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Construction Project Management

ﬁ
Time
management

Budgc?t /W\ Unrealistic
constraints expectations

Hazard

Poorly defined management

objectives

Top 5 Challenges
for Construction Project Managers

(Source: https://www.fieldwire.com/blog/top-challenges-for-construction-project-managers/)




Problem Definition

Design * No direct cost feedback on design decisions
 Coordination of trades

Sub » Missing / Incorrect Design Information

* Inability for reusing data for shop drawings
Contractor * Field rework required for prefabricated components
Cost « Padding to compensate risks

* Poor subcontractor work flow — “Starts and Stops”

* Inadequate quantity information for planning

Construction « Lack of owner trust — difficulties in communicating cost
and schedule issues
 Production control is based on subjective information
* Frequent starts and stops
 Estimating is time consuming and occasionally inaccurate

Facility « Insufficient as-built project documentation
Management » Renovation, addition and demolition planning is time
consuming

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Objectives

Winning the bid

Fast design feedback loop
Fast & accurate estimates
Value engineering
Constructability analysis

Managing the 4 Ms
Money

Manpower

Machinery

Materials

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Construction Planning

Estimating Sequencing

E

+ Constructability + Fast & Accurate + Schedule Analysis

Analysis « Easy Updates — « Line of Balance
* Drives Estimating Linked - Integrated Monte
* Provides Locations » Drives Sequencing Carlo
« Zone Planning * 4D Simulation
+ Design to Build * Drives
/ Build to Design Procurement

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)
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Traditional Design Process

Construction Documents Phase

A CD > Review> QT >> Price>

Detailed Design Phase rework

Level of Detail

Schematic Design Phase

Time e

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




New Design Process

A Construction Documents Phase
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(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




How does BIM enhance coordination on large projects?

Project Managers Structural anmeern

. Contractor
Engineers

Supervisor =
P Architect

Drafter

(Source: https://www.teslaoutsourcingservices.com/blog/how-does-cloud-based-bim-enhance-coordination-on-large-projects/)




The evolution of BIM coordination

The Evolution of Digital Coordination

Low Efficiency level High
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review by emails PDF reports exchange exchange management

2011-2013 2014 2015-Now

(Source: https://bimtrack.co/blog/blog-posts/from-confusion-to-collaboration-my-journey-through-the-evolution-of-bim-coordination)




The Virtual Construction Model (5D)

BIM Model
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L o
W
B e
X f
r B T4
A
f d J' Ly
== °
| ~
\‘|"I o
(]
| |I M
b (17
| I||||

NHS Building, www.paastudio.com

S
&
B S

Linked Linked
Schedules Estimating
Recipes

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Work Flow

Constructability Analysis and Coordination

YD\ [eTe[-] Iy COSt Estimate Project Control

[ hccountng 2

Fabrication

2D Drawings

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Construction Modelling

Design Intent Construction

Level of Detail & Complexity

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Construction Modelling
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(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Recipe

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)

Completed
Column




Methods

Methods

Reinforcing
Bars

Formwork

Stages Required

to Finish Column Concrete

Cladding /
Surface finish

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Resources

Methods

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




5D

mewark houss A

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)
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Benefits: Clash Detection

 Conventional methods of coordination
are extremely time consuming and
error-prone.

 Using internal or external clash
detection software helps to identify the
construction errors in the BIM model

e Construction risks and costs can be
reduced significantly
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(See also: Coordination and Clash Detection http://www.vicosoftware.com/coordination-and-clash-detection)

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Benefits: Model-based Estimating

Exterior Wall
type?

= -

Early Design phases: 7
Which materials?
Price of materials?

g

| L] |
Solution: Z
Cost of a double
Calculate cost s doors |

ranges instead of
fixed prices

(See also: Model-Based Estimating http://www.vicosoftware.com/model-based-estimating)

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Benefits: Vico Cost Planner
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(See also: Cost Planning vs Estimating http://www.vicosoftware.com/cost-planning-versus-estimating)

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Benefits: Design to Build

Design follows construction methodology:
Acceptable Tolerance
Coordination of Trades
Quality Check
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(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Benefits: Build to Design

Measure
points

Check Onsite
Guarantee Fit

X Y, Z

(Source: Graphisoft BIM Curriculum http://www.graphisoft.com/learning/bim-curriculum/)




Schematic BIM-based creation, coordination, and collaboration process

Discipline 1 Discipline 2

Quality Gate & Preservation

Discipline 2 -

Discipline 1 Model 1
4

(Source: https://info.allplan.com/hubfs/07 Guides/Whitepaper BIM Integration Framework EN.pdf)



BiIM-based coordination

Model-based collaboration
With digital, structured building models
Discipline-oriented or Federation model approach

Every author, 1n accordance with their discipline, 1s
responsible for their own digital model and shall have
access for this model content only

Discipline model, submodel or technical model

With clear allocation of authors to individual
discipline models, the components and changes
can be organized clearly

(Source: https://info.allplan.com/hubfs/07 Guides/Whitepaper BIM Integration Framework EN.pdf)




BiIM-based coordination

Model-based collaboration (cont’d)

To safeguard the integrity and consistency of the
entire model, the technical models must be
checked at regular intervals by the BIM manager
in a coordination environment

The organization and management of digital
information and associated processes 1s the
principle task during the entire BIM-based
construction project, under a Common Data
Environment (CDE)

(Source: https://info.allplan.com/hubfs/07 Guides/Whitepaper BIM Integration Framework EN.pdf)




Design coordination in BIM

Design Coodination Guide

PREPARING
MODELS

SETTING UP
A PROJECT

COMBINING
MODELS

VISUAL
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Owner

Approval comments

Communication of
model aided design

Design phase

BIM-based design coordination system

Designer

Deepening of modeal
initial design drawings |,
construction drawings &

ather documentations

Completing design
maodification

[

(Source: https://www.researchgate.net/publication/319131971 BIM-

Planning phase
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BIM consultant
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optimization, spatial !
analysis, multidisciplinary
coordination

. I :

| Completing model
modification 1

h
Completion of deepened
design madel creation,
assisting output of -
deepened design
' drawings

Construction phase

Based design coordination for china's architecture engineering and construction industry)

Contractor

3D browsing &
Constructability analysis

Deepening & submission
of curtain wall drawings
and other professional
design drawings




BIM-based design coordination process
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(Source: https://link.springer.com/chapter/10.1007/978-3-319-92862-3 18)




Example of Common Data Environment (CDE)

Version Management Right Administration Status Management

Project Information Model Asset Information
[PIM] Model [AIM]

| Handover |

Data Keeping (Technical)
: ; : ; 3 : ' . _ 2 g i

Definition Design Build Handover Operation

s | s | s | s | s |
L= L+ L= L= L=

(Source: https://info.allplan.com/hubfs/07 Guides/Whitepaper BIM Integration Framework EN.pdf)




BiIM-based coordination

Common Data Environment (CDE)

An mnformation management strategy generally
using a piece of software or a paper process

Create a single source of truth (SSOT) for any
given project (or asset)

To collect manage and disseminate all relevant
approved project documents for multi-disciplinary
design teams members (architects, engineers, MEP)
In a managed process

(Source: http://www.cadnet.ltd.uk/services/bim-data-management/common-data-environment/)




BiIM-based coordination

Common Data Environment (CDE) (cont’d)

The centralization of the stored data within the
CDE reduces the risk of redundancies and
simultaneously ensure that all data 1s up-to-date

The CDE results 1n a higher reuse rate, simplifies
the aggregation of model information and at the
same time serves as the central platform for
archiving and documentation

(See also: Common data environment CDE https://www.designingbuildings.co.uk/wiki/Common data environment CDE)

(Source: https://info.allplan.com/hubfs/07 Guides/Whitepaper BIM Integration Framework EN.pdf)




BiIM-based coordination

BIM Integration Framework (BIF)

It represents a software concept which can
establish the link from any BIM tool to a CDE

Provide seamless integration of access

BIF assembles all functions of the interface

Functions are simultaneously standardized
regardless of the BIM tool used, in order to enable
smooth collaboration (e.g. information exchange,
process management or communication)

(Source: https://info.allplan.com/hubfs/07 Guides/Whitepaper BIM Integration Framework EN.pdf)




Collaboration processes based on the BIM Integration Framework

Domain-Specific Models Services
Interface (e.g., API)

4 ! ! ) !

= o s < < o o
i | i i BIM Authoring Tool
ARCH ' ; ! ; ! i~ NativeDataFormat
BIM Authoring Tool
' : BIM Authoring Tool
- 1 v T

Milestones
— - ER- R TR BR— ¢
(Source: https://info.allplan.com/hubfs/07 Guides/Whitepaper BIM Integration Framework EN.pdf)




Examples of BIM use in building, construction and infrastructure

Structural




A sample model and linking structure for the Architectural discipline

TYPICAL

LINK LINK

_ 4

Storey Model . EORE

Site Model Block Model Unit Model

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




A sample model and linking structure for the Structural discipline

(PBU: prefabricated building unit)

TYPICAL

LINK LINK

_ Storey Model

Site Model Block Model Groups / Assemblies

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




A sample model for the MEP (Building Services) discipline
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Site Model Block Model

All systems within one zone/block as one file.

Depending on model size, one system of one zone/block in one
file (This makes it easier to handover files to different MEP
subcontractors for their further development and use), where
each system may be further split up into floors 1f needed.

(ACMV: air-conditioning & mechanical ventilation; PL/SAN: plumbing/sanitation)

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




Example of BIM-based building MEP design coordination

Owner Requirements 7
Project Execution
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(Source: https://cdnsciencepub.com/doi/10.1139/cjce-2018-0287)




Typical coordination 1ssues that are critical to construction

Architectural — Structural
Coordination

e Column setting out and
alignment between Architectural
and Structural models

* Ceiling to structural framing
coordination

» Staircase and ramp coordination

Structural — MEP Coordination

* Critical penetrations especially of
large pipes and MEP services into
structural framing

« MEP openings into structural
walls

» Underground MEP services to
structural foundation

Architectural —- MEP
Coordination

» Service shaft coordination
 Ceiling to concealed MEP
services coordination

Arch-Structure-MEP

* Toilet setting out, including
coordination of tile layout, floor
drains, and fixtures

» Facade coordination

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




Main responsibilities of the BIM co-ordinator

* Developing and maintaining the project’s BIM Protocol

* Following the mandated BIM collaboration format (BCF)

* Co-ordinating stakeholders in terms of their role within the BIM
process

* Ensuring the accuracy of models and datasets by establishing
quality control procedures

* Using clash detection software to 1dentify clashes

* Where there are shared data and inter-model relationships, e.g.
shared project coordinates, floor levels, etc., making sure these are
recorded and monitored

* Co-ordinating data modelling and management

* Liaising with the design team and client

BIM coordination tasks:

- Clash detection & resolution

- Interactive walk-through & fly-by animations
- Virtual mock-up & review

(Source: BIM co-ordinator https://www.designingbuildings.co.uk/wiki/BIM co-ordinator)




BIM software list for BIM Coordinators

@ kubity
arametric -2
0 @ P Desig::'l @ Documents ‘

BIM on

Construction
Slmulatlon Site

V' Projects’ .
" @ = k Ly

Communication

_/\_I BIM COORDINATOR TOOLS & Tekla

_

O < s85 0

Modeling |- -1 ARCHICAD SOLIBRI

Novapoint H

DDD M;flsaueers
Clash Data ¢

Detection Management
ey s &
’/ a ; Gamefication . . ®

grasshopper . .

(Source: https://bimcorner.com/ultimate-bim-software-list-for-bim-coordinators/)




Integration of BIM & production planning / scheduling:
From master planning to weekly work planning

Steps Master Planning Phase Planning Work Cycle Review Weekly Work Planning
interval Overall Process Month/ 2 Weeks term Day Week
Massing of various phases of the project, . : All elements required for planning for one 40y models and sequences are communicated
Building elements are defined per zone or . : :
whether by level, zone, and/or trade, or B e cycle are defined, with geometric accuracy for to crews for their feedback. Temporary works
however the project milestones are defined P ! ¥ quantity take-off may also be indicated in the model.

Zone Conc’ (m3) -
& Level Target *
/ BA~A3 - Zone A 761.58
- BA~B3 - Zone B 680.18
i B3~B2 - Zone A 412.41
Y- . B3~B2 - Fone B 820.3
-\% . N+4M B2-B1 - Zone A 1622.1|
B2~Bl -Zone B 929.64
B1-L1 - Zone A 818.1|
B1~-L1 - Zone B 612.35
B1~L1 -ZoneC | 677.97|
L1~L2 - Zone A 796.43
Sample , L1~12 - Zone B 606.63|
Images L1~12 - ZoneC 586.4
[ L27RF - Zone A ?03.24]
MN+EM L2~RF - Zone B 611.53|
L2~RF - Zone C 570.23
N+12M ' M+12M
Review A . Cﬂnsultlani Molciel Use u Durat'ilcm far 1 Cycle = Subcc.antralcttar"s Feedback
= Trades Relatiorshio Review ® Determine critical areas = Quantity Review for 1 Cycle ®  Practical Site Issues
Items P = (asting Schedule =  Below & Upper Floor =  Temp. Work & Equipment’s

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




Integration of BIM & production planning / scheduling:
Weekly and daily coordination, review and tracking

. . . . Documentation
Steps ir i Site Meetings Review of Process Mappin .
P Method Confirmation g pping (Sign-off master schedule)
Frequency Week Day Day Daily Tracking Sheet
Model all components of the proposed methodology to an appropriate level of detail required for Elemuz:nts dtdre u_sed 35 e fon et HRCEE=Taleds oF actmtl?s, the n.‘tot.*EI sy
: £ planning and materials take-off are modelled be sequenced to show daily (or within a day’s)
planning and reviews. h
to data extraction. work.

< PRECAST PANEL INSTALLATION > 4

Sample
Images
Excel Export [
. - Assigning =
T Wl w0 o .
SITEACCESS i
TO ==
BUILDING i
SITEOFFICE /
ROADTO SITEACCESS PO S S —————— S——
Review . i . i inati . . i i
evie Termp Work such as Scaffolding & Support, Daily Work Coordination _ & Detailed Review dnd Updats Schedule Documentation & sign off
Items Access, T/C M/C =  Setup Full Process Mapping

=  Update (if necessary)

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




An example of coordination matrix

ARCHITECTURAL STRUCTURAL

Rated Walls
Casework
Furnishings
Structural Foundation
Structural Column
Structural Framing
Structural Wall

Steel & Pre-Cast
Mechanical Ductwork
Mechanical Piping
Mechanical Equipment
Mechanical Fixtures

Floors

Mechanical Ductwork

Plumbing Piping

Electrical Equipment

Electrical Fixtures & Devices

All equipment with clearances

Specialty Equipment

Mechanical Piping

Mechanical Equipment

Mechanical Fixtures

Plumbing Piping

Electrical Equipment

Electrical Fixtures & Devices

All equipment with clearances

Specialty Equipment

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




Sample virtual review coordination

Sample Virtual Review Coordination Issues

Coordination of MEP services inside of residential unit
ceiling bulkhead

el
Coordination of ME&E outlets, projects, whiteboard, and
speakers with wall paneling alignment

(6700 0:0:000/0.6.0.00 0000806000 Ui

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)

-0n 21 Moy 2016, PTA requested
o switch for bath 1 to shift to
Togerher with swibch for master
bedionm, CCDE to check,

-Din. 28 Mav 20E6, CCOC informsd
that switch can be shitted, but
the change will have sbortive
wark, need to chase grooye on
PEL wall to the naw locatapn.
PTA wil check and revert hack.

-0 14 Moy 2014, PTA
commented, Celing ot
master bedroom as per
HPE-Archi-RF-151, 1o be
odded.

- On 14 Ney 2014, PTA
commeniad, power
sockat af bokcony to e
adjusted 1o 450mm
gt

- On 14 Mo 2014,
Developsr & PTA
commenied, the
termination between
laminale Moo &

kitchen fioor fils ot
bedroom 4 shauld use
laminaied end cap.

-0n 21 Moy 2016, PTA
cammentad, Tling shirting
1o be extended towrop
wardioDe dry waoll 1o
ke

<0ri 28 Now 2014, PTA
commenled whether can
use smdlar and Sap, And
CCDC confirmed in tha
maling that 20mmmm s
smallest size offer
clarfication with
Weavepaok




Sample virtual sequencing for residential unit mock-up

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




Crane capacity planning

Model in Tower Cranes / crane Identify and prep all items to MANUAL METHOD: Adjust tower crane plan (add
to exact planned location be hoisted in the model = Tag weight for each items so in more tower cranes) until
* Build in reach radii into * Modelled to exact location that this annotation shows up all items (esp. heaviest or
object = Modelled to exact overall in the model critical items) are within
size, dimensions, details as = Visually check if every hoisting weight and reach
per fabrication component weight is within
= Apply formula or scripting load capacity for that reach
to calculate weight from radius
each object OR manually
key in AUTOMATIC METHOD:

= Apply scripting to auto-detect
and highlight items that are
over weight

(Source: Singapore VDC Guide https://www.corenet.gov.sg/media/2094675/singapore-vdc-guide versionl oct2017.pdf)




