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Sanitary drainage

Design of drainage systems

Sanitary fitments

Above ground drainage

Below ground drainage (+ sewage disposal)

Aim: To remove waste, foul & surface water
Waste water (£7K) = basins, sinks, baths, showers
Soil or foul water (§%7K) = from toilets or W.C.

Surface water (3 [H]

H

7K) = rainwater or stormwater

Systems will last as long as the building!!
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Sanitary drainage

Sanitary fitments or appliances

Common types:

Flushing cistern, flushing trough, automatic flushing
cistern, flushing valve

Water closets (W.C.), urinal, bidets
Shower and bath tub

Sink, cleaner’s sink A

Drinking fountain @
Wash basin or washing trough -

Floor drain

N E




=

Sanitary drainage

Types of drainage pipes
Waste pipe (WP): e.g. connected to basins & baths
Soil pipe (SP): e.g. connected to W.C.
Ventilating/Vent pipe (VP)
Rain water pipe (RWP)
Anti-siphonage pipe: preserve water seals of traps
Air-conditioning condensation drainage pipe

+

Use of traps (control foul gas or odour) m ~—

U-trap: a U-shaped running trap =
P-trap and S-trap
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Sanitary drainage

Types of sanitary drainage stack systems
Single stack system
Collar boss system
Modified single stack system
Fully ventilated one-pipe system
Two-pipe system
Selection depends on situations, costs & local
design practices

Design considerations: €.g. pipe size, distance
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WC branch 200 mm

No connection inside

shaded area
200 mm

restricted
zone

NNE

6000 (max)

A

~
~
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Stack may be offset above
the highest sanitary appliance
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1'700 {(max)

3:000 (max)

WC

Access

100 mm bore stack

Bath

g

32 mm bore

38 mm bore Qverflow pipe

50 mm bore parallel branch pipe

3000 (max)
Alternative branch - >
connection Sink
\ —
---- 38 mm bore

Centreline radius
200 mm {min)

S

ﬂl

450 mm (min)

Single stack system

» Reduces the cost of soil and waste
systems
» Branch vent pipes are not required
* But many restrictions in the design
* To prevent loss of trap water seals:-
- The trap water seals on the waste
traps must be 76 mm deep
- The slopes of the branch pipes
are: sink and bath, 18 to 19
mm/m; basin 20-120 mm/m; WC
18 mm/m (min.)
- Vertical stack at 200 mm below
the centre of the WC branch
connection

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Vent pipe carried up

above the highest
branch connection

Collar boss |

Vertical vent pipe ;

required for
multi-storey

building 1
38 mm bore |

WwcC '
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Collar boss
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100 mm bore stack

/1/3 mm bore loop vent pipe

b

32 mm bore pipe

13 mm bore
loop vent pipe

38 mm bore bath waste pipe

| Stack may be offset above
) the highest sanitary appliance
1

}
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Detail of |
collar boss |

Vent branch |

T

38 mm bore sink waste pipe

Dimension A 450 mm (min)

¢

Sir\

| Annular chamber protects the small diameter |

K onnections from the WC discharge

Collar boss single stack system

« Eliminates the restrictions imposed

between bath waste pipe and stack

 Bath waste connect to the stack at a

higher point (no risk of WC discharge
backing up into bath waste pipe)

* Loop vent pipes to the basin/sink

traps and connecting these to the

collar boss, the waste pipes from these
appliances drop vertically before

running horizontally to stack

 Loop vent pipe on the basin trap

prevent its siphonage when the bath is

discharged

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)
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Terminated or carried up
to take the discharges of
sanitary appliances on
higher floors

\

50 mm bore

=\

Up to eight WCs

1 15000 (max)

Up to four basins

N\

e
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\ 0| |
Branch connections :4F
for P trap WC pans
50 mm bore cross vent
Pd as an alternative to the
connection to WC branch
pipe
Discharge stack
100 mm or 150 mm bore
Ventilated stack
75 or 100 mm bore
50 mm bore pipe
above spill level of WCs
| Above four wash basins
25 mm bore = F<= :-_:_._.:__,.___‘___‘
k)
; ig: @
0
” .
wl Cleaning eye

Above eight WCs

£

Two 45° large radius bends

s/

750 mm (min)

Y

Vent pipe connected to base of stack to prevent back
pressure on the ground floor appliances

Modified single stack system

* Close grouping of sanitary
appliances = install branch waste
and soil pipes without the need for
individual branch ventilating pipes
 To prevent the loss of trap water
seals = WC branch pipe min. 100
mm bore & angle 6 =90.5- 95
 To prevent the loss of trap water
seals = basin main waste pipe min.
50 mm bore & angle 6 =91°- 92.5
 Five basins or more / length of the
main waste pipe exceeds 4.5 m 2 a
25 mm bore vent pipe connected to
main waste pipe at a point between
the two basins farthest from the stack

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




900 mm

(min)
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Window opening

Range of wash basins (e

-,

If L is less than 3'000 the
stack must terminate 900 mm
ahove the window opening

Note the above rule applies
to all systems

Range of WCs

i)

k
\ 38 mm bore

Trap water seals may be
38 mm deep

75 mm bore vent stack

32 mm bore loop vent

7

100 mm bore

125 mm bore discharge stack

50 mm bore loop vent

/

D)

32 mm bore

Cleaning eye

~

\

Rest

Fully ventilated one-pipe system

* A large number of sanitary
appliances 1n ranges

» Each trap with an anti-siphon or
vent pipe connected to the discharge
pipe 1n direction of the flow of water
at a point between 75 - 450 mm from
trap crown

* Vent stack connected to the
discharge stack near to the bend to
remove compressed air at this point

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Urinal

Wash basin

Wash basin

Jaind

N

Trap water seal 76 mm deep

100 mm bore
soil stack

wcC

S

76 mm bore waste stack

Urinal

/
e

Wash basin

i

Wash basin

100 mm bore drain

\

Rest bend or back-iniet gully

Two-pipe system

* The most expensive and 1n case
with widely spaced sanitary
appliances

* Wash basins or sinks in rooms far
away from main soil stack =2 to
connect these appliances to a
separate waste stack

» The waste stack connected to the
horizontal drain either via a rest bend

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Pressure effects and seal losses due to water flow 1n a discharge stack
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(Source: Bristish Standard BS EN12056-2:2000)




Anti-siphonage pipes

o

Anti-syphonage . Ry 1

(Source: Buildings Department)




U-shaped trap with anti-siphonage air valve

AIR VALVE
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U-SHAPED
TRAP
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(Source: Buildings Department)




Bottle trap with anti-siphonage air valve

ANTI-SYPHONAGE:
AIR VALVE

BOTTLE TRAP
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(Source: Buildings Department)




Materials for sanitary pipework

Material

Application

Jointing

Cast iron

50 mm and above vent and
discharge stacks

50 mm and above vent and discharge
stacks

Galvanised steel

Waste pipe

Screwed

Copper Waste pipes and traps Compression, capillary, silver solder,
bronze weld or push-fit rings seal
Lead Waste pipes and discharge stacks | Soldered or lead welded

ABS (acrylonitrile
butadiene styrene)

Up to 50 mm waste and vent pipes

Solvent cement and push-fit ring seal

High-density

Up to 50 mm waste and

Push-fit ring seal and compression

stacks

polyethylene ventilating pipes and traps fittings

Polypropylene Up to 50 mm waste and Push-fit ring seal and compression
ventilating pipes and traps couplings

Modified PVC Up to 50 mm waste and vent pipes | Solvent cement and push-fit ring seal

Unplasticized PVC | Over 50 mm soil and vent stacks; | Solvent cement and push-fit ring seal
vent pipes under 50 mm

Pitch fibre Over 50 mm discharge and vent Driven taper or polypropylene fitting

with a push-fit ring seal

(Source: Drainage Services Department, www.dsd.gov.hk)




Stormwater drainage

Stormwater or rainwater drainage systems

Design for roofs, walls and ground drainage

Include rain water outlets, gutters, rain water stacks and
occasional require sum and pump system for disposal

Require integration with architect

Rain water flow rate, QO (1/s)
O=CxAx1/3600

C : impermeability factor or run-off coefficient
A : drainage or catchment area (m?)
I : rainfall intensity (mm/hr)




Ground impermeability factor

Nature of surface

Impermeability factor

Road or pavement 0.90
Roof 0.95
Path 0.75
Parks or gardens 0.25
Woodland 0.20

(Source: Chadderton, D. V., 2007. Building Services Engineering)




Stormwater drainage

Drainage or catchment area, 4 (m?)

It 1s the area that surface water will be collected
and discharge to the drainage outlet

For catchment area with vertical wall exists, 1t
shall include 50% of the vertical wall area:
A=A4,+054,
where 4, 1s the catchment floor area, 4, 1s the area of
vertical wall
The surface area shall be laid 1n fall to the point of
drain outlet of not less than 1:100 to facilitate
effective water collection




Example of flat-roof drainage

— Rectangular gutter 300 mm x 130 mm deep

A O e > 0
A [ b
Fall 1 in 60
30.000
\ \ Y
' T - -
QOutlet — - J;J 40.000 - QOutlet

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)
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Design storm profile statistics for HK
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__Shaded rectangular area = area
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(Source: Hong Kong Observartory, www.hko.gov.hk)
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Stormwater drainage

S1zing
In H

vertical stacks

K, under Building Ordinance (Cap. 123),

every 700 mm? of pipe cross-section area shall be
provided for 10 m? of horizontal roof areca

Also, diameter of rainwater pipe shall be 65 mm
minimum
Hydraulic design may be used to size the
vertical and horizontal pipes

The static head should cater for the velocity head
and pipe friction




Proportional

depth 0.5

Drain or sewer pipe

Hydraulic mean depth (HMD) for half full bore

Area of fluid flow

2 2

ar ad< .

5 or s 2
where: d = diameter

r =radius

Wetted perimeter, %

HMD = Z1° . 2d

2 2
Depth of flow HMD
0.25 Pipe dia. (m) / 6.67
0.33 Pipe dia. (m) / 5.26
0.50 Pipe dia. (m) / 4.00
0.66 Pipe dia. (m) / 3.45
0.75 Pipe dia. (m) / 3.33
Full Pipe dia. (m) / 4.00

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)
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External wall of the building

(Source: Buildings Department)

Internal pipe duct accessible
from common parts




Diagrammatic section of a pipe well

GUARD RING

|

DOORWITH FRRNOTLESSTHAN ———+
THAT OF THE ENCLOSURE WALL
AT ACCESS POINT AT NOT MORE
THAN 21 STOREYS APART

CAT LADDER
2000

METAL GRATING PLATFROM
(AT EVERY 4 STOREYS INTERVAL)

_B-REATH OF WELL = MIN.1500

(Source: https://www.bd.gov.hk/doc/en/resources/codes-and-references/practice-notes-and-circular-letters/pnap/ APP/APP093.pdf)




Sample arrangement of a pipe well

¥l
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¥ k*’*
DOOR WITH FRR NOT LESS THAN THAT OF THE H %
ENCLOSURE WALL AT ACCESS POINT AT NOT s m—— % A
MORE THAN 21 STOREYS APART |

-’ b e e T - — 'ﬁ» ----- ‘ ‘

i : | wiDTH OF wELL
OPENING AT GRATING PLATFROM = MIN.1200
CAT LADDER Emmma
METAL GRATING PLATFROM 240 IS EEEEEt senaa- ——— :
(AT EVERY 4 STOREYS INTERVAL) %

I ! I F | 1

S

———— -y -
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o

BREATH OF WELL = MIN.1500
= e

(Source: https://www.bd.gov.hk/doc/en/resources/codes-and-references/practice-notes-and-circular-letters/pnap/ APP/APP093.pdf)
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Drainage below ground

Sewage (= domestic/municipal wastewater)
Pollute the environment & harm human health
Should be ‘treated’ before discharged

Sewage ;57K (wastewater) consists of:

Greywater (from sinks, bathtubs, showers,
dishwashers, and clothes washers)

Blackwater (from toilets, combined with the
human waste that 1t flushes away) ’

Soaps, detergents & toilet paper
Rain/storm water/surface runoft »

(See also: Sewage - Wikipedia https://en.wikipedia.org/wiki/Sewage)

A ;
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R
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Drainage below ground

System types
1. Combined system (foul water + rainwater)
2. Separate system
3. Partially separate system

Design considerations: costs, load on sewers
Common fittings
Rainwater gully (RWGQ), yard gully (YGQG)

Inspection chamber (IC), rodding pod (RP)
Shoe and rest band (smooth connection)




Combined system

IC IC
e T Bl S | Key:
""" IC = Inspection chamber
\O RWG ﬁ D RWG RG =road gully
WG RP = rodding pod
\ RWG = rainwater gully
O RWS = rainwater shoe
S & VP S&VP = soil & vent pipe
WG = waste gully
YG = yard gully
|
YG
E\ /ORWG - O RWG
"""
IC
Foul water conveyed to a sewage

: purification plant

| 12500 max: [

i I Footpath [

S &
| b RS

Combined sewer

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Separate system

lC@'#IE"- ______ P — .._i—.-o RP @
'@*‘“ e — o— e IC = Inspection chamber
v IC N RWS RG = road gully
!f" RWS \ WG RP = rodding pod
! \ RWG = rainwater gully
O RWS = rainwater shoe
S & VP S&VP = soil & vent pipe
| WG = waste gully
YG = yard gully
YG |
B ; | SPRWS =P RWS
IC o
! q] 1C Surface water discharged into a water course
L \
! l Footpath \

ek Surtsce water sewer _RCEE A o

l-.F(}U.l water sewer -

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Partially separate system

P

IC
O S~ ~ e
\ WG

RP "
&
12 \
| O
. . S & VP
What 1s the S&V
advantage |
of this?
i
YG | }
n_ | O pm—— LT
\éi‘ — -
e\
Hic
1 Footpath
RG™.
........:......; ............. i & e ¢ W N & \.......
o i ek e o e

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)

Key:
|IC = Inspection chamber
RG = road gully

RP = rodding pod

RWG = rainwater gully
RWS = rainwater shoe
S&VP = soil & vent pipe
WG = waste gully

YG = yard gully

» Most of the surface
water conveyed by a
surface water drain to
a surface water sewer
or soakaway

* Some rainwater 1s
discharged to the foul
water drain. The
ralnwater can be
conveniently
connected to the foul

» water drain, usually at

the rear of the building




Waste or RWP

/ Grating
L Grating

Waste or rainwater gully Yard gully
~—— RWP Cover Soil and vent pipe
7 6L
21n =)
Raising
o piece
k Rest _
y4 > .
Rainwater shoe Rest bend

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Access cover

Screwed cap

Granular material

13, et o T T T —

B - L, / : - i ' 5 - =
R S

.|1¢:| ﬂ" :'.... p_ : '.I" Ta e Ak T ey T T
U 00 AL e s L0 0 G Bl e s £ e
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Deep rodding point

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




S & VP
o o |wa 0 |
\ B \ b \ h
-\ i -\ ‘ ‘\ '
i | !
Yhic E]IC ‘E:]lc Road Use of
: Separate drains : : .[ Separate
e T | / drains
T I
PSR N ————— R W W ol cupn cume ome o osmn wemn Smw
Road Public sewer —7
S & VP
Q o o Use of
WG .
R \R \JY private
- T &

IC IC Ic Road sewer
Private sewer :

Road Public sewer —7

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




2

Drainage below ground

Connection of drainage to sewer
Must be made obliquely in the direction of flow

Drain to another drain

Drain to a private sewer (F.27,57KZE)

Drain to a public sewer (/X3)57K28)
Cost and maintenance 1ssues

Private sewer/drain up to & include terminal manhole:
paid by building owner

Public sewer & sewer linking the terminal manhole:
paid by government/authority
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Drainage below ground

Pipe materials and depth

A minimum diameter of 150 mm and be of the
following materials or other approved materials:-

Foul sewer - vitrified clay, ductile iron, uPVC
Storm water drain - concrete, ductile iron, uPVC

Larger sewer: concrete
Smaller drains: clayware/uPVC

Drains should be laid at a depth of 900mm
(minimum) under roads and at least 600mm below
fields and gardens




Drainage below ¢
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round

Underground drainage pipe

Foul sewers should be @

esigned so that the

velocity of the flow wil

| exceed the self-cleansing

velocity on a regular basis

As a general guide, the mmmimum fall of foul

SEWETS 18:
Pipe diameter 100 mm:-
Pipe diameter 150 mm:-
Pipe diameter 225 mm:-

Pipe diameter 300 mm:-

Fall 1:40
Fall 1:70
Fall 1:100
Fall 1:150




Drainage below ground

Manholes ()FF)

They are required when

Pipes merge together

Change in direction >45 degree

Sewage (small Stormwater (round

Change n gradient squares) & radical patterns)

Maintenance, cleaning, inspection are needed

Manhole
Underground (For changing direction)
Drain Pipe

Manhole Manhole
(For pipe merging) (For maintenance)




Manhole in plan view and manhole covers

Steps irons @ Access Opening
300mm stagger 600 x 600mm

1200mm

djmcls 99

(Source: https://www.pavingexpert.com/drain05)

150mm
max

One half of double
triangular cover

Frame is bedde

onto mortar which 2-4 courses of

then brought up 225mm wide
around frame as Engineering
a haunch Brickwork
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ROAD

| ——MANHOLE COVER AND FRAME |
| LEVEL

| REF. DRG. No, 0S 1077

MAX,

CLASS U3 FINISH

1000

. | FALL |

225
MIN

CLASS F3 FINISH

Standard SECTION A-A SECTION B-B

manhole B =

200 6 200

design ' ‘ - | ' OTES

. ALL DIMENSIONS ARE IN MILLIMETRES.

2. FIFE DIAMETER ©150 TO 300 mm

J, NOEMAL EANGE S MAX. 1000 mm (MEASURED FROM
{ J OF DEPTH ROAD LEVEL TO LOWEST INVERT)
r

=
D
-
|
[
i
u
!!
i
1
I

\ \n 4. USED IN : STORMWATER DRAIN AND SEWER
A L == A 3. JUNCTION SPOSITION OF JUNCTION TO BE

1 DETERMINED N INDIVIDUAL CASE.
6. TOF TREATMENT SEE DRG. No. DS 1032

7. FOUNDATION “FOUNDATION OF MANHOLE VARIES
WITH SITE CONDITION. THEREFCRE,
B I IT SHOULD BE DETERMINED ON
SITE BY THE ENGINEER.

PLAN 8. CONCRETE - GRADE 30/20

: : 9. COVER AND FRAME NOT SHOWN ON PLAN FOR
(Source: Drainage Services Department, www.dsd.gov.hk) CLARITY




GROUND LEVEL

iy

DOUSLE SEAL TERMINAL MANHOLE COVER

00 mm DIA OPENNG
FOR F.Al (FOR SEWER

MANHOLE ONLY) -~

STEP IRONS AT 300 c/c
STAGGERED TO BE
PROVIDED WHEN

DEPTH 1000, THE FIRST
STEP IRON SHOULD BE
600 mm FROM GROUND
LEVEL

e —

-

280 (DEPTH > 1 0D0O)

450 (DEPTH> 1000)

'\_>

MLET

100 THCK FOR MANHOLE
UP 1O 900 DEEP
150 THCK FOR MANHOLE
UP TO 1750 DEEP
200 THCK FOR MANHOLE
UP TC 2 500 DEEP——

CONCRETE FILLING——"|

CONCRETE

100\

A\

| —STANLESS STEEL OR
GALS. CHAIN

| — RUSBER RINGS

| —150 DIA. RODDNG ARM

-
38" 10 48 \
L . W—
/D.T.L
— LI T T —
- . ks il
- —

A=DIA OF TRAP

']

[~— 75 DEE® WATER SEAL

(Source: Drainage Services Department, www.dsd.gov.hk)

[~~—C.l, OR GLAZED FIRECLAY
TRA® WITH RODOING AAM

DEPTH 2 500 NAX.

Terminal manhole,
typical characteristics:
 Trapped

e Rodding arm for
cleaning

* Opening for fresh air
intake (FAI)

* Steps for maintenance

Double-sealed manhole cover

424 ,

105

o

45 | ¢

f A f

AN\

290 OPENING
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Terminal
Manhole
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To Public
Drains
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Manhole -

-
i =

Underground Pipe

-

Flood Storage Tank

KE
\ Flood Pump
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‘#]5 :’k fﬁ- ﬁ &{] 'ﬁ. E gﬁ ‘f}} Figure 1 N.T.S. Apr 03
Common Components of a Drainage System T e e
LAND DRAINAGE DIVISION ’ B HF

(Source: Drainage Services Department, www.dsd.gov.hk)




Illustration of a faecal lifting plant to a drain

1\ /1
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’ / ~
g -
//’ ~__ | 6 1: Ventilating pipes 6: Drain to the plant
v 5\8 2: Discharge stack 7: Ground level
S 3: Discharge pipework from the plant  8: Faecal lifting plant
4: Ventilating pipe for the plant 9: Access point
5: Drain 10: Backflow loop

(Source: Bristish Standard BS EN12056-4:2000)




Drainage defects

Defective drainage systems hitps://www.bd.gov.hk/en/safety-
inspection/building-safety/index bsi drainage.html

Important for a safe & healthy living environment
Regular inspection & proper maintenance
Drainage repair order (1ssued by Buildings Dept.)

Repair of drainage systems

Under the Minor Works Control System (MWCS)
https://www.bd.gov.hk/en/building-works/minor-works/minor-
works-items/index mwecs items c3a.html

Common defects

https://www.brplatform.org.hk/en/defects-and-orders/common-
building-defects/defective-drainage-system




Examples and signs of drainage defects
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Rusty internal drainage pipes

(Source: Buildings Department)




Healthy building design & drainage system 1n response to COVID-19

N
[

_. Vent pipe
Upper |
PP | Anti-siphonage
Floor pipe

l: e S0il pipe

Lower 1 Anti-siphonage
Floor *  pipe
Bed
i Public housing
Living/ Pipeduct =
| Dining
71| Bed

Pipe duct

Private housing

(Source: Healthy building design in response to COVID-19 outbreak http://www.hkengineer.org.hk/issue/vol48-apr2020/feature story/?1d=12450)
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(Source: Urban Renewal Authority, www.ura.org.hk)
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W-trap (proposed by the Housing Authority)

_Common W-trap

Common W-trap
nstalled i dran pipes

Lab test on W-trap

(Source: Housing Authority, www.housingauthority.gov.hk)
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