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SECTION 1
INTRODUCTION

Because of devasting fires which periodically occur in industrial warehouses,
industry has revised the engineering guidelines for the protection of high
piled storage. This revision, plus an internal assessment by the Air Force
Logistics Command (AFLC) of the fire hazards and protection problems in Air
Force warehouses, resulted in a request that the fire protection systems in
the Air Force warehouses be studied with the objective of upgrading the sys-
tems, if necessary.

After some burn tests (ref. 1) and preliminary assessment of the existing sys-
tems, it appeared that replacing all the sprinkler heads with the new 0.64-in-
orifice sprinkler heads developed by Factory Mutual Research Corporation might
be a way to upgrade existing systems in Air Force warehouses. However, before
embarking on a burn test program or a massive retrofitting operation, it was
decided to study the problem by a computer simulation.

Specifically, all existing systems, for which drawings were supplied, were sim-
ulated as if the new sprinklers had been installed. The flow rates and flow
rate densities were obtained for the cases of from one sprinkler in operation

to the entire system in operation on a single branch line from the valve closet.
These values were then compared with the computed flow rates for the two sys-
tems previously reported* (ref. 2) to give adequate protection when retro-
fitted with the new 0.64-in sprinkler heads.

1. Miller, M. J., et al., New Criteria For Fire Protection of Large Air Force
warehouses, AFHL-TR-70-1, Vol. I. Air Force Weapons Laboratory, Kirtland
Air Force Base, New Mexico, August 1970.

2. Krasner, L. M., et al., Fire Protection Study: USAF Mobility Program
Structu~es and Large Air Ferce Warehouses, AFWL-TR-72-246, Air Force Weap-
ons Laboratory, Kirtland Air Force Base, May 1973.

The systems in buildings 380 and 385 at Robins Air Force Base and in build-
ings 10, 18, and 412 at Tinker Air Force Base were simulated in burn tests
conducted by Factory Mutual Research Corporation. On the basis of these
tests, it was concluded that retrofitting the systems would provide ade-
quate fire protection.




SECTION 2
COMPUTATION PROCEDURE

The schematic diagrams of the sprinkler systems analyzed are shown in figures 1
through 12. A computer program was written to solve the system of equations '
governing the flow. The system of equations consisted of the continuity, Hazen-

Williams, and crifice equations written for each sprinkler head. For each sys-

tem, the value of the pressure at the sprinkler farthest from the supply (e.q.

this would be sprinkler 1 in figure 1) was estimated to start the computational

procedure. The various flow rates and pressure drops were then calculated

based on this estimate. Based on these calculations, the water supply pressure

necessary for these flows was computed and compared with the actual water pres-

sure. If the agreement was not within 0.1 pct, the process was repeated (iter-

ated) until satisfactory agreement was reached.

Data was computed for the cases of one active sprinkler, two active sprinklers,
etc., until all sprinklers were active. (An example of the computational se-
quence is outlined in appendix A.) ;

The computations used the continuity equation
Q=0 (1)
the Hazen-Williams formula* (refs. 3 and 4)

iy =g 1 (2)

3. Factory Mutual Research Corporation, #andbook¥ of Industrial Loss Preven-
tion, McGraw-Hil1l Publishing Company, New York, 1967.

4. Giles, R. V., Fluid Meshanice and Hydraulice, Schaum Publishing Company,
New York, 1962.

This formula is considerably easier than the Moody diagram to use in a
computer program.
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1. Derived from drawing 33-02-02,
sheet 27, Galveston District, U.S.
Army Corps of Engineers.

. Sprinklers are nunbered | through 72.

Figure 3. Large Sprinkler System in Air Materiels Command
Warehouses at Kelly Air Force Base
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Figure 4. Sprinkler System in Building 783 at McClellan Air Force Base




1. Derived from drawing 33-02-31,
sheet 61, Region I11, File No.
100-25-1148.

[ 2. Sprinklers are numbered | through 72,
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Figure 5. Sprinkler System in Buflding 786 at McClellan Air Force Base




City Water Supply Pressure is 6) psig
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sheet 62, File No. 100-25-1148,
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Figure 6. Sprinkler System in Mezzanine of Building
786 at McClellan Air Force Base
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City Water Supply Pressure is 61 psig

Figure 7. Sprinkler System in Buildings 380
and 385 at Robins Air Force Base
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Notes:
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Figure 8. Small Sprinkler System in Buildings 350,

368, and 660 at Robins Air Force Base

and the orifice equation

flow rate in gpm

pressure in psig

pressure drop along a pipe
pipe resistance factor

oofon

(3)

orifice coefficient computed from experimental data for the sprinkler

head (ref. 2, fig. 17)

2. Krasner, L. M., et al., Fire Protection Study:
tures and Large Air Force Warehouses, AFWL-TR-72-246, Air Force Weapons Lab-
oratory, Kirtland Air Force Base, New Mexico, May 1973.

1

The continuity equation (conservation of mass) was applied at each sprinkler

USAF Mobility Prograrm Struc-

N



City Water Supply Pressure is 60 psig
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Figure 9. Large Sprinkler System in Buildings 350, 368,
and 660 at Robins Air Force Base
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Figure 10. Sprinkler System in Air Materiels Command
Warehouses at Robins Air Force Base

and pipe junction; the Hazen-Williams formula was applied along each length of
pipe; and the orifice equation was applied at each sprinkler.

The pressure used in the orifice equation (3) to determine the discharge from
the sprinkler was the total pressure, not the static pressure. This was done i
to simplify the computations but intrnduces small errors in the values of the
sprinkler discharge flow rate densities which, at most, are about 3 pct*. !
These errors are highest in the lower values of the flow rate densities. 1In j

2
: The static pressure is the total pressure minus the dynamic pressure, 9%—’ ]1
where p is the density of the fluid and V its average velocity. For a

1-in-diameter pipe with a flow rate of 30.9 gpm (0.44 gpm/ft2?), the total
pressure at the upstream sprinkler with a discharge rate of 35.6 gpm is
11.85 psig (in buildings 350, 368, and 660 at Robins Air Force Base for 11
the system shown on sheet 44E of drawing 33-02-13) and the dynamic pressure
is 1.07 psig so the static pressure is 10.78 psig. Thus, the values of

the discharge rate should be reduced by 1.0 to 1.5 gpm, which is about 3
pct. The flow rate densities would also be reduced proportionately.
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Y% -0—0

1. Dertved from drawing 33-02-02, {
sheets 34 and 35, Office of the Chief <>
of Engineers, U. S Army Corps of En-

\
gineers, Washington, D.C. Q

Sprinklers are numbered 1 through 108.

0@090 s~
1O 0a0202020 Om020202020
0020202020 Om0a0a02020

020202020 OmOa020020
OpOa0a0a0a0

ot (D=~~~ OpOa0a0a0a0

Figure 11. Sprinkler System in Buildings 10, 18, and
412 at Tinker Air Force Base

14




City Water Supply Pressure is 62 psig
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Figure 12. Sprinkler System in Building 416 at Tinker Air Force Base




other words, the values given in tables 1 through 5 for the lower end of the
ranges may be as much as 3 pct too high.

No corrections have been made for bends, reducing sections, valves, or T-connec- v
tions. Taking these into account would result in a further small reduction in
all values shown in tables 1 through 4. A

In addition to simulating the systems with the 0.64-in sprinkler heads, a few
studies were made of the effects of adding an auxiliary pump to boost the sys-
tem pressure, of replacing all 1-in-diameter pipe with 1-1/4-in diameter pipe,
and of both of these modifications simultaneously. The results are shown in
tables 2, 3, and 4.

The total flow rates which can be supplied by the existing city water supplies
are shown in table 5. These values are compared with the flow rates which would
be used by the systems retrofitted with the new sprinkler heads.
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SECTION 3
DATA DISCUSSION

Since all computational values have approximately the same small errors, the
other values in the tables can be compared with those obtained for the systems
which were judged "adequate"” in actual burn tests using the new 0.64-in-orifice
sprinkler heads. The burn tests were conducted by simulating one of the systems
in buildings 380 and 385 at Robins Air Force Base and (apparently) all of the
systems in buildings 10, 18, and 416 at Tinker Air Force Base as if the 0.64-in
orifices were installed. Thus, the computational values obtained for these two
cystems (ref. 1) are used as the acceptable standard. It is interesting to note
that the values given in table 1 for these two systems bracket the value of 0.5
gpm/ft? which the Factory "Mutual Research Corporation feels to be "safe" or
"adequate"” for Air Force warehouses.

A separate computer program was written for each system studied in order to al-
low modifications to be easily made and their effects assessed in any future
studies.

Since it was not clear from previous data (ref. 1, table 1), and the blueprints
furnished, where the water supply pressures were measured, two computer studies
were conducted: The first assumed these pressures were measured at ceilina
level and the second at ground level. Table 1 shows the results for the study
in which the pressure was assumed to have been measured at ceiling level and
compares these results with the results from the studies where a 23-ft ceiling
correction was made in the supply pressures (the 23-ft ceiling correction re-
sults in an overall 10-psi drop in pressure). The results of this study are
unaltered by this consideration.

The new 0.€4-in sprinkler heads were not available to the Civil Engineerinag Re-
search Facility (CERF), so no flow tests were made.

1. Miller, M. J., et al., New Criteria for Fire Protection of Larze Air Force
Warehouses, AFWL-TR-70-1, Vol. 1, Air Force Weapons Laboratory, Kirtland
Air Force Base, New Mexico, August 1970.
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SECTION 4
CONCLUSIONS AND RECOMMENDATIONS

As shown in table 1, the systems in building 850 at Hill Air Force Base and
building 783 at McClellan Air Force Base definitely will not give adequate pro-
tection when fitted with the new 0.64-in-orifice sprinklers.

This study also indicates that the system in building 416 at Tinker Air Force
Base, the system (fig. 2) in a building at Kelly Air Force Base, and one system
(fig. 9) in buildings 350, 365, and 660 at Robins Air Force Base will give ade-
quate protection when retrofitted with the nev sprinklers.

The remaining systems studied will give marginal protection. These could prob-
ably be made adequate by the addition of a boost pump. As shown in tables 2
and 3, the systems judged "worst" in this study (building 850 at Hill Air Force
Base and building 783 at McClellan Air Force Base) would provide "adequate"
protection if a boost pump and 1-1/4-in pipe were installed. Only a boost
pressure equal to the available water supply was considered (i.e., a total sup-
ply pressure equal to twice the currently available supply pressure). It may
be possible to achieve an adequate level of protection by using higher boost
pressures. However, replacing all 1-in pipe with 1-1/4-in pipe would reduce
the need for extremely high boost pressures. Also, table 5 indicates that the
current water supplies are more than adequate, so utilizing a boost pump would
be feasible.

Based on the results of this study as correlated with the burn tests previously
mentioned, the following recommendations are made:
(1) Al Air Force warehouse sprinkler systeiis be fitted with the new
0.64-in-orifice sprinkler heads.
(2) A1l 1-in-diameter pipe in the current systems be replaced with 1-1/4-
in pipe*.

Replacing all 1-in and 1-1/4-in pipe with 1-1/2-in pipe would be more de-
sirable. However, this would entail about twice as much pipe.
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(3) Auxiliary boost pumps be installed for all systems.
(4) A1l fiuture warehouse sprinkler systems incorporate recommendations 1
and 3 and use pipes 1-1/2-in or larger in diameter.

Recommendation 2 can be considered and acted on immediately since it should be
very easy and relatively inexpensive to implement. In fact, if the current sys-
tems can withstand very high boost pressures, a boost pump may supply adequate
protection with the current systems, thus eliminating the need for installing
new sprinkler heads. (This could be evaluated using the computer programs devel-
oped in this study with slight modifications. Then burn tests could be conduct-
ed to verify the results).




APPENDIX A
SAMPLE PROCEDURE FOR CALCULATING SPRINKLER SYSTEM FLOW RATES

This appendix uses equations (1), (2), and (3) from the body of this report to
calculate flow rates in a simplified sprinkler system. With a steady flow and
all sprinklers operating, use the following sequence of operations to determine
the flow rates:

(1) Assume a value for p, (the pressure causing flow out of sprinkler
1) which is some fraction of the city water supply pressure, p,.
(2) With p,, compute the flow rate from sprinkler 1 using eq. (3), i.e.
Q, '\/p,/a

(3) From eq. (1), the flow rate in pipe 15 is

Qs = Q

City Water Supply Pressure is 60 psig
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Simplified Sprinkler System. Sprinklers are numbered
1-6, pipes are numbered 1-15, pipe junctions are num-
bered 8-10, and water supply is numbered 7.
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(4)

(5)

(6)

(7)

(8)

(9)

(10)

(m)

(12)

From eq. (2)

1.08

Py =P + kg Q)

From eq. (3)
O,*VpJa
From eq. (1)
Ql? 5 03 i QXS
From eq. (2)
1.85
pa = p3 + k17 Q17
Assume a value for p,.

From eq. (3)
0, Vo, /ze.
From eq. (1)
Q, =q,
From eq. (2)
Pe = k4 Qx;.”
If p, equals p, (to within 0.1 pct) continue to step 13. If p, does

not equal p,, assume a new value of p, and repeat steps 9 through 12
until agreement is reached. Note: From the equations one sees that
p, greater than p, is caused by p, being too large. The correction
used in this study was

24
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(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

p, (new) = p, (old)( p’;‘:" + l)

from eq. (1)
Q, =0, +Q,

From eq. (2)

1'85

Py =Py * kK, Q,,
Assume a value for P, which is some fraction of P,-

Compute tiie flows in pipes 16 and 18, the flow and pressure in
sprinkler 4 and the pressure at joint 9 (call this p;) as in

steps 2 through 7. If p; equals p, continue to step 17. If p;
does not equal p,, correct p, as in step 12 and repeat the process
similar to steps 2 through 7 until agreement is reached.

Assume a value for p, and compute the flows and pressure p,". If

p," equals p, continue to step 16. If not, correct p, as outlined
in step 12 and repeat the process until agreement is reached.

From eq. (1)
Q22 = 023 & QIB * 020 t 021

From eq. (2)
1.85%

Py = Pyt (kyy + k,3) Q

If p, equals 60 psig, the results are printed ard the computation
terminated. If p, does not equal 60 psig, p, is corrected as in

step 12 and steps 2 through 19 repeated until agreement is reached.

It can be shown that the appropriate values of the resistance, k,
used in the Hazen-Williams formula are obtained using the formula




L= 824 | 1.547 1.es
u‘ D 0,63 D2 ¢
694.444x1.318cl(1) L 1

where
L = length of pipe in feet ¢
D = diameter of pipe in feet
C,= Hazen-Williams coefficient

—— e —m———

The units of in eq. (2) are then pounds per square inch for p and
gallons per minute for Q.




APPENDTY, B
PROCEDURE FOR CALCULATING TOTAL |
FLOW RATE AVAILABLE TO SPRINKLER SYSTEMS

5 The furnished data (ref. 1, table 1) provided a static (tested water) pressure
(which is the total pressure available) and a "1000 GPM Flowing" pressure
(which is the pressure available when 1000 gpm are flowing through the system).
Both pressures were measured at the valve closet, so the Hazen-Williams formula,
[eq. (2) in the body of this report] can be used to obtain

Ap \0.5'0
0, - o, ( 7

With Ap, as the “tested water" pressure, Ap, as the difference between the
“tested water" pressure and the "1000 GPM Flowing" pressure, and Q, as 1000
gpm, Q, becomes the maximum flow rate available at the valve closet. Thus,

P 0.5%
. - tested
Qmax = 1000 ( 5
ptested Piooo

Here the assumption has been made that the pressure at the valve closet will he
atmospheric pressure, i.e., a boost pump would be required at the valve closet.
The inlet pressure to the boost pump would be atmospheric. (Actually, it would |
be possible to reduce this pressure below atmospheric --and hence have a high-
er flow rate available --but the values given in table 5 are adequate for all

but extremely large fires).

1. Miller, M. J., New Criteria for Fire Protection of Large Air Force Ware-
houses, AFWL-TR-70-1, Vol. I, Air Force Weapons Laboratory, Kirtland Air
Force Base, New Mexico, August 1970.
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ABBREVIATIONS, ACRONYMS, AND SYMBOLS

Hazen-Williams coefficient

Pipe diameter

Pipe length

Flow rate

Average fluid velocity

Orifice discharge coefficient for sprinkler head
Pipe flow resistance

Pressure

Pressure drop

Fluid density

Subscript Convention:

A1l subscripts denote the particular pipe or sprinkler head as designated in
the figures with which the flow rate, pressure, or flow resistance is associ-

ated.
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