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Bttt ettt et ettt ettt aeeteete et et et et et ensereereene iplea )5 L 5 Bath tubs
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D ettt ettt ettt beete et et et et et et e st ereeteetentestenseneeneas (General design guidelines) 0l 2 (o see Laia
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L7 ettt ettt ettt beete e bt bt e b e b e ea b e beeh e e beebeera e beeatenbeeheenreebeeaeebeereenneareenrers (Lighting) _ns%
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2 PSP Separate room for shower

2 PRI Three quarter bath
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33 ettt e et s et et e e eee e aaly Juad
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B ettt h e bttt ettt b e e bt e eheeeat e ea et e bt e b e e bt e eh et eaee e bt et e e be e bt e ehe e ea e e e b e e bt e eheeeateeateeabeebeeabeenreas Ole
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3B ettt ettt e ettt e e e e e e e hteeeeeeee e e anbeeteeeee e e anbeeteeeee e e e Rnreeteeeeee e hebeeeeeeeeeeaantreeteeeeeeeaanrreeeeeens Pl

3D ittt ittt ettt e e e e e e e e ——e e e et —ee e e ———ee e at—eee e a——teeaat—aeeaa——teeaaabtteeaaataeeeabtteeeannbaeeeaanbeeeeanrteeeeanaraes Nipple

Bttt ittt ettt et b e e et —a e e e e bar e e e e b ae e e e e baaeeeataaeeeabareeeabaaeeeans Drain-Waste-Vent (DWV) fittings
B e e e e—— e e e e e ——ee e e e ——eeeaa——eeeaa——eeeaa—aeeeaa—ateeaabaeeeaataeeeeataeeeearaeeeeanrees Sweep Elbow

B ettt e b et e be e e b et e b et e s b et e R et e e R et e s beeeeatee s Ree e ree e s be e e reeeanreesreeennreenn Cleanouts

B e Sanitary tee

S PPt Sanitary Cross

30 it e e e e e —e e e e e —ee e e e —aee e e e ——eeeeabaeeeaabeeeeaarraeeeanaraeeeannrees Double tapped bushing
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Bttt ettt et e et et et et et et et et eteeaestennenea (Rate of demand) — < <& yac a5

ALttt e et e s be e e be et e besre et e nteereenrens (Domestic purposes) — s ) 1alia
OO (Civic or public purposes) — 4«le 1alia 5l
BTttt ettt ettt ettt ettt ettt ettt ettt as e (Fire demand) — (i 2 G juas

B2 et r s r e sttt (Industrial demand) — e < jlas

B2 oot (Variations in rate of demand) — <l < jas a 58 53 Sl g
B3 oottt e e e s er e i Juad
B3 oottt ettt ettt n et et an et e e tananaes ol el (Sl sula Glala
B3 oottt (Water Flow rate) < (s Jlaia
B3 ettt ettt ettt et et ent et et et et eae et ete et eaeeteaeeteneenn Sl el 2 Al Gl e
R SO (Head loss in water supply pipes) (b nl sleli ja jLid Claglia
B3 oottt ettt ettt ettt ettt e st et etenn et et eaear s (Friction loss) Sdawal cilailia

o 0 PP PPTPPR NOMOGRAMS FOR HYDRAULIC COMPUTATIONS
o0 TP PP UPRPPPPP Nomograms based on Manning’s formula:

3 U STRPPRP Nomogram for Hazen-William’s formula

3 J USRS (Form loss) (sa 9o Cilajlia

T TSRS pldia Jiad
59 ettt Gl il A
D ettt bbb bt bbbt bt b et b et be e bt (Overhead storage) =)l &l
L] TR PTRRRRT (Underground storage) (i) a3
B0ttt sttt bbbt Gl AS 4 Gl sdae sl Al 53
3 (Water tank appurtenances) < e &l jaeas
L3 PR (Pump sets and pumping main) Sba & 5 e
B5 et eeee ettt ettt enanaetans (Water demand for a building) olaiabu i 2 90 G laia
B ettt ettt ettt ettt b et et e e R et e s et e R et et e te et et e te e ese e nenene (Principles of design) ¢xl e Gl
B8 ettt ettt ettt ettt ettt bttt et b et ettt et bt ettt tnananas (Sizing of Pipes) ki s o 3l ()3 s (s
B8 ettt ettt ettt ettt ettt b ettt be et b et e teeaese b eae et eneereneereneerens (Design assumptions) cxl m Sl 4
B8 ettt ettt et ettt et e re b e nreereere st (Procedure of pipe sizing) b sla o 1) (3 53 s Jal ye
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18 Gy ea
& 4wy Washbasin A1
25«8 Water closets 2
k% Showers 3

58 )k Sinks 4

<8 L ales )5 Bathtubs .5

U3 Jas Urinals .6

5888 L 44 530 Floor drains (floor gullies) 7
16 94dw Washbasin

Al Sijaa Wdaa b sding 5 Vsaa
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338 Water Closet

dlie COlals JUES Caga awa Jibus 3 @l Q
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Sib a3 4 allue Bowl b 4ulS G )l 503 (S ea o Squatting type g s Q
Ssdas 8l 54l s (Floor drain) s <aS oS Qi ha

gl 2 Se aal (S oa S IS 4 pli ) So 4 Sl (3% ) pedestal type ¢ 5 a
A8lue 40 cm 250 2 O cual
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16 94 4B Sink
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1000 mm x 600 mm
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2800 mm x 600 mm
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LAY OUT OF SANITORY FIXTURES IN TOILETS

(General design guidelines) (u) s (0 9es Laia
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AL el el Jled Cga 3 il il e o
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(Door interference) )52 <llia
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(Ceiling height) il glii )
R sdue a8 ki 3 (7767) 907 el 4y Ll i Ji aa pliE ) asee D jgea 4 >
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— 30" ——»p|

(Clear Floor Space) 31 4alw
0 2sh 4B 8k )y o) 4ale 307 o) 40 Al (Fixture) idlaes aaly ja il ) >
A0 (LS 247 4y ) il () siae LIS 3 908 &) g

s e 4 1 351 3k 350 4k () sie 4S (sla i ) So b Al s ke Jage plBa >
23l Sn S 5 031 (551 A3 a3 s) ookl 31 s e

Graw 4y QLIS 6 )) 9 )0 Ol 9o U Caal o 3Y J\)']A;LNQJJJQMJA_}&\).}J%}S&LA i >
250 O
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- 30" —»
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—-— 2 1 "

|
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- 30" —»

(Single Lavatory Placement) s g Q) quai
Adlie 207 o) 4 Ay ) g0 5 g 2al 5 38 je (g 0ad a5 Alald >
(IPC 405.3.1). 25k 15” o 31ai) 43 Ay 5l g 5 Adlags aaly S e cpmalals 3

@ 1y alald () (IRC R 307.2) .adlie 47 s ) iilag aalg UGS 51 J81 s alals >
aSae Hhi 50 6 S SL Calaal



(s 15" —-— 20" —m
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(Double Lavatory Placement) (s scim 33 cual
2ilie 36”7 W it 8] e (pnoddi A i JBl 0n alles B
(IPC 405.3.1).250e 307 b s S e 0y il 2m 4l 3

(IRCR307.1).23L 4”7 1 b siind la o )US glae palld Bl as dilis 3>

© O

<F—20“—'ut————36"————+~1—20"
|  RECOMMENDED

MINIMUM
- 30" s 15"
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(Lavatory Height) (s s qual gl )l

2R dna i 43”7 L 327 Jigh ) O i) Cual ¢ L) >



43"

32—

(Shower Size) gl o3

23 8ae daa 6336”7 X 367 skh S il s >
23 3k 30” (Disk) <oy S 4S 28lue 900 sq p2 b 530”7 x 307 sl o (Al o il >

(IPC 417.4 IRC P 2708).23 & laila ¢
aSaile 5 U sl Calide JISCE] 4o (San gl S >
A S ls slagla Sl dah 4 aib 307 O DRSS S 1
Al Sy Jala o 4ld Head 2

O st adl ) o0 ol 5 0 R Gual K L AS K Sy 0 aS 5l S bl >
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(Tub/Shower control) st/ s Jg s

AL 4551 Tl g QLS (55 mhaus ) 387 — 48" g i)l 4 by sl sla J g A >
Camd ge LS (S8 mhan 51 337 i) 4y i gl 4 oy Caand o 2l )l sla J S >
JERIPERIR
5'- 5'- 6'- 6'-
User Height 5' 6'
Ig 3II 7" 3" 6"
Sh
ower 38" 41" 44" 47" 50" 53"
Controls
Shower Head 63" 68" 71" 75" 78" 81"

center of the shower arm where it meets the wall.

*Measure to the vertical center of the control. For a shower head, measure to the vertical

<

Shower Controls:

38-48"
Tub Cntrls:
33" Maximum

-———— Shower Head: 66-81" ———— =

|l ———
ot

AL 4381 Cual ge QLIS (8 mdaw 3 177 — 197 gl )l 4 sld sl po Al s (Sea
AL ALED el e 157 Jgha 4 il 307 el 40 4S5l Sy S aom Al ki (S
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(Tub/Shower surround height) _gld/os s shlal gl )

AR g Cush )y le ol se Jan g Hgld ) iYL 37l ) ab ) slé (s shlal gl >
S phae 438 S5 53 IS B 31 727 £l 45 Caghpim dse 5 IS e Bl gl >
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HEIGHT

CODE MINIMUM

7"
HEIGHT

(Grab bar) W &

Ssbai K Hlai 53008 3 grab bar ol 48 (5318 (sls 4l sane () e Al i 5 H5LE
AEL a8 IS o Il Ay b 5 5l b 4die

gl aid Kl 50 Al 181/2” Alaald 434S 035 1&1/2” ) 1&1/4” 56 sl 4lia i
i3 8 ey i G ) 367 ) 337 g lan) 40 a5l sl 4l
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ADA Grab Bar Requirements: Toilets

36" min |
12" min

54"min

”

12" max 24"min

—_—

*‘—‘—j 42"min

%
2

%
R

N 1A
L

transfer
side

ADA Grab Bar Requirements: Showers

Transfer Type

| ] P i—d‘ l 60" min |
N
7
| T
= 8
| |53
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(Tub/Shower Door Swing Direction) Jgbd/cs o3 g8 () gd S

ERENSTSTIS BV ERRENISY T LY S RIS BT >

= X

(Bathtub steps) alaa i sl s
AL (A A Al alea G gl a8 >

23 8oe <ia (Handrail) sied b o )5S caai s a8 Cud s ga G om0 >

HANDRAIL OR GRAB
BAR REQUIRED

|

SLIP-RESISTANT SURFACE

|

(Flooring) (i
AL D) am ol by QLS 8 3 se >

LAEL 4351 Dlae 2% o)) 43 (Floor drain) W (5 eb oS o pla ag s Qs (i >
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Specification code:
R225SR (316 stainless steel)
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= 100N.B.

(Toilet/Bidet placement) <us/agas Gidlu Ll

4un g 18” &\hﬁq@ue\s@gjé&\%ﬂj\}x , e alaS ) 2SS el aliala >

15” ab Koo Ble alaS aa b 5 (Adlhag ol Jlan alaS (2SS e JBlas alials >
(IRCR 307.2, IRC P 2705.1.5,IPC 405.3.1).23L

1]

t— 1 8"~ 15"

RECOMMENDED CODE
MINIMUM MINIMUM
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(Toilet Compartment) 23S &0
O o500 B ol a3 5 03 B dpa5i 367 X 66”7 4d8Ian 3548 (S 025 da 5 Jilas ol >
RPN ERSTRTRE PURE

(IPC 405.3.1). 23k 30” X 60” 4l&lan 3 5aS Sy JB) a5 ) >

0 R E
©
[(e]
o
o
=
L= et
// F :
& 4
S ‘ Y
~
t—— 30" ——> — 36" ——»>
CODE RECOMMENDED REC@R‘"”“&ETADED
NRiMEM MR (INSWING DOOR)
(Toilet accessories) «licd Jibuy

126”7 glai)l 4 5127 1 8” alald 44 058 IS ) Ay (Toilet paper holder) & 218 >
_J}.ﬁnod\.l )\‘)g&_\h;ﬁui)ﬁ
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Heating Ventilation Institute (HVI) Recommendations:

1. Small Bathrooms: HVI recommends that in small bathrooms, up to 100 square feet of

floor space, the exhaust fan be sized to provide a ventilation rate of 1 cfm per square foot (about

eight air changers per hour). This usually results in a ventilation requirement of less than 50 cfm, so
the code minimum fan size must be used.

Example 1: The bathroom is 5' x 9' (with 8' ceilings). Multiply 5x9 = bathroom area of 45 sq.
ft. At 1 cfm per square foot the minimum recommendation is a fan rated at 45 cfm. This is less than
the code minimum 50 cfm, which must be used.

2. Medium and Large Bathrooms: For bathrooms larger than 100 square feet in area, HVI
recommends a ventilation rate based on the number and type of fixtures present, according to the
following table:

Toilet 50 cfm Shower 50 cfm
Bathtub 50 cfm Tu b/Shower. . 50 cfm
Combination
Whi
irlpool 100 cfm Bidet 50
Tub

To calculate the minimum fan rating, add the cfm for each fixture in the room to arrive at
a total cfm.

Example 2: The bathroom is 20'x12'. There is a tub, a separate shower enclosure and a toilet.
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Toilet 50

cfm
Shower 50
cfm
Bathtub 50
cfm
Minimum fan rating 150

3. Toilet Compartment: If a toilet is in an enclosed stall with a door, then the toilet enclosure is
considered by most code authorities to be a separate room. Likewise, if a shower is enclosed right
to the ceiling, it will be considered a separate room. These guidelines recommend a separate
mechanical exhaust system for "each enclosure", which means a fully enclosed toilet or shower
must have its own exhaust fan separate from that of the rest of the bathroom. In most localities,
this is also the building code requirement. A steam shower always needs its own ventilation. Strictly
follow the manufacturer's recommendation for venting a steam shower. Otherwise you will have
mold growing in places you would not think mold could grow.

Example 3: The bathroom is 15'x15'. There is a tub, a separate, fully enclosed, shower and a fully
enclosed toilet in a stall with a door. The fully enclosed toilet and fully enclosed shower should have
their own exhaust fans rated at 50 cfm each. The bathroom fan will exhaust only the bathtub and
should also be rated at the code minimum 50 cfm.

4. How Long to Ventilate: When house air is exhausted to the outside, heat goes with it, meaning
that your furnace has to work harder to make up for the lost heat. You want to exhaust moist air to
reduce the risk of mold and mildew, but once the moist air is gone, you want to stop ventilating.
HVI recommends that the fan be left on for a minimum of 20 minutes after use of the bathroom. A
timer is a good solution, allowing the fan to turn off automatically at the proper time. There are also
fans on the market now that sense the level of humidity in the air and automatically turn on when
it is too high, and turn off when it is back to normal. Unfortunately, there is no fan that senses odor,
so a manual switch is still necessary.
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Typical bathrooms layouts

Types of bathrooms & Glidl g1 4

Powder room or Half bath a
Master bathroom a

Kid’s bathroom a

Bathroom with laundry facilities (|
Bathrooms for Disabled people (|

Half bath/ powder room

A powder room is a small bathroom with a small vanity or sink, mirror and toilet and is designed to
accommodate guests as well as family members. This type requires the minimum space for the essentials,
though is suitable for restaurants, cafeterias, shopping malls, etc. In many homes, the closet or space under
the stairway is drafted as a powder room so visitors don't have to go upstairs to visit the main bathroom.
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Separate room for shower

A completely separate room just for the shower, ensures that the bathroom remains free
while the shower is busy. The room can also have a small sink.
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Three quarter bath

A three quarter bath is usually small, but large enough to include a shower, a vanity or a sink, a toilet
and probably storage shelves.
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Master bathroom

The master bathroom is one of the most private and relaxing spaces. A master bathroom might
include double vanities with sinks and mirror, toilet in a semiprivate compartment, sauna or steam
shower, soaking or whirlpool tub, storage for linens and many more amenities.
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Adjoining baths

This type of two-room bath is ideal for big families where the bathroom might be occupied
most of the time.
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Bathroom Laundry facilities
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Sweep Elbow

DWV elbows are usually long radius or sweep types, to reduce flow resistance and solids deposition
when the direction of flow is changed.

Closet Flange

The closet flange is the drain pipe flange to which a water closet (toilet) is attached.

Cleanouts

are fittings with removable elements that allow access to drains without requiring removal of
plumbing fixtures. Clean-outs should be placed in accessible locations at regular intervals
throughout a drainage system, often including outside the building, because clean-out augers have
limited length. The minimum requirement is typically at the end of each branch in piping, just ahead
of each water closet, at the base of each vertical stack, and both inside and outside the building in
the building main drain/sewer. Clean-outs normally have screw-on caps or screw-in plugs.

Clean-out Plug

s

Main Drain
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Combo-tee

A combination tee (combo tee) is a tee with a gradually curving center connecting joint.

Sanitary tee

A sanitary tee is a tee with a curved center section.

Sanitary Cross

Similar to a cross. This fitting differs from a standard cross in that two of the ports have curved inlets.
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Wye (y) fitting

A fitting with three openings, a wye is used to create branch lines.

)

Double tapped bushing

A double-tapped bushing is a fitting that has opposing threads on the inside diameter of
the bushing.
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Teilad Aulaa sla
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(Darcy’s formula) =0l J e

(Chezy’s formula) s Jsa 58

(Manning’s formula) Sasle J s 5 58

(Hazen William’s formula) alis 5 J se ) 8

VO N

(Darcy’s formula) (s='2 J s s8
radlne dd sk 5 2l Al s a3 Gl (e pla Jge ) 8

f'LV?
L= T E
138 Jsesd )2 4S
Se 4y Ui dlala H,
e didsh L
e ag Ji ki d
m/sec 4 Ol Ce sV
m/sec? 4 snils diaai g
s Bl p) 0.075 ) (A8 2 sl Ji 1) 0.02 ) ) e agas G pa 4g 48 SSacal Cy pa f
Al 5 (8 = 20 ) o 5800 5 (Rp = ) Al 320 42 Ty o o () Can 200 i (a0 4

(Moody diagram) 25« ol 8 ) (el (3 5 allisy ) a2 3l ealiid 1y 0l gise |y SlSaaal oy o

Pipe absolute roughness values (RMS)
Material Absolute roughness Absolute roughness
(in x 10%) (micron or m x 10°)
Riveted steel’ 36-360 915-9150
Concrete’ 12-120 305-3050
Ductile iron® 102 2591
Wood stave' 3.6-7.2 91-183
Galvanized iron’ 6 152
Cast iron — asphalt dipped’ 4.8 122
Cast iron uncoated’ 10 254
Carbon steel or wrought iron’ 1.8 45
Stainless steel 1.8 45
Fiberglass® 0.2 5
Drawn tubing — glass, brass, 0.06 15
plastic’
Copper’ 0.06 1.5
Aluminium? 0.06 1.5
PVC? 0.06 1.5
Red brass” 0.06 1.5

AfL V2

Ho==r 5o (=40
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(Chezy’s formula) s Jsau 88
railne i3 D)8 50l Jse 58

V = C(mi)'/?
(38 Jsaysd 248
m/sec 4 <l Glos Ce o V
sie i K a1 5355 Y sare aS i S, €
5 (= A/P) sai yidama o) adade Cialise Cani 4y (5 sbuse 5 M 4 Sl soala ladim
dlne 5 e

(Manning’s formula) Sasila J ga 62

Jsash C) o) (Vg3 5800 ) oaliial 3550 (sl 8 (sla | yae o ()0 Kl Jsesh o ) sam 4y
Roughness ) (i )3 cu pia Caad 48 ) gem ja b 230 Sl en b () 0 Glos 3o 48 L sla s da ) 0
railine )8 Kasile J ey s (oasae JS3 200 Cun 4y | ) G i a3 K et 385 n (coefficient

V= 1R2/351/2
n

B8 Jsayh nas

m/sec 4 < Qs Ge a1V

P td 4

nd?
A 1 d .
mM(:—:L:—)‘;u!jJJ:}LA&MR
5 Sl iyl £ 5
Al Bile (LS 0 qupan
12 gdine Juals b adayl ) 2o K aay (358 Alilae )0 O Coalf 4S O gm0 28l S = Hi/L s

n?vVZ2L
L= R4/3

ol 43 5 3 (S 43 () sine |y Kiile a8 280 IS (5503 oo ge g (5112 48 (5 ) (5Ll 51

V- 0.003968D2/351/2
n

Adbemm 4D G358 dssd 048

oS A Jsas ) Olsiae |y Saile Gy n Caad

Manning's Roughness
Surface Material Coefficient
-n-

Asbestos cement 0.011
Asphalt 0.016
Brass 0.011
Brick 0.015
Canvas 0.012
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Surface Material

Cast-iron, new

Clay tile

Concrete - steel forms

Concrete (Cement) - finished
Concrete - wooden forms

Concrete - centrifugally spun

Copper

Corrugated metal

Earth, smooth

Earth channel - clean

Earth channel - gravelly

Earth channel - weedy

Earth channel - stony, cobbles
Floodplains - pasture, farmland
Floodplains - light brush

Floodplains - heavy brush
Floodplains - trees

Galvanized iron

Glass

Gravel, firm

Lead

Masonry

Metal - corrugated

Natural streams - clean and straight
Natural streams - major rivers
Natural streams - sluggish with deep pools
Natural channels, very poor condition
Plastic

Polyethylene PE - Corrugated with smooth

inner walls

Polyethylene PE - Corrugated with

corrugated inner walls

walls

Polyvinyl Chloride PVC - with smooth inner

Rubble Masonry

Steel - Coal-tar enamel
Steel - smooth

Steel - New unlined
Steel - Riveted

Vitrified Sewer

Wood - planed

Wood - unplaned

46

-Nn-

Manning's
Coefficient

0.012
0.014
0.011
0.012
0.015
0.013
0.011
0.022
0.018
0.022
0.025
0.030
0.035
0.035
0.050
0.075
0.15

0.016
0.010
0.023
0.011
0.025
0.022
0.030
0.035
0.040
0.060
0.009

0.009

0.018

0.009

0.017
0.010
0.012
0.011
0.019
0.013
0.012
0.013

-0.015

-0.025

-0.011

- 0.015

Roughness



Manning's Roughness

Surface Material Coefficient

o n o
Wood stove pipe, small diameter 0.011-0.012
Wood stove pipe, large diameter 0.012 - 0.013

(Hazen William’s formula) ais oo Jsausd

e dad sk 52,0 s 3,08 g — O3 J e 8
V = 0.85C;R0¢35%
138 Jsasd )2 4S

A, 28l all B Al o aS s el e 4 Gl g 0 Jsds )3 O Caed a8 S5 pala < e cw pea Gy

sl 3 il (s cpl Caadd o Hladl lea

2ilie d/4 ) cobe 280 SIS o e 4S 530 sl i s)p o el 5 m 4o i Sl i R
@A ba e S
bl m/sec 4 di )yl Qs Ceyu Y

Pipe material Values (o] CH
depending among the

smoothness of the pipe

material
Concrete (regardless of 120
age)
(e ) i i) oy SIS
Castiron
o
5 years oldJls gy e 130
20 years olddbs s yee 120
Welded steel (New) 100
(23a) o2l Soalys 2Y
Riveted (New) 120
() o2 o2
Vitrified clay 110
Brick sewers 110
iR il gl
Asbestos-cement 140

22 g ealy LIS 3 Jad JSb A Sean palig — (8 J ey 8
V = 1.0955 x 107* x € x D%63 x HP>*
Ailue 1000 M e m S Jlis Clagla He s m/sec 2V ,mm 42 D G Jseysé 5 4S

0.8 u‘))u\gﬁ&:)ﬂ:j400md)k’80mm#d\)‘dﬁ&@)&\)d&m\&bﬂh@1dtm

ashai & Gl 3 f=0.007 Gad 8 O gem onliind i3 Jsepsd 3 lsm Ja s 2iilal 4aulae 236 m/sec
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H, = ﬂ V_Z
L d 2g
Where,
f=0.007
L=400 m
V =0.8 m/sec
g =9.81 m/sec

d=80mm=0.08m

by 4 % 0.007 X 400 (0.8)2
L= 0.08 2 x9.81

=456m

A o a2l sad 435IX 1 /300 D 4 5 250 mm k(g )l 4S oy J5 G 6l 2.0

Cppa Bl 5 s nd sl Jsensd (bl g Dl da 280y JeSe J5b 40 (hs gaie 48 2iilal dgulae &) saa
(n=0.013,C=55) .2,=

eoridsesdadismda (a

V = C(mi)'/?
C=55

_ (nd?*/4) _d

~ (m/d) 4

= slope = 1

l—sope—300
d=0.25m

V = 55/(d/4)i = 55,/(0.25/4) x (1/300) = 55 x 0.0144 = 0.79 m/sec

3.142 x 0.25 x 0.25 x 0.79

7 = 0.0388 m3/sec = 38.8 lit/sec

Q = AV = (nd®/4)V =
Sisle Jsa s adand 542 s s (b

V = (0.003968/N)D?/351/2
N =0.013, D =250 mm and S = 1/300

0.003968
(W) (250)2/3(1/300)'/% = 0.693 m/sec

2

d
Q=AV = <HT> 0.693 = 34.02 lit/sec
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G gea 3 1y Saal Glaglia jlaie 2814200 m O Jsk 5250 mm of sk 4S8 Sas JicSa ) 3.0k
_J)ﬁ&)}.dbd&ﬁu\&&ij—djg&s dﬁ)}ﬁ)\d\}ud}d\}Juh57m|dd4)3u]u\:1);)\m45m=\ib‘um\;n
Aghas £ i 3 C =100 i

da

5.7 X 10°
1000 x 60 x 60 x 24

Q=AXV

_Q
=4

_0.06597  0.06597 x 4
~ mD?/4 314 x0.25 x 0.25

Q =5.7mld = = 0.06597 m3/sec

= 1.34 m/sec

V = 0.85C, R*6350-54
1.34 = 0.85 X 100 X (0.25/4)%635054
S =0.012
_Hr
L
Hy = S x L = 0.0024 x 4200 = 50.4 m

S

ke = 0.002ft 4S 2uilai (et Sy sea 53 1) (F) Saal Cu i Ciad (5350 ol 8L ) saliind L4,V
ALV =0.141 ft/sec < Ghos Gy 5v = 14,1 x 108 ft2/sec <l (Sailains cua 31 1 ft b

Ja
e_o.ooz_oo02
d- 1
VD  1x0.141
R=—=——""_2=10000

v 141x 1076
238 duala 20,034 (5250 o) 83 )3 R =10000 5 €/d = 0.002 (sl “aad ) saliied Ly
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Vatues of (7V) for water at 60°F (kameter in Inches X veloaty in fps)

o1 02 0406 1 2 4 6 810 20 40 60 100 200 400 1000 2000 4000 10,000
L L i1 11 1 MR 1 2 VSR e T - T S W——

Values of (DV') for water at 15°C (diameter in mm x volocty in my/s)

4 6 810 20 40 60 100 200 400 1000 2000 4000 10000 40000 100000
o VAT L TR e 10 e 2 1 ' 1 A AR e ¥ i
S 4
Crinical N
\ zono %
seh —caa — - Transition zone - - Y 7T T o= = o~ Complsie turbulence, fully rough pipes <= = == == ==
i R el
0.050
0.040
{0.030
1
: 0.020
& 10.015
EY oot S
B o006 ©
= 0006 2
s
- 0.004 g
» e
3 o002 £
-
g 1 z
ooor <
L 0.0008
- 0.0006
Hydraulically smooth pipes (¢ = Q) — - 1
i ~ - 0.000 4
0.015 { ‘\\ !
" Eq. (829) | _ Eq@s) homan
‘ Turbulent tow - 0.0001
f : D - 0, 0.000
0.010 - Blasius range o L] o
; P 8 8 B i - !
0.009 - Eq. (8.48) /D = 0,000001- ;
"1 o— [ EEEY W e Lot PR WS S EE W N I N R . - e d L ,_.'00(!)0!
6 810° 2 3 4586 810* 2 3 456 810° 2 3 456 810° 2 3 456 8107 2 3 456 810*
Reyncids number R = DV/a (D &, V fps, » t250c; or D m, V m/s, » m?s)
Figure 8.11

Moody chart for pipe friction factor (Stanton diagram).

NOMOGRAMS FOR HYDRAULIC COMPUTATIONS

The various flow formulas described in the previous article are quite complex and the computations
are quite lengthy. The computational work becomes still lengthier while designing a full-fledged
sewerage scheme. In order to reduce computational work, ready-made charts, nomograms and
tables are available, based on various flow formulas discussed in the previous article.

Nomograms based on Manning’s formula:

Fig 1, 2 and 3 shows the nomograms for solution of Manning’s formula for circular pipes running
full, for N = 0.013 and for discharge ranges of 17, 170 and 1700 m3/min respectively. The method of
use of the nomograms is explained on fig 4.For example, let it be required to carry a discharge of
4.0 m3/min with an average slope of 0.002 (i.e. 2 in 1000). A line AB is then drawn by placing the
straight edge on point A corresponding to Q = 4 m3/min on quantity scale and on point B
corresponding to S = 0.002 on the slope scale. The straight line AB cuts the diameter scale at 350
mm and the velocity scale at 0.68 m/s. Thus, for the given data of Q =4 m3/min and s = 0.002, the
diameter of the pipe will be 350 mm and the resulting velocity of flow will be 0.68 m/s when flowing
full. Fig 5 gives the nomogram for computing Manning’s formula, introducing various values of N,
and used for all shapes of pipes and conduits, and also for open channels. Here, a pivot scale is
introduced between R and V lines on one side and S and N lines of on the other side. The method
of use is illustrated on the diagram itself. Generally, out of the four parameters (i.e. R, V, S and N),
two are known (or assumed) and the other parameters are found from the nomogram. For example,
let N=0.015and S=0.002. Draw a line AB, keeping B corresponding to S =0.002 and A corresponding
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to N = 0.015. This line will cut the pivotal scale at point P. Let the diameter of the conduit be 2m for
which R = 0.5. Hence join point P to point C corresponding to R = 0.5m. This will intersect V line at
point D which gives V = 1.75 m/s. Hence the corresponding discharge will be 5.5 m3/s when pipe is
running full.

Nomogram for Hazen-William’s formula

Fig 6 shows the nomograph based on Hazen-William’s formula with the value of C = 100. By joining
any two known values with a straight line, the other two unknown values can be easily determined
with the help of the nomograph. For any other value of C, take the value from the chart and multiply
it by C/100.
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Nomogram for solution of Manning's equation for circular pipes flowing full ( n =0.013)
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Flow, ft/s

Figure 2
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(Form loss) (e Clagla

p3ee Sy gea 4y 35800 &) pea (Fittings) s o L2 4S 2dlne JLES Clajls ) @le aia e Glalia
ailoe Ji Jsh 3 e Jotee J b 3 siine dslae Jolae gk 4y sl 4y a1y il CSs 5 oaaia ge Ciladlin e
A5l padde Bl Sy 0 e se Sl ke bl o (SIS aual Ciladlia it 48

P GLi 1) b Kl Sl ey Jalae b J J s

Type of fittings Approximate equivalent

length in pipe diameter

(i.e Diameter x this value
gives in mm)
90° 30-36
Easy bend 10
Flush connection to cistern or 20
tank
Tee
Straigth 20
Reducing one side 30
Reducing two sides 36
Water entering branch 70 to 90
Gate valve 7
Globe valve 340

o500 Js S s (bend) ax 53l ) as )l 283 m ol sk 5035 15 mm of hd a8 5 S 5o Jl
Al dgulaa | J3 Sise Jsh 28lue (Gate valve)

da

900 sl ax gl jaxe o3 e Jsb =2 x 15 mm x 36 = 1080 mm = 1.08 m
o dyae G dsbh=1x15mmx7=105mm=0.1m

15 mm ki gl &b fisedsh=3m+1.08m+0.1m=4.18m

Ssddalae B dsh 4,18 M 4 Lk ol SSaal laglin e cagi 5 o
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gl 4kl Al 8 ) e gedipsa e N se Sl Ll auih Gl pald@abal iy
s a8l 0 b (5 )lS S g a5 (sledseta dlaad ol plAd (gl 080 23] Al A Al e

D hie gla L L8 sla o i agse Ji s A Rl pabiasd Bl padely 2
. galta a):l';l

AL AR ) (03 e JE G ol o e 3

AT S S e Al GS Cuad 3 4l i Sy oy Sl SR 4

385 a0 i 4o Laitons sy piiend (slels 5 (o) m sleli Tl )i 5 g 5

hid leli 5 (o 0 30m Ll (s1r A Gl ol Jaly 4 Gl da 3555 LSl e 6

st £l e s Lsd g S
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(Water tank appurtenances) < s_sdd &l jigas
taiilue dad 8 Gl o Rl S ) ) s

(Inlet pipe) w2505 & (1

(Outlet pipe) >34 & (2
(Over flow pipe) o o= di (3
(Drain pipe) s&iwd & (4

(Stop valve) J's (5

(Float switch) (6

e (L calide lals g aalia ) g )y Gl o pean a5 A3 Jsan

AL alea b e 4S sl adla IS 1
45 oS b (1
40 CHElS (s (2
il alea by e 45 sl adla IS 2
25 oS L (1
20 S s (2
100 lala sl il 3
120 &
150 (Sin B) W alalal 4
200
60 (i () L 4l 5
100 (Ui o2) W Jisa 6
150
25 ilaa 7
50 (S5 H) Sl sy 8
S 9
15 4l ) (1
60 soh S s (2
RREp
A2 L Calite (g saaall Jais ) g1 (6l 1)l e dd o Jsas
180 258 1
liters/day
200 (s bl 2
liters/day
180 5 i 3
liters/day
200 )}Lﬁ: 4
liters/day
200 2 g 5
liters/day
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AGL 8 50 Of e s 48 23ilal dulae G sa 53 e il Gl G () | (e edd sla o i) Jlia
ile 100 liter/cap/day < < pas a5

Juala did (ssh (S ol pan i i G ma e DB )3 Ha) A 6l 1) (e eud Cudla da

123 e

sdl = 50

@l (o yae a5 = 100 liter/cap/day

e ) o a3 6 35 ) Sq aaa = 50 x 100 = 5000 liters/day

o 3336354 ana = 3 x 5000 = 15000 liters = 15 m3

Pl Jd L8 O aaa Dl el b 0l sie 1 ol o A0 (sl o )il ani

S5mx3mx1.2 (usmA b mhai 202m)

Ailad dgulae | ) el 5 3l aaa i 200 “lalad S ) Jbe

da

iy daxi = 200

@l G yas 2 )58 = 200 Liters/bed

Js0 et sl <l 023 =200 x 200 x 1/2 = 2000 liters = 2 m3

b 2L 4 mx2.5mx1.2m (0.2 mis for freeboard) O alaS s (sla o jlail 48 (5 38 SGU dae 53
ik 4 &l

5565 h 5 55y 10,2568 5 (51l pexd 4S aidlad dgulase G pa 2 ) oo W) SO S aaa b
ERERPP v

da

pailne Jad )8 ead oaly LIS Jan )2 4S 55k s samall Bada a5l 1 ) Sl 50 A3 paa
Water closet = 180 liters/day

Wash basin = 180 liters/day

Sink = 200 liters/day

Shower = 200 liters/day

piled dsdlae 3 sk Ol siae 1) glaidles JLi 3 ) 90 (£ sana Jlaie Oy sealy) 5o
Water Closets =5 x 180 = 900 liters

Wash basins = 10 x 180 = 1800 liters

Sinks =5 x 200 = 1000 liters

Showers =5 x 200 = 1000 liters

Therefore % day Storage = 4700/2 = 2350 liters = 2.35 m3

Adopt a roof tank of 3 m3 storage capacity. Size of tank=2 m x 1.5 m x 1.2 m (0.2 m is freeboard)
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(Pump sets and pumping main) b Ji 5 oy

seilad dsnlae i sk O st 1) ey i 0 e cilha
Power = Work done / time
But Work done = Force X Distance
Therefore, Power = Force X distance / time
But, Force = mass X acceleration
Therefore, Power = mass X acceleration X distance / time

Power = mass (Kg) X acceleration (m/sec?) X distance (m) / time (sec)
Watts

1 Horse power = 0.746 Kilowatts

4 8l 2Sae dee O il 3 sdla it 5 i Jlas Saial 00 8 ey BG4 Gl s e 48l )
Adlue Sl A€ Jae ) 688 Gl il g 2 4S8 S

Psdne aily g 50 G 48 Gasee gl L) O late 4S diaae LI e pein ) 1) Sl Gl laia
Al oo sene S 5 g pila Jaaad Ol IS G i duala ) jle sadi sl jal IS 2380 pea

A8 ariSae ALd 63y il (gl i Bl 4
Power of pump = mass X acceleration due to gravity X total head /(1 second n)

U8 Culed 53 2 g 438 K Hlai )3 65% s3n 52 Y sana 5035 Giay S Sise ) Cle 1) Bsb Jsa b 534S
ks b osh Ol )
m.g.H
p=—9
0.7461

Hp

8L 1.5 -3.0 m/sec JVsil 5 ab Sy di o Gl Qs Gy

)J\J%c_\g\.k}j\:\mdq#’&_IXDJPJ?A;M\JU:\.\SL»)A.\SOLQ\)\JASMJ.\AJLHJ:\M@LQ\}d\:m
251 100 liters/cap/day < <o pas a5 48 2uila daulas & saa

(Storage capacity of roof tank) <l s a3 aaa (a

liters

ol ' =100
S s o) day

Ol O & sane 3 ae = 100 X 50 = 5000 liters

5000
liters = 2500 liters = 2.5 m3

L_J o‘)..)i.a axa =
M\Agaddd‘)duidlaq\ﬁﬁd‘)iu&_ﬂa_u\3m3t_l‘o‘):\aie;;w
Gloypadaad =2m X 1.5m X 1.2m (0.2m for freeboard)

(Pumping main) b J5 (b
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\Jc._\iol.gﬁ)hh,ﬁj‘)g‘)gcl\cuzU"_IAA‘)J&._JeJ:\'A.AASQJ}mJJZU,&,mi’:t,\:\a?,mg't._lio):\&ﬁe;AOﬁ
ilad dsulas Jad 5 sh (o)) s

_3m 3 00004166 = 04166 L ~ 05 1t
" 2hours 2X60x60 sec sec -5 lit/sec

pilal dpulan dad (s sk ad pdaie e Jgeysd sl o Ol s 1) Al Gl ey

0=AV
A_ndz
4
_ndZV
Q= 1

oSae Jla 53 1.5 m/sec sl 4 1 Gl gls e

4Q 4%0.5
d= = = 0.02059 m = 20.59 mm

.V~ |3.14 x 1.5 x 1000

23 % AT 32 mm 5 ks s Ged 4l S B jlad (S Ll (e
123 8e dzulae dd (s sk i 2 (a8l e

L 40 _ 4%05 e
= 7d? T 1000 X 3.14x 0.0322 62 m/sec

(Pumping sets) G & (c

S saxa )L = (Hy + Hy + Hy + Hy + Hs) + 10%H
Jsan8 248
M 4 SSaal clalian f,
(23850 028 0.5m Jls 500 8 2 Y sena) (auage Slailin H,
M 4 & sena gl )l Hy
(e 438 K Hla3 532 m) (el )L
(3250 U= 2 m) Gy Sl F
Hy = Smdicase Jsh=4 x4 4+ 1(Sigdy)) =17 m
A8lae 4 x 4= 16 43 Jlen pend oo sane gl 5 ondi 4 R i 04 m Jie s glii)) (st adad ) 50
el dalae 3 (s sk O s 1) ey B3 oo seme Jsha sl 2 28L 10 M J5 (B sk 48 Oy a0
=17m+10m=27m
rpiled danlae g — (ol Jsasd O oaldind L 27 m oo sane b )3 (s 1) SSaial cilajlia laie

_f'v? 0028 x 27 x (0.62)2 _ 0.29

H = -
1™ 2gd 2 x 9.81 x 0.032 0.63

=0.46m
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Sosh Ol s | ) o se Gl e &) gl 53 236 4 (fittings) Sla o) o© sane AT AS &) a2

HZ =4 XO-5=2m
13 e Aulae U () s S Cullad Al aey O ol 52 4S o sene HLER Culgd

H=0464+2+174+2+2+0.1(046+2+ 17 + 2+ 2) = 23.46 + 2.346
= 25806 m~26m

_m.g.H 05x981x26 127.53
© 746.n  0.746 X 0.65  484.9

= 0.26 Hp

AL 0.5 Hpuﬂe\ﬁﬁié&ﬁ(ﬁbyStandberﬁ@A%d-}) %mjﬁéﬁﬁaﬁ@ibﬁJaLg
L2 S el

(Water demand for a building) Glaidlu 3l 3,50 @l J)aia

Casd 4y Ql o pean o) 68 5 gesdl Qe deala Sl Glsiae 1) Jls 431 ) Sl )50 ol o sena laia
238 (el Glaidli Cue g dn i Al (laiali (i dlaad 3 )l

(Principles of design) (s Clula)

Jole ilagy o) sl plai 52 (S (s e 48358 ) e (5 ) sha s Sl yand S s il ) 30

A5 )8 saliiul 3 5e Ole e SiElags o3l ol alai Glaidli S 2 4S8 Gl (550 b Q8 a3l (e yies Qi laiale calidg
#dﬁ)\ﬁdﬁ\&‘)}m}‘)d’Jﬁjguﬂajﬁﬁ}dﬂJJQHQ\h\}eWDA&»\@)L}&)LB‘\SQ)};AJJ_J.'a):\i:m
s aS Sl Gl e lu daed aSile ) dpda s Gl ) O sie Ll 280 Cud 4y |y gobail e 5 55 e S
Lo Al Sy e sla QLIS See i Slilags a0l ) alad Jla e ealdiul (i i Cpes 4y adilad salu) 250 3 53na
oY g oad oaliiul C g Sy )3 (4 jae Claal 5 alad Gl 3 e g i 50 23 S adlge e s b o8 Caalie o8 i)
Q‘)}a.au]‘)Jt_!‘d\.n‘)ybé\sh\ﬁil\):\@')du\Aé‘)guga_lu‘)w100%@)@@@}]@3)\&\1.\#\3@\
48 Jpasd Cpd odle 20 R G pald o (s 4o Al (ame Sy S0 50 Gl i laia (agal (e g1 488 R

n=+vN
135 ses8 2 aS
_;3)@)\)35:\4?1“\ JJ}A&L\S};&&JJA&M\&J\A@.}HJ}SLAW&\ A\Aﬂ)\ U"_IJL.&: n
ile L83 231 oo sana daad ) ke N
st sl s 6 Ol pesdle (Cualoadioaly Jsaa )3 gy it a5l 5l Sl a5 Gl sl
2 sdae 34 (Fixture unit or Loading Unit — F.U) 2l a3l sl s )18 )by pa L aal g ol 4 48 Gl G dihag
45 da g0 e Ll |5l s aday) ) alaS Blags o318l 5L 0y se e e b Lasiss Cilaal 5 & 65 0l 03 K saldind 38
JML\.\AD‘).\QJ‘;\J\J@_leJJ adu.u.u\.kuj\ Ola )y aiile Wa J}&‘f.au
LIS S 12 48) b lai ) alast e dualas ) Gl sie 1) jpead S i3 50 palld Gl s )k
AL G ypa 2 d\:md‘)}b _J‘)}i Cd 44 ,bdﬁﬁagéwjéc\d\‘)bﬁ‘;)m g u\aﬁj‘&}(ajyﬂh‘)fﬁ]d:}}
Ayse palld Ghs e Gjseall ) 2l sias BG5S G G058 GG 11 (S e S

B ran aa) g ag da g e aS 005 adae ] GLoa SlaEe Cpl e 28lue 0.2 lit/sec ) Sobe Jsaa l sdldial b et L
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sl el asilad et olad Gl Ol s 1) (Sl Gleli gl o1l S S e glaisl )

D psee Cpsea 4y 20 S Claalae il Sl el sW 0310 U aa Sae a3V adije 5 S5 sl glaisl

3)se 5 S Shg a1 sl e AaaS (San 525800 40 ) e 3l Gle Jed SN o) o) plat ) et S

(Sas 48 (Eag o3l Cpmma 3128 S s R (il 5l SGS 0 alae) o e 2Ly 3158 ) sl

c¥laal diles ) Ol sise Gla e Gpia (3 sal dslas sl 0 K et 25K )8 ealiiul 3 s Gy Sy

So ) edd (a8 ae Gl Hlasa 4S J‘):.\i_”m ) g sl e ) adalea ol ) Leilad ealdiu (Probabi|ity equation)
radlue dod ) 8 YL alalase 23W3 0.5 lit/sec ) b (o4 ypas 2al g

Q =0.25(Z; + Z, + -+ Z,)'/?
1358 Jsesd 0 4S
5B Laslsz
A80e Gy gea llags o) 5l Gae daxd G ) Ol es JS3 434S (loa Jlae Q
pilad (e 0 s O s | ) 2 Dl (A jeae 2al 5 SO e laad )
7 = addia Chyas ) 3080 ) o) )R Lol g el X (8 pae Cilaal g alaad

g )l Ciline g1si) (51 1 IR Sl Cal srd JSui YLaial Alibes al 48 Jid Jsaa

e (LS

Slaal e . e s .

‘ obos . o lad
SIBN (lit/sec) e

0.50 0.125 RUICITRRPVAN 1
(5 i

0.50 0.125 gl Ji 2
(2 J)

1.00 0.25 EENCR 3

1.00 0.25 sk 4

1.96 0.35 alea i 5

4.32 0.25 gl Jig 6
(25<5)

1.00 0.52 VS G 7

1.00 0.25 Cpdla 8
TR

1.44 0.30 20) oaaes 9
(mm

0.04 0.20 Rl 10
(15 mm)

b 0.004 s &G 11
2 ol Avlaa PPN

b 0.04 QR Ll 12
s Aplase ) 58

adad o G ssddpl D g Hdld 3 ssdind 3 058 3 alaxi 434S Sl yl B SG 6l ) Ol it Jla
il dsalae 02 K

1A ariSae 4 g3 YL Alibaa ) ool b Ja
39S Z1=3x0.5=15

66



Gy Z;=3x05=1.5
ST Z3=3x1 = 3.0
sedélh 7,=2x1 =20
e 8.0
Q = 0.25(Zy + Zo + Z3 + Z,)'/?
Q = 0.25(1.5+ 1.5+ 3 + 2)1/2
Q = 0.25(8)/2
Q = 0.25 x 2.82 = 0.7 liters/second

DMe gl dvulaa (sl 2Slie elii)l L 5 0 | ki Jha an da g pe (Sl sleli 2 s e
‘5,_&4}.6&“_1\.:&\.;4)\3&46}.«: uJ)mMHSLAJcA\sSu\mLELA ‘)A.A ;i_ﬂ“})d,ﬁ.ﬁ sla d}.«)}ﬁ)\ u\}ﬁ:\Ad\S\.Lm\ Gilaglica
2 sdae dsalae Jabee Jsh 48y yha 4y Aals Ayl GlSed

sdilaly
0.2) 2 m e )lail 4 Al & pae aaly 4 S5 (Terminal head) («ladl Ui asee O ) a4
2L (kg/em?

) e oala i Y Jgan o Ll ol Jgba g la jan pud jo HLE8 J sema laglia

= s RS B
i BEBSS B Jabee

mm (lit/sec) (m) (m)
15 0.15 0.5 3.7
0.2 0.8 3.7
20 0.3 0.8 11.8
25 0.6 15 22.0

Sl beJ\JuL.ud.dehJJQ&\J@M&RJ\AJJJ@JJJA&\JAL_US_).U:

1. Bath tub (Hand 0.8 m (15 mm, Q = 0.2 lit/sec)
spray)
2. Wash Basin 0.5 m (15 mm, Q = 0.15 lite/sec)
3. Water Closet 0.5 m (15 mm, Q = 0.10 lit/sec)
4. Sink
15 mm 0.5 m (15 mm, Q = 0.15 lit/sec)
20 mm 0.8 m (20 mm, Q = 0.3 lit/sec)
5. Float valve 0.3m
6. Shower 0.8mtolm
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(Sizing of Pipes) Wl W oIl (3 gad Cpaad

.aaﬁyoﬂdjﬁsbgﬁu@}}djqﬁdﬁﬁ@}\)m:y

350 o2liiiud (Trial and error method) Uad s ke 5T 4 yla ¥ sana Sl il (sleli (sl 31350 (3 50 3 2

o R 1) i a0 saile (AL JL38 ol alad) (55 i SO 4 G J3 Jg) Db ) b dsulae (g 0 40 Glae

Al 23l i ga s Glabin 5 SBaal Gilalia ) JSiie 48 L8 o sane Cilalin 48 23 K daulas )5k (68

32k S 5l 3 ge LA 43 G b b 5 e (Residual head) saibe (b L3 4S <) gaa )3 250 48 8 jlas
238 al o lsd b dzalae 525 00l jad Al (e Ji pld &) sl

(Design assumptions) ¢! s Sl b

il s 5 Al |y i) Sl g il il A1 S () 30 o see ) am 4y

B3 I m/sec 3 S (sa5 deas sopdd S aS Ji) B 5 0 Gl s e e (1
o8 B 52 0.8 m/sec | 48 O sise Y sena 5 2 pde 48 £

O (382 U Gl o a3 43 1) Gl 505 diay aay 4348 ) Sy B3 0 Gl Qs e e (2
oS sk 1.5 m/sec Ol sise | anlie ey 4S S sdne 4 £ 55 3 3 m/sec ) 1.5 m/sec

Psddgana 2 m Al ube)l J3100m s o Hldd claglia (3

iz Hlai o pa 3,8 ) gaa (Sae (e 4 lai aS i il (falS (4

(Procedure of pipe sizing) Wl s o)) (3 gad Gl Jal e

63 Sl ) (oI o lads 4k oyl 0 4S 20 Be i 5 Al eyl 4Ss S auy Y ) (1
Aofe Gypas Rl £ ) 5p 50

eilaise cpai 1) GiShe ool e i e sl (2

elaise dslaa 1y X bl a B sl (3

elaize Jaas (Lo e 4y 1 61l (ol ja claial alslaa ) sl 1y (4

3J\‘\Sb&du@_ﬁi\&y;u\.}})bﬁ.ﬂ)\bJM\UJbJJA.}&}_)JJ_}LIJ\\‘)4\.\.».»1;4 (5
) aSad Jald sleli ki (258438 K ki 0 1 m/sec ) 0.8 m/sec U ) caulia) 3L i€ m/sec

(i s () 5 e J5 38 61 Ladilaine s Leli (sl ol e 1) g L8551 < gl (6

etlaise Gaad 1) Lels 28l 5 Jsha (7

atilaise (et ) Calida sl Gl Kt Jalas Jsh (8

plaize (pad 2llie Jalae Jsb 5 (o285 Dok 4o saan aS 1 Leli Jise Jsha (9

23 80 (e Sl Claglia Jise b iy Jls 0L (10

bl G ) ) SBdacal Claglia 352 50 jLE ) (11

sl 25 Sl ol B 5 Jl o) se L 4y o oaile L JLEBAS D yea 0 (12
23 8ae 83 R 50 5l S Lo jlsd dslas
oS Dl ) Sl Glaglia 2aid 30 1 20 1) aase

oS s aal s Kl G 6l 1 ) Ghoa e Ol Sle B n sl (14
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Lagiioes Ol ans 48 dilal (pl 300 Gy gm0 Gl 25 wala (LS Jod K8 )2 48 Ay il il aSes JBa
PR ) gea el (55 a3 CSAE Cadly Hla 53 (e el 4y

Terrace
Shower
1
Sink Wash basin
[ Water Closet 0.80
0.65
0.40 3
0.85
‘ 711 bes 2| om 3rd Floor
1.6 0.60 4

Pipe Shaft

9
280
1 0.80
o [
0.65 T 00 11
[]
—— 2nd Floor
>

oss 10| 28 070

T 15
2.80
21 \ 050
0 — 17
— 2 =¥ F5 s 16]"®  onm 1st Floor

Street Level

r 2 Direct Supply

2 f
d)\\\ Water Meter

City Main

Direct Supply

Al Jad )8 g Ja Ja) s

e OLES ) dlue Jald Calide (slels IR o jlad an by 5 S ladl 53 G siu ,Slaulae Jsax 50 (1

Cilide gleli ) Siilgs Calise o550 (Loading units) I8 L sla aals saidd (i asw Gsin (2
oS o2 021y (L S 48 Jan ) ealiiad U () s |y oyl yuim o) 2dilse

Gl ) ealiind bl e plaie daase s J3 S 0 )y o 3L 35 s Jlaie ajlea o5 (3
23 8 ol s o3l Gl 3 52 4S VL) J sy 58 Jas 55 g (s 5 IR

Q=025x(Z,+Z,+Z5+.......+Z,)

o) L1y Gl 3 Gl J1ae () sae 03 53 (L 5LS) (e a5 S 1 la L4 2- 1 i) Jle ) s 4
reilad dsnlae 0 5y sh (358 Jge s )

Q = 0.25 x V1 = 0.25 lit/sec
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Cad 4 35l (a8 Canlie Cae o S U Gl o )Y 4l Jald calise (slels el (350 dalae 51 0 (4

1.2 m/sec o 31l 43 e (sleli alai (5 1 (a8 oo ju ke LIS ) (SR 00k (a8 Cae s aany () 5 Lalad]
Asdeai K ki 5

a8 e e Ol e hioa Dl ealdind L aS ) a8l el gleli Hhad Clanlas Jsaa adid 5t (5

238 colaml o patin Hhl (S U a4 Y (00 90 3 patie Hhad (S 0 dgulae Hhal (s ke LS 20 Ke (s

152 =1 b b Jlie glsie 40 i) o 2 sde Al &) 51 (aS 02 dpulae yhl 4y Caai 3,500 b Y gana

d 4x0Q 1000 4 %025 1000 = 16.29
= X = X = .
314 x V x 1000 mm 314 x 1.2 X 1000 mm

Gosh 49,80 LS AL Gyl B S lad JSG 45 48 2 )it gla hd Clilae J s o8 G giu (6

poBae slai 531515 mm 2aiie el 3 g ead Juals 16.29 mm O sk Claulas 4agii j348 2- 1 Ji sl Jlia

b ealdiad L s e e 03 R dpdaa o gy Gl s i s U sl o 3Y 3t jlad QAT 5l amy (7

G ilne Al gleli )2 (28l 5 o Cae s odina LIS LIS ()5l 2 slise daulae 3 At HhaB 5 ol 300 gl
adleie dee Y g5k 2 —1 &

4 x1000 xQ 4 x 1000 x 0.25
:< X d2 )m Sec:( 3.14 x 152 >:1'42m/sec
#@mm,m\amoabu&dga)qﬁ%}uﬁg dﬁ)ﬁwb\}uﬁ\))ﬂﬁ&hﬁ\.m (8
1.851851

v
Hy = ( )
7 7 \1.0955 x 107% x € x d %62

R Saal el agh i 23 8ge dsdlas sie e 8 ) SlSasal Glaglia e Jsagh il 2

smm 43 35 ki d m/sec 4 di 3 (285 b s Cie e D) Gjle V358 Jseysh 5o ke Ll Calis (slels
D agh (g JSG () 4y o 025 48 R It 53 140 o)l 4 Cilnlae 53 g3 addiy — () a3l ke C
dalaa dd Jy2 — 1 &y Slaa) laglca Hlase JUa o) sie 40 aaame Gl Calisg sleli o 1) Sldaal cilaglia

1 e

1.42 1.851851

H, =
s <1.0955 x 10~% x 140 X 150-63)

pla 4y Gaay Sl afitse IS 40 Gl oy ))aie 4S 0 48 8 lai ) s sl S JUe 0l 2 02 (9
43 e (B jeme a5 G aily 5 G 3550 ) LSS Cpad lalae B Cad o 3Y G, 23 80e (pall 45 Sid1ag 031 50
Gy Ay D (G geme aaly Gk 5 G )50 sdae oalie UK 534S (5 )5k JBe (il 2 8 e ey
QB pSae ki 532 m o3l ds (B a3l s cal 5o B as SLES i Cpd 4r L 23le 2- 1 i sk le
o223 O s 35800 )y s 00 4 R Hla 53 J8) aa LS (pen 4y A 38 G Mg o316 il j2 48l SO
i aSle jsliaa b 51 e R 2 asmse L8 ) Eobe 2 m b sosh e gl e S SG 3 1) dsase Lk
eilad a2 0 R 531 2 se LA () sie JLE 2 m (ped 4

gl Gl 8 L 20800 s ey Jae o (e s ) LSS (all 02 eala Jie 2 053 (10
D 350 0 R 50 (s Al 50 a3 A al) Lad plE ) GEAS s e 5 S LI Guey 4y i
B i 5y e JSa a0 1) s e L5 i) (BalS e g lie S 4 ) dsma ot g g LE A
40 gl i 2- 1 i sl n e s sk 28 0e DBl 53 1) Jsdi 5 dsmea et L 5 g i)l Cpad ana 3l () s
S er 4y (02 25 L) 4% 8 jgem J58 2 40 1o 8 Sl sy ol 1 5h3 35500 8 5005 jie 0.8 ol
aibae Ll e | il 4adle

Gosh e LIS ) (A020h 5 a0 sl Gsin) Js R b dsma 5 el HLd de gana a2 )50 () sin (11
4 gane dnil ) 48 8 ) sa e 0.8 o0l 40 Jsi 5 e 2 Ol bie 108 o eldil JLE8 2- 1 Ji) L b
2 Sae Jala 2.8 m L

= 184.95m/1000m
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e Gl Aol o)) Clite sleli Jsda ara s (550 (12

O edliial b s Jsha jo Jlis clagliza ot dane s Ji dsh 2 1) Dl Gl ano jlea (53 (13
Db Cladlia 2 — 1 B ) Jlie Olsie 49 03 Kae Juala 5 (2Bl Jsh 5 i Jsh yie Sloa sa a L3 Gilals
,2ilne (82 e (sin) 1.5 m 5 (2dly sk goas (ped Osin ) 184.95m ) e Bidsh e Hloa o o
23 Faa Juala i (5 sh ot 31 il b (SISanal il liie 4agii 0

eyl o JlE Gl x Jidsh _ 184.95 x 1.5
1000 N 1000

& 30 1L e Glaglia jlaie IS Jlad (o) aaae QLB ) LIS aa ge Cladla a0 3L (55 (14
ratlaise Jae did s 5h 2 — 1 5 ) Jle Ol sie 4o e Dl )3 S8aal Cilailin 2ad 40

i g = =0.28m

(e ga Claia = SSaal Glala X 0.3 = 0.28 X 0.3 = 0.08m
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Air Vent Water Tank
i —

——

20 32
l LA o) Terrace
205 Supply to fixtures Shower
[ 25N
Sink 16 BOT Wash basin
31 Water Closet 0.80
0.65 28 1
I 0.40 7 _H
24 L 0.85 0.5 0.70 3rd Floor
0.60 29 N 26
Pipe Shaft " T I . . . 17
Direct main supply line
18 28 to O.H. tank :>
22 = 0.80
0.65 T | ' s
19
1 2
16 N I 0.85 085 0.70 2nd Floor

| 08 20 SN 18

Down take pipe from O.H 2.0%
tank to all fixtures including T 8 k:
kitchens Py 15 |
14 0.80
0 E.’)l P
i s
8 | l 05 10|%%° 0.70 1st Floor
) I
2.05 T
1
| b
16 7
6 0.80
065 i
o T ’ s
L 0.85 2 065 0.70 G.F

Street Level s —T

Water Meter
City Main

Total overhead tank supply through underground tank
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NO. CLASSIFICATION

| Assembly (see
Sections 403.2,
403.4 and
403.4.1)

Jy) dazaa

Minimum Plumbing facilities

g J8) aa s

23 8 G (Sl Cue g5 plan 50 b Jiilags ol ) JB) as slass

TABLE 403.1

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES®
(See Sections 403.2 and 403.3)

DRINKING

WATER CLOSETS (URINALS
SEE SECTION 419.2) LAVATORIES FOUNTAIN
(SEE
BATHTUBS/ | SECTION
OCCUPANCY DESCRIPTION MALE | FEMALE MALE | FEMALE SHOWERS 410.1) OTHER
Theaters and other
qd buildings for the R e . o N 1 service
A-l performing arts and 1 per 125 1 per 65 1 per 200 1 per 500 sink
motion picturcs
Nightclubs, bars, tav-
erns, dance halls and , N I service
nd buildings for similar I per 40 I per 40 Iper 75 o I per 500 sink
A2 purposes
Restaurants, banquet " I service
’ . . — '5
halls and food courts L per 75 | 1 per 73 1 per 200 1 per 500 sink
Auditoriums without
permanent scating,
art galleries, exhibi- | service
tion halls, muscums,| 1 per 125 1 per 65 1 per 200 — 1 per 500 .
. sink
lecture halls, librar-
ies, arcades and gym-
Al nasiums
Passenger terminals .
. - - I service
and transportation 1 per 500 1 per 500 1 per 750 —_ 1 per 1,000 sink
facilities E
Places of worship 1 service
and other religious | per 150 1 per 75 1 per 200 — I per 1,000 SSLv;kILL
services. !
(continued)
25

2006 INTERNATIONAL PLUMBING CODE®
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TABLE 403.1—continued

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES*®
(See Sections 403.2 and 403.3)

WATER CLOSETS DRINKING
(URINALS SEE SECTION FOUNTAIN
419.2) LAVATORIES (SEE
BATHTUBS/| SECTION
NO. | CLASSIFICATION OCCUPANCY DESCRIPTION MALE FEMALE MALE FEMALE | SHOWERS 410.1) OTHER
Coliseums, arenas, |1 per 75 for : per 40 for
oo - the first 1,500
skating rinks, the first 1,500 -
ools and tennis  |and 1 per 120 and I per 60 I service
A-4 P . P . |for the I per 200 | 1 per 150 — I per 1,000 e
courts for indoor  |for the remain- . sink
. . remainder
sporting evenlts and|der exceeding exceeding
activitics 1,500 1.500
Stadiums, 1 per 75 for 1 per 40 for
amusement parks, |the first 1,500 |the first 1,500
bleachers and and 1 per 120 |and 1 per 60 | service
A-5 grandstands for for the for the 1per200 | 1 per 150 — 1 per 1,000 o X
outdoor sporting  |remainder remainder sm
cvents and cxceeding exceeding
activitics 1,500 1,500
2 Business (see Buildings for the
Sections 403.2, transaction of
403.4 and business,
403.4.1) professional
services, other 1 per 25 for the first 50 and 1 | 1 per 40 for the first 80 | service
B services involving per 50 for the remainder and 1 per 80 for the — 1 per 100 o
" i ; arond : sink
merchandise, exceeding 50 remainder exceeding 80
office buildings,
banks, light
industrial and
similar uses
3 |Educational Educational - I service
E facilitics 1 per 50 1 per 50 — 1 per 100 sink
4 Factory and Structures in
industrial which occupants
are engaged in
E-1and p-2 |Work fabricating, 1 per 100 1 per 100 (see Section| | 4oq | | service
assembly or p P 411) P sink
processing of
products or
materials
3 |Institutional 1 |Residential care 1 per 10 1 per 10 tper | lperiop | !Sorvice
Hospitals, I service
ambulatory nursing 1 per room © 1 per room 1 per 15 1 per 100 sink per
home patients” floor
12 Employ‘ees, q[hcr
than residential 1 per 25 1 per 35 — 1 per 100 —
carc”
Visitors, other than
residential care 1 per 75 1 per 100 1 per 500
I3 Prisons” I per eell | per cell I per 15 I per 100 ! s;;;vklce
Reformitories,
detention centers, ) | service
1-3 and correctional 1 perl5 1 per 15 1 per 15 1 per 100 sink
centers’
Adult day care and I service
I-4 child care I per 15 1 per 15 — 1 per 100 Sink
(continied)
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TABLE 403.1—continued
MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES?
(See Sections 403.2 and 403.3)

WATER CLOSETS DRINKING
(URINALS SEE SECTION FOUNTAIN
419.2) LAVATORIES (SEE
BATHTUBS/ SECTION
NO.  CLASSIFICATION OCCUPANCY DESCRIPTION MALE FEMALE MALE FEMALE SHOWERS 410.1) OTHER
6 Mercantile (sce Retail stores,
Sections 403.2, service stations, 1 servi
403.4,403.4.1 and M shops, salesrooms, I per 500 1 per 750 — Tper 1000 RIS
403.4.2) markets and
shopping centers
7 Residential Hotels, motels, ) p
R-1 boarding houses 1 per sleeping unit 1 per sleeping unit | per I service
N h ; c ° sleeping unit sink
(transient)
Dormitories,
fraternities, 1 service
R-2 sororities and 1 per 10 1 per 10 1 per 8 1 per 100 <ink
boarding houses ‘
(not transient)
I kitchen
sink per
dwelling
unit; 1
1 per automatic
R-2 Apartment house I per dwelling unit I per dwelling unit dwelling clothes
unit washer
connection
per 20
dwelling
units
I kitchen
sink per
dwelling
unit; |
One- and 1 per automatic
R-3 two-family I per dwelling unit 1 per dwelling unit dwelling clothes
dwellings unit washer
connection
per
dwelling
unit
Residential 1 service
R-4 carefassisted living 1 per 10 1 per 10 1 per 8 1 per 100 .
facilities sink
8  Storage (see Structures for the
Sections 403.2, storage of goods,
403.4 and 403.4.1) -1 warehouses, See | service
92 §t0f’ehuuse and 1 per 100 1 per 100 Seetion 411 1 per 1,000 sink
freight depots. Low
and Moderate
Hazard,

a. The fixtures shown are based on one fixture being the minimum required for the number of persons indicated or any fraction of the number of persons indicated.
The number of occupants shall be determined by the International Building Code.

b. Toilet facilities for employees shall be separate from facilities for inmates or patients.

¢. Asingle-occupant toilet room with one water closet and one lavatory serving not more than two adjacent patient sleeping units shall be permitted where such room
is provided with direct access from each patient room and with provisions for privacy.

d. The occupant load for scasonal outdoor scating and entertainment areas shall be included when determining the minimum number of feilities required.

[FUNCTION OF SPACE FLOOR AREA IN SQ. FT. PER OCCUPANT

Accessory storage areas, mechanical
equipment room

300 gross

Agricultural building 300 gross
Aircraft hangars 500 gross
Airport terminal
Baggage claim{20 gross
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Baggage handling|{300 gross
Concourse|100 gross
Waiting areas 15 gross
Assembly 11 aross
Gaming floors (keno, slots, etc.) 9
Assembly with fixed seats See Section 1004.7
Assembly without fixed seats
Concentrated (chairs only-not fixed)|7 net
Standing space|5 net
Unconcentrated (tables and chairs) |15 net
Bowling centers, allow 5 persons
for each lane including 15 feet of
runway, and for additional areas 7 net
Business areas 100 gross
Courtrooms-other than fixed
. 40 net
seating areas
Day care 35 net
Dormitories 50 gross
Educational
Classroom areal, net
Shops and other vocational room
50 net
areas
Exercise rooms 50 gross
H-5 Fabrication and
. 200 gross
manufacturing areas
Industrial areas 100 gross
Institutional areas
Inpatient treatment areas|240 gross
Outpatient areas|100 gross
Sleeping areas 120 gross
Kitchens, commercial 200 gross
Laboratory
Educational|50 net
Laboratories, non-educational|100 net
Laboratory suite?® 200 gross
Library
Reading rooms|50 net
Stack area 100 gross
Locker rooms 50 gross
Mercantile
Areas on other floors|60 gross
Basement and grade floor areas|30 gross
Storage, stock, shipping areas 300 gross
Parking garages 200 gross
Residential 200 gross
Skating rinks, swimming pools Rink and|s gross
pool Decks 15 gross
Stages and platforms 15 net
Warehouses 500 gross

78



javascript:Next('./st_ca_st_b200v10_10_par071.htm');

