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Property Condition Assessment
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Outline

» Background

* Marble Management
 Building Renewal Vision

* Existing Construction Evaluation
* Re-Cladding Design

» Energy Retrofits
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» Background
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Outline
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1975 Construction
978 ft - Tallest in Canada
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Brookfield et.al
Halsall
MdeAs

B+H
BLWTL/RWDI
Ellis Don
Sota/Clifford
Viracon/PPG
TMP/Aquila
BSC

Timelines

Marble Management
(2005-2010)

Re-Cladding Design
(2007-2009)

Energy retrofits
(2008-2012)

Re-Cladding Construction
(2010-2012)
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Outline

* Marble Management

Z = 3
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Staining from Silicone Sealant
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Cracks & Panel Thickness Variations
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Thermal Hysteresis & Strength Loss

* Anisotropic behavior with
thin marble &
heat/moisture

» Volumetric expansion and
bowing

* Reduced density and
strength loss

» Cracking
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Sister Buildings by
Edward Durell Stone Architect

GM Building
Chicago ‘73 New York ‘68

images by MdeAs
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Amoco Re-Cladding
Granite Re-clad ‘89 -’92

N7

$80M USD
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Lincoln Bank, Rochester, NY
Constructed 1970 — ‘80’s Aluminum Re-clad
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Finlandia Hall, Helsinki
Constructed ‘71 — Marble Reclad ‘97-'99

i e _7 S ’ “J it
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Management Strategy

» Comprehensive review,
testing and monitoring
program

» Targeted replacement to
maintain acceptable safety
and progressively renew

VISION + DEPTH - INNOVATION Halsa“
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Zoom in on Existing Panel Strength
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1600

Bow vs. Strength Analysis

First Canadian Place - Marble Cladding
Bow vs C880 Flexural Strength of Panel Populations Tested in 2005/2006
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Acoustic Testing
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Acoustic Testing vs Strength

First Canadian Place - 100 King St., Toronto

100 microsec Acoustic Threshold Applied to Acoustic and Flexural Test Data

from 291 panels removed in 2005
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C880 Flexural Test Results (psi)

Halsall

VISION + DEPTH - INNOVATION

1974 Wind Tunnel Testing

psf

Max —50 7/ +30 psf

Cladding designed for +/- 60

Halsall
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2002 Wind Tunnel Testing
Max -92 psf and +53 psf

South
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Original FCP Compartment Layout (Red)
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Corner Closure Influence
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Images Adopted from “Guide to Energy Efficiency in Masonry and Concrete Buildings” (1982) and Wind

and Air Pressures on the Building Envelope (1986)

VISION + DEPTH - INNOVATION

Pressure
Measurement
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20

Pressures at Middle of Wall

25 30 35 40 45 50 55
Time {s)

Cavity Pressure  =——Net Pressure Across Cladding
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Pressures at Corners
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Cavity Pressure  =——=Net Pressure Across Cladding
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Prioritized Replacement by Safety Factor

Search Parameters
Drop | | Floor | | Mark I Search ] |ClearSearch|

** Pleags note you do nob have to enter all fields

Buw/ Dish
Orop 01 Floor 05 Mark 1 o Dish () |
Crack Lenght (inches)
Elevation  SouthlWest | Top Lelt | 0] Top Flight | 0
o e Middle Left | [ Midde Right | 0
lmcement Size
Status  |In Senee al A2p) - Botlom Leit | [ Hollom Right | 0)
Description Total Mumber of Cracks a
v Assumed 1w : . :
dietype . | Joint Thickness (mum)
23875 i 57,675 T |

Widih (n) | Haight(in) | o e

Stength (psi) 70 Assumecl/CS 880 |amed v Beltom I Eomaaee

Thickhess {mm) Eil Assumedf Measured acumed  w Digtiess & Anchar

Wood | Mo
Accoustic Test Results (m/s)
2002 Wind Data Harirontal Vertcal
e Wind Prassure psf) | 30 e Wind Pressure (pef) | a0 SufacelConosen | v|  WedgesFrewnt | Mo
B raroril 1| Fotates Anchor Mo Sm:‘:z‘m\ | Mo
Assumad Max Load (psf) | 0
= =
@ Add New Edit Panel ‘E} i ' iz
[ Cancel } i Save I I Exit Application |
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Panels Replaced
to 2008

(300 panels/yr -
0.7%/yr)

LR
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Percent Replacement
28% =~ =1 9%
r_fi“ GUJ\L']
17% a
— FACE PANELS
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1 7% g )i :V'U=_i
16 %ﬁl “;r.? 1%
12%
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Silicone Strip Testing for Secondary Restraint

VISION + DEPTH - INNOVATION Halsa“
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Outline

 Building Renewal Vision

VISION + DEPTH - INNOVATION Halsa“

Decision to Reclad — Business Drivers

= Minimize Risks/Improve Durability

= Eliminate Ongoing Disruption and Cost
= Marketability (LEED EB)

= Renewed Image
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Outline

» Existing Construction Evaluation
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Interior/Exterior Evaluation (Scope)
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Interior/Exterior Evaluation

‘\
VISION + DEPTH - INNOVATION Halsa“

Typ. Section

VISION + DEPTH - INNOVATION Halsa“
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EXTERIOR FINISHES
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Finishes

< spandrels
< window components
= sealants

VISION + DEPTH - INNOVATION

| A e .

Control Layers

s AR FLOW

Others:

* condensation
« fire/smoke

* uv/solar

22



Supports

= anchorage/structure
* wind
= seismic
= movement accom.

SPANDREL PLATE AND WELDED STUD ANCHORAGE

VISION + DEPTH - INNOVATION Halsa“

Key Considerations
Frame fading/staining

IGU aesthetics and
service life

Air/water tightness
Solar/glare/comfort
Thermal/condensation
* Fire

= Frame/anchorage/glass
IS  capacity and condition

= Blast resistance
= Cavity Air Pressures

VISION + DEPTH - INNOVATION Halsa“
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Minor Air Flow Control
Layer Discontinuities

VISION + DEPTH - INNOVATION
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Corrosion Impacting Air Seal Durability
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Corrosion Impacting Air Seal Durability
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Missing Fire Separation (window term. at full
height marble)
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Exterior Window Frame and Metal
Flashing Finish Faded/Stained
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Control

Finish

IGU’s Approaching
End of Service Life

sw

SOUTHEAST  NORTH WEST

WEST  SOUTHWEST
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IGU’s Approaching End of Service Life

8%

32% of original IGU's
75% of original

replaced tq 2007 /'\
7%
1GY's projectedjio

6% be Jeplaced or
ire

jacement

in 5 years

5%

4%

95% ¢f original
1GU"s [projected 1|
be reflaced or

Tequirk replacemelt
within| 10 years
(2018)

N

2%

£33
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0%

1GU Replacement (%)
- w
ES B
2000 |—
2005 [ — | :-..
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1980
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1886
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2030

Time (Year)

Original Units are from 1974/1975

‘-Actual |GU Replacement Data (2008 Projected) Prajected IGU Failures ‘
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Premature IGU Failures Where
Original Units Replaced

MISSING SEALANT {HEEL BEAD)
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Window Sill Connection Required
Reinforcement

VISION + DEPTH - INNOVATION Halsa“
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Corrosion at Window Sill Connection

VISION + DEPTH - INNOVATION Halsa“

Window Assembly Capacity
Satisfactory for New Wind Loads

sk
.

* Mullion Assembly Structural Capacity
* Full Scale Testing — ASTM E330

Interior Extrusion

ior Extrusion

VISION + DEPTH - INNOVATION
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Energy Consumption Not Sensitive
to Cladding Upgrades

Space Cooling
18.4%

Lighting

* low glazing-to-wall ratio
,__Spaii;l:eatmg
» core dominated building
misc Equip_/ ] \DHW 127%
13.7% 0.5%
« enclosure’s role is largely o

comfort-related in the
perimeter zones
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Outline

* Re-Cladding Design
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Re-Cladding vs. Over-Cladding

* New Cladding Finish at Spandrels < New Continuous facade:
« Repair Existing Support/ Control at — Finish
— Spandrels — Control
— Windows — Support
« Restore-Finish-at-Windew Frames <« Remove ExistingIGU’s
= Replace G s where—Reguired < Interior Trim Modifications

Over-cladding rejected:
cost
schedule
tenant disruption
change to original design intent

VISION + DEPTH - INNOVATION Halsa“

Design Objectives

Renew Image

Improve Durability

Restore Performance
Streamline Process/Schedule
Facilitate Future Maintenance
Economical

OWNNNSNSSSSSS

VISION + DEPTH - INNOVATION
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Project Challenges

Several Owners
Building Fully Occupied
Aggressive Schedule
Architectural Requirements
Site Constraints

CONNSSSSSSSSSS

VISION + DEPTH - INNOVATION Halsa“

Architect’s Vision

White/Bright
Improved Scale
Patterned Glass

|mag nde leAs

VISION + DEPTH - INNOVATION Halsa“
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DESIGN STUDY A

PROPEATI
IDED - ARMAS & SHANNON

esFeat | Bregman + Hamann Archicels

DESIGN STUDY A

TOWER SCALE

05.13.2008

FRIT GLASS REFERENCE
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FRIT GLASS REFERENCE

corNER VIEW EXISTING

36



cornER VIEw BRONZE GLASS

Conceptual Work Flow

Step 1: Existing marble panels Step 2: Existing insulation is Step 3: Existing marble Step 4: Window washing
are removed removed support clips are removed tracks are removed

n
Step 5: Remedial work Step 6: New anchors for Step 7: New insulation is Step 8: USP curtainwall and
curtainwall and new window installed trim is installed
washing tracks are installed
image by MdeAs
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Removals

image by B&H

Restore
Concealed Seals

o il A SR

&

g
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Restore
Concealed Seals

DETAIL @ TYPICAL MARBLE PANEL CONNECTIONS AT SILL OF WINDOW

VISION + DEPTH - INNOVATION Halsa“

Upgrade
Secondary
Drainage Plane
Seals

VISION + DEPTH - INNOVATION
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Supplemental
Anchors and
Corrosion Protection

VISION + DEPTH - INNOVATION
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Thermal Modeling

WV

=
I
H

T

Il

Max Glare: 58
% Over Threshold: 971% ¢

Centre of

Exchange
Tower
Shadow

FCP West Elevation

a Cladding with ive (Mirror-like) Glass Spandrels
View from Exchange Tower 38t Floor, September 21, 5:00pm
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41



Architects and Glass

VISION + DEPTH - INNOVATION Halsa“

Key Considerations — Finish/Support

= (Glass Size
= Glass Colour/Pattern
= Glass Type

VISION + DEPTH - INNOVATION
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b Typ. Section

PARTIAL ELEVATION - GENERA SC0PE OF B AT TOWER

PARTLAL PLAN - T4PICAL FI/20R (S0LTH WEST SORNER)

VISION + DEPTH - INNOVATION Halsa“

Closure Trims
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Glass

IGU vs Laminated Glass
Frit Study
Flatness

image by MdeAs
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Glass Mockups

image by MdeAs
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Typ. Perimeter Framing
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B T

Sliding Gravity Connection:
* provides gravity support ELEVATION
« prevents in/out movements
+ accommodates:

+in- plane movement

REPUCE DXSTAG WAGON SUPPORT WTH NOW PLATE ()

TYPICAL NEW GLASS SPANDREL FRAME SUPPORT
Py

VISION + DEPTH - INNOVATION

Lateral Connection:
« prevents in/out movements
+ accommodates:
«in- plane movement

+ up - down movement

Fixed Gravity Connection:

« provides gravity support

« prevents in/out movements

45
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TapP
SUPPORT
ANCHORS

LOWER
SUPPORT
ANCHORS

e '

ata's" 1 "isv‘ ‘l
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4 ll‘ AT
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On-Site Mockups

46



VISION + DEPTH - INNOVATION

Typlcal Panel

<= Transparency
Aesthetics
Constructability
Availability

VISION + DEPTH - INNOVATION

Glass Design Considerations

= Exposure <« Load Types

< VLT/SHG/UV < Glass Types
< Comfort < Components
<« Condensation < Redundancy

<« Post breakage

wy

m

/Z-m

e
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Glass Design Considerations

<« Load Types

< Aesthetics < Glass Types
< Constructability < Components
< Availability < Redundancy

<« Post breakage

ment / Cost

"
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Glass Design

Codes & Standards vs. Rational Engineering Analysis

Balance between Actions and Reactions
Action: Applied Loads
Reactions: Glass Strength

Limit State Design
— Strength and Stability
— Serviceability

VISION + DEPTH - INNOVATION Halsa“
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Design Issues

= Laminated glass behavior ]
— Monolithic ‘:;’m
— Laminated =
— Layered

VISION - DEPTH - INNOVATION Halsa“

PVB Interlayer Shear Modulus

100,0 ~ - =
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Design Issues

= Load Resistance
— Heat treatment
— Load duration
— Design temperature

VISION + DEPTH - INNOVATION Halsa“

CGSB/ASTM

TABLE 3 TABLEAU 3

Load Duration and Temp Limits for C
Laminated Glass as Monolithic or Layered Glass
Limites de durée des charges et de température pour calculer le verre laminé
comme du verre monolithique ou en couches

Load Duration Temperature/T arat
Durée des charges emperatw@/Temperatiio
< 20°C 20° to/a 70°C > 70°C
< 1 min Monolithic Monolithic Layered
Monolithique Monolithique En couches CGSB12.20
1 min to 1 week Monolithic Layered Layered
1 min & 1 semaine Monolithique En couches En couches
> 1 week Layered Layered Layered
1 semaine En couches En couches En couches

Plate Length (in)

0 50 100
- ‘ 0 150 200
8 mm (1/4 in.) PVB Laminate 0.50,
Nonfactored Load
Four Sides Smply Supported - TABLE X6.1 Load Duration Factors
. T!:( ;:.022 - 078, c Nere 1—Caloulated to 81000 lites probability of breakage (see
S L = 3.2.11).
£ 190 - 3 Second Duration 1.0 A £ 2
= 0 (122 iz = Duration Factor
E 150, 2000 B as 100
s 105 Pxe
2 2.00, 60s 083
= 250 2 Tomn o7 ASTM E1300-09
50 | 4 Fj!DUU & o 60 min 0.64
500 H 1000 i 258
- 20h 053
e 1 woek 047
1 month (30 days) 043
1 year 03
4 [ " Dayond 1 year 031
0 1000 2000 3000 4000 5000

Plate Length (mm)
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1974 Wind Loads

. WLT: Max =50 / +30 psf
: ~ Design: +/- 60 psf

VISION + DEPTH - INNOVATION Halsall
P Wlnd Tunnel Re-Analysis
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2008 Wind Tunnel Study

Alan G. Davenport
Wind Engineering Grnud

NE N w se e E% sw B E3 oW sw

Max loads
-117 / +56 psf

Design Loads

<=60psf 85%area
60 to 94 psf 15% area
>94 psf  <0.5% area

: Original Cladding design
wind loads +/- 60 psf

VISION + DEPTH - INNOVATION
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Glass/USP QA/QC Considerations

= Performance Testing
— Static and Cyclic Structural
— Inter-storey Drift/Lateral Movement
— Post-Breakage
= Fabrication Monitoring and testing
— Heat Treatment
— Lamination Process
— Laminated Testing Services
— Shop Reviews

VISION + DEPTH - INNOVATION Halsa“
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Construction Logistics

-

BAY STREET

A0 [t

e = = P —————

e e e e | image by Elis Don

CNTIVOUS ALONG o STREET)
KING STREET WEST |_
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Access

image by Eliis Don
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'ORM DESCENT

image by B&H

VISION + DEPTH - INNOVATION

3
AREE A
MR N

Access

55



Replacement

VISION + DEPTH - INNOVATION Halsa“

Completed Product

VISION + DEPTH - INNOVATION
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Completed Product

+ INNOVATION

VISION + DEPTH
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Outline

» Energy Retrofits
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The Process

INVESTIGATION > [IMPLEMENTATION > TEACHING > MONITORING
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Approach

Building

. n
Operations Occupant

Use

Building
Systems

NOT:“Is this the most efficient pump?”

BUT: “Is this pump needed, and is it running when and how it should?”
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Benchmarking

Halsall's National Database
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Energy Modelling

VISION - DEPTH - INNOVATION Halsall

Use Breakdown

LIGHTING
MISC EQUIPMENT (PLUG LOAD)
29%
mSPACEHEATING
B SPACECOOLING
mHEATREJECTION
PUMPS & AUX
19% W VENT FANS
m DHW

Halsall

60



Building Systems

: = Tower Lighting Power Reduction
‘ D = Garage Lighting Power Reduction

g = VFD’s on MAU’s

* Reduce OA to ASHRAE

= Demand Control Ventilation

= Exhaust Reduction

= Exhaust Heat Recovery

= Induction Unit Switchover

= Replace Chillers

= Consolidate Chiller Plant

= Replace Boilers

= Replace Condenser Pumps

= Replace Chilled Water Pumps

= Replace Low Temp Heating Pumps

= VFD on Induction Supply/Return Fans
= Full Floor Retrofits

—

T T—

Halsall

Building Operations

-

Sub-metering

= Chiller Heat Recovery Plant

= Induction Unit Switchover

= Induction Unit Fans

= Boiler Plant

= Compartment Units

= Sanitary Exhausts

= Mechanical operating schedules
= Lighting schedules
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Occupant Use
EMW
‘dg»:) = Daytime cleaning
| o = Lighting schedules
r = QOperating schedules
B : = Supplemental cooling
& . = Tenant awareness/engagement
-
IF:"

Halsall

Energy Savings

strategic advisor for energy/LEED EB services 2 2%

FCP Electricity Consumption REDUCTION
1000000 from 2009
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Thank You
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Halsall
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