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PREFACE 

TR-59 procedure may be used as a design tool to design a riprap 
gradient control structure for a design discharge and a tailwater 
condition. The structure will satisfy both capacity and stability 
requirements . However, an analytical procedure is needed to in- 
vestigate the effects, if any, of other discharge-tailwater condi- 
tions or other parameters on the structure. This supplement con- 
tains such a procedure. 

This supplement was prepared by Mr. H. J. Goon, Civil Engineer, 
Engineering Division, Design Unit, Hyattsville, Maryland. 
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NOMENCLATURE 

This supplement uses the same nomenclature as contained in Technical 
Release No. 59. Usually, each new term used in the supplement is de- 
fined where it first appears in the text. Not all nomenclature is 
listed. For any nomenclature or symbols not listed, the meaning may 
be ascertained from this supplement or Technical Release No. 59. The 
symbols used for input and output data are defined in the "Computer 
Program" section of this supplement. 

a = Flow area, ft2 - 

cn = CN f Coefficient re lating Mann rng's n to rrprap D,, size, 

n = C,,IID501EXPN 

d 5 Depth of flow, ft 

D50 = D50 E Size of rock in riprap of which 50 percent by weight 
is finer, ft 

DS : Depth of flow corresponding to the discharge, Q, at the ends 
of the riprap structure, ft 

EXPN f Value of the exponent in the equation for computing Manning's 

roughness coefficient, n = Cn[D,o]ExpN 

FS 

g 

hf 

R 

Z Factor of safety 

: Acceleration of gravity, ft/sec2 

ft-lb 
E Friction head loss, Ib 

Y Horizontal length of a portion of a channel or length of a 
computational reach, ft 

= N Z Manning's coefficient of roughness 

= Wetted perimeter, ft - 

E Discharge through the riprap structure, cfs 

: Energy gradient, ft/ft 

z Velocity corresponding to the discharge, Q, ft/sec 



TECHNICAL RELEASE NO. 59, SUPPLEMENT 2 

WATER SURFACE PROFILES AND TRACTIVE STRESSES 
FOR RIPRAP GRADIENT CONTROL STRUCTURES 

Introduction 

A riprap gradient control structure can be used to dissipate excess 
energy and establish a stable gradient in a channel where the gradient 
without some such control would be too steep and would cause erosive 
velocities. The procedures for the hydraulic design and proportioning 
of such structures are given in TR-59. 

Technical Release No. 59 

Technical Release No. 59, "Hydraulic Design of Riprap Gradient Control 
Structures," presents a detailed discussion of the concept of the riprap 
gradient control structure, procedures for the hydraulic design and pro- 
portioning of the structures, and procedures used in the associated com- 
puter program to obtain the design of the structure. 

Purpose of Supplement 

Technical Release No. 59 procedure provides the design of a riprap struc- 
ture for a given design discharge and tailwater condition. However, by 
use of this technical release, the capacity and stability of the riprap 
structure are not investigated for discharges other than the design dis- 
charge nor for other tailwater conditions. A water surface profile pro- 
gram is needed which will evaluate: the depth of flow and tractive stress 
at various locations throughout the structure for any combination of dis- 
charge and downstream starting depth. Therefore, the purpose of this sup- 
plement is to: (1) present procedures for the computation of water surface 
profiles for various parameters, and (2) investigate the effect of various 
parameters on the capacity and stability of the riprap structure. 

Computer Program 

A computer program, written in FORTRAN for IBM equipment, determines the 
water surface profile, maximum tractive stresses, and various other hy- 
draulic parameters associated with the riprap structure under investiga- 
tion. 

Input and output data information is discussed under the "Computer Pro- 
gram" section. Computer runs may be obtained by request to 

Head, Design Unit 
Engineering Division 
Soil Conservation Service 
Hyattsville, Maryland 20782 



Riprap Gradient Control Structure 

The purpose of a riprap gradient control structure is channel gradient con- 
trol. The concept and the hydraulic design of the riprap gradient control 
structure are contained in TR-59. For brevity, riprap gradient control 
structures will be referred to in this supplement as riprap structures or 
simply as structures. 

Discharges and Starting Depths 

The design of a riprap structure obtained from TR-59 procedure is for a 
design discharge and tailwater condition; in the design, both capacity and 
stability of the structure are satisfied. The design discharge is equal to 
the discharge used in evaluating the stabilit,y of both the upstream and 
downstream channels adjacent to the structure. 

Generally, riprap structures that are stable for the design discharge will 
also be stable for all discharges less than the design discharge. However, 
if a rating curve is such that the tailwater decreases very rapidly with 
small decreases in discharge, such a discharge-tailwater combination may 
cause tractive stress greater than those associated with the design dis- 
charge. Further, if the actual tailwater depth corresponding to the design 
discharge is subsequently determined to be less than the starting depth, 
DS, used in the riprap structure design, the water depth in the structure, 
especially in the downstream transition, will be lower than normal depth. 
Thus, velocity and tractive stress in the structure will be increased. 

The procedure in this supplement may be used to compute water surface pro- 
files and tractive stresses at various locations throughout the riprap 
structure for any combination of discharge-tailwater conditions. If the 
tractive stress at any location in the structure is greater than the allow- 
able tractive stress, the riprap structure should be redesigned using TR-59 
procedures for the controlling discharge-tailwater condition. Locations 
most likely to experience tractive stresses that are larger than the allow- 
able value are usually the most downstream end of the prismatic channel and 
the upstream half of the downstream transition. 

If a discharge greater than the design discharge occurs, the structure may 
not function properly; the structure may be overtopped and tractive stress 
greater than allowable may occur. Therefore, as stated in TR-59, the de- 
sign discharge should be selected sufficiently large and the lowest tail- 
water depth corresponding to the design discharge should always be used. 

Size of Riprap, DsO 

Since the value of the roughness coefficient, n, and the critical tractive 
stress, 'rbC or Ts 
of Dso size will k 

are functions of the size of riprap, DsO, any variation 
ave some effect on the performance of the riprap struc- 

ture. The procedures in this supplement may be used to check the capacity 
and stability of the structure if the actual DsO size used in the construc- 
tion differs somewhat from the design value of D50. 
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Manning's Roughness Coefficient 

The coefficient of roughness, n, for the riprap has been experimentally 
evaluated as 

n = CnID~~) 
EXPN 

where (from Report 108 and used as default values in TR-59) 

c, = 0.0395 

EXPN = l/6 

A constant n value based on the above equation was used in the design 
procedure of TR-59. However, the procedure in this supplement may be 
used to investigate what effects the various roughness coefficients 
may have on the capacity and stability of the riprap structure. Water 
depths and tractive stresses at various preselected sections of the 
riprap structure will be computed corresponding to the desired n value. 

Prismatic Channel 

Generally, the most critical section for stability is that section where 
the velocity and tractive stress are the greatest. For flow conditions 
other than the discharge-tailwater condition used in the riprap struc- 
ture design, the most critical section is usually at the most downstream 
end of the prismatic channel. However, if supercritical flow exists in 
the downstream transition, the most critical section may be in the transi- 
tion. 

For a discharge less than the design discharge and/or a starting depth 
less than the DS used in the design, the depth at the most downstream 
end of the prismatic channel could be as low as critical depth; and the 
water surface profile in the structure upstream from this section will 
approach normal depth. For a discharge greatly exceeding the design dis- 
charge, it is theoretically possible to have supercritical flow in the 
prismatic channel. 

Water Surface Profile 

The water surface profile (WSP) in a riprap structure depends on the dis- 
charge and the starting depth. 
combination, 

Thus, for every discharge-starting depth 
there is a corresponding water surface profile which can be 

used to obtain the capacity and maximum tractive stress values in the rip- 
rap structure. The starting depth at the most downstream section of the 
riprap structure must be predetermined before profile computations can be 
started. The water surface profile is merely the determination of the 
depth of flow at preselected sections throughout the structure. These 
preselected sections are the ten equally spaced sections within each ele- 
ment of the structure. These elements are the downstream transition, up- 
stream transition, and the prismatic channel. The preselected sections 
in the transitions may be obtained from the computer output of TR-59. 
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Hydraulic Theory 

The theory and assumptions used in the determination of water surface 
profiles are taken from NEH-5, Hydraulics. It is assumed that the law 
of conservation of energy (Bernoulli's Theorem) is valid for varied 
flow and that Manning's formula defines the slope of the energy line. 

Figure 1. Energy in varied flow 

From Figure 1. 
2 2 

RISE + d, v1 v2 +2g=d2+2g+hf 

The total head loss, hf, between sections 1 and 2 is equal to the rate 
of friction loss, s, times the distance, R, between sections 1 and 2 or 

hf = sR 

S = + [(d, - d2) + !$-$-a$ - + RISE] - _ _ - - - - - - - (1) 
1 

It is further assumed that conversion losses in the transitions and the 
correction for non-uniform velocity distribution are negligible; thus 
they are ignored. The rate of friction loss;s, between sections 1 and 
2 is taken as the arithmetical average of the instantaneous rate of fric- 
tion loss of section 1, (sl), and section 2, (s2), or 

s = $ (sl + s2) 



From Manning's Formula 

nQ 2 pl 4/3 
Sl = 

(1.486) 
a1 

1 o/3 

nQ *P2 

4 3 
/ 

s2 = (--- 
1.486) a210/3 

S =- 
i %%d 

2 p14/3 

[ 

p b/3 

+ * - - - - - - - (2) 
a1 

10/3 
a2 

lo/3 - - - - - - - - I 

Setting equation (1) equal to equation (2) 

2 p 
($1 

b/3 

I 
4/3 

= d, - RISE + + R(------ 
*P 

l&&j) ‘3 1 - - - - c3) 

Computations 

The computation of the water surface profile merely determines the depth 
of flow at one end of a computational reach when the depth of the other 
end is known. Thus, the length of a computational reach is equal to the 
distance between any two consecutive sections. In the case of subcriti- 
cal flow where computation of WSP is in an upstream direction, the depth 
at section 2 (see Figure 1) is known; thus, every term on the right hand 
side of equation (3) is known. The depth at section 1, d,, is determined 
by assuming a depth, d,, and stepping d, until equation (3) is balanced 
within the degree of accuracy desired. The degree of accuracy may be 
achieved when the computational reaches are "sufficiently short." The 
lengths of computational reaches used in the computer program are set 
equal to the distance between preselected consecutive sections of the 
riprap structure divided by ten. In other words, the length between any 
two preselected consecutive sections is divided into ten equal sub- 
lengths; each sub-length contains two subsections where WSP is computed. 
The depths at these subsections are computed to an accuracy of +_ 0.001 ft, 
but they are not part of the output. Only depths at preselected sections 
are output. 

A flow chart of the procedure used in the WSP computer program is given 
in Figure 2. Water surface profile computation commences at the most 
downstream section of the riprap structure. The program examines to see 
if the starting depth, DS, is equal to or greater than critical depth 
corresponding to the discharge, Q. If the starting depth is less than 
critical depth, critical depth will be used as the starting depth. Compu- 
tations proceed in an upstream direction. The computer examines whether 
subcritical flows exist. When the flow is critical or supercritical, com- 
putation ceases and a message, "CRITICAL DEPTH " will be printed to indi- 
cate that critical depth will be used as the siarting depth for the next 
upstream computational reach. This process continues upstream until flow 



6 

changes back to subcritical at some section of the downstream transi- 
tion or until the most downstream section of the prismatic channel has 
been reached. 

If the flow changes back to subcritical before reaching the prismatic 
channel, both of the following computations occur: 

1. Computation of WSP continues upstream for subcritical flow 
and 

2. A message, "SLJPERCRICAL FLOW," will be printed to indicate 
that computation of WSP is in a downstream direction for 
supercritical flow; using critical depth as the starting 
depth and commencing at the last preselected section where 
flow changes back to subcritical flow to the preselected 
section where supercritical flow first occurred. 

However, if the flow did not change back to subcritical flow when the 
prismatic channel is reached, both of the following computations occur: 

1. A message, "SUPERCRITICAL FLOW," will be printed to indicate 
that computation of WSP is in a downstream direction for 
supercritical flow. Using critical depth as the starting 
depth and commencing at the most downstream section of the 
prismatic channel, compute WSP to the preselected section in 
the downstream transition where supercritical flow first 
occurred and 

2. Compute the WSP in an upstream direction commencing at the 
most downstream section of the prismatic channel using criti- 
cal depth as the starting depth. Flow will approach normal 
depth in the prismatic channel. 

The critical slope, s~,Q, is associated with a discharge, Q, and when 
the discharge is changed, the critical slope is changed. The critical 
slope usually increases as the discharge decreases. Therefore, for dis- 
charges less than or equal to the design discharge, the lowest possible 
depth at the most downstream section of the prismatic channel is critical 
depth; flow in the prismatic channel will never be supercritical. The 
WSP in the prismatic channel and the upstream transition will approach 
normal depth in an upstream direction. 



Start at the downstream end of structure 

I 
I 

DS < d,? 

I No I Yes 

I Set 

I 
d, = DS 

I 

R3 = d, - RISE 
J 

t 
Assume a value of d, = d2 f 0.001 

I 

I No I Yes J 
f I 

1 
t 

Computing for 
1 ' I 

Subcritical Supercritical t 

I Compute left hand side of equation (3) 1 
I 

Set 

d, = d, 
L3=d, +& i- k( 

[ 1 g 

Does R3 lie between L3Adl and L3]dl f o.ool ? 

No Yes 

step d, 
. I I 

/ Interuolate for d, 

L&, - R3 

dl 
- L3J 

dl + 0.001 

d, = d, 

Is this the most upstream section of the downstream transition? 

No Yes 

1 1 

Is this the section where subcritical flow last occurred? 

No Yes 

7 

Figure 2. Flow chart of procedure used in computer program to compute WSP 
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Computer Program 

A computer program has been prepared which computes water surface pro- 
files, maximum tractive stresses and other hydraulic parameters for the 
purpose of comparing and analyzing the design of a riprap gradient con- 
trol structure obtained from TR-59. The program examines if the flow 
is subcritical, critical, or supercritical. The water surface profile 
corresponding to a discharge will be computed for subcritical as well 
as supercritical flow. It will readily show the effect on the profile 
and tractive stress of changes in: the tailwater condition, D,, size 
of riprap, or Manning's roughness coefficient. 

Input Data 

Each computer job requires two lines of heading information. Each line 
consists of 80 or less alphanumeric characters. This information must 
be placed ahead of the other input data and is used for identification. 

The line arrangement of input data and their order are given in Table 1. 
All values indicated must be included except the value of n, see below. 

Line No. Order of Input Parameters 

0 Q n D50 DIV CONV ZL ZR 

1 DS BSD Rl R2 R3 R4 R5 

2 R6 R7 R8 Rg RIO 

3 zu BU LPC SN THETA - 

4 BSU RII R12 R13 RI 4 RI 5 R16 

5 R17 RI B Rig R20 I 

Table 1. Input Data 

Line 0 

Q 5 Discharge for which WSP is desired, cfs 

n 5 Manning's coefficient of roughness. n = 0.0395 D,, l/6 unless 
user specified 

D5 o ? Size of rock in riprap of which 50 percent by weight is finer, ft 

DIV : Rate of divergence of the bottom width of the downstream transi- 
tion, ft/ft 

CONV z Rate of convergence of the bottom width of the downstream transi- 
tion, ft/ft 

ZL 5 Side slope of the left bank at the ends of riprap struc,ure (look- 
ing downstream), ft/ft 

ZR z Side slope of the right bank of the ends of riprap structure, 
ft/ft 



Line 3 

zu 5 Side slope of the prismatic channel, ft/ft 

BU 5 Bottom width of the prismatic channel, ft 

LPC z Length of the prismatic channel, ft 

SN : Slope of the prismatic channel, ft/ft 

THETA z Angle of repose of the riprap, degrees 

Lines 4 and 5 

BSI J z Bottom width of the most upstream end of the riprap struc- 
ture, ft 

Rj = [RISE]~ E See definition above; except that j is numbered from 11 to 
20 for the upstream transition, ft 

Lines 1 and 2 

DS 

BSD 

g Starting depth at the most downstream end of the riprap 
structure, ft 

= Bottom width at the most downstream end of the riprap - 
structure, ft 

Rj = [RISE]j = The vertical distance from the bottom of the channel, 
at the downstream end of the transition, to the bottom 
of the channel at any section j in the transition, ft. 
The subscript, j, is numbered from 1 to 10 inclusive; 
1 being the first preselected section upstream from the 
most downstream end section of the transition and 10 be- 
ing the 10th or the last section (most upstream end sec- 
tion) of the transition. The values of (RISE)j are ob- 
tained from the computer output design of TR-59. 

Output Data 

The alphanumeric heading information in the first two lines of input is 
printed in each computer run. The printed alphanumeric information is 
followed by the data used for analyzing the design. 

The output data for the WSP, parameters, and dimensions of the structure 
are given in the following order: 

1. Downstream Transition 

2. Prismatic Channel 

3. Upstream Transition. 

The headings used for the output for the transitions and prismatic channel 
are: 

LENGTH 
FT 

= Length from the downstream end of the transition/prismatic 
channel to any section j of the transition/prismatic chan- 
nel, ft 

RISE 
FT 

3 The vertical distance from the bottom of the channel, at 
the downstream end of the transition/prismatic channel, to 
the bottom of the channel at any section j in the transi- 
tion/prismatic channel, ft 



WIDTH 
FT 

ZL 

ZR 

DEPTH 
FT 

NORMAL 
DEPTH 

CRITICAL 
DEPTH 

VELOCITY 
FT/SEC 

= 
- 

ZZ 
- 

= 
- 

Z 
- 

= 
- 

= 
- 

= 
- 

FRIC SLOPE = 
FT/FT 

TAUBM 
LB/SQ.FT 

FS 
BOTTOM 

TAUSM 
LB/SQ.FT 

S;:ES 

TAUO 
LB/SQ.FT 
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The bottom width at any section j, ft 

The left side slope (looking downstream) at any sec- 
tion j, ft/ft 

The right side slope at any section j, ft/ft 

The depth at any section j, ft 

The normal depth at any section j, ft 

The critical depth at any section j, ft 

The velocity at any section j, ft/sec 

The instantaneous slope of the energy grade line at 
any section j, ft/ft 

(CTAUB)(y)(RN)(SN) E The maximum tractive stress along 
the riprap lining on the bottom of any section j, lb/ft2 

4 D50 
~ = Factor of safety of the riprap lining on the 
TAUBM - 
bottom of any section j 

(CTAUS)(y)(RN)(SN) : The maximum tractive stress along 
the riprap lining on the side slope of any section j, 
lb/ft2 

K 4 D50 

TAUSM 
z Factor of safety of the riprap lining on the 

side slope of any section j 

Mode 4 type structure only (see TR-59); the average 
tractive stress at any section j in the transition. 
The maximum tractive stress cannot be obtained, be- 
cause the Value of Crb or C,, iS unknown for trape- 
zoidal cross sections having unequal side slopes, 
lb/ft2 

In computing the normal depth of flow in the various sections of the rip- 
rap structure, the bottom slope, so, used in the computations are as 
follows: 

1. Downstream Transition 

a. the slope of the most downstream section has not been 
defined, therefore normal depth cannot be computed 

b. the average slope of the upstream and downstream compu- 
tational reach is used to compute DN for all sections 
except end sections 

C. the slope of the prismatic channel is used to compute 
DN for the most upstream section 

2. Prismatic Channel - the slope of the prismatic channel is 
used to compute DN for all sections of the prismatic channel 
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3. Upstream Transition 

a. the slope of the prismatic channel is used to compute 
DN for the most downstream section 

b. the average slope of the upstream and downstream compu- 
tational reach is used to compute DN for all sections 
except end sections 

C. the slope of the most upstream section has not been de- 
fined, therefore normal depth cannot be computed. 
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Example 

Given: The riprap structure design used in this example is taken from 
Example No. 2 of TR-59. This example is repeated in this sup- 
plement on pages 14 and 15. 

Required: 

1. Determine the stability and factor of safety of the riprap 
structure for the design discharge if the tailwater depth 
was 6.7 ft instead of 7.0 ft. 

2. Determine the stability of the riprap structure for the 
following discharge-tailwater conditions: 

a. Q = 2600 cfs, DS = 6.75 ft 

b. Q = 2400 cfs, DS = 6.50 ft 

c. Q = 2000 cfs, DS = 6.00 ft. 

3. Determine the stability, factor of safety, and capacity of 
the riprap structure if the design Dso = 1.0' was not used 
in the construction, but the following Dso sizes were used. 

a. D50 = 1.25 ft 

b. D50 = 0.75 ft. 

4. Determine the stability, factor of safety, and capacity of 
if the following CN values were used 
the equation n r CN(D50)1/6 

the riprap structure 
instead of 0.0395 in 

a. CN = 0.042 

b. CN = 0.035. 

5. Determine if the fol lowing discharge-tailwater comb 
would actually control the design 

a. Q = 2650 cfs, DS = 5.5 ft 

b. Q = 2550 cfs, DS = 6.75 ft. 

Solution: 

inations 

1. The water surface profile elevation, corresponding to the 
design discharge and a lower starting depth of 6.7 ft, will 
be lower than the original design where DS = 7.0 ft was 
used. Therefore, the velocity and tractive stresses will 
be increased in the downstream transition and the downstream 
end of the prismatic channel. From the WSP computer output 
(page 20): 

TAUBM = 4.046 lb/ft* 

TAUSM = 3.391 lb/ft* 



14 

Example No. 2 (From TR-59) 

Given: 
Design discharge, Q = 2750 cfs 
Side slopes, ZU = 2.5 and ZS = 3.0 
Riprap size, D50 = 1.0 ft 
Bottom width, BS = 100.0 ft 
Starting depth, DS = 7.0 ft 
Factor of safety, FS = 1.25 

Required: 
Design a riprap structure and determine the length of the structure 
if the total vertical drop desired for gradient control is 6.0 ft. 

Solution: 
The design obtained from the computer using mode 2 is given on the 
next page. 

The vertical drop in the prismatic channel is equal. to the drop through 
the riprap structure minus the vertical drop contained in both transi- 
tions. The length of the prismatic channel, LPC, is equal to the verti- 
cal drop in the prismatic channel divided by the bottom slope of the 
prismatic channel, or 

LPC = 6.0 - 0.2787 - 0.1394 

0.007844 
= 711.61 ft 

The total length of the structure is equal to the length of the prismatic 
channel plus the lengths of both transitions or 

the total length = 711.61 + 126.04 + 63.02 = 900.67 ft 

63.021, LI?C = 711.61' . I . . 

0.2787' 

ELEVATION 

126.041 c . 

l----l- 
eL--==-- - 
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Since a larger riprap size was used, stability will not be a 
problem. From WSP computer output (page 25): 

TAUBM = 3.092 lb/ft2 

TAUSM = 2.591 lb/ft2 

c50D50 _ TAUBA = FS - 41(1;;5) = 4 > 3.092 = TAUBM 
. 

K CSODSO 
TAUSA = FS = 0.7621(4) = 3.05 > 2.591 = TAUSM 

Factor of safety for bottom 

FS = 1.62 > 1.25 OK 

Factor of safety for side slopes 

FS = 1.47 > 1.25 OK 

b. Since the smaller size riprap Dso = 0.75' was used, the value 
of n is decreased. Thus, the water surface profile elevation 
throughout the entire structure will be lower so that capacity 
will not be a problem. 

Since a smaller riprap size was used, stability may be a prob- 
lem and the factor of safety will be decreased. From WSP com- 
puter output (page 26): 

TAUBM = 2.835 lb/ft2 

TAUSM = 2.376 lb/ft' 

C5oD50 
TAUBA = FS = 4(0.75) 

1.25 = 2.4 < 2,835 = TAUBM 

K C50D50 
TAUSA = FS 

= 0.7621(4)(0.75) 
1.25 

= 1.83 < 2.376 = TAUSM N.G. 

Factor of safety for bottom 

FS = 1.06 < 1.25 N.G. 

Factor of safety for side slopes 

FS = 0.96 < 1.25 N.G. 

4. a. Since the value of CN = 0.042 was used instead of 0.0395, 
Manning's roughness coefficient is increased. Thus the water 
surface profile elevation throughout the entire structure will 
be higher. (See DEPTH column of WSP computer output, page 27). 

From Example Design No. 2 (page 15) the maximum allowable trac- 
tive stress for the bottom and side slopes are: 

TAUBA = 3.200 lb/ft2 

TAUSA = 2.439 lb/ft2 



Factor of safety at side slopes 

FS < 1.25 

If the factor of safety = 1.25 is desired, the structure should 
be redesigned us ing the h igher CN value. 

b. The smaller value of CN = 0.035 would result in a smaller value 
of n. Thus, the water surface profile elevation throughout the 
entire structure will be lower. (See DEPTH column of WSP computer 
output, page 28). The maximum tractive stress occurred at the 
upstream end of the prismatic channel. 

From the WSP computer output (page 27) the maximum tractive 
stress occurred at the most downstream end of the prismatic 
channel. 

TAUBM = 3.260 > 3.200 = TAUBA 

TAUSM = 2.686 > 2.439 = TAUSA 

Factor of safety at bottom 

N.G. 

FS = 1.25 

TAUBM = 2.724 < 3.200 = TAUBA 

TAUSM = 2.282 < 2.439 = TAUSA 

Factor of safety at the bottom 

OK 

OK 

FS = 1.47 > 1.25 

Factor of safety at the side slopes 

OK 

FS = 1.34 > 1.25 OK 

5. a. The WSP computer output is given on page 29. Computation of 
water surface profile commences at the most downstream section, 
Sta. 0.0, in an upstream direction with a starting depth of 
5.5 ft. Flow remains subcritical to Sta. 100.83, but supercriti- 
cal flow occurred before reaching Sta. 113.44. Therefore, com- 
putation ceases and critical depth of 4.454 ft was used as the 
starting depth for the next computational reach. However, flow 
remains supercritical to the most upstream section (Sta. 126.04) 
of the downstream transition. 

Computation of water surface profile for supercritical flow in a 
downstream direction using d, = 4.835 ft as the starting depth 
commencing at Sta. 126.04 to Sta. 100.83 where subcritical flow 
last occurred. Note that actually a hydraulic jump occurs be- 
tween Sta. 113.44 and Sta. 100.83. 

Computation of water surface profile in an upstream direction 
resumes commencing at Sta. 126.04 using critical depth as the 
starting depth. The WSP approaches normal depth in the prismatic 
channel and the upstream transition, 

In this case, the tailwater is considered to be decreasing very 
rapidly with a small decrease in discharge. The lesser discharge 
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causes higher tractive stresses than the design discharge. For ex- 
ample, at Sta. 113.44; 

TAUBM = 6.304 > 1.838 = TAU 

TAUSM = 5.304 > 1.838 = TAU 

where TAU is the maximum tractive stress at Sta. 113.44 for the 
design discharge-tailwater condition (see page 15). 

Thus, the lesser discharge actually controls the design. 

b. As can be seen from the WSP computer output given on page 30, this 
discharge-tailwater condition does not control the design and the 
original design is good for this condition. 
























