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Building piping

Piping is a system of pipes used to convey fluids (liquids and gases) from one
_ location to another. It includes pipe, fittings, valves, and other piping components
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Water distribution

City water supply is distributed through municipal street mains. There are large
pipes that usually run underground below the streets. The water flows under
pressure that must be great enough to overcome the frictional resistance and static

pressure of the distribution system.

Upfeed distribution

When water is fed to fixtures in a building by the incoming pressure of water , it is
called upfeed distribution. For medium-size buildings, additional pumps have to

be installed to increase pressure.



Downfeed distribution

Downfeed distribution systems may be designed for building more than six stories
in height. Water is pumped to the roof of the building to storage tanks. The water

from the storage tanks serves the floors below due to the force of gravity.
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Supply piping materials

Water pipes and fittings may be of brass, black steel, copper, galvanized steel,
~ or plastic. However, the specific type of materials may be used for each particular

piping system.




Steel and Galvanized steel

Steel and Galvanized steel may used for supply when water is noncorrosive. It
iIs made from mild carbon steel. In order to prevent rust and corrosion, the steel
pipe is dipped in a hot bath of molten zinc. This process is known as galvanizing.
Nominal sizes* of galvanized steel pipe range from 1/8 inch to 12 inch, in several

wall thicknesses.

Nominal size or trade size used for purposes of general identification; the actual size of a part will be approximately the same as
the nominal size but need not be exactly the same.




The pipe wall thickness is usually described using terms Steel PiPe Data
Schedule 40, for standard wall and Schedule 80, for extra strong

wall. Schedule 40 is normally used for plumbing applications. SCHEDULE 40 & 80
Wt. Per Foot (in Ibs.) _ Wt. Per Foot (in Ibs.)
Pipe | Schedule Wall Pipe (Schedule Wall -
Size| No. O.D. | Thickness| Water Pipe Size | No. O.D. |Thickness| Water Pipe
Y, 40 675 .091 .083 567 5 40 5 563 .258 8.660 14.620
80 126 061 738 80 .375 7.870 20.780
40 109 132 .850 40 .280 12.510 18.970
1 840 6.625
f2 80 147 101 1.087 80 432 11.920 28.570
40 113 230 1.130 40 322 21.600 28.550
)
/s 80 1.050 154 186 1.473 8 80 8.625 .500 19.800 43.390
40 133 374 1.678 40 .365 34.100 40.480
1.315 10.750
! 80 179 311 2171 10 80 .593 31.100 64.400
40 140 647 2.272 40 .406 48.500 53.600
]
s 80 1.660 191 .555 2.996 12 80 12.750 .687 44.000 88.600
40 145 .882 2.717 40 437 58.500 63.000
;
12 80 1.900 200 .765 3.631 14 80 14.000 .750 51.200 107.000
40 154 1.452 3.652 40 .500 76.500 83.000
2 80 2.375 218 1.279 5.022 16 80 16.000 .843 69.700 137.000
40 203 2.072 5.790 40 .563 97.200 105.000
1 2.875 :
22 80 276 1.834 7.660 18 80 18.000 .937 88.500 171.000
3 40 1.500 216 3.200 7.570 20 40 20.000 593 [ 120.400 123.000
80 300 2.860 10.250 80 1.031 109.400 209.000
31/, 40 4.000 226 4.280 9.110 o4 40 24.000 .687 [ 174.200 171.000
80 318 3.850 12.510 80 1.218 | 158.200 297.000
4 40 4.500 237 5.510 10.790 30 20 30.000 500 | 286.000 158.000
80 ' 337 4.980 14.980 36 API 36.000 500 | 417.000 190.000




Plastic

Plastic pipes are produced from synthetic resins derived from fossil fuels. Four
types of plastics are commonly used for plumbing pipes and fittings: (1) polyvinyl
- chloride (PVC), (2) chlorinated polyvinyl chloride (CPVC), (3) acrylonitrile
butadiene styrene (ABS) and (4) polyethylene (PE).

/




Schedule 40 PVC Pipe Dimensions

Schedule 80 PVC Pipe Dimensions
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2412 2.875 2445 0.203 1.136 300 2 2.375 1.913 0.218 1.070 400
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Working pressure (kgf/cm?)
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Water supply accessories and controls

Valve is a device used on a piping system to control the flow of fluid within that
system. It is desirable to install a valve to control individual fixtures, branch supply

lines and every riser (i.e., vertical supply line).
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Globe valve
symbol

Globe valve is installed when it is
necessary to regulate the flow of water.
It iIs a compression-type valve that
controls the flow of water by means of a
circular disk in stalled within the valve
body. The globe valve has small ports,
an “S” flow pattern, and relatively high
pressure drop.




Check valve is a device that prevents

the flow of water in a direction reverse

to the normal flow. It is used to direct
- the flow of water in only one direction.
Any reversal flow closes the valve.

Check valve
| \‘l‘ symbol
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Ball valve controls the water by
means of a rotating ball with a
cylindrical hole through its center.
When the hole is aligned with the
water flow, the water flow freely
through the valve. It is usually used in
pipes smaller than 3 inches in size.
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Ball valve
symbol

Rotating ball



Butterfly valve has a rotating disk that
controls the water flow. When fully
open, the disk is aligned with the
- water flow. To close the disk is rotated
at a right angle so that it fully blocks
the flow. They are used mostly on
pipes that are 3 inches or larger in size.

alin

Butterfly valve
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Water hammer arrestor

When a water supply valve or a

fixture In a supply system is

closed quickly, the force

exerted by the fast flowing
- water causes the pipe to shake

and rattle. This is known as WY
ater hammer. It can be L .
prevented by closing the valve - shock wave,
slowly or be controlled by using |
a “water hammer arrestor”. |

Shock wave
starts with quick |

valve closure, |
| L <— Water flow
- W I

Calculated
volume of gas

Shock wave
is dissipated.
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Pipe expansion joint

is an assembly designed to safely
absorb the heat-induced expansion
and contraction of construction
materials, to absorb vibration, to
hold parts together, or to allow
movement.

Plate 1




Sizing of supply pipes

Total water demand

In order to determine the size of water supply main to a building and the
subsequent branch sizes, it is necessary to determine the maximum load that the

supply main should carry. This demand can be calculated form the total supply

fixture units for all the plumbing fixtures installed in a building have been
calculated, the total water demand can then be found out in terms of GPM
Water velocity

Water flowing through supply pipes tends to produce noise due to friction. The

higher the velocity, the greater the noise and the pressure drop.




Water velocity (cont.)

To avoid excessive noise, generally accepted practice for commercial buildings is to
limit water velocity to between 6 and 8 fps (2-2.5 m/s). For industrial projects, 10

fps (3 m/s) is acceptable in work areas where the noise is not noticeable.

Recommended velocity (1) Main: 8 m/s (2) Risers and Branches: 6 m/s

Q:AV:%DZV R D=f(Q.,V)
LV? AP,
AP . = f—— Major _ 5 )
Major 7{ D Zg} ) 3 g(V, D, pipe material)

/= triction factor = £ (surface roughness, flow type)



Friction factor, f

Is a dimensionless quantity used to calculate friction losses in pipe flow.

N can be obtained from
J = f(E/D,Re) » { Moody diagram ]

VD
Re=PVZ
y7i
where e = surface roughness

Re
U

Reynolds number
fluid viscosity [water = 1.002 x 10-3 Pa-s (2.034 Ib-s/ft?)]
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Example 1

%" S40 PVC pipe deliversl0 GPM of water. Calculate pressure drop
per length of water flow.

D@Dnomina| =3/4" — 0804"(00204m ) | V — Q / A
Q=10GPM (0.000631m’/s) - =6.33f/s
=(1.93m/5s)

A= % D2 =0.003519 ft> (0.0003269m>)

Unit conversion:
1 inch =25.4 mm, 1 foot = 304.8 mm, 1 gpm = 3.785 L/m,
1 psi = 6.895 kPa, 1 foot per second = 0.305 m/s.




Example 1 (cont.)

VD

e = f =0.039
H . ~ ().

e/ D = Smooth pipe ) (from Moody:dieigipy
<2300 Laminar

pVD
7,

Re = 2300 < Re <4000 Transition

> 4000 Turbulent
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Example 1 (cont.)

AP, : :
Major _ fﬁv_;0.039 d =3.55kPa/m
L D 2 0.0204 2

AP,
hﬁajor =3.55kPa/m=10.82psi/100'



Friction loss diagram
for fairly smooth pipe flow
(e.g. pvc, steel pipe)
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FRICTION LOSS POUNDS PER SQUARE INCH HEAD PER 100-FOOT LENGTH
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Head (In psi per 100 1)
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Example 2
1” S40 galvanized steel pipe delivers 20 GPM of water. Calculate
pressure drop per length of water flow using Moody diagram.

D . =1.049"(0.02664m A .
@Dnominal =1 ( ) V _ Q/ A
Q =20GPM (0.001262 m* /s) - =7.421ps
=2.264m/s

A= % D2 =0.006001 ft* (0.0005574m?)




Example 2 (cont.)

pVD
Re =~——=60,011 N
H . f =0.032
e/D = 0.00563 ) (from Moody diagram)
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> 4000 Turbulent
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Example 2 (cont.)

| 2 2
vaior _ ¢ PV 030227 2254 3 g7kpa/m
D 2 0.02664 2

AP, .
“Eamr =3.55kPa/m=9.26psi /100’



Example 3
Determine the diameter of galvanized steel pipe needed to
deliver water at a flow rate of 10 GPM and a velocity of 8 fps
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Plumbing system design




Plumbing fixtures

IS an exchangeable device which
can be connected to a plumbing
system to deliver and drain water.
The most common plumbing fixtures
are: bathtubs, drinking fountains,
itchen sinks, showers, channel
drains, and lavatories.

7
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Supply Fixture Units (SFU)

Demand for water by a plumbing
fixture varies according to its type
and the occupancy category of
the building in which it is installed.

- Drainage Fixture Units (DFU)

IS a measure of the probable
discharge into the drainage
system by various types of
plumbing fixtures.

Minimum supply pressure
IS a certain demand of water
pressure for each fixture.

Fixture Unit is a design factor which represents a probable flowrate of a plumbing
| fixture. The number of fixture units depends on the volume of water required, the
'\ average duration of a single use, and the number of uses per unit time.




vent stack

drain il stack

WASTE &SUPPLY PLUNBING



Example 4

Calculate SFU and DFU for a public building with 12 water closets
(flush valve type), 4 urinals (flush valve type), 8 lavatories, and 3
drinking fountains.

Supply Drainage

: . SFU . : DFU
/Tﬁe of fixtures units per unit| total Type of fixtures units perunitl o]
Public WC's 12 10 120 Public WC's 12 6 72

Public urinals 4 5 20 Public urinals 4 4 16

Public lavatories 8 2 16 Public lavatories 8 1 8

Drinking foundtains 3 0.25 0.75 Drinking foundtains 3 0.5 15
Total 157 Total 98




Supply GPM

The Supply Fixture Units - FSU - are used to determine the
water demand in water supply systems. One FSU for a single
unit corresponds to one GPM.

1 SFU =1 GPM

This conversion can only be used for one or a few fixtures.
When the total amount for many fixtures are added up, the
number must be compensated due to the intermittent use of
the fixtures. This is normal taken care of in the figures or tables
available for sizing supply pipe lines.



Total SFU to water supply demand in gallons per minute (supply GPM)
1 GPM = 3.79 liter/min

Note: Read solid-line curves for residential and commercial occupancies;
use the dashed curves for large assembly occupancies (for examples: stadium, theater)



TABLE C13.18 Maximum Probable Flow, gpm (l/s)

Water supply Tank-type Flushometer-type | Water supply T ank-type Flushometer-type
fixture units water closets water closets fixture wnits water closcts water closets
l I (0.07) 120 258 (20 76 (3T
2 3 {D21) 25 265 (200 Ta.5 (3.7)
3 5 (0.38) 130 71 21 7T (58
4 6 (0.45) 135 T (21 T8 (38)
5 7 (0.53) 7222 140 283 (21 TES (58)
6 & (0.60) 201 (2.2) 145 290 (2.2) 79 (59
7 9 (0.68) 308 (2.4) 150 96 (2.2) 2 (60)
B 10 {0.70) 123(25) 160 108 (2.3) i (&)
9 11 (083 337 (25 170 20 24 B (62)
10 2.2 (0.92) 35 (24) 180 133 (25 B (63)
2 12.4 (0.94) 373 (24) 190 345 (25 & (64)
14 12.7 (0.96) 303 (2.8) 200 35T (2.68) & (6.3)
16 12.9 (0.98) 42050 ZH IR0 (2.8 (6T
18 132 (1) 428(32) 240 405 (30 o0 (6.8)
20 13.4 (1.01) 443 (33) 260 430 (32) 92 (7.0) source:
22 13.7 {1.02) 458 (3.5) 280 454 (3.4) o (72
24 139 (1.03) 471 (3.48) 300 477 (36) % (72)
26 142 (1.0T) 483 (3T 400 506 (45) 2 (7.4)
28 14.4 (1.0% 404 (3.8) 500 712 (53) 108 (8.2)
30 14.7 (1.1} 305 (3.9 600 B26 (6.3) 113 [(8.4)
35 153 (1.1) 530 (4.0) T00 957 (. 117 (8%
40 159 (1.2) 352040 &0 105 (5.0) 120 (9.1)
45 166 (1.3) 572(42) 00 115 (&7) 123 (9.3) BEVENTH
50 17.2 (1.3) 50.1 (4.3) 1,000 126 (0.5} 126 (95 i
35 17.8 (1.4) G608 (4.5) 1,500 175 (13.3) 175 (13.3)
&0 184 (1.4) 62.3 (4.6) 2,000 220 (16.T) 220 (16.7)
65 19.0 (1.5) 638 (4.7) 2,500 259 (19.T) 259 (19.7)
Ta 19.7 (1.5) 632 (4.9) 3,000 204 (21.3) 04 (223)
75 03 (1.5) Gb.4 (3.00) 3,500 325 (241 325 (24T
a0 209 (1.6) 677 (5.1) 4 600 352 (26.T) 352 (26.T)
as 215 (1.6) 68.8 (5.2) 4. 500 375 (28.35) 375 (28.5)
] 2217 600 (5.3) 5,000 305 (30) 395 (30)
95 2E(1T) 71.0 (5.3) 6,000 25 (32.3) 425 (31.3)
100 214 (1.8) 720 (54) 7.000 M5 (34 445 (34
105 240 (1.8) 730 (3.5) &,000 456 (34.6) 456 (346
110 4.6 (1.9) 7389 (3.4) 9,000 461 (35) 46l (35
115 253 (1.9) 748 (5.7) 10,000 42 (35) 462 (39) MOHINDER L. NAYYAR




Example 4

Select the sizes of PVC pipe for the pluming system (Tank-type
WC). The main supply pipe velocity should not exceed 8 fps, and
the riser and the branch velocities should not exceed 6 fps.

@\ /IBranch
@ .30 SFU < / @
- * Pipe # SFU GPM Pipe size Velocity

30 SFU N 1 120 259 11/4" <80
X : Riser 2 60 18.4 1" <6.0
pumo  JRECE \@) 3 30 14.7 1" <6.0
...p n
._;E"-.- } . - 4 60 18.4 1 <6.0
_ 5 30 14.7 1" <6.0
Main 6 30 14.7 1" <6.0




HW#4

A private building with 10 water closets (Gravity tank type), 3
urinals (flush valve type), 2 bathroom group (Gravity tank type)
and 4 lavatories. Calculate (a) total supply demand (supply GPM)
(b) Total pressure drop of the supply main pipe if the total length is
30 feet. (Note: Designhed flow velocity should not exceed 8 fps.)



Pressure loss from fittings and valves

Fittings such as elbows, tees and valves represent a significant component

of the pressure loss in most pipe systems. The calculation of pressure losses
through pipe fittings and some minor equipment is as follows:

" Method 1: K-value

AP

minor

V 2
=y K— where K = loss coefficient

Method 2: Equivalent length

Friction Loss in Fittings or valves = Equivalent length of Straight Pipe

L
il
D




Example of Fitting friction loss table

Friction Losses in Pipe Fittings
Resistance Coefficient K (use in formula hf = Kv2/2g)
Nominal Pipe Size

Fitting D 12T 34T 1 1At 12t 2 21203 4 6 | B-10 1216 1824
K Value

Angle Valve 55 148138 127 121 116 105099 094 083 077 0.72 066
Angle Valve 150405 375345 330 315 285270 |255225/210/195 180
Ball Valve 3 008008007007 006 0068 005 005005004004 004
Butterfly Valve 086081 0770680630235 030
Gate Valve 8 022020018 018 015 015014 014 012 011 010 010

Globe Valve 34092 85 78 75 |71 65 61 58 51 48 44 41
Plug Valve Branch Flow g0 243 225207 198 189 171162 153135126117 1.08
FPlug Valve Straightaway 18 048 045 041 040 038 034 032 0310270250423 022
Plug Valve 3-Way Thru-Flow 30 081 075069 066 063 057 054 051 045 042 039 036
g0 30 081075069 066 063 057 054 051045042039 036

45° 16 043 040 037 035 034 030029 027 024 022 021019
Standard Elbow

long radius

90° 16 043 040 037 035 034 030029 027 024022021019




TABLE E103.3(5)
ALLOWANCE IN EQUIVALENT LENGTHS OF PIPE FOR FRICTION LOSS IN VALVES AND THREADED FITTINGS (feet)

Grease Grooves

Plug-type cock

PIPE SIZE (inches)
FITTING OR VALVE kA U, 1 1l 1, 2 2, 3
45-degree elhow 12 1.5 18 24 30 40 5.0 6.0
90-degree elhow 2.0 2.5 30 4.0 5.0 7.0 8.0 10.0
Tee., run 0.6 0.8 0.9 1.2 1.5 20 25 EX1]
Tee. branch 340 4.0 5.0 ] 7.0 10.0 12.0 15.0
Gate valve 0.4 0.5 0.6 0.8 1.0 1.3 L6 2.0
Balancing valve 0.8 1.1 1.5 1.9 22 30 37 4.5
Plug-type cock 0.8 1.1 1.5 1.9 22 30 37 4.5
Check valve, swing 56 8.4 112 14.0 16.8 224 280 336
Globe valve 15.0 200 25.0 35.0 45.0 55.0 65.0 SO0
Angle valve 8.0 12.0 15.0 18.0 220 28.0 34.0 4000
For SI: 1 inch =254 mm, 1 foot = 304.8 mm, | degree = 0.0175 rad.
Handle
Packing Gland g:::,“ Fitting
Packing Plug Retainer
Body
Plug [closed]
Plug Port

Quick finding Method

ﬁll:lﬂ"u"ﬂﬂ.ﬂﬂ:ﬂ..._‘__‘_hh Gate Valve L 3000
¥ Closed o
r—H Closed 2000
—— 14 Closad =
—Eu”'r UPt'ﬂ ,_-100':!
I o PR e
[ | = a—]
Angle Valve, Open Sundard Tee - A
iﬁ_:l‘- 30 -3
L 200 .
Square Elbow 3 3I—=+
A [ n—r0
T =2 [0 1
Swing Check Valwe, L -E 'G__
Fully Open - o L=y
50 u!:l'- _on—
[ £l
oz o
Close Rerurn Hend el £ B—r
L. [ T =
10 : T Y
o - P i 5
Srandard T o e E H—t
Through Side Crarles | e -5 E =] 41
= - F gt
Ordinary Enteance [} % I3
-1 2'&_—'
Standard Fleow ol
Tee rrdtx!;i'km F ] 1—- -
@ &uﬂm En;:h:l.m EI. 14
Y L-—:,-'fnﬂ..-i :u . 14—
Medium Sweep Elbow or D=3 2
N:’:fl-:ﬂ reduced Hﬂ N —
5 BT
N B
%‘ @ L — 45° Etbow b -
Long Sweep Elbow or - Ll :!"2_-_:
ran af Stardard Tee - 0.5

FGURE ClA1  Resistanoe of valves and fittings to fow of fuids.

[Courtery Crane Cio)

[raide Thameter, Inches



Example 5

while fully open.

Méthod 1: K-valve

From fitting loss table

K =0.18

gate

Method 2: Equivalent length

From figure C13.1

L =0.6

eq, gate —

Find the fitting loss of 1” gate valve

(Leq = (KD)/f = 0.18 x (1/12)/0.025 = 0.6) Long S S

Globe Valve, Open

Angle Valve, Open /

Swing Check Valve, /

Fully Open

Clase Rerurn Dend

Sandard Tee
Through Side Charles

SHE

Standard Flbow el
‘.I‘Tl,‘i' rrduud?rjﬂm"

Qe
Modium Sweep Elbow or |
rum of Teo reduced 1

FIGURE CIA1  Resistance of valves and fittings to fow of fuids. [Courery Crane Col)

[raide Thameter, Inches



Example 6
Calculate the total loss of the following system.

5” Plastic pipe
Q =500 GPM

Minor loss (Pressure loss in fittings and valves)

L V2
AF)total = AR ajor + minor — // f B+ Z K E

Major loss (Pressure loss in a straight pipe)



Example 6 (cont.)
Calculate the total loss of the following system.

Using Moody diagram and Fig c13.1

Loss

No. (i]r? ) f ( fI; ) K ( fVS) Head |Pressure
‘ ' P10 | (psi)

1 [Straight pipe | 5 ]0.0256] 350 8 | 2137 | 9.26
) S}Erp edged 1 5 |oo256| 75 | 05 | 8 | 046 | 020
3 |Gate valve 5 10.0256| 3 0.18 8 0.18 0.08
4 |Check valve 5 10.0256| 35 2.2 8 2.14 0.93
total | 24.15 | 10.47




Pump selection

Is based on two parameters:

Flow Rate (Total water demand: GPM)

Pumps are selected for the peak flow rate. The peak flow rate is the sum of water

demands for all plumbing fixtures, i.e. the total water demand.

Total Dynamic Head (Pressure rise)

Total dynamics head of the pump is the head difference between the summation of
total head loss H,, static head loss Hg, and desired discharge head Hy and supply

main head H,,.




Pressure head
IS a term that represents a fluid pressure per specific
weight (height of fluid column).

Pressure Head

Imperial

14.6 ps 33.7 1ty o

S|

101.325 kPa 10.33 m,, o



Pump input power

IS the power consumed by a pump in order to move
and increase pressure of a fluid.

elevated tank
” | l_ﬁl‘ I:)hydraulic = Fshaft 71 pump
roof
= 4 || :Qx(nyP)
—d L = T[T I:)elec
1 f— .
ar | o« T[T I:)shaft _ I:)elec TTmotor
-"I ’ Shaft power
3F 2 E E
= 1 WIET SO0l egUTITENT -~ -L—L |
recerang tank
e oy :
=oN service pipe —EE}{H;%;WN pump Coupling
meter
Pressure water service system | ‘ Receiving tank type water supply |

A\ W



Pump Iinput power (cont.)

P _ 9.8xQx(SGxTDH) [S1 unit: KW]
77pump

P - 13xQx(SGXTDH) [SI unit: HP]
T pump (1HP = 746 W)

_ Qx(SGxTDH) [Imperial unit: HP]
shaft
3960 7750
where Q = GPM, TDH = ft., SG = Specific gravity (e.g. SG,, 4ter =1)




Pump energy consumption (cont.)

~ 9.8xQx(SGxTDH)

pump
77pump X 77motor

kWh X pump runtime[h]




Example 7

Calculate the required pump horse power for delivering 26 GPM
(5.9 m3/h) water through a pipe system shown in Figure if the
designed friction loss is 10 psi/100°. Given: The longest pipe run (1-
2-3-6) is 200’ (61m), and allow 50% extra for friction losses in the
- pipe fittings. The supply main pressure is 25 psi. Pump efficiency is
60%.

il

/@

C } Y
(Grayity tank)
M @ e Friction loss
| T @ P = 10 psi/100’ x (200'+0.5x200")
O - = 30 ps
H, = 69.2 ft.



Example 7 (cont.)

Static loss
H. = 26 ft.

Discharge loss
P, = 10 psi (Water closet: Gravity tank)

Hy = 23 ft.

Supply main pressure
Py = 25 psi
H,, = 57.6 ft.

TDH = 69.2 + 26 + 23 — 57.6 = 60.6 ft. (18.5 m)




Example 7 (cont.)

~ 26GPM x (1x60.6")

= =0.66 HP
3960 0.6




Final Examination

Date/Time: June 07(Wed), 2017 13:30-16:30

5 Problems:

Conditions of Examination
1. Closed book
2. Calculator allowed

Good Luck I



