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An Optimization Algorithm of Gypsum Board Loss for Wall Finishing
in Modular Construction System

Lee, Dong-Min', Chin, Sangyoon"*
'Department of U-City Design and Engineering, Sungkyunkwan University

Abstract: The ministry of Land, Infrastructure and Transport announced that they launched the pilot project to offer Happy
House built with modular construction as part of the major projects of incumbent government in 2013. The market size of
modular construction is getting increasingly enlarged together with strong will of government. The major challenges that
current modular construction encounters can be summed up as lack of standardization of material on the stage of design and
fabrication. The portion of material costs in modular construction marks 16 to 17% higher than the existing other construction
method, and account for 60 % of total construction cost, which is why material management is the most important factor.
However, the imperfect standardization and specification on design causes high loss of materials on fabrication, which makes
the construction wastes and total construction cost increasing in accordance with the increase of material costs. This study has
been conducted to verify major modules by developing optimization algorithm on gypsum board material among wall
finishing materials. It is expected that this paper contributes not only to eco-friendly construction by minimizing the waste
factors of materials through these efforts, but also to removing high cost issues which had been recognized as a setback of
current modular construction.
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Fig. 1. Number of Different Size on the Wall Finish Models
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Table 1. Analysis of Project H's milestone

Plant-based Site—based

Works and Process Selection Works and Process Selection
Steel structures o Site leveling -
Slab (truss deck, ALC) [ ] Foundation work [ |
Dry heating panels [ J Scaffold work -
Finiag;g Orgiﬁ:zf)‘a\s L] Module Installation [
Electric work - Rooftop parapet work | ]
UBR (Unit Bathroom) | Exteriors work |
Windows work [ J Electric work -
Waterproof work - Steel stairs installation | ]
Exteriors work || Wet work (waterproof, tile, etc.) -
B B Interiors work B

(wall paper, molding, efc.)

M : Modeling, @ : Modeling + Quantity take-off(QTO)

B odAge] iy 9 Iexlae Fg 29 2ok u
AR Project He] HIMUIE Adske B89 wizdAl
o wE rrgle} ERRkEe] S 98l 8 BM
S/WRI GAR] ToolZ AA| ¥ E3iles 38t o]
T HA27F EE 2 HH3 garels e 71 lolH
FHE 98l MuEE ZAol st 14 2 71E8RE DB
sehes S AFTE T3 7189 HEA les E
PAEA] ALEE HuRE Ao 5 2 FAAA
Y =2 8 U Oy S04 9 BEY AR
A AR AXRHIA 98-S tPdoE AERE Y39
o) =28 Qe ks B dAyeln AXEE HAs &
VEEe Hlal 7A5S 98 diFre s SE3ith HEHo
2 Ax)sjEstel] A% HAst darElEs Arlskl, 71E
ZAFAR WAlTe] &8 9 vgHnE B3 H4hst ¢
V215 FEAS A Ao] F2 IF TEAIZo|L
ol Arshs HA3} Yuelee A 2 FAE B
9] prefabricationol] ¥3F Aoz HFTFo] HIEY Tol
o3k ZH oA} o] Ak 2 M| Al BRIEHE AlFQ
Zh= gitkar 7Fg3ick

® [ BIM based Design & QTO* on 2 Modules ]
C—f [ Make DB** on Gypsum board’s size & cost ]
o 1 [ Interview to set current QTO* Method & Loss ]
‘ - [ Develop the Optimization Algorithm ]
Q—[ Verification by Comparing the Loss & Cost ]

*QTO : Quantity Take-Off, *DB : Data Base

Fig. 2. Research Process and Method
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2013).
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Shortening of
Construction Period

: 50~60% compared to
existing methods

Housing Performance ——@ *——

: Insulation, Sound Insulation,
Floor Vibration

Seismic Performance —@ @— Consistent Quality

: Superior Strength & Ductility.
of Steel Structure

Eco-friendly —@ Economics
: Minimize Waste generation by’ ? Up to 10% compared to existing
minimizing on-site process methods (Mass Production assumption)
Reusability Lightweight

: Disassembly, Re-built, Re-usable : Easy of Expansion & Renovation

Fig. 3. Chaeracters of Modular Construction System
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Table 2. KS F 3504 Gypsum Board Size

(Unit : mm)
Width
600 90 1200
1800 - [ ] -
2400 [ ] [ ] [ ]
Lenah o0 - ° -
3000 - ° -

Thickness @ 9.5, 125, 15
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Table 3. Gypsum Board Size & Unit Price ]
(Unit : mm)
Size (Width x Leghth) Unit Price (KRW) Companies
900 x 1800 354975 4
900 x 2400 467067 3
900 x 2700 473850 1
900 x 3000 5,265.00 1
Thickness : 12.5
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Table 4. Definition of Flowchart Symbols

Symbol Meaning Symbol Meaning
<:> Start ?:rlmgwgggnof the |: Process gltzulatlon or
Il A
C ] e | US| g
<> Compare and Determine —E Annotation or Explanation

Data Input or Output - -
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Table 5. Project H's Information

Category Contents
Building area 88.18 m?
Gross area 157.64 m?
Building size Ground 2 floors
Maximum height 915 m
_ Vi&i Zf L“;: gtrr?ofuif o (1) Module 1 (M1) : 3000 x 5750 x 3000
O Ot 9 2) Module 2 (M2) : 3000 x 5750 x 3000
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Al whe Tstet ERiEe] Ede S8 7
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Architecture Model

Stru?ture Model

Gypsum Board H
i Layer ] Thikness(m)]_Length(m) | Wiginim) | Area(ma) |-
3 [A=Wall of Modulez 4.37 2. 1067 |
2[A-Wall of Modulez
= [A<Wall of ModuleZ
2 [A-Wall of Modulez
& [A-Wall of Modulez
2 [A-Wall of Module2
2 [A-Wall of Module2
3 [A-Wall of Module2

1.56
0.56
1.56
0.16
0.04
4.44

Gypsum board (T12.5)
Glass wool (T100)

Expanded Polystyrene (T50)

Steel column (o -150x100x6T)

F
Ll |

Stud (100)
Lumber (50x50) f

Fig. 4. 3D BIM Modeling & QTO on the Each Modules
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Table 6. Overview of the Interview

Inside Installation Dimension
of Wall Gypsum Board
: Width x Length x Height
(Unit = mm)

(1) Module 1 (M1) : 2800 x 5525 x 2500
(2 Module 2 (M2) : 2800 x 4375 x 2440
(Based on inside perspective dimension)

*M1 and M2 have the same materials

* Cement siding= + EPS + Stud + Glasswool +
Gypsum board + wall paper+

* Cement siding and wall paper : works on site

Wall finishing materials
each module

= EPS and Stud are variable depending on projects.
Remark = Glasswool is difficult to standardization because of
material shape type and properties.
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Contents

Interview for investigating the Loss(%) and the size selection
Method as QTO in the Modular Construction System

Category

Title and purpose

Respondent target | = General Contractor(G.C.) : 6 Companies / 6 persons
/ Persons * Modular Company(M.C.) : 3 Companies / 3 persons

Period SEP. 23. 2013 ~ OCT. 4. 2013

* Give the information about the Inside installation dimension of

Malnazfoess Wall Gypsum board by modules
method * Respondent only write the Loss(%) and select the most

appropriate gypsum board size for each module
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M2 O ONAF 9] AA B BEY AE e
Z JEHEE o3 2y, V1E A5 e ke A
DERFYe wE Hunce d3g74 2 3588 =53
F I FANEL BEY 37 ARl 300x1800
EE 00700 TFEoE JdBgsla, 8588 7 JAd
2 7715%REE T, BHEHo 2= 967%9S & 5
Ak (Table. 7) ©] Azl we} #HA3} dals A5 T
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Table 7. Results of the Interview

Respondents Selection of size (Width x Length) Extra Rate

M1 M2 (%)
GC. 1 900 x 2700 900 x 2700 7
GC. 2 900 x 1800 900 x 1800 10
GC. 3 900 x 1800 900 x 1800 12
GC. 4 900 x 1800 900 x 1800 10
GC. 5 900 x 1800 900 x 1800 12
GC. 6 900 x 2700 900 x 2700 7
MC. 1 900 x 1800 900 x 1800 15
MC. 2 900 x 2700 900 x 2700 7
MC. 3 900 x 2700 900 x 2700 7

Remark = No special rules about the size selection Average

= Select one size of the Gypsum board to take-off 1 967
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Fig. 5. Definition of Analytical Model of Optimization Algorithm
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<Unit Definition> START
* pa - a panel produced in standardized and fixed size
** pi: a piece generated by panels m

--| h1=h2=(900-c), split into two pieces (width-900) | L/900=N+a } ““““ | N : positive integer, a : MOD

G.B. 900 x 1800, G.B. 900 x 1800,
N+1 pa* N pa

| L.M.1=(900-a)x1800, 1 pr ** |
v

L.M.1h1x900, h2x900 % J
v 4 -

| SelectionGB. 900 xXn [ | S00<W=co0>xi-1300 Selection G.B. 900 x Xn
<ws -

800<W=900->X3=2700
M : positive integer, B :MOD |_-i 900<W=1000->X4=3000 r‘| M’ : positive integer, B': MOD
|
1
i

n=(1~4)
[

Vi
| (N+1)/3=M+B | é | N/3=M"+B’ |

i

G.B. 900 x Xn,
M pa

G.B. 900 x Xn,
M pa

G.B. 900 x Xn,
M" pa

4
G.B. 900 x Xn,
M+1 pa

¥ LM.21=(900-c)xW, 1 pi = “Loss”
v LM.2.2=(Xn-3W)x900, M pi
- array[ ]=[hpx200], (p=M+2)

¥ LM.2.1=(Xn-3W)x200, M' o/
—>array[ ]=[hpx200], (p=M")

v LM.2.1=(Xn-3W)x900, M p/
—>array[ ]=[hpx900], (p=M+2)

W ¥ LM.21=(Xn-2W)x900, 1 p/ > h1x900
¥ LM.22=(Xn-3W)x900, M" o
array[ ]=[hpx900], (p=M"+1)

v LM.21=(900-a)xW, 1 p/ = “Loss”
v LM.2.2=(Xn-2W)x900, 1 o/ > h3x900
v LM.23=(Xn-3W)x300, M pf

—»array[ ]=[hpx200], (p=M+3)

NO

v Use several of h,- (L.M)) to satisfy with ff,r)
¥ Re-array of LM. (Assumption : k prused )

<Abbreviations> NO

= G.B. : Gypsum Board
= LM. : Left Material

= R.A. : Risk Area
p \ ¥ Use several of h-',’(L.M.] to satisfy with QH._{
= 5 : The Height of the upper .

\L <
area of the Door -~
¥ Mon-used LM.>"Loss"

¥ Mon-installed Area of G.B. by Algonthm =>"RA"

= f1};- : The Height of the upper

area of the Door

END

Fig. 6. Optimization Algorithm in Gypsum Board of Wall Finishing
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500 < W< 600 — X1 = 1800 (3)
600 < W< 800 —X2=2400
800 < W< 900 —X3=2700
900 < W< 1000—X4 = 3000

W (B A]1320] —1800)
Xn: 900 X Xn T4 2] o] 7k
n: AR ETFEA TR (n: 1~4)

%: M+ 3 or g: M +3 (1)

Mor M : 900 X Xn 774 A LHE 4 Q w5 (Fe] A5)
Bor ' WA (=201, M+17FE Q)

3HA(Fig. 62 STEP 3)= A2 2] tigh dx=el 27
otk A2 WA Al WA= A ] Fejol u}
2} 7hasde] B maolth B o] tidll Ml M2
EES HAE, M2 BES dF7} Qe BE0)7] Wi
o] vigeMFE A=, Ml BES] F= 9 F
BRol] MuHeE Hx) AgwAo] SR get)
A A2 WF F g om lElE A Fo] At |
Aol et Ax|ofels Ak o] WAL WA =0
o ujg} 7pHHo)7] SIA|TL HlwA FAdE WHo]7] wE
o] Al HAol| MXd Hur=aRE WA & 5 Q= @
SAAYLM, Left Material)S -831= wjEle A4k
ole} FgH 212 25), 2l(6) 2tk

D
Yhi = Hy ®)
i=1
Hyy: Door 9] W12 2] =23 o] (532101900 A7)
h; + ALAA O] A F LM (h, < 900712
Pt hy X900 A2 LM 7N
i LM YRR

p—k
Yhi= H, ©

j=1

Hy,: Window$] W2 2] =448 o] (23940 1500 2 74)

hy o 2 (5) B8 F LM (h; < 900717
ko2 (5) SR AFEH LM A
j oo LM TEAF

HQRE A7 o e Tl 24 mEe] A
ol AAjsle Hane A S48S Has F 5 Qe
A3t duelss /peieith st s} daelss
AH= 79l wet Al WA F AaEert AAEA
AHoNY, A2 WA Fol] o] st e g o
Ag3p7) ofele WHelr] mEd] & Apelde 913
# RA(Risk Area)2}al golsigitt: o] RA.= #4A}e]
Tolut 2dgell izt 7zl Z3eelal o] HEg
T e V)Y AEAd ERIE Y 598 I

= O
2 A8 £ANAL MR PF Aol WIS

5
O

W

e 2 oo 1l

i

;

2E2US A0 MuEe &4 XXg LualE e

sith sk ZF wAlolA] g LM F Zou Zolr}
100mm P|gtojg} O od AR B71ss A = LMS
85l Qo] FYS AHEIQ] 00mmS 7HAIA] H3k
e HAXAE 7551, WM (Waste Material) 2 72]3}
a1, 0|2 &AW Rd] EIAA HESIITE

3.5 283}t Y25 HS
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— Traditional Method (T.M.) )

14250 1500 ,0.900

=

v Loss Area (mm?)
= R.A. (mm?) X Loss Rate(9.67%)

— Optimization Algorithm (O.A) -

14250 | | 0 8900

= == B =
N Y O A A -----‘[

v’ Loss Area (mm?)
= [R.A. (mm2) X Loss Rate©.67%)] + LM.**mm2) + W.M.***mm2

*M.(Installed Materials) are planned and installed by the Optimization Algorithm
(IM.s Loss Rate is assumed to be 0% because it was already planned and installed)
** LM. are left materials after utilizing to the top area of window & door
** W.M. are generated from L.M. or LM. and this is a no more available materials

Fig. 7. Process Comparison of the T.M. and the O.A.
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Table 8. Operation Process of the Optimization Algorithm and the Traditional Method

(Unit : mm)
Variables Derived Value
Operation by Module Types M, B Required Materials /
L Lh @ w (ar,B) 7P " Cut size for installation* b e A
Step 1 14205 | 15, 750 - - - - 900x1800-16pa+ / - 150%900-2pis* - -
B B B ~ 900x2400-5pa / g B
Step 2 700 5 1 900X700-10p, 900X1000-5pi 300x900-5pi 750x700
- _ _ _ _ _ 150x900-1pi (LM, _ ' ~
Step 3-® 400 3004900-1pi (LM) S000-Tn
Optimization | Step 3-@ - - - - 470 300x900-4pi (L.M.) - 1755%1303&? 1500x830
Algorithm o
(CA) !
900x1800-16pa, 50x900-1pi, 750700
Sum - 900x2400-5pa / 150x900-1pi, 150x300-4pi, 1 50Ox83(Y)
Mt 900x700-10pi, 900x1000-5pi 750x150-20i
= Required number of gypsum board : 900x1800-16pa, 900x2400-5pa
Result | = Required number of the 900x1800 gypsum board in the R.A.(Apply the Loss rate 9.67%) : 2pa
+Loss Area (m?) @ LM. + WM. + (RA. x 967%) = 0.135 + 0420 + (1.770 x 1.0967) = 2.4%
+ The wall area deducted the opening area : 37.935m?
= The gypsum board area of 900x1800 size : 1.62m>
Traditional Method
ra HC().?aM) © = Required number of the 900x1800 gypsum board : 37.935 / 1.62 = 2342pa
o = Required number of the 900x1800 gypsum board(Apply the Loss rate 9.67%) : 2342 x 10967 = 2568 — 26pa
= Loss Area (m?) : "The wall area deducted the opening area” x 9.67% = 37.935 x 0.0967 = 3668
Step 1 11950 | 13, 250 - - - 900x1800~13pa / - - - 250x1800
B B B B 900x2400~4pa / B
Step 2 640 4.1 00K640-8pi, 900K 120-4pi 480x900-4pi 640x1150
Step 3- - - - 340 - 480x00-1pi (LM) 140x900-1pi - -
. 150x480-2pi
Step 3-@ - - - - 370 480x900-2pi (LM - ! -
Optimization 110X750-2pi
Algorithm
OA.
©A) 00<1800-13p2, 480600-1, | 150x480-2pi, 250x1800,
Sum - D0400-4pa | 140x000-1pi, | 110x750-2pi B40x1150
M2 900x640-8pi, 9001 120-4pi P P
= Required number of gypsum board : 900x1800-13pa, 900x2400-4pa
Result | * Required number of the 900x1800 gypsum board in the R.A.(Apply the Loss rate 9.67%) : 1pa
«Loss Area (m?) : LM. + WM. + (RA. x 967%) = 0867 + 0 + (1.186 x 0.09%67) = 2.168
= The wall area deducted the opening area : 30.124m?
= The gypsum board area of 900x1800 size : 1.62m?
Traditional Method
fa ”‘(’TM) © + Required nurber of the 900x1800 gypsum board : 30.124 / 1.62 = 1859pa
o = Required number of the 900x1800 gypsum board(Apply the Loss rate 9.67%) : 1859 x 1.0967 = 20.39 — 21pa
«Loss Area (m?) : "The wall area deducted the opening area” x 9.67% = 30.124 x 0.0967 = 2913

* Cut size for installation : the actual cut size from Required Materials for installation
= Unit definition : (1) "pa” means a panel produced in standardized and fixed size (ex. 900x1800-1panel). (2) "pi” means a piece generated by panels.

Table 9. Results of the Verification

Module T (m?) | Method Required Material LOSS cosT
lodule Type | Wall Area etho equirt laterials
" Loss Area(m?) Loss Rate(%)« | Saving Rate(%) Cost(KRW)=* Saving Rate(%)
900x1800-18pa,
OA 0X400-5pa 249%6 6.58 87,249
M1 37.935 31.95 547
™ 900x1800-26pa 3.668 967 R 2%
900x1800~14pa,
OA N0XA00-4pa 2.168 7.19 68,379
M2 30.124 2565 8.27
™. 900x1800-21pa 2913 967 74,545

« Loss Rate : Apply define of the Loss Rate of the Equation (1)
= Cost : Apply unit price by size of the Table 2
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3 Saving Rate of the LOSS & COST mean the O.A. compared with the T.M.
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Fig. 8. Comparison on the Loss Area & Cost
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