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The Impacts of Reduced Labor Hours on the Construction Period
and Cost of Tunnel Project

Park, Taeil', Kim, Kyunghoon', Shin, Eun-Young®
"Korea Institute of Civil Engineering and Building Technology

Abstract : After the new standards for labor hours has been released, various problems come up in construction field,
such as income reduction of employees, extension of construction period and increased construction cost, Although it is
expected that the impact of the new standard on the construction industry is more worse than other industries form the
view of productivity, not much works have been done to identify those impacts, Thus, this research proposes the standard
construction processes, excavation cycle, and unit construction period for NATM tunnel project based on ‘Construction
Standard Production Rates, The study also investigated the impact of reduced labor hours on the management of work
crews, construction periods and costs of tunnel projects, The results showed that under the 52 labor hour standard, the
construction periods for the excavation work and whole project was increased by 20% and 8,9%, respectively, but the
construction costs for the excavation work and whole project was decreased by 1.4% and 0,6%, respectively.
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Table 1. Construction processes of tunnel project

Construction
process

Detailed classification Methodologies

Use of construction cases

Pit mouth Construction L
and expert opinions

Rock Drill Estimation of tunnel
excavation cycle time

based on Design Quantity

Muck Handling

Excavation Shotcrete and construction standard
and Rock bolt production rates
reinforcement

Supplementary construction
method (steel—pipe reinforce
and Water Barrier grouting)

Use of construction cases
and expert opinions

Use of construction cases

Waterproof o
P and expert opinions

Use of construction cases

Drainage s
inag and expert opinions

Use of construction cases

Lining concrete o
and expert opinions

Use of construction cases

Creating a tunnel door o
and expert opinions
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Table 2. Designed one time length of drilling (MOLIT, 2016)
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1 ut tace 3.5m I (Hard rock) | 100~81
excavation
Table 4. One day length of drilling for 20 and 16 hour cases
2 Full fage 3.5m Il (Moderate rock) | 80~61
excavation
Based on 20 hours/day Based on 16 hours/day
g | Fullface 2.0m Il (Soft rock) | 60~41 Number of | Drilling Length | Number of | Drilling Length
excavation Type | blind end /day /day blind end /day /day
Half face Upper half 1.5m/ _ Full face L Full face L Full face L Full face L
4 excavation Lower half 3.0m IV(Weathered rock) | 40~21 (Upper) ower (Upper) ower (Upper) ower (Upper) ower
Half face V (Weathered sand, P-1] 154 - 5.37 - 123 - 4.30 -
5 ) 1.2m under 20
excavation crushed rock) P-21 1.47 - 5.15 - 1.18 - 412 -
6 Half fafe 1.0m Tunnel door _ P-3| 1.84 - 3.68 - 1.47 - 2.94 -
excavation P-4| 218 |295| 328 |886| 1.75 |2.36| 2.62 | 7.09
P-5| 2.25 3.70 2.70 4.44 1.80 2.96 2.16 3.55
- - R
2 Aol 234 & Ede] A B 2554 P-6| 2.70 | 357 | 270 | 357 | 216 |285| 216 | 2.85
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Table 3. Drilling cycle time for each support type
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. - Excavation | Design Length Cycle time(min)
cross=section (m) | of driling (M) | Rock inspection | Driling  [Muck Handling| Shotcrete | Rock bolt |  Total
P—1 (Hard rock) Full face 66.2 35 25.0 270.6 255.1 181.7 49.2 781.6
P-2 (Moderate rock) Full face 66.2 3.5 25.0 270.6 255.1 181.7 82.5 814.9
P-3 (Soft rock) Full face 66.8 2.0 25.0 215.1 157.6 142.1 112.4 652.2
p—4 Upper part 50.4 15 25.0 177.8 104.6 154.5 87.3 549.3
(Weathered rock) Lower part 17.3 3.0 25.0 134.7 74.2 94.9 77.4 406.1
P-5 Upper part 51.1 12 25.0 172.2 93.0 153.6 88.7 532.5
(Weathered, crushed rock) | Lower part 17.4 1.2 25.0 111.0 52.5 77.6 58.5 324.5
P-6 Upper part 51.1 1.0 25.0 166.5 86.6 141.8 25.0 445.0
(Pit mouth) Lower part 17.4 1.0 25.0 108.0 50.3 74.7 78.6 336.6
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Table 5. Unit construction period for each processes

o Applied unit Estimation
Classification : )
construction period method
Reinforced pit mouth 25day/each
Steel—pipe reinforce 3day/each blind end
Auxiliary | orouting(5, 6types) (6m longitudinal)
methods Water Barrier 5day/each blind end Real )
grouting (6type) (6m longitudinal) construction
cases and
Waterproof 1day/50m expert
; . ) opinion
Drainage (include Cleaning of rock) 3day/30m
Lining concrete 2day/10m
Creating a tunnel door 25day/each
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Table 6. Application of proposed method to real world project

Classification (activity name) Unit | Quantity fof V\{orking eam Length of arling/day Gonstruction Period (B2ys)
Crews) Actual Proposed Actual Proposed
Excavation and reinforcement m 6,766 6 - 1,640 1,209
p-2 m 140 6 3.84m/d 4.12m/d 6 6
p-3 m 1,208 6 2.75m/d 2.94m/d 72 68
P—4(upper) m 1,900 6 2.61m/d 2.62m/d 122 121
P—4(lower) m 1,900 6 5.14m/d 7.09m/d 63 45
P—5(upper) m 1,936 6 2.09m/d 2.16m/d 162 149
P—5(lower) m 1,936 6 4.16m/d 3.55m/d 77 91
P—6(upper) m 1,582 6 2.22m/d 2.16m/d 120 122
P—6(lower) m 1,582 6 3.52m/d 2.85m/d 76 93
Steel—pipe reinforce grouting ea - 6 3day/ea 3day/ea 452 294
Water Barrier grouting ea - 6 Sday/ea 5day/ea 490 220
Follow—up construction - - - - 162 194
lining concrete m 6,766 7 2day/12m 2day/10m 162 194

=2z Moo K25 20193 38 4]



Table 7. Comparison of construction period after labor hour reduction

Aoplied unit 20hours-based | 16hours-based
Support type | Unit | Quantity pp. . construction | construction
construction period X X
period (day) | period (day)
Total m 1000 - - 738 804
Rp’“?t‘”;oorjtehd ea| 2 | o5d/ea | 25dfea 50 50
Subtotal for excavation 262 328
P-1 m 200 | 5.37m/d | 4.30m/d 37 47
p-2 m 300 |5.15m/d | 4.12m/d 58 73
P-3 m 380 |3.68m/d | 2.94m/d 103 129
(UPp_pir) m | 50 |3.28m/d|2.62m/d 15 19
P-4
(Lower) m 50 |8.86m/d | 7.09m/d 6 7
P-5
(Upper) m 50 2.70m/d | 2.16m/d 19 23
P-5
(Lower) m 50 | 4.44m/d | 3.55m/d 1 14
P-6
(Upper) m 20 2.70m/d | 2.16m/d 7 9
P-6
(Lower) m 20 3.57m/d | 2.85m/d 6 7
S;;'H‘I’:ée each| 12 | 3dlea | 3dlea 3 3
Wztgu%‘;‘g'er each| 4 | 5dfea | 5dlea 20 2
Waterproof | m | 1000 | 1d/50m | 1d/50m 20 20
Drainage m 1000 | 3d/30m | 3d/30m 100 100
Cé'nnc'pie m | 1000 | 2d/10m | 20/10m 200 200
Tunnel door | ea 2 25d/ea | 25d/ea 50 50
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100%-0] 50 o4& 7}Akste] X\ FhEE s Q.
= Double shift (20hours)
1) First one (working hours)
07:00 12:00 13:00 16:00 18:00
Daytime ‘ Break Daytime Overtime
8 hours@ 1(P) — exclude 1hour(break) 2A|Z 1.5(P)
11 hours (10 working hours)
2) Second one (working hours)
18:00 20:00 22:00 23:00 24:00 05:00
Overtime Daytime Night Break Night

= Double shift (16hours)

1) First one (working hours)

07:00 12:00 13:00 16:00

Daytime ‘ Break ‘ Daytime

8 hours@ 1(P) — exclude 1hour(break)

9 hours (8 working hours)

2) Second one (working hours)
16:00 20:00 21:00 22:00 01:00

Daytime Break Daytime Night

4hr @ 1.0(P) lhr @ 1.0(P) 3hr @ 1.5(P)

9 hours (8 working hours)

Wages: (8/8x1.0) + (5/8x1.0+3/8x1.5) = 2.1875
Amount of work : (8/8x1.0) + (5/8x1.0+3/8x0.8)= 1.925
Factor for extra charge : Wages/AOW = 2.1875/1.925 - 1 = 0.1363 = 0.136(P)

Fig. 2. Double shift based on 16 hours operation

SRR AR 2Hg1Agk] 204Kk 16X17E0R g
34 (Fig, 1. 99} o] A7) T B ozt AL
G AQjeo] 14t BEAG Hobd A wt

Table 8. The impacts of reduced labor hours on the construction
period and cost

one day | oneday 16 hours

Classification 20 hours (52hours Note
(current) application)

Manpower 14mans 14mans 2crews = 14mans
Change ratio of 1,000 0.855 20hours: 32.9%,
direct labor cost ) (=1.136/1.329) 16hours: 13.6%
Change ratio for Reference to the public

direct cost of 1.00 0.954 agency's statement
excavation work (a) (4.6% 1)
Indirect cost rate 20% 20% Assumed
Construction period Excavation work period :
: 1.00 1.20
for excavation 20%, 1
Increased rate for Increase in indirect costs by
20%

indirect cost of 1.00 1.20

. due to increased
excavation work

construction period

2hr @ 1.5(P) 2hr @ 1(P) 6hr @ 1.5(P) — exclude 1hour (break)

11 hours (10 working hours)

Wages: (8/8x1.0+2/8x1.5) + (2/8x1.5+2/8x1.0+6/8x15) = 3.125
Amount of work : (8/8x1.0+2/8x1.0) + (2/8x1.0+2/8x1.0+6/8x0.8) = 2.35
Factor for extra charge : Wages/AOW = 3.125/2.35 - 1 = 0.3297 = 0.329(P)

Fig. 1. Double shift based on 20 hours operation

47 sEzMmasts] =2 Fe0H M2s 20104 3

Increase in construction
cost by 4.0%
due to increase in
construction period

Change ratio of
indirect cost rate for 20°% 24.0%
excavation work (b. ° | (= 0.2+0.2%0.20)

contrast to direct cost)

Excavation cost about
1.4% |,
total construction cost
about 0.6% |

Cost change in
excavation work 1.2

(c=a+a*b) (1.00)

(relative comparison)

1.183 (0.986)
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