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ABSTRACT i

Scale-model and full-size fire tests show that demand on dry-pipe sprinkler sys-
tems are greater than those on wet-pipe systems. Given equal freeburn times on se-
lected commodities, dry-pipe systems require more sprinkler operations than do wet-pipe
systems in direct ratio to water-delay times when the water-delay time is greater than
52 seconds. With water-delay times under 52 seconds, the total sprinkler demands of
wet-pipe and dry-pipe systems are essentially the same.
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FIRE TESTS TO COMPARE SPRINKLER DEMANDS OF

WET-PIPE AND DRY-PIPE SYSTEMS

(Originally presented to the 1980 SFPE

Fire Protection Engineering Seminars, Sheraton-Boston

Background

In Factory Mutual insured plants,
about one system in four is a dry-pipe
system. It has been speculated that the
sprinkler demands for dry-pipe systems
are larger than for wet-pipe systems.
The cause 1s assumed to be the delay of
water arrival to operating sprinklers in
a dry-pipe system., Research to prove or
disprove this assumption has been in pro-
gress at Factory Mutual Research Corpora-
tion for years. First, a method had to
be developed to predict total time delay
between opening of the first sprinkler
and water arrival at open heads. Given
sprinkler operation sequence and dry-pipe
system parameters, the delay time could
be predicted with acceptable accuracy. A
series of model-scale experiments was
conducted to 1nvestigate the effect of
water delay on final sprinkler demand.
It was possible, based on the results of
this experimental work, to reach conclu-
sions on the sprinkler demands of wetpipe
and dry-pipe systems. A series of
full-scale fire tests was then conducted
to compare the sprinkler demands of wet-
pipe and dry-pipe systems. The objective
of these tests was to verify model study
findings. Another objective was to ob-
tain data for our bank of knowledge re-
lating to dry-pipe versus wet-pipe
sprinkler demands. It was anticipated
#) that successful achievement of the pro-

Hotel, Boston, Massachusetts, May 20-21, 1980)

J. Richard Brown, P.E.
Senior Research Engineer

Factory Mutual Research Corporation
Norwood, Massachusetts

gram objectives would result in findings
that could be applied to dry-pipe systems
in the field.

Introduction

Figure 1 1illustrates a sprinkler
system which includes a water supply con-
nected to a network of overhead piping to
which automatic sprinklers are connected
in a systematic pattern. The system in-
cludes a controlling valve and a device
for actuating an alarm when the system is
in operation. The sprinklers would be
activated by heat from the fire and dis-
charge water over the fire area. For a
system of about 2 m° capacity, the riser
and feed main could be positioned as
shown to maintain a relatively uniform
sprinkler water discharge. This arrange-
ment 1is known as a center-central fed
system.

In a wet-pipe system, the riser
would not contain a dry-pipe valve, but
would include an alarm check valve. The
piping system would be full of water, and
upon operation of the first sprinkler in
the vicinity of the fire, water would im-
mediately discharge where it can protect
both the structure and the contents.

In a dry-pipe system, a dry-pipe
valve would be in the riser, as shown.
All of the piping above the dry-pipe



A typical sprinkler system.

Figure 1.

When-
the
Then, the drypipe

valve contains air under pressure.

ever the first sprinkler operates,
air would be released.
valve would open. Water would flow up
the riser and through the feed main,
cross main, and branch 1lines and out
opened sprinklers to protect both the
structure and contents. Dry-pipe systems
are somewhat less efficient than wet-pipe
systems because of the delay in water ar-
rival on the fire after sprinkler heads
have fused. The total time elapsed be-
tween activation of the first sprinkler
and the time that design water flow den-
sity is reached at fused sprinklers can
be calculated by use of techniques

In order to make this
calculation, it is necessary that dry-
pipe system parameters such as pipe
schedule, initial water pressure and ini-
tial water pressure and initial air pres-
sure as well as sprinkler opening se-

model experiments,

quence be known.

Model Eerriments

Model fires were conducted using a
one-twelfth scale model of the Factory
Mutual fire test building in Rhode Is-
land. All geometric features of import-
ance were reproduced. The ground plan
around the building was simulated by "air
guide aprons'" installed in front of all
doors. Spray nozzles were developed that
simulated sprays of full-scale sprink-
lers. The model sprinklers were zoned in
approximate circles around the ignition
point. Each zone was activated by a sim-
ulated sprinkler 1link on the correspond-
ing circle by a temperature controller
and solenoid valve in the water line.

The model fires were conducted at
constant sprinkler water flow density.
The water delay after first sprinkler ac-

SFPE TR 80-1
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tivation was controlled systematically,

"y and sprinkler operation sequence, includ-

- ing the final number, was observed.
Three 1important parameters were identi-
fied. The first is fire size defined as
the total wet-pipe mode sprinkler opera-
tions, with no water delay. That is, in
a wet-pipe system the water delay would
be zero seconds. Water would discharge
immediately wupon operation of the first
sprinkler. Then the automatic sprinkler

operations would increase with time to
the total wet-pipe number.

Another parameter is water delay
time, which is defined as the interval
between first sprinkler operation and the
time that system design pressure is
reached. In other words, after first
sprinkler operation in a dry-pipe system,
it would take a finite time delay for the
dry-pipe valve to trip. Then, an addi-
tional delay would occur as water tra-
velled through sprinkler piping and open
heads to reach design water flow density
at operating sprinklers.

The third parameter is freeburn time
which is determined in a freeburn test
with water held back for a sufficiently

- —— —— - el oma- = aT . T — w——

long period of time. That is, with a
dry-pipe system, sprinkler operations oc-
cur even though water has not yet reached
fusing sprinklers. The freeburn time is
defined as the interval between the first
sprinkler and that number of sprinkler
operations which equals the wet-pipe de-
mand.

In a conceptual representation (Fig-
ure 2) the total number of sprinkler op-
erations, 1s shown on the vertical axis,
while the time interval after first
sprinkler operation is shown on the hori-
zontal axis. In the wet-pipe mode, as
shown by the dashed curve, the cumulative
number of sprinkler operations have been
plotted versus elapsed time after first
sprinkler operation. Water is assumed to
discharge 1mmediately wupon operation of
the first sprinkler, therefore, water de-
lay time, 1s zero seconds. The automatic
sprinkler operations are seen to increase
with time after first sprinkler operation
to the final number shown on the vertical
axis. Also, in the freeburn mode, an op-
erable sprinkler system is present. How-
ever 1n this case, the water has been
drained from the system.  Therefore, as
sprinklers fuse, water does not flow, and

/—Freeburn (A’rD =)

&

At

Total Number of Sprinkiers (N,)
Z
i
:
:
}
:
|
:
:
|
|
I

el SIS NN AR A e A AR ke A ___—__'_'“__

Time Interval After First Sprinkler Operation (At) - Seconds

Figure 2. N0 = Fire size, total wet-pipe operations.

At . = water delay time. Interval between first

D operation and the time system designed

pressure is reached.

ﬂtF = Freeburn time.
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we have a simulated dry-pipe system. If
water 1s withheld for a long delay time,
sprinkler operation versus time after
first sprinkler would occur as shown by
the solid curve. The freeburn time, AIF,
shown on the horizontal axis, corresponds
to the time when the wet-pipe number of
sprinklers have operated.

An important result of the model ex-
periments was this: as long as the water
delay time of a dry-pipe system is less
than, or equal to, freeburn time the to-
tal number of dry-pipe sprinkler opera-
tions will equal the wet-pipe number of
sprinklers. In other words, as long as
the water reaches full pressure at open
heads at time delays smaller than Atg,
the final number of dry-pipe sprinklers
will eventually level off to the number
of sprinklers which activate in a wetpipe
system protecting the same commodity.
Clearly, if water delay time 1s greater
than freeburn time, a larger number of
sprinklers will operate 1n a drypipe
system than 1in a wet-pipe system, since

sprinkler operations in excess of the
wet-pipe number would already have
occurred during the freeburn 1nterval

preceding first water arrival at fused
sprinklers. Consequently, to assess the
sprinkler demands of wet-pipe and drypipe
systems, it is necessary to compare the
freeburn time, with the water delay time,

of dry-pipe systems.
Full-Scale Fire Tests

A series of full-scale fire tests
was conducted with the objective of veri-
fying the model study findings. Another
objective was to obtain data for our bank
of knowledge relating to dry-pipe versus
wet-pipe sprinkler demands. We selected
full-scale commodity and storage arrange-
ments that previously had been tested 1in
the wet-pipe mode at our Test Center.
These test configurations were considered
to be representative of those found 1in
the field. The selected test configura-
tions were arbitrarily grouped according
to fire size which has been defined as
the total wet-pipe mode sprinkler opera-

A

tions. A fire that caused 40 to 50
sprinkler operations 1n a wet-pipe system
was defined as a large fire size. In an
intermediate fire size, from 20 to 30
sprinkler operations would occur. A
small fire size would have a wet-pipe de-
mand of about 5 sprinkler operations.
Then, with wet-pipe sprinkler demand al-
ready available, simulated dry-pipe sys-
tem fire tests were conducted with water
delay time as the controlled variable.

O O
o O O O O O O O
O O O O O O
O O O O
O O O O > O
O O O O
Q O O

o O O c O © o o o
0O © O
0 O O O
c © o O 6 O
0O O © O
O © 0O © © ©
© o o o0 © o o °©
O O
Figure 3. Fuel and sprinkler arrangement

for fire test.

Six different commodity and storage
arrangements were tested, of which the
one shown in Figure 3 1is representative.

Here, is an intermediate fire size stored

plastics commodity consisting of
palletized rigid polystyrene 1/2 liter
containers. Each container was 1individ-

ually compartmented within cardboard car-
tons. The Fuel array was about 8 m wide
by 8 m long by 5 m high and was located
on a l.5 m platform to give a clearance
of 3 m from the top of the pile to the
ceiling. Sprinkler protection was pro-
vided by 138°C rated, 1.3 cm orifice di-
ameter automatic sprinklers on 2.4 m x 3
m spacing. The water flow density was
24.5 mm/min. The fuel boundary is shown
by a solid 1line. Fire 1ignition took
place at the location of the diamond.
Automatic sprinkler 1locations are shown
as circles. For the wet-pipe mode, water
on demand was provided as 24 sprinklers

operated.

SFPE TR 80-1
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fire

water was 1ntentionally withheld from
fusing sprinklers for a pre-selected time

- interval after first sprinkler operation.

Then, the fire developed in a freeburning
manner until water was provided to the
fusing automatic sprinklers.

Fire development during a full-scale
test with this rigid polystyrene commod-
ity shows how water delay time affects
total sprinkler demand. For this test,
the water delay time was 79 sec. After
fire ignition, the fire travelled upward
through the ignition flue to form a fire
plume that impinged onto the ceiling di-
rectly over the ignition point. A few
seconds later, the gas temperature had
increased to about 900° C, and the gas
velocity over ignition was about 9 m/sec.
At about the same time, first sprinkler
operation occurred. Within 22 sec of the
first sprinkler, the temperature over ig-
nition reached 1150°C as the gas velocity
increased to 12 m/sec. Then, by 52 sec-
onds after first sprinkler operation, 25
sprinklers had operated. Control valves
were actuated 6 seconds later to permit
water flow toward operating sprinklers.
It should be noted that a freeburn con-
dition still existed because water had
not yet reached the sprinklers. However,
during the 8 seconds it took water to
flow through cross-mains
lines, toward fusing sprinklers, addi-
tional operations occurred for a total of
43 at first water arrival. At about the
same time, almost the entire top of the
fuel array was involved in the fire. Then
15 seconds later, system design pressure
was reached, and the total demand was 58
sprinklers. There was little change in
involvement and the fire was then
brought quickly under control.

Figure 4 is a plot of sprinkler op-
erations versus time after first sprink-
ler operation for several fire tests with
the rigid polystyrene commodity. The
solid curve 1is for the fire test just
described which had a water delay time of
79 seconds. At 79 seconds after first

SFPE TR 80-1

and branch

sprinkler operation, system design pres-
sure was reached and the 58th and final
sprinkler operation occurred. The lowest
dashed curve data are for a wet-pipe sys-
tem where water delay time is zero sec-
onds. In this case, water was discharged
immediately after the first sprinkler op-
erated. As shown, the total demand is 24
sprinklers. To determine the freeburn
time, enter the vertical axis with the 24
operations for a wet-pipe system. Inter-
sect the solid curve, and read 52 seconds
on the horizontal axis. Therefore, the
freeburn time is 52 seconds. Since that
1s the freeburn interval between the
first and the 24th sprinkler operations
obtained for the wet-pipe system, sprink-
ler operation data for fire tests with
water delay times of 34 seconds and 51
seconds are shown by the two additional
dashed curves on the graph. The sprink-
ler operations follow the freeburn curve
until water 1s supplied to fused sprink-
lers. The total demand for each of these
two tests 1s within 2 sprinklers of the
24 wet-pipe operations. It is apparent
from this graph that with water delay
times equal to or less than 52 seconds,
the dry-pipe and wet-pipe system sprink-
ler demands are essentially equal.

The sprinkler operation sequence,
during the freeburn portion of the test,
can also be used to calculate water delay
time. The selected pipe schedule systemg
was center-central fed with about a 2 m
capacity; 1ncluded new pipe and associ-
ated hardware; and, had a realistic water
supply and initial air pressure. The
dry-pipe valve differential was specified
as 6:1, and accelerators, exhausters, and
preaction devices were not included. The
calculated water delay time is 40 sec-
onds. This is 12 seconds less than the
freeburn time of 52 seconds to operate 24
sprinklers. That is, the calculated wa-
ter delay time is less than the freeburn
time as determined from a fire test with
the rigid polystyrene commodity. Conse-
quently, 1t would be expected, for this
particular dry-pipe system, that the
dry-pipe and wet-pipe sprinkler demands
would be essentially equal.
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Figure 4. Sprinkler operations vs time.

Comparison of Sprinkler Demands For Wet-
Pipe and Dry-Pipe Systems

We know from full-scale test results
that if water 1is withheld from operating
sprinklers for a long delay time, the
freeburn sprinkler operations increase
rapidly. In the wet-pipe mode, where wa-
ter delay time is zero seconds, the cum-
ulative sprinkler operations would in-
crease much less rapidly and the total
sprinkler demand would be 1lower. It was
found that i1f the dry-pipe system water
delay time is less than, or equal to, the
freeburn time of 52 sec, the total
sprinkler demand of the dry-pipe system
would be essentially the same as for a
wet-pipe system. For a particular dry-
pipe system, with a water delay time of
40 seconds, the sprinkler operations with
time would follow the freeburn curve un-

6

til water arrival at fusing sprinklers.
Then, the cumulative sprinkler operations
would increase along some path to even-
tually the same level as those for a wet-
pipe  systenmn. With water delay time
greater than the 52 seconds freeburn
time, it was found that dry-pipe sprink-
ler demand would be greater than the wet-
pipe demand. In a dry-pipe system that
has a water delay time of 60 seconds, the
cunmulative sprinkler operations versus
time could follow the freeburn curve un-

til the time that design pressure was
reached to produce the design 24.5 mm/min

water flow density at opened sprinklers.
At about the same time, final sprinkler
operation would occur to define the total
sprinkler demand as shown 1in Figure 5.
Since final sprinkler operation occurred
at a time later than that for the 24th
freeburn operation, it is clear that the

SFPE TR 80-1
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~ Figure 5, Comparison of sprinkler demand in wet-pipe and dry-pipe systems.
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COMPARISON OF SPRINKLER DEMANDS FOR WET- AND DRY-PIPE SYSTEMS

Commodity Atp | Atg
Description (sec) | (sec)

Stored Plastics

Polystyrene 16 oz 34
Tubs in Compart- 51
mented Cardboard | 79

Inter-
mediate

| At N
o | Ns| T | Ny

| 24 | 0 | 1
22 | 0.65 | 0.92

‘v w’ 26 | 0.98 | 1.08
58 | 1.52 | 2.42

Cartons
Table 1.

dry-pipe sprinkler demand would be great-
er than the wet-pipe demand. Table 1
tabulates the results for the rigid poly-
styrene commodity tests. Total sprinkler
demand for a given delay time 1s listed.
Also 1included are freeburn time and wet-
pipe sprinkler demand. As shown, the
water delay time has Dbeen divided by
freeburn time to form a delay time ratio.
Also the total sprinkler demand has been
divided by the wet-pipe demand to form a
sprinkler demand ratio. For wet-pipe
systems, it is obvious that the sprinkler
demand ratio i1s unity while the delay
time ratio 1s zero. As long as the delay
time ratio 1is smaller than one, the
sprinkler demand Tratio remains near

unity. On the other hand, when the delay
time ratio 1s greater than one, the

sprinkler demand ratio is greater than

unity. It is clear from the table that,
as long as the delay time ratio 1is 1less
than, or equal to, unity, the total

sprinkler demand of wet-pipe and dry-pipe
systems are essentially the same. If the
delay time ratio is greater than unity,
the total sprinkler demand for a dry-pipe
system 1S greater than for a wet-pipe
system, Similar results were obtained
for the other commodities tested. The
other commodities included cardboard car-
tons with sheet metal liners and foamed

polystyrene.
Conclusions

These findings are based upon use of
non-decaying water densities and a par-
ticular pipe schedule system with speci-
fic commodity and storage arrangements.

'is the interval

Sprinkler demands for wet-pipe and dry;pipe systems.

One of the two controlling variables is
the freeburn time, which is the time 1in-

terval between the first sprinkler opera-
tion and that number of sprinkler opera-
tions which equals the wet-pipe demand.
The other is the water delay time which
between first sprinkler
operation and the time that system design
pressure 1is reached.

There are two important findings.
The first finding is that whenever water
delay time 1s 1less than, or equal to,
freeburn time, the dry-pipe system
sprinkler demand is essentially the same
as for a wet-pipe system. In practice,
this is 1likely to be the case for large

fires with well maintained pipe schedule
sprinkler systems. The s5¢cond finding 15

that whenever the water delay time 1s
greater than the freeburn time, the dry-
pipe system sprinkler demand is greater
than the demand for a wet-pipe system.

This study relates only to the ef-
fects of delay time on the sprinkler de-
mand. Other aspects of dry-pipe sprink-
ler systems, such as formation of ice
plugs or scale deposits, could also af-
fect total sprinkler demand. One of the
significant accomplishments in this work
was the successful completion of model
scale fire tests that led to findings re-
garding dry-pipe versus wet-pipe sprink-
ler demands. A second accomplishment was
the successful verification of model
study findings through full-scale fire
tests. It has also been possible to de-
velop a methodology for determining the
total sprinkler demand of dry-pipe sys-
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~, tems. To 1implement the methodology we

sprinkler operation curve; and 3) transi-
s need: 1) the total number of wet-pipe

ent hydraulic calcualtions.

" sprinkler operations; 2) the freeburn
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