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Duncan Reed, Digital Construction Process Manager, Trimble Solutions (UK) Ltd

BIM - bespoke solutions from standard data
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Duncan Reed

Chartered Civil Engineer

Career to date
RM Douglas / Tilbury Douglas — Site Engineer > Chief Engineer
Clugston Construction — Site Manager > Design Coordinator
Balfour Beatty Construction — Design Manager > Divisional Design Manager

Joined Trimble solutions (UK) in 2013

Digital Construction Process Manager
Chair, thinkBIM — home of the Yorkshire and Humberside BIM Region

? " - SITECH H véeo.......
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2011; Government Construction Strategy

2.32 Government will require fully
collaborative 3D BIM (with all
project and asset information,
documentation and data being
electronic) as a minimum by 2016

A staged plan was published with
mandated milestones showing
measurable progress at the end of
each year

4% CabinetOffice

Government
Construction

Strategy

May 2011

& Trimble.



The first BIM definition?

“BIM as a modelling technology and
associated set of processes to produce,
communicate, and analyse building
models.”
Building components
Components that include data that
describe how they behave
Consistent and non-redundant data

Coordinated data

CHUCK EASTMAN » PAUL TEICHO S RARAEL SACKS + KATHLEEN LISTON

P L]
TRANSFORMING THE WAY THE WORLD WORKS @Trlmble
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2011; Government Construction Client Group

What is BIM?

BIM is a managed approach to
the collection and exploitation
of information across a project.
At its heart is a computer-
generated model containing
graphical and tabular
Information about the design,
construction and operation of
the asset

e BIM ==

& Trimble.



2014; Royal Institution of Chartered Surveyors

gV,

Building information
modelling (BIM) gets
people and information
working together
effectively and efficiently
through defined processes
and technology

RICS

@ Trimble.




2015; Digital Built Britain

‘What is Building information
modelling?’

Building Information Modelling
(BIM) is a collaborative way of
working, underpinned by the
digital technologies which
unlock more efficient methods
of designing, delivering and
maintaining physical built assets

TRANSFORMING THE WAY THE WORLD WORKS

L

HM Government

Digital Built Britain

& Trimble.
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2016: BSI - British Standards Institution

In, created a BIM website to assist
the industry and defined BIM as

“Building Information Modelling
(BIM) is a collaborative way of
working underpinned by digital
technologies. These technologies
allow for more efficient methods of
designing, delivering and
maintaining physical built assets
throughout their entire lifecycle”.

[5]

TRANSFORMING THE WAY THE WORLD WORKS

BIM Level 2 Explained

Building Information Modelling (BIM) is a collaborative process
that seeks to add value throughout the life-cycle of an asset.

A BIM process sees the creation, collation and exchange of shared 3D models - and a range of
intelligent, structured data - with the aim being to improve productivity and reduce waste.

6600606

Defined Informatio CIIb ative Data hg and Security Minded Btt tomeS
requirements orking pract t validatiol digital working

bsn.

& Trimble.



2016; National Building Specification

BIM or Building Information
Modelling is a process for
creating and managing
Information on a construction
project across the project
lifecycle

NBS

& Trimble.



2017; EU BIM Handbook

Probably the most recent, widely published, @EL" |
definition of BIM has come from the EU BIM T o

Handbook of Building Information Modelling
by the European Public Sector

BIM is a digital form of construction and asset
operations. It brings together technology, process
improvements and digital information to radically
improve client and project outcomes and asset
operations. BIM is a strategic enabler for improving
decision making for both buildings and public
infrastructure assets across the whole lifecycle. It
applies to new build projects; and crucially, BIM
supports the renovation, refurbishment and
maintenance of the built environment — the largest
share of the sector.

TRANSFORMING THE WAY THE WORLD WORKS




Summary from all these definitions

1. project

2. digital

3. construction ; .

4. technologies XLresy ) projects
5. technology "

6. lifecycle : Wg
7. working o Y A %
8.  across ffwgmg
9. assets ; g.&w" - %‘»,
10. built g el W
19. processes ' L

24. process ) '

& Trimble.
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Relating BIM to a business

THE PRINCIPLE OF
GOING DIGITAL

» -
TRANSFORMING THE WAY THE WORLD WORKS
ANS AY WORK ’.\}". Irlmble.
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BIM basics - BS1192:2007

BRITISH STANDARD

Collaborative production
of architectural,
engineering and
construction
information -

Code of practice

Originally published in 2007, current
version is A2 — 2016
This standard is the bedrock of Level 1 and
covers two main areas
Collaboration Management Processes
Naming of Containers

A ]
()

TRANSFORMING THE WAY THE WORLD WORKS &) bl
< Irimble.



Create and share structured data

®—" SHARED *' WORK IN PROGRESS ‘43@

Verified design data shared with the Non-verified design data used by
project tearr: in-house deslgn team only:
development
Fitfor, (suitability) Drafts
3 Development concepts
52- Suitability S0

Minor versions

i
o
s

@—— PUBLISHED N
DOCUMENTATION

Caardination and validated design cutput for

use by the total project team.

Production information fit for purpose:

DI - Tender A~ Construction
D2- Costing

D3 - Contractor design
D4 - Manufacture:

| A -
. z ()
TRANSFORMING THE WAY THE WORLD WORKS (XU bl
= Trimble.
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( CLIENT SHARED AREA A

4 SHARED A

Verified design data shared
with the project team
Ongoing design development

A\ M

CLIENT SHARED AREA
N /

(PU BLISHED DOCUMENTATION\

4 WORK IN PROGRESS

~

Non-verified design data used
by in-house design teams only

Coordination and validated
design output for use by the
total project team.

Production information suitable
for Stage Completion
Acceptance or Construction

4 ARCHIVE

\

Project history maintained for
knowledge and regulatory and
legal requirements
Repository of the project
information for non asset
portfolio employers

— _J

&

2



Defining BIM for a business

@ Trimble.



No ‘one size fits all’ solution to BIM

S

BIM4 [ET]13

AN RIS SPECIAL INTEREST GROUP

BIMDC  [BIM4IUK

uuuuuuuuu

the home of digital construction

BIM regions

Consduttivn

@ Survey4BIM n —
> Building stro%/ger, together B I M M
fed e |

& Trimble.

"’ A |
BIM 4 WATER BIM’ HOUSING
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Profession or trade specific solutions

RIBA i RIBA Hi

SURVEY

= and the Digital Plan of Works
RIBA Plan of RIBA Plan of Work 2013

Work 2013 Designing for Manufacture
Overview and Assemblv

/

Work
2013

& Trimble.

21



+++++++++
+++++++++
+++++++++
+++++++++
+++++++++
+++++++++
+++++++++
+++ +++++
+++++++++
+++++++++
+++++++++
+++++++++
+++++ +++
+++++++++
+++++++++
+++++++++
+++++++++
++++++++
++++++++
++++++++
++++++++
+++++++++
+4+++++
+++++++

& Trimble.

BIM

9p
—
D
=

y Del

How Industr




Delivering BIM needs processes

BS 1192:2007+A2:2016
BRITISH STANDARD
Collaborative production

of architectural,
- i

PAS 1192-3:2014

Specificatic” .of information,
onthesy &
building for  uor

'se of as. ‘s using
adelling

anagement

85 853612015

making excellence a habit

Projoct Name:

Project Address:

Project Number

RIBA #t

RIBA Plan of

Work 2042
Ov .ew

RIBA #y

RIBA Plan of Work 2013
Designri~~*ar Manufacture
an- _.sse

=4
o

»

>Trimble.



Delivering BIM needs a plan

The AIBA Plan of Work 2013 orgarises the process of briefing, desighing, constructing, maintaining, operating and using bulding projects ;
o RIBA Fh Qo o1 sage T ot o s s vy 3 ovcta o Spoci o et o USA Bl Vo 373 www.ribaplanofwork.com
% ¥ Should be used solely a3 guidance for the preparation of detaicd and
RIBA 5 5
Pianof 0 = 1 (2 3 4 6 7
Worl N [ |
2013
Strategic Preparation Concept Developed Technical Handover
Definition and Brief Design Design Design Construction and Close Out In Use
sks @
Business  Project Oblectives, pa 3 Prepare Handover Undertake
Core
- including Quality Objectives relance with Design in ! 't Building in accordance with
Objectives and other core project and P 3 . building | updated proposals for and Contract. of Services.
Aspi witine ‘ulding
Project Budget, other ‘specifications and preliminary | services systems, outine all architectural, structuraland | Design Queries from site as.
y bulding services information, | they arise.
B relevant st
Uncertavo Pegsbily tudies | inaccorianco i Design i design and
‘and review of Site Information. me. Agree Design Programime. in accordance with Design
it b e et Programme.
Final Project Brief.
Procurement | Iniial considerations for Prepare Project Roles Table Tomproienai g/ oo vkl i o Building
! ‘assembling the project team. | and Contractual Tree and chispret detaﬂ prepared at a given stage. Contraet, inciuding regular Building Contract.
Variable task bar continue assembling the = iepending on o
project team. route and Bullding Gontract. A bespoke RIBA Plan of Work 2013 will set of progress.
ot the specifc tendering and procurement aciviies that wil ocer at each
stage in refation to the chosen procurement roLe.
Programme Establish Project Programme. | Review Project Programme. ject Prog ™ route may dictate the Project Programme and may resut in certain
g - siages overlapping or being Undertaken concurrertly. Abapcke RIBA Plan of Work
“Variabie tasik bar it clarfy
‘e specific stage dates and detailed programme durations.
ing | Pre-appiication discussions. | Pre-appiication discussions. Famning spications e apicsly o s e Staged .
U"W") Planning < ke RIBA Plan of Work 2013 wil idertify when the planning = = = == ~3>1
Warishi ek b application is to be made.
from Strategy Review and update Garry listed in
Key Support e Srateqy - tegy including | in Handover Strategy
o inclucing
Tasks ooy tegy Handover Handover Strategies and Strategy, including agresment | future lfe of the building or on | Evaluation, rsview of Project
Matrix and Information i &
Exchanges and prepare. Undertake third party Undertake third party Lot tra " ©Outcomes and Research
Proje Plan lired S
future monitoring and Information as required.
including Technology and and any W party mainter and ing Updating of Project
and consic Common ‘compilation of ‘As- Information, as required, in
Star 5 to b Review and update Project Review and update Project nstructed’ Information. response to ongoing client
S Execution Plan. Execution Plan, inciuding Execution Plan. Feedback unti the nd of the
S Change Conirol Procedure buiding’s ife.
including offsits. Review and update Strategy. including
fabrication, and develop Health | Construction and Health and | sequencing, and update
and Safety Strategy. Safety Strategies. Heaith and Safety
gﬁz‘;‘;@?ﬂ"{z Checkpoint — 0 Checkpoint Checkpoint — 2 Checkpoint —3 Checkpoint — 4 Checkpoint — 5 Checkpoint — 6 Checkpoint — 7
Information roject Brief Concept Developed Design, including | Compisted Technical Design | ‘As-constructed’ Updated ‘As-constructed’ *As-constructed”
and building it |, | of the project. Information. Information. lmannamm updated
Exchanges associated in response to ongoing
o ‘servi chenx Feedback and
(at stage completion) prefiminary Cost Information | Cost Information. ‘maintenance or operational
and Final Project Brief. developments.
UK Government | Netreauired. Required Requied. Required. Not recquired. Not reqired. Required. s required.
Information
Exchanges

24

CRIBA
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The Digital Plan of Work
Design

6 Handover and
Close Out

@ Trimble.
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Create data once, use multiple times

& Rl B A Lkﬁf m e ek apae el et Rt bty www.ribaplanofwork.com

. ) x
./
9] Bt HO ~ (1 42 3 4 5 6 7 ™
Work 4 ]
2013 _ ¥ A |

Preparation Concept Developed Technical Handover
FACILITY and Brief Design Design Design Construction and Close Out In Use
Tasks A d ——
MANAGER S e = e e
ERECTOR OWNER = = - °°""‘°‘ e
[ . par Soeciicatons, Cost bulding services ormation, | they arse.
-
\ / SRR S peme
Final Project Brief.
POt esean. | o ContraniTros P et ot T | e “
projectteam. [N TT77 route and Bullding Contract. A bespoke RIBA Plan of Work 2013 willset 2 of progress.
\ / Stage in relaion to the chosen procurement route.
SITE GENERAL — e e P : =
Programme: - bespoke RIBA Plan of Work _ >
MANAGER CONTRACTOR e }< po e e it >
° ° (Jou) Plamning e TR AR SRR, e
- ~— e e sl ) -y
Key Support | Proveveeroecs: B ] ooy n tegy
Tasks Strategy future e of o Evaluation,
Matrwang information | =+ = o, s | oo Oricomas avd hesearch
Pandover, asset managemert,
inciuing Technologyand | and y par S o
ricston S e TEE
o ® g Feaback e ot he
FABRICATOR ARCHITECT e mcton | e conFcadres e — e
Strategy, inclaing ofste | Review and updte Strategy, nciucing Stxieal
s = e
Heaith
. Checl;po\% 1 | Gneckpomt =0 Checkpoint — 1 Checkpoint — 2 Checkpoint — 3 s 7
- g cuding | Competed Upcated As-constructed’ | As-constructed”
Bxchanges i) e s — R Heleal
MECHANICAL STRUCTURAL e e | Emonn o
o developments
ENGINEER ENGINEER r— == = = = = e e
Information
DETAILER Exferue

oRBA

& Trimble.
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Model-based working supports the fabrication process

. The model — created once
‘// . O RIEITLLS Supporting 16 Manufacturing

' —concrete— Processes
PRECAST CONCRETE SOLUTIONS Used by 9 Roles in the Business

MODEL [ | esricate

Estimator, Detailer. Drafter Production Planner, Purchaser Installation_ Managers/
Sales manager Delivery Coordinator Coordinators

| =
o “
TRANSFORMING THE WAY THE WORLD WORKS '3..'» Ir mble
= l .




Geometrically accurate, appropriate data rich designs

& Trimble.
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Traditional approach to analysis & design

Assumed member
properties (E, lx)

v

Releases l AR

L.=1.0L

Effective lengths

L.=1.0L

X, Y, Z coordinates

Support conditions
RANSFORMING THE WAY THE WORLD WORKS @Trimble




A New Approach — Why is TSD different ?

Fully 3D - not 2.5D, allowing users
to visualize and work with the
model in 2D horizontal (Floors)
and 2D vertical (Frames)

Nominal eccentricities?

Composite beams?

Actual physical modelling of 4. .| TOS
members. E.g. Beams, Columns,

Braces, Composite, Non-

Composite elements Physical position?

Web openings?

This is important because?

»
TRANSFORMING THE WAY THE WORLD WORKS "6

¢

>Trimble.

k¢



Stage 3 — Tekla Structural Designer

A Tekla

Structural Designer

=
o
Bar e
9 g
%
. G
¢ =
i,
e
Interactive Column Design ==
B CLmax UR 3
Longitudnal | Links | Interaction Diagrams
Longitudinal Bars Cancel
400x400

Principal bar size Stadklength = 3000 mm Check
Intermediate bar size Containment status: Pass o Detal
= = Draning

Dt length Cout PRt length Court TR
mm]__ i Draning
1 | 0 [¢] 34 | 1 [ 1m0 Options

23 1 [0 [v] a1 [ 1 | w0

Langitudinal Bars
Fosition Top nid-fifth | Bottom
M., [kNim] 44.6 27.1 i
... [khm] 834 | 846 | 905
Ratio 0.5% « [0.320 ¢ [0.037 & !
1, [kN] 1026 | 1Le | 1169 A0k
N, [kN] 28131 ior
Ratio 0,036 « [0.038 « [0.040 & T—»Majm
Stmallest clear spacing [mm] 137.0 &
2y [mm’] 640

400 mm.

& Trimble.



Stage 4 — Tekla Structures

o U

A Tekla

Structures

& Trimble.



Stage 5 — Tekla Structures

A B c D H | J K L M N o] B Q
& Telda
1 Structures
2 ProjectNo.. 123456 Dwyg Ret:. 123456
3 BBSREF. BS 8666:2005 REV.: 0 DATE: 26.08.2014
4 sie Location Page No 1
5 Element Created By
7 [gar No_of[No_in] Total | Total shape AlB]c]po]Jer
8 _Mark | Dia [Mors [Each] No. [Lengtn] Code (mm) | (mm) | gme) | gmm) | (mm) SHAPE WeightBar | Weight
] | Flc[H [ J [ (kgs) {Kgs) Remarks
10 €1 1
s
11 2 |T0] 4 7 7| 4000 2% 2735 | 260 | 1000) 40 9864 69.048
@ 2740 44
756 1000
12, 3 |T0]| a4 | 1 1_| 4000 26 2740 | 255 | 1000 | 40 9.864 9.864
150 400
13_ 5 |T10]| a4 | 27| 27 | 2150 51 490 | 490 | 150 | 150 i 13244 | 357588
Structures “E s
s 260
- 4 1000
15 2 |T20] 4 7 7| 4000 26 2735 | 260 | 1000 | 40 9864 69.048
2740 L
255 1000
= 16, 3 [1e0] 4| 1 1_| 4000 26 2740 | 255 | 1000 40 9.864 9.864
150450
17_5 |mo| 4 |27 27 |2150 5 400 | 490 | 150 | 150 ¥ 13244 | 357588
18 Total 229 3416

& Trimble.
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rial
Off

T e

Automated
fabrication

-

and on-demand

Model-based
- layout
1
Production
Tracking & ) o
Management . =i Logistics
and
Planning
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Information through the life of the asset

5 Think about peaks and troughs of information flow but
don’t lose the data!!

| Project Information Model (PIM) | Asset Information Model (AIM) I
| I

Documentation

Non-Graphical Data Documentation

Non-Graphical Data

Graphlcal Model

BUILD & HANDOVER &
BRIEF CONCEPT DEFINITION m COMMISSION CLOSEQUT OPERATION m

Graphical Model

\COMMON DATA ENVIRONMENT (CDE)j

& Trimble.
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Creating standardised data

8O

CU m pa Product Product Product Product Product Product Product Product Product Product Company Import to Tekla Export from Tekla
Structures Structures
sl Bentley Daystar Floor Pro Mesh Weldir] PDS Revit SAFE Solidedge Tekla BIMsight | Tekla Tekla BIMsight Project  .tbp | Tekla BIMsight Project ( .tbp
Structural Software Structure ) ¥
AutoCAD ( .dwg )
AutoCAD DDS-CAD i g;u?es‘;?ujec PipeCAD Microstation (.dgn)
The following - - - IFC2X3 ( .ifc )
N— s Diamonds Microstran ;uge[)esxgne i S P :EEQEL: (ffif;:(Ph")L )
Architect Digital Proje Revit MEP SAP2000 i
Prouc i = Trimble LM80 [ Trimble AutoCAD { .dxf ) AutoCAD ( .dxf )
Microstation| Plancal LM8O ( .cnx , .txt ) LMBO { .cnx, .txt )
Trimble LM80 | Trimble AutoCAD ( .dxf ) AutoCAD ( .dxf )
3D
i AUOCATC S Stdl Plant-4D RFEM Desktop L8O ( cnx, txt) LMB0 {.cnx , .txt}
te i SPA CE GASS| =
CADMmeDt SCIA TurboCAD IMS| Design AutoCAD ( .dwg } AutoCAD ( .dwg )
PRSI i e AutoCAD (.dxf) AutoCAD (.dxT)
3ds Max S 3D o HMS Midas Gen PowerConne| SpaceClaim Microstation ( .dgn } Microstation { .dgn )
= PowerErame Rhinoceros SDsi2 STEP AP203/AP214 ( stp, |STEP AP214 ( .stp, .step )
HOOPS ModeSt .step )
elcoCAD Primavera
3ds Max “AULOPLANT Cadmatic e P UniCAM Unitechnik Unitechnik { .cam )
PR Prosteel, STAAD.Pro L E e IGES ( .iges . .igs )
AutoVue ELIPLAN Nastran ProStructure|
Arldpt CADPipe ToroS VectorWorks |Memetschek  |IFC2x3 ( .ifc) AutoCAD ( .dwg )
: RISA-3D IGES { .iges , .igs ) AutoCAD ( .dxf)
Avance CADWorx EliteCAD \ronCAD NavisWarks ProfEnginee (Suite) IFC2X3 ( .ifc )
Steel, AxisVM Plant S-FRAME Volo View Autodesk AutoCAD ( .dwg ) AutoCAD ( .dwg )
Ad
va:(e 4 P ETABS AutoCAD { .dxf } AutoCAD ( .dxf )
ering Bentley Prokon SkektchLJp Steel Smart See a|SO
Architecture CATIA Make System
Aligian Keycreator NISA QUESTware Robot SketchUp Pri
Millenium Compatible formats
StruCAD
RAM (CAD
ANSYS FabPro Pipe Studio) Smart 30
- NX (Unigrap! (SmartPlant
ArchicAD EE"';‘EV IEyr2000 RSTAB SmartMaring
Building v FabTrol MRP) MagiCAD
Electrical
Systems
MasterFramg
Constructor FACONEAD Orion SACS StructureWor
P Moo o Rrchitecture Solibri Mode| s
ArchonCAD
rchon Building Fastrak e e Checker
Mechanical FelixCAD ¥
Systems
CYPECAD = STRUDS
FEM e Mesh Weldin

TRANSFORMING THE WAY Tk
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Why standardised data?

Create data once, use it multiple times

Agree what data is really important when, and why

Define these requirements in the BIM procedures

Increase outreach for BIM as transformation from human
readable documents to machine readable structured data
(information production = information consumption via CDE)

Accelerate efforts on promoting and supporting
Implementation of MVDxml and MVDs to support smooth
workflow in real projects

& Trimble.
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