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<E LAY AE@E (K dEdEATE, 2022)
T AR AE 35
=2 W} 2}
A& A 120mx120m
AWz Type 2
=25o] (H) 6.0m(E7F F1d 31h
o P (W/H) 1.0(6.0m)
& P4 (S/H) 2.0(12.0m)
=2} o] A A g 35(36.0m)

2. AAY Ashyite AT 18T FHARA LA

BT AskEr B8 SA BFBAE A FHEHES o A%

AstEre TR A8 A FHARAE 1 219 o] xALYES B 4

gregdder FAEY. 1de @4 ARAe A didel weEh dFo] wEARE

Aubdow WA Wy WRAAS e Awe] PEsel Ak wr A
gusiol 3t £AYEL AFFUE TR F AU A A} S AN
d AP NE ARE AFFEN BPEA 2THM, JTARAR e B
DFE D TS Fusolo}

[ALT1]

1 YHREY £32E
YEAUA R L)

£IRE E= 2FPE 20| £3I2E F= A
(@) : RATE T2 FHeld whad (b) : WEeel vzt
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HAA7HA] ofe] 1L
I8 ES 11

Felor sk o]F gl My wrAlY ABS BX1-15%F AHgss 22
Ax 2

el AR FAF A S F8Ya = 7]Eo|t)
J = —dlelt B (W/B) &= 35~40% %

do
ol
o
i)
r o
ACH
N\
g
=2
>
(G

Ageth A=AE&(S/a) & 60~75%%2 @

B A, @ AEA Alde Tl 24 ARRES AAdor 3 w2 271 2dy

'O =R =1
ANAE Asks Axstsly] e de] e FAA S BX5~10%, W74 F4= e
s WA AT BX5%, F 24 kg/m’e AHIE din] A @) ARE-sheh

49 % (kg/m?) Rlgedaa)
w527 G S/a W/B Binder 2 2SS | ZEA
o Max (%) (%) W HPA S G Al Z5A TS 2A
C 1 o) 2) 3)
| “Ew (B+%)
A=
xa8E 10 65 42 202 | 480 | - | 1,050 | 564 | 37| ! §
(EFSOOE) (60~75) (35~50) ’ (1~1.2) (5~10)
J—’_7J‘E (480~500)
e 65 38 1.2 8
Seele] = 10 (60~75) (35~40) 182 1,079 | 580 | 37 (1~1.5) (5~10)
(LF5000) 480 -
s (480~500)
SdEE 65 38 1.2 8
A~
(HPA, 10 (60~75) (35~40) 182 456 o4 1,079 | 580 | 37 (1~1.5) (5~10)
LF5000)
1) HPA : Ag7tE¥ Egtolold] 55 £33 145 &4 %ﬁ}zﬁ ROADCON®-HPA(BC), 4T-AuA4 /Hde 14%

H

o

AP Ee AMEEH A4 9 A BHE 5 £AEY Fddod TS FRsh) 9%
= D ZEIEERAAAS FAAROR = ROADCON®-PEMA-SR3000, A Arele] ujep Alg=e

2) 1% A =
A & e
3) gz zaA FA4 0 &z FFNa0 + 0.658 X Ky0) 1% ©]3ke FAAZ dut &4 ROADCON®-LF3000,
I %4 ROADCON®-LF50002.2 F#3tH, FZ2A AFEZS AWE ZZF9 5~10%S XZFEo=Z 39,
71 A - &5 241 Tl wel 2 = S
- 3 BB =
2.3 1T AR BRAE B2 HAB gl

3

T AdFelM s FEAARAE Fcke BE fEgdoR e oAy AEes

AEZor, 53] & AgolM ok 1 2] Mock—up A= F3l A3A7HA

AR == TIdd Spke] AlE Me olgsto] Bhdwel tigh Aol FuA
E Zl

g ANsn FF RAY HAE RAN AF AT L AF A
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(a) A2 %2 Ay (b) Mock up test (c) ¥z Wyl A%
(MAYCOjit, PICOLLA) (Siit,  “AFE M )

(19 2.2] 245 &4 ARAE w2 @ugel]

Sitel AF MS BT 14% AR A2 BA G o3 wZelM T EFH o)
FETI % Wol Lol FHz ATa, Az ATas AF Al BAL of
%9 2ok

[TECHNICAL DATA]

Form Powder
Colour Light brown
Water pressure resistance 15 bar
Bulk density (+200C) 590 g/l = 100g/L
Consumption, per mm of thick—ness 0.72 kg/m?
Application thickness 3 — 10mm
Failure strain at 28 days (at 20° C) >100%
Bond strength at 28 days 1.2 £ 0.2 MPa
Shore hardness 80 £ 5
Flammability Non—flammable

3.1 ou] A¥
2 A FAARA e HrkE ADAS AZs] 98 dFlA £aYE g
A2 ol g5t TAAES AFEy] A AR 2AY AR 2R0R AN oy

Al

“

o
rﬁ

Bt ARl AFHT =AY FE dEE T8 flE <KKS F 2502>¢
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w2 A7E AES o, a3 3.1(), (b9 o] AMEA W Ao 2HE

Al =AY 2F e FAVIEE FHFen 3.1(0) 9k 2ol A vl mE =A<

1l'o

i

FAAE(S/a)=65%7F B EAde] BFdle RS FAF.
120 120
100 100 I
80 . 80 \
§ \ \ § :\ ‘-\
o 60 mo 60
£} El
0 40 : o 40
20 20
13mm 10mm #4 #8 #16 #30 #50 #100 Pan 183mm 10mm
Sieve No
(@H=4 25 Y45 b)z=A i+ Y%=
120
100 \
_ 80
‘O\—O,
o0 60
W 40 b . X W
20 \
13mm 10mm #4 #8 #I6 #30  #50 #1000 Pan
Sieve No.
()AL (S/a)=65% EHF=UYLEA
(2% 3.1] &4 =A F4 ANE A%
Au|Al P el AMEE Ame wFES x 317 Fon, AAAeA o]Fd 23 HAE
olga ZAYEE sV Wil wA2AZE HUFEA skt duA g s Fa Al

7 odgel eALe FAYEEL 19 329 Zol &Y F/FE 33
E

7)
AYHHE (100x200mm)  FAIAE #A|ZP o, XS 2%

>
oo

Ane ¥ 3.29 o] £ E EA)F AHaetol)
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<E 31> 484 AuAE £3E Wg]

o)A = (kg/m?)
A=
an W/B| S/a Binder ;ﬁ;] A
= @) | (%) | w S | G |74 me (B*%)
C HPA = (B+%)
A=
=R A=, 43 | 65 | 206 | 480 0 1,054 | 572 - 1 -
10—4.5-120
R NI A
g | FATE |39 | 65 | 187480 0 |1.086|590| - 1.5 -
1 110-35-150
/3% (HPA)
S A = 39 | 65 | 187 | 456 24 1,086 | 588 - 1.5 -
10—-35-150

R 10-35-150 160 2.1

4% (HPA) %22
10—35-150 150 2.0
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3.2 FAIA AZ
(1) A e

AT ARA BeAEE A FAEL HE FAA AZe] AREE 1A
7o

ZA¥E Aes AES] A8 duA gy Zo] AnkE £33 E(LF3000), 1H%
%492 E (LF5000), =38 E (HPA, LF5000) 2 831 7 sjgn]+= % 3.37
Fd gy

1gs %3 E

(Hd H7|= H685%)
_ Si% HjX| SHE ;

(79 3.3] 245 =39 E NEx=

<E 3.3> dFAANE A8 E wjgy]

A & 2 (kg/m?) o}7ha]

: IA8E | =

e W/B | S/a Binder 21 =7

- @ | @ | w S | G |HHE| ;4 24

C HPA (B+%) (B*%)
AN

SI9E 43 65 | 206 | 480 0 1,054| 572 37 1 8
(LF3000)
. AR

387&{ SEIdE 39 | 65 | 187 | 480 0 1,086| 590 | 37 1.5 3
A (wr5000)
145

ZAHE 39 65 | 187 | 456 24 1,086| 588 37 1.5 3
(HPA,
LF5000)
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(2) IXS £3IYE dF FAA A=
19 3.49 ol EFN MAZANEES o]gd] Z wigH $£AYEES 2m’H YA

gr) EfS o] s &t ¥ Ae AFe s 29 3.59 o] A& g =

R

ol-g3tof Zk WjFEE WP (15x15x55cm) FAAE 17714 F 5171 Aok

(@7 WAEIE v EY / a9
(717 3.4] SAIA Azl ARGE Au] 2 A

() BHEE WE FAA (b)) E FAA 4 oA
[2% 3.5] £AZE FAIA A=

= 172Eg g Ee A A4 F244 ROADCON®-LF5000<
A oM ALE S BXR%RE Rx-FIE o] &3 w=Zoi H7E
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AE YA F788 9] [TAtech(2013) 914 E F7 o 5 mme] ¥ Wuels 53
Askr fqlel WASA GRS et ool WuAd FAA FAE o 5 mmw

AFP % 23+2TC 2 FE 5015%2] T35 FwjolA FA gt
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M\
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s = YAl thet AFe FAZIE] dzstel AR AN 7 gz
AR FAAE AP 289 o)F FEs| P4 Fol 4 APel HFA B,

2)
Aol FF ATY AE2 AR 2EFEA &2 duAES T8 AlFE SAAE
&

s
ZAYES AT UFAAS B Ha dRUIF Hols S HHEs s Alge R
<KS F 2456>°] u}g} 300cycle AA AT 3 gabst Adde 85 FoF gitsl S &
ELaks) Zlo]E =A s Ao = <KKS F 2584>¢] whal A A dit),

() A3 ) AP E TAA
(1% 4.5] 4ol HAEF A AFKS F 2711)

(a) A8 7] (D) A1 HE FAIA
(2% 4.6] s2&3] AP AP (KS F 2456)
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(@A1E ] D)AAE TAA
(19 4.7] S &4} Al (KS F 2584)

= ATl e FAARAES TEske BE e AR Add U
Al e AlEER e Ve A EASE A 8 9] ITAtech(2013) & wet =3tk

v&skal A4 50 mme 4% E2(dolly) & CIFHA HAAE ol Gal HHr A3} G

L oty ¥y 7ol 2w Fo]¥ (overcoring) S AAEI QWA TVE ALY

AUTOMA’
ADHESION TESTER

: ; : . R DTG e S
@A ) AEE FA)

(29 4.8] ¥&2A4% A& (BS EN 1542)
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5. A5 Ald A%
51 984 d5 A8 2%

ZAYES VAR FHL fd A A AES dAelA AAZ a9 519
ASHE A vlwdS ol gste] £AES] AY A AFHAEE SHIT. AlFLS =
5.13 o] wizhd F 103 Aot Hwas TIOH, AT £aYES AS
1.2MPa, 17 % =32 EQ 4§ 1.5MPa, 145 £A2ES 49 1.7MPaz BE &9
3AZE AEATE IMPaol S wEIAT, A iy SAAY dEkd 5 QS
Zlolet of ¥t

| o | | = ] Operating instructions: DX 450-5CT

Al measurements and cafculations in the same order as studs

driven

m Calculation of concrete compressive strength Appendix 1
DX 450-SCT: Standard-method, Green cartridge, power setting 1
[Cate Powder-aciuated test ool Alf lemperature Mix lemperature. Tesi by
Type 204 Seral mber
Galleryunnel | Stabon Locaton Tensile lester
Agoregate size: Cement Acceteralor Time of completing spraying, T, =
i) (2) (3) {4) (5) (6) (7 (8) (9 | (o
Time Time after spray-|  Siud type und Standoft Penetration Pullioast knad Actual puliout N Minom Meanvalue | Concrete cube
Mg compieted Total length NVS e M, 555 [Nmm] N, Sirengn
(1) -ty Liss [mim] mmj = L - NWS Reading, Ny ™ (T Ny )10 | Calite, curve
LR I min] {mm] Nl N {mm] | Appendix3

) Green 1 for standard equipment of the tool DX 450-5CT. In case a tool DX 450 with a piston guide L125 is used,
e power setting amounts to 1625

) thes eodumn i resended fof cormiclid pullold loads, only PECesSany in crse the formes Hib Tester 4 & used. I the tester Mark 5 respecioeh]

-

Early sirength of sprayed concrete with Hilti DX 450-5CT, Ediion 1272011

=]

2

™

ol

=7}

[29 5.1] & &) AEE 545 ALt

17 —

w7
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3E 5.1> A 3AZF A A AP 5H AE
Time aftre Stud type . Pullout | Actual Mean value Concrete
g Time spray ing und Total Nﬂ\?;?m ﬁensﬁat:m load pullout | Ny/hnom Nu/hnom cube stength
= t[himin] completed length 1 "°'§[_mm] Nu load [N/mm] GNu/hnom)/10 calibr. Curve
t - to[himin] Leot[mm] reading Nu[N] [N/mm] Appendix 3
X-M6-8-95 23 80 530 6.6
20 83 570 6.9
25 78 550 71
23 80 550 6.9
24 79 530 6.7
uizte 10:20 13:20
%33 E 103mm 22 81 570 7.0 6.9 12
(LF3000)
23 80 550 6.9
21 82 580 71
22 81 570 7.0
24 79 520 6.6
>= 68.7
X-M6-8-95 29 74 630 8.5
30 73 630 8.6
28 75 670 8.9
33 70 610 8.7
31 72 640 8.9
e 11:00 14:10
#3LE 103mm 29 74 650 8.8 8.6 15
(LF5000)
28 75 650 8.7
32 71 610 8.6
30 73 630 8.6
29 74 550 74
= 85.8
33 70 710 10.1 10.1
31 72 730 10.1
30 73 740 101
35 68 650 9.6
32 71 710 10.0
*ﬂzﬁ'ﬂ?E 15:00 X-M6-8-95
ES = 103 31 72 740 103
HPA, mm 10.0 17
LF5000) 34 69 730 10.6
32 71 690 9.7
33 70 670 9.6
31 72 730 101
5= 100.3
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AEFE, AeAAAG, ELoldsn], AL, SRR Al &l Fdride o F sk
FaPow 1 Ay 72 F 529 % 537 gov AlFdAyte]| otk 1 E= 17 5.29)
19 5.33 ).
<E 5.2> =7 A" A3
S| AEY o 9 Alg H A8 A3t
3217t | MPa A AAA S 1.2
. 1 MPa |KS F 2413 : 2000 12.5
o= s
Augr | W= 79 MPa 28.8
1 | &=3gE KS F 2405 : 2010
(LF3000) 284 | MPa 37.3
et d Al | 2849 MPa 2.79 x 10*
KS F 2438 : 2017
F ol 284 - 0.189
3A17F | MPa A #AAA S 1.5
. 1 MPa |KS F 2413 : 2000 14.9
o= s
agE | N T | e 38.1
1 | &=3gE KS F 2405 : 2010
(LE5000) 284 | MPa 477
et d Al | 284 MPa 3.01 x 10*
KS F 2438 : 2017
ol 284 - 0.206
3A17F | MPa A AUAAE 1.7
1 MPa |KS F 2413 : 2000 15.8
13T | AEAE
#oaE 7 MPa 38.9
1 A - KS F 2405 : 2010
(HPA, 282 MPa 48.6
LF5000)
AerdAla | 284 MPa 3.08 x 10*
KS F 2438 : 2017
Y o}5H] 284 — 0.194
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Average strength(MPa)

A5 o ¢ Alg Y Al A3
ANFE | ggs 79 | MPa 2016 4.8
xeE
(LF3000) 28 MPa | kg | 2566 : 5.6
S79%E | 289 | MPa 2014 4.0
19 MPa | s F 2408 : 2.6
IR 7% 79 MPa 2016 5.5
PR
(LF5000) 28 MPa | x5 2566 : 7.6
=g | 289 MPa 2014 5.8
19 MPa | s F 2408 : 2.8
A5 s 1e 70] MPa 2016 5.8
$age | BAE : ‘
(HPA, 28 MPa 7.4
LF5000) = KS | 2566 : '
=g | 289 MPa 2014 5.9
-4 145 %379 E(HPA, LF5000) - 45 =3e E(HPA, LF5000)
-& 1A E £33 E(LF5000) 70 =& DZE £33 E(LF5000)
M 2utzbs £32|E(LF3000) 4 LUz E £33 E(LF3000)

azE w °
o macawe _m s
Ustzte s 28d, > 4.5MPa
28d, > 28MPa E’ . e e
e e R e g A
]
T,
g
L] 1d, > 2.1MPa
o -tompa g W
3h, >1MPa
1 15 20 2 30 o 5 10 15 20
Age(Days) Age(Days)
(@ AFE 2= Aldd3 (b)yAHE F7d= a2

(18 5.2] £33 E g5 1 AT A

feied)
iy,
&
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36000
LOAD NI
32400

28800

25200

21600

18000
14400
10800
7200

3600

0.000 0400 0800 1.200 1.500 2000 2400 2800 3200 3,600 4000
DISP [mm]

48000
LOAD [N]
43200

38400

33600

28800
24000
19200
14400
9600

4800

]

0.000 0400 0.800 1200 1500 2000 2400 2.800 3.200 3.600 4.000
DISP [mm]

(b) 1% =4 E H|gt

47000
OAD NI
42300

37800

14100

9400

4700

0.000 D400 0800 1200 1600 2000 24200 2800 2200 3600 4000
DISP [mm]

d5 (HPA) =32 E wg
(28 5.3] A% 28Y £adE FAA A4y} =
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S £AZES AEAE Ve HE BT AN ZAYE BFE AUACAM %

5.4} o] FtAsla Qow, AT gt J|+=S X 559 Ao AW E(LF3000),
175 (LF5000), 4% (HPA, LF5000) wigte = AR FAAS ZF wishd A=
193 A= 28U dist A=} AT APAAE= VT By w5 od, 53

N
N
w
Ol
=
=
)
ftlo
=)
%
iy

- ]

BHY 35 AHA FAYE EF AIUA
S
dnr 1R A dnt WS
3 7F - - 1~3 1~3
olx=7}

‘:‘(JPZ) 12 100]4F 10014 5~10 5~10
284 210]4F 350]4F 210]4F 350]7%

19 28¢]
- 4 Fo] A Fo| A= HlaL
A7 7N1EBE OL“; A 7NE A= :Li;
(ZJJ—E_) (UJ—E)

o1z 8.5(15%) 23.8(15%) | 27 75mmo)i

B e 10 o8V

(MPa) 8.0(20%) 22.4(20%) 27 55mm
2735 (MPa) 21 45 AR Bk
7014 (289) S/ 3.0MPa AR Bk

DEYE Z32AMA 8 22E 25A0A 9 22 A7 28U 4575 7150 71 21MPacllA 28MPa A& Sl

SIAABAL] WA AlES 98 e = (LF3000), 2745 (LF5000), 145 (HPA,
LF5000) #igtel oisll FAIAE AZste]l A" 28474 oS T 17|

T
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Al Ay
5 = A= IFE TS }
AlE 3 E & 9 e *’;%—LELE]E a:aa]E Al & u o
g (LF3000) (LF5000) | (HPA.LF5000) T
o
= R o)
ﬁigi‘}/\%% i&;; Coulombs 6,735 5,389 1,486 KS %021256
&2 g ol
R Cycle % 83.1 85.2 88.9 : 9019
=Awas | 8F mm 6.1 2.8 zguspn KO goigm
* S BRAEEE VIRE 8 (ORI E A T 5F0.2%, <= 2052T, 5 60T5%)
£ 1) 7 9abg 8F AT Bagl AAE A kol whalg ZolE 24 5 L.

Aol dist Al 88 F daole IFAIAd T gt A2 dArjdse] o3
A A el T3 Ao wEl dAol HEAY Fi WSS Fdss o 11 B
Ao wWE diolL AFA 7FEE # 573 gow, ¥ 543 ol
AR} %= (LF3000) @ 1745 (LF5000) "t 4ol HFEAo] =1, 145 (HPA,
LF5000) HigHS fxole HEAo] H2oz dAihol HFE Aol 43 oz
[BR=5e=
<X 5.7> T AgFe] e diol HAFAY VI

53} A3t (c) daolE HTA
>4000 = 5
2000~4000 HE
1000~2000 94 5
100~1000 o9 oS
<100 A

g

6735

r.‘
g
g

5389

g

Chloride diffusion coefficient(Coulombs)

(13 5.4] wigd o



ol

off
i)

o)
o

3l

i

o_>L

1A
sl
5 (HPA, LF5000) > 3%

oX
>,
fuieu)

of uwhet

2} cycleell W& AdlEsedASF
Al stoA o,
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Stk Ao 'S zlol= Akt AddE Als

AW7} % (LF3000) Higtych 31

Bt
ol

] }\ J =
)

.

b
32

= X 5.8% gow,
300cycle 7]+ =
O F2 ey

Uetdl= oAl AxEs
T (LF5000) wigo] w4 o]
(HPA, LF5000) ®j2 ghAaksirzh @@= #] oko}

cycle

<E 5.8> TAFMARE APl e ddsed A
S Cycles ] 1_“} %lt’éjz‘ﬁ}f(A) Ao s gt
= 13] (Hz) 23] (Hz) 33| (Hz) | B4 Hz) | AAT (%)

0 2,256 2,282 2,267 2,268.3 100.0
30 2,249 2,268 2,240 2,251.3 98.5
60 2,227 2,198 2,238 2,221.0 95.9
90 2,215 2,177 2,219 2,203.7 94 .4
ArH7 = 120 2,196 2,153 2,216 2,188.3 93.1
I E 150 2,163 2,142 2,201 2,168.7 91.4
(LF3000) 180 2,154 2,128 2,173 2,151.7 90.0
210 2,137 2,109 2,156 2,134.0 88.5
240 2,118 2,076 2,132 2,108.7 386.4
270 2,099 2,058 2,104 2,087.0 84.7
300 2,081 2,036 2,086 2,067.7 83.1
0 2,284 2,262 2,271 2,272.3 100.0
30 2,276 2,259 2,269 2,268.0 99.6
60 2,268 2,250 2,261 2,259.7 98.9
90 2,272 2,242 2,253 2,255.7 98.5
EIRAR 120 2,267 2,229 2,239 2,245.0 97.6
£AYE 150 2,254 2,211 2,220 2,228.3 96.2
(LF5000) 180 2,226 2,196 2,206 2,209.3 94.5
210 2,168 2,184 2,175 2,175.7 91.7
240 2,149 2,167 2,156 2,157.3 90.1
270 2,082 2,139 2,141 2,120.7 87.1
300 2,055 2,129 2,107 2,097.0 85.2
0 2,323 2,309 2,287 2,306.3 100.0
30 2,318 2,286 2,275 2,293.0 98.8
60 2,310 2,278 2,259 2,282.3 97.9
A 90 2,299 2,283 2,250 2,277.3 97.5
sa9E 120 2,285 2,271 2,246 2,267.3 96.6
(HPA 150 2,276 2,247 2,237 2,253.3 95.5
LF500(’)) 180 2,268 2,229 2,229 2,242.0 94.5
210 2,251 2,206 2,217 2,224.7 93.0
240 2,234 2,197 2,208 2,213.0 92.1
270 2,213 2,181 2,196 2,196.7 90.7
300 2,198 2,157 2,169 2,174.7 388.9




KTA—Annual Technical Report

5.3 B3 Wugele B4 AIE A

2 ATl B Ay gl 24 AlES ddE 2 1498 AR 8 Sk AE M
o] &L ofel) 3k} o] IAEGAEFIHHSI S [TAtech(2013)ellA4 #2 #HF e
et 27 e 5 CEREHEC dig F2 3 ‘FEAd o gk A AlES 3T
<E 5.9 ®BF wBgelel o A% (ITAtech, 2013)

=X REEE: Ha 27445
N i ASTM 1583/C 1583M (1hA]3]) =
Shez] =Ry
el H# v EN ISO 4624 (7184, 50mm E2] AR | WrEel g8 & 284 oy 0.5 MPa

(bond to substrate)

T+ EN 1542

EP s U ehel el
H& o] 52 3 (double
bond). °F A&
Wuzele] 79

ASTM 1583/C 1583M (Q12A]1&)

FHE ZAYE ol Ay * 28Y
o]y} 0.5 MPa

EN 12390—-8 =& u
g Baaacl SRS FAEE U gy gas gaste 954 e
(watertightness) TISN 14891 Z8: =E W (Zero penetration of water)
AA e digt Part A7
axBv A EN 1062-7 Class Ab
(crack bridging) Method A: C1 AAJZAH (20" O] F4& 2.5 mm
Q15 Class E

(flammability)

EN ISO 11925-2

EN 13501—-2+A1°l] A9

s512 A9y

(chemical resistance)

EN 14414: Method A(XFA-& M),
Method B(&Ze &),
A (@EsE5% 10%).

EN 14414 Method A
ZIRkst A2 AR

Aets Ferxiel we Al@ oo}

TC -
[ I

Befl

A7 gt

a) Astel tg A7k EAF glojob

sk
=
b) thzZ M= (control sample) 2]
ANFEA (AT L 3 A9
AE) W, JEVES dxRT

WES Wmste] AYLES) 3] A

- A& Hd Wsr 25%
U ojujolo]of s}
a) Astel tjst AlZHE A7) glofof
Sk
b) tE+ M= (control sample) 39]
93 AaA AGEA (ﬂ%%g 2 3y A9
EN 14415: & (Method A), 74| 2174&) Hln. &7 U=

(resistance to

&7kg] o A (Method B)

WE} vlaste] QAR Ee 3] A

leaching) g Al Wt 25%
ojujolefof st}
o) AMEY FTH &£AHo] YRy
Hlw3sto] 5%H T AX= FE T
EN 12390—-8 =8 wA
) 5} 2 2=x(9a
g A FEAES TAOE 1 gugas gase 3% 98
. = .
(watertightness) EN 14891 #&: =age wa (Zero penetration of water)

Aol st Part A7
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o7HY, IFARAR AHHE Fe 1A E 9 WA e R ot

@ 2 AFdME e FAARAE S-St =AYEY v 2HAE TS
AESH] 93 Adubg s =38 E(LF3000), 4% =38 E(LF5000), TAS
A8 E(HPA, LF5000)% TF3ste] wigtdAE AAselae 7z 3% wWEgs

Zleor AR oded APsA wEE x£Astel FAAE AFEe 4

EREES

olr
>,
e
o

© FAARAE s =AYES] A8 G AdS fdl A A wagE
TAAE olgsto], AE AT 19, 7Y, 289 AFAE A AW 1, 7Y, 28

5 AldE s W30 i AldS daole AF ALY A, sEs

@ 345 A= q8q Y5 AAR 4 APl BE xANEY] GEYE

1A% A E(HPA, LF5000) wigra JFARA /MFdoz ARgo] Tw3st 5107
el U5 Alddy widdE yTAd Y 5 A5 145 HPA, LF5000) >
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= AelA AAE A
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MERle] 4k FAAEe FUAdoR e Sk AlE Mol AHgd Zow
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HJ
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AL 2
B dTE FENEY TENEHTIENEN AT B4 AN BRZaE
ASAT AHF'e B 72 BFEWHE At &8 7], RS—2020-KA157945)”

Ao o8 S E o old A=Yyt

8.
9.

2217 7)Y, 3A5 HER A p8s

. EFNARC (1999), European Specification for Sprayed Concrete Guidelines, pp.1~15

St A Ad7|sd T (2020), 9 A5 ARA dsH7T 7l A

. Bernardo, G., Guida, A. and Mecca, 1. (2015) Advancements in shotcrete technology.

WIT Transactions on The Built Environment, 153, pp. 591—602.

CAAANTE 6858, AT BAEEA W VAR e LA FAAE AFESE 54

A A, A" (2020). @A LZE A FAAL AT WA ESAE ol &F
e g AT £AYE W, 2 EFS], 32(3): 39-45.

HILTI (2011), Operating instructions : DX 450—SCT

T EEH (2015), HY X+=AWA pp.35~53

10. TE-EH (2016), TAYE RTAIHA pp.227~237

1. g E2-FA E2usdT7Y (2017), HY S=3I4E dF5HE 7]

N
4
fll
I-
&

7R ¥<F, pp.13~19
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Annual Technical Report(Part 2)
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e e———

’—.'} 3 <
 Gangneung station| . Cut & cover
station

T — RS
\§

('l"l'i"l',’

Sy

7/
A\

'TBM tunnel

2—Arch tunnel station g ——

[1¥ 2.1] Original design condition of station tunnel (2-Arch NATM)

[Pile foundation of Gangneung station|

(2500) Y Ml ‘ (2600)
| C
Central tunnel /\QR 2-Arch tunnel
NATM { | | | NAM 2y
(a) Decreased stability of existing structures (b) Interference with the 2-Arch tunnel

[71¥ 2.2] Anticipated problem analysis of 2-Arch tunnel

3. AR AE

o] ol 9x% AElo]S (Jiangtai station)S A SJFQ 1434 Aed A%
Hdolth(Liu et al., 2015). ¥AEEE I§ 3.1() 9 o] AGH g 23 <
27 EAske @3z "HyY AZAERA B EARGORE FAR ARtz
v#stel AETBM ¥Rl A&38t3la, A A4 B4st nsdd 55 st
A2z Wy HAAsE Y8l 2-ArchEld AAZE AFsQlTh oW, 2-ArchEl ¥
AAGL EAEde TR 2ETBMA] AlgdAA gR7F 7sst TBMA =3
2—ArchHES AAl Hx=2 HAEAt(2d 3.1(0)). TBMAZZ 2-ArchBE<

X

TUHHE S dETBMORE Aursty v3 % AIUER BAes JAozA £48E U
=
=

M
SAE e T =23 AEstnE AlgdAdel

5S¢ 9% #4490 g3y Jge] waALd 3
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2-ArchHE? Ao] dA o] Aol QI 7FeAk9]]tY (Gaojiayuan sta—

tion) = TBMAZH 2—ArchB]lYS A48 7oz ZAE 9t (Cao et al., 2018).

B —— S
Elevation(m)| K40+632.0 'Roadway | K40+811.0 Pilot tunnel ‘Shmcre‘e"I {Caﬁr%e
35 L

|
Al \Segmentlj\\‘—ry |
T Pile]

(a) Drawing of longitudinal section (b) Tunnel section

—_— e
107 K40+630 650 670 690 710 730 730 770 790 810820 ___ Spield snel sutdine

[2¥ 3.1] Construction stages of Jiangtai station

4. TBM AZH 2—ArchHd FQAAAE

4.1 TBM AZA 2-ArchHyY @dAZ
2oy e 759 3% HusdTe TErzs we 2R Avzas
2o AwzAe 1dd 4% BeAe] erHdth YR EANE FEY £
w2 Aelolde] AFHAY TBMAE 2-ArchBl¥S = Hizz Agstud
Stk Bz RAEd 2RI 4ETBM3 dAAEe]l 2R 71E NATME

2—ArchB| g9 EAHEE ZEslo] AulebgAdy AFAARS gxd ¢ A= gy
Aoty TBMA=X 2—-ArchHE ©SHAIEA] O+ E=TBM((D=9.0m)°] &%
EXAEHY dis 1835t AAAFo] 7MesteE @S AT (19 4.1).

«—— Shotcrete|
.
. Concrele‘

Segment
Lining
%

(fck=60MPa)

[D=9.0m

(a) Shield TBM (b) TBM pre-excavation type 2-Arch tunnel

[(29 4.1] Tunnel section
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4.2 TBM A23 2—ArchB g A543
TBMA =7 2-ArchE] 9 9] Al 17 429 2oh &3 $9 4599 gy gn s
el 2-ArchBlY HAEHE-E o4 3 (e2lomm) 2 ARAFEATt 7Pd WA FHEE=
2-Arch TYEHEE dETBMO R =23} FAlo] 175 (60MPa) Al 1THER g}o]

K

Key AlZTHES vty AIHEES A|9d ZE AIUES diAsA it 53Ho=
AITHEE 973 AAHe= 2AHdY 28 HIZAZS AIHE siAg JFeEd
gFolgts F7HA AlegdAE vEEor & der k. =, TBMA =X 2-ArchEl € 9]

ATAE A A FF71e 32 AEAAAE Lefsto] ATHE FAA RS FRstofof st

Excavation of
shield TBM

Steel support ~ Column Excavation Separation of
side block

Pipe Reinforcement o T
(a) Stage 1 (b) Stage 2 (c) Stage 3
Demolition of Demolition of Excavation  DPemolition of
segments(1 step) segments(2 step) - segments(3 step)
Y Pl
(d) Stage 4 (e) Stage 5 (f) Stage 6

[2% 4.2] Construction stages of TBM pre-excavation type 2-Arch tunnel
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4.3 4ETBM AH|1HE XA F
AETBM AlIHE A A Fo AZTdEozg ATHE &3k xehilz 4 go|y

Aoz FET & QUHE 4.1). EAEHI HELH= AIHES

2-ArchH| 28] A IHEE AAARD ARAZA FA T IS FRSHE FI715 99

Ad #AE pHEdtolof ok AIHE

i By ddyY Fx kgAdel e AaAa wAS

2-ArchEl 92 ZU47]5 A4 9 AIUE A AS3AdS st ~Ed

4 gahgint.

<# 4.1>Segment design according to TBM pre—excavation type 2—Arch tunnel

Sort Division of segment Combining method Taper type

fa

\a.' la
Main Tunnel \\a .y a)
k_)-ﬂ//

Equal division

Station

Tunnel

AZME R23ALY A BAHLTRS AL @0 FAwt golstn o
A

EBRls AEstal, TBMA=Z 2-ArchH 2 $¢7]5 HAAE 1L

=
A g5te AR gA Holn ATHES Ak Zo] Bud Aow And
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4.4 2ETBM Al1HE AXAE

TTBMA 2% 2-ArchE] €2 9B Y =2 Al Key AIZHE 9 #vlgH A IHES A 9|3t
BE AIUEE diAste] B Ueg FREH frh 25TBM A4 A8 AIUES
AHFAHE AAE glorns AIHES FA3 Aydes st Adst fAAES
FHe Aol Fosit ¥ 43 vololE = Hol HEl ffolojE FI AIRES
Aebshs Wetolt. =W Aok S ghel A &AM v oy, dus #xlo] v
Ak, stojo] #HE§ 4 My W golo] AA T AYFAHol v HFbsirh WhH,
I9 430b)y= AIHE siAlE Aol EX(EEAA)e FEets Wetoer #E dgtolA

s T3 AIHEE

AR 2ol weeta, 1R AIHE Hdo] EE Qs Algo] golsit

Shotcrete Shear reinforcement bar

Side block
I\\\\\i Key segment /“’:f

Side block Wi » \
i = \\ \\
L :

ey segment ‘

(a) Wire saw (b) Side block segments

It

[1¥ 4.3] Demolition plan of lining segments

5. FAMAE T3 HEaH HF
g

5.1 TBMAZA 2—-Archel¥ a3 AAS
TBMA =% 2—Arch8]93 7]¥ NATM &4 2-Arche|g9 7} & Aolde %

5.13 o] AANFHE= FUEEEY FAel Utk 7€ NATM &2 2-ArchHE&
SYEE 22 & 12k ARAR £AYES} SEER A BAS FAT & 23k A B
TAYE groldg ERdEH ¢4 HAeEHES =FAsHA HEER TR AR o]¢o]
HoretA @AEkA "ok wbd TBMAEZ 2—-ArchE] Y2 23 A HA] /gl Al1HE
golgor ARASA HER 7]E NATM 322 2-Archeld gy F8 A5ke] o] kS
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Hasd s Zor dddrh 2-Arch TYHE Al

F8ste]  TBMA=Z  2-ArchHlde adHAFde  HIFsGTh  ou, FAEAS
AR (FDM) & o] &3k A b & s 22 73 FLAC 3DZ Z &3kt A nde
Mohr—Coulombel] &A% ®AAZRIS Agsto] Xy} FxE& R ow,
I AR 54E nelsto] 71 NATME 2-Archel 9] £3EE A&4Rd
Agstal TBMA=2 2-ArchBHEe AIWE: E2dE5ERES AE&ste] AIWE

o1& el AFL mASAT.

<% 5.1>Construction sequence for each excavation method

Sort [Step1]Central Tuunnel | [Step2]Column Tuunnel | [Step3]Enlarged Tuunnel
Generic

Blast

NATM Type .
shotcret (t=120mm) /rockbolt Column shotcret/rockbolt/lining

TBM Shield

TBM

TYPE

segment (t=350mm, lining) Column shotcret/rockbolt/lining

= e
e g F AAThE 52). weEkA 7€ NATME 2-ArchBHlE tfv] TBMA =X

2ArchE Y HgA HY FEE PP @] bsd oz Aud

<3 5.2>Stability results for each excavation method

Sort Generic NATM type 2—Arch tunnel | TBM Pro—excavation type 2—Arch tunnel
; | H ‘j - . |Displacement 1.93hm [
[ S , —
Central . L = o
Tunnel '
! - Displacement 1.37mm|
] [Lalmiel ] |
Enlarged E 1
Y e
Tunnel

as
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5.2 TBMAZ3l 2—-ArchH 4 ¢34 HE

Aol shtsare HERAARS TSt~ Ak ]
ey 29l o]AAT ok 1.9mE WS A ABRALS AT Q™ 5.1(a).
olgfg #3Fe] #&¥ TBMA=X 2-Archtld ¢ AAPAN HAEE FHstaa a5k
AEFS] AREARFY 7lE FxEe @3S a#stel 19 5109 Zo] 334
i, TBMAZZ 2-ArchHlgel ozt =235 SAS

<

_1

nags Y5 FAF O R
2ALEI T olw AL® HA=TBM %2 2—-ArchElde ddA9e 79 4137 gon,
2—ArchHld 7|2 JFZXHAEE Ed A3t e 4ol 2.0m(C.T.C 4.0m)=

Attt Ales AdEEe] dist 4 AHEES fd BHE W9 = ARA
E

z2) S AEs, 7/E $PH FEodo pxE

EHE | 1 "w” . Cut & cover

1 station

...... (w(l'igo)" g
— ]

@) | Lo

1
Lo \P|pe Remforcement}—ﬁ _‘ﬁ'i 74 =2
i /"

2—Ah tunnel

(a) Drawing of longitudinal section (b) FLAC 3D finite difference model

[71¥ 5.1] Modeling of TBM pre-excavation type 2-Arch tunnel

TBMA =% 2-ArchH 9] AgdAlE aest A4 Aas 1952 2 %
ol Attt B ANz AY e Bata AdE oA BAskE WL

ARA] HAAT S BT 387]F oJulZ Abg o] AMEEe] A Rt T
o7 Atmdrt E3k TBMA=EZ 2—-Archeld o= Qg 71& F+xEQ 4
s GEE EAS Ay Ho W] 9 538 T V1€ 7EREC dAske ®STE

5871 olWE Ag gl w7l e AHAde FRE ¢ Jls JloR

5.
A

1‘
ol
192
=2

—



AE7Es A8l A=Ed dE4d3, TBMA=X 2-ArchBld =202 s

(a) TBM pre-excavation type 2-Arch tunnel

[1¥ 5.2] Displacement distribution for each structure

<% 5.13>Summary of stability results

KTA—Annual Technical Report

AEsdol 871 oWz gl

ol

(b) Pile foundation

TBM pre— Displacement(mm) Flexural
excavation compressive Shear stress(Mpa)
type Crown Convergence stress(Mpa)
2 Arch 13.47 6.57 5.01<14.0000K) | 0.34<0.47(0K)
Tunnel
Maximum Differential Angular . .
Station & pile | subsidence (mm) | settlement (mm) displacement Horizontal strain
foundati
HIEAHOT 1 7.70¢25.0 (OK) | 2.30<90.0 (OK) | 1/7,626<1/50000K) | 1/76923<1/2000QK)
Longitudinal Aligment Cross level Gauge
Trak level (mm) (mm) (mm) (mm
irregularity

2.35<3.0 (O.K) | 0.079<3.0 (O.K)

0.658<0.3 (0.K)

0.089<0.3 (0.K)

6. 4 &

7€ NATME 2-ArchHES F

7)1 ZA kel ekt o] ehS Al A A AS
e o] BTN FIHEATE 2 EHM o]
AL AT B AFAE oy =

2-Arch®] g 9]

TBMA =72 2-ArchE]| €2 U HE=2 Akttt o]l= E=TBMI} 2-ArchE| 4 33
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