
37JR EAST Technical Review-No.24

Special edition paper

In recent years, localized torrential downpours have frequently 
occurred mainly in big cities, and those often cause leak damage 
in station facilities due to overflowing.

These recent localized torrential downpours tend to occur 
in short bursts, be concentrated in terms of location, and have 
a massive in amount of precipitation.  The standards for rain 
guttering design are derived from precipitation potency per 
individual region recorded in data from the Japan Meteorological 
Agency.  Though this differs by region, torrential downpours that 
exceed 120 mm/hr. (20 mm/10 min.) occur several times a year 
in Tokyo; those exceeding 30 mm/10 min. occur about once a 
year in the greater Tokyo area (Fig. 1, Fig. 2, Fig. 3).  Leak damage 
is thought to occur often because of torrential downpours that 
exceed estimations.

Among such damage, the effects on sheds sheltering 
passengers on platforms, customer safety, service, and 
malfunctioning of station equipment are exceedingly large.

In this research, we made clear countermeasures against 
torrential downpours at stationhouses.  In particular, we 
focused on the sheds sheltering passengers, which greatly affect 
passengers and railroad equipment, putting together a proposal 
for improvements to design of guttering configurations in order 
to prevent overflow.

We set the testing time in this research as 10 minutes of 
rainfall at maximum precipitation.  This time was set because, as 
Fig. 2 shows, torrential downpours tend to reach a peak over a 
short span of time of about 10 minutes.

Introduction1

Proving Tests for Countermeasures Against 
Localized Torrential Downpours 
at Stationhouses

•Keywords: Torrential downpour, Shed, Guttering, Proving test, Hydraulics

Localized torrential downpours have been tending to increase in recent years, notably in the greater Tokyo area.  And, at JR 
East station facilities, there are many instances now where overflows from such downpours lead to guttering leakages, which 
inconvenience passengers and cause damage such as malfunctioning of railroad equipment.  Urgent action needs to be taken 
particularly with regard to sheds sheltering passengers on platforms, one of the railway station areas most adversely affected in 
terms of safety and service.

We researched trends of localized torrential downpours in recent years together with the current status of leak damage in JR 
East platform sheds and the configurations of guttering at stations.  And, by looking at the load area sizes of sheds and guttering 
configurations, we devised a way of finding drain water disposal capacities and potential for overflow by amount of rainfall, which 
enabled us to show which drainpipe configurations raise the risk of overflow and which ones drain away water smoothly.

By making use of this discovery in design of guttering and the approach to maintenance, we have been able to pinpoint locations 
with risk of overflowing during localized torrential downpours; as a result, we are now able to take effective action.
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Source: Website of the Japan Meteorological Agency

July 2011     Muroya in Niigata prefecture      50.0 mm/10 min.

August 2011  Nerima in Tokyo         30.0 mm/10 min.

August 2010  Yorii in Saitama prefecture         31.5 mm/10 min.

August 2008  Kumagaya in Saitama prefecture  33.5 mm/10 min.

Fig. 1  Examples of Localized Torrential Downpours in Recent Years

Fig. 3  Example of Leaking Water due to Localized Torrential Downpour

Koshigaya
Nerima
Tokyo
Setagaya
Haneda

Burst of torrential rain

*Rainfall not 
observed at Fuchu, 
Tokorozawa and 
Saitama at this time

Fig. 2  Examples of Variations in Amounts of Rainfall
at Time of Localized Torrential Downpour

(Source: Website of the Japan Meteorological Agency: 10 min. Rainfall on Aug. 26, 2011)
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Calculation Formula for Valley Gutter 
Water Level3

3.1 Rain Guttering Discharge Route of Conventional Sheds 
for Passengers

Fig. 6 shows the rain guttering discharge route of a conventional 
platform shed that shelters passengers.  Rainwater that 
accumulates on the shed flows into valley gutter and then drains 
away down the downspout as shown in the diagram.  Rainwater 
that is not drained away accumulates, gradually raising the water 
level of the valley gutter.  When localized torrential downpours 
occur, rainwater not drained away quickly enough accumulates 
in the valley gutter, leading to overflowing on some occasions.

We focused on this phenomenon and created a calculation 
formula to find the water level changes in valley gutter, which we 
verified under actual testing.

3.2 Overview of Calculation Formula 
First, we will provide an overview of the calculation formula for 
valley gutter.  At present, a simplified version of Kutter’s formula 
is applied by JR East for valley gutter.  Valley gutter is regarded as 
an open channel to provide a route for flowing water, but the 
drain holes for valley gutter in stations are disproportionately 
small in comparison with the cross-sectional area of the valley 
gutter, which leads to the phenomenon of water accumulating 
in the valley gutter.  Therefore, we focused on the overflow 
phenomenon where accumulated water exceeds the effective 
height of the valley gutter in order to create a calculation formula.

Current Status of Leak Water Damage2
Fig. 4 shows the state of water leak damage occurrences due to 
precipitation by individual types of buildings in the greater Tokyo 
area.  The line graph depicts the total floor areas of buildings and 
the bar graph depicts the number of cases of water leak damage 
per unit area.

The graph data reveals that stationhouses (main station 
buildings, etc.) have by far the greatest total floor space of 
buildings while platform sheds have the highest incidences of 
damage per unit area.  Consequently, we focused our research on 
platform shed sheltering in order to examine countermeasures 
against localized torrential downpours.

We divided the areas where water leak damage occurs on 
platform sheds into two sections: the roof and guttering, and we 
found that the guttering was the location of 56 % of damage.  
Fig. 5 shows the causes of water leak damage in the guttering.

The majority of damage is caused by blockages due to fallen 
leaves, garbage, and the like.  Various techniques are used to 
prevent blockages, such as metal devices (traps) set at drain holes 
to collect debris (garbage).

Other causes include deterioration or damage to the guttering 
itself as well as connection trouble at joints linking the system to 
structures such as viaducts.

However, 14.4% of causes were unclear.  This was because 
causes were investigated in good weather on days after actual 
downpours for safety reasons; some causes thus could not be 
detected.  Moreover, damage could involve overflowing, as 
localized torrential downpours in recent years have been above 
estimated amounts of rainfall, which mean they exceed guttering 
design capacities.

With this research, we are investigating configurations of 
gutterings required to prevent overflow even when localized 
torrential downpours occur that exceed rainfall amounts 
established as standards up to now.
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Stationhouse
(main building, etc.)

Platform
shed

Office Power station
and substation

Dormitory
/company
housing

Others

No. of cases Floor Area

Deterioration/damage: 26.0% Blockage: 58.9% Connection
trouble: 0.7% Unclear: 14.4%

Shed

Drain hole

Valley
gutter

Downspout (heading to flow end)

Downspout (with horizontal pipe)

Platform shed roof
(calculated by load area)

Horizontal pipe
for downspout

Vertical pipe
directly under

drain hole

Valley
gutter

Stormwater inlet
Track gutter

Platform face Downspout

Downspout
flow merge

Valley gutter
water level

Fig. 5  Causes of Leak Water Damage in Guttering

Fig. 4  State of Leak Water Damage by Type of Building
(Number of cases shows floor area in units of 1,000 m2)

Fig. 6  Schematic Diagram of Rain Guttering Discharge Route 
for Conventional Platform Shed Sheltering Passengers
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Water flowing into the guttering is schematically represented 
in Fig. 7.  Here, we repeatedly calculate in units of one second 
the water-level rise in the valley gutter from water flowing off of 
the roof, the flow down the downspout from the drain hole, and 
the remaining water level of drain water that was not drained 
away.

According to the concept of this calculation formula, the 
water level shows a logarithmic rise with the passing of time; and 
once the fixed time has elapsed, it becomes a steady state (Fig. 8).  
If the valley gutter water level after ten minutes of downpour 
found by this calculating method is below the effective water 
level height of that gutter, disposal of drain water is deemed to 
be sufficient.

As for the flow rate coefficient, it is normally a figure of  
about C = 0.61), but it sometimes differs due to the configuration 
of the drain hole shape, the way the vortex forms, and how the 
air layers form.  In actual testing this time round, we set out to 
confirm the range of flow rate coefficients that can be used under 
individual conditions such as drain-hole diameters and amounts 
of rainfall.

3.3 Validation Tests for Calculation Formula
To verify the contents of the calculation formula, we built 
mockups of an existing shed shelter that integrated the shed, 
valley gutter and downspouts, and we used rainfall equipment 
to simulate precipitation for the tests (Fig. 9 and Fig. 10).  First, 
to confirm the phenomenon, we conducted a scaled-down test 

(roof area of 6 m2 [3 m × 2 m] and amount of rainfall of 20 
to 50 mm per 10 min.) followed by a full-scale test (roof area 
50 m2 [5 m × 10 m] and maximum amount of rainfall 33 mm 
per 10 min.), measuring the time series variations of water levels 
to validate the calculation formula.

In cases where a certain amount of rainfall flowed into the 
valley gutter, the remaining water (water that has not flowed 
down the downspout from the drain hole) will cause the water 
level to rise in accordance with the above mentioned calculation 
formula.  But, as the amount of flow into the downspout depends 
on the water level of the valley gutter, the amount of flow 
increases only by the amount of the raised water level.  Therefore, 
the theoretical water level shows that the rise is logarithmic, and 
ultimately the valley gutter water level becomes constant.

V
al

le
y 

gu
tte

r w
at

er
 le

ve
l (

m
m

)

Elapsed time (sec)

Change in valley gutter water level over time

Valley gutter water level (mm)
Valley gutter height (mm)

Buildup of water
in valley gutter

Scaled-down Test (Roof 3 m × 2 m)

Full-scale Test (Roof 10 m × 5 m)

Conceptual Diagram of Full-scale Test

Simulated rainfall

Shed metal roof
Approx. 10.0 m

Approx. 5.8 m

Approx. 5.0m

Downspout: 
79 mm diameter,
104 mm diameter

Valley gutter: 
10,000 × 500 × 100

Fig. 9  Photos & Conceptual Diagram of Proving Test Specimens

Repeated calculations reveal the valley gutter water level h(600) after 10 min. (600 sec.).

Remaining water level due
to water not discharged

Q1[m3/s]=amount of rainfall × roof area
Water level rise due to Q1

Q2(t)[m3/s]
(Amount of flow into downspout = amount of discharge from drain hole)

Reduction in water level due to Q2(t)

Q1 : Amount of rainfall borne by guttering [m3/s]
=amount of rainfall × roof area

w : Width of valley gutter [m]        1 : Length of valley gutter [m]

Q2(t) : Amount of inflow to downspout after t seconds [m3/s]
C      : Flow rate coefficient        a1 : Drain hole cross-sectional area [m2/s]

Fig. 7  Calculation for Finding Valley Gutter Water Depth h (t) 
after t Seconds from Start of Downpour

Fig. 8  Valley Gutter Water Level Variation Estimated
Using Calculation Formula

Fig. 10  Full-scale Test
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Fig. 11 shows one example of the test results.  Also, it 
should be noted that the tests confirmed that water level 
rises logarithmically; therefore, it is in a steady state. This was 
confirmed in both the scaled-down and full-scale tests.

From the graph of the test results, we obtained flow rate 
coefficients that approximated well, so we incorporated those 
into the calculation formula and calculated out the values 
shown in Fig. 11 as the theoretical values.  We compared the 
distribution of the flow rate coefficients obtained in these tests 
with the amounts of rainfall with each inner diameter size of 
downspouts used in testing.

The fact that greater the number of layers of air, the smaller 
the value becomes for the flow rate coefficient led us to realizing 
that the greater the amount of rainfall, the greater the flow rate 
coefficient tends to become (Fig. 12).  Thus, calculating with a 
small flow rate coefficient is more prudent. 

Excluding the case with a downspout diameter of 104 mm 
with many air layers because water level did not rise much due 
to sufficient leeway in terms of drainage capacity, the flow rate 
coefficients were 0.5 or higher.  In cases where we set the flow 
rate coefficient as 0.5, we are sure we have derived figures on the 
prudent side in our calculations for the reason given above.

Nevertheless, because of issues such as anti-blocking devices 
(traps) installed over drain holes and deposits that are thought 
to impede flow rate, we need to give consideration to the special 
circumstances found at actual stations when setting the effective 
height of valley gutter.  Furthermore, as the flow rate coefficient 
increases with the increase in the amount of rainfall, we must 
be careful in the design process to ensure that we do not over 
engineer (over spec) the guttering.

Thanks to the testing this time round, we have confirmed that 
a larger inner diameter on the drain hole and greater effective 
depth are effective in preventing overflow at the valley gutter.

3.4 Blocking by Garbage such as Fallen Leaves
The biggest cause of rain leaks is assumed to be blockages in the 
drain hole.  The deposits that cause blocking are mostly small 
objects such as mud, moss, wastepaper and fallen leaves; large 
objects such as plastic bags and empty cans sometimes completely 
cover drain holes (Fig. 13).

Grated traps are sometimes set over drain holes to counter 
blocking by objects such as fallen leaves and garbage.  So, we 
set a grated trap, placed fallen leaves and torn-up newspapers 
on the shed and in the entire guttering, and then conducted test 
rainfall of 33 mm over ten minutes.  Results showed that garbage 
accumulated around the trap; after five minutes of rainfall, the 
100 mm high valley gutter overflowed.

This confirmed a drastic reduction in drainage capacity in 
comparison to normal water level rise that goes no higher than 
approximately 50 mm.  This is likely due to blocking at the trap, 
reduction of actual downspout diameter, and reduction of water 
depth (Fig. 14).  We found that an effective way of combating 
this was to change the trap to one with larger grate holes.  That 
would let fallen leaves and other objects go down to the end of 
the flow but block large garbage like cans and magazines.

43.9 mm/10 min. measured value
Theoretical value (flow rate coefficient: 0.70)
32.9 mm/10 min. measured value
Theoretical value (flow rate coefficient: 0.58)
22.3 mm/10 min. measured value
Theoretical value (flow rate coefficient: 0.50)

Valley gutter water level [mm]

Flow rate coefficient

Elapsed time [sec]

Inner diameter: 20 mm 
(L 3,000 mm, W 150 mm, H 100 mm)
Inner diameter: 31 mm 
(L 3,000 mm, W 150 mm, H 100mm)
Inner diameter: 31 mm 
(L 3,000 mm, W 250 mm, H 60mm)
Inner diameter: 79 mm 
(L 10,000 mm, W 500 mm, H 100 mm)
Inner diameter: 104 mm 
(L 10,000 mm, W 500 mm, H 100 mm)
Amount of rainfall [mm/10 min.]

43.9 mm/10 min. measured value
Theoretical value (flow rate coefficient: 0.70)
32.9 mm/10 min. measured value
Theoretical value (flow rate coefficient: 0.58)
22.3 mm/10 min. measured value
Theoretical value (flow rate coefficient: 0.50)

Valley gutter water level [mm]

Flow rate coefficient

Elapsed time [sec]

Inner diameter: 20 mm 
(L 3,000 mm, W 150 mm, H 100 mm)
Inner diameter: 31 mm 
(L 3,000 mm, W 150 mm, H 100mm)
Inner diameter: 31 mm 
(L 3,000 mm, W 250 mm, H 60mm)
Inner diameter: 79 mm 
(L 10,000 mm, W 500 mm, H 100 mm)
Inner diameter: 104 mm 
(L 10,000 mm, W 500 mm, H 100 mm)
Amount of rainfall [mm/10 min.]

Height: 6.5 mm

Rainfall test with fallen leaves
spread across entire shed

and guttering

Actual valley gutter water depth became shallower.

Overflow occurred due 
to blockage after 5 min. 
The cause was the 
blocking of trap grating, 
which reduced discharge 
capacity.Actual diameter

became narrower.

Fig. 13  Trap Grating Blockage Example

Fig. 14  Drain Blockage Test Using Fallen LeavesFig. 12  Comparison of Flow Rate Coefficient and Amount of Rainfall

Fig. 11  Comparison of Water Level Changes
by Amounts of Rainfall and Theoretical Formula

(Roof area: 6 m2, Valley gutter: L 3,000 mm, W 150 mm, H 100 mm, Drain hole: 31 mm diameter)
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Drainage Capacity of Downspouts4
Rainwater flowing into a downspout from valley gutter will 
continue to the end of the flow, but there are only a limited 
number of locations where rainwater can be guided from an 
actual shed sheltering passengers to drainage under the platform.  
Therefore, long horizontal pipes, merging, and other methods 
are often used.  Here, we conducted tests to examine downspout 
configurations (as these can raise the danger of overflow due to 
loss of drainage capacity) and the measures that can be taken to 
improve those configurations.

4.1 Test Outline
To elucidate the differences in drainage capacities due to 
configuration of downspouts, we built the following mockup 
and conducted tests (Fig. 15).

We built and then tested mockups with a drainage 
configuration often seen at stations: valley gutter with width of 
500 mm, height of 150 mm and length of 10,000 m together 
with downspouts with a diameter of 100 mm.  We fabricated two 
gutters, both 5,000 mm long, with two drain holes.

4.2 Verification of Downspout Test Results 
The following points became clear in these tests regarding the 
effect of downspout configuration on drainage capacity.  For 
comparison purposes, we set up a basic configuration as being a 
free discharge pattern with drain-hole diameter of 100 mm, and 
we used that for comparison purposes (Fig. 16).

4.2.1 Effects of Horizontal Gutter Length and Bend
In cases where horizontal pipes are long, they become full, and 
drainage capacity is reduced.  So, we found that in the case of 
a 100 mm2 load area (the normal load area for one span of a 
platform shed), the water level of the valley gutter rose abruptly 
at a downpour of about 60 mm/10 min. (Fig. 17).

If there is a mid-flow bend in the horizontal pipe, flow speed 
decreases due to the influence of a vortex formed by the bend.  
That, in turn, reduces drainage capacity (Fig. 18).

Drain hole Downspout
(horizontal)

Valley gutter
(measure water level)

Water metering
at flow end

[1. Basic configuration
(free discharge)]

(Units: m)

Example of guttering
with horizontal pipe

Air layers dissipate
and pipe becomes full.

When downspout becomes full,
water level rises rapidly.

[3. Horizontal bend (1 location)] 

Example with horizontal bend

(Units: m)

Flow speed decreases
at bend section
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[3. Horizontal bend (1 location)]
Bend causes decrease in flow speed
and reduction in discharge capacity.

[2. Horizontal basic configuration
(horizontal pipe: 10 m)]

Once horizontal pipe becomes full,
water level rises rapidly.

[1. Basic configuration
(free discharge)]

Amount of rainfall and
water depth proportional

[2. Horizontal basic configuration
(horizontal pipe: 10 m)]

Fig. 17  Influence of Horizontal Pipes and Bends

Fig. 15  Test Specimen Example
(Diagram for Merging Midway on Horizontal Pipe)

Fig. 16  Basic Configuration
(Drain-hole Diameter of 100 mm, Free Discharge Pattern)

Leads to rise
in water level

Air layers have dissipated and
horizontal pipe has become full with water

Fig. 18  Schematic Diagram of Horizontal Pipe Full of Water 
(Approx. 62 mm/10 min.)



42 JR EAST Technical Review-No.24

Special edition paper

4.2.2 Effects of Length of Vertical Pipe Connected to Drain 
Hole

In cases where there is a bend in the pipe directly below the drain 
hole, the drop to the horizontal piping will be small, so potential 
energy will be small and flow will not be able to pick up speed.  
We confirmed that for this reason the horizontal piping will 
easily fill with water, meaning that the slightest rise in flow rate 
will affect the water level of the valley gutter, which will increase 
the risk of overflow (Fig. 19).

Therefore, with regard to length of vertical pipe connected to 
drain hole, it is extremely important to fit longer pipes wherever 
possible (Fig. 20).

4.2.3 Effects of Drain Hole Shape and Effective Cross-
sectional Area

Rainwater accumulated in the valley gutter flows into the 
downspout via the drain hole, and it is discharged to the end of 
the flow.  Effective measures for making this discharge process 
smooth involve providing a drain hole shape that affords a 
smooth flow and enlarging the effective area of the discharge 
(wastewater).  Our research confirmed that discharge capacity 
could be greatly improved by devising steps to increase the flow 
speed when rainwater flows into the downspout.

As shown in Fig. 21, these steps involve making the drain hole 
a box-shaped one and enlarging the inflow section in order to 
increase flow speed.  Furthermore, similar drainage enhancement 
also was achieved by using a funnel shape for the inflow section.

Example of sharp bend directly
under drain hole

Air layers inside

Pipe is full of water

Pipe is full of water right up
to bottom of drain hole.
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[4. Short vertical pipe directly
under drain hole]

Horizontal pipe becomes full easily
because flow speed has slowed,
so discharge capacity decreases.

[2. Horizontal pipe
basic configuration]

[1. Basic configuration]

[4. Short vertical pipe
directly under drain hole]

Air layers dissipate and horizontal 
pipe becomes full of water.The greater the drop, 

the faster the flow.

Influence exerted, 
so overflow risk is great.

No influence exerted, 
so overflow risk is minimal.

Bottom edge of valley gutter

Valley
gutter Hindrance to water flow 

occurs at drain hole.Downspout

(Unit: m)

[5. Drain hole box]

Flow picks up 
speed in downspout.
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[5. Drain hole box]
Flow speed at drain hole
increases and discharge

capacity improves greatly.

[2. Horizontal pipe
basic configuration]

[1. Basic configuration]

Once horizontal pipe
becomes full,

water level rises rapidly.

[2. Horizontal pipe basic configuration
(horizontal pipe: 10 m)]

Fig. 21  Test for Drain Hole Box

Fig. 20  Influence of Length of Vertical Pipe Directly Under Drain Hole

Fig. 19  Test for Short Vertical Pipe Directly Under Drain Hole

Fig. 22  Drain Hole Funnel & Addition of Drain Hole
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As mentioned in section 3.4, one of the major problems with 
actual sheds is drain blockage caused by garbage.  The results 
of this research are being used to develop drain holes that are 
maintenance friendly at the Chiba Architecture Technology 
Center of the Chiba Branch Office.  The idea is to install metal 
traps into the drain holes. These traps will have large grating 
holes to stop larger garbage but let smaller garbage flow through, 
enabling inspection and cleaning from the platform (Fig. 23).

4.2.4 Effects of Installing a Multiple Number of Drain Holes
As Fig. 24 shows, we increased the number of drain holes, using 
horizontal pipes to merge the flow at a point along the flow 
route, leading to an increased effective cross-sectional area, which 
we were able to confirm as being an improvement to discharge 
capacity.  This setup also can be expected to offer a benefit as a 
way of assisting discharge when one of the drain holes is blocked 
with garbage.

Nevertheless, as explained in section 4.2.1, when the amount  
of rainfall (flow rate in this case) is large, horizontal pipes 
positioned beyond the point where discharges merge fill up, 
and the water level rises.  We have confirmed that the following 
measures are beneficial in preventing that situation from 
occurring.

An extra horizontal pipe is installed as a bypass to eliminate 
merging flow going to the horizontal pipe.  Alternatively, the 
design could be such that the flow is prevented from flowing 
horizontally after merging.  Such designs could include making 
the flow merge in a vertical part of the downspout or making 
it merge in horizontal part of the downspout with discharge 
coming from the left and right (Fig. 25).

In locations where load area is large, the overflow risk can 
be reduced, making the above an effective improvement.  For 
instance, this is an extremely effective measure in cases where 
a single downspout has to bear the load of a large area of about 
200 mm2 (two spans of a shed).

Only larger garbage is
stopped when trap with
large grating holes is used.

Size of inspection port 
has been increased to 
allow direct access of hand.

Garbage trap that can be 
accessed from inspection port

(Units: m)

With discharge merging midway 
in horizontal pipe, it is easy for 
horizontal pipe to become full of 
water beyond the merge point.

Discharge impacts horizontal 
section of pipe, resulting 
in reduction of flow speed.

[7. Addition of merging horizontal pipe]

(Units: m)

Discharge capacity improves 
because pipe does not become 
full easily.

Two horizontal pipes installed.

Bypass installed to create 
a double horizontal pipe system.

[6. Horizontal pipe midway merge]
Increased number of drain holes greatly improves

discharge capacity, but when horizontal pipe
becomes full, water level rises.

[1. Basic configuration]

[2. Horizontal
pipe basic

configuration]

[7. Addition of merging horizontal pipe]
Discharge capacity improved
when a bypass was installed

into horizontal pipe.

Upstream

Downstream

[6. Horizontal pipe midway merge]
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Fig. 24  Test for Guttering with Multiple Drain Holes Installed

Fig. 23  Maintenance-friendly Box Type Drain Hole

Fig. 25  Merging into Vertical Part of Downspout
& Merging from Left and Right
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4.2.5 Effects on Stormwater Inlets
For the flow end after merging of flow, we installed stormwater 
inlets, set the flow drop as 3 m, and tested inlet capacities.  We 
confirmed that stormwater inlets could sufficiently handle an 
amount of rainfall equivalent to 100 mm/10 min. for a shed area 
of 100 m2 (Fig. 26).

Nonetheless, in order to prevent water spouting up, we 
need to devise a way to attenuate the water pressure as much as 
possible.  Possible ways are securing the lids on the stormwater 
inlets to prevent them from lifting up with water pressure and 
leaking from the gaps or installing grating so that the outflow 
sections of the downspouts inside the stormwater inlets are easily 
submerged.

Conclusion5
In this research, we constructed mockups of a shed guttering, 
and by running tests on flow water, we verified a calculation 

formula that determines the water level in valley gutter.  We 
also collating the influences exerted on discharge capacity by 
the configuration of downspouts (Fig. 27).  Based on the results 
derived from our tests this time round, we are now able to predict 
the risk of overflow even in guttering systems with complicated 
configurations.

In terms of design and improvement of actual guttering, 
we feel assured that the overflow risk from localized torrential 
downpours can be reduced by revising configurations that 
decrease discharging capacity as made clear in this research, 
as well as by implementing measures to improve drainage.  
Moreover, we intend to reflect some of these research findings in 
our in-house manuals.

Reference:
1) Shigeyuki Kusakabe et al., “Suirigaku (Kankyo/Toshi System Kei 

Kyokasho Series 7)” (April 2002)

1. Avoid long stretches of horizontal pipe
and minimize number of bends.

2. Do not install horizontal pipe directly
underneath drain hole (downspout
should be of sufficient length).

3. Assure effective cross-sectional area
on drain hole (box and funnel designs
are effective).

4. Do not install a long horizontal pipe
after a merge point (as much as possible, try to
use a separate route to connect to downspout).

5. Ways to attenuate water pressure in
the stormwater inlet must be devised.

Merge

Valley
gutter

Downspout

Stormwater inlet

Platform
shed roof

100 mm diameter

Equivalent to 100 mm/10 min.

Average
water level

190 mm

100 mm diameter

Equivalent to 100 mm/10 min.

Average
water level

200 mm

100 mm diameter

Equivalent to 100 mm/10 min.

Average
water level

220 mm

100 mm diameter

Equivalent to 89 mm/10 min.

Average
water level

200 mm
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Fig. 26  Validation of Influence on Stormwater Inlet

Fig. 27  Overview of Downspout Configuration Influencing Discharge Capacity


