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ABSTRACT: Since a room-and-pillar underground structure is characterized by its grid-type array of room and pillar, its
economical efficiency can be governed by excavation sequence. In this study, the construction period by the drill-and-blast
method as a excavation method for a room-and-pillar underground structure was examined. In addition, the parallel
excavation sequence was considered as the main sequence of a room-and-pillar underground structure. Sequences of
mucking and support installation were derived to estimate the total excavation cycle by taking the case of a road tunnel
into consideration. From the excavation cycle of room-and-pillar underground structure, the relationship between
available maximum and minimum numbers of jumbo drill machines depending on the number of faces in operation was
suggested.
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Table 1. Sequence cycle for the excavation of an underground structure
. Possibility of night
Sequence cle Equipment
q Gy quip works
Drilling Jumbo Drill and Blasting x
. Loader
Mucking O
or dump truck
Shotcrete Shotcrete spraying machine O
Rockbolt installation
Rockbolt machine @)
(or Jumbo drill)
Worning Afternoon
TYPE | Step Sequence Time 7 8 2 10 1 \ 12 13 14 15 16 17 18
15[ 30] 450 15[ 20 25] 60 1520 45] 60 15[ 0] 450 15] 20 stuuH.ww T = RE R = REE BT e oS | 60 15[ 20] 45 [60[ 15[ 20[ 45 60
Survey 180 I [ H 1 1
Blasting 80 . ( ]
Ventilation | 30 @ Drilling \ @ Refuse
pre | Mucking 210 |
1st shotcrete 30
Rockbol t 30
o 2nd Shotcrete] 30
Survey 180
Blasting 80
Ventilation 30
post Mucking 210 |
1st shoterete] 30 I Blasting
Rockbol t 30 ]
2nd Shotcrete] 30 : L1
Night Dawn
TYPE | step | Sequence Time 19 21 2 3 24 1 2 . 4
15]30]4s5] 60| 15[ 30]4s5] 0] 15]30 45 60| 15]30[45] 60| 15[ 30]25]60] 15]30]45] 60| 15]30] 45| 60].15]30] 45 60| 15] 3045 60[ 15[ 30] 45] 60| 15] 30 45] 60| 75].30] 45] 60
Survey 180 ] } -
Blasting 80
Ventilation | 30 @ Refse I
pre Muck ing 210 (@ Support
Ist shotcrete] 30 @ Shoterete
Rockbol t 30
P2 2nd Shotcrete] 30 -t
Survey 180
Blasting 60 | B Break Time
Ventilation 30
post Mucking 210
1st shotcrete) 30
Rockbol t 30
2nd Shotcretel 30
Fig. 3. An example of one day cycle time of a road tunnel case
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Table 2. Daily construction cycle of the sampled road tunnel

Sequence 1 cycle (hr) 2 cycle (hr) Proportion (%) Note
Sﬁzinznd 3.0 3.0 316
DriClDling @ Rockbolt 05 55 53 W;gﬁgogmissf o
Charging and Blasting 1.0 1.0 10.5
Ventilation 0.5 0.5 53
@ Mucking 3.5 35 36.8
@ Shotcrete 1.0 1.0 10.5
Subtotal 9.5 14.5
Total 24 1 day cycle
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Table 3. Classification of room-and-pillar underground structures with different geometries

Height Width Area Tunnel Group .
Use () i) (m?) (MOLT, 2011) Comparable tunnel size
6 20.0 B
Residence 9 315 B
or 3
Office 12 44.0 B Single-lane
15 57.6 B
6 38.0 B
12 80.0 C
Warehouse 6 18 123.1 C
Double-lane
24 168.1 C
30 220.1 C
Table 4. Drilling time of a room-and-pillar underground structure (Lee et al., 2015)
Structure type
Sub-cycles 2 Note

Tunnel (B or C group)

Room-and-Pillar underground structure

Preparation (min) 10~20 15 Median value
Survey and marking (min) 10~25 17 Median value
Drilling (min) T1 Eq. (1)
Table 5. Geometries of room-and-pillar underground structures considered in this study
i Rock mass class
Use e ()| Al Note
(m) Type 1 Type 2 Type 3 Type 4 Type 5
6 O O O O O
Residence 9 O O O @) O
or 3
Office 12 O O - - - Group B
15 O - - - -
6 O O O O O
12 O O O O O
Warehouse 6 18 O O - - -
Group C
24 O O - - -
30 O - -
Drilling length (m) 35 2.0 1.5 1.2 Blasting design
Drilling rate (cm/min) 97.5 92.5 87.5 80 Average
Bt T= Gt B 2] 285 19] =030 mel 22 Alo|F Eiole HEs] fl8) de<H], S5
HHNO R 7Pg ATk Table 4). TEFE 5 ol uh, oF 9 i} ARk AMFAHEEEAKMOLIT,
L

L ] Ashpage) Fmet Qs

ol ufe} 2
fo] 713t i 278 Table 59} QO] 71 AT
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T1 = Total drilling length (m) / Speed of drilling
(m/min) / Number of boom (EA) (1

3.3 FYN APIPEBO HIS HE

AL FAFEZZA(MOLIT, 2011)0l|A4] AA5kaL
U= AR 71 i ARjol| ] LRt AJRE: H]aL
Slo, A Rshto] Th o] wh HEE],

j=d

Table 63 2t} o17)4] HFAIZR ehAl 4] (1)
Zo] F HEm)E AFSE(m/min)ot 374
R U Fhol "tk

Bl duls oot A 9 AdAEel o8 2
2 g o, AukAQl RilX|(bench) Wute} vlwgk
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o] 7HsBlr}. B AFLlAE oA e YN

Table 6. Time for drilling preparation and survey

Yo s et dA| dujule dA =R

SEF AN, g 2L AR A4S vl

whlol] sl AWAR] Wit AR Lol AA(Fi
S)iE S 4G st Aolck 3x6 m Tk

°
=
T
=
%

sajoyIse|d Jo Joquinn

Fig.

L I I I I I I I L I L
10 20 30 40 50 60 70 80 9 100 110

Blasting Area (m?)

v

4. Number of blastholes depending on area of excavation
(KEC, 2000)

Use H(eling)ht “gj)th '8;3? Group Equipment Preparation (min) R ?;llil)lv[ arking
6 20.0 B 10 15
Residence 9 315 B 10 15
Office ’ 12 44.0 B ! L(‘gfggog” 11 15
15 57.6 B 11 16
6 38.0 B 10 15
12 80.0 C 13 16
Warehouse 6 18 123.1 C Jumbo drill 15 17
24 168.1 C (2-boom) 17 18
30 220.1 C 20 20
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Table 7. Comparison between an empirical method and a blasting design pattern (H=3 m, W=6 m)

Cross-sectional geometry Area () 20.01 Perimeter (m) 18.11
£ . 2-boom
Q Ig Group B Equipment Tumbo
[F—
6.0m Preparation 10 min Survey 15 min
Empirical method Design pattern
Hole
Type | Advance depth No. of Smooth Total Center Stoppin Contour Total @D
blastholes Blasting (1) cut ppIng ©)
1~2 35 3.8 16 6 23 45 VI8
3 2.0 2.2 16 8 25 49 vi4
36 27 63
4 1.5 1.65 16 15 26 57 v6
5 1.2 1.3 16 17 29 62 vl
Center Line of Tunnel gd oo ZAste] Uut HerE Akl 2e
AwsiEle] sl BUst HE4E 485t o
—:%—a R ';j:.\ T FA= AMREAdS arEsto] A HaEEE 230
i 1.8 3 AFAS Do) Bk ek EF Aol
[ ] L ]
I ? 9 I 17 9] sloprt Aol Zate sjofo] AgE DR
.4 < qg/b > 4 o 239N detonation pressure)©] ol A Wil g80]
I 0 / 0 I VARG SR wheba] 2o dulale dA
"6 - 6 ofli= el @4 Aol T Bl E4dE st
W13 2 T 12 13 sjopo] A4S ANKOR MR 4 YRS A
2 sk g7 wpol, W] AR A
1 3} wlarat u) SUs B2 Gula 240K 230
o X3 AF47t el AgAKo] FAIHE

Cross section A-A"

Fig. 5. Designed blasting pattern of the 3x6 m room-and-
pillar underground structure
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Table 8. Total drilling length and net drilling time for room-and-pillar underground structures
Size . Rockmass Drilling rate Total drilling length (m) Net drilling time (min)
Use Equip. 5 s . .. -
(m) Type (cm/min) Empirical Design Empirical Design
1~2 97.5 239.4 171 122.8 87.7
3 92.5 138.6 107.8 74.9 58.3
3%6 2-boom
4 87.5 103.95 94.05 59.4 53.7
5 80 81.9 80.6 51.2 50.4
Residence 1~2 97.5 330.6 258.4 169.5 132.5
or
Office 3x9 ”b 3 92.5 1914 167.2 103.5 90.4
- m
o0 4 87.5 14355 12705 82.0 726
5 80 113.1 102.7 70.7 64.2
3x12 | 2-boom 1~2 97.5 418 353.4 214.4 181.2
3x15 | 2-boom 1 97.5 490.2 425.6 251.4 2183
1~2 97.5 364.8 285 187.1 146.2
3 92.5 211.2 187 114.2 101.1
6x6 2-boom
4 87.5 158.4 141.9 90.5 81.1
5 80 124.8 1222 78.0 76.4
1~2 97.5 547.2 471.2 187.1 161.1
Warehouse 3 92.5 316.8 316.8 1142 1142
6x12 | 3-boom
4 87.5 237.6 247.5 90.5 94.3
5 80 187.2 215.8 78.0 89.9
6x18 | 3-boom 1~2 97.5 - 706.8 - 241.6
6x24 | 3-boom 1~2 97.5 - 904.4 - 309.2
6x30 | 3-boom 1 97.5 - 1208.4 - 413.1

Table 9. Total drilling time for room-and-pillar underground structures

Use Size B Rockmass PrePa_ration Sl:u'vey Net drilling time ((©), min) | Total drilling time (@+®+(), min)

(m) Type | (min) ® | (min) ® | Empirical Design Embpirical Design

1~2 122.8 87.7 147.8 112.7

3%6 | 2-boom 3 10 s 74.9 58.3 99.9 83.3

4 59.4 53.7 844 78.7

) 5 51.2 50.4 76.2 75.4
Res‘:fnce 12 169.5 1325 1945 1575
Office 3x9 | 2-boom 3 10 1 103.5 90.4 128.5 1154
82.0 72.6 107.0 97.6

5 70.7 64.2 95.7 89.2

3x12 | 2-boom 1~2 11 15 214.4 181.2 240.4 207.2

3x15 | 2-boom 1 11 16 251.4 2183 278.4 2453

1~2 187.1 146.2 212.1 171.2

66 | 2-boom 3 10 15 114.2 101.1 139.2 126.1

90.5 81.1 115.5 106.1

5 78.0 76.4 103.0 101.4

W 1~2 187.1 161.1 216.1 190.1
hoffsi 12 | 3-boom 3 3 6 114.2 114.2 143.2 1432
4 90.5 94.3 119.5 123.3

5 78.0 89.9 107.0 118.9

6x18 | 3-boom 1~2 15 17 - 241.6 - 273.6

6x24 | 3-boom 1~2 17 18 - 309.2 - 3442

6x30 | 3-boom 1 20 20 - 413.1 - 453.1
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Table 10. Number of available working faces depending on total drilling time

Use |Size (m)| Equip. Ro]cikmass Total drilling time (hour) No. of faces 1)
ype Empirical Design Empirical (1) Design (2)
1~2 2.5 1.9 4.8=4 6.3=6 A2
346 >-boom 1.7 14 7.1=7 8.6=8 Al
4 1.4 13 8.6=8 9.2=9 Al
5 1.3 13 9.2=9 9.2=9 -
Residence 12 32 26 3.8=3 46=4 Al
Offfce 39 | 2-boom 3 2.1 1.9 5.7=5 636 Al
4 1.8 1.6 6.7=6 7.5=7 A |
5 1.6 1.5 7.5=17 8 Al
3x12 2-boom 1~2 4.0 35 3 34=3 -
3x15 2-boom 1 4.6 4.1 2.6=2 29=2 -
1~2 35 2.9 34=3 4.1=4 Al
23 2.1 5.2=5 5.7=5 -
6x6 2-boom
4 1.9 1.8 6.3=6 6.7=6 -
5 1.7 1.7 7.1=6 7.1=7 A1
1~2 3.6 32 3.3=3 3.8=3 -
I:V are 3 24 24 5 5 -
ouse 6x12 3-boom
4 2.0 2.0 6 6 -
5 1.8 2.0 6.7=6 6 -
6x18 3-boom 1~2 - 4.6 - 2.6=2
6x24 3-boom 1~2 - 5.7 - 2.1=2
6x30 3-boom 1 - 7.6 - 1.6=1
23k Table 107} At of7)4, 1 2t sl8ARES 4, ZRUFA] KB AE92] =2X1H 22
Aol (Lee et al,, 2015)0l| 4|9} Zo] 3} 12A]7LM [L}E Yin} 91 7| 89 AE
2 71519 Aol iLee et al., 2015)0)41= 6x6 m
e} A9 3700) Elw 2go] A Ao A EARA] oA ERIRS A Algg]el
AL B Aol =23 A webaA gEe Hi 1 5o SAlE AEe) AR SAP
Hge A4S a7)e) BURE SoJoks Zlo] maHel K10l IS A whehd FXIR Ao we e
Aoz Uehdth o} 47)0] 2AHE 9od5ly] o5  H ZF 38 2%l tiet ARV Hasit & Aol
M= 1AZEe] 271 vl 314 AI7H1Y & 13A7he] & A AsrREelA 2XH &9 Tl w2
shasolof ofglol| 13] 27} mnm TRsaiet et LA, Bu] 99 58 AR $J8 & HojA
Aupzl o7 gt thzAoA HE7kdo] Ald At ¥ 24 71| A3 (Lee et al,, 2015)0]
o s At A Ak WA A T m S 05 A, o
= 2eshd A0l Wiof oJst AvlEct My SEARRE 1241KE A= HEELS AR
A7to] ZHAaE]7] wio] 12 2A0H Zole Hr) wo] = ASE siglom iy AREE 34 SEE A
g 5 e AR vERTh A Z3she Ao gtk E3E 270 o4kl
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Fig. 6. Cycle time of a 6x6 m room-and-piller underground structure (1 face operated)
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Table 11. Required number of equipments depending on the number of operating faces (Cross section: 6x6 m)

Number of faces in operation Number of equipments Necessity for additional blasting time
1 1 SET -
2 1 SET O
3 1 SET -
4 1 SET -
! 2+ 2 2 SET O
5 2 +3 2 SET O
442 2 SET O
6 3+3 2 SET -
2+2+2 3 SET O
4+3 2 SET -
7 2+2+3 3 SET O
4 +4 2 SET -
8 3+3+2 3 SET O
2+2+2+2 4 SET O
3+3+3 3 SET -
? 4+3+2 3 SET O
242+2+3 4 SET O
4+4+2 3 SET O
10 2+3+2+3 4 SET O
2+2+2+2+2 5 SET @)
4+4+3 3 SET -
” 3+3+3+2 4 SET O
2+2+4+3 4 SET O
2+2+2+2+3 5 SET O
4+4+4 3 SET -
3+43+3+3 4 SET -
4+2+3+3 4 SET O
12 4 +4+2+2 4 SET O
2+2+2+3+3 5 SET O
242+2+2+2+2 6 SET O
Tset
Bsst
g Sset Available maximum No. of Equip.
= = Il
g [t
" Tset
tla{a]a]s|e| 78| o]wo|n]2z|3]4|15]|w|m|w|19|20]21]22]23]2
No. of Faces

Fig. 8. Maximum and minimum number of equipments dependent on the number of faces (Cross section: 6x6 m)
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