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Abstract

Surface flooding and heat-stress effects have been exacerbated by Dhaka's drainage infrastructure being
overloaded by rapid, unplanned urban expansion. In comparison to a traditional flat roof, this study evaluates the
structural and hydrological aspects of two green roof systems: an isolated slab configuration and a continuous
filtration assembly. ETABS® finite element analysis verified that the most demanding load case complies with
BNBC 2020 safety margins after detailed section views were created in AutoCAD. The continuous filtration
system with a standard substrate mix accomplishes the highest peak flow attenuation (55%) and storage
performance, according to ten years of daily monsoon data and continuous assessment in EPA-SWMM 5.2 using
Low Impact Development bio-retention controls. On the other hand, the isolated slab system with a budget-mix
substrate offers a workable retrofit solution with a runoff reduction of about 25% at low material costs. These
results suggest that while budget-mix configurations provide affordable upgrades for existing buildings,
standard-mix green roofs should be given priority for new construction aimed at stormwater management.
Conventional, impervious roofing should be phased out in favor of more sustainable green roofs that are in line
with Bangladesh’s climate adaptation goals in order to promote urban resilience.
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1 Introduction

Bangladesh's fast-growing cities, especially Dhaka, experience heat stress, persistent surface flooding, and
deteriorating livability as a result of their large impermeable surfaces, lack of green space, and heavier monsoon
rains. Monsoon-induced waterlogging causes significant disruptions to transportation, economic losses, and
public health hazards due to contaminated floodwaters and overloaded infrastructure (Dasgupta et al., 2015).
There are multiple levels of failure: storms at the synoptic scale are larger than the drainage capacity, and
impervious surfaces at the parcel level, such as concrete roofs, produce rapid runoff, which exacerbates flooding
at the street level and disrupts the economy. (Bangladesh Water Partnership, 2012) Green roofs, which involve
vegetated layers on building rooftops, offer a viable nature-based solution by retaining stormwater, thereby
reducing peak runoff volumes and delaying discharge into drainage systems, which can mitigate urban flooding
(Shafique et al., 2018). In the context of Bangladesh, where rising temperatures and erratic rainfall patterns
linked to climate change amplify these issues, green roofs can enhance urban resilience while promoting
biodiversity and air quality improvements (Jahan et al., 2020).

Despite these advantages, green roof installation is still in its infancy in Bangladesh, with ad hoc methods and
little uptake outside of upscale residential or commercial structures (Hossain et al., 2019). Challenges such as
high initial costs, lack of technical expertise, and insufficient policy incentives have confined green roof
applications to rudimentary designs, often executed without standardized guidelines (Tabassum et al., 2024).
Bangladesh has implemented a variety of green roofs, taking into account regional resources, climate, and
expertise. Construction methods for tropical monsoon conditions have been developed by expert firms such as
Shatotto Architects, DWM4 Architects, and Synthesis Architects. Intensive rooftop gardens in the Bashundhara
Residential Area and substantial green space at medical facilities and educational institutions are noteworthy
examples of installations. There is still little standardization, though, as the majority of practitioners create site-
specific solutions based on actual experience (Huq et al., 2019).

Structural analysis is crucial for green roof implementation to ensure building integrity, particularly in preventing
overload that could lead to slab deflection, cracking, or collapse. For new structures, it allows integration of
additional loads into foundational designs, while for retrofitting older buildings—common in Dhaka's aging
urban fabric—it identifies reinforcement needs to accommodate extra weight from soil, vegetation, and water
saturation (Yang et al., 2008). The minimum live loads for gardens and flat roofs must be 5 kN/m? and 1.5
kN/m2, respectively, according to the Bangladesh National Building Code (BNBC) 2020. Dead loads vary
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depending on the material; for example, concrete has a dead load of 24 kN/m3. The code offers few specific
guidelines on vegetation types, drainage integration, or retrofit protocols, but local practice in Dhaka typically
uses a minimum substrate depth of 150mm for extensive green roof applications, even though BNBC 2020
stipulates that roof slab designs should support growing media of at least 300mm depth (Ministry of Housing and
Public Works, 2021).

Rainfall in Dhaka averages 2123 mm per year, with 87% of that falling between May and October. During peak
cloudbursts, short-duration intensities already surpass 100 mmh™ (Trisha, 2025). Extensive green roofs can delay
peak outflow by 10-20 minutes and retain 34-65% of rainfall, depending on substrate conditions, according to
model studies and monitored test beds. These are controls that are absent from the majority of roofs in
Bangladesh. By simulating natural hydrology, hydraulic analysis evaluates infiltration rates, peak flow delays,
and runoff retention to make sure green roofs successfully lower urban flooding. Hydraulic modeling helps
quantify benefits like 17-50% runoff reduction for low water-use plants in Dhaka, where flash floods are
exacerbated by impervious surfaces (Sims et al., 2019).

The primary objective of this research is to assess the structural and hydraulic feasibility of extensive green roof
designs in Bangladesh for mitigating urban flooding through runoff reduction and peak flow delays. To achieve
this, the study draws from existing green roof examples in Dhaka to develop prototype extensive designs (with
shallow substrates <200 mm), conducts basic structural analysis using ETABS software to verify load-bearing
capacity under BNBC 2020 requirements, and employs SWMM (Storm Water Management Model) for
hydraulic simulations to estimate performance in real rainfall scenarios. Feasibility for new and existing
structures is analyzed, with recommendations for optimized solutions. This approach refines the user's proposed
objectives by structuring them hierarchically: (1) design prototyping based on local types; (2) structural
verification via ETABS and (3) hydraulic evaluation via SWMM.

2 Methodology

A 40" x 30" building space was chosen as a standard to reflect the dimensions of typical residential buildings in
Bangladesh and to enable controlled comparison without site-specific restrictions. This study evaluated the
viability of green roofs in local conditions using a three-stage methodology. The development of green roof
prototypes was initially based on well-established construction methods in Bangladesh. This was followed by an
evaluation of the structural performance using ETABS finite element analysis, and a hydrological assessment
using EPA-SWMM continuous simulation modeling.

2.1 Green Roof Prototype Design

Based on well-known Bangladeshi building techniques as found from literature reviews, two green roof
typologies were created, with modifications made to allow for comparative structural and hydrological
evaluation. In order to facilitate direct performance comparison, each prototype was set up with standardized
drainage specifications and substrate depth (150mm). The Type 1 (Isolated Slab System) isolates water by using
precast RC slabs that have a 50mm air gap above the main roof deck. With Type 2 (Continuous Filtration
System), substrate is applied directly over a waterproof membrane that has built-in drainage layers, geotextile
separation, and 12mm gravel aggregate (Hossain et al., 2021). Standard Mix (40 percent topsoil, 30 percent
crushed brick 2-8 mm, 15 percent sand, 10 percent compost, and 5 percent organic fiber) and Budget Mix (50
percent local soil, 25 percent brick chips, 15 percent sand, and 10 percent compost) were the two forms of
substrate compositions that were created using locally sourced materials. Plants that are low maintenance and
suitable for shallow substrate systems, such as drought-tolerant herbs and sedums, which account for 54% of the
typical rooftop vegetation diversity in Dhaka, were the focus of the plant selection strategy.
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Figure 1. a) Type 1: Isolated Slab System (top), b) Type 2: Continuous Slab System (bottom)

2.2 Structural Analysis

In order to confirm load-bearing capacity under green roof loading, structural performance was assessed using
ETABS v21 finite element analysis. According to BNBC 2020 guidelines, the hypothetical building was
modeled using standard Bangladeshi construction specifications, including M30 concrete (27.6 MPa), Grade 60
reinforcement (420 MPa), and typical member dimensions. (Ministry of Housing and Public Works, 2021).

Table 1. Total Loads of the Two Green Roof Systems

Green Roof Type Key Components Total Load (psf)
Type 1 (Isolated) Additional concrete spacer, stone layer, 110.4 (Standard), 114.0
Soil, gravel, geotextile, concrete, (Budget)
vegetation
Type 2 (Continuous) Soil, gravel, geotextile, concrete, 74.5 (Standard), 78.1
vegetation (Budget)

Table 2. Section Dimensions of Structural Members

Member Type Section Notation Design Consideration
Dimension(inches)

Exterior Column 12" x 18" C12x18 Axial + biaxial bending
Interior Column 18" x 18" C18x18 Higher load carrying capacity
Beams 12" x 12" B12x12 M2-M3 design type

Slab (floor) 5" thick - Two-way slab modeled
Waist slab (stair) 8" thick - Adequate stiffness for stair flight
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As the most conservative design case, the cost-effective local soil mix configuration produced the largest
additional roof loading (114.0 psf for the isolated slab system). By exhibiting structural stability under this
maximum load scenario, it is guaranteed that every other substrate and system combination will faultlessly meet
BNBC 2020 safety standards.

2.3 Hydraulic Analysis

Each green roof prototype's stormwater management performance was compared to that of traditional flat roofs
using a hydrological assessment using EPA-SWMM version 5.2. For ongoing simulation analysis, ten-year daily
rainfall records (June-September) from the Flood Forecasting & Warning Center of the Bangladesh Water
Development Board were formatted and processed. Discrete storm modeling is unable to capture the seasonal
moisture dynamics, antecedent conditions, and cumulative retention effects that this method does. The idea
behind each green roof was to create a composite subcatchment with 28% impervious areas for maintenance
access and 72% vegetated surface. In order to account for overflow situations during periods of intense rainfall
and guarantee model stability under monsoon intensities, bio-retention cell LID controls were chosen over
conventional green roof modules.

System type-specific surface characteristics were distinguished by assigning a Manning's roughness of 0.12 to
Type 1 configurations (sparse vegetation) and 0.18 to Type 2 systems (denser coverage). Differences in material
composition were reflected in substrate properties: Budget Mix configurations used lower porosity (0.207),
which is consistent with higher soil content, whereas Standard Mix systems used porosity of 0.453 and saturated
hydraulic conductivity of 46.4 mm/hr.

In order to model drainage systems, circular conduits representing 50mm individual drains and 100-150mm main
collectors were used. The minimum slope of the conduits was 0.2%, which reflected the flat roof practice in the
area. Junction layouts permitted controlled ponding with emergency overflow provisions, with a maximum
depth of 5-8 cm. The Green-Ampt infiltration parameters for vegetated areas were 15 mm/hr base conductivity
and a 100 mm suction head.

Assessment of peak flow attenuation, detention time, and annual runoff reduction under representative monsoon
conditions is made possible by continuous simulation, which offers useful information for planning
implementation.

3 Results

3.1 ETABS Analysis Results
There were no excessive differences in the distribution of lateral stiffness among the stories, indicating uniform
structural response, according to the stiffness irregularity check performed under the maximum load combination
(isolated slab system with the most economical soil mix). This critical case's P-A analysis also stayed within
permissible bounds, demonstrating that even in the highest roof loading scenario, second-order effects do not
compromise overall stability.

Story  Output Case Case Type Step Type Step Number ShearX & DriftX Stiff X ShearY DriftY SHffY  Irregular Modifier

Storyl0  Seismic X LinStatic  Step By Step 3 26.314 0.065118 404.1012 0 0.003576 0 No 1
Story9 Seismic X LinStatic  Step By Step 3 54.662 0.090073 606.8596 0 0.005476 4] No 1
Story8 Seismic X LinStatic  Step By Step 3 78.95 0.114467 689.7199 0 0.007623 4] No 1
Story7 Seismic X LinStatic  Step By Step 3 99.312 0.13684 725.7523 0 0.00969 0 No 1
Story6 Seismic X LinStatic  Step By Step 3 115893 0.15658 740.1554 0 0.011482 0 No 1
Story5 Seismic X LinStatic  Step By Step 3 128.86 0.170482 755.8599 0 0.012928 0 No 1
Story4 Seismic X LinStatic Step By Step 3 138405 0.176355 784.8112 0 0.013929 0 No 1
Story3 Seismic X LinStatic Step By Step 3 14476 0.167263 865.4647 0 0.014106 0 No 1
Story2 Seismic X LinStatic  Step By Step 3 148.282 0.126223 1174.7617 0 0.011488 0 No 1
Storyl Seismic X  LinStatic Step By Step 3 149.259 0.030137 4952.6749 0 0.002169 0 No 1

Story Output Case Case Type Step Type Step Number ShearX DriftX  StffX ShearY DriftY  SuffY | Irregular  Modifier

Storyl0  SeismicY LinStatic Step By Step 3 0 0.006713 0 26.314 0055406 47494 No 1
Story9 Seismic Y LinStatic Step By Step 3 0 0.010659 0 54.662 0.077526 705.0746 No 1
Story8 Seismic Y LinStatic Step By Step 3 0 0.014407 0 78.95 0.099061 796.986 No 1
Story7 Seismic Y LinStatic Step By Step 3 0 0.017773 0 99312 0.118367 839.0199 No 1
Story6 Seismic Y LinStatic Step By Step 3 0 0.020557 0 115893 0.134741 860.123 No 1
Story5 Seismic Y LinStatic  Step By Step 3 0 0.022641 0 128.86 0.146625 878.8429 No 1
Story4 Seismic Y LinStatic Step By Step 3 0 0.024067 0 138405 0.153236 903.2161 No 1
Story3 Seismic Y LinStatic Step By Step 3 0 0.024936 0 14476 0.14667 986.9757 No 1
Story2 Seismic Y LinStatic Step By Step 3 0 0.023239 0 148282 0.116144 1276.706 No 1
Storyl Seismic Y LinStatic Step By Step 3 0 0.005043 0 149259 0.032792 4551.673 No 1

Figure 2. Story Stiffness Irregularity check for Type 1, Budget Mix
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Importance Factor (1)= 1 Select Importance factor according to BNBC-2020
Deflection Amplification Factor (Cd) = 5.5 Select Cd factor according to BNBC-20 (See List)
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| G3 Story12 120 4409.547 -107.866 0.550613 0.202961 | 0.01257
| G4 Story13 120 2964.827 -76.273 0.583584 3 0.01068
G5 Story14.Ro 120 1520.106 -40.722 0.612379 0.158373 | 0.00896
G6 TR 120 240.903 -7.877 0.623646 196¢ 0.00287

Figure 3. Second-Order P-Delta Analysis Routine Results for Type 1, Budget Mix

3.2 EPA SWMM Results

The traditional roof had a runoff coefficient of 0.96 and total runoff volumes of 869.82 mm. By comparison, all
green-roof configurations resulted in significantly lower runoff volumes (632.09-649.61 mm) and coefficients
(0.725-0.746), which equated to a roughly 25% decrease in overall runoff.

According to event-peak flow analysis, the traditional roof produced a maximum peak of 1.579 L/s, with peaks
widely spaced between 0.10 and 1.60 L/s. Green roofs, on the other hand, produced peaks of 0.579-0.768 L/s by
reducing maximum peaks by 50-75%. While budget mixes showed somewhat higher peaks (0.579 L/s for Type
1 and 0.638 L/s for Type 2), standard substrate mixes produced the lowest peak flows (0.768 L/s) under both
media types. Standard substrates consistently outperformed budget blends by shifting more events into the lowest
bins, whereas green roofs concentrated 48-55% of events in this low-flow range. Frequency analysis revealed
that only 15% of traditional-roof events had peaks < 0.20 L/s.

Under uniform substrate depth, Type 1 and Type 2 media exhibited identical infiltration and storage behaviors,
according to LID performance metrics for the green-roof models. Initial storage for both the standard and budget
mixes was 23.18 mm and 36.45 mm, respectively, and final storage was 118.55 mm and 155.45 mm. This
resulted in a storage gain of 95.37 mm for budget mixes and 119.00 mm for standard mixes, which is equivalent
to a 25% increase in retained volume in standard substrates. These patterns were supported by surface outflow
volumes, which showed that standard mixes reduced surface runoff by 23.63 mm when compared to budget
mixes.

x 2

Figure 4. Subcatchment’s Runoff Time-Series Hydrograph Comparison between Traditional Roof (left) and
Type 2, Budget Mix (right)
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Table 3. Use Cases and Recommendations for Type 1 and 2 Green Roofs and Substate Mixes

Objective Preferred Rationale
Configuration
Type 2 Standard Yields highest low-flow event share

Maximum Peak Attenuation Mix (55%) and lowest peaks

Delivers ~25% runoff cut at

Cost-Effective Runoff Reduction ~ Type 1 Budget Mix minimal substrate investment

Balanced Performance & Cost Type 1 S_tandard Strong attenuation with
Mix moderate mix quality costs
. . Either Type with Focus on mix for hydrology; choose
Lightweight Structures Standard Mix lighter media for load
Retrofit Urban Buildings Bu_dg_et Mix on Quick |mplementatlon with meaningful
Existing Roofs benefits

4 Conclusion

Extensive green roofs are a practical way to address Dhaka's stormwater issues while preserving structural safety
in accordance with BNBC 2020 load requirements, based on the integrated analysis. For new developments
aiming at maximal runoff control, Type 2 Standard Mix systems are the preferred option because they provide
the highest peak flow attenuation and storage capacity. Fast retrofits on existing buildings with little investment
are made possible by Type 1 Budget Mix assemblies, which provide a practical balance between performance
and cost. National building codes should include clear green roof guidelines, such as minimum substrate depths,
drainage requirements, and load allowances, to hasten adoption. This will lower design uncertainty and
encourage standard practice. In order to improve parameter assumptions and facilitate scalable implementation,
future studies should confirm these results using field installations and long-term monitoring. Ultimately,
improving urban resilience and attaining sustainable water management in Bangladesh require phasing out
traditional impervious roofing in favor of green infrastructure or related low-impact development strategies.
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