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Rational method - introduction
• Sizing of a sewer network with 2 equations: 

rational method and Strickler
• Simple methods but not simplistic!
• This approach is still being suggested by several cantons…
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Rational method - introduction

• Need information on rain intensity/frequency and 
imperviousness of the watershed

• Valid for small, urban, homogeneous watershed
• Only for estimating peak flows
• Numerous concepts integrated in a simple formula!

Q = C· i· A

Q: Design discharge (l/s)
C: Runoff coefficient (dimensionless)
i: Design rainfall intensity (mm/h or l/m2/s)
A: Watershed drainage area (ha or m2)
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The Rational Method
Rainfall intensity

• Key parameter: rainfall
• Variable rain in space and time...
• Climate change?
• Return period ? 5 years? 10 years? 20 years?
• “Alea du ruissellement”: 300 years !!!

800 – 1400 mm rain/year
80 – 160 events/year
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The Rational Method
Rainfall intensity

"Synthetic" rainIDF curves

Duration≈ Concentration time Tc
Longest time taken by a drop to 
reach the outlet 

Statistical 
analysis of 
rainfall
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The Rational Method
Rainfall intensity

Design rainfall:
• Synthetic rainfall
• Simple shape
• Integrate statistical rainfall information
• Must reproduce the same hydrological response as 

real rain events



Urban Hydrology Course, LR, 27.03.2025

Rational method
Rainfall intensity

• Based on IDF curves (intensity/duration/frequency)
• A dedicated return period must be selected (typically 5 to 20 years)
• Local conditions must be considered

tTb
Tat)i(T;
+⋅
⋅

=

TbtTat)i(T; ⋅⋅⋅=

tct
Tat)i(T; Tb ⋅+
⋅

= ⋅

Talbot Formula:

Montana Formula:

Keiffer Chu Formula:

T: Return period
t: duration of the rain event
a,b,c: local coefficient 
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Rational method
Rainfall intensity

Bt
Ki
+

=

i: Design rainfall intensity (l/s ha)
K: f(return period, location)
t: rainfall duration (min)
B: Local constant  (min)

Example: Zone W, return period 1 year, rain duration 60 minutes:
2700/(60+12) = 37.5 l/s/ha = 13.5 mm/h
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Rational method: rainfall intensity

Lausanne, 1 an, t = 60 min:

Hörler / Rhein: 37. 5 l/s/ha
VSS:  53.8  l/s/ha 
  (51.5  - 56.2)
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Rational method: rainfall intensity

https://www.youtube.com/watch?v=BZK5isMxVBY 

https://www.youtube.com/watch?v=BZK5isMxVBY
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Rational method
Rainfall intensity

Bt
Ki
+

=

Empirical formulations :
f(slope, size of the watershed, rain intensity...)

Or global estimation:
Dense urban area: 5 min
Sub-urb: 10 to 20 min
Dispersed habitat: 20 to 30 min

• How to estimate “t” ?
• Crucial point in the rational method
• Basically: t = concentration time tc

tc = trunoff + ttransport
Via iterations knowing Q 
and V (flow velocity in 
the sewer system)

Limitations:
No storage capacity in sewers
No spatial variability of rain events
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Rational method: Rainfall intensity

Bt
Ki
+

=

• How to estimate “t” ?

Q
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Very simple method to evaluate stormwater flowrate

Hypothesis:  Qmax is observed if rain duration ≥ concentration time tc
Qmax is proportional to imax
Qmax and imax have the same return period
C = constant

Q = C· i· A
Q: Design discharge (l/s)
C: Runoff coefficient (dimensionless)
i: Design rainfall intensity (mm/h or l/m2/s)
A: Watershed drainage area (m2)

Rational method
Rainfall intensity
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The Rational Method 
Runoff coefficient

Runoff coefficient accounts for:
• Initial losses at the beginning of a rain event (1-5 mm: storage, 

infiltration…)
• Imperviousness of a watershed (at maximal development)
• Effective contribution of runoff
Surfaces imperméables αs Surfaces perméables αs 

Eternit 
Tôle, verre 
Tuile 
Asphalte 
Béton 
Pavage 
Toits plats recouverts de gravier 
Tout venant compacté 
Pavé gazon 

0.95 
0.95 
0.90 
0.80 
0.80 
0.50 
0.25 
0.25 
0.15 

Jardins, prés 
Parcs 
Forêts 
Prairies escarpées 
  sol très perméable 
  moyennement perméable 
  peu perméable 
  Vignobles 

~0 
~0 
~0 

 
~0 
~0 

0.3-0.5 
0.3-0.5 
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The Rational Method : Runoff coefficient

∑
=

⋅=
n

1i
siis αγψ
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The Rational Method : Runoff coefficient

surface effective 
type de surface αs [m²] γ [%] 

ψs 

toits:     
  toits plats recouverts de gravier 0.25 3'795 16.5 0.04 
rues:     
  asphalte 0.80 2'253 9.8 0.08 
parcs-auto, places, accès:     
  asphalte 0.80 2'734 11.9 0.10 
  pavage 0.50 1'204 5.2 0.03 
espaces verts et surfaces non drainées 0 13'028 56.6 0 
total  23'014 100.0 0.25 
                           
 

∑
=

⋅=
n

1i
siis αγψ
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The Rational Method 
 Runoff coefficient

Approximation for the runoff coefficient:
City center, highly urbanized: 0.6 – 0.9
Sub-urb: 0.2 - 0.6
Industrial area: 0.4 - 0.8
Roofs, streets: 0.8 – 0.9

Effective contribution 
“coefficient d’écoulement”: 

γψ ⋅= 85.0s
γ[-] : total impervious fraction of the 
         considered catchment

Habitants /ha

Ψ
S
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Estimation of impervious surfaces with spectral imagery

https://learn.arcgis.com/fr/projects/calculate-impervious-surfaces-from-spectral-imagery/
https://eijournal.com/print/articles/changing-the-landscape-of-impervious-surface-mapping  

The Rational Method 
 Runoff coefficient

https://learn.arcgis.com/fr/projects/calculate-impervious-surfaces-from-spectral-imagery/
https://eijournal.com/print/articles/changing-the-landscape-of-impervious-surface-mapping
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The Rational Method
Runoff coefficient

CR

CR max

Contribution des 
zones perméables

Variabilité 
extrême

Domaine 
d'application:

Analyse de la qualité des eaux 
 et gestion en temps réel Gestion des crues

% imperméabilité totale

Contribution des zones  
imperméables non connectées 
directement au réseau

Pluie totale [mm]

% imperméabilité effective ou des surfaces  
imperméables directement connectées au 
réseau

5 20
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Measurements 
of runoff 
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Rational method
Calculation of stormwater flowrate

Manning-Strickler formulation. 
Uniform and permanent flow as hypothesis !

Q = K· S· R2/3 · J1/2

Q: Design discharge (m3/s)
K: Roughness coefficient (m1/3/s)
 = Strickler coefficient, 1/n Manning coefficient
S: Wetted surface (m2)
R: Hydraulic radius (m)
J: Slope (-)
P: Wetted perimeter (m)

P (m)

S (m2)

P
SR =

8335

JK
Q

π
4D 









⋅
⋅=
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Essential, but not 
considered for this 
class !

Rational method
Calculation of stormwater flowrate
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Eq. 6

Eq. 14

Eq. 13

Eq. 12

Eq. 18

Eq. 15

Eq. 1

Eq. 22

Eq. 16, 17

Rational method
Calculation of stormwater flowrate
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Limitations regarding flow velocities:

Vmax: 4 m/s (to avoid abrasion in the pipes, ≈ 15 km/h)

For stormwater and combined sewer systems (to avoid deposits):

Vmin: ≥ 0.6 m/s , Q ≈ 0.1 Qmax
≥ 0.3 m/s , Q ≈ 0.01 Qmax

For wastewater in separated systems:

Vmin: > 0.5 to 0.7  m/s , Q ≈ 0.5 to 1 Qmax
≥ 0.3 m/s , Q ≈ 0.01 Qmax

hmin: ≥ 0.2 Ø for average actual flowrate

Rational method
Calculation of stormwater flowrate
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Building a sewer network

Separated sewer systemCombined sewer system

CSOs Stormwater discharges
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Morphology of a sewer network

Sewer 
network

Special 
structures

All sewers 
and 

channels

• Primary drainage (sewers)

• Interceptor, collecting sewer

• Discharge pipes

• Link surface – underground 
(collecting and visiting 
structures)

• Link sewer – environment
• Treatment structures

= +
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Morphology of a sewer network
Flow conditions:

• Gravitational flow
• Free surface flow
• Transition flow
• Possibility of exceptional pressurized flow conditions
• For wastewater, rare cases of pressurized flows

Sewer structure:
• Ramification network

(réseau ramifié)

•Mesh network
(réseau maillé)

•Unique or multiple outlets
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Morphology of a sewer network
Example of the 
interceptors system 
for the CUM 
(Communauté 
urbaine de 
Montréal)
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Morphology of a sewer network
Type and shape of sewers:

• Circular (from Ø 10 cm to  > 4 m)
• Egg-shaped (ovoid) (height 1 to 2 m)
• Special profiles (sewer inspection)
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Morphology of a sewer network

Discharge pipes
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Morphology of a sewer network
Expected characteristics for sewers:

• Watertight (exfiltration / infiltration of wastewater)
• Inert regarding pollutants
• Structural stability for pressurized situations
• Low rugosity

Materials

• Cast-iron (“fonte ductile”) (special case)
• Plastic (PVC, PE, PP… < Ø 50 cm )
• Fibrociment (asbestos ciment)
• Concrete (prefab)
• Reinforced concrete (big sections)



Urban Hydrology Course, LR, 27.03.2025

Morphology of a sewer network
Special structures

Link surface – underground
• Collecting structures

• Connection of households
• Intake screen

• Visiting structures
Link sewer system – receiving waters

• Discharge pipes
• Combined sewer overflows

Storage structures
• Detention basins
• At-source storage

Structure linked with sewer functioning
• Flush gates
• Sand trap
• Siphons
• Pumping  stations
• Pre-treatment 
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Morphology of a sewer network
Collecting structures
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Morphology of a sewer network
https://www.vsa.ch/fr/domaines-cc/assainissement/evacuation-des-
eaux-des-biens-fonds/film-dinformation/ 

https://www.vsa.ch/fr/domaines-cc/assainissement/evacuation-des-eaux-des-biens-fonds/film-dinformation/
https://www.vsa.ch/fr/domaines-cc/assainissement/evacuation-des-eaux-des-biens-fonds/film-dinformation/
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Morphology of a sewer network

!!! SECURITY !!!
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Morphology of a sewer network
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Building up a sewer network: 
generalities

Variables:
1. Watershed characteristics

• Rain 
• Topography
• Hydrography
• Geology

2. Urban characteristics
• Size and typology
• Imperviousness
• Existing drainage system
• Future expected developments

3. Constraints linked with sewers
• Transport conditions (slope…)
• Maintenance conditions
• Reduction of nuisances
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Building up a sewer network: 
generalities

Procedure:
1. Selection of the type of drainage system
2. Selection of the type of network
3. Localization of discharge points
4. Identification of environmental requirements
5. Need, type and localization of storage capacities
6. Implementation of treatment plants
7. Mapping of the network
8. Sizing of the network
9. …

No global rules, no unique solutions ! 

Different scenarios must  be considered !
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