ME444 ENGINEERING PIPING SYSTEM DESIGN

CHAPTER 8 : DESIGN OF DRAINAGE SYSTEM
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1. DRAINAGE SYSTEM OVERVIEW
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SYSTEM OVERVIEW
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TYPE OF SANITARY DRAIN

WASTE
LAVATORY
SHOWER
FLOOR DRAIN
LAUNDRY
BATHTUB*

SOIL (TREATED IN THE SEPTIC TANK FIRST)
WATER CLOSET
URINAL CLOSET
BIDET

KITCHEN DRAINAGE NEED TO BE OIL/GREASE TRAPPED FIRST



COMPONENTS
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SOIL TREATMENT
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TYPICAL SEPTIC TANK

*‘CESS COVER

= vy

1 ki
INET §— — f OUTLET
FROM, |- : B o
BUILDING #
3" ABOVE 1. ASBORPTION
OUTLET AREA

Septic tank

Number of bedrooms (gallons) Liters
1 750 3000
2 750 3000
3 1.000 4000
4 1,200 4800
5 1.425 5700
§) 1.650 6600
7 1.875 7500
8 2.100 8400




GREASE TRAP

e | S __
I
— --%— -
a
026
| |




2. GRAVITY FLOW

= HORIZONTAL FLOW SHOULD HAS V > 0.6 m/s TO
PREVENT SETTLEMENT

= WATER DOES NOT COMPLETELY FILLS THE PIPE

*IN VERTICAL FLOW WATER REACH TERMINAL VELOCITY
IN 3 TO 10 METERS AFTER ENTRY

= KEEP AIR INSIDE THE PIPE AT THE ATMOSPHERIC
PRESSURE USING VENT PIPE
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MANNING EQUATION FOR OPEN FLOW

n = ROUGHNESS COEFFICIENT (USE 0.013 IN SEWAGE DESIGN)
r = HYDRAULIC RADIUS (WETTED AREA/ WETTED PERIMETER)

S = SLOPE
(SIUNIT)
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MANNING EQUATION FOR PIPE FLOW

= FULL FLOW IN PIPE
= VELOCITY DEPENDS ON SLOPE

Q 0312{)3{351{2
H
v 0397 s
H
10.27 .
= —i n’Q? (ST units)

n = ROUGHNESS COEFFICIENT (USE 0.013 IN SEWAGE DESIGN)
S = SLOPE
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PARTIALLY FILLED PIPE
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Specify Alar? and solve for h.
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HYDRAULIC RADIUS OF PARTIALLY FILLED PIPES
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EQUATION FOR PIPE SIZING

3
25% filled d = 0_563{}8

&
50% filled d =0.394] =
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PIPE SIZING TABLE (25% FILLED)

A051N5 bAa (Ipm) 71 25% VIR

anudlunislea (mis)

1:200 1:25
50 19
27 38
39 56
85 120
177 250 353
200 269 380 538 761
250 488 690 975 1,380
300 793 1,122 1,586 2,243
400 1,708 2416 3,416 4 831
500 3,097 4 380 6,194 8,760
600 5,036 7.122 10,072 14 244
AUEILAG WSNFNUEIEIANISEINTN 0.6 s

USLINTNIL D UL EAI D I0 U5 T2 RN 0.6 — 1.1 m/s
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PIPE SIZING TABLE (50% FILLED)

D Saimalna (Ipm) 71 50% wasNwh NS bunig e (m/s)

mm 1:200 1:100 1:50 1:25 1:200 1:100 1:50 1:25

50 35 49 0.6 0.8
65 69 98 0.7 1.0
80 85 121 171 0.6 0.8 1.1
100 155 219 310 0.7 0.9 1.3
150 323 457 646 914 0.6 0.9 1.2 1.7
200 696 984 1,392 1,968 0.7 1.0 1.5 2.1
250 1,261 1,784 2,523 3,568 0.9 1.2 1.7 2.4
300 2,051 2,901 4 103 5,802 1.0 14 1.9 2.7
400 4418 6.248 8,836 12,495 1.2 1.7 2.3 3.3
500 8,010 11,328 16,020 22 656 14 1.9 2.7 3.8
600 13,025 18,420 26.050 36,841 1.5 2.2 3.1 4.3

AUELAG LS FNILEASTIAUEIEINTT 0.6 mis

LSLNFN T UL RAIDIAULIITZRIN 0.6 — 1.1 m/s
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PIPE SIZING CHART (25% FILLED)
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VERTICAL FLOW AND TERMINAL VELOCITY
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SIZING THE VERTICAL PIPES

PYUI6718 aa3n3baa (Ipm)
DN 7125%  130%
32 19 25
4() 31 4()
50 66 86
65 120 155
80 197 254
100 420 541
125 765 088
150 1,272 1,601
200 2,684 3,463
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3. WASTE AND SOIL PIPING SYSTEM

@ 100 FCO

—————

@65 FCO
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PIPE INSTALLATION
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PIPE INSTALLATION
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TABLE 8.3 DRAINAGE FIXTURE UNIT (DFU)

Drain Vent
Pipe Size Pipe Size
(DFU) (DN) (DN)
Bath tub BT 2 40 40
Lavatory (private) LAV 1 32 32
Lavatory (public) LAV 2 32 32
Shower SH 2 50 40
Urinal (flush valve)
UR 4 50 40
Water closet (flush tank) WC 4 80 40
Water closet (flush valve) WC 6 80 40
Bathroom group (flush tank) WC LAV
SH/BT 0
Bathroom group (flush valve) WC LAV
SH/BT °
Floor drain FD b 80 40 27

Bidet 1 32 32



TABLE 8.4: MAX DFU FOR DRAIN PIPES

PIPE SIZE HORZ PIPE FOR BUILDING DRAIN ANY VERT. | VERT > 3 FLR.
SLOPE HORZ. | <3FLR.
FIXTURE

- INCH | 1200 | 1:100 | 150 | 125 | ™"
PIPE FLR

1-1/4 1 1

40 1-1/2 2

50 2 21 26 6 10 24 6

65 2-1/2 24 31 12 20 42 9

80 3 42* 50* 20* 48* 127 20*

100 4 180 216 250 160 240 500 90
125 5 390 480 575 360 540 1,100 200
150 6 700 840 1,000 620 960 1,900 350
200 8 1,400 1,600 1920 2,300 1,400 2,200 3,600 600

250 10 2500 2900 3,500 4,200 2,500 3,800 5,600 900
300 12 2900 4600 5600 6,700 3,900 6,000 8,400 1,500

375 15 /7,000 8,300 10,000 12,000 7,000

28
*Not more than two WC. **Not more than six WC permitted.



4. VENT PIPING SYSTEM

Purposes:

1. Prevents the loss of fixture trap seals.

2. Permits the smooth flow of water in the drainage
system.

Installation
1. Exitto outside air at least 2 meters above the roof.
2. Vent stack shall have uniform size.
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CLASSIC EXAMPLES
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STACK VENT & VENT STACK

A STACK VENT I

. LAV

wWC WC

r— HOUSE DRAIN

FD VENT STACK

——————  S0IL STACK
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WET VENT

USE WASTE OR SOIL PIPE AS VENT PIPE

T e

|, DRAIN PIPE SIZE | MAX. WET VENT
| LR | (mm) FU

R g 40 1

l ‘aa" I %P‘C‘L‘ l '

4 50 4
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BACK VENT

VENT AFTER FIXTURE'S TRAP

DRAIN PIPE SIZE MAX.
(mm) DISTANCE(m)

E 30 0.6
| 40 0.9
| 50 1.5

80 1.8

100 3.0



CIRCUIT VENT and LOOP VENT
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VENT PIPE SIZING

1. For vent stacks, use the total DFU load for the drainage
stack and the full developed length of the vent to find the
size from TABLE 8.5. Vent stacks must be undiminished
In size for their entire length.

2. For branch vents, use the longest developed length from
the point where the size is being determined to the
farthest connection to the waste line. Use TABLE 8.5 to

find the size.

3. For individual fixture use TABLE 8.3.
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TABLE 8.5 VENT PIPE CAPACITY (1)

PIPE SIZE VENT PIPE SIZE
2

30 40 50 65 80 100 125 150 200
30

(1-1/4)  (1-1/2) (2) (2-1/2) (3) 4) (5) (6) (8)

Maximum length (m.)

1-1/4 10
40 1-1/2 8 15 46
50 2 12 9 23 61
20 8 15 46
65 2-1/2 42 9 30 91
80 3 10 9 30 91 183
30 18 61 152
60 15 24 122
100 4 100 11 30 79 305
200 9 27 76 274
500 6 21 55 213
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TABLE 8.5 VENT PIPE CAPACITY (2)

PIPE SIZE VENT PIPE SIZE

: : ’ ’
125 5

(1- 1/4) (1- 1/2) (2) (2- 1/2) (3) 4) (5) (6) (8)

Maximum length (m.)

200 11 24 107 305
500 9 21 91 274
1100 6 15 61 213
150 6 350 8 15 61 122 396
620 5 9 38 91 335
960 7 30 76 305
1900 6 21 61 213
200 8 600 15 46 152 396
1400 12 30 122 366
2200 9 24 107 335
3600 8 18 76 244
250 10 1000 23 38 305
2500 15 30 152
3800 9 24 107
5600 8 18 76
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5. DESIGN EXERCISE
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If this building has 7 floor made up 25 m of
neight. Each floor has one toilet as
oreviously designed. Size S W and V main
nipes

—>5100 VEBS wao
| r _.;‘IE:IOD
—————— L——— ——\:—l\\ 100 W80 [
———1:100 j ] B —
X S N N
l NN e T T
Sy P S 18 SN 4 TN AR )
& & & & ETETFE e
\ LY § 4 ) | |
S v -/ | (NG -/
T ) T
vaz I ij //f / ' //
; T iy
| f——Ss80 W50
| (TYP)——4
|
: N N ——11:100 [_w o
{'é o "\\(‘ .'} "'/7.*‘:\,1/\1% /2:\'1 |
EEEIA A VRN
! | 4 4
— V50 ] —— 850 (TYP) '——V LV}ZHY
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SOIL system

Each toilet has 44 DFU of soil x 7 floors = 308 DFU from table
8.4 DN100 can carry 500 DFU select DN100

WASTE system

Each toilet has 26 DFU of waste x 7 floors = 182 DFU from
table 8.4 DN100 can carry 500 DFU select DN100

) wheguinsidivia3uld (OFU)
YPUIAVIDTEUILUT ) "
, y VIOUWUIRA
vieszuieiluwunueu viauen — 5
g1lalAu 3 gAY 3 U
LUUBU _

DN INCH 1:200 | 1:100 1:50 1:25 U naaava | weastu
32 | 1-1/4 1 1
40 1-1/2 3 2
50 2 21 26 6 10 24 6
65 2-1/2 24 31 12 20 az 9
80 3 36% q2%* 50%* 207 48+ 72w 200
100 a4 180 216 250 160 240 500 90
125 5 390 480 575 360 540 1,100 200
150 6 700 840 1,000 620 960 1,200 350
200 8 1,400 1,600 1,920 2,300 1,400 2,200 3,600 600
250 10 2,500 2,900 3,500 4,200 2,500 3,800 5,600 900
300 12 2,900 4,600 5,600 6,700 3,900 6,000 8,400 1,500
375 15 7,000 8,300 10,000| 12,000 7,000

*liladnlasn  ** latnlasnldifiu 2 1a

= Tadnlasnluiu 6 1o
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VENT system
Each toilet has 70 DFU x 7 floors = 490 DFU the total length of
vent pipe is approximately 25m vertical + 12m horizontal = 39m

From Table 8.5, DN80 vent pipe can carry 500 DFU at 55m of
length Select DN80

M3 8.5 YUIRUDIYIRRINETILRLNzAN (Nayyar, 2000)

YUIAND WY YUIAYIDBINA DN
sy | v i -
N QDFU 32 40 50 65 80 100 125 150 200
ANLE1IVBIVIDDINTA (M)
40 8 15 46
50 12 9 23 61
20 8 15 46
65 42 9 30 91
80 10 9 30 30 183
30 18 61 152
60 15 24 122
100 100 11 30 79 305
200 9 27 76 274
500 6 21 55 213
125 200 11 24 107 305
500 9 21 91 274
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EXERCISE 1
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EXERCISE 2

AT
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HOMEWORK
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6. STROM DRAINAGE SYSTEM

= STROM (OR RAIN) DRAINAGE SHOULD BE SEPARATED FROM SEWER
DRAINAGE

= FOR NORMAL BUILDING DESIGN THE SYSTEM OPERATE UNDER THE
HEAVIEST RAIN POSSIBLE.

= FOR LARGE ROOF AREA, DESIGN THE ROOF TO TAKE 25 TO 150 mm.
OF WATER TO SLOWER THE DRAIN RATE (REQUIRE ADDITIONAL
CALCULATION).
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COMPONENTS
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RAIN FALL INFORMATION

1 mm. per hour =0.001 m3hr. /mZ.
=0.017 LPM /mZ,
= 0.0044 GPM /m2,
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DATA FROM JULY 15, 2007

mm./hr.

120 -

KLONG 3, PATUMTANI
HEAVY RAIN FOR 15 MINUTES
THEN LIGHT RAIN AND STOP

15 30
TIME (MINUTES)
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RAIN FALLING IN THAILAND

5000

2500

2000

1500

1200

1000

YEARLY AVERAGE
FROM 1950 TO 1997
IN MILLIMETERS PER YEAR

DESIGN VALUE BETWEEN
100 AND 150 mm/hr

FOR THAILAND
USE 150 mm/hr
(0.66 GPM/m?)
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STROM DRAINAGE PIPING SYSTEM DESIGN

= USE AT LEAST TWO RAIN DRAINAGES FOR THE FIRST 1000 m? OF
ROOF AREA.

= ADD AT LEASE ONE RAIN DRAINAGE PER ADDITIONAL 1000 m? OF
ROOF AREA.

= 3 INCH DIAMETER AND ABOVE IS PREFERED FOR ROOF DRAIN.
(UNLESS IN SMALL BALCONY AREA)

= THE FLOOR MUST BE SLOPED TOWARD THE FLOOR DRAINS.
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DRAWING
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INSTALLATION

INCORRECT INSTALLATION

RAIN LEADER

LATE INSTALLATION
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TABLE 8.6: CAPACITY OF RAIN LEADER
(E.I.T. Standard 1004-16)

PIPE SIZE FLOWRATE RAIN FALLING RATE (mm/hr)

mm. (INCH) LPS (GPM) 50 100 150

ROOF AREA (sg.m.)

50 (2) 1.89 (30) 135 67 45
65 (2-1/2) 3.41 (54) 242 121 80
80 (3) 5.80 (92) 409 205 137
100 (4) 12.11 (192) 855 428 285
125 (5) 22.71 (360) 1608 804 536
150 (6) 33.52 (563) 2510 1255 836

200 (8) 76.20 (1208) 5390 2695 1796
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TABLE 8.7 CAPACITY OF HORIZONTAL PIPE WITH 1:100 SLOPE
(E.I.T. Standard 1004-16)

SLOPE =1:100

PIPE SIZE =~ FLOWRATE RAIN FALLING RATE (mm/hr)
mm. (INCH)  LPS (GPM) £0 100 150
ROOF AREA (sg.m.)
80 (3) 2.14 (34) 150 75 50

100 (4) 4.92 (78) 350 175 115
125 (5) 8.77 (139) 620 310 205
150 (6) 14.07 (233) 1000 500 330
200 (8) 30.22 (479) 2140 1070 710
250 (10) 54.44 (866) 3840 1920 1280
300 (12) 87.56 (1388) 6180 3090 2060

375(15)  156.38 (2479) 11060 5530 3685
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TABLE 8.7 CAPACITY OF HORIZONTAL PIPE WITH 1:100 SLOPE
(E.I.T. Standard 1004-16)

SLOPE = 1:50

PIPESIZE = FLOWRATE RAIN FALLING RATE (mm/hr)
mm. (INCH)  LPS (GPM) 50 100 150
ROOF AREA (sg.m.)

80 (3) 3.03 (48) 216 108 72
100 (4) 6.34 (110) 490 245 160
125 (5) 12.43 (197) 880 440 290
150 (6) 19.87 (315) 1400 700 465
200 (8) 42.83 (679) 3030 1515 1010
250 (10) 76.77 (1217) 5420 2710 1805
300 (12)  123.52 (1958) 8740 4370 2910

375 (15) 220.79 (3500) 15610 7806 5200
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DESIGN EXERCISE
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EXERCISE

SIZE THE RAIN PIPE

80.00

' 30.00
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PRACTICAL DESIGN
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