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including loss of life. This paper is the result of more than three decades of forensic investi-
gations of dozens of catastrophic roof collapses, and addresses recent changes in the codes
that have profound life-safety implications. The paper includes an in-depth discussion of 

-
ing roofs. Patterson coauthored , Drainage 
Design, and Wind Pressures on Low-Slope Roofs, as well as many other

 is a professor of architecture at the University of 

architects and students of architecture and construction engineering 
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-
strophic collapses of roofs in the United 

prolonged legal proceedings that involve the 

and monetary losses from property damage, 
-

es to employees, and legal costs.
all drainage-related roof collapses occur in 

-

the edges of the roof into external gutters 

collapses and, hence, are not reviewed in 
this paper. This paper addresses collapses 
occurring in parapeted low-slope roofs with 
internal roof drains and/or scuppers. 

-
sist of long-span, lightweight steel framing 

prone to collapses when the load from rain-
water accumulation on them exceeds the 

-
lapse is shown in Figure 1

from the accumulation of water.
There are several reasons for the col-

sections, are as follows:
-

and/or slope.

increasing the spacing and spans of 

-
ing. The reduction in steel lowers 

the strength and stiffness of 
components and increases the 
likelihood of a collapse. 

though theoretically simple, is 

it involves the input of three 
-

ect architect, the structural 

engineer (Figure 2
in disparate disciplines, few 
of these professionals have a 
comprehensive understand-
ing of drainage design and its 

structure. Therefore, although 
the respective roles of each in 
the design process are articu-
lated in practice regimes, put-
ting the entire design togeth-

assumes that if they design their 

general lack of communication and/
or coordination among the three 

community and deterioration of the 

conditions.

-
ments, often arrived at through con-
sensus of only those stakeholders 
who are present in code develop-
ment meetings. The provisions may 

important design considerations, 
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design of drainage systems of low-slope 



guidance from standards and other 
-

rates through roof drains as a func-
tion of hydraulic head. The informa-

drainage capacity of roof drains of 
various sizes with no reference to the 
hydraulic head (Figure 3), erroneous-
ly implying that the hydraulic head 
is not a consideration in the drainage 
design process. 

scuppers, as there is no information 

titled Roof Drainage4 is one of the 
-

hensively with scuppers. 

-

was not addressed in them until the 
-

of their roofs collapsing. 

a gradual weakening in sever-
-

-

-
ing”) takes place, it must conform 
to the provisions of various codes 

Because roof drainage is intimately 
related to the roof system (function-
ing as the carrier for rainwater), a 

-
ger a scrutiny of the existing drain-

codes. 
   This, however, is not the case 

time since its introduction, eliminat-
-

ing’s drainage system to meet the 

-

This paper is the result of 
the forensic work of its primary 
author on several dozen roof col-

-

-
light the deceptive simplicity of 
low-slope roof drainage design, 

-
ciplinary nature. The situation 

-
ulatory provisions not keeping 

apace with the demands of the profession. 

-
ingly more permissive.

-
cussion of drainage design provisions for 
low-slope roofs. Because roof collapses more 

drainage design provisions have evolved is 
-

sive discussion of drainage design funda-
mentals and the various parameters that 

-

a few design examples selected from recent 
roof collapses.

roof drainage design are:
•
•
•

drains or scuppers
•
• Design rainfall rates for primary 

•

load
•
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scuppers was also a part of the code, along 

-
ing height of scuppers was 4 in. (Figure 4).5 

-

ensure rapid drainage and reduces the 

-
Figure 5).

-

a professional analysis of the roof structure 

-
nal procedure for determining the scupper 
size except to state that the scupper open-

roof drain area (Figure 4

size is a function of the head of water at the 

of water can easily occur on a roof using 

the section on Determining the Depth of 

Hydraulic Head and Rain Load 

on the roof (with all primary drains 

-
dard. The consideration of rain load on 
low-slope roofs from ponded water is now 

of all low-slope roofs with raised edges. 

their various editions) provide any design 
aid or guidance for determining the depth 
of ponded water.

 and remained 
-

dard,

and Design Rainfall Rate 

designed using the maximum of one-hour 

safety provision against roof collapses (see 

drainage capacities of roof drains given in 

-

-

primary drainage system (one-hour rainfall 

Based on the analysis of several roof 
collapses and the study of hydrological 
cycles, the authors had recommended the 
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Code.

Minimum Design Loads for Buildings and 
Other Structures



Ponding Instability 

progressive increase in the accumulation 
(ponding) of water on the roof due to the 

-
lation of water, which further increases the 

-
es, more water accumulates on the roof, 

occur from the accumulation of snow or the 

Figure 6).

incorrect. Therefore, roofs designed for slope 

Figure 5, at one time, the 
drainage-related code provisions for reroof-

should provide positive drainage. 

-

precipitation.” Water standing on a roof for 

no relationship to good drainage.
-

ly and not stand on a roof for an 
extended period of time, let alone 
two days. 

f looding it, 
then waiting 

the areas 
where the 
water is still 
present.

4. There is no 
mandate in 
the code for 
a third-party 
inspection of 
the process 
and how the 
faulty situa-

corrected.
-

drainage, while remaining highly 
-

lapse.

drainage if the existing roof was not previ-

Figure 7.  

-

defect that has the potential for catastroph-

correct the situation in such cases is when 
the roof is replaced.

The argument made against making 

performed well during all its previous years 
and even decades, it will perform well in 
the future as well. The argument is made 

of ensuring health, safety, and welfare in 

-
cery store with scuppers as the primary 

newspaper on the roof. The newspaper 

plug, resulting in a catastrophic collapse. 

consultants and designers, we cannot (and 

another grocery store collapse investigated 

caused a collapse that claimed two lives. 
(Unfortunately, the conditions that led to 
these failures are now permitted in the 

The primary author recently inspected 
the collapse of a large warehouse facility 
in the Dallas area that was constructed in 

at the time it was constructed. There was 

-

drains were slightly oversized per the design 

of its construction; i.e., it was overdesigned 

Our calculation indicated that, assum-
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calculations did not take into account the 

words, a roof drainage design can meet the 

The determination of rain load on a roof 

systems. The drainage system design is 

the drainage capacities of drains of various 
sizes, shown in Table 1.  

-

-
mary system consists of roof drains and the 
secondary system consists of scuppers.

Example 1

Figure 8). The 

-

collar dam. 

location is 4 in. 

Plumbing Engineer’s Solution
Total roof area = 

 

 

 

Because the roof contains ten drains, 

Table 2,  the primary drain-

rate).
-

the primary drains. Therefore, the over-

diameter.

rates of roof drains, it does not provide 
the head of water that must exist over the 
drain to produce 

determine the head 
of water correspond-

data, given in Table 
1
the head of water for 

gpm is approximate-
ly 5.5 in.

Thus, the total 
depth of water on the 
roof when the prima-

Figure 
9). This information 

architect for onward 
transmission to the 
structural engineer 
for determining the 
rain load and the 
design of the roof 

of water correspond-

psf.

example does not 
provide the entire 
drainage solution, as 
the remaining part 

is not relevant to this paper; i.e., the design 

tail pipes, horizontal pipes, and the con-
ductors.)
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Example 2 

-
neer to provide an alternative drainage 

each primary drain. 

Plumbing Engineer’s Solution
-

Because the inlet level of the scupper is 

-
tect. The weight of water (at the lowest point 

-

Authors’ Observations

design process illustrated in the given exam-

culate 

the head of water 

-
mit this informa-
tion to the architect 
who, after review-
ing it, would send 
it to the structural 

the code places 

on the structural 
engineer (who is 
typically unfamil-

-
ing design and the 

issues discussed in this paper) to verify that 
the structure will support the load from rain-
water accumulation.

rain load at the lowest point 

the roof’s design live load 

greater if the live load reduc-

engineer. 

variations in rooftop elevation (Figure 10). 
-
-

weight of water at the lowest point of the roof to 

Figure 10 – Because of crickets and tapered insulation 

in. or greater.
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To know the depth of water at the low 
-

mining the rain load on the roof. The next 
step is to account for the roof’s slope, which 
affects the total rain load on the roof and 

Figure 11(a) illustrates the 

of Figure 11(a)

concentration of load near the parapet may 

-
Figure 

11(b)

Figure 11(a)

framing system designed to the minimum 
structural design provisions of the code. 

Figure 11(c)). 

-
ity failure, unless its structural framing 

to prevent it.
The illustrations in Figure 11 highlight 

the importance of roof slope in the structur-
-

Figure 11(a) shows the rain load on the 

that provide direct support to the deck, i.e., 

roof slope. Figure 12(a) shows the rain load 

-
ented perpendicular to roof slope. 

-

of Figure 11(a) and Figure 12(a) are identical, 
there is great difference in their structural 

Figure 12(a), the average 

than the roof’s design load. This situation 

of Figure 11(c), and hence prone to ponding 
Figure 12(a), we have 

Figure 12(a)
code provision stating that a roof with a 

Figure 12(b)

This situation is particularly serious 

to support the weight of ponded water that 
may exceed the load for which they have 

The discussion and the examples pro-
-

fall rate as the maximum one-hour rainfall 

rate assumes that it is uniform within the 

rainfall at a location is 4 in. per hour, that 

The actual rainfall seldom occurs at a 
uniform rate, particularly during thunder-
storms, tropical storms, and hurricanes. 

-
fall. Therefore, there is a strong rationale 
for using a higher design rainfall rate for 

-
tem is designed to drain water off the roof 

safety issues related to the primary drain-
age design. Therefore, designing the pri-
mary drainage system assuming a uniform 

system, on the other hand, is the safety 

-

within short durations.
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 have shown that 
a location can get half its one-hour rainfall 

hour. Figure 13 illustrates this narrative.

a short duration that can overload the roof, 

-

occurs with severe thunderstorms, one can 
expect a large amount of rainfall coupled 

and scuppers from the accumulation of 
 

practical. 

insurance, not only against nonuniform 

-

-
fall rates. There is a need to revert to that 

codes.

-

-
tural analysis to assure that they possess 

them or meltwater is created from snow on 
them.”

Figure 6) 

-

-

than those given in the standard’s previous 
editions and agree with the authors’ inves-

is a positive vindication of the many years 
of the authors’ work on various collapses. 

analysis for the following conditions:

when the secondary mem-

free draining edge,

when the secondary mem-

draining edge,

and a span-to-spacing ratio 

-

to the free drainage edge, or 
 4. Bays on which water accu-

mulates (in whole or in part) 
when the primary drain sys-

-
-

al. The larger of the snow load 

primary drain system shall 

the importance of a higher design rain-

downstream piping) or scuppers and their 
resulting hydraulic head (dh

-
-

-

-
-

-
dred engineering experts. 

important roof design elements, and the 

important life safety issue in roofs. 
-

ciencies in drainage design with respect to 

revisions from its previous edition, which, 
when implemented, will dramatically 
reduce the potential for roof collapses. This 

year MRP rainfall is approximately 

rate.
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-
tion. The standard has also recognized 

and provide appropriate provisions that are 

-

already exist) or to modify it to comply with 

and fatalities) that may occur as a result 

needlessly fall in the impending-collapse 

drainage. Figure 14 summarizes the cost 
data case studies from two of the sev-

author in support of this statement.

-

-

the lack of appropriate slope or the lack of 
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