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Study on Optimization for Construction Vertical Lifting with Transfer Operation for
Super High-rise Buildings

Moon, Jooyong', Park, Moonseo®, Lee, Hyunsoo', Jung, Minhyuk'
"Department of Architecture & Architectural Engineering, Seoul National University

Abstract : Recently, the number of super high—rise building projects have been increased after recovering from
international financial crisis, In super high—rise building project, vertical lifting is critical to overall project productivity,
due to its limited lifting equipments, Also for projects which buildings height are higher than 400m, transfer operation
in lifting is inevitable because of lifts’ maximum lifting height. In transfer operation, setting a transfer floor is essential
for saving lifting time of resources, In this research, using discrete event simulation modeling with AnyLogic 7.0
software and metaheuristic optimization with OptQuest software, the method of optimizing a transfer floor for workers
during the morning peak time is proposed, Comparing to the result of the case which transfer floor is designated to the
middle floor, setting optimized transfer floor significantly decrease the total lifting time of workers, By using proposed
simulation and optimization tool, saving budget and time through increasing available working hour is expected,
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Table 1. Researches on Construction Hoist Lifting

Authors | Points of Research Contents
Optimal Algorithm | Suggestion of quantitative and systematic methods
Cho. et al . : .
(2013) of the Multi—lifting |of lifting using an optimal algorithm with B&B
operation Simulation|algorithm
Kim/ et al. Assesing the Peak time load, Assesing optimum no. of lifts
(2008) no. of lifts considering workers on sites
Park. ot al Genetic Algorithm, |Suggesting optimization model for workers lifting
(20'1” Descrete Event  |operation through zoning vertical section at peak
Simulation time
Shin, Lift Selecting Suggestion of analyzing system for determining no.
(2010) System of lifts, types and propriety through simulation
Jung, et al | Causal Relationship | Suggestion of lift planning process and quantity
(2004) Analysis calculation process through causal relationship analysis
Han, et al | Model of Assising |Suggestion of lifting load assessment and process
(2012) Lifting Load of lift planning process
Study on factors for researching decision
Hwang |[Survey and Expert ) ) ) -
) making of lift planning for building
(2009) Interview

construction




2.3. O| AALA Al ZE[0|M

oA AlEGoJHoldt AT R0l 7R Aol A
A& A e] HshE sk Ao g A|ARLS st
she A0R, FEFo|L oAkl mElS: fiifo = JrHA]
A9l 2002). 73484491 Hofol| A= Cyclone (Halpin, 1973),
‘Stroboscope’ (Martinez 1996) 5 oj2] T2 T:MEL 0|85}
of oAb AlEd|o|AdS B3t A5 =35kt

2 A7) ol 2] et jZES] el B
ool Q= A el 545 e wet gz E
3 F1to] GEA|BE FEjAolaL of4kAQl rdlolzt

b= glom mhaba oAb AlEdlo]AdS o] gste] &
Aoz ZA 4= Qlrk

~

2.4. 2| Holl EMS S3 2X5} 2
AEEo e A28 Aol wiake sl Sit £
E0|X)g, 1 ojgke FofAl wigo] ot =
o} wrebd] 2ae] g Hohiis A Aol WE g
Sje] Ageol e Aukge: M gt ul
She B AR RS 3 .
B AToA Haah RO SAR 7S AL85
ek,
% Wideo] ok 25} B4 Sl 2183 4 ol 7R ORA
(Bborahim 2009), 4 A7) HAststAt s 855
S o] HE BARHY MRS A3 o Aejsh

b fb o

AT

3. B SR p|ZE %X A|SE|0|M

= S 245 SielHE wA 7
e P%0] Basic oS g
02 AjZRe} NFRo| R el i el

Fgeto] 218 AAle] PLE UFE e ALE

ofy
o
of
Z
>,
T

k
3

Jo]4 2HLE The Anylogic Company©llA]
A& AnylLogic 7.0 Z21H9] oA Algd|o]4dE o]
&5to] =55}, AnyLogic 7.0 2L oA Al
ol BES 153 = Qs ZRTIHO R of o]k}
7 Algdlold A7t alld T2 WS o|gsto] o]HFltt
(Chan 2010, Banerjee 2011).

3.1.EHY 2|ZE pdl 1=

o 2zE wdo g E (o] 288 ARSI oy
2 ZE7} AR S 2| ZE AjEd o)A mdo
AT gZE ndo] AAE gEE tf4=qlE SA=] o]
AREETE = FFOA AREERE F BEZE g7t 1001
75 T g2 E mdo] 1072 EAEo] AA| AlEFolAd

Adolch, &t AR TEk)e] B e o EaAs
£ 2919l o] Ze A0t Mg Tejsofof st} elmE
o A9t BB, ASE BlIE BE gt AYaEe) B

Zol o) AT a0l Xk, A9iele] 29 Bsol
P03k 2l Shro] BASH S AUNSRE TRAL

7} U7 e,

eEEEEEEEEEEEEEEN, QSN EEEEEEEEEEEEEEEEEEEEy,
o

.

. . .
o [ waiting atBottomFI. | % .°|  Waiting | .
L] LR .
H - v TargetFl.> TransferFL |
t [ cGetontneiit | :i | Geton the litt
. 7 - -
-
]
= is
b -
g | 57
7 - \ 2
: 2 | [ cetoff the iift
. Lift is Empty -
: v ::
¢ |_Returnto Bottom FI._| i:
. Resume the :; b
. :"’ End of Lifting | | End of Lifting
., o R

.
Yassssssssssssssas® Ysssssssssssssssssssssssast

Lift Operation Workers’ Movement

Fig. 2. Process of Lift Operation and Workers' Movement
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Table 2. Variables and Parameters of Entities

Entity Parameter Variable
- Normal operation speed of lift - Current Floor
- Acceleration Time - Moving Direction
- Deceleration Time - Target Floor
- Distance to reach operation speed | - Moving Time

- Distance to reach stop

Lift | - Maximum capacity

- Floor height of standard Floor

- Door opening time

- Door closing time

- Bottom Floor of Operation Section
- Top Floor of Operation Section

- Number of workers in Lift
- Time of Getting on
- Time of Getting off
- Number of Workers

Getting off Each Floor

- Time of Returning to

Bottom Floor

Worker | - Target Floor

- Current Floor of Worker
- Initial time of arrival

- Waiting Time

- Moving Time

- Lift Waiting Order

_______________________________________________

Get on the Lift
- Record the No. Get On
—»| - Calculate Lifting Time
- Calculate Waiting Time
- Analyze Destination Fl.

Waiting
- Record the Time of Arrival

- Calculate the No. of
Workers Waiting

—»| Dest. Fl. and apply

Lifting
- Calculate Lifting Time to

Get off/Waiting

- Calculate Time of Getting off

—»| - Modify the No. of Workers in

S —,———————

- Calculate the No. of the Lift
Workers Getting off - Record Lifting Tme for Each
Workers

_______________________________________________

_____________

_______________________________________________

__________________________________

! Waiting Move \
| ‘Record Waiting Time —» | ‘Record Moving Time of Lift |
E -Apply Return Operation when -— E
1\ Necessary )
R Lifts ~--"-mtmtoommeemeeeeet ’

Fig. 3. Lift Module Simulation Model
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Fig. 4. Lifting Simulation Model with Transfer Operation

sEAMMEIEE =24 A5 xes 201 1€ 57



Fo
4
00
1z
Ho
Pl
o
ok
3>
ox
g
_|O {

713t 4 97 wolct, weby - H=js} malo] i X2
o $5% 91AS AANS O] B olFARE, B & o] 5A
7hS 243 4 Gl 912 Bolstalc,

21910] o EARKT,) W WA 29 & o) FAeAzt

(Tiyee), Bt OFEARATHT & T o] o)t

O:
O

7;1 ];1+Ltl+TLl+Lt2+]:¢2+Lt3+T+Lt4
T w
Tt = E Ty = 2
n
Ty © 15009 2l ZE B A 7| ARE

Lo A o g
T, 1 RS BjE ez
Lyt A5/2k 5 olAel SHIARE
T,, 1 BsZolAle] d7IA
L, B30lK9] 22 gt
T, A 2jmE e
L AP S

2~
EEER

=}
o &

B
Y

2 AtellAe] A}; AL vEr FeliY dagEs
ARES= OptTek System AR OptQuestE AME-SFAT
OptQuesti= EFRE B (Tabu Search), 4177 £4)(Neural
Networks), Scatter Search®] 37}4] ®Ho] z3h= wel &
2] AE (Metaheuristic) B0 2 ==tk Rogers, 2002).
OptQuestE AMESIO] A 2= A= EVVP A
B o] QoA HHalE 2 Al=)a B g SHo]
4] OptQuestE B8 4= kL AXSHITHLaguna 1997,
Rogers 2002, Jie 2008). OptQuest= Anylogic 7.0 L&
Hk AA=le], AnyLogicoll Al AARRE oJAAR AlEEo] A
e} AsE o] 2A43E ayskA Hot,

Fig, 5= 2|43} 74 ZrAIAE Yl Zlo|n, 7 2=
Al AR W82 thaart Aok

@ Haz Z4= 4

(2) A3} il Bha W= A%

« 55 7hs HRIE A Thest FaL Tes e s
717} J=gict, = A3} EAoM = AR e S 1
Fo= i 7Fs5e e dYsieich

« Al I9lE AR 2 223t EAoA= 2A
S} el Shs5o] ARl ng 14 Wslel= Al

2 Ak

- HZs} 0] S AL 93 o AN U
Sl oA Ao AT A9 HAS BA A A
1 Z2lshe] 79 W9E S A0 T Haslel 21ele)
LS PN 4 Uk B AT H F40)
1/2 A& ol AR ALATH005Y 39

5050 ¢j=).
(3 Fa43t 21 4

h8 s=zimmelss =27 MI5H A3 20141 112

« B H2s} BAoM Y] Hzlal BAel 29l F olF

28R Aﬂk g datt
(4) J_];Gaﬂ ERH u} é
- Bt 3] W Gtlo] 20 A9 dhulelo

o 22js) TA R3S ARt & Aol
£ 1,0003]2 233,
(5) 2 2al] BA A3

CEECEXEEE-T]

| Input Top Floor
1

Set Optimization Target
(Transfer Floor Variable)

{

Set Optimization Objective
(Minimize Total Lifting Time of Workers)

1

| Set No. of Iterations |
1

| Execute Optimization |
1

| Analyze the Result |

Fig. 5. Process of Optimization Analysis
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Table 3. Details of Experimental Case Project

Parameter Value
Top Floor From 100 to 200, Each 10 floors
Lift Type Mid Speed (Details are in Table 4)

No. of Workers 1,000

No. of Lifts 3in Lower Fl., 2 in Upper FI.
Time of Workers Getting On/Off 0.5sec/person
Time of Opening Door 5 Sec
Time of Closing Door 1 Sec
Standard Floor Height 4m

Max. Capacity of Lift 20 People

Table 4. Average Acceleration and Deceleration of Various Lift
Types (Cho, C. 2011)

Normal Distance )
| Accelera- | Decelera- | Accele- . |Distance
Operation | . 5 ; 5 X to Reach |Deceleration
Type tion Time | tion Time | ration to Reach
Speed (Sec) Se) | (m/sec2) Normal (m/sec2) Stop (m)
(m/sec) Speed (m)
High| 1.67 2.80 2.90 0.60 2.33 0.57 2.42
Mid | 1.00 5.00 2.90 0.20 2.50 0.34 1.45
Low | 0.63 1.00 1.00 0.63 0.32 0.63 0.32
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Table 5. Optimization Result of Transfer Floors
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Average Lifting Time of Workers on the Change of Transfer Floor
(Top FI. : 100)

Average Lifting Time(Hour)
e e LN
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Fig. 6. Change of Average Lifting Time for Transfer Floor Variation
(Top Floor : 100)

Average Lifting Time of Workers on the Change of Transfer Floor
(Top Fl. : 125)

Average Lifting Time(Hour)
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N [ S VR VI

v
i

45 50 55 60 65 70 75 80 &5 20 95
Transfer Floor [Floor)

Fig. 7. Change of Average Lifting Time for Transfer Floor Variation
(Top Floor : 125)

T e Optimized Avgrage Lifting 1/2 Fl. Aver. Lifting Time Diff_er‘ence of Aver. Time to Totgl Shortend Time by
Transfer FI. Time (Hour) when 1/2 Fl. (Hour) | Optimized Transfer Fl.(Hour) |Optimized Transfer FI. (Hour)
100 45 1.268 50 1.295 0.026 26.620
110 47 1.358 55 1.409 0.051 51.415
120 54 1.446 60 1.514 0.067 67.650
130 61 1.544 65 1.589 0.045 45.357
140 64 1.608 70 1.656 0.048 48.292
150 67 1.668 75 1.712 0.044 43.650
160 7 1.756 80 1.811 0.055 55.054
170 77 1.851 85 1.921 0.100 100.020
180 78 1.871 90 1.973 0.101 101.604
190 80 1.964 95 2.042 0.077 77.821
200 90 2.060 100 2121 0.061 61.102

simzismalas|

=27 His2 Mes 2014d g H9



Ho
g
o0
=
HO
2
°
rok
P
0x
ra
_|0

Average Lifting Time of Workers on the Change of Transfer Floor
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Fig. 8. Change of Average Lifting Time for Transfer Floor Variation
(Top Floor : 150)
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Fig. 9. Change of Average Lifting Time for Transfer Floor Variation
(Top Floor : 175)
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Fig. 10. Change of Average Lifting Time for Transfer Floor Variation
(Top Floor : 200)
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