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Pavement Drainage
Pavement Drainage requires 
consideration of surface drainage, gutter 
flow and inlet capacity.   The design of 
these elements is dependent on storm 
frequency and the allowable spread of 
storm water on the pavement surface. 
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Pavement Drainage 
Equations

V1 Qbp

Zd

dc

GW

Where: Zd = the top width of the flow prism (ft)
dc = the depth of flow at face of curb (ft)
V1 = the velocity over the inlet (fps)

Qb1 = portion of flow outside width of the inlet (cfs)
GW = gross width of grate inlet perpendicular to flow (ft)

St = transverse slope or superelevation (ft/ft)
df = depth flow at fog line (ft)
Q = 10yr flow using rational formula

St
1

Zd = d/St         Qbp = Q ([Zd – GW]/Zd)^8/3

V1 = (Q- Qbp)/(GW [d-0.5*GW*St])
Over 5fps skipping will occur at inlet

df
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Pavement Drainage 
Equations

Depth of Flow equation was derived from 
Manning’s using shallow wide flow.
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Guidelines to check 
Pavement Drainage

Allowable depth along travel path/fog line 
df = 0.12ft or 37mm

Allowable width of water
Zd = shoulder + ½ lane for Non Interstate
Zd = shoulder for Interstate

Allowable flow bypass from last catch basin
Qbp = 0.1cfs or 0.003cms

Use rational formula, 10yr for continuous grade 
and 50yr for sag/depressed roadway

Use Tc of 5 minutes unless longer longer flow path

Spacing of inlets: 300ft < 48” storm drain
500ft >48” storm drain
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Grate Examples
.

Vane Grate for Catch Basin and Inlet- plan B-2b

Bi-directional Vane Grate for Catch Basin and Inlet- plan B-2c
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Sag Equations
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Properties of Grate Inlets
*Continous Grade ** Sump Condition

Perimeter flow as Weir
Standard Plan  Description Grate Width GW Width Length
B-2a*** Metal Frame and Grate for 

Catch Basins and Inlet 
(Herringbone Pattern)

0.50m            
(1.67ft)

0.21m      
(0.69ft)

0.24m      
(0.78ft)

B-2b Vane Grate for Catch 
Basin and Inlet

0.50m            
(1.67ft)

0.40m      
(1.31ft)

0.38m      
(1.25ft)

B-4c Grate Inlet Type 1 (Grate A 
or B****)

0.62m            
(2.05ft)

0.50m      
(1.67ft)

1.07m      
(3.52ft)

B-4ca Grate Inlet Type 2 0.62m            
(2.05ft)

0.50m      
(1.67ft)

1.07m      
(3.52ft)

Figure 5-5
Properties of Grate Inlet

*Inlet widths on a continuous grade are not reduced for bar areas or 
for debris accumulation.

**The perimeter and areas in this portion of the table have been
already reduced for bar area.  These values should be cut in half 
when used in a sag location as described in Section 5-5.2

*** Shown for informational purpose only.  See Section 5-5.1

****Type B grate is not to be used in areas of pedestrian or 
vehicular traffic.
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Slotted Drains and 
Trench Systems

Placed in areas of minimal 
tangential/longitudinal slope 
and superelevation.
Limiting factor of trench 
drain incapable handling 
flows over 5cfs.
Must contact Region or HQ 
Hydraulics for assistance in 
design.
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Example
Location = Seattle
Tc  = 5 mintues m= 5.62 n=0.53
Roadway Section Width = 36 feet, 2-12ft lanes w/ 6ft shoulders
Superelevation = 0.02ft/ft
Vertical Curve High Point = Sta 450

Sta 1200 = 0.011ft/ft
Sta 1500 = 0.024ft/ft
Sta 1600 = 0.025ft/ft

Inlet Grate = Standard Plan B-2a or B-2b

HIGHWAY  DRAINAGE (English Units)

T = 5 Project Name:  
m = 5.62 Project Number:  
n = 0.53 S.R.:  
C = 0.9 Designed By:  
I = 2.39487149 Date:  
GW = 1.67
Width= 18

Columns with RED headings are calculated

Sta. Width Dis tance De lta  Q Sum Q Slope Super G.W. d Zd V Q bp Comments (L/R)
450  - - - -  - - - - - - -  - - - -  - - - -  - - - -  - - - -  - - -  - - -  - - -  - - -  - - - -  - - - - - - - - - - - -

1200 18.0           
         
         
         
         
         
         
         
         
         

Comments:
HYDRAULIC HOME PAGE: 

1  WSDOT HOMEPAGE
2 SERVICE CENTER- ENVIRONMENTAL & ENGINEERING
3 HYDRAULICS Under  DESIGN
4 PROGRAMS
5 Pavement Drainage Spread Sheet

Sketch if necessary


