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{Summary,

Purpose Development of integrated shortcrete fiber-net tunnel support system using hyper fiber-net
[Core technology 1] Development of hyper fiber-net for tunnel support
O Manufacturing technique of integrated hyper fiber-net
- Required performance of fiber-net for tunnel support (tensile strength, elongation,
crack control etc.)
- Texture design and surface treatment of fiber-net for improving bonding between
shortcrete and fiber-net
- Manufacturing technique of fiber-net considering type, shape and weaving method of
fiber including geogrid
O Guideline of integrated fiber-net manufacturing technique and quality control
[Core technology 2] Development of shortcrete for fiber-net support
O Development of shortcrete for fiber-net support
Contents

- Required performance and optimum mixture proportion of shortcrete
O Development of innovative high performance shortcrete with improved bonding

[Core technology 3] Development of integrated tunnel support system and construction
method with efficient constructability
O Deveopment of technical element in integrated support system
- Integrated tunnel support system including steel rib, rock bolt and fiber-net
- Practical construction procedure and anchoring system
O Design of fiber-net for tunnel support and comprehensive performance evaluation
of developed system
- Securing of constuctability and safety via field testing
O Evaluation of economic feasibility and guideline of construction method

Development Results

O Hyper fiber-net for tunnel support
- tensile strength increase more than 30% relative to fiber reinforced shortcrete and
flexural toughness factor more than 75%
O Fiber-net with high bonding between shortcrete and fiber-net
O Integrated tunnel support system with efficient constructability
O Evaluation method of integrated fiber-net shortcrete and field testing
O Guideline of construction and quality control of integrated fiber-net tunnel support system
O Economic feasibility analysis report

Expected Contribution

[Application plan]
O Combination of fiber-net with other types of materials to enlarge application range
O Commercialization of fiber-net manufacturing technology through technology transfer

O Extension of application to other types of structures including slope reinforcement in highway
[Expected effect]

O Decrease in maintenance cost relative to steel-fiber reinforced shortcrete
Improvement of constructability and cost cutting

Reduction of construction wastes due to prevention of rebounded steel-fiber

O O O

Improvement of construction efficiency due to enhancement in shortcrete constructability

and durability of shortcrete machine

O

New market exploitation and increase in export

O

Improvement of quality of life by enhancing tunnel safety

Keywords

Shotcrete Fiber-net Tunnel support Integration Crack control
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Usage Length Width Height
Tunneling 500 500 150
Slope stabilization 300 300 300
Repair and strengthening 300 300 150
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o Z¥ SHE EZ2Q 180 mm + 10 mm7Z} EHEE A S S o|Fe gHREE EH Z1 (
2-18 &=xX)
- S20A52| EHIR2ESE °2F 1956%2 S E 2|HI2E82l 10%0ll o|x|X| 23l 2L}, S20A5RP102| 2|HI2
ES2 2 1133%=2 =X ZHIRES0| Hel 2HS He =z LiERHS.
- 0] Z3Z Hol, 2HIREES ZASINZ = U= HIE S20A5RP10 HiEHRl WO Z SRIEAUS
[3 S20A5RP10 HiEHS M7 J=Y XEMNE £32(EQ AT HIFCE MY (E 2-14 X))
¥ 218 $i% HiE =M o|F 2Ht2ES X Z1 (Slump flow = 180 + 10 mm)
=2Eo FEtE glHl2== B
T2 EbY Bl | EZ32(E Y | Z32E I | 2HREE (W) y
EHIR2EE (%)
(kg) (kg)
1 25.8 7.1 21.58
S20A5
2 28.4 7.8 21.54 19.56
(W/B = 50%)
3 30.9 5.7 15.57
1 29.8 34 10.24
S20A5RP10
2 34.3 42 10.91 11.33
(W/B = 40%)
3 326 4.8 12.83
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a8 2-38. 22H AL AlZHE

AL E{d ZAL == 4 mock-up test

O BHYE 2ZAF =2 (38 2-39 &=x)
£0[ 32 m, 20| 25 me| OofxXY HYE ZAL FxF 20 Mz ¥ FxE
AH B o $o| of20| A3 B HA BAL

2 i
0

3 m,
2|04
12ES BABE| 218 A 20 mm 2ol B2 08 me| oz X

Ju

(b) BHE ZA == U5 EH

(a) EE Z2Al 7Z=

J8 2-39. E{d ZAl FE=

0O Az o 7o

o % AMM ZHoMe M= oot B JisA S Eelshy| I8l E 2-13 ¥ & 2-140 MAIE £32|E
2 M7 J=% 2o 232IE uiFr (& 2-140 MA[E BiEE 7|E TEX 40%E FS M X5
BiEh) 2 2.5%5.0 cm@| AXIE 2= M7 a2 AlS ol FIt

o 7|Z X|ERetel M5 H] fall, 27 24 £I2|E Al Hpol FIt

« AS HEE HIECR lie] AlF ot 4 (a7 240 EX)
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Section 2 Section 4
‘S20A5RP10-M"-"2.5x5.0 cm fiber net’ Steel fiber reinforced shotcrete
2'5 m_. e R e e e e P T a iy e e e e ] zsm
Section 1 Section 3
‘S20A5RP10-M*-"2.5%2.5 cm fiber net’ *S20A5RP10-C-"2.5% 5.0 cm fiber net’
3.0m 30m

T8 240 Als o 7

- HIXSHE &8 ot I & M7 22 XNEMES IR ES] FIt i MEB (AL, E2), &
H7= Xl SHE W] sl Y £ (A8 241 HX)
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- tigh A= 2o|E2 S5l ol&E Z32|Es #3IEE EME FH|E 085104 5 eme| FAHE ZE2 Z
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2 E 2

0 Hh 3) SZA AL AlZH Zalof mE Mg O AIZN HoPE Sdl i 28Y HY AS IS
AMZHHE
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= W Nme | cosrs iz HMEW | B2 | sH zfl 227
Plain 355.2 0
SH1 3504 4.8
SH3 47% 340.8 96 24 1,625 4.8 14.4 0.2 10
SH5 331.2 24
SH7 321.6 33.6

2016 21g7lg SANE

CAUC

60



o

2) AR oM @80l uhE &38| EQ| X[

17}

|A-Iir1.
oo o

Eo

=L

D=ZEl=

=¥
S

O A7

g 38|

Ry

. XP7|RS AXel X

O =2 water flow test O] &

i

H
o

ot

317|

7t
A2| =] 7ol

P
E"g

« WIAw ds

|7+ ds g7t

PN

1510 X7

- Water flow test :

=] 3=}

H
oH-

() Water flow test 34

i 0|2

iTE
(i)

Al

2|
S

* 100x50 mm2| &

C2| water

o,

HO[A 24412 SOt M5t ond, A 28K 2043

xH
™

RH 100% %

o 8ig ¥, 20+£3 T,

H
0k

3
]
o

ory 5

containerd| A +=F

oll

Z04 0.25 mm<

BiEZ

H

iy
__mv

%0
5l

ol
Hr

2l 2-52).

Q]

61

H
H
H

CAU Chung~&ng University

2016 2871 BANE



o Water flow test= =5 =0[ 300 mm (Al
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o A7 &5 "ot A1t
- AR 2™l 2eig0] S7tgol mel AT (X7 MAs gat (aF 2-54, 8 2-55 EX)
Plain2| Z< M 280l 2F 65%2 T+ #4L8S EXCH, AP|X7 2™l ERS0] 5% 7K mf
IR &Mooz BIIst FLa80] 2F 94%0l Eote AR Hel=2
SH7 4ol SH5Q! A2t OREUIX|IZ 94% 2, X7| E40| =5 O 2 AS Ukt AP|A|7
As0| B7t5t Ao 2 & F oLt O &2 J2| X %2 U2 Hol=AS.
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X 80
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= X a\ x
£ 60 - oA o] 2
g ® poo
o o
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=
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=
.E 20 -
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-
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S
? 40 -
H
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E=
£ -
% 20
3 | Plain & SH1 A 5H3 @ SHS B SH7
0 T T T
230 240 250 260 270
Crack width [pm]
J8 2-55. 2827t AP B & £ HdAs EUt 4n
- HigtE g4 70E E OH| Fa4das 2 (38 2-56 EX)
AZ|x7 2xe| 2ol Soteoll w2t Xp7|xl7 Mdso| grat=| X[k AT |x|7 &Mt 5% ol 2
== 49 A|xw Ms a2 ojdlEh
0O ZHMds Te{g o, AP|XF AN E 5% AFEst= Zo| MEE Zo= WEtE,
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2 30 -
% 20 | 7days O Plain © SH1 A SH3 O SHS X SH7
=
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0 T T T
240 245 250 255 260

Crack width [pm]

28 256 B@ 2 E Oy BF £4 428

3) §iZ i Ete| AP |XF Ms "ol
O & Hiets &8st AV |X7 M5 QIS AlH Mzt
* S20ASRP10 % S20ASRP10SH52| HiEH| (E 2-22 &tZx)of e} s
o AlH HZt2 2lolf 2llo[ZoM Z2EIZE B2 T SZME Ao 2eist = AlH M (3R 2-57 EX)
222 HE AlS BiE|
EREE (kgm') ALZ22F (Binder %)
T w/B 24 e
Al fore = o
[HE GGBFS Ma MZX | SH s =2
S20A5RP10 355.2 0
47% 96 24 1,625 48 0.2 10
S20A5RP10SH5 3312 24
Al Mz 25
8 2-57. 8% Al Al AP[R 7 S Ho7ts AlE Mz 25
O & digts &8s AP|X7 A= "ot
e 100x200 mm AlE2| 2k B2 HEpf hHM 100x50 mm A|EHES 2704 oo & g7l A|H 0|2
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- dEeS 7ot = AlHe UFo ME|E AIEE E0o 2Y X0| 29| Ho|X| AT S0, et
njds Soff gh= FIstHM fE £2 =gsio] 2 o 2l 200250 pm/t S =H
- HEE =X 08 £l 200250 pme| d¥ 22 5F (E 223 FHI)
B 223 A HiEel 7Y £ £ Zn
AlH oMM (um) 5™ (um) g (um)
1 223 255 243
2 240 237 239
S20A5RP10 3 196 214 205
4 214 202 208
5 222 227 225
1 240 225 232
2 211 224 218
S20A5RP10SH5 3 217 243 230
4 229 184 206
5 249 243 246
o APIXR Mds EIF 21t
- ek HiEh (S20A5RP10)0| B[S AEZ[X|F HHEF (S20A5SRP10SHS)S| AP |X|7 M& &4t (OB 2-58, O8
2-59 Ex)
S20A5RP10 Higte| A, #€ Z0[ 200 ym¥ Of T ZAS0| 2F 80%%U20, 7 =o0| S7teof
2f 24435101 240 umoll= 2F 70%=2 ZL
S20A5RP10SHS Higtel A<, #4<¥ £0| 200 ym¥ O F= ZAS0| 100%A20, #E F0| Z7tetof
el 245104 230 um7kX| 2F 90% OfAF Zha
0 X7 |x78 £32(E vists S E 206 yme| 7€ X[R7} 7S5t HE &0l
100
— O 4
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=
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Baw|{ o
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E 30 -
E 20 4
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20 4

Water flow reduction rate [%]

10 & 7 days » 28 days
0 T T T

200 210 220 230 240 250
Crack width [um]

38 2-59. A7 | x| B (S20A5RP10SHS)2| AP |x|5¢ Ms "ot ZAa}

O 4% 28Y NEME 232 FY AWIXT M5 Bt BN £5 Q8 260 &X)
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df J=2% J2HE £3cE
=23 IDIXs 85 87 E1AM

2020. 02

a8 2-60. 47 22 XNEME £32E ¥ AW(xF d5 H7t 21N

AL HE A" AIE
O AlE AIZ B 24 (3> 261 FE)
e Section 1 — ‘S20A5RP10-M’ - ‘2.5%2.5 cm fiber net’
e Section 2 — ‘S20A5RP10-M’ - ‘2.5%5.0 cm fiber net’

e Section 3 — ‘S20A5RP10-C’ - “2.5%5.0 cm fiber net’
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o AlS AIZH (F 225 EX)

- MR 2BY AID Hel E AIB A2 B

Alg 72 M7 28Y M AlS WA oy ®MA AlZ Azt
Section 1 2 328 /m’
Section 2 8= 18&2/m’
Section 3 302 252 /m’

- A" AMS d F 2 728 S I A FE R0 AlE Lo £32|E EME FAHE Sofl 24t £32|E
Etd FHol odd dIt (28 2-68 &HX)

(a) Section 1 (b) Section 2 (c) Section 3

>

J8 2-68. ZF 72 & MFE T AlH

- 2X} £32|E EMd FH HAE ZI section 10IME SE gtz RABH AZE A 2L, section 22 301A]

= =X EMd Fol &M o|x|X|] 2 (& 2-26 EX).

0S8 B/ SHE M8t o|& HASH 7XISH| «5t0] UH AlZ HHof| st AlZ AIZES 2 11
Em'Z FHE HE M
E 226 2 720 2AF £32|E B S
AlE 72 1 2 3 Average
Section 1 4.5 cm 39 cm 44 cm 4.6 cm
Section 2 3.9 cm 3.7 cm 3.6 cm 3.7 cm
Section 3 2.6 cm 3.6 cm 3.1 cm 3.1 cm
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¥
Steel fiber reinforced concrete THH Steel fiber reinforced concrete HEE 3 28 2%
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Set load step
l FRC tension model
50
»  Assume neutral depth ——
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Calculate strain distribution 2.
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Calculate stress distribution | | o} oo
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curvature .
' Ship imm) '
End

a8 274 M7 2= 22 £32|E 3 247 22 £32|EQ| M o4 Lg|

o
il

2018 2aE SR CAU Chung-2ng University . 76



s
xr

==
[i[s
gl

1l

E 9| moment-curvature

2w 24«32

i Etd =7

3|

tof, 2% 24 £32| =0 H]

o

BF
3l

Jlo

SAE o

dEAMAL BE X EHZA 2

=
=

UHMWPE reinforced concrete
— — - Steel fiber reinforced concrete

0.3

0.2
Curvature [/m]

0.1

12

[w/w-Ny{] Juswol

9| moment-curvature 23 Z}

=

dew 24 £32

=)
=

Efd X[2A|X

HE

ol
=

2-34 &X)

5]

(

O X =zf

NEdH =&

ol
B

oty A

RE AlLE XHE &

2 BE

ol olx

7 129

__Lg._

b a2z X[Zof 2f

[e)3=]
a8

tol/Efe Bf™

b EALRb AH O X

olH
| R

E

- AH Al Al

1o
™~
20
2l
H
<
=)
Tlo
i
o
Ko =
H j
0 ki
< 5
T
ol _
__ o
%o <
"0 o
o<
IR
oA
ol <
Kom
__b._ I
O._ m._._
i [
o 5
™ o
K

Eld X[2A|

U
=
=)

EiE X[E2A|

g

|

ol
=

ol

Bld X2 AL X 2oiH

J=Y LAY

o
SR

<

o
w| L
1 <~ — Xl
Wr oS R’ 1Y
NN E
-
w|

= 4

= |Gy | om0

o | M Axo_ﬁ_A

— T e

K |0 o <
M_m K W Mo

n
3 = g
ul wl § S
ﬂw o 7
<4< ﬂwm_?.ﬂwml_u_.
~ W =Ko W
n L ]
Tl K -
H@_.m__r
K .u.u._m_x_lu_,l _.._|o
i s o~ 3l — X
®ar Mooy
<0 =F KF K
n -
EA=)
w_m 30 =
T
ol ol
ol _Eom
H e
no
ljo
= «
ol

77

CAU



O Az =M

Ho

K

I

RMR

. AHEFASIAA - ¢

o

M
=

H2|E — FHOf A

- 2lold Z

- 23 £32|E B - wh 2 83

|_Tl_
=)

A

!

% 189

pS|
(=]

ok

b

1 AHE

2 sk

Bench

|
J

AEEy [/ BRI

— oy (e 25

RMA B8 7|8 382 2 By
= EJNEF HRB TN DAY L JLH HE

O R uE

7

FARA 3 ugee & |

FCEE
1&f 328 g

[
I

[IETEEFCET TR

[

]

23 £32|E B

o 5 W3

TEArBnw

2t @3E

SO A R ER

g X2 Al

2H Y

J8 277 £3REE 47 2=

CAU Chung-&ng University . 78

2016 21871 A



()]
~

: A oAt

: AA T75%
E
S

2
2 25|
M
o
k=3
—

v |
e
=
CAU

Rl = O N

ol _

2
o
=3
£2

o
Ao
—
cm
M
==
ol
—

)
2 E
28
25 MPa O|&¢
2%

55 mm O]
F

5

L |

Kl r
U K

14
1.3 MPa O|&¢
700 pm Of
60 kKN/m O|A}
80% Of 4t
5.85 MPa O|At
3.375 MPa O| A}
10% oO|2t
A
M
a

™ -

F(
5
[s13
[==%

<0

t
cm

ofl

=
_ﬁ_
1
5-10 MPa O|&¢

2'5
2
21.25 MPa 0|4 (20| &4 75 mm O &t
20 MPa O] of
=
&=

N

o

H | X0 < 0 B WS

H A ° | K RO #r| R0 | Rowm | RO WM ES
Y

NG
=]
|
furd
=t
)

- ol T woom | %0 o | 2
M 0] o wo | o

00

w| K

w
m ol

Je2|E §EZ
i
b
z[E T
ot
o
ot
o
=

JelE £

10

= =
Ead
A
a
s
o
T
=
o
7
32| E
73
32| E 2|}
Eed
A
M
(=}
=2

OF | z0 K | zm

PN
A
PN
A
£
A
PN
A
o
o7
Al
=
PN
A
PN
A
o
&
=

b
2016 217y TN



¥ 236 M7 O8% B4 £32|Eo A ERE| g5
HALg= HARIE Ak H| 2
Higtt| 2 ARSE Etder mf ofct Hrol 7|&E
SRty EFME o ofct "ol J|E
dnme | g o 3 oj 2l Sot 2 :
- A5H,
=7 EpME ) ofct I
i el = Ry BN )
R
ol -
1 s KS F 2405
opzz . 371?;’5'! : KS F 21?5
Me g2 282l 13/ (E7‘| x), ]
s = :
X2 <|)1 H T/Io | KS 011 'ﬁ4‘2|2
18l(3& AHXHF
438 (35) ( =)
- - BATE
Hxb7e ’ -
o S AL L3lel KS F 2762
.  HHEZXE
Hx$= e KS F 2424 ;
18/
EHY A% 20
orc
) N KS F 2422 - mote
FH (20 F), HMEE 2704,
13](62)20 m o ok oL
Sob ma | e e
eA VI EN
YT ANZH AR Zap | S KIO :
HE X288 M7 10319
asat
= TEER NBH A s | K80 :
TR 12960
i - BAEY
=l e KS F 2566 -
18/
_ = HIEER .
g oMAS oo KS F 2566 -
18/
Me g=2g Hzt 2Ht2 =
«32|E Mzel o
RFAA|EF A gl )él%h%
E||:||-°':o =] |—| —_ = E%El _
AE B M=ol A
Agez
LhE @t
OB, RANE Ax4E AlE, 23205 T 5%, 8 U5, # o8 Al SoiM 22 A el mae
T J|E gt o|Ato| = ojoF st AR gt B 170 o|Ae| AlZoM FH™E gtol 7|E gtel 715%ECt 2ot =
o

0 £32E8 47 = AHE HY K& A2 ASXEERY =& 38 278 &%)
0O 47 22 XNE] gd £32|E FFI|ER) =& (T8 2-19 &X)

ﬂ ‘E-[L" IIER ’é‘l-rr a1 g} % |7|—’,._=-(°+)’ EE (:LE' 2- 80 (S )

2&6””%*%?& CAUC



0O EY XEE M7 2= MM B0 =& (38 2-81 &X)
[<]] A

0 ‘Hd X2x AH=E 9et £TEEE Hyper 47 D=L XEX 7|2 7|SHAA L 22 (AT 2-82

=)
E3 ‘Hyper Grid’ AA|

e
o
ol
>
]
e
Hu
H
o
r.*
(=]
(9%)
ot
H

SACER dF =% 2N

EE XIZAIAH” ASTIERH

2020. 02

|
o
[N}
2
oS
L
i)
|m
0o
0x
40
I
Mo
02
ne

A B X2 AAY AIZX|E(2H

df JE2 I8
HE £32E BRIIE

2020. 02

J8 279 g7 2= X2ME BHE £32|E FEY|

oY

o[-)

[

2016 21g7lg SANE




b

5 ]

Juy
iz
n
HI
o
0z
30
[
({0
02

[
Ik
=
il
s

2020. 02

a8 2-80. BE X2E M7 A=Y FE7|F(2h

= %

HZ XX E Hyper 87 1S
W1 21N

UE By (Deowmtetsc clay lver OCL

2020. 02

O8 2-81. BE A28 47 D= YL[H 21N

2016 7471 SR CAU Chung~&ng University . 82



7)40) A A kA

8 2-82. ‘B{d X|EX AXSE 2

ok

b £32|EE Hyper M7 D=2 X|2A 7|5 Lot o™ H et

LURE 2F UYM

T8 2-83. ‘Hyper Grid® 2HE 215 AH

2016 21g7lg SANE 83




El. £32|EE d& I=Y LAY EY X=2ALH FHY
1) 7
O ZdHld 242 Hel

o

J2/E8 MF 22 YHE Y XBAAHC FHA A Al DAl

- MR OSYe| thy Mio wE §{IF "

- MR O2Y 2 £32|E 1MSE (B ¥ UTN BE, 2HREE Mzholl uE £32|E B
S Ha E AIE Wz §XES H|E "

- AR Y AMS 332 Fol| mE cycle time, AlSH|, M ZH|

&
cycle time, AlSH| (FH| AlSH|, Qlzdd| R =H|), £32|E X ZH]

- ROCK BOLT
cycle time, AlSH| (BHH| AREH|, QlZ4H[, X ZH])

- M7 asY As
cycle time, AlSH| (BH| ALEH|, QlZdH], M =H|), M7 I=Z M =H|

O ZRN 2440 71 Abg

- AHM B O ZE2 £32|E el 2EE AT, 4R 12U AlZoz #F
- BE, wfaixa), @4 2 ST, Blold 232 AIB, B AIM 2 2Ee sfY X2 A2 SR
a

= Y g HE X2 AlAHe HE T2 RMR 27
7|& et 3=l sists 28 okl A2 JHd
o ZE ¥ UTH FHoMe Mf =Y HZ &£32|ESl 1MSIE 1St 47 =Y 2Z
£32|E9 FAHE 0.10 mZE 7+
- MR B £32|EQ A& 012 m2 T
H

o AAlY 24ty 72 det ZE pzie=z) At 8 SHEE 2TEE 42 15 m, 3.0 mE 7HY

O ZdMA 24 case (F 2-37 &X)
o 2 MM EME F 7HKIQ| caseE CjAICZE 3
- AR O2U2 2HEE AS DYOM EERe dEt 2/HE MHZ ™ MR} JIsSctER, EHEELt MR
J=ae| SA| AIZ2Z2 FIHQI cycle time, A& 212, ¥ Z| 2 0]0] (case 1)
- FIHEQ Al ol A Fu|= EHesSHK| ol 15 dn o MdF ascke| = MX| AlZE (15 min) 2
& (case 2)
¥ 2-37. AHH 24 case
Case 1 Case 2
ZIE2EE Ol M2 20 BHH- A2
;I'%E = )l\:_ll_ﬁ,_ :L%%l' %Al A|-g— === X g7 1% 2L |o
(M7 222 dx| AlZE 15 min)

2) ZHA 24
(J Cycle time
e Case 19| £3E|E cycle time (& 2-38, ¥ 2-39 &X)
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. Z32|E A" AMS =T (case 1)

C} Efad2F Ct N7 diu| =t SFSE diu} cf ®32E
o [= N - ) AL o AL o
K| EA|AH] tm 3 - o J 'e 3 - E_lull_oac%t 3 SIS
m/m m/m m ™ — m
== (m’/m) (m’/m) (m’) () (/b
R E TR TR :
TR
24 4.639 0.958 18.694 3.904 6.959 2.874 0.905 0.287 13
f£32|E
M%7
a=w
P 3.867 0.798 18.694 3.904 5.801 2.394 0.740 0.235 13
«32|E

F 2-39. £3B|E cycle time (case 1)

Cycle time A& &5 27 B4 £38E N7 3= HZ £32E
Abd} : .
EfA | <_:> d 10 min 10 min
St 10 min 10 min
HiE 2| o Abdh 26.29 min" 26.29 min"
S pSEl St 10.98 min” 10.98 min®
il Sl 68.67 min’ 57.24 min”
=0 =¢ Z . 5) ;. 6)
Shet 28.36 min 23.63 min
abdt 20 mi 20 mi
X XA ; 0 min 0 min
Shet 20 min 20 min
AbHE : .
x| =2 Al 10 min 10 min
Shet 10 min 10 min
Atdh 134.96 min 123.53 min
Total . - -
Shet 79.34 min 74.61 min

D (18.694 m*/m)x(1.5 m)/(64 m’/hr)x60; ? (3.904 m*/m)x(3.0 m)/(64 m’/hr)x60; ¥ (6.959 m’)/(6.08 m’*/hr)x60;
Y (5.801 m*)/(6.08 m*/hr)x60; ¥ (2.874 m’)/(6.08 m*/hr)x60; © (2.394 m*)/(6.08 m’/hr)x60

o Case 29|

£32|E cycle time (E 2-40, & 2-41 &=X)

I 2-40. £IBIE HE AZ 2 (case 2)
o EfAM 2 ok mp) Bl CF EMAE Hig) Cf £3e8|E
IIEAIﬁEEI lmo3 I'%ok 1m03|_o [ 1 E-""I'o3 I'%ok III-OE-""I'EC':O 3 Bl 2
m’/m m’/m m 2|HIZES (m
== ( ) ( ) (1) () (m*/hr)
AbdF Stk AbHE Stk AL Stk Ak Stk -
PACSESS
2z 4.639 0.958 18.694 3.904 6.959 2.874 0.905 0.287 13
£32|E
M7
===l
ot 3.616 0.760 18.694 3.904 5.424 2.280 0.380 0.123 13
£+32|E
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I 241. &3B|E cycle time (case 2)

Cycle time A& &5 27 B4 £38E N7 3= HZ £32E
Atgk 10 min 10 min
Etd Z=H| -
St 10 min 10 min
HiEN 2] & Ak} 26.29 min" 26.29 min"
psEl St 10.98 min® 10.98 min®
Ak} 68.67 min’ 53.53 min”
=0 ¢ -
sy 28.36 min’ 22.50 min®
Ao : :
X H A ; 20 min 20 min
St 20 min 20 min
AbHE : .
x| ® Al 10 min 10 min
Shet 10 min 10 min
Abgh 134.96 min 119.81 min
Total . - -
sy 79.34 min 73.48 min

D (18.694 m*/m)x(1.5 m)/(64 m’/hr)x60; ? (3.904 m*/m)x(3.0 m)/(64 m’/hr)x60; ¥ (6.959 m’)/(6.08 m’*/hr)x60;
Y (5424 m))/(6.08 m’/hr)x60; ¥ (2.874 m’)/(6.08 m’/hr)x60; @ (2.280 m’)/(6.08 m’/hr)x60

o Case 12| HEE cycle time (E 242, ¥ 2-43 &=xX)

242 HEE A" AMS Y (case 1)
XHAAS EE 1 m 2 MAX 5= (EA/m) 1 2ot & MX| £ (EA)
= °n At Shut AbeE Shet
PATS Ry
N 8.333 0.667 12.500 2.001
= =l =
A7 a8 22
- 8.333 0.667 12.500 2.001
==
H 243, EEE cycle time (case 1)

Cycle time A& &= 87 24 £32|E M7 3= B2 £32|E
e At 10 min 10 min
e Stk 10 min 10 min
Mz AZE 2t 19.33 min" 19.33 min"
B stat 3.09 min® 3.09 min®
oy HA et 1250 min” 1250 min”

e e hat 2 min” 2 min®
- et 25 min’ 25 min’
bl Shet 4 min® 4 min®
- Atdk 25 min” 25 min”
= stet 4 min® 4 min®

ol gl J|el et 15 min 15 min

- stk 15 min 15 min
Total atdh 106.83 min 106.83 min

otal _ . .

Stk 38.09 min 38.09 min

D (4.64 min/EA)x(12.50 EA)/3;

Y (4.64 min/EA)x(2.001 EAY3; ¥ (1 min/EA)x(12.50 EA); ¥ (1 min/EA)x(2.001 EA);

(2 min/EA)%(12.50 EA); © (2 min/EA)x(2.001 EA); 7 (2 min/EA)x(12.50 EA); ® (2 min/EA)x(2.001 EA)

2016 21g7lg SANE




o Case 22| 22 E cycle time (F 2-44, ¥ 2-45 E=X)

X|HAIAR SR 1 m 2 Mx| £ (EA/m) 1 2o & Mx| = (EA)
Al shat At st
2w 22
238 8.333 0.667 12.500 2.001
A7 2184 22
433 8.333 0.667 12.500 2.001
H 2-45. == E cycle time (case 2)
Cycle time M& &= 4w 24 £32|E d7 229 B4 £32|E
M2 =ul ekt 10 min 10 min
CIGI 10 min 10 min
e At 19.33 min" 19.33 min"
stgt 3.09 min” 3.09 min”
2y HA At 12.50 min” 12.50 min®
shek 2 min® 2 min”
=% Nl 25 min® 25 min”
- St 4 min® 4 min®
S ) 25 min” 35 min”
- St 4 min® 9 min®
o= 2 et Abgk 15 min 15 min
Shet 15 min 15 min
Totl Afgt 106.83 min 116.83 min
Stk 38.09 min 43.09 min

D (4.64 min/EA)x(12.50 EA)/3; ? (4.64 min/EA)x(2.001 EA)/3; ¥ (1 min/EA)x(12.50 EA); ¥ (1 min/EA)x(2.001 EA);
Y (2 min/EA)x(12.50 EA); ® (2 mi/EA)x(2.001 EA); ” (2 min/EA)x(12.50 EA)+10 min;

» (2 min/EA)*(2.001 EA)Y+5 min

* Cycle time Z2} 29F (& 246 &=X)

- Case 12| 29, £32|EE M7 2= LAld BHE X2 AAHS £32[E Al FHO|M, 7|& XE
E

2 2 H7d SHoMel 47 =Y BY =
g A4 - £32|E B Hd - £32(E Al
- Case 19| ZF, HEE AlS SHolM, £32(EE g7 21=2 &

a
Z X2 A|2Hof B|5t] Al 28d ?F

A 2B B[S0 2F 4.5%2] cycle time B2

e BlE X2 AAHS AlZ &8

o

3 cycle time HZ — A3 284 &4

=9k 2AX Y B X|E AAHS ZHEE cycle timeOl A7 T2 cycle timeS

J2|Ee| IMSEE £32(E EMd T ¥ 2HIRE

.I

o

[S13
=

- Case 29| 4%, g7 I=o A AlZk2 12{5i0] 7|&E X2 A2 (ZH7 24 £32(E HE X2

A ABNO|| H|S0 2F 1.7%2] AlF cycle time &7t
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F 2-46. AMF cycle time

Case 1 Case 2
Cycle time PIVEE=S=p! Mde 729 B} e B d7 2% B2Z
#=3deE £32[E «=32E #3LE
Z32|E cycle time 214.4 min 198.1 min 214.4 min 193.3 min
2H=EE cycle time 144.9 min 144.9 min 144.9 min 159.9 min
Total 359.3 min 343.0 min 359.3 min 353.2 min
O AlsH]

o Case 18] ®AZ|E A|SH| (X 247 &X)
- £32|EE M

A2 CHE| of 86%2| £Z|E AlSH| H&

7 2= 2Ad BHE X2 AAHel HAE

= £32|E cycle time2 2 215104, 7|&E X2

E 2-47. £32|E AlSH]| (case 1)
sz dH 7 2 £32(E N7 3= B4 £33[E

4| 127,280 Y 117,679 42

BAIZEE
M ZH| 41282 Y 34,405 249

JIHARE R

4| 18,365 &Y 16,980 249

_._7|OI- |
X ZH] 69,923 €7 61,507 €Y
HAMT|H2HAL QIZ1H| 167,037 ¥ 154,437 A0

SHOTCRETING
Edolg olZ4H| 67,870 A 62,751 |42
eSS
HEQSF Q14| 167,994 & 155,322 |4
Total 659,751 ¥ 603,081 &
D (35,636 /hr)x(214.3/60 hr); ? (35,636 /hr)x(198.14/60 hr); * (25,527 /hr)x(214.3/60 hr)x(97.03/214.3);

Y (25,527
7 (31,239

2 /hr)*(198.14/60 hr)x(80.87/198.14); * (5,142 ¥/hr)x(214.3/60 hr); © (5,142 2/hr)x(198.14/60 hr);
2U/hr)*(214.3/60 hr)x(134.3/214.3); ¥ (31,239 2/hr)x(198.14/60 hr)x(118.14/198.14);

9 201x(187,069 2/21)x(214.3/480); 'V 221x(187,069 24/21)x(198.14/480); 'V 121%(152,019 2/21)x(214.3/480);
12 191x(152,019 §/21)x(198.14/480); ' 321x(125427 &1/21)x(214.3/480); ' 321%(125,427 2/21)x(198.14/480)

2 E

o Case 12| 22 E Al3H| (_u_ 2-48 iEI—DF—)

- ZEE ABH|E BHEE cycle timeE 7|ECE MEEJCER, AMF HL £32|E ¥ £I2EZ M
% 22 YHE Y A2 AAHY ZP BF SUsis, 2328 47 12Y YA =Y A2 A
2B 49, MR I2Y AIBI7t E3E b8,
. £37|E8 M 22T YA B A2 AAH HE Al JIE X AAHI SASH AT6|2 y2E
U MR 22Ul T I AIB B 4% It
£32|E8 47 I2Y LAY B X2 ARl AID 2BY B ol
2016 2477} BFAE CAUC 88



I 248 EEE AlSH| (case 1)
sh= dHF 2 £38E A 229 24 £32|E
24| 8,549 Y 8,549 2V
JIAAER HMECEE
4| 605,085 2% 605,085 &2
BIT 2| 3,395 ¥ 3395 ¥
SHANK
M 2| 1,439 29 1,439 Y
ADAPTER
EXTENSION 2| 3,598 Y 3,598 Y
ROD
COUPLING X 2H| 526 9 526 A9
LEE
S 2| SLEEVE
ROCK BOLT X 24| 32,960 H47 32,960 247
S E]| PN
JETEER) WL 9,600 ¥ 9,600 ¥
- &7lg T T
azREEIT
TEEE) T gy 4,800 29 4,800 99
_ I X2
[eNeNs)
J2bEEIZ) 0
2/10) 2]10)
. WIEE] 4,800 4,800 2
N — =)
HMT|A2HAL olZ4H| 56,495 A 56,495 24
ROCK BOLTING Eujo|= o|Z4H| 137.729 <112 137.729 2112
E!'?:'IIZ:_ = — [y ) = ) =
HEQR Q14| 75,758 A3 75,758 A3
GROUTING | 2EPIAISEAL | oiziy| 37231 Y 37231 2
He= sgoly oIzt 91,819 &' 91,819 29
Total 1,073,784 2 1,073,784 2

D {22,872 H/hr)x(106.83/60 hr)x(19.33/106.83)}+{{22,872 2/hr}x(38.09/60 hr)x(3.09/38.09)};
2 {(250,501 /hr)x(106.83/60 hr)}+{{250,501 2/hr}x(38.09/60 hr)};
9 {(4.1 m/EA)/(200 m/EA)x92,000 21x0.91x2; ¥ {(4.1 m/EA)/(1,200 m/EA)x234,000 ¥%0.9}x2;
% {(4.1 m/EA)/(800 m/EA)x390,000 &1%x0.9}x2; @ {(4.1 m/EA)/(800 m/EA)x57,000 1x0.9}x2;
7 (16,000 1x1.03)x2; ® (2,400 21x2 EA)x2; ¥ (2,400 2x1 EA)x2; "9 (2,400 ¥1x1 EA)x2;
D 101x(187,069 H/21)x(144.92/480); ' 321x(152,019 #/21)x(144.92/480); ¥ 2921x(125,427 21/21)x(144.92/480);
W 191%(123,282 21/21)x(144.92/480); " 221%(152,019 #/21)x(144.92/480)

o Case 2°| ZIZIE AIBH| (E 2-49 &X)

- Z3EEE M7 =Y Ay HY X2 A|ABe HZE £3Z2|E cycle time2ZE 21510, 7[& X2

A2 CHE| of 11.2%2] £32|E AlSH| &
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I 2-49. £3E|E A[SH| (case 2)

e A7 2 £32(E Mg 22% 2L £32E

4| 127,280 Y 114,804 4?2

BEAIZEE
WL 41282 €4 32,345 24

JIAAER

) 4| 18,365 2 16,565 249

7|27
2| 69,923 7 58,987 24¥
M| A2 AL olZ4H| 167,037 2 150,664 A0
SHOTHRETING SEolF 2l7dH| 67,870 &M 61,218 &1

AAx ’ ’

2HEQF Q14| 167,994 ¥4 151,527 |4
Total 659,751 ¥ 586,110

D (35,636 2/hr)x(214.3/60 hr); ? (35,636 /hr)x(193.3/60 hr); ¥ (25,527 2/hr)x(214.3/60 hr)x(97.03/214.3);
9 (25,527 A/hr)x(193.3/60 hr)x(76/193.3); * (5,142 €l/hr)x(214.3/60 hr); © (5,142 /hr)x(193.3/60 hr);

7 (31,239 R/hr)x(214.3/60 hr)x(134.3/214.3); ¥ (31,239 #4/hr)x(193.3/60 hr)x(113.3/193.3);

9 201x(187,069 2/21)x(214.3/480); ¥ 221x(187,069 21/21)x(193.3/480); 'V 121x(152,019 ¥1/21)x(214.3/480);
12 121x(152,019 §/21)%(193.3/480); ' 32Ix(125427 &/21)x(214.3/480); 'V 321x(125427 &/21)x(193.3/480)

o Case 29| 2= E A|SH| (E 2-50 &X)

sh= M7 24 £32E A% 2294 2 £32(E
M Zd| 8,549 IV 8,549 2V
JIAAER HMECE
4| 605,085 2 667,710 ¥
BIT X 24| 3,395 219 3,395 29
SHANK
X 24| 1,439 49 1,439 ¥
ADAPTER
EXTENSION
X 24| 3,598 29 3,598 %
ROD
COUPLING
WL 526 47 526 47
SLEEVE
NNl
ROCK BOLT X 24| 32,960 Y 32,960 ¥
J2REEIZ
FEEID T ya 9,600 2 9,600 2%
- &3ME
22 E A
FEEIE Tz 4800 210 4,800 0
_ ORI ’ ’
o oo
J2EEI7)
X ZH 2|1 2|11
ans | 2H| 4800 2 4.800 ¥
HAMT|A2HAL olZ4H| 56,495 242 62,329 243
ROCK BOLTING
Sdolg ol Z4H| 137,729 ™ 151,952 B
5!'?:1_7,(_ ’ b
HEQIF Q14| 75,758 10 83,581 A7
GROUTING k7 | A 2K AL Q14| 37,231 €® 41,076 €1
X SHelg QlZ4H| 91,819 &% 101,302 &2
Total 1,073,784 & 1,177,617 &
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D {22,872 /hr)x(106.83/60 hr)x(19.33/106.83)}+{{22,872 /hr}x(38.09/60 hr)x(3.09/38.09)};

2 {250,501 /hr)x(106.83/60 hr)}+{{250,501 ¥/hr}x(38.09/60 hr)};

) {(250,501 /hr)x(116.83/60 hr)}+{{250,501 /hr}=(43.09/60 hr)};

Y {(4.1 m/EA)/(200 m/EA)x92,000 21x0.91x2; ¥ {(4.1 m/EA)/(1,200 m/EA)x234,000 ¥Ix0.9}x2;
9 (4.1 m/EA)/(800 m/EA)x390,000 24x0.9}x2; " {(4.1 m/EA)/(800 m/EA)x57,000 ¥Ix0.9}x2;

(16,000 ¥1x1.03)x2; ? (2,400 21x2 EA)x2; 'V (2,400 ¥x1 EA)x2; 'V (2,400 $Ix1 EA)x2;
12 121x(187,069 21/21)x(144.92/480); ' 121x(187,069 #1/21)x(159.92/480); ¥ 321%(152,019
1) 301x(152,019 H/21)%(159.92/480); ' 291x(125427 #1/21)x(144.92/480); ' 291x(125,427
) 121x(123,282 /21)x(144.92/480); ' 121x(123,282 21/21)%(159.92/480); 2” 221x(152,019
2 201%(152,019 2/21)x(159.92/480)

21/21Yx(144.92/430);
21/21)%(159.92/480);
21/21)x(144.92/480);

O #32|E g & o

=
o £32|E M=

'lm3c>/\

—

E 2-51. &=32[E sig AlEE= 2 M=o chot
Binder OPC GGBFS | &40 N F23M =y FSEHA| =Z2H
74
. 73 56 85 18.5 18 3,000 1,000 500
(H/kg)
F 252 1 m' B £32E M= e}
(=P =) o .
T T %I— BLK=)
Cl P BF PN e =] =ZK Total
:I'L 0 C GG S A‘!J_’_ |_EIH ‘E‘XH = |D'| EI-K-II Hé l (1))
PACC RSPy
£33 E 480 - - 962 659 - 0.96 48 -
(kg/m’)
=
ot 35,040 - - 17,797 | 11,862 - 960 24000 | 89,659
(&/m)
He a2
HZH £32|E 355.2 9 24 1,625 - 4.8 0.96 48 -
(kg/m’)
=
() 25,929 5,376 2,040 30,062 - 14,400 960 24000 | 102,767
—=/m
o 13| gl Al AQE= £32|E MEH| (F 2-53 EX)
F 2-53. 15| Yuf © £32|E R 2H|
Case 1 Case 2
2o 7 B2 A7 a9 2ZF 287 22 N asy 22
£33|E £33|E «93|E £33 E
gl 623,892 & 596,106 2 623,892 2 557,414 &
Shek 257,680 ¥ 246,027 ¥ 257,680 ¥ 234311 A
Total 881,572 & 842,133 2 881,572 A 791,725 2
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o MR ¥ M7 O2YS| ot (F 2-54 EX)
¥ 254 AAF 2 MR o= ot
MN=d of AF EE7}
PATS R 1,854 /kg
M7 224 6,250 H/m’
D Me O2ee ZR, UZ MM Al oA clolny, MF 2o 2E M= oY & =1x 2R Z2E)o]
M grEHE H| 20| ZehEl Foel
o 13 2O A 22FE AT ¥ A7 2= MEZH| (F 2-55 &)
I 255 15 Yo 2 AMF ¥ M7 2= X2
Case 1 Case 2
M7 24 Mg 3= 2Z M7 22 M7 2 2%
£33 E £33 E £33 E £33 E
sl 516,042 A 315281 ¥ 516,042 2 315281 &
Siat 213,136 ¥ 134,813 ¥ 213,136 ¥ 134,813 ¥
Total 729,178 ¥ 450,094 ¥ 729,178 2 450,094 A
O & Al3H| (£ 2-56 &=X)
e Case 18] A%, #£ICEE AF I2Y LAE BHY X2 AAHE J7[& X2 AAE ofjd] 2F 11.2%2]
Al_._ul 7(-!7[- 7}%
- AR s 2 £32|Eo| IMSSl| M2 £32|E B S8 2 SEE U dF asUe| SA
ABoZ 2lst AlEZ 28M S M J22o| 2 Matoz olst 7 MZto| D=0 k&= Hn}
o Case 22| A%, #=ICEE MF I2Y LA BHY X2 AA”HE J7|& XE A2 ofd] 2F 10.1%2
AlsHl A2 7+s
- Case 19| A0M 135 Lul & M7 =Y z[0f MX| AlZF (15 min)0| T2{=of MEE 21|
0 5 case 2F AT 74 SF (WA Y X2 A[AH[2] AlSH| 10% O|AF HZh =M
0«30 EE 47 2= Mg 5HY XEAAH AMH 24 E0A £& (38 2-84 FX)
I 256 Aedw 2 £32E Y £32/EE M7 2= UAY B X|E A|ABS| & AlZH|
Case 1 Case 2
AN B2 34 EE M PATS R 32 EZ M+
Iz
i %32 18 UHE %32l 18 UHE
EHY X2 A|AH EHY X2 AAH EY X2 A|AH EHY X2 AJAH
X 24| 1,791,622 & 1,457,806 2 1,791,622 1,402,818 &
4| 750,730 2 771,542 & 750,730 & 799,080
olZ4H| 801,933 2 739,744 2 801,933 2 803,650 2
Total 3,344,285 2 2,969,092 2 3,344,285 2 3,005,548 ¥
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