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Abstract : Practical and efficient application of lean construction, which has been proposed as an alternative to the limitations of
traditional construction management methods, was developed to facilitate application on site and improve productivity through
the fusion of traditional construction management methods. The concepts of Lean Time and Lean Cycle Time, which are the
principles of lean construction, were introduced to eliminate waste and smooth flow production and pursuit of perfection, and
the goal of establishing and improving the criteria for measurement and improvement was established and the information
collection template was configured and applied to ensure reliability of measurement and analysis. Based on this, the project
feasibility, reliability, and continuous improvement process were applied to the Field case to verify its effectiveness.
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Table 1. Five Principles of Lean Construction

Principle Application
Activity and Activity Attribute Required for Production
Activity Attribute include resource and cycle time
Specify Value (Use as basic data for KPI)
[t includes activities necessary to perform preparatory work,
authorization, contract, etc.
\dentify The ' Link of Acthlty (Schedule) ' B
Present ideal flow without waste element in activity
Value Stream

(detailed target schedule, KPI setting)
Eliminate waste from flow perspective
Flow Continuous waste removal and maintaining productive flows
(measuring and improving)
Construction with optimum quality at the right time
(Schedule shorten and compliance)

Pull

Pursuing ideal constrution goal without waste

Perfection (schedule, cost )
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Fig. 1. Construction Phase Lean Process Flow Diagram
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Table 3. Major operation quantity and resource input

. . . . manpower
major process Quantity Major equipment required
rock breaking 3,660m acrane of 80ta

shotcrete 157m backhoe 06 a hydraulic 7 people /
rock bolt (5m) 590EA drill Rock splitter 1seta 1 group
Lattice Girder 15set shotcrete machine
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Table 4. Derivation of Activity and Net time

Activity 1cycle Net time Other
Rock mass Inspection 0.5hr
% OLq_:rLOﬂ '1% ﬁk] 73]/\] St ”‘E}\'"/\E S| OH ‘]7‘;}Oﬂ U:]' Surveying 0.5hr
2} S0l Hg&shs ARATE s3SIt RockDriling | D€ 1-2M | 3 ote, 1500 min=25hr | O
500 hole Machine
Rock bolt hole Depth 5m . - Drill
4.1 EEI-IIE jH_Q_ Drilling 37 hole Smin /hole,, 185 min =3 hr Machine
Rock split 500 hole 2min,/hole 1000 min = Rock
EH}&} @_Q—_Q] /\E_]g% Eikﬂi 2:4%9] %—OVS% —?]EH ‘:1_]'—’1,:— P ‘ 16.5hr ' splitter 1set
HHERIOI0] 23T AT 22 TAJE IAOR 265 B/HBreaker | 210 |10M/MN219-10=2100mn
Aon ZZHE 7)Q+= (Table 22t LT . 360 2min/number 144x2= Bucket
Loading & Carry (disturbed . ,
288 min 5 hr 25m
rock Volumn)
Table 2. Project Overview | 5 hole/min, 37+5=
. nstall Rock bolt 37 hole .
185 min 3 hr
Construction Name | Construction Period| ~ Major Progress Method Install Lattice girder 1 set 3hr
) o Install Wire mesh 84 ni 3hr
000 Industry 210 davs Retrieval Shaft non-vibration - -
Complex Phase 2 Y (D=14.9M H=19M) | rock breaking Placing Shotcrete 13 2hr
Install Temporary
. - 5hr
stair
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Table 5. Derivation of Lean Time & Lean Cycle Time

Activity NetTime | Inspection Waiting Move |Lean Time (hr)

Rock mass 05 05 10
Inspection
Surveying 0.5 05 1.0
Rock Drilling 25 3(Rest) 1 29
Rock bolt hole 3 1.5(Inculde to 45
Drilling change bit) )
Rock split 16.5 2(Rest) 0.5 19

B / H Breaker 35 6(Rest) 1 42
Loading & Carry 5 1(Rest)

Install Rock bolt 3 0.5(Rest) 0.5 4
Install
Lattice girder 3 1(Rest) 05 45
Install Wire | 5 05Rest) | 05 4
mesh
Placing 0.5
Shotcrete 2 (Inspection) ! 35
Install
Temporary stair 5 1(Rest) 1 7
Lean Cycle Time 125.5
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Table 6. Predicted Lean cycle time with concurrent operations
and 2 shift operations

Activty Oﬁginal(hffn Time Change(rl;tre)an Time
Rock mass Inspection 1 1
Surveying 1 1
Rock Drilling 29 15 (2shift)
Rock bolt hole Drilling 45 2.5 (2shift)
Rock split 18 9 (2shift)
B / H Breaker 42 21(2shift)
Loading & Carry 6 6
Install Rock bolt 4 4
Install Lattice girder 45 45
Install Wire mesh 4 4.
Placing Shotcrete 35 35
Install Temporary stair 7 7
Lean Cycle Time 1255 785
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Table 8. Change Lean Time and Lean Cycle Time

7‘::;' H] _TJ'J_(ﬂ EE?_]' %H]—Q] E%“% ‘?’]61_]' @E ‘/l\j\g% 30‘5‘ 11:_}‘?] Adtivity Net | Inspec Waiting | M Lean Time | Lean Cycle
= 2ol B 48E AelE & AES Sl BalA M) v el N
ANRZY R 30| OISHES EF HIOJE (Time Table)S ocecton | 05 05 | 1 1
810 JelotAr(Fig. 5). Surveying 0.5 0.5 1 1
Rock Drilling 25 3(Rest) 2 30 30
zzma Mzn.s ; 31 Nmﬂ 22 Maz.s ; 33 I:SH%:;L; 3ss| e RocII;rb"ﬁ:ghole 3 15 45 45
jﬁzﬁg Nonvibration
S Rocksplit | 165 2(Rest) | 15 | 20 20
B/ H Breaker 35 6(Rest) 2 43 43
ot E|H| E| 425| 43| 435 44| 445 45| ass| 46| 465 47| 4avs| 48
ey i u” I U T T P PV YR SR A Loading & Carry 1(Rest) 2 8 8
SrEsds Ground Leveling| 4 0.5(Rest) | 0.5 5 5
S0+ Install Rock bolt | 3 0.5(Rest) | 0.5 4 4
Fig. 5. Time Table Install
Lattice girder 3 1(Rest) 05 45 45
4.2.3 AElo| MekM S (Pilot Al &) Install Wire mesh| 3 0.5(Rest) | 0.5 4 4
AR KekH AES 950l A2 HER 2 ATRp) R e | s
A NSIHEC EEe Aldsto] HEIHIE] et o, Ul Install
Bl @ ElQ) A1E 710 B RS ASSIE & stirconstucton|_5 e | 1| 7 7
Total Cycle Time 1355 135.5

Table 7. Adaptedness Measurement Results of Initial Plan

Net Time (Calculation Lean Time
Activity base Adaptedness | (Calculation base Adaptednessy
measurement result) measurement result)
Rock mass Inspection 0.5hr
Surveying 0.5hr
Rock Drilling 3min/hole, Increasg the ,”?‘?VQ time Of, the
four-time division operation
Rock bolt hole Drilling 5min/hole,
Rock split 1.5min,/hole Increas_e the move time Of_ the
four-time division operation
B/ H Breaker 101/ Increage the move time of the
four-time division operation
’ . Increase the move time of the
Loading & Carry Znumber / min four-time division operation
Ground Leveling 4hr Missing
Install Rock bolt 5min/ hole,
Install Lattice girder 3hr
nstall Wire mesh 3hr
Placing Shotcrete 2hr
Install Temporary stair S5hr
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Table 9. 1CYCLE Waste Element Extraction

A IR AR SEARS 9ISt Lean TEM|A JH 2L X 20 Cf

rot
re
-+

Adtivity Net work Waste Lean Time Real Time
Time Wating Repair Poor Plan | Reconstruction | Unsafety | Poor Management (hr) (hr)
Rock mass Inspection 1 1 1
Surveying 1 1 1
Rock Drilling 31 1 1" 12 30 55
Rock bolt hole Drilling 4 2 1 45 7
Rock split 15.5 20 155
B / H Breaker 45 2 1 5 4 43 57
Loading & Carry 8 5 8 13
Ground Leveling 6 1 5 7
Install Rock bolt 4 4 4
Install Lattice girder 45 1 45 55
Install Wire mesh 4 4 4
Placing Shotcrete 35 3.5 35
Install Temporary stair 8 35 7 115
Total Cycle Time 1355 7 12 10 35 17 135.5 185
Table 10. 2CYCLE Waste Element Extraction
i Net work . . Waste . Lean Time Real Time
Time Wating Repair Poor Plan | Reconstruction | Unsafety | Poor Management (hr) (hr)
Rock mass Inspection 1 1 1
Surveying 1 1 1
Rock Drilling 31 3 2 1 30 37
Rock bolt hole Drilling 4 45 4
Rock split 23 2 2 20 27
B/ H Breaker 44 4 2 43 50
Loading & Carry 8 5 4 8 17
Ground Leveling 55 5 55
Install Rock bolt 3 4 3
Install Lattice girder 3 45 3
Install Wire mesh 2 4 2
Placing Shotcrete 35 35 35
Install Temporary stair
Total Cycle Time 129 128.5 154
Table 11. 3CYCLE Waste Element Extraction
Adtivity Net work Waste Lean Time Real Time
Time Wating Repair Poor Plan | Reconstruction | Unsafety | Poor Management (hr) (hr)
Rock mass Inspection 1 1 1
Surveying 1 1 1
Rock Drilling 31 1 1 1 30 34
Rock bolt hole Drilling 4 1 45 4
Rock split 23 20 23
B/ H Breaker 40 2 2 6 2 43 52
Loading & Carry 8 4 8 12
Ground Leveling 6 5 6
Install Rock bolt 4 4 4
Install Lattice girder 3 45 3
Install Wire mesh 4 4 4
Placing Shotcrete 4 3.5 4
Install Temporary stair 8 7 8
Total Cycle Time 137 135.5 156
HASHICE WekA] ofeist H4AQ1 HelE +~&dlal EH] Cycle TimeO] 4] i} X|4=0] 7|02 - QUL
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Working Time©Q 2 FOJ5IRICE WetA] Net Working Time
WG] AlRMe 28eto] Al AARHReal Time)2E &
StRloH iAo &l AO]E EFYJO] OB Net Working

4.3 A|BCH| 2l T2 A M2t

=7 43} YHIAIZH0] 50.5h0A] 20.5hO 2 ZHAE| RO
Net Working Cycle Time THH] Real Cycle TimeS LIERA
= FAKIGRE 0.732014] 0.878% A8k EIQTK Table 12).
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Table 12. Results of All Cycle Lean system application

Cyde 1 2 3
Real Cycle Time(hr) 185 154 156
Net Working Cycle Time(hr) 135.5 129 137
Performanc Index 0.732 0.837 0.878

* Performance Index = Net Working Cycle Time / Real Cycle Time
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