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» Rapid Urbanization and increasing Population Densities have led to a surge in

impervious surfaces such as concrete pavements and rooftops, which significantly affect natural

hydrological cycles and ecological balance.

» In response, Sustainable Development has become an essential urban planning priority,
emphasizing Green infrastructure as a solution to mitigate environmental degradation and climate-
related risks.

» Among various Green infrastructure elements, my study focuses on Green roofs for their multi-
functionality, offering ecological, social, and economical benefits.

¢ This system usually installed on building rooftops, incorporate vegetation over engineered

layers that replicate natural landscapes in urban habitat.
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Types of Green Roofs

— Shallow Soil (2-6 inches)
— Low Maintenance
— Lightweight (4.5-11.3 kg/ft?)

Semi-Intensive Roof Intensive Roof

— Moderate Soil (6-8 inches)
— Varied Plantings

— Moderate Maintenance

— Weight (11.3-22.7 kg/ft?)

— Deep Soil (8-24 inches)
— Diverse Vegetation

— Higher Maintenance
— Heavier (22.7+ kg/ft?)

Fig.1: Types of Green Roofs
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1 Components of Green Roofs
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100 YEARS

. — Vegetation Layer
— Growth Substrate

e == Filter Media

— Drainage Layer

Waterproofing Layer

Fig.2: Different components of Green roof
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I Methodology based on Artificial Rainfall Simulator

Artificial Ramfall Simulator (ARS) setup
{Nozzle Calibration and Ramfall uniformity)

Preparation of Green roof setup

¥y

S100BOMO

594B4NM2

SO0BoM4

(Engineered soil substrate)

Selection of observed Extreme Rainfall events

S87BIMS

y

S84B10Mao

S80B

h 4

(Based on IDF curve)

v

Controlled Ramtall application (Intensity, Duration, Sequencing)

!

Hydrological Data Collection
(Runoff volume, Peak flow, Delay time)

v
Water Quality Sampling

!

Comparative Performance Analysis

A

A

Hydrological

Performance

(Across all trays)

i

Water Quality Performance

Identification of optimum design tor model Calibration |«

Fig. 3: Work flow chart of ARS
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1 Preparation of Green Roofs setup

=g

(100 mm) —— Growth Substrate

Thickness: 4" (100 mm)

—— Filter Media (Geotextile)
Thickness: 0.12" (3 mm)

— Drainage Layer
Thickness: 1.5" (40 mm)

Fig. 4: Set up of the Green Roofs Fig. 5: Structural components of Extensive Green roofs
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] Preparation of Green Roofs setup
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Fig. 6: Artificial Rainfall Simulator Fig. 7: Set up of T1 (S100BOMO) & T6(580812|V|8)
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Rainfall Intensity Calculation for Artificial Rainfall Simulator (Ao s

Given: 1=292mm/h | A=08x0.8=064m* | d=3mm=0.003m | Cd=0.65

Calculation Steps

o Discharge (Q) Q=I1xA=0.292 x 0.64 =0.18688 m?*h 5191 x 10~ m?s
o Nozzle area (An) An =Tr/4 x (0.003) 7.068 x 10-° m?

Corrected area (CdAnjdAn =0.65 x 7.068 x 10°° 4.594 x 107° m?

Pressure (P) P=pgH = 1000 x 9.81 x 6.51 63.85 kPa = 0.651 kg/cm?

o Pressure head (H)  H = (Q/CdAn)? / 2g = (11.30)2 / 19.62 6.51m

Required head Required pressure . Pressure

6.51m 63.85 kPa 0.651 kg/cm?
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Water Retention Increases With Amendment

16 A

14.6
3 4.55 L
[ ]
12 A
D
2 10.1 retained by T6 (14.61%) — highest of all treatments, a
g0 7 296% gain over T1
g
£ s
© 6.9
2
gl e Trays WHC (L)
“ A
ES *l 37 T1 1.15
T2 1.55
e T3 2.15
0 . : : . . . T4 3.15
1rak 112 T3 T4 5o, T6 T5 4.15
T6 4.55

Fig. 14: Percentage of rainfall retained in different tray setups
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RESULTS — RUNOFF QUALITY
Alkalinity Rises With Amendment (pH)
9.5 -
9 4 8.8 7 ] 2 _) 8 [] 8
Bine pH rises from T1 to T6 as amendment loading increases
Lo
Biochar ash and mineral components contribute to
e alkalinity and buffering; T3 (pH 7.9) stays intermediate
— the 4% biochar—2% manure mix avoids the stronger
- alkalinity seen at higher rates.
65 T T ] T I 1

Rl T2 T3 T4 TS T6

Fig. 15: pH test on different tray setup
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Dissolved Ionic Content: EC & TDS
Electrical Conductivity Total Dissolved Solids
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Fig. 16: Electrical Conductivity test performed on Fig. 17: TDS test performed on different tray set up
different tray set up 10
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Particulate Transport & Organic Loading

Total Suspended Solids Chemical Oxygen Demand
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Fig. 13: TSS test performed on different tray set up Fig. 14: COD test performed on different tray set up
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RESULTS — RUNOFF QUALITY

Nutrient Leaching: TN & TP

Total Nitrogen Total Phosphorus
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Fig. 18: Total Nitrogen performed on different tray Fig. 19: Total Phosphorus test performed on different tray
set up set up =



Integrated Evaluation of Green Roof Substrate Trays
(Balancing Runoff Quantity and Runoff Water Quality)

[ Tray (Substrate composition) ]

Be -b Tl Preferred performance region

i
. I P

Best water quality | (high hydrological performance @ T1 (100% soil)
% but lowrunafioonirol. o 13 | and good water quality) () T2 (90% soil, 6% biochar,
'E 0.8 - '[ T3 | 4% manure)

! ! . ] 4
: — — (Highest overall performance) 0 T3 (94% soil, 4% biochar.
= % {’ 0‘ \ T3 2% manure)
g o= e L/ @ T4 (85% soil. 10% biochar,
‘E Icln 0.6 A Good water quality I T4 5% manure)
R ks B ‘o = : I :
28 | rebdneeedpmae 000 . o Secondrank) @y 75 (0% soi, 12% biochar
o 2. s T [ 4 q:}'.iu _______ ' 8% manure)
= o ~—- @ 716 (75% soil, 15% biochar,
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=

) Integrated Performance Index
=S g
=
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Good hydrological performance  Best runoff control 0.60

Lower performance . 0
bur lower water quality but poor water quality D 0.50
@

in both aspects

|
|
|
|
|
I
I
|
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0.0 : : : : 16 @, e
0.0 0.2 0.4 0.6 0.8 1.0 0.30
Hydrological Performance Index : ; ;
3 (larger size = higher overall performance)
(higher values = better)
Hydrological Water Quality ' Integrated = = y
Tray Index (HPI) Index (WQI) Index (IPI) Rank Key Findings
I' T1 I 0.000 F 1.000 § 0.500 I 5 1 e T3 (94% soil, 4% biochar, 2% manure) provides the best balance
f L . ! - t - b 1 between hydrological performance (runoff quantity) and runoff
!_ T2 18 0.246 | 0-859 | 0-5§3 | 3 water quality, with the highest integrated performance index
. T3 0.460 0.668 0.564 1 (IPI = 0.564).
I I [ e T4 (85% soil, 10% biochar, 5% manure) ranks second
a L { 0669 { gt L 0:360 2 (IPI = 0.560), which is higher than T2, indicating improved overall
| 8 0.816 0.144 0.480 6 performance.
| T6 1.000 0.007 0.504 4 e T1 shows the best water quality but the lowest runoff control.
- ) = 3 e T6 achieves the highest runoff control but the poorest water quality.
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