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Northwestern Mutual

* Project Info:
* Glazing Contractor: Benson
* Architect: Pickard Chilton
* Development Manager: Hines
e 32 Floors
* 390,000 sq ft of Insulating Glass
* 12,600 1G Units
* Glass Type: GL-1

1-1/8" VRE1-59 Insulating Glass

3/8" Clear, heat strengthened or fully tempered — heat soak
VRE-59 #2, edge deletion

1/2" airspace - black SST, Argon fill
Sightline: 13/16"

1/4" Clear, heat strengthened or fully tempered — heat soak




Northwestern Mutual

* Project Highlights:
* NWM and Milwaukee desired local impact
* Benson transformed rail car factory to unitizing
facility

* Developer used Riverpoint Chicago as a basis of
design

* Architect selected the coating to emphasize
building curvature and SHGC

* Project Challenges:

* High wind loads on building design and
proximity to lakefront

e 2SSG application - deeper sightlines
* Heavy exterior glass

* 30 Glass Types

* Heat Soaking

* Printed Glass
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A Case Study of Mass
Timber in Milwaukee

Steve Panaro, P.E.

Thornton Tomasetti

Edison Rendering courtesy of HPA
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OUR LOCATIONS
— 1,700

ENGINEERS,
ARCHITECTS,
SCIENTISTS

AND OTHER
PROFESSIONALS

150

COUNTRIES
WORKED IN

45+

OFFICES

5

Thornton Tomasetti
CONTINENTS




ABOUT ME

Thornton Tomasetti

STEVE
PANARO, P.E.

MSOE

B.S. INARCHITECTURAL

ENGINEERING
STRUCTURAL ENGINEERING FOCUS

SPECIAL INTERESTS

ALUMINUM & GLASS DESIGN
“SPECIAL” STRUCTURES

SUSTAINABLE DESIGN
ARTIFICIAL INTELLIGENCE + MACHINE LEARNING
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Ascent
TEAM:

Architect — Korb + Associates

(now Korb Architecture)

Structural Engineer — Thornton Tomasetti
Contractor — CD Smith

Developer — New Land Enterprises
Envelope — Klein Dickert Glass

Height — 284 ft, 26 stories
Gross Area — 456,000 sf
Housing — 259 apartments
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ENVELOPE TEAM:

KD ouss

Klein-Dickert Milwaukee, Inc,

o Oldcastle BuildingEn | V( KAV‘\'/NEER Q LN—‘;L%SS

SIGNATURE 8000 SERIES AN ARCONIC COMPANY
WINDOW WALL

POLYMER STEEL REINFORCED SUPERA

1600 SYSTEM 1 & TRIFAB 451T WINDOWS &DOORS
STOREFRONT

Thornton Tomasetti
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COLUMN LINE OCCURS @ FACE OF COLUMN IN
MAJORITY OF LOCATIONS, SEE WALL SECTION

FOR FACE OF GLASS LOCATIONS WITH RESPECT
TO COLUMN LINES.
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il P2 |v|v|o|clo|e|e|e|e|c|e]|e|e|e|e|r|[o|w|m|o|c|e|ec|e]e|ec|e|o]|ec]o|o|v|[e|o|c|e|w|w|o|olo|o]|v|o|o|ec|e|e]e]e]|e]r|{o]|o]|o mlon|e|o|e]o|e]r|{o]|ec]o|e]|v|e|o|ec]e|e]|r|om|w| P
I e s [T I I I I I I I I N I I I N I N I I N 3 I I I I I I I I I I I I I I I I I I I I I I A e I )
ro CECC 1 I N I I N I I N I N I I I 3 I I N I N s I I I I I I e e e e
- wws | v ||| e|e|elvlo|velelelele]elvlolslmle|e]ele]elelole|eclele]elele]elclelorlow]ele]o]e]elolele|e|elele]e]e|e|r|elow|r]elelelelelololel|c]elelele]elelolele]|e] ros
) e (2 I I I I I I I I I I I s I I I I I I I N 3 I I I I I I I I I s I I I I I I I I I I I I I
=Y PO Jofloolelo]e|o|ele|lec]|ele|lel[e|le]|rv|[o|mow|le]|ele|oe]lelec|ele|lec]le|o|e|[ec|e|e|c|e|w|lm]e|lo|o|le|lo]o|lo|o|le|lec]ele|loe|r|o]|o|[e|rjaw]el|e|le]o]|elo]oe|le|o]e|c|e|er|ec]|e|c]|e|e|[m] P
CECTIN I I N I I I I I N I N I I ) I I I N I I I I I I I I I I I T
[ I I I I I I I I I I I I I I 7 2 I I I I I I I I I I I I I 4 I I I I I I I I I A I I I I s I I I I I I I L L L T
UPPER LEVELS DEFLECTION CONTROL POINTS [ I I I I I I I I I I I I I I 3 3 I I I I I I I I I I I I 3 I I I I I I I I I I I I I s I I I I I e A A A R e




PREDICTED TOWER VERTICAL MOVEMENTS

§ S T IR A T T T : 1 V&aliF N
ONORTOROIO L
; N : CONTROL AT FACADE INSTALLATION
- 2 POINT  ['LVL TLVL TLVL TLVL TLVL TLVL [LVL [LVL [LVL [LVL TLVL TLVL TLVL [LVL TLVL [LVL TLVL TLVL T o
’’’’’’’ n 8 9 |10 [ 11 | 12 [ 13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
E:: \| 5 P1 176" | 18" 18" | 316" | 1/4" | 516" | 516" [ 38" | 716" | 12" 12" | 916" | 916" | 58" 518" | 11/16" | 11/16" | 3/4" 0"
pes “ y P2 0" 118" 18" | 316" | 316" | 1/4" | 516" | 3/8" 38" | 716" | 76" | 172" 12" | 916" | 9/16" | 5/8" 5/8" | 11/16" 0"
P85 z P3 176" | 18" 18" | 316" | 1/4" | 516" | 516" | 3/8" 38" | 716" | 112" 12" | 916" | 916" | 5/8" 5/8" 5/8" | 11/16" 0"
Ped ‘ .., P4 -116" | 116" | 116" | 1/8" | 316" | 14" 1/4" | 516" | 516" | 3/8" | 716" [ 716" | 1/2" 12" 12" | 916" | 916" 0" 0"
e P5 -116" | 116" | 1/8" | 3/16" | 1/4" | 516" | 3/8" | 7M6" | 1/2" | 916" | 916" [ 58" | 11/16" | 11/16" [ 11/16" | 3/4" | 11/16" [ 0" 0"
su P6 18" 1/4" 38" | 716" | 12" 518" | 11/16" [ 3/4" [ 13/16" | 7/8" | 15/16" 1" | 1116"| 11/16" | 11/16" | 11/16" [ 11/16" 0" 0"
; P7 -116" | 116" | 1/8" | 316" | 1/4" | 516" | 38" | 76" | 1/2" | 916" | 916" | 58" | 11/16" | 11/16" [ 11/16" | 3/4" 3/4" 0" 0"
“ P8 -116" | 116" | 1/8" | 316" | 316" | 1/4" 14" | 516" | 3/8" | 716" | 7/16" [ 1/2" 12" | 916" | 916" | 9/16" | 9/16" 0" 0"
“ P9 176" | 18" 1/8" | 316" | 1/4" | 516" | 516" | 3/8" 38" | 716" | 12" 12" | 916" | 916" | 9/16" | 5/8" 518" | 11/16" 0"
: P10 -116" | 116" | 1/8" | 316" | 3/16" | 1/4" 14" | 516" | 38" | 716" | 716" | 1/2" 12" | 916" | 9/16" | 916" | 9/16" | 5/8" 0"
P11 176" | 18" 18" | 316" | 1/4" | 516" | 516" [ 3/8" 38" | 716" | 12" 12" | 916" | 916" | 9/16" | 5/8" 518" | 11/16" 0"
P12 -3/16" | -1/16" | -1/16" | 1/16" | 1/8" | 3/16" | 3/16" | 1/4" [ 516" [ 516" | 3/8" | 7/16" | 7/16" | 1/2" 12" 112" 112" 5/8" 0"
w P13 1/8" 14" | 516" | 3/8" | 716" | 1/2" | 916" | 9/16" | 5/8" | 11/16" | 3/4" 3/4" 34" | 13/16" | 13/16" | 13/16" | 13/16" | 13/16" 0"
e P14 -8 | -116" | 116" | /8" | 316" | 1/4" | 516" | 516" | 3/8" | 716" [ 1/2" 12" | 916" | 916" | 9/16" | 5/8" 5/8" 3/4" 0"
: ol ve [ - P15 116" | 1/8" | 316" | 1/4" | 516" | 38" | 716" | 112" 12" | 916" | 58" | 11/16" | 11/16" [ 3/4" 3/4" | 13/16" | 13/16" | 13/16" | 3/4"
A pEEoaE
T NS RS ER P16 -1/8" | 116" | 116" | 1/8" | 316" | 1/4" | 516" | 3/8" 38" | 716" | 112" 12" | 916" | 916" | 5/8" 5/8" | 11116" | 11/116" | 11/16"
S —- — ;*f**—@ e
Ps3 | P52 - \ P43 P42l P41 Pa0 T B o e e e el 116" | 1/8" | 316" | 1/4" | 516" | 38" | 716" | 112" 12" | 916" | 5/8" 5/8" | 11/16" | 11/16" 3/4" 34" | 13/16" | 3/4"
. I B e | HERE
D__c—3 i | i |
@/ pg7 P56 PSSPST | PO | ‘
TYPICAL LEVELS DEFLECTION CONTROL POINTS ERHESES A aH SHEaES B aHS

1

SCALE: 1"=20-0"




SHEET NOTES PREDICTED TOWER VERTICAL MOVEMENTS

1. FLOORLVEL

FLECTIONS NSTAVTAIEOUS UVE LOKD FLECTON

conTRoL, i o
PONT [TV TTVE [ TVE [TV [TV [ IVE [ IVE[VE TV OV OV OV OV VL ool EVE T TVE [TV [TV [TV
oo |1 @] e 0| 21 2|2 8o |11

VN NOCATES PONT ABOVE TECRETICAL EVEL HEIGHT
3 NEGATIVE MOVEMENT INDICATES PONT BELOW THEORETICAL LEVEL HEIGHT L

NATIONAL GLASS ASSOCIATION with GANA

Ascent
0 @@@ SIONONO

!

AT CONSTRUCTION COMPLETITION
LVL [LVL JLVL [LVL [LVL JLVL [LVL |LVL JLVL JLVL [LVL JLVL JLVL [LVL | LVL | LVL [ LVL

: *mr** 9 [ 10 | 11 | 12 | 13 [ 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 ROOF
:: \| - J,Pi ) : -116" | 1/16" | 1/16" | 1/16" | 1/16" | 1/16" | 1/16" 1/8" 1/8" 1/8" 1/8" 1/8" 1/8" 1/8" 1/8" 316" | 3/16" | 3/16" 0"
- !‘ { EE; -1/8" -1/8" -1/8" -1/8" -1/8" | -1/16" | -1/8" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | 1/16" 0"
P o ¢ : -1116" | 1/16" | -1/16" [ 1/16" 0" 116" 0" 116" | 1/16" | 1/16" | 1/16" | 1/16" 0" 1/16" 0" 116" | -1/16" | 116" 0"
pa4 :‘ - :E =316 | -1/8" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" 0" 0"
— Eg -1/4" -1/4" -1/4" -1/4" -1/4" -1/4" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" [ -3/8" -3/8" | -7/16" 0" 0"
ég 116" | 1/16" | 1/16" | 1/16" | 1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/8" -1/8" -1/8" -1/8" -1/8" | -3/16" | -1/4" -1/4" 0" 0"
T = 14" | -1/4" | -1/4" | 14" | 14" | 14" | -1/4" | -1/4" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -3/8" | -3/8" | -7/16" 0" 0"

A8 | -8t -8 | 18" | -8t | -8t | 18t | -8t | -1/8" | -8 -1/8" | -1/8" | -3/16" | -3/16" | -3/16" [ -3/16" | -3/16" [ 0" 0"

B — - —E

-i1e"( o | 116" | 0" [ -1716"| 0" [ -1/16"| -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" [ 0"

-3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -1/4" | -3/16" | -1/4" | -3/16" | -1/4" | -3/16" | -1/4" | -1/4" | -1/4" | -4" | -1/4" | -3/16" [ 0"

F— - g

-i1e" | 0" | 116" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" [ -1/8" | -1/16" [ 0"

-3/8" | -3/8" | -3/8" | -716" | -7/16" | -7/16" | -7/16" | -1/2" | 12" | -A2" | -1/2" | -1/2" | -9/16" | -9/116" | -9/16" | -9/16" | -5/8" [ -1/2" 0"

116" | 1/8" | 116" | 116" | -1/16" | -1/16" | -1/8" | -1/8" | -1/8" | -3/16" | -3/16" | -1/4" | -1/4" | -1/4" | -1/4" | -5/16" | -5/16" | -3/8" 0"

-3/8" | -5116" | -3/8" | -3/8" | -3/8" | -7/16" | -7[16" | -7116" | 172" | 2" | 12" | -2 | -12" | 12" | 916" | 916" | -9/16" | -1/2" 0"

-116" | -1/16" | -1/16" | -1/16" | -1/16" | -1/16" | -1/8" | -1/8" | -1/8" [ -1/8" [ -1/8" | -1/8" | -1/8" | -1/8" | -1/8" | -1/8" [ -1/8" | -3/16" | -1/4"

-1/4" | -1/4" | -5116" | -5/16" | -5/16" | -5/16" | -3/8" | -3/8" | -3/8" | -3/8" | -3/8" | -3/8" | -3/8" | -7/16" | -7/16" | -7/16" | -7/16" | -3/8" | -3/8"

- P3
P53 |P52 P43 P42l Pt PO

_q— El ?szg Pag = !
I

-116" | -1116" | -1/16" | -1/16" | -1/8" | -1/8" | -1/8" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -1/4" | -1/4" | -1/4" | -1/4" | -1/4" | 516" [ -3/8"

TYPICAL LEVELS DEFLECTION CONTROL POINTS AHHRARRARRANHARAAN)

SCALE: 1"=20-0"

[ I

1




PREDICTED TOWER VERTICAL MOVEMENTS

SHEET NOTES

JON IS INSTANTANEOUS LIVE LOAD DEFLECTION con Ll conTroL
0ADING PONT V[ [V [TV CARAEAEARE® CananenaEn PONT
TES PONT ABOVE THEORETICAL LEVEL HEIGHT s [0 |1 [ 12|13 | a1 1 2|2 8o |11

ICATES POINT BELOW THEORETICAL LEVEL HEIGHT L e

Ll NATIONAL GLASS ASSOCIATION with GANA

TOTAL LONG TERM (INCLUDES LIVE LOAD AT EACH LVL)

T s - - - - - - - - - - - - - -

| JLVL | LVL | LVL | LVL | LVL [ LVL | LVL | LVL | LVL | LVL [ LVL [ LVL | LVL | LVL | LVL | LVL | LVL | LVL ROOF
PogPenpmy, o F 8 9 10 | 11 [ 12 | 13 | 14 | 15 [ 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
P88 ‘| -116" | -1116" | -1/8" | -1/8" | -1/8" | -1/8" | -3/16" | -3/16" | -1/4" | -1/4" | -1/4" | -1/4" | -5/16" | -5/16" | -5/16" | -5/16" | -3/8" | -3/8" 0"
pg7

\‘ -5/16" | -5/16" | -3/8" | -3/8" | -7/16" | -7/16" | -7/16" | -1/2" | -1/2" | -1/2" | -9/16" | -9/16" | -5/8" | -5/8" | -5/8" | -5/8" |-11/16"| -5/8" 0"
Pg6 4|
pgs ! -116" | -1/16" | -1/8" | -1/8" | -3/16" | -3/16" | -1/4" | -1/4" | -5/16" | -5/16" | -3/8" | -3/8" | -7/16" | -7/16" | -1/2" | -1/2" | -9/16" | -9/16" 0"
P84 ‘ -7116" | -7/16" | -1/2" | -1/2" | -9/16" | 916" | -5/8" | -5/8" |-11/16"| -3/4" | -3/4" | -3/4" |-13/16"| -7/8" | -7/8" |-15/16"]-15/16"| 0" 0"

-11116"| -3/4" | -13/16" | -13/16" | -7/8" |-15/116"| -1" |-11/16"| -1 1/8" [-13/16"| -1 1/4" | -1 1/4" -1 5/16"| -1 3/8" [-17/16"|-17/16"| -11/2" | 0" 0"

116" | -1/8" | -1/4" | -5/16" | -3/8" | -7116" | -1/2" | -5/8" |-11/16"| -3/4" |-13/16"| -7/8" |-15/16"| -1" |-11/16"| -11/8" |-13/16"[ 0" 0"

58" | -11/16" | -3/4" | -3/4" |-13116"| -7/8" |-16/16"| -1" |[-11/16"(-11/8" [-13/16"| -1 1/4" | -11/4" [-15/16"| -1 3/8" [-17/16"| -11/2"| 0" 0"

-5/16" | -5/16" | -3/8" [ -3/8" | -7/16" | -1/2" | -1/2" | 916" | -9/16" | -5/8" |-11/16"|-11/16" | -3/4" | -3/4" |-13/16"|-13/16"| -7/8" 0" 0"

16" | /8" | -1/8" | -3/116" | -1/4" | -1/4" | -5/16" | -5/16" [ -3/8" | -3/8" | -7/16" | -7/16" | -1/2" | -1/2" | -9116" | -9/16" | -5/8" | -5/8" 0"

AR 2" | 916" | -9/16" | -5/8" | -11/16" | -11/16" [ -3/4" | -3/4" |-13/16"| -7/8" | -7/8" |-15/16"[-15/16"| -1" -1 |-1116"| -15/16" [ 0"

116" | -1/8" | -3116" | -3/16" | -1/4" | -1/4" | -5116" | -5/16" | -3/8" | -3/8" | -7116" | -1/2" | -1/2" | -9/16" | -9/16" | -5/8" | -5/8" [-11/16"| 0"

A" [-1116" | 118" [-1.3/16" | -1 1/4" -1 5/16"| -1 3/8" | -17/16"| -1 1/2" | -1 1/2" |-19/116"| -15/8" |1 11/16"| -1 3/4" | -1 3/4" |1 13/16"| -1 7/8" [ -15/8" [ 0"

116" | -116" | -3/16" | -1/4" | -3/8" | -7/16" | -1/2" | -5/8" [-11/16"| -3/4" |-13/16"| -7/8" |-15/16" -1" [-11/16"|-11/8" |-13/16"| -11/4" [ 0"

-15/16" | -15/16" | -1" | -11/8" |-13/16"| -1 1/4" |-15/16"| -1 3/8" |-17/16"| -1 1/2" | -1 9/16"| -1 5/8" [-1 11/16"}-1 11/16"| -1 3/4" |-1 13/16" -1 7/8" [ -1 1/2" | 0"

-6 | -1/8" | -3116" | -1/4" | -5/16" | -3/8" | -7116" | -1/2" | -9/16" | -9/16" | -5/8" |-11/16"[-11/16"| -3/4" | -3/4" |-13/16"|-13/16" | -7/8" -1"

-1116" | -3/4" |-13/16"| -7/8" |-1516"| -1" |[-11/16"( -11/8" |-13/16"| -1 1/4" | -1 1/4" | -15/16"| -1 3/8" | -1 3/8" |-17/16"| -1 172" | -1 1/2" [ -1 3/8" | -1 1/4"

S dn ©
- P43’ P42 P41 PO \
/i]// ////w/;%,/pu
R B Pat !
\

R
M.1 " 57 P56 P55 P51 | | |
o

TYPICAL LEVELS DEFLECTION CONTROL POINTS SHpannnananonanaan:

-1/8" | -3/16" | -1/4" | -b/16" | -3/8" | -7116" | -1/2" | -9/16" | -6/8" [-11/16"( -3/4" [-13/16"| -7/8" [-15/16"|-15/16"| -1" -1 -6 -1 14"

112
v | e
[ I

SCALE: 1"=20-0"




PREDICTED TOWER VERTICAL MOVEMENTS

SHEET NOTES

INSTANTANEOUS LIVE LOAD DEFLECTION
3

V[ [V [TV VLV TV OVE VL oo TV OV OV [V
o [0 |1 [ | | aa | 1 5 |20 8o |11

OINT ABOVE THEORETICAL LEVEL HEIGHT
OINT BELOW THEORETICAL LEVEL HEIGHT L Pt NATIONAL GLASS ASSOCIATION with GANA

FLOOR LIVE LOAD DEFLECTION (SEE NOTE 1)

CONTROL

: LVLTLVLTTVL [ VL[ LVL [ LV [ VL [ LVL [ LVL [ LVL [ LVL [ LVL [ LVL [ LVC [ LVL [ LVL [ LVL [ o o] POINT
: 8 | 9 [10 (1112 (13141516 |17 |18 19 |20 |21 |22 (23| 24]25
- 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" P1

-8t | -8 | 18t | -8t | -8t | -1/8" | 18" | -1/8" | -1/8" | 18" | 18" | -1/8" | /8" | -1/ | -1/8" | -1/8" | -1/8" | -1/16" 0" P2

0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" P3

-8t st | 18t | -8t | st | 18t | -8t | -8t | 18" | 18t | -8t 108" | -8t | -8t | -1/8" | 18" | 178" 0" 0" P4

"’E -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" 0" 0" P5
: 0" 0" 0" 0" o o o 0" 0" o o 0" 0" o 0" 0" 0" o o P6

-3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | -3/16" | 0" 0" P7

ST 1 < S < I < It I < S I V- N /R OV V- NV 1 11 B 1 I 11 I T 0" 0" P8

o o 0" 0" o" 0" o" 0" 0" 0" 0" 0" 0" o" 0" 0" 0" 0" o P9

-8t | st | 18t -8t | st | 18t | -8t | A8t | 18" | -8t | -8t | -1/8" | -8t | /8" | 178" | /8" | 178" | -1/8" 0" P10

0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" P1 1

-5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" | -5/16" [ -5/16" | -5/16" | -5/16" | -3/16" 0" P12

0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" P1 3

BT T B 1 I B 1 I B I I T I 1 I 1 B VA I U I A VX 0" P14

L P o | 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" P15
’J} e @ CRE M e | ane | e | aner | e | ater | -amer | anter | -ame | 3 | -ae | e | -aner | e | aner | -amer | anter | -ame | -anter P16
P58 Pt | P | o L pa3pad Pai Pao i N R EaanE 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0" 0"
) e B o BaaaE | S S S L . L S S S —
@/"?57?36*’55%‘“5” i i e S e R el bbb kR b e e b e s R R e e s e e e e e e

[ I

TYPICAL LEVELS DEFLECTION CONTROL POINTS AHHRARRARRANHARAAN)

SCALE: 1"=20-0"
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NATIONAL_GL.ASS ASSOCIATION with GANA
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NATIONAL GLASS ASSOCIATION with GANA
E d .
|

Architect — HPA

Structural Engineer — Thornton Tomasetti
Contractor — CD Smith

Developer — The Neutral Project
Envelope — Reflection Window & Wall

Height — 364 ft, 32 stories
Gross Area — 535,000 sf
Housing — 383 apartments

Pursuing Passive House Certification
(PHIUS Core 2024)



NATIONAL GLASS ASSOCIATION with GANA
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Edison vs Ascent

NON-COMPRESSIBLE FILLER

SEE DETAILS '5-501 & 4/3-501
FOR ADDITIONAL COLUMMN TO
COLUMN CONNECTOR
INFORMATION

\— PROVIDE 4"x4'12" BLOCK WITH TWO
(2x) ASSY ECOFAST 516 x 8 114
SCREWS WHERE CANTILEVER IS
LARGER THAN 24" IN ANY DIRECTION

TYPICAL EXPOSED 4, \/\ \
BEAM TO COLUMN _l TYPICAL FACADE

CONNECTION I | | CONDITION
[ COLUMN DEPTH D) |

Ascent

GLULAM COLUMN ABOVE TO BE
TEMPORARILY BRACED UNTIL
CONCRETE AT LEVEL ABOVE HAS
ACHIEVED FULL STRENGTH

FIELD EPOXY ROD FROM COLUMN
BELOW INTO COLUMN ABOVE
OVERHEAD INSTALLATION AND
PROCEDURE TO BE APPROVED BY

NATIONAL GLASS ASSOCIATION with GANA

SLOPE CONCRETE AS REQUIRED
TO T/BASE PLATE. CONCRETE

I
1
SHALL REMAIN HORIZONTAL

EPOXY MANUFACTURER L L BELOW COLUMN FOOTPRINT
STEEL BASE PLATE I

| MINIMUM AND MAXIMUM
THEORETICAL TICONCRETE i E%Em%ggoag‘f EI\F";EEW =
ELEVATION \ \ | ENGINEER, EOR, AND AOR

e " e e oz R == ==
3 NWC SLAB D L e S ~ Kot X X
¥ - N | i Ve
aoyoir e | B R S——= >
FLOOR SLAB [ = ] = ‘u,' b = e
1= P ' B boar
LR . y, i STEEL COUPLER
5-PLY CLT SIDE PANEL ——= —_— i ot F‘T" {4 THUS)
‘le [ N .
- = 7 =T - \O - Tvp

3-PLY CLT BASE PANEL —— i
TO BE SHORED DURING
CONCRETE POUR >

FIELD INSTALLED CLT-COLUMN SCREWS

FACTORY INSTALLED/EPOXIED ROD

GLULAM COLUMN BELOW

BAND BEAM
REINFORCEMENT
SEE SCHEDULE

——— LIGHT GAUGE PLATE




NATIONAL GLASS ASSOCIATION with GANA

iIson vs Ascent

|
cL
BEAM RC BEARING LEDGE COMPOSITE BAND BEAM
| REINFORCEMENT
! SLAB REINFORCEMENT -
| CLT PANEL JOINT WWF
100 60 ! 60 100
TTMN T TOMN T
.. B A A I e S T T L I T R RN N —_—t
L I T R P B P R R, DO / R T S P L T 3" NWC SLAB - - £ X = X
N N < ) ¥ “ .4 p
e [ e [ [ P | o | e | 5PLY CLT ——————————+ § TR
7 FLOOR SLAB ’
e = = = ] ] = = T 5
]
5-PLY CLT SIDE PANEL —
i CLT PANEL
\\ SEEPLAN 3-PLY CLT BASE PANEL ——
2xASSY ECOFAST 5/16 x 11 7/8 @ 12° (TYPICAL
by 0 2 ASSY ECOFAST 5/18 x 13 wag 12 |[‘LE\IEL 25) INTERIOR) TO BE SHORED DURING
2x ASSY CSK /8 x 15 @ 12° (ROOF LEVEL) CONCRETE POUR
2x ASSY CSK 38 x 19 @ 12" (LEVEL 25 EXTERIOR)
UON ON PLAN

[*— GLULAM BEAM
SEE PLAN

GLULAM COLUMN BEYOND

Ascent The Edison
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GLU-LAM COLUMN

/— PROJECTING METAL PANEL

W/ INTEGRATED DRAINAGE,
FILLED W/ MINERAL WOOL
INSULATION

| | —— TRIPLE-PANE INSULATED

GLAZING UNIT

[ _—— SPANDREL GLASS SLAB
“~ EDGE COVER, MINERAL
WOOL INSULATION BEHIND

GLASS SPANDREL PANEL W/

INSULATED METAL BACKPAN,

FULL DEPTH OF WINDOW
WALL SYSTEM

PROJECTING METAL PANEL
ﬁﬁ(_ AT SLAB EDGE W
. INTEGRATED DRAINAGE,

FILLED W/ MINERAL WOOL
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NATIONAL GLASS ASSOCIATION with GANA

Ed Ison Multifamily Residential Building Energy Intensity Targets Thornton Tomasetti

90.00
Quiet 5000
High indoor air
. ) . 70.00
quality & ventilation
. 60.00 LEED 2009
Energy efficient Baseline _
Approximately
LEED w4 80—85%_
Comfortable gE 50.00 Baseli:e NY State Energy Savings
o & Energy Code  CA State
Humidity control B 40.00 Enpﬁrﬁg ggde
Resilient '
30.00 50% Energy
] Consumpiton
Low maintenance Reduction ]
20.00
Odor Control
10.00
0.00
US National ASHRAE 90.1 ASHRAE 90.1 ASHRAE 90.1 Title 24 2016 LEED v4 LEED v4 2030 Challengt Passive

Average - 2007 2010 2013 Prerequisite Maximum - Energy Targe House
Multifamily Minimum Energy Points




NATIONAL GLASS ASSOCIATION with GANA

Edison

Heating Demand = 6.2 kBtu/ft2/yr

Heating demand: 5.9 kBtu/ftiyr ————— | | | | Vs ]
| HE T T R Cooling Demand = 7.9 kBtu/ft2/yr
Cooling demand: 3.24 kBtu/ft3yr # | | | || ‘ ~
Heating load: 6.34 Btu/hr ft2 W X Peak Heating Load = 5.9 Btu/ft2/hr
Cooling load: 3.42 Btu/hr fi2 (———— | X .
0 1 : : * : ‘ Peak Cooling Load = 2.8 Btu/ft2/hr
Source energy: 6,456 kWh/Person yr | I s —— | X
Site energy: 28.45 KBtu/ft3yr w 3‘3 Source Energy = 5,225 kWh/person/yr

Visible Solar U-Value Shading Relative Heat |Exterior Solar |Interior Visible |Exterior Visible
Glass Type Coating Argon Transmittance|Transmittance|(Winter) Coeffncnent Gain Reflectance Reflectance Reflectance UV Transmission

Triple VE1-2M (2 + 4) Clear VE-2M 56.0% 22.3% 0.16 0.35 31.9% 13.6% 12.9% 2.3%
Triple VE1-2M (2 + 4) Clear VE-2M Yes 56.0% 22.3% 0.12 0.3 0.34 70 31.9% 13.6% 12.9% 2.3%
Triple VE13-2M Starphire Low Iron VE-2M No 60.5% 27.3% 0.16 0.33 0.38 78 41.6% 15.2% 12.7% 4.2%
Triple VE13-2M (2 + 4) Starphire Low Iron VE-2M Yes 60.5% 27.3% 0.12 0.33 0.38 78 41.6% 15.2% 12.7% 4.2%
Triple SB60 Clear (2 + 4) Clear Solarban 60 No 56.0% 22.8% 0.16 0.31 0.36 74 29.3% 14.3% 12.4% 5.9%
Triple SB60 Clear (2 + 4) Clear Solarban 60 Yes 56.0% 22.8% 0.12 0.31 0.35 73 29.3% 14.3% 12.4% 5.9%
Triple SB60 Acuity (2 + 4) Acuity Low Iron Solarban 60 No 59.4% 25.9% 0.16 0.32 0.37 77 38.1% 14.5% 12.7% 7.3%
Triple SB60 Acuity (2 + 4) Acuity Low Iron Solarban 60 Yes 59.4% 25.9% 0.12 0.32 0.37 76 38.1% 14.5% 12.7% 7.3%
Triple SB60 Starphire (2 +4)  Starphire Low Iron Solarban 60 No 60.4% 27.0% 0.16 0.33 0.38 78 43.0% 14.6% 12.9% 7.9%
Triple SB60 Starphire (2 +4)  Starphire Low Iron Solarban 60 Yes 60.8% 27.6% 0.12 0.33 0.38 77 43.0% 14.8% 12.9% 8.2%
Triple SB67 Acuity (2 + 4) Acuity Low Iron Solarban 67 No 35.1% 14.6% 0.16 0.21 0.24 50 45.9% 19.2% 23.9% 2.8%
Triple SB67 Acuity (2 + 4) Acuity Low Iron Solarban 67 Yes 50.1% 16.9% 0.12 0.21 0.25 51 50.0% 17.0% 16.1% 1.2%
| Triple SB72 Acuity (2) Acuity Low Iron Solarban 72 No 61.3% 23.0% 0.21 0.26 0.3 62 49.8% 19.7% 17.0% 7.1% |
Triple SB72 Acuity (2) Acuity Low Iron Solarban 72 Yes 61.3% 23.1% 0.18 0.25 0.29 61 23.1% 19.7% 17.0% 7.1%
Triple VRE1-54 + VE-85 (2 + 4) Clear VRE-54 (2) + VE-85 (4) No 40.7% 19.1% 0.17 0.26 0.29 61 38.0% 19.1% 33.1% 7.9%

Triple VRE1-54 + VE-85 (2 + 4) Clear VRE-54 (2) + VE-85 (4) Yes 40.7% 19.1% 0.13 0.25 0.29 60 31.9% 19.2% 33.1% 7.9%




Questions?

*

Steve Panaro, P.E.
Thornton Tomasetti
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Vacuum Insulated Glazing
(VIG)

Kyle Sword
NSG Pilkington
R&D Director, North America




Introduction to VIG

el

VIG is a double
glazed IG unit where
all the air between
the two panes of
glass has been
extracted, therefore
creating a partial
vacuum.

Many new solutions manage heat transfer through windows.
Vacuum insulated glazing (VIG) — 1st patent in 1913.
1st commercial product — 1997 — University of Sydney, NSG

Ultra thin form factor and vacuum make unique solution.




Introduction to VIG

Typical IGU — 1” Thick VIG — Y4" Thick

Clear flom
hivwr-p plass

Protection cap
(15 mm danmezber)

Vacwum gives

excellent themal
performance with
a gap of enly 0.2 mm ——

» VIG benefits

» No gas for convection/conduction RS
 Thin (fits existing sash)

* Light weight — Operable windows

 Avoids known issues with organic IG seal failure
« Sound reduction — Vacuum = STC

* Fully reversible
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IGU versus VIG construction
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Milwaukee County War
Memorial project




Milwaukee County
War Memorial

« National Landmark, designed by
famed Finnish architect Eero
Saarinen (pictures pre-
construction).

« Steel frame construction —
Maintained structure, design.

« Monolithic wire glass. Restored
2017.

36
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Milwaukee County War Memorial
Video — Project link

= The Bird Cage: Renovation Project - Period Homes (period-homes.com)

Date Event/meeting 37



https://www.youtube.com/watch?v=joUT1p4GkSs

| - NGA
Milwaukee County War Memorial

 Thick, steel sash

SILICONE
BEDDING

6" GLASS
FRIT (WELD)

Other alternatives T oz
. . BETWEEN GLASS
« Re-glaze, monolithic . | A~osTEEL FRAME / w
= | 12'x 12" REMOVEABLE | =
V. ' STEEL STOP USING / | =
::.g o | EXISTING SCREW HOLES i
. -z
« Re-tap glazing bars N
E % \ . [INTERIOR
e Restoration w/ VIG EE . \
- Lower cost and kept 2 SILIEONE BEAD |
historic facade v. N
curtainwall 2,%
replacement “x AR TN
- Met energy targets BEDDING

4 x 2° NEOPRENE SETTING
BLOCKS UNDER GLASS
AT REQ. THICKNESS




Milwaukee County War Memorial NGA

 Glazed using Pilkington Spacia™ in April 2017

« Monolithic Pilkington Energy Advantage™ on
Clear in small, shaped parts (below)

 Allowed restoration of existing frame and stops
without re-tapping glazing bars.
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Milwaukee County War Memorial

Project detail
 Glazing contractor, Nal Vogel, Restoric, LLC

 Architect - Hammel, Green, and Abrahamson, Inc.
— Russell Drewry, AIA

* Preservation consultant - Donna Weiss
« Milwaukee County DAS - Julie Bastin, PE, M. Arch
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Carbon reduction & reuse

The Kahn Current operating carbon

(metric tons CO2 eq)

1273

Storm Al storm

Reglazing | window | windows

with VIG | (1/4") (1/4")
Embodied carbon total
(metric tons CO2 eq) 25 41 >9
Operating carbon annual 226 161 161
savings (metric tons CO2 eq)
Total Y1 carbon impact
(metric tons CO2 eq) -201 -120 -102 -134
Embodied carbon debt
payback (months) ! 3 3 >
Breakeven point - Years
payback for embodied carbon 11

« 1931
« 11 story

320,000 ft2 building, 17,500 ft? glazing area
/00 bronze, double-hung windows, monolithic 4" glass

||||H'| ﬂr“'l

* 13% energy savings
8/6/2024 | Ceramic Expo - NSG Pilkington - Aug 2022 _ _._. ¢ 1 month Carbon paybaCk42




Detroit MI

						1		277.78

						GJ		kW



		Reference Building

				Electricity [GJ]		Natural Gas [GJ]

		Heating		0		8009.93

		Cooling		1851.46		0

		Interior Lighting		8454.49		0

		Exterior Lighting		967.31		0

		Interior Equipment		8384.16		0

		Exterior Equipment		1895.08		0

		Fans		736.44		0

		Pumps		651.88		0

		Heat Rejection		406.18		0

		Humidification		0		0

		Heat Recovery		0		0

		Water Systems		0		246.6

		Refrigeration		0		0

		Generators		0		0



		Total End Uses		23346.99		8256.53

		Clear - Bronze																6mm Clear (Bronze Framing)		6mm Spacia (Bronze Framing)		6mm Clear (Bronze Framing) w/ interior Storm [modeled as 6mm Clear / 2” air / 6mm Clear (Bronze Framing)]		22mm Cardinal Replacement (Aluminum w/ Break Framing) [modeled as 5mm Cardinal 272 / 12mm air / 5mm clear]		25mm IGU - standard 1” clear over clear (Aluminum w/ Break Framing)

				Electricity [GJ]		Natural Gas [GJ]										Heating - Natural Gas (GJ)		10043.05		5072.52

		Heating		0		10043.05										Cooling - Electricity (GJ)		2166.31		1864.93

		Cooling		2166.31		0										Total End uses (GJ)		34322.67		28644.46

		Interior Lighting		8454.49		0

		Exterior Lighting		967.31		0

		Interior Equipment		8384.16		0										Cooling - kW		601735.9287

		Exterior Equipment		1895.08		0

		Fans		898.75		0										Average $/kwW - cool		0.06404

		Pumps		781.43		0										Average $/MJ - heat		0.00969

		Heat Rejection		485.49		0

		Humidification		0		0										Heating Bill - $ Natural gas		$   97,322

		Heat Recovery		0		0										Cooling bill - $ 		$   38,534

		Water Systems		0		246.6

		Refrigeration		0		0

		Generators		0		0				% Difference from Clear performance

										Electricity		Natural Gas

		Total End Uses		24033.02		10289.65		34322.67		0.00%		0.00%

		Spacia - Bronze

				Electricity [GJ]		Natural Gas [GJ]

		Heating		0		5072.52

		Cooling		1864.93		0

		Interior Lighting		8454.49		0

		Exterior Lighting		967.31		0

		Interior Equipment		8384.16		0

		Exterior Equipment		1895.08		0

		Fans		704.87		0

		Pumps		646.61		0

		Heat Rejection		407.89		0

		Humidification		0		0

		Heat Recovery		0		0

		Water Systems		0		246.6

		Refrigeration		0		0

		Generators		0		0				% Difference from Clear performance

										Electricity		Natural Gas

		Total End Uses		23325.34		5319.12		28644.46		2.9446153667		48.3061134247

		Storm Clear/Clear (Bronze)

				Electricity [GJ]		Natural Gas [GJ]

		Heating		0		7267.46

		Cooling		2055.26		0

		Interior Lighting		8454.49		0

		Exterior Lighting		967.31		0

		Interior Equipment		8384.16		0

		Exterior Equipment		1895.08		0

		Fans		814.22		0

		Pumps		729.52		0

		Heat Rejection		456.73		0

		Humidification		0		0

		Heat Recovery		0		0

		Water Systems		0		246.6

		Refrigeration		0		0

		Generators		0		0				% Difference from Clear performance

										Electricity		Natural Gas

		Total End Uses		23756.77		7514.06		31270.83		1.149460201		26.974581254

		Cardinal 272 IGU (6-10-6) (Aluminum w/ Break)

				Electricity [GJ]		Natural Gas [GJ]

		Heating		0		6732.78

		Cooling		1827.34		0

		Interior Lighting		8454.49		0

		Exterior Lighting		967.31		0

		Interior Equipment		8384.16		0

		Exterior Equipment		1895.08		0

		Fans		710.1		0

		Pumps		633.98		0

		Heat Rejection		396.7		0

		Humidification		0		0

		Heat Recovery		0		0

		Water Systems		0		246.6

		Refrigeration		0		0

		Generators		0		0				% Difference from Clear performance

										Electricity		Natural Gas

		Total End Uses		23269.16		6979.38				3.1783770829		32.1708707293

		Clear 1" IGU (6-12-6) (Aluminum w/ Break)

				Electricity [GJ]		Natural Gas [GJ]

		Heating		0		7843.51

		Cooling		2071.1		0

		Interior Lighting		8454.49		0

		Exterior Lighting		967.31		0

		Interior Equipment		8384.16		0

		Exterior Equipment		1895.08		0

		Fans		829.13		0

		Pumps		737.24		0

		Heat Rejection		460.35		0

		Humidification		0		0

		Heat Recovery		0		0

		Water Systems		0		246.6

		Refrigeration		0		0

		Generators		0		0				% Difference from Clear performance

										Electricity		Natural Gas

		Total End Uses		23798.86		8090.11				0.9743261563		21.376237287





Comparison charts

																Conversion for electrical kw

																0.000709		metric tons CO2 / kWh

				6mm Clear (Bronze Framing)		6mm Spacia (Bronze Framing)		6mm Clear (Bronze Framing) w/ interior Storm [modeled as 6mm Clear / 2” air / 6mm Clear (Bronze Framing)]		22mm Replacement (Aluminum w/ Break Framing) [modeled as 5mm Cardinal 272 / 12mm air / 5mm clear]		25mm IGU - standard 1” clear over clear (Aluminum w/ Break Framing)

		U-factor      ( W/m2-K)		5.136		1.265		2.804		2.493		3.25				Conversion for gas CO2 generation

		SHGC		0.704		0.398		0.609		0.382		0.631				0.0053		metric tons CO2 / therm

		Visible Light (VLT)		0.738		0.684		0.656		0.586		0.656



				6mm Clear (Bronze Framing)		6mm Spacia (Bronze Framing)		6mm Clear (Bronze Framing) w/ interior Storm [modeled as 6mm Clear / 2” air / 6mm Clear (Bronze Framing)]		22mm Replacement (Aluminum w/ Break Framing) [modeled as 5mm Cardinal 272 / 12mm air / 5mm clear]		25mm IGU - standard 1” clear over clear (Aluminum w/ Break Framing)				1mm BTU		1.0551 GJ

		Heating - Natural Gas (GJ)		10043		5073   (-49%)		7267   (-28%)		6733    (-33%)		7844    (-22%)						1.0551

		Cooling - Electricity (GJ)		2166		1865  (-14%)		2055   (-5%)		1827    (-16%)		2071    (-4%)

		Total End uses (GJ)		34323		28644 (-17%)		31271  (-9%)		30249   (-12%)		31889   (-7%)				Conversion for gas CO2 generation

																0.0053		metric tons CO2 / therm

				6mm Clear (Bronze Framing)		6mm Spacia (Bronze Framing)		6mm Clear (Bronze Framing) w/ interior Storm [modeled as 6mm Clear / 2” air / 6mm Clear (Bronze Framing)]		22mm Replacement (Aluminum w/ Break Framing) [modeled as 5mm Cardinal 272 / 12mm air / 5mm clear]

		Heating - Natural Gas (GJ)		10043		5073		7267		6733						1		277.78

		Cooling - Electricity (GJ)		2166		1865		2055		1827						GJ		kW

		Total End uses (GJ)		34323		28644		31271		30249



				6mm Clear (Bronze Framing)		6mm Spacia (Bronze Framing)		6mm Clear (Bronze Framing) w/ interior Storm [modeled as 6mm Clear / 2” air / 6mm Clear (Bronze Framing)]		22mm Replacement (Aluminum w/ Break Framing) [modeled as 5mm Cardinal 272 / 12mm air / 5mm clear]

		Heating - Natural Gas (metric tons CO2 eq)		504		255		365		338										Reglazing with VIG		Storm window (1/4")		Al storm windows (1/4")		Al replacement windows

		Cooling - Electricity (metric tons CO2 eq)		427		367		405		360								Embodied carbon total      (metric tons CO2 eq)		25		41		59		99

		Savings -                            (metric tons CO2 eq)				309		161		233								Operating carbon annual savings   (metric tons CO2 eq)		-309		-161		-161		-233



						0.0107853237		0.0051583132		0.0077038349								Total Y1 carbon impact                        (metric tons CO2 eq)		-284		-120		-102		-134

		Current operating carbon (metric tons CO2 eq)		1273









Monolithic v. VIG (cold day) NGA

36F — BRRR!
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Milwaukee County War Memorial NGA
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Milwaukee County War Memorial
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Milwaukee County War Memorial
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Milwaukee County War Memorial
Video — Project link

= The Bird Cage: Renovation Project - Period Homes (period-homes.com)

Articles

« The Bird Cage Stair: Pilkington Spacia™ Restoration Project - Traditional Building

« Pilkington Spacia™ transforms “Bird Cage” staircase from replacement project to restoration project (archpaper.com)

« Pilkington Spacia™ transforms “Bird Cage” staircase from replacement project to restoration project (archpaper.com)

» Video on Winston Salem - Union Train Station - https://www.traditionalbuilding.com/product-report/winston-salem-union-station-
restoration

« Video explaining VIG and Pilkington Spacia™ - https://www.period-homes.com/buying-guides/pilkington-spacia-innovation-for-historic-
restoration

« Intelligent Glass Solutions magazine — Glass and window history, VIG for restoration/retrofitting - https://igsmag.com/videos/glass-and-
window-basics-vig-for-historic-restoration-kyle-sword/

« Albert Kahn restoration case study - https://mailchi.mp/thekraemeredge/kdg-historic-project-spotlight-the-albert-kahn-
building?e=81c7f13bd3

» Fine Homebuilding magazine — Jan 2021

- https://www.finehomebuilding.com/2020/11/06/insulating-glass-keeps-getting-better

Date = Event/meeting 48



https://www.period-homes.com/buying-guides/the-bird-cage-renovation-project
https://www.traditionalbuilding.com/product-report/the-bird-cage-stair
https://www.archpaper.com/2019/11/pilkington-spacia-transforms-bird-cage-staircase-from-replacement-project-to-restoration-project/
https://www.archpaper.com/2019/11/pilkington-spacia-transforms-bird-cage-staircase-from-replacement-project-to-restoration-project/
https://www.traditionalbuilding.com/product-report/winston-salem-union-station-restoration
https://www.traditionalbuilding.com/product-report/winston-salem-union-station-restoration
https://www.period-homes.com/buying-guides/pilkington-spacia-innovation-for-historic-restoration
https://www.period-homes.com/buying-guides/pilkington-spacia-innovation-for-historic-restoration
https://igsmag.com/videos/glass-and-window-basics-vig-for-historic-restoration-kyle-sword/
https://igsmag.com/videos/glass-and-window-basics-vig-for-historic-restoration-kyle-sword/
https://mailchi.mp/thekraemeredge/kdg-historic-project-spotlight-the-albert-kahn-building?e=81c7f13bd3
https://mailchi.mp/thekraemeredge/kdg-historic-project-spotlight-the-albert-kahn-building?e=81c7f13bd3
https://www.finehomebuilding.com/2020/11/06/insulating-glass-keeps-getting-better
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