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ABSTRACT

The use of green roofs in urban areas to reduce the load on the sewerage network during heavy rainfall
has received great interest in the recent years. Several experiments reported in the literature show a good
effect of covering the roof with various plants, but it seems that the effect depends on the roof structure
and the material used as growth medium.
Nittedal Torvndustri AS is using sphagnum peat class H2 to H5 which is delivered in mesh bags. The
bags are 700 x 450 mm and have approximately 170 mm peat thickness. The bags are placed directly on
top of the roofing and can be used on both flat and sloping roofs.
This report presents results from tests conducted by SINTEF Building and Infrastructure at the test field
at Voll in Trondheim. In the experiment three test roofs were used where runoff and temperature were
measured. One of the test roofs was covered with Nittedal Taktorv®, the second with sedum and the
third only with a roofing membrane.
Based on the results from this experiment, one can conclude that the green roof with Nittedals Roofing
Turf® has a better ability to detain the runoff front and to reduce the total runoff, than the green roof with
sedum, given that the water content of the product is not too high when precipitation occurs.
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1 Background
Nittedal Torvindustri AS is a company located at Bjørkåsen in Åsnes municipality, Solør in
Norway. They produce several products from peat, including Nittedals Roofing Turf®. Annually,
they provide Nittedals Roofing Turf® to approximately 150 000 m2 roof both for domestic and
international application, primarily to cottages. Nittedals Roofing Turf® comes in mesh bags of
700 x 450 mm and have approximately 170 mm peat thickness. The bags are placed directly on
the roof and can be used both for flat and sloping roofs.
In recent years the use of green roofs has received increased interest in urban areas, both in
Norway and other countries. The company has delivered Nittedals Roofing Turf® to several
countries, but has found the need for a more comprehensive documentation on their product. It is
important to investigate and document the assumed relieving effect on surface water systems and
other conditions that can provide product advantages in the market.
SINTEF has previously conducted a literature search on behalf of Nittedal Torvindustri AS
regarding the use of green roofs in urban areas concerning the ability to reduce the load on the
sewerage system, Busklein (2009). The findings in the literature search show a good effect from
covering the roof with various plants, green roofs, but it also show that the efficiency depends on
the roof structure and the material used as growth medium.

2 Tasks
The current project mission was to investigate by field tests the ability of Nittedals Roofing Turf®
to detain and spread runoff from a flat roof over time, and thereby relieve surface water systems
during great rainfall. For comparison, a flat roof with no roofing beyond a roof membrane was
included in the test field and also a flat roof with a competitive green roof product.

3 Instrumentation
3.1 Test roof construction
Three test roofs of 2 x 2 meters were used in the experiments. These roofs were delivered by
Nittedal Torvindustri AS. The roofs were insulated in the bottom with 50 mm 200 Jackofoam
XPS and covered with a roofing membrane. The height from the membrane up to the top of the
cornice was 200 mm. It was also made a turf beam with a 20 mm opening at one of the sides of
the roofs. The membrane was led under the turf beam and down into a 125 mm ISOLA gutter.
The gutter had a slope towards one corner of the roof. Beneath the roof membrane a thermocouple
wire type T was installed in the centre of each roof in an attempt to see whether the various
roofing had an influence on the temperature in the roof. Figure 1 shows a principle drawing for
the roofs.
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Figure 1 Principle drawing of test roof.
One roof was covered with Nittedals Roofing Turf® provided and installed by Nittedal
Torvindustri AS. Nittedals Roofing Turf® comes in mesh bags which measures 700 x 450 x 170
mm and weighs about 17 kg per bag. The bags come seeded with grass.
Two reference roofs were used as a basis for comparison for Nittedals Roofing Turf®. One roof is
a green roof with sedum, which was mounted by Nittedal Torvindustri AS, while the other only
has a membrane as roofing, see Figure 3. The sedum roofing consists of an approximately 30 mm
thick mat of sandy soil overgrown with various sedum plants. The mat is held together by two
layers of reinforcement grid or by a mat of coarse fibres. The sedum mat is placed on top of an
approximately 70 mm thick layer of a lightweight aggregate Hasselfors Leca, where the upper 10
to 20 mm is mixed with plant soil. There are several ways to build a green roof with sedum.
Among others blankets or cups with different properties regarding drainage and retention of water
can be used. In order to compare the products regardless of the roof construction a draining
material was used in this test.
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As shown in Figure 2, the three roofs were placed side by side with a slope of 2 % to the
southwest at the SINTEF Building and Infrastructure test field at Voll in Trondheim, Norway. On
the 15th of June 2009 Nittedals Roofing Turf® was installed on roof no 1, see Figure 5, Figure 6
and Figure 7. The 29th June the sedum was installed in roof no 3, see Figure 4. Because of dry
weather the green roofs were irrigated thoroughly on several occasions up to the 9th July. After
that date the green roofs was left undisturbed until the first test to ensure that the green roofs had
established themselves.

Figure 2 The roofs installed at Voll test field in Trondheim.
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Figure 3 Reference roof with membrane.

Figure 4 Reference roof with sedum.
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Figure 5 Installation of Nittedals Roofing
Turf®.

7

Figure 6 Nittedals Roofing Turf® after
installation.

Figure 7 Nittedals Roofing Turf® after one month’s growth.
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3.2 Measuring equipment
In order to measure the runoff from the roofs, appropriate collecting buckets and a method for
applying a controlled quantity of water over a given period of time are needed. This equipment
was designed by SINTEF Building and Infrastructure’s laboratory in Trondheim. In cooperation
with NTNU Geotechnical Engineering a program for logging temperature and runoff and to
control applied water were developed.
3.2.1 Measuring of runoff
Each roof was equipped with an 800 mm high pipe with an inner diameter of 256 mm. These were
placed under the drainage from the gutter to collect the runoff from the roofs. Each pipe was
sealed at the bottom and equipped with a pressure gauge1 to measure the water level in the pipe.
An outlet with a solenoid valve2 was placed in the lower part of the collection pipes. The solenoid
valves were opened and closed automatically to regulate the water level in the pipes. The outlet
was placed higher in the pipe than the pressure gauge to ensure that the water level did not come
below the pressure gauge. The construction of the collection pipes is shown in Figure 8.

Figure 8 Collection pipe.

1
2

Pressure transmitter 0-100mBAR type PTX1400
2/2 way solenoid valve 0290-A-25,0-BB-MS-GM86-230/50-16 JF01 + MT05
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Figure 9 Instrumented roof.

3.2.2 Measurement of temperature
To measure the temperature variations in the three roofs each roof was equipped with a
thermocouple wire type T in the middle of the roof surface between the membrane and the
insulation. The roof with Nittedals Roofing Turf® was also equipped with a thermocouple wire
between the peat and the membrane and a thermocouple wire approximately 20 mm under the top
of the peat.
3.2.3 Logging application and relays
In order to monitor runoff from the three roofs an application was developed in LabView v 8.6.
This application was installed in a computer and monitored the pressure gauges in the three pipes
and the thermocouple wires. A screenshot from the application is shown in Figure 10. The
readings were stored to a file and displayed both graphically and with numbers so the operator
was able to follow the development at all time. A readout cycle took about 1.5 seconds and the
number of readout cycles before writing to file was controlled by the operator.
The operator controlled when the pipes would be emptied by setting the highest and lowest
permitted water level within the pipes in the application interface. When the water level in a pipe
reached the maximum permitted level, the magnetic valve in the outlet from the pipe opened. The
valve remained open until the water level sank to the minimum allowed water level. Because of
the delay caused by the readout cycle, the lowest water level could be slightly below the level
specified by the operator. This was taken into account when choosing the lowest permitted water
level to avoid that the water level dropped below the pressure gauge in the pipe.
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The submitted water quantity was controlled by the application. The operator entered the number
of seconds the solenoid valve in the nozzle rig should be open, the number of seconds the solenoid
valve should be closed and the number of opening and closing cycles to be undertaken. The
process for supplying water was started when the operator pressed the start button. When the
specified numbers of opening and closing cycles were made, the application shut the magnetic
valve for the water supply.

Figure 10 Logging application interface.
3.3 Nozzle rig
A nozzle rig of 12 mm copper pipes with 16 nozzles3 was constructed in order to apply controlled
quantities of water and distribute it evenly on a roof, see Figure 11. The nozzle rig was placed on
top of the roof to be tested. To obtain an even distribution of water on the three roofs, the height
of the nozzle rig could be adjusted so the distance from the nozzles to the roofing was 46 cm for
all the roofs. The nozzle rig was fed with a water pressure of 1.5 bars, and the quantity of applied
water was regulated by opening and closing a solenoid valve which was controlled by the logging
application in predetermined intervals.

Figure 11 Nozzle rig.
3
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3.4 Calibration
Assembling and calibration of measuring equipment was made by SINTEF Building and
Infrastructure in collaboration with NTNU Geotechnical Engineering.
3.4.1 Thermocouples
The thermocouples below the membrane was assembled in the roofs before they were placed at
the Voll test field. Therefore, no calibration was carried out for these thermocouples. Because of
this the exact zero level and accuracy for each thermocouple is not known. In the roof with
Nittedals Roofing Turf®, a thermocouple wire was installed under the peat and another one
approximately 2 cm under the surface of the peat.
3.4.2 Pressure gauges
Calibration of pressure gauges was performed by placing a tube with a diameter of 50 mm on its
side into each collection pipe. The collection pipe was then filled with water until the water just
covered the tube and the pressure was read from the logging application. Thereafter the collection
pipe was filled up completely with water and the pressure registered again. A correction factor for
each gauge was then added into the logging application so the correct water level would be
registered.
The calibration was checked by lowering the water level to specified levels. Each water level was
then checked by measuring. Each pipe was checked several times by draining and filling them up
to given water levels.
3.4.3 Supplied water
Calibration of the quantity of added water was conducted when the nozzle rig was mounted on the
test roof without any green roofing. First the water was put on and the pressure reduction valve
regulated down to the lowest pressure where the nozzles gave a good spreading of the water onto
the roofing. After emptying the collection pipe, logging of the quantity of applied water was
started at the same time as the magnetic valve to the nozzle rig was opened. After three minutes
the solenoid valve closed and the quantity of applied water was calculated from the change of
water level in the collection pipe. Based on this, the necessary opening and closing periods for the
magnetic valve, in order to achieve the desired quantity of water applied per unit of time, was
calculated. To verify the calculation, the collecting pipe was emptied and the calculated opening
and closing periods as well as the number of intervals was entered into the application interface.
Then it was run two tests, each three minutes long, to verify that the wanted quantity of applied
water was achieved.

4 Testing
To test the supposed ability of Nittedals Roofing Turf® to retain the runoff from the roof, and
thereby reducing the load on the sewerage system at greater rainfall, two controlled trials where a
given quantity of water was applied during a specified time interval was carried out. Also logging
of natural precipitation was performed. The measurements provide a cumulative curve for the
runoff for each of the roofs.
Samples were taken of the green roofs both before and after the controlled test to see how the
water content in the green roof before the experiment affects the runoff and to see the increase of
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water content due to the test. In addition, samples were taken during natural precipitation to see
how the water content changed over time.
4.1 Determination of water content
The water content in the green roofs is determined in the laboratory from samples collected from
the green roofs before and after a test and otherwise at least once a week during logging of natural
precipitation. Sample collection for determination of water content started August 18th 2009 and
finished October 6th. The measured water content for the sedum green roof taken August 30th is
not taken into account owing to the fact that the results of this test was not credible.
Water content (w) is determined in accordance with NS 8013 as a mass of water in relation to the
mass of dry matter in the sample and was determined by the fact that the samples were weighed
before and after drying at 110 ° C for 24 hours.
To determine how much water the two types of green roofs are able to contain, three samples
were taken from each roof. The samples were then placed in small pots with big holes in the
bottom allowing water to flow freely into the pot. At the bottom of each jar a piece of thin filter
was added before a sample was placed in the jar. Then the pots were placed in a tank that was
filled with water until the water was up to the top of the test pieces. The samples were left to stand
and draw water for four days. To determine the water content each jar was lifted up from the
water bath. Free water was allowed to drain out of the sample before it was placed in a Petri dish,
weighed and placed in the drying cabinet for three days. The determined maximum water content
wmax for the two products are shown in Table 1.
Table 1 Maximum water content wmax.

Nittedals Roofing Turf®
Sedum

Sample 1
(%)
914
306

Sample 2
(%)
1065
324

Sample 3
(%)
956
277

Average
(%)
978
302

Maximum water content wmax for the two products and variation in water content during the test
period is shown in Figure 12.
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Figure 12 Variation in water content during the test period.
4.2 Controlled experiments
To investigate the ability of Nittedals Roofing Turf® to retain runoff from a flat roof, and thereby
relieve surface water systems during greater rainfalls, it was chosen to run tests with extreme
precipitation. The lower limit of extreme precipitation is according to Wikipedia (2009-11-09)
50 mm rainfall in one hour. Control of the quantity of supplied water was therefore calibrated on
this basis. To ensure equal conditions during a test all three roofs was tested the same day and on
a day with no precipitation.
The tested roof was supplied with water from a nozzle rig; see Figure 13 and Figure 14, in one
hour’s time. The quantity of water that was applied was controlled by the logging application
where the opening and closing time of the solenoid valve were set at respectively 6 and 4 seconds.
With 360 opening and closing intervals and a water pressure of 1.5 bars the water flow was
equivalent to a rainfall of 52 mm in one hour. The water pressure in the collecting pipe was
logged approximately every three seconds, and the recording started at the same time as the
supplying of water began. When the desired number of intervals for supplying water was
completed, the logging application closed the solenoid valve for the nozzle rig so no more water
was added. Recording of the water level in the collection pipe continued until it was stopped by
the operator. This happened when the water level curve had flattened out so much so that runoff
from the roof was considered to have stopped. To determine the water content in the tested green
roof two material samples was collected both before and after the experiment.
Two tests with controlled supplying of water were carried out. The first controlled test was
performed September 3rd and the second was performed September 14th. Both days were sunny
with almost no wind. In the days between these tests, there had been rain so that the water content
in the green roofs at the start of the second experiment were higher than the water content was at
the start of the first test.
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Figure 13 Nittedals Roofing Turf® with nozzle rig.

Figure 14 Performing a test on Nittedals Roofing Turf®.
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4.3 Natural precipitation
The runoff from the three roofs was logged continuously between and after the controlled tests. It
was rainfall in a regular manner from the test period started on September 3rd and until it was
completed on October 6th. During this period there were two interruptions in the recording
because the PC rebooted of no known cause. It lacks, therefore, data for a total of seven days due
to these interruptions. Two samples from each green roof were taken approximately every 5th day
to see how the water content in them developed.
4.4 Temperature
All the roofs have a thermocouple wire under the membrane. The roof with Nittedals Roofing
Turf® also has a thermocouple wire underneath the peat and one approximately 20 mm below the
top of the peat. Air temperature is taken from the meteorological metering station at Voll. The
measured values are shown in Figure 15.
Nittedals Roofing Turf®, under membrane

Temperature

Nittedals Roofing Turf®, top of peat
Reference roof, under membrane

50

Sedum, under membrane
Air temperature

40

°C

30
20
10
0

2009-10-03
00:00

2009-09-28
00:00

2009-09-23
00:00

2009-09-18
00:00

2009-09-13
00:00

2009-09-08
00:00

2009-09-03
00:00

-10

date

Figure 15 Air temperature and temperature measured in the roofs during the test period.

5 Results
5.1 Runoff during controlled experiments
Two tests on the three roofs were conducted where the water levels in the collecting pipes was
logged as the roof were sprayed with water. After the supply of water was stopped, the recording
continued until the change of water level in the collecting pipes flattened. The measured water
levels in the collecting pipes of the three roofs were then converted to mm rainfall. The result is
shown in Figure 16.
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Runoff at a supplied water quantity of 52 mm/hour
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Figure 16 Cumulative quantity of runoff for the controlled tests.
Figure 17 shows a section of Figure 16 to give a better impression of the course of the runoff in
the beginning of the two tests.
Runoff at a supplied water quantity of 52 mm/hour
60
50
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Figure 17 Cumulative quantity of runoff water in the beginning of the controlled tests.
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5.2 Runoff from ordinary precipitation
In addition to the results from the two experiments with controlled rainfall, three periods, where
runoff from ordinary rainfall was logged, are analysed closer. These periods are chosen based on
two criteria; the runoff from the previous precipitation period is completed and the water content
varies between the three periods for the two green roofs.
In the first period, the water content of both roofs is relatively low, respectively 48 % and 54 % of
the material’s maximum water content (wmax). For the second period, both roofs have a relatively
high water content, 70 % of wmax for Sedum and 69 % of wmax for Nittedals Roofing Turf®, while
in the latter period the Sedum is almost saturated with 89 % of wmax, while Nittedals Roofing
Turf® is relatively drier with 62 % of its wmax.
5.3 Controlled experiments
To see the variation of runoff over time, the measured drainage is divided into intervals of two
minutes duration. By plotting the difference in the measured water level at the end of each interval
in a chart, a curve that describes the runoff over time is obtained, see Figure 18. We then get a
picture of when the runoff starts, how fast the top comes and how long the runoff continues after
the rainfall has ceased.

Runoff per 2 minutes at a supplied water quantity of
52 mm/hour
2
1.8
mm per 2 minutes

1.6
1.4
Nittedals Roofing Turf® w=476%
Sedum w=184%
Nittedals Roofing Turf® w=208%
Sedum w=35%
Reference roof

1.2
1
0.8
0.6
0.4

Max water content:
Nittedals Roofing Turf® w max= 978 %
Sedum wmax= 302 %

0.2
04:30

04:00

03:30

03:00

02:30
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01:30
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00:30

00:00

0

time from start of test (hours)

Figure 18 Runoff per unit of time for the green roofs.
In the test that was conducted on September 3rd both Nittedals Roofing Turf® and the Sedum
green roof was relatively dry. The water content was for both products the lowest for the entire
test period. The sedum had a water content of 11 % of wmax, the maximum water content achieved
by moistening in the laboratory, while Nittedals Roofing Turf® had a water content of 21 % of its
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wmax. At the start of the test on September 14th the sedum had a water content of 70 % of wmax,
while Nittedals Roofing Turf® had a water content of 48 % of wmax.

5.3.1 Runoff from the reference roof
The reference roof is only roofed with a membrane and the runoff starts immediately. The first
change of water level in the collecting pipe is discoverable after 23 seconds. After about 50
seconds the change in water level has stabilized, and the runoff is stable throughout the test.
Runoff decreases quickly when the supply of water is stopped, and after approximately 30
seconds the change of water level in the collecting pipe is very small. After three minutes, it is no
longer a discoverable change in the water level. The total runoff from the roof is 51.9 mm, of
which 51.4 mm comes while the roof is supplied with water.
5.3.2

Runoff from Nittedals Roofing Turf®

Runoff per 2 minutes at a supplied water quantity of
52 mm/hour
2
1.8
mm per 2 minutes

1.6
1.4
1.2
Nittedals Roofing Turf® w=476 %
Nittedals Roofing Turf® w=208 %
Reference roof

1
0.8
0.6

Max water content:
Nittedals Roofing Turf® wmax = 978 %

0.4
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00:00

0
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Figure 19 Runoff per unit of time for Nittedals Roofing Turf®.
As one can see from Figure 19 it is a big difference between the curves from the two tests for
Nittedals Roofing Turf®. This indicates that the water content of the peat when the rainfall starts
plays a major role for the runoff, both the total amount of runoff water and how quick it starts.
In the first test, when the peat had an initial water content of w = 208 %, the first runoff was
registered after 36 minutes, while in the second test, when the initial water content was
w = 476 %, it was registered after five minutes.
With a water content w = 476 % the runoff per unit of time equals the runoff from the reference
roof after about 58 minutes, while with a water content w = 208 % it does not reach the runoff
from the reference roof during the 60 minutes the roof is supplied with water.
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Runoff decreases rapidly in both the tests when the water supply is stopped. In the test where
Nittedals Roofing Turf® had the highest initial water content the runoff is greater than in the first
test after the supply of water is ended. Approximately 30 minutes after the supply of water was
stopped, the runoff curve for both the tests decreases approximately equally.
A summary of the runoff by 52 mm rainfall is shown in Table 2.
Table 2 Runoff for Nittedals Roofing Turf® by controlled precipitation.
Initial water content w0
(%)
208
476
5.3.3

Runoff
0 – 60 min
(mm)
0,9
22,7

Runoff
after 60 min
(mm)
3,5
18,2

Total
runoff
(mm)
4,4
41

Runoff from sedum

Runoff per 2 minutes at a supplied water quantity of
52 mm/hour

2
1.8

mm per 2 minutes

1.6
1.4
1.2
1

Sedum w=184%
Sedum w=35%
Reference roof
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0.6

Max water content:
Sedum wmax= 302 %
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00:00

0
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Figure 20 Runoff per unit of time for sedum.
As Figure 20 shows, the runoff from the green roof with sedum increases strong in both tests, and
it is no big difference in the runoff even if the initial water content is very different. When the
sedum had an initial water content w = 35 %, the first runoff is registered after 2 minutes and 37
seconds, while it was registered after 1 minute and 50 seconds when the initial water content was
w = 184 %, a difference of only 47 seconds. This indicates that the water content of the sedum
when the rainfall start does not play a major role for how quick the runoff starts. The runoff after
the supply of water has ended is almost identical in both cases.
A summary of the runoff by 52 mm rainfall is shown in Table 3.
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Table 3 Runoff for sedum by controlled precipitation.
Initial water content w0
(%)
35
184

Runoff
0 – 60 min
(mm)
38,7
45,1

Runoff after
60 min
(mm)
5
5,7

Total
runoff
(mm)
43,7
50,8

5.3.4 Runoff in relation to reference roof
In Figure 21 the runoff from the green roofs with sedum and Nittedals Roofing Turf® are shown
in relation to the reference roof. The supplying of water did not last long enough for the runoff
from the two green roofs to reach the same level per unit of time as the reference roof when the
two products had the lowest water content. Sedum with w = 35 % approached the runoff of the
reference roof as the supply of water was terminated. A calculation of the runoff showed that it
would have reached the same level as the runoff from the reference roof after about 75 minutes if
the supply of water had continued. The curves show that Nittedals Roofing Turf®, with an initial
water content w=208 %, and the sedum had a fairly similar runoff after the supply of water was
ended. This applies to both the two initial water contents for the sedum, while Nittedals Roofing
Turf®, with initial water content w=476 %, had a larger runoff that was dispersed over a longer
period of time.
In Figure 21, there are two leaps in the curves. The negative jump close to the start is seen in a
period of time when the reference roof had runoff while the two green roofs did not have any
registered runoff. The positive leap at 01:00 occurs because the reference roof no longer had
runoff while runoff from the green roofs continued.
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Figure 21 Runoff per unit of time for the green roofs in relation to the reference roof.
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5.3.5 Summary
A summary of the runoff for the two green roofs with 52 mm rainfall is shown in Table 4 and
Table 5.
Table 4 Summary of runoff time and quantity.
Time from start of
test until runoff
equals runoff from
the reference roof
(min)
-

Total runoff
time
(hours:min)

4,4

Time from
start of test
until runoff
is registered
(min:sek)
36:30

41

5:22

58

18:19

43,7

2:37

74*

4:07

50,8

1:50

35

11:32

51,8

0:23

0

Total
runoff
(mm)
Nittedals Roofing Turf®
w=208 % (21 % wmax)
Nittedals Roofing Turf®
w=476 % (48 % wmax)
Sedum w=35 %
(11 % wmax)
Sedum w=184 %
(61 % wmax)
Reference roof

5:20

1:18
*calculated

For sedum w=35 % the time from the start of the test until the runoff equals runoff from the
reference roof is estimated to be 74 minutes provided that the rainfall had continued with the same
intensity. This is done by adding a trend line for the curve in Figure 21. The function of the trend
line is f(t) = 0.2692 Ln (t) + 0.8806. For f(t) = 0 this gives t = 74 minutes. For Nittedals Roofing
Turf® w=208 % it is not possible to do something similar as this graph just had begun to rise when
the supply of water was shut down.
Table 5 Runoff in relation to reference roof 1 hour and 5 hours after the test start.
Time from
start of test
1 hour
5 hours

Nittedals Roofing
Turf® w=208 %
(21 % wmax)
-98 %
-92 %

Nittedals Roofing
Turf® w=476 %
(48 % wmax)
-53 %
-27 %

Sedum w=35 %
(11 % wmax)

Sedum w=184 %
(61 % wmax)

-22 %
-16 %

-10 %
-2 %

As can be seen from Table 4 and Table 5, the green roofs have a delay of 35 minutes and 74
minutes for the runoff peak depending on the in situ water content. The quantity of water retained
in the green roofs after five hours are up to 92 %. At the same time the runoff is distributed over a
much longer time period, from 4 hours up to 18 hours.
5.4 Natural rainfall
The runoff due to natural precipitation was logged those days when no tests were performed. It is
difficult to make any definitive conclusions from the data collected during such disparate
conditions as one get from natural variations in quantity and duration of rainfall when the
measurement period is so short. In this case, it is decided to look closer on three periods.

22

22

5.4.1 Period 1, both products have low water content
From September 9th to September 10th the two products had the lowest water content. The runoffs
for this period are shown in Figure 22 and Figure 23. The water content of Nittedals Roofing
Turf® was 474 %, which is 48 % of its maximum water content, while sedum had a water content
of 163 % or 54 % of its maximum water content. Both green roofs were thus relatively dry with
respect to the maximum water content they might hold.
Runoff at natural rainfall
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Figure 22 Cumulative curves for runoff September 9th to September 10th.
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Figure 23 Rainfall and the difference in runoff September 9th to September 10th.
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This period the reference roof had a runoff equivalent to 5.3 mm rainfall. As one can see from the
figures, the runoff from the sedum was 2 mm less and the runoff from Nittedals Roofing Turf®
was 3 mm less than the runoff from the reference roof. The detainment of the runoff front was the
same for the two products, 90 minutes. The yellow curve in Figure 23 shows the difference in
runoff between the green roofs. When the curve is negative the runoff from the roof with sedum
was greater than the runoff from the roof with Nittedals Roofing Turf®.
The equal leaps in the curves for Nittedals Roofing Turf® and the sedum in Figure 23, Figure 25
and Figure 27 are because the curves for runoff from the green roofs are shown in relation to the
runoff from the reference roof. Once the registered flow from the reference roof is changing this
appears as a leap in the curves for the green roofs.
5.4.2 Period 2, both products have a high water content
Between September 16th and September 19th the reference roof had a runoff equivalent to 30 mm
precipitation. The water content of the sedum is 212 %, 70% of the maximum water content
(wmax), while Nittedals Roofing Turf® has a water content of 679 %, 69 % of its wmax. As the
curves for runoff show in Figure 24, it was hardly any difference between the green roofs in terms
of runoff. The difference in detainment of the runoff front is respectively 99 minutes for sedum
and 112 minutes for Nittedals Roofing Turf®, a difference of only 13 minutes. The difference in
total runoff for the products is only 0.5 mm.
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Figure 24 Cumulative curves for runoff from September 16th till September 21st.
By comparing the runoff from the sedum and Nittedals Roofing Turf® in relation to the runoff
from the reference roof, as shown in Figure 25, one get a more nuanced presentation of the course.
The first two hours the runoff from the sedum and the Nittedals Roofing Turf® were equal, which
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is reflected both in the flat course of the yellow curve and in the equally distributed shifts in the
runoff curves of the two materials in relation to the reference roof in this period. Then the curves
separate, and for the next 34 hours and 45 minutes the yellow curve is on the positive part of the
y-axis. This is because the runoff from the roof with Nittedals Roofing Turf® was greater than the
runoff from the roof covered with sedum, which means that the sedum was able to absorb
additional precipitation better than Nittedals Roofing Turf®. During the precipitation that followed
in the next 18 hours the runoff for the two roofs was approximately equal. Both green roofs are
saturated, and the precipitation drains right through them. Clean runoff from the green roofs start
when the rainfall ends. The runoff from the roof with sedum was greater than from the roof with
Nittedals Roofing Turf® causing the yellow curve to move downwards.
Based on this, one can conclude that the sedum was relative drier when compared to Nittedals
Roofing Turf® and absorbed water in the first 36 hours. Then both green roofs were saturated, and
the precipitation that came drained right through them. When the rainfall stopped, Nittedals
Roofing Turf® was able to retain water better than the sedum, and had less runoff during this
period. The difference in runoff between the two green roofs, however, is only 0.5 mm, so in this
case the two roofing materials were equally good in retaining runoff.
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Figure 25 Rainfall and the difference in runoff September 16th till September 21st.

5.4.3 Period 3, Sedum almost saturated, Nittedals Roofing Turf® relatively drier
For the period September 28th to September 30th the sedum had a water content of 89 % of its
maximum water content and is therefore nearly saturated. Nittedals Roofing Turf® water content
was 62 % of its maximum water content, which is between the two previous mentioned periods.
Runoff is shown in Figure 26 and Figure 27.
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Figure 26 Cumulative curves for runoff September 28th till September 30th.
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Figure 27 Rainfall and the difference in runoff September 28th till September 30th.
Because of the runoff after the previous rainfall was not finished, the graphs do not start in origo.
This is reflected in Figure 27 as both the sedum and the Nittedals Roofing Turf® had more runoff
than the reference roof at the beginning of the period. However, the yellow curve for the
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difference in runoff between the two green roofs is situated on the negative side of the y-axis for
the entire period, reflecting that Nittedals Roofing Turf® had less runoff than the sedum. The total
runoff from the roof covered with sedum was as large as the runoff from the reference roof for
this period, while the roof with Nittedals Roofing Turf® had a total runoff which is 1.5 mm less
than the runoff from the reference roof.
5.4.4 Summary
It is not possible to say anything exact about the detainment of the runoff front from
measurements made during natural rainfall. However, one sees that when it comes to the total
runoff, Nittedals Roofing Turf® is slightly better than the sedum. In Table 6 the total runoff from
the roofs during the three examined periods is shown, and it seems as the products' ability to
reduce the total runoff is changed significantly when the water content is between 50 % and 60 %
of wmax. However, the number of measurements is too few in number to make any general
conclusions.
Table 6 Summary of runoff by natural precipitation.

Reference roof
Nittedals Roofing Turf® , water content 48 % of wmax
Sedum, water content 54 % of wmax

Registered
runoff
(mm)
5,3
2
3,1

Reduction in relation
to the reference roof

Reference roof
Nittedals Roofing Turf® , water content 69 % of wmax
Sedum , water content 70 % of wmax

30,4
27,9
28,5

8%
5%

Reference roof
Nittedals Roofing Turf® , water content 62 % of wmax
Sedum, water content 89 % of wmax

29,2
27,6
29

5%
0,6 %

62 %
41 %

5.5 Assessment of results
It is difficult to compare the performance of Nittedals Roofing Turf® directly with results from
studies found in the literature search, Busklein (2009), as these are generally conducted on green
roofs covered with sedum. The construction of the green roofs is also different with the use of
cups or porous mats that retain water.
All these studies are based on natural rainfall so that local variations in temperature, rainfall and
frequency affect the water content of the green roofs and thus runoff by rainfall. These factors will
not match the corresponding factors for our study.
In a study conducted by Getter et al. (2007) it is reported an average retain of precipitation of
85.2 % for a flat, green roof covered with sedum. This is much higher than our results for sedum.
In the controlled tests, we had a reduction of 2 % and 16 % for the sedum, and during natural
rainfall, we had a maximum decrease of 41 % by 5 mm precipitation in 12 hours. The reason for
this difference may be the result of several factors. The study of Getter is based on 61 rainfall
measurements during two summer seasons, which is considerably larger than our base. The roof
Getter used had as a part of the green roof a mat to absorb water as a water reserve for the plants.
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This mat alone had a capacity of 5.92 kg/m2, which means that it would withhold nearly 6 mm
precipitation. Depending on how saturated the mat is, it will have great impact on the runoff.
According to Getter, the mat and growth media have a potential to hold up to 12 mm
precipitation. At the same time 66 % of the precipitation during the study was less than 12 mm per
day. Getter has, in contrast to our study, not observed any particular detainment of the runoff
front, but just as in our study the runoff is distributed over a longer period.
Teemusk et al. (2007) observed a reduction in runoff of 85.7 % at a 2.1 mm rainfall during 180
minutes after several days without rain. The detainment of the drainage front from the green roof
was in this case 1 hour in relation to the reference roof. At a rainfall of 12.1 mm during 5 hours
Teemusk observed a detainment of the runoff front of 15 minutes, but says nothing about the
precipitation conditions in the preceding days. Teemusk used a sedum roof where the growth
medium is 30% humus mixed with 66% lightweight aggregate, and 4% clay. In addition, it used
an 80 mm Rockwool mat to withhold water. Our measurements show, however, a somewhat
greater delay at an approximately equal rainfall per minute, 86 minutes detainment at a 3 mm
precipitation within 90 minutes, when the green roofs have a water content of approximately 50 %
of the materials maximum water content. Similar to our observations, Teemusk’s study show that
the delay of the drainage front is small for a new rainfall that occurs shortly after a significant
rainfall, but the total runoff is distributed over a longer period.
In a study conducted by Simmons et al. (2008), six green roofs of varying construction were
investigated. These roofs had a growth medium with a thickness of 100 mm planted with a
mixture of different grasses and plant varieties and are thus quite similar to Nittedals Roofing
Turf®. The composition of growth media varies between the roofs and mats and / or cups were
used to collect a certain quantity of water in all the roofs. At a rainfall of 49 mm during 140
minutes the reduction in runoff for the various roofs varies between 13 % and 44 % and the
detainment of the runoff front is between 10 and 20 minutes. On the basis of the curves for the
runoff, it seems that the runoff is distributed fairly equally to the runoff from the green roof with
sedum in our study. Nittedals Roofing Turf® had at 2.5 times as much precipitation a runoff
reduction of 27 % and a 58 minutes detainment of the runoff front. The runoff was also distributed
over a longer period.
5.6 Water content
In the time between the controlled tests it was measured 81.6 mm rainfall at the meteorological
metering station at Voll, an average of 7.4 mm rain per day. This rainfall has contributed to the
increase of water content in the green roofs in addition to the water that was supplied during the
first test.
Figure 28 shows the water content of the green roofs covered with Nittedals Roofing Turf® and
sedum plotted together with the rainfall data from the meteorological metering station at Voll.
From the curve for water content in Nittedals Roofing Turf® it seems as the product drains
quickly, without this being investigated further.
It must be emphasized that both roofs during the period August 21st till September 2nd were
covered with a plastic film with full airing on the sides to ensure that both products had a low
water content before the execution of the first controlled test. The progress of the curve for water
content in this period does not reflect the water content development because of the measured
precipitation, but as the progress would be if it had been dry weather.
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Figure 28 Observed rainfall and development of water content August 18th – October 6th.
5.7 Temperature
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Figure 29 Measured temperatures September 4th till September 10th.
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As Figure 29 shows, the temperature in the reference roof varies much as this sensor is located
under a membrane that has no cover. During periods of clear weather the temperature is high in
the daytime because of solar radiation, while it drops to around zero at night due to cooling by
radiation.
Both the temperature in the green roof with sedum and in the top of Nittedals Roofing Turf®
varies in line with the air temperature, if somewhat delayed. Temperature change is faster in the
top of Nittedals Roofing Turf® than in the sedum, but the temperature fluctuation is not as great as
in the roof with sedum. The thermocouple wire in the sedum roof is located under a layer of about
70 mm of lightweight aggregate that has an approximately 30 mm thick mat grown with sedum
on top. The thermocouple wire in Nittedals Roofing Turf® is located approximately 20 mm under
the top of the peat which is overgrown with a thick layer of grass.
Beneath the Nittedals Roofing Turf®, the temperature is stable. There is no variation during the
day, but during the test period from September 3rd till October 6th the temperature drops in line
with the average temperature in the air. It is difficult to say whether this is because the peat is
chilled or if it is because the insulation between the roof sheathing and the thermocouple wire is
too thin.
In 1993 SINTEF measured the thermal conductivity for Nittedals Roofing Turf®, see Appendix 1.
The results of this test are shown in Table 7. The moisture content for this test corresponds to a
water content w = 488% of dry weight, or as the water content was during the test period
September 9th till September 14th.
Table 7 Thermal conductivity for Nittedals Roofing Turf® measured in 1993.
Sample

1
2
Average

Thermal
conductivity
W/mK
0,27
0,34
0,30

Density
kg/m3

Water content
(% of total mass)

608
740
678

82,5
83,5
83,0

Temperature measurements for the entire period are shown in Figure 15. It is not made any
special reviews relating to the properties of Nittedals Roofing Turf® from these measurements out
that there are interesting results that should be examined more closely.

6 Conclusion
The goal for the project was to investigate whether Nittedals Roofing Turf® had some detaining
effect on the runoff from a flat roof during extreme precipitation, and to try to determine how
large such an effect is. To investigate this, two controlled tests were performed with different in
situ water content in the material. In addition, runoff from the roof was measured during ordinary
rainfall. Two reference roofs were used, one roofed only with a membrane, the other with sedum,
which is a different green roof product.
6.1 Total runoff
On the basis of both the two controlled tests and from runoff by natural precipitation, one can
conclude that both the green roof with Nittedals Roofing Turf® and the green roof with sedum
have a detaining effect on the runoff from flat roofs. However, the products' water content when
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the precipitation occurs is of great importance. Depending on the in situ water content in the
controlled tests, Nittedals Roofing Turf® reduced the total runoff after 5 hours with between 92 %
and 27 % compared to the reference roof with only a membrane. The corresponding numbers for
Sedum was 16 % and 2 %. Reduced total runoff by natural precipitation was 8 % for Nittedals
Roofing Turf® and 5 % for sedum by an in situ water content of 70 % of the maximum water
content (wmax). At such high in situ water content, it seems that the two green roofs can be
considered to be equally good in retaining water.
6.2 Runoff front
The green roof's ability to detain the runoff front is essential when it comes to relieve the drainage
system during heavy precipitation occurring in a short period of time. If one discards the case
where Nittedals Roofing Turf® had the lowest in situ water content, the difference between the
two green roofs is limited when it comes to the start of the first runoff. This difference is slightly
over three minutes.
However, what is significant for the load on the sewerage system is how long it takes for the
runoff per unit of time from the green roof to be as large as the runoff from a conventional roof.
For Nittedals Roofing Turf® this happened after 58 minutes at an in situ water content of 48 % of
wmax. The green roof with sedum achieved this after 35 minutes at an in situ water content of 61 %
of wmax. This is a difference of 23 minutes. The sedum managed to detain the time until the runoff
is as intense as for the reference roof with about 75 minutes when it was very dry, 11 % of wmax.
However, the quantity of water that flowed from the sedum covered roof in this period is
significantly greater than the quantity of water that flowed from the roof with Nittedals Roofing
Turf® in the same period.
From these results one can conclude that the way the roofs were built in this experiment, the green
roof with Nittedals Roofing Turf® has a better ability to detain the runoff front and to reduce the
total runoff when compared to the green roof with sedum, given that the in situ water content is
not too high.

7 Further work
The testing of Nittedals Roofing Turf® also raises some questions that could have been
investigated further since the ability to retain and detain runoff depends on how much water the
product contains when the precipitation starts:
•
•
•
•

How high can the in situ water content be before it can significantly affect the product's
ability to detain the runoff front and reduce the total runoff?
How will the product behave in a longer drying period?
How fast will it drain out or evaporate accumulated water? Will the water content
approach a lower limit and if so, how low is this?
How dry can the top of the peat be before the water bounces off and flows on the surface?
This can lead to unwanted over flooding of the cornice, or will this effect be countered by
the grass when it is established?

The results of temperature measurements also show interesting results that should be examined
further in terms of reduced energy consumption for heating and cooling of buildings.
Insulation properties with regard to icing problems at the cornice should be investigated if the
product is to be used on sloping roofs in areas with freezing temperatures in winter.
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Appendix 1 Measurement of thermal conductivity on Nittedals Roofing Turf®
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