Factor
Excellent Good Average Poor None Average Severe
f, 0.8 0.9 1.0 11 f, 1.0 1.02 1.05

(©)i2 1 fidfes i

B12-2-13 #) 2 K ¢ 3-8 4 mwlaz X 5k 2 5 (bauer,1984)
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B 5 050 - 47 4 0.6 %3 o Il B4 F
D=2Httan(45°—% (2-21)

# ¢ H=H+Hp

38



R A

H: Bz FR
o ¢

B: B %A
g - FHEPN BEEL
3R A H# FlE i A2 T S4B 2-2-18 i % 0 S,
B
s

701568, %3 BEFER

D=4H, tan(45°—%) (2-23)

(4)Ou and Hsieh *

Ou and Hsieh 1345 2 #= 3 % % (Ou al et. > 1993 ~ Hsieh and
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2421 ST AR S KB S T

(I #71 AZAFR L > F 122 7 > 1995)
| R 23| SPT | 7y ¢ | o | sy

m A#g | N | tm® | tm? | deg. | t/m?
6 0~7.0 CL/ML 4 1.92 0 30 | 2.0
5 7.0~17.5 SM 14 2.06 0 33 --
4 |175~205|CL/ML| 11 1.96 0 30 5.6
3 |120.5~30.5| SM 18 2.03 0 34 --
2 |30.5~345 ML 19 2.04 0 32 |10.2

2422 PHBEREHCF A BEE ST

(T 371 ARAE B 95 >4 722 2 > 1995)
o R EgE: SPT Yt c’ ¢’ Su

m A% | NE | tm® | Um® | deg. | t/m?
6 0~9.0 CL/ML 4 1.92 0 30 | 2.0
5 9.0~16.5 SM 13 2.02 0 32 --
4 116.5~195|CL/ML| 10 1.95 0 30 | 5.6
3 119.5~295, SM 16 2.01 0 34 --
2 |29.5~325 ML 24 2.02 0 32 |10.2
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*4-2-4 LR AL FRREFER

PAED SRR HAE Rk VR

(T: 351 FLAF I 8 (>4 122 2 » 1995)
1 % W4 g p o (&/"]p)
i | e BLL% | BL2% | BL3% | BLA% | BL5% | BL6 % | BL7 %
L |5_ ppm s | 271023 | 82710120 | 82/10/11 | 82/10/11 | 82/11/28 | 82012122 | 82/12122
82/11/14 | 82/10/21 | 82/10/19 | 82/10/19 | 82/12/18 | 82/12/30 | 82/12/30
L | %~ % 4 | 82/11/15 | 82/10/22 | 82/10/13 | 82/10/13 | 83/01/03 | 83/01/13 | 83/01/13
. 82/11/19 | 82/11/01 | 82/10/26 | 82/10/26 | 83/01/13 | 83/01/18 | 83/01/18
3 |5 rpms | 52/1126 | 82/11/06 | 82/10/30 | 82/10/30 | 83/01/16 | 83/01/16 | 83/01/26
82/11/28 | 82/11/09 | 82/11/05 | 82/11/05 | 83/01/18 | 83/01/18 | 83/01/31
4 |- % 14 | 82/11/29 | 82/11/10 | 82/11/06 | 82/11/06 | 83/01/18 | 83/01/18 | 83/01/28
52 82/12/08 | 82/11/15 | 82/11/12 | 82/11/12 | 83/01/27 | 83/01/27 | 83/02/01
5 |5-remy | 821212 | 821116 | 82/11/16 | 82/11/16 | 83101129 | 83/02/04 | 83/02104
= 82/12/13 | 82/11/24 | 82/11/24 | 82/11/24 | 83/02/03 | 83/02/23 | 83/02/23
o | %= % L4 | 82/12/14 | 82/11/20 | 82/11/20 | 82/11/20 | 83/02/02 | 83/02/23 | 83/02123
%2 82/12/20 | 82/11/26 | 82/11/26 | 82/11/26 | 83/02/06 | 83/03/02 | 83/03/02
7 |swrems | 8301102 | 821129 | 82/11/29 | 82/11/20 | 83/02/15 | 8303103 | 83/03/03
83/01/04 | 82/12/02 | 82/12/02 | 82/12/02 | 83/02/18 | 83/03/05 | 83/03/05
o | ¥ % L4 | 8301002 | 82/12/03 | 82112103 | 82/12/03 | 83/02/18 | 83/03/05 | 83/03/05
52 83/01/10 | 82/12/12 | 82/12/12 | 82/12/12 | 83/02/24 | 83/03/10 | 83/03/10
o |51rmz | B301/10 | 830VI0 | 82712715 | 82712115 | 83/03/13 | 83003/13 | 83/03/13
Z 83/01/15 | 83/01/15 | 82/12/23 | 82/12/23 | 83/03/16 | 83/03/16 | 83/03/16
10115 | aanaio7 | 83102107 | 83/01/26 | 83/03/26 | 83/04/09 | 83/04/22 | 83/05/02
1L | Bz & L7 | 83004113 | 83/02/L7 | 83/02/17 | 8303/31 | B3/04/27 | 83I05/25 | 8305125
1% 83/04/16 | 83/02/20 | 83/02/20 | 83/04/03 | 83/05/01 | 83/05/28 | 83/05/28
oy - - - - -- - --
1210w e | 83/06/25 | 83/06/08 | 83/05/24 | 83/06/13 | 83/07/16 | 83/08/27 | 83/08/20
13 |- & w7k | 83008/01 | 83/06/20 | 83/06/03 | 83/07/09 | 83/07/28 | 83/09/05 | 83/10/11
- 83/08/04 | 83/06/27 | 83/06/06 | 83/07/13 | 83/09/03 | 83/09/12 | 83/10/15
1a | ¥ =k L7 | 83008/05 | 83/07/22 | 83/06/07 | 83/07/13 | B3/09/13 | 83/09/13 | 83/10/15
P 83/09/16 | 83/07/23 | 83/06/09 | 83/07/14 | 83/09/16 | 83/09/16 | 83/10/22
Wms 6| 83/11/01 | 83/09/10 | 83/07/22 | 83/08/31 | 83/10/17 | 83/11/19 | 83/12/16
EE T I B | 83/09/05 | 83/10/28 | 83/11/25 |
52 83/09/07 | 83/10/30 | 83/12/02
L7 | %~ & w1 | 83112116 | 83/10/24 | 83/10/24 | 83/10/24 | B3/11/10 | 83/12/16 | 8410L/13
jooa 83/12/20 | 83/10/29 | 83/10/29 | 83/10/29 | 83/11/15 | 83/12/19 | 84/01/13
15 |F- WA |83ALL7 | | 83008/16 | 83009/29 | 83/11/02 | 83/12/03 | 84/01/02
i 83/11/22 83/08/19 | 83/09/30 | 83/11/05 | 83/12/05 | 84/01/05
FEATYY - - - - - - -
Y 10w e | sa01/07 | 831219 | 8311711 | 83/11/25 | 83112127 | 84101107 | 84/03/02
20 |7E K35 T - - N - - N -
84/03/31 | 84/02/09 | 84/01/28 | 84102123 | 84103/14 | 84104127 | 84104714
NEEEN T I B [ 84/03/22 | 84/04/22 | 84105120 |
jooa 84/03/22 | 84/04/27 | 84/05/23
2y |- % A3 | 84103715 | B4/02/15 | B4/0LI04 | 84102106 | B4/02/L6 | 84/04/12 | 8410/06
Jooa 84/03/19 | 84/02/21 | 84/01/09 | 84/02/08 | 84/02/23 | 84/04/16 | 84/05/17
: 4 o
g‘w%‘* 1837m | 1837m | 18.37m | 18.31m | 18.25m | 18.21m | 18.14m
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(L AT AZBE R 9> T2 @ > 1995)
¥ 1 Y1 WA iz P (&/2]p) ¥ 1 4zig po#p
g P BL8F% | BLOF | BLI0% | BLIL T 7 _;}f f‘“
Bha e
- 82/12/30 | 82/02/30 | 82/07/30 | 82/07/30 | |. 82/07/30
] _ g
! R4 | 8310110 | 83/01/10 | 82/09/14 | 820014 | |* 7 EF A 82/09/14
, |- % £ | 830111 | 83/0L/LL | 82/09/13 | 82109/13 | [5 - & £ 4 82/09/13
s2 83/01/24 | 83/01/24 | 82/09/21 | 82/09/21 | |22 82/09/21
3 |5 -ramyp | 63/0U/26 | 83/01/26 | 82/09723 | 82109123 | [\~ oo 82/09/23
- ¢ | 83/01/31 | 83/01/31 | 82/09/29 | 82/09/29 LD 82/09/29
, | % % L4 | 83/01/28 | 83/01/28 | 82/09/30 | 82/09/30 | [ = & £ 4F 82/09/30
52t 83/02/01 | 83/02/01 | 82/10/04 | 82/10/04 | |% % 82/10/04
5 |y - ramy | 63002724 | 83/02/24 | 82710007 | 8210007 | [ o 82/10/07
= S | 83/02/28 | 83/02/28 | 82/10/12 | 82/10/12 LA 82/10/12
o | % £ | 83/02/28 | 83/02/28 | 82/10/13 | 82/10/13 | [5 = & £ #¥ 82/10/13
52t 83/03/05 | 83/03/05 | 82/10/18 | 82/10/18 | |% % 82/10/18
. 83/03/07 | 83/03/07 | 82/10/20 | 82/10/20 | |.. 82/10/20
] W
T FEIERR | eai0313 | 83/03/13 | 82110123 | 82/10/23 LR 82/10/23
o | % £F | 83/03/13 | 83/03/13 | 82/10/24 | 82110724 | [5 = &5 £ #¥ 82/10/24
52 83/03/17 | 83/03/17 | 82/11/01 | 82/11/01 | |% % 82/11/01
o |3 1ramp | B3/08/21 | 83/03/2L | B3/03/18 | B2LLO | [, o 82/11/03
i S | 83/03/25 | 83/03/25 | 83/03/20 | 82/11/07 SRR 82/11/07
i - - - = Y1k AH 82/11/08
10 |A%%TE | ga05/23 | 83/05/16 | 83/04/18 | 83/04/29 | |22 82/11/11
S = & L4F | 83/05/29 | 83/05/24 | 83/05/04 ) L
e 83/06/01 | 83/05/29 | 83/05/06 ; AR ?
12 | ¥R iy iy - iy ¥ - SRR F iy
M ogsos e | 83/08/04 | 83/08/23 | 83/07/06 | 83/06/20 =5 82/12/23
13 |%- % v | 83/09/21 | 83/08/30 | 83/07/14 | 83/07/14 | [% 1 & £ 4F 82/12/27
s 83/09/27 | 83/09/05 | 83/07/19 | 83/07/19 | |4+ 82/12/30
14 |# =% L4 | 83/10/15 | 83/09/06 | 83/07/18 | 83/07/18 | [ = & L 4F 82/12/31
¥ ; 83/10/22 | 83/09/18 | 83/07/22 | 83/07/22 | |45%% 83/01/31
YR - - - - e -
15 lwsos e | 840120 | 8311724 | 8311015 | 83/08/22 | | * - T AEEE 83/07/21
NEEE ~ ~ ~ B $- kv LA | 83/10/30
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L |5~ % wiF | 84003/03 | 83/12/29 | 83/12/29 B TR ~
¥4 84/03/18 | 83/12/31 | 83/12/31 W 83/12/27
1g |#- % L4 | 84/02/08 | 83/12/23 | 83/LL/09 | B3/L1/09 | [ = & £ 4F 84/01/17
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19 ¥ ERTE - - - - PN -
Nogses e | 84/03/17 | 84/01/26 | 83/12/19 | 84/02/18 | | 8% it 84/03/16
S B = = = = 5 - kv iF 84/03/21
84/04/26 | 84/04/17 | 84/03/03 | 84/04/20 | |4+%% 84/03/24
o kv ; L --
2l s % - - - - i 84/04/20
bp |#- % L1F | 84/05/06 | 84/03/29 | B4/02/LL | 84/05/09 | % — & £ # 84/05/11
ik 84/05/17 | 84/04/04 | 84/02/17 | 84/05/10 | |4+ 84/05/14
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%425 PR BERE A ®
(T 371 ARAE R 9L 4 L2 @ > 1995)

Bk HAED ERAA R ES

2

R {7 AR

3F 1 3F 1 1A g p (&2 p)

g B I P B02 % BO3 % BO4 % BO5 % B06 % BO7 % BO8 %
1 |s-pen 82/01/29 | 82/01/29 | 82/05/29 | 82/05/29 | 82/05/29 | 82/07/29 | 82/08/16
82/02/14 | 82/02/14 | 82/06/25 | 82/06/25 | 82/06/25 | 82/07/29 | 82/08/17
2 ¥ - & A4 | 82/02/17 | 82/02/17 | 82/06/17 | 82/06/17 | 82/06/17 | 82/08/03 | 82/08/18
e 2k 82/02/21 | 82/02/21 | 82/07/07 | 82/07/07 | 82/07/07 | 82/08/10 | 82/08/29
3 |s-pes 82/03/20 | 82/03/20 | 82/07/10 | 82/07/10 | 82/07/17 | 82/08/17 | 82/08/31
82/03/21 | 82/03/21 | 82/07/13 | 82/07/13 | 82/07/22 | 82/08/18 | 82/09/02
4 % - & L 4¥ | 82/03/26 | 82/03/26 | 82/07/15 | 82/07/15 | 82/07/23 | 82/08/20 | 82/09/04
e 2k 82/03/29 | 82/03/29 | 82/07/25 | 82/07/25 | 82/07/29 | 82/08/28 | 82/09/11
5 |s-pes 82/04/07 | 82/04/07 | 82/07/29 | 82/07/29 | 82/08/19 | 82/09/03 | 82/09/14
82/04/11 | 82/04/11 | 82/08/04 | 82/08/04 | 82/08/20 | 82/09/04 | 82/09/15
6 % Z A L4 | 82/04/14 | 82/04/14 | 82/08/05 | 82/08/05 | 82/08/21 | 82/09/05 | 82/09/16
e 2k 82/04/17 | 82/04/17 | 82/08/18 | 82/08/18 | 82/08/31 | 82/09/15 | 82/09/25
7 |sepes 82/04/24 | 82/04/24 | 82/08/23 | 82/09/05 | 82/09/25 | 82/09/25 | 82/11/10
82/04/25 | 82/04/25 | 82/08/27 | 82/09/06 | 82/09/27 | 82/09/27 | 82/11/12
8 5wk L4 | 82/05/01 | 82/05/01 | 82/08/28 | 82/09/07 | 82/09/28 | 82/09/28 | 82/11/13
e 2k 82/05/03 | 82/05/03 | 82/09/06 | 82/09/18 | 82/10/01 | 82/10/01 | 82/11/15
9 |srmeEs 82/05/07 | 82/09/09 | 82/09/09 | 82/09/22 | 82/10/03 | 82/10/03 | 82/11/17
82/05/10 | 82/09/23 | 82/09/23 | 82/09/26 | 82/10/10 | 82/10/10 | 82/11/26
10 A= iE 82/05/29 | 82/10/28 | 82/11/26 | 82/11/09 | 82/12/15 | 82/12/28 | 83/01/17
1 ¥w & X 4F | 82/06/07 | 82/11/29 | 82/11/29 | 83/01/05 | 83/01/05 | 83/02/16 | 83/02/16
i 82/06/10 | 82/12/06 | 82/12/06 | 83/01/10 | 83/01/10 | 83/02/23 | 83/02/23

12 ¥ - FEEN ” -- -- - - - -
$E 1F ' 83/01/29 | 83/03/09 | 83/03/22 | 83/04/06 | 83/04/22 | 83/05/02
13 ; x E’ if ” 83/05/02 | 83/07/07 | 83/05/09 | 83/06/28 | 83/08/18 | 83/09/30
83/05/08 | 83/07/08 | 83/05/11 | 83/06/30 | 83/08/20 | 83/10/04

B L 47

14 |7E5R5 1T ? - - - - - -
83/06/02 | 83/08/26 | 83/06/07 | 83/07/28 | 83/09/12 | 83/10/20
15 I 4 " 84/02/06 | 84/01/13 | 84/01/21 | 84/02/07 | 84/02/07 | 84/03/14
i ' 84/02/10 | 84/01/15 | 84/01/21 | 84/02/11 | 84/02/11 | 84/03/16
16 C 4 ? 84/06/17 | 84/05/30 | 84/05/22 | 84/05/16 | 84/06/13 | 84/06/06
i 84/06/21 | 84/06/02 | 84/05/24 | 84/05/17 | 84/06/17 | 84/06/22
ix R ® 19.17m 19.11m 19.52m 18.94m 18.84m 18.74m 18.66m
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R MA R (-)

2425 PHREREA RRELER ()

(AT ARAE R K33 Lo @ 5 1995)

3F 1 3F 1 1A g p (&2 p)

g B I P B09 % B10 ® B1l % B12 % B13 % Bl14 % B15 %
1 |s-pen 82/10/04 | 82/10/13 | 82/10/16 | 82/10/17 | 82/11/01 | 82/11/11 | 82/11/13
82/10/07 | 82/10/15 | 82/10/17 | 82/10/18 | 82/11/02 | 82/11/12 | 82/11/14
2 % - & L4 | 82/10/08 | 82/10/16 | 82/10/18 | 82/10/19 | 82/11/03 | 82/11/13 | 82/11/15
e 2k 82/10/14 | 82/10/28 | 82/11/02 | 82/11/06 | 82/11/20 | 82/11/30 | 82/12/05
3 |s-pes 82/10/17 | 82/11/03 | 82/11/03 | 82/11/03 | 82/11/25 | 82/12/03 | 82/12/03
82/10/19 | 82/11/12 | 82/11/12 | 82/11/12 | 82/12/02 | 82/12/20 | 82/12/20
4 % - A L 4¥ | 82/10/20 | 82/11/10 | 82/11/10 | 82/11/10 | 82/12/03 | 82/12/09 | 82/12/09
e 2k 82/10/26 | 82/11/19 | 82/11/19 | 82/11/19 | 82/12/12 | 82/12/21 | 82/12/21
5 |s-pes 82/11/12 | 82/11/27 | 82/11/27 | 82/12/08 | 82/12/17 | 82/12/26 | 82/12/29
82/11/14 | 82/11/29 | 82/11/29 | 82/12/10 | 82/12/20 | 82/12/28 | 83/01/06
6 %= A L4 | 82/11/15 | 82/11/30 | 82/11/30 | 82/12/11 | 82/12/21 | 82/12/29 | 83/01/06
e 2k 82/11/18 | 82/12/08 | 82/12/08 | 82/12/16 | 82/12/26 | 83/01/06 | 83/01/13
7 |sepes 82/11/20 | 82/12/10 | 82/12/10 | 82/12/20 | 82/12/28 | 83/01/15 | 83/01/15
82/11/24 | 82/12/16 | 82/12/16 | 82/12/26 | 82/12/31 | 83/01/27 | 83/01/27
8 ek A3 | 82/11/25 | 82/12/17 | 82/12/17 | 82/12/27 | 83/01/02 | 83/01/20 | 83/01/20
e 2k 82/11/28 | 82/12/18 | 82/12/18 | 83/01/02 | 83/01/07 | 83/01/28 | 83/01/28
9 |srmeEs 82/11/30 | 82/12/22 | 82/12/22 | 83/01/10 | 83/01/29 | 83/01/29 | 83/02/24
82/12/05 | 82/12/28 | 82/12/28 | 83/01/15 | 83/02/01 | 83/02/01 | 83/02/28

10 | &5 0T - - - - - - N
83/01/28 | 83/02/06 | 83/03/14 | 83/03/03 | 83/03/19 | 83/03/31 | 83/04/19
1 ¥w A& X 4F | 83/02/16 | 83/02/16 | 83/03/23 | 83/03/23 | 83/03/23 | 83/04/08 | 83/04/23
i 83/02/23 | 83/02/23 | 83/03/26 | 83/03/26 | 83/03/26 | 83/04/11 | 83/04/27

19 ¥ - FEEp - - - - - - -
HF (T 83/06/06 | 83/05/25 | 83/06/18 | 83/06/30 | 83/07/12 | 83/07/25 | 83/07/30
13 ; x f’ if 83/11/02 | 83/12/13 | 83/08/22 | 83/08/22 | 83/10/14 | 83/11/21 | 83/10/17
K £ 4 83/11/04 | 83/12/15 | 83/08/31 | 83/08/31 | 83/10/15 | 83/11/24 | 83/10/20

14 |7E5R5 1T - - - - - - -
83/11/30 | 84/01/12 | 83/09/30 | 83/11/12 | 83/12/15 | 84/01/19 | 83/12/09
15 %= K A4 | 84/01/21 | 84/02/13 | 83/11/28 | 83/12/03 | 84/01/23 | 84/02/21 | 84/05/13
i 84/01/23 | 84/02/14 | 83/12/03 | 83/12/12 | 84/01/26 | 84/02/24 | 84/05/16
16 % - & L 4% | 84/06/22 | 84/06/27 | 84/07/04 | 84/07/18 | 84/07/11 | 84/06/27 | 84/06/27
i 84/06/25 | 84/06/29 | 84/07/07 | 84/07/21 | 84/07/14 | 84/06/30 | 84/06/30
i:} R ® 18.57m 18.5m 18.43m 18.31m 18.13m 17.98m 17.88m
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S g RO ERRAA RS HET

2425 PHREREA RRELER ()

(I A7 A2RE R R0 5

'L P 0 1995)

% K" wadzig p# (& /7 /p) K 51 Azig p g
gk | s BI6% | BI7% | BI8 % 5 B20
N 82/11/15 | 82/11/15 | 82/11/23 . 82/10/20
— b #ﬂ — p*b 3
1 |%- R o121 | 8211/21 | 82/12/08 FoRER G gonom
, | ¥~ % A#F | 82/11/22 | 82/11/22 | 82/12/09 Y- kL4 | 82010022
521 82112112 | 821212 | 82/12/28 521 82/11/01
82/12/21 | 82/12/31 | 83/01/03 " 82/11/06
e S
3 |F-WRE | gonona | 830102 | 83/01/08 ERE | gon1/09
4 |P- % AH | 82/1225 | 83/01/03 | 83/01/09 Y- kA4 | 82/11/10
25 21 82/12/30 | 83/01/10 | 83/01/12 5 21 82/11/15
- 82/12/29 | 83/01/16 | 83/01/19 " 82/11/16
- b ,,E - b qs
5 |FEWRE | g301/06 | 83/01/19 | 83/01/20 SR eon1a
6 %= & L4 | 83/01/06 | 83/01/19 | 83/02/01 Y B 82/11/20
25 21 83/01/13 | 83/01/22 | 83/02/05 5 21 82/11/26
83/01/15 | 83/02/17 | 83/02/17 " 82/11/29
t J Ny b qg
T FERER | ga0127 | 83002120 | 83/02/20 ERRR L gon2/02
g |*7 % LiF | 83/01/20 | 83/03/06 | 83/03/06 Ye kL4 | 82012003
25 21 83/01/28 | 83/03/11 | 83/03/11 5 21 82/12/12
83/03/02 | 83/03/16 | 83/03/16 " 83/01/10
IR T
9 |FIMWRE | g30318 | 83/03/26 | 83/03/26 FIRREE | g30115
10 |A%1E 1 gai0a30 | 83/05/13 | 83/04/28 BT 83/02/07
1L | =% AHF | 83/05/16 | 83/05/16 | 83/05/16 ek L4 | 83/02017
4 83/05/23 | 83/05/23 | 83/05/23 | |54 83/02/20
b |- EER - - - FIBETITEY -
485 83/07/13 | 83/07/01 | 83/06/20 | |4+ i* 83/06/08
F- kW ”
5 | P‘E’ % 83/11/18 | 83/08/27 | 83/08/05 §i- & wiF | 83/06/20
i = | 83/11/19 | 83/08/30 | 83/08/10 52 83/06/27
K LA * R
14 |75 e - - - R A | 83/07/22
83/12/20 | 83/11/02 | 8310111 | |54 83/07/23
15 | ¥ % L7 | 8405125 | 84i06/21 | 84106106 nE o -
4 84/05/29 | 84/06/06 | 84/06/09 iR o i 83/09/10
16 |# - % AT | 84107715 | 84/07/22 | 84107128 %- kv | 83/10024
i 84/07/18 | 84107/27 | 84107729 | |357% 83/10/29
o kAW R
17 i .
18 E RS -
5 i 83/12/19
5 AR [ =
19 84/02/09
20 - KA 84/02/15
4 84/02/21
i‘ HREF| 781 | 17.77m | 17.76m ijf i 18.42m
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FR A R (-)

e R RSB E FREL R

i

%447;m%%?ﬁ$%$319%%&%@LJé%%
Lo =% B 4-2-8 R 5 1 KFAHTFEWL 2 8 Bl oEp iR
R REE m,ﬁg%agaﬁﬁﬁagﬁT%,ﬂai&
NP gER & b 12-28 8 FEE2 0% 240 B 44 4-2-6 #Fm 2
érﬁ“’dTﬁiiﬁﬁﬁﬁﬁﬂ*ﬁ—
Hiel KBRS EF ST 8
2 IM»2 AL FHIDEFT AR W P hiE TR
# 15 2 & 20 N pFEE T o( AT ARAR A R 5 P @5 1995)

SRR & B RRAE R TR T AR
[ S RS e Lo e =

(1) Z 5 Jowkas » 4238 25mm -

(2) £ B whe® £ 43 15mm > H AL & JF -] 1/500 o

2426 5 S sk b AR
(T FF3 AR5 5 T3 7 > 1995)

H 4L HA Fo AP P2 ER
[y 2.0 ~10.0 mm 320 kg

STk R /] %+ 2.0 mm 1040 kg
kiR L e 160 kg
-k 426 kg
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v BT FR A R Gl

R AR LR P AR PRSI RS R
S LIRS E Lt T R T L S

e

$= 4 & (underpinning of the building ) » 4= ] 4-2-9 #77% &

Wikt w g o g AEE AP L EF T R i
Fart R HRIERSSEL 0 LT AG A S LR OE
AA o 1Bd w1 LRI BE -

|

- 530
SUILDING LinE — I3TS . d.g O _1
s e EXISTING
4 STOREY EUILDING
| N
FOUNDATION

SFREAD FCOTINGS
ENTRANCE A"

%7 FGL aoo.AQg_—_ e L

JET GROUTED PILES
DiA 8OOMM

Qo000O
L]

6008501

SL6

SLS

ENTRANCE "a"
CROSS SECTION

GROUND IMPROVEMENT
BY JET GROUTING
(CROSS WaALLS)

T

—— SLURRY WALLS
d =500 MM

JET GROUTED PILES

A5 RETAINING  STRUCTURE

AND  FOR  EUILDING
PROTECT!ICN

Bl 4-2-9 53 S v AP REHRE %%'Jﬁz 44 6

( Electrowatt Engineering Services et al., 1989 )
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Surfer (Golden Software, Inc., 2002) 1 % * Kriging Gridding
Method :& {7 o

XTI

(1) @Fs1dr 3Rz P ERAE T

o

i

ey

=P

R
R
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m A#E | NE | ¢m® | Um? | deg. | t/m?

6 0~5.6 CL ) 190 | O 32 5

5 | 56~154 | SM 13 | 200 | O 30 --

4 1154~195| CL 10 | 195 | O 30 4

3 [195~290| SM | 21 | 200 | O 32 --

2 129.0-38.2| CL 23 | 195 | O 32 8

1 |/382~419| SM | 35 | 200 | O 34 --
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o e 83/12/13 | 83/12/20 | 84/01/12
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TR R A0491 RC (12F) | # S A # | 6.3m
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g B 3P % g £ | D13~D10| D10-D6 | D6~D2 | D2~U3 | U3~U7 | U7-U12
B
1 5-mes 81/01/15 | 81/03/28 | 81/04/01 | 81/04/06 | 81/04/13 | 81/05/10 | 81/07/28
e 81/01/16 | 81/04/01 | 81/04/06 | 81/04/13 | 81/04/17 | 81/08/05 | 81/08/02
, [F- iy 81/01/29 | 81/04/01 | 81/04/07 | 81/04/14 | 81/04/18 | 81/05/15 | 81/08/03
28 21 81/01/29 | 81/04/17 | 81/04/29 | 81/05/10 | 81/05/15 | 81/08/24 | 81/09/15
3 |5-pEn 81/01/20 | 81/04/24 | 81/05/04 | 81/05/16 | 81/05/29 | 81/05/30 | 81/09/12
- ° 81/01/21 | 81/04/26 | 81/05/16 | 81/05/17 | 81/05/30 | 81/08/26 | 81/11/08
AEER Y 81/02/15 | 81/04/26 | 81/05/16 | 81/05/18 | 81/05/31 | 81/09/15 | 81/09/29
2 2% 81/02/15 | 81/05/16 | 81/05/20 | 81/05/23 | 81/06/04 | 81/09/18 | 81/11/20
5 |5-pmh 81/02/24 | 81/05/19 | 81/05/29 | 81/06/11 | 81/06/25 | 81/09/17 | 81/11/14
- ° 81/02/27 | 81/05/28 | 81/06/09 | 81/06/21 | 81/06/30 | 81/09/24 | 81/11/22
6 |FEALE 81/02/29 | 81/05/28 | 81/06/09 | 81/06/12 | 81/06/30 | 81/09/25 | 81/11/24
2 2% 81/02/29 | 81/06/11 | 81/06/11 | 81/06/22 | 81/07/04 | 81/09/26 | 81/11/28
S 81/03/12 | 81/06/27 | 81/06/30 | 81/07/10 | 81/07/15 | 81/09/27 | 81/11/29
B 81/03/16 | 81/06/29 | 81/07/10 | 81/07/13 | 81/07/18 | 81/09/29 | 81/12/26
fo k2 81/03/18 | 81/06/29 | 81/07/06 | 81/07/14 | 81/07/05 | 81/10/01 | 81/12/07
8
2 2% 81/03/18 | 81/07/20 | 81/07/19 | 81/07/19 | 81/10/05 | 81/12/07 | 81/12/29
o lsrmm 81/03/25 | 81/07/21 | 81/08/14 | 81/09/05 | 81/10/11 | 81/12/08 | 82/01/03
- ° 81/03/29 | 81/08/14 | 81/08/21 | 81/09/09 | 81/10/18 | 81/12/12 | 82/01/11
0 [FIELH 81/04/03 | 81/08/14 | 81/08/18 | 81/09/04 | 81/10/19 | 81/12/13 | 82/01/05
2 2% 81/04/03 | 81/08/18 | 81/09/03 | 81/09/11 | 81/10/21 | 81/12/18 | 82/01/14
1 |sepen 81/06/06 | 81/08/18 | 81/09/01 | 81/09/05 | 81/10/22 | 81/12/25 | 82/01/13
uE e 81/06/66 | 81/08/31 | 81/09/05 | 81/09/11 | 81/12/09 | 81/12/27 | 82/01/18
12 |posos e 0 81/09/07 | 81/10/09 | 81/11/10 | 81/12/08 | 82/02/12 | 82/02/21
R E : 81/10/23 | 81/11/04 | 81/12/16 | 81/12/16 | 82/03/03 | 82/03/29
13 |FIRLH 0 81/10/25 | 81/11/05 | 81/11/29 | 81/12/16 | 82/03/04 | 82/03/20
455 : 81/11/02 | 81/11/14 | 81/12/28 | 81/12/28 | 82/03/30 | 82/04/01
14 |-t 0 81/11/02 | 81/11/15 | 81/12/29 | 81/12/29 | 82/03/31 | 82/04/02
g (T : 82/01/05 | 81/12/22 | 82/02/22 | 82/03/03 | 82/04/07 | 82/04/24
A Ap
15 ju Ej z*; ™ 0 82/01/07 | 82/01/07 | 82/02/23 | 82/03/04 | 82/04/08 | 82/04/25
g0 L ‘ 82/01/11 | 82/02/26 | 82/02/26 | 82/04/07 | 82/04/12 | 82/04/29
% M YR 0 82/01/12 | 82/02/27 | 82/02/27 | 82/04/08 | 82/04/13 | 82/04/30
R F : 82/03/25 | 82/04/02 | 82/04/27 | 82/05/04 | 82/05/04 | 82/06/29
17 |FERAE 0 82/03/30 | 82/04/03 | 82/04/26 | 82/05/05 | 82/05/05 | 82/07/06
45 ‘ 82/04/12 | 82/04/12 | 82/05/06 | 82/05/14 | 82/05/14 | 82/07/24
18 BERTIA 0 82/04/13 | 82/04/13 | 82/05/07 | 82/05/15 | 82/05/15 | 82/07/27
N2 1T ‘ 82/05/18 | 82/05/18 | 82/06/04 | 82/06/22 | 82/07/14 | 82/08/19
19 j’; ?; “H*;“ “f 0 82/05/19 | 82/05/19 | 82/06/05 | 82/06/23 | 82/07/15 | 82/09/02
;; w%‘ L ‘ 82/05/31 | 82/06/22 | 82/07/11 | 82/07/18 | 82/07/28 | 82/10/04
0 I I s 5 82/06/01 | 82/06/23 | 82/07/12 | 82/07/18 | 82/07/29 | 82/10/05
i3 : 82/08/12 | 82/08/21 | 82/09/06 | 82/09/16 | 82/10/04 | 82/11/02
b, [P BAH 0 82/08/14 | 82/08/22 | 82/09/07 | 82/09/17 | 82/10/05 | 83/01/10
54 ‘ 82/08/18 | 82/09/07 | 82/09/20 | 82/09/23 | 82/10/19 | 83/01/31
PRy
= 18.6m 16.375m | 16.375m | 16.375m | 16.375m | 16.375m | 16.375m
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% 454 5 R b LR E R
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-k 426 kg
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