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Case study of Horizontal Double Packer Grouting in Gravelly Soils

Student : Yu-An Huang Adpvisor : Dr. Yung-Show Fang
Department of Civil Engineering

National Chiao Tung University

ABSTRACT

This thesis is a case study of the ground improvement for the tunneling of a
cross-passage between the (HSR) Taoyuan station and the A18 station of the Airport
mass rapid transit MRT system. The horizontal double-packer grouting method was
conducted in'.the compacted gravelly fill. The “injected ' grout included
cement-bentonite (CB). grout.and ultra-fine cement (UFC) grout. Based on the field
monitored data, grout movements due to.grouting and tunnel excavation were
investigated. During.the tunnel excavation, the grout permeation and fracture in the
ground at specific sections, near different grouting holes, were observed and recorded.

Based on the pictures taken, the flow of €CB grout and UFC grout near a grout hole,

between-two holes, and amoeng several holes were carefully studied. Based: on thesis

data, several typical model of grout flow and its mechanism were established, and the
following conclusions were made.

1 ~ During the injection of CB_grout, the void occupied by air and water in the
compacted gravelly soil was replaced by the compressed CB grout. The CB grout
was used to fill the voids in the ground near the injection pipe.

2 ~ After the CB grout injection, the voids in the ground were filled with CB grout.
The grouting pressure for UFC grouting was higher than that for CB grouting. The
UFC grout was used to fill the ultra-fine voids, the hydraulic fracture of the UFC
grout in the grout can be observed.

3 ~ After the grout was pushed out of the injection hole, the smaller horizontal stress

on (assuming oy, < 6y) acts in the horizontal direction, and a vertical fracture could

i1l



develops near the injection hole. Under the boundary restrain of its grouted stiff
layer, the grout seeps in horizontal direction, and a mushroom-shaped grout
pattern was formed.

4 ~ Assuming the horizontal stress oy, in the compacted gravelly soil, was greater than
the vertical stresses oy, if the grouting pressure p was greater than oy, the injected

grout would cause hydraulic fracture in the horizontal direction.

Keyword: Ground impt
UFC ¢
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A filter to let the excess

pore water pressure flow off.

o 4 Standard cells used
in Geo Centrifuge.
make a cylindrical

container.

The injection pipe goes
through the sand sample.
A hose connected to the

injection pipe flows back to

the grout reservoir.
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(b) combination

(c) Fracture path

® 2.10 Jf:/.’% YN gl o (a)ﬂf\fi& IR AP S . A1 (b)fﬁic
Rt kY BRI R REART S e RS AT (c)ff]{fil’% R ¢ B v doibok
(after Bezuijen et al., 2011)

50



[ R

] mEER
%
-

)

K

Bl

TaE AR

B

AL Bl

51



030 o.40 [0.0]

@ L= Peel e

0 @b 0

N CORKON N RN AN RN NN N
ETrYYYY

®

Yoy
;
it 000 OORG OO

: 12 1t (.53

ase | e e [oso |os

om0 loso |asm

«
5
|mu

ou T Cau gy ’ild 2 d

B ~ W N N e o = N Ty
{i6)-{a15 Wate Hon Hoi jo ) wio' (8 1 bs Hmr }(ms | K {02 B WL F
$ ¢ / 7 4 ; ! :i‘f

.

=

» 7

B b T O pue = el g ] -
— L . . 0 Y B . o

]
am

g
£

:
B-muwir- ot 8 SRIAR A o punipsrn @uuameaes Wiz 2R
B-ABRLRENM o"kmmisaR @ ATRIENME @ippsew
8- ramw*%ﬂfmg—g BHAR @ - »KBWS TE kemki

e Rﬁﬂmﬁ/ﬁﬁﬂ
6ER

ﬁ%ﬁ@ﬁ@” @fﬁ.%, oa,

2
2
(-]
1 ,l_'l L] 4a2 A4 udl A4l T Aud =
f o &
Pho-ds 5 8
a8 e 1 faiz pu fou ﬁl: ﬁ
76" a T & cul 5 @
{ $ O)
o iz 2 2 |
Al A H
n e
(5” m$ a] § 8
a a9 [ |re u:‘ 2 uou | foulaiz e §
5 ;n s é' h’ta R o e L 7 H 5 8
i h
| 51, t ’ ' K O
E iz % I~ ] - e @
Eade i 5 s be [1 I [ L i 0 AN ] O
5 G N ol [ » " i ¥ 3 1) i :
? 2 442 L gy Lrd A (ah [a12 1 1} 1 Wy e
* R4 == —‘ S a = @
d i 1 she (1O H
¥l b 8 ke 1 N :
- B a!u@ BE LBy M B8 Hops {Be' W pa (haz W DI M
3 I . A O I N .. 2 ] il
B i | S | o |

3
B- nEMARE-E LG Fﬁwﬁ*]’hfé/'f\Q -arkrskr @UEREEREE B 2R
@ AERLRENY 6" kuAIsLR e @ snrnznr

KE+8+
8- KEB+HEBVMK Q -kEE+ KR -KEEIT LR+ 8
i e mike cam ¥ WAL
AR

(b) S robded g R
B 2.12 '_% Ao BT l,ﬁ,l ﬁ.-ﬁls»ing %3" > 8l
(F B 5 * 45, 1994)

52



{ ® @ ® @0 ®@ @ 0 ®_0

SARANAR AN IS AR N AR

[

%

:
3

x

:

3

il |
s &
= z
:..IID : i
e 2
b 3
: ..\KDG_’_Q DO EDEC
1 M1 | e e | oy .,.‘ Az i | s ABT [ :" :’
1 & 1 1

QPEROOOOEEE VAR

o BEEAKR/ Kk Bk @c-nxn M

B4R
O xBBISAR o™ ,ﬁﬁ”*ﬁ

(a

8, ®n®n®“® ® ® OO NO) e

'?OG)

940] 940 | am | 0m | e |0 LR

@

£
]

A
v ja3 &1 At am Al et " . al W
o 4 <
Al il o L piee laud 2 e .. P -
AT},
E e | e s ol a4 e L Ll
s 9 - 9 _\ﬁE-'\ I :
-— z
M o e x4 - .. _n.
1 ’
g g g g i e e | s ben L L L L e [ “T

»
I N
2 Je
| 4

&

4

&
13

z
E

I

TE
=0
@

AN

i i
5

g e

(NT) ) - Cd an i o a4 G C i 'm EA
f;;‘ 1 i Lt " L ..‘ Lpt a ] ..u “A:E:Fh
3 1y K
Q) bt w " [ 2.4 T ank an an J\.j
B() f :’, . b T M1 n Mk - [ | ol s \f: T 1)
DAREND @ DR o NG
PDOLDEDCEDEOREED

COOOO0OOEEROAEO®E®

f 228 e a9 |0 e |esn]esnlem]|ow]|em]|ew]|osm]ese]ese e

(b) T st § P RIS 2]
B 213 47 = T 1 AR E PR ;“Pj%sb [l |
(i B % 4, 1994)

53



10.35m |

[
__ﬁ 000000000000008

8 -BMHKREEULR |
Ol EHMAREENLR
© - BRI+ KM KR
@ IHEETERAT

© AWBZHEE

F2.14 BRI E R 0m k2t A G fedt 0 A
(F B 7 #* &, 1994)

s

10.35m

;............ e

GL—-6.4m

M24

O - BEE AR EEULR
O - B MK B4R
® - BBRET A + A A

@ FRBE A

® OOCOCe

©)
> @ FEELHE
215 B4 15 hEde @303 m A2 B A i foit b )

(B F 4, 1994)

GL—14m -

54



10.35m

I
GL—64m __£ R LT EET T

Ble! T'Y ¥

8 - BEHKREEUAR
O EHMAREENAR

| ® - @k kiR + B AR
- | @ MBBETRAET

KB T

GL-14m -
2.16 PSR 5 4 m fge i A (F fedt = B ]
(IF b 7% 5, 1994)
Q P
7 iee W s
[ Kg
P
53 om?
G, W

T(H)
B 2.17A 3] T-P-Q & L8
GEp &v &4,1979)

55




TR

F12.19 C 4] T-P-Q & @
GEA § v & 4,1979)

56



T &)

B 221 E 4] T-P-Q # 4 H
GEp & o & 4,1979)

57



(a)

222 KRR ()B4 B S8 (b)5
(after Goodman, 1989)

58



—_——
ol.m:-

Ok, min

ical points around the borehole aulic fracture

59



MR E(=H)

Al8iE
F k45
Ell JC J( e —— o esemm TS B
_ T ‘ J
i r ‘ XIS —
Szl (RFER) . N
% i

s SRR

Bl 3-2 £ % FBERBEFFIREHI R ERAF
(G B & 82 BATR 2 7, 2008)

60




Al8H 3k o AT/
o bk [E] 35

Bl 3-4 74t Flk

61



= 48k B 35

‘ M AT &
"—
- [—+
L E NEE N AT {
; | , p f 1 ok
':____..__.L——* e == ﬂ'b'Ai ‘h"A'_-%-;-" - —— o
ey | L ; -.. I ¢
/ e 4 Ve
)EL*I‘ / i B I \ R
- . :\-l- A 4 + 'I
4% A5 | 3 :
' | A6 -y
TAE ‘ 4t
B | |
il =1 i 1 b | ;
. 0B
e ——g = = = = :
.-u:——-‘ Seg—— | . 4
- 1] al T F
3 il 1 :
BB A BRI e bt 4
: 5 AR
] 3-5 &?53“ > % B
(3 p 23 1 42, 2011a)
g X T SR AU AT
GREAT  ASIA WOR ML R K E
nﬂ ENGINEERING CONSULTANT INC.
FLEE: AL ¥F KA : -6.80 m | MR E AR RCEBRT £ALS
FRE. 200m |3 10006240625 | - AR neraasu e amE R
A 0 R 1
RE N4 x
(m) R |(Recov| 4t 5}: E B A A
B |ery %) JRQD%)
= T sy | - ARMERARE RFRE - )
1 T 1100/13cm| S-1-0 - (0-05mAx R & » 0.5-08mikak+
— s s 0.8-1.0ma% SpoE & dmsp » 1.10m]
—H 2 g ? @ - 1.00-1.10m# & 3 £ )
S5 41 [ s20 -
= s % el BERA  PREREHE D
= I 2] T00/8cm| S-3-0 - L N2 AWML 4.30m |
= 1P === U RAEL 4.80m.
=0 S @s) -
=_ [ IGIESNN RER  PRERRRE R L
s 4 o] - KPR RHE
= 7 B ST | S 5 - 7.30m
— S
— s E 98) - & + Kt
= 27 e s UEF R IR EN § 14 8.40m]
Bl 3.6 Al éﬁiﬂ?‘;ﬁ%ﬁi ERE W EER M RE

(3F B 23 1 4%, 2011a)

62



gn)..ﬂ AR USRS ST 2 E)

GREAT  ASIA O/ M LA KE
u ENGINEERING CONSULTANT INC .
LB A2 W F AdL: -6.80 m | MBIE A 2 RCE03B% T R ALS|
SR : 20.12m | B #:100.06.20-06.23 TRER: T RAEA LT REL
=3 C ES
RE N +
B |ery %) [RQD% _
ESn: E3X L 050w
1 H
i 14 |s10 - BEReRLKiaey ‘P#X‘ﬁl_sol&
i 3 2 48 | s20 - BREE PR ABRERNE K
§ §§§ (70) _ fa P % RLARE ~ M
— 4 5 ?le‘l.‘l;; S-3.0 - T 4,30
; 5 ERT ,&lg.lll‘ml S-4-0 - m
z 6 (78) - BEE PRLAGFRERLH
= | - : by
= m-_ls.'lssﬁ_ssu_ ; 7.30m|
SHENLS ‘""‘%‘i‘“‘ - ] PREARENE MY

W 3.7 A2 403" sk 1 AT B 22 R MR )
(dF p L3 1 4%, 2011a)

RN DT DrrrrT vrpe— | i
- BRHE ciaBRIRUnNE X syesd igﬁi-ﬂmgﬂ \
L 5-{ kx 5./ ' ‘ﬂﬂl& 5 [ e s>
I

8 e, 08 e ool CEETE T cnms-

A-1 #~48 B (0.0m~4.0m) A-1 5~ 48 A (4.0m~8.0m)

Bl 38 Al 4t 2 ot puip ¥
(4§ p 2% 1 42, 2011a)

63




!iﬂﬂ,cl'lm‘! c! BRI RUTME

L ioa BRMRARASE - . ﬁﬁﬁamuuz
5-2 BE 3./ ]

A _ iz 2> '|
.an-m--‘- . 3 *“ » -

A-2 #348 F (0.0m~4.0m) A-2 .48 4 (8.0m~12.0m)

B 3.9 A2 ﬁlﬁ‘fﬁ“ EOF: S8 - RN 2y
(3 p L3 1 42, 2011a)

] =
AR
2 = R T
BRIE R AT Feomasm 2T @A R EL:$3.48m
85 A-l A2
N TYPE N TYPE
537 -—*/'—"'E"E—i —— | #ii=w
814 ' 1% MR RS AL B H ) sl
79 - Ex 2 .
77 - % A REE kR E AL
J— S =
754 ol
73+
71+
6 T kR A A S b
67 [ —
65+ HHEEE SRS
63
61+
50
B ozt LA 5 W SHER [ wExEsm

B 3-10 3 H:c 2 FH £ 2o RIARE
(4 p <17 1 42, 2011a)

64



&F D fa fE ok 4

—_—
X
—

il
\

80%

T

60% \ \
- \
e £ 5 14 By HINO4

400 \\ I
\\\ —a— {1 i 5 h # HNO.S
|
0% i e 4 B gy 1 by 3ENOLG
—— 0 o 5 HINOT

e 1 £ 7 4y HINO.2

‘ | 1 5 5 1 95 HINOL
‘ s f 86 G 4 1 NO.3

20%

1070 ‘

100 10 1 0.1 0.01

=

===\
|

m

W4 83 2
= RSN <

. m !
L = ,_._ﬁ " = QII!I |£§—[
2 e i = S =1 N\ NNNNNWN | E—

N AR T e ST |2
B¥O s 7 G . ' [
s o N R —— LT i ——
=== e[, e -

\ )l—‘“‘*‘—\_m/—/m
B312 PHEFS12RERL 1T FRE
(BB ¢ &4z, 2011)

65



< 2011/07/28

Fl3.13 # T RSB HF S B 8 Bl s
(F p 208 1 42, 2011)

B 3.14 #cAl¥aisiTd o irk B L Tl s

66



2011/11/30

B 3.16 By T R FPFATERK DD K KT 42 L3

67



i

GROU
7 FGL -

68

| 1.50m I 1.25m | 1.25m | 125m Iﬂ!—iml 1.35m

7 FGL

7 FGL

VAR

W FGL

—trssy/ FOL

ND FL
0.00m

-1.95m

-3.20m
-4.45m

-5.70 m

-7.20m



B 3.10 B4z oh* RIS TS E DR RE

69



13/02/2012

2011/06/22

B 321 B4pkp TR BEEREE S E 2P

70



322 4254 G

= L]
A8 2t i gy gy o ATl LI
S % WEREn g

WP Rean o

]

FARS: gy 129 rex e i
v

i it !J._n@ i .. _

i AL iR

Tes
I
o

® 3.23

71



\-.‘. »SGTEDZ
Sh-Al2

[¢] [e]

SE-838 50-437 S0-A36 SLATT SE-A4 Sh-A33 SG-A3F S0ASL SG-A30 SG-AZD SL-AZE 8

- - - L]
SG-a54] [O-AS3 SG-AL2 SG-4%1 S6-450

-~

- .
3G-ASE

it

GrDIS 55-nid

TI-L#0 TI-L19 TILUE Tr-L17 TI-L16 TE-LIS TI-LL4

-4PT SLARE BL-A25 S

EHHEEEESCRT NES

TI-LI3

SG-A50
SE-E03ey " Lok SRR SG-ALD ‘\:‘
\E—:{M ST sgwrsgos | | LDE—LE—D'B $o-
MI-L04 sg-Des ] e o AT

v

= S0 TTEEy
B T ATakmEsEt

TI-Li1 TI-L1d

[ [o] [ [¢]

Bl 3.24 B 4BpeHleb— A oz B bR et g T B REA F B

(4% p 23 1 4%, 2011c)

72

. TI-LES TI-Ld4 Lz :
|' SG-E04 SG-E£05 .=j'\bT_I.Lc L3 oo *
=T =aFeT (s ) [—. ) A T2 M T
LS GEDL SG-AD4 [ | M1 S6-8627 FSi-2e0\ “sp-ase | SG-A09 s Perlan
Sh—a01 sh—d6l  SG6-A59 SG-E09 SG-ELL
" - - N . . . L P
SH-A49 S6-Ad4E EG-A47 S0-046 SG1A45 S0-444 S0-A43

4 B0-223 S0-AZ2 SG-420 SC-A20 S0-819 S-alB S0—ALT SGALE SE-AlS SG-ald SG-413




B 3.25 *5 1 H =30 mpaE p B RIRIE 2 et

73



i%; - O EEy

faszi

: o e §

g - w@f \
: K

g7’3‘:- MRS ])]::

Pay!|
op

Z H |
) /Q%—C BIRR \\;ﬁam M
{% t— D] st @'_/77
@&%(
é“k BEIE

Bl 4L KT (k2 if 0 2 B
G p £ T 3 42, 2011D)

B 4.2 ik

74



) )
43 JJ%;& Hoid PP

75



Mok bR
PEFE AL 48 gL
:;Pf’ T }i rﬂi

£

W 4.5 % R

76



S TTRES
>
1

=W,

R

) L A R T

A o f
P Sl
3, --':-!?4 1
R <

77



B 4.8 & 515{4\ e

78



Steal casing -
(@) | R

TAM

4

Seal grout Packer Cement seal

Injection pipe
| pIp ’/@

(© -
(d)
(e)

UFC grout 3
U]

B 49 kT %Iﬁﬁiéﬁﬁ%@l HE (F 2 B~ EE (b)iE > TAME # %@u’%—

B Qi kit B T TR E ORI (O R KRE (R
B CB g (DEREF il » 2ok in

79



B 4.11 n & ¢

80



B 4.13 % 57§ (TAM)

81



B 4.15 /E%P\ 'F': z Eg%?%‘;ﬁrfﬁngﬁ"]‘?

82



AB

e DB

83

1.4rn 14m 14m 14m 14m 14m 1dm 14m | 1dm | 14m | 1.4m 1
| 1.4rm 1.4 I 2 8m 2.8m 2. 8m 1.4m 14m
! ' ' ' ' ' ' ! GROUND FL
JFGL -
0.00m
£
L 1 . v gt ] P i
3t | A Rt I+ P | 4 vre -1.95m
P -‘u : -i,-m- G ¢ L . P DL - S i 4 ki
" '. v - . s &
Rl ol P 4 =11 _ e 3 # .
AR L ‘ “ - Y™ 320m
R DA T 1 “ A =
ey ; #16'1[ ] » ' : 7 FGL
L m— e 0 . : — 445m
_;,~ R 1 4 _7 } | - H ug
. . . I - :.Q
- &F ) - g
©ag |df L YL .570m
g
H
=T = N
r - - :vaGL -720m
AAFA% R A F40% EANFE25% A AFA0%  E A F40%



GROUND FL
\/FGL +83.671m

FGL +80.451Tm

FGL +79.25Tm

FGL +7/8.051

84




HKERTAER

» IEKBOXERE +
v
WEHNT,
EREE
Hik BREE
EEK. DEK | 3@k @
KB R (ZRHEREE)
v v
BEK. DBK LK. H# . WEEA
Y Y
sk EK BB
30cm TFTHELLE -
Bk
v
OK NG )
HHTA > T

B 4.18 3%k it £ 5 2 H]
(f A 2.3 1 42, 2011b)

85



A

Bl 4.19 E-kat gt (v %

86



GROUND FL

"= 0.00m
& yrol -1.95m
1 v -320m
uE-
1 wra 4.45m
&
1 wre 570m
g
L vFoL 7.20m

AE  BE

Bl 4.20 4Fit o483t A % ~ B % (L » & 209 LiEFd = I+ 4 % % BHI ~ BH2 ~ BH3 -

87



2

I (gl

Bl 421 61 4

| - ; ./- -
Bl 422 53 4 [ ps s



Bl 424 BH2 gt s 2 2 B o jp 2

89



1 4.26 BH4 43t e 2 3 Bofi 2o p &

90



ATS- BB BERBEX ERER

oH

= ST
0O A-M2-Z
—e— 4731032

. ' v H H H H
] L] L] L] L] L] L] L] .
L] 1] 1] 1] 1] L} L] 1] 1]
: i ! : : ] : : :
g ! ! : ; : : :
j'-'#&.'.-?"‘.’.c“f? S RN SRS, N L S e L S, . A ..;.;..
: H i ! ! Y ' ' '
] . ) ! .
. 1] 1] - F. L] 1] "
:

L]
- it |._'1+!‘h
AT

:‘.'7'- &3 ))

o 4150047
—b— 4151052

4 ‘Y M
0 (h ‘I Gﬁ ::"’“‘“" |1. &‘ o
01 S 4 a 5 o :"! 4L ‘*;-'-',,"‘q'-':lj-'-' < u:* ‘v": v g S
A o :-&ﬁ E A LR
e e 3 '
: i o H = H i H
] ] 1] L] L] 1] L]
: : : : : : :
R R N e T T T T T T T T T T e T T T T
Lt ] : ] : : : : :
. : | ; : : : : : :
' 1] L] . L] . 1 ] ] ]
a 5 = 5 5 s 5 ; ; :
-10 Y o { ——f ——t fr —— T 1 — vy e —
22-Jum 19-Jui 154w 1i-5¢p 08-0ct M-Nov bi-Dec 28-Dee i 20-Feb 18-Mar I4-4pr i-May 07 Jun

ol

W1 4.27 B sb g3 e F AR BLIT FABLIRIHE BLR P ¥ AL
(4 p i 87 1 4%, 2012)

91




LU THT

LI

IR -

I: ﬁ}{“

[assG-E01 B i |

SG-a0

- - . - -
AdH EG-A47 SG-A46 SGHA45 SG-Ad4 SG-A43

TI-LO3 T1-LO2

L] -
SG-AY) SG-AS0

.
SG-ASS

[

ok

5 TI-L14 TI-L12

mas&?ﬁﬂs“ EE Em

4 SC-AZ] SC-A22 18 SC-ALT SG-Al6 SG-AIS SU-AL4 SG-ALY

Y| (2.4)

- 1..'| BB
Bl 428 A 1A KZPIES P
(3 p L1 1 42, 2012)

92



207 w0y

350 ST (30 8ee ) o

3
00 Feecesseassnnscsnssnnsnnssnns
3

Bay sz

"
B T e T T

.
"

............................ | R —
v

R e

.
apssmmssssas s masaymnn s

..g,..a....................-

Fesscsssssmncsnncsnmssnmanmange

H
H
-r ¥
: i i i - : ] |
AL asias sk AR sy S e R i i S AR PRI oo i aansi IR R TR 1ROER———
s s : s i : :
B o e P R RS B i e B A R B i i i B AR W i s s S R S SR AR R S SR S b eesisenmeeRiasiE
7 L ! . Y : :
1 H : H ' & ' ' &
B T beemrmmsmeeeseseesee e Sermmseaesessesemsnene———— fmmeeseseeeeeeaeeeeeeaeeae Seeeamean .g?‘.....‘..‘..* b —bticle g 6_-&--5-.; .......
Er . " H F : : a i 2
20 3= RE R0/ o T e T T e L T T i —— e e ——
T s S e e A S e NS S e L e sty
3 : : : : : :
J”?-ﬁﬁifﬁ‘:(gﬁﬂs&j‘ ........ ; ........................... E. ............................ ; ............................ :r ............................ i ............................ ; .................
3 : £ : : $ :
4m L} T L} T L] L]
02-Jen 0l-Aug W-Sep M. a-May

E

(4§ B <1 1 42, 2012)

93

03Il
a2

(240

—a— TLLDI()_3)
o TLDIER_S
—e— TLLOZI_D)
o TLLIZZ2 4)
—a— TL.LOX)_ D)
& TLLGR &
- TILOAI_D)
¢ TLLOAZ 4)
— 58
—iTHhie



B
| B At A

|

I

|

s
.o

ZFGL +81.45m

, L A7 24 Ex.,\’
EERToR BARLE
Y FGL +77.70m

&:::ﬂ &:::5 o wman 34K AR
FCL +76.20m
d W r

.- 4
e "Ir"tig...

Mvﬂ—

Bad 1 7 2 | il b
0.0m

(b) i-4R. B

S0 @UMg P2 B H DAL (0)EE B H 2 L H AL
(4 p i3 1 42, 2011e)

94



ﬁ!&;@

@53&i&%ﬁﬁ%%ﬁﬁlﬁ$%ﬂﬁ &ﬁi

95



Bl 5.5 fe= b ks 808 & o > i 5 ﬁi gf

96



_ Raartoii

W

AW

T

97



CB grout

B 59 % 10 B4 %o

98



% »m}, _

Livem

¥ 22 i

4 4

& 5
10 %
% 10 B 37 %7

99



CB grout

100



B 512 % 10 Wiz re =7 > 35 (evg 383 T ¥

101



=

102



gL/20/Z102

B 5.14 % 12 B {2 %m + RI3°CB & Jf(”

103

-2
XL

ke




B 515 % 14 B %o

104



[}

Bl 516 % 14 BHera 125508 3 A )

105



S UWS1T SIA R e 13 5% BURR A

% - r .
" o 1 |
- il i “ 2 | | -

B 5.18 % 14 B4 %o 11~ 12 534 % E’JJ%;'&A\?’F'T%‘%

106



B 520 % 14 By e 45070 % ﬁi’j‘iiﬁ@#%%

107



Seal grout

B 521 % 4B 8w 558 @%’Ei&&\?&ﬁ"ﬂ?

108



} -'-_.':. i "-ﬁ] 52.2 %—1—4—@-%@*& 6%.@%;%-}-# -,ﬁ':_;]-f;“ I.!! :.. Fel

1= ) i R
— . P 0y 1

| b e e . - ’ L
- *-. B T = o |
ey  — iR - : i)
- A i y i1l | |

B 523 % 14 By %o 22 534 % @iﬁfu’% AN

109



B 524 % 16 B$ %o

110



111



B 526 % 16 B4 %o 12 53 % ﬁ?fin’% AN

112



B 528 % 16 B4 %ra 11~ 12 %i«?“ﬁﬁ”j]ﬁi& A A

113

T Ums27 Slemiptta 13 50k B AT,




114

B 530 % 16 B4 %rm 6 53¢ % ﬁﬂﬁi:’%@#ﬁ"ﬂ?



44

B1532 % 16 Biz#re 56 5Lt g Jip & ¥ 13

115



STy

| e Scal grout

e
P
>

B 533 % 16 By drm 4 530 % E]fj”];i.’ié\#'%zl}

& i
Sacaraatiaa

JE T

—

3 oaracatatat

2
-
:
-
Fa

B 534 % 16 B4 ¥ 5’}%;‘&.@3@ 4 B34 (s e A

116



Rk

4

" T T o a3
L

£
b |

3

L L

C.a>

2
a
)
o
2
2
:
»
|
E
]
| o
3
3

g

o e

i ==Y
Uﬂﬂuuyu

B 535 % 16 B# %o 3 53 F 1‘15}%;‘&9#'%%

117



CB grout

'.:?
2
2
:.
=
_5;:
x>
A
B 536 % 16 B3 %ro 2 53L 7T 3 i‘f'frj%fﬁ&\ EO et

118



B 537 % 18 B %o

119



= I

e
3
ks
4
L2
D

e

—l

araratd

-

B 538 % I8 B4 %rm 657 % @f’jﬁin’iﬁ?"%ﬂﬁ

120



B 540 % 18 B %rm 55T % ﬁi’j‘ii&@ﬁ%%

121



B 541 % I8 B drm 4 530 % ﬁi’j‘iiﬁ@#%%

122



kb B L

=y

u
T [="=9
R LT

gy

gy

=

LR LT

B 543 % 18 B ¥rm 4 530 ii,%%“»\-i?j%’-"%%iﬁ'%%

123




F15.44 508 Mg ¥ 3 93 b 5l RARES R

124



':',; el & .:—__:..'::' P L 14 ) I'. _:\_.-\..1-\. ..r-.
W | WISASCB-A OB ke RHpitA 0
e r i i et = .__-u': - - Y

B 546 % 14 By %o 13 L3t

125



B 548 5 16 B %5 19 55

126



B5.50 % 16 B85 11 3530

127



9‘7. Seal grout «—— Seal grout
- ' '

_ TAM

ﬁl5.51CB-B’_.‘;]QK#%%&FE'@;&‘%) n =

B 552 % 14 By %5 11~ 12 5.3

128



- WSS3CB-B (R CB )\

o L i I

CB grout

B 554 % 16 B4 %o 18 ~ 24 53¢

129



Seal grout

TAM

¥ 5.55 UFC-B-3|(UFC % X v & 2 -k -kd gL A)

xu{ '

< 'wn@w e

B 5.56 % 16 B4 %rm S5 5L

130



UFC grout

Seal grout

TAM

B S.57TUFC-BA|CkE > w A DB 2 0 Bid r 3L 45 B

T R

B 5.58 % 18 B4y %rm S5 5L

131



UFCgrout

132



133



UFC grout

Seal grout

B 5.62 % 14 B %re 22 513t

134



Seal grout

TAM
UFC grout

& 5.63 UFC - C A](UFC ?ﬁ”‘\ SE kTS ok 4 A

B 5.64 % 18 B %o 4 5.3

135






B 5.67 %/&i@r‘éa\j\l—s %ok 4 BLA

137



