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Managing Concrete & Rebar Wastage with
Constructible Modelling and Digital Construction
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Trimble Snapshot

Company Innovation People
NASDAQ: 2,000 9000+ Employees
@ TRMB Patents in 35 Countries
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Core Business Franchises

Our core industries are global trillion S industries which operate in
demanding environments, with technology adoption in the early phases

Civil Engineering
and Construction

Agriculture Geospatial Transportation

and Logistics

TRANSFORMING THE WAY THE WORLD WORKS @Trimble,
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Trimble Buildings

Structures

Solutions for
advanced building
information
modeling and
structural
engineering.

& Trimble

& Tekla

Structures

M Tekla & Tekla

Tedds

Structural Designer

TrimbleConnect (

Architecture

Conceptualization,
visualization and
communication
software for
architects and
planners.

Bl SketchUp

MEP Contractors

Trimble’s suite of
hardware and
software solutions
for MEP contractors,
from the office to
the field.

ATRIMBLE COMPANY

SysQue’
PLANCAL

General Contractors

Building-intelligence
software, hardware,
and services for
general

contractors and
construction

managers.

Real Estate &
Workplace
Solutions

Capital project and
facility
management
solutions spanning a
building’s entire
lifecycle.
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Industry Challenges
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TRANSFORMING THE WAY THE WORLD WORKS @Trimble.

6 [Date] Presentor’s name



Table 6: Percentage wastage of materials for various trades for private and public housing projects
(Source: Poon et al., 2001a)

Trade Material Percentage wastage in private Percentage wastage in public
housing housing
% %
Concrete Concrete 4-5 3-5
Reinforcement Steel bars 1-8 1-8
Formwork Timber broad 15 - 5 |
Masonry Brick and block 4-8 6
Table 4: Maximum and minimum wastes among different types of projects
Concrete Reinforcement Formwork Brick/Block
Min. Max. |Max-Min| Min. Max. [Max-Min| Min. Max. |Max-Min| Min. Max. |Max-Min
Rrejest % % % % % %— % % % % % %

13.56 . 2.96 5.45 2.48

. 2 . . : ) 1.79 | 20.00 | 18.21 1.66 6.67 5.01
Private-Commerctat 135 198 0764 309 500 ot 5.00 513 0.13 5.02 5.02 0.00

Composite Bldg 6.67 6.94 0.28 5.00 5.11 0.1 6.92 6.92 0.00
[Industrial 2.00 2.00 0.00 3.00 3.00 0.00 - - - 3.00 3.00 0.00
Monastery 5.00 5.00 0.00 4.29 5.00 0.71 | 10.00 [ 15.00 | 5.00 - - .

School 8.70 8.70 0.00 - - - - - - 3.33 3.33 0.00

Material Wastage in Construction Activities — A Hong Kong Survey
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Definition of Wastage

Structural
Consultant

Design

1. Estimated Qty during Tender
fESebiwilll 2.  “Actual” gty as per As-built-drawing
3. Actual quantity Purchased

Contractor
Estimator

Tender

“Which is the baseline”

Contractor

as Construction

Differences &
Discrepancies in Quantity

TRANSFORMING THE WAY THE WORLD WORKS
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The Challenge

The greatest challenge facing
the global concrete
construction industry is the lack
of quality, coordinated and
timely information.

& Trimble.



What if you can have accurate quantities ?
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| Constructible BIM Model ( Details + Constructibility)
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Accurate quantities & data from Constructible BIM Model

Categories [m]

= i

= Wl Project (616/616)

[| Site (616/616)

+ [ Building (616/616)

w [] Frame (593/593)

[l Roof 12)
(Ul Floor 4 (109)
(1 Fleer3 (109)
[l Fleer2 (109)

N Floor1

T

oy

1st Floor columns
and walls

(| Basement (144) Object Browser -
(4 Ramp (23) 5 BR [Quantity takeoff = Keep Show from model Show from Categories | R =S
Uncategorized (-)
11 CIP Frame (357/357)
::: BEAM (35) Mame . ¥ Count Material Profile Length / mm Volume / m3 | Top level / mm  Section Floor
a WALL N 1 €30/37 32007160 5550 20 3400 Frame Floor1
COLUMN WALL ] C30/37 32007160 4670 24 3400 Frame Floor1
1 ELEVATED SLAB (10) WALL i €30/37 32007160 5550 28 3400 Frame Floor1
I3 FOOTING (1) WALL 1 C30/37 3200160 63800 35 3400 Frame Floor1
WALL 1 €30/37 32007160 10400 53 3400 Frame Floor 1
L1 GROUND SLAB (8) COLUMN 3 €30/37 400%400 3200 05 3400 Frame Floorl
11 STAIRCASE SLAB (17} COLUMN 2 €30/37 400*400 23800 04 3000 Frame Floor 1
L STAIRCASE WALL (26)
WALL
» W Concrete Grade (373/373)
» W Pour Types (171/171)
Number of objects in the table: 30 Resultofi[Totel v | Oftheserows:[al___ ~]
# b
[ s 5= 106 040 29,4

& Trimble.
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BIM Constructible BIM — One common source

Scheduling
& Logistics

Pour Planning
. & Management

Bar Bending Schedule

Anchor bolts Reinforci 3%
A an abrication Drawing

& Embeds

|
/Release
¥~ Releases Mgt

Supervisor  Project Mgr Surveyor

3D Installation . o

drawings ~ Machine readable Data

for Production
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Hong Kong BIM Workflow
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BIM enables Digital Fabrication to speed up Rebar Construction

»

Digital
BBS Optimise, Produce &

Rebar
Design

BBS Auto Generated by
Tekla
&

for Factory’s Optimisation
Drawings Produced Auto LS
software

Transport to

Constructible Rebar Model Certify S

Cut and Bend rebar Steel Fixer to
in Factory install on site

(Structure Engineer)  (Main Con Engineer / BIM Modeler/ Scheduler) (Steel Bar Factory) (Site)

-41.41

QR Code and Tags for
each Rebars

TRANSFORMING THE WAY THE WORLD WORKS
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BIM Constructible Model, Export of Rebar Data and Rebar Status

- | ? & login = O X
& o C C itauty Pupeto X il
Concrete Edit View Drawings & rep " Quick Lau Q
ame: 5 = 5165
X B m Reinforcement Fabrication Releases (5165) 2 T %Tasks e
- =3 onvert IFC objects
E= " || »> Reinforcement Fabrication Releases 2. Sequencer Ii @ E
Drawing Create ¥ o Lotting
? - Rules for setting category content X
L Drawing list properties el e BN PR LU0 manaaEs £ Project status A&D models Lload groy  “Vindow
YT Automated object content
& Organizer ﬁ - o X Y _Automated subcategories I n
Categories Y Grouping in Object Browser LR n
E ro S B
- S — Object properties used to create sutomated subcategories under "Reinforcement Fabrication Releases”:
*» Wl Project (660) 5 e
Create subcategories based on: i =
» B3 P Structures (360/360) =z
UDA - PACKAGE_NUMBER X .
» B Reinforcement (5165/5165) o
=
» ® Rebar Releases (5165) " !
Reinforcement Fabrication & _‘ =
» ® Reinforcement status (5165) L = il K3
» ® Rebar names (5165} [ Create subcategories based on: 5 :
DIAMETER_NOMINAL % - g
| - -
[ 3
.
(Create subcategories based on: " A
o
SHAPE %
| | ] = LY £3
i) ht/t Quantity | DIM_A/mm DIM.B/mm DIM.C/mm | DIM.D/mm DIME/mm DI
- ~ .
[ Create subcategories based on: o007 C 284
0,001 2 306 206
‘ 7 '| 0,005 2 4245
0,003 2 2632
0,005 2 3832
Update categery at synchronization 0,005 2 6549
N nns ? A 549
Property template: | Rebar Schedule ~
Result of: [ Total ~ | Of these rows: (a1 =
2 " 2 | beccien ——
| FEEE - OEER) =) NE)S 5# 2| sndar - @ | [EDc EAXF -
5165 + 0 object(s) selected
h"b =
s> Irimole
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Export of Rebar BBS and Data Digitally

Bar Bending Schedule —
N : &fih Hop Sik Engine e
i eiso,
Jobsite name S Temee
BBS ref j0B18 15 3 e
Bezpe18r2R2/ 1
Barmark| Diameter Shape Qty wet (Kg) Len. (mm) Pin | Tywk BF2DEH)18r2R2/1 -
: s $
900
a00
81 825 14 2536 4700 200 | c8
2900 ¢
775 BF2D@H:
775 Br2nes: Senst
82 825 15 2399 4150 200 | c8 eni2
ge150, reonisiey
2600 o
Bl-1 c8 16 2650 4 167 2650 cs
srznessierse/
e
o1 B 25 2500 10 963 2500 c8 LAl " ApLo
e o S Vo
.-
300 i [ e ey m—
- Pesieny . =
900 || Commrmar Garemen Mo .
H2 B 25 10 1765 asso 200 | c8 e 0 P 2
l o]
| Grogliaiong  C1 Fst Gy oWan e D S W90
2780 [ v Saurey v Pan - Pros Ty * Soachon -
900 i B Commes Duliak  Orade BarDu M Oy leagn Sape A 8 € T Pa 7
900 Comcmm A1 T “ ] L] ] A BT r  EM
1 825 14 2536 a700( 200 | c8 Concnmpd T @ 1 |m wm s e
Comomm A1 T - L] "W N A nM el
Concren A1 T “ ) L) TO4ad wn oul
5 2900 Comcwm Al T @ 1 4w e me
Comcreia A1 T n 2 7 nm
775 Comcwm a1 B 4 N o |
T2 B 25 15 239.9 4150| 200 | cB mmsiae Pk L) = - L
I Concem A1 T B : v o
oo pl 1 2 7 om
2600 Ty .
Concieim A1 T » 1 L] nw
Conorwin A1 T » £ 15 nx
GConcrem A1 T o i n picy
TI-1 825 2900 4 447 2900 8 o v P T 1 1]
200 (TR G e PRS- R R M B = o e .o %
| 400 (i1 11 (a1 A ER i I A [[W]H) sts » vwmpase o Comespuea «
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Compare Cutting with different length of materials ( Optimisation)

GO LIK 07/08118__10:06 | Page 11
Run reference Cutting Optimization list ListN® 1
07/08/2018 #4 MB#1 1B 20
331118080704002001
DHERE Fﬁﬂﬁﬁ L] Nb. bars 12 Nb. cuttgs 26
12000 1.01 Nb. tags 6 Cycles nb. 8
o Bars / Cycle 425
8 6 Z /0 EHE5H 862% I EHES 80Kg
Y20 AEHE (Mm) 12000 8k (1x8Bar(s)) BHHE 382
N° BIEHE (Mm) [ D TEE Barmark | BEE
1 2739 1 JOB18 - 15/ SEQ-1734 1H-1 10
2 1100 1 JOB18 - 15/ SEQ-1734 1T1-1 8
3 7779 1 JOB18 - 15/ SEQ-1734 1B2T2 14
2 Y20 FAFHE (Mm) 12000 2K (1x2Bar(s)) EFHE 182
N°_ [BTHE (Mm) [ 7] ITFE Barmark | mEx8t
1 2739 1 JOB18 - 15/ SEQ-1734 1H-1 2
2 7779 1 JOB18 - 15/ SEQ-1734 182172 6
3 Y20 AEE (Mm) 12000 4K (1x4Barls)) B8 1842
N°_ | BEHE (Mm) [ 7 TiFe Barmark | %
1 2379 1 JOB18- 15/ SEQ-1734 1B1T1 35
2 7779 1 JOB18 - 15/ SEQ-1734 1B2T2 4
4 Y20 FHE (Mm) 12000 10 8 (1x10 Bar(s)) R 842
N°_| B5EHE (Mm) | 7D IfFE Barmark | REX8¢
il 2379 2 JOB18 - 15/ SEQ-1734 1B1T1 3
2 6400 1 JOB18 - 15/ SEQ-1734 1H-2 10
5 Y20 FEE (Mm) 12000 2R (1x2Bar(s)) BHE 105
[N [EFEHE (Mm) [ 73 ] IR | Barmark | MEX8k
| 2379 | 5[ JOB18-15/SEQ1734 | 181T1 [ 11 |
6 Y20 AEE (Mm) 12000 1k (1x1Bar(s)) B 105
N°_| B3FIE (Mm) | /) IR Barmark | &
1 2379 4 JOB18 - 15/ SEQ-1734 1B1T1 35
2 2379 1 JOB18 - 15/ SEQ-1734 1B1T1 1

ORMING THE WAY

THE W(

ORLD

GOL' “ 07/08/18  10:04 | Page 1/2
Run reference Cutting Optimization list ListN® 1
07/08/2018 #4 MB#1 1B 20
331118080704002001
REIRE ARl L] Nb. bars 12 Nb. cuttgs 33
9000 13 0.29 Nb. tags 6 Cycles nb. 9
12000 9 0.27
13500 0.40
o Bars / Cycle 378
o I REHE 3 o3%| REHESR 28Kg
Y20 FAEIE (Mm) 13500 2k (1x2Bar(s)) ERIE 42
N“ R (Mm) | 7D TiEE Barmark | BFEX#
1 2379 1 JOB18 - 15/ SEQ-1734 1B1T1 35
2 1100 3 JOB18 - 15/ SEQ-1734 1T-1 8
a 7779 1 JOB18 - 15/ SEQ-1734 1B2T2 14
2 Y20 REE (Mm) 9000 2% (1x2Bar(s)) EFHE 121
N | BEE (Mm) I7FR Barmark | BExH
1 1100 JOB18 - 15/ SEQ-1734 1TI-1 2,
2 7779 JOB18 - 15/ SEQ-1734 18272 12
3 Y20 FEHE (Mm) 13500 5k (1x5Bar(s)) BEHE 243
N [EfE (Mm) [ 7D IR Barmark |
1 2739 2 JOB18 - 15/ SEQ-1734 1H-1 10
2 7779 1 JOB18 - 15/ SEQ-1734 18272 10
4 Y20 FEE (Mm) 13500 5% (1x5Bar(s)) EFHE 963
N° | BREE (Mm) | A I{FE Barmark | BEX8
1 2379 2 JOB18 - 15/ SEQ-1734 1B1T1 33
2 7779 1 JOB18 - 15/ SEQ-1734 1B2T2 5
5 Y20 REHE (Mm) 9000 10 % (1x10Bar(s) ) E¥HE 221
N°_ | B (Mm) | 7D IfFE Barmark | WEXE
1 2379 1 JOB18 - 15/ SEQ-1734 1B1T1 23
2 6400 JOB18 - 15/ SEQ-1734 1H-2 10
6 Y20 REE (Mm) 12000 2% (1x2Bar(s)) E¥HE 105
[N [EFHE (Mm) [ 7 IFE [ Barmark | mExH
L 2379 a1 INDR1R_ 15/ SFN-1734 I RIT1 | 12 |

& Trimble.



Working with Contractors to produce rebar model & BBS for Rebar Factory

@ stz Main Con

e Confirmed BBS

* Delivery Schedule 1-2 days
Sub Con > [ W production
On-site Steel fixer J

* Fabricated bars with marking tags

& Trimble.
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Optimising Rebar with Constructible BIM
- Makati Corp, Philippines

= MDC is a premier Filipino EPCCM

& company. As Ayala Land Inc.’s

. subsidiary and construction arm,
MDC plays a role as its serves 100%

. of ALI’s construction projects.

P4rmDC

BUILDING
SERVICE
EXCELLENCE

=

MDC is a full scale, turnkey company providing
Engineering, Procurement, Construction

Management services. > .
& Trimble.



Using TEKLA

“* Where and What did you utilize Tekla

1.

Model structures for quantification during
pre-construction stage.

Connect and model during design changes.

Utilize it for Rebar fabrication as cutting list.

Bpnc
BUILDING
SERVICE
EXCELLENC



TEKLA Projects




TEKLA Projects

....

SUMP PIT FOUNDATIONS

RETAINING WALLS BEAMS AND GIRDERS < N

Pamnc
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TEKLA Projects 2
|/

COLUMNS TRAN SLABS

N
SHEARWALLS PRECAST WALLS .



TEKLA Projects

STATUS REPORT

‘ONCRETE REINFORCEMENT
3210 Reinforcing Steel

Fabrication and Installation Only

Reinforcing Steel Bars - Grade 60

o Foundation kg 158,365.60 171,255.13
o Column kg 734,306.23 755,241.81
o Shearwall kg 923,714.88 915,571.25
o Beams and Girders kg 1,160,504.45 1,067,210.60
o Link Beams kg 15,889.18
0 Suspended Slabs kg 259,698.84 116,435.15
0 Trans-Slab kg 26,583.62
0 Retaining Walls kg 121,792.02 75,334.83
o RC Walls kg 31,925.66 16,166.09
o Stairs kg 42,165.78 45,048.28
o Water Tank kg 8,952.93
o Slab on Grade kg 11,071.31 10,643.48
o Sump Pit kg 2,830.56 2,163.81
Reinforcing Steel Bars - Grade 40
o Foundation kg
0 Beams and Girders kg 35,842.13 33,320.89
o Suspended Slabs kg 206,248.19 116,419.27
o Trans-Slab kg 95,373.65
o Slab on Grade kg 7.680.45 5.818.64
o RC Walls kg 20,574.34 8,919.19
o Water Tank kg 4,940.94
0 Sump pit kg 448.94 494.92
3,717,169.38 3,491,288.74




TEKLA Projects

From Podium1 to Tower1




TEKLA Projects

FOUNDATIONS

COLUMNS

STAIRS

AR



TEKLA Projects

B

FOOTING TIE BEAMS

SEWAGE TREATMENT PLANT

DOMESTIC WATER TANK S



TEKLA Projects

ITEM
3200

SUB TOTAL REINFORCING BARS

DESCRIPTION

CONCRETE REINFORCEMENT
03210 Reinforcing Steel (Installation Only)
Grade 40

To beams and girders
To stair

To suspended slab
To slab on grade

Grade 60

To columns

To beams and girders
To link beams

To shear wall

To stair

To footing tie beams
To Mat footing

To Combined footing
To Isolated footing
To Cistern & STP

To suspended slab
To Retaining Wall

To lintel beams

To RC Wall

STATUS REPORT

UNIT

kg
kg
kg
kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

TSD - TEKLA

11,055.88
3472.00
367,623.86
32,351.39

487,535.87
1,084,138.49
27754.74
1,040,910.13
20,885.38
3214.43
67,762.83
5,179.28
16,877.85
83245.56
32,768.49

CG

2,770.94
6,836.11
315,780.80
19,129.00

726,069.91
1,183,683.51
55,406.00
642,513.89
32,404.38
48,486.54

27,423.00

61,694.48

3,284,776.18

3,122,198.56

VOLUME OF CONCRETE (m®)

5160.8

3892.27
524.85

1936.89

79.32
2663.78
515.81
196.26
1,095.19

633.84
364

3612.19

20,231.88

Fdmoc

BULLDING
SERVICE
EXCELLENC



Accurate Planning and Ordering
- Natsteel, Singapore

Overview of Innovative Products and Processes
Developed and Used in NatSteel

5
Project

BIM
Modelling

Digital

Ordering

Order
Submission
Plug-in

& Trimble.
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Reducing Waste with Construction BIM & Prefab
- E.Pihl & Sons (Denmark), and CELSA (Rebar Fabricator)

 _
E.'Pihl & Sen bygger bro"meehE

>

“E. Pihl and Sons build a bridge with BIM
Marieholm, Gothenburg

L

& Trimble.



BE THE

FUTURE.| [P=ilrn
NOT A -

HAS-BIM.

@ Trimble Thank you !
Mark.tung@trimble.com




