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Abstract

Flows in stepped chutes built with gabions have been studied for about four decades and have
found applications mainly in small dams and drainage systems. This paper presents a literature
review of experimental studies on the subject, especially those that published data and
methodologies for designing stepped chutes in gabions. A dimensionless methodology for
predicting the main design variables is proposed, and equations were proposed for this purpose.
These equations, based on physical principles and statistically supported, involve characteristics
of stilling basins of hydraulic jump downstream of stepped chutes formed by gabions and the
main quantities related to the design of these hydraulic structures. More than 160 data points
were used, each of them involving several parameters of the adopted physical models, making
the proposed methodology valid for five different slopes of the downstream face of the stepped
chutes. The new equations allow for calculating the length and elevation of the stilling basin
bottom. They also allow the determination of the supercritical depth at the basin inlet and the
estimation of the height of the continuous end sill of the stilling basin. The proposed equations
present strong correlations and adherence to the experimental data in the literature and reveal the
missing data about the subject considering the existing literature. In addition, an application
example illustrates the use of the developed methodology and compares the present results with
those obtained from a methodology available in the literature.
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1. Introduction

The understanding of flow characteristics in stepped spillways has advanced significantly
over the past four decades, leading to an increase in the number of dams incorporating stepped
chutes. This research has not only improved the design of larger structures but has also helped
the development of smaller hydraulic structures, such as "water cascades” on steep terrains,
drainage stairways, and decorative architectural features. Additionally, exploring alternative
materials for constructing small dams with stepped spillways has promoted the use of gabions,
which offer stability and substantial energy dissipation, as noted by [1].

Considering the study of gabions as porous/permeable materials to build weirs, several
studies considering only one step, or, in other words, a weir using only one gabion, may be
found in the literature. These studies involve general characteristics of the flows, like weir height
and length, discharge, upstream and downstream water depths, gravel mean size, porosity,
among others [2]; the relation between the flows over and through the gabion [3, 4]; the
measurement of velocities and flow rates [5]; the study of the hydrodynamics of the porous weir
and the proposition of nondimensional equations [6]; the energy dissipation [7]; dimensional
analyses for discharge coefficients [8, 9]; and upstream and downstream slopes [10]. The
conclusions of one-gabion weirs are also used to understand better the characteristics of stepped
chutes and spillways built with multiple gabions.

Considering stepped chutes, [11] conducted experiments on gabion-formed stepped chutes
with values of s/l of 1.0, 0.67, 0.50, and 0.33, where s represents the step height, and | denotes
the length of the step floor. Among [11] contributions, the equation for the energy dissipated by
the steps is well known, having been developed using the energy equation and the empirical
equations of [12], who studied flow over a one-step dam. The comparison between the
experimental data obtained for gabion chutes and the developed equation led to the proposition
of some trend lines, albeit with some dispersion of points around the lines.

In the sequence, [1] experimentally studied flows in gabion-formed stepped chutes with s/l
ratios of 1.0, 0.50, and 0.33, and for s/h ratios ranging from 1.08 to 2.72, where h. represents the
critical depth for a rectangular channel. The authors observed nappe and skimming flow regimes.
Among their findings, [1] proposed graphs and equations for calculating the dissipated energy
and determining the supercritical depth at the inlet of the stilling basin. The proposed curves
exhibit adherence to experimental data with coefficients of determination greater than 0.874. In
the same study, [1] suggested using Bélanger's equation for calculating the subcritical depth of
the hydraulic jump, hy, and the equation Lj = 6h, for calculating the stilling basin length.
Bélanger's equation is traditional in the studies of hydraulic jumps, although it does not consider
the bottom shear when quantifying the sequent depths. In this sense, [13] showed that the bottom
shear can be considered through conservation principles, a method that can be extended to future
studies on energy dissipation.

Further, [14] conducted experiments on gabion-constructed stepped chutes with s/l ratios of
0.58, 1.0, and 1.73, and for s/h; ratios ranging from 0.52 to 6.02. The authors measured
pressures, flow depths, and velocities, calculated head losses, and presented nondimensional
empirical equations for these variables. They concluded that flows in gabion-constructed stepped
chutes may exhibit dimensionless head losses up to 14% higher than flows in conventional
stepped chutes. By analyzing data from other authors, [14] proposed Equation 1 for the
occurrence of the skimming flow regime in gabion-constructed stepped chutes.
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Still further, [15] investigated volumetric air fraction distributions, velocity distributions,
flow patterns, and energy dissipation in a gabion stepped chute with s/l = 0.50. Based on their
experimental data, the authors concluded that energy dissipation is lower in gabion-constructed
stepped chutes than in conventional stepped chutes. This result indicates a discrepancy with the
conclusions presented in the literature (for example, [14]), suggesting a potential knowledge gap
and the need for further studies.

Using an experimental setup different from the previously described, [16] conducted
experiments on a stepped chute with s/lI= 1.0, constructed with a structure wrapped in a mesh and
filled with stones, which the author claimed represents a structure similar to gabions. The
experiments were conducted for s/h. ratios ranging from 0.94 to 1.2, and the author presented
results for specific energy and total energy as a function of the discharge.

[17] conducted experiments on a gabion-stepped chute with s/l = 1.0 and s/h. ratios ranging
from 2.6 to 12.2. The authors measured flow depths and discharges, presenting results for the
dimensionless head loss as a function of the discharge and the dimensionless parameter
(he/Haam)?, employed by [1], where Hqam is the height from the crest to the bottom elevation of
the energy dissipation basin. By comparing the results obtained in a stepped chute with smooth
floors, [17] concluded that gabions dissipate up to 16.9% more energy compared to chutes with
conventional steps.

Using different gravels, [18] investigated the dissipated energy employing physical models of
gabion stepped chutes filled with gravel of mean diameters of 10 mm, 25 mm, and 40 mm in
channels with s/l ratios of 1.0, 0.50, and 0.33, and for s/h; ranging from 0.29 to 4.0. The models
utilized in the study included end sills on each step, and flow depths were measured using an
ultrasonic sensor at a sampling rate of 20 Hz. The results demonstrated nearly equal energy
dissipation, except for s/l = 1.0 and gravel mean diameter equal to 40 mm, resulting in lower
dissipation than the other results.

Considering the dimension of hydraulic structures, [19] conducted experiments on a model
with dimensions of 1.2 m width, 0.60 m height, s = 0.06 m, s/l = 0.50, and a mean gravel
diameter of 24.1 mm for the gabion. The authors compared the energy dissipated by a smooth
stepped chute with that dissipated by a gabion-stepped chute. They studied the length of
hydraulic jumps established in a stilling basin with blocks, downstream of smooth steps and
gabion steps, concluding that an 8.14% average reduction occurs in the hydraulic jump length
when using gabions.

The eight articles shown in Table 1 in the present literature review of gabion stepped chutes
contain experimental data related to energy dissipation. The Table summarizes the main
geometrical characteristics of the physical models. The s/l ratios range from 0.33 to 1.73. The
ranges of the dimensionless parameters s/h; and s/l, together with the descriptions provided by
the cited authors, indicate that nappe flow, transition flow, and skimming flow regimes occurred
during their experiments.
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Table 1. Characteristics of experimental studies on step chutes with gabions

Authors s/l s/hc Hgam/Ne

1.0

Stephenson [11] 067 - 1.3-4.9
0.50
0.33
1.0 3.1-127

Peyras et al. [1] 050 1.08-272 32-124
0.33 3.3-125

058 052-34 105-68.2
Chinnarasri et al. [14] 10 074-24 148-484
173 0.91-6.02 18.1-120.1

Waiithrich and Chanson 050 059-20 59-20.1

[15]
Vashisth [16] 10 094-12  37-47
Rajaei et al. [17] 10 26-122 59-365
1.0 4.4-20.0
Salmasi et al. [18] 050 029-40 4.3-211
0.33 4.2-20.0

Daneshfaraz et al. [19] 050 097-175 9.8-17.1

Stepped gabion chutes are hydraulic structures that differ from conventional stepped chutes
due to their porosity, roughness resulting from the natural irregularities of the rocks and grids,
and the flexibility of the structure.

The flow in stepped gabion chute, less studied than in concrete structures, may exhibit
different behaviors due to the interaction between the porous medium of the gabions and the
overflow. [20] observed this distinction, identifying the hysteresis phenomenon and its influence
on energy dissipation.

When designing stepped chute with gabions, it is essential to account for the inherent
flexibility of the structure, which allows for a certain degree of deformation. In this context, the
frontal slope of the chute may be altered, leading to a corresponding change in the energy
dissipation that would be expected based on a conventionally shaped stepped spillway, as
demonstrated numerically by [21]. Modifications in the shape of the steps can also lead to
significant changes in energy dissipation. In this context, [22] used CFD (Computational Fluid
Dynamics) to study stepped spillways with a trapezoidal labyrinth shape and found that these
steps exhibited greater energy dissipation compared to conventional ones.

This study aimed to develop new dimensionless equations for designing hydraulic jump
stilling basins downstream of gabion stepped chutes. The specific objectives were: (1) to develop
equations for calculating the length of the stilling basin, considering state of the art on the length
of the hydraulic jump; (2) to propose equations that allow the direct calculation of the elevation
of the stilling basin bottom, in such a way that the hydraulic jump is established within it; (3) to
propose an equation for calculating the height of the supercritical depth at the stilling basin inlet;

WINTER 2025, Vol 11, No 1, JOURNAL OF HYDRAULIC STRUCTURES
Shahid Chamran University of Ahvaz



Dimensionless Equations for Hydraulic Jump Stilling... 55

and (4) to demonstrate a methodology for the pre-design of the height of a continuous end sill in
gabion stepped chutes.

Methodology

The energy dissipated, and the residual energy at the base of the stepped chute are quantities
used to determine the supercritical depth h; (of the hydraulic jump) at the inlet of the stilling
basin, a parameter used to quantify its size. To ensure that the hydraulic jump is established
within the physical limits of the stilling basin, it is necessary to calculate the length and bottom
elevation of the basin. All the cited works provide data that allow the calculation of the
dimensionless parameter Lj/Hgam as a function of Hgam/he, proposed by [23], where L; is the
length of the hydraulic jump and Hgam is the height from the crest to the bottom elevation of the
energy dissipation basin (Figure 1). The data also enable the calculation of Hgam/hc as a function
of D/hc, where D is the vertical distance from the crest of the spillway to the water level in the
tailwater channel, as indicated in Figure 1.

For the calculation of the mentioned dimensionless parameters, the Bélanger's equation
(equation 2) is traditionally used, together with an equation for the length of the hydraulic jump,
L;. In the present description, equation 3 presented by [23] is the key tool for the calculation of
the bottom elevation of the energy dissipation basin.

h
©=3(|1+8Fri—1) 2)

where Fry is the supercritical Froude number.

-3
Hypm — D 4 hq1 h
‘fil—c_h_c+h_27<"1+8<h_i) —1> 3

Hlnm

Figure 1. Sketch of stepped chute, variables from equations 1 and 2, ad end sill height, S.

There are at least twenty equations available for calculating the length of the hydraulic jump,
proposed since the early 20th century, which exhibit discrepancies with deviations exceeding
100% [13]. This discrepancy largely arises from the difficulty in defining the final position of
the hydraulic jump. [21], using pressure transducers installed near the bottom of the channel and
along the hydraulic jump, studied the statistical behavior of pressure distributions and identified
the position from which the jump ceases to influence the subcritical flow, thus defining a
methodology that can be replicated objectively and takes into account the statistical behavior of
pressure near the bottom of the channel. The results of [21] revealed a final position for the jump
around 8.5 times the height of the hydraulic jump, for the range 4.9 < Fr; <9.3.

Subsequently, [25], employing a methodology akin to that of [24] and focusing on jumps
downstream of stepped spillways, measured that the terminal position of the jump was around
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eight times the jump height (as per equation 4). This proposal was verified in subsequent
experimental investigations, like the study of [26], performed for the Froude Fri number within
the 1.9 < Fr1 <4.6 range.

As mentioned, [1] recommends that the length of the hydraulic jump stilling basin be
calculated as Lj= 6h,. This recommendation is found in the reference book "Design of Small
Dams" from 1987. It is based on the detailed study of [27] about the length of hydraulic jumps in
rectangular channels with horizontal bottoms. Its use for sizing the length of stilling basins
without continuous terminal sill results in shorter basins when compared to equation 4 or the
proposal of [24]. This occurs because, on average, L; = 6h; is equivalent to L; = 6.8(h,-hy), for
4.5 < Fr1 £9.0, with the coefficient 6.8 growing to 7.2 when the Froude number attains Fri =
4.5. [24] studied the pressure fluctuations that can induce bed erosion, indicating that lower
coefficients of the pressure fluctuation at the end of the hydraulic jump imply safer conditions.
In this case, if taking Lj = 6.8(h.-h1), those authors showed that the pressure fluctuation
coefficient is around 0.2 for Fr; = 4.5. On the other hand, taking L; = 8.5(h.-h1), the same
coefficient is around 0.08, which is a difference of about 150%. Consequently, performing a
project of a dissipation basin following [27] implies that part of the hydraulic jump may be
located on the riverbed, potentially causing erosion and compromising the structure's structural
integrity that the correct positioning of the jump should protect.

As known, the length of the stilling basin downstream of stepped spillways can be reduced
provided that deflector blocks and an end sill are used, as shown, for example, by the
experimental results of [28] and [29], for physical models of stepped spillways with a ratio of
1V:0.75H. In further work, [30] studied four heights of end sills downstream of a physical model
of a stepped spillway also with a ratio of 1V:0.75H, concluding that end sills enable the design
stilling basins with lengths L; > 6.9(h.-h1), for situations with easily erodible soil.

The three experimental studies of the former paragraph demonstrated that using end sills
reduces the length of dissipation basins downstream of stepped spillways. However, applying L;
> 6.9(hz-hy) is still limited because of the conditions imposed by the experiments to stepped
spillways with a ratio of 1V:0.75H and for concrete as the used building material. In this sense,
the presented review highlights the need for specific studies on the characteristics of hydraulic
jumps downstream of stepped chutes and spillways constructed with gabions with different
inclinations.

The introduction to this study shows that a survey was first conducted about published data of
flows in physical models of stepped chutes built with gabions or similar mesh-gravel structures.
The valuable studies that described the experiments and published the obtained data in tables and
graphs allowed to conduct of the present analysis, enabling proper quantifications of the relevant
dimensionless parameters Lj/Hgam, D/h¢, and hi/Hgam and the subsequent regression analyses.

Considering the presented arguments for stepped chutes of concrete and the absence of
information for gabion stepped chutes, equation 4 was used in favor of security to calculate the
length of the stilling basin. The information on the influence of the end sill on the pressure
distribution near the channel bed and the risk of erosion downstream of the basin was also taken
into account. The methodology involved the use of nonlinear regression to determine the
coefficients of the proposed equations for calculating the length and bottom elevation of the
stilling basin. The coefficients were calculated using custom programming in Python, C,
MATLAB, and, occasionally, Excel.
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Results

As a synthesis of the conducted analyses, the data of the studies of Table 1 were compiled in
Figure 2a, including the curves obtained by calculating the coefficients a and b of equation 5, a
model similar to that of [23] and [31] for conventional stepped spillways. The data from [16]
were not included in the fit because they exhibited significantly different behavior from the
others, likely due to the geometrical differences of the steps implied by the adopted constructive
method (rounded steps). The coefficients a and b, their respective correlation coefficients, and
validity intervals are presented in Table 2. The graph and correlation coefficients show that
equation 5 [31] adequately represents the trend of those experimental data and that there is
adherence between the model and experimentation.

L _ g (Haem)” ©

Hgam hc

The average trend of equation 7 is obtained by taking the data of different origins as a single
set and including the additional point from [14] for s/l = 1.0, (48.4; 0.27), where “tgh” is the
hyperbolic tangent. The lower and upper envelopes given by equations 6 and 8 were calculated
to indicate the observable variations. The coefficients of equation 7 were obtained through
nonlinear regression applied to equation (5) for the interval 1.25 < Hgam/hc < 48.4, resulting in a
correlation coefficient 0.970. The maximum relative deviation around equation 7 obtained with
equation 6 is 39%, and with equation 8 is 47%.

. —-1.41
Y = _22.0tgh [—0.48 (”‘;lﬂ) ] +0.26 (6)
dam c
Li _ _ Hgam -103
= 15,1tgh[ 0,67(h—c) ]+o,15 @)
Li _ _ Hgam _0'74] _
L= 22,2tgh[ 0,45( » ) 0,22 (8)
8
e s/I=0.33
o s/=0.50
e s/l=0.577
o s/=1.00
o s/1=1.733
A [16]

§ —EQq. 5 (s/1 = 0.33)
T 4 - ——EQq. 5 (s/l = 0.50)
:— —F(q. 5 (s/l =0.577)
—Fg.5(s/l =1.0)
Eq. 5 (s/l = 1.733)
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......Eq_ﬁ
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(b)

Figure 2. Fitting of equation 5 to the experimental data (a) and equations 6, 7 and 8 (b).

The relationship between the dimensionless parameters Hgam/hc and D/he (see Figure 1)
followed the linear trend also observed for smooth and conventional stepped spillways. Equation
9 shows the basic linear trend between both variables and Table 2 shows the ¢ and d values for
each set of data. The correlation coefficients are greater than 0.98 for all values of s/l. The
analysis of the unified data produced equation 10, with a correlation coefficient of 0.999, a
spreading of data as shown in Figure 3, and valid for the interval 0.17 < D/h; < 34.33.

Hgam _ 2
he =c5 +Dd 9)
dam __ v
e =1.01,-+ 17 (10)
40

s/l =0.33
s/l =0.50
s/l =0.58
s/l =1.00
s/l=1.73
Eqg. 10

O o @ 00

0 20 40
D/h,
Figure 3. Fitting of equation 10.

WINTER 2025, Vol 11, No 1, JOURNAL OF HYDRAULIC STRUCTURES

Shahid Chamran University of Ahvaz



Dimensionless Equations for Hydraulic Jump Stilling... 59

Table 2. Coefficients of equations 5 and 9
s/l a b R (eq.5)| (*) Hyam/h ¢ c d R (eq.9)| (**)D/h,
0.333 8.010 | -0.895 | 0.952 |1.35-20.04] 1.010 1.703 0.999 | 0.36 - 18.09
0.500 8.480 | -0.872 | 0.959 |1.58-20.12] 1.040 1.640 0.998 | 0.46 - 18.34
0.577 | 16.370 | -1.050 | 0.994 [10.46 - 23.14] 0.982 2.385 0.999 |8.31-21.06
1.000 9.670 | -0.961 | 0.982 |1.25-36.49] 0.988 1.689 0.999 | 0.17 - 34.33
1.733 | 12.390 | -0.889 | 0.999 |18.12-27.68] 1.010 2.297 0.999 |15.69 - 25.17

Symbol: R = correlation coefficient; *validity interval for equation 5; **validity interval for equation 9.

For the calculations of the supercritical conjugate depth h; at the entrance of the stilling basin,
the dimensionless parameter hi/Hgam proposed by [1] showed a strong correlation with Hgam/he,
leading to equation 11, valid for 1.74 < Hgan/hc < 48.4 and 1.18 < Fr; < 6.61, with R = 0.973.
The data and the equation are shown in Figure 4a, and the relatively small spreading of the data
around the exact fit line is shown in Figure 4b.

hy Haam _1'09]
P = 18.1tgh [0.030 (—hc )| +0.005 (11)
0.4 0.4

o Experimental data

—Eq. 11 o
E o,
3
= 02 -
T o

0.0 ;
0 0.2 04
hllHdam (Eq 11)
(a) (b)

Figure 4. Relationship between hi/Hdam and Haam/hc (8); comparison with the exact fit line (b)

The data of [30] were used to quantify the sill height S shown in Figure 1. Following the
mentioned author, the data were expressed in the dimensionless form S/h; and as a function of
the Froude number at the entrance of the stilling basin. The work of [30] considered the interval
5.44 < Fry <7.44. Observing further the trend line inserted by [30], a possible constant value of
S/hy for Fri < 5.44 was noted. Considering this conjecture, Equation 12 is recommended here for
the broader interval 1.89 < Fri< 7.44, being this a first quantification for pre-designs. It must be
noted that the scarcity of data impedes a more definitive affirmation. Figure 5a shows the data
graph and Equation 12, and Figure 5b shows the adjustment between the data and the proposed
equation.

= = 2.1.10 5exp (Fri??) + 1.62. (12)

1
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Figure 5. Relationship between S/hi and Fr1 (a); comparison with the exact fitting line (b).

Example of Application

For the application of equations derived from researches that must consider some more
profound scientific questions to attain their objectives, a practical sequence of steps considering
the use of the main conclusions is very welcomed.

In this sense, the present example considers a spillway system to be designed with a
rectangular stepped chute and a stilling basin of the same width to meet the following design
conditions: (1) flow rate, Q = 204.2 m3/s; (2) width, B=40m; (3) s=0.35 mand | = 1.05 m; (4)
crest elevation of the weir, zo = 27.6 m; (5) elevation of the water level in the tailwater channel,
2, =20m.

The practical steps are as follows:

For Hgam and L;:

1) Initially, the specific discharge should be calculated, which leads to g = Q/B =
5.11 m#s. The critical depth, used in the dimensionless parameters, follows immediately
as he = (02/g)Y2 = (5.112/9.8)* =~ 1.39 m.

2) In the sequence, the value of D (see figure 1) is obtained as D = zp — 2, = 27.6 —
20 = 7.6 m, which produces D/h; = 5.49.

3) Knowing the ratio of s/l = 0.35/1.05 = 0.33, it is possible to identify the values
of c=1.01 and d = 1.703 in Table 2 for the use of Equation 9, which leads to Hgam/hc =
(1.01)(5.49)+1.703 = 7.24 and, in the sequence, Hgam = 10.04 m. Table 2 allows
interpolations of ¢ and d for values of s/l not explicit in the table. It is noted that the
values of D/h; and Hgam/hc are within the corresponding range for Equation 9, as shown
in Table 2, enabling the use of Equation 5 with the respective coefficients.

4) Knowing s/l = 0.33, the coefficients of Equation 5 are a = 8.01 and b = -0.895;
which lead to Lj/Hgam = 8.01(7.17°8%) = 1.36 and, in the sequence, L; = 13.7 m.

Thus, Haam and L; were calculated. For further information, applying the values s/l = 0.33 and
s/he = 0.25 to equation 1 indicates the occurrence of the transition flow regime.
To exemplify the use of Equations 7 and 10 for the unified set of data and compare their
results with the equations developed for each s/l separately, we have the following steps:
1) Equation 10 provides the value of Hgam/he = (1.01)(5.49)+1.7 = 7.24 and, in the
sequence, Hgam = 10.03 m. A relative deviation of only 0.04% is observed compared to
Equation 9.
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2) Equation 7 provides the value Lj/Hgam = -15.1tgh[(-0.67)(7.2419)]+0.15 = 1.463
and, in the sequence, Lj = 14.7 m. A relative deviation of 7.4% is observed when
compared to Equation 5. It is understood as acceptable for the pre-design phase.

For S:

1) Equation 11 provides the value hi/Hgam = 18.1tgh[(0.030)(7.24)™%1+0.005 =
0.06776 and, in the sequence, h; = (0.06776)(10.03) = 0.68 m. ). With this h; value, the
Froude number is Fry = 2.91.

2) Equation 12 provides then the value S/h; = 2.1.10%xp(2.911%)+1.62 = 1.621,
and, in the sequence, S=1.10 m.

S was thus calculated. As mentioned before, the scarceness of data for establishing equation
12 implies that this value should be taken for the pre-design phase. Certainly, more experimental
data will improve the assurance of the proposed methodology.

Using the methodology of [1]:
1) For s/l = 0.33, the mentioned authors propose hi/Hgam = 0.3416[0%(gHgam’)]***
=0.3416[5.11%/((9.8)10.03%]%248 = 0.0783 and, in the sequence, hy = 0.779 m.
2) The sequence of calculations furnishes, then: Vi = g/h; = 6.56 m/s, Fr; = 2.37
and h; = 0.5h;[(1+8Fr2)Y2-1] = 2.25 m.
3) The mentioned authors recommend the use of L; = 6h, = (6)(2.25) = 13.5 m.

L; was thus calculated. However, the mentioned authors did not present a way to calculate
Haam, probably using the value measured in the experimental device in their calculations. Taking
the shortest length obtained in the present study, the relative deviation about the result of [1] is
(13.7-13.5)100/13.5 = 1.5%. The result of [1] is shorter, being eventually seen as economically
more attractive. However, the formulation proposed here involves data from different origins,
corresponding to a broader coverage of possible cases, where different practical conditions were
employed. Additionally, the present result favors the security of the dissipation basin, avoiding
the risk of intense fluctuations downstream of its end, thus avoiding the risk of erosion after the
basin. As a further advantage of the present method, the sill height is also calculated.

Conclusions

The present literature review of gabion stepped chutes identified six experimental studies
with adequate sets of data, conducted for the ratio s/l between 0.33 and 1.73. Although
somewhat scattered, the data exhibited well-defined nondimensional trends for the length and
bottom elevation of the stilling basin, as well as for the supercritical depth at the stilling basin
inlet. One of the obtained datasets showed a significant deviation from the others, likely due to
geometric differences (rounded steps due to the building procedures). This dataset was not used
to obtain the here obtained equations, but suggests further studies involving geometry variations.
The here proposed equations for the length of the stilling basin exhibited adherence to the
experimental data through a power law, for both situations: 1) when used for each s/l separately,
and 2) when used for the unified set of data. In the last case the envelopes of the dataset indicate
relative deviations between 35% and 58%. Analyses regarding the bottom elevation of the
stilling basin for the formation of the hydraulic jump within the basin limits led to linear
equations between Hgam/he and D/h; for each value of s/l, and also for the unified analysis,
resulting in high correlations and adherence to the experimental data. The relatively non-
dispersed characteristic of the data allows to propose the equation for the unified data, as the one
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to be used in the calculations of such basins. Further, the evident relationship between hi/Hgam
and Hgam/he induced to a new equation for the calculation of hi, with high adherence to the data
and consequently a strong statistical correlation. Finally a methodology for calculating the height
of the continuous end sill, was proposed, being mentioned that this topic requires further
investigation, considering the current lack of data for gabion stepped chutes. An example of
application was presented in a detailed step by step manner, where the present methodology was
compared to a methodology available in the literature. The results show compatible results
between the two methodologies, but point to the higher security of the present methodology,
which considers sets of data of different sources.
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