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INVESTIGATION OF THE INFLUENCE
OF HYDROGEL AMENDMENT
ON THE RETENTION CAPACITIES OF GREEN ROOFS

BADANIE WPLYWU DODATKU HYDRO ZELU
NA ZDOLNO SCI RETENCYJNE ZIELONYCH DACHOW

Abstract: Progressive economic development as well as wh8on influence the characteristics of the
stormwater runoff. Progressive sealing of drainbgsin surface prompts the decrease of rainwatétratibn,
thus increasing the runoff intensity. This resudt@n increase of flood risk. Thus, in urban arb@ssustainable
urban drainage systems (SUDS) are used in additidhe traditional sewer systems. The examplesUbD$S
strategy are, inter alia, the roofs covered witlgetation (the green roofs). The paper presentgdbelts of
research of retention capacities of 4 diverse greehmodels with following growing media: (1) theical green
roof substrate without any additions, (2) the swttetwith addition of about 1 % by weight of hydebdthe
cross-linked potassium polyacrylate), (3) the sualtstwith addition of about 0.25 % by weight of hygkel, (4)
the substrate with addition of expanded clay amntitpeThe models did not have the vegetation Isyerorder to
explore only the retention capacities of drainayets and substrates. The aim of the first pares#arch was to
investigate the retention capacities of green moflels after 1, 2, 6, 8 and 10 antecedent dry daytke case of
1 and 2 antecedent dry days the best medium retertipacity had green roof model 2 (with substreith
addition of 1 % by weight of hydrogel), and the kest medium retention capacity had green roof maddel
(without any additions). In the cases of precimtas which occurred after 6 as well as 8 and 1@cedent dry
days the best retention capacity had green roofei®ddwith addition of about 0.25 % by weight ofdnggel).
The weakest retention capacity had in these cases goof model 4 (with addition of expanded clag aerlite).
The aim of the second part of research describékeipaper was to investigate the retention capaditf green
roof models during precipitations that occurredemafiong antecedent dry periods of time (34, 59 a0
antecedent dry days). The substrates and drairages| were air-dry directly before precipitatiofifie best
retention capacity had in this case green roof m®dwith the substrate with addition of about 0%%y weight
of hydrogel). The second largest retention capdwty model 2 (with the substrate with addition lodat 1 % by
weight of hydrogel). The definitely weakest retentcapacity had model 4 containing the substratie addition
of expanded clay and perlite. The results may atdithat the efficacy of hydrogel decreased ovee fprobably
due to its decay under the influence of solar taatia
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Introduction

The effect of urbanisation is a dense urban devedop and the related increase of the
area of impermeable surfaces [1-3]. This leadsh® dreation of barriers for natural
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hydrological processes such as retention andrafiiin of stormwater [3]. The infiltration
intensity decreases, and in consequence, the stanwunoff increases. This in turn
influences the surrounding urban environment arwtesses the risk of flooding from
sewers in urban areas [Hdditionally the decrease of infiltration intensityads to the

degradation of groundwater resources [2].

In the urban areas, surface runoff comprises wgbtut 55 % of stormwater, whereas
runoff in the undeveloped areas comprises only ab@Ws of precipitation. At the natural
conditions about 40 % of rainwater evaporates amdreturn into the atmosphere, whereas
in the urbanized areas only about 30 % of rainwiatdre subject to evaporation [4].

The increase of the area of sealed surfaces inrtven areas leads to the increase of
flood risk. The increase of the risk of flood ireteummer is caused by the intensive rains,
whereas flood risk in the winter and spring is eslisy melting of snow and ice [5].

There is a need for application of such solutidmet ttan support the operation of
traditional drainage systems [3]. Therefore, inamiked areas in addition to the traditional
sewer systems, more and more frequently are usedetilogical best management
practices - BMPs (term used in USA and Canada)stamable urban drainage systems -
SUDS (term used elsewhere) [1], that are the parbw-impact development (LID)
principles [6, 7]. These LID principles and strategpmprises approaches and practices
which focuses are to reduce both the surface ruaraffthe load of pollutants in stormwater
overland flow [7]. These techniques manage watéhaisource and prevent or reduce the
impact of development on surface water and groutetwa].

SUDS comprise such solutions as: stormwater iafitn systems [8], stormwater
ponds/retention basins [1, 5], retention-infilteati reservoirs [9], infiltration basins and
trenches, reducing of share of impermeable surfaegsecially in the urban areas [10].
Other examples of SUDS are bioretention systentsgardens and green roofs [11].

Green roofs, also referred to as vegetated roafseanroofs are layered roofs covered
with vegetation and growing medium [12, 13]. Greenfs can be typically divided into
three main categories: intensive, simple intengs@mi-intensive), and extensive green
roofs [13, 14]. Intensive green roofs have mostem substrate layer supporting bigger
plants (e.g. trees, bushes). For this reason, thgyire maintenance such as: watering,
fertilizing, weeding etc.) [13]. Simple intensiveegn roofs also require maintenance, but
the plants are not so demanding, like in the cdsmtensive green roofs. The plants
overgrowing simple intensive roofs are for examplens and ground covering plantations.
Then the extensive green roofs typically do notinegthe maintenance. The types of plants
overgrowing these roofs are: succulents, herbssgs mosses etc. [13].

Green roofs provide many environmental ecologic awbnomic benefits in
comparison to the conventional roofs [13, 15, Mggetated roofs may reduce effect of
urban heat island in cities [17]. They contribute the temperature reduction around
buildings and thereupon improve the efficiency MAC systems (heating, ventilation and
air conditioning systems) and photovoltaic pan&¥ (anels) [18, 19]. Combination of
green roofs and solar photovoltaic systems can hgwesitive effect on their effectiveness
by both shading and cooling effects. Temperatureegktated roof surface (especially soil
temperature) can be reduced from the PV panelsirghaohd, on the other hand, higher
power output of PV panels can be achieved dueggiben roof cooling effect [19].

Green roofs reduce energy consumption in buildimigls poor insulation values in hot
as well as in temperate and cold climates, dubdaliminished need for cooling in summer
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and heating in winter [20]Therefore they are an energy-efficient solutiondaxide range
of European countries [18].

Green roofs improve biodiversity in cities due teation habitats for diverse plants
and animals [17, 21]. A development of the infrasture of artificial green zones in urban
areas plays an important role in the preservatidnadogical diversity [22].

The vegetated roofs can reduce air pollution [28liban areas. They may lead to
significant sound reduction in cities [24]. Othary important reason for establishment of
green roofs is their aesthetics that cannot beestianated in the urban areas [13].

However, above all, green roofs play an importaf in modern sustainable urban
drainage due to their ability to delay and reductad stormwater runoff [25], and thus
lower risk of floods in urban areas [1, 26]. Higitensity of evapotranspiration from green
roofs significantly reduces the annual surface futwoless than the half of the precipitation
volume [25, 26].

The retention capacity of green roofs is influencaghong other things, by the roof
type (intensive, semiintensive, extensive), substthickness as well as green roof slope
[27, 28]. Green roof slope may impact the runoféngion quantities. When the roof slope
increases, the retention capacity decreases [2€]bEst rainfall-retention capability (up to
70 %) have the intensive green roofs. The retentiapacity depends on green roof
structure (the amount and depths of layers), thmatic conditions and amount of
precipitation [28].

Many aspects of green roof technology are notfstily investigated. Probably one of
the most important components of green roofs agestibstrates which are covered with
appropriate vegetation [29]. The substrate actartficial soil for plant growth providing
nutrients and moisture and forming physical suppmilants. On the other hand substrate
should be suitably light in order to not overlodtk tbuilding structure, it should be
aeratable, chemically stable, permeable, and abtidin the rainwater freely to ventilate
the roots [29].

One of green roof substrate modifications shouldthe superabsorbent polymers
(SAPs) amendment [30]. The examples of SAPs arengrather things, polyacrylamide or
polyacrylate hydrogels. One of polyacrylate hydisges the cross-linked potassium
polyacrylate. SAPs act like “artificial humus”. Tdee substances are hydrophilic and
contain carboxylic groups [31]. The most importpraperty of SAPs (e.g. polyacrylamide
or polyacrylate hydrogels) is their absorption adyafor water that depends among others
on the cross-linking ratio (the molar ratio of gdmker to monomers) and the ionization
degree (parameter influenced by the ionic groupcentration) [31]. Superabsorbent
polymers can increase the plant available watgréen roof substrate and thereby enable
the plants to survive longer under water stress 320, especially in the case of extensive
roofs [30].

The objective of the experiments described in fhéper was to investigate the
influence of hydrogel, expanded clay and perliteeadment on the retention capacities of
4 green roof models with following substrates: #fig typical green roof substrate, (2) the
substrate with addition of about 1 % by weight ofdiogel (cross-linked potassium
polyacrylate), (3) the substrate with addition bbat 0.25 % by weight of hydrogel and (4)
the substrate with addition of expanded clay antitpe
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Materials and methods

The investigations of the influence of hydrogel adment on the retention capacity of
green roofs were conducted with use of 4 gardeys tnaade from recycled polypropylene
with internal dimensions 55.7 cm x 55.7 cm x 7 dfg( 1). In the bottom of each tray
(at the right lower corner) was drilled the holeddnstalled the pipe for outflow of the
excess of water. On the bottom of each tray thendge element Floradrain FD 25
(a height of 25 mm) was placed that was scrupwousicked for the internal tray
dimensions. On each drainage element the filteetsB& (70 cm x 70 cm) was spread.
In each tray exactly 10 dhof respective substrate was placed directly orfittes sheet.
The thickness of green roof substrate in eachwas reasonably uniform and amounted to
about 3.2 cm. The surface of each tray amountesbtut 31 drii The investigations of
retention capacities of green roof substrates veemeducted with use of 4 substrates
described in Table 1. In the models were not adpiie vegetation layers in order to
explore only the retention capacities of substrates drainage layers. The slope of green
roof models amounted to 5 %.

Fig. 1. The experimental set-up. The green roof et®dreated on the garden trays. Model 3 - sulestrat
with addition of about 0.25 % by weight of hydrogeh the left) and Model 4 - substrate with
addition of expanded clay and perlite (on the jight

Table 1
Properties of substrates used in the experiments

No. of green roof Substrate density Substrate

Substrate composition

model [kg-m mass [kg]

Model 1 Substrate “Roof Garden” - 12.120 kg 12120+ 12.120
Substrate “Roof Garden” - 12.000 kg

Model 2 Hydrogel - 0.120 kg 1212 +12 12.120

Model 3 Substrate “Roof Garden” - 12.090 kg 1212 + 12 12.120

Hydrogel - 0.030 kg
Substrate “Roof Garden” - 6.630 kg
Model 4 Expanded clay - 0.597 kg 762+ 41 7.625
Perlite - 0.398 kg

* - SD (standard deviation)

As a simulation of a precipitation the specifiedwnoe of water was evenly spilled on
each substrate surface on trays. The excess of Waie was not stored on green roof
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models (the drained water) was collected in thédstand measured with use of graduated
cylinders. The volume of water stored on each madket established as the difference
between the volume of precipitation and the voluhdrained water.

The experiments were carried out in 2 stages: ii¢gstigations of the retention
capacities of moist green roof models, during piégiions that occurred after 1, 2, 6, 8 and
10 antecedent dry days, (2) investigations of #tention capacities of relatively dry green
roof models (the air dried substrates with the ager gravimetric moisture of
4.86 + 1.57 %).

The experiments were carried out in laboratory @@nts. Main part of experiments
(stage 1) was conducted from 21.05.2015 to 31.0B6.2Measurements of stage 2 were
conducted after 04.09.2015.

The experimental setup was placed directly underrtof skylight so the substrate
surfaces were appropriately sun-filled. The airgenature during stage 1 at the maximum
insolation (from 11.00 am to 3.00 pm) was 30.1-4%C4 The minimum air temperature
(reached at night) amounted to 25.2 °C. The air idilyn during stage 1 ranged
from 27 to 58 %.

Results and discussion

Investigations of the retention capacities of moiggreen roof models

Figures 2-4 show the volumes of rainwater storedgoeen roof models during
simulated precipitations which occurred after 16,28 and 10 antecedent dry days.

Averaged results for very short dry periods - 1 &dntecedent dry days - are
presented in the Figure 2.
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Fig. 2. Volume of water stored on green roof mod#lsing precipitations occurred after 1 and 2
antecedent dry days

The results presented in the Figure 2 show thabést medium retention capacity in
this case had the Model 2 (substrate with additibabout 1 % by weight of hydrogel).
The second largest medium retention capacity hadvtbdel 3 (substrate with addition of
about 0.25 % by weight of hydrogel), third largealue of medium retention capacity had
model 4 (substrate with admixture of perlite anganded clay), and the weakest medium
retention capacity had the Model 1 (substrate wittamy additions). The results show that
greatest amount of water stored during the alonasorement was reported for Model 2
(the precipitation that occurred on 24.06.2015)teNiinat the volume of water stored on
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02.07.2015 by models with substrate containingatimixture of hydrogel (especially in
the case of Model 2) relatively decreased comptoatie models that do not contain the
superabsorbent addition This can mean that theaeffi of hydrogel decreased over time
probably due to its decay under the influence tdrsmdiation.

Averaged results obtained for precipitations thatuored after 6 antecedent dry days
are presented in Figure 3.
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Fig. 3. Volume of water stored on green roof modelsing precipitations that occurred after 6
antecedent dry days

Results presented in the Figure 3 show that thatgge medium volume of water was
stored in this case on Model 3 (the substrate wadtlition of about 0.25 % by weight of
hydrogel). The second largest medium retention a@apaad Model 1 (the substrate
without any additions). The weakest medium retentiapacity had Model 4 (the substrate
with addition of porous materials - expanded clag perlite), but the medium amounts of
stored water in the case of Models 2 and 4 werg wimilar. Regarding the single
measurements, in each case the best retentionityapad Model 3. Results obtained for
remaining green roof models (1, 2 and 4) were sdmag¢disparate.

Results obtained for precipitations that occurriéer@ and 10 antecedent dry days are
shown in Figure 4.
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Fig. 4. Volume of water stored on green roof modilgeng precipitations that occurred after 8 and 10
antecedent dry days
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It was decided to combine the results of invesiigat conducted after 8 and
10 antecedent dry days because these results elatevely similar (e.g. in the case of
precipitations occurred on 22.06.2015 and 24.052Z01 Models 1 and 2). Additionally,
the results of investigations conducted after &eedent dry days were in the range of
results obtained after 10 dry days (e.g. in thee edsModels 3 and 4). It should be noted
that volumes of water stored on green roof modelsnd precipitation occurred after
8 antecedent dry days were close or even greater dverage results obtained in the case
of 10 antecedent dry days. It can be stated tlagtbater role played in this case the air
temperature in the laboratory and not the amoudags.

Averaged volumes of water stored on green roof risoaliter 8 and 10 dry days (Fig.
4) show that the best retention capacity had s d¢hse Model 3 (substrate with addition of
about 0.25 % by weight of hydrogel). The seconddat medium retention capacity had
Model 1 (substrate without any additions). Defilyitehe weakest medium retention
capacity had in this instance Model 4 (the substraith addition of expanded clay and
perlite). It should be noted that the results otgidifor all models were to a great extent
convergent.

Investigations of the retention capacities of relately dry green roof models

Figure 5 shows the volumes of water stored on ivelgt dry layers of green roof
models (the precipitations which occurred after3and 106 antecedent dry days).
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Fig. 5. Volume of water stored on green roof modielsng precipitations occurred after 34, 59 ané 10
antecedent dry days

Results presented in the Figure 5 show that incs® of each precipitation the best
retention capacity had the Model 3 (substrate aiHition of about 0.25 % by weight of
hydrogel). The second largest retention capacitytha Model 2 (substrate with addition of
about 1 % by weight of hydrogel). Definitely the alest retention capacity had the Model
4 (substrate containing the addition of expandeg aehd perlite). It can be concluded that
the volumes of water stored on particular Modeldrduprecipitations that occurred after
34 and 59 days are similar, especially in the cdddodel 1 and Model 3.

The obtained results show that the substrate amemidmith hydrogel, as well as
highly porous materials (e.g. expanded clay antitpemfluenced the retention capacities
of green roofs. The length of antecedent dry penias strongly correlated with the
substrate water content and degree of drynessef gteen roof model elements due to the
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relatively stable conditions prevailing in the labiory in the period in which the
investigations were conducted (e.g. similar dagynperature and humidity changes).
It should be noted that this length of antecedewptmbriod has determined whether the
influence of additives was positive or negativee Tasults indicate that the relatively low
amount of hydrogel addition can positively influenthe substrate retention capacity.
In turn too large amount of hydrogel addition cavé a disadvantageous impact on the
retention capacity of green roof substrate.

The results described in the current paper showthieaefficacy of hydrogel decreased

noticeably over time probably due to its decay uritle influence of solar radiation. This
decrease was relatively fast, especially at theinbétg of investigations. Likewise,
Savi et al. [32] reported the decrease in the g¥fesess of hydrogel observed after about
5 months from the green roof model establishmentvéver, in the case of their research
were used vegetation and thicker substrate layers.

Conclusions

1.

In the case of precipitations that occurred aftemil 2 antecedent dry days the best
average retention capacity had Model 2 with subesitantaining admixture of 1 % by
weight of hydrogel. The weakest average retentiapacity had Model 1 with
substrate without any additions.

In the case of precipitations that occurred aftan&cedent dry days the best medium
retention capacity had Model 3 with substrate doirig about 0.25 % by weight of
hydrogel. The weakest medium retention capacity Mablel 4 with substrate
containing expanded clay and perlite, but averagedunts of water stored on Models
4 and 2 were very similar.

Averaged results obtained in the case of precipitatwhich occurred after 8 and
10 antecedent dry days show that the greatest medilume of water was stored on
Model 3 with substrate containing about 0.25 % keyght of hydrogel. Definitely the
weakest medium retention capacity had in this désdel 4 with substrate containing
the addition of expanded clay and perlite.

In the cases of precipitations that occurred dfteg antecedent dry periods: after 34,
63 and 106 antecedent dry days (the layers of matdete air dried) the best retention
capacity had every time Model 3 with substrate aiming about 0.25 % by weight of
hydrogel. The second largest retention capacity Madel 1 with substrate without
any additions. The weakest retention capacity haithis case Model 4 with substrate
containing expanded clay and perlite.

Obtained results show that the hydrogel amendnmdhteinces the retention capacity
of green roof substrates. However it should be chéitat results accomplished in the
case of the substrate with addition of 0.25 % byghteof hydrogel (Model 3) are
predominantly better than that for the substratih widition of about 1 % by weight
of hydrogel (Model 2), especially in the case afder antecedent dry periods. This
may mean that too large addition of the hydrogel lsave an unfavorably impact on
the retention capacity of green roof substrates.

Results show that the admixture of hydrogel as aglthe addition of the lightweight
porous materials e.g. expanded clay and perlite haage a positively impact on the
retention capacity of green roof substrates esfhecia the case of very short
antecedent dry periods (e.g. 1 or 2 antecederdals).
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