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5| = Introduction

In the design stage of a building project, poor co-
ordination among different design disciplines is a com-

mon problem: Y

Poor design coordination will gener-
ate many issues, not only delay the design delivery,
but also cause problems during the review and con-
struction stage[zz. Repetitive modification (via contact
forms) will occur during the construction process, cau-
sing unnecessary waste thus to delay the project deliv-
ery’’. Building design is a complicated progress be-
cause the successful delivery heavily depends on effi-

Building

design close-out only if the construction passes all in-

cient collaboration among each discipline*’.

spection and deliver to user according to relevant do-

[5]

mestic regulations ™ . The design management is im-

portant during design stage to ensure the successful co-
ordination of each discipline and sharing of project in-

formation'®’ .
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Building Information Modelling ( BIM) is becom-
ing popular in Architecture Engineering and Construc-
tion (AEC) industry in recent years because it can in-
crease the information coordination in architecture and

infrastructure plrojectsL7J

Design teams can improve
their delivery performance in the case of all the build-

ing elements are well spatially optimized'®'. During the

BRAE (1991 =) 55, T T PUR S-S @ FIAE R AL 50 L, 25717 - BIM AR 5 33

PRIR S A TR i T - R % JE T ( Georgios Kapogiannis) (1981 =), 55 i, T Sty T IUK 24 A B A Y
(BIM) BY B , P A S0, F2 205807 i 5 B AL e 2 S5 P R] 54



FLEBIM ZARERZATEH~wRE:—" T4

BiES5E

RIfkelFaR" T35 2020 - M

implementation of BIM, the models’ detail level play

important role'®’. Domestic BIM standard < Standard
for Design Delivery of Building Information Modelling
> raise the concept of " Level of Model Definition" ,
and divide the model into four levels, which regulates
the required information for each level ®'. American
Institute of Architect ( AIA) divides BIM model into
five levels from 100 to 400",

both abbreviate the concept into LOD, which have sim-

These two standards

ilar function. LOD guides the implementation of BIM

during different stages''”’

. The implementation of BIM
in design stage requires a clear information guidance to
support the decision makings and assessments of design
team regarding to the project'’. Through the analysis
and comparison of two standards,
ATA LOD 350 could effectively fill the gap between
LOD 3. 0 ( components level ) and LOD 4. 0 ( parts

level) of the domestic standard in China. Therefore,

this paper consider

this paper discusses and assess whether LOD 350 can
effectively enhance design coordination, thus, to im-
prove the design qualities in China.
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1 #HRB#R. 3K FAF X Research Aim,
Objects and Methodologies

The aim of this research is to understand whether
and how LOD 350 can improve design coordination and
thus to improve the design quality. The research objec-
tives of this paper are a) identify the problems and is-
sues in building design management during construc-
tion drawing phase b) define properties and character-
istic of LOD 350 and c¢) understand the interrelation-
ships between LOD 350 and design coordination within
Chinese Industry.
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Researchers are using mixed method approach ai-
ming to get a more objective approach of people’s opin-
ion. Methodologically researchers follow a case study
approach and using mixed method ( observation and
semi structured interviews). Researchers worked on a
small residential project that is based in Ningbo, Chi-
na. Interview participants are from a design company
which has Class A building design license and a con-
struction supervision company which has Class A build-
ing construction supervision license. Researchers ana-
lysed the relation between different disciplines in con-
struction documents design phase. Ethics clearance
was provided by the University of Nottingham Ningbo
China before the research starts.
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For the first research objective, the researchers
use literature review to investigate those existing issues
in building design, to find those factors that cause poor
design management. Moreover, for the second research
objective, researchers use semi structured interviews
and case scenario to understand certain challenges dur-
ing the design documents coordination following by ob-
servations from the experiment. Findings compared to
comprehensive literature review in LOD based on up-
to-date standards, analysed the impact of LOD 350 in
construction drawing design phase. Finally, the third
objective aims to understand the impact of LOD 350 in
a scenario and presenting its findings in terms of " how
LOD 350 could help to improve document coordination
during the design stage of a project" .
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2 MIEXHERITEEPRGEE Issues
of Construction Documents in Design Man-

agement

The quality of design documents delivery is impor-
tant in building project because poor design coordina-
tion will delay the construction progress'™*!. The tradi-
tional building design tools and methods effects the effi-
ciency of this discipline, compare with the history a-
long the century of building design, the current of de-
two dimensional

sigh delivery is still based on

2) Two dimensional sheets have limitations in

sheets!
spatial coordination, which will affect the evaluation of
design team regarding to the potential design prob-

) Despite the widely adoption of many three-di-

lems
mensional design tools such as SketchUp and Revit,
they are merely adopted in initial design phase, howev-
er not deep into construction documents design
phase''®’. Many domestic design companies are lack of
widely adopt those useful three-dimensional tools to in-

tegrate all design disciplines to improve design efficien-
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cies and qualities'”’. Building projects require coordi-

nation from multiple disciplines across different sta-
ges'"® . These stages consist geological survey, de-
sign, and construction ( Figure 2). According to do-
mestic regulations, design companies shall respond to
relevant questions from construction company during
Therefore ,

poor design quality will cause design team to spend ex-

construction stage ( via contract forms ).

tra time making design modifications during construc-
tion process. However, ISO 19650 was introduced as a
standard to optimise information modelling process in
construction projects''*’. In China, this standard is
getting attention but not been widely adopted.
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Construction documents design provides details to

2! Construction drawings design

constructions stage
demand the collaboration of multiple disciplines, inclu-
ding but not restrict to architecture, structure, and
MEP/HVAC (Figure 3). During the construction doc-
uments design, lack of communication among different

[21]

disciplines is a common problem ~". Because the fre-

quency of design modification, if the modified informa-

Schematic Design

LES 4N

Geological Survey - Project Begin
R TH T 46

Core Stage of Coordination

il BHIREONE
1 . . . . 1
i Construction Drawing Design Construction |
: AR - WL |

Feedback to Design R i#£A1t it 1
Project Close-Out - Delivery Inspection
TS AT $l

2 mMEXfRE
Fig.2 Project Delivery Process

tion cannot be delivered to relevant discipline timely,
it will cause the information delay and modification de-
lay, thus lead to the poor coordination in the end'?’.
The limitation of communication tools among design
team is another problem that cause poor communication
during the design process' ™' Following the lack of col-
laborative culture, the performance of construction pro-
ject will be affected thus likely will end up with fail-

24 . . .
ure'™'. In domestic design companies,

it lacks to
widely adopt Common Data Environment (CDE) plat-
forms; those common instant communication tools are
not able to effectively provide storage and share docu-
ments ( regarding to the historic version of design docu-
ments and are not able to provide effectively feedback -
design review and references) . In domestic build-
ing design companies, architecture is the leading disci-
pline to coordinate and review the designs. Mean-
while, as being considered as core disciplines, the co-
ordination between architecture and structure is impor-
tant to ensure the spatial reasonability' . The MEP
disciplines provide building equipment design based on
architecture and structural design. These designs are
integrated in order using relevant tools'®’ (e. g. Navis-
works clashes must be reported ) .
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Fig.3 Coordination Between Disciplines

During the construction drawing design phase,
each discipline needs to make changes should comply
with schematic design and relevant standards'””’. The
lack of pre-identifying potential construction problems
during the construction design phase is one of the rea-
sons that cause the delay of the building project'®’.
Design team does not make design based on the real
construction process and does not make spatial simula-
tions. This result to design inadequacies' ™. The de-
sign team uses inefficient communication methods and
irrelevant reference information can seriously affect the

[30]

design efficiencies ™ . The delivery of design can be
considered as information delivery ( Figure 4). It re-
quires the use of effective reference standard system,

mutually agreed, during information production to en-

sure the information quality and validity'®’. As a result
the information production and its quality depends
heavily also on the efficiency of information coordina-
tion, and in particular to be reviewed by the right per-

4 . . .
n'*). On this basis researchers run semi structured

$0
interviews to seek those challenges ( architecture and
structure disciplines) based on documents coordina-
tion. The output of this research is to meet require-
ments of the second objective.
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For the interview in architecture discipline, the
research focuses on how it should provide useful infor-
mation to other disciplines, and how to coordinate with
other disciplines through effective communication. For
the interviews on structure discipline, this research fo-
cuses on how structure discipline needs to coordinate

with architecture discipline to achieve design objec-
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tives. For the interview on construction supervision dis-
cipline, the research focuses on which types of issues
in construction documents will impact to the construc-
tion progress, and to investigate how design team and
construction supervision teams need to coordinate in or-
der to improve the delivery efficiency. Researchers
used Nvivo Software to analyse qualitative data by using
content analysis method”''. Based on content analy-
sis, through coding of nodes in Nvivo, researchers
tried to map the relationships between the nodes. The
key nodes among others are; communication, coopera-
tion, design, construction, information, management,
space, etc. Through cluster analysis, Nvivo generated
the following diagram ( Figure 5) by showing the core
challenges in documents coordination in design and
construction phase.
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According to data analysis results, design will
correlate with construction through communication
based on the semi structured interviews with construc-
tion supervision team. In addition, findings show as a
common problem that sheets from different disciplines
do not match or compliment with each other. The data
in ( Figure 5) shows design and construction docu-
ments need to be linked through coordination. In addi-
tion, findings shown that the feedback comes to build-
ing design rather than points out those construction dif-

ficulties. Furthermore, findings shown belated design
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Fig.5 Nvivo Analysis Result

modification is one of the factors that impact construc-
tion. In addition, the Figure 5 shows the coordination
of information is related to the precision of information.
Also, findings shown from structure discipline lack of
clear data in size and shape could cause clashes during
the data/information integration as well as challenges
with spatial coordination. Therefore, there is a need to
model more details to get more a better understanding
of potential clashes. These must be discussed with oth-
er disciplines to ensure information consistency and
high level of quality (note: information is produced in
LOD 350 aim to be better enhanced by LOD 400 that
will be ready for construction purposes). With the im-
plementation of BIM, design team can visualize more
problems[m . As aresult, LOD 350, as an addition el-
ement to LOD 300 or LOD 3. 0 standard to optimize
construction documents design ( Figure 6). Also, LOD
350 could be advantageous to be incorporated to secure
optimised project communication.
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Considering therefore findings from the literature
review and research outputs, it is evident the need to
utilise LOD 350 in the design stage of construction
drawings development to eliminate communication
risks. However, this requires appropriate information
reference system; the use of 1SO 19650 could be suffi-

197 As a re-

ciently enough to elaborate this challenge
sult, efficient document coordination through clash de-
tection in early stage could support the development of
LOD 400 accordingly. The adoption of this level needs
to base on LOD 300 because LOD is a progress devel-
opment' """, Next section will analyse the difference be-
tween LOD 300 and LOD 350, evaluated the role of
each level in design stage.
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LOD 350

Level of Development ( LOD) 350 based on AIA
standard is introduced on BIM Forum in 2013/
LOD 350 is defined between LOD 300 and LOD 400,
which models the actual shape and size of building
components and make the connection joints in be-
tween, aims to improve design optimization before
making construction model'""’. Different phases in de-
sign stage demand different information level to support

31 < Stand-

decision making and evaluation process
ard for Design Delivery of Building Information Model-
ling > has regulated the delivery accuracy'™®'. But this
standard was released in December of 2018 and imple-
mented in June of 2019, so before that, the implemen-
tation of BIM is normally reference on AIA LOD stand-
ard. In domestic construction documents design phase,

LOD 300 (equal to domestic standard LOD 3. 0 parts
level) are mostly being adopted during the BIM imple-
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mentation. Due to the limitation of LOD 300, spatial

coordination at this level might not be enough, there-
fore, it still will cause multiple problems during con-
struction process ( Figure 7).

Fe [E SR Br2 (ATA) FRifER LOD 350 KT
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BRSO . BIM i AR Y i 4 £ Ak
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BRI B 45 S A0 R i R AL 5 e SR A i
BHRIES H G A (RFUE BRI fHr
«E>> PG BIM LD FE G ST AR i f e T R

AMPRAET 2018 4 12 HELL , JF H T 2019 4£ 6 J
IET;&E%E FEBE Z i, BIM $AAT 1Rl 2% AIA
f) LOD Frifis . 75 B At T & 3T B Be g BIM Rz ]

T, feRE AR LOD 300 2531, 45 [A) T 34T IE N bs

HERY LOD 3. 0 (#9144 ) . 1T LOD 300 745
JE ERY SR R 3X NG00 ) BIM LRI AN B8 & BLIF
223 [ U TR AN 2, B DL S B it T i A
IR 2 B F A A R A TR BT (AT 7))

During BIM implementation, build models at AIA
LOD 400 or domestic standard LOD 4.0 (parts level )
require input with large amount of workload because

L]

this level contains construction details If design

stage is not well coordinated, efforts will be spent to
make modifications in LOD 400 or LOD 4. 0, which
will cause unnecessary resource waste. So, the princi-
ple of BIM paradigm can be considered and thus no
I Despite develop LOD

it will improve

lean management is applied ™
350 require inputting certain resource,
design optimization based on LOD 300, which can re-

duce modification in later stage ( Figure 8).

75 BIM (PR A7 # v, i 57 ATA A54fE LOD 400
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The clash between building components happens
frequently during construction stage because of the in-
sufficient detail level of design documents’®’. There-
fore, an efficient solution is demanded to improve de-
sign quality during construction documents design
phase. (Figure 9) illustrated the relation between dif-
ferent components and highlighted their potential
clash. BIM models in LOD 350 require presenting ac-
tual size and shape, also it requires to develop connec-

"1 Therefore, it would be advantageous to

tion joints
enhance spatial optimization at in during the modelling
process by providing higher and accurate level of de-
tails.

T BT S T ARTR BE AN A2, 284 PR i T
G R S R R T L, FE I T By
B, i BB U0 2 {5 HOR 4 i BT 25 18]
PRSI e R S N Tk vk C e =0 S <5
HAOR T — S5 5 R AR AL . LOD 350 2K
BT A AR S B S ROF FIAME , I HLESR 7

b A 5 T 30000 408 12 1 32 B 3R o BT A
BIM BEAIFE X A0 ] DU B AT AR i 3 2 47
RIS A0 R 23 [ D AT i — 2 B
The major different between LOD 300 and LOD
350 is the fact that objects can be linked and intercon-

") In (Figure 10) is illustrated the detail re-

nected'
quirement of each component in different LOD in more
detail. Components from different disciplines have dif-
ferent requirements, LOD 350 requires MEP ( Mechan-
ical, Electrical and Plumbing) and HVAC ( Heating,
Ventilation and Air Conditioning). As a result that re-

(1]

quires to build actual spatial coordination' . Spatial

coordination can be efficiently optimized based on this
level of BIM model. Therefore, compare to LOD 300,
this research consider BIM models at LOD 350 level
can show advantages in spatial coordination and thus
improve the design requirements.

LOD 350 5 LOD 300 54 A i) 2 4k 2, LOD
350 FLoR # 7 H bR 055 R AL 1 o
10 3128 T &M 4F-fE AR LOD i Zisk . A%
AP R PR A A TR 2R, LOD 350 e
B AR R E L b Y BIM AU A (4205t 57 5 B S AR
— B A A BR L MR X A Y BIM A
B, 23 6] Uy 9 BE w3 1 A BN AT A %003 B Ot HLAR
o FFLAABFSEIN Y LOD 350 A Lk LOD 300 w] LA
e T BT 89 23 R0 Ak P e #4009 A 3ok 2
e 3 () DRI A o, DA e ise it Il BA ARl 55 g

According to the features of LOD 350, this level
of BIM model will help design team to improve review

and constructability through visualization ( using tools
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Fig. 10

such as HoloLens, HTC Vive etc) and simulation
through gamification. The next section uses the scenar-
io on the use of LOD 350 in Ningbo, China. Research-
ers tried to identify the impact of LOD 350 in construc-
tion documents design and assess the effectiveness of it
to improve design quality.

L4 LOD 350 fy b, 54 310 BIM BT f
il AL (SR F HoloLens 1 HTC Vive 2 & f fif
PR R ) FE Ak B A0 ke 5 1150 AT BA 4R g o) 20t
FUa B A RE 1 , R i BE B2 0 H A AT Tk T —
BRI o — LT T, R R T LOD
350 iy A, ok S Aok e LOD 350 7 1[4
st R . AR E T E LOD 350 [ 1F:
F, PG IEAl LOD 350 X $i 25 i i+ 44 5 12 19 A7
Bk o

4 F3%2 Use Case Scenario

Considering the case study methodologically ap-
proach, researchers used a use case scenario to vali-
date the process, in fact a kitchen of a small residential
project. The project data provided under ethical ap-
proval by Zhejiang Jingwei Engineering Design Co. ,
Ltd to be used by the University of Nottingham Ningbo
China for the shake of this projects. In a more detail

the kitchen includes multiple disciplines. Each disci-

LOD 350 Specification in Different Building Components

pline contains multiple system and components, for ex-
ample, water supply, hot water, sewage, ventilation,
lighting etc. This project implements BIM through the
entire process, using LOD 350 (filling the gap between
LOD 3.0 and LOD 4.0 in China) to model each com-
ponent, integrated and checked each system in the

master model, which achieved good design results.

5

i 200

11 LOD 350 fL{L sy
Fig.11 Optimized Model at LOD 350
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The project lists all building components in kitch-
en during the BIM implementation, classified these
components based on their discipline and analysed
their relation (Figure 12). Before develop model into
LOD 350, this project assesses and evaluated the de-
mand ; based on the relation of components in different
system, this project evaluated the impact of these com-
ponents to design coordination in LOD 350. Mean-
while, this project reviewed BIM models at LOD 200
and LOD 300 to explore those issues need to be ad-
dressed in LOD 350. The results are,

(1) Spatial relation between lintel and structural
beam;

(2) Spatial coordination between plumbing com-
ponents and mechanical equipment;

(3) Spatial coordination between appliance and

room space.

Based on these analyses, this project developed
BIM model based on LOD 300, enhance those impor-
tant components to LOD 350 to coordinate space and
optimize design.
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Based on different disciplines, this project devel-
oped each important component to LOD 350 in Revit,
and then linked these components into master model.
During the integration, it detects those highlighted area
exists clashes, through carefully review, these clashes
are mainly including,

(1) Structural beam with Window ;

(2)MEP system with Structural beam ;

(3) MEP components in architectural space;

(4) Appliance in architectural space.

Through enhancing important area based on LOD
300, this project detects spatial clashes and made effi-
cient modification. The requirement of LOD 350 to
each component is to match with real objects, which
are helpful to find potential problems through BIM
models, especially during MEP enhancement design.
This project adopt LOD 350 during BIM implementa-
tion, enables design team to make efficient spatial co-
ordination and optimization, which improved the design
quality. That aligns to digital assets of buildings, but
this is beside the scope of this research.
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LOD 350 requires building components have ac-

cordance with real object and have connection joints to

simulate real space situation. The biggest contribution
of LOD 350 to this project is the coordination with the
MEP, architecture, and structure components. The
spatial clash of MEP components is one of the largest
problems during the design stage. Therefore, extra hu-
man workload is required to improve design and opera-
tional quality of the asset. Through this scenario, this
research analysed and assessed the successful process,
which comes with the conclusion: LOD 350 can realis-
tically be implemented during BIM modelling process
aiming to improve design, building’s functions and ar-
range an improved spatial design specification.
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5 ®WxRZR Findings

The result of this research have shown: a) the
problems that cause inefficient coordination during the
design process of construction documents is lack of e-
nough details for different disciplines and is lack of ref-
erence name for others to make correction, b) well-co-
ordinated design documents can reduce errors during
construction stage to ensure the delivery time and c¢)
BIM model in LOD 350 can simulate each building
components in such high level of detail, where design
teams can improve spatial design optimization. (Figure
13) Tllustrated the role and function of LOD 350 during
construction documents design phase. Adoption of LOD
350 during BIM implementation can help design team
and construction team to make better project and de-
sign review, which can reduce project uncertainties

and help its successful delivery. In addition, this col-
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laborative culture will be enhanced because team mem-
bers to spend more time together to review the digital
representation of a project and thus their knowledge
level and understanding of the project will be improved
significantly. Though, more important is that LOD 400
will be more accurate, therefore, the implementation of
construction process will be more effective. In addi-
tion, when Asset Information Modelling ( AIM) will be
submitted to the client for use, it will contain more "
accurate" building information that can be managed or
modified based on the needs of the project investor.
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LOD 350 [rBe iy BIM A58 B % £1 %F T H 1) #4 74 2
A7 A BE B, BT LA HT BA AT LA R e 25 ()
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6 ZitFI T —Mr B #F 3 Conclusion and Fu-
ture Studies

Since China has introduced LOD 3.0 and LOD
4.0 in BIM Modelling process, still there is a gap on
project delivery because quality level of information
(LOD) is low and its quantity ( Terabyte) can lead to
such as: mismatch information, not accurate data, in-
correct files names etc. As a result, project coordina-

tion is affected, and the project has more chances to
fail.
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Considering the impact of applying LOD 350 in a
project in Ningbo China, results shown its success to e-
liminate the above errors. Consequently, this idea
(LOD 3.5) could be introduced and practiced in both
national and provincial level.

ISR PRI H (Y52 e R T LOD 350 AR
HERIPE T, WP FE LR R WX AR ME REZ L2 TR B
RAEBHERE G AF L, BTEL, LOD 3.5 dE
BIMA LOD 3.0 5 LOD 4.0 Z 8], I HAEE R Y S
A HBRAE P AT RIS

However more studies must be conducted to pro-
vide a more comprehensive understanding of its imple-
mentation within AEC enterprises and construction pro-
jects. Moreover, beyond the contribution of this re-
search in policy level, the team can foresee also huge
impact in projects’ performance due to the need to de-
sign, construct and operate buildings in a more inte-
grated and collaborative manner.

B2, 3T B AT 2 W WT TR AT T X
Bl an ey 7 g 500 AR b T Ak AT R H '43
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TP IEZ A, B 5 P B F5000 3) , 72351 H P47 1 3

H WG BRI R S 1R T SR A B THRE 2 i R ek
I H SR
As a result, the future of BIM in China would be

the introduction of LLOD 3.5 where stakeholders can
coordinate project information ( graphical, non-graph-
ical and documentation) in a more holistic perspec-
tive , based also on ISO 19650 that is the latest interna-
tionally recognised standard/policy in building informa-
tion modelling and management.

PRI, Rk B [ P4 BIM B i 2Rfi 1 LOD 3.5,
T FE Prbr AL 4 207 BIM A5 A4S B 1 5o 4
i 180 19650, 3 H 452 5 J5 0 LA 30 H 14947 .
(FRAE R ARRBAE B S0 ) IR W A A7
Pk

In this occasion China is entering more in the in-
ternational market dynamically because those enterpri-
ses are part of BIM driven projects can meet clients’
requirements based on time, cost, and quality.
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Impact of Level of Development (LOD) 350 of BIM Models in Building
Construction Documents Design
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(1. University of Nottingham Ningbo China, Ningbo 315040, China;
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Abstract; In order to help building design practise to have better coordination between different disciplines
and improve design performance during construction drawing phase, this paper investigated the problems in design
management and studied the characteristics of Level of Detail (L.OD) 350 to analysed the impact of LOD 350 in
BIM implementations, through case scenario to discuss impacts of LOD 350 in construction documents design phase
and to assess the effectiveness of LOD 350 to improve quality of construction documents delivery.

Key Words: Construction Documents Design; BIM; LOD 350
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