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November 4, 2020 (Updated from 2 April 2020) 

Typical Low-Voltage switchgear built to IEEE C37.20.1 includes provisions for up to four circuit breakers 
in a single vertical section.  These breakers can be the same or vary in ratings as long as their frame size  
fits in the vertical section.  Individually, each circuit breaker is rated to carry 100% of its rated continuous 
current.  It is tested for normal operating conditions.  Included as part of the normal conditions is a 
temperature limit of 40°C for the surrounding ambient cooling air. 
 
It possible to have four circuit breakers, each fully rated at 2000A, in a single vertical section.  This would 
imply that if an 8000A bus design was available, each breaker could be loaded at 2000A.  This is not a 
likely situation even with an 8000A main bus as each circuit breaker produces heat that potentially 
affects the performance of the other circuit breakers and their total temperature.  The lowest mounted 
breaker is drawing in fresh, cool air and should perform as it did in its continuous current test, except 
there is heat being generated above it that can slow the air flow.  Each successive breaker as you move 
up the section is subjected to rising heat from the breaker below and restricted heat transfer from the 
breaker above.  So while it is absolutely possible to put those four circuit breakers in a single vertical 
section, it may not be possible to run them all at full load simultaneously without exceeding their allowed 
total temperature.   
 
To address this potential problem, the IEEE standard provides information on cumulative loading.  Each 
individual circuit breaker has thermal limits defined in the Ratings section and proven by the Testing 
section.  The application of the circuit breakers requires some logical review when more than one 
breaker is installed in the same vertical section. Cumulative loading helps ensure that each breaker 
operates within the total temperature rise limit regardless of the amount of heat it is exposed to from the 
other circuit breakers in the same vertical section. 
 
A hierarchy of loading is established to prevent overheating.   
 

 
 

Figure 1 
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It is a common belief that you can run all the circuit breakers at full rating as long as that load doesn’t 
exceed the main bus rating.  This is not always true.  While the main bus rating is a hard limit for the load 
current, the hierarchy shown above is independent of the bus rating and still applies.  In other words, in 
the example where four 2000A breakers are on an 8000A main bus, the bottom breaker should be run at 
1800A, the breaker next to the bottom at 1500A, the breaker next to the top at 1200A, and the top 
breaker at 1000A.  This is a total load of 5500A; well under the main bus rating. 
 
If the main bus in this example were only rated at 4000A, then that would set the limit for the total load.  
The relationship of 90/75/60/50 between the four locations would remain the same and the total 
combined current could not exceed 4000A.  This means you can run any combination of currents so long 
as both the location percentage of rating and the total combined load are not exceeded.  For example, a 
load of 1800A in the lower position and 1000A in the top position with the remaining 1200A divided 
between the two middle breakers in any combination from evenly divided to one at 1200A and the other 
breaker open is a valid loading arrangement.  Opening two of the circuit breakers and running the other 
two using the guidelines for a two breaker per section arrangement (90% and 75%) may not work. 
 
A common question involves the addition of a low current feeder breaker into a vertical section where the 
existing breaker is rated less than the main bus and the combined total current rating of the two breakers 
is equal to or less than the main bus rating.  For this example let’s say there is a vertical section 
containing a 3200A breaker and the main bus is rated 4000A.  Can a  400A feeder breaker be added into 
one of the empty spaces in the vertical section?  With both breakers running at full current, the current 
load is still less than the 4000A main bus, however, the heat produced by the 400A breaker may change 
the internal air temperature around the 3200A breaker.  With an increased internal air temperature, the 
3200A breaker may no longer meet the required thermal limits at full load.  Therefore we must invoke the 
cumulative loading guidelines.  Ideally, the 3200A breaker would remain at the lowest position and be  
applied at 90% of its rating and the 400A breaker is applied at 75% of its rating.   
 
The exception to these guidelines is a continuous current test that proves different performance 
capabilities.  Typical design testing uses a single circuit breaker in the vertical section, meaning that the 
100% rating performance is only proven in a single breaker configuration.  Stacking breakers may alter 
the air flow.  When test data exists that shows a different performance capability for applications where 
more than one circuit breaker is in the vertical section, that data takes precedence; otherwise the loading 
shown in Figure 1 is the application rule.   
 
The reader is encouraged to study the application section of C37.20.1 for a better understanding of 
cumulative loading and other applications of LV circuit breakers and switchgear. 
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