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Unique Solutions for Building Envelope Repair
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Learning Objectives

At the end of the presentation, you will be able to:

|dentify real-life examples of various improvement strategies and
will understand each strategy’s potential energy impact

Explain the benefits of performing advanced analytic modeling
(such as hygro-thermal analysis)

Recognize when building materials testing/sampling is necessary
during envelope improvement projects.

Understand alteration of the vapor drive within an exterior wall
assembly, including the long-term repercussions of changes.
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Weidlinger _
Transportation Forensics

Weidlinger
Applied
Science

Sustainability

Facade ; Renewal

Engineering

Protective Design Property Loss

Consulting

Construction Structural
Engineering Engineering

Thornton Tomasetti



Renewal

Practice

Envelope Renewal

8 Structural Renewal
§

i Advanced Analytics
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Passionate About What We Do
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Building Envelope Concepts

End-Use Sector Shares of Total Consumption, 2011

; ; Commercial
Residential

Industrial
Transportation

Source: U.S. Energy Information Administration: Annual Energy Review 2011 & State Energy Data System
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Building Envelope Concepts

COMPOUNDING ENERGY USE REDUCTION BY RIGHT-SIZING HVAC

TO REDUCED HEATING AND COOLING LOAD

-
P LOADS €
h d
Interactions among T
CLIMATE, USE and
DESIGN provide

opportunities for
reducing LOADS

:
. '
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—SYSTEMS€-

Reductions in
LOADS lead to
reductions in SYS-
TEMS size and
ENERGY use.

—ENERGY
N o W

Smaller demands
are easier to satisfy
with ENERGY pro-
duced on-site
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Building Envelope Concepts

- EXISTING MODEL DEMONSTRATES ENERGY USE ALLOCATION

EQuesT MoDEL

EnErcY EnD-Use BREAKDOWN:
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Note: These results are subject to change, as assumptions
are based on limited knowledge of the existing design.
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Building Envelope Concepts

.Daylighting

EUI: 86 KBTU/SF-YR
EUI SAVINGS: 2%

Natural light has many benefits, including better occupant
productivity and well-being. Incorporating daylight into office
spaces has these positive impacts as well as decreased
energy usage in both lighting and cooling. By implementing
a lighting control system with daylighting sensors that dim or
turn off electric lighting when illuminance levels are met with
daylight alone can result in significant energy savings.

High Performance
Glass

EUI: 75 KBTU/SF-YR
EUI SAVINGS: 15%

Typical office buildings from the mid-century era tend to have
poor performing glass, By upgrading to high performance
double or triple pane glass with low-E coatings, significant
energy savings can be seen. In conjunction with the
remainder of the envelope, high performance glass can
greatly contribute to reducing loads on the building, leading
to smaller mechanical equipment requirements. In addition,
high performance glass can have a positive impact on
thermal comfort and acoustics.

httpiwww. hpbry azine org/Case-Sudies/Bullint-Center-Seat.
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Building Envelope Concepts

Interior
Insulation

EUI: 75-80 KBTU/SF-YR
EUI SAVINGS: 10-15%

The addition of interior insulation can have large impacts
on the performance of the envelope, leading to significant
energy savings. TT generally recommends insulation with
good environmental performance and low Global Warming
Potential (GWP). A range of options could be considered
and evaluated with hygrothermal and thermal analysis to
determine the point of diminishing returns for the project.
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Building Envelope Concepts

(H,H Overclad

s’

EUI: 65 KBTU/SF-YR
EUI SAVINGS: 25%

Along with re-cladding, this option is the most extreme. A
whole building approach could be taken, adding a second
skin to provide a high performance insulative envelope. This
option can be useful if normal operating hours are required
during the renovation.

Re-clad

EUI: 65 KBTU/SF-YR
EUI SAVINGS: 25%

Along with overcladding, this option is the most extreme,
requiring removal of the current envelope and providing a
full facade replacement. However, with big risk comes big
reward and this option can result in deep energy savings.

Hemingway House Condominiums, Chicago, IL
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Building Envelope Concepts

= QOption 1: Retrofit
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RELOGATE HVAC

= (Option 2: Overclad

RELOCATE HVAC
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STRUCTU%
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Building Envelope Concepts

= QOption 1: Retrofit 3

Condensation potential:

Option 2: Overclad

Condensation potential:
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Case Study #1
Rhodes Tower



Rhodes Tower

Columbus, Ohio
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Rhodes Tower

Columbus, Ohio

Two Primary Distresses

Granite Spalls

Water Infiltration at Windows
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Rhodes Tower

Columbus, Ohio

GRANITE
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Rhodes Tower

Columbus, Ohio

GRANITE
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Rhodes Tower

Columbus, Ohio

GRANITE

Restoration

Design Assist - Mockup
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Rhodes Tower

Columbus, Ohio

GRANITE Restoration

Localized Two-way
cutting and stone anchor
removal of
Granite Spall granite panel Protective
coating
Steel Lug
Rope Weep
(locations vary) .o
Mesh wee
Shelf Angle Removal of and sealan[t)

existing lug

Existing Demolition Repair

Repair Scheme
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Rhodes Tower

Columbus, Ohio

WINDOWS AND INSULATION

Exterior Interior

Heating
Unit

Granite ————»
Spandrel Panel
with 1"
Insulation
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Section Detail

Analysis
Approximate area of
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Rhodes Tower

Columbus, Ohio

WINDOWS AND INSULATION Investigation
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Rhodes Tower

Columbus, Ohio

WINDOWS AND INSULATION
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Rhodes Tower

Columbus, Ohio

WINDOWS AND INSULATION Restoration

Color Legend

10 103% 194* Y14 3500 J.‘u_‘-l 519° 6i3* 608"

Existing Windows New Windows
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Case Study #2

OSF Healthcare
Administration Building

Thornto
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OSF Healthcare Administration Building

Peoria, lllinois
Circa 1914. Image courtesy of Peoria Public Library, Peoria, Illinois



OSF Healthcare Administration Building

Peoria, lllinois
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OSF Healthcare Administration Building

Peoria, lllinois

PROCESS

= |nvestigation (Drone, Laser
scan, hands-on review)

= Research/Testing
=  Assessment/Analysis

= Repair documents
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OSF Healthcare Administration Building

Peoria, lllinois
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OSF Healthcare Administration Building

Peoria, lllinois
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Examples of Terra Cotta Repairs

Unit repair/coating
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Example of Terra Cotta Replacement

Replacement with Alternate Material (Cast Stone)

I

SRS
EXISTING CLAY E'J:IEHNG WINDOW
TILE BACKUP
EXISTING STUCCO EXISTING CLAY
TILE BACKUP
FINISH FLOOR \

FINISH FLOOR EXISTING LATERAL ANCHORS
EXISTING TERRA COTTA /
UNITS

EXISTING WINDOW
SiL \
EXISTING STUCCO \

EX‘STWGAII‘-I?HEUR;; EXISTING FLOOR
CONSTRUCTION DRILL 1/2" DIA. HOLE TO ——.
ALLOW SLIDING FIN TO BE TOF OF 15TH FLOOR
INSTALLED.  EXISTING
HOLES IN SHELF ANGLE
. TO BE UTILIZED TO AVOID
EXISTING "J" BOLT !
o et DRILLING. INTC: STEEL

\\\

.
TERRA COTTA H \\‘_ ———
UNITS NEW SLIDING 3/8° DIA,
THREADED STAINLESS STEEL SUPPORT SHELF ANGLE

ROD (2 PER PIECE). N___fsTNG TERRA
| bxsme wieuss THREADED ROO TO BE COTTA SHELF
EXISTING LATERAL SUPFORT SHELF e A ANGLE
ANCHOR ANGLE STONE PECE, EXISTING LATERAL
ANCHOR TO BE
EXISTING TERRA NEW CAST STONE PIECE REMOVED
COTTA SHELF CUT TO. FIT(LOWER PIECE)
= ANGLE N S
NOTE: THE 1/2" DGAMETER HOLE SMALL BE DRILLED INTO THE CAWTY OF THE ABOVE TERRA COTTA
UNIT. DURING THE DRILLING, THIS SHOULD BE EVIDENT IF TERRA COTTA DEBRIS 1S NOT BE NOTED
AFTER THE DRILL BIT HAS PENETRATED 3-4 INCHES. IF THE HOLE EXTENDS BEYOND 3-4 INCHES,
A THE ORILL BIT HAS MOST LKILY HIT THE RIB OF THE TERRA COTTA UNIT. & THE HOLE 1S LOCATED

AT A& RIE OF A TERRA COTTA UNIT, A NEW LOCATION SHALL BE SELECTED,

EXISTING WALL SECTION 1 ATTACHMENT FOR LOWER CAST STONE PIECE

SCALE: 1" = 1"=0"

SCALE: 17 = 1'-0"
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Example of Terra Cotta Replacement

Replacement with Glass Fiber Reinforced Concrete Panels
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OSF Healthcare Administration Building

Peoria, lllinois '

(Yot tine - T JL &

— CONTINUOUS FIRE-RETARDANT-
P?, TREATED (FRT) WOOD BLOCKING

CMU KNEE-WALL, FULLY-GROUTED
AND REINFORCED. CUT AS REQD
SEE STRUCTURAL DWGS.
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FOR TYPICAL NOTES SEE 4/ A-511

SECTION THROUGH ENO IT OOR SPINIRL
BETWELEN COLUMNS ~//F & /F7/8.

GFRC Replacement Spandrels
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OSF Healthcare Administration Building

Peoria, lllinois

GFRC Replacement Spandrels
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Example of Historic Window Replacement

Replacing windows in a National Historic Landmark

MUNTIN

& MULLION e
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Example of Historic Window Replacement

Replacing windows in a National Historic Landmark
_ ___1.,._-'_ f"p.__.l| i — Hl = 1 :
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OSF Healthcare Administration Building

Peoria, lllinois

GRFC HEADER TO
MATCH H\STORICAL\
PROFILE

NEW CUSTOM ]
ALUMINUM- \
FRAMED WINDOW

SYSTEM (EHGS-1)

NEW SEALANT
(NON-STAINING)
AND BACKER ROD
AT WINDOW
PERIMETER, TYP.

GRFC SILL TO MATCH
HISTORICAL PROFILE

UNITIZED GFRC
SPANDREL PANEL
(GFRC-1) - MATCH
JOINT PATTERN OF
ADJACENT
COLUMNS - TYP.

112"

T

R.O. WIDTHV.L.F.
3" DOUBLEHUNG &' FIXED GLASS 5"  DOUBLEHUNG 3" ~1/2"
WINDOW WIDTH WINDOW WIDTH WINDOW WIDTH
| | | L | L 1
] I I I I I I )
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FOR ADDITIONAL DETAIL, SEE 2/ A-511

Replacement Windows Systems

R.O. HEIGHT V.LF.
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OSF Healthcare
Administration Building

Peoria, lllinois

Interior

STEFL DOULAMS

— SRR R
-STER, BENT FLATE
" BAIGOHE SERUAT | BACKER SO0
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: | o / e

L oo - ciin

Exterior

Outside Air Temperature  0°F |, ..
Inside Air Temperature  70°F
Inside Relative Humidity 50%
Inside Dew Point Temp  51°F

Interior
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Exterior
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Hygrothermal and Heat Transfer Analysis

425"
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Conclusions

= Various improvement strategies can improve building enclosure performance
with (or without, if desired) affecting the building’s appearance.

= The long-term durability of the enclosure is recommended to be assessed by
performing advanced analytic modeling (such as hygro-thermal analysis).

= Building materials testing/sampling is often necessary during envelope
improvement projects, especially for historic buildings.

= The addition of insulation and vapor barriers will alter the vapor drive within an
exterior wall assembly, and there may be long-term repercussions of changes.
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