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Report co-author and publisher
Website design

Outreach event planning

Project funding
Technical review/assistance

Experimental design
Data collection and analysis

Report co-author

Project Objective: 
• Develop and test methods for estimating the savings potential for sealing 

shaft openings in multifamily buildings using tools common to energy 
auditors. 

• Discuss the benefits of closing the vents to a wide audience of building 
professionals and provide tools for retrofit implementation. 

Project Team:
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This session will describe:
1. Why there are holes on our roofs
2. Physics Class: full of hot air (the buildings, that is)
3. What worked, what didn’t: Test Setups and Data 

Collection
4. Determining key parameters
5. Making a Retrofit Assistance Tool
6. Outreach to Effect Change
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2014 Construction Codes
Section 3004.5- Control of smoke and hot gases

Why there are holes on our roofs
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Why there aren’t holes on your roofs
2015 IECC:
• C403.2.4.3 Shutoff dampers. Outdoor air intake and exhaust openings and stairway and shaft 

vents shall be provided with Class I motorized dampers. The dampers shall have an air leakage 
rate not greater than 4 cfm/ft2 (20.3 L/s · m2) of damper surface area at 1.0 inch water gauge 
(249 Pa) and shall be labeled by an approved agency when tested in accordance with AMCA 
500D for such purpose.

• Outdoor air intake and exhaust dampers shall be installed with automatic controls configured to 
close when the systems or spaces served are not in use or during unoccupied period warm-up 
and setback operation, unless the systems served require outdoor or exhaust air in accordance 
with the International Mechanical Code or the dampers are opened to provide intentional 
economizer cooling.

• Stairway and shaft vent dampers shall be installed with automatic controls configured to 
open upon the activation of any fire alarm initiating device of the building’s fire alarm 
system or the interruption of power to the damper.
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NYC buildings are full of hot air, and it’s cold outside
Building Physics

Equation for Stack Effect1:     ∆𝑝𝑇= 𝑔 ∗ 𝜌𝑜 ∗ 𝐻 ∗
𝑇𝑜−𝑇𝑖

𝑇𝑖+459.67

Where:
∆𝑝𝑇 = pressure difference in inches of water
g = gravitational acceleration in ft/s2

𝜌𝑜= density of air in lbm/ft3
H = stack height in feet
T0 = outdoor temperature in °F
Ti = indoor temperature in °F

Simplifying:

∆𝒑𝑻= 𝟑. 𝟖𝟎𝟑 ∗ 𝑯 ∗
𝑻𝒐 − 𝑻𝒊

𝑻𝒊 + 𝟒𝟓𝟗. 𝟔𝟕

1ASHRAE    F.16 (2009), Equation 30
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NYC buildings are full of hot air, and it’s cold outside
Building Physics

Simplifying:

∆𝒑𝑻= 𝟑. 𝟖𝟎𝟑 ∗ 𝑯 ∗
𝑻𝒐 − 𝑻𝒊

𝑻𝒊 + 𝟒𝟓𝟗. 𝟔𝟕

Shaft vents are located here

Equation for Stack Effect1:     ∆𝑝𝑇= 𝑔 ∗ 𝜌𝑜 ∗ 𝐻 ∗
𝑇𝑜−𝑇𝑖

𝑇𝑖+459.67

Where:
∆𝑝𝑇 = pressure difference in inches of water
g = gravitational acceleration in ft/s2

𝜌𝑜= density of air in lbm/ft3
H = stack height in feet
T0 = outdoor temperature in °F
Ti = indoor temperature in °F
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Building Physics

∆𝒑𝑻= 𝟑. 𝟖𝟎𝟑 ∗ 𝑯 ∗
𝑻𝒐 − 𝑻𝒊

𝑻𝒊 + 𝟒𝟓𝟗. 𝟔𝟕
Q = airflow in cubic feet per minute (CFM)
Δp = pressure difference across the opening in inches of water
CD = coefficient of discharge through an orifice, taken as 0.65 for 
unidirectional flow
A = free area of the opening in square feet
ρ = density of air in lbm/ft3

Airflow equation2: 𝑸 = 𝟕𝟕𝟔 ∗ 𝑪𝑫 ∗ 𝑨 ∗
𝟐∆𝒑

𝝆

2ASHRAE    F.16 (2009), Equation 36
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Quantifying the Energy Impact

Does airflow modeling get us reliable data?
• Contam: Multizone indoor air quality and ventilation computer analysis 

program
• But…multifamily buildings change so quickly and unpredictably that we would 

need to make many assumptions
• How many open windows? AC units?
• How about tomorrow?
• Stairwell door openings/day?
• Elevator activity?
• Ventilation rates per room?
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The Empirical Strikes Back
Pressure is simple to measure and can be logged over various weather 
and building conditions

• Measure vent area, take airflow spot measurement
• Differential pressure sensors logging pressure across the vent
• 1-4 weeks pressure monitoring

Sample Population Units
Sample Population (per 

building)

Average shaft temperature °F 71

Median Building Height feet 225

Average VPF = Actual/Total Stack at Vent Ratio 0.28

Average stack effect pressure IWC 0.072

Elevator vent free area per building in2 466

Stairwell vent net free area per building in2 195

Elevator vent airflow CFM 2295

Stairwell vent airflow CFM 720
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Data Analysis

Measured data was closer to theoretical during colder 
weather
This is likely due to occupants starting to open windows

Pressure averaged daily and did not introduce 
unreasonable error over hourly pressures

Daily Energy Flow3: 𝑞𝑠
𝐵𝑇𝑈

𝑑𝑎𝑦
= 60 ∗ 24 ∗ 𝑄 ∗ 𝜌 ∗ 𝑐𝑝 ∗ ∆𝑇

𝑞𝑠,𝑠𝑒𝑎𝑠𝑜𝑛 = 𝑞𝑠,𝑡𝑒𝑠𝑡 ∗
𝐻𝐷𝐷𝑠𝑒𝑎𝑠𝑜𝑛
𝐻𝐷𝐷𝑡𝑒𝑠𝑡

3ASHRAE    F.16 (2009), Equation 33



© 2017 Steven Winter Associates, Inc. All rights reserved

Correlation analysis on building characteristics
1. Height: 0.91
2. Vent Free Area: 0.69
3. Exposure: 0.83
4. Envelope type: 0.29

Results
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Correlation analysis on building characteristics
1. Height: 0.91
2. Vent Free Area: 0.69
3. Exposure (ASHRAE terrain type): 0.83
4. Envelope type: 0.29

For elevator vents, the following calculation can be used as a tool:

Stairwell vents use the same equation but multiplied by 80%, as 
measurements indicated lower pressure buildup in stairwell shafts

Results

𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠
𝑀𝑀𝐵𝑇𝑈

𝑦𝑒𝑎𝑟
= 𝐻 ∗ 𝐴 ∗ 𝐸𝑆𝑉𝐸𝑁𝑇

ESVENT
MMBTU/

(SqFt Vent F.A.*  # Floors)

Terrain Classification (ASHRAE)

1-City 
Center

2-Urban 3-Suburban

Wall Construction Typical 1.7 3.7 4.8
Tight (Curtain wall) 2.5 5.4a 6.9a
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Guidance for Retrofits

1. Locate the vent and identify the vent 
type.

• Vent located in the elevator MER?
• Vent located in the side wall of the shaft?
• Mechanically vented?  Ducted?

2. Determine the appropriate retrofit.
• Close 2/3 of the vent opening with glass
• Close the entire opening with a smoke-activated 

damper
• Close stairwell vents down to 1 SF opening (up 

for debate)

3. Execute the retrofit.
• Use in-house staff?  Cost effective option for 

glass retrofit.
• Hire a contractor? Best option for bigger 

buildings or where elevator shaft airflow 
concerns are greatest.
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New Construction

Energy Codes

Existing Buildings

???
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Citywide Potential Savings

Factors

Building Height

Envelope Construction

Exposure

Size of Vent Opening

PLUTO Database Fields

Number of Floors

Year Built (before or after 2000)

Borough

?
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$11,000,000/year
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New York Times Coverage
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Public Event: Panel Discussion
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How-to Guide for Auditors
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Interactive Calculator
http://urbangreencouncil.org/spending

http://urbangreencouncil.org/spending
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Thank you!
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NYC Code
MA Stretch Energy Code: 
502.4.5 Outdoor Air Intakes and Exhaust Openings. Stair and elevator shaft 
vents and other outdoor air intakes and exhaust openings integral to the 
building envelope shall be equipped with not less than a Class I motorized, 
leakage-rated damper with a maximum leakage rate of 4 cfm per square foot 
(6.8 L/s · C m2) at 1.0 inch water gauge (w.g.) (1250 Pa) when tested in 
accordance with AMCA 500D. These air tight, operable dampers shall be 
installed when the air barrier is penetrated by:
1.   Fixed open louvers such as in elevator shafts and machine rooms.
2. Mechanical system components which allow infiltration or exfiltration of air 
when the systems are inactive, such as atrium smoke exhaust systems, elevator 
shaft smoke relief openings, and other similar elements. Such dampers shall be 
set in the closed position and automatically open upon:
1.   the activation of any fire alarm initiating device of the building's fire alarm 
system;
2.   the interruption of power to the damper.
Exceptions: Gravity (nonmotorized) dampers are permitted to be used in 
buildings less than three stories in height above grade plane.


