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DESIGN PROCEDURES FOR ROCK-LINED CHUTE 
 
Figure 1 displays different sections along the flow path of a rock chute, as they will be discussed 
in this supplement.  The rock chute consists of an inlet apron, chute slope section, and an outlet 
apron.  Criteria for hydraulic computations can be found in EFH Chapter 3. 
 

Figure 1 
 
 
 
 
 
 
 
 
 
 
 
 
Upstream Channel 
 
The maximum channel slope upstream of the rock chute shall not be greater than the critical 
slope (Sc).  The minimum length shall be 100 feet.  This length can be used as a transitional area 
from the existing upstream channel to the rock chute.  If this channel is a grassed waterway, the 
velocity n-value shall be used to compute Sc.   
 
If no upstream channel exists, the structure should be flood routed to show the pool elevation 
upstream of the inlet apron is less than or equal to the weir head elevation (inlet apron elevation 
+ Hp).  High pool elevation will force a greater flow rate of water over the weir that may cause 
failure of the chute. 
 
Rock Chute Inlet Apron 
 
The slope of the inlet apron shall be flat (0% grade). 
 
Length of the inlet apron shall be 10 x yc, but no less than 10 feet.  Critical depth, yc in feet, 
occurs at a distance of 2yc to 4yc upstream of the rock chute crest.  
 
Rock Chute Slope Section 
 
The flow in the chute is considered to be uniform and the total rock-lined section must be 
straight (no curves in the centerline). 
 
The maximum chute slope shall be 3 horizontal to 1 vertical (3:1).  
 
Rock Chute Outlet Apron 
 
The outlet section shall be flat (0% grade). 
 
The length of the outlet section shall be 15 x D50 (ft) x Fs.  The outlet apron may be recessed 
below the outlet channel bottom to provide additional tailwater. 
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Rock Chute Channel Depth 
 
The minimum depth shall be the maximum depth of either the weir head (Hp) at the inlet apron 
or the depth of the hydraulic jump (Z2) at the outlet apron.  The depth shall be the same 
throughout the inlet apron, chute section and outlet apron.   
 
Downstream Channel 
 
The waterway downstream of the rock chute shall have the same side slopes and bottom width as 
the rock chute’s outlet apron. The slope of the waterway shall not exceed 2%.  There may be a 
transitional area at the end of the outlet apron.  This transitional area can be used to gradually 
adjust the channel width at the end of the outlet apron to the width for a grassed waterway as 
long as the waterway is designed to carry the appropriate flow and there is enough tailwater for 
the chute to operate properly.   
 
For outlets that are directly into streams or have outlets other than a grass waterway, the outlet 
must be stable, must be able to resist erosion, and provide sufficient tailwater for the chute. 
 
Bedding 
 
A geotextile (WCS-13 Class I) fabric must be placed beneath the rock.  If sand-gravel bedding is 
used beneath the geotextile, the bedding thickness shall be a approximately two (2) inches. 
 
If the bedding is planned to act as a filter for moist soils, it must be designed as a filter.  Filter 
design criteria can be found in NRCS National Engineering Handbook Part 633, Chapter 26, 
Gradation Design of Sand and Gravel Filters.   
 
Rock Size 
 
Rock size for chutes shall be expressed by the D50 size (50 percent passing by weight).  To 
provide an economical design, rock delivered from local quarries should be used.  Therefore, a 
determination of the rock size and shape to be used shall be completed prior to the design of a 
rock chute.  Rock that is larger than 2 times the D50 shall not be used.  To determine the D50 size, 
use either Equation 1 or 2 depending on the chute’s bed slope (Sch) that is used.   
 
 for Sch < 0.10  (10:1)       i.e.  20:1 or 0.05 ft/ft 

 
for Sch ≥ 0.10 (10:1)       i.e.  5:1 or 0.20 ft/ft 

 
Where D50 = median rock size in inches 
 qt = equivalent unit discharge in ft3/sec/ft 
 Sch = chute bed slope in ft/ft 
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(Equation 1) 
 

 
(Equation 2) 
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Rock Lining Roughness 
 
The roughness value of the rock lining varies according to the rock size (D50) and the slope of the 
chute’s bed Sch.  Manning’s “n” shall be found using Equation 3. 
 

n =  0.047(D50 * Sch)0.147 
 

Where n = Manning’s “n” value for given rock size and chute slope 
D50 = median rock size in inches 
 Sch = chute bed slope in ft/ft 
 

Factor of Safety (Fs) 
 
The Factor of Safety is used to compensate for any unexpected variables in the flow, rock shape, 
or the “n” value.  The Fs values are shown in Table 1.  The minimum Fs allowed on any chute is 
1.2.  The Fs is used in Equation 4 to determine the D50* that shall be used in the design. 
 

D50 x (Fs) = D50* 
 
 

Table 1 – Factor of Safety (Fs) 
 

Condition 
Factor of Safety Range  

Rock Shape 
50% angular1 
50% round 100% round2 

Uniform flow: straight reach; minimal to no impact from 
floating debris and ice; little or no uncertainty in design, 
chute drops ≤ 10 ft 

1.2 - 1.3 1.7 - 1.8 

Gradually varying flow; limited or minor impact from 
floating debris or ice, chute drops ≤ 10 ft 1.3 - 1.4 1.8 - 2.0 

Chutes which have a drop greater than 10 feet where the 
chute capacity is based on the 25- year, 24-hour frequency 
storm and higher storms are routed through an auxiliary 
spillway. 

1.3 - 1.4 1.8 - 2.0 

Chutes which have a drop greater than 10 feet where chute 
capacity is based on greater than the 25-year, 24-hour 
frequency storm. 

1.3 - 1.4 1.8 - 2.0 

 
1 50% angular 50% round should be used for crushed stone.  (Note: 100% angular is square 
cubed rock) 

2 For a given discharge, 100% round stone D50* needs to be 40% larger than angular rock. 

(Equation 3) 

(Equation 4) 
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Rock Lining Thickness 
 
The minimum rock thickness shall be 2 x D50* which is also the size of the largest rock that shall 
be used.   
 
The larger rock must be uniformly distributed throughout the entire rock mass and firmly in 
contact with each other.  Smaller rock and spalls shall fill the voids between the larger rock.   
 
Rock Gradation 
 
Table 2 represents an acceptable gradation. 
 

Table 2 – Rock Gradation 
 

Percent Passing  
by weight 

Size 
(inches) 

100 1.5xD50*--2.0xD50* 
85 1.3xD50*--1.8xD50* 
50 1.0xD50*--1.5xD50* 
10 0.8xD50*--1.3xD50* 

 
D50* equals the Designed D50 x factor of safety (Fs) 
 
The State of Wisconsin Department of Transportation Standard Specifications for Highway and 
Structure Construction, Annotated 2005 Edition has four gradations that closely represent the 
Table 2 gradation. Table 3 shows the D50* relationship with DOT riprap classifications. 
 
 

Table 3 DOT Riprap Classifications 
 

D50* (in.) DOT Riprap Category 
9 Light Riprap 
11 Medium Riprap 
14 Heavy Riprap 
18 Extra Heavy Riprap 

> 18 Site Specific Gradation Required 
 
Construction Layout: 
 
To determine the bottom width (B’) for construction layout use the following formula: 

 
Where  TL = thickness of rock 
 TB = thickness of bedding 
 B = design bottom width 
 B’ = lowest excavation bottom width 

  z = side slope ratio  

(Equation 5) 
z
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Design Example 
 
Example: 
 

Drainage area = 70 acres 
Watershed slope = 4% (moderate) 
RCN = 75 
25-yr, 24-hr rainfall = 4.7 inches 
5 yr. storm (Qlow) = 50 cfs 
Peak discharge (Qhigh) = 99 cfs 
Overfall height = 8 ft 
Upstream waterway: B = 25’,  z = 4:1,  s = 2.0% 
Downstream waterway:   B = 20’,  z = 4:1,  s = 1.0% 

 
The topography at the site will allow a chute slope of 12:1 (8.33%).  The available rock size is 
D50 = 8” (crushed stone).  There will be sand bedding.  The numbers being used for the 
calculations can be verified and are very close to actual data, so a factor of safety (Fs) of 1.2 can 
be used. 
 
The following pages are printouts from the spreadsheet developed to design rock riprap chutes, 
showing the solution for this design example. 
 
Pages 6-WI-30 through 6-WI-32 are the design documentation from the spreadsheet. 
 
Page 6-WI-33 is the construction plan, quantities, and cost estimate from the spreadsheet. 
 
Page 6-WI-34 is the construction plan, from the spreadsheet. 
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