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Abstract : Productivity estimation of construction operations is crucial to successful project delivery. Especially in the pre-
construction phase, the adequacy and effectiveness of plans directly affect the actual performance of operations. Currently,
productivity estimation is conducted by referring to existing references such as the Construction Standard Production Rate.
However, it is difficult to promptly apply changing conditions of operations when using such references. Moreover, it is
difficult to deduce the optimal combination of construction machinery for the given condition. This paper presents a simple
simulation model that can be used to generate productivity data that considers site conditions and construction equipment
combination. The suggested method is expected to be used as a decision making assisting tool for practitioners who rely on
estimations using the Construction Standard Production Rate when establishing construction plans using heavy machinery
such as backhoes, loaders and dumptrucks.
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Framework for the development of productivity database

s )

Step 1. Site Inspection

Step 2. DES Model

]

Step 3. Variables Definition

Step 4. Activity Time

» Activity duration is caleulated based on the equipment

productivity estimation equations provided in the
Construction Standard Production Rate
« I this stage, the productivity of the equipment

combination is deduced using discrete event
simulation (WebCyclone)

Step 5. Run DES

Il

- repeat until
“generated data is:™

Lufﬁcient—-‘

insufficient

Step 6. Update Database ‘

( End

Fig. 1. Framework for the development of productivity database
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Table 1. Site description

Description Site A
length 21.65km
lanes (width) 4(20.0m)
duration 2014 ~ 2021
Description Site B
length 9.7km
lanes (width) 4(20.0m)
duration 2015 ~ 2022
Description Site C
length 45.17km
lanes (width) 4(23.4m)
duration 2014 ~ 2021

Fig. 2. Process analysis for earthmoving operation (example)
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Table 2. Equipment combination definition of earthmoving

operation by the Construction Standard Production Rate

Haul distance Standard
under 60m Buldozer
Buldozer
60~100m Loader+Dumptruck
Excavator+Dumptruck
Loader+Dumptruck
above 100m Excavator+Dumptruck
Motorscraper
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Fig. 3. Cyclone model of earthmoving operation
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Table 3. Sensitivity analysis table for activity time calculation

(loader)
Units in <Equation 1>

q k f E m | 1 12

0.5 1.2 091 0.25 1.8 8 5 14
0.7 1 0.77 04 2 14
1 0.9 0.63 0.55 20
172 0.7 0.50 0.6 36
0.55 0.75 41
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Table 4. Sensitivity analysis table for activity time calculation

(dumptruck)
Units in <Equation 2>
T Ye L
8 1200 1.1
10 1500 13
15 1800 15
20 2100 1.7
255 2400 19
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Table 5. Sensitivity analysis table for activity time calculation
(hauling activity)

Haul loaded speed Haul empty speed Haul distance
km/hr] [km/hr] [km]
7 8 0.1
15 20 1
20 25 10
25 30 20
30 35 30
50 55 ¥ (increment by 10)
60 60 200
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Fig. 4. Loading time distribution
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Table 6. Activity and equipment condition example

Conditions value
T 24
# 1300
L 1.3
Haul distance 10
Haul loaded speed 15
Haul empty speed 20
q 0.95
k 0.9
f 0.8
E 0.7
m 1.8
| 8
t1 14
12 14
80
70 .
Z e
= .
5 so 42,633
3 .
£ 40 40.653
>
5 .
=° 2 28.422
[ )
10
— LOader @ - Dumptruck
0
1 2 3 4 s
Number of Dumptrucks

Fig. 5. Productivity comparison on equiment combination
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Fig. 6. Unit cost comparison on equipment combination
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