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The following tables are designed for use in the solution of fire-protection system hydraulic problems. They
are meant to supplement corresponding tables in existing Factory Mutual standards.

The pipe friction loss tables are in psi per linear foot of pipe for a given gpm flow of water, using the Williams
& Hazen friction loss formula.

Wall thickness of 3⁄4-in. thru 6-in. steel pipe is for schedule 40 as listed in American National Standards Institute
Standard B 36.10. Wall thickness of 8 in. and 12 in. steel pipe is schedule 30, ANSI B 36.10. The 10 in.
steel pipe has a wall thickness of 0.279 in.

Cast iron pipe dimensions are listed in ANSI A 21.8-1962, AWWA C 108-62, USAS A 21.1-1967, and AWWA
HI-67 for 18/40 iron.

Cement lining thickness is based on ANSI A 21.4-1964, AWWA C 104-64 (1⁄16’’, 3⁄32’’, 1⁄8’’ minimums) and
ASA 21.4-1953, AWWA C 104-53 (1⁄8’’, 3⁄16’’, 1⁄4’’ minimum) standards.

Anti-water-hammer check valves have, in general, higher friction losses than swing check valves of
corresponding size. The amount of friction loss for a given size valve varies considerably between
manufacturers. Where the friction loss through an anti-water-hammer check valve is of importance, the
manufacturer’s friction loss tables should be used.

Refer to Data Sheet 3-3, Table 1 for pressure loss through backflow prevention devices.

Thin-Wall Pipe

Data Sheet 2-0 Installation Guidelines for Automatic Sprinklers, permits the limited use (no threading allowed)
of thin-wall pipe in sprinkler systems. The internal diameter of the thin-wall pipe permitted is larger than that
of commonly used Schedule 40 pipe. Therefore, the friction loss per unit length is less than that for Schedule
40 pipe of the same nominal size with the same flow rate.

When reviewing sprinkler contractor’s calculations where thin-wall pipe has been used, the values from Data
Sheet 2-89 can be used if adjusted by the conversion factors which appear below:

Thin-Wall Sprinkler Pipe Conversion Table

Nominal Pipe Size
(in.)

Outside Diameter
(in.)

Inside Diameter
(in.)

Wall Thickness
(in.)

Data Sheet 2-89
Conversion Factor

1 1.315 1.097 .109 .804
11⁄4 1.660 1.442 .109 .807
11⁄2 1.900 1.682 .109 .808
2 2.375 2.157 .109 .813

21⁄2 2.875 2.635 .120 .728
3 3.500 3.260 .120 .744

31⁄2 4.000 3.760 .120 .754
4 4.500 4.260 .120 .760
5 5.563 5.295 .134 .792
6 6.625 6.357 .134 .795
8 8.625 8.249 .188 .899

10 10.750 10.374 .188 .893

EXAMPLE: The friction loss with 500 gpm flowing through a nominal 4 in. Schedule 40 pipe having a C factor
of 120 is 0.072 psi per ft per Data Sheet 2-89, Table 2. The friction loss with 500 gpm flowing through a
nominal 4 in. thin-wall pipe having a C factor of 120 is the 0.072 psi per ft from Data Sheet 2-89 multiplied
by the 0.760 conversion factor from the table above: 0.760 (0.072) = 0.055 psi per ft.
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Table 1. Steel Pipe (C=100)
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Table 2. Steel Pipe (C=120)
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Table 3. Class 150 Cast-iron Pipe — Cement-lined (1⁄16’’, 3⁄32’’, 1⁄8’’ (C=140)
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Table 4. Class 200 Cast-iron Pipe — Cement-lined (1⁄16’’, 3⁄32’’, 1⁄8’’ (C=140)
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Table 5. Class 250 Cast-iron Pipe — Cement-lined (1⁄16’’, 3⁄32’’, 1⁄8’’ (C=140)
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Table 6. Class 150 Cast-iron Pipe — Cement-lined (1⁄8’’, 3⁄16’’, 1⁄4’’ (C=140)
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Table 7. Class 200 Cast-iron Pipe — Cement-lined (1⁄8’’, 3⁄16’’, 1⁄4’’ (C=140)
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Table 8. Class 250 Cast-iron Pipe — Cement-lined (1⁄8’’, 3⁄16’’, 1⁄4’’ (C=140)
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Table 9. Class 150 Cast-iron Pipe Unlined (C=100)
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Table 10. Class 200 Cast-iron Pipe Unlined (C=100)
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Table 11. Class 250 Cast-iron Pipe Unlined (C=100)
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Table 12. Class 150 Asbestos Cement Pipe (C=140)
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Table 13. Class 200 Asbestos Cement Pipe (C=140)
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Table 14. Multipliers For Pipe Friction Loss Tables

180 0.330 180 0.462 180 0.538 180 0.814
170 0.365 170 0.511 170 0.595 170 0.879
165 0.386 165 0.540 165 0.629 165 0.718
150 0.472 150 0.660 150 0.769 150 0.878
145 0.503 145 0.704 145 0.820 145 0.936
140 0.537 140 0.752 140 0.875 C = 140 1.00
130 0.615 130 0.861 C = 130 1.00 130 1.14
125 0.662 125 0.927 125 1.08 125 1.23
120 0.714 C = 120 1.00 120 1.16 120 1.33
110 0.838 110 1.17 110 1.37 110 1.58
105 0.914 105 1.28 105 1.49 105 1.70

C = 100 1.00 100 1.40 100 1.63 100 1.86
95 1.10 95 1.54 95 1.79 95 2.05
90 1.22 90 1.71 90 1.99 90 2.27
85 1.35 85 1.89 85 2.20 85 2.51
80 1.51 80 2.11 80 2.46 80 2.81
75 1.71 75 2.39 75 2.79 75 3.18
70 1.93 70 2.70 70 3.15 70 3.59
65 2.22 65 3.11 65 3.62 65 4.13
60 2.57 60 3.60 60 4.19 60 4.78
55 3.02 55 4.23 55 4.92 55 5.62
50 3.61 50 5.05 50 5.88 60 6.71

Table 15. Multipliers For Equivalent Pipe Length Table.

180 3.03 180 2.16 180 1.86 180 1.63
170 2.74 170 1.96 170 1.69 170 1.47
165 2.59 165 1.35 165 1.59 165 1.39
150 2.12 150 1.51 150 1.30 150 1.14
145 1.99 145 1.42 145 1.22 145 1.07
140 1.86 140 1.33 140 1.14 C = 140 1.00
130 1.63 130 1.16 C = 130 1.00 130 0.875
125 1.51 125 1.08 125 0.929 125 0.811
120 1.40 C = 120 1.00 120 0.861 120 0.752
110 1.19 110 0.850 110 0.732 110 0.689
105 1.09 105 0.778 105 0.670 105 0.585

C = 100 1.00 100 0.714 100 0.615 100 0.537
95 0.909 95 0.649 95 0.559 95 0.488
90 0.819 90 0.585 90 0.504 90 0.440
85 0.741 85 0.529 85 0.456 85 0.398
80 0.662 80 0.473 80 0.407 80 0.355
75 0.585 75 0.418 75 0.360 75 0.314
70 0.518 70 0.370 70 0.319 70 0.278
65 0.450 65 0.321 65 0.277 65 0.242
60 0.389 60 0.278 60 0.239 60 0.209
55 0.331 55 0.236 55 0.204 55 0.178
50 0.277 50 0.198 50 0.170 50 0.149
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Table 16. Equivalent Pipe Length TableResistance Of Valves & Fittings To Flow Of Water Expressed In Equivalent Feet
Of Straight Pipe

(Williams & Hazen ‘‘C’’ = 120)

Nominal
Pipe Size

(in.)

Standard
Screwed
Elbow or
Run of

Tee
Reduced

1⁄2
Bushing

or
Reducer
Reduced

1⁄2 45° Elbow

90°
Straight,
Flanged,

or
Medium
Sweep
Elbow1;
Bushing

or
Reducer
Reduced

1⁄4

Standard
Tee or
Cross-
Flow

Turned
90°1

90° Long
Radius
Flanged
Elbow1

Gate
Valve
Fully
Open

Swing
Check,
Alarm
Check

and Dry
Pipe
Valve

Globe
Valve
Fully
Open

Butterfly
Valve
Fully

Open2

1⁄4 2 1 4 7 20
1 2 1 5 8 25

11⁄4 3 1 6 12 34
11⁄2 4 2 3 8 15 40
2 5 2 4 10 3 1 18 50

21⁄2 6 3 5 12 4 1 23 65
3 7 3 6 15 5 1 28 80

31⁄2 8 3 6 17 5 1 31 90
4 10 4 8 20 6 2 33 100 12
5 12 5 10 25 8 2 58 130
6 14 7 12 30 9 3 67 160 10
8 16 9 16 35 13 4 75 12
10 22 11 19 50 16 5 92 19
12 27 13 22 60 18 6 100 21
14 15 26 67 21 7 125 24
16 17 30 78 24 8 145 26
18 19 34 89 27 9 165 30
20 21 38 99 30 10 200 35
24 25 45 120 35 12 220 44
30 31 58 145 45 15 280
36 38 70 175 55 18 330

1. Values apply to cast-iron flanged, cast-iron bell & spigot, cast-iron mechanical joint, and cast-iron push-on-joint pipe. Ignore friction loss
of straight run through tee. For values of ‘‘C’’ other than 120, multiply the figures in this table by the factors in Table 15. Values, except
for butterfly valves, taken from chart ‘‘Resistance of Valves and Fittings to Flow of Fluids.’’ copyrighted 1935 by The Crane Co. and adapted
for C-120.
2. Butterfly valve values for 4 in. through 12 in. taken from NFPA Standard No. 15 Water Spray Fixed Systems, and values for 14 in. through
24 in. averaged from several manufacturers’ catalogs and converted to ?? feet of loss. C = 120.

Table 17. Equivalent Feet of Pipe.

2 in. 2 1⁄2 in. 3 in. 3 1⁄2 in. 4 in. 5 in. 6 in. 8 in. 10 in.
100 238 683 1387 2566 7698 18868 75849 235850
42.0 100 287 583 1079 3238 7937 31907 99213
14.6 34.8 100 203 376 1127 2762 11103 34525
7.20 17.1 49.3 100 185 555 1361 5471 17013
3.89 9.26 26.6 54.0 100 300 735 2955 9188
1.30 3.09 8.87 18.0 33.3 100 245 985 3063
0.53 1.26 3.62 7.35 13.6 40.8 100 402 1250
0.13 0.31 0.90 1.83 3.39 10.2 24.9 100 311
0.04 0.10 0.29 0.59 1.09 3.26 8.00 32.2 100

Example: How much 6 in. pipe has the same friction loss as 287 ft of 8 in. pipe, having the same ‘‘C’’ factor?
Solution: Under 8 in. pipe, drop down vertically to 100 and horizontally to the figure under 6 in. pipe which shows a value of 24.9. This means
that 100 ft of 8 in. pipe has the same friction loss as 24.9 ft of 6 in. pipe. The friction loss in 287 ft of 8 in. pipe is equal to the friction loss
in 71.5 ft of 6 in. pipe (287/100 x 24.9).
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Table 18. Tables For Computing Equivalent Length of Pipe.

Schedule 40 Pipe
Nominal Diameter (in.) Inside Diameter (in.) (Inside Diameter)4.87 Hazen & Williams C C1.85

1⁄2 0.622 0.099 80 3316.6
1⁄4 0.824 0.390 100 5011.9
1 1.049 1.26 110 5978.2

11⁄6 1.380 4.80 120 7022.3
11⁄2 1.610 10.2 130 8143.0
2 2.067 34.3 140 9339.8

21⁄2 2.469 81.6
LE = LO (DN/DO)4.87 x (CN/CO)1.85

LE = Equivalent length
LO = Length of old pipe
DO = Diameter of old pipe
CO = H&W - ‘‘C’’ of old pipe
DN = Diameter of new pipe
CN = H&W - ‘‘C’’ of new pipe

3 3.068 235
31⁄2 3.548 477
4 4.026 883
5 5.047 2653
6 6.065 6492
8 8.071* 26106

10 10.020 74856
10.192** 81325

12 12.090* 186817
*Schedule 30 pipe
**0.279-in. wall thickness

Table 19. Friction Loss Through Factory-Mutual-Approved Waterflow Detector Check Valves.

Manufacturer
Model

No.

Flow Rate,
gal/min

(dm3/min)

Friction Loss, psi (kPa)
3 in.

(76.2 mm)
4 in.

(101.6 mm)
6 in.

(152.4 mm)
8 in.

(203.2 mm)
10 in.

(254.0 mm)

Central Sprinkler Corp. A

750 2.1
(2839) (14.5)
1000 (N.A.) 2.4 (N.A.) (N.A.) (N.A.)

(3785) (16.5)
1250 2.8

(4731) (19.3)
Chemetron Fire
Systems Div.,
Chemetron Corp.

50, 50A 500 2.8
(1892) (19.3)

750 3.9
(2839) (26.9)
1000 6.6 2.7

(3785) (45.5) (18.6)
1500 (N.A.) 3.2 2.2 (N.A.)

(5678) (22.1) (15.2)
2000 4.5 2.5

(7570) (31.0) (17.2)
2500 2.7

(9463) (18.6)
Globe Fire Equipment
Co.

B 500 1.9
(1892) (13.0)

750 2.0
(2839) (13.7)
1000 1.5

(3785) (10.3)
1500 (N.A.) 1.3 (N.A.)

(5678) (8.9)
2000 1.2

(7570) (8.2)
3000 1.4

(11356) (9.6)
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Manufacturer
Model

No.

Flow Rate,
gal/min

(dm3/min)

Friction Loss, psi (kPa)
3 in.

(76.2 mm)
4 in.

(101.6 mm)
6 in.

(152.4 mm)
8 in.

(203.2 mm)
10 in.

(254.0 mm)
Hersey-Sparling Meter
Co.

DC 50 3.8 3.0 2.5 2.0 1.0
(189) (26.2) (20.7) (17.2) (13.8) (6.9)
100 2.4 3.5 3.0 2.6 3.5

(378) (16.6) (24.1) (20.7) (19.3) (24.1)
200 .7 1.2 1.0 3.5 3.9

(757) (4.8) (8.3) (6.9) (24.1) (26.9)
300 1.6 .8 .8 3.7 4.0

(1135) (11.0) (5.5) (5.5) (25.5) (27.6)
400 2.6 1.1 1.0 3.4 3.8

(1514) (17.9) (7.6) (6.9) (23.4) (26.2)
500 4.0 1.2 1.1 2.7 3.6

(1892) (27.6) (8.3) (7.6) (18.6) (24.8)
600 1.4 1.3 1.8 3.3

(2271) (9.6) (9.0) (12.4) (22.8)
700 1.6 1.4 1.2 3.1

(2649) (11.0) (9.7) (8.3) (21.4)
800 1.8 1.7 .7 2.9

(3028) (12.4) (11.7) (4.8) (20.0)
900 2.0 1.8 .5 2.7

(3406) (13.8) (12.4) (3.4) (18.6)
1000 2.0 .4 2.5

(3785) (13.8) (2.8) (17.2)
1500 .5 1.7

(5678) (3.4) (11.7)
2000 .8 1.2

(7570) (5.5) (8.3)
2500 1.2 .9

(9463) (8.3) (6.2)
3000 .9

(11356) (6.2)
3500 1.2

(13249) (8.3)
4000 1.6

(15142) (11.0)
EDC 4500 2.4

(17034) (16.5)
5000 3.4

(18927) (23.4)
500 1.7

(1892) (11.7)
750 2.5

(2839) (17.2)
1000 (N.A.) 3.3 1.6

(3785) (22.8) (11.0)
1500 2.2

(5678) (15.2)
2000 2.6 1.7

(7570) (17.9) (11.7)
2250 1.6

(8517) (11.0)
3000 2.4

(11356) (16.5)
4000 3.1

(15142) (21.4)
4500 2.2

(17034) (15.2)
6750 2.6

(25552) (17.9)
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Manufacturer
Model

No.

Flow Rate,
gal/min

(dm3/min)

Friction Loss, psi (kPa)
3 in.

(76.2 mm)
4 in.

(101.6 mm)
6 in.

(152.4 mm)
8 in.

(203.2 mm)
10 in.

(254.0 mm)
Kennedy Valve Div., ITT
Grinnell Corp.
(Conoflow Corp.)

A-2 50 1.5 1.5 1.5
(189) (10.3) (10.3) (10.3)
100 2.1 1.8 1.9

(378) (14.5) (12.4) (13.1)
200 1.7 1.8 2.2

(757) (11.7) (12.4) (15.2)
300 1.6 1.7 2.1

(1135) (11.0) (11.7) (14.5)
400 (N.A.) 1.6 1.7 1.9 (N.A.)

(1514) (11.0) (11.7) (13.1)
500 1.9 1.6 1.9

(1892) (13.1) (11.0) (13.1)
600 2.2 1.6 1.9

(2271) (15.2) (11.0) (13.1)
700 2.7 1.5 1.8

(2649) (18.6) (10.3) (12.4)
800 3.5 1.5 1.8

(3028) (24.1) (10.3) (12.4)
900 4.0 1.5 1.8

(3406) (27.6) (10.3) 12.4)
1000 5.0 1.5 1.8

(3785) (34.5) (10.3) (12.4)
1500 11.5 2.0 1.8

(5678) (79.3) (13.8) (12.4)
2000 3.1 1.9

(7570) (21.4) (13.1)
2500 4.6 2.2

(9463) (31.7) (15.2)
3000 6.5 2.8

(11356) (44.8) (19.3)
B-2 50 2.6

(189) (17.9)
100 2.8

(378) (19.3)
200 2.7

(757) (18.6)
300 (N.A.) 2.6

(1135) (17.9)
400 2.5

(1514) (17.2)
500 3.6 2.5

(1892) (24.8) (17.2)
600 2.4

(2271) (16.5)
700 2.4

(2649) (16.5)
750 3.9

(2839) (26.9)
800 2.4

(3028) (16.5)
900 2.3

(3406) (15.8)
1000 6.1 2.2

(3785) (42.1) (15.2)
1250 (N.A) 2.4

(4732) (16.5)
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Manufacturer
Model

No.

Flow Rate,
gal/min

(dm3/min)

Friction Loss, psi (kPa)
3 in.

(76.2 mm)
4 in.

(101.6 mm)
6 in.

(152.4 mm)
8 in.

(203.2 mm)
10 in.

(254.0 mm)
Kennedy Valve Div.,
(Continued)

B-2
(Cont’d)

1500 3.0 2.1
(5678) (20.7) (14.5)
1950 4.5

(7382) (31.0)
2000 2.0

(7570) (13.8)
2500 2.9 1.9

(9463) (20.0) (13.1)
3000 3.7 1.9

(11356) (25.5) (13.1)
3500 1.8

(13249) (12.4)
4000 4.3 1.9

(15142) (29.6) (13.1)
4500 2.0

(17034) (13.8)
Mueller Co. A-2130-6, 500 2.8

(1892) (19.3)
A-2131-6 750 3.9

(2839) (26.9)
1000 6.6 2.7

(3785) (N.A.) (45.5) (18.6) (N.A.)
1500 3.2 2.2

(5678) (22.1) (15.2)
2000 4.5 2.5

(7570) (31.0) (17.2)
2500 2.7

(9463) (18.6)
Norris Industries Fire &
Safety Equipment

A (Globe) 50 3.0 2.2 1.6
(189) (20.7) (15.2) (11.0)
100 3.1 2.4 2.4

(378) (21.4) (16.5) (16.5)
200 3.1 2.4 2.3

(757) (21.4) (16.5) (15.9)
300 3.6 2.4 2.1

(1135) (24.8) (16.5) (14.5)
400 (N.A.) 3.5 2.4 2.0 (N.A.)

(1514) (24.1) (16.5) (13.8)
500 .7 2.4 1.9

(1892) (4.8) (16.5) (13.1)
600 .7 2.4 2.0

(2271) (4.8) (16.5) (13.8)
700 1.1 2.4 1.9

(2649) (7.6) (16.5) (13.1)
800 1.4 2.3 1.9

(3028) (9.7) (15.9) (13.1)
900 2.3 1.8

(3406) (15.9) (12.4)
A (Globe)
(Cont’d)

1000 2.3 1.6
(3785) (15.9) (11.0)
1500 1.2

(5678) (8.3)
2000 1.8 (N.A.)

(7570) (N.A.) (12.4)
2500 2.7

(9463) (18.6)
3000 3.6

(11356) (24.8)
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Manufacturer
Model

No.

Flow Rate,
gal/min

(dm3/min)

Friction Loss, psi (kPa)
3 in.

(76.2 mm)
4 in.

(101.6 mm)
6 in.

(152.4 mm)
8 in.

(203.2 mm)
10 in.

(254.0 mm)
Viking Corp. C 75 1.1

(284) (7.6)
100 1.1

(378) (7.6)
200 1.0

(757) (6.9)
400 (N.A.) 1.2 (N.A.) (N.A.) (N.A.)

(1514) (8.3)
800 2.1

(3028) (14.5)
1000 3.0

(3785) (20.7)
1300 4.5

(4921) (31.0)
C-2 100 1.5

(378) (10.3)
250 1.0

(946) (6.9)
500 1.0

(1892) (6.9)
1000 (N.A.) (N.A.) (N.A.) (N.A.) 1.0

(3785) (6.9)
1500 1.0

(5678) (6.9)
2000 1.0

(7570) (6.9)
2500 0.75

(9463) (5.2)
3000 1.0

(11356) (6.9)
3500 4.0

(13249) (6.9)
4000 1.25

(15142) (8.6)
4500 1.5

(17034) (10.3)
5000 1.5

(18927) (10.3)
5500 1.5

(20819) (10.3)
6000 5.0

(22712) (13.8)
D-1 1000 2.0 1.5

(3785) (13.8) (10.3)
1500 3.1 1.8

(5678) (21.4) (12.4)
2000 3.8 2.0

(7570) (26.2) (13.8)
2500 (N.A.) (N.A.) 4.3 2.1 (N.A.)

(9463) (29.6) (14.5)
2880 4.9

(10902) (33.8)
2950 2.1

(11167) (14.5)

Pipe Friction Loss Tables 2-89
FM Property Loss Prevention Data Sheets Page 63

©2000 Factory Mutual Insurance Company. All rights reserved.



Manufacturer
Model

No.

Flow Rate,
gal/min

(dm3/min)

Friction Loss, psi (kPa)
3 in.

(76.2 mm)
4 in.

(101.6 mm)
6 in.

(152.4 mm)
8 in.

(203.2 mm)
10 in.

(254.0 mm)
Viking Corp.
(Continued)

E-1, E-2 500 2.8
(1892) (19.3)

750 3.9
(2839) (26.9)
1000 (N.A.) 6.6 2.7 (N.A.)

(3785) (45.5) (18.6)
1500 3.2 2.2

(5678) (22.1) (15.2)
2000 4.5 2.5

(7570) (31.0) (17.2)
2500 2.7

(9463) (18.6)

Notes 1. (N.A.) = Not applicable. No valve in this size or not FM approved.

Table 20. Friction Loss in Plastic Pipe.

Nominal Pipe Size
Multiply by Figures in Table 13 4 in.

(100 mm)
6 in.

(150 mm)
8 in.

(200 mm)
10 in.

(250 mm)
12 in.

(300 mm)
PVC Pipe - Class 200 0.82 0.79 0.84 0.97 0.99
Certain Teed Products Corp.
Johns-Manville Sales Corp.
Robintech, Inc.
Winnebago Drainage System Inc.

Multiply by Figures in Table 12

PVC Pipe - Class 150 0.70 0.75 0.82 0.90 0.99
Certain Teed Products Corp.
Clow Corp.
Gifford-Hill & Co.
Johns-Manville Sales Corp.
Robintech, Inc.
Winnebago Drainage System Inc.

Polyethylene Pipe 1.54 1.50 1.50 2.34 1.93
Du Pont-Canada

Flber Reinforced Pipe
Ameron Corp. 0.77 0.67 0.73 0.77 0.78
Fiberglass Resources Corp. 0.62 0.60 0.67 0.74 0.78
Johns-Manville Sales Corp. 0.70 0.65 0.73 0.71 0.73
A O Smith-Inland Inc. 0.62 0.61 0.68 0.77 0.80
Wavin KLS 0.94 0.85 0.87 0.94 0.94

Example:
Table 12: Flow 1000 gpm in 6 in pipe
Friction loss 0.032 psi/ft
Friction loss in 6 in. Ameron Plastic Pipe = 0.032 x 0.67 = 0.021 psi/ft
Friction loss in 150 mm Wavin Pipe = 0.032 x 0.85 = 0.027 psi/ft
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