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Introduction 

Total global greenhouse gas emissions continue to 
increase despite the fact of environmental awareness 
and switch to cleaner energy and many other clean 
and green technologies and policies in every sector 
around the globe. Building is one of the major 
sectors contributing to greenhouse gas emission. 
Energy consumption in the building and material 
exploitation are the major contributors for the 
emission that affects the climate change 
phenomenon. Increase in rainfall intensity, frequency 
and duration has been observed in recent years, 
which is one of the effects of climate change. This 
has an effect in the roof drainage system we install, 
which is given less importance during the design and 
construction of the building. To increase the safety as 
well as life cycle of the building, careful design of 
roof drainage system is a must. Research papers on 
climate change and the building designs shows the 
importance of the roof drainage system design to 
cope with the changing patterns of rainfall events. 
Along with the functionality of the roof drainage 
system, we should also keep in mind the impact of 
roof drainage system design on the environment. 
Material and functional efficiency of the roof 

drainage system is what we need to keep in mind 
while designing the same. There are basically two 
types of roof drainage system: Conventional Roof 
Drainage System and Siphonic Roof Drainage 
System. 

Conventional Roof Drainage (CRD) 

The traditional design of roof drainage system which 
consists of outlet and vertical downpipes for the 
drainage of rainwater from the roof surface is known 
as conventional roof drainage system. Based on the 
area of the roof and the rainfall intensity of the 
location of the building, number and diameter of the 
outlet is designed. In this system of drainage, water 
along with air enters through the outlet and the air 
water mixture flows through the pipe work to the 
sewer system. Due to the air water mixture flow, the 
system has the annular flow and only one third of the 
downpipe has the flow of water. Remaining two third 
is the air movement in the downpipe. The driving 
head for the flow of water is the gutter depth and 
the flow takes place at atmospheric pressure. So, to 
attain the movement of water, horizontal pipe works 
need to be installed at some gradient.  

Abstract 

To reduce the environmental impact, due to high energy consumption and huge amount of material 
exploitation in the construction industry, there has been an inception of sustainable development. 
Sustainable development in the building industry, by providing the optimum comfort condition to 
the occupants with minimum impact to the environment, is known as green construction. 
Dematerialization is one of the aspects of green construction which can be defined as the 
exploitation of minimum amount of material without compromising the functional requirement of 
the habitat. One of the potential components of the building which can be dematerialized is the 
conventional roof drainage system. Siphonic Roof Drainage is an efficient roof drainage technology 
with less material requirement (smaller diameter and less number of downpipes) as compared to the 
conventional roof drainage system. The primary purpose of this study is to quantify the amount of 
material reduction by replacing the conventional system with the siphonic roof drainage. The study is 
also done for the environmental impact comparison and architectural design flexibility between the 
two systems of roof drainage. The study was done by designing conventional and siphonic system for 
the same building and comparison of material was done. 
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Conventional system of roof drainage, though is 
suitable for small roof area, becomes inefficient for 
the large roof area. Large number of outlets and 
larger diameter of pipes requirement makes this 
system costly and it has a huge amount of material 
requirement. Large number of outlets results in large 
number of downpipes and finally extensive ground 
work needs to be done which is not a proper way of 
construction, if we are talking about green 
construction. Fewer disturbances to the natural land 
are also one of the things to be considered when we 
are constructing in a green way. Green construction 
now is moving towards zero emissions after zero 
energy buildings and for the zero emissions besides 
energy consumption, material efficiency should also 
be taken care of. Introduction of new and better 
technology, better ways of construction, better 
materials are some of the measures that can be 
applied for the material efficiency in the buildings. 

Siphonic Roof Drainage (SRD)  

The roof drainage system in which pipe system is 
designed to flow full bore and the driving head is the 
height of roof level from the point of discharge, 
which helps in overcoming the flow resistance of 
pipes and fittings is known as Siphonic Roof 
Drainage. Siphonic roof drainage has high flow 
velocities and thus high flow rates because of full 
bore flow. Full bore flow also gives rise to negative 
pressure in the pipes, thus creating suction effect in 
the outlets. SRD was developed to operate with 
100% full flow, increased discharge, smaller pipe 
diameters, shorter length and no slope requirement 
to attain the required flow and velocity. Siphonic roof 
drainage is a proven technology around the globe 
with the ongoing research and development works 
and some countries also have the design guidelines 
for the design of siphonic roof drainage system. 

SRD is based on the principle of full bore flow. Roof 
outlets, connecting pipes (tail pipes), collecting pipes 
and downpipes are the components of SRD. Baffle 
present in the roof drain is the only additional 
component when compared to components of CRD. 
SRD works on the principle of siphon and has three 
working conditions: below design rainfall intensity, at 
design rainfall intensity and above design rainfall 
intensity. SRD system is considered better due to its 
dematerializing benefits because addition of little bit 
of greenhouse gases to the climate make things little 
bit warmer and takes us towards more extreme 
events.    

Methodology 

Material requirement in the conventional drainage 
system was obtained from the designer of the building 
and for the same design conditions; siphonic system 
was designed for that roof. For the design of the 
siphonic roof drainage system, software tool developed 
by KEIDEL software was used. The software is called 
DrainStar Siphonic Calculator. Material requirement for 
the siphonic system was obtained from the design and 
compared with that for conventional system. Material 
related environment impact in terms of embodied 
energy and embodied carbon was calculated and 
compared between two roof drainage systems. 
Architectural design flexibility was also compared by the 
visual observation of the elevation of building installed 
with CRD and then with SRD. 

Analysis 

 

Figure 1. Roof Surface with CRD system 

The building with total roof area of 1,141 sqm was 
selected. The roof surface was divided into 5 parts, as 
marked in the figure 1, for the convenience in design 
of roof drainage system. 

Table 1. Roof part and their areas 

Roof Part Area (sqm) 

I 715 

II 26 

III 148 

IV 47 

V 205 

 

Among these roof surfaces, I, IV and V are at the same 
level of 14.48 m. The roof areas II and III are one storey 
higher than I, IV and V i.e. they are 17.895 m from the 
ground level.   
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ASSUMPTION 

 Design rainfall intensity = 350 l/(s*ha) 

 Coefficient of drainage of the roof surface = 1 

 Pipe system is PVC 

CONVENTIONAL ROOF DRAINAGE SYSTEM 

In the CRD system designed for building, 

 Total outlets = 24 

 Total number of downpipes = 21 (14.48 m each) 
+ 3 (3.415 m each) 

 Diameter of downpipes = 110 mm 

 According to bill of quantities, total length of 
rainwater pipes = 372 m 

SIPHONIC ROOF DRAINAGE SYSTEM 

Although one siphonic system can drain about 2,500 
sqm of roof area, due to difference in levels of roof 
parts and to make the design simpler, a single 
siphonic system was not designed for the building. 
Rainwater collected in roof part I from the roof areas 
of I, II and III were drained with a single siphonic 
system. Rainwater from roof part II and III were 
brought to roof part I with the conventional system 
of rainwater drainage. Roof part V was designed with 
a separate siphonic drainage system and roof part IV 
was designed with the conventional drainage system. 

Results and Discussions 

Runoff from the roof parts II and III has been 
accumulated into roof part I by the help of 
conventional roof drainage systems in II and III. For 
this Siphonic Roof Drainage System, since we are 
adding rainfall from the roof areas II and III as well, 
the value of design rainfall intensity was increased to 
450 l/(s*ha) after calculation. L-pipe work was 
designed for design rainfall intensity of 450 l/(s*ha) 
and 900 l/(s*ha) was considered for the overflow 
system design. Downpipe of 8 m was designed to be 
fitted on the eastern wall of the building. After 8 m, 
siphonic action was transitioned to the annular flow 
by transitioning the pipe system with an increase in 
diameter of the pipe for the next 6.48 m. The height 
of the tail pipe was kept to be 1 m and the lateral 
relocation of the pipe was also taken as 1 m. The 
siphonic outlet with nominal diameter 50 mm was 
considered. Nominal drainage capacity of a roof 
drain was 9 l/s. For these design conditions, 4 roof 
drains (outlets) were needed in roof part I, as shown 
in figure 2. 

 

Figure 2. Isometric drawing of SRD in roof part I 

Roof part II, III and IV were designed with 
conventional roof drainage. Siphonic system was 
designed for roof part V with design rainfall intensity 
of 350 l/(s*ha) and 700 l/(s*ha) was considered for 
overflow system design. For the design conditions, 
single roof drain was needed on roof part V, as 
shown in figure 3. 

 

Figure 3. Isometric drawing of SRD in roof part V 

For the calculation of material weight, lengths of pipe 
in SRD were increased by 20 % to incorporate the 
pipe fittings and accessories. kg/m weight for each 
pipe diameter was taken and material weight was 
calculated. Embodied energy and embodied carbon 
for PVC pipes were taken as 67.5 MJ/kg and 2.5 
kgCO2/kg respectively. From the calculations done, 

Total PVC material weight for 

 CRD = 1510.32 kg 

 SRD (with overflow through roof parapet) = 
344.25 kg 

 SRD (with overflow through separate siphonic 
system) = 585.68 kg 

Embodied Energy for 

 CRD = 101,946 MJ 
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 SRD (with overflow through roof parapet) = 
23,237.14 MJ 

 SRD (with overflow through separate siphonic 
system) = 39,533.09 MJ 

Embodied Carbon for 

 CRD = 3,775.80 kgCO2 

 SRD (with overflow through roof parapet) = 
860.63 kgCO2 

 SRD (with overflow through separate siphonic 
system) = 1,464.19 kgCO2 

The study done for this option of design in this building 
resulted in material, embodied energy and embodied 
carbon reduction, each of 77% and 61% for SRD (with 
overflow through roof parapet) and SRD (with overflow 
through separate siphonic system) respectively when 
compared with the CRD system. 

 

Figure 4. Graph of quantification of different 
parameters in different roof drainage types 

Besides reduction in material quantity and 
environmental impact, SRD also has a benefit of 
architectural design flexibility in terms of elevation of the 
building. 

 

Figure 5. Architectural design flexibility comparison 
between CRD and SRD 

As can be seen from the figure 5, the elevation design in 
the building with CRD is restricted as compared to the 
building with SRD. The vertical lines indicate the 

downpipes and the figures shows the occupancy due to 
downpipes in CRD and SRD. 

1. Conclusion 

The primary purpose of this study was focused on the 
study of material reduction due to the replacement of 
CRD with SRD on the roof surface, which was positive. 
Also, the environmental impact due to the material 
usage was reduced due to their direct proportionality. 
Based on the observations in this study, it can be 
concluded that Siphonic Roof Drainage is an efficient 
and reliable roof drainage system that can be helpful to 
move further towards green construction and low 
environmental impact design of roof drainage for 
rainwater runoff. 
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