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Development of a Soil Distribution Method and Equipment
Operation Models Using Worker’s Heuristics

ABSTRACT

Earthworks are the fundamental steps in a construction job, and are mainly comprised of smaller tasks performed by construction
machinery. The productivity of the construction job can be improved by optimizing excavation, filling, and other such operations.
Earthworks involve a lot of mechanical work performed by the collaboration between various kinds of construction equipment, which
in turn leads to higher fuel consumption. Actual earthworks depend mostly on the intuition and experience of the driver of the
machines, thus leading to inefficiency and environmental problems caused by unnecessary emission of carbon, Recently automated
and information-oriented technologies are consistently being researched towards the improvement of efficiency of earthworks in the
construction industry. The present research involves the introduction and understanding of the decision-making elements of heuristics
which can be applied to the earthwork planning. A method is also suggested for creating an effective work path for construction machine
to perform task packages (TP) for cutting and filling processes. A simulation test is performed to verify the effectiveness of suggested
methods in terms of space interference and total moving distance of construction equipment.

Key words : Earthwork, Path Planning, Heuristics, Optimum moving path, Construction equipment

ERele AU 7o) S 3502 WU 7 Agio] T8 o 73 ol A EPL R P EgL AU Bl e
fzo|th E3AYe Thre] B Bl olshe] s ol Z1AS Hhgfolm 7HH 2 Qlstel we A} 4w

Aol r] W 0.2 o] ol EFAYL A SaAle] ZHst Aol Este] Aglo] Syl glolx] Ml A&l
219 A B ARAHE0 2 Q1 SR B4 BAHE WA SITk Bell EEA] 58S 4]
A7) e gls) s 2 A0 s A8 BT %20 2 ol FolAa STk BTG 913 )2 (Heuristios)i= A2l
AR B3R ele] FelA) ek B 4 gl JoIA A3 ARgBhe ATk wt-olth. o] & el E A aw mefste] Eaule

A1) 2 sk, =l A2l o1sho) o 6 ko710 2 gk sl Sk ekl el el A4 R P skes

Ssick Agalo] e 5 Bte] A4 H g Eo] AN o) I 9 AA] o5 SeoIA e H&-E AFIIAh B AT 2|25
& A g3lo] 130 A3 2GS BT Bo) ALBhEIT o) A 27 B Elo] 41 o] Bl e BYlh

M| - BT, A48, FElags FHo)SAR, A4

9‘.

bl R R Rei o g s el e RS P B S e S | A e (Seoul National University of Science & Technology - isyl120@naver.com)
**ZAEY - AR T et A ARE S AalE, 3t
(Corresponding Author- Seoul National University of Scxence & Technology - cem@seoultech.ac.kr)
*k 3 - A egsh)edstal A2~ E 8, A3 (Seoul National University of Science & Technology - tomy8155@gmail.com)

Received March 17, 2016/ revised April 1, 2016/ accepted April 11, 2016

Copyright © 2016 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




LME

1.1 g72| HiE o =X

AL 71EeE T EEAe UE 359 nlaste] 1A%
Hlo 2J%k 2kdde] mom, ZF FFtel] ARE o] Foltt
T8t tieke] @2 =] Aol ARy dAlRE
FHe] 2AIRS skl SARE e ook s 2drte]
2] ofgk 24 el 7] wheel 2ol aegt Aol
Aoks o] weth Zefols B 584 e 9%
77} s o) FoRaL glon, el uREshal 1 Ak
g3} 5l AJH3} 7] 285 Bkl =ae] Aibde 0l
SR A= BhRle] A=A Slok

Al 22 T (Lee et al, 2008)& =27 eh= ©@d
njofek 3o sErolA Sloj, el el sh 2Hde]
oFoRl= A Sl e] H o] Sirhs W7l et VI
o =N Ay-ate] AFAEAR ol wam A FofellA
= 18k Aksst § AEs) AXEETRE 2HdAkE Aldshs
Feje] Alxdllo] W 2878 S FrEfd Ao s vt
b 2 s 2] Felge] 7Rk g gejE]] Eal
Wt o] Bkl 23S S1% EARS Al T
shal Al e] SR ES ol eE Hastele] o] 2
HERE BT o] Fol= AFE AMEATE

Lo

N,

1.2 gFtef Wl S HHY

£ e HREFHAS tPde= slal Qlrk B3 Ay
2 sdE AREe] Freagoibdy QaE whedsle] =
o] ERE WS AL AP EE SR AP E R
ArehE 2E 79 MR st 7 WL thaat 2ol vl
AR sk

A, 7] ERRIEAY WS ekl AN FElag
£ Hkgele] JiAE Bl WPEE AR

A, EE] wep HHoz HHE o] niE 2
7)R|(Task Package: TP)S A|AJ3IC)

AR, B 7 HEEA 9 AT Aes Eske] AR
Ve 9 3 sl vkadsto] 2 duiAA] A A
o] AJE2E AAgE

Y5, Simulatorg &85+ AHHATE AXS AREIGTE
B3t AXE ESEAE B 7F 2137 e] A=A ge] 25k
S 83k R} Ho] B3] ALY R 9 Ao

Arsell 37t lEAlE ASET

-

1B
[

il

552  Journal of the Korean Society of Civil Engineers
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et al., 2008; Kim et al., 2010). < th ©A] ZAFFALIA
B 2ARE A3 & ol B RdS AABHICh
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WS IR A TREAL ERels g A8ste] Al
1ZAg A7} 14%2] NAE7E BRIsg oL, ol B4 dlgt
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2015).
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Table 1. Decision-Making Elements of Heuristics

Classification Decision-making Elements of Heuristics

Selection of location High ground — Low ground

Natural drainage of effluent ground water and surface
water

Plan for

Earthworks Gradient : Movement possible under 30°

If possible, remove obstruction to secure movement
route
Preserve obstruction : detour

Excavation depth : 2~3m for prevention of sliding

Transfer Distance : Selected by shortest lineal
distance

Transfer Road : Utilization of existing road, selected
by confirming the road’s width and equipment
Equipment specifications.

Operation

Location of each machine : In case the equipment is at
a higher level than the excavator, the rotational angle
of boom is within 90°

Obstacle : Pause work when moving equipment
approaches the operating radius, and resume after it
leaves the operating radius
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Table 2. Cost Factor with Respect to Distance

Transfer Distance Cost

Farthest distance between the cutting and filling

.. . 1.0
ones inside the construction area

Djs Certain Cuttingi ~ Certain Filling j Street
Mas Dis Cuttingi ~ Filling jlongest distance

Transfer Distance Cost =

Table 3. Cost Factor with Respect to Road Condition

Road Condition Average Loaded Speed Cost
Poor (borrow pit, spoil bank) Tkmv/hr 1.0
Difficult for intersection 10km/hr 0.75
Unpaved, but intersection possible 15km/hr 0.5
Urban paved road with two lanes 20km/hr 0.25
Construcion of road with more 30km/hr 0.0

Table 4. Cost Factor with Respect to Gradient

Site Gradient Cost

Up - Down 10°~ 20° 1.0
Up - Down 5°~ 10° 0.5
None 0.0

SRR ARPEE gr) Y] e ARFs ] & A
7HAIAL glom A|uke] Shpu|vl 2 A9 Wz ofFo] of
WA} wAskc) Ao mE Wre] YEARES Eq. (1)3%
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Mo dlo

SHE A 7H () 7 el I
A F P et Ed M
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Aol Aule] 23 A ALz weh PEER] 19)e]
oA Ao o]yt ot FgAETE 6° ol de] Akl
A= 24ton HEEEo] 25 Fal= AQlellA | Hweg e
of gt} A9k BAte]] wkE H-8RIAR= Table 49} 2th

H|-ER0IA e 285 A A SRFEALR vl
AW, o] F He] FHAEghS ol83te] BAHEE ARt drk

o]x7IA19] FALE THEA| QIFTAE FHate] AlgE ol
= FARPEe] 7R ZA diFEoR e A A RIe]
ok BRET AL A EE ORI ] it A5 Bk
2] Aol thgk ook RIS Haslslr] ¢z oA A=
Eq. )} o] g qiAl7IE Aol whe o= S48k
4= 9lti(Korea Environment Institute, 2002).
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Table 5. Cost Factor with Respect to Civil Complaints

Noise Distance Cost
Within 50m 1.0
50m ~ 150m 0.5
Over 150m 0.0
SPL = SPL,—20log(r/r,) 2)
71X SPL : S5AF M) g =

SPL, : 28910 2xE iAol Ao

el o) g

r D 2SN d2A-71A] AE(m)
1, g 71E AR AE(m)

el tigk ARk Eq. (2)9] 7o SlsE o] 47
g7} s0mofu] & o H2 EFRES JERlE A5 EQ] 55dBE
ERIEZ o]0 tist ZAHE ul’ke 2 Table 59} 22 H83kS
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3.3 HIEQAYH 715X &

£ =woMe ke v JERE AHE ste] et
7R1¢) A Aake] Haks vl e TR ddsielnk
AHP (Analytic Hierarchy Process) 7| A-83l0] B 29k
aEateiol & g Asol tidk A% S EE Table 69F #2]
EE3H3ck

A= 1[H]55H~5[53] 583He A& ARg3El o,
A el Haas dEEo® ARSIt AiH|ul At
e HE- 940 THEAE SARI(X)) 51%, #RFE (X))
25%, A X;) 15%, 25 19Xy 9%9] o= UEpsken,
A A Cls 3% RSl Beo] ghe 2o = veRith

ESE v&S A8l 918 Eq. (3)2 ot 2tk

Y=0.51X, +0.25X, +0.15.X; +0.09X, 3)

Table 6. Relative Comparison between Cost Factors

. . Transfer Road . Noise
Classification . .. Gradient .
Distance | Condition Complaint
Transfer 1.0 3 3 4
Distance
Road
Condition 173 1.0 2 3
Gradient 1/3 12 1.0 2
Noise 1/4 13 12 1.0
Complaint
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Table 7. Weighted Value of Cost Factor with Respect to Other

Parameters
Cost Factor Weighted Value
Transfer Distance 0.51
Road Condition 0.25
Gradient 0.15
Noise Complaint 0.09

34 E3 =Y 17 [X| AHEE

Ex A AR ARTY(TP= A3t 7ol 9% o - e
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9] 3t HE ot g e ks AAREC 2 ARkl
E3oIM dojRl 1A A - e} Blaste] JAesg A=
g 4= 9Joi(Kim, 2013).

diCVy
o P _ i=1
Cutting Progress Total Cutting Volume @
ZIFVT].

Filling P = L

siing Frogress Total Filling Volume )
Total Progress = 6)

Cutting Progress + FillingProgress
2

Eq. (4yF¥E Eq. (6/7F] VelE B OV = iH HEx
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Table 8. Task Package Scheduling Rule

Task Package Scheduling Rule (TPSR)

Rule 1 No-Space Interference First NSIF

Rule 2 Shortest Travel Distance First STDF
Rule 3 Min Civil Complaint First MCCF
Rule 4 Random RAND
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Table 9. X, (Dumper Loading Position)

Dumper Loading Position Element
Within 90°rotational radius of excavator 1
Within 180°rotational radius of excavator 0.5
Over 180°rotational radius of excavator 0
Table 10. X; (Continuity of Excavation)
Continuity of Excavation Element
Zone closest to present work zone 1
Others 0
Table 11. X, (Obstrucion)
Obstrucion Element
None 1
Existence 0
X;(elEAH) = ©

42.1 HiduEio] xRl 2 HES DRl B
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NI AN

|\
|\

-
N
-
N

Fig. 3. Work Path for Excavator (Consider Drainage Directions)
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- Cutting point: C1

- Number of cutting zones : N1
- Cutting zone : il

- Filling point : Fi

- Number of filling zones : N2

Fig. 7. Simulator used to Derive the Work Path of Earthworks
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Fig. 8. Simulation Process and Output Screen of Excavator
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Ok Cancel
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Project L Operate Multiple Construcion Exit

Collect Rubble And Debris From Roads

Fig. 9. Simulation Process and Output Screen of Dumper
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Fig. 10. Simulation Process and Output Screen of Compactor
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Ok Cancel

Fig. 11. Simulator Output Screen
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25 024 461 4617 4627 4639 454 4528 4518 451 481 488 495 5021 4952 438 4808 4738 4329 4428 4528 4627 4617 4518 4418 4319
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Fig. 12. Cost Table for Excavation and Filling
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