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BUILDING CODES



Fire at the Triangle Shirtwaist Factory
New York City
1911

The New York Time
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NEW YORK. SUNDAY, MARCH 26, 1911—90 PAGES, In Eight Pacts, "aisletsryisie

14 WEN MO LS DIE I WAT FATORY FIE,
TRAPED HH UP I WISHIGTON PLAE BULDI

~ STREET STREWN WITH BODIES; PILES OF DEAD INSIOE

The Flames Spread with Deadly
.Rapidity Through Flimsy Ma-
terial Used in the Factory.

600 GIBLS ARE HE&AMED IN

When Elevators Stop Many Jump
to Certain Death and Others
Perish in Fire-Filled Lofts.

STUDENTS RESCUE SOME
Help Them to Roof of New York
University Building, Keeping
the Panic-Stricken in Check.
ONE MAN TAKEN OUT ALIVE

Plunged to Bottom of Elevator
Shaft and Lived There Amid
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BUILDING CODES
REFLECTING CULTURAL PRIORITIES

early 1900s — late 1900s — early 2000s
EGRESS / LIFE SAFTEY ACCESSIBILITY ENERGY PERFORMANCE



ASHRAE Standard 90.1.:
Energy Standard for Buildings
1975 - today

ANSI/ASHRAE/IES Standard 90.1-2016
(Supersedes ANSI/ASHRAE/IES Standard 90.1-2013)
Includes ANSI/ASHRAE/IES addenda listed in Appendix H

Energy Standard
for Buildings
Except Low-Rise

Residential Buildings
(I-P Edition)

See Appendix H for approval dates by the ASHRAE Standards Committee, the ASHRAE Board of Directors, the IES Board
of Directors, and the American National Standards Institute

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
C has a program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. The change submittal form,
Instructions, and deadlines may be obtained in electronic form from the ASHRAE website (www.ashrae.org) or in paper
form from the Senior Manager of Standards. The latest edition of an ASHRAE Standard may be purchased from the
ASHRAE wabsite (www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305,
E-mail: orders@ashrae.org. Fax: 678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free |-800-527-4723 (for
orders in US and Canada). For reprint permission, go to www.ashrae.org/permissions.
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International Energy Conservation Code

1998 - today

IECC

A Member of the International Code Family

INTERNATIONAL
ENERGY CONSERVATION CODE’




Energy Code

adoption by state
(as of Dec. 2018)

Commercial Buildings

Image source: U.S. Department of Energy



ENERGY PERFORMANCE



ENERGY CONSUMPTION

BY SECTOR (U.S.)

INDUSTRY
24%

BUILDING
OPERATIONS
42%
TRANSPORTAT‘\
28%

BUILDING

CONSTRUCTION &

MATERIALS

6%

Data source: U.S. Energy Information Administration, 2012



ENERGY USE IN
U.S. COMMERCIAL orver
BUILDINGS :

OFFICE EQUIP.

COMPUTING
6%

SPACE HEATING
25%
WATER HEATING

3%
LIGHTING
0)
COOKING 10%
7%
V

ENTILATION

REFRIGERATION 10%

10% COOLING
9%

Data source: U.S. Energy Information Administration, 2012



ENERGY USE IN
U.S. COMMERCIAL

BUILDINGS
HEATING SPACE HEATING
+ 25%
COOLING
+

LIGHTING ‘
+ LIGHTING
10%
VENTILATION
VENTILATION

54% 10%

COOLING
9%

Data source: U.S. Energy Information Administration, 2012



ANNUAL GLOBAL
BUILDING SECTOR
CO, EMISSIONS

EMBODIED
CARBON
28%

BUILDING
OPERATIONS
12%

Data source: Architecture 2030



INTERNATIONAL ENERGY CONSERVATION CODE

 Updated every 3 years, 2000 - 2018
* Energy efficiency for Commercial and Residential building types

« Section C402: BUILDING ENVELOPE REQUIREMENTS



INTERNATIONAL ENERGY CONSERVATION CODE

Moist (A)

Zone 1 includes: Hawaii, Guam, Puerto Rico, and the Virgin Islands

Per CLIMATE ZONE, sets requirements for building envelope:
* minimum thermal performance of components

* maximum amount of glazing (window/wall ratio)



THERMAL PERFORMANCE OF COMPONENTS

Two categories of envelope components:

1. opaque walls/roofs

2. fenestration




THERMAL PERFORMANCE OF COMPONENTS

Two categories of envelope components:

1. opaqgue walls/roofs == minimum R-vales

2. fenestration mm) Maximum U-values and SHGC




WINDOW / WALL RATIO

The code restricts the amount of
fenestration as % of the total
envelope (walls and roofs)




example:
Minneapolis, Zone 6

Moist (A)

Warm-Humid Below
Wilmington  Fved Line

Py Jacksonville

<) Miami 1

All of Alaska in Zone 7 except for the following Boroughs in Zone 8: Bethel, Dellingham, Fairbanks, N. Star, Nome North Slope, Arctic, Fai Wade Hamp and
Yukon-Koyukuk

Zone 1 includes: Hawaii, Guam, Puerto Rico, and the Virgin Islands



Minimum R-values for opague components
ABOVE-GRADE MASS WALLS

R-13 R-13 R-13 R-13
R-10
R-5 R-5 I

YEAR: 2000 2003 2006 2009 2012 2015 2018

2.6 X higher



Minimum R-values for opague components
ABOVE-GRADE METAL-FRAMED WALLS

R13 R13 R13 R13
R13

R+13 R13 R75CI R750| R75C| R750|

T

YEAR: 2000 2003 2006 2009 2012 2015 2018

continuous insulation
2.5 x higher



Minimum R-values for opague components
ABOVE-GRADE METAL-FRAMED WALLS

cavity insulation (R-13)
continuous insulation (R-7.5)




Maximum U-factors & SHGC for fenestration
VERTICAL GLAZING (FIXED)

U 0.40 U 0.40 U 0.45 U 0.45 U 0.36 U 0.36 U 0.36
SHGC 0.50 SHGC 0.50 SHGC0.40 SHGCO0.40 SHGCO0.40 SHGCO0.40 SHGCO0.40
(0.53 north)  (0.53 north)

YEAR: 2000 2003 2006 2009 2012 2015 2018

U-factor 10% reduction
SHGC 20% reduction



Maximum area (as % of total wall area)

VERTICAL FENESTRATION

YEAR:

50%

2000

50%

2003

40%

2006

40%

2009

* Allowable increase to 40%
under certain conditions

30%* 30%* 30%*

2012 2015 2018

20% reduction



THERMAL PERFORMANCE COMPARISON

OPAQUE MASS WALL: R-13 (min.)

FENESTRATION: U-0.36 (max.)




THERMAL PERFORMANCE COMPARISON

OPAQUE MASS WALL: R-13 (min.)

J-factor equivalent = U-0.08 (max.)

FENESTRATION: U-0.36 (max.)




IMPACTS OF ENERGY CODE ADOPTION IN U.S.



IMPACTS OF ENERGY CODE ADOPTION IN U.S.

Between 2010 and 2016:
* Energy cost savings: $5 billion

* CO, reduction: 30 million metric tons

(equivalent to emissions from 6.3 million
passenger vehicles driven for one year)

Data source: Pacific Northwest National Laboratory, “Impacts of Model Building Energy Codes,” October 2016.



IMPACTS OF ENERGY CODE ADOPTION IN U.S.

Between 2010 and 2040 (projected):
* Energy cost savings: $126 billion

* CO, reduction: 840 million metric tons

(equivalent to emissions from 177 million
passenger vehicles driven for one year)

Data source: Pacific Northwest National Laboratory, “Impacts of Model Building Energy Codes,” October 2016.



ENERGY CODE = « window / wall ratios
e minimum levels of
thermal performance



ENERGY CODE =

DESIGN =)

window / wall ratios
minimum levels of
thermal performance

building massing / orientation
passive-solar principles
Innovation in new materials
Innovation In new assemblies
advanced simulation software



ENERGY CODE COMPLIANCE

PRESCRIPTIVE TRADE-OFF » PERFORMANCE
APPROACH APPROACH APPROACH



ENERGY-ANALYSIS SOFTWARE

Formerly a “final check” ... now integrated into design process from beginning.

Energy Use Intensity Ofice ~~ in  Miami, FL,USA  ~
kBTUFtyr

= Properties

Total Floor Area 21 ,371 fe

/ ?f:
COOLING
DOMINATED
Energy Segments ‘ 48 : )

kBTUlyr KBTU/ftlyr

Gains & Losses Guidance

@  Lighting: 140651 ——
¥ Equipment: 351627 e
~
2o 140353 Glazing Conduction
South Solar
5 . [ Infiltration
Dayl Ig htl n g Percentage of occupied hours where illuminance is at least 28 footcandles, measured at 2.79 feet above the floor plate.
% of floor area (annual) NorthSolar m 0% W 25% B 50% m 75%
0 Wall Conduction
2y . Roof Conduction
® Well Lit: o7 :
Floor Conduction
zr  QOverlit: 43 East Solar Annual Daylighting Visualization

West Solar
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Christian Science Building, Champaign, lllinois

Paul Rudolph, Architect

Photo sources: Chicago History Museum (left), Myra Kaha (right)

built 1965, demolished 1986



Christian Science Building, Champaign, lllinois
Paul Rudolph, Architect
built 1965, demolished 1986 Photo source: Chicago History Museum
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Christian Science Building
Champaign, lllinois, 1965

) Photo source: Chicago History Museum.
g ———— . Drawing from Paul Rudolph Archive, Library of Congress.
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Christian Science Building
Champaign’ IIIinois, 1965 Drawing from Paul Rudolph Archive, Library of Congress.
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Construction Drawing Sets at the Paul Rudolph Archive, Library of Congress.




Construction Drawing Sets at the Paul Rudolph Archive, Library of Congress.
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CMU block types from initial drawing set by Paul Rudolph Architect;
Drawings from Paul Rudolph Archive, Library of Congress.
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THERMAL ANALYSIS

Thermal analysis demonstrates temperature gradients based on 70° F interior and 0° F exterior
conditions in winter for the original design of cavity wall with custom fluted CMU and insulation (left)
vs. revised design of monolithic cast-in-place reinforced concrete (right).
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Christian Science Building, Champaign, lllinois

Paul Rudolph, Architect

Photo sources: Chicago History Museum (left), Myra Kaha (right)

built 1965, demolished 1986
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" HOW MUCH DOES YOUR BUILDING WEIGH ? ~

- R. Buckminster Fuller



oEUl AlA 2030 Signatory

www.coulson.co

Carly Coulson, AlA, LEED AP, CPHD






CONSERVATION-FIRST




CONSERVATION-FIRST

reduce exterior surface area
winter passive solar
summer shading
super-insulation
air tight enclosure

heat recovery ventilation




CONSERVATION-FIRST

reduce exterior surface area 80 = 100 %

winter passive solar heating
summer shading cooling
super-insulation reduction
air tight enclosure

heat recovery ventilation




CONSERVATION-FIRST

baseline EUI

reduce exterior surface area 80 - 100 % 70 - 80 %

winter passive solar heating primary

summer shading cooling energy
super-insulation reduction reduction
air tight enclosure

heat recovery ventilation before any renewables




CONSERVATION-FIRST

baseline EUI

reduce exterior surface area 80 - 100 % 70 - 80 %

winter passive solar heating primary

summer shading cooling energy
super-insulation reduction reduction
air tight enclosure

heat recovery ventilation before any renewables







PEUI
No PV

MH HOUSE
Duluth, MN

2430 sf

2000 watt peak
neat load
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Refore
P\/

DISAPPEAR
RETREAT
Grand Marais, MN

83 sf

100 watt peak
neat load






O

O
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Refore
PV

BAGLEY
CLASSROOM
Duluth, MN

1550 sf

3000 watt peak
neat loao






pEUI
No PV

PAYS D’EN HAUT
RENOVATION
Duluth, MN

2500 sf

4300 watt peak
neat loao






pEUI
No PV

WATER
RESIDENCES
Duluth, MN

2130 s home

1400 watt peak
neat loao






active solar
photovoltaic
panel

O

O

winter passive solar

PEUI
/>harbor views

With PV

—

LSC
STUDENT
HOUSING

Duluth, MN

320 units

98000 sf

| 90 watts peak
harbor views
for all rooms neat ‘Qad/rm












'DEFINING THE ROLE
OF THE FACADE

FACADE-TFECTONICS; MINNEAPOLIS 2019

i at e I ie r t e n o Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com




PUTTING THE

FACADE IN CONTEXT

THE IMPACT OF FACADE
PERFORMANCE ON OVERALL

ENERGY CONSUMPTION VARIES

BY BUILDING TYPE.

WINDOW
SOLAR 6%

LIGHT GAINS 4%

EQUIP GAINS 5%

OCCUP GAINS 3%
LIGHTS

OA COOLING 2%
18%

COOLING

WINDOW
CONDUCTION 8%

EQUIP

DHW HEATING

PUMPS + FANS

WALL
CONDUCTION 15%

OA HEATING 1%

ROOF

CONDUCTION 3% INFILTRATION 12%

MID-SIZE, EXTERNALLY LOAD
DOMINATED BUILDING

WINDOW
SOLAR 2%

LIGHT GAINS 2%

EQUIP GAINS 7% WINDOW
occup GaNs 1%~ CONDUCTION 3%
WALL

CONDUCTION 1%

LIGHTS

0,
= OA HEATING 4%

COOLING
HEATING

PUMPS + FANS

EQUIP

LARGE, INTERNALLY LOAD
DOMINATED BUILDING

o ate I ie r t e n o Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



WHAT ROLES CAN
THE FACADE PLAY?

40004200 hix —

| daylight zone —_
Wmlﬂg
IS @s transition

COLD DISCOMFORT

THERMAL COMFORT VISUAL COMFORT OCCUPANT WELL-BEING: RESPONSE TO CONTEXT
DAYLIGHT + VIEWS

o ate I ie r t e n o Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



COLUMBIA noise & context daylight & heat loss
MANHATTANVILLE
JEROME L. GREENE
SCIENCE CENTER

ARCHITECT: RENZO PIANO BUILDING WORKSHOP
MEP ENGINEER: JAROS, BAUM, & BOLLES
FACADE: IBA, ENCLOS

SUSTAINABILITY: ATELIER TEN

PROJECT TYPE: HIGHER EDUCATION / LAB
SIZE: 450,000 SF

solar gains

o ate I ie r t e n o Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



ENERGY OPTIMIZATION

COLUMBIA MANHATTANVILLE JEROME L. GREENE

- MECHANICAL VENTILATION EXHAUST

FEEDS INTO A DOUBLE-SKIN FACADE TO s — el (] [
CONDITION THE SURFACE AND SHED e _ S i i
EXCESS HEAT THROUGH AIRFLOW Neessoon NELL | :
. SOLAR GAINS ARE MINIMIZED THROUGH Gt IR " |
SHADES IN THE DOUBLE SKIN FACADE M [t s te | (i o
IPPRY: o is '_:”_‘_‘_f’fmj__”"””
\ 15 ") Indirect Dimmable ighOng _: t
™, ! é. - i
A ; Hl:nnm 5 el 3rd Level
_ e ¥ e Lab Floor
- ., E [ _' ”‘_‘} Radiant heating :
| g | = woehBBh ISR = =
= " e llb = - s =
} ﬂ: ,I: 1 T sleid
ﬁ?:mma j | | i
4 2nd Floor
. ! ' ~ Mechanical
P4 Level

SECTIONS: RENZO PIANO BUILIDNG WORKSHOP

o ate I ie r. t e n o Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



HUMAN WELL-BEING

COLUMBIA MANHATTANVILLE JEROME L. GREENE

'Illlllﬂlllllsa y
b (TN 4

DAYLIT SPACE PROGRAM PROGRAM DOES
BENEFITS FROM NOT REQUIRE
DAYLIGHT, BUT DAYLIGHT
SPACE WILL NOT
BE DAYLIT

NOISE REDUCTION DAYLIGHT VIEWS

"_hat—e I ie r t e n T Environmental Design Consultants + Lighting Designers

45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



PRINCETON UNIVERSITY
RESIDENTIAL COLLEGES

B S ERTers 0L ORIENTATION
SUSTAINABILITY: ATELIER TEN 02 W| N DOW_TO_WALL RAT|O North Facing Room
g:?\’ZOEJ:ES%I'OTgOPg:SRFESIDENTIAL/ ACADEMIC 03 DAYLlGHT
04 SHADING/CUTOFF ANGLE
05 AI RFLOW South Facing Room 40 % WWR

19 ° off due
* south

i PH"‘;

wr "rf"-.--'-"_

J i; :'
A JiRaE Ii
g ll"' o %
SRR A TR v, ke
RENDERING: DEBORAH BERKE PARTNERS

i at e I ie r t e n T Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



ORIENTATION /
CUT-OFF ANGLE

PRINCETON UNIVERSITY RESIDENTIAL COLLEGES

CUT-OFF ANGLES EXPLAINED:

6’-0” WINDOW
HEAD HEIGHT

~a

1
E 1
1
e
ot
__I
=1
<4
G
1 ] 4 y K|
1
1
1
1
1
1
1
1
1
1
']
1
1
]
1
1
1
1
1
'
']
1
1
1
1
\\\
A
N
)

CUT-OFF ANGLE

BASELINE

NORTH FACADE - O°
775,163 KWH

NORTH FACADE - 19°
867,140 KWH

NORTH FACADE - 39°
1,053,600 KWH

O°FACADE

71.6 DEGREE
CUTOFF NEEDED

__~36% SOLAR RADIATION

" REDUCTION FROM BASELINE
WITH 2’-0” SHADE

19°FACADE

67.4 DEGREE
CUTOFF NEEDED

39°FACADE

61.6 DEGREE
CUTOFF NEEDED

" 37% SOLAR RADIATION
REDUCTION FROM BASELINE
WITH 2-6” SHADE

P> 36% SOLAR RADIATION
REDUCTION FROM BASELINE

WITH 3’-3” SHADE

Environmental Design Consultants + Lighting Designers

“atelier ten

45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



EXPLORING
SHADING OPTIONS

PRINCETON UNIVERSITY RESIDENTIAL COLLEGES

LY

51 R L

e\

A
\

ls

W

Y u_ﬂ“\ :

i
T
T
.

BASELINE 2-1/2” LOUVERS 1’ BOX EXTRUSION EXTENDED 2’-3”
(3” GLAZING SETBACK) SPACED EVERY 6” (VERTICAL AND HORIZONTAL) HORIZONTAL

EXAMPLES OF 67 DEGREE CUTOFF ANGLE - all scenarios result in the same level of solar radiation

i ate I ie r. t e n o Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



DAYLIGHT +
WINDOW-TO-WALL
RATIO

PRINCETON UNIVERSITY RESIDENTIAL COLLEGES

DAYLIGHT AUTONOMY (DA):

% OF THE FLOORPLATE THAT
IS SUFFICIENTLY DAYLIGHT
THROUGHOUT THE YEAR
(ABOVE 300 LUX).

Annual Daylight

w
o
!
|
[
|
!
[

I

N
o

100
Autonomy

- 90 (% > 300 lux)
3 g 100%-1—
3
mn 70
g
o 60 75%
Ke)
o 50
g
E /
2 40 50%
(@)
_o | B
=
b
(@)
X

=
o

o

) ﬁ
25WWR 30WWR 35WWR 40WWR 45WWR 50WWR 0

NORTH SOUTH

i ate I ie r. t e n o Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com



Al R F LOW / Recommended Window Open Area (sasep oN AIRFLOW SENSITIVITY ANALYSIS)
N AT U RA L 6-9 FT2 (6-9% OF FACADE)
VENTILATION

PRINCETON UNIVERSITY RESIDENTIAL COLLEGES

STUDY OF NATURAL VENTILATION Al ‘6 FT
FEASIBILITY FOR VARIOUS DOUBLE-HUNG WINDOW AWNING WINDOW . HORIZONTAL PIVOT WIND;W

+ SINGLE-HUNG
Wl N DOW TYPES B =9 FT20pen area [ =9 FT2open area [ =9 FT2 0open area

15-22 FT? (15-22% OF FACADE)
55% 20
25
35 TO-WALL
20  RATIO
45
50

CASEMENT WINDOWS SLIDING WINDOWS

- B =22 FT2 open area (or more) I =16 FT2 open area
0

21-32 FT2 (21-32% OF FACADE)

30%

0.3 M3/S
| OPTIMAL AIRFLOW RATE BASED ON
I THE POINT OF DIMINISHING COMFORT

BENEFIT

ANNUAL PASSIVE COMFORT (%)

25%
I = 16 FT2 open area

20%

NG Y PRy S S ——— T, W

0 0.1 0. 0.3 0.4 0.5

DESIGN AIRFLOW VOLUME (M3/s)

i at e I ie r t e n T Environmental Design Consultants + Lighting Designers
45 East 20th Street, 4th Floor New York, NY 10003 T +1 (212) 254 4500 atelierten.com
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