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Developing an Optimization Model and Program for Planning the Earthwork Based
Upon Transportation Theory

Lee, Seunghak', Son, Jacho', Pyeon, Jacho®, Lee, Seunghyun”

"Department of Architectural Engineering, Hongik University
“Department of Civil Engineering , San Jose State University

Abstract : During road construction, minimizing haul and return distances as well as keeping a balance between cut
and fill quantities are two of the key tasks for earthmoving operation planning, The result of the earthwork planning
has a significant impact on the construction cost and duration, Although there have been research efforts regarding
optimized earthwork planning using linear programming, the current practice of selecting earthwork planning methods
typically depends on a field manager’s intuitive and/or experimental knowledge, Furthermore, there is no system
considering earthwork influential field factors including the transportation distance, the earthwork quantity, and the
recycling ratio of earth volume, Therefore, this research focuses on the development of such a model for planning the
optimized earthwork to increase the efficiency of a road construction, The proposed model is developed based upon the
transportation problem method which is a part of Linear Programming, The application result of optimization model on
a case study shows that the duration and cost for earthwork has been reduced approximately 19% and 11% respectively.,
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Studying on the trend of Earthwork
Transportation researches and developed models

+

Collecting the quantitative data of earthwork and
the related field data

‘

Developing an optimized earthwork
transportation model

‘

Making the optimized earth-volume
transportation program

Performing the case studies for validating the
developed model and program

Fig. 1. Research Procedures
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Input Data Output Data
o~ P! ~ P
Cut Volume o L <= 20m Dozer (m) L <= 60m Dozer () L >= 60m Dump Truck (m) Fill
Soil Reaping Blasting Velama Soil Reaping Blasung soil Reaping Blastung Soil Reaping Blasting Vehime.
STA.1+86 996m' | 521m’ | 1001m’ - 267m | 156m' | 299m’
STA.1+88 | 1502m’ | 2882m" | 3530m' - 846m' | 1624m' | 1989m’ | 1001 m’ [1535m’| 1038m’ | 1444m’ | 2213 m’ | 1495m’ | 3575m’
STA.1+90 1182m' | 2257m’ | 312m' - 69m' 132m' 18m'
STA.1+92 860m' 200m' - - - - -
STA.1+94 - - - 1370m' - - - 206m' | 580m' | 178m’ | 979m’ | 2758m' | 846m' | 963m’
STA.1+96 408m' | 3940m’ | 1285m’ - 83m' | 803m' | 262m'
STA.1+98 | 1074m’' | 361m’ | 2460m' - 774m’' | 260m’ |1772m'
STA.2+00 932m' | 275m’ | 340m’ - 260m' | 29m' 36m | 309m' | 95m' | 271m’ | 824m' | 252m’ | 721m’ | 674m
STA.2+02 - - - 2156m' - - -
Fig. 9. Optimization Program Input Data & Output Data
Dump Truck
1D Soil Rnpmgl Blasting| Fill Volume [Center Distance £30 £l £32 £33 £36 £37 a £86 All Cut
c1 16m - | - 30m Volume
F2 - 72m 90m Soil 23 202.3m| 225.3)
F3 1852 150m Reaping 138m|  825m 96.34
c7 _
F4 5,520 210m Blasing - g
F5 7.204m’ 270m Haul Distance 180m 240m)|
F6 11454m' 330m Soil 518.4m| e 518.4mf
F7 16,066 390m Reaping
c28 =
F8 15,306m" 450m Blasing -
Fo 14,1839m 510m Haul Distance 180m|
F10 14,706.4m' S70m Soil 582 582m}
F11 23376m 630m Reaping
c29 -
F12 29,420m 690m Blasing .o
F13 28,242m 750m Haul Distance 120m)
F14 23,988m 810m
F15 19,592m' 870m
F16 17,132m’ 930m
F17 1291120 990m
F18 13,195.8m' 1,050m : : : : :
F19 15,248 1,110m h . . .
F20 14912m 1,170m
F21 16,052m’ 1,230m
F22 18,124m 1,290m
F23 18322m 1,350m
F24 22,234m 1410m Soil -| 13,644md
F25 12,1514 1,470m Reaping
79 -
F26 - -| 16,448m’ 1,530m Blasing
27 | wsem| 107w - 1,5%m Haul Distance - - - - - - o -
28 864 | 1,650m | | crusher [Blasing 322m| 42721m| So73w| 2008w 7503m| 26114 14.20n| 561,270m)
c29 970 . 1710m Area |Haul Distance 3,000m 2,940m) 2,880m 2,820m| 2,640m)| 2,580m)| 360m|
F30 - 69m’' 1,770m All Fill Volume 69’ 9,148m' 1(1__86_3!"‘ &12_"!’- 1,626m’ 5,592m'| 3,060n7| 725,043

Fig. 10. Cut & Fill Section Dump Truck Transport Earth-Volume and Distance
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(1) Before Project Report (2) Optimization Project Report
Equipment Combination | Quantity | Duration Description (Equipment Combination  Quantity iDuration
Tire Loader, Dump Truck 850,073m 105 800m | Tire Loader. Dump Truck 331.380m* 32
800~2,500m Tire Loader. Dump Truck 50480m 12
2,500m 1t Tire Loader. Dump Truck 508213m 41
(3) Volume of Work by the Transportation Distance
Distance | Soil Work Volume | Daily Work Volume | Reaping Work Volume | Daily Work Volume | Blasting Work Volume | Daily Work Volume
$00m | 164.7m 131780 2248 17982m' 1868m 14927
800~2500m | 162.1m' 129640 2209m' 17674m 1823 14586
2500m 1| 132w 11366 19350 155180 15280 122250
(4) Productivity (5) Analysis of Case Study
Product a entage change
oy Cost(¥) Duration(Workday) percentag =0
Loader | @ 809/ E Cost Duration
cm Before Optimization |  1,250,825,000 105 100% 100%
Durp | Q= 3600 + ¢ ;m.'\'- f+ E After Optimization 1,104,822,000 85 -11.60% -19.10%

Fig. 11. Comparative Analysis of Optimized Case Study
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