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(Beyond conventional CD’s)
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Reach Our Locations
5 Continents

1200 Engineers, Projects in

Albuquerque, New Mexico .
Austin, Texas Archﬂeqts and
Boston, Massachusetts = Professionals
Dallas, Texas =~ .~ Glasgow, Scotland
' Lol ~_ London, UK (Head Office)

- London, UK (PLC City Office)
~ Moscow, Russia
’4 ~ Beijing, China
) - Hong Kong, China
' Shanghai, China
b Mumbai, India
*  UAE
~_-Ho Chi Minh City, Vietnam
Christchurch, New Zealand

Denver, Colorado
Ft. Lauderdale, Florida

Irvine, California‘\_:
Kansas City, Missouri
Los Angeles, Californian\,w
Marina del Rey, California_\-
Mountain Lakes, New Jersey.
Mountain View, California--

New York, New York (2) I
Newark, New Jersey
Philadelphia, Pennsylvania
Portland, Maine ,

San Diego, California ,

San Francisco, Californie{” |

Seattle, Washingtdn ‘
Washington, D.C. | Weidlinger locations
West Hartford, Connecticut Shared Locations
~ Thornton Tomasetti Locations
Séo Paulo, Brazil *Additional offices in Bristol, U.K.
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Our Mission

CORE studio is a firm-wide idea incubator.

Our mission is to increase the value we bring to clients
through innovation.

The studio conducts research, develops custom software

applications, designs workflows to optimize project
realization, and develops interactive computational models.

CORE studio | Thornton Tomasetti



Evolution of BIM

2-D CAD

Manual Drafting
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Progress?...

One Liberty Place The New York Times

60 drawings

140 drawings

CORE studio | Thornton Tomasetti



60 Drawings vs. 140 Drawings

= Production — Better or Worse?

= Dimensional Information — Better or Worse?
= Clarity of Intent — Better or Worse?

= Coordination — Better or Worse?

= RFIs/Extras/Claims/ - Better or Worse?

= Do changes in design occur more or less?

CORE studio | Thornton Tomasetti



PROGRESS!!

BARCLAYS CENTER

2-D or 3-D CAD

BIM

CORE studio | Thornton Tomasetti



...nhot if the Model is not the Deliverable

This might as well be ...

CORE studio | Thornton Tomasetti



CASE STUDY - ONE VANDERSBILT

Engineer of Record is Severud

Thornton Tomasetti Construction
Engineering team hired directly by
Hines

Early involvement in design to
understand both the design intent and
the Steel Fabricators needs and
preferences

Early release of structural information

and advancement of shop/fabrications

drawings saved time and money
Early completion (Min. 7 months)

Happy Client!
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Architect: KPF
Structural Engineer of Record: Severud
Fabrication/Connection Engineer: Thornton Tomasetti

Thornton Tomasetti



Schedule Savings

napratesswith TEKEA dsDenverable
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Steel detailing actually
begins in the Design
Phase, shortening
schedule

PHASE | |  Potential Delay ??

_____________________________

__________________________

CONN. DESIGN | ~ Potential Delay ??

___________________________

MILL ORDER | & Potential Delay ??
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___________________________
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FABRICATE | Potential Delay 22,

Thornton Tomasetti



Benefits to a Project with APD (Advanced Project Delivery)

More complete and detailed coordinated information earlier which results in an improved project schedule and
better cost certainty

When concrete and steel interact, better coordination can occur between these two trades early
Schedule savings

Delivering a model to the fabricators in a format and manner that they can rely on and use (shop drawings creation,
drive CNC equipment)

Tekla model can be converted into almost any format for coordination and early clash detection
Cost Certainty - Progress model can be issued with bid documents to show complexity and sample connections

Reduction in RFIs - connection engineering, drawing related issues discovered and addressed during model
development before released to fabricator

Reduced or Validating Change Orders - by producing a Tekla model, quantities and complexity identified as design
progresses. Since all information is shared, utilizing a collaborative design/construction approach, potential change
orders are identified earlier in the process.

REDUCED SHOP DRAWING REVIEW (95% FIRST TIME APPROVALS)



ALL DESIGN DATA SHOULD BE PORTED TO THE
SUBCONTRACTORS

= Schedule - Accelerate Contractors understanding of the design

= Risk Management - Avoid Misinterpretations of the 2D
Drawings

= Collaboration - Demonstrate coordination has been completed
with all disciplines

= Expedite Construction - Allows subcontractors a head start in
understanding the design intent and creating shop drawings
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BIM Model to Fabrication Model

Create A Tekla Model Using The Existing Revit Model as a Starting Point
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Interoperability, Cloud and Web Platform - KONSTRU

ETABS

/
gﬁlﬁ%

Rhmoceros
/ KONSTRU \
.$. I A AUTODESK
TEKLA REVIT

RAM Structural Systems V8i
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Interoperability, Cloud and Web Platform - KONSTRU

CSI SAP2000

McNeel Rhino: Grasshopper

BIM DATA

CSI Etabs Autodesk Revit

Bentley RAM Structural System



BIM DATA INTEROPERABILITY (AUTOMATION) USING KONSTRU

.)I;. TEKLA % &A | AUTODESK'

REVIT® 2014
KONSTRU

CORE studio | Thornton Tomasetti



BIM Model to Fabrication Model

CORE studio Automation Tools

& Fle Edt View Modeing Detaling Drewings &Reports Tools Window Help
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potlight — Automated Quantity Take Off and Visualization

thormntontomasetti.com

Spotlight

Cornell Tech
Today at 5:19 PM

Imperial  Metric

Spotlight Report

Net Steel Tonnage 1934 rans Q
Net Steel Weight 13.01 psr Q
Net Concrete Volume 2482 gpd Q

Assumed Concrete Density 150 pcr

Net Surface Area 297308 sqft Q
Unigue Elements 158 families Q
Undefined Elements 43 Q
Gravity System Tonnage 1406 tons, 9.45 psf
Column System Tonnage 264 tons, 1.78 psf

Foundation System Tonnage 264 tons, 1.77 psf

CORE studio | Thornton Tomasetti

Exple Quantit Compar

Usage Take!

MNet Usage (Category Family Marerial: Steel v Units: pressure (net) »

site plan

HIGH ROOF S0LAR CANOPY FRAMING PLAN

ROOF FRAMING FLAN

SIXTH FLOOR

FIFTH FLOOR

FOURTH FLOOR.

THIRD FLOOR

SECOND FLOOR.

FIRST FLOOR
Net
I Fioors
FOUNDATION Framing
Columns
I vells
LEVEL O
T T T T T T T T T T T T T T T
0 02 04 06 os 1.0 12 1.4 16 1.2 20 2.2 2.4 28 2 3.0

pounds per square foot (psf)



Spotlight — Automated Quantity Take Off and Visualization

e O | ~ thorntontomasetti.com 0 nodel/5399¢ck i Dd4d4pe 8/5399ce024f60d : AdbecsFquantrt *

Quantity Matrix Usage Takeoffs

Cornell Tech
& Download Full Takeaff

Today at 5:18 PM

: R Name Count NetWeight(lbs) MetVolume(cyd) NetLength(ft) StructuralMaterial StructuralType
Imperial  Metric
12" Concrete 20 7274477 1796 0 Concrete Floors
41/2" NW Concrete on 2" Metal Deck 10 43850 180 0 Unknown Floors
Spotlight Report 3-1/47 LWC over 2" Verco W2 33 87505 3242 0 Unknawn Floors
174 L gy 27 4 s
Net Steel Tonnage 1934 rons Q 3-1/4" LWC over 1-1/2"Verco B 4 3789 140 L] Unknown Floors
&" Concrete 1 1243828 33 0 Concrete Floors
PlekSteel Welgltt 1300 psr Q 14" Concrate 2 172168 a2 0 Concrate Floors
3" Roof Deck 1 206 8 0 Unknown Floors
Net Concrete Volume 2482 gid Q
8" Concrete 1 104321 28 o Concrete Floors
Assumed Concrete Density 150 pcr
W1dxes 63 S4200 o 274 Steel Framing
Met Surface Area 297308 sgit Q W1BX40 55 71865 1] 1866 Steel Framing
W14X39 56 80017 1] 824 Steal Framing
Unique Elements 158 famities Q
W1dK22 419 112033 o 5437 Steel Framing
Undefined Elements 48 Q W24X55 33 75405 o 1419 Stes| Framing
Widx4g 37 2249% ] 432 Steel Framing
Gravity System Tonnage 1406 tons, 9.45 psf
W1ZK14 302 33121 o 2812 Steel Framing
Column System Tonnage 264 tons, 1.78 psf
W1Ax22 33 90911 1] 1182 Eresl Framing
Foundation System Tonnage 264 tons, 1.77 psf
W21x44 29 127322 o 3025 Steel Framing
W14xe1 125 20302 o 1604 Stesl Framing
W18X35 am 185281 o Ssag Steel Framing
W21X55 -] 13633 o 281 Steel Framing
W24X117 1 51857 ] 548 Stesl Framing
W1BX3E 63 25405 o 285 Steel Framing
W14x43 121 58308 0 1456 Sres| Framing
W14X120 a8 72646 1] 622 Sresl Framing
W14X50 124 181522 o 2151 Steel Framing
W2AX84 14 54544 ] 666 Stesl Framing
WI1EX2E 122 62701 o 2565 Steel Framing
W2dK131 12 70335 5 543 Steel Framing

CORE studio | Thornton Tomasetti



ishornton Tomagsett

CORE studio

CORE.ThorntonTomasetti.com
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2018 Project Delivery Symposium: Delivering the Future

1401 ESth St

ZAHNER’




2018 Project Delivery Symposium: Delivering the Future
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Delivering theFuture




2018 Project Delivery Symposium: Delivering the Future

HERZOG & DE MEURON
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2018 Project Delivery Symposium: Delivering the Future

Logistics of prefabrication

Modelling and verification

ZAHNER’
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Coordinated tolerances and short
‘field >model’ feedbadk loop.
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DELIVERING THE FUTURE
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SETTING THE CONTEXT



SETTING THE CONTEXT

RRRRRRRRRRRRRRR 'S PERSPECTIVE






FROM INDUSTRY 1.0 TO INDUSTRY 4.0

1.0 2.0 3.0 4.0
Brick & Mortar (Semi)-Automated Intelligent Fully Integrated
Infrastructure Infrastructure
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FROM INDUSTRY 1.0 TO INDUSTRY 4.0

1.0 2.0
Brick & Mortar (Semi)-Automated




FROM INDUSTRY 1.0 TO INDUSTRY 4.0

1.0 2.0
Brick & Mortar (Semi)-Ai
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A PROCESS THAT IS FUNDAMENTALLY BROKEN




Pre-Design Schematic Design Design Development  Construction Documentation  Construction Administration

|
Define Design Deliver




Pre-Award

Post Occupancy

Observe

Discover




Pre-Award Pre-Design Schematic Design Design Development Construction Documentation  Construction Administration Post Occupancy
' e

Discover Define Design Deliver Observe




Pre-Award

Discover

Pre-Design Schematic Design Design Development Construction Documentation  Construction Administration Post Occupancy
' e N
Define i Deliver Observe

HARD STOP
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[] MNS CEILING GRID

2011/05/20 |

O
O
O
O

FLAT AREA : Panels can be repeatable except al the edge

SINGLE CURVATURE (CYLINDRICAL) AREA : Panels can be repeatable except at the edge within cach arca
Each panel need 10 be bert faceted or allowing gaps
SINGLE CURVATURE (CYLINDRICAL) AREA | Panels cannot be repeatabie
Each panel need 10 be bent. faceted or allowing gaps
DOUBLE CURVATURE AREA ' Panels cannct be repeatadle
Each parel noed 10 be bent, faceted or allowing gaps
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DOUBLE RADIUS
PANELS TYP

SINGLE RADIUS

PANELS TYP
PLANAR PANELS TYP

GEOMETRY DRAWINGS ARE FOR REFERENCE & ORIENTATION ONLY.
CONSULT DIGITAL MODEL FOR COMPLETE INFORMATI

@ TOWER LOBBY CEILING DIAGRAM
k SCALE: 116" =1'0" a-160.0
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PERIMETER DIAGRID
FULLY WELDED
AESS ON EXPOSED \
STRUCTURE
S \

DEAD LOAD SHELF

TOS.S. TUBE)

CONT. HSS TUBE \
(STRUCTUALLY SILICONE \

STAIR 5§ CURTAIN WALL AXON

B1 SCALE: N.T.S.

a-d182010-58

LOCAL STL. PLATE
W/ WELDED STUDS
WELDED TO DIAGRID

LOCAL ACCESS HOLES

LOCAL STL BRACKET W/
OVERSIZED HOLES
(FILL WITH MORTAR)
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UNDISCLOSED // UNDER CONSTRUCTION // HKS




EQUILATERAL ROOF GRIDS
HKS LINE

ETFE STRUCTURE

WPM
METAL PANEL SYSTEM - -
LINE / HKS LA / WPM P
o ETFE PANELS
' WPM

STRUCTURAL SHELL
WPM
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Fascia Modifications

Surface Deviation

Deformation Analysis

Surface area increases resulting from skin

modifica

Visualization of surface modifications

required for adequate clearance

Analysis demonstrates non-conforming

ion was partially offset by refine-

clearances between deflected primary steel

girders and desired design surface.

ments to fascia and soffit conditions,

between deformed primary structure and

prefabricated skin.



64 faces

16 faces

4 faces

ISPLAY

G DI

CENTROID MAPPING

EXPLICIT DIVISION:

03

[

GEN: 01

| RECURSIVE MIDPOINT

VERTEX MAPPING DISPLAY

mm AAAALE

45 vertices

15 vertices

6 vertices




PROCESSING TIME
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200.0
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D ® 100.0 ‘ I
. ' . 0.0 1 I_ I— I- I-. I-;_ H_ N H. . . I I I I I I I I
° 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 9000 9500 10000
M grasshopper E 409 527, 69.2 87.0 1006 = 1163 1340 25034 1162:9 - 180:8- 71 195:4 2190+ =734 4+ 951195, 30565 =3 / 499.8 556.7
. . B single threaded 3.8 59 8.2 10.9 1137 16.7 20.1 23.4 27.7 31.6 35.4 40.4 45.6 50.2 56.8 63.7 RD.9 86.8
. multithread framework 0.8 1.2 3.7 25 3.3 4.3 55 6.7 8.2 9.4 12.0 13.8 16.4 18.5 21.8 25.7 30.7 39.7

PANELS
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HKS | LINE
90603.000:: OVIS STADIUM

PANEL PARAMETERS | UNITS [ INCHES ]
RELEASE DATE: 2016:1:19 | TIME: 8:41:51

OVIS PANEL_000e
NODE POSITIONS:
[ WORLD COORDINATES ]

( X,
POS: ( -7025.731445,
POS: ( -7088.620605,
POS: ( -7064.873535,
PANEL ORIENTATION VECTOR:
VEC: ( -@.39886255,
uwi: ( ©.03967394,
AREA GROSS: 2354.503906
AREA NET:  2104.919896

HNER'

54 9728

NODE POSITIONS:
[ LOCAL COORDINATES ]

{pos:
{PoOS:

{pPos:

( X,
POS: ( e,
POS: ( 70.24401093,
POS: ( 28.8628788,
PANEL ORIENTATION VECTOR:
VEC: ( e,
CORNER POSITIONS:
FASTENER POSITIONS:
PERFORATION DATA:
PERFORATION COUNT: 595
POS: ( 2.752969265,
POS3 | 1( 4,704191685,
Pos: ( 6.655414581,
POS: ( 8.606637001,
POS:. ( 10.55785942,
POS: ( 12.50908184,
POS: 14 14.46@30426,
Pos: ( 16.41152763,
pos: 18.3627491,
POS: . - ( 20.31397247,
POS: ( 22.26519394,
POS417( 24.21641731,
Pos: ( 26.16763878,
poS: ' O( 28.11886215,
POS3 | o 30.07008362,
POS: ( 32.0213089,
POS4 20 33.97253e36,
POS;  ( 35.92375183,
POS:” ( 37.8749733,
PRSIt 39.82619858,
POS: ( 41.77742004,
OPposA 23t 43,72864151,
-P0S;. (. 45.67986298,
"Posi( 47.63108826,
F 4256xt 49.58230972,
PoOs:  ( 51.53353119,
P pogd 26t 53.48475647,"
P82 57C .. 55.43597794,
POS: ' 57.3871994,
onc e S £8 2204% 07

vl
-2980.814697,
-2960.644043,
-2943.861816,

-8.85718581,
©.99998828,

[ SQ.INCH ]
[ SQ.INCH ]
[%]

[ DEGREES ]
[ DEGREES ]
[ DEGREES ]

Y,

ol

.o'
67.84870605,

-8,
}
DIAMETER: }

DIAMETER: }

1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86246407,
1.86245407,
1.86246407,
1.86246407,

1 ecracanr

7)
1302.910156)
1326.833374)
1253.605225)

-0.32579310)
©.00000000)

27 THHTHIETIIE R TR i ey

)
e)
e)
e)

1)

DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
DIA:
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DIA:
DIA:
DIA:
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