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All young Engineers and Architects who are going to be 
involved with the design of tall buildings need to thoroughly 

understand the concept of Stack Effect. By thorough I mean not 
just ASHRAE formulas but solid concepts on what this 

phenomenon is doing to the building and how it can work against 
your design intent and the proper operation of the building.  

(Note: This post is not for experienced Engineers, but rather for 

beginners in the HVAC design field. However, comments of 

experienced Engineers are most welcome.) 

To begin with, when we design a tall building (and I am not 
defining “tall” on purpose) the stack effect is encountered in 

many different and unrelated aspects of the total building design. 
Here are just a few of the many situations:  

 The main lobby doors in very cold regions can suck in 

outside air and drop the lobby temperature to dangerously 
low levels. (Freeze sprinkler pipes etc.) This can take a 

new designer by surprise because he thinks his design of 

building OSA/exhaust ratio should have kept the lobby 
positive and air should be going out not coming in.  

 It might become difficult to operate exit doors due to 
excessive differential pressure between inside and 
outside. 

 Elevator shafts that have vents can be a real problem in 
tall buildings. The elevators doors can stick and 

malfunction. 

 Then there is this whole business of smoke management 
for tall buildings. You should not even go near the smoke 

management design if you have not mastered the “stack 
effect”.  

The mathematics of Stack Effect can get pretty complicated, and 
computer modeling is frequently used; but in this post I will just 



try to explain the Stack “mechanism”.  Anyone interested in 

details should look up the ASHRAE Handbook. 

The first question that comes up in a new designer’s m ind is: 
“Well how significant can it be?” And the answer is: “Very 

significant!” Let us try to get a feel for the magnitude of an 
UNCHECKED stack effect and it will be very obvious why a tall 

building cannot be designed without studying the stack effect 
very carefully. 

If there are two adjacent columns of air, having different 
temperatures, both open at the top and connected at the bottom, 

then you will set up a flow from the colder denser column to the 
warmer lighter column. That in a nutshell is the Stack  Effect. 

To drive the concepts home with an extreme example, let us see 

what will happen if a high-rise in a very cold climate was not 
sealed to protect against the stack effect.  

See Figure 1. 

 

 (IMPORTANT NOTE: Figure 

1 does not represent what 

actual ly happens in a tal l  

high-rise.  In a real 

bui lding there is leakage 

on every level  and ai r  is  

coming in on the lower 

levels and leaving on the 

upper levels.  In the 

middle is an elevation 

known as the Neutral  

Plane.  See the Chapter on 

Venti lat ion and Infi l trat ion 

in ASHRAE Handbook for 

detai ls.  I  am just  trying to 

explain why the stack sets 

up and how signif icant i t  

can be i f only open at  top 

and bottom l ike a boi ler 

chimney.) 

  



There are 2 columns, A and B. Both are exactly 1 square  foot in 

cross-sectional area. Both are exactly 1,000 feet high. (Pretty 
ordinary height for a Chicago skyscraper, maybe 70 stories or 

so.) 

Column A is kept at a temperature of 75°F and column B (cold 
Chicago winter morning) at 0°F. 

Both the columns have a connection at the bottom, which I have 
called the “Boundary Plate” in the sketch. Imagine that it can be 

pulled out, and the 2 columns can be connected.  

What I want to know is: what is the force or pressure on this 
boundary plate applied by the cold air outside trying to force its 

way into the warmer 75°F degree air if the plate were removed? 
And that is of course the stack effect.  

Luckily the answer doesn’t need any complicated formulas, just 
some simple arithmetic. 

At 75°F the weight density of air is 0.0742lb f/ft3  

A 1000ft high stack of this 75°F air with a 1ft2 base will weigh: 

(0.0742 X 1000 = 74.2 LBF/FT2).  

And since we have chosen the base to be exactly 1 ft2, this is also 

the pressure at the base. Also, since fluids exert pressure equally 
in all directions, this is also the pressure on the boundary plate.  

At 0°F the weight density of air is 0.0864 lb f/ft3.  

As above, the pressure at the base of the 0°F column is 

(0.0864 X 1000 = 86.4 LBF/FT2). 

So the net pressure on the boundary plate from the cold side  is  

(86.4 – 74.2) OR 12.2 PSF. 

That is the stack effect. And its magnitude is such that it cannot 
be ignored. 

In well-designed high-rise structures the stack effect is never 

allowed unchecked. All the floor penetrations are sealed and 



direct air paths from ground to roof blocked. But still, imagine a 

lobby door wide open and along comes an elevator (with roof 
vents in its shaft) and the elevator doors open. The cold air has a 

path in, and the warm air will be pushed through the elevator 
shaft to the top of the building and out.  

Some Random Observations about Figure 1:  

  Some people may ask, what happened to the atmospheric 
pressure above the columns, why is that not considered? 

Well, it cancels out when taking a difference of the two 
sides. 

  The enclosure B which is shown dotted is really not 
necessary. Just plain out-doors will give the same values.  

  The densities I used were for DRY air. For air at 0°F it 

doesn’t make much difference. For air at 75°F the density of 
say 50% RH air will be less (lighter) which will increase the 

stack effect. But the point here is just to show what is going 
on and not accurate calculations.  

  Of course the reverse stack effect is also possible. This is 
demonstrated when you are standing outside the lobby of a 
Las Vegas Casino on a 110°F day and the doors open. Nice 

cool air comes out. Usually the magnitude of this reverse 
effect is not as bothersome (except for extreme climates like 

Vegas) due to the lower value of temperature differential.  

  Again, talking about the magnitude, unchecked (and 

top/bottom opening only) this 12.2 PSF equates to 2.35” WC.  
(In a real building it wil l not be this high due to infi l tration on 

the lower floors and exfiltration on the upper floors.)   But still, 
considering that we design lobbies to somewhere around 

0.05 to 0.1 inches of positive pressure, you can foresee how 
hard it will be to keep the cold air out.   Another way to get a 

feel for the magnitude of stack effect is that 12.2 PSF 
equates to about 67 MPH wind on a flat vertical surface!  You 

can imagine trying to open/close a door against this 

pressure. 

  As mentioned above a peculiarity of the stack effect in a real 

world building is that there is always a NEUTRAL plane where 

the air will neither go in nor come out. It is just simple logic 
that if air keeps coming in as you drill holes going up, and 



keeps going out as you drill holes from top down, then at 

some point it will neither infiltrate nor ex-filtrate. 

  Because the density will drop a little due to altitude, so air 
may be a couple of percentage points lighter at 1000 feet 

than at the base. To compensate for that, in accurate work, 
you can take the density at mid-height, 500 feet, and then 

use that value in the above formula. Remember all we are 
trying to do is to find the pressures at the base of the two 

columns. 

  This is why revolving doors are so necessary in extreme 

climates.  Because of their rotating seal design they are 
always better than the double door vestibules.  Ω 

  

  

  

 


