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GLOBAL ISSUES

CONFRONTING ARCHITECTURE
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Buildings 44.6%
(2358 MMT CO.¢)

Industry 21.1%
(1116 MMT CO,e)

Transportation 34.3%
(1816 MMT CO,¢)

U.S. CO, Emissions by Sector

Source: ©2013 2030, Inc. / Architecture 2030. All Rights Reserved.
Data Source: U.S. Energy Information Administration (2012).




The manufacture of concrete and steel are
responsible for nearly 10% of global C02
emissions.




“The world is facing an imminent, unprecedented, multi-lateral environmental crisis: climate disruption; ocean acidification;
an epidemic of extinction; severe shortages of fresh water; loss of topsoil; vulnerable monocultures; a global wave of toxic,
carcinogenic, and endocrine-disrupting chemicals; overfishing: clear cutting: and an exploding human population with
growing demands for scarce resources

These are not problems for your children. These are our problems. , \

We need right now is a major leap forward,
and a quantum change in our environment. “ \ \

2 ( !
-Denis Hayes, President, Bullitt Foundation “\
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BREEAM
LEED

LEARDERSHIP IN ENERGY & ENVIRONMENTAL DESIGN

—> BUILDING

CHALLENGE

BREEAM

first environmental assessment standard
e based in Europe since 1990
* points-based spreadsheet system
 predictive not performance based

LEED

* most common measure of sustainability
* basedin US since 1994

e points-based spreadsheet system
 predictive not performance based

LIVING BUILDING CHALLENGE

most rigorous standard
* net positive ENERGY, WATER + WASTE
* low carbon, regionally sourced, non-toxic
MATERIALS
 civilized environments (natural light + ventilation)
 allwood must be FSC
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CONSTRUCTION COMPONENTS AND C02

Concrete slab

Steel sub frame

Ceramic
files

Steel

Aluminium

Timber

Timber

Timber

Timber

Floor Floor Wall frame Roof frame Windows
structure covering

Construction component



0.75

Normalized to wood value

STRUCTURAL SYSTEMS EMBODIED EFFECTS

B Wood Design
B Steel Design
B Concrete Design




STRUCTURAL SYSTEMS
COST & CARBON EMISSIONS IMPACT

CONCRETE STEEL

1,180t
605t

Impact,
including foundation

“Tons CO,

Cost

TIMBER

200t

J

$48/sf









SUSTAINABLE FOREST MANAGEMENT

CLEAR CUT

preserves habitat
* diversity of species and maturi
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PROGRAM FOR THE ENDORSEMENT OF FOREST
CERTIFICATION SCHEMES (PEFC)

 most common certification standard
» nearly 2/3 of all certified forest land is PEFC

® FOREST STEWARDSHIP COUNCIL (FSC)

* second largest forest standard
* the mostrigorous
» fastest growing standard

ESC



CASE STUDY #1

The Bullitt Center
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Our de'S|ret|s “to open a wedge into the future” |
- so that we, and others can see what is
possible in a contemperary office building. ”

Denis Hayes
Bullitt Foundation, President

PHOTO: ANDY SIMONDS
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BUILDING LIFE CYCLE

—%L-HIIIIII
=T

250 YEAR STRUCTURE
HEAVY TIMBER, CONCRETE & STEEL

50 YEAR SKIN
HIGH PERFORMANCE ENVELOPE

25 YEAR TECHNOLOGY
ACTIVE SOLAR CONTROL
PHOTOVOLTAICS

NET ZERO WATER

RAINWATER COLLECTION
100% DEMAND MET ON SITE
50,000 GALLON CISTERN

100% TREATMENT ON SITE '
EVAPOTRANSPIRATION & INFILTRATION

WASTE COMPOST
100% TREATMENT ON SITE

NET ZERD ENERGY

| —
I

MECHANICAL [ 1 | ‘

GROUND SOURCE HEAT EXCHANGE

RADIANT HEATING/COOLING

HEAT RECOVERY AIR SYSTEM

NATURAL VENTILATION
NIGHT FLUSH & OPERABLE WINDOWS

ENERGY
100% RENEWABLE ON SITE
GRID USED AS BATTERY

OCCUPANT

PROGRAM

OCCUPANCY

PRIVATE USERS ABOVE, PUBLIC FOCUS
USERS AT GRADE

INTERNAL CAP & TRADE
EACH TENANT HAS AN ENERGY BUDGET,;
UNUSED ENERGY CAN BE TRANSFERRED

IRRESISTIBLE STAIR
ELEVATOR ALTERNATIVE, HEALTHIER
OCCUPANTS, ENGAGEMENT WITH STREET



BUILDING LIFE CYCLE

250 YEAR STRUCTURE
HEAVY TIMBER, CONCRETE & STEEL

50 YEAR SKIN
HIGH PERFORMANCE ENVELOPE

25 YEAR TECHNOLOGY
ACTIVE SOLAR CONTROL
PHOTOVOLTAICS













The Miller Hull Partnership

The Bullitt Center,

GLU-LAMINATED TIMBER
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FIRE PROTECTION



Bullitt Center, The Miller Hull Partnership Wood Innovation Center, Michael Green Associates

CONNECTIONS—CONCEALED OR HIDDEN?
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= SPEARHEAD {7, 190y o el BEVILONS Cascadia Center-Proposed Raising Sequence
TIMBERWORKS spearheadtimberworks.com

O 1
All Steel is 3/8" Plate
6x6x1/4 HSS
12" x 12 1/4" Glulam Post

Proposed Joinery Detail:

Post @ Exterior Wall R R—

(Fasteners not Shown)
& |
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CONNECTIONS—CONCEALED OR HIDDEN?



CONNECTIONS—CONCEALED OR HIDDEN?



CONNECTIONS—CONCEALED OR HIDDEN?
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NET ZERO WATER

RAINWATER COLLECTION

100% DEMAND MET ON SITE
50,000 GALLON CISTERN

100% TREATMENT ON SITE 1!
EVAPOTRANSPIRATION & INFILTRATION

WASTE COMPOST
100% TREATMENT ON SITE
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GRAY WATER TREATMENT
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NET ZERD ENERGY

GROUND SOURCE HEAT EXCHANGE
RADIANT HEATING/COOLING
HEAT RECOVERY AIR SYSTEM




/— Roof Top PV Panels
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NET ZERO ENERGY

NATURAL VENTILATION
NIGHT FLUSH & OPERABLE WINDOWS



Outgoing air




Daylighting Simulation
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Daylighting Simulation:

Effect of Atrium — Uniform Overcast Skies
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Full Glazing Current Scheme
Best Case Design Casa
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Analysis Grid

RAD Daylight Factors
Contour Range: 2.0 - 10.0 %DF
In Steps of: 1.0 %DF

DECOTECT IS

Proposed Pl
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Average Value: 2.47 %DF

Above Clip Threshald: 51 5%

Wizible Modes: 234













NET ZERO ENERGY

ENERGY
100% RENEWABLE ON SITE
GRID USED AS BATTERY
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August 12, 2009
Scheme 1a — South Spaced 10.5” (15 deg tilt @ North Roof):

Panel Orientation

Area Panel # Sanyo 205 SunPower 315
ROOF SOUTH (5 deg West): 6,272sf = (503 panels) 101,500 kWh/yr (110,500 kWh/yr)
ROOF MIDDLE (5 deg West): 611sf = (49 panels) 10,000 kWh/yr
524sf * 70% = 367sf = (42 panels) 7,000 kWh/yr
(Sliding roof section) 1,048sf * 75% = 785sf = (84 panels) 12,000 kWh/yr
ROOF NORTH (5 deg West & 15 deg SE): 4,539sf = (364 panels) 78,500 kWh/yr (85,500 kWh/yr)
SOUTH WALL: 2,918sf = (234 panels) 36,000 kWh/yr
(1276 panels)

Perspective

245,000 kWh/yr (261,000 kWh/yr)

Perspective
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Bullitt Center Energy

Predicted vs. Actual Energy Production & Consumption
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Bullitt Center Energy

Predicted vs. Actual Energy Production & Consumption
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Electric Consumption, kWh

60,000

Bullitt Center Performance
Actuals, 10/1/15

50,000

40,000

30,000 -

20,000 -

10,000 -

».

N I

-10,000

P

-20,000

-30,000

_/

/

)

+

C

I Y N N

—
'

L)
*,
I I N
(J
o\
N I N N

I U N N N

*,

$?

*

)

_/

/

*,

$

C

I N N N . N

N
T

L)

*

+

| |/

Q

()

I I I N

.

_/

*

-40,000

Jan Feb Mar

Apr

e SCL Power Used

= — = Bullitt Building Use

May Jun

Jul

Aug Sep Oct

1 PV Exported to SCL

Est. Code Baseline

Nov Dec Jan Feb Mar Apr May Jun

©

Jul

1 PV Used by Bullitt

Aug Sep Oct

SCL Net Meter - SWVC 4

Nov Dec

Jan

I Savings over Baseline

(o]

Proposed Tenant Building

Febh Mar

Apr

May

Jun

Jul

Aug




OCCUPANT

& EDUCATIONAL s

PROGRAM

OCCUPANCY

PRIVATE USERS ABOVE, PUBLIC FOCUS
USERS AT GRADE

INTERNAL CAP & TRADE
EACH TENANT HAS AN ENERGY BUDGET,;
UNUSED ENERGY CAN BE TRANSFERRED

IRRESISTIBLE STAIR
ELEVATOR ALTERNATIVE, HEALTHIER
OCCUPANTS, ENGAGEMENT WITH STREET









100%

80%

60%

40%

20%

Modes of Arrival to the 6th Floor by

July Sept. Nov. Jan. Mar.

......................................................................................................... 2014

Research by: Heather Burpee, University of Washington Integrated Design Lab

Trips via
Elevator

Trips via
Stair



Asbestos

Cadmium

Chlorinated Polyethylene
Chlorosulfonated Polyethlene
Chlorofluorocarbons (CFC)
Chloroprene (neoprene)
Formaldehyde

Halogenated Flame Retardants
Hydrochlorofiuorcarbons (HCFC)
Lead

Mercury

Petrochemical Fertilizers and Pesticides
Phthalates g

Polyvinyl Chloride (PVC)
Creosote, Arsenic Wood treatment




1.5 BENZENEDICARGONYLAT O HDICHOTRILEAD [CAS FEN: B201 1-08-01
1.3-BENZENEDIOL. 2.4 8- TRINTRO-. LEAD SALT IGAS RN: 16245-44-01
CHROMIUM LEAD SILICATE [CAS AN: 11113-70-5]
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LEAD ACETATE [CAS AN: 301-04-2)

LEAD ACETATE, TRIHYDRATE [CAS RN: S080-56-4)
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LEAD CARBONATE [CAS RiN: Gas-63-0]
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1.1.3-Trchloro-1.2.2 3 3-oentaflucroorooans ICFC-21 8 ICAS AN 1882-81-80
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FORMALDEHYDE CYANOHYDRIN ICAS RN: 107-18-4]
FORMALDEHYDE. COMPD WITH MONOSODILM SLILFITE (1:1) ICAS BM: 87
FORMALDEHYDE. MELAMINE POLYMER. METHYLATED ICAS RN: B8002-20
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FORMALDEMYDE. LREA ADDUCT ICAS AN 68611-64-31

MELAKMINE FORMALDEHYDE ICAS FN: S003-08-11

MELAMINE FORMALDEHYDE ICAS RMN: S4645-56-41
MELAMINE-UIREA-FORMALDEHYDE MUF) ICAS BN: 26008-13-91
MAPHTHALENESULFONIC ACID. FORMALDEHYDE POLYMER. AMMONILIM
MAPHTHALENESLLFONIC ACID. FORMALDEHYDE POLYMER. CALCILM A
MAPHTHALENESULFOHNIC ACID. POLYMER WITH FORMALDEMYDE. POTAS

PENTAMNE ARCTTREE | NEPEERAME 00 BN IFAS Bl 124097,
PENTACHE NMACTTRF | ENPRNPAME ACEC-000 WA Bl 2705w R
TFTRACHI AROTETRAR | NANPRNPAME (CFEC-214 ITAS RN- $3R8-1-01
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TR AROTRIF | NETETHAKNFE FC- 113 S0P FAs Fl- SR4-RR-R1
4-TOLUENESULFONAMIDE FORMALDEHYDE ICAS Rb: 1338-51-8
AMMOMNUA-UREA-FORMAL DEHYDE ICAS RN 2T06T-29-01
BENZENESULFONIC ACID. 4-HYDROXY-. POLYMER WITH FORMALDEHYDE
BUTYLATED POLYOXYMETHYLEME LUREA ICAS RN: BA002-19-T1

CRES0L FORMALDEHYDE ICAS RN: 68003-26-41

FORMALDEHYDE ICAS RN: B0-00-00

FORMALDEHYDE CYANOHYDRIN ICAS RN: 107-16-4]

FORMALDEHYDE. COMPD WITH MONOSODIUM SULFITE M:11 ICAS RN: BN
FORMALDEHYDE. MELAMINE POLYMER. METHYLATED ICAS RM: SB002-20
FORMALDEHYDE. POLYMER WITH 4+1.1-DIMETHYLETHYLIFHENOL. METH
FORMAL DEHYDE. POLYMER WITH PHENOL POTASSILM SRIT ICAS AN- 12
FORMALDEHYDE. POLYMERS WITH EB0BUTYLENATED PHENOL ICAS RiM: 1
FORMALDEHYDE. LIREA ADDUCT [CAS RN- B0511-64-31

MELAMINE FORMALDEHYDE ICAS RN: 9003-08-11

Ul [ 2-FTR " MR Pl S -]
Ul [ ACFTETE AR Pkl Ryt
CUATHEN [ ACFTATE RIMYTIRATE WCAS Ak ATA-0-41
LT (A FEFRTREINF AT P TS A5
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TN [ CEVRRINE A Bk SR
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AR AL
LAl (b 5 ) FATE  HYTIRATE ICAS Rk Tr0-me-01
CADMILM SULFIDE ICAS RN: 1308-23-8
ALPHA-HEXABROMOCYCLODODECANE (o-HBCD) [CAS AM: 134237 -80-4]
BIS2-ETHYL-1 -HEXYLITETRABROMOPHTHALATE TEPH ICAS AN: 26040-8
BiS2-HYDROXYETHYL ETHER (TEEPAI ICAS Al: 4162-45-21

ETHYLENE BISITETRABROMOPHTHALIMIDE] ICAS FM: 22508-T6-41
1.2-BENZEMEDICARBOXYLIC ACID. 3.4.8.6-TETRABROMO-. MIED ESTERS
1.2-8I52. 4. 6-TRIBROMOPHENCX Y IETHANE [BTEPEN ICAS RM: 37853-84-11
2225 4 F 8- HEPTABROMODIPHEN YL ETHER: (BDE-1 75 ICAS AM: 445258
22 3.4° 8.5 -HEPTABROMODIPHENYL ETHER (BDE-183 [CAS RN: 189084-{
2234 4' F B-HEPTABROMODIPHEN YL ETHER iOCTABDE BDE- 183 ICAS |
22 3.4.4"-PENTABROMODIFHENYL ETHER (BDE B5) ICAS AN 182345-21-00
22'4.4° 8.5 -HEABROMODIPHENYL ETHER BDE-153) ICAS RN: 6063148
22 4.4° 8.5 -HEABROMODIPHENYL ETHER /BDE-154) [CAS AN: 20712218
22'4.4° 5-PENTABROMODIPHENYL ETHER (BDE-990 ICAS AN: BO248-80-51
220.4.4° 8- PENTABROMODIPHENYL ETHER (BDE- 1001 ICAS FM: 18500454~
22 4.4°-TETRABROMODIPHENYL ETHER [BDE-4T) ICAS RN: B438-43-11

2 2-N-METHYLETHYLIDENEIRISIC. &-DIBROMO-4.1-PHENYLENE ICAS AN
2 A-DIBROMOPROPYL-2 4.6-TRIBROMOPHEN YL ETHER (DFTE! ICAS RN: 3
2 ANIRRNMNPRNIFY] -2 4 B-TRIRANMOPHFNY] FTHRR METR ICAS Rl- 3
# 4 4'-TRIRAORANTIEHFNY] FTHPR [ANE-20 AT Ak 40010 FRE

2 4 A-TRIARCIMAPHERO IRAS RS- 118-T0-%1

2 4 A-TESRRCRAT SRR TERRIMATEDN FARRrMATE O FaNkaED iFas fn-
FETHY] HIFEY -9 2 4 A= TIFTRUWA RN AT (TR (S Rl 13
b MR- PRCIEY =200 WY PR FTHT Y- FTIY -TRIP (AT AN SRR
FENFENE FTHERYI - BORINPO YFR FRORIRMETED AR Rl e F-R%"
BETA-HEXABROMOCYCLODODECANE i8-HEBC D8 ICAS AN: 134237-61-T1

LRHLUSUFEN TAFLUURLU RLUEANE IS8 TLAS HINC S00-00-U1
DICHLOROPENTAFLLIOROPROPAMNE (MCFC-Z25CE) ICAS AN: 07-556-11
DICHLOROTETRAFLUOROPRCPANE (MCFC-2240 ICAS AM: 425-04-8
Dichiceotetrafivorcoroane HCFC-234) ICAS RN 127564-83-4]
CICHLOROTRIFLUORDETHANE MCFC-129 ICAS RN: 206-03-2
CICHLOROTRIFLUOROPROPANE (MCFC-2431 ICAS Rl 480-68-51
Dichicrotriflucroomooarns HCFC-2431 ICAS AN: 116880-51-8
HESACHLOROFLUDROPROPANE MCFC-2211 ICAS AN: 422-28-41
MONOCHLORODIFLUIOAOETHANE (HCFC-1428 [CAS AN: T5-88-3
MONOCHLORODIFLUIOROPAOPAMNE MCFC- 2952 ICAS Rk: 421-02-0d1

PENTACHLORODIFLUCROPROPAME HCFC-2221 ICAS RN 422-48-11
PENTACHLOROFLUIOROPROPANE HCFC-2301 ICAS AN 421-84-31
LIGHRCPROPANE (MHCFC-232 ICAS RN: 460-89-81

P e Wi Febl- RS-
TP AW ROT-d4-11

RAFRC: IR FRRORAINE ICAS Bl 7T e-A7. 11
BRI IR el ORS00 IS P TR TG T
RAFRC: IR CSRMINE AR RN R - 11
MERCIRIC: RINE REN FAS Rl- 7740900
RAFRC: IR WITRATE AR R 1 ia A .l

MERCH IR OEINE IRAS R 21500 A.9

AR IR 21 FATE AR AN- TR ARa0
MERCLIRIC: B FINFE CAS ANE 19044407

g AY. ELS *:' & &
METHOXYETHYLMERCURIC ACETATE ICAS RM: 151-38-21
METHYL MERCURY (MEHG) ICAS RN: 22087-02-8]
METHYL MERCURY CHLORIDE ICAS RN: 115-08-31

PHENYLMERCURIC ACETATE ICAS AN: 82-38-41

PHENYLMERCURIC ACETATE ICAS AN: 82-368-41

PHENYLMERCURIC BORATE ICAS RM: 31224-71-21
PHENYLMERCURIC BORATE ICAS RN 31224-T1-21

BUTYL BENZYL PHTHALATE (BEF ICAS RN: B5-68-71
D2-ETHYLHEYLIPHTHALATE (DEHF ICAS AN- 117-81-7
Di-H-HEXYLPHTHALATE (DNHF ICAS RN: B4-T5-31

Di-K=0CTYL PHTHALATE (DNOP ICAS RN 117-84-01

Dil-H-PENTYL PHTHALATE [DNPP ICAS RN 131-18-01

DIBUTYL PHTHALATE (DBP ICAS RN: 84-74-21

DRESOBUTYL PHTHALATE (DIBF ICAS RM: B4-83-51

DRESODECYL PHTHALATE (DIDPY ICAS RN 68561 5-48-11

DRESODECYL PHTHALATE iDIDPY ICAS AN: 28761 -40-01

DESOHEPTYL PHTHALATE ICAS AR: T1888-85-61

DRESOMONYL PHTHALATE iDINP ICAS RM: 6851 5-48-01
DRESOMONYL PHTHALATE IDINF ICAS RM: 28553-12-01

COKE OVEN EMISSIONS ICAS RN: 8007-45-2)

CRECSOTE ICAS RN: 8007-68-91

CREQSOTE OIL ICAS RN: §1789-20-4]

CREQSOTE OIL ICAS RN: T0a21-Ta-81

CREQSOTE OIL. ACEMAPHTHENE FRACTION ICAS RM: S0620-84-31
CREQEOTE OIL. ACENAPHTHENE FRACTION. ACENAPHTHENE-FREE [CAS
PREOEOTE (il | COASRNE BS DT | ATE [CAS Bl Fias1-an-11
FETRAMT RESIN IFS Myl § CRECSOTE Nl AR RAS R 1 927d. TF-41
BESINIFS iCmld TAR CRFECSOTE Ol RESTH INAS Bl 92301 8509

MPEACL IR ACFTATE KCAS AN TA-2T-1
MAFRT IR FRCRAIRE IRAT Al TPaaT-11
MPRC IR CHD OEINE G0N ICAS BN TaNT.o
MER IR CYAMINE AT PR R na. 1l

MAFRC IR WTNE AR RS Bl 7T Td-29-00
MR RIS NITRATE IFAS Bk 104R- 6.1
MFRC IR CIRE AT B 18- Ra-01
MFRCIRIC: & FATF [MAS AN- TRcLAR01
MFRC IR 20 FiRF CAR Ak 1944207
MEACLIRCE 1S MITRATE WTAS AN 1041 8- TR-R1
MERCUROUS NITRATE. MONOHYDRATE ICAS AN
MERCUROUE CRODE ICAS RM: 1 Bieg-53-51
MERCURY THIOCYANATE ICAS FiN: fa2-A5-81
MERCURY. AMMONIATED ICAS RN: 10124-48-8]
MERCURY. ELEMENTAL ICAS RM: T438-57-81
METHOSYETHYLMERCURIC ACETATE ICAS RM: 1
METHYL MERCURY (MEHG! ICAS RM: 22067-82-5
METHYL MERCURY CHLORIDE ICAS RN: 115-09-
METHYLMERCURIC DICYANAMIDE ICAS RN: B0z
PHENYL MERCUIRIC PROPIONATE ICAS AN: 103
PHENYLMERCURIC ACETATE ICAS RN: G2-38-41
PHENYLMERC L IRIC ACETATE ICAS RN 62-38-41
PHENYLMERCURIC BORATE ICAS PN 31224-T1-
PHENYLMERCURIC BORATE ICAS RN 31224-T1-
BUTYL BEMZYL PHTHALATE (BB ICAS RN: B5-&
DZ-ETHYLHEXYLIPHTHALATE (DEHF ICAS RN: 1
Dil-H-HEXYLPHTHALATE (DNHP ICAS RM: B4-T75-1

CHBUTYL PHTHALATE (DBP ICAS RN: 84-74-21
DRS0BUTYL PHTHALATE [DIBPF ICAS FM: B4-68-F
DRESODECYL PHTHALATE iDIDPY ICAS AN 88815~
DRESODECYL PHTHALATE (DIDFY (CAS AN 28781~
DESOHEPTYL PHTHALATE ICAS AN: T1880-80-8
DRESOMONTYL PHTHALATE (DINF ICAS RN 68515-
DRESONONYL PHTHALATE IDINP ICAS RN 28553
COKE OVEN EMIESIONS ICAS RN: B007T-45-21
CREQSOTE ICAS RN: SO0 -58-41

CREQSOTE OIL ICAS AN: 81 789-20-41
CREQSOTE OIL ICAS AN: 7032 1-Ta-81

ENE FRACTION. AC
CRESEOTE (i 1 WAL BTN RS DT | ATE Irae |
FTRACT RIESIN RS O Y CRECESOTE Ol &S
RESINIFS fMil TR CREOSOTE Ol RSTH 00
WO CRFCEROTTE [0S BN R0 841
AMUITMI M CNPPER ARSFUATE ITAS RN TR
APERENATO AR Pl 1 ARG
ARSENIC: INAS B TTAN -2
APEENI TR FRIT AT Bk 99880 Foul
BFERFENIT ACIT CAS Pl TFRR-0-41
APEENIT DS FIRE AR B 1300
AP 1R - 2R Al ]
APSENIN: PENTOXINE RAS Fbl 19705051
AFERFE NI TR OFINE AT PR P10
ARSENIC TRAOKINE RAS AM- 1397-A%.91
AP TR 1 FINE BCAS Ak 1060
ARSENIC W ICAS BN 1 TARR-A1 01
Pl P ARRERATE DASRSY Sl A0S B 7
ol LI ARSFRITE RAS Rk AT a1 Ref]
PNPPER ARSENETE AT Fbl 17010051 -41
CUPRIC ACETOARSENITE [CAS RN: 12002-03-81
GALLILIM ARSEMIDE ICAS RiN: 1303-00-01
IMAZAPYR UARSEMAL) ICAS FM: 51334-34-1]

MAGHEZILIM ARSENATE ICAS RN 10103-50-11
POTAZEILIM ARSENATE ICAS RN- TTR4-41-01
POTASELM ARSENITE (ASHI04. XKD ICAS RN: 10
SODIUM ARSEMATE ICAS RN: 13484-38-5|
SODILM ARSEMATE ASHS0S XMA ICAS RM: &Y
SODILUM ARSENITE ICAS RN: TT84-465-51
TRIETHYL ARSEMATE ICAS RN: 15808-95-01
ARSENIC [T740-38-21

ASBESTOS Ma2-21-41

CADMILM [T440-23-81

CHLORINATED: POLYETHYLENE ICPES [E3231-56-
CHLORIMATED POLYETHYLENE ICPE. TYRIN [54]
CHLORIMATED POLYWINYL CHLORIDE 1CPVC 68
CHLOROSULFONATED POLYETHYLENE tHYPALD
CREQSOTE 001 -58-51

FORMALDEHYDE [50-00-01

LEAD ITa43g-82-11

MERCURY. EL EMENTAL T439-97-8

NEOPRENE [5010-88-41
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SECTION 3
COMPOSITION, INFURI'IHATIEIN EIN INGREDEENTS

| MATERIAL W | CRS #

| wakor =4n 73z-1a-8

| LimesLuse LX) 1417 -ka-2

l Expande=sd Huerlila =E Adepl-yr-3
Leplolibe ik BlE0l-47-14
atkspu.gite v 5 IE1TA-12-7

[ ViTyl hos=tace Balymes <E Jup2-za3-7
or Behnylwie vinyl Roslsie Polpies S1HEY-VE-B
Crysballine Eiliva o 19302-50-7

[ Al v grestiente =1 s product e Ireiedad It U3, v ekl Pralection Sgerey's Toads SUbzlenses Canal
et Chamlsal Substanca Imgntory and the Canadlan Doeneslic Substasic=s List [DEL).

T1e weighl percenl for siles represents loial guanz and nat he respirgala fraclion.

SECTICHM 4
FIRST &I} MEASURES

FIRET AID FROCEMRES
Remove bo frash alr. Leeve the area ol sxscsare and remair away nnkil coirghlng and other syinplons

Inlislition BIJB‘EILEE CH]'IEF measires awe Levally rad nE“E$53r5r, huwr.'uer |Fc|:|nd'r|nn51.\-grrmt contacd Ph!.'EID-EII'I
Eyes In oz ufcmtact doned rub o sSraleh your epes. To prcvent mi=charical |rri:5r|j|}r| ﬁueh Thermughly with




2012-7.28 0274 Connector walks back to building after bolting together the far tip. photo: John Stamets

2012-8.23_62244 Metal Cladding installation photo: JOhn Stamets 2012-5.8.2520 Vertical tension ties  photo: John Stamets
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CASE STUDY #2

Eastern Washington University
N.E.S.T.T.



EASTERN WASHINGTON UNIVERSITY
N.E.S.I.T. CENTER




STUDENT
" FAMILY
- HOUSING

LEGEND

1. NESTT Building

2. Outdoor Kitchen

3. Palouse Prairie Habitat
4. Shrub Steppe Habitat
5. Ponderosa Pine Habitat
6. Channelized Scabland Wetland Habitat
7. Permaculture Garden

8. Organic Agriculture

9. Ethnobotanical Garden

10. Loop Trail

Scale: 1"=32'-0

0

32

64’

RED BARN
PARKING LOT

W STEVENTH STREET

133¥1S NOLONIHSYM

EWU

CHILDREN'S

CENTER



ENTRANCE
VEHICULAR DROP-OFF
LOBBY

CONFERENCE ROOM
BRIDGE

OUTDOOR CLASSROOM
CISTERN

A LABORATORY

9. OFFICES

10. CIRCULATION

1" RESTROOMS

12. STAFF WORKROOM

13. WATER ROOM

14. ELECTRICAL ROOM

15. MECHANICAL ROOM
16. GREEN HOUSE

ONOOOHE WN =

17. PORCH
18. ENGINEERING PAD
19 OUTDOOR KITCHEN

20. BUS DROPOFF & PARKING

GROUND FLOOR PLAN i o NORTH

0' 16’ 32' q\% 7 - - | A BU'LDINGCUNCEPT

start something big
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BRIDGE
CLASSROOM
CIRCULATION
RESTROOMS

OUTDOOR CLASSROOM
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NORTH

SECOND FLOOR PLAN
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SOUTH ELEVATION

BUILDING CONCEPT

EWU NESTT CENTER

(NATURAL & ENVIRONMENTAL SCIENCE TESTING AND TEACHING)
September 2015



v A %‘
SR
v AP s , EaS
SN ¥
' NATURAL -
v;amumu :
n CLASSROOM Al = H
J‘T. < = z\ \SEW% ‘ [ 8 » - ‘ 4 (s
) = CONDITIONED B
A . -
A e
OUTDOOR . - LAB
_LEARNING : \ SPACE
8 i WO - e ‘ TURAL ———
T I e WATER
CIRCULATION L
& PORCH il
B o B T e S

By meeting the Living Building Challenge, the building will be a showcase for sustainable practices, going beyond LEED’s highest standard and provide the public with a model of how careful and
planned construction can add to the value of the community and be a positive impact on the natural environment.






CASE STUDY #3

Georgia Institute of Technology
Living Building
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NET POSITIVE WATER CYCLE SYSTEMS NET POSITIVE WATER CYCLE SYSTEMS

5
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WASTEWATER RECYCLING LOOP L < <
P> > WASTEWATER RECYCLING LOOP
WASTEWATER RECYCLING LOOP RAINWATER POTABLE CYCLE WASTEWATER RECYCLING LOOP RAINWATER POTABLE CYCLE
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NET POSITIVE SOLAR
ARRAY ~230 kW

NET POSITIVE SOLAR
ARRAY ~230 kW
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Comfort Systems: Bridgetrot - ceorgia Tech
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Comfort Systems: Porch - ceorgia ech

15




700 O 62 00 | 64

1 _J_ 54 53 1 56 55
60.0 = -~ 53 54

. 1 48 60.0 1 1 49
1 45 46
1 43 4 4 4
. 1 1 1 39 38 50.0 1 1 T -
40.0 L ;
L 28 24 23 26 ® NET POSITIVE GOAL 40:0 28 27 23 54 26 = NET POSITIVE GOAL
30.0 1 1 I # DISTRIBUTION 30.0 1 1 # DISTRIBUTION
20.0 = HEATING AND COOLING 20.0 = HEATING AND COOLING
10.0 = PLUG LOADS 10.0 = PLUG LOADS
0.0 u LIGHTS 0.0 u LIGHTS
3 o s & % N o & § © < A © Q « o o & < A o N
S & F Y S S ST E S S NS e\é\ N vV& S & TS FFEE S
& & F & & & o &Ff F F & & & & & & & & & N & o S F g & & & &
RN & S g & S & & & & & S & S F ¥ L & & & SR P N L & & & & &
F & & S & & 5 R AR A F & ¢ & & PRSI Y AR s qoeé\
Nl X < S & <O S Q " N R
A S P O G & & & FFFE e & & ¢ &
066 q?(_(o gq, ng\\ & S‘(’& é‘qp & & & & Q«v qgoq- & &\50 54\ p ) /&o" 5 &S ‘@4\ P 2
AP
é,(\ sz Q\\O 00 <)(,0 S & é(\(, q\(, & \Gb ¢ > oov\ o\q\ & A(,
&L § S & & & & % L © > N
g & & S & S & &
S & S & & RS
& Q Q_o°
&
Energy Consumption: Bridgetrot - ceorgia Tech
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ABOVE-GRADE AIR & WATER DISTRIBUTION LOW POWER

LIGHTING DESIGN . "
WITH DAYLIGHT o~ 3 CHILLED BEAMS
DIMMING

ABOVE-GRADE AIR & WATER DISTRIBUTION

CHILLED BEAMS
MOVEABLE
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Z0NE UPPLY Al
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WITH REDUCED heating/cooling VENTILATION
INFILTRATION
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Pros:

» Compact, efficient shape, lower skin to area ratio

 more completely blocks noise from NanoTech

 demonstration opportunity with active solar controls on east and
west (not every building has an ideal alignment)

* north south axis of atrium reinforces connection to Circadian
rhythm—solar noon

« engagement of knoll and creation of outdoor room

Cons:

* longer east and west exposures

* less site opportunities for gravity flow stormwater detention and
infiltration

===

_é ma!lﬂqll?,wf‘é _h

W

DOGTROT

Pros:

* better passive solar orientation and daylighting

* strong connection and engagement with the knoll and eco-
commons

* active dynamicspace at the Dalney Street cross-axis

better passive downdraft pollen filter opportunity

*  greater opportunity for gravity flow stormwater detention and
retention

Cons:

* higher skin to area ratio

* requires removal of one significant tree






LEGEND HEATING
A: ] FLEXBLE/TRANSITION SPACES 62-66
B1:  ACTIVE LEARNING/RESEARCH LABS 61-65
B2:| | ACTIVE LEARNING/STUDENT CENTER 67-71
B3: ] ACTIVE LEARNING/BREAKOUT+ MAKER SPACE 68-72
C: [ CLASSROOMS WITHINSTRUCTOR 67-71
D: ] AupiTORIUM 72-75

COOLING

79-83
77-81
79-83
79-83
77-81
75-79

AUDITORIUM

SMALL
TEAMS
/PEERTO
PEER

/STUDENT
CENTER

RESEARCH

Building Planning — Temperature Boundary Types

CLASS
LABS/
SUPPORT




Building Planning — Daylighting Program Types

LEGEND

DIRECT BEAM SUNLIGHT ALLOWED DURING THE DAY

EARLY AM OR LATE PM SUNLIGHT ALLOWED TO 10 DEPTH
- NO DIRECT BEAM SUNLIGHT ON HORIZONTAL OR VERTICAL SURFACES
. HIGHEST DEGREE OF CONTROL, BLACKOUT CAPABILITY

| AUDITORIUM

RESEARCH
LABS

OFFICES




A\

ylight Autonomy

Need to study quality / quantity
of atrium skylight conribution

Daylight performance does not include
contribution of borrowed light

Consider addition of toplighting through
PV zone because of deep western overhangf;f?«

o
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Maximum llluminance : 4572 fc

Porch —June 21 - 9am




RAINWATER CATCHMENT

STORMWATER RAINGARDEN

TRICKLE FILTER

CONSTRUCTED WETLANDS

SUBSURFACE INFILTRATION

PORCH - WATER SYSTEM INTEGRATION
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The Living Building @ Georgia Tech
Decision Criteria for Structural Systems
29-Aug-16

Components
from GA
sources?

Embodied
Energy Factor

Code
Consideration

Components
within Radius?

Components on
Red List?

Notes:

Carbon Estimate Thermal comfort | Acoustical comfort Daylight Impact | Interior Flexibility | PV canopy integration Biophilia Innate Beauty***

Structural System S/SF

Formaldehyde in engineered wood
components. Allowable Exceptions
under LBC 3.1

Structure becomes the finish- uses
less material

Heavy Timber

Yes- Minor ACCEPTABLE

PVC tendon sheaths. More research
on all additive ingredients of

CIP Concrete w/PT

Slabs ACCEPTABLE-

Future Floor concrete required.
5955 ACCEPTABLE ) ACCEPTABLE | ACCEPTABLE | ACCEPTABLE |Formwork will need to be salvage o
pentratlons £SC
limited

More research on all additive
ingredients of concrete required.
Formwork will need to be salvage or

ACCEPTABLE ACCEPTABLE | ACCEPTABLE | ACCEPTABLE |[rsc

CIP Concrete

Yes-extent
unknown

ACCEPTABLE

Research components of finishes to
apply to steel. More research on all
additive ingredients of concrete
topping slabs required.

No- but will
require
coatings and
finishing

ACCEPTABLE | ACCEPTABLE ACCEPTABLE




WHAT IS NEXT?

TALLWOOD
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CONCRETE+TIMBER HYBRID PANELS, CAST-IN-PLACE (CIP)



LIFE CYCLE TOWER, CREE, AUSTRIA

CONCRETE+TIMBER HYBRID PREFABRICATED PANELS



Bullitt Center, The Miller Hull Partnership Wood Innovation Center, Michael Green Associates

COMPLETE COMPLETE

6 STORIES—SEATTLE 7 STORIES—CANADA
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Office Building, Michael Green Associates

IN CONSTRUCTION

7 STORIES—MINNEAPOLIS

Apartment Building, Andrew Waugh

COMPLETE

9 STORIES—LONDON
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Treet Tower, Artec Architects University of British Columbia, Acton Ostry Architects

IN CONSTRUCTION IN CONSTRUCTION

14 STORIES—NORWAY 14 STORIES—VANCOUVER,



q

WSU Spokane student housing proposal, The Miller Hull Partnership

IN DESIGN

14 STORIES—USDA TALLWOOD COMPETITION



1.2.7 PROGRAMMING: BUILDING ENCLOSURE

i‘,‘iv‘ — 9

METAL FACADE PANELS WOOD CURTAIN WALL DAYLIGHTING SEISMIC UPGRADE

A rainscreen system made up of metal pan- In keeping with the natural wood materials
els protects the CLT shear wall panels from used through, the project proposes the use
the elements and provides a contrast to of a wood curtain wall system, where stan-
the warmth of the exposed wood structural dard aluminum mullions are replaced with

The masonry wall at the southwest corner ~ While the load bearing exterior masonry
of the existing 2-story building has been walls of the existing building are main-
carved open revealing heaving timber frame tained, a combination of CLT shear walls

and providing a sunny outdoor connection and timber brace frames wrap the new data

systems. sustainable engineered wood. for new gather functions inside. center core providing the required seismic

upgrade.

14 STORIES—USDA TALLWOOD COMPETITION



TALL WOOD OPTION 1 TALL WOOD OPTION 2

«  7000sf floor plate optimized for site and smaller spaces (clinics, offices on-cam- «  20,000sf floor plate optimized for open office configuration
pus; apartments off-campus) « Central core and brace frames at perimeter
* Distributed shear walls * 140,000 TOTAL GSF; 119,000 net rentable area

= 84,000 TOTAL GSF; 71,400 net rentable area

14 STORIES—USDA TALLWOOD COMPETITION



TALL WOOD OPTION 1 TALL WOOD OPTION 2
7000sf floor plate optimized for site and smaller spaces (clinics, offices on-cam- 20,000sf floor plate optimized for open office configuration
. Central core and brace frames at perimeter

. 140,000 TOTAL GSF; 119,000 net rentable area

pus; apartments off-campus)
. Distributed shear walls
84,000 TOTAL GSF; 71,400 net rentable area

RYR
° ® ® ° .
q ¢
2 ¢
4 Bl L a )

14 STORIES—USDA TALLWOOD COMPETITION



1.2.7 PROGRAMMING: BUILDING ENCLOSURE (continued) CoLunud
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Connt AL ok i

MARKET HALL

While the two story portion of the Jensen-Byrd building was originally constructed with
a clerestory roof, the windows had long since been removed and filled in with walls.
The clerestory will be restored and continuous second floor removed below it bringing

natural light and ventilation to first floor and newly configured second floor mezzanine. '

This space provide a new home for University bookstore, food service, study areas and 6‘-”LA'M

other complimentary commercial needs. The connection to the six story portion of the 4 ‘ té'— CoLUMMN BEYVHRD
e -

Jensen-Byrd has been enlarged to a two story connection with views through new tim- v

ber lateral brace frames to the date servers which are on full display providing an iconic
counterpoint to the Timber Innovation Center.

14 STORIES—USDA TALLWOOD COMPETITION
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Paris Tower proposal, Michael Green Associates Timber Tower Research Project, SOM
DESIGN PROPOSAL RESEARCH PROPOSAL

35 STORIES—PARIS 42 STORIES-?



GRACIAS

BRIAN COURT, AIA, LEED AP
briancourt@millerhull.com

The MILLER HULL Partnership
Seattle, Washington

MILLER | HULL
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ELLIOTT BAY Elliott Bay Seawall Project
(Phase 2)

Elliott Bay Seawall Project
(Phase 1: 2013-20146)

~ 5 Partner Projects

. Waterfront Seattle
. (Core Project: 2016+
e i Potential Early Projects:
s . 2012-2015)
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Buildings 47.6%
(45.2 QBtu)

Industry 24.4%
(23.2 QBtu)

Transportation 28.1%
(26.7 QBtu)

U.S. Energy Consumption by Sector

Source: ©2013 2030, Inc. / Architecture 2030. All Rights Reserved.
Data Source: U.S. Energy Information Administration (2012).




Building Operations

41.7%
Industry
24.4%
Building Construction
and Materials
5.9%

Transportation - Other Transportation - Light Duty
(rail, air, bus, truck, ship) (auto, SUV, pickup, minivan)
11.8% 16.3%

U.S. Energy Consumption by Sector

Source: ©2013 2030, Inc. / Architecture 2030. All Rights Reserved.
Data Source: U.S. Energy Information Administration (2012).
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LVL courtesy Michael Green Associates

LAMINATED VENEER LUMBER (LVL)
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Parallel Strand Lumber (PSL) courtesy Michael Green Associates Laminated Strand Lumber (LSL) courtesy Michael Green Associates

STAND LUMBER (PSL + LSL)



