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ABSTRACT: Shop drawing tasks conducted after finishing coordinated or engineering design have great influences on the quality and
cost of a project. However, despite the development of commercial BIM applications, shop drawings have mainly produced manually in
certain engineering fields. Incorrect shop drawings with human errors have occurred various problems such as cost overrun, time delay
and reworks. An automated shop drawing publishing from BIM is expected to resolve these problems. Despite attempts for automate shop
drawing production, the field of mechanical, electrical and plumbing (MEP) is yet regarded challenging due to complexity of components
and connection. In this research, we develop a process for automated producing 3D MEP shop drawings in BIM environment as following
steps: to analyze conventional MEP shop drawing process, to identify detailed process that can be automated, to classify existing MEP
objects and assign codes usable in BIM, and to develop an application. The validation of automated process is conducted against 10 clean
room projects in which MEP is more complex and its cost is higher than other projects in terms of productivity and workers’ satisfaction.
Results show that the number of manpower for shop drawing is reduced by 30%, and the working time is shortened by 31%. Personal
opinions of involved practitioners is interpreted as positive as the average rate of agrement on practicability, easy-to-use and necessary

retouch tasks is around 66%.

KEYWORDS: Building Information Modeling, Mechanical Electrical Plumbing (MEP), Shop Drawing, Application
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Figure 2. Conventional shop drawing process



Table 1. Drawing list

Table 2, Shop drawing time by type and utility

Drawing Field

Pipe length, Fitting(Elbow, Tee, Flange, Stub-end, Cap, Red,
Plug) quantity, Accessory(Valve, Strainer, Trap) quantity

Material order Piping installation position based on column
drawings Display of connected shop drawings
Calculation of welding quantity
Perforated marking of firewall body
Piping installation location based on column and various
Shop accessories installation location
drawings Field installation Routing

|dentify section

Section Drawing
Type Utility Time
Quantity | Construction | Adjustment (Day)
UT Piping X 0 0 56
P-GAS,
Chemical 0 0 0 6
uT N2, CDA X 0 0 42
Piping Dce 0 0 0 60
Fire 0 X X 20
fighting 0 X X 1%
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Table 3. Research on shop drawing process

Author Title Contents
A Study on the Automated
JuanD. Automated generation of Methpd of Creating Shop
. e N Drawings for the Wooden
Manrique shop drawings in residential . B
(2015) construction Frame Design of Residential
Facilities Based on D-CAD
Model.
A study on rebar shop drawing
Design and Development of BIM | system design and development
Seong ) .
2012) Based Rebar Shop Drawing through analysis of rebar shop
System for Column and Wall drawing process and formal
information expression.
A study on understanding
the flow of rebar information
Design and Development of BIM and logistics mformanon
Jeon ) through analysis of the
Based Rebar Shop Drawing )
(2011) System rebar shop drawing process
Y through system design, and
implementing information
standardization.
A study on the development
Development of an Application ofa program for éutomatlcl
) - creation of submitted drawings
Kim {o Generate 2D Drawings in for licensing in connection with
(2006) Automationusing Open BIM =g .
Technologies BIM design book optimization
9 standards by applying the
concept of open BIM.
A study on applying to practical
projects by constructing a
Park A Study on the BIM Application for | custom component of a support
(2013) Shop Drawing of Steel Structures | structure for steel structure
joints where application of
system components is difficult.
Yarmohammadi|  Exploring the approaches in the A stuldy on the |mport:?| nee for
) ) . BIM in the MEP coordination
and Ashuri implementation of BIM-based <tage to solve the complexity of
(2015) MEP coordination in the USA | 29 he complexity
MEP construction.
. . A study on the use of BIM to
A new paradigm for visual . e
Azhar, Mok . R . improve economic efficiency,
interactive modeling and . .
and Leung . : . time management, and client
simulation for construction - )
(2008) . management efficiency in
projects . .
construction projects.
A BIM-based approach to AStudy on the Use of BIM and
Luand Wong autométe Fhe design and Efﬂmenc.y to Analyze Fun‘ctlonal
(2018) coordination process of and Spatial Interference in
mechanical, electrical, and MEP design and coordination
plumbing systems Process
Improving the MEP coordination | A study onimproving
Motiejunas | using BIM technologies-A case | collaboration and efficiency in
(2016) study based on observations and | MEP design and coordination
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Table 4. Define piping object data code

Code-1 | Code-2 | Description | Code-3 Description
VBK REGULATING GLOBE VALVE
GLOBE GLOBE VALVE
Ve VALVE VBR (FOR FIRE FIGHTING)
VBY GLOBE VALVE (Y-TYPE)
CHECK VALVE
ves (FOR CLASS 300)
CHECK CHECK VALVE
Vel vae ves (FOR CLASS 600]
VeD CHECK VALVE
(DUAL PLATE TYPE)
VALVE VJA JACKET GATE VALVE
vJC JACKET CHECK VALVE
v JACKET
VALVE VL JACKET VALVE
(BALL TYPE)
VLD BALL VALVE
(DOUBLE BLOCK AND BLEED TYPE]
VLH BALL VALVE
[FOR H2S04 SERVICE)
BALL BALL VALVE
v VALVE VIR (FOR REDUCED BORE])
VLM BALL VALVE
(FOR METAL SEATED TYPE)
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Table 5. EZ-ISO Program analysis

Check List

EZ-ISO

IS0

Conversion Process

« No conversion file required when
converting to IS0 (eif file conversion
required when creating spool drawings)

« Construction Material Spec

Predecessor * Symbol Mapping Table
« ISO Style Setup
Function Support » Dedicated isometric engine based on Revit
->Revit File .
Compatibility " Revit Add-In
Mega File Support + Depends on the performance of the single

engine when extracting large SO file.

Conversion Script
Format

« Conversion through self-developed
converter engine (PCF can be provided)

2D Format(DWG. PDF)

- DWG

General Extract Time

« IS0 extraction depends on single engine
performance

Table 6. Revit—ISO Program analysis

Check List

Revit-1SO

IS0

Conversion Process

« Need to convert to rti file when converting
to 1SO

« Construction Material Spec

Predecessor  Symbol Mapping Table
« IS0 Style Setup
Function Support « Dedicated isometric engine based on Revit
->Revit File .
Compatibility * RevitAdd-In
Mega File Support « Depends on the performance of the single

engine when extracting large ISO file.

Conversion Script
Format

« Conversion through self-developed
converter engine

2D Format(DWG. PDF)

- DWG

General Extract Time

« IS0 extraction depends on the
performance of its own engine, but also
considers the impact on the N/W speed by
server upload/download.

Table 7. AutoCAD Plant Program analysis

Check List

AutoCAD Plant 3D

IS0

Conversion Process

« Fabrication CADmep file conversion, PCF
extraction, and ISO extraction from Plant3D

« Construction Material Spec
« Symbol Mapping Table
« IS0 Style Setup

Predecessor « Fabrication CADmep Library
« Design Line Mapping Table
« Fabrication CADmep Button Code
« Plant3D Spec
. « Includes dedicated isometric engine based
Function Support on Autodesk Tool
->Revit File . . . .
Compatibily « Can't compatible with Revit
Mega File Support « Extraction time is slower than other tools

when extracting large ISO volumes

Conversion Script
Format

« PCF(Piping Component File] Script

2D Format(DWG.
PDF)

+ 2D(DWG) / PDF(Add-In)

General Extract Time

« Slow speed to purchase and include other
engines
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Step1.

EZ_SPEC, EZ_CODE, and SIZE values among model

Extract SODE Description, Description, and SKEY values that satisfy the condition from the Mapping Table using

property information.

pe

prosae X | 7ype Properties
D T_STS PIPE ELBOW_WELD_A2A Family: [T_srs PIPE ELBOW_WELD_A2A v] Load...
SHORT
Type: (sHoRT v [ Dupcate... |
Pipe Fittings (1) » | 2 Edit Type -
Mechanical - Flow ¥ o
Dimensions A Type Parameters
I[\Joml;a‘d ‘;’2-55 Ll Parameter Value ]
NomDia 25.0 mm
_ElbAng 90 000° R Mechanical 2
125 mme-125 mmg l-;‘ o= hdmb—-——-------———---—--—-—-—-L--
Al Data A
-—-—-phasmg--———-—---——----—v—*----[Ez_spEc A2A I----————---———-
Data A £Z_ENDTYP1
EZ_LINE NO :CWS-1000 JEZ ENDTVRD .
= [ | [T 1| Ez_ScoDE E |
Overall Size 125 mmg-125 mmg Other A
Insulation Thickness (0.0 mm RadSel £lbRad-S
Insulation Type ~ Lookup Table Name T_SPIPE ELBOW
Properties help Apply

-

Step2.
Extract ISO based on EZ_LINE NO attribute value

Magping T%ble

e E LT e

F G H I
SPEC SCODE " FROM SIZE TO SIZE DESCRIPTION SKEY
DESCRIPTION
A2A P PIPE 15 400  STS304TP, EFW, BE, SCH10S, KSD-3576 -
A2A IN NIPPLE _ __ 15, 40  STS304TP, SMLS, PE, SCH10S, KSD-3576 NRSC
1
A2A E ELBQW 15 : 40 STS304, ERW, SW, SCH80S EL
A2A E ELBOW 50 : EOO | STS304, ERW, BW, SCH10S, KSB-1541 ELBW
A2A T TEE 15 : 515304, ERW, BW, SCHIO0S, KSB-1541
4 o H 1 I
- b ! I : e
S el
! 1
________________________________ F=—r-
1
Step3. Step4.

Write ISO with predefined symbol as SKEY value
Mapping Table

of Write SODE Description and Description values of

Mapping Table to Bill of Material.

Figure 3. Automated shop drawing process 1(CAD & Graphics, 2017)
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Table 9. Variation of human resources according to automatic =0 sl X e S, U=, 28, UE, i 2¢H=E
rocess application -
P °p 5 Sl MEGI=Z 510 RT 3HO| S 01B0] & 4
Human ResourcelM/M) UZZ B1%iT, 0lof ThEt 01RE A7t RAstoRM £5 7
Project Utility :
2D shop drawing 3D Automated o o
: of 7|8te DtEsIHALY,
process shop drawing process
A o ; y Mz M0 FO{E AIRIXtC| 66%= AISE Z2AHA0
u
sl SHEQI ¥ISS BTt ot MOl HSS WOl A
S D e e RIS el TRAA AL CfEt S22 Table 103 20| %
C P-Gas, Chem, Support 78 54 ok xl'%il' D2 MA )\fg'o‘" U U _'o__"g'gl 701—?— AA Al
30|l 23t FYHO| MiZto| =|X| flot = HF Y AlZto| o]
D N2, CDA 132 92 _
20T, X7 B2 359 4% Het AQA|zto] 22 ZE
E PCW, PV, HY, CW 105 73 Ch= 2J7d0] ==&ACh
— Mo oeEo| MUXZ (NOE B 58N UES 5510
F 12 85
(Aca-C/G Norma) XSst ZRMAL 7|E T2AH|A0 HIEH AN XX} FHO|
Exhaust =
G | s 76 53 S 84 59| 0[S JPHRCH HS o 4 UUCt T2iLt AR
_ NS0l 27== FE M3l oAt LT 352 Z Het Al
H Process Drain Shaft 5.5 38 o
kel A7 Ict= Fo| EMEI, ool chet 74Xl 37
Process Drain CR 155 107 7} Qs oz Wit
J DI 155 107 Table 10. Problem & improvement in automatic process
Total 91 63 Contents Problem & Improvement
« Many predecessors of the process required
. * Lots of additional work
Convenience « PMS management and symbol editing
XHod OJAM Ol S HX{ XIod IO A HA
42 = hlxl' E—' S = E<: = :I-T.jE e | Automatic impossible
BIM7|Et A|22 £ AAM XI5t ZZM|AQ| AR MME & process « Visual expression of proportions is
L _ L = application Quality unsatisfactory
Holl cHotod AlSof 2ot YHE FIt6HALL, HiXlste & & « Create many unnecessary dimensions
YRS WeR Bt 0lof et 41H0N BMI I AIBE = Accuracy | Oblectloss laccessories ot represented)

« Insufficient drawing division standards

B zhy AIS3t Z2NA B84 HB0 Hoist BUE MEPER « No'tme reducton
- Time « Time increases with more parts such as
HE A\SE =H 24 MRV} 6302 Uy =E ZZ AL Mo fittings and valves
45 R Y IR 2B UEt MEXAS THSIC Productivy " fouch-p Works requred
« Calibration is required
MEXAIE AISst Z2MAQ| HOM D=9 Mt §8M Calibration « Additional modifications such as

dimensional standards and labeling for
field workers are required

]
e
>
~
ol
ho
0z
2
it}
=2
i)
ro
0%
i
min
Hu
al
0x
on
38
ful
N
0%
1o

Variation of Time

(Unit : Min)

u 2D Process

130 140
105
. 20
u 3D Process 85 8 75 85 gg 6 o
] . T II I ; - I i II

A B c D E F G H 1 3 (Unit : Min)
Project A B C D E F G H I J Average(min) l::g‘::;?;l

2D Shop Drawing 2D IS0 125 50 50 190 9% 140 50 85 105 66 95.1 100

Process
Automatic

3D Antomated | Comversion 35 35 15 25 18 55 23 25 13 10 254 27

Shop Drawing | ¢, ation 50 - 25 105 50 20 15 55 30 50 40 12
Process

Total 85 35 40 130 68 7 38 80 43 60 65.4 69

Figure 5. Variation of time(2d process / 3d automated process)



5.8

ZAAIEZE = M AISE Z2MAS FEEUC 0] A
F o2HE Hojsts MUXIES AR xtsst ZR=hA
o| 284l tist #ES TSI 2 HTE Sote] ¥ o
b= chSat 2t
2, MEPEX] Z{XS0f CHto] M2
U RANEMS 71Zo= 3Tt 28 L BMIESE TIgst
ZM L MEPE00 M 2| BIMEES I8t =& 2lo|=2{2|Q|
EHE orsHct
S, MEP20 A28 X XM XS5t TREMAS =510
Al2oj| o] BIMZE T2 MAQ| 7t0|=2101S H|A|GHLCE,
N, XS5t ZRMAS E828 22 7|12 Z2M|A0 b|5Ho]
&S

e AlZE 31% B, A 213 30% HE Sl Mg lE Tl

=

~
PN
E HPE E5 MEPEO0I| HX§t BIMEREE =0|1, A|
= AN xedol XtESStE Jhsotil & Aol &%
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