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Abstract : With an increasing trend toward high-rise modular construction, the simultaneous use of tower cranes at a modular
construction site has recently been observed. Tower crane layout planning (TCLP) has a significant effect on cost, duration,
safety and productivity of a project. In a modular construction project, particularly, poor decision about the layout of tower
cranes is likely to have negative effects like additional employment of cranes and redesign, which will lead to additional costs
and possible delays. It is, therefore, crucial to conduct thorough inspection of field conditions, lifting materials, tower crane

capacity to make decisions on the layout of tower cranes. How

ever, several challenges exist in planning for a multi-crane

construction site in terms of safety and collaboration, which makes planning with experience and intuition complicated. This
paper suggests a multi-objective optimization model for selection of the number of tower cranes, their models and locations,
which minimizes cost and conflict. The proposed model contributes to the body of knowledge by showing the feasibility of

using multi-objective optimization for TCLP decision-making
conflict.

Keywords : Modular Construction, Tower Crane, Layout Planning,

process with consideration of trade-offs between cost and

Multi-objective Optimization
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QT QAO0ICHAI-Hussein et al,, 2006; Hasan et al,, 2013;
Han et al, 2018; Briskorn et al., 2019; Huang et al,, 2019).
et AFIE A Jelst FE5AY ool ol =24
Eof Agfet TCLPE =HalloF it §a] Bt Ase
A AEE0] SH(EHF)(2HE)ORE TE I5HH A =
LEHa} eldEo] E7ksoitt oo RED AF Z2HE
ollA] = RS &= TCLPE 7t FH] £, A
S9| A O OloJF AP ZAR] 7P g =
QACHLee et al, 2016).

SHRITE AR TCLP sHol= s ol 30| Jom, T
= T/CE Algshs AAdBo A= 2XI71 O E86it
Ol= T/C Ml & 1X], fIRlof wE T/Cot Ls/8K] 2l
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AIEoA] deelof ahi= A} BEo] T/C 7 A&
i, FEH QA7 ARl G0 9] FAAHY 5 F7HEQl
A0 ER5H] WR0ICHZhang et al, 1999; Kang
& Miranda, 2008; Marzouk & Abubakr, 2016). 0]0] T&
TCLPE s"o}7] fIt ¢4t el 3wl QUCh <=5}
A HEy =2 Al olds Sofl HIgS FAstohe= A
9] T/C /INE =t 2R W11 ATk

olfst T F|A S} (single-objective optimization) BA]
£ T/C HIEE Fasket 4 oLt APt e vixlsh 5
Zgh= 1 W THHE 9 F| 4510} 20 4L = EHE
THEah= £A9] allE 2= Z0] E7Fsoith T/C 7 2t
9] E7h= Y A A4, B & 5712 OJoAA
I, §5] LY FUH &5 Al SE2 Qs RU uks, Y
ohe PHe e UF QALY 8 HQI0|THJeong
et al, 2019; Khodabandelu et al, 2020). W] o]zgt gt
ARES B fl6 T/C HIE 9 ZHAWAE 9] trade-off
£ 188 &g nd S ke W@t QI
O|& ?lafl & dAtoal= HIg | IMIHE 9 FASHE
K O7 5= TS ZAsHmulti-objective optimization)
PS5 E 7idotal, ol &83atd] T/C th<, Ald & 9
£ Adsk= HEE NIt &2 5t0] it g% &
=t A5 Z2HE +3 A| J&8ALR9) TFS TCLP 9
ONAF g Qo T 2H HIE B 2877t olF, 284
g st 7IE AR g8 4 Utk

DalR (St

7t €85 fW AX| 2 9F nASAIE SHsIon,
EZAL 7IZSAHE WA mhdE A= A Helof 2SR
LEr) U T/CQ) 282 BE T/C7 AR|E o] BAlo] &F
SR e AlFstal EE A &5 SA| siAStaL 7FY
SIT

A+ ARk thadt At

(1) TCLP ¥ 71& Bslg 1gEsto] 7|s d sigs
AL AIAEE EESIT

) HEH AF9 TCLP +HE It & st ZAIE F9
Sl T/C 280 ggkg = HEES TS5

Q) L& HeES HIEOR FHg rdlg Jdksial 4
sE grisith

@ A Fge S HE9 e84 HSotal 21E
EASHT

252 A% EIYAA XA S AP 1S HXs RNy

2.1 TCLP 2t Mefoi

AfATofA = F2Ql Al & QIX] Adg Qlof thFst
55} ok 2 HES ARESIRITE 2019 Al
2010l 8=, A, FA S LIEM #=AIE XHE dot
Ch A Ao A= A 9] T80 Mige Ads] flal &
AP @ O]AFSIE: HIEEH(Hasan et al, 2013), H]E & OF
X (Shapira & Goldenberg, 2005) £9] Q4 E Aekslalo]
H] nl8FAC

Q19 QIRl= Felut FE/AX] IR (supply point/
demand point)Q] FAE EH5H &1l Ol LEAIML
3080 ggke Erh I Q19| fIRIE FASlsH ] ¢
St A= 1990t RE 24X OZ +HE 0] »THZhang
et al, 1996). O] B2 Q1 IR Ad I A+
A FE919] 2k ZENAE bR oz sk 6l
Zhang et al. (1999)0] AAISH RElg &6} HHuang et
al,, 2011; Irizarry & Karan, 2012; Olearczyk et al,, 2014).

F| T2 Ae & QIR ™ e oA Aot ek o
77} &S] T At 2L Asedtel el Al 2
QIR AE HE2 fIR AAe QI 23 B0 Rlds
HHGH= o SHAI7F QUTh Abdelmegid et al. (2015)2 71E
o x|As} HEo] & 4] Ols £, &5 A= 215 59
HEE F712 ddoto] idE T I F&sH ndl
g st oLt nlg] AgE A9 APE o1& si9th=
SHAI7} QITE O]EA QIR - ?Ist &gt =3 Al Iz
QA AIAEE njg] A8sto] o) EHLIZ FESHE 3ot
= AT grle, ago] 2 8012 AF2d0F Gt BEH
HESIEA AUE A4E flol SEHIE S0l= A
5= QIC} BHH Lee et al. (2016)2 F|Q] AIAS WS
J85k] FRA LalejEe 0186t HEd HFolAl
] FH|019] LEHIEES FAslohs 28 MY & AIXE
JSIRAOLE, Aol EAGI0] 91X F &Sk ast Tz
lof Bk3=0] Rl@e AEieh= A2 @alg OJ&3IRALt O]
gor B2 T2l thar, Ald, IS Qlof thst Hd=io] &}
F=PU A mE ISARE dUiE S fIX] ZE3t
A0l QAEE HgslY] ofELL

Fof, AMATo] | He M e F£2 HIE F4asite &
ROz IACE olgigt B2 HIg A4E Adlsh| 219
29l the=e] E71 SN EFol &
O|= QIgt A7 F &gt ol Htdstr] ofgLt. olof
Q) 7 FANE, EES R4t ¥EARS 585t
7] st A7 D QATHHan et al, 2017; Taghaddos et
al,, 2018; Younes & Marzouk 2018; Khodabandelu et al,,
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2020). 1Lt A ojzist HAle 80| & FEe &
AhfRISHo] AA| HIg0] E7Fet 4= QUTh Wekk] & oo
A= 329 the, Al 2 /IXIE HER Adolo], &350
= Hg 9 7HuHEo] FAGE Qs o FFs HEe
AIAIGH] AATY] SIAR S ZEofalAr ST

1, =

[ L1815 (Genetic Algorithm: GA)2 Holland (1975)
o olafl Mete AR Tst HEe S8¢ 1Y 214
St 71Holtt 8 SAgES olkky M9 BT HIE
4 R AE 2= 343t ZAIE oidote Ul Bt s
0] Ql= Z02 HEAlth 948 danlEe KAREE
A5} (encoding) 7] B HH(initial population)S A
Astal, Z+ 7i&l (chromosome) 0] thall A (fitness) S
AHESITE O]% Al (selection), WHI (crossover), SAFH0]
(mutation)9] {4 W8& Salf the Alth (generation) & 4
AstH, o] HEg M =12 vHEst0] F &6l E BH=Ct
(Kim & Park, 2008).

s z8sh= A2 A43he 5559 3
T L g 3= Z0] A9 E7kstt
o &l Hgt, & e =AY =
CHYoon et al, 2012). I E Z& ggtolgt T2 ojd §jof
OJSIME RIHiEAl L= A 1k E 7i&] (nondominated
pareto)@] ke OJnjohH, 0159 g=AQl ¥dlg &
%A M (pareto-optimal front)O]2}al FSSICH

olg] ddATFoA ts HEste a88o2 +dof
7] ?1st Th=9] La1e|E0] MRHERIOH 11 5 Deb et al.
(2002)0f] SJaf A HIAH HEg 7IHO=2 oh= 74
7175901 NSGA-1I (Non-dominated Sorting Genetic
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Fig. 1. Schematic diagram of pareto optimality and
crowding-distance calculation
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Algorithm-1DE Fojut 02 08 thE &g @
2] ARSEIOIRITE NSGA-II= Th At AE1S 2I510] H
A 9l (nondominated sorting)1t 1M A (crowding
distance, {Fig. 1) cuboidQ] Ha+ Zo)E AFESITE iAol
HIXH =R1E 2oist F =217t =2 HAS0] s At
O] B Zi| 2 MERET], St HIKHE TAlo] thaliAl=
Clrg e =017] el 2 A7t =2 7iA «o= A
EICHDeb et al,, 2002).

2 AolA siEsl shk= s T/C Ald 2 IR 215
St ZAlE oy Aekrdyt HeES] dsIAE J1E6h]
Qlell z/&3t e ES AFEaliof ofH, AFHIAIS] TCLP
£ AYgal7] Qe ths z18skE Safl 549] F&aiE
Soh=t 580] QOHEZ NSGA-II B S 0] 25}%TH

3.2E AZTCLP 2™

3R IZMA

(Fig. )& 38 T/C thes, A E QIRIE A5 25k
B oAl AAlSh= TCLP 4+ HE ZZAAOIC}, HA]
BRE Je=steto] Al £AIE M-S o] T/C th
& Adsto] A5 HEo] I FHeE AFSi) T T
ZF T/COl MY X 9IRS NSGA-1I &aZ|E5E =3 28
SISIth O] Sofl E4 thiseofl thet H A7 TE&5H F
HNE Aaotal ng] AFst Zlt) thg UEAIL ti7A]

& HSIAZIHA 22 TP E HHESITE tha=rt =Tt
T A HEL AAE FHES HOjECE nHx Y}
o7 NS Hlwsto] TCLPE $=ggirt

3.2 EX| Oe2| =3}
TIA HA1S H A5 B2A)2 Weksly] 98] 2AIS 10m 7t
2 Walslo] A FEAS AHsIT 10me) 1

ot

s So BE
G| Qs 75
AOE o)Fojd 4 Atk Ul ARl fIRlE et Ads
Llall 2 ul FHEA L] AA| PIRIZ DESIACE

3.3T/CHIH L K| | ==t
3.3.1 27 Hol, 44 U Afefs M
RE8 7%0] TCLPE SI3) S8 W 7HIWAS 24
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Modular Construction TCLP Model
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Fig. 2. Process of modular construction TCLP model
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Fig. 3. Horizontal and vertical movement of a tower crane
WA, @), I8HIE 6.2 T/C AR, 25, sidlol = $HolE AR 212 4] (5), (6)1F Zo] Bald 4= oM,
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7, =max(7,,7,)+a » min(7,7,) ©
Zhang et al. (1999)2 T/C & ZENAE FEE 0= p — 1o(D)=p(9)] @
REEla] 918l T/C E(hook) SRS $&01ET} 43 ' v
Zo] =atoa HolglT] AX HIALSI0) = 1 — L+ p(D)* +p(8)?
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()2t p(p)= 22 T/CERE 7R LS 21, AR 1A
F}KH AEE 56 L2 FH G5 PRI AR AR AL
0]9] AZIE STekA] (9)-(11)).

p(8) = (X, —X)*+(¥,— 1})? ©)
/)(D)— VX, )g)z+(x,—m2 (10)
=/(x,— X)) +(v,- v,)? an

2} SUlof| thst T/C & *}OE‘% EHIHE Sl oIF
o BT = AIRRH 45 FH|-Y rdy
THECKFig. 4). OW 7ot Ot ARHIF R S, AR, Tt
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[q ]E el T/CI:H 2 721-040] o]—E]-E 0171 _/[\_E]—g- ]‘ﬂ_}gg
A 5T 4= JATKA (12)). O71M s= ¢
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Fig. 4. Lifting cycle of modular construction
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Tok:EmaX(Th )+[j’ . mm(TmT)JrTI+T +T,

(12)

(Table 1) 2 FEO] ¢Jx &l &5 FHO|T) HA], AZ
FAEg o] loto] the HEQ =0] | F710{H 9] 2]
x| AH, BX] WA, J2]0 SE AL E, Wﬂ NQZ, &
O] QIR AHE UHSITE &5k T/C AR Al Al 3
Hlgof thst AHE sttt T/C AR IRl= () A A
Al IRAZRHO] F]4 =R, 2) BA 5 o A=

4O s=rsmRse =2 22 H1S 20219 12

Table 1. Model inputs and outputs

Input/Output Type Information
Building Height, location of core walls
. Layout (facilities, storage, access road,
Site . -
entrances, etc.), dimensions
Number of cranes, candidate location of
Crane cranes, min. distance b/w cranes max. hook
Input height, movement velocities, max. radius,
rental cost, fixed cost
Supply point | Candidate location of trailers

Demand point | Set location of modular units

Modular unit | Dimensions, weight
Optimum number of cranes, optimum
Crane location, optimum selection, total cost,
Output conflict area, task allocation, operating time
Supply point | Optimum Location of trailers

= Qg EYT W AH = stat o
A AoEAS 18610 YRIZE G oW OHZ} T/ CAIY W Hg
HlolEH0lAE T/C MZEANIA Rl3sks ALRE Fals)

{

0] &S Table 2). DIRWO R £1] k= )1 W Ax

QA 7 27] B FA dHE YYeitt HEe] H50 4
T Lot SARkE Bl fUle 2&che ERd oA HiZ

I=ol7| thzoll, 5 AR=
AESHHLee et al,, 2016).

B DY 8 FRE FEs 4111 T/C i, Al &
QIR7E Ao, o] W T/C HIg 2 7HdHE, 2 T/C9l
A e 2 28AKRE EYH9) 25 fIX|of tist &
HE &% 4=

3.3.2 ™3 2@ 1=

HA T/C ti, A 2 fIXE UEl= Mese &
A gg|Eo] BLst7] 96 FMA T (chromosome
coding)e TSI} F31E (phenotype)@] T/C A, 1A,
e 42 S8R (genotype) ] T/C H& HS, SAA}
(gene)Q] RIX], T/C HE HS7} Q= SAX 2 Folsh
L} ol GAIA|C] Zdol(P)= T/CE ARI7Ess 1R19] 4
OlH, Zt FER= g IR0 T/C7t JUTHH HE HS 2,
QUCHH 00 = FYECH

o] =01 38 T/C HHO] Z7H0]A (5, 12)00] LIXISH}

Ed a7t drkshe YIRZ

Allowable location of cranes

1
f 1

Pl PZ P3 P4 PIU Pll PlZ P13 P14 PR-4Pk—3Pk—ZPk—1 Pk
[ofofs]o]-JoJo[7]o]o]~[ofo]o]0]0]

Tower crane 3 at (5, 12) Tower crane 7 at (10, 6) Tower crane 9 at (17, 2)

Fig. 5. Example of chromosome coding



Table 2. Types of cranes

2E2 ARO[ EFY T2l XA 23S I3 ChE 2Hat 2R OHY

Max. hook height,| Radial velocity, | Slewing velocity, | Hoisting velocity, Radius, Radius at max., Rental cost, Fixed cost,
Index Hy v Vi v, R R G o
(m) (m/min) (rad/min) (m/min) (m) (m) (1,000KRW) (1,000KRW)

T 824 66.0 44 15.0 80.0 30.0 527 15000

T2 945 66.0 5.0 15.0 80.0 20.0 527 15000

T3 815 66.0 5.0 15.0 80.0 20.0 527 15000

T4 84.2 66.0 44 15.0 80.0 27.0 527 15000

T5 859 66.0 44 15.0 80.0 20.0 527 15000

T6 824 43.0 44 220 80.0 333 851 19000

T7 809 429 44 224 80.0 242 851 19000

8 85.5 68.0 38 15.5 80.0 26.7 1436 25000

T9 80.0 68.0 38 15.5 80.0 273 1436 25000

T10 884 68.0 38 15.5 80.0 432 1436 25000

T 80.7 458 44 295 80.0 333 1436 25000

T12 90.0 458 44 295 80.0 271 1436 25000

T13 80.0 70.0 38 13.0 80.0 26.2 2811 35000

T14 855 70.0 38 13.0 80.0 421 2811 35000

T15 98.9 458 38 413 80.0 44.0 2811 35000

T16 135.8 458 38 413 80.0 63.7 4736 45000

7 101.0 458 38 413 80.0 70.8 4736 45000
E AMROIA S YIRIE BFIch= AL & PO 302 (Fig. 6)9] LI FoIAeL A A OF Tz Althe] Q1+t
F71=H, 78 2-EOJ (10, 6)0l PIRISHHA HMAOIA P,  7FE IZIK AoFRdE B TEAT = RIS d-st
7b 1= 3719 tKFig. 5). O|EA GAA o] esEH C}. IR 2 Alth4=7t Zltholl el =8gk=0] &&]
(Fig. 6)9] Y&l wet MefEe B UEAT = o o, & BHlE ® MdHAE xlaslshs T/C AIY & 2Rl
ARl thall =71 QIR The SedskA Hok QMAQ FloF & F|A&l= AFTITE

TAol= & Mo s XﬂOWﬁOl ALt FF Al
A & T/C AR AR= GAF Y SAOIA] 118 = H

F7V2 T/C ARd o] tist A4S ,@o}q rlgoz 9%
AefrAe T/C) Zth f4H &5 WLl T/C 7 &Y g
&, F|4 olAAgol| thet e ESSIT. (Fig. 6)9] il

El%% GAIR] Wjo] BE T/Coll thal
D) T/C2F fUl &5 IR, T/CQF F4 AR QA A}Ol A
317} HF Y T/CO] 2t RU 5 HE] Wofl =7
(2) T/C AR a7} A9 =0]HT 22717
(3) o] FYHIA L T/C7} A=71
4) T/C 7 F| 4 OJAARIE WSSk
Folokal, AFsE 7] QAT 427} THEE mi7K]
MIFE FERI2 Adoh= FEE LIER Zoltt.
TR0l g4 SRgko] meh At gt
E} H pde SHIg W IMHAE 7|E0Z H
}6}%10134 NSGA-II &0l whet HIXH <=9,
wo}oq 2 AHE AeHSIRAct A &
, EHOIE AA T A& A4Sttt of
018 A& HE MAI7t 818 Aok &
Al71E di7F Ele 2 oh7] miEo,
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Algorithm PopulationGenerator (Chromosome). Generate initial popuhtion
with chromosomes that meets site constraints and operational constraints.
1: repeat

2 repeat
3 if Rpax = Max(p(D), p(S)) and Hbulldmg < Herane :
4 pass (Check other cranes)
5: else:
6: break (Generate a new chromosome)
7 until all cranes meet the constraints
8 if no task allocation = 0 and Dy, = (p(C1yp), p(CTy41)) -
9: Population « Population + Chromosome
else:

break (Generate a new chromosome)
until Population reaches its maximum population

Fig. 6. Algorithm for generating population
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4, Case Study

4.1 Case Study &t MH
2 Aol AAISE REY 75 TCLP HE9| e84 ¢
€ Fall 89 99 dE8 (20214 &F oFd)e 7184
AEHE HIEOZ 165 1119 A& 67150 Y= FEt
A 19 oz AAs Al BA+E RNl
7. TZAE Q= (Table 3)1} AT} 0] ZRZAEO] Al
He BEY fUS S LT, @Y fH9] 27)= w5
L 323} 32m x 74m x 2.8mOJH, FA= 25802 71SH
Ch

Table 3. Summary of the case project

Category Content
Project name Yongin Yeongdeok public rental housing
Site location étiyl;ig\(;?ggdeok-dong, Giheung-gu, Yongin-si,
Building type Apartment complex

Size B2 /15 stories
Structure RC, Steel (Modular construction)
Site area 30,235.39ni
Total floor area 50,723.58m

Building area 4,324.80m
Max. height 42.42m

o
:
SRE
Fugy,

| Park

Apartment
Street

| Apartment

Fig. 7. lllustrative site layout

2 Aol AkgE T/C RS oAl 71 EHol ALSE]

T ZQ RIZEAHPotain, Liebherr )9 TS T/C AIY¥E
£ #Jxol] S 179 HEls A-stal HIOJEMOoIAE +

ZolQIC O] A E HIE O duiss ZENSFolA] Al
AlSH T/CHET7HA2012-1485) S, 1AHIES AT
£ Ax510] &6 CHYeoh et al, 2017)(Table 2). ¥
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Table 4. Variables for crane operation
Variable Value
Time for loading unit 7min/unit
Time for unload unit 7min/unit
Time for finishing work 61.7min/unit
Jib simultaneous movement parameter, a 0.25
Hook simultaneous movement parameter, 3 1.0
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Table 5. Optimization results with various number of cranes
Results index Tower Crane No.
R9 1 2 3 4 5 6 7 8
Location 7.10 10,14 12,10 19,6 1417 9,6 15,7 17,12
Crane index T3 T5 T4 T1 T4 T T3 6
Tasks 23 23 180 270 180 180 68 248
Operating time (min) 1057.42 1059.30 8468.02 12700.52 8473.68 8472.16 3176.28 10948.74
Total cost (KRW) 671,892,854
Conflict area () 194.54
R14 1 2 3 4 5 6
Location 89 19,6 1417 6,8 15,7 17,12
Crane index T10 T T1 T2 T3 T6
Tasks 338 270 180 68 68 248
Operating time (min) 15784.62 12699.71 8470.79 3176.19 3175.70 10950.11
Total cost (KRW) 969,704,548
Conflict area (n) 91.26
R16 1 2 3 4
Location 89 15,16 14,9 20,7
Crane index T10 T10 T3 T10
Tasks 405 360 68 338
Operating time (min) 18939.45 16833.51 3175.74 15786.59
Total cost (KRW) 1,578,180,168
Conflict area (m) 36.26

A H2A S 2021818 43



Park

w0
e

Street /

®
O

Stree

Street

Apartment
Apartment

Apartment
6 EI

Apartment

Street

D-D

@ Tower Crane 1
O Trailer

@ Tower Crane 1

Park
O Trailer

e‘\m“ce "

i

\

Street
Street

Apartment

HEE
©

O

®

G)
Apartment |
e o

&
£
5
/

Park | Park

'”Tanc ""an
| Park

Fig. 10. Layout of selected tower crane models and locations: R9(left), R14(center), R16(right)

dEFoz B OJ?OW RAlets Hdle St 2= &
IS HIEOE HEd ¢59 TCLPE #HTH, HIE B
A O] AR Q) E‘E} ARAO0L 2591 T/C &
g5 7l 5~ e, T/C ti, Al B /IX9] B2 =
gt 1160} Sh= T TCLP =8 918t 1S9l A
E e = Ut ol HAgE Aat2A] MAIEE T/C A
A2 5§ Hde Adshs 20] ofLlet JFHLAP IE
ofdof BHA HIssEE 829 T/CE AEE &= JALS ol
=50] QA

it

HO

5 42

2 BED A9 15510} 84 SIE0IAQ) T/C AFE
= S7FeIAL) ot T/C) ti<, Al 2 QIRIE 285t
L TCLPE: ZZHEQ] ZAM|E, &AM |7 OFAl, AAR o)
& dgke nEith Bl el AF Z2HEA
HalotA] @ TCLP= F7t 2] &Y, A 89 Ao
2 OJoA SAPIRI SAH] 7171 dhligh = QIT}. whet
A SEEERRE 9FA, SEUY, T/C AIY & FE2
AorS 11EEle] TREAE Aget TCLPE $-sfof o
T} GHR U CFE T/CE AMS5H= ALTE] AL =71R01
VAR AR Qs Agut 2l Edll TCLPE &
Hot=t 0fe20] QAT
Al &2 d5e BEY AF9 Us TCLPE &6l
Q& ®& gt BAIE Aolslal, T/C 281 #E /\PEHHﬂA
55 AEGIILE 0|5 HIE O 2 NSGA-1I F&35} &1E]lE
2 083t E}g T/C Mg ¥ 91X A8 2ds 7HdstRd
O, AHHTE Sall 58S T T/CE At&sohe Aad
oA &2 Oﬁﬂow AN HES 0]8510] H|E I 7MY
m@% —:—]_1_9]'0]']_ TCLPE ’\%J%*—’.‘— Q 09 9]'0 o]'OjE]-
2 A= 71ES T F&3) vhalat g T &
HgkE ¢ T/C thir, Al 2 QR A8 =2 AE &

L, s=rsmRse =2 22 M1 202149 12

é}oibq H]Q 7:-10] trade- Off _]_E:]E 7&7@]7:—10]
Nkt u_Ee E 7|0 = ASE HOFUCH

CHE 2 Oﬂ%ﬂﬁ% z} T/CO] F8e 5940 Z2AA
2 7FEstal Akl e fUl AR P8 viRloh 7]
mjEo], = @?LOW& T/C 81} IBAZ &8 =2
RNAE F7PE 08 J18st TCLPo| Tot (a2 UEAZ
U Zolth

A =

H o= 20200 ZENER FASAALAY HE
% 153 Y dAbd gk s ZHERe] o tH] A1
O] QEOI(FRIHS : 20RERP-B082884-07).

Notation
List of symbols
TC = Total cost (KRW)
CA = Conflict area (n)
. = Shared work zone between tower cranes (ni)
K = Number of Cranes
N = Number of Units
T, = Operating time for tower crane k (min)
C. = Operating cost for tower crane k (KRW)
C.,. = Rental cost for tower crane k (KRW)
Crx = Fixed cost for tower crane k (KRW)
T = Horizontal hook traversal time (min)
T. = Vertical hook traversal time (min)
T: = Loading time (min)
T. = Unloading time (min)
T; = Finishing time (min)
T, = Hook radial movement time (min)
T.. = Hook slewing movement time (min)
V. = Radial velocity of trolley (m/min)
V.. = Slewing velocity of jib (rad/min)



V. = Hoisting vertical velocity (m/min)

L, = Distance from the supply point to the demand point(m)

p(D) = Distance from the crane location to demand point (m)

p(S) = Distance from the crane location to supply point (m)

a = Degree of coordination of hook movement in radial and
tangential directions (0~1)

B= degree of coordination of hook movement in vertical
and horizontal planes (0~1)
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