Pipe & Hangers Technical Information
Engineering & Design Data - Including Friction Loss Tables & Head Loss
Nomograph

FLOW VELOCITY & FRICTION LOSS
Friction Loss Through Pipe

The Hazen-Williams equation below is widely used to calculate friction loss for water through PVC and CPVC pipe

f=.2083 x (@)1.852 X GL852
C di4,8655
Where: f = friction head of feet of water per 100" for the specific pipe size and I.D.
C = a constant for internal pipe roughness. 150 is the commonly accepted value for PVC and CPVC pipe.
G = flow rate of gallons per minute (U.S. gallons).
di = inside diameter of pipe in inches.

Friction Loss Through Fittings
Friction loss through fittings is expressed in equivalent feet of the same pipe size and schedule for the system flow rate.
Schedule 40 head loss per 100" values are usually used for other wall thicknesses and standard iron pipe size O.D.’s.

Average Friction Loss for PVC and CPVC Fittings in Equivalent Feet of Straight Run Pipe

Item 112 3/4 1 1-14 | 1-112 2 2-112 3 4 6 8 10 12 14 16 18 20 24
Tee Run 1.0 1.4 1.7 2.3 2.7 4.0 4.9 6.1 7.9 123 | 140 | 175 | 200 | 25.0 | 27.0 | 320 | 350 [ 420
Tee Branch | 38 49 6.0 7.3 8.4 120 | 147 | 164 | 220 | 32.7 | 49.0 | 57.0 | 67.0 | 78.0 | 88.0 | 107.0 | 118.0 | 137.0
90° Ell 15 2.0 2.5 38 4.0 5.7 6.9 7.9 114 | 167 | 21.0 | 26.0 | 320 | 370 | 430 | 53.0 | 58.0 | 67.0
45° Ell 8 11 14 1.8 2.1 2.6 3.1 4.0 5.1 80 | 106 | 135 | 155 | 180 | 20.0 | 230 | 25.0 | 30.0
Note: Values 10"-24": Approximate values from Nomograph.

Pressure Drop In Valves & Strainers Where:

Pressure drop calculations can be made for valves and strainers (G)? (Sg)

for different fluids, flow rates, and sizes using the CV values and P= W

the following equation: v PSI

P = Pressure drop in PSI; feet of water = 1330

G = Gallons per minute
C, = Gallons per minute water per 1 PSI pressure drop
Sg = Specific gravity of liquid (water = 1)

C, Valves for Select Spears® Valves and Strainers

Nominal Size |:,‘> 1/2 3/4 1 1-1/4 1-12 2 2-112 3 4 6 8 10 12
True Union Ball Valve! 29 63 120 243 357 599 856 1416 2865 1952
Single Entry Ball Valve! 38 76 146 292 412 720 - 1660 3104
True Union Check Valve 6.3 17 25 65 86 130 200 275 500 800
Butterfly Valve
(90° - Full Open) - - - - 81 109 192 345 411 1125 2249 4440 6309
Y-Check Valve 6.7 12.6 22.9 33.8 50.7 79.2 - 235 387
Y-Strainer (12 Mesh-Clean) 54 7.8 13.9 329 41.6 50.0 - 74.6 169.0
Basket Strainer (Clean) 45 10 15 30 46 72 110 172 270 630 750 893 1063

1- Full Port Ball Valve Cv based on equivalent length of Schedule 80 pipe
Water Velocities
Velocities for water in feet per second at different GPM's and pipe inside diameters can be calculated as follows:
v =.320858
A

Where:

V = velocity in feet per second

G = gallons per minute

A = inside cross sectional area in square inches

CAUTION: Flow velocities in excess of 5.0 feet per second are not recommended for closed-end systems. Contact Spears® Technical
Services for additional information.

Page 1 Suitable for Oil-Free air handling to 25 psi, not for distribution of compressed air or gas



Pipe & Hangers Technical Information
Engineering & Design Data - Including Friction Loss Tables & Head Loss

Nomograph

9 3123456 802468024680 5.0 0 nw 12345678902 o [=}
o e - Y2X2eke2 ~ < )
_::_::_______
puodas Jad 183} ul A1190]9A Jajem
5 88% 88. o o< e=2 9 3%23% sscsesd § 8% 888 §
L bbb L L Db U Ll L L bbbl | L L], | 24103004 2d109) utssol peay
NN I R N UL R R U L HHULU I R MR adid Jo "} 001 4od ISd Ut $50| peaH
- N [ - N o < © «© o N o < © © o [=] (=T = =] [=] o o o 909
=) & © o LR t = - « © ® 0O S 99 9 g9
- N ® < © 840I
_::_:_________________________ _ __ _ I _:_______ _::_:_ ______ TTTT _______ __ I _ _____ __ TTT sayou uj adid Jo Jajawelp apisu|
gr e ¥ oo N © 1 + < © N o~ aaen @ <« ) o
g S 5 3 888 g 8§ § 2 ee=~ew v o o & FUENEE
[=] (] N - -
N

— 3000
— 1000
— 900

800
— 700
— 600
— 500

_:___:__:_:____ ___

— 400

_::_::_::______ __ _ ___

_

__:__::_::_:__ ________ ___ 1 _ _:__::_::____ 1 ___________

ajnuiw 13d suojjeb uj mojy Jajep

"PAPUBLILLIOIRI JOU 3k Pu0das Jad 1984 0°G JO SS80Xa Ul S31II90]9A MO "abpa 1yBrens 1o JsjnJ e Buisn sajeas ay uo senjeA ayl dn Bulul] Ag sa|geLieA J1aylo ay)
UIe1go 01 Pasn aq ISNW SajqelieA UMou oM "sazis adid anseld Jo abues apIm e 10) A1ID0]aA Ja1eM pPUR SSO| peay ‘MOY Ja1em Joj sanfeA arewixoidde sapinoad ydeibowou ay

ydeiabowoN - adid onse|d pibry ybnouay MojH 181ep) JO solisualoeiey)d Sso] peaH

Page 2



Pipe & Hangers Technical Information
Engineering & Design Data - Including Friction Loss Tables & Head Loss
Nomograph

FLOW VELOCITY & FRICTION LOSS

SCHEDULE 40

Fiow | Flow fg‘g‘g Fiicion | Fiow LF;':S“Z;”L Fiicion | Flow LF;'SCS"E’; Friton | Flow S‘;"Z’F'; Frition | Flow L':U”S"s“ﬁ:': Friction | Flow f;':s"g:r: Fricton | Flow f;:s"z’; Fricion | Flow
ate | Velocity Loss (psi/| Velocity Loss (psi/| Velocity Loss (psi/| Velocity Loss (psi/| Velocity Loss (psi/| Velocity Loss (psi/| Velocity Loss (psi/ Rate
(bGATJn'SS’ (fUsec) Vlvoa‘o‘?t')/ 10070 | (fsec) Vl"g;;’ 100f) | (fsec) Y;;;/ 1001 | (fsec) Vl"g;;/ 1000 | (fsec) vlv;:;/ 1007 | (fsec) ‘fgg%’ 100f) | (fsec) \f‘;‘o‘%’ 100f) ‘a‘:ﬂ:ﬂg’
GPM 1/8" 1/4" 3/8" 12" 3/4" 1" 1-1/4" GPM
025 | 164 | 654 | 283 | 086 | 136 | 059 | 046 | 029 | 012 0.25
050 | 327 | 2360 | 1023 | 172 | 490 | 212 | 091 | 104 | 045 0.50
075 | 491 | 5000 | 2168 | 250 | 1038 | 450 | 137 | 220 | 096 0.75
1 | 655 | 8518 | 3693 | 345 | 17.68 | 766 | 182 | 375 | 163 | 113 | 116 | 050 | 063 | 028 | 012 | 039 | 009 | 004 | 022 | 002 | 001 | 1
2 | 1300 | 30752 | 13331 | 690 | 6382 | 2767 | 3.65 | 1355 | 588 | 225 | 419 | 182 | 126 | 103 | 044 | 077 | 031 | 013 | 044 | 008 | 003 | 2
5 1725 | 34820 | 15098 | 941 | 7396 | 3206 | 563 | 2288 | 992 | 316 | 560 | 243 | 193 | 169 | 073 | 110 | 043 | 019 | 5
7 1276 | 13793 | 5079 | 7.88 | 4266 | 1849 | 442 | 1044 | 453 | 270 | 314 | 136 | 155 | 081 | 035 | 7
10 1126 | 8259 | 3580 | 631 | 2021 | 876 | 386 | 608 | 264 | 221 | 157 | 068 | 10
15 947 | 4282 | 1856 | 578 | 1280 | 550 | 331 | 332 | 144 | 15
20 1263 | 7295 | 3163 | 771 | 2196 | 952 | 442 | 565 | 245 | 20
25 964 | 3320 | 1439 | 552 | 855 | 371 | 25
30 1157 | 4654 | 2017 | 662 | 1198 | 519 | 30
35 773 | 1594 | 691 | 35
40 883 | 2041 | 885 | 40
45 994 | 2539 | 1100 | 45
50 1104 | 3086 | 1338 | 50
GPM 1-1/2" 2" 2-1/2" 3" 4" 5" 6" GPM

2 0.32 0.04 0.02
5 0.81 0.20 0.09 0.49 0.06 0.03
7 113 0.38 0.16 0.68 0.11 0.05 0.48 0.05 0.02

10 1.62 0.73 0.32 0.97 021 0.09 0.68 0.09 0.04 0.44 0.03 0.01 10
15 242 155 0.67 1.46 0.45 0.20 1.02 0.19 0.08 0.66 0.07 0.03 15
20 323 2.64 115 1.95 0.77 0.34 137 0.33 0.14 0.88 011 0.05 051 0.03 0.01 20
25 4.04 4.00 173 244 117 0.51 n 0.49 021 110 0.17 0.07 0.64 0.05 0.02 25
30 4.85 5.60 243 2.92 164 071 2.05 0.69 0.30 132 0.24 0.10 0.77 0.06 0.03 0.49 0.02 0.01 30
35 5.65 7.45 323 341 218 0.94 2.39 0.92 0.40 154 0.32 0.14 0.89 0.08 0.04 0.57 0.03 0.01 35
40 6.46 9.54 4.14 3.90 279 121 273 118 051 176 041 0.18 1.02 0.11 0.05 0.65 0.04 0.02 40
45 121 1187 | 515 439 3.47 151 3.07 146 0.63 1.99 0.51 0.22 115 013 0.06 0.73 0.04 0.02 45
50 8.08 | 1443 | 6.25 487 4.22 183 341 178 0.77 221 0.61 0.27 128 0.16 0.07 0.81 0.05 0.02 0.56 0.02 0.01 50
60 969 | 2022 | 877 5.85 5.92 2.56 4.10 249 1.08 2.65 0.86 0.37 153 0.23 0.10 0.97 0.08 0.03 0.67 0.03 0.01 60
70 6.82 7.87 341 4.78 3.32 144 3.09 115 0.50 179 0.30 0.13 114 0.10 0.04 0.79 0.04 0.02 70
75 731 8.94 3.88 512 3.77 163 331 130 0.56 192 0.34 0.15 122 0.11 0.05 0.84 0.05 0.02 75
80 780 | 10.08 | 4.37 5.46 425 184 3.53 147 0.64 2.04 0.39 0.17 130 0.13 0.06 0.90 0.05 0.02 80
90 877 | 1253 | 543 6.15 5.28 229 3.97 182 0.79 2.30 0.48 0.21 146 0.16 0.07 101 0.07 0.03 90
100 974 | 1523 | 6.60 6.83 6.42 278 441 222 0.96 255 0.59 0.25 162 0.19 0.08 112 0.08 0.03 100
125 12.18 | 23.03 | 9.98 8.54 9.70 421 5.52 3.35 145 319 0.89 0.38 2.03 0.29 0.13 1.40 0.12 0.05 125
150 10.24 | 1360 | 590 6.62 4.70 2.04 3.83 124 0.54 243 041 0.18 1.68 0.17 0.07 150
175 1.72 6.25 271 4.47 1.65 0.72 2.84 0.55 0.24 1.96 0.22 0.10 175
200 8.82 8.00 347 511 2.12 0.92 325 0.70 0.30 2.25 0.29 0.12 200
250 1103 | 1210 | 5.24 6.39 320 139 4.06 1.06 0.46 2.81 0.43 0.19 250
300 7.66 4.49 195 4.87 1.49 0.65 3.37 0.61 0.26 300
350 8.94 5.97 2.59 5.68 1.98 0.86 393 0.81 0.35 350
400 10.22 | 7.64 331 6.49 254 110 4.49 1.03 0.45 400
450 7.30 3.15 137 5.05 129 0.56 450
500 8.11 3.83 1.66 5.61 156 0.68 500

NOTE: It recommends that Flow Velocities be maintained at or below 5 feet per second in large diameter piping systems (i.e. 6" diameter and larger) to minimize the potential for hydraulic shock.
Refer to Spears® engineering section entitled "Hydraulic Shock" for additional information. Friction loss data based on utilizing mean wall dimensions to determine average ID; actual ID may
vary.
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Engineering & Design Data - Including Friction Loss Tables & Head Loss
Nomograph

FLOW VELOCITY & FRICTION LOSS

SCHEDULE 40

Flow Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction | Flow
Rate . |Loss(Ft| Loss . |Loss(Ft.| Loss . |Loss(Ft.| Loss . |Loss(Ft.| Loss . |Loss (Ft.| Loss - |Loss(Ft| Loss . [Loss(Ft.| Loss . [Loss(Ft| Loss Rate
(Gallons \(’;/':ecg Waterl | (psil \('gl';fg Water/ | (psi/ ‘(’ff/':ecg Water/ | (psi/ Yﬁ,'?ﬁg Water/ | (psi/ ‘(’;':ecg Water/ | (psi/ \(/:/Igecg Water/ | (psi/ YSSS:? Water/ | (psi/ \(/:/':ecg Weter/ | (psi | (Gallons!
Minute) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) | Minute)
GPM 8" 10" 127 14” 16” 18” 20" 24” GPM
100 | 065 | 0.02 | 0.01 100
125 | 081 | 003 | 0.01 125
150 | 0.97 | 0.04 | 0.02 150
175 | 113 | 0.06 | 0.03 175
200 | 1.29 | 008 | 003 | 082 | 002 | 0.01 200
250 | 162 | 011 | 005 | 1.03 | 0.04 | 0.02 250
300 | 1.94 | 016 | 007 | 1.23 | 0.05 | 0.02 300
350 | 227 | 021 | 009 | 1.44 | 007 | 003 | 1.01 | 003 | 0.01 350
400 | 259 | 027 | 012 | 164 | 0.09 | 0.04 | 1.16 | 0.04 | 0.02 | 096 | 0.02 | 0.01 | 0.73 | 0.01 | 0.01 400
450 | 291 | 034 | 015 | 1.85 | 0.11 | 0.05 | 1.30 | 0.05 | 0.02 | 1.08 | 0.03 | 0.01 | 0.82 | 0.02 | 0.01 450
500 | 324 | 041 | 018 | 205 | 014 | 006 | 1.44 | 006 | 002 | 1.19 | 004 | 002 | 091 | 002 | 0.01 500
750 | 485 | 087 | 038 | 3.08 | 029 | 012 | 217 | 012 | 005 | 1.79 | 008 | 003 | 1.37 | 004 | 002 | 1.08 | 002 | 0.01 750
1000 | 6.47 | 148 | 0.64 | 410 | 049 | 021 | 289 | 021 | 0.09 | 239 | 0.13 | 0.06 | 1.83 | 0.07 | 003 | 1.45 | 0.04 | 0.02 | 1.16 | 0.02 | 0.01 1000
1250 513 | 074 | 032 | 361 [ 031 | 014 | 299 | 020 | 0.09 | 229 | 0.10 | 0.04 | 1.81 | 006 | 0.03 | 145 [ 0.03 | 0.01 1250
1500 615 | 1.03 | 045 | 433 | 044 | 019 | 358 | 028 | 012 | 274 | 014 | 006 | 217 | 0.08 | 0.04 | 1.74 | 005 | 0.02 | 121 | 0.02 | 0.01 | 1500
2000 578 | 0.75 | 033 | 478 | 047 | 020 | 366 | 025 | 0.11 | 2.89 | 0.4 | 0.06 | 2.32 | 0.08 | 0.04 | 1.61 | 0.03 | 0.01 | 2000
2500 722 | 113 | 049 | 597 | 071 | 031 | 457 | 037 | 016 | 361 | 021 | 0.09 | 291 | 012 | 0.05 | 201 | 005 | 0.02 | 2500
3000 717 | 100 | 043 | 549 | 052 | 023 | 434 | 029 | 013 | 349 | 017 | 0.08 | 241 | 0.07 | 0.03 | 3000
3500 6.40 | 0.70 | 030 | 5.06 | 039 | 017 | 407 | 023 | 0.10 | 281 | 0.09 | 0.04 | 3500
4000 578 | 050 | 0.22 | 4.65 | 030 | 0.13 | 3.21 | 0.2 | 0.05 | 4000
4500 650 | 0.62 | 0.27 | 523 | 037 | 0.16 | 3.62 | 0.15 | 0.06 | 4500
5000 581 | 045 | 0.9 | 4.02 | 0.18 | 0.08 | 5000
5500 6.39 | 053 | 0.23 | 442 | 0.22 | 0.09 | 5500
6000 6.97 | 0.63 | 0.27 | 482 | 025 | 0.11 | 6000
7000 5.62 | 034 | 0.15 | 7000
7500 6.03 | 039 | 0.17 | 7500
8000 6.43 | 043 | 0.19 | 8000
8500 6.83 | 049 | 0.21 | 8500

NOTE: It recommends that Flow Velocities be maintained at or below 5 feet per second in large diameter piping systems (i.e. 6" diameter and larger) to minimize the potential for
hydraulic shock. Refer to Spears® engineering section entitled "Hydraulic Shock” for additional information. Friction loss data based on utilizing mean wall dimensions to determine average
ID; actual ID may vary.
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FLOW VELOCITY & FRICTION LOSS

SCHEDULE 80

Flow Friction | . .. Friction | . . Friction . Friction | .. .. Friction | . . Friction | .. . Friction - Flow
e vy | s sty |0 o vy | e vty | S0 s ey |5 vy |5 s ey (Lo e
Minute) )| 100t )| 100 | 100f) | 100t )| 100ft) | 100ft) | 100f) Minute)
GPM 1/8" 14" 3/8" 12" 3/4" 1" 1-1/4" GPM
0.25 | 267 21.47 9.31 1.29 357 155 0.63 0.63 027 0.25
0.50 | 535 | 7752 | 3360 | 259 | 1288 | 558 | 125 | 227 | 098 0.50
0.75 | 802 |16425| 7120 | 388 | 2729 | 1183 | 188 | 480 | 208 0.75
1 10.69 | 279.84 | 121.31 | 5.17 46.49 | 20.15 251 8.18 355 1.48 224 0.97 0.78 0.48 021 0.47 0.14 0.06 0.26 0.03 0.01 1
2 21.39 | 101021 | 437.93 | 10.35 | 167.84 | 72.76 | 501 | 29.54 | 1281 | 296 | 808 | 3.50 156 | 173 | 075 | 093 | 049 | 021 | 052 | 012 | 005 2
5 2587 | 91595 | 397.07 | 1253 | 161.23 | 69.89 | 7.39 | 4412 | 1912 | 391 | 945 | 410 | 233 | 267 116 | 130 | 064 | 028 5
7 17.54 | 300.66 | 130.34 | 10.35 | 8227 | 3566 | 548 | 1762 | 764 | 326 | 498 | 216 | 181 | 120 | 052 7
10 1478 | 159.26 | 69.04 7.82 3411 | 1479 4.66 9.65 4.18 259 232 1.00 10
15 1174 | 7227 | 31.33 6.99 20.44 8.86 3.89 4.91 213 15
20 1565 | 12313 | 5338 | 933 | 34.82 | 1509 | 518 | 836 | 362 20
25 1166 | 5264 | 2282 | 648 | 1264 | 548 25
30 1399 | 7378 | 3198 | 7.77 | 17.71 | 7.68 30
35 16.32 | 98.16 | 42.55 9.07 2356 | 10.21 35
40 18.65 | 125.70 | 54.49 | 10.37 | 30.17 | 13.08 40
45 1166 | 37.53 | 16.27 45
50 1296 | 4562 | 1977 | 50
60 1555 | 6394 | 2772 | 60
70 18.14 | 8506 | 3687 | 70
75 1943 | 96.66 | 41.90 75
80 20.73 | 108.93 | 47.22 80
GPM 1-1/2" 2" 2-1/2" & 4" & 6" GPM

1 0.19 0.01 0.01 0.11 0.00 0.00 0.08 0.00 0.00 0.05 0.00 0.00
2 0.38 0.05 0.02 0.22 0.02 0.01 0.16 0.01 0.00 0.10 0.00 0.00
5} 0.96 0.29 0.13 0.56 0.08 0.04 0.39 0.03 0.01 0.25 0.01 0.01

7 134 0.54 0.24 0.78 0.15 0.07 0.55 0.06 0.03 0.35 0.02 0.01 7
10 1.92 1.05 0.46 112 0.30 0.13 0.78 0.12 0.05 0.50 0.04 0.02 10
15 2.87 223 0.97 1.67 0.63 0.27 117 0.26 011 0.75 0.09 0.04 15
20 3.83 3.80 165 223 1.07 0.47 156 0.45 0.19 1.00 0.15 0.07 0.57 0.04 0.02 20
25 479 5.74 2.49 2.79 1.63 0.70 195 0.68 0.29 124 0.23 0.10 0.71 0.06 0.03 25
30 5.75 8.04 3.49 335 228 0.99 2.34 0.95 041 1.49 0.32 0.14 0.85 0.08 0.04 0.54 0.03 0.01 30
35 6.71 1070 | 464 391 3.03 131 273 1.26 0.55 174 0.43 0.18 1.00 011 0.05 0.63 0.04 0.02 &
40 7.66 1371 5.94 4.46 3.88 168 31 162 0.70 1.99 0.54 0.24 114 0.14 0.06 0.72 0.05 0.02 40
45 8.62 17.05 7.39 5.02 4.83 2.09 3.50 201 0.87 224 0.68 0.29 1.28 0.17 0.08 0.81 0.06 0.02 45

50 958 | 2072 | 898 558 5.87 2.54 3.89 245 1.06 249 0.82 0.36 1.42 021 0.09 0.90 0.07 0.03 0.63 0.03 0.01 50
60 1150 | 29.04 | 1259 | 6.69 822 3.56 4.67 343 1.49 2.99 115 0.50 171 0.30 0.13 1.08 0.10 0.04 0.75 0.04 0.02 60
70 1341 | 3864 | 16.75 | 7.81 | 10.94 | 474 5.45 4.56 1.98 348 154 0.67 1.99 0.39 0.17 1.26 0.13 0.06 0.88 0.05 0.02 70
75 1437 | 4390 | 19.03 | 837 | 1243 | 539 5.84 5.18 225 373 174 0.76 214 0.45 0.19 135 0.15 0.06 0.94 0.06 0.03 75
80 1533 | 4948 | 2145 | 893 | 14.01 | 6.07 6.23 5.84 253 3.98 197 0.85 228 051 0.22 144 0.16 0.07 1.00 0.07 0.03 80
90 1724 | 6154 | 26.68 | 10.04 | 1742 | 755 7.01 7.26 3.15 4.48 2.45 1.06 256 0.63 027 162 0.20 0.09 113 0.09 0.04 90
100 | 19.16 | 7480 | 3242 | 11.16 | 21.18 | 9.18 7.79 8.83 3.83 4.98 297 129 2.85 0.76 033 1.80 0.25 0.11 125 0.10 0.04 100
125 | 23.95 | 11307 | 49.02 | 1395 | 3202 | 1388 | 973 | 1334 | 578 6.22 4.49 195 3.56 1.16 0.50 224 0.38 0.16 157 0.16 0.07 125
150 | 2874 | 15849 | 68.71 | 16.74 | 44.88 | 19.45 | 1168 | 1870 | 8.11 747 6.30 2.73 427 1.62 0.70 2.69 0.53 0.23 1.88 0.22 0.10 150

175 1953 | 59.70 | 25.88 | 13.63 | 24.88 | 10.79 | 8.71 8.38 3.63 4.98 216 0.93 314 0.70 0.30 219 0.29 0.13 175
200 2232 | 7645 | 33.14 | 1557 | 31.86 | 1381 | 9.96 1073 | 465 5.70 276 120 3.59 0.90 0.39 251 0.37 0.16 200
250 27.90 | 11558 | 50.10 | 19.47 | 48.17 | 20.88 | 1244 | 16.22 7.03 712 417 181 4.49 1.36 0.59 313 0.57 0.25 250
300 2336 | 6752 | 29.27 | 1493 | 22.74 | 9.86 855 5.85 2.54 5.39 1.90 0.83 3.76 0.79 0.34 300
350 9.97 7.78 3.37 6.29 253 110 4.38 1.05 0.46 350
400 11.39 9.96 4.32 718 324 141 5.01 135 0.59 400
450 1282 | 1239 5.37 8.08 4.04 175 5.64 1.68 0.73 450
500 8.98 4.90 213 6.26 2.04 0.89 500

NOTE: It recommends that Flow Velocities be maintained at or below 5 feet per second in large diameter piping systems (i.e. 6" diameter and larger) to minimize the potential for hydraulic shock.
Refer to Spears® engineering section entitled "Hydraulic Shock" for additional information. Friction loss data based on utilizing mean wall dimensions to determine average ID; actual ID may
vary.
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Pipe & Hangers Technical Information
Engineering & Design Data - Including Friction Loss Tables & Head Loss
Nomograph

FLOW VELOCITY & FRICTION LOSS

SCHEDULE 80
Flow Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction Flow Friction | Friction | Flow
Rate . |Loss(Ft| Loss . |Loss(Ft.| Loss . |Loss(Ft| Loss . |Loss(Ft| Loss . |Loss(Ft| Loss .. |Loss(Ft.| Loss . |Loss(Ft| Loss . |Loss(Ft| Loss Rate
(Géllonsl \(/;/I::g Water/ | (psil \(/:/Is;g Water/ | (psil \(/;/E:g\)( Water/ | (psil \(/;/I:;“; Water/ | (psi/ \(/;/Igg:}; Water/ | (psi/ \(/:/Isgg Water/ | (psi/ \(/:/I;J;t})/ Water/ | (psi/ \(/:/Iggg Water/ | (psi/ (G\?Ilonsl
Minute) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100ft) | 100ft) 100fty | 100ft) | Minute)
GPM 8" 10" 12" 14" 16" 18" 20”7 24” GPM
125 | 089 | 004 | 0.02 125
150 | 1.07 | 006 | 0.02 150
175 | 1.25 | 0.07 | 0.03 175
200 | 143 | 010 | 004 | 091 | 003 | 0.01 200
250 | 178 | 014 | 006 | 1.13 | 0.05 | 0.02 250
300 | 214 | 020 [ 0.09 | 136 | 0.07 | 0.03 300
350 | 250 | 027 | 012 | 159 | 0.09 | 0.04 | 1.12 | 0.04 | 0.02 350
400 | 285 | 034 | 015 | 1.81 | 0.1 | 005 | 1.28 | 0.05 | 0.02 | 1.06 | 0.03 | 0.01 | 0.81 | 0.02 | 0.01 400
450 | 321 | 043 | 019 | 204 | 014 | 006 | 1.44 | 006 | 0.03 | 1.19 | 0.04 | 0.02 | 091 | 0.02 | 0.01 450
500 | 357 | 052 | 023 | 227 | 017 | 0.07 | 160 | 0.07 | 0.03 | 1.33 | 005 | 002 | 1.01 | 0.02 | 0.01 500
750 | 535 | 1.10 | 048 | 340 | 036 | 0.16 | 240 | 0.6 | 0.07 | 1.99 | 010 | 004 | 152 | 0.05 | 0.02 | 1.19 | 0.03 | 0.01 750
1000 | 7.13 | 1.87 | 081 | 453 | 062 | 027 | 320 | 027 | 0.12 | 265 | 0.17 | 0.07 | 2.02 | 009 | 0.04 | 159 | 0.05 | 0.02 | 1.29 | 0.03 | 0.01 1000
1250 566 | 094 | 041 | 400 | 040 | 017 | 331 | 025 | 011 | 253 | 0.13 | 0.06 | 1.99 | 0.07 | 0.03 | 1.61 | 0.04 | 0.02 1250
1500 6.80 | 1.32 | 057 | 4.80 | 057 | 024 | 398 | 036 | 0.15 | 303 | 0.18 | 0.08 | 239 | 0.0 | 0.04 | 1.93 | 006 | 003 | 1.34 | 0.03 | 0.01 | 1500
2000 6.40 | 096 | 042 | 530 | 061 | 026 | 404 | 031 | 014 | 318 | 0.18 | 0.08 | 257 | 0.0 | 005 | 1.78 | 0.04 | 0.02 | 2000
2500 6.63 | 092 | 040 | 5.05 | 048 | 021 | 398 | 027 | 012 | 322 | 0.16 | 0.07 | 223 | 0.06 | 0.03 | 2500
3000 795 | 129 | 056 | 6.06 | 0.67 | 029 | 478 | 037 | 0.16 | 3.86 | 0.22 | 0.10 | 2.67 | 0.09 | 0.04 | 3000
3500 707 | 089 | 038 | 557 | 050 | 022 | 450 | 030 | 013 | 3.12 | 0.12 | 0.05 | 3500
4000 637 | 0.64 | 0.28 | 515 | 038 | 0.16 | 3.56 | 0.15 | 0.07 | 4000
4500 716 | 079 | 034 | 579 | 047 | 0.20 | 4.01 | 0.19 | 0.08 | 4500
5000 643 | 057 | 0.25 | 445 | 0.23 | 0.10 | 5000
5500 7.08 | 0.68 | 0.30 | 490 | 0.28 | 0.12 | 5500
6000 7.72 | 080 | 035 | 534 | 033 | 0.14 | 6000
7000 6.23 | 044 | 0.9 | 7000
7500 6.68 | 049 | 0.21 | 7500
8000 712 | 056 | 0.24 | 8000
8500 757 | 0.62 | 0.27 | 8500

NOTE: It recommends that Flow Velocities be maintained at or below 5 feet per second in large diameter piping systems (i.e. 6" diameter and larger) to minimize the potential for hydraulic shock.
Refer to Spears® engineering section entitled "Hydraulic Shock" for additional information. Friction loss data based on utilizing mean wall dimensions to determine average ID; actual ID may
vary.
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FLOW VELOCITY & FRICTION LOSS

SCHEDULE 120
o e e e e e e e N e e e e
(Gallons/' Water/ | (psi/ Water/ | (psi/ Water/ | (psi/ Water/ | (psi/ Water/ | (psi/ Water/ | (psi/ Water/ | (psi/ Water/ | (psi/ |(Gallons/
winute) | 52¢) | 100 | 100f) | %) | 100m | 00f | %) | 1o0m | 00r | %) | 10om | 00r | %) | 1oomy | 00r | %) | 100k | a00ry | %) | 1oom | a00f | S%C)| 100k | 100f) | Minute)
GPM 12" 3/4" 1" 1-1/4" 1-1/2" 2" 2-1/2" & GPM
1 177 | 350 | 152 | 0.86 | 0.60 | 0.26 | 0.51 | 0.7 | 0.07 | 0.28 | 0.04 | 0.02 | 0.20 | 0.02 | 0.01 | 0.12 | 0.00 | 0.00 | 0.08 | 0.00 | 0.00 | 0.05 | 0.00 | 0.00 1
2 354 | 12.62 | 547 | 172 | 2.16 | 094 | 1.03 | 0.62 | 0.27 | 056 | 0.14 | 0.06 | 0.40 | 0.06 | 0.03 | 0.24 | 0.02 | 0.01 | 016 | 001 [ 0.00 [ 0.11 | 0.00 | 0.00 2
5 886 | 68.86 | 29.85 | 429 | 11..78 | 511 | 257 | 340 | 147 | 141 | 0.78 | 034 | 1.01 | 035 | 0.15 | 0.60 | 0.10 | 0.04 | 041 | 0.04 | 0.02 | 0.27 | 0.01 | 0.01 5
7 1241 (12841 55.67 | 6.00 | 21.97 | 952 | 360 | 633 | 275 | 197 | 146 | 0.63 | 141 | 065 | 028 | 0.84 | 0.18 | 0.08 | 0.57 | 0.07 | 003 | 038 | 0.03 | 0.01 7
10 | 17.72 |24859(107.76 | 858 | 4253 | 1843 | 515 | 1226 | 531 | 282 | 283 | 123 | 202 | 1.26 | 054 | 120 | 036 | 0.15 | 0.82 | 0.14 | 0.06 | 054 | 0.05 | 0.02 | 10
15 4" 12.87 | 90.11 | 39.06 | 7.72 | 25.98 | 11.26 | 423 | 6.00 | 2.60 | 3.03 | 266 | 1.15 [ 1.80 | 0.75 | 033 | 1.22 | 0.29 | 013 | 081 | 0.11 | 0.05 15
20 | 064 | 005 | 0.02 |17.16 [15352| 66.55 | 10.30 | 44.25 | 19.18 | 564 | 1023 | 443 | 404 | 454 | 197 | 240 | 128 | 056 | 1.63 | 050 | 0.22 | 1.07 | 0.18 | 0.08 | 20
25 080 | 0.08 | 0.03 12.87 | 66.90 | 29.00 | 7.05 | 1546 | 6.70 | 5.04 | 6.86 | 2.97 | 3.00 | 1.94 [ 084 | 204 | 0.76 | 033 | 1.34 | 0.27 | 0.12 25
30 | 096 | 011 | 0.05 15.45 | 93.77 | 40.65 | 846 | 21.67 | 9.39 | 6.05 | 9.61 | 4.17 | 360 | 2.72 | 1.18 | 245 | 1.06 | 046 | 1.61 | 038 | 0.17 | 30
85 112 | 014 | 0.06 18.02 [124.75| 54.08 | 9.87 | 28.83 | 1250 | 7.06 | 12.79 | 554 | 420 | 361 | 157 | 285 | 141 | 061 | 1.88 | 0.51 | 0.22 35
40 | 128 | 019 | 0.08 20.60 | 159.75| 69.25 | 11.28 | 36.92 | 16.01 | 8.07 | 16.37 | 7.10 | 4.80 | 4.63 | 2.01 | 3.26 | 1.80 | 0.78 | 2.15 | 0.65 | 0.28 | 40
45 144 | 023 | 0.10 5" 1269 | 4592 | 1991 | 9.08 | 20.37 | 8.83 | 540 | 576 | 250 | 367 | 224 | 097 | 242 | 081 | 0.35 45
50 | 160 | 028 | 0.12 | 069 | 0.04 [ 0.02 14.09 | 55.82 | 24.20 | 10.09 | 24.75 | 10.73 | 6.00 | 7.00 | 3.03 | 4.08 | 2.73 | 118 | 2.69 | 0.99 | 043 | 50
60 192 | 039 | 017 | 0.83 | 0.05 | 0.02 1691 | 78.24 | 3392 | 1211 | 3470 | 15.04 | 720 | 981 | 425 | 489 | 382 | 166 | 3.22 | 1.39 | 0.60 60
70 | 224 | 052 | 023 | 097 | 007 | 0.03 19.73 | 104.09 | 45.12 | 14.12 | 46.16 | 20.01 | 8.40 | 13.05 | 5.66 | 571 | 5.09 | 2.21 | 3.76 | 1.84 | 0.80 | 70
75 240 | 059 | 026 | 1.04 | 0.08 | 0.03 2114 | 118.27| 51.27 | 15.13 | 52.45 | 22.74 | 9.00 | 1482 | 6.43 | 6.11 | 578 | 251 | 403 | 210 | 091 75
80 | 256 | 067 [ 029 | 111 | 0.09 | 0.04 2255 (13329 57.78 | 16.14 | 59.11 | 25.62 | 9.60 | 16.71 | 7.24 | 652 | 651 | 282 | 430 | 236 | 1.02 | 80
90 288 | 083 [ 036 [ 1.25 | 0.11 | 0.05 25.37 | 165.78 | 71.87 | 18.16 | 73.52 | 31.87 | 10.81 | 20.78 | 9.01 | 7.34 | 810 | 3.51 | 484 | 294 | 127 90
100 | 320 | 1.01 | 044 | 1.38 | 013 | 0.06 6" 20.18 | 89.36 | 38.74 | 12.01 | 25.26 | 10.95 | 8.15 | 9.85 | 4.27 | 537 | 357 | 155 | 100
125 | 400 | 153 | 066 | 173 | 0.20 | 0.09 | 0.99 | 0.05 | 0.02 25.22 | 135.09 | 58.56 | 15.01 | 38.18 | 16.55 | 10.19 | 14.89 | 645 | 6.72 | 540 | 234 125
150 | 480 | 214 | 093 | 208 | 028 | 012 | 1.19 | 007 | 0.03 30.26 |189.35 | 82.08 | 18.01 | 5352 | 23.20 | 12.23 | 20.87 | 9.05 | 8.06 | 7.57 | 3.28 | 150
175 | 560 | 285 | 124 | 242 | 037 | 016 | 1.38 | 0.10 | 0.04 21.01 | 71.20 | 30.86 | 14.27 | 27.76 | 12.04 | 9.40 | 10.07 | 4.36 175
200 | 640 | 365 | 158 | 277 | 048 | 021 | 158 | 0.12 | 0.05 24.01 | 91.17 | 39.52 | 16.30 | 35.55 | 15.41 | 10.75 | 12.89 | 559 | 200
250 | 800 | 552 | 239 | 346 | 072 | 031 | 198 | 0.18 | 0.08 30.01 |137.83 | 59.75 | 20.38 | 53.75 | 23.30 | 1343 | 19.49 | 845 | 250
300 | 960 | 7.74 | 336 | 415 | 1.01 | 044 | 237 | 026 | 011 300
350 | 11.20 | 1030 | 4.46 | 484 | 134 | 058 | 277 | 034 | 0.15 350
400 | 12.80 | 1319 | 572 | 554 | 1.72 | 0.74 | 3.16 | 0.44 | 0.19 400
450 | 1440 | 1640 | 7.11 | 6.23 | 2.14 | 093 | 356 | 055 | 0.24 450
500 6.92 | 2.60 | 1.13 | 395 | 0.67 | 0.29 500
750 1038 | 550 | 2.38 | 593 | 114 | 061 750
1,000 1384 | 937 | 4.06 | 7.91 | 240 | 1.04 1,000
1,250 9.88 | 363 | 157 1,250
1,500 11.86 | 509 | 2.21 1,500
2,000 1581 | 867 | 3.76 2,000

NOTE: It recommends that Flow Velocities be maintained at or below 5 feet per second in large diameter piping systems (i.e. 6" diameter and larger) to minimize the potential for hydraulic shock.
Refer to Spears® engineering section entitled "Hydraulic Shock" for additional information. Friction loss data based on utilizing mean wall dimensions to determine average ID; actual ID may
vary.
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Hydraulic Shock

Hydraulic shock is the rapid increase in pressure due to a shock wave produced by a sudden change in system fluid velocity. If
uncontrolled or insufficient pressure rated piping is used, these pressure surges can easily burst pipe and break valves or fittings.
The term “water hammer” commonly used is derived from the sounds produced, but it is the hydraulic shock vibrations that can be
damaging to piping systems. This is typically the result of sudden starting or stopping of a flowing column of liquid, such as water.
Energy from the momentum of water in motion is converted to pressure when the flow is abruptly halted. A shock wave is produced
that travels through the piping until it is stopped and bounces back to the original obstruction. This instantaneous shock to the system
can lead to excessively high pressures. Hydraulic shock is frequently produced by rapid valve opening and closing, pumps starting
and stopping, or even from a high speed wall of water hitting a change of direction fitting, such as an elbow. The effect is greater as
piping systems is longer, the velocity change is greater and closing time is shorter.

Evaluating Hydraulic Shock Pressure Surges

An indication of the maximum surge pressure relative to velocity changes is essential in estimating the pressure rating requirements
in designing a piping system. The following chart gives the maximum surge pressure at velocities of 1, 5 and 10 feet per second for
different sizes of pipe, based on instantaneous valve closure in a PVC system. While listed, 10 feet per second is not recommended
and is shown for comparative purposes. Velocity is best held to a maximum of 5 feet per second in plastic systems.

Schedule 40 Pipe Pressure Surge (psi) at Different Velocities

Size l:\,> 12 3/4 1 1-1/4 1-1/2 2 2-1/2 3 4 6 8 10 12

1 ft/sec 21.3 24.6 23.8 21.6 20.5 18.8 19.7 18.4 16.9 15.1 14.2 135 13.0
5 ft/Sec 136.3 123.2 119.1 108.1 102.6 94.2 98.5 91.8 84.5 75.4 70.8 67.4 65.2
10 ft/sec 272.7 246.3 238.2 216.3 205.1 188.3 196.9 183.5 169.0 150.9 1416 134.8 130.5

Schedule 80 Pipe Pressure Surge (psi) at Different Velocities

Size —=> 12 34 1 1-14 | 1-172 2 2-1/2 3 4 6 8 10 12

1 ft/sec 322 29.2 28.0 255 24.3 22.6 23.2 218 20.3 18.9 17.8 17.3 17.1
5 ft/Sec 161 | 1458 | 1399 | 1277 | 1207 | 1131 | 1158 | 109.1 | 1016 | 944 | 888 | 866 | 855
10 ftisec 322 | 2017 | 2799 | 2554 | 2434 | 2262 | 2317 | 2181 | 2031 | 1889 | 1776 | 1731 | 1710

Controlling Hydraulic Shock in System Design & Operation

Since hydraulic shock is a function of speed, mass and time, there are several ways to prevent, minimize or eliminate system damage
by limiting or controlling the magnitude of pressure surges.

« Limit Fluid Velocity — one of the safest surge control techniques in plastic systems is to limit fluid velocities to a maximum of 5 ft./
second. Attempt to balance system operation flow demands and the magnitude of velocity variations.

« Control Valve Closing Time — avoid rapid opening and closing. Pneumatic or electric actuation may be considered for greater control.
Use of multi-turn or gear operated valves may also be beneficial in slowing valve opening and closing. When all valves and controls
are properly sized and adjusted, surges generated by changes in pump flows and demands can be reduced to non-harmful levels.

» Control Pump Operation — operate the system to maintain uniform pump flow rates. Use slow starting pumps where long runs
and larger diameters are downstream. Where possible, partially close discharge valves to minimize volume when starting pumps,
until lines are completely filled. Air chambers or surge relief tanks in conjunction with pressure regulating and surge relief valves
can be used at pumping stations.

» Check Valves — installing a check valve in pump discharge lines will aid in keeping the line full. Be careful in selecting check
valves. Check valves operate on flow reversal and can be rapid closing. Spring or lever assisted swing check valves can reduce
hydraulic shock by avoiding “slamming” the valve closed.
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Thermal Expansion & Contraction

Piping systems expand and contract with changes in temperature.
Thermoplastic piping expands and contracts more than metallic
piping when subjected to temperature changes — as much as ten
times that of steel. The effects of thermal expansion and contrac-
tion must be considered during the design phase, particularly for
systems involving long runs, hot water lines, hot drain lines, and
piping systems exposed to environmental temperature extremes.
Installation versus working temperature or summer to winter
extremes must be considered and addressed with appropriate
system design to prevent damage to the piping system.

The degree of movement (change in length) generated as the
result of temperature changes, must be calculated based on the
type of piping material and the anticipated temperature changes
of the system. The rate of expansion does not vary with pipe
size. This movement must then be compensated for by the con-
struction of appropriate sized expansion loops, offsets, bends
or the installation of expansion joints. This absorbs the stresses
generated, minimizing damage to the piping.

The following chart depicts the amount of linear movement
(change in length, inches) experienced in a 10 ft length of pipe
when exposed to various temperature changes.

Highly important is the change in length of plastic pipe with temperature variation. This fact should always be considered when installing pipe

lines and allowances made accordingly.
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Change in Length (inches) of a 10" Length of Pipe

The data furnished herein is based on information furnished by manufacturers of the raw material. This information may be considered as a basis
for recommendation, but not as a guarantee. Materials should be tested under actual service to determine suitability for a particular purpose.
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Calculating Linear Movement
Caused by Thermal Expansion

The change in length caused by thermal expansion or contraction
can be calculated as follows:

AL =12yl (AT)

Where:

AL = expansion or contraction in inches

y = Coefficient of linear expansion of piping material selected
| = length of piping run in feet

AT = (T1 - T2) temperature change °F

Where:

T1 = maximum system temperature and
T2 = system temperature at installation or minimum system
temperature

Coefficient of Linear Expansion (y) of Various Spears®
Piping Products (in/in/°F) per ASTM D 696

Pipe Material y
PVC Pressure Pipe (all schedules & SDR'’s) and PVC Duct 2.9x10°
CPVC Schedule 40 & Schedule 80 Pressure Pipe 3.2x10°
CPVC Duct 32x10°
CTS CPVC Plumbing Pipe 3.2x10°
Clear PVC Schedule 40 & Schedule 80 Pipe 41x10°
Spears® Low Extractable UPW Pipe 3.9x10°

Example 1: Calculate the change in length for a 100 foot straight
run of 2" Schedule 80 PVC pipe operating at a temperature of
73°F; installed at 32°F.

AL =12yl (AT)

Where:

AL = linear expansion or contraction in inches y = 2.9 x 10
in/in/°F

| = 100ft

AT = 41°F (73°F — 32°F)

AL =12 in/ft x 0.000029 in/in/°F x 100 ft x 41°F

AL =1.43"

In this example the piping would expand approximately 1-1/2" in
length over a 100 ft straight run once the operating temperature
of 73°F was obtained.
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Example 2: 100 foot straight run of 2" Schedule 80 CPVC
pipe operating temperature 180°F; installed at 80°F

AL =12yl (AT)

Where:

AL = linear expansion or contraction in inches

y =3.2x10%in/in/°F

1 =100 ft

AT = 100°F (180°F - 80°F)

AL = 12 in/ft x 0.000032 in/in/°F x 100ft x 100°F
AL =3.84"

In this example the piping would expand approximately 4" in
length over a 100 ft straight run once the operating temperature
of 180°F was obtained.

Compensating for Movement Caused by
Thermal Expansion/Contraction

Thermal expansion/ contraction are usually absorbed by the sys-
tem at changes of direction. Long, straight runs are more suscep-
tible to measurable movement with changes in temperature and
the installation of an expansion joints, expansion loops or offsets
is required. This will allow the system to absorb expansion/con-
traction forces without damage.

Once the change in length (AL) has been determined, the length
of an offset, expansion loop, or bend can be calculated as follows:

__ [3ED (A
=N

Where:

£ = Length of expansion loop in inches

E = Modulus of elasticity

D = Average outside diameter of pipe

AL = Change in length of pipe due to temperature change
S = Working stress at max. temperature

Offset Bend
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Hangers or guides should only be placed in the loop, offset, or
change of direction as indicated above, and must not compress
or restrict the pipe from axial movement. Piping supports should
restrict lateral movement and should direct axial movement into the
expansion loop configuration. Do not restrain “change in direction”
configurations by butting up against joists, studs, walls or other
structures. Use only solvent-cemented connections on straight pipe
lengths in combination with 90° elbows to construct the expansion
loop, offset or bend. The use of threaded components to construct
the loop configuration is not recommended. Expansion loops,
offsets, and bends should be installed as nearly as possible at the
midpoint between anchors. Concentrated loads such as valves
should not be installed in the developed length. Calculated sup-
port guide spacing distances for offsets and bends must not exceed
recommended hanger support pacing for the maximum anticipated
temperature. If that occurs, the distance between anchors will have

to be reduced until the support guide spacing distance is equal to or
less than the maximum recommended support spacing distance for
the appropriate pipe size at the temperature used.

Example: 2" Schedule 80 CPVC pipe operating temperature 180°F;
installed at 80°F where AL = 3.84"

£ =+3ED (AL)
—25

£ =+/3 x 214,000 x 2.375 x 3.84 T
2 x 500
2057
£ =76.51" 092"
2/5 £ = 30.60" l
1/5 £ = 15.30"

o] | e
min. 2045 min.

15¢

Thermal Stress

Compressive stress in piping restrained from expanding can
damage the piping system and in some cases damage hangers
and supports. The amount of stress generated is dependent on
the pipe material’s coefficient of thermal expansion and its ten-
sile modulus using the following equation:

S = EyAT
Where:
S = stress induced in the pipe

E = Modulus of Elasticity at maximum system temperature y =
Coefficient of thermal expansion

AT = total temperature change of the system

The stress induced must not exceed the pipe material maximum
allowable working stress (fiber stress). Increases in temperature
will reduce the allowable stress as shown the table.

Example: 100 foot straight run of 2" Schedule 80 CPVC pipe
operating temperature 180°F; installed at 80°F:

AL =12 yl (AT) Where:

AL = linear expansion or contraction in inches

y = 3.2 x 10 in/in/°F

| = 100ft

AT = 100°F (180°F - 80°F)

AL =12 in/ft x 0.000032 in/in/°F x 100 ft x 100°F
AL = 3.84"

The piping would expand approximately 4" in length in a 100 ft
straight run

The equation for determining induced stress can then be used:
S = EyAT

Where:

S = stress induced in the pipe

E = Modulus of Elasticity at 180°F = 214,000
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y = Coefficient of thermal expansion = 3.2 x 10 in./in./°F

AT = total temperature change of the system = 100°F

S = 214,000 x .000032 x 100

S =685 psi

From chart, maximum allowable stress for CPVC at 180°F is
500 psi; Stress generated from this expansion in a restrained
piping system exceeds the maximum allowable stress and will

result in failure of the piping, unless compensation is made for
thermal expansion.

Maximum Allowable Working (Fiber) Stress and
Tensile Modulus at Various Temperatures

Maximum Allowable :
Temp (F) | Working (iber) | GFETagiiciy. poi
73 2,000 400,000
80 1,760 396,000
90 1,500 375,000
100 1,240 354,000
PVC
110 1,020 333,000
120 800 312,000
130 620 291,000
140 440 270,000
73 2,000 364,000
90 1,820 349,000
100 1,640 339,000
110 1,500 328,000
CPVC 120 1,300 316,000
140 1,000 290,000
160 750 262,000
180 500 214,000
200 400 135,000
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Thrust Blocking

Thrust blocking prevents pipe movement when a pressure system is activated and pressurized. Thrust blocking is required at all points
of change of direction in the pipe line. Most blocking is done where a fitting, valve, or hydrant is installed. There may be times when
side blocking is necessary because of curvature occurring without the use of fittings. Usually good compacted backfill will provide
the necessary anchor for side thrust. Concrete blocking is the most commonly recommended method of blocking. Concrete is placed
directly on the fitting against the line of thrust. The concrete must also pour against undisturbed earth. The size of the blocking will
vary with the size of pipe, working pressure exerted, type of fitting, degree of flow direction change, and the soil conditions. PVC
and CPVC pipe are flexible and may pulsate under pressure variations. This does not harm the pipe or that part which is enclosed in
concrete. It may cause wear at the interface of the concrete block and the backfill. For this reason, pipe and fittings should be wrapped
with a one mill or heavier plastic sheeting prior to being embedded in concrete to prevent any possible damage.

THRUST BLOCKING — Water under pressure exerts thrust forces in piping systems. Thrust blocking should be provided, as
necessary, to prevent movement of pipe or appurtenances in response to thrust.

Types Of Thrust Blocking:

If thrusts due to high pressure are expected, anchor
valves as below. At vertical bends anchor to resist &
outward thrusts. %
. Thru line connection, tee
’@ﬂ
_/_
-——‘lu—-

[y

. Direction change, elbow

. Change line size, reducer

. Direction change, tee used as elbow

. Direction change, cross used as elbow
. Direction change

. Thru line connection, wye

. Valve anchor

. Direction change vertical, bend anchor
. End Caps (above or below ground)

. Thru line connection, cross used as tee
[ 4

© 00 NOoO OB~ Wi

e
-~ o

Thrust Blocking Is Required Wherever The Pipeline:
* Changes direction (e.g., tees, bends, elbows and crosses)
* Changes size at its reducers
* Stops, as at dead ends
* Valves and hydrants, at which thrust develops when closed.

Size And Type Of Thrust Blocking Depends On:
* Maximum system pressure
* Pipe size
* Type and size of fittings or appurtenance
* Line profile (horizontal or vertical bends)
* Soil type
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Critical Collapse Pressures

The Critical Collapse Pressure is directly related to the pipe wall
thickness and represents the maximum allowable external load.
External loads can result from conditions such as buried pipe soil
loads; underwater applications; vacuum service; and pipe installed
on pump suction lines. The actual external load being applied to the
pipe is the difference between the external pressure and the internal
pressure. As a result, a pressurized pipe can withstand a greater
external load than an empty pipe.

Critical Collapse Pressure Rating of Various PVC
and CPVC Pipe & Duct @ 73°F with No Safety

Temperature Limitations
PVC & CPVC

The maximum operating temperature for PVC pipe is 140°F and the
maximum operating temperature for CPVC pipe is 200°F. As tem-
peratures increase, impact strength typically increases while tensile
strength and pipe stiffness decrease resulting in reduced applicable
pressure ratings. Physical properties of P\VC and CPVC pipe are
generally specified at 73°F per applicable ASTM material test
standards. The maximum allowable pressure at elevated tempera-
tures is determined by multiplying the 73°F pressure rating by the
applicable material de-rating factor for the elevated use temperature

Factor in PSI (Inches of Water)

shown in the following chart:

1 psi = 2,036 inches of mercury

* SDR Pipe caries the same collapse ratings for all sizes due to the wall thickness/O.D. ratio

Standard temperature de-rating factors must be applied for use at
elevated temperatures (see following Temperature Limitations sec-
tion). Multiply the collapse pressure rating @ 73°F from the chart
by the appropriate material de-rating factor.

Solvent-cemented connections are preferred over threaded or
flanged joining in vacuum applications to reduce potential for leaks.
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Size(in.)| Duct | SDR41 | SDR 26 | SDR 21 | SCH 40 | SCH 80 | SCH 120 De-Rating Factors
2 N/A 17* 74* 126* 316 939 1309 PVC Pipe CPVC Pipe
(470) | (2,048) | (3,487) | (8,746) | (25,989) | (36,230) Temp Working Temp Working
o | wn | A7 | & [ T e T e | 1o & Pe nata & Do Raing
(@70) | (2,048) | (3.487) | (12,483) | (26,986) | (36,230) = o0 - o0
3 N/A 17* 74* 126* 307 722 1128 . .
@70) | (2,048) | (3.487) | (8,497) | (19,983) | (31,221) 80 0.88 90 091
17* T4* 126* 217 578 90 0.75 100 0.82
312 N/A N/A
@70) | (2,048) | (3.487) | (6,006) | (15,998) 100 062 0 072
17* 74* 126* 190 451 1128
4 NA 1 @70) | eoa8) | (3487) | (5.259) | (12.482) | (31,221) 110 0.51 120 0.65
(470) | (2.048) | (3487) | (3,238) | (10,000) 130 031 140 0.50
N/A 17+ 74 126* 90 343 14 22 1 )
6 | @r0) | Qo4 | 3487) | (2491) | (0,493) | 9.983)| %2 0 0 50 0
6xus| 22 | na | nAa | na | na | NA | NA = o
(144) 170 0.29
6x3/16 (z?él;) NA | NA | ONA | NA | NA | NA 180 0.5
200 0.20
8 10.0 17* 74* 126* 58 235 N/A
(193) | (470) | (2.048) | (3.487) | (1,605) | (6,504)
10 54 17 74 126* 49 217 N/A Appropriate temperature de-rating factors must be applied at tem-
(100) | (470) | (2048) | (3487) | (1.605) | (6.504) peratures other than 73°F based on the material selected.
12 3.0 17+ 74 126* 42 199 NA Multi : . o
ultiply the collapse pressure rating of the selected pipe at 73°F, by
(60) (470) | (2,048) | (3,487) | (1,162) | (5,508) 2 - :
25 e . 2 = iR the appropriate de-rating factor to determine the collapse pressure
14 (5) @) | o) | @as7) | @w107) | (5:369) N/A rating of the pipe at the elevated temperature chosen.
16 16 17+ 74 126* 40 181 NA o
©Q0) | @70 | (2.048) | (3.487) | (1,107) | (5,010) Weatherabili ty
18 1.0 17* 4* 126* 33 162 N/A Wh dard rigid PV PV/C pipe i d V radiati
(26) @70) | 2048) | (3487) | (913) | (4,484) en standard rigi C or CPVC pipe is exposed to UV radiation
13 7 n 126+ % 157 from sunlight the following conditions have been noted:
2 (28) (470) | (2,048) | (3.487) | (775) | (4,346) N/A « A color change, slight increase in tensile strength, slight increase
” 10 17+ 74% 126* 25 150 » in modulus of tensile elasticity, and a slight decrease in impact
@) | @0 | o) | 387) | 692 | @152 | VA strength may occur.

» Material directly exposed to UV radiation results in extremely
shallow penetration depths (frequently less than 0.001 inch).

» The effects of UV exposure do not continue when exposure to
UV is terminated.

» The effects of UV exposure do not penetrate even thin shields
such as paint coatings, or wrapping.

It is recommended that PVVC and CPVC piping products exposed to
the direct affects of sunlight be painted with a light colored acrylic
or latex paint that is chemically compatible with the P\VC/CPVC
products. Check with paint manufacture for compatibility. Oil-
based paints should NOT be used.

Additional consideration should be given to the affects of expan-
sion/contraction caused by heat absorption from sunlight in outdoor
applications.
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