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Improvement of Manufacturing Drawings for Manufacturing Quality
Assurance of Modular Housing Unit
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Abstract

In modular architecture, manufacturing drawing which includes whole information for modular unit production is
essential since works for modular unit have to be performed in manufacturing factory not construction field. Although
the manufacturing drawing is important as known it is insufficient to utilize the manufacturing drawing in modular
architecture project and this makes modular unit low-quality with re-work and work time delay. To prevent low-quality
modular unit caused by insufficient manufacturing drawing, in this research firstly manufacturing drawing’s current
situation and error cases in manufacturing phase of past modular housing project were analyzed, and correlation between
reduction of errors occurance frequency and improving manufacturing drawing was verified. Secondly manufacturing
drawing improvement factors were deducted in interior, furniture, mechanical work phase which errors’ occurance rate is
high and the way of deducting manufacturing drawing lists and contents were suggested with light-weight work as an
example in case of new type of errors occurance. A series of research process can contribute to good-quality modular

unit by errors reduction. As a result of research,
manufacturing drawing improvement factors.
production which have uniform quality.
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about half of errors occurance can be reduced with suggested
And the manufacturing drawing process can contribute to modular

* Modular Housing, Prefab Building, Shopdrawing, Manufacturing Drawing
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Figure 1. Research Process
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Table 1. Feature of Modular Housing

Features Contents

Relocatability Easy demolition and reinstalling

Adaptability and Extendability Easy addition and remove of module

Shorter worktime by 50~60%

h ild ti . -
Short build times compared with traditional method

Superior quality Securing high quality by production

in factory
Light weight Lighter than masonry building by
30%
Structural performance vertically and
Design Varification horizontally makes floor plan

combination easy

Saving resources by reusing materials

Eco-environment .
after demolition

Easy field work management to

Safer construction
secure safety
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3. 2= 3H 7
EEYH AF FHS F8 X 2o wet g,
g2 Infill] 522 U 4 Ut} <Table 2> &

Table 2. Modular Method

Ramen type

Corner comlumn and beam support
structural load

Nonstructural wall which not support
axis-load to separate space

Load-bearing wall type

.

Steel-stud wall supports structural
load

Bracing generally to resist horizontal
load

Infill type

o |

Infill the inside module to structure
with structural method
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Table 3. Domestic modular housing cases

Categories ?ontents - -
Chungdam MUTO Chunyeon-dong Rental housing ~ Gongneung-dong dormitory Ulleungdo Habitat
Image
. . Rental housing for
Summary M(Zhgzr. 32:/:232;?;}1& collZgiasu;Zfltsgwﬁich . Rental (.iormitory F)y Coorpor.ated habitat project
foreign employees coorpc.»rated with Korea Habitat SH public corporation with Ulleungdo
in Seoul and A Co.
Completion Year 2012 2014 2014 2014
Location Gangnam, Seoul Seodaemun-gu, Seoul Nowon-gu, Seoul Ulleung-gun, Kyeongsangbukdo
Unit size 3.3 Mx6.6 M 32Mx2.5M 22 Mx6.1 M 3.2 Mx6.6 M
Building size 4F, 18Generation B1/4F, 27Generation 4F, 22Generation 3F, 21Generation
Contractor A Company A Company B Company A Company
of 9lol= 2013 12YFH HEALFTH-O FEWTI Ates 2t A4, 7171, vl o AAAAE] &9
71eEde 20170 FEAG REY AT AGES Sl AFGAANM 2 g Aol AlFee] TR
g8 4EE T ool o= =A Part drawing, Assembly drawing, Multi-
Assembly drawing, General Arrangement drawing % ©]
5. SAMHA ZRM|IA AtH(Simmons & Maguire, 2004).
BE BOlfUe] YA o] BHo] TAANA o Zzpe] mwle] mgshs Ani <Table 459 k.
Fo]XIth. <Figure 2>°l g4k —Li/‘ﬂj\e gkt

T UL AxEth HA 2 HA ) }d, w2 Shopdrawing type Information
Part drawing Information for a single part material processing

o} <
2%y T ulguke BAlsla AYAHES o] Qdle] W Table 4. Information by Shopdrawing Type
ke
Els
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Assembly drawing Assembly information with over 2 part materials

FAlo] UBRZAPE 413 9 & glom, nie vl 5

E} = Multi assembly ~ Combination with part drawing and assembly
il 5 ieeigo) ofRojAltt, o] 5 APE, A,
gl

v drawing drawing
gio] , 7 - & Wiuizte] o]Fojxm &jFmjzto] A General arrangement Information for finished product’s feature and
XL ZA 5 HAE Z3lEo] dAow &b 9 Ax") drawing relationship of assembly components
| 1. Frame and Floor | | 6. Floor finishing (Includingheating)| <Figure 3>2 A= FHE 7+ HAE JUepdoh &
! ! FUz AYEE PPAAEAE 2 358 4] = A
| 2. Light weight frame | | 7. Interior finishing | A= /=S wrEojol B Wad PR Ik 47
J v stot Asa,
| 3. Piping and Wiring | | 8. Exterior finishing |
{ { :
- - — - | General arrangement drawing I
| 4. Light weight frame finishing | | 9. Packing | —
I ]
{ | Assembly | I Assembly I . I Assembly |
| 5. UBR | | 10. Shipment | drawing drawing drawing
Figure 2. Manufacturing Process of Modular [ ‘
Part Part Part Part I
6 I-”xl":kl drawing || drawing || drawing drawing
2 Figure 3. Shopdrawing Structure
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REY 9G] AZe ZTAA o]Fo|ztk= A} Table 6. Error and Improvement Item in Manufacturing Phase

TZE, AF, Y] 5 O FF5E0] o]FoFlne Mol Improvement Item

A7) AREe} AwEe) Ao mE A 3 4 k. Catogories  EIOX " on. ShoPdvig Dosien

mEl, B w=RoNE nEe ZAAEAe Foe mprovement Improvement
_ Frame/Inspection 13 8 3 2

VAR ALE Aol AARAZ Loz AL A

2P oo fJsia ete EHOEA FRAE Al T finishing 12 > > 2

A+E TS A% AFAY BRE FAst] g Electronic 6 0 5 1

Zrog 3o Mechanical 15 4 9 2

Interior finishing 27 9 13 5
Il. _g_g.x."&[-_“:_ A.I gl_ I."&LCI)_ $r _E_)S! Exterior finishing 9 4 5 0
Total 82 30 (37%) 40 (49%) 12 (15%)

1. 22 Z2HE MEZ 2E SE 24
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AEs) AEEe) BEAFL BASAL. Y BEE F Solth WA AANE o) WAH o7, A
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AEFYOlE FHOZ FPHTE <Table 5> A2
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HAE F% 9 Detail Drawing (H=24Y), 3 359 el I
Wall Shop (AL A1), UBR AAN, Ul 0HE e ey
5 7 3 WReRE, Z1AER e psd SelE
AE ALl ANEA =R FEM AR Know-how e BT
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Table 5. List of Shopdrawing by Manufacturing Phase Finishing

Categories Drawings Drawing subjects seeticame [ EIEE 13

Steel frame Detail Drawing Steel sub-con. 2 B " i o A & a2 e &%

Working design drawing Design co. W inspection ® Shopdrawing  Design
Lif%hf ‘g?ight Wall Shop Manufacturing co. Figure 4. Analysis of Error/improvement in Manufacturing
inishing . . . .
(board) Working design drawing Design co.

Interior finishing  Interior finishing drawing, . . - B T _
(furniture/ Furniture setting drawing %tesril(:sg. <Figure 4> <Table 6>°llA =3 spApdA] H &)
interior) Working design drawing &fl €o. fAdHkete] el &S == vepd Aol 47

UBR UBR detal, UBR co. ek Wy MlEe WRERE 3FI4 820 % 27
Working design drawing Zﬂ_(33%)2§ 71 =9k 7]74]/“1:1] EES 73%%%’ e

. Sleeve detail, R
Mechanical Working design drawing Manufacturing co. gk, 71448 o2 =4 eyt =EE ) AanRte
Electronic Working design drawing Design co. e AAESNA A=A sl ot SRR 7T 82
Exterior finishing ~ Working design drawing Design co. = 407{1(48.8%)@—i}\1, AAE=M S RO EN AA
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Table 7. Error Type which can be Reduced by Shopdrawing

Improvement

Categories Error Type Count

Furniture-Electronic/Mechanical pipe 3

interference

Interior Location of lighting equipment 2

Finishing/ ~ Furniture-Ceiling gap 1

Furniture  baseboard joint with baseboard and window 2

tile and board which are cut 4

Using low durability material 1

Piping interference (wall, piping, UBR etc.) 4

Location of vertical pipes 2

Mechanical ~ Piping extrusion cause transportation risk 1

Sleeve finishing 1

Pipe cover 1

[ [e)

1A v = HA, 9], UBR 53 M= ol
ZHdell o3k s Eol 4o R TP Bon Qe
AA7F QEFFEo] b Ado] 2 5 HjEe]
2] FE STl 27102 T HAR Bt 2 9] 9
i3 52, SEE v, wiBEG ol AFEA R
of o] ArFse sARFEIR vERsT

T ¥ Y g5 Az a7HRE QP
3PH <Table 8>3} 7t}

Table 8. Required Information to Improve Shopdrawing by Error
Types

Error Type Required Information

Furniture-Electronic/Mechanical Electronics/Mechanics-Furniture
pipe interference interference detail drawing

Location of lighting equipment  Location of lighting equipment drawing

Furniture-Ceiling gap Furniture-Ceiling joint molding drawing

baseboard joint with baseboard
and window

Baseboard detail drawing baseboard
joint detail with window frame

tile and board which are cut Tile/board distribution drawing

Using low durability material Specifying material detail

Piping interference
(wall, piping, UBR)

Location of vertical pipes

Piping interference detail drawing

Vertical pipe detail drawing

Piping extrusion cause
transportation risk

Specifying pipe installation’s scope
(factory/field)

Sleeve finishi detail drawing

Sleeve finishing

Pipe cover Specifying Pipe cover in shopdrawing

FAANENE A4 W, ARAGEe] wIEAE
A AEFsd AAY2ES PG S1E SRS
o WA B g FPAREA Pl shsst.
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Table 9. Shopdrawing checklist

1. Holes of furniture by pipe, mechanical, electronic
equipment are reviewd and drawed?

2. Lighting equipment is located properly and drawed?

Interior . - . -
3. Proper finishing is specified at joint between furniture

Finishing/ ~* e .
o
Furniture and ceiling in drawing?

4. Distribution drawing is drawed and tiles/board are
designed not to cut.

5. Proper material usage is reviewd and specified?

—_

. Pipe Interference(with wall, pipe, UBR) detail is reviewd
and drawed?

2. Vertical pipe location is considered and reviewd with
horizontal pipe location?

Mechanical 3. Extrude pipes to outdoor exist?

4. Work scope between factory and field is distinguished?

5. Finishing spec. around sleeve is specified clearly?

6. Direction about sleeve cover work is specified?
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Manufacturing
Scenario Creating

Analysis of Work Element
by Scenario

Reviewing Drawings / Reviewing Quality Management

Listing Shopdrawing Element

Manufacturing
Shopdrawing based on
Scenario

Figure 5. Analysis Flow
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Table 10. Categories of Middle Manufacture Phase

Number Manufacture Phase Number Manufacture Phase
01  Steel frame 08  Light weight conc’
02 Deckplate 09  Heating piping
03 Structural fireproof 10 Waterproof and tile

04  Light weight steel 11 Mortar and floor paper

05  Piping and wiring 12 Interior finishing
06  Light weight steel finishing 13 Exterior finishing
07 UBR 14 Packing

ZEEF(Lvl) DERNA 2FF(Lv2)-2rEA U2 Q. 25HA|
2 AA AEsste FZgAueE 25 =E3FTE <Table
11>0] AFAT F5o] A vE e =244 Fst

At

Table 11. Work Scenario Analysis (Light Weight Steel)

Lv1 Phase Lv2 Phase Work Scenario
Part member production and hole
Top and bottom runner setting
Runner and Stud arranging and fixing
04 .
stud settin i i
Light weight 2 Opening seal fixing at top and bottom
steel Cripple stud arrangement and fixing

Screwing

Windows and

K Dimensioning of stocked windows
door frame setting e

2. ALz |2 B A 2

<Table 11>o14 AE)st AU 2 (F2)E Fas}7]
Q8 Bed HRE IA IREA BAEA, A9,
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Table 12. Information for Work Scenario (Lightweight Steel)

Information for work

Categories Work Scenario

Component

Shape Location ~ Method
Part member Runner/ Forming
production with hole* Stud Cutting
Top and b(?ttom Runner Ceiling, Screwing
runner setting Floor
Stu.d arrangement and Stud Wall Positioning
Runner/ fixing
Stud setting Fixj

g Fixing stud at t(}p and Stud .for Wall Positioning
bottom of opening opening
Criffle stud Criffle s
arrangement, fixing stud Wall Positioning

Screwing runner and

stud - Wall

Screwing

* when producted in manufacturing company’s factory
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TRLAEE 7IRH o FUEA, v, 4H, @,
2E, dE#7F tiAoltt, A vE]e ¥ defdne
S =W PAHQAER BHSE YU FHES <Table
13> g2Jsisint.
g Sol, AR Ay AAE FREk, AN =
ool AAFIAE & & A3, YHolA AR

%
AR Bl e

B 29 2 APARl ois) Yug FHoksle, AYE
oA A el sl & 4 flojok, A4 Wl 8 A
g AdHoR & & ok ackstu, FaR A A4

W Ede AT FHehE), 99, 3

Y Ao $4 A =
e 2HE 97} ZAE FHHEET o)
B oAy 23Ee AEs9 B9 gekeit) 614

gE, A skl AXEHe
?

zEEEe] AR soke ATy d5u
she WHolL, ES B AN F & e, 9
o= E@ske o] FuFel} he Al es] dus
o 24 TANS W BEAIT FHAD e
Azl e s 5QE wRe] 717k shssiel =9



Sae] F7AEe] &

FAAATA WA AT 143

Table 13. Expression Way Draw by Work Scenario (Runner and Stud Setting)

Information for work

Expression way

Work scenario -
Component Location

Creating Drawing List

Method Floor Elev. Sect. Ceil 3D Text Schedules

Part member Runner/ ) Forming ° ° ° 1. Part drawing
production with hole* Stud Cutting * Runner/Stud part
Top and bottom Ceiling, . Specifications drawing: Section/ )
runner setting Runner Floor Serewing @ e o o L Schedules ichedufs/lechm}ng
Section . Assebmly drawing
Stud arrangement e .
and ﬁx%ng Stud Wall  Positioning @ [ ) [ } (part member) d Rupne.r/Stud setting
— @ Floor planl rawing:
Fixing stud at top and  Stud .for Wall  Positioning PY ° ° Elevation? Floor/Elevation/
bottom of opening opening 3D Schedules/
Criffle stud . I Specifications Specifications
arrangement, fixing Criffle stud ~ Wall  Positioning [ ) o o Schedules 3. General
Screwine runner arrangement drawing
e - Wall  Screwing o (] [ ] * Runner/Stud
and stud .
general drawing:
Inspection Inspection List 3D/Sched.ules .
4. Inspection List
* when producted in manufacturing company’s factory
2 FEase A9 R2E ST eYRE WuA V. HE o g5 uE
Eersi ERgE Aol WPon mus iE
S FZY}. <Table 105914 AY 2 2HE g9} B wEe Tz e BEATL AL A%
dalo] Mo wul ik BeNAe] 99, W, 4w, WA 0RAEIE ARt SREEDEA L A, A%
3D, AANE, YR, 28 FUHeR g 2 A, AA AR EAE A AlREA el wet )
83 AFezECTt A5 BA & F e FEES AA F 48.8%°IUTt.
% 55%7F MR, Z1AAR] Sl 2 A s
4. T B|AE £ on), % o sl AT E ANEN 2FYn)
THst AES 53 &% =HasEd ARE A AIYZEE EFdY I 5L HHe] sAE nd
£ wYgsle] g 2E3} & <Table 14>2F Zth Part o] WA 7Fs3l=S Aetalgdn). o] Eal <Figure 6>
drawingdl = T 2 2EHEZ= @9EA A Zol digk & o] AA B F 26.8%d G EH = AR ZE 7t
3 AYE, BT TP /1T B Aot TP W 52 202 gE
Alel 2o thet FuE AT FAEHE), 99, .
A AL, B E = Assembly drawingol]l ¥8 2 4 2l Reduce Error by
Design — 14.8%
t}. General arrangement drawing®l| A= A F-A| 2] A4 Improvement ‘__
ZAA7F 3DE AFH] 2+ 2 FAEL] FTHHAE Steel Frame, Exterior
Finishing, Electronic
o}s}l 2= 01 == Ho } 3 ' '
A sttt = SlEs dnh =A A BER A 3 Light-weight Steel
F ¥ AYeE 53 Ao YRY2EE wug o Rackice Ervor by Frame (22%)
of =W A4 A2 AREel v, s A7 Fol Shop Drawing _
Improvement
Lo|3I=E gt (48.8%) Interior
Finishing/Fumiture,
Table 14. Drawing List (Runner and Stud) Machanical. (26.83)
Categories Drawing title Information =
Part drawin Runner/Stud Section/Schedule/
& shopdrawing Work information
Assembly drawin Runner/Stud Floor/Elevation/ Rec?:::eg:'::; by 36.6%
Y & setting drawing Schedule/Specification
General arr'fmgement Runner/Stuq 3D/Schedule
drawing general drawing -
Inspection Runner/Stud Runner/Stud Figure 6. Expected effect throughout Shopdrawing Improvement

inspection list inspection item

of Interior and Mechanical
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