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PREFACE 

The computer programs CBASIN and CCHAN were obtained by the US Army 

Corps of Engineers (USACE) from the Soil Conservation Service (SCS), 

US Department of Agriculture (USDA), for use in preliminary structural designs 

of important or unusual structures or complete design of routine structures. 

The original program was written by Mr. Edwin s. Alling, Engineering 

Division, SCS, Hyattsville, MD. The program was later adapted to USACE 

criteria by Mr. Alling and Mr. George Henson, Structures Section, US Army 

Engineer District, Tulsa. 

This project was a task of the U-Frame Basins and Channels Task Group of 

the Computer-Aided Structural Engineering (CASE) Project. Current membership 

of the CASE project is as follows: 

Mr. Byron Bircher, General Chairman, CEMRK-ED-D 
Mr. George Henson, Chairman, CESWT-ED-DT 
Mr. Bill James, now retired from CESWD-ED-TS 
Mr. Scott Snover, SCS, USDA 
Mr. Tom Wright, CEMRK-ED-DT 
Mr. Clifford Ford, CESPL-ED-DB 
Mr. Donald R. Dressler, CEEC-ED 
Mr. William A Price, CEWES-IM-DA 

Mr. William A. Price, Information Technology Laboratory (ITL), 

coordinated the work at the US Army Engineer Waterways Experiment Station 

(WES) under the supervision of Mr. Paul K. Senter, Assistant Chief, ITL, and 

Dr. N. Radhakrishnan, Chief, ITL. The text of the report was written by 

Mr. Price, and Appendix A was written by Mr. Alling. 

Acting Commander and Director of WES was LTC Jack R. Stephens, EN. 

Technical Director was Dr. Robert W. Whalin • • 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 

Non-SI units of measurement used in this report can be converted to SI 

(metric) units as follows: 

Multiply 

cubic yards per foot 

feet 

foot-pounds per foot 

inches 

pounds (force) per square foot 

pounds (force) per square inch 

pounds (mass) per cubic foot 

square inches 

• 

By 

2.508 

0.3048 

4.4482 

25.4 

47.88026 

6894.757 

16.01846 

6.4516 
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To Obtain 

cubic metres per metre 

metres 

joules per metre 

millimetres 

pascals 

pascals 

kilograms per cubic metre 

square metres 



CBASIN--STRUCTURAL DESIGN OF SAINT ANTHONY FALLS 

STILLING BASINS ACCORDING TO CORPS OF ENGINEERS 

CRITERIA FOR HYDRAULIC STRUCTURES 

COMPUTER PROGRAM X0098 

PART I: INTRODUCTION 

General 

1. The computer program CBASIN for stilling basins and its companion 

program CCHAN for U-Frame channels were obtained from the Soil Conservation 

Service (SCS) of the US Department of Agriculture for US Army Corps of 

Engineers (USACE) use in obtaining preliminary structural designs of important 

or unusual structures or complete designs of small, routine structures. These 

programs were adapted to Corps of Engineers criteria for hydraulic structures, 

and additional output information on member forces and moments was added. 

2. The SCS program document is included in this report as Appendix A. 

I nformation in the main text of this report supplements or supersedes portions 

of the SCS document. 

Capabilities 

3 . This program performs the calculations for structural design of 

r ec tangul ar stilling basins in accordance with Corps of Engineers criteria for 

working s tress design of hydraulic structures. Geometry is in accordance with 

the Saint Anthony Falls (SAF) stilling basin of the SCS, as illustrated in 

Fi gures 1-4 of Appendix A. Loadings are illustrated in Figures 5-9 of 

Appendix A. 

Limitations 

4. Program CBASIN (X0098) accepts as input the overall geometry , 

hydraulic data, and soils par ame t ers; therefore, this information must a l l be 

determined before starting the pr ogram. 
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PART II: DATA INPUT GUIDE 

General 

5. Data are as defined for, and entered into, the original SCS program 

described in Appendix A--except as described below. 

6. Data input was converted from the original SCS program's file input 

to on-line interactive, as a part of converting from mainframe time-sharing to 

personal computer hardware. An additional, optional data line was added to 

incorporate being able to select basic structural analysis parameters to con

form to (a) the original SCS values, (b) the Corps of Engineers default 

values, or (c) any other values. Input prompting messages were expanded to 

present more recognizable help to the user. The user is led through data 

entry, line-by-line, as needed. 

Narrative Input Guide 

7. In response to the prompt line reading 

ENTER TWO HEADER LINES, 80 CHAR. MAX EACH LINE, 

the user must enter two lines with at least one nonblank character on each 

line. End each line with a carriage return. 

8. Line number three is required. Its values are entered under the 

prompt reading 

ENTER THE FOLLOWING 

WIDTH 
BASIN 
(FT) 

w 

WALL 
D.S. 
(FT) 
J 

LENGTH 
BASIN 

(FT) 
LB 

WALL 
u.s. 
(FT) 
N 

WATER 
DEPTH 
(FT) 
Dl 

WATER 
VELOC 

(FT/SEC) 
V1 

DESIGN 
PARAM 
0,1,2,3 
DESIGN 

DFALTS 
O=DEF 

0,1 
DFALTS 

The values should be separated by one or more blank spaces. Enough blank 

spaces may be used so that each value is spaced over under its own heading or 

they may be close together at the left end of the line. Each heading has 

three parts: an abbreviated description (i.e., "WALL D.S." to mean "wall 

height above top of downstream floor slab"), the units or a list of permis

sible values (i.e., "(FT)" or "0,1,2,3"), and the name of the value as used in 

the description herein and in Appendix A. See Figures 1-11 of Appendix A for 
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more complete descriptions. 

follows: 

The variables in line three are defined as 

Data Item Name and Definition 

W - Width of SAF basin 
J = Height of sidewall above 

top of floor slab 
LB - Length of SAF basin 

N - Height of sidewalls at 
upstream end 

D1 = Entrance depth of water 
to basin 

V1 - (Supercritical) entrance 
velocity of water 

DESIGN 
- 0, three preliminary designs 

performed (See Appendix B) 
- 1, detailed type A (See Appendix C) 
- 2, detailed type B (See Appendix D) 
- 3, detailed type C (See Appendix E) 

DFALTS 
- 0, assign default values, lines four 

through eight omitted 
- 1, line four required 

Units 

ft 
ft 

ft 
ft 

ft 

ft/sec 

Appendix A 
Figure 

1 
1,11 

1,11 
1,11 

7,10 

pp 11,12 

1 
2 
3 

9. Line four is used only if DFALTS was entered as 1 in line three. Its 

variables are entered in the following order, under the prompt headings 

listing them in the correct order: 

DFALT1 DFALT2 DFALT3 DFALT4 

where 

DFALTl = 0, use default values for line five 
=. 1' line five must be provided 

DFALT2 - 0, use default values for line • S1X 

- 1' line six must be provided 
DFALT3 - 0, use default values for line seven 

- 1' line seven must be provided 
DFALT4 - 0, use default values for line eight 

- 1' line eight must be provided 

10. Line five is used only if DFALT1 was entered as 1 in line four. 

Its values are entered under the following prompting message: 

HEIGHT FILL 
DOWNSTREAM 

FT 
HB 

TAIL WATER 
LOAD CASE 2 

FT 
HTW2 

UPLIFT HD 
LOAD C 2 

FT 
HUP2 

6 

TAILWATER 
LOAD C 1 

FT 
HTW1 

UPLIFT HD 
LOAD C 1 

FT 
HUP1 



where 

Name and Definition 

HB - Earthfill height above top of floor of basin at 
downstream end of basin (Default = .5J) 

HTW2 - Tailwater depth load condition 2 (Default = D2) 
HUP2 - Uplift head load condition 2 (Default = HTW2) 
HTW1 - Tailwater depth above top of floor of basin 

load condition 1 (Default = 0) 
HUP1 - Uplift head above top of floor of basin for 

load condition 1 (Default = .5 HUP2) 

Appendix A 
Units Figure 

ft 5 
ft 7 
ft 7 

ft 6 

ft 6 

11. Line six is used only if DFALT2 was entered as 1 in line four. Its 

values are entered under the following prompting message: 

where 

MAXIMUM 
FOOTING 
PROJECT 

FT 
MAXFTG 

SAFETY 
FACTOR 

FLOTATION 

FLOATR 

SAFETY 
FACTOR 
SLIDING 

SLIDER 

Name and Definition 

SLOPE PARAM 
BASIN 

INCLINE 

zs 

MAXFTG - Maximum acceptable sidewall footing 
projection (Default = .5W) 

FLOATR - Safety factor against flotation (Default - 1.5) 
zs - Slope parameter for inclined portion of basin 

(Default = 3.0) 
BAT - Rate of batter inside surface of lower sidewall 

(Default= 3.75) 

RATE BATTER 
INSIDE 

SIDEWALL 

BAT 

Appendix 
Units Figure 

ft 

1,2,3,11 

in./ft 11 

12. Line seven is used only if DFALT3 was entered as 1 in line four. 

Its values are entered under the following prompting message: 

UNIT WGT 
MOIST 

BACKFILL 
LB/CF 

GM 

UNIT WGT 
SATURATED 
BACKFILL 

LB/CF 
GS 

LA'.F SOIL 
PRESSURE 

RATIO 

KO 

7 

COEF 
FRICTION 
SOIL-CONC 

IN 
CFSC 

DEPTH 
TOE 

FT 
HTW 

WIDTH 
TOE 

IN 
TTW 

A 



where 

Name and Definition 

GM = Unit weight of moist backfill (Default = 120) 
GS - Unit weight of saturated backfill (Default = 140) 
KO - Lateral earth pressure ratio (Default = .8) 

CFSC - Coefficient of friction, soil to concrete 
(Default = .35) 

HTW - Depth of toe wall below top floor of basin 
(Default = 4) 

TTW - Thickness of toe wall (Default = 10) 

Units 

pcf 
pcf 

ft 

in. 

Appendix A 
Figure 

1,2,3,4 

1,2,3,4 

13. Line eight is used only if DFALT4 was entered as 1 in line four. 

Its values are entered under the following prompting message: 

where 

CONCRETE 
ULTIMATE 
STRENGTH 

(PSI) 
F'C 

RATIO 
FC TO 
F'C 

COESF 

ALLOWABLE 
STEEL 

STRESS 
(PSI) 
FSA 

ALLOWABLE 
NET BEAR 
PRESSURE 

(PSF) 
ABP 

Name and Definition (Default is for USACE) 

FPC = Concrete ultimate strength (Default = 3000) 
COESF = Radio fc/f'c (Default = .35) 

FSA = Allowable steel stress (Default = 20000) 
ABP = Allowable net bearing pressure (Default = 2000) 

TMIN = Minimum concrete thickness (Default = 12) 

MINIMUM 
CONCRETE 
THICKNESS 

(IN) 
TMIN 

Units 

psi 

psi 
psf 
in. 

SCS Value 

4000.0 
0.4 

20000.0 
2000.0 

10.0 

14. After all numeric data lines have been entered, and if a detailed 

design was requested (DESIGN in data line three is not 0), the program will 

ask the question 

IS MOMENT,THRUST,SHEAR REPORT DESIRED? ENTER Y OR N ••• 

Respond with a capital Y if the report (shown in Appendix C) is desired or 

with a capital N if it is not desired. Responding with a lower case letter 

will yield unpredictable results. 
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PART III: SPECIAL DISCUSSION OF USACE ADAPTATION 

Channel Slope Restraint 

15. The original SCS basin program had an imposed limit of 1:2 on the 

bottom slab slope value for the input variable ZS. While this was not a prob

lem for typical basins, it reduced the usefulness of the program for rough 

estimates for drop structures. The limit was therefore removed and replaced 

by a warning message when ZS is entered with a value of less than 2.0. The 

rationale for this limit is shown graphically in Figure 1. The assumed 

behavior is seen to become invalid as ZS becomes less than a value around 2.0. 

Type "C" Stilling Basin Retaining Wall 
Stability Concern 

16. The assumed water head inequalities shown on page A21 of Appendix A 

are especially important for the side walls of a type "C" basin. When the 

actual inequality deviates from the assumed relationships, type "C" wall 

stability is endangered. A test was added to detect this situation and to 

print a warning and a suggestion for correcting the design. This is illus

trated in Figure 2. 

Flotation Criterion 

17. The original SCS program defined the factor of safety against flota

tion SFf as 

SF - · Sum of all forces down 
f Sum of all forces up 

When the program was converted to USACE criteria, in accordance with Engineer 

Technical Letter (ETL) 1110-2-307, the definition was changed. Figure 3 

illustrates the adaptation of ETL 1110-2-307 to stilling basins and transforms 

the resulting equation to 

SF _ Sum of all forces down - weight of water 
f Sum of all forces up - weight of water 

9 



HYDRAULIC BEHAVIOR STRUCTURAL BEHAVIOR 

Assumed Assumed 

- Channel section supported 
- by sloping earth. 

Actual - with Steep Channel Slope Actual - with Steep Channel Slope 

Lateral earth pressures 
developed. 

Therefore - when ZS < 2, a warning is given 
and design proceeds using assumed behavior. 

Figure 1. Stilling basins, channel slope restraint 



CAUTION CONCERNING RETAINING WALL 
PORTION STABIL TY WHEN HUP2 < HTW2 

Assumed 

Depth Varies 

D 1 to' HTW2 

Possible Actual 

- Depth Varies 

D1 to HTW2 
C\l 

3: 
.. 1-

~_.,·· ...__~--...1...-~--' ..._ _ __._ I 

Q) 

0> 
c 
ro 
a: 
Q) (0 

.oi 

(/) -(/) 0 
0 
a.. 

Retaining Wall Portion Analysis 
is three- dimensional. If HUP2 
is higher than assumed, the 
stability could be in jeopardy. 
HUP2 = HTW2 is worst case 
condition. 

Figure 2. Type "C" stilling basin 



FLOTATION 
STILLING BASINS 

Either Load Condition can control. 

LC-2 LC-1 

I I 
w,, ~3 

~ 

Pev- ETL lllo-z-301 

sr,; r: ~+\-/c. +s 
u -\¥3 

••• here 

"• "" ._ 

..J 
• -~ 

n~w, for a.. -t:1p•c.a..l shce. a..,d v-e~..-u-c•~ need fo..r 
.sv...,..., '"'j s J u:.es : 

Y1 : V1, + \yi~:L + (~~ OV" ~C(): Z ~~ + (W'~3 0_,. ~Cf) 
= 2.· Yw•HOP•Fi&--+(~so~\vjy) 

a,~d . / \ / 
~w -..:: lN!l'i' ov-- w9 f 

Je:+-
~/~ Yw·HoP·F•~-Z 

~ = VI~"+ Wbw 
so 

~ :: ~. + \.vj2. + kf, 
~ be fo#-re 

~ -:: \-IS, + f ~~ ·( 1-/S.s- }-4oP) + ~ • Huf>] •F!&- ·z - ~ec;, • HVP• F-n;, ·Z.. 

"' [ ~~-+ f Y..,· (HB.r-HI.>~ ... I,$· HvP}- F'"TG- ·l + W~ - "1'- "1,.., 

4:\Y\d. = SOOWN- ~'-W'J>~:: S'DOWN-~ 
U a Sv ? 

.so 
S~: S DOWN-W3"- W£.c..u : 

~UP -~ ' -W'J,w 

Figure 3. ETL 1110-2-307 adapted to stilling basin s 
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Concrete Cover Over Reinforcement 

18. The concrete clear cover over reinforcing steel was programmed in 

the SCS program as being 2 in.* everywhere except for bottom steel in the 

bottom slab where it was programmed to be 3 in. The USACE modifications added 

that it would be 3 in. everywhere if the data item COESF is less than 0.38. 

(If COESF is greater than or equal to 0.38, then the cover is not changed from 

the original SCS values.) 

Froude Number Range 

19. The SCS program restricts the Froude number to a minimum of 3.0. 

To permit the use of the USACE version for preliminary estimates of a wider 

range of structures, the forced limit was removed and replaced with a warning 

that reads "Warning - Froude Number is less than 3.0 - Hydraulic jump is 

inefficient and jump form is uncertain at Froude numbers between 1.0 and 3.0. 

Design continues." 

• 

* A table of factors for converting non-S! units of measurement to SI 
(metric) units is presented in page 3. 
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PART IV: OUTPUT 

20. Output consists of three parts. Each part has its own heading; the 

first two parts, with headings expanded and rearranged for improved clarity, 

are as in the original program described in Appendix A. The third part, 

produced with the "Y" answer described in paragraph 14, is new. 

21. The first part is essentially a summary of the input data. It is 

introduced with the printed line 

DESIGN PARAMETERS 

22. The second part has two alternate forms, depending on the value of 

DESIGN in data line three. 

23. If DESIGN was given a value of "O" for "preliminary designs," part 

two will be introduced by the printed line 

PRELIMINARY DESIGNS FOLLOW 

This is illustrated in Appendix B. 

24. If DESIGN was given a value of "1", "2", or "3" for detailed design 

of types "A", "B", or "C" basins, respectively, part two will be introduced by 

the printed line 

DESIGN OF SPECIFIED TYPE BASIN FOLLOWS 

It is ended with the printed line 

=== END DETAIL DESIGN === WINGWALL PER TRNOTICE 54-1 

This is illustrated in Appendices C, D, and E. 

25. Part three, if requested as described in paragraph 14, is intro

duced by the printed line 

MOMENT,THRUST,SHEAR REPORT 

It star ts with an echo of data lines one and two. This is followed with a 

message referring to Figures 42, 44, 45, 46, and 47 of Appendix A for illus

trat ion of l ocation codes. This is illustrated in Appendix E. 
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APPENDIX A: SCS TECHNICAL RELEASE NO. 54, 

"Structural Design of SAF Stilling Basins" 

Page numbers at top of pages are as in the 
original Soil Conservation Service docu
ment. Page numbers at bottom of pages in 
this appendix are for this document . 

• 



U. S. Department of Agriculture 
Soil Conservation Service 
Engineering Division 

Technical Release No. 54 
Design Unit 
October, 1974 

S'l'RWTURAL DESIGN OF SAF STILLlliG BASINS 

• 
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PREFACE 

This technical release continues the effort to produce design aids which 
can serve to improve the efficiency and quality of desi~ work. The 
technical release deals with the structural design of SAF stilling basins. 
TR-50 deals with the structural design of rectangular channels. Taken to
eether, these two technical releases provide a means of obtaining struc
tural designs for essentially all sections of ordinary, straight inlet, 
chute spillways on earth foundations. This material should be useful to 
both planning and design engineers since either preliminary or detail de
signs may be obtained. 

A draft of the subject technical release dated July, 1974, was sent to 
the Engineering and Watershed Planning Unit Design Engineers for their 
review and comment. 

This technical release was prepared by Mr. Edwin S. Alling, Head, Design 
Unit, Design Branch at HYattsville, ~~land. He also wrote the computer 
program. 
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NOMENCLATURE 

Not all nomencla~ure is listed. 
nomenclature may be ascertained 
Dare used with some variables. 
with the upstream or downstream 

Hopefully the meaning of any unlisted 
from ~hat shown. Trailin~ letters U or 
This signifies variables associated 

portion of type (B) stilling basins . 

ATIE 
BACK 

BASEL 
BAT 
BDN 
BUP 

b 
CB 
cc 

CF 
CFSC 
D 

Dl 
D2 
DS 
DW 
DWD 

DZ 
E 
Fl 
FBOT 
Fm 
FH2 
FH2WD 

FI.DATR 
FM 
FMl 

FM2 
FS2 
FSLIDE 

F'I'l 

- required reinrorcing steel area 
- area of right section at one end of prismatoid 

area of right section at opposite end of prisma~oid 
area of mid-section of prismatoid = distance from E-line to underside of upstream section; 
moment arm of wingwall-to-basin tie 
required steel area of wingwall-to-basin tie 
distance used to define the wingwall footing extension back 
to the sidewall 
horizontal length of basin projected bearing area 
ra~e of batter of inside surface of lower part of sidewall 
footing projection at downstream end of wingwall 

- footing projection at upstream end of wingwall-section at 
articulation joint 

= width of reinforced concrete member 
= direct compressive force in the floor slab between sidewalls = construction condition, a loading condition investigated in 

wingwall design 
- direct compressive force in the footing projection = coefficient of friction, soil to concrete 

effective depth of concrete section; diameter of reinforcing 
bar 
entrance depth of water to SAF stilling basin 

- the sequent depth to depth Dl 
- a sequent depth . 

depth of water in basin; tailwater depth in wingwall design 
= DW - D/12 

depth of water in basin above section under consideratiqn 
eccentricity of VNET 
Froude 's nt.unber = Vl2

/ gDl 
_ uniform tangential loading on bottom of pavement slab 

horizontal component of hydrostatic force due to HUPl 
horizontal component of hydrostatic force due to HUP2 
the part of FH2 x W carried by downstream portion of type 
basin 

- safety factor against flotation 
force due to horizontal change in momentum 

- momen~um force at section of depth Dl 

= momentum force at section of depth HTW2 
FH2 + FM 

(B) 

resultant of the horizontal driving forces tending to cause 
sliding of the bas in 

- horizontal component of hydrostatic force due to HTWl 
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FTG 
FTOP 
FXl 

Fx2 
fc 
fs 

GB 
GM 
GS 
g 
HB 

HBD 
HBn 
HBW 
HBZ 
HDIFF 

HN 
HNET 

HS 
HSHV 
HSn 
HSW 
HTmn 
HTW 
HTWl 

HUP 

HUPl 

HUmn 
HUW 
HV 

HVZ 
HW 

HWALL 
HWD 
HWW 
HWZ 

HX 

h 
ILC 
J 
KO 
LB 
LBOT 

= footing projection f ~ement slab = uniform tangential loading on top 0 pa = hydrostatic force due to depth Dl = hydrostatic force due to depth HTW2 = compressive stress in concrete = stress in reinforcing steel 

= GS - 62.4 = moist unit weight of earthfill = saturated unit weight of earthfill 
= 32.2 ft per sec2 

= earthflll height above top of floor of basin at downstream end 
of basin 

= IfBW - D/12 = earthfill height at section n = working value of height of earthfill = height of earthfill above section under consideration 
= (HEW - HWW) or (HEW - HUW) 

= vertical component of distance N = net horizontal force per unit length acting on wingwall design 
section = vertical ~rejection of inclined floor slab 

= (HSW - HV, or (J - HV) = height of section n = working value of height of section = tailwater depth at section n for load condition m = depth of toewall below top of floor of basin = tail1vater depth above top of floor of basin for load condition 
No. 1 

- uplift head above top of floor of basin for load condition 
under consideration 

- uplift head above top of floor of basin for load condition 
No. 1 

= uplift head at section n for load· condition m = working value of uplift head at section under consideration = the distance over which the inside surface of the sidewall 
is vertical 

= battered height of sidewall above section under consideration 
- uplift head above top of wingwall footing at the articulation 

joint for load condition tmder investigation 
- shear at bottom of sidewall at section under investigation 
= HWW - D/12 = working value of water head on outside of sidewall = height of water head above section under consideration 

= depth of water over top of pavement slab at XDN from down-
stream end 

= perpendicular distance between right end sections = intermediate load condition used in wingwall design = height of sidewall above top of floor of basin 
= lateral earth pressure ratio 
- length of SAF stilling basin 
= length of bottom of type (A) basin 
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LC#l - load condition No. 1 
LEVEL - distance used to locate the wingwall articulation joint with 

respect to the corner of the sidewall 
LN - horizontal component of distance N 

LS - horizontal projection of inclined floor slab 
LTOP = length of top of sidewall of type (A) . bas in 
LTOT = overall length of type (B) and (C) bas ins 
f·l = bending moment; moment of forces about some moment center 
MA =moment of forces about the A-line of type (C) basins 
MAXFTG = maximum acceptable sidewall footing projection 
MB = moment of forces about the B-line of type (C) basins 
MC = bending moment at the center of the floor slab 
~IDN = resultant moment of the forces on the downstream portion about 

the hinge 
MP = bending moment in pavement slab 

Ms 
NTIE 
i·IUP 

MZ 
N 

= equivalent moment, moment about axis at the tension steel 
= bending moment used to obtain ATIE at wingwall-to-basin tie 
= resultant moment of the forces on the upstream portion about 

the hinge 
= bending moment at section under consideration 
= height of sidewalls at upstream end section; direct compressive 

force in sidewall 
NLAT = bearing force between pavement slab and retaining wall portion 
NWALL = direct force of wingwall 
NZ = direct compressive force at section under consideration 
FALLOW :: maximum allowable bearing (contact) pressure 
PARM distance between PWALL and vertical face of sidewall 

PAVER 
PB 
PBG 
PBH 
PBT 
PDH 
PDN 
PDT 
PDW 
PF 

PFn 
PIDNG 
PNET 
PI'S 
PUH 
PUP 
PUr 
Pm·l 
~TALL 

PX 

ucf -
psf 

- average bearing pressure 
= bearing pressure at section under investigation 
= bearing pressure at break-in-grade = bearing pressure at heel of retaining wall portion 
= bearing pressure at toe of retaining wall portion = bearing pressure at heel of downstream end section = bearing pressure at downstream end section = bearing pressure at toe of downstream end section 
= water pressure in basin 

pressure on footing projection 

- pressure on footing projection at section n 
- net longitudinal shearing forces assumed carried by sidewalls 
- net uniform loading between sidewalls 

dead weight of floor slab 
= bearing pressure at heel of upstream end section = bearing pressure at upstream end section = bearing pressure at toe of upstream end section = uplift pressure on underside of slab 
= direct force of sidewall 

bearing pressure on pavement slab at XDN from downstream end 

pounds per cubic foot 
- uound.s per square foot 
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p.._ - temperature and shrink~ge steel ratio 
IJ 

Q - SAF stilling basin discharge 
QUANT - quantity, volume of stilling basin or associated wingwalls 
q - unit discharge 
S = maximum n.l Jowable spacing of reinforcing s~eel . 
SDOWN = stnn of al 1 downward forces acting on a basm or por-c~on 
SLrnER = safety factor against sliding . . 
SUP sum of a.l 1 uplift forces acting on a bas lll or port~on 

sz 

m t 
.I. 

T" 
TABn 
TADD 
TB 
TE:B 
TBV 
'il1 

TPBG 
TPDU 
TPUP 
TS 
TSB 

TSBG 
TSDIT 
TSR 
TCUP 
rrr.-v -U 

Tr 
TTVT 
TV 
TVn 

TVT 

THF 
TI·rr 
T\·Tftl 
TX 
UWITG 

ux 
, -v 

Vl 
V2 
VPI'G 
VNE.r 

= maximum allowable spacing of reinforcing steel at section 
under consideration 

= required thickness 
= required thickness at bottom of section due to T 
=HSHVX~ 
= required thickness at bottom of section n 
- thickness to be added for cover = thickness at bottom of sidewa.JJ 
- thickness at bottom of sidewall due to batter of inside face 

thickness at bottom of sidewall exclusive of TBB 
= required thickness due to bending moment 

- thickness of pavement slab at break-in-grade 
thickness of pavement slab at downstream end section 
thickness of pavement slab at upstream end section 

- thickness of slab; thickness required for shear 
-thickness required at bottom of sidewall due to required TV 

at HV 
- slab thickness at break-in-grade 

slab thickness at downstream end section 
required slab thickness 
slab thickness at upstream end section 

- thickness required at bottom of sidewa.l 1 

thickness at top of widewall 
thiclmess of toewall 

-
if HSW > HV 

- thickness of sidewall at HV from top of sidewall 
=required thickness of sidewa.JJ at HV from top of sidewall at 

section n 
= working thickness of inclined floor slab at XBG from break-in

grade 
thickness of wingwall footing 
thickness of wingwal 1 toewall 
thickness of wingwa.J J 

- thickness of pavement slab at XDN from downstream end 
net longitudinal shearing forces assumed carried by floor or 
base slab 

- uplift head on pavement slab at XDN from downstream end 
flexural bond stress in concrete 
concre~e volume; shearing force at. section under considera
tion 
entrance velocity of water to SAF stilling basin 

= Vl x Dl/HIW2 
= basin footing adjustmen"t volume 
= SDOWN - SUP 
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VP 
VRDN 

VRUP 

VTOE 
VWAIJ, 
vwmG 

1/f.-IOAD 
vz 
v 
w 
WDES 

WO 

WOB 

WPROJ 

WTWT 

WWLB 

X 

XBG 

XDN 

XP 
YB 

YW 

z 

ZH 
ZNS 
ZNW 
ZPS 
zs 
l 

ix 

shear in pavement slab 
resultant of the vertical forces acting on the downstream por
tion of type (B) basin 
resultant of the vertical forces acting on the upstream portion 
of tYI>e (B) bas in 

= toewa.ll stub adjustment volume 
= sideWPll stub ad,iustment volume 
= volume of wingwalls exclusive of VFTG; resultant vertical force 

on wingwall = '\vingwall volume without adjustments = shear at section under consideration 
= shearing stress . in concrete 
= width of SAF stilling basin 
- perpendicular distance from sidewall to the point where the out

side edge of the wingwall footing intersects the plane of the 
downstream end section 

-perpendicular distance from sidewall to the point on ·the out
s ide edge of the wingwall footing that is in the plane of the 
articulation joint 
overall width of stilling basin 

- overall width of retaining wall base; overal 1 width of wingwall 
base = wingwall projection, the perpendicular distance from the side
wall to the farthest point on the outside edge of the wingwa.ll 
footing 

= perpendicular distance from the sidewal 1 to the point of inter
section of wingwall toewall and plane of downstream end section = perpendicular distance from the plane of the downstream end sec
tion to the point where the wingwall footing extended backward 
would intersect the outer edge of the sidewall 

- toe length of retaining wall base; distance from articulation 
joint to any vertical section of the wingwa.ll 
distance from break-in-grade to any vertical section of the in
clined floor slab 
distance from downstream end to 
pavement slah or r~taining wall = width of pavement slab 

-
any vertical section of the 
portion 

earthfill height above top of wingwall footing at distance X 
from articulation ,joint 
height of water on back face of the wingwall at distance X from 
articulation joint 

distance from moment center ~o VNET; distance from top of side
wall to section under consideration; distance from outer edge 
of wingwall footing to section under consideration 

- slope hypotenuse parameter 
- slope parameter used to define an earthfill slope 

a slope parameter used to define an earthf'ill slope 
a slope parameter used to define an earthfill slope 
slope parameter for inclined portion of stilling basin 

= 62.4 ncf 
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TECHNICAL RELEASE 
NUMBER 54 

STRUCTURAL DESIGN OF SAF STIT.I.ING BASTiiS 

Introduction 

This technical release is concerned with the structural desi~n of SAF 
stilling basins . The hydraulic criteria for the dimensions of SAF out 
lets were developed by Fred W. Blaisdell, Hydraulic Engineer, ARS, 

1 

St . Anthony Falls Hydraulic Laboratory. These criteria are presen~ed in 
National Engineering Handbook, Section 14, "Chute Spjllways," wri:.ter. L:y 
Paul D. Doubt, formerly Head, Design Unit, SCS, Hyattsville, ~~·l~nd. 

The material presented herein treats the structural design of rec~an~ul~r 
stilling oasins having ~he general layout indicated on Engineerin~ StanJ
ard Drawing ES-86, sheet l, contained in NEH-14. This materi::U. J..::;cs nc t 
include hydraulic design which mus~ preceed structural design . it is 
assumed these structural designs will be obtained from compu~ers 3.1. :!:o~gn 
the basic approach is independent of computer usage. Technical ~el~ase 
No. 50, "Design of Rectangular Structural Channels," can be used ~o ob
tain preliminary and detail structural designs of chute spill~ay ~ec~icns 
upstream of the stilling basin. 

A computer program was written in FORTRAN for IBM 360 equipment :.o ~~r
form these SAF stilling basin designs. The program operates in :~o ~~d~~. 
It will execute preliminary designs to aid the designer· in sel~c:in~ tr.~ 
type of basin he desires to use in final design. The progro...~ f.l"5..ll also 
execute the detail design of specified basins. Concrete thic~~cEseE and 
distances are determined and steel requirements, in terms of required 
area and maximum spacing, are evaluated at various locations. Actu." I 
steel sizes and layou~s are not selected, these are the preror;a~i ve c:· 
the designer. 

This technical release documents the criteria and procedures used :n t.he 
computer program explains the input data required to obtain a desigr.. 
and illustrates ~omputer output for preliminary and detail designs. At 
the present time designs may be obtained by requests to the 

Head, Design Unit 
Engineering Division 
Soil Conservation Service 
Federal Center Building 
Hyattsville, Maryland 20782. 

d d f each desl.·gn run, is disInput information which must be provi e or 
cussed under the section, "Computer Designs, Input." 
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Types of SAF Stilling Bas ins 

:'"nree types of SAF stil 1 ing basins are treated herein. Each type may be 
t hought of as a structural variation of the SAF outlet shown on ES-8n, 
shee"t 1 _, and each uses the alternate joint detail given in that drawing. 
421 types are assumed symmetrical in both construction and loading about 
t he longit udinal centerline of the basin as well as about the vertical 
cen~erline of any transverse cross section. Each basin is designed for 
the two loading conditions described in the next section, and each must 
satisfy both flotation (uplift) requirements and sliding requirements. 
See Figures 1-3 for definition sketches of the three types of basins. 
These sketches present idealized stilling basins and do not show chute 
blocks, floor blocks, end sills, fillets on toewalls, upstream floor joint 
steps, or wingwalls. The wingwalls are omitted from these sketches for 
clarity and because the wingwal 1 and basin proper are designed to act 
essentially independently of each other. 

Any one of the three types of SAF stilling basin may be most advantageous 
for a particular set of design conditions. Because of the large number 
of parameters involved, it is often not readily apparen~ which type wjJJ 
be best i n a given situation. 
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HS 

Type (A) 

This type , see Figure 1, most closely approximates the SAF outlet of 
ES-86 . Structurally, the basin is a monolithic unit. The floor slab 
thicknesses vary uniformly from the downstream end of the basin 
to the break-in-grade , and from ~he break- in- grade to the upstream 
end . 

I· 
/ , 

FTG 

LN 

;§ 
"(/) 

w 

TRANSVERSE SECTION 
THRU FLOOR OF BASIN 

LTOP 

SIDEWALL 

FLOOR 
OF 

BASIN 

~ I 

FTG 

~ 
a 
(/) .._ 

I 

3 

J 

HTW 

1-4-- TTW 

LS LB 

LBOT 

LONGITUDINAL SECTION 

Figure 1. Type (A) SAF stilling basin 
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T;:·ne (B) 
This type, S@e Figure 2, has a transverse articulated joint at the break-
~n -grade. Some form of floor joint step is normally L~ed at this joint. 
The upstream end section is vertical, rather than normal to the plane of 
the inclined floor slab. The doweled, t ransvers e articulation joint makes 
~he structural behavior of this type of SAF differ f rom that of type (A) • . 

FTGD 

N 

HS 

I~ 
w 

(FOOTING PROJECTION 15 
FTGU UPSTREAM 
OF BREAK-IN-GRAD£) 

~j 

FTGD 

"/ 

~,'7777777.~~~~~ ~.,...__ ........ ... 
TRANSVERSE SECTION 
THRU FLOOR OF BASIN 

DOWELED 
ARTICULATION 

JOINT-----' 

LS 

LTOT 

LONGITUDINAL SECTION 

Figure 2 • Type (B) SAF stilling basin 
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Type (C) 
This type , see p;Gure 3, has 
pavement slab . '1111e pavement 
the retainin;:; I·To.l J portions . 
determined in che des i1~n . 

independent retaining wall por tions and 
slab resists any tlrrust imposed on it by 
The most advantageous toe length, X, is 

T 
(/) 
I-

F TG 

/ 
•' / , , 

, / 

·. ' 
, 

',. 

LS 
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XP 

PAVEMENT 
SLAB 7 

TRANS VERSE SECTION 
THRU FLOOR OF BASIN 

L TOT 

X 

LB 

LONGITUDINAL SECTION 
THRU RETAINING WALL PORTION 

. , 

Figure 3 • Type (c) SAF stilling basin 
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Wingwalls 
The wingwall is articulated from t he basin sidewall. Hence each wall acts 
as a simple cantilever. The w:illgwal 1 s with their footings are not included 
in t he stability analyses of the basin proper. Figure 4 gives the wingwalJ 

..., 
0 
Q:: 

~ 

TOP OF SIDEWALL 

/ 

ARTICULATION 

JOINT----~ 

I 

r--------------------JI 
I 
I 
I 
I 
I 
I 

...._ __ LEVEL 

WING WALL 

TOE WAL L 

Figure 4. Wingwall layout 
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layout. The level distance locating the articulation joint varies 
pending on relative values of wingwall and sidewall thicknesses. 
distance is discussed subsequently. 

Loading Conditions 

7 

de-
7},; c: ____ ....,. 

Two loading conditions are considered in the design of SAF stilling 
basins. Parameter values should be selected so that these loading condi
tions reflect extremes of probable conditions. The surface of the ear~h
fill against the sidewall varies linearly from the top of the wall at the 

HB 

Figure 5. Variation of earthfill surface 

upstream end to a height, HB, at the downstream end, see Figure 5 • 
• 

Surcharge 
Surcharge is not included herein as a specific loading. The effects of 
surcnarge can be duplicated to some extent by arbitr~ily i~creasing 
latera~ pressure ratios, unit soil weights, or earthflll helghts. In
creasin~ the lateral pressure ratio, KO, is the preferred approach Lm
less the surcharge is applied constantly. 
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Load Condition No. 1 

This is the no flow loading, see Figure 6. It is meant to represent 
ccnditions following a rapid lowering of the water surface in the basin 
Jefore the water table in the earthfill, and associated uplift, have 
lowered significantly from some higher level. The tailwater depth in 
the basin is HTWl. The uplift head above the top of the level floor slab 
and footings is HUPl. This loading should maximize the difference be
tween HUPl and HTWl. 

_j_ 
-

.... 

-
~ 
:X: 

t t -~ ..... 
A :X: 

SECTION AA 

Figure 6. Load condition No . ~ 
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Load eondition No. 2 

This is the full flow loading, see Figure 7. Flow enters the stilling 
basin at a depth, Dl, and velocity, Vl. These are the hydraulic para
meters discussed in NEH-14 on pages 2.193 and following. Although it 

9 

is admittedly a rough approximation, the water surface in the basin is 
assumed to vary linearly from the depth, Dl, at the break-in-grade to 
the tailwater depth, HTiv2, at the downstream end. The uplift head above 
the top of the level floor slab and footings is HUP2. Load condition 
No. 2 is meant to represent governing conditions when the basin is oper
ating at full flow. Thus this loading should maximize both HTIT2 and 
HUP2. The water surface on the outside of the basin walls is taken as 
HUP2 for all analyses except sidewall bending. Observe that the follow
ing relations must exist between the various water height parameters: 

HTW2 ~ HUP2 ~ HUPl '> HTWl. 

\..... ' 

SECTION AA 

Figure 7. wad condition No • 2 
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Flotation Requirements 

The total weight of the SAF stilling basin plus all downward forces act
ing on it must exceed the uplift forces by a suitable safety factor under 
all conditions of loading. Often the most critical case is load condition 
I~o. 2. However with a sufficiently large difference between HUPl and 

' d . ~ll, load condition No. 1 will control. Hence both load con it1ons are 
investigated. The flotation safety factor, FLOATR, is selected by the 
user. Footing projections are provided, when required, to develop neces-
sary additional downward forces. 

Sliding Reauirements 

·rhe horizontal resisting forces ~hat can be mobilized must exceed the 
horizontal driving forces acting on the basin in a downstream direction 
by a suitable safety factor under all conditions of loading. Either load 
condition can control, hence both are investigated. The ~liding safety 
factor, SLIDER, is selected by the user. 

The forces resisting sliding are the frictional resistance between the 
basin and the foundationJ the frictional resistance between the sidewalls 
and the earthfill, the passive resistance of the channel material down
stream of the toewall, and certain hydrostatic pressures discussed below. 
The frictional force between basL~ and foundation is assumed to act along 
the bottom of the level floor slab. The frictional force between the side
walls and earthfill is neglected as being extremely unreliable. The pas
sive resistance of the channel material downstream of the toewall is neg
lected since it may be scoured away. 

Sliding forces. The horizontal components of hydrostatic forces of con
cern in load condition No. 1 are shown in Figure 8. Both driving and 
resisting hydrostatic distributions are shown to cease at the elevation 
of the top of the floor of the basin. While this is of course untrue, 
these pressures must reach equilibrium through drains or other seepage, 

Figure 8. Hori~ontal components of hydrostatic 
forces, load condition Noo 1 

ru1d will ~· ,, essenv ld..L..LY cancel each other bel--- ~,..,~~ , t · uw vL~v e..Lev~ lOn . 

j_ 

' '" ,·. ·, ',· '. "'' ' ·"'"''" 

In load condition No . 2, t he hor izonta.l force acting on th ~ · due 
~o the ~at:r in. the b~sin, :.s shown in Figure 9 as :rn. Th: ~~;~' liM 
~s . due t.-0 vhe Change ln momen~um, in a horizontal direction oft ' ' 
-vra-cer on t he l evel floor slab oi' the bas in. ' he 
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Figure 9. Sliding forces, load condition No. 2 

Momentum considerations. Figure 10 shows two tailwater conditions with 
the force FM shown as the horizontal force acting on the water due to 

-c 

FM=O 

C\1 c 

£Al HTW2=02 

.. 
--

(/') 
a 

FM>O 
(8) HTW2< 02 

Figure 10. Momentum relations in basin 

11 

the basin. In sketch (A) the tailwater is D2, the sequent depth to depth, 
Dl. In sketch (B) the tail water is HTW2 vhich is shown as less than D2. 
From momentum principles, letting Vl, Dl, and V2, HTW2 be velocity and 
depth of flow at beginning and end sections respectively, 

Fx - F - FM = 1. Q(V2 - Vl) 
1. x2 g 

or 
FM = ( Fx + 2'. QVl) - ( F + 1. G.V2) 

1. g x2 g 

for rectangular channels,and in terms of per foot of width 
--2 

r Dl 
2 z. Vl ) ( 2' HTW2 + 2 q v2 ) FM = ( ~2;;,_,;.._ + g q - 2 g 
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which by substitution can be written 

FM = FM1 - FM2 

where, with depths in ft, velocities in fps 

FM = net force due to horizontal change in momentum, lbs per ft 
width of channel 

zDl2 2 
FMl =momentum force at section of depth, Dl, = ( 2 + g q Vl), 

lbs per ft width of channel 

FM2 = momentum force at section of depth, HTW2, 

lbs per ft of width of channel 

1 = 62.4 lbs per cu ft 

g = 32.2 ft per sec2 

q = discharge, cfs per ft width of channel 

V2 = Vl x ffi/HTW2 

__ 2 

- ( l ~2 + ~ q V2 ) ' 

Taking FM = 0 defines the case of a hydraulic jump. The beginning and 
end depths are sequent depths, the end depth is given by 

where 
D2 = ~ m ( J 8F 

1 
+ 1 -1) 

F 
1 

= Froude' s number = Vl 2 / gDl 

When t he t ailwater is less than D2, as in sketch (B), FM2 is less than 
FMl, t hat is, FM > 0 . Hence the force, FM, acting on the basin tends to 
push t he basin downstream. The dept h, DS, is the sequent depth to the 
dept h, HTW2. The water surface profile is roughly that shown. 

When t he t ailwater is more t han D2, sketch not shown, FM2 is more than 
Fm, t hat i s FM < 0. Hence t he f or ce , FM, ac_ting on_ the basin tends to 
push t he basin upstream. The j ump tends to move- upstream since somewhere 
between the depth, Dl, and tailwater depth there is a depth, DS, that is 
sequent t o Dl_. 

However, t he s um of FM and the horizontal component of the hydrostatic 
for ce due to HUP2, see Figure 9, is of more concern than consideration 
of the variat i on of FM alone. Let FH2 be the hydrostatic force and FS2 
be t he s um force, then in lbs per ft width of channel 

FS2 = FH2 + FM. 

For purposes of study, t ake t he particular case of HUP2 = HTW2, t hen 

or 
FS2-

__ 2 

'Y H'IW2 
2 + FMl 

2 
FS2 = llil - l _g_ 

g HIW2 

=--2 _ cz HTW2 + 2 a2 , 
2 g HTW2 ' 

differ entiat ing wit h respec t to HTW2 t o find the value of HTW2 making 
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FS2 a ~aximum gives 
HTW2 = oo. 

Thus FS2 approaches FMl ~s ~l2 approaches oo. The height of the side
walls, J is the control, so that FS2 maximum would occur when HTW2 = 
HUP2 = J. 

13 

In design, the condition resulting in the minimum actual factor of safety 
against sliding should be checked. This condition probably occurs when 
HPd2 = D2. For higher tailwaters than D2, the basin becomes essentially 
full of water so that an increase in FS2 is offset by an increase in 
frictional resistance due to increased water weight. 

Possible modification of load condition No. 2. As explained in the next 
section, ~v2 and HUP2 are selected by the user. If HUP2 and/or HTW2 
are selected greater than the sequent depth, D2, they are reduced during 
design to D2. This is done for the reasons discussed immediately above, 
namely, HTW2 = D2 represents a more critical situation than when HUP2 
and/ or IfiW2 are more than D2. 

Design Parameters 

There are some twenty-two independent parameters involved in the struc
tural design of the aforementioned three ty:pes of SAF stilling basins. 
These parameters are classified as either primary parameters or secondary 
parameters. Values for primary parameters must be supplied by the user 
for each design run. Secondary parameters will be assigned default values 
if values are not supplied by the user. The methods of supplying para
meter values are discussed under the section, "Computer Designs." 

Primary Parameters 

W = width of SAF stilling basin, in ft 

J height of basin sidewalls, in ft 

LB length of basin, in ft 

N _ height of sidewalls at upstream end section, in ft 

Dl _ entrance depth of water to SAF stilling basin, in ft 

Vl _ entrance velocity of water to SAF stilling basin, in fps 

Secondary Parameters 

The secondary parameters and their default values are listed in Table 1. 
The user should make an effort ·to evaluate the secondary parameter values 
he wishes to use. Use of default values may result in an overly conserva
tive ( or unconservative) design. Usage of the various parameters is ex
plained where first encountered. The default value for HTW2 is a func
tion of D2, the s equent depth to depth m. The value of Frour1 e 's number 
is compu~ed and it, and D2 are output with ~he parame t er values selected 
for t he design run. 
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Imv2 
HUP2 
HTWl 
HUPl. 

HB 
zs 
H'IW 
T'IW 

GM 
GS 
KO 
BAT 

MAXFTG 
FLOATR 
SLIDER 
CFSC 

Table 1. Secondary parameters and default values 

Parameter 

= tailwater depth above top of floor of basin for load condition No. 2, in ft = uplift head above top of floor of basin for load condition No. 2, in ft 
= tailwat~r depth above top of floor of basin for load condition No. 1, in ft 
_ uplift head above top of floor of basin for load condition No. 1, in ft 

- earthfill height above top of floor of basin at downstream end of basin, in ft 
- slope parameter of inclined portion of stilling basin 
- depth of toewall below top of floor of basin, in ft = thickness of toewall, in inches 

= moist unit weight of earthfill, in pcf 
= saturated unit weight of earthfill, in pcf 
= lateral earth pressure ratio 
= inside sidewall batter, in inches per ft of height 

= maximum acceptable footing projection, in ft 
- safety factor against flotation 
_ safety factor against sliding 
_coefficient of friction, · soil to concrete 

Default Value 

n2 
HTW2 
0 
0. 5 HUP2 

0. 5J 
3.0 
4.0 

10.0 

120. 
140. 

0.8 
0.375 

0.5W 
1.5 
1.0 
0.35 



Design Criteria 

Materials 

Class 4000 concrete and intermediate grade steel are assumed. 

Working Stress Design 

Design of sections is in accordance with working stress methods. The 
allowable stresses in psi are 

Extreme fiber stress in flexure 

Shear, V /bD* 

Flexural Bond 
tension top bars 

other tension bars 

Steel 
in tension 

in • compresslon, axially 

Minimum Slab Thicknesses 

Walls 
Bottom slabs 

Temperature and Shrinkage Steel 

The minimum steel ratios are 
for unexposed faces 

for exposed faces 

loaded 

fc = 1600 
v 70 

u = 3.4,J. fc '/D 

u = 4.8,.,J fc'/D 

fs = 20,000 

fs = 16,000 

10· inches 
11 inches 

Pt = 0.001 

Pt = 0.002 

Slabs more than 32 inches thick are taken as 32 inches. 

Web Reinforcement 

The necessity of providing some type of stirrup or tie in the slab be
cause of bending action is avoided by 

(1) limiting the shear stress, as a measl~e of diagonal tension, 
so that web steel is not required, and 

(2) providing sufficient effective depth of sections so that 
compression steel is not required for bending. 

, 

Cover for Reinforcement 

Steel cover is everywhere 2 inches except for outside steel in bottom 
slabs where cover is 3 inches. 

*Shear sometimes critical at D from face, sometimes at face, see page 
17 of TR-42. 
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Steel Reauired by Combined Bending Moment and Direct Force 

Required area determined as explained on pages ~1 - 34 of TR-42, "Single 
Cell i\ectangular Conduits - Criteria and Procedures for Structural Design." 

Soacin~ Reauired bv Flexural Bond 

Spacing determined as explained on page 47 of TR-42. 

Soacin~ of Reinforcement 

The maximum permissible spacing of any reinforcement is 18 inches. 
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Preliminary Designs 

Trial concrete thicknesses are determined for various critical dimen
sions, and preliminary concrete volumes are computed during the pre
liminary design phase of the structural design of SAF stilling basins. 
These quantities may be increased during detail design if comnutations 
for required steel areas indicate thicknesses are inadequate.· Assump
tions, criteria, and procedures for the several basin types are dis
cussed below. Transverse strength of the toewall is neglected through
out these computations. Topics applicable to more than one basin tyne .. -
are presented most fully when first encountered. 

Type (A) 

Preliminary desi~ of type (A) basins proceeds in an orderly manner. 
First, sidewall ceome~ry, and load variables, are established. Next, 
required sidewall ~hicknesses for wall bending are determined. Next, 
the basin is checked for flotation. Footing projections, FTG, are pro
vided if required. Then, bearing pressures are checked to insure posi
tive pressures wi~hin allowable values. Then, floor slab thicknesses 
are checked for shear and transverse bending. Finally, the basin is 
checked for sliding. At any stage of design after sidewall thicknesses 
are determined, thicknesses or footing projections are incremented if 
found inadequate and the design is recycled accordingly. 

Sidewall geometry and load variables. Sidewall dimensions and thick
nesses are shown in Figure 11. The inside face of the sidewall is 
vertical from the top of the sidewall down a distance, HV. This dis
tance is the larger of J/2 or HN. Below the distance, HV, the sidewall 
is battered for ice protection at the rate of BAT inches per foot. BAT 
may be set equal to zero if desired. The outside face of the sidewall 
is a plane surface. 

The slope hypotenuse parameter, ZH, is 

ZH = ~1 + zs2 

Thus, with all distances in f~et 

LN = N/ZH 

HN = LN X zs 
HS J - HN 

LS HS X zs 
LBOT = LS + LB 

LTOP = LBOT - LN 

If LTOP is less than LB, that is, N is too big, a message is given and 
the design is canceled. 

A31 



18 

LN LTOP 

HN HV 

TOP OF BATTER r 

HS 

LS LB 

£Al SIDEWALL ELEVATION 

TT 

HV 

J 

BAT--.. 
TV 

TBB TBV 

I~ TB 

£8) SIDEWALL SECTION 

Figure 11. Sidewall dimensions and t hicknesses 

It is later shown that sidewall t hickness es may be cont r olled at any of 
the three sections shown in Figure 12. Hence it is desirable to pre 
establish various section height s , earthfill he i ght s, tailwater dept hs , 
and uplift heads . 
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Section 2 is midway between sections 1 and - h 
in feet ' ' ence for section heights, 

HSl = N x ZH/ZS 

HS3 = J 

HS2 = J . 5 ( HSl + HS3 ) 

similarly for earthfill heights, in feet 

HBl = HSl 

HB3 = HB + ( J - HB) x LB/LTOP 

HB2 = 0 . 5 ( IiBl + HB3 ) 

-
I4J I4J U) U) 

• • • 

I - ' - U) 
CXl l: ::r: 

C\1 C\1 

~~ 
I ~ 

("') 

I ~ 
................. 

I4J 
U) 

....., 
'-

I 
("') 
U) 
::r: 

Figure 12. Section and ear~hfill heights 

• 

- J 

HB 

Tailwater depths, in feet, on the various sections can be obtained from 
Figure 13 for load condition No. 2 as 

HT21 = HSl - (J - HTW2) 

HT23 = HIW2 

HT22 = 0.5(HT21 + HT23) 

if HT21 < 0 set HT21 = 0 

if HT22 < 0 set HT22 = 0 

Tailwater depths for load condition No. 1, HTll, HT13, and HT12 can be 
determined similarly, likewise for uplift heads HU21, HU23, HU22, and 
HUll, HU13, WJ.l2. 
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- C\J :"") 

~ ~ ~ 
c c a -j::;: j::;: ,_ 
(.) (.) (_) 

I.&.J I.&.J l&.J 
(/) (/) (/') 

Figure 13. Tailwater depths for load condition No. 2 

Sidewall bending. The sidewall is analyzed as a series of cantilever 
beams of unit width . The thickness at the top of the wall, TT, is set 
at 10 inches. Either load condition No. 1 (LC #1) or load condition 
No. 2 (LC #2) can control wall thickness requirements. Because (1) both 
shear and moment increase exponentially with depth, and (2) HB may range 

-

• 

(A) £Bl LC#2 

Figure 14. Considerations for sidewall bending, type (A) basin 

f'rom zero up to J, the following is true. The thickness required at the 
bottom of any section may be governed by the thickness required by flexure 
at the bottom of that section or by the thickness required at the bottom 
of either of the other two sections. Therefore the first step in design
ing the sidewall is to obtain the thicknesses required at the bottoms of 
sections 1, 2, and 3. 
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The thickness at the bottom of the wall at any section is selected as 
the largest thickness required by: shear for LC #1, moment and direct 
force for LC #1, shea: for LC #2, or moment and direct force for LC #2. 
Illustrative computat~ons for a section of height HSW and ·bl 1 din f , , a poss~ e 
oa g case ollow. See Figure 15 for definition of symbols. 

KO •GM•HDIFF 

KO··GB•HWW _ ...... 

62.4•HWW -~ 

HV 

HSW 

HSHV 

~ T$V ~~j TSB 

(Al WORKING LOADINGS (8) HV>HSW (Cl HV<HSW 

Figure 15. Thickness at bottom of section when HEW> HWW 

The working values HSW, HBW, HWW, and rM are obtained from HSn, Im'l, 
HUln or HT2n, and HTln or D1 values as appropriate to the section under 
investigation. 

Let HDIFF = HEW - HWW 
• 

For any effective depth, D, in inches 

Hl3D = HEW - D/12 

HWD = HWW - D/12 

IMD = 00 - D/12 

Then the shear, in 1bs per ft, at D from the face for the case shown is: 

V = 31 .2 x (HWD2 - :mn2) + KO x GM x HDIFF x (0 . 5 x HDIYF' + HWD) 

+. n c:; v KO x ~'D .., m.m2 
- • ./ .. ~ ~ \,.l.,JJ .A .1-.A.f 

where GB = GS ~ 62 . 4 is the buoyant weight of the earthfill, in pcf 

so 
v v v 

D = Vb = 70 X 12 = B4'Q 
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An iterative process is required since the assumed D must agree with the 
computed required D. When the correct value of D is obtained, the thick-
ness, T, at D from the face is 

T = D + 2.5 

and the thickness at the bottom is 

TSV = 10 + (T - 10) x HSWI(HSW - Dll2). 

If, for the section under investigation, HV > HSW, the thickness required 
at the bottom of the section by shear is TSV. However, if HV < HSW, the 
thickness required at the bottom of the section may be controlled by the 
thic~~ess required by shear at HV from the top of the section, see sketches 
(B) and (C) of Figure 15. 

Thus if HV < HSW, compute the shear, V, at HV from the top by computations 
similar to those above. Then 

and 

So 

and 

v 
D = 840 

T = D + 2.5 at HV from the top. 

T' = 10 + (T - 10) x HSWIHV 

T'' = HSHV X BAT 

TSB = T' + T 0
• 

The thickness required at the bottom of the section by shear is the larger 
of TSV or TSB. 

The bending moment at the bottom of the sidewall, in ft lbs per :rt, for 
the case shown is 

M = 10 • 4 X ( lfWW'3 - rnG ) + 0 • 5 x KO x GM x HDll':F2 x ( HDll'li'/ 3 + HWW) 

+ o. 5 X KO X GM X HDll'li' X HWW2 

+ 0 • 5 X KO X GB X lfWW'3 I 3 . 

The direct compressive force due to the sidewaJJ, in lbs per ft, for a 
bottom thickness, TSV, is 

N = 6.25 x HSW x (Tr + TSV) 

The equivalent moment, Ms, is 

Ms = i.f + N X ( 0 • 5 X TSV - 2 • 5 ) I 12 

So ~he required thickness at the bottom for balanced working stresses is 

TSV = (0 .003683 x ~)1 12 + 2.5 

An i t erative process is again required since the assumed TSV must 
with the computed required TSV. agree 

Again, if HV > HSW, then TSV is the thickness required at 
of the section by moment. If HV < HSW, compute the moment 

the bottom 
and direct 
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force at HV from the top and get T and HV from the top by computations 
similar to those above. 
Then 

T' = 10 + ( T - 10) x HSW/HV 
so 

TSB = T' + T" 

23 

and the thickness required at the bottom of the section by moment is the 
larger of TSV or TSB. 

The thickness required at the bottom of the section under investigation 
for the load condition under investigation is the larger of those obtained 
from the foregoing computations for shear and moment. Then the thickness 
required at the bottom of a particular section is the larger of those ob
tained from LC #1 and LC #2. Let these bottom thicknesses be TABl, TAB2, 
and TAB3 as indicated in Figure 16, then for the case shown 

TVl = 'I'I' + ( TABl - TI') X HV I HSl 

TV2 = 'IT + (TAB2 - TI' - (HS2 - HV) x BAT) x HV/HS2 

TV3 = Tr + (TAB3 - TT - (HS3 - HV) x BAT) x HV/HS3 

so that TV in Figure 11 is the largest of TVl, TV2, or TV3. With TV 
known, TBV is rounded up to the next integer value from 

TBV = 'IT + (TV - TT) x J/HV 

and TBB is rounded to the nearest integer value from 

TBB = ( J - HV) x BAT 
so 

TB = TBB + TBV 

Thus the sidewall thicknesses are completely defined. 

-

'\ 't-f¢\ 
HV 

-<.,.'-l~ -<.,.'-l~ / 
/ / 

/ 
\~ez 

'\ t-f¢~ 
/ 

• 

J 

Figure 16. Determination of controlling thickness 

Flotation. As previously 
with regard to flotation. 

noted, either LC #1 or 
Figures 17 through 20 
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:::r: 

> 
:::r: 
(/) 

1 1 

3 3 

(Al HSl < HV (8 ) HSl> HV 

(Cl FLOOR SLAB 

Figure 17. Components o1· sidewall and slab volumes 

(Al HTW2> HSHV 
Dl<HSHV 

~ 
4 3 

(B) HTW2 <HSHV 

Dl<HSHV 

~ 
2 1 

3 

C'\J 
~ ...._ 
:X: 

:::> 
:X: 
{J) 
:X: 

{J) 
:X: 

6 

(0) HTWl < HSHV 

1 

3 

(£) HTWl > HSHV 
HTWl<HS 

1 

3 

:::r: ~--------~------~ ~-

(Cl HTW2 > HSHV CFJ HTWl> HS 
Dl>HSHV 

Figure 18. Components of volume of water in basin 
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25 components of weight and uplift that mus t be obtained to check flota
~ion requirements. The magnitudes of these components are r~intained 
for subsequent analys es . Fi~ure 17 shows how the sidewalls are par ti 
tioned into componen~s depending on relative values of HSl and HV. Fie
ure 18 shows t he partitioning of the water volumes in ~he basin depend
ing on relative values of ~ail...rater and , 1.sin dimensions . Fit;ure 19 
shows the variation of footing pressures .U.ong the stilling basin and 
how the loads on a footing are partitioned. Footing pressures, PFn, are 
computed for both load 
conditions. The water 
nressures on any foot--
ing are a function of 
the corresponding head 
HUPl or HUP2, this be
ing consistent with 
the assumption that 
uplift is a function 
of HUPl or HUP2. Fig
ure 20 shows the par
titioning of uplift 
componen~s depending 
on relative values of 
the corresponding head 
IIDPl or HUP2 and bas in 
dimensions. 

17 16 

TSUP i!S 
CAl HUP > CHS-

12 
· i!H) 

0 1 2 3 4 

- - - -
--- -------

Figure 19. Footing pressures and load 
components for LC#l or LC#2 

17 16 

TSUP ~S) 
(8) HUP < CHS-

12 
i!H 

Figure 20. Components of uplift for LC#l or LC#2 

The toewall of 
compensate for 

Figure 17 is taken at the ~uoy~t weight 
its lack of consideration ln Flgure 20. 
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For each load condition, the sum of all downward forces, SDOWN, and t he 
sum of the uplift forces, SUP, must satisfy the relation 

S~? ~ FLQATR 

The initial values of floor slab thicknesses and footing projections are 

TSUP = TT + (TBV - TT) x HN/J + 1 

rounded up to the next integer value, and 

TSBG = TB + 1. 

TSDN = TB + 1 . 

FTG = 0. 

If the f l otation requirement is not satisfied, FTG is set at 1 . 0 . If 
again flotation is unsatisfied, a ser ies of attempts is begun in which 
the footing projections and f l oor slab thicknesses are variously incre
mented until FTG = MAXFTG and TSBG = TB + 10 . I f t he f l otation criteria 
is still unsatisfied, the design is abandoned, and a cancellation message 
is given . 

Bearing pressures . The distribution of bearing (contact) pressures over 
the base of the basin depends on the rigidity of the structure, the 
foundation material characteristics, and the magni tude and location of 
the resultant vertical force acting on the structure. The pr essure di s 
tribution is three-dimensional and highly indeterminate. For this reason, 
no attempt is made herein to apply an elastic analysis to determine bear
ing pressures such as is done for floor slab bearing in TR- 50 . In ac 
cordance with common practice, the assumption is made that bearing pres
sures vary linearly along any section parallel to the longitudinal center
line of the outlet, and that these pressures are constant along any sec 
tion at right angles to the centerline. 

The maximum allowable bearing pressure, • psf, • 1n lS taken as the smaller 
of 

FALLOW = 2000 + GB X (HBJ.. + TSUP/12) 
or 

FALLOW = 2000 + GB X (HB + TSDN/12). 

Either load condition can control. Bearing pressures over the base must 
be everywhere compressive and within allowable values. 

A possible case of LC #2 is used for illustration, see Figure 21 . In the 
sketch, note that the force due to change in momentum FM in lbs per ft 
of width is multiplied by W to obt ain the total ~orce: The force, FH2 
due to HUP2, in lbs per ft of widt h, is also multiplied by w to obtain 
the net hydrostatic driving force. This is done in lieu of multipl ying 
FH2 by the overall width of the basin and then subtracting out the resist 
ing forces acting on the footing projections, etc. If-

HUP2 > ( ~SUP ZS, 
HS - 12 . ZH)' 

~ee Fig~e 20, it is assumed that the upper part of FH2 bears on the still
l.ng bas~n thr~ugh the upstream channel section. The resultant of the verticJ 
forces lnclud1ng uplift, VNET, is located by taking moments about the indi 
cated moment center of the horizontal forces and the vertical forces 
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BASEL 

UPLIFT 

BEARING CCONTACTJ PRESSURES 

E l 

VNET 

Figure 21. Determination of bearing pressures for "I.£#2 

previously computed in the flotation analyses. Thus, in lbs 

VNET = SOOWN - SUP • 

and, in ft 

BASEL = LBOT + TSUP/(12 x ZH) 

WO = W + 2(TBV/12 + FTG) 

Z = M/VNET 

E = BASEL/2 - Z 

MOMENT 
CENTER 

where M is the resultant momen~ about ~he moment center in ft lbs. 

Then, in psf 

PAVER = VNET/(BASEL x WO) 

PDN = PAVER(l + 6E/BASEL) 

PUP = PAVER(l - 6E/BASEL). 
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28 · tt t is made to increase the If either PUP or PDN is negat~ve, an a emp. . d al 
loading on the structure. This is done by ~ncrement~ng ~G an PUP 50 

TSBG together with the corresponding TSUP or ~SD~. If e~the~ or 
PDN exceeds the allowable bearing value, FTG ~s ~ncr:men~ed ~~ anFTG 
attempt to spread the load. These attempts are cont~nueo up 0 -

MAXFrG. 

Floor slab shear. Shear will sometimes govern required floor slab 
thickness. Three cross sections are checked: the downstream end sec
tion, the section at the break-in-grade, and the upstream end section: 
Both load conditions are investigated. For any section an~ load :ond~
tion the shear stress at D from the face of the sidewall 1s obta~ned 
as f~llows, see Figure 22 • . Let the net uniform loading between side-
walls be PNET, in psf per ft, then 

PNEr = PB + PUW - PTS - PJlal 

and the required thickness, in inches, is 

TSR = IPNETI X 0.5 X W/(840 + IPNETI/12)+ 3-5 

where, with respect to the section and load condition under investiga
tion 

PB = bearing pressure, psf 

PUW - uplift pressure = 62.4(HUW + TS/12), psf 

HUW - uplift head above top of slab, ft 

TS - slab thickness, inches 

PTS dead weight of slab = 12.5 x TS, psf 

PDW =water pressure in basin = 62.4 x DW, psf 

DW =depth of water in basin, ft. 

If the required thickness is greater than the actual thickness at the 
section, the design is recycled starting at the flotation investigations 
using the increased t hickness and other current slab thicknesses as 
initial values • 

Floor slab bending. Transverse bending moment at the center of the floor 
slab will sometimes govern required floor slab thicknesses. The downstream 
end section, the break-in-grade section, and the upstream end section are 
checked for both load conditions. Note that in general, the sum of rhe 
vertical forces acting on any section under investigation will not equal 
zero unless longitudinal shearing forces on each side of the section are 
taken in account. The dis~ribution of these shearing forces is unknown. 
They are ther efore treated in two ways to determine ~heir maximum probable 
effect. As shown by Figure 22, they are taken as longitudinal shearing 
forces, PLONG, carried by the sidewalls. Under this assumption, the moment 
at the center of the slab for any section and load condition is obtained 
as f oll ows. Let 

MWALL moment brought to floor slab by loads acting on sidewall 
stem, ft lbs per ft 

~TALL - sidewall direct force brought to floor slab, lbs per ft 

PF - pressure on footing projection, psf 

WO overall width of basin = W + 2(TBV/12 + FTG), ft 

CB direct compression in floor slao, see pages 56-57, lbs per rt 
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W/2 PLONG 

• • PUW 

• • ' . 
PB 

W0/2 
• 

Figure 22. loads for floor slab shear and bending 

Then, in lbs per ft 

PLONG = (PB + POW - PI'S)W0/2 - PF x FTG - PDW x W/2 - !WALL 

So the center moment, MC, in ft lbs per ft, is 
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MC = (PB + RJW - PI'S)W02 /8 - PF x FI'G(W0/2 - · FTG/2) - PDW x W
2 /8 

- (!WALL + PLONG )(W/2 + FARM) + MWALL 

Alternately, the longitudinal shearing forces are taken as uniformly 
distributed forces, ULONG, carried by the floor slab. Under this assump-
tion, in psf 

• 

ULONG = PLONG/(W0/2) 

and 
1v1c = ( PB + POW - PI'S - ULONG )wo2 18 

- PF x FrG(W0/2 - FTG/2) - PDW x W
2 /8 

- FWALL (W/2 + PARM) + MWALL 

the larger absolute moment governs and the required slab thickness for 
preliminary design is taken as 

TM = (0.00368;(jMCj + CB(TS/2- TADD)/12))
1

1
2 

+ TADD 

where ~~D = 3 .5 if MC is positive, or 2.5 if MC is negative. 

If the required thickness exceeds the actual section thickness, the de
sign is recycled as explained for floor slab shear. 
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· 1 t d both LC #1 and LC #2 must be checked for 
Slidin~. As prev1ous y no e , d d·t· th · · t 1·d· For each loa con 1 1on, ere-adequacy of the bas1n aga1ns s 1 1ng. d h ult t 
~ultant of the vertical forces including uplift, VNET, an t e r~s an 
~f the horizontal driving forces, FSLIDE, must satisfy the relatlon 

VNET x CFSC ~ SLIDER 
FSLIDE 

where the forces VNET and FSLIDE are in lbs, and CFSC is the coefficient 
of friction between concrete and soil. For LC #2, see Figure 21 

FSLIDE = FH2 x W + FM x W 

the Sectl. on "Momentum considerations." For where FM is discussed under 
LC #1, see Figure 8, take 

where 

FSLIDE = Fin X w - FI'l X w 

FHl _ horizontal component of hydrostatic force due to HUPl, 
lbs per ft width of channel 

FTl horizontal component of hydrostatic force due to HTWl, 
lbs per ft width of channel. 

Both FH2 and FHl are multiplied by W to obtain respective net hydrostatic 
driving forces. 

I~ either load condition sliding requirement is not satisfied, the weight 
on the structure is increased. This is done by first incrementing FTG 
up to MAXFTG. If these attempts are unsuccessful, then the floor slab 
thicknesses are incremented several times. If the sliding criteria is 
still unsatisfied, the design is abandoned, and a cancellation message 
is siven. 

Momentum changes at break-in-grade. The preceding analyses dealing with 
LC#2 do not include effects of momentum change that take place due to, 
and i n the vicinity of, the break-in-grade. The following discussion 
pertains to cases of HTW2 ~ D2. The force due to momentum change may be 
resolved into horizontal and vertical components. Both components de
crease with the slope parameter, ZS. The horizontal component is of 
opposite sense to the momentum force, FM, discussed on pages 10-12 and 
hence would reduce the effect of FM. The vertical component acts down
ward on the basin and hence would reduce the basin 1.reight required for 
flotation and would reduce the tendency for sliding of the basin. The 
vert ical component would increase foundation bearing pressures. With 
t he possible exception _of this l ast effect in the presence of a weak 
foundation, it is probably conservative to neglect that is not to de
pend on, t he effects of momentum change at the bre~-in-grade. This is 
especially so in view of the questionable nature of these forces. 
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Type (B) 

Preliminary design of type (B) basins is similar to that of type (A) 
with three important differences. These differences are involved with 
sidewall bending, flotation, and determination of bearing (contact) pres
sures. They are due to the doweled, transverse articulation joint passing 
through the basin at the break-in-grade. ~·lith the transverse joint, foot
ing projections, floor slab, and sidewall thicknesses are allowed to dif
fer either side of the joint. The footing projections are FTGU and FTGD, 
and the floor slab thicknesses are TSBGU and TSBGD, upstream and down
stream of the break-in-grade. Similarly, the sidewall thicknesses that 
may differ are TVU, TBVU, TBU and TVD, TBVD, TBD. See Figure 11 for 
corresponding type (A) thicknesses TV, TBV, and TB. 

Type (B) basins have a vertical upstream end section, see Figure 2. Thus, 
with distances in feet 

HS =J-N 

LS = HS x ZS 

LTOT = LS + LB 

Section heights, earthfill heights, tailwater depths, and uplift heads 
are obtained from the same expressions used with type (A), except that 

HSl = N 
and 

HB3 = HB + ( J - HB) x LB/LTOT. 

Sidewall bending. Sidewall thicknesses upstream of the transverse joint 
are determined by the thicknesses required at the bottoms of sections 1, 
2, and 3, see Figure 23, as was discussed earlier for type (A) basins. 

-
~ 
0 -..... 
(...) 
lU 
(/) 

C\J <"') ""'"4 C\J <"') 

~ ~ ~ ~ ~ 
0 0 a 0 0 
t::: - -- - ..... ..... ..... ..... 

(...) (...) (...) (...) (...) 

lU lU lU 
lU lU (/) 
(/) (/) (/) (/) 

1--
• 

------~ 

CAl LC#l 

Figure 23 . Considerations for sidewall bending, Type (B) 
basin 

Thus, the upstream thicknesses TVU, TBVU, TBB, and TBU are obtained j ust 
as previously explained. Sidewall thicknesses downstream of the trans
verse joint are controlled by the thickness required at the bottom of 
section :; . Hence the downstream thicknesses TVD, TBVD, TBB, and TBD are 
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obtained f rom the proceaure used t o determine the thickness required at 
t he bottom of a secti on. 

Flotation. The unstream and the downstream nortions of type (B) basins - -
~us~ sati s fy flotation r equirements separately. The various components 
of weight and uplift needed to make the flotation checks are similar to 
those for type (A) basins. Figure 24 i ndicates components of sidewall 
volumes, slab volumes, and foot ing pressures and loads. 

..... 
li... 
Cl.. 

5 2 1 

3 

£Al SIDEWALL VOLUMES 

12 11 

TOEWA LL ---1,.... 

£8) SLAB VOLUMES 

10 7 

£C) FOOTING PRESSURES AND LOADS 

:::::.. 
l: 
(/) 

l: 

Figure 24o Some type (B) components 

~·later volume and up.Li!'t components are 
and 2D . essentially as shown i n Figures 18 

Each portion of the basin, for each load 
lation condi tion, mus t satisfy t he r e -

SDOWN ~ 
SUP - F'T ,()A._'JlR 

where SDOWN is the sum of all downward forces 
the sum of the uplift forces for the portion. 
stream portion are 

~SUP= T!? + (TBVU- TT) x N/J + 1 

rounded up to the next integer, and 
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for the portion and SUP is 
Initial values for the up-



TSBGU = TBU + 1 

FI'GU = 0. 

L~itial values for the downstream portion are 

TSBGD = TBD + 1. 

TSDU = TED + 1. 

ETGD = 0 . 
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If the flotation requirement is not satisfied for the portion under 
investigation, the corresponding footing projections and floor slab t hick
ri.esses are variously incremented up to MAXFTG and TBU + 10 or TED + 10. 
If flotation remains unsatisfied the design is abandoned . 

3earing pressures. As previously noted, the transverse j oint at the break
in-grade affects the structural behavior of this type of stilling basin. 
'rhe precise behavior is admittedly uncertain. However, the doweled joint 
0llows relative longitudinal translation of the two portions of the basin, 
'~oes not all ow r elative transverse horizontal or vertical translation, and 
urovides little r.1oment res istance. The joint is therefore ideali zed as a 
·.i nge ~hat is c2.paole of t ransmitting shears and direc~ bearing be~ween 
portions, but no moment. Figure 25 shows the resulting distribution of 

LS LB 

~ I ~ ~ ~ ~ ~~ ~ l 
I I 

:::::> a 
<=l (!) 

CD CD 
0.. 0.. 

~BG 
Dis t r ibut i on of bearing pressures 

t ype ( B) bas in 
Figure 25 . 

bf~aring pressures . Ther e are four unknown pr essures PUP, PBGU, P.BGD, and 
~m. By construction , vertical displ acements i mmediately e i ther side of 
~he break-in-gr~de must be equal . Ther efor e bearing pr ess ures i~~ediately 
c i.ther side 3re eqnal assumi ng a constant modulus of the foundation . Thus 

PBG = bearing pr essure at the br eak- in- grade = PBGU = PBGD, psf . 

' ''he pressure distribution is therefore r educed -co t hree unknowns. These 
· ~Lknowns may be evaluated by application of the s~atical equations 
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LMHU = sum of moments of forces upstream of hinge, 
about the hinge = 0 

EV _ sum of vertical forces = 0 

do~~stream of hinge, sum of moments of forces '"u 

about the hinge = 0. 

For the load condition under investigation, let 

VRUP and VRDN = the resultants of the vertical forces 
acting on the upstream and downstream 
portions, respectively, lbs 

I\1UP and 1-IDN = the resultant moments of the upstream 
and downstream forces, respectively, 
about the hinge, ft lbs. 

Figure 26 shows the equivalent beam, with its loading, created by these 
assumptions and definitions. 

HINGE 

~ ~.._-L.-LJ...J.JJJJl~~~ LJ.J.J...L--'--'_..__.~--'--' ~ 
LS LB 

Figure 26. Equivalent beam and loading 

The statical equations become 

PUP(0.5 

RJP(0.5 

X LS2 
X 2/3)WOU + PBG(0.5 X LS2 X-l/3)WOU = MUP 

x LS)WOU + PBG(0.5 x LS x WOU + 0 .5 x LB X WOD) 
+ PDN(0.5 x LB)WOD = VRUP + VRDN 

PBG(0.5 x LB2 x l/3)WOD 
+ PDN(0.5 x LB2 x 2/3)WOD 

= MDN 

from which PUP, PBG, and PDN in psf may be determined, noting 

WOU = overall width of upstream portion of basin 
= W + 2(TBVU/12 + FTGU), ft 

HOD = overall width of downstream portion of basin 
= W + 2( TBVD/12 + FrGD), f't 

The horizontal components of the hydrostatic forces of Figures 8 and 9 
enter into the evaluation of the moments, !vfl.JP and MDN, as does the net 
momentum force EM x W. The horizontal forces, l•'H2 x W, Fill x W, and 
FTl x W, as the case may be, are effectively shared in some way by both 
portions of the basin. It is assumed that these forces are divided be
tween the upstream and downstream portions, by direct bearing between 
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portions, in proportion to VNETU and VNETD where, for the portion 

VNET = SDOWN - SUP 

from flotation analyses. Thus, see Figure 27, the part of F'H2 x w 
carried by the upstream portion is 

FH2WU = FH2 X w X VNEI'U I ( VNEI'U + VNErD) 

and the part carried by the downstream portion is 

FH2WD = FH2 X w X VNETD/ ( VNETU + VNErD) • 

The forces due to FHl and FTl are similarly divided. 

FH2WU 

VNETU 

FH2WD 

MOMENT 
CENTERS 

VNETD 

FMxW 

Figure 27. Division of horizontal force, J..C#2 

If either PUP, PEG, or PDN is negative, an attempt is made to increase 
the loading on the corresponding part of the structure. For example, 
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if PUP is negative, then FTGU, TSBGU, and TSUP are incremented. Similarly, 
if any pressure exceeds the a.JJowable bearing value, the corresponding 
footing projection is incremented in ari attempt to spread the load. 

Floor slab shear and bending. Required floor slab thicknesses will some
times be governed by shear or bending moment. Cross sections are checked 
as described for type (A) basins. Four sections are investigated: the 
downstream end section, a section immediately downstream of the break-in
grade, a section immediately upstream of the break-in-grade, and the up
stream end section. If any required thickness exceeds the actual section 
thickness, the design is recycled accordingly. 

Sliding. Investigations into the adequacy of the basin against sliding 
are treated the same as described for type (A). That is 

VNEI' x CFSC ~ '-'I IDER 
FSLIDE - ~I 

where, for type (B) basins 

VNET = VNErU + VNEI'D 

for the load condition under investigation. 
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Type (c) 

Preliminary design of type (c) basins is accomplished in two parts, first 
the design. of the pavement slab and second the design of the retaining 
wall portion. The pavement slab is designed per unit of width. It is sub
jected to longitudinal shear and moment and must satisfy flotation, bearing, 
and sliding requirements. The retaining wall portion includes the design 
of many trial configurations. The toe length, X, varies from W/2 to 0. * 
The design having the least volume is taken as best. For a particular 
Yalue of X, the retaining wall portion is investigated for sidewall bend
ing, flotation, bearing pressures, base slab shear and mo~ent, and slid
ing. The bearing pressure distribution is three-dimensional and requires 
special treatment. 

Pavement slab design. L:>adings and bearing pressures are assumed constant 
along any section of the pavement slab at right angles to the longitudinal 
centerline of the basin. Hence no transverse bending exists in the pave
ment slab. The slab is therefore designed as a longitudinal beam of unit 
width. 

Flotation. -- Flotation analyses are essentially as described earlier. 
Figure 28 shows the various components of slab volumes, volumes of water 
on the slab, and uplift volumes required to perform the computations. 
TPUP, TPBG, and TPDN are each set initially at 11 inohes. They are in
cremented as necessary to obtain a set of values which satisfy the flota
tion criteria. TPBG is incremented most quickly, TPDN is incremented 
n~xt most quickly, and TPUP is incremented least quickly. If the criteria 
remains unsatisfied after 500 trials, the design is abandoned. 

Bearing pressures. -- The analysis of bearing pressures is straightforward. 
It parallels the procedure described for type (A) basins except on a per 
foot width basis. A possible case of LC #1 is illustrated in Figure 29. 
If the resultant vertical force per foot is VNET and the resultant moment 
abou~ the moment center'in ft lbs per ft isM, and other quantities are as 
prev1ously defined, then 

Z = M/VNET 

E = LTOT/2 - Z 

PAVER = VNET/LTOT 

so, in psf 

PDN = PAVER (1 + 6E/LTOT) 

RJP = PAVER (1 - 6E/LTOT) 

If either PUP or PDN is t• nega 1ve, corresponding slab thicknesses are in-
cremented and t he design is recycled. If either PUP or PDN exceeds the 
allowable bearing value, the design is abandoned. 

Sliding. -- The pavement slab must satisfy 

VNET x CFSC > 
FSLIDE .,. SLIDER 

where, for LC #1 

FSLIDE = Fin - Fr1 

*Except that X may not exceed 40o ft. 
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CAl PAVEMENT SLAB THICKNESSES AND VOLUMES 
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1 

(Bl POSSIBLE WATER VOLUMES, LC#l AND LC#2. 
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CCl POSSIBLE UPLIFT, LC#l OR LC#2 . 

Figure 28 . Pavement slab components 
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and for I..C #2 

FHl 

FSLIDE = FH2 + FM 

LTOT 

UPLIFT 

BEARING 

E l 

VNET 

Figure 29o Determination of pavement slab 
bearing pressures, LC#l 

MOMENT 
CENTER 

If the criteria is unsatisfied after a trial, then TPUP, TPBG, and TPDN 
are equaJly incremented and another attempt is made. 

Longitudinal shear and bending. -- The pavement slab thickness at any in
terior section may be governed by either longitudinal shear or bending 
moment. The thicknesses required by shear and moment are computed at a 
series of sections between the downstream end .of the pavement .slab and 
the break-in-grade, and at another series of sections between the upstream 
end and the break-in-grade. If at any section the actual thickness is 
less than that required :or either shear or moment, the slab thicknesses 

. are suitably incremented and the design is recycled. The total number of 
pavement design trials, due to any cause, is arbitrarily limited to 5CO. 

Figure 30 indicates for LC #2, the load components used to obtain shear, 
VP, ; n lbs per ft, and mo.ment, HP, in ft lbs per ft at a distance, XDN, 
in ft from the downstream end of the slab. From the sketch the water 
depth, HX, in ft, is 

HX = HTW2 - (HTW2 - Dl) x XDN/LB 

and slab thickness, TX, in inches, is 

TX = TPDN + (TPBG - TPDN) x XDN/LB 

the uplift head, UX, in ft, is 

UX = HUP2 + TX/12 

and the bearing pressure, PX, in psf is 

PX - PDN - ( PDN - RJP) x XDN/LTOT. 
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Figure 30. Shear and moment in pavement slab, 
LC#2 

For LC #2, the uniform loading, FTOP, in lbs per ft per ft of width, 
acting on the floor of the basin is 

FTOP = FM/LB 
and 

FBOT = FH2/LB + FTOP 

with these quantities define~, VP and MP are readil y determined . The 
required thicknesses are taken as 

TXV - lvPI/840 + 3.5 
TXM - (0 .003683 X IMPI )1 / 2 + 3-5 

These thicknesses are compared with the actual thickness, TX, at t he 
section . Computations for a section between the upstream end and the 
break- in- grade ar e similar but somewhat more compl ex . 

RetaL~ing wall portions. 1he design of the side~a l J is the same as 
type (A) basins. However, the upstream end section is ver tical, hence 
as with type (B) basins 

HS =J-N 

LS = HS x ZS 

LTOT = LS + LB 
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Figure 31 . DeterMination of retaining wall portion 
bearing pressures 
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also 
HSl == N 

KB3 = 1ffi + ( J - HB) x LB/LTOT. 

The treatm:nts of flotation and sliding, for a particular value of X, 
are essent1ally th~ same as type (A) basins if W is temporarily taken 
~s W.= 2X. Flotat1on p:ovides an initial value for the footing pro
Jectlon, FTG. The foot1ng projection is the heel of the retaining 
T..Tall base. 

~ea:ing pressures. -- A retaining wall portion of a type (C) stilling 
bas1n lac~s symmetry of loading and construc~ion, see Figure 31. There
fore bend1ng occurs abou~ both major and minor axes of the horizontal 
projected bearing area. Bearing pressures are assumed to vary linearly 
from corner to corner of the bearing area. Thus, if 

SDOWN- sum of all downward forces on the portion, lbs 
SUP 

VNET 

- sum of all uplift forces on the portion, lbs 

- resultant of the vertical forces on the por~ion = SDOWN - SUP, 
lbs 
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MA - resultant moment of the forces on the portion about the A-line, 
ft lbs 

MB - resultant moment of the forces on the portion about the E-line, 
ft lbs 

WOB - overall width of portion base == X + TBV/12 + FTG, ft 
then in ft 

ZA == MA/VNEI' 

EA = LTOT/2 - ZA 

ZB == MB/VNEr 

EB = WOB/2 - ZB 
and the bearing pressures, • 1n psf, for the load condition under investi-
gat ion, are given by 

PAVER = VNET/(LTOT x WOB) 

Pm' PAVER (1 + 6EA/LTOT" + 6EB/WOB) 

PDH PAVER (1 + 6EA/LTOT - 6EB/WOB) 

PUT PAVER ( 1 - 6EA/LTOT + 6EB/WOB) 

PUH - PAVER (1 - 6EA/LTOT - 6EB/WOB) 

The moment about the A-line, · MA, involves longitudinal horizontal forces 
and vertical forces as previously discussed for type (A) basins. The 
moment about the E-line involves transverse horizontal forces and the 
above vertical forces. The moment of the transverse lateral forces about 
the B-line requires further consideration. A possible case of LC #2 is 
used for illustration, see Figure 32. An expression for momen~ about the 
B-line, applicable to any section, D, between the downstream end section 
and the break-in-grade, is written in terms of the working values HEW, 
HWW, DW, and TSDN. Another moment expression, applicable to any section, 
U, between the break-in-grade and t he upstream end section, is written 
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TW d ARM These moments are stwmed over 
in tenns of HEW, HWW' TM' ' an • btain the· total. moment due to 
the respective distances L~ an~ L~ to 0 umptions are made to obtain these 
lateral forces. Several sl.IIlpll.f'ylllg ass 
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Figure 32 . Retaining wall portion lateral force moments, 
I£#2 

moment expressions . A waterstop between the pavement slab and the re~ain
ing wall base is assumed effective at the elevation of the bottom of the 
base slab. The thickness of the level base slab is taken as TSDN in these 
computations. The retaining wall portion is assumed to bear against t he 
pavement slab. NLAT, shown on the upstream section, is this direct force . 
It is the force required for lateral equilibrium of the section . Thus the 
downstream section working values, for the case shown are 
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HBv - HB + (HB3 - Iffi) x XDN/LB 

HHW HtJlY2 

DW = H'IW2 - ( HTW2 - Dl) x XDN/LB. 

The upstream section working values, for the case shown, are 

HBW = HB3 - ( HB3 - HBl) x XBG/LS 

HWW = HUP2 - XBG/ ZS 

1M = Dl 

T\v = TSUP + (TSDN - TSUP) x (LS - XBG )/LS 

ARM = TSDN/12 + XBG/ZS - TW/12 

Working values for load condition No. 1 are similar. With the working 
values known, the moments are readily expressed, the summations made, 
and the bearing pressures determined. 
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If any bearing pressure is negative, the corresponding base slab thick
ness and FTG are incremented. If any bearing pressure exceeds the al 1 ow
able, FTG is incremented in an attempt to spread the total load. 

Base slab shear and bending. -- Required base slab thicknesses will some
times be governed by shear or bending moment. Three cross sections are 
checked: the downstream end section, the section at the break-in-grade, 
and the upstream end section. Both load conditions are investigated. 
Figure 53 shows typical 
loadings. PBH and PBT 
are the bearing pres-
sures at the heel and 
toe resulting from the 
preceding analyses of 
bearing. The other 
loadings are as defined 
for typ~ (A) basins. 
Shear and moment are 
computed at the face of 
the sidewall. Longitudi
nal shears are treated 
both ways as previously 
described. If it is as
sumed carried by the side
walJ, shears and moments 
at the faces of the side
wall are unaffected by 
PLONG. If the longitudi
nal shears are assumed 
carried bv thP. h~se slab 

v 
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i 

Figure 33 . Loadings for base slab 
shear and momen"t 

ULONG = ( PBT + PBH)/2 + RJW - PI'S - ( PF x FTG + PIM x X - !WALL )/WOB 

and the face shear and moment expressions must include ULONG. The as
sumption leading to the larger required thickness is taken as controlling. 
If any required thickness exceeds the actual slab thickness, the design 
is recycled accordingly. 
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\vingwaJ.l 
The wingwall is cons i dered to act essent i all y indepe~dently of t h: bas in 
proper. The wingwal l is vertical and of constant th1ckness . I~ 1s 
articulated from the basin sidewall as shown in the l~o~t d~aw1ng of 
F. 4 The wingwall footing and toewaJJ are monol 1th1c w1th the foot -

lgure . t • t• . 1 d b nd ing and toewaJJ of the basin proper. Design inves_ 1ga 1ons 1~c _ u e e -
ing of the wi ngwall and wingwall footing, overtur~1ng , and sl1d1ng . Fig
ure 34 shows the wingwall section assumed for des1gn . The toewall bel ow 

ASSUMED 
EARTH LINE 

I 
I 

TW~ 

I " I TOEWALL NEGLECTED 
I I IN DESIGN 

I I 
I 
-- .J 

TWF 

Figure 34. Wingwall design section 

t he footing is assumed non- existent. The earth line in front of the 
wingwall is horizontal at the elevation of the bottom of the footing . 
The earthfill slopes at the back of the wall are defined bel ow . 

The sidewall and wingwall are shown as line diagram idealizations 1n 
Figure )5 . Earthfill surfaces are also shown. The surface of the earth
fill agains~ the wingwall varies linearly from HB at the articulation 
joint to 1.0 ft above the top of the footing at the clownstrea'Il end of the 
wingwall. These surfaces give rise to three slope pararne~ers of interest, 
t.hey are 

Thus, 

ZPS - slope parameter for the earthfill adjacent to the sidewall 
in the direction parallel to the sidewall 

ZNW - slope parameter for ~he earthfill adjacent to the wingwall 
in the direction normal to the wingwall 

ZNS - slope parameter for the earthfill adjacent to the sidewall 
in the direction normal to the wingwall. 
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ZPS = (LTOP or LTar )/ (J - HB) 

ZNW = ( J - 1)/(HB - 1) 

ZNS = ZPS '-J 2 

lPS 

~SIDEWALL 

PARTIAL PLAN 

lPS 
1 

J 

HB 1 , 

j_ 
----------------L---~--~--------~ 

'""'"'! ~t-(-J --v~v/2------~~.-~1 T PARTIAL ELEVATION 

Figure 35. Wingwall earthfill surfaces and slopes 
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The earthfill height, YB, in ft above the top of the footing for any dis
tance, X, in ft from the articulation ,joint is 

YB = HB - X/'Zl'M. 

With the sloping earthfill shown in Figure 34, a brief might be presen
ted for assuming that lateral earth pressures are inclined from the hori
zontal. That is, they have vertical and horizontal components. This is 
not done herein. Lateral earth pressures are horizontal and vary directly 
with KO and distance below the surface. To include a vertical component 
would be unconservative since it would be a stabilizing force (in over
turning and sliding analyses) whose existence and magnitude are uncertain. 

Loading conditions. Wingwall design requires the investigation of more 
than ~he two load conditions necessary for the design of the basin proper. 
Critical loading often occurs at an intermediate load condition between 
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d"ff t load conditions are critical for 
LC #1 and LC #2 . Furthermore, 1 eren 11 . Figure 56 
different functions. Therefore, as shown schematica Y ln ' 

(HTW2-HTW1J/3 CHTW2-HUP lJ/3 

I" 
~ 

--:- !A' ----.... ~ -
............. -

- -. 

~ ~ 
- J: -

cc ILC#l ILC#2 LC#2 

J-OW 

---
?it: ?it: 

?it: (/) 

).... J.:: J: ?it: ?it: 
?it: c ).... 

c 

SECTION AT X 
X 

Figure 36. Load conditions for wingwall des i gn 

two i~termediate l oad conditions are created for use in design of wingwalls. 
These are II.C #l and ILC #2. The construction condition, CC, with no water 
either s ide of the wingwall, is included as still another loading since it 
will sometimes control a f~ction. For LC #2 the water surface both sides 
of the wall is HTW2 above the t op of the footing. Let 

HW = uplift head above top of footing at the articulation joint, 
for the load condition under investigation, in ft 

DW = t ailwater depth above t op of footing for the load condition 
under i .nvestigation, in ft. 

Then t he water height, YW, in f t on the back face of the wingwall for any 
distance, X, is 

YW = HW - ( HW - 1M ) x X/ ( J - 1M) 
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when X < ( J - IM) • It is 

YW = D\-1 

when X~ (J - DW). 

The water depth on the front face of the wall is constant at DW. Water 
surfaces are assumed horizontal normal to the wingwall. 
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Wingwall bending. The thickness of the wingwall is determined by shear 
or moment and direct force at the bottom of the wall at the section ad
jacent to the articulation joint. All load conditions indicated in Fig
ure 36, except LC #2, are investigated to obtain the maximum required 
thickness. Load condition _No. 2 cannot produce maximum shear or moment 
at the base of the section. Figure 37 illustrates a possible case for 
one load condition. 

62.4 xHW · 

KOxGB><HB 

Figure 37. Determination of wingwall thickness 

The thickness required by shear is determined directly. The thickness 
required by moment and direct force is determined by an iterative process. 
The shear is, in lbs per ft 

v = 31.2(HW2 - DW2 ) + 0.5 X KO X GB X HB2 

so the required thickness for shear is, in inches 
• 

TS = V/840 + 2.5 
The moment is, in ft lbs per ft 

M = 10 • 4 ( HVf3 - IJW3 ) + 0 • 5 X KO X GB X H:If3 I 3 • 

The direct force for a thickness, TM, is 

N = 12.5 X Jx TM 

so the equivalent moment • lS 

Mg = M + N X (0 .5 X TM - 2.5)/12 
and the required thickness for moment and direct force is, in inches 

TM = (0 .003683 x Ms)l/2 + 2.5 
The computed required TM and the assumed TM must agree. 
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d f the f our load conditions. The wingThese computations are repeate or 
wall thickness, TWW, is the largest of all of the above required thick-
nesses. 

Overturning. Initial values of.wingwall_footing projections, BUP and 
BDN, are determined by consider1ng the w1ngwall as an in~epende~t wall 
and making it stable against overturning. R:quired foot1ng proJections 
are determined by analyzing slices of unit w1dth at the four secti~n~ 
indicated by Figure 38. Each slice must be ~tabl: by itself. ~d1V1d
ual slices are analyzed, rather than the ent1re w1ngwall as a un1t' . be
cause of the complexity of treating general bearing on an unsynunetr1cal 
bearing area. 

-
~ 
Q 
(X) 

~ j_ co ~ U-lJ/3 
~ .... 

T 
J-1 

Figure 38. Wingwall footing projections 

The required footing projections are found at each of the four sections. 
Then BUP and BDN are selected from the requirement that footing pro
jections vary linearly between BUP and BDN. If any required projection 
at sections 2, 3, or 4 exceeds the required projection at section 1, 
the projection for the entire footing is. made constant at the largest 
required value. Each section is investi~ated for all load conditions 
shown in Figqre 36 to obtain the maximum- required projection at the sec
tion. Figure 39 indicates the analysis for a possible case at a parti
cular section and load condition. The distance from the section under 
consideration to the wingwall articulation joint is X. X is also the 
distance from the back of the wall to the break in earthfill slopes. 
Current values of footing thicKness, TWF, and footing projection, PTG, 
are investigated. First ~rial values are TWF = TWW and FTG = 1. Foot
ing pressures, lateral water and earth pressures, uplift pressures, 
footing dead load, and wall weight are determined for the current value~. 
Footing pressures vary linearly between the three points: back of the 
wall, X from the wall, and edge of footing. 

With the loads known, moments about the toe and summation of vertical 
forces locates VNET at Z from the toe. If VNET is located outside the 
base width, WOB, that is Z is negative, then FTG is incremented for 
another trial. If VNET is located within the base, within WOB/3 of the 
toe, then PBH would be negative so again FTG is incremented for another 
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/-
62.4 x(OW+ TWF / 12) ....... ....., ·~ ~ ·~ ·~ ~ 

~ 

62. 4(YW+ TWF / 12J 

PBT 

~ ~ ~ ~ ~ ~ ~~ I _j_. t -..._.-
~-

PBH 

....... 

......... '--" I 

r E - -
VNET 

- WOB 

Fi gure 39 . Wi ngwall overturning and bearing 

t rial. If VNET is located within the middl e third of the base, t he sec 
t i on is s afe against over turning and t he contact bearing pr essur es, PET 
a nd PBH, a r e computed in the us ual way. If t he hi gher pressure exceeds 
the allowable value, ~aken as 

PALLOW = 2000 + GB x (YB + TWF/12) 

FTG is again incremented . Each trial recycles ~he footing design back 
to the f irst l oad condition for the section under investigation. 

When bearing pressure requirements are satisfied, footing thickness re-, 

quired for moment iB determined. The critic~l section for moment is at 
the face of the wingwalJ. If the required thickness is more t han the 
actual thi ckness, TWF is incremented and the footing design is recycled 
starting at the first location, (section l of Figure 38) and the first 
l oad condition. Analyses have shown that shear seldom controls footing 
thickness in these wingwalls. Hence the thickness required for shear is 
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only checked, and the design recycled if necessary, in detail design. 

Sliding. The basin proper is designed to satisfy longitudinal sliding 
requiremen~s, by itself. Therefore, no additional sliding force should 
be brought ~o the basin by the wingwalls. This means the wingwalls 
should be adequate themselves to resist sliding in the longitudinal 
direc~ion of the basin. (Any tendency of the wingwall to slide in a 
transverse direction, toward the center of the channel, is resisted by 
the wingwall-to-basin tie discussed in the next section.) Let there
sultant horizontal driving force normal to the sidewall be FSLIDE, see 
Figure 40. This force is obtained by summing, over the length of the 
sidewall, the net horizontal forces per unit length, HNET, at each of 

\ 

FSL/0£/./2 

VNET 

Figure 40. Longitudinal sliding of wingwall 

the four sec~ions . HNET i~ ~~-~ -d f ~ 
forces for a particular ~ ~~lla..J..nc rom tue indicated horizontal 

' sec lon and load condition. Thus 

. . FSLIDE = ( HNErl/ 2 + HNEr2 + HNET3 + HNEJ.14/ 2) x ( J - 1) /3. 
S~llarly, if VWING is the ult . 
and VNEr is ~he result t res . ant vertlcal force on the wingwall 

an per unlt length, then ' 

VWING = fVNErl/2 + VNEr2 + VNET3 + VNEr4/2) x ( J - 1 )/3. 
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The longitudinal component of FSLIDE is FSLIDE/~. To adequately re
sist sliding, the wingwall must satisfy the relation 

1.4142 x VWING x CFSC 
FSLIDE ::::: SLIDER 

for each load condition of Figure 36. 

If the above relation is not satisfied for any load condition, BUP and 
BDN are incremented equally. The design is recycled to the start of 
the overturning analysis with the new footing projection values. This 
is necessary because the wingwall footing thickness, TWF, may require 
incrementing with the larger footing projections. 
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Hingwall-to-basin tie. A structural tie is provided between the wing
wal 1 footing and the footing and floor slab of the bas in proper. This 
wingwall-to-basin tie prevents rotation of the wingwall about its junc
tion with the basin sidewall and thus effectively prevents any possibil
ity of transverse sliding of the wingwall. The wingwall-to-basin tie is 
designed for the full moment due t o the resultant horizontal force, 
FSLIDE, of Figure 40 . This is admittedly conservative in that it com
pletely neglects any fric t ional resistance that is developed. Let MTIE 
be the full moment, in foot lbs, and ARM be the moment arm shown in 
Figure 41. Then, in inches 

ARM = BUP x 12 - 6 - rrnvi/ 2 

I~ 

• 

~--L""' ~ 
/'1 / J 

" - """ 
' ~ 

~ 
a: 
~ 

' i • -
~ 
co 

6 11 TO C.G. OF 

TIE STEEL 

TWW 

J-1 

MTIE 

I , 

·I 

---
T 

Figure 41 . Wingwal1 - to -basin tie steel area 

and t he required area of t he t ie s t eel, in sq. in., just downst r eam of 
t he section t hrough t he articulation joint is approximately 

MTIE x 12 
ATIE -

20 , 000 X ARM 
X ( ( J - 1 )2 + 
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Detail Desi~ns 

With the,~~vo exceptions of the longitudinal steel in the pavement slab 
of ~ype ~C) stilling basins nnd the wingwall-to-basin tie steel detail 
design is concerned with the determination of requirements for transverse 
steel~ ~~ansverse steel in the pavement slab and longitudinal steel in 
all o~her elements need only satisfy temperature and shrinkage (T and s) 
requiremen~s. 

Each detail design begins with the set of trial dimensions obtained in 
the preliminary design. Thicknesses are incremented, and the design re
cycled, whenever it is discovered compression steel would otherwise be 
required to hold bending stresses to allowable working values. A wing
wall detail design accompanies the detail design of every basin requested. 
Required steel area and maximum allowable steel spacing are computed at 
a sufficient number of points to adequately define the steel requirements 
of the stilling basin. Steel areas given always satisfy T and S require
ments. In the side,vall, the points are the same for each stilling basin 
type. Tn the floor slabs of types (A) and ~B) basins and in the base 
slab of type (C) basins, the points are similarly located and numbered so 
that there is little difficulty in switching thought from one type to 
another. Schematic steel layouts are shown for sidewalls, floor and base 
slabs, and wingwalls. The actual steel is selected by the designer once 
he knows the steel requirements at the various points. 

Sidewall steel 

Steel areas and spacings are determined for the eleven points defined 
in Figure 42. Points 1 through 10 are on the inclined steel in the back 
of the wall. The vertical steel in the front of the wall need only be 
provided in T and S amounts with the possible exception of steel in the 
vicinity of point O, discussed later. 

Refer to Figures 14 and 42. Study of sketch (A) of Figure 14 shows that 
for LC #1 the steel requirement at points 2, 3, 4, or 5 equals or exceeds 
the steel requirement at any point to the right of, and at the same eleva
tion as, the point under consideration. Observation of sketch (B) of Fig
ure 14 for LC #2 shows that similar statements apply if the water depth, 
Dl, in the basin is neglected for points 2, 3, and 4 . 

• 

The s~eel r equirements for the vertical steel in the back face of the 
sidewal l are therefore evaluated as follows. The requirements at points 
1 through 5 and at corresponding points 6 through 10 at the break-in
grade section are determined. Note that it is often convenient or neces
sary ~o alter the wall steel layout at the break-in-grade section. The 
steel determined for point 3 is adequate between point 3 and point 2 . 
The steel determined for point 8 is adequate between point 8 and the 

~ 

point on the downstream end section at the same elevation as point H. 
Corresponding statements are true for similar pairs of points. The s tee~ 
required .a t point 5 is reported for purposes of interpolation. Any in~er
polation should assume straight-line variation between points. For type 
(B) basins, t he thicknesses of the upstream portion are used with points 
1 through 5 whereas the thicknesses of the downstream pqrtion are used 
with points 6 through 10. For types (A) and (C) basins, these thick-
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Figure 42 . Sidewall steel layout and point locations 

nesses are the same so points 5 and 10 are actually the same point . 

Figure 43 
or LC #2 . 

illustrates a possible loading situation . It might be LC #1 
The section under consideration is located at distance, Z, 
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Figure 43. Sidewall steel design 

from the top of the wall. Shear, VZ, in lbs per ft; moment, MZ, in 
ft lbs per ft; and direct force, NZ, in lbs per ft are determined for 
the sec~ion and loads. The required steel area for this MZ and NZ may 
be obtained as explained in TR-42. If the current effective depth is 
inadequate ":·Tithout using compression st~el, the bottom thickness, TBV~ 

and hence TB, is incremented and the wall steel design is begun again. 
Wheh the effective depth is adequate, the maximum allowable spacing of 
the steel at this section is given, in inches, by 

sz = 10,015 X (T - 2.5)/.VZ 

as explained on page 47 of TR-42. 
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As noted earlier, the water surface on the outside of the basin side
walls, for LC #2, is taken conservatively at HTW2 for sidewall bending 
analyses. However, when HTW2 > HUP2, tension may occur in the steel in 
the front of the wall at and in the vicinity of point 0 on the assumption 
the water surface on the outside of the wall is at HUP2. Therefore a 
steel requirement is reported for point 0 only when hllw2 > huP2 and ten
sion is computed to exis~ at this sec~ion with 

z =J 

HBZ - HB 

HWZ - HUP2 

DZ HTW2. 
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Floor slab steel 
Steel areas and snac~- .;:-s are d.etermined at t velve points i n t he floor 
sl ab in each cf tlrree ~-ections fo r type (A) basins and i n each o:f f our 
sec~ions for type (B) basins . Both LC #1 and LC k~ are inves t i gated . 
The three ~ype (A) basin sections are the downstr eam end sect i on, t he 
br eak- in- brade section , and t he ups~ream end secti on. The four t ype 
(B) basin sections are the downstr eam end section, a section immed i ate
ly downstream of the break- in- gr ade, a section immedi ately upstream of 
the br eak- in- grade, and the upstr eam end section . The toewall i s neg
lected in computing the downstr eam end sect i on steel r equirements . 
Figure 44 gi ves the l ocat i on and number ing of the t wel ve points in each 
sect ton . 
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NOTE: 

FOR TYPECAJ POINTS 35-46 ARE OMITTED AND POINTS 23 - 34 

ARE AT BREAK- IN-GRADE SECTION. 

Figure 44. Floor slab steel layout and point locations 

In accordance with previous discussion see page 26 b · , , ear1ng pressures 
are assumed constant along any transverse section of the b · F . 2

2 
,..h . . as1n . lg-

ure v ows_loads and pert1nent variables involved . For t he case 
shown, t~e d1rcct compressive force in the footing projections in lbs 
per ft, 1s ' 

CF = (KO x GM x HDIF~' + (KO x GB + 62 . 4)(IDJ~ + TS/24)) x TS/12 
where HDll'F' = HEW - nuw. Th e horizontal loading on the walJ is 

HWALL = KO x GM x HDll'F' x (HDll'F'/2 + HUW) 

+ KO x GB x HUW2/2 + 62.4(HUW2 _ DW2)j2. 

Thus the direct compressive f · th fl orce 1n e oor slab between the side-
walls, in lbs per ft, is 
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CB = CF + HWALL. 

Shear and moment values at any location are also computed dir ectly by 
statics. Longitudinal shear is treated both ways described on pages 28-
and 2g. 

With moment and direct force, and shear known at any location, required 
steel area and maximum steel spacing may be evaluated as explained in 
TR-42. The effective depth is (TS-3.5) for positive moment, that is, 
moment producing tension in the bottom of the slab, and (TS-2 . 5) for 
negative moment. If the effective depth is inadequate, the slab thick
ness is incremented and the floor slab steel design is begun again. 
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For negative moment, a check is made to determine if the top steel quali
fies as "top bars" with regard to spacing of steel for bond. The spac
ing of "top bars" is given by S = 7093 x (T - 2.5)/VZ in accordance with 
TR-42. 

Base slab steel 

Steel areas and spacings are determined at twelve points in the retain
ing wall base in each of three sections for type (C) basins. The sec 
tions are the downstream end section, the br eak-in-grade section, ~~d 
the upstream end section. Figure 45 gives the location and numbering of 
the points. 
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57 55 53 
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21 19 17 
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28 26 
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12 
24 
48 

I 
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UPSTREAM END 

BREAK-IN-GRADE 
DOWNSTR~AM END 

DOWNSTREAM END 

BREAK -IN-GRADE 

UPSTREAM END 

Figure 45. Base slab steel layout and point locations 

Bearing pressures at the toe and heel of th: ~ps~ream ~d downstream end 
sections are obtained as described for prel1m1nary des1gn of type (C) re-
t · · g ..... -,, --r .. .: -ns n.-.c.•""ing pres::;ures at the break-in-grade section am 1n "a I I 1:1v ~.~..~..u • ..DC~ • 

are obtained by interpolation. Shear and momen~ values.at any locat1on 
· th toe and heel of any section are computed by stat1cs. Figure 33 1n e . f . f t. h the ver~ical loads involved. Direct compress1ve orces 1n oo 1ng 
~r~~:ctions and in tne toe slab are computed as ind~cated above for 
floor slab steel. with the force system at a loca~1on known, steel re-
quirements are readily ascertained. Longitudinal shear is again treated 
both ways. 

A71 



58 

Pavement slab steel 
· are determined at the ten poin~s 

Longitudinal steel areas an~ sp~clngs46 chear and moment values for 
i~ the pavement s lab sho~ m Fl~ure · . "-: n es i at t he same 
these locations are obtamed durlng prelL~l~~ labgnfor longitudinal 
~ime slab thic~~esses are c~ecked thr~ughou ~ e ~igated to obtain maxi-
shear and momenc. Both LC dl and "!:...C ~ are l!lVes 
mum requirements. 

67 
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Figure 46 . Pavement slab steel layout and point l ocations 

Hingwall steel 

Steel areas and spacings are determined at six pointe in each of three 
sections in the wingwall. ·Figure 47 gives the location of the sections 
and numbering of the points. The sections are adjacent to the articu
lation joint and at the interior third points of t he wingwall span. 
Figure 48 gives t he wingwall section steel layout and locates the six 
points where steel requirements are evaluated. 

There are two lines of principal steel in a wingwall section. These 
lines are the vertical steel in the back face of the wingwall and the 
top steel in the "Wingwall footing. Detailing must ensure that ade
quate anchorage is provided these two lines at the junction of wing
wall and wingwall footing. All other steel in the section is required 
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only in T and S amounts. 

Determination of the steel requirements at point a, b, or c in any sec
tion necessitates the evaluation of the force system MZ, NZ, and VZ 
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shown in Figure 49 where Z is the distance from the top of the section 
down ~o ~he point in question. Fbssible cases of DW, YW, and YB are 
illus~ra~ed from which MZ, NZ, and VZ are computed for a particular 
load condition. At interior sec~ions where X > (J - DW), the water 
dep~hs, YW and 1M, are equal and exceed the height of the section, HSW • 
All five load conditions of Figure 36 are investigated to determine maxi
mum requirements. 

WING WALL 

3 9 ----- -----
-----------

U-lJ/3 U-lJ/3 U-lJ/3 

• 

WING WALL 

FOOTING 
4 

0 
16 Q 5 :::::> 11 ]) co 17 

6 12 18 

J-1 

Figure 47 • Wingwall steel point loca~ions 
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Figure 48 . Wingwal l secti on steel layout 

Determination of t he steel r equirements at _.point d, e, or- f similarly 
-necessitates the evaluation of t he fo r ce system MZ, NZ, and VZ shown 
in Figure 50 wher e Z is the distance from the edge of t he footing pro
jection to the point in question. Sketch (A) shows a possible c ombina
tion of YB, YW, and DW. Sketch (B) shows t he r esulting loadings and 
bearing pressures and indicates ~he summati on to obtain MZ and VZ . The 
direct compressive for ce, NZ, i s obtained as suggested by t he next t wo 
sketches . Sketch (C) defines the resultant horizontal for ces invol ved . 
Sketch (D) puts the section in horizontal equilibrium using t he r esult ant 
horizontal forces and indicates t he sununation to obt a in NZ. All. five 
load conditions of Figure 36 are investigated. 

The wingwall footing thickness required for shear is checked during 
these computations. Maximum shear in the foo-cing can occur at t ne f ace 
of the wall or at some interior location. S~ear sel dom contr ol s t h i ck
ness. When it does, the thickness is incremented and the foot i ng steel 
design is begun again. 
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Concrete Volumes 

~onc~ete v~lumes, in cubic yards, are computed for both preliminary and 
etall d~slgns. ~e volumes are given in two parts. The first is the 

volume o~ the b~sln proper, exclusive of wingwalls. The second is the 
vol~~e or the Wlngwalls including several adjustments. These adjust
m~n~s account for the mating of (1) sidewall to wingwall, (2) basin and 
Wln~wall toewalls, and (3) basin and wingwall footings. 

Basin Volumes 

The b~sin volum~ of each type of SAF stilling basin is readily obtained. 
Certaln ~ssumptlons are made to facilitate computing this volume. It is 
assumed ~hat the sidewalls end abruptly at the downstream end section. 
It is further assumed that the basin toewall ends abruptly at the outer 
edges of the sidewall, that is, the toewall does not extend under the 
basin footing projections. 

The basin volume for type (A) outlets is obtained by partitioning the 
sidewalls and floor slab as shown oy Figure 17. Component solids are 
pris~4toids for which the volume in general is 

V = (Al + 4Aro + A2 )h/6 

where 
Al area of right section at one end of solid 

A2 - area of right section at other end of solid 

Am - area of mid-section of solid 

h - perpendicular distance between right end sections. 

The basln volume for a type (B) basin is obtained in accordance with the 
partitioning shown by Figure 24. Similarly, the volume of the retaining 
wall portion of a type (C) basin is also obtained in accordance with Fig
ure 24, but with floor slab thickness of TSBG at the break-in-grade. The 
pavemen~ slab volume of a type (C) basin follows from Figure 28, sketch 
(A). In calculating these volumes, the overal l widths of the basin are 
taken as 

WO = W + 

for type (A), 
widths are 

2(TBV/12 + FTG) 
• 

and also for type (C), but with W taken as 2X. 

WOU = W + 2(TBVU/12 + FTGU) 

WOD = W + 2(TBVD/12 + FTGD). 

Type (B) 

It should be noted the basin volumes do not include volumes of chute 
blocks, floor blocks, end sills, fillets on toewalls, or upstream floor 
ioint steps~ It is assumed that chute hlockR, floor blocks; and end 
~ills are dimensioned during hydraulic design and that they are subject 
to some shape and/or size variation. Likewise, fillet size and joint 
step details are subject to variation depending on designer preference. 

\-lingwall ·volumes 
The computation of the wingwall volume with its adjustments is somewhat 
complic~ted. Figure 4 shows a typical wingwall layout. First the wing-
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wall volume is computed without adjustments. As with the basin proper, 
certain assumptions are made to facilitate computing this volume. It 
is assumed that the wingwall and wingwall toewall begin at the articu
lation joint and extend outward a span of (J-1). It is further assumed 
that the basin proper is without footing projections. The wingwall vol
ume 1.,rithout adjustments, VWOAD, thus consists of the volumes of '1) the 
wingwall, ( 2) the wingwall toewall, and (3) the wingwall footir.~· dith 
its extension back to the basin sidewall. Figure 51 delineates these 
volumes. 

TBV 
I 

/ 
/ 

LEVEL 

Figure 51. Wingwall volume without adjustments 

The adjustments subsequently applied to the wingwall volume depend on 
the corner detail shown in Figures 4 and 51. The corner detail is 
shown to la~ger scale in Figure 52. The thickness of the wingwall toe
~all, ~' lS the larg~r of the thickness of the basin toewall, TTW, or 
~he th1ckness of the Wlngw~ll, TWW. The level distance LEVEL which 
locates the articulation joint with respect to the corn~r of the side
V:all, and ~he distance, BACK, which serves to define the wingwall foot
lng extens1on back to the sidewa.ll, are given ln inches by 

LEVEL = TBV /.f 2 

BACK = 1WT - LEVEL 

when 
TBV ~ TWW x .f2 

otherwise 
LEVEL = TBV x .f 2 - 'IWW 

BACK = TWT - TWW 
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The former case is illustrated by Figure 51 and t he upper sketch of 
Figure 52. The latter case is illustrated by Figure 4 and the l ower 
sketch of Figure 52. 

TBV 
TT 

~ 
TBB I 

TBV 

TT 

Figure 52 . 
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Sidewall stub adjustment. Instead of the sidewall ending abruptly at 
the downstream end sec~ion, the sidewall makes a 45° turn and ends at 
the articulation joint as is shown in Figure 52. Thus a volume correc
tion or ad,iustment is necessary. Adjustments are applied herein to the 
wingwall volume so that relative volumes of different types of basins 
may be directly compared with more meaning. The sidewall stub adjust
~ent volume, VWALL, is the difference between the sidewall volumes 
when the sidewall ends at the articulation joint and when the sidewall 
ends at the downstream end section. 

ToewR!l stub adjustment. Instead of the basin toewall ending at the 
outer edges of the sidewall, the basin toewall mates with the wingwall 
toewall in a 45° turn as is shown in Figure 52. Thus another volume ad
justment is required. The toewall stub adjustment volume, VTOE, is the 
difference between the volume of the basin toewall mated to the wing
wall toewall (the toewall taken to the plane of the articulation joint) 
and the volume of the basin toewall ending at the outer edge of the side
wal 1 • 

Basin footing ad.justmen-c. Usually the basin proper will have footings. 
Such footings extend to the downstream end section. Thus an adjustment 
is necessary that will take account of any wingwall footing that is in 
space already occupied by the basin footing. Several configurations 
are possible depending on the relative values of the basin footing pro
ject ion, FTG, vs the wingwall variables, WTWT, WEXT, WDES, and WPROJ 
shown in Figure 53. Sketch (A) illustrates these variables and also 
the distance, ¥MLB. This is the distance from the plane pf the down
stream end section upstream to the point where the wingwaJJ footing ex
tended backward would intersect the outer edge of the sidewall. The 
wingwall variables, in feet, are 

• WPROJ- (BACK/12 + (J - 1) + (BDN- (TWT- TWW)/12))~f2 

WEXT - (BUP + (BACK - (TWT - TWW) )/12)/~2 

WTWT - ( TWT x .f2 - TBV)/12 

wvTLB _ c BuP - c TIN lr2 - TWW) 112) J 2 

Sketches (B) through (E) of Figure 53 indicate by shade~ area, the basin 
footing adjustment volume that must be deducted from the wingwall volume 
without adjustment. Sketch (E) shows a rare but possible case where a 
volume indicated by the lined area must be added to the wingwall volume 
without adjustment. The basin footing adjustment volume, VFTG, is com
puted using the wingwall footing thickness, TWF. Let 

VW:rnG = VWOAD + VWALL + VTOE 

then, the adjusted wingwall volume is 

QUANT = VW:rnG - VFTG. 

If for any reason VFTG can not be computed, QUANT is set to zero and a 
message is given. For example, VFTG is not compu-ced when 
(WWLB - LB) > FrG. This does not mean the design is unsatisfactory. 
Rather, it means that some design decision is necessary concerning t he 
layout of the wingwall footing. 
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Computer Designs 

In out 
Two lines of alphameric information must preceed all other data in the 
input for a computer job. A given computer job may include many design 
runs. From one to five lines of input data are required for each design 
run. A de~ign run is made for a particular set of design conditions. 
and takes one of two forms. The first form consists of three prelim1n
ary designs one for each SAF stilling basin type, plus a preliminary 
design of the wingwalls. The second form consists of the detail de
sign of one of the basin types plus a detail design of the wingwalls. 

The input data provided per design run consists essentially of values 
for the primary design parameters and, if desired, values for the secon
dary parameters. Table 2 shows the lines that may be provided per run 
together with the specific design parameters contained on the first and 
last three lines. 

Table 2. Input values per design run 

w J LB N Dl Vl DESIGN DFALTS 

DFALTl DFALT2 DFALT3 - - - - -
HB HIW2 HUP2 H1Wl HUPl - - -

!WCFTG FLOATR SLIDER zs BAT - - -
GM GS KO CFSC H'lW Trw - -

The first line contains the primary parameters, W, J, LB, N, Dl, and Vl 
and is always required. If DESIGN = O, the three preliminary designs 
are performed. If DESIGN = 1, 2, or 3, the detail design of SAF type 
(A), (B), or (c) is performed. If DFALTS = O, all secondary parameters 
are assigned default values and the ·next four lines must be omitted. 
If DFALTS > O, some or all secondary parruneters gxe assigned user values 
and the next line of input data must be provided. 

If DFALTl = O, the line of input data starting with HB must be omitted. 
If DFALTl > O, the line of input data containing values of HB through 
HUPl must be provided. 

If DFALT2 = O, the line of input data starting with MAXFTG must be omit
ted. If DFALT2 > O, the line of input data containing valueS. of MAXFTG 
through BAT must be provided. Similarly for DFALT3 and the line of in
put data starting with GM. 

Thus the number of lines of data that must be provided per design run 
will vary depending on whether the default values are acceptable or 
whether the user wishes to supply certain secondary parameter values. 
Note that although various lines may be omitted, those supplied must be 
complete a.nd in the order indicated. 
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The t'\.ro lines of alphameric data are used to provide information such 
as site number, watershed, state, date of design, and similar informa
tion desired by the requesting office. 

Out nut 

The outpu~ for eQch design run, whether preliminary designs or a de
tail design, repeats the two alphameric lines of input and gives the 
parn.."'Tleter values used for that run. These parameters are listed and 
iden~ified at the beginning of the design. 

~·fessages. The execution of a design run is not attempted when the com
pu~er recognizes input paro.meters are unacceptable. When this happens, 
the output references a message giving the reason the run was not ex
ecu~ed. These messages follow. 

Message No. 1 
The Froude number is less than 3.0 

Message No. 2 
IIrW2 exceeds J 

Message No. 3 
HUP2 exceeds HTW2 

Message No. 4 
HUPl exceeds HUP2 

Message No. 5 
HTWl exceeds HUPl 

Message No. 6 
HB exceeds J 

r-1essage No. 7 
N is less than Dl 

Message No . 8 
HTW2 is less than Dl 

Message No. 9 
• 

LB is less than arbitrary minimum of 2.0 ft 

Message No. 10 
N is more than arbitrary maximum of 0 . 9J 

Message No . 11 
HB is less than zero 

i·fessage No. 12 
ZS is less than arbitrary minimum of 2.0 

Sometimes an executing design can 
during preliminarJ design or m~re 
this happens, the output contalns 

not be completed. This may occur 
rarely during detail design. \fuen 
a short message which identifies 
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the basin or el ement involved and gives the underlying cause when possi
ble. 

Prel!.11inary designs. Preliminary design results are listed in the 
order ~ype (A), (B), (c) and wingwall, see Figure 54. Output values 
consist of distances, thicknesses, and concrete volumes. The uni ts 
are :'eet, inches, and cubic yards respectively. Items may be identi
fied by reference to various figures: 

For type (A ) see Figures 1 and 11 

For type (B) see Figures 2 and 11 

For type (c) see Figures 3, 11, and 28(A) 

For wingwall see Figure 4. 

Detail designs. The output for the detail design of any basin type in
cludes several segments. The output repeats the preliminary design r e 
sults. The output gives final distance and thicknes s values (these will 
often be identical to the preliminary design values) . The output in
cludes a listing of steel requirements giving required ar~a and maxi
T.~~ allowable spacing in sq. in . per ft and inches . The ou~put then 
prov:des similar detail information for the associated wingwalls. 

Type (A) . -- See Figure 55 for an output example . 
44 for the steel locations listed. 

Type (B) . -- See Figure 56 for an output example . 
44 for the steel locations listed . 

Type rc) . -- See Figure 57 for an output example . 
45 f~r the retaining wall portion steel locations 
46 for the pavement slab steel locations listed. 

See Figures 42 and 

See Figures 42 and 

See Figures 42 and 
listed. See Figure 

~·Tin:::;·Talls. -- Wingwall detail designs are a part of Figures 55, 56, and 
57. 

1 
~ee Figures 4 and 53 for item identification. See Figures 41, 47, 

and :._: for the steel locations listed . The required area of the wing
wall-~o-basin tie is given in sqo inches. LEVEL is ~n inches, WPROJ and 
~·TWLB are in feet, and VWING is in cubic yards . 
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•••••••••••••••••••••••••••••••• •••••••••••••••••••••••••••••••••••••••••••• 

ElASTIC 

SAF STilli~G BASIN 
STRUCTURAL DfSIGN 

ANALYSIS AND WOR~ING STRESS DES I Gtl ARE USED 

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT HYATTSVILLE. HD. 
FOR 

f.XAIIPLF. SPECIAL DESIGNS FOR STILLING BASIN TECHNir.AL RELEASE 
JOAN FOR ESA------------1 / 7/73 

If • 20.00 
J • 111.75 
LB • 16. 75 
N • 6. 75 

LTOP• 165 ... 5 
LBOT• 1i 7 . 96 

TT• 10.00 
FTG • 3. 00 

L TOT• li6. 75 
TT• 10.00 

FTGU• li .00 
FTGO• ". 75 

LTOT• 116,75 
X• 10.00 

TT• 10.00 
FTG• l.OO 

DESIGN PARAtiETERS 
01 • 1.75 HTI/1•16.00 
V1 • 50.00 HIIP1• 6.00 

HB • 7.00 
lS • 2.50 
HTII• 16. 00 
TTII•12 .00 

GH •110.0 
r.s •120 .o 
a:o • o.7so 
BAT• 0.0 

MAXFTr. •1 0. 00 
FLOA TR• 1. 2 5 
SliDER• 1.10 
CFSC • 0.110 

FROUDE• ..... 37 HTI~2•1l.50 
02 • 15.63 HUP2•11.00 

PRELIMINARY DESIGNS FOLLOW 

TYPE (A) STILLING 
ltt• 2.51 
LS• 31.21 
TV• 12,50 

TSUP• ll.OO 

TYPE (B) STILLI~G 
LS • 30.00 

TVU• 12.50 
TVO• 12.511 

TSUP• 13,00 

TYPE (C) STILLINr. 
LS• 30.00 
XP• 0.0 

TPUP• 50.00 
TV• 12.50 

TSUP• 111.00 

BASIII • 
liN• 
HS• 

TAB• 
TSAG• 

TRIAL VALUES QUANT•l19.113 
6.27 hV• 9.37 

12 .Ill 
0,0 TBV• 15,00 TB• 15.00 

16,00 TSON• 16.00 
ASSDC I A TEO IH tiGWALL QUANT • 2 7 .19 

BASIU - TRIAL 
HS• 12.00 

TBB• 0.0 

TSBr.U• 22.00 

VALUES 
HV• 9,37 

TBVU• 15.00 
TBVO• 15.00 

TSBr.0•22,00 TSON• 16.00 
ASSOCIATED III~GWALL 

QUANT•B5.22 

TAU• 15.00 
TAO• 15.00 

QUANT• 25.70 

RASII4 • TlliAL VALUES QUAtH•119.51J 
HS• 12. 00 HV• 9.37 

TPRG• 88.00 TPON• 6q.oo 
TO"• 0.0 UV• 15.00 TR• 15.00 

TSAG• 17.00 TSOU• 16.00 
ASSOCIATED lfiNGifALL QUAtiT• 27.19 

I~HHi\IAll DESIIiN TRIAL VALIJES 
nl\1• 10,00 TI'IF• 10,00 BUP• 12.50 BON • .5. SO 

••••••••••••••••••••••••• ENO PRELIIIINARY DESIGNS •••••••••••••••••••••••••• 

······································································~····· 

SAF STILLINii BASI~ 
STRUCTURAL Of.SIGII 

ELASTIC ANALYSIS AND WORKIIIG STRESS DESIGN ARE USED 

SPECIAL DESIGN PREPARED BY THE OESIGII UNIT AT HYATTSVILLE, tiD, 
FOR 

EXAtiPLE SPECIAL DESIGNS FOR STILLING BASitl TECHNir.AL RELEASE 
JOAN FOR ESA-----------·11/7/73 

DESIGN PARAt~ETF.RS 
\~ . 20.00 D1 • 1.00 HTIH• 2.00 HA • 5.00 r;tl •120. 0 nu FTr. •1 n. o o 
J • 12.00 V1 • lS. 00 HUP1• 11.00 ZS • l.OO GS •lliO.O FLOATR• 1. 50 
LB• 16.0n FROUDE• l8.01i HTII2• s.no HTII• 11,00 ~0 • 0.800 SLI DER• 1. no 
N • ... on D2 • 11,211 HUP2• 6.no Tn~·1o.no BAT• 0.375 CFSC • 0.35 

PRF.L 1111 NARY DESIGNS FOLL0\1 

TYPE (A) STI LLINii AASitl - TRIAL VALUES QUA tiT • 6 :5. 91 
· L TOP• 39.35 LN• 1.26 HN• :5. 79 HV• 6.00 
LBOT• li0.62 LS• 211.62 HS• 11.21 

TT• 10.00 TV• 10,00 TAB• 2.00 TRV• 10.00 TB• 12 . 00 
FTr.• 1.00 TSUP• 11.00 TSRii• 1.5.00 TSDII• U ,00 

• ASSOI':IATED 1/ltiGWALL QUANT• 12.66 

TYPE (8) STILLING BAS Ill • TRIAL VALUES QUANT• 66.13 
LTOT• .. o.oo LS• 2 ... 0!) ItS• 11.00 HV• 6,00 

TT• 10.00 TVU• 10.00 TAR• 2.00 TBVU• 10.00 T!'IU• 12.00 
TVO • 10.00 TBVD • 10.00 TRD• 12.on 

FTGU• 1. 00 TSUP• 11.00 TSRiiU• 111.00 
FTClO • J.OO TSAOD• 111.00 TSDtl• 13.00 

ASSOCIATED HINGWALL QUANT• 11.1!6 

TYPE (C) STI LLINr. BAS ltl - TlliAL VALUES QUA tiT• 6 'l . 2 'l 

LTOT• 110,00 LS• 211,00 HS• a.oo HV• 6.00 
X• ~.oo XP• 2.00 

TPUP• 211.00 TPBG • 50.00 TPOtl• l7 .oo 
TT• 10.00 TV • 10.00 TAD• 2.00 TRV• 10.00 TB• 12.00 

FTii • 1.00 TSUP• 11.00 TSBG• 13,00 TSDtl• ll. 00 
AS SO I': I A TEO IH tlr.IIALL QUANT• 12.66 

TW'I• 10,00 
IHNiill~~~.oi~~g~ • TRI~bp~ALIJ~§ii £sf)N• :5.50 

-·• ••••••• •••• •••••••••• END PRE L I ttl tiA'lY DES I CitiS •••••••••••••••••••••••••• 

Figure 54. Computer output, prelioinary designs 
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•••••••••••••a•••••••••••••••• ••••••••••••••••a•2••••••••••••••••••••••••••• 
SAF ~TILLIHn AASIN 

STI'lllr.TilllAL nF.c; I 'HI 
ELASTIC ANALY~IS ANn 1·/flllKINr. STRF.SS OESinN AllF. IISFn 

SPECIAL OESH~N PllF.PAREn RY THE OESir.N UNIT AT HYATTSVILLE, t1n. 
FOR 

F.XAP1PLE SPECIAL '1F.Sir.NS FOil STilllflr. RASitl TF.Ciltiii'~AL llF.LEASF. 
,lOAN FOil ESA - - - - - - - - - - 3/18/74 

OF.Sir.N PAilAP1ETF.RS 
r.M •105.0 ,., . 40.00 n1 " 1.00 HTN1• 4.00 HR • 2.67 

• HIIP1• 4,00 !S • 3.00 r.s ·120. o J 12.00 V1 • 45.00 
LR• 10.00 FROllnF:• 62.89 HTH2• 9.00 HTI-I• 4,00 KO • 0.667 

'4 • 6.00 '12 = 10.73 HIJP2s s.oo TT1'1•10. 00 RAT• 0.250 

nES lfm OF SPFCIFIF'O TYP!: SAF FOLLO\'IS 

L TOP• 
LAOT,. 

TT:a 
FTt;=-

TT• 
FTr.• 

HALL 
A( 1)= 
A( 2)a 
A( 3)a 
A( II) • 

A( 5)• 

BASE 
SECTION 
A(ll)• 
A(12)• 
A(l3)= 
A ( 14)'" 
A(15) .. 
A(16)= 
SF.r.TION 
A(23)" 
A(24)" 
A(25)" 
A(26)• 
A(27)= 
A(28):a 
SECTION 
A(47)= 
A(48)• 
A(49):a 
A( 50)• 
A(51):a 
Af52)= 

TYPE (A) STI Llltlr. RAS HI - TlliAl 
2 7. 03 LN• 1. 90 In!• 5.69 

LS• 18.!12 HS• 6. 31 28.92 
10.00 TV• 10.00 TRR• 2.00 
1.00 TSIJP• 15.00 TSAr.• 18.00 

TYPF. (A) STill I Nr. BASIN - nF.TAil 
10.00 TV• 10.00 TRA• 2.00 
1. 0 0 TSUP• 15.00 TSRr.• 18.00 

STEF.l RF.tltll REP1ENTS 

0.24 S( 1)• 18.00 
0,24 S( 2)• 18.00 
0.24 SC 3)• 18.00 
11.27 S( 4)• 18.00 
0.58 S( 5)• 18.00 

AT nOHNSTRF.At1 FNn 
0.17 SC11)• 18.00 
0,17 SC12)• 18.00 
0.17 S(13)• 18.00 
0.17 5(14)• 18.00 
0,17 S(15)• 18.00 
0,17 S(16)• 18.00 
AT RREAK-IN-r.RA'1F. 
0.22 5(23)• 18.00 
0.22 S(24)• 18.00 
0.22 S(25)• 18.00 
0.22 5(26)• 18.00 
0.22 S(27)• 18.00 
0.22 S(28)• 18.00 
AT UPSTRF.AP1 ENn 
0.18 5(47)• 18.00 
0.18 5(48)• 18.00 
0.18 5(49)• 18.00 
0.18 S(50)• 18,00 
0,18 S(51)• 18.00 
0.18 S(52)• 18.00 

I.,INr.WALL OESIGN - TRIAL VALUF.S Tl.,,.,. 10. 0 0 TWF• 10.00 RUP• 7,50 

I'll Nr.I.,A ll n E S I fHI 
TIM• 10.00 T1'1F• 10.00 

- OETAIL OF.51r.N 
RIJP= 7. 50 

1·/\'ILR•lO. 9 5 LEVEL" 7,07 1-lPilOJ= 9 .01 

ARF.A OF 
SECTI ON 
A( 1>• 
A ( 2) • 
A( 3)• 
5Er:TION 
A( 7) • 
A( 8)• 
A( 9) • 
SECTI ON 
A(13)• 
A(14)• 
A(15)= 

STF.F.l RF.(liJIREHF.NTS 
TIF.'" 0.17 
AT ARTICIJ LATIO~I JOINT 
0,24 S( 1)• 18.00 
0,24 S( 2)a 18.00 
0.12 S( 3)• 18.00 
AT IlPPER THI!ln POINT 
0.24 S( 7)• 18.00 
0,24 S( 8)• 18.00 
0 ,12 S( q )a 18,00 
AT LOWF.R THIRO POINT 
0.24 $(13)• 18.00 
0.12 5(14)• 18.00 
0.12 5(15)• 18.00 

1/ A LIJ F. S .. v. 6.00 . 

T'W• 10.00 
TSOPI• 14.00 

OESir.N 
TAV• 10.00 

TSOPI• 14.00 

A( 6)• 0. 2 '• 
A( 7)• 0.24 
A( 8)• 0.24 
A( 9)• 0.27 
A(10)• 0.58 
A( 0) • 0.49 

A(17)• 0.45 
A(18)• 0.17 
AC19>• 0.95 
A(20)• 1.16 
A(21)• 1. 27 
A(22)• 1. 6!1 

A(29)• 0.43 
AOO>• 0.22 
AC31>• 1.79 
AC32)• 0.22 
A(33)• 2.48 
A04)• 0.22 

A( 53)• 0.36 
A( 54)• 0.18 
/\(55)• 0.36 
A( 56)• 1.08 
A( 57) .. 0 ,II 5 
A( 58)" 1.40. 

1.50 

R'1N• 1.50 
VI'# I Nr. • 12 • 2 5 

A( 4)• 0.12 
fd 5):o 0.20 
A( 6)• 0.18 

AClO)• 0.12 
A( 11),. 0.12 
/\(l2i• 0.12 

A(16)• 0.12 
A917)• 0.12 
A(18)• 0.12 

P1AXFTt;= 8.00 
FLOATrt= 1. 20 
Sll OF.!l• 1.00 
CFS~ = o. 35 

~liMIT• 86.6!1 

Tq• 12.00 

OUANT• 86.69 
Tq• 12.00 

S( 6)• 18.00 
SC 7)• 18.00 
S( 8) .. 18.00 
S( 9 )• 18.00 
SClO)• 18.00 
S( 0) • 18.00 

S(17)• 18.00 
SC18) = 18.0 0 
5(19)= 18.00 
SC20)= 18.00 
S(21)= 18.00 
S(22)• 18.00 

S.(29)• 18.00 
SC30)• 18.00 
SOl>• 18.00 
s (32). 18.00 
S(33)• 18.00 
SC34 >• 18.00 

5(53)• 18.00 
5(54)• 18.00 
5(55)~ 18.00 
5(56)• 18.00 
5(57)• 18.00 
5(58)• 18 .oo 

flUAtiT• 11.60 

SC 4)• 18.00 
c;( 5)• 18.00 
S( 6)• 18.00 

S(lO)• 18.00 
SC 11)• 18.0 0 
S(l2)• 18.00 

S(16)• 18.00 
SC17>• 18.00 
SC18 )• 18.00 

••••••••••••••••••••••••••• ENO OF.TAIL OF.Sin~l 2 ••••••••••••••••••••••••••• 

Figure 55. Computer output, type (A) detail design 
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SAF STILLIN~ RASIN 
STRUCTURAL 0 F.S I r.tl 

ELASTIC ANALYSIS AtiO IIORY. INti !\TRESS OESir.N ARF IISF.n 

5PECIAL OESir.N PRF.PAREO BY THE OE5Jr;~J lltiiT AT HYATTSVILLE. lin , 
FOR 

F.XA11PLE SPECIAL OES I r.~15 Fnn STILL I Nr. RAS IN TECIItl I ~AL RELF.ASE 
,JOAN FOR ESA - - - - - - - - - - 3/18/71t 

OF.51r.N PAilA11F.TEil5 
"' . 2 o. 00 01 ., 2,00 HTIH• 0,0 "" •10,00 J • 20.00 V1 • 36,00 r.P1 •120,0 
LR• 21t,OO FROUOF.• 20,12 

HUP1• 5 ,86 zs • 3,00 'iS •11tO. O 
HTI.,2•11, 73 HTN• r..oo KO • o .a oo N • 14.0 0 02 • 11.73 HUP2•11. 73 TTI-1•10. 0 0 RAT• 0. 375 

fiF.Sir.N OF SPF.CIFIF.n TYPF SAF FOlln\.,5 

TYP F. (R) STI LLitlti AASIN - TRIAL VALUF.S LTOT• lt2,00 LS• 18,00 
TT• 

FTGU• 
FTGD• 

TT• 

FTGU• 
FTGO• 

\o/A LL 
A( 1) • 
A( 2) • 
A( :5>• 
A( 4)• 
A( 5) • 
A A SF. 
5ECTION 
A(ll)• 
A(l2)• 
A( 13) • 
A04 )• 
A(15)• 
A(16)= 
SECTION 
A(23)• 
A(21t)• 
A(25)• 
A(26)• 
A(27)• 
A(28)• 
SECTION 
A05)• 
A06)• 
A07)• 
A08)• 
A09)• 
A(40)• 
SECTION 
A(lt7>• 
A(48)• 
A(49)• 
A( 50)• 
A( 51)• 
A( 52)• 

H5• 6,00 
10,00 TVIJ• 16,30 TRB• 2,00 

TVO• 11t.90 
3,50 T51.P• 18.00 TSRr.U• 22.00 
4,75 TSRr.O• 20.00 

TYPE ( R) 5TILL INti RASIN - OETA I L 
1 o. 00 TVU• 16,30 TRB• 2. 0 0 

TVO• 14.90 
3,50 TSUP• 18.0 0 TSRtiU• 22,00 
4,75 TSBr.D• 20.00 

STEF.L REtllll RF.11ENTS 

0,24 S( 1)• 18,00 
0,30 S( 2) • 18,00 
2,16 S( 3)• 11t,OO 
2,27 S( It)• 13,85 
2,1t7 S( 5)• 13,51t 

AT 00\-INSTREAM FNO 
0,21t S(11)• 18,00 
0,21t S(12)• 18,00 
0 ,24 5(13)• 18,00 
0,21t S(14)• 18,00 
0,21t S(15)• 18,00 
0,21t 5(16)• 18.00 
AT 00\oiNSTREJ\11 SIOF. OF BREAK-IN-r.RAnE 
0,21t 5(23)• 18,00 
0,21t S(24>~ 18,00 
0,21t S(25)• 18,00 
0,24 S(26)• 18,00 
o.r.5 5(27>• 18,00 
0,21t S(28)• 18.00 
AT IIPSTREA11 SlOE OF RREAK - IN - r.RAOF. 
0,26 S(35) • 18,00 
0,26 S(36) • 18.00 
0.26 5(37)• 18,00 
0,26 S(38) • 18,00 
0,26 S(39) • 18,00 
0,26 5Cit0) • 18,00 
AT UPSTRF. M1 ENO 
0.22 SC47)• 18.00 
0,22 S(48)• 18,00 
0,22 5(49)• 18,00 
0,22 S(50)• 18,00 
0,23 S(51)• 18,00 
0.22 5(52)• 18,00 

\oiiNti\oiALL OF.S i tiN - TR IAL VA LUF.S 
nM• 12,00 ntFa 16.0.0 RIIP• 15,00 

HI Nr.I.,AL L OF.S I r.tr 
TW\.,• 12 . o o n11=• 16. oo 

- DETAIL OES irn 
RIJP• 15,00 

1'/HLR• 21.21 LEVEL• 12.01t \/ PROJ• 18,21 

AREA OF 
SECT I Otl 
A( 1) • 
A( 2) • 
A( 3) • 
SECTION 
A( 7) • 
A( 8) • 
A( 9)• 
5ECT I ON 
AC13)• 
AClltJ• 
A(15)• 

STF.I!l JlE(}IJ I RF.I1F.NTS 
TIE• 3.24 
AT ARTICULATIOtl JOINT 
0.2~ S ( 1>• 18,00 
0,14 S( 2)• 18,00 
1,17 S( 3)• 17.99 
AT UPPER THIRO POINT 
0,29 5( 7)• 18.00 
0, 14 S( 8)• 18,00 
0.35 ~( 9)• 18.00 
AT LOWER THIRO POitiT 
0,29 5(13) • 18,00 
0,14 5(14)• 18.00 
0,14 5(15)• 18,00 

HV• 11t,OO 
TRVU• 19,00 
nvn• 17,00 

TSON• 20.00 

OESir.N 
TRVU• 19.00 
TRVO• 17,00 

TSON• 2 o. 00 

A( 6)• 
A( 7)• 
A( 8)• 
A( 9) • 
A(10)• 

f\(17)• 
A< 18) • 
A<l9)• 
AC20)• 
A(21)• 
A(22)• 

A(29)• 
AC30)• 
A(31)• 
AC32)• 
A03)• 
AC31t)• 

A(41)• 
A(lt2)• 
A(lt3)• 
A(41t)• 
A(lt5)• 
A(lt6)• 

A( 53)• 
A( Sit)• 
A( 55)~ 
A( 56)• 
A( 57>• 
A( 58)• 

0,21t 
0,30 
0,76 
1.61 
2,82 

o,r.8 
0,211 
o.r.8 
0.21t 
o. 73 
0. 211 

0,118 
1,90 
0,118 
0.78 
0.48 
0,111 

0,53 
1,92 
0,53 
0.97 
0,53 
0,611 

0.43 
1. liS 
0.113 
0,56 
0.113 
0:28 

RON• ~.75 

AnN• 6,75 
VI-/I NG• 52. Sit 

A( 4) • 
A( 5) • 
A( 6)• 

A(10)• 
A(1l)• 
A(12)• 

A06) • 
A(17)• 
A(18)• 

0.58 
1,75 
2.39 

0.31t 
1 1 1 -·--1,58 

0,19 
0 . 51 
0,75 

""'XFTr.•11'1 . 00 
FLnATR• 1,50 
SLI nER• 1. n 0 
CFSC • 0,35 

nFANT•150.36 

TRU• 21,00 
TAO• 19,00 

OUAIIT•150,36 
TAU• 21.00 
TRO• 19.00 

5( 6)• 18,00 
S( 7) • 18,00 
S( 8) • 18,00 
5( 9)• 16,36 
5(10)• 12.07 

5<17>• 18,00 
S(l8)• 18,00 
S<l9)• 18,00 
5(20)• 18.00 
S(21) • 18.00 
5(22)• 18,00 

5(29)• 18.00 
SC30)• 18.00 
SOl>• 18.00 
502) • 18,00 
S03)• 18.00 
SOft)• 18,00 

5(41) • 18,00 
S(42) • 18,00 
S(43)• 18,00 
5(44)• 18.00 
5(115)• 18.00 
5(46)• 18,00 

S(53)• 18.00 
5(51tj• 18·88 5(55 • 18. 
5(56)• 18,00 
5(57) • 18,00 
S(58) • 18,00 

QUANT• 41t,01 

S( 4)• 18,00 
S( 5)• 18,00 
5( 6)• 18,00 

SC10) • 18,00 
${1!} .. lS.OO 
S{l2) • 18.00 

SC16)• 18,00 
507>• 18,00 
S(18)• 18,00 

ENn OF.TAIL nF.sl r.,N •••••••••••••••••••••••••••• ••••••••••••••••••••••••••• 

Figure 56. Computer output, type (B) detail design 
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SAF STILLIHn BASIN 
STRUCTURAL DES I r.tl 

ELASTIC ANALYSIS AND HORKI"G STRESS DESIGN ARE USEO 

SPECIAL DESIGN PRF.PAREO BY THE DESIGN IINIT AT HYATTSVILLE. HO. 
FOR 

UA14PLE SPECIAL DESIGNS FOR STILLING RI\Sitl TECHNtr.AL RELEASE 
JOAN FOR ESA------------8/7/73 

DESIGN PARAMETF.RS 
, •• 32.00 
J • u .oo 
LB • 16,00 
N • 6,00 

D1 • 2.00 HTW1• 0,0 
V1 • J&.OO HUP1• 0.0 
FROUD£• 20.12 HTW2•11.73 
02 • 11.73 HUP2• 7,00 

HR • a.oo 
zs • 3.00 
HTII• 11,00 
TTif•1 0. 00 

GM •120.0 
GS •140,0 
KO • 0.1100 
RAT • 0.375 

DESIGII OF SPECIFIED TYPE SAF FOLLOWS 

TYPE (C) ST1LLING 
LS • 36.00 
XP• 8.00 

TPUP• 14.00 
TV• 10.50 

TSUP• 12.00 

RASI" - TRIAL VALUES 
L TOT • 52.00 

X • 12.00 
HS• 12.00 HV• 9,00 

TT• 10.00 
FTG• 0.0 

TPBG• 
TAB• 

TSBG• 

20.00 
3.00 

15.00 

TPDtl• 17. 00 
TBV• 11.00 

TSDfl• 15. 00 

TYPE (C) STILLING 
XP• a.oo 

TPUP• 111.00 
TV• 10.50 

TSUP• 12.00 

BASIN - DF.TAIL DESIGN 
X• 12.00 

TT• 10.00 
FTG• 0.0 

WALL 
A( 1)• 
AC l>• 
AC 3)• 
A( 4)• 
AC 5)• 

0.24 
0,24 
0.26 
o. 711 
1. 76 

STF.EL RE~UIREHE"TS 

S( 1)• U.OO 
SC 2)• 18.00 
SC 3)• 18,00 
S( 4>• 18.00 
SC 5)• 14.44 

BASE 
SECTION AT DOWNSTREAH EIIO 
A(11)• 0.0 S(ll)• 18,00 
A(12)• 0.0 SC12)• 18.00 
A(13)• 0.0 5(13)• 18.00 
A(111)• 0.0 S(llt)• 18.00 
A(15)• 0,0 S(15)• 18.00 
A(16)• 0.0 S(16)• 18.00 
SECTION AT BREAK-IN-GRADE 
A(23)• 0.0 S(23)• 18.00 
AC24)• 0,0 S(24)• 18.00 
A(25)• 0.0 S(25)• 18.00 
A(26)• 0,0 S(26)• 18.00 
A(27)• 0,0 S(27)• 18.00 
A(28)• 0,0 S(28)• 18,00 
SECTION AT UPSTREArt END 
A(ll7)• 0.0 SC47)• 
A(48)• 0.0 5(48)• 
A(49)• 0.0 S(49)• 
A(50)• 0,0 5(50)• 
A(51)• 0.0 $(51)• 
A(52)• 0,0 $(52)• 
PAYErtENT SLAB 
AC59)• 0.111 
AC&U• 0.44 
A(63)• 0.16 
A(65)• 0.58 
A(67)• 0,311 

$(59)• 
S<&U• 
5(63)• 
$(65)• 
5(67)• 

18.00 
18 .oo 
18.00 
18.00 
18.00 
U.DO 

u.oo 
u.oo 
u.oo 
u.oo 
u.oo 

TPBG• 
TRB• 

TSRG• 

20.00 
'5.00 

16.00 

WINm·IALL DESIGN - TRIAL VALUES 
TW1'1 • 10.00 TI'IF• 11.00 BUP • 10.50 

WINGIIALL DESIGN 
niW• 10.00 TI'IF• 11.00 

-DETAIL DESIGN 
BUP• 10,50 

WULB• 15.11 LEVEL• 7.78 HPROJ• 16.39 

AREA OF 
SECTION 

~~ H: 
A( 3)• 
SECTION 
A( 7>• 
A( 8)• 
A( 9 )• 
SECTION 
A(13)• 
A(111)• 
AC15)• 

STEEL REQUIREHENTS 
TIE• 1 . 9!) 
AT ARTICULATION JOINT 
0,24 SC 1)• 18.00 
0.12 S( 2)• 18,00 
0,66 S( 3)• 18.00 
AT UPPER THIRD POINT 
0,211 SC 7)• 18.00 
0.12 SC 8)• 18.00 
0,20 S( 9)• 18.00 
AT LOifER THIRD POINT 
0.211 $(13)• 18 . 00 
0 . 12 5(14)• 18.00 
0.12 SC1S\• 18.00 

TPDN• 17.00 
TBV• 11.00 

TSDN • 15,00 

AC 6)• 
A( 7>• 
A( 8)• 
A( 9)• 
AC10)• 
AC 0)• 

AC17>• 
A(U)• 
A( 19 )• 
AC20)• 
AC2U• 
AC22)• 

AC29)• 
AOO>• 
A01)• 
A02)• 
ACH)• 
A Oil)• 

A( 53)• 
A( 54)• 
A( 55)• 
A(56)• 
A( 57)• 
AC sa')• 

A(60)• 
A(62)• 
A(64)• 
AC66)• 
A(68)• 

0.211 
0.211 
0,25 
0.11 
1. 76 
o.u 

o.u 
0.14 
0.}6 
o.u 
0.3&. 
o.u 

o. 31 
1.611 
0.31 
0.26 
0.31 
0.19 

0.29 
0.56 
0,29 
0.111 
0.29 
Q.14 

0.20 
0.22 
o.21t 
0.20 
0.17 

BON• 6.00 

BON• 6. 00 
VIIING• 27 • 92 

~~ ~~= 
A( 6)• 

A(lO)• 
A(ll)• 
A( 12)• 

A(16)• 
A( 17>• 
AClU• 

0.3, 
l.h 
1.52 

0.25 
0.78 
1. 08 

0.13 
0.35 
o.so 

14AXFTG•16 .00 
FLOATR• 1.50 
SLIDER• 1.00 
CFSC • 0.35 

QUANT•131.51 

TB• lit ,00 

QUANT•1H.S!I 

TR• lit. 00 

S( 6)• 11.00 
sc 7)• 11.00 
SC 8)• 11.00 
S( 9)• 11.00 
SC10)• 1ft .Ill! 
S( 0)• 11.00 

$(17)• u.oo 
SUI)• 18.00 
SC19 )• 11.00 
S(20 )• 11.00 
S(21)• 18.00 
SC22)• u.oo 

$(29)• 18.00 
SOO)• 18 .oo 
SOU• 18.00 
5(32)• u.oo 
sc 33)• u.oo 
SOil)• 18.00 

5(53)• 11.00 
sc 54 )• 18.00 
$(55)• u.oo 
$(56)• u.oo 
SC57>• 18.00 
SCSI)• 18,00 

$(60)• 18.00 
SC62 )• 18.00 
$(64)• u.oo 
$(66)• 18.00 
SC&a >• U. 00 

QUAfiT• 27.92 

U H: U:88 
S( 6)• 18.00 

SUO)• 18.00 
SC11'• 11.00 
S(12)• 18.00 

SC16)• 18.00 
$(17)• u.oo 
S(ll)• 18,00 

••••••••••••••••••••••••••• END DETAIL OF.SIGN •••••••••••••••••••••••••••• 

Figure 57. Computer output, type (C) detail design 
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Appendix 

Toewall Thickness and Steel for SAF Stilling Basins 

75 

The thickness of the basin toewall TTW, and the depth of the 
HTW are second ' toewall, 4 o' f t a~ parameters whose default values are 10.0 inches and 

• ee_' respect~vely. Occasionally it may be desirable to increase 
~~e ~r 00~ of these values. The vertical steel in the front face of 

e o:wa must s~tisfy T and S requirements. It must also be able 
t~ res~st the cant~lever bending that might be induced by passive re
s~stance of the channel material downstream of the toewall. 

The thickness, TTW, and required vertical steel may be determined from 
the following analysis. Let 

' KP = passive lateral earth pressure ratio 

DIF = HTW - TSDN/12, in ft 

V = shear at face of support, in lbs per ft 

M = moment at face of support, in ft lbs per ft 

other nomenclature as previously defined. 

Assume passive earth pressure against the downstream side of the toe
wall and zero earth pressure against the upstream side. Neglect water 
pressures on both sides and use moist unit soil weight. Then 

V = KP x GM x DIF x (TSDN/12 + DIF/2) 

M = KP x GM x DIF x (TSDN/24 + Dr:F/3) x DIF 

The minL~um thicknesses, in inches, for shear and moment are 

TS = V/840. + 2.5 
TM = (0.003683 x M) 1

/
2 + 2.5 

With Tl'H selected, the maximum steel spacing and minimum steel areas 
are 
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s = 10015 X (TTW - 2.5)/V ~ 18. 

A~ 0.0006 x M/(0.88 x (TTW - 2.5)) ~ 0.024 X TTW 

at the critical section. 

On taking, KP = 2.0 and GM = 120. pcf, analyses show that TTW = 10.0 
inches provides adequate strength for all HTW ~ 6.0 ft. HOwever, for 
the higher DIF values, required steel becomes excessive. An alternative 
approach is to select TTW so that steel required for T and S also satis
fies strength requirements. The accompanying table accomplishes this by 
listing the minimum TTW for various combinations of HTW and TSDN. 

Minimum TTW for which T & S steel also satisfies strength requirements 

TSDN HrW, feet 

inches 3.0 3.5 4.0 4.5 5.0 5-5 6.0 

10 10 10 12 14 16 20 22 

16 10 10 10 14 16 18 20 
20 10 10 10 12 14 16 20 
24 10 10 10 12 14 16 18 
28 10 10 10 10 12 14 18 
32 10 10 10 10 12 14 16 
36 -- 10 10 10 10 12 14 
40 -- 10 10 10 10 10 14 
44 -- -- 10 10 10 10 12 
48 -- -- -- 10 10 10 10 

KP = 2.0 GM = 120.pcf A for T & S = 0. 024 x TTW 
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United States 
Department of 
Agriculture 

Soil 
Conservation 
Service 

P.O. Box 2890 
Washington, D.C. 
20013 

TRN-54-1 

September 14, 1981 

TECHNICAL RELEASE NOTICE 54-1 

The principal purpose of this technical release notice is to update the wingwall 
design procedure contained in TR-54 by removing a previously existing conserva
tive approximation. 

The wingwall design model treats the wingwall toewall as non-existent, refer-
ence TR-54, page 44. However, the procedure for determining the required internal 
strength of the wingwall heel slab has been approximate, on the conservative side. 
This approximation was felt justified on recognition that the toewall might actually 
bring some bending moment to the heel slab. Thus the approximation provided an 
allowance for the effects of toewall loading. The allowance increased with increas
ing slope of backfill behind the wingwall, beginning at zero for horizontal slopes 
and becoming excessive for steep slopes. 

With extensions to the area of application of the model, steep slopes are more 
commonly encountered. Hence the approximation in the moment summation for deter
mining required internal strength of the wingwall heel slab tends to be too con
servative and is no longer desirable. The approximation is now removed. The com
putations conform to the assumed win~vall design model, that is, an L-shaped wall 
retaining various combinations of backfill slope. 

If a designer feels it 
slab to resist toewall 
which might occur over 

desirable to include additional moment strength in the heel 
loadina that strenath must be added overtly. Conditions 

0' 0 

the life of the structure ~.rould need consideration. 

Pages 49/50, 51/-, 59/60, and 61/62 should be removed from current copies of 
TR-54 and the enclosed four sheets should be inserted. 

, 

.L. a~A4~ 
~-...NEIL F. BOGNER 

• 

Acting Director of Engineering 

Enclosure 

The So1l Conservat1on Serv1ce 
IS an agency of the 
Department of Agnculture 
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Figure 39. Wingwall overturning and bearing 

trial. If VNET is located within the middle third of the base, the sec
tion is safe against overturning and the contact bearing pressures, PBr 
and PBH, are computed in the usual way. If the higher pressure exceeds 
the allowable value, taken as 

FALLOW = 2000 + GB x (YB + TWF/12) 

FTG is again incremented. .Each trial recycles the footing design back 
to the first load condition for the section under investigation. 

When bearing pressure requirements are satisfied, footing thickness re
quired for moment is determined. If the required thickness is more than 
the actual thickness, TWF is incremented and the footing design is recycled 
starting at the first location, (section 1 of Figure 38) and the first 
load condition. Analyses have shown that shear seldom controls footing 
thickness in these wingwalls. Hence the thickness required for shear is 

(TR Notice 54-1. September 1981) 
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only checked, and the design recycled if necessary, in detail design. 

Sliding. The basin proper is designed to satisfy longitudinal sliding 
requirements, by itself. Therefore, no additional sliding force should 
be brought to the bas in by the wingwal 1 s. This means the wingwal 1 s 
should be adequate themselves to resist sliding in the longitudinal 
direction of the basin. (Any tendency of the wingwa.l.l to slide in a 
transverse direction, toward the center of the channel, is resisted by 
the wingwal 1 -to-basin tie discussed in the next section.) Let the re
sultant horizontal driving force normal to the sidewal 1 be FSLIDE, see 
Figure 40. This force is obtained by smnmi ng, over the length of the 
sidewall, the net horizontal forces per unit length, HNET, at each of 

VNET 

FSL/0£/ff 

HNET • 

Figure 40. Longitudinal sliding of wingwa.ll 

~~ i obtained from the indicated horizontal 
the four sections. ml~~ s diti Th 

f Particular section and load con on. us 
forces, or a 

_ ( HNEI'l./2 + BNEl'2 + HNm + mmr4/ 2) x ( J - 1) t;. 
FSL]J)E -

11 

1 if VW
mG is the resultant vertical force on the wingwa ' 

Similar Y, gth th 
and VNRI' is the resultant per unit len ' en 

VWING = ~ VNETl/ 2 + VNEl'2 + VNEl'3 + VNEI'4/ 2) x ( J - 1) /3 • 
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The longitudinal component of FSLIDE is FSLIDE/~. To adequately re
sist sliding, the wingwall must satisfy the relation 

1.4142 x VWlliG x CFSC ~ SLIDER 
FSLIDE -

for each load condition of Figure 36. 

If the above relation is not satisfied for any load condition, BUP and 
BDN are incremented equally. The design is recycled to the start of 
the overturning analysis with the new footing projection values. This 
is necessary because the wingwall footing thickness, TWF, may require 
incrementing with the larger footing projections. 

Wingwall-to-basin tie. A structural tie is provided between the wing
wal 1 footing and the footing and floor slab of the basin proper. This 
wingwall-to-basin tie prevents rotation of the wingwall about its junc
tion with the basin sidewall and thus effectively prevents any possibil
ity of transverse sliding of the wingwall. The wingwall-to-basin tie is 
designed for the fnlJ moment due to the resultant horizontal force, 
FSLIDE, of Figure 40. This is admittedly conservative in that it com
pletely neglects any frictional resistance that is developed. Let MTIE 
be the full moment, in foot lbs, and ARM be the moment arm shown in 
Figure 41. Then, in inches 

Am = BUP x 12 - 6 + 'PiiW/2 

6* TO C.G. OF 

TIE STEEL 

TWW 

J-1 

MTIE 

·I 

<: 

F:::::::--....~ ---1 
'"--+----.....J T 

Figure 41. WingwGll-to-basin tie steel area 

and the required area of the tie steel in sq l.Il. • J·u t d t f th ' • • , s owns ream o 
e section through the articulation joint is approximately 

ATIE = MTIE x 12 x ((J - 1)2 + (BUP _ BDN)2)1/2 
20, 000 X ARM ( J - 1) 
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only in T and S amounts. 

Determination of the steel requirements at point a, b, or c in any sec
tion necessitates the evaluation of the force system MZ, NZ, and VZ 
shown in Figure 49 where Z is the distance from the top of the section 
down to the point in question. Ibssible cases of DW, YW, and YB a.re 
illustrated from which MZ, NZ, and vz are computed for a particular 
load condition. At interior sections where X > (J - DW), the water 
depths, YW and m, are equal and exceed the height of the section, HSW • 
All five load conditions of Figure 36 are investigated to determine maxi
mum requirements. 

WING WALL 

...., 

..... 
_j_ 

3 9 ----- ----- · 
-----------

(J-lJ/3 U-lJ/3 u.:.lJ/3 

J-1 

4 W1nquRll steel point locations Figure 7. --o"-
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~ 
. ~ 

~ 

' ~ ~ 
~ 

a 

~ 

~ ~ 
~ ~ ~ 

b 

~ 
FTG/J 

~ 
~ FTG/3 FTG/3 

-
c 

' f 9 d 

FTG 
~ 
~ 

~ 

' 
Figure 48. Wingwall section steel layout 

Determination of the steel requirements at point~ d, e, or f similarly neces
sitates the evaluation of the force system MZ, NZ, and VZ shown in Figure 50 
where Z is the distance from the edge of the footing projection to the point 
in question. Sketch (A) shows a possible combination of YB, YW, and OW. 
Sketch (B) shows the resulting loadings and bearing pressures and indicates 
the summation to obtain MZ and VZ. The moment, MZ, includes the difference 
in the moments due to the two resultant horizontal forces, Hl and HZ, shown. 
However, this difference is not taken greater than that which would just pro
duce zero footing pressure on the top end of the heel. HZ is the resultant 
horizontal force on the vertical plane at distance Z. HZ is due to the materia 
above th~ top of the footing. The moment due to the frictional force assumed 
acting 1 the bottom of the footing in sketch (D), is conservatively neglected 
in the s ummation as being too uncertain. The direct compressive force, NZ, is 
obtained as suggested by sketches (C) and (D). Sketch (C) defines the result
ant horizontal forces involved. Sketch (D) puts the section in horizontal 
equilibrium using the resultant horizontal forces and indicates the summation 
to obtain NZ. All five load conditions of Figure 36 are investigated. The 
critica l section for moment in the heel can occur at the face of the wingwall 
or at an interior location. Arbitrarily, the steel requirement at point f is 
not taken less than that at e. 

The wingwall footing thickness required for shear is checked during these com
putations. Maximum shear in the footing can occur at the face of the wall or 
at some interior location. Shear seldom controls thickness. When it does, the 
thickness is incremented and the footing steel design is begun again. 

(TR Notice 54-1, September 1981) 
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SECTION l 
--t t-- TWW 

Vl 

MZ 

NZ 

ow YB>YW YB<YW 

I ' 

• 

¥ 

Figure 49. Determination of the force system at a point in wingwall 
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Figure 50. Determination of the force system in wingwall footing 
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ALPHAr·tERIC INFORHATION SAF (TR-54) 

EXAMPLE SPECIAL Dt:::.!GN F'OR STILLING BASINS 

w J LB N Dl Vl DESIGN DFALTS 
20. /~. 75 /6. 7.: 0.75 I 75 50. o. /. 

DFALTl DFPLT2 DFJ,LT?; 

/. /. /. . 

Bl3 B!rW2 1i'OP2 HTWl. RUPl 

7. !3.S I/. '1: ~. 

MAXFTG FLOAT.R st.IDER zs BAT 

/0. !2S /I 2.5 0. 
GM GS KO CFSC RTW TTW 

//C. /20. a. 75 0.4 4 /2. 

. 
I 

DPALTS w J LB N Dl Vl DESIGli • 
20. /2. /6. 4. /. .35. {), /. 

DFALT~ DFALT2 DFPLT?; 

/. o. 0. 

Bl3 HTW2 HtlP2 HTWl HUPl 

5 t. h. 2. 4. 
~ ~ 

MAXFTG FLOATR SLIDER zs BAT 

G:.f GS KO CFSC EiTW 1'1'W 
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ALPHAr·IERIC INFORHATION 
SAF (TR-54) 

w J LB N Dl Vl DESIGN DFALTS 

4o. /2. j(), 0. /. 45. f. /. 

DFALTl DFN.JJ2 DFJJ.lfj 

/, /, ). 

RB RTW2 mlP2 HTWl. HUPl 

2.~7 Q ~ 4. 4. I• v. 

MAXFTG FLOATR Sf.TDER zs BAT 

~. 12 /. 3. o-~ 
I L ._; 

GM GS KO CFSC RTW 'l'TW 

;oc. /20. ().06 7 ().35 4. /0. 
. 

w J LB N l Dl Vl. DESIGN DFALTS 
' 

20. 20. 24-. /4 . 2. 3~. 2. /. 

DFALTl DFALT2 DFALT3 

I o. o. 
RB HTW2 Ht1P2 RTWl HUPl 

/0. 1/. 73 1/.73 0, 5'/~ 
M.AXFTG FLOATR SLIDER zs BAT 

GM GS KO CFSC aTW TrW 
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.AI.PHAr·IERIC INF'ORHATION 
SAF (TR-54) 

'W J LB N Dl Vl DESIGN DFALTS 
32. /~ /~. / 2. 3G. 3. /. o. 

DFALTl DFALT2 DFALT3 

/. 0. o. 
B:B RTW2 Ht1P2 HTWl HUPl 
g: 1/.73 7 o. o. 

MAXFTG FLOATR SI.IDER zs BAT 

GM GS KO CFSC 1frW T'l'W 

' 

w J LB N Dl Vl Ol'SIGN DFALTS 

DFALTl. DFALT2 DFALT3 

• 

HB H!I"W2 HUP2 HTWl HUPl 

MAXFTG FLOATR SLIDER zs BAT 

GM GS KO CFSC HTW rrrw 

AlOl 



EXECUTION DATE: C3/1A/83 
REVISION DATE: 09/01/82 -----------------------------------=========================================-----------------------------------

w - 20.00 -
J - 18.75 -
LB= 1f..75 
"4 --

LTOP= 
LBOT= 

TT= 
FTG= 

6.75 

45.45 
47.96 
10.00 
3.00 

LTOT= 4~.75 
TT: 10.00 

FTGU= 4e00 
FTGO= 4. 75 

LTOT= 46.75 
X= 10.00 

TT: 10.00 
FTG::: 3e00 

SAF STILLING BASI~ 
STRUCTURAL DESIG~~ 

ELASTIC ANALYSIS AND ~ORKING STRESS D(SIGN ARE USED 

SPECIAL DESIGN PREPARED nY 
DESIGN UNITt ENGINEERING, LA~HAMt ~ARYLA~C 

FOR 

~XAMPLE Si~PLE DESIG~ FOR STILLING B ASI~S 

JOAN FOR ESA ------------- ~ARCH 1St 1983 

DESIG~ PARAMETERS 
01 - 1.75 HTW1= 4.00 -
Vl - 5a.oo HUPl= 6.00 -
FROUOE= 44.37 HTW2=13.50 
D2 - 15.63 HUP2=lle00 -

PRELIMINARY DESIGNS FOLLOW 

TYP~ CA) STILLING 
LN= 2.'51 
LS= 31.21 
TV= 12.50 

TSU?= 13.00 

OASIN -
HN= 
HS= 

TBB= 
TS8G= 

H6 - 1. 0 c GM =llO.C -
zs - 2.50 GS =12o.c 
HTW= 4.00 KO - 0.75() -
TTW=12.CJ ~AT= o.c 

TRIAL VALUES 
6.27 

12.48 
HV: 9e38 

0.0 TSV= 15.00 
16.00 TSDN; 16.00 

ASSOCIATED ~INGWALL 

TYPE (8) STILLING 
LS::: 30.00 

TVU= 12.50 
TVO= 12.50 

TSUP= 13.00 

BASIN - TRIAL VALUES 
HS= 12.00 

TBB= 0.0 

TSBGU= 22.00 

HV: 9.38 
TBVU= 1~.00 

TAVO= 15.00 

TSBGO= 22.00 TSON= 16.00 

MAXFTG=lO.CO 
FL 0 AT R::: 1. 2 5 
SLIDER= 1.10 
CFSC - Oe4C 

QUA~T= 119.43 

Td= 15.CO 

QUAtt;T: 27.19 

QUANT= 135.22 

TBU= 15.00 
TBD= 15.00 

ASSOCIATED WING~ALL QUANT:: 25.7 C 

TYPE <C) STILLING BASIN - TRIAL VALUES 
LS= 30.00 HS::: 12.00 HV: 9.38 
XP::: 0.0 

TPUP= 50.00 
TV= 12.50 

TSUP= 14.00 

TPBG= 
TBB= 

TSBG= 

AB.OO TPD~= 69.00 
0.0 T9V= 15.00 

17.00 TSON= 16.0~ 
ASSOCIATED ~ING~ALL 

WING~ALL DESIGN - TRIAL VALUES 

QUA ~J T::: 11 9 • 5 q 

Te= 1s.oo 

QUANT= 27.19 

TWW= 10.00 TWF= 10.00 BUP: 12.50 80~= .3.50 

- ·--------- -------- ------ t.- N-' 0 PRt- LIMJ•,.oftRY DEStGNS ------------------------- '~ ~ ========================== 
WI~GWALL PER TR~OTICE 54-1 

' EXECUTION DATE: 03/18/83 
REVI S I ON DATE! 09/0l/A2 
=========================------------------------------------------------------------------------------------------------------

sA;::. - J sA F s T ILL I N G 8 As I N 
STRUCTURAL DESIGN 

ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED 

Al02 



EX PLE SAHP r' DESIGN F R STILL IN, BASINS -JD FOR ESA ---------- -- MARCH 5, 1983 2 o. 6.75 6.75 • 75 o. o. 1 • 1. 1. 
7. 11.(1 4. • 1 o. 1.1 2.5 • 110. 0.75 O.lf • 2 • 2 o. 1(:. ~. 1. 5. o. 1. 1 • • o. 
s. • • 2. 4 • ~o. 6. 1. s. 1. 1. 1 • • 
2.67 • • 4. 4 • a. .2 3. 0.25 105. 20. 0.35 '+. 10. 2 0. o. If. 14. 2. 36. 2. • 1 • • 0. 
10. 1.73 11.73 o. 5.86 32. A. 6. 2. 6. 3. • 1. • 
8. 1.7'3 o. o. 

0 

• 

A103 



w - 20.00 -
J - 1 2. 0 0 
LE= 16.00 
N - 4.00 -

LTQP= 39.3: 
LBOT= 40.62 

TT= 10.::10 
FTG= 1.00 

L TOT= 40.00 
TT= 10.00 

FTGU= 1· 0 0 
FTGD= ~.oo 

LTOT= 40.00 
x= 10.00 

TT= 10.00 
FTG: 1. 0 0 

HI~= 10.00 

SPfCIAL DfSIG~ PREPARED 9Y 
JESIGN UNIT, E'!GINEERINGt LA~HAMt M4RYLANO 

FOR 

E X AM P L C S ~ 1-' P L ~ D E S I G . '4 F 0 R S T I L L I N G 6 A S I :·; S 
JOAN FOR ESA ------------- ~ARCH 1~t 1983 

Ll E S I G t~ PARAMETCRS 
01 - 1.00 HT\.:1= 2. c J HB - s.oc Gt~ =120.: 
Vl - 35.00 HUP1= 4.00 - zs - 3.oc GS =140.0 -
FROUDE= 38.04 HT:J2= 13.CO HTIJ= 4.oc 1(0 - o.~oc 

02 - A.24 HUP2= 6.00 TT~=lO.CO BAT= 0 -.7~ 
·~ ... 

P~F.:LIMINARY OESIG~~S FOLL~w 

TYPE (A) STILL HJG BASIN - TRIAL VALUES 
LN= 1.26 H"J: 3.79 HV= 6. Q 0 
LS= 24.62 HS= 9.21 
TV= 10.00 TBB= 2.0C T3V= 10.CO 

TSUP= 11.00 TSBG= 13.00 r so~~= 13.i..O 
ASSOCIATED W I"~ G 1.1 t. L L 

TYPE ( 3) STILLI'JG 13ASIN - TRIAL VALUES 
LS= 24.00 HS= A.oo HV= 6.C(l 

TVU= 10.00 TBB= 2.00 TBVU= lC.CC 
TVD= 10.00 TBVO= 10.CO 

TSUP= 11.00 TS3GU= 14. 0 0 
TSBGD= 14.00 TSON= 13.JO 

ASSOCIATED IJINGiiALL 

TYPE (c) STILLING SASIN - TRIAL VALUES 
LS= 24.00 HS= s.oo HV= 6.CO 
XP= o.o 

TPUP= 24.00 TPBG= 50.00 TPON= 37 • .00 
TV= 10.~0 TBB= 2.00 TBV= 10.00 

TSUP= 11.CIJ TSBG= 13.00 TSD~J= 13.00 
ASSOCIATED W I !'J G \J ALL 

!JP.!GiJALL OESI\1t~ - TRIAL VALUES 
T\JF= 10.00 SUP= a.oc BON= 3.SO 

~AXFTG=10.:JO 

FLOATR= 1.so 
SLIDER= 1.~o 

CFSC - u.~s -

QUANT= 63.91 

TB= 12.0::. 

QUA~~ T= 12.66 

QUMJT= 6~.63 

TBU= 12.CO 
TBD= 12.00 

QUANT= 11.46 

QUANT= 62e7C 

TB= 12.00 

QUAI\JT= 12.6c 

------------------------- f"ln -- --- - - --- - - -- - - - - - - -- - - - l't ..J PRELI~I~ARY DESIGNS ----------------------------------------------------
\JINGiJALL PER TRNOTICE Sq-1 

EXECUTION DATE: 
REVISIO~ OAT~: 

03/lA/83 
1)9/01/82 

===============-------------------------------------------------------------------------------------------------------------------------

SA.P -2. 

~ - 4 0. 0 0 -
J - 12.00 -
LB= 10.00 
N - 6. 00 -

SAF STILLING BASIN 
STRUCTURAL DESIGN 

ELASTIC ANALYSIS AND ~ORKI~G STRESS DESIGN ARE USED 

SPECIAL DESIGN PREPARED BY 
DESIGN UNIT, ENGINEERING, LANHAMt MARYLAND 

FOR 

EXAMPLE SAMPLE DESIGN FOR STILLING BASINS 
JOAN FOR ESA -~----------- MARCH 15t 1983 

DESIG~ PARAMETERS 
01 - 1. 00 HTi11= 4.00 - HB - 2.67 GM :105.C -
V1 - 45.00 HUP1= 4. 00 zs - 3.00 GS =120.0 -
FROUOE: 62.89 HT\J2= 9.00 HTW= 4.00 KO - 0.667 -
02 - 10.73 HUP2= - 5. 00 TTw=to.oo BAT= 0.250 

Al04 

MAXFTG: 8.00 
FLO ATR = 1.20 
SLIDER= 1.00 
CFSC - 0.35 -



DESIGN CF SPECIFIED TYPE SAF FOLLOWS 

L TOP: 
LBOT= 

TT= 
FTG= 

~1.03 

28.92 
lC.CC 
t.oo 

TYPE CA> STILLI~G 
LI\J: 1.'30 
LS= 18.92 
Tv= to.co 

TSUP: 15.00 

TT= 10.00 
FTG= laOC 

TYPE CA) STILLI~G 
TV= 10.00 

TSUP: 15.00 

WALL 
A C 1>: 
AC 2>= 
A ( 3): 
A ( 4): 
AC 5): 

BASE 
SECT I J rJ 
A<11>= 
AC12>= 
AC13): 
AC14): 
AC15): 
AC16): 
SECTION 
AC23): 
Ac24>= 
A<25>= 
AC26): 
Ac27>= 
AC28): 
SECTION 
AC47): 
AC4A): 
A(A9)= 
Ac5C>= 
Ac'Sl>= 
Ac52>= 

STEEL REQUIRE~ENTS 

0.24 
0.24 
0.24 
0.27 
o.58 

SC 1): 1A.OO 
~C 2>= 1A.OO 
sc 3): 18.00 
SC 4>= 11"~.00 
sc 5): 1P..::l!) 

AT DJWNSTREA~ END 
0.17 S<ll): 18.00 
Oal7 SC12>= 18.00 
0.17 SC13>= 18.00 
0.11 sc14>= te.oo 
0.17 $(15>= 18.)0 
Oa17 $(16): 18a00 
AT BREAK-IN-GRADE 
0.22 SC2J): 1A.OO 
0.22 SC24>= 18.00 
0.22 SC25): 
0.22 SC26>= 
0.22 SC27>= 
0.22 SC20): 
AT UPSTREAM END 
0.18 $(47): 
IJ.lA $(48): 
0.18 $(40): 
0.18 $(50>= 
0.18 $(5 1)= 
0.18 S<52 >= 

18.00 
18.30 
1A.OO 
18.CO 

18.00 
tr.oo 
1 8 .~3 

lS.CO 
18.00 
u~ . co 

~ASti\J -
HN: 
HS: 

TBB= 
TSBG: 

BASIN -
TBB= 

TSBG= 

T~IAL VALUES 
5.69 HV: 6.00 
6.31 
2.30 

18.00 

DETAIL 
2.co 

18.0(l 

TBV= to.oc 
TSDN= 14.0': 

i; E:SlGi\J 
TBV: 

r so~~= 
10.CC 
14.0 0 

AC Ed= 
A< 7>= 
A C 8) = 
A( 9): 
ACl O>= 
AC G>= 

A<l7>= 
A<18>= 
AC19): 
AC20>= 
AC21>= 
AC22>= 

AC29): 
AC30>= 
AC31>= 
AC32): 
AC33): 
AC34): 

AC53>= 
A(54>= 
AC55>= 
At5£,): 
A( 57): 
AC58): 

J.24 
0 .24 
~.2l4 

0.27 
1).58 
0.49 

C.45 
0.17 
0.95 
1.16 
1.27 
1.69 

0.43 
. .().22 
1.79 
0.22 
2.4A 
0.22 

0.36 
0.18 
).36 
1.08 
0.4'5 
1.40 

WINGWALL DESIGN - TRIAL VALUES 
TWW= 10.00 T~F= 10.v0 BUP: 7.50 

TWW= 10.00 
LEVEL= 7. 07 

WINGWALL DES IGN -
T~F= 10.00 

WPRQJ: 9.G1 

AREA 0 F 
SECT!ON 
A c U = 
A C 2): 
A ( 3) = 
SECTION 
A c 7> = 
A C 8) = 
A c 9): 
SECTION 
At13>= 
AC14): 
AC15)= 

• 

S TEEL REQUIRE~ENTS 

TIE= 0.15 
AT AP.TICULATION JOINT 
0.24 sc 1>= 18 . 00 
0.24 S < 2 >= 18 . 00 
0.12 $( 3>= 18.00 
AT UPPER THIRD POTI\JT 
0.24 SC 7>= 1R.00 
0.24 S( A): 18.00 
0.12 S( 9>= 18.00 
AT LOWER THIRD POINT 
0.24 SC13)= 18.00 
0.12 SC14>= lR.OO 
0.12 SC15>= 18.00 

DETAIL DESIG~ 
BUP= 7.50 

~WLA= 10.95 

SA.r-J 

Al05 

!)Q~= 1.50 

dO~= 1.5C 
VWING= 12.25 

A ( 4 > = 
AC 5>= 
A( (,): 

A(1Q): 
AC11>= 
A<12)= 

AC16>= 
AC17>= 
AC18>= 

0.12 
0.13 
,.13 

0.12 
0.12 
0.12 

0.12 
0.12 
0.12 

GUAN T= 8~. 79 

TS= 12.00 

QUANT= 
T8= 

A6.79 
l?.OC 

s c 6 > = 1 e • c :j 
sc 7>= ta.oo 
$( 8)= 18.\}J 
sc 9)= 18 .00 
sc1o>= u~.au 

$( O>= 1'3.00 

SC17>= lA.C~ 
S<18>= 1Aa00 
$(19>= 18.01J 
SC20>= lA.r; C 
S\21>= 18.C:l 
SC22>= 1~.00 

$(29>= 18.00 
S<3C>= 18.CJ 
$(31>= 18.00 
SC32)= 18.0() 
$(33>= l B.OO 
S ( 34) = 1 R • 0 C 

S(53)= 18.0~ 
S<54): 18.GC 
SC55): 18. C::l 
SC56>= 1P..IJO 
$(57>= 18.0J 
SC58>= lR. OO 

QUANT= 

s ( 4) = 
s ( 5) = 
sc 6) = 

Sc10>= 
sell>= 
SC12>= 

$(16): 
$(17)= 
$(18>= 

11.60 

18.0~ 
18.JO 
1d.OO 

18.00 
18.00 
1A.OO 

18.00 
1A.OO 
18.00 



--------------------------- END DETAIL DESIGN ----------------------------------------------------------------------------------- WINGWALL PER TRNOTICE 5~-1 

EXECUTION DATE: 03/18/A3 
Q[VISION DATE: :9/01/82 ------------------------------------------------------------------------====------------------------------------------------------------------------

SAF STILLING BASIN 
STRUCTURAL DESIGN 

ELASTIC ANALYSIS AND ~ORKING STRESS DESIGN ARE USED 

SPECIAL DESIGN PREPARED OY 
DESIGN UNITt ENGINEERING, LANHAMt MARYLAND 

F!>R 

EXA~PLE SAMPLE ~ESIGN FOR STILLING BASI~S 
JOAN FOR ESA ------------- MARCH 15t 1983 

D£SIGN PARAMETERS 
~ = 20.00 
J - 20.30 
L6= 2~.00 
~ = 1'+.00 

01 : 2.00 HT~l= 0.0 
V1 = 36.00 HUP1= 5.86 
FROUOE= 20.12 HT~2=11.73 
02 : 11.73 HUP2=11.73 

H8 =10.00 
zs = .3.00 
HT\.1= 4.00 
TTW=10.0C 

GM =120.L 
GS =140.:: 
Ko - o.aoo 
BAT= 0.~75 

DESIGN OF SPECIFI~D TYPE SAF FOLLO~S 

TYPE (8) STILLING BASIN -
HS= 

T8B= 

TRIAL VALUES 
LTOT= 42.00 LS= 18.00 6.00 HV= 14.CO 

19.CO 
17.CO 

TT= 10.00 TVU= 16.30 
TVD= 14.90 

2.00 TBVU= 

FTGU= 3.50 TSUP= 1R.OO 
FTGD= 4.75 

TSBGU= 22.00 
TSBGO= 20.00 

TYPE (a) STILLING BASIN - SETAIL 
TT= 10.00 TVU= 16.30 TBB= 2.00 

TVD= ll+.qO 
FTGU= 3.5C TSUP= 1~.00 TSeGU= 22.00 
FTGD= ~.75 TSBGD= 20.00 

WALL 
A( 1>= 
A< 2) = 
A ( 3): 
A ( 4): 

AC 5): 
BASE 
SECTION 
A<ll>= 
AC12)= 
A(13>= 
A(14): 
AC15>= 
A<16>= 
SECTION 
AC23): 
AC2'+>= 
AC25>= 
AC26): 
AC27): 
A<28)= 
SECTION 
AC35): 
A(36): 

STEEL REQUIREMENTS 

o.24 sc 1)= 1~.oo 
0.30 SC 2): 1A.OC 
2.16 S( j): 14.00 
2.27 sc '+)= 13.85 
2.47 S( 5): 13.54 

AT DOwNSTREA~ END 
0.24 $(11>= lR.OO 
0.24 SC12>= 18.00 
0.2~ $(13): lA.CO 
0.24 S(14)= 18.00 
0.24 $(15): 18.00 
0.24 SC16>= 18.00 
AT DOWNSTREA~ SIDE OF BREAK-IN-GRADE 
0.2~ SC23)= 18.00 
0.24 SC24)= 18.00 
0.24 SC25): 18.00 
0.24 SC26): 18.00 
o. '* s s ( 2 1, = 1 8. o o SA 1:: _ ~ 
0.2~ SC28): 18.00 
AT UPSTREAM SIDE OF BREAK-IN-GqADE 
0.26 $(35): 18.00 
Oe26 SC36): 1A.QO 
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TBVD= 

TsDr~= 20. 00 

DESIGN 
Tf3VU= 19.CO 
TBVO= 17.00 

TSDN= 20.LO 

A< 6 > = 
A ( 7) = 
AC 8>= 
A C 9 > = 
A(1Q): 

AC17>= 
A(18): 
AC19): 
A(20): 
A<21): 
AC22>= 

A(29)= 
AC30): 
AC31): 
A(32): 
A(33): 
A(34): 

AC41>= 
AC42): 

0.24 
0.30 
0.76 
1.61 
2.82 

0.48 
0.24 
0.4A 
0.-24 
0.73 
0.24 

0.4A 
1.90 
0.48 
0.78 
0.4A 
0.41 

0.53 
1.92 

MAXFTG=lO.CO 
FLCATR= 1.:.0 
SLIDER= 1.00 
CFSC - 0.35 

QUANT= 150.36 

TBU= 21.00 
TBD= 19.00 

QUANT= 150.36 
TBU= 21.00 
TB D= 19. C 0 

S( 6): lB.OG 
sc 7): 18.00 
SC 8): 1R.OO 
sc 9): 16.36 
SClO): 12.07 

S<17): 18.CQ 
SC18): 18.00 
S<19): 18.00 
$(20): ls:!.Q{l 
$(21)= 18.00 
s ( ·2 2 ) = 1 8 • 0 0 

SC29): 18.00 
S<30)= 18.00 
SC31>= 19.00 
SC32): 18.00 
SC33)= 18.00 
s ( 34 ) = 18. 0 0 

SC'+1>= 18.00 
. s. <. '+ 2 ) = . 18 • 0 0 



AC37): 
AC38): 
4(39): 
AC40): 
SECTI0!\1 
AC1t7): 
AC'-8>= 
AC49): 
AC50): 
AC51>= 
AC52): 

0.26 SC37): 18.CC 
0 •26 SC38>= lA.OO 
0•26 SC39): 1A.OO 
0.26 SC40): lA.OO 
AT UPST~EAM END 
0.22 SC47): 18.00 
0.22 $(48): 18. 30 
0.22 $(49): 18.00 
0.22 $(50>= 18. 00 
0.23 scst>= 1~.oo 
0.22 SC52>= 18.00 

AC'+3): 
AC44): 
AC45): 
AC'+o): 

AC53>= 
AC54): 
AC55>= 
AC55): 
AC'l7>= 
ACa:iA): 

0.5! 
C.97 
0.53 
C.64 

0.43 
1.45 
0.43 
0.56 
0.43 
0.28 

s<'+3>= ta.oc 
$(4'+): 1R.OO 
SC45): 18.~C 

$(46): 18.00 

SC53): lA.OO 
SC54): l 8 . 1JC 
scss>= 1~.~c 
S C5o): 19.0') 
SC57>= 18.00 
SC58>= 18.C:' 

VERTICAL SHE~R AT BREAK-IN-GRADE ARTICULATION JOI~T 
SHEAR FORCE FOR LC NO.lt LBS.: 4.8647E+03 
SHEAR FORCE FOR LC N0.2, Les.: -q. 7794 E+0.3 

Wl~G~ALL DESIGN - TRIAL VALUES 
TW~= 12.CO T~F= 12.00 

TWW= 12. CC 
LEVEL= 12.C4 

~INGWALL DESIGN -
T;JF: 12.00 

JPROJ: 18.38 

STEEL REQUIREMENTS 
AREA Of TIE= 2.Ag 
SECTION AT ARTICULATION JOINT 
AC 1>= 0.29 SC 1>= 18.JO 
AC 2): 0.14 SC 2>= 18.~~ 
A( 3): 1.17 SC 3): 17.99 
SECT11N AT UPPER THIRD POINT 
AC 7>: ~.29 SC 7): 18.00 
AC 8): 0.14 SC 8): lR.OO 
AC 9): 0.35 $( 9): 18.00 
SECTION AT LOWE~ THI~D POINT 
AC13): 0.29 SC13): 18.00 
AC14): 0.1'+ SC14>= 18.00 
AC15): 0.14 S<l5): 18. 00 

BUP: ltt. !:C 

DETAIL ~ESIGN 
BUP: 14. t>O 

\JWLe= 20 . 5() 

--------------------------- ~_".JO ~· ~-TAJL DES IG I''J --------------------------- ,. ' • !...' -

EXECUTION DA TE: 33/18/83 
~EVISION DATE: ~ 9/01/~2 

eD'J = 7.0G 

9DN= 7.00 
VwiNG= 44.2'+ 

A< 4): ~.34 
.l( 5): 1.lf7 
A< 6): 1.~3 

A<lO>= 0.22 
AC11): 0.68 
A<12>= 0.79 

.C.(l6)= 0.14 
AC17): Q.l9 
Acte>= 0.25 

QUANT= 37. 86 

sc "): 1 9 . 00 
SC 5): 1A. :~ 

sc 6>= l8.uO 

SClC>= 18 . 00 
sc 11)= 18. 0~ 
SC12>= 18.00 

SC16): l A.OO 
SC17>= 1B.OIJ 
SC18): lA.OG 

--------------------------------------------------------
Jl~G~ALL PlR TRNOTl CE 54-1 

-------------- ----------------------------------------------------------------------------------------------------------------------------------------- -

3 2. 00 ~ --
J - 1~.00 -
LB= 16.00 

"' 
- 6.00 -

SAF STILLING BAS IN 
~TRUCTURAL DES IG~ 

ELASTIC ANALYSIS"AND WORKING STRES S OESIG"' ARE USED 

SPECIAL DESIGN PREP~REO BY 
OESIGN UNITt ENGINEERI~Gt LA~HAMt ~ftRYLAND 

F='O~ 

EXAMPLE SAMPLE DESIGN FOR STILLI~G BASINS 
JOAN FOR ESA ------------- MARCH 15, 1983 

DESIG"' PARA~ETERS 
Dl - 2.00 HHil= o.o HB - a.:o GM =120.0 --
V1 - 36.00 HUPl= o.o zs - 3.00 GS =140.0 -
FROUOE= 20.12 HTW2=11.73 ~Tw: 4.00 KO - o.8oo -
D2 = u. 73 HUP2= 7.00 TTW=lO.OO BAT= 0.375 

DESIGN OF SPECIFIED TYPE SAF FOLLOWS 

Al07 

MAXFTG=16.00 
FLOATR= 1. 50 
SLIDER= 1.00 
CFSC - 0.35 



TYPE CC> STILLING ~ASIN - TRIAL VALUES 
LS= 3~.n0 HS= 12.00 HV= ry.GO LTOT= 52 .CO 

x= 12.oc 

TT= 10.('0 
FTG= 0.0 

xP= e..oo 
TPUP= 14.00 

TV= 10.50 
TSUP= 12.00 

TPBG= 20.0r. 
TBB= 3.00 

TSBG= 15. 00 

TPDN= 17. ·~ O 
TBV= 11. 00 

TSDN= 15. ~ 0 

TYPE <C> STILLING 
xP= ~.oo 

TPUP= 14.00 
TV= 10.50 

TSUP= 12.00 

BAS I~ - ~E TAIL DE~IGN 

X= 12.~0 

TT= 10.00 
FTG= 0.0 

IJALL 
A ( 1> = 
A( 2>= 
A< 3 > = 
At tt): 

A C 5 ) = 

eASE 

0.24 
0.24 
0.26 
0.74 
1.76 

~ TEEL qEQUIREMENTS 

sc 1>= 18.uO 
$( 2>= 18.00 
sc .3>= 18 .00 
sc 4): 1 6 .00 
sc 5>= 14.44 

SEC TI ON AT OOWNS Tq[At1 END 
A<11>= 0.0 S C11>= 18 .00 
AC12>= 0.0 S C12>= 1 8 .00 
A<13>= 0.0 SC13>= 18.0 0 
A<l4>= 0.0 S C14>= l P. . OO 
AC15>= 0.0 5(1~>= 18.~8 
At16>= 0.0 S C16>= 1~.00 
SECTION AT 8REAK -I~-GRADE 

A<23>= 0.0 S<23>= 1~.00 

AC24>= 0.0 SC24): 18. 00 
AC25>= 0.0 S <25>= 16.00 
Ac26>= o.o S<26>= 18. ~0 

A< 27>= o.o s <27>= 1 ~ .oo 
AC28>= 0.0 S<28 ): 18.00 
SECTI ON AT UPSTREAM E~D 
AC47): 0.0 S C47): 1 8 .0 0 
A(48): 0.0 $( 48 >= l P. QO 
A<49): 0 . 0 S C4 9 >= 18.0C 
A(50>= 0.0 SC50> = 19.00 
AC51): 0.0 SC5 1>= 18.00 
A<52>= 0 .0 S <5 2 >= 1 R. UO 
P A V EP-1 E ~n SLA B 
AC59): 0.41 
A<SU= 0.44 
A(63): 0.86 
A<65>= 0.58 
A<67>= 0.34 

SC59) : 
SC61 >= 
$(63): 
SC65)= 
SC£,7): 

1~.oc 

18.f\C 
18.00 
t8.oc 
18.00 

TP6G= 20 .00 
TOB= 3.00 

TSRG= 16. 00 

~INGwALL DESIGN - TRIAL VALUES 
T~~= 10.0C TWF= 10.00 BUP= 10.50 

T~IJ= 10.00 
LEVEL= 7.78 

WINGWALL OESIGN 
TWF= 10.00 

WPROJ= 16.39 

- DETAIL DESlGN 
9UP= 10.50 

'..ti!ILB= 15.11 

AREA 0 F 
SECTION 
A ( 1>: 
A< 2>= 
A c 3 > = 
SECTIOr~ 

A C 1): 
A_( 8 > = 

STEEL REQUIREMENTS 
TIE= 1.79 
AT ARTICULATION JOINT 
0.24 sc 1>= 18.00 
0.12 SC 2>= 1R.OO 
0.66 $( 3>= 18.00 
AT UPPER THIRD POINT 
0.24 sc 7l= 18.00 
0.1? S< 8): 18.00 

A108 

TPON= 
TBV= 

TSDN= 

17. 00 
ll. CO 
1~. :o 

A ( 6) = 
A< 7>= 
A ( B): 
A( c;l): 

A(1Q): 
A( () ): 

AC17>= 
A<18>= 
AC19>= 
AC21J): 
AC21>= 
A<22>= 

AC29): 
AC~Q): 

At31>= 
AC32>= 
A(33): 
A(34>= 

AC53>= 
AC5 4): 
AC55>= 
A(l)6)= 
AC57>= 
AC58): 

A<60>= 
AC62>= 
AC64): 
AC66): 
A<68>= 

0.24 
c.24 
0.25 
o .l~ 

1. 7!: 
0.46 

0.36 
1.20 
0.36 
0 .26 
C.3E
O.l8 

0.38 
1.70 
0 • .36 
0.28 
0.38 
0.1'? 

0.29 
o. ae 
0.,9 
0 .24 
0. 29 
0.14 

0.2 0 
0.22 
0.24 
0.20 
0 .17 

BON= 6.00 

BON= f.OO 
V\JII\!G= 26.70 

A< If): 

A< 5): 
A C 6) = 

AC10>= 
ACll>= 

0.25 
0.91 
1.15 

TS= 14.0:; 

QUANT= 1~3.59 

SC 6>= l l3 .C C 
sc 7>= t o. oc 
S( 8): 1o . CG 
SC 9>= 1R. OO 
StlC>= 14.41+ 
sc C>= 18 . 00 

S<17>= 1 H . C~ 

scte>= u~.~'J 

SC19>= l A.OC 
SC2:J): 18 . 0C 
S<21>= 1 n .o~ 
SC22>= l R. OO 

SC29): 18 . 0£' 
SC30>= 18 . 0C 
SC31>= 18.00 
Sl.32>= 1A. OO 
SC.33>= 18 . 00 
$(34>= 1 8 .00 

$(53>= 1 8 . 0~ 

St54>= lR. OC 
Sl55>= 18.CO 
$(56>= 18 . 0() 
SC57>= 18.CJ 
SC58>= l ~ . O'J 

S<60>= 1e.oo 
$(62>= 18 . 00 
S C6'+ >= 1 R. OO 
$ (66>= 18.00 
5<68>= lA.OO 

QUANT= 

sc 4>= 18.00 
$( 5)= 18.00 
sc 6)= 18.~0 

St1C>= 18.::10 
$(11>= l8.00 



A( 9): 0.20 SC 9): 18.CO A(l2): o.so <5(12>= lR.i:C SECTI~N AT LJW[P. THIRi) POINT 
AC 13): 0.24 SCl~): 18.00 ~(16>= J.l2 $(16)= 1~.~0 ACl'l): Oe12 Stl4): 18.00 AC17): 0.12 SC17): 18.00 ACl~): 0.12 SC15>= 18.1j0 ,H18): 0.16 SC18): lA.OC 

--------------------------- ~k·o o~rAIL DE~IGM --------------------======== --------------------------- ~" ~ - '~ --------------------
WINGWALL PER TRHOTICE 54-1 

• 
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APPENDIX B: SAMPLE CBASIN RUN 

FOR SUMMARY DESIGNS 

• 



***************************~********~~ .... ,..,.. ********•****** 
CBASIN -- SOIL CONSERVATION SERVICE PROGRAM SAFBASIN 
ADAPTED _TO CORPS OF ENGINEERS CRITERIA BY CASE PROJECT 

******************************'********•*****•****'-•**•• 

**************************** 
* CORPS PROGRAM • X0098 * 
* MICRO VERSION * 89/0~/01 * 
******************~****•*··~ 

ENTER TWO HEADER LINES, 80 CHAR. MAX. EACH LINE 
EXAMPLE SPECIAL DESIGN FOR STILLING BASIN 
from U. S .D.A. S.C .S. TR-54 -- Append1:: A ~f USACE X0098 User Gu1 de 
ENTER THE FOLLOWING 

WIDTH WALL LENGTH liJALL WATER WATER DESIGN DFALTS 
BASIN D. S . BASIN u.s. DEPTH VELOC PAR AM O=DEF 

CFT> <FT> <FT> <FT) <FT) <FT/SEC> ') 1 ? ~ ', __ ,.J 0 , 1 
\.&J J LB N 01 V1 DESIGN uFALTS 

"" . . _I) • () 18.75 16.75 6.75 1. 75 50 . (1 (l 1 

DFALT1 DFALT2 DFALT3 DFALT4 
1 1 

HEIGHT FILL 
DOliJNSTREAM 

FT 
HB 
7.0 

MAXIMUM 
FOOTING 
PROJECT 

FT 
MAXFTG 

10.0 

1 

TAILWATER 
LOAD CASE 2 

FT 
HTW2 
1"""' t::' ·~· • ....J 

SAFETY 
FACTOR 

FLOAT ION 

FLOATR 
1. 25 

1 

UPLIFT HD 
LOAD C ~ 

FT 

TAIU.JATER 
LOAD C 1 

FT 
HUP2 
11. 0 

SAFETY 
FACTOR 

SLIDING 

SLIDER 
1.1 

HTW1 
4.0 

SLOPE PARAM 
BASIN 

INCLINE 

zs 
2.5 

UPL IFT HD 
LOAD C 1 

FT 
HUPl 
6.0 

RATE BATTER 
INSIDE 

SIDEWALL 

BAT 
(l . (l 

UNIT WGT 
MOIST 
BACKFILL 

UNIT WGT 
SATUf''ATED 
BACI<FILL 

LB/CF 

LAT SOIL 
PRESSURE 

RATIO 

COEF DEPTH WIDTH 
TOE 

LB/CF 
Gt1 

110.0 

CONCRETE 
ULTIMATE 
STRENGTH 

(FSI> 
F'C 

4000.0 

GS 
120.0 

RATIO 
FC TO 

F'C 

COESF 
0.4 • 

FRICTION TOE 
SOIL-CONC 

KO 
0.75 

ALLOWABLE 
STEEL 

STRESS 
(PSI) 
FSA 

20000.0 

FT 
CFSC HTW 
I} . 4 4. (1 

ALLOWABLE 
NET BEAR 
PRESSURE 

tPSF) 
ABP 
2000 . 0 

IN 
TTW 
12 . 0 

MINIMUM 
CONCRETE 

THICt,NESS 
c IN> 
THIN 
10. 0 

=============================== END OF INPUT ======~===================== 
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:===========~============================================================ 

CBASIN 
CORPS OF ENGI NEERS, CASE PROJECT MOD I FI ED 

SOIL CONSERVATI ON SERV ICE PROGRAM - STILLING BASIN 

EXAMPLE SPECIAL DES I GN FOR STI LL ING BAS I N 
from U.S . D. A. S.C . S . TR-54 -- Appendix A of USACE X0098 Use r Gui de 

DESIGN PARAMETERS 

WIDTH 
BASIN 
<FT> 
w 

?() 0(-) ..-- .. 
FROIJDE 

FROUDE 
44 . 37 

l~ALL 

D. S. 
<FT> 
J 

18. 75 . .-c 

WATER 
D":' .... 

<FT) 
D2 

15 . 63 

LENGTH 
BASIN 

<FT> 
LB 

16. 75 

TA ILWTR 
LC - 1 

CFT> 
HTW1 
4 . 00 

WALL WATER WATER 
u. s . DEPTH VELOC 
<FT> <FT> <FT/SEC> 
N Dl Vl 

6 . 75 1. 75 50. 00 

UPLIFT TA I LWTR UPLI FT 
LC - 1 LC ·- 2 LC - 2 

<FT) <FT>. CFT> 
HUP1 HTW2 HUP2 

6.00 l"'l' 5() 
-.J . - l l. (H) 

HGT FILL SLOPE 
FLOOR 
RATIO 

DEPTH 
TOE WALL 

<FT> 
HTW 

4 . 00 

THICKNES 
TOE WALL 

<IN) 
TTW 

12 . 00 

WGT MOIST WGT SAT 
D. STRE?'tM 

<FT> 
HB 

7 . 00 

LAT SOIL 
PRESSURE 

RATIO 
<RATIO> 

.,:o 
.75 

CONCRETE 
ULTIMATE 
STRENGTH 

<PSI> 
F ' C 

4 ()(-J() .-.. -) 
.. • ' ... H ... 

zs 
2 . 50 

BATTER 
INSIDE 

WALL 
<RATIO! 

BAT 
.00 

RATIO 
FC TO 

F'C 

COESF 
. 40 

!"lAX !MUM 
FOOTING 
PROJECT 

<FT> 
t1AXFTG 

10. 00 

SAFETY 
FACTOR 

FLOAT ION 
<RATIO> 
FLOATF\: 
1.25 

FILL 
(LB/CF> 

GM 
11 c) . 00 

SAFETY 
FACTOR 
SLIDING 
<RATIO> 
SLIDER 

1.10 

ALLOWABLE 
STEEL 

STRENGTH 
<PSI> 

FSA 
20000. (H) 

ALLOWABLE 
NET BEAR 
PRESSURE 

<PSF) 
ABP 

2000 . 00 

PRELIMINARY DESIGNS FOLLOW 

FILL 
<LB/CF) 

GS 
1 ""' - r··, -"-() • ·-· I) 

COEF 
FRICTION 
SOIL-CONC 

<RATIO> 
CFSC 
.40 

t1IN H1UM 
CONCRETE 

THICKNESS 
CIN> 
Tt1IN 

10 . 00 

TYPE <A> STILLING BASIN - TRIAL VALUES QUANT= 119.43 

LGT TOP 
SIDEl4JALL 

<FT> 
LTOP 
45 . 45 

LGT BOT 
BASIN 
CFT> 
LBOT 

47 . 96 

THICK 
lvALL AT 

TOP 
<FT> 
TT 
10 . 00 

FTG 
PROJECT 

(FT> 
t:'TG 

~ ) -. .; • • ( I) 

HORZ PROJ 
U.S . WALL 

<FT) 
LN 

2 . 51 

HOR I Z PROJ 
INCL SLAB 

<FT> 
LS 
31 . 21 

THIC~:·: 

i.IJALL AT 
HV 

<IN> 
TV 

12.50 

VERT Cot1P 
OF DIST N 

<FT> 
HN 

6 . 27 

VERT F'ROJ 
INCL SLAB 

<FT> 
HS 

12 . 48 

THICKNESS 
OF WALL 
BATTER 

<IN> 
TBB 

.00 

DIST l~ALL 
VERT INSIDE 

<FT> 
HV 

9 . 38 

THICK THICK AT 
BOT WALL BOTTOM 

NO BAT SIDEWALL 
<IN> <IN> 

TBV TB 
15 . 00 15. 00 

SLAB THICK SLAB THICK 
U.S . END BREAK IN GRADE 

SLAB THICK 
D. S . END 

( IN> 
TSDN 

16 . 00 
WINGWALL QUANT= 

<IN> ClN> 
TSUP TSBG 

13.00 16.00 
ASSOCIATED 

B4 
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TYPE <B> STI LLING BASIN - TRIAL VALUES QUANT= 132 . 76 

OVERALL 
BAS LGT 

<FT> 
LTOT 

46.75 

HORI Z 
PROJ SLAB 

<FT> 

VERT PROJ 
INCL SLAB 

<FT> 

DIST WALL 
VERT INSIDE 

<FT> 

THIC•< 
WALL AT 

TOP 
<FT> 
TT 
1 c) . oc~ 

LS 
30. 00 

THICK 
WALL AT 

HV-U 
<IN> 
TVU 
12. 50 

HS 
12 .00 

THICKNESS 
OF WALL 

BATTER 
<IN> 
TBB 

.00 

THICK OF 
S IDEWALL AT HV- D 

<IN> 

THICI< BOT 
WALL NO BAT- D 

<I N> 
TBVD 
15 . 0 0 

TVD 
12 . 50 

U. S. FTG 
PROJECT 

<FT> 
FTGU 
4.00 

D.S. FTG 
PROJECT 

<FT > 
FTGD 

3 .50 

SLAB THICK 
U. S . END 

<IN > 
TSUP 
13 . 00 

SLAB THICK D. S . 
BREAK GRADE 

<IN > 
TSBGD 

2 2. 00 

HV 
9.38 

THICK 
BOT WALL 

NO BAT·-U 
<IN> 
TBVU 
15. 00 

THI CK AT 
BOTTOM 
S . WALL- U 

<IN> 
TBU 

15. l)c) 

THICK AT 
BOT S IDEWALL-D 

<I N> 
TBD 

15 . 00 

SLAB TH I CK 
U. S . BREAK GRADE 

<IN> 
TSBGU 

22 . 0 0 

SLAB THICK 
D. S. END 

<IN > 
TSDN 

16 . 00 
ASSOCI ATED WI NGWALL QUANT= 26. 74 

TYPE <C> STILLING BAS I N - TRIAL VALUES QUANT= 122. 3 1 

OVERALL 
BAS LGT 

CFT ) 
LTOT 

46 . 7 5 

TOE LENGTH 
WALL BASE 

X 
10 . 00 

THI CK PAVE 
U. S . END 

( IN > 
TPUP 

56. 00 

THICt( 
WALL AT 

TOP 
,r .,... , 
\ I I 

TT 
10 . 00 

FTG 
PROJ ECT 

<FT> 
FTG 

3 . 00 

HORI Z VERT F'ROJ DIST WALL 
PROJ SLAB INCL SLAB VERT I NS IDE 

<FT > <FT > <FT> 
LS HS HV 

30 . 00 12 . 00 9 . 38 

WIDTH OF 
PAVEMENT SLAB 

XP 
. 00 

THI CK PAVE 
B.IN GRADE 

<IN> 
TPBG 
84 . 00 

THICK 
WALL AT 

HV 
<I N> 
TV 
12 . 50 

SLAB THICK 

TH ICK PAVE 
O.S. END 

<I N> 
• TPDN 

7 - ()() () . -

THICKNESS 
OF WALL 

BATTER 
<IN > 

TBB 
. 00 

THI CK 
BOT WALL 

NO BAT 
<IN > 

TBV 
15 . 00 

SLAB THICK 
BREAK IN GRADE 

(I N> 
TSBG 

THI Ct:: AT 
BOTTOM 
S IDEWALL 

<IN ) 
TB 
15. 00 

SLAB THICK 
D. S . END 

<IN > 
TSDN 

U. S . END , 
<I N> 
TSUP 
14.00 

17 . 00 18. 00 
ASSOCIATED WINGWALL QUANT= 

BS 

27 . 19 



WI NGWALL DESIGN - TRIAL VALUES 

THIC•< OF THICK 
WINGWALL WWALL 

IN IN 
TWW TWF 

10.00 10. (H) 

OF 
FTG 

FTG PROJ AT 
U. S . END 

FT 
BUP 

1'"' c-..::.. • .JU 

========================= END PRELIMINARY DESIGNS 

FTG F'ROJ AT 
D.S. END 

FT 
BDI\I 

3 . 50 

======================== 
WINGWALL PER TR NOTICE 54-1 

****~"********************************************************************* 
HUP2 IS GIVEN AS 11.00, THIS IS LESS THAN HTW2 GI VEN AS 13.50. 
IT MAY BE APPROPRIATE TO CONSIDER AN ADD I TIONAL TYPE <C> DESIGN 
WITH HUP2 = HTW2 . 

************************************************************************** 
Stop - Program terminated . 
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APPENDIX C: SAMPLE CBASIN RUN FOR DETAILED 

DESIGN OF TYPE "A" BASIN 

• 



******************** •********************************** 
CBASIN -- SOIL CONSERVATION SERVICE PROGRAM SAFBASIN 
ADAPTED TO CORPS OF ENGINEERS CRITERIA BY CASE PROJECT 

******************************************************* 

**************************** 
• CORPS PROGRAM * X0098 • 
* MICRO VERSION * 89/0~/01 • 
**********•***************•* 

ENTER TWO HEADER LINES, 80 CHAR . MAX. EACH LINE 
Example design from Appendi x A 
Detailed des1gn of type "A" bas 1 n 
ENTER THE FOLLOWING 

y 

l.J IDTH WALL LENGTH ~tJALL WATER ltJATER DES IGN DFALTS 
BASIN D.S. BASIN u.s. DEPTH VELOC PAR AM O=DEF 

<FT> <FT> <FT> <FT> tFT> <FT/SEC> t) .. 1 , 2 ' :: 0 . 1 
w J LB N D1 V1 DESIGN DFALTS 

40 . 0 12.0 10. 0 6 . 0 1. 0 45.0 1 1 

DFALT1 DFALT2 DFALT3 DFALT4 
1 

HEIGHT FILL 
DOWNSTREAM 

FT 
HB 
2.67 

MAXIMUM 
FOOTING 
PROJECT 

FT 
MAXFTG 

8 . 0 

1 1 

TAILWATER 
LOAD CASE 2 

FT 
HTW2 
9 . 0 

SAFETY 
FACTOR 

FLOAT ION 

FLOATR 
1. 2 

1 

UPL IFT HD 
LOAD C ::: 

TAILWATER 
LOAD C 1 

FT FT 
HUP2 

<:" .. 
..J. () 

SAFETY 
FACTOR 

SLIDING 

SLIDER 
1. 0 

HTW1 
4.0 

SLOPE F'ARAM 
BASIN 

INCLINE 

zs 
:: . o 

UPLIFT HD 
LOAD C 1 

FT 
HUP1 
4. 0 

RATE BATTER 
INSIDE 

S IDEWALL 

BAT 
0 .25 

UNIT WGT 
MOIST 
BACKFILL 

UNIT WGT 
SATURATED 
BACI<FILL 

LB/CF 

LAT SOIL 
PRESSURE 

RATIO 

COEF 
FRICTION 
SO IL-CONC 

DEPTH 
TOE 

ltJ I DTH 
TOE 

LB/CF 
GM 

105.0 

CONCRETE 
!JL Tit1ATC 
STRENGTH 

<PSI> 
F'C 

4·000. 0 

GS 
120.0 

RATIO 
FC TG 

F'C 

COESF 
(l.4 

• 

KO 
0 .667 

ALLOWABLE 
STEEL 
STRESS 
<PS I > 
FSA 

20000 . 0 

CFSC 
0.35 

FT 
HTW 

4.0 

ALLOWABLE 
NET BEAt'. 
PRESSURE 

<PSF ) 
ABP 

"'000 . 0 

IN 
TTW 

10 . 0 

MIN IMUM 
CONCRE.H: .. 

THIC.-.. NESS 
<IN> 
TMIN 

11).0 

IS MOMENT.THRUST,SHEAR REPORT DESIRED 7 Enter e1ther Y or N • • • •• 

MTV WILL BE OUTPUT 

=============================== END OF INPUT =========================: 
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=====~==================================================================: 

CBASIN 
CORPS OF ENGINEERS, CASE PROJECT MODIFIED 

SOIL CONSERVATION SERVICE PROGRAM - STILLING BASIN 

Example design from Appendix A 
Detailed design of type "A" basin 

DESIGN PARAMETERS 

WIDTH 
BASIN 
<FT> 
w 

40.00 

FROUDE 

FROUDE 
62.89 

HGT FILL 
D. STREAM 

<FT> 
HB 

WALL 
D.S. 
<FT> 

J 
12.00 

WATER 
D,.., 

..:.. 

<FT> 
D2 

. . 7 .... 
J. <J • .::-

SLOPE 
FLOOR 
RATIO 

zs 

LENGTH 
BASIN 

<FT> 
LB 

10. (H) 

TAILWTR 
LC - 1 

<FT> 
HTW1 
4.00 

WALL 
u.s. 
<FT> 

N 
6.00 

UPLIFT 
LC - 1 

<FT> 
HUP1 

4.00 

WATER 
DEPTH 
<FT> 
Dl 

1.00 

TAILWTR 
LC - 2 

<FT> 
HTW2 

9.00 

WATER 
VELOC 

<FT/SEC> 
V1 

45.00 

UPLIFT 
LC - 2 

<FT> 
HUP2 

5.00 

WGT MOIST WGT SAT 
FILL FILL 

<LB/CF> <LB/CF~ 

GM GS 
,.., 67 ..... . ...,. . ) .:: .. ()(_ 

DEPTH 
TOE WALL 

<FT> 
HTW 
4.00 

THICKNES 
TOE WALL 

<IN> 
TTW 

10.00 105.00 120.00 

LAT SOIL 
PRESSURE 

RATIO 
<RATIO> 

L···o r~ .. 

. 67 

BATTER 
INSIDE 

WALL 
<RATIO> 

BAT 

MAX It1UM 
FOOTING 
PROJECT 

<FT> 
t1AXFTG 

8.00 

SAFETY 
FACTOR 

FLOAT ION 
<RATIO> 
FLOATR 

1. 20 

SAFETY 
FACTOR 
SLIDING 
<RATIO> 
SLIDER 

1. 00 

COEF 
FRICTION 
SOIL-CONC 

<RATIO> 
CFSC 

CONCRETE 
ULTIMATE 
STRENGTH 

<PSI> 
F'C 

4000.00 

RATIO 
FC TO 

F'C 

COESF 
.40 

ALLOllJABLE 
STEEL 

STRENGTH 
<PSI> 
FSA 

20000 . 00 

ALLOWABLE 
NET BEAR 
PRESSURE 

<PSF) 
ABP 

2000.00 

t1INit1UM 
CONCRETE 

THICKNESS 
(IN> 
TI''IIN 

10 . 00 

DESIGN OF SPECIFIED TYPE BASIN FOLLOWS 

TYPE <A> STILLING BASIN - TRIAL VALUES QUANT= 87 . 36 

LGT TOP 
SIDEWALL 

<FT> 
LTOP 
'"'7 ·~ £. • () . .;. 

LGT BOT 
BASIN 
<FT> 
LBOT 

28.92 

THICK 
llJALL AT 

TOP 
<FT> 
TT 
10 . 00 

FTG 
PROJECT 

<FT> 
FTG 

1. 00 

HORZ PROJ 
U.S . llJALL 

<FT> 
LN 

1 . 90 

HORIZ PROJ 
INCL SLAB 

(FT> 
LS 
18.92 

THIC~< 
WALL AT 

HV 
<IN> 

TV 
10.00 

SLAB THICK 
U.S. END 

<IN> 
TSUP 

15.00 

VERT COMP 
OF DIST N 

<FT> 
HN 

5.69 

VERT PROJ 
INCL SLAB 

<FT> 
HS 

6.31 

THICKNESS 
OF WALL 
BATTER 

<IN> 
TBB 
2.00 

DIST WALL 
VERT INSIDE 

<FT> 
HV 

6.00 

THICK 
BOT WALL 

NO BAT 
<IN> 

TBV 
10. (H) 

THICK AT 
BOTTOM 

SIDEWALL 
<IN> 

TB 
12. 00 

SLAB THICK 
BREAK IN GRADE 

<IN> 

SLAB n·II c•( 
D.S. END 

<IN> 
TSDN 

15.00 
TSBG 

18.00 
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TYPE <A> STILLING BASIN - DETAIL DESIGN 

THICK THICK THICKNESS THICK 
WALL AT WALL AT OF WALL BOT WALL 

TOP HV BATTER NO BAT 
<FT> <IN) <IN> <IN> 
TT TV TBB TBV 
10.00 10.00 2.00 10.00 

FTG SLAB THICK SLAB THICK 
PROJECT u.s. END BREAK IN GRADE 

<FT> <IN> <IN> 
FTG TSUP TSBG 

1. 00 15.00 18.00 

STEEL REQUIREMENTS 
WALL---UPSTREAM END 

BASE 

HEIGHT 
ABOVE BASE 

FT 
5.69 

AREA STEEL 
REQUIRED 

IN**2 

ON SLOPE 

2.85 
.00 

.24 
'?4 . -

.24 

. 00 . 27 
BREAK IN GRADE--UPSTREAM SIDE 

. 00 . :J8 
BREAK IN GRADE--DOWNSTREAM SIDE 

12. 00 .24 
9.15 '?4 . -
6.31 .24 
3 .. 15 '?7 . -

.00 .58 
INSIDE FACE OF DOWNSTREAM END 

. 00 .49 

SECTION AT DOWNSTREAM END 

AREA REQD MAX 

MAXIMUM 
SPACING 

IN 
1.8.00 
18.00 
18.00 

18.00 

18.00 

18.00 
18.00 
18. 00 
18.00 
18.00 

18.00 

AREA REQD 

QUANT= 

THICK AT 
BOTTOM 

SIDEWALL 
<IN> 

TB 
12.00 

SLAB THICK 
D.S. END 

(IN) 
TSDN 

15.00 

MAX DIST 
FROM WALL TOP FACE SPACING BOT FACE SPACING 

IN**2 IN IN**2 IN FT 
18.00 • 18 18.00 .18 1. 00 

.18 18 . 00 .50 . 18 18.00 
.18 18.00 .18 18.00 .00 18.00 .42 18.00 .18 .00 18 . 00 10.00 .83 18.00 1 . 07 

18.00 1.56 18. (11) 
20 . 00 1. 11 

SECTION AT BREAI<- IN-GRADE 
?? 18.00 

1. 00 .22 18.00 . ---
18.00 ..... ,., 18.00 r.:-o ?2 . ~ ... 

• ...J . - ?2 18.00 
. 00 

...... ,., • 18.00 . -. ~~ ,..,,., 18.00 . 43 18.00 • ..t.. ... .00 18.00 18.00 ?? 
1. 81 . --10.00 18.00 18.00 

,.,...., 
2.50 . ,.:,.~ ''0 (I() -- . "' .. 

SECTION AT IIPSTF:EAt-1 J:"l\lf\ -·"'- .18 18 . 00 18.00 1. 00 • 18 18.00 18.00 .18 50 . 18 18. 00 . . 
18.00 .18 

.00 .18 18.00 18. 00 .18 
.00 .36 18.00 18 . 00 1 .10 

10.00 .36 
1. 43 18 . 00 

20.00 . 45 18.00 

cs 

87.36 



WINGWALL DESIGN - TRIAL VALUES 

THICK OF 
WINGWALL 

IN 
TWW 

10.00 

THICK OF 
WWALL FTG 

IN 
TWF 

10.00 

FTG PROJ AT 
U.S. END 

FT 
BUP 

7.50 

l!IINGWALL DESIGN - DETAIL DESIGN 

THICK OF THICK OF 
WINGWALL WWALL FTG 

IN IN 
TWW TWF 

10.00 10.00 

DIST TO JT WINGWALL 
WINGWALL FTG PROJ 

FT FT 
LEVEL WPROJ 

7.07 9.01 

STEEL REQUIREMENTS 
AREA OF TIE= .16 
SECTION AT ARTICULATION JOINT 

HEIGHT AREA STEEL 
ABOVE BASE REQUIRED 

FT IN**2 
8.00 
4.00 

• (H) 

DISTANCE 
FROM ~tJALL 

FT 
5.00 
2.50 

.00 
SECTION AT 

HEIGHT 
ABOVE BASE 

FT 

UPPER 

5.56 
2.78 

. 00 
DISTANCE 
FROM WALL 

FT 
3.67 
1.83 

. 00 

• 

SECTION AT · LOWER 
HEIGHT 

ABOVE BASE 
FT 
:3. 11 
1. 56 

.00 
DISTANCE 
FF:OM !IJf.'lLL 

FT 

1. 17 
.oo 

'"'4 • L 

.24 
1,., . ..:.. 

AREA STEEL 
REQUIRED 

.12 

.13 

.13 
THIRD POINT 

AREA STEEL 
REQUIRED 

. 24 

.24 

.12 
AREA STEEL 

REQUIRED 

.12 

.12 

.12 
THIRD POINT 

AREA STEEL 
REQUIRED 

.24 
1

,., 
• L 

1,., . "-

AREA STEEL 

1,., . .:.. 

.12 
. 12 

FTG PROJ AT 
u.s. END 

FT 
BUP 

7.50 

WINGWALL 
FTG F'ERP 

FT 
WWLB 

10.95 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIt1UM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACihiG 

IN 
18.00 
18.00 
18.00 

FTG PROJ AT 
D.S. END 

FT 
BON 

1. so 

QUANT= 11.60 

FTG F'ROJ AT 
D.S. END 

FT 
BON 

1. 50 

VOL OF WALL WITHOUT 
FTG ADJUST 

CY 
VWING 

12.25 

=========================== END DETAIL DESIGN ============================ 
WINGWALL PER TRNOTICE 54-1 
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==========~=~============================================================ 

MOMENT,THRUST,SHEAR REPORT 

Example design from Appendix A 
Detailed design of type "A" basin 

TYPE <A> STILLING BASIN 

MOMENT,THRUST,SHEAR RESULTANTS AT STEEL DETERMINATION SECTIONS 
CONSULT FIGS. 42,44,45,46,&47 OF REFERENCE DOCUMENT FOR LOCATIONS. 

TABULATED MOMENT CAUSES TENSION IN STEEL AT INDICATED LOCATION. 
DIRECT COMPRESSION IS POSITIVE, DIRECT TENSION IS NEGATIVE. 

LOCATION 
NUMBER 

SIDEWALL 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 

'T ·-· 
4 
5 
6 
7 
8 
9 

10 
0 
0 

BASE 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
?? --
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 ,, 
..:.. "'-

LOAD 
CONDITION 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 , -
2 
""' 4 

2 , -
2 
2 
2 
2 .., 
..:.. 

1 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
? -, -
2 .., ... 
2 
2 
2 
2 
2 
2 
2 

EFFECTIVE 
DEPTH 

IN 

• 00 
7.50 
7.61 
8.55 
9.50 

.00 
7.50 
7 .61 
8.55 
9.50 

. 00 
7.50 
7 .61 
8.55 
9.50 

. 00 
7.50 
7.61 
8.55 
9.50 

. 00 
7.50 

12.50 
. 00 

12.50 
. 00 

12.50 
. 00 

• 12.50 
. oo 

12.50 
. 00 

12.50 
. 00 

12.50 
• 00 

12.50 
. oo 

12.50 
. 00 

12.50 
. 00 
. 00 

11.50 
• 00 

11.50 

BENDING 
MOMENT 

FT-LBS/FT 

0 . 
369. 

2953. 
2805 . 
2341. 

I) • 

o. 
1. 

405. 
2341 . 

<) • 

369. 
3141. 
4014. 
9041. 

0 . 
o. 

'T8'T ._, ....:.J . 

2661 . 
9041. 

o . 
6160. 

o. 
o . 

11. 
0 . 

42. 
(l • 

1039 . 
0 . 

16139. 
o . 

21286. 
o . 
o. 
o . 
8. 
o . 

32. 
o . 

7576. 
0 . 
0 . 

18040. 
o . 

26018. 
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DIRECT 
THRUST 
LBS/FT 

0. 
395. 
791. 

1166. 
1575. 

o. 
395. 
791. 

1166. 
1575. 

0. 
395. 
791. 

1166. 
1575. 

o. 
395. 
791. 

1166 . 
1575. 

o. 
1575. 

519. 
o. 

519. 
0. 

519. 
o. 

656. 
o. 

656. 
o. 

656. 
o. 

597 . 
0. 

597 . 
o. 

597. 
o. 

-1013. 
(). 
o. 

-1013. 
1). 

-1013. 

SHEAR 
FORCE 
LBS/FT 

o. 
350. 

1401. 
1335. 
1060. 

o. 
o. 
7. 

356. 
1060. 

o. 
351. 

1571. 
1941. 
3216. 

o. 
o. 

349. 
1392. 
3216. 

o. 
1610. 

o. 
o. 

42. 
o. 

84. 
o. 

2042. 
o. 

1029. 
o. 
o. 
o. 
o. 
o. 

32. 
. I). 

64. 
o. 

919. 
o. 
o. 

1596. 
o. 
o. 



"'3 ..:.. . 1 15. 50 o. 9 41. o. 
24 1 . 00 o. o. o. 
25 1 15 . 50 46 . 9 41. 185. 
26 1 • (U) o. o. o. 
27 1 15. 50 185. 9 41. 370. 
28 1 .oo o. o. o. 
29 1 . 00 1) . o. o. 
~o ·j 1 14 . 50 1825. 2001 . 1653. 
31 1 15 . 50 10544. 200 1. 843 . 
"":!"? 
·j- 1 . 00 o. () -. o. 
"T~ ·-··-· 1 15.50 14757 . 2001. 0 . 
'-4 ·- 1 • 1)1) 0 . o. o. 
?~ _._ 2 15.50 0 . 9 8 7 . o. 
24 2 .00 o. o. 0. 
"'5 .:.. 2 15.50 69 . 987 . 278 . 
26 ? .... . 00 o. o. o. 
"'7 ..:.. 2 15. 50 "'78 .:.. . 9 8 7 . 556. 
"'8 .:.. 2 . 00 0. n • • o. 
29 2 . oo 0. o. o. 
30 ...., 

.:.. 14 . 50 2887. 2654 . 1979 . 
71 ·-· , - 15.50 43064. 2654. 2987. -.... -~· ..::. 2 . 00 0 . o. o. 
~< ._ . ...., 2 15.50 58000 . 2654 . o. 
~4 ·-· 2 .00 n . . o. o. 

47 1 12.50 0 . 584. 0. 
48 1 • 00 0. o . 0 . 
49 1 12.50 79 . 584. 315. 
50 1 • 00 o . 0. 0 . 
51 1 12.50 -lc:-. .::. ~. 584. 6""'." ..... () . 
52 1 .00 o. 0 . o. 
5""'. •J 1 • 00 0 . 0 . o. 
54 1 11.50 2970. 2009. 688. 
55 1 12 . 50 6693 . 2009. 6""'." oj(J 0 

56 1 . 00 o. o . 0. 
57 1 1..., .,. .:...;:)(.) 9843 . ?1)1)9 .... . .. . o . 
58 1 . 00 o. o. o. 
47 .., 

.:.. 12.50 0 . 584. o. 
48 ..... . oo r• .. o . "- ·' . \,). 

4Y ..... 
...::.. 12. 50 88 . 584 • ~54 • j • 

50 2 . oo 0 . o. o. 
51 2 12.50 - ... 4 . ~;_) . 584. 708 • 
52 2 .00 o. 0. 0 . 
C'.,.. 
.;J . .;.. ? 

~ .00 0 . 0 . 0 . 
54 2 11.50 40.39. 1978. ?1?""'. - - ·J · 
55 ..... 

"- .00 o. o. 0 . 
56 2 11.50 19960. 1978. 1061. 
57 ..... 

...::.. . 00 0 . 0 • 0 . 
58 2 11 .50 25267. 1978. o. 
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WINGWALL 
1 1 7 . 50 1). 500. 0. 2 1 7.50 0 . 1000. o. 
3 1 7.50 122. 1500. 137 . 4 1 7.50 3 44. 319. 490. 
5 1 7.50 1246. 237. 260. 
6 1 7 .50 722. 155. 692. 
7 1 7.50 o. 347. o. 
8 1 7.50 0. 694. 0. 
9 1 7.50 60. 1042. 86. 

10 1 7.50 206. 290. 260 . 
1 1 1 7 . 50 577. 236. 131. 
12 1 7 . 50 '7'"' •...J L.. 183. 378 . 
1' ·-· 1 7.50 1). 194. o. 
14 1 7.50 o. 389. 0. 
15 1 7.50 ? 4 ~ . =-e'T ..:.J •.J . 47. 
16 1 7 . 50 56 . 278. 107 . 
17 1 7.50 159. 246. 74. 
18 1 7.50 146. 215. 97. 

1 ,., 
"'- 7 .50 0. 500. o. 

2 2 7.50 o. 1000. 0 . 
< -· ...... 

.::. 7 . 50 122 . 1500 . 137. 
4 .., - 7.50 358. 567. 390 . 
5 2 7.50 1041. 487 . ? 1? - -· 
6 ,., 

..:.. 7 . 50 624 . 407. C'-.;'4 .....J·-· • 

7 ,., 
..:.. 7.50 0. ~a? ._, -. o. 

8 .., - 7.50 0 . 729 . 0. 
9 ,., 

..... 7 . 50 60 . 1076. 86 . 
10 2 7 . 50 140. 550 . 205 . 
11 .., - 7 . 50 434. 496 . 118. 
12 ,., 

.:.. 7 . 50 <?() 
·-·~ .. 443 . 250. 

13 2 7.50 o. 420 . 0 . 
14 ..... 

.::. 7.50 0 . 614 . 0 . 
15 ,., 

.:.. 7 c:· • ..JO 24 . 809. 47. 
16 ,., 

. .:.. 7 . 50 5 1. ... ..,..8 ....J • .j • 99 . 

17 2 7 . 50 147 . 506. 72 . 

18 2 7.50 140 . 475 . 82. 

==================== END OF MOMENT,THRUST,SHEAR REPORT ==================== 
Stop - Program terminated . 

• 
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APPENDIX D: SAMPLE CBASIN RUN FOR DETAILED 

DESIGN OF TYPE "B" BASIN 

• 



******************************************************* 
CBASIN -- SOIL CONSERVATION SERVICE PROGRAM SAFBASIN 
ADAPTED TO CORPS OF ENGINEERS CRITERIA BY CASE PROJECT 

******************************************************* 

**************************** 
* CORPS PROGRAM * X0098 * 
* MICRO VERSION * 89/02/01 * 
**************************** 

ENTER TWO HEADER LINES, 80 CHAR. MAX. EACH LINE 
Example desigr1 from Appendix A 
Set21.iled design of type "B " basin 
ENTER TI-lE FOLLOWING 

WIDTH WALL LENGTH WALL l•JATER 
BASIN D.S. BASIN u.s. DEPTH 

<FT> <FT> (FT> <FT> <FT> 
w J LB N D1 

20.0 '7() 0 
~-. 

.... 4 (' L • _J 14 -. '. u 
,.., -
... . !) 

DFALT1 DFALT2 DFALT3 DFALT4 
1 

HEIGHT FILL 
DOWNSTREAM 

FT 
HB 

10.0 

CONCRETE 
ULTI1'1ATE 
STRENGTH 

( F'S I ) 
F'C 

4000.0 

0 0 

TAILWATER 
LOAD CASE 2 

FT 
HTW2 

11.73 

F\:ATIO 
FC TO 
F'C 

COESF 
0.4 

1 

UPLIFT HD 
LOAD C 2 

FT 
HUP2 
11.73 

ALLOWABLE 
STEEL 
STRESS 
<PSI) 
FSA 
'7(J(JC' n n - ) ..... 

WATER DESIGN DFALTS 
VELOC F'ARAM O=DEF 

<FT/SEC> - 1 ,.., ..,. u' '..::.' . .;. 0' 1 
Vi DESIGN DFALTS 

36 . 0 .... ..::. 1 

T~ULWATER 

LOAD C 1 
FT 

UPLIFT HD 
LOAD C 1 

FT 
HTW1 
0.0 

ALLm.JABLE 
NET BEAR 
PRESSURE 

<PSF> 
ABP 

2000.0 

HUP1 
5.86 

MINIMUM 
CONCRETE 

TH I CKI'.IESS 
<IN> 
Tt1IN 
10.0 

IS MOMENT,THRUST,SHEAR REPORT DESIRED '7 Enter either Y or N ••••• 

N 
MTV WILL NOT BE OUTPUT 

=============================== END OF INPUT =============================== 

• 

D3 



============================================================================ 
CBASIN 

CORPS OF ENGINEERS, CASE PROJECT MODIFIED 
SOIL CONSERVATION SERVICE PROGRAM - STILLING BASIN 

Example design from Appendix A 
Detailed design of type "B" basin 

DESIGN PARAMETERS 

WIDTH 
BASIN 
<FT> 
w 

20 .00 

FROUDE 

FROUDE 
20 . 12 

HGT FILL 
D. STREAM 

<FT> 
HB 

10.00 

LAT SOIL 
PRESSURE 

RATIO 
< F<AT I 0 > 

1<0 
.80 

t.JA LL 
D.S. 
<FT> 

J 
20.00 

WATER 
02 

<FT> 
02 

11.73 

SLOPE 
FLOOR 
RATIO 
zs 
~ ) -. .:. .. (_ (_) 

BATTER 
INSIDE 

WALL 
<RATIO) 

BAT 
.38 

LENGTH 
BASIN 

<FT> 
LB 

~4 - -. ..::. • (_)(_i 

TAIUlJTR 
LC - 1 

<FT> 
HTW1 

. 00 

WALL 
u.s. 
<FT> 

.. N 
14 . 00 

UPLIFT 
LC - 1 

<FT> 
HUP1 

5.86 

DEPTH THICKNES 
TOE WALL TOE WALL 

(FT> <IN> 
HTW TTW 

4 . (H) 

I"IA X I t1UM 
FOOTING 
PROJECT 

<FT> 
MAXFTG 

10 . 00 

10.00 

SAFETY 
FACTOR 

FLOAT ION 
<RATIO> 
FLOATR 

1. 50 

llJATER 
DEPTH 
<FT> 
01 

2 . 00 

TAILWTR 
LC - 2 

<FT> 
Hn.J2 

11 .73 

WATER 
VELOC 

<FT/SEC) 
V1 

-6 ~-· (") ._;;, • .I -

UPLIFT 
LC - 2 

<FT> 
HUP2 

11 .73 

WGT MOIST WGT SAT 
FILL FILL 

<LB/CF> <LB/CF i 
GM GS 

1 ~) - -..::. (- . (_) () 

SAFETY 
FACTOR 
SLIDING 
<RATIO> 
SLIDER 

1. 00 

COEF 
FRICTION 
SOIL-CONC 

<RATIO> 
CFSC 
~C' 

• • _,,_J 

CONCRETE 
ULTIMATE 
STRENGTH 

RATIO 
FC TO 

F 'C 

?'tLLOWABLE 
STEEL 

STRENG~H 

<PSI> 
FSA 

20000.00 

ALLOWABLE 
NET BEAR 
PRESSURE 

MINIMUt1 
CONCRETE 

THICKNESS 
<IN> 
TMIN 
10.00 

<PS I> 
F'C 

4000.00 
COESF 

.40 

<PSF > 
ABP 

2000.00 

DESIGN OF SPECIFIED TYPE BASIN FOLLOWS 

D4 



TYPE <B> STILLING BASIN - TRIAL VALUES QUANT= 141.10 
OVERALL 
BAS LGT 

<FT> 
LTOT 

42.00 

HORIZ 
PROJ SLAB 

<FT> 

VERT PROJ 
INCL SLAB 

<FT> 

DIST WALL 
VERT INSIDE 

<FT> 

THICK 
WALL AT 

TOP 
<FT> 
TT 
10.00 

LS 
18.00 

THICK 
WALL AT 

HV-U 
<IN) 

TVU 
16.30 

HS 
6.00 

THICKNESS 
OF WALL 

BATTER 
<IN> 
TBB 

2.00 

THICK OF 
SIDEWALL AT HV-D 

<IN) 

THICK BOT 
WALL NO BAT-D 

<IN> 
TBVD 
17.00 

TVD 
14.90 

U.S. FTG 
PROJECT 

CFT> 
FTGU 
3.00 

D.S. FTG 
PRO,JECT 

<FT> 
FTGD 

"") ) ") ..... cc 

SLAB THICK 
U.S . END 

<IN> 
TSUP 
18. 00 

SLAB THICK D. S. 
BREAk: GRADE 

<IN> 
TSBGD 

20 . 00 

• 

HV 
14.00 

THICV THic•c AT 
BOT WALL BOTTOM 

NO BAT-U S.WALL-U 
<IN> <IN> 

TBVU TBU 
19.00 21.00 

THICK AT 
BOT SIDEWALL- D 

( IN > 
TBD 

10 - -I o ()() 

SLAB THIC •. 
U.S. BREAk GRADE 

<IN> 
TSBGU 

'22. 00 

SLAB THICK 
D.S. END 

( IN> 
TSDN 
20.00 

DS 



TYPE <B> STILLING BASIN - DETAIL DESIGN QUANT::.: 142.10 

THICK 
WALL AT 

TOP 
<FT> 
TT 
10.00 

THICK 
IAALL AT 

HV-U 
<IN> 

TVU 
16.30 

THICt<NESS 
OF l41ALL 

BATTER 
<IN> 
TBB 

...., <) .-) 
~. \,. 

THICK OF 
SIDEWALL AT HV-D 

<IN> 

THICK BOT 
WALL NO BAT-D 

<IN> 
TBVD TVD 

14.90 

U.S. FTG 
PROJECT 

<FT> 
FTGU 
3.00 

D.S. FTG 
PROJECT 

<FT> 
FTGD 
2.00 

17 ··n . (_} -

SLAB THICK 
U.S. END 

(!N) 

SLAB THICK D.S. 
BREAK GFADE 

<IN> 
TSBGD 

...., 1 - -..::. .uu 

TSUP 
18.00 

STEEL REQUIREMENTS 
WALL---UPSTREAM END 

HEIGHT 
ABOVE BASE 

AREA STEEL 
REQUIRED 

FT 
14.00 

7 - -' • ()<) 

.00 
ON SLOPE 

nn . - -

IN**2 
'"'4 . ~ 
7(' • • .; • .. J 

2.16 

') '"'7 -·-BREAK IN GRADE--UPSTREAM SIDE 
.uu 2.47 

BREAK IN GRADE--DOWNSTREAM SIDE 
20.00 
13.00 
6.00 
3.00 

.00 

. 30 

. 76 
' 6. l • 1 

') 8':' -· -

D6 

THICK 
BOT WALL 

NO BAT-U 
<IN> 

TBVU 
19.00 

THIC.( AT 
BOTTOM 
S.l-'IALL-U 

(IN) 
TBU 

21.00 

THICJ< AT 
BOT SIDEWALL-D 

<IN> 
TBD 

19. <)t) 

SLAB THICK 
U.S. BREAK GRADE 

<IN> 
TSBGU 

':.'? (;•() 
~.... -

SLAB THICK 
D.S. END 

<IN> 
TSDN 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
13.91 

13.76 

·I...,. 4C' J .• .:.:, • ,J 

18.00 
18.00 
18.00 
t 6.26 
12.00 



BASE--SECTION AT 
DIST 

FROMWALL, 
FT 

2.00 
1. 00 

• 00 
.00 

5.00 

DOWNSTREAM END 
AREA REQD 
TOP FACE 

IN**2 
. 24 
.24 
.24 
.48 
.48 
. 48 

MAX 
SPACING 

IN 
18.00 
18.00 
18.00 
18.00 
18.00 

AREA REQD 
BOT FACE 

IN**2 
.24 

'":\4 .... 
.24 
.37 
.24 

18 . 00 ?4 . -10.00 
SECTION AT 

? ()(' 
DOWNSTREAt1 SIDE OF BREAK-IN-GRADE 

..._ . _.) 

1. 00 
.00 
.00 

C" ") .;; • ()I 

10.00 
SECTION AT 

3 . 00 
1. 50 

. 00 

.00 
5.1)0 

'":'5 . ..:.. 
. 25 
. 50 
.50 
.50 

UPSTREAM SIDE 
'":'6 . ..:.. 
?6 . -
'":'6 . ..:.. 
c::..,. 

• ~ • .J 

e-r 
• •...J·-· 

10.00 . 53 
SECTION AT UPSTREAM END 

3.00 
1 C"" • ..JU 

.00 .22 

18.00 • 25 
18.00 .25 
18. (H) 

18.00 
'":'5 • '-

2.39 
18.00 1.59 
18.00 1.31 

OF BREAK-IN-GRADE 
18.00 .26 
18.00 
18.00 
18.00 
18 . (H) 

18.00 

18.00 
18.00 
18.00 

.26 
.26 

, u· '":\ -· -
1. 28 
1. 02 

. 00 . 43 18. 00 1.56 
.69 5 . 00 . 43 18.00 

MAX 
SPACING 

IN 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 

18.00 
18.00 
18.00 
18.00 
18.00 
18.00 

18.00 
18. 00 
18.00 
18.00 
18.00 
18.00 

10.00 . 43 18.00 
VERTICAL SHEAR AT BREAK-IN-GRADE ARTICULATION 

SHEAR FORCE FOR LC N0.1, LBS . = -1.0135E+04 

. 41 
JOINT 

18.00 
18. 0 0 
18.00 
18.00 
18.00 
18.00 

WINGWALL DESIGN - TRIAL VALUES 

THICK OF 
WINGl~ALL 

IN 
TWW 

12.00 

THICK OF 
~·JWALL FTG 

IN 
TWF 

12.00 

FTG PROJ AT 
U.S. END 

FT 
BUP 

14.50 

WINGWALL DESIGN - DETAIL DESIGN 

THICK OF 
l~INGWALL 

IN 
TWW 

12.00 

DIST TO JT 
WINGWALL 

FT 
LEVEL 
12.04 

THICK OF 
WWALL FTG 

IN 
Tl.JF 

12.(H) 
• 

WINGWALL 
FTG F'ROJ 

FT 
~.JPROJ 

18.38 

FTG PROJ AT 
U.S. END 

FT 
BUP 

14.50 

I•JINGWALL 
FTG PERF' 

FT 
WWLB 

20.50 

D7 

LC N0.2, LBS.= -1.9788E+04 

FTG PROJ AT 
D.S. END 

FT 
BON 

7.00 

QUANT= 4 1. 35 

FTG PROJ AT 
D.S . END 

FT 
BON 

7.00 

VOL OF WALL WITHOUT 
FTG ADJUST 

CY 
VWING 

44.24 



STEEL REQUIREMENTS 
AREA OF TIE= 2.88 
SECTION AT ARTICULATION JOINT 

HEIGHT AREA STEEL 
ABOVE BASE REQUIRED 

FT IN**2 
1 ~ ~...,. 

~.,:, • . _,.j 
6.67 

.00 
DISTANCE 
FROM llJALL 

FT 
9.67 
4.83 

.00 

~9 . ..:... 
.14 

1. 17 
AREA STEEL 

REQUIRED 

..,.4 . . :, 

1.47 
1.93 

SECTION AT 
HEIGHT 

UPPER THIRD POINT 
AREA STEEL 

ABOVE BASE 
FT 
9. 11 
4.56 

. 00 
DISTANCE 
FROM WALL 

FT 
8.00 
4.00 
.oo 

SECTION AT LOWER 
HEIGHT 

ABOVE BASE 
FT 
4.89 
2.44 

.00 
DISTANCE 
FROM l~ALL 

FT 
6 

..,....,. 
• .j . .:_. 

3 .17 
.00 

f':EQUIRED 

"9 . -
.14 

AREA STEEL 
REQUIRED 

?? . --
.68 
.79 

THIRD POINT 
AREA STEEL 

REQUif':ED 

~9 . ..:... 
.14 
. 14 

Af':EA STEEL 
REQUIRED 

IN**2 
. 14 
.19 
• 25 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
17.87 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAX It1UM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

------------------------------------------------------ END DETAIL DESIGN 

Stop - Program terminated. 
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APPENDIX E: SAMPLE CBASIN RUN FOR DETAILED 

DESIGN OF TYPE "C" BASIN 

• 



******************************************************* 
CBASIN -- SOIL CONSERVATION SERVICE PROGRAM SAFBASIN 
ADAPTED TO CORPS OF ENGINEERS CRITERIA BY CASE PROJECT 

******************************************************* 

**************************** 
* CORPS PROGRAM * X0098 * 
* MICRO VERSION * 89/02/ 01 * 
**************************** 

ENTER TWO HEADER LINES, 80 CHAR. MAX. EACH LINE 
Example design from Appendix A 
Detailed design of type "C" basin 
ENTER THE FOLLOWING 

WIDTH 
BASIN 

<FT> 
w 

32.0 

WALL 
D.S. 
<FT > 

J 
18. 0 

LENGTH 
BASIN 

<FT> 
LB 

16.0 

WALL 
u.s. 
<FT> 

N 
6.0 

WATER 
DEPTH 

<FT > 
D1 

2.0 

DFALT1 
1 

DFALT2 
0 

DFALT3 
0 

DFALT4 
1 

HEIGHT FILL 
DOWNSTREAM 

FT 
HB 

8. 0 

CONCRETE 
UL Tit1ATE 
STRENGTH 

<PSI > 
F 'C 

4000 . 0 

TAILWATER 
LOAD CASE 2 

FT 
HTW2 

11.73 

RATIO 
FC TO 

F ' C 

COESF 
0 .4 

UPLIFT HD 
LOAD C 2 

FT 
HUP2 

7.0 

ALLOWABLE 
STEEL 
STRESS 
<PSI> 
FSA 

20000.0 

WATER 
VELOC 

<FT / SEC> 
V1 

"t'6 . ._. • (J 

DESIGN DFALTS 
PARAM O=DEF 
0,1,2,3 0,1 
DESIGN DFALTS 

3 1 

TAIU~ATER 

LOAD C 1 
FT 

UPLIFT HD 
LOAD C 1 

FT 
HTW1 
0.0 

ALLOWABLE 
NET BEAR 
PRESSURE 

<PSF> 
ABP 
2000.0 

HUP1 
0.0 

MINIMUM 
CONCRETE 

THICKNESS 
<IN> 
TMIN 

10.0 

IS MOMENT,THRUST,SHEAR REPORT DESIRED ? Enter either Y or N • • • • • 

N MTV WI LL NOT BE OUTPUT 

=============================== END OF INPUT =============================== 

• 
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============================================================================ 
CBASIN 

CORPS OF ENGINEERS, CASE PROJECT MODIFIED 
SOIL CONSERVATION SERVICE PROGRAM - STILLING BASIN 

Example design from Appendix A 
Detailed design of type "C" basin 

DESIGN PARAMETERS 

WIDTH 
BASIN 
<FT> 
w 

32.00 

FROUDE 

FROUDE 
20.12 

HGT FILL 
D. STREAM 

<FT> 
HB 

8.00 

LAT SOIL 
PRESSURE 

RATIO 
<RATIO> 

KO 
.80 

WALL 
D.S. 
<FT> 
J 

18.00 

WATER 
D2 

<FT> 
D2 

11.73 

SLOPE 
FLOOR 
RATIO 

zs 
3.00 

BATTER 
INSIDE 

WALL 
<RATIO> 

BAT 
.38 

LENGTH 
BASIN 

<FT> 
LB 

16.00 

TAILWTR 
LC - 1 

<FT> 
HTW1 

.00 

DEPTH 
TOE WALL 

<FT> 
HTW 
4.00 

MAXIMUM 
FOOTING 
PROJECT 

<FT> 
MAXFTG 

16.00 

WALL 
u.s. 
<FT> 
N 

6.00 

UPLIFT 
LC - 1 

<FT> 
HUP1 
.00 

THICKNES 
TOE WALL 

<IN> 
TTW 

10.00 

SAFETY 
FACTOR 

FLOAT ION 
<RATIO> 
FLOATR 

1. 50 

WATER WATER 
DEPTH VELOC 
<FT> <FT/SEC> 

D1 V1 
2.00 36.00 

TAILWTR UPLIFT 
LC - 2 LC - 2 

<FT> <FT> 
HTW2 HUP2 

11.73 7.00 

WGT MOIST 
FILL 

<LB/CF> 
GM 

WGT SAT 
FILL 

<LB/CF> 
GS 

140.00 120.00 

SAFETY 
FACTOR 
SLIDING 
<RATIO> 
SLIDER 

1. 00 

COEF 
FRICTION 
SOIL-CONC 

<RATIO> 
CFSC 
.35 

CONCRETE 
ULTIMATE 
STRENGTH 

RATIO 
FC TO 

F ' C 

ALLOWABLE 
STEEL 

STRENGTH 
<PSI> 
FSA 

20000. 1)1) 

ALLOWABLE 
NET BEAR 
PRESSURE 

MINIMUM 
CONCRETE 

THICKNESS 
<IN> 
TMIN 

10.00 

<PSI> 
F'C 

4000.00 
COESF 

.40 

<PSF> 
ABP 

2000.00 

DESIGN OF SPECIFIED TYPE BASIN FOLLOWS 
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TYPE <C> STILLING BASIN - TRIAL VALUES 

OVERALL 
BAS LGT 

<FT> 
LTOT 

52.00 

TOE LENGTH 
WALL BASE 

X 
12.00 

THICK PAVE 
U.S. END 

<IN> 
TPUP 

11. 00 

THICK 
WALL AT 

TOP 
<FT> 
TT 
10.00 

FTG 
PROJECT 

<FT> 
FTG 

.00 

HORIZ 
PROJ SLAB 

<FT> 

VERT PROJ 
INCL SLAB 

<FT> 

DIST WALL 
VERT INSIDE 

<FT> 
LS 

36.00 
HS 

12.00 
HV 
9.00 

WIDTH OF 
PAVEMENT SLAB 

XP 
8.00 

THICK PAVE 
B.IN GRADE 

<IN> 
TPBG 
14.00 

THICK 
WALL AT 

HV 
<IN> 
TV 
10.50 

SLAB THICK 
U.S. END, 

<IN) 
TSUP 
12.00 

THICK F'AVE 
D.S. END 

<IN> 
TPDN 
12.00 

THICKNESS 
OF WALL 

BATTER 
<IN) 
TBB 
3.00 

THICK 
BOT WALL 

NO BAT 
<IN> 
TBV 
11.00 

SLAB THICt( 
BREAK IN GRADE 

(IN> 
TSBG 

15.00 

TYPE <C> STILLING BASIN - DETAIL DESIGN 

TOE LENGTH 
WALL BASE 

X 
12.00 

THICK PAVE 
U.S. END 

<IN> 
TPUP 

11.00 

THICK 
WALL AT 

TOP 
<FT > 
TT 
10.00 

FTG 
PROJECT 

<FT> 
FTG 

.00 

WIDTH OF 
PAVEMENT SLAB 

XP 
8.00 

THICK PAVE 
B.IN GRADE 

<IN> 
TPBG 
14.00 

THICt< 
WALL AT 

HV 
<IN> • 

TV 
10.50 

SLAB THICK 
U.S. END, 

<IN> 
TSUP 
12.00 

THICK PAVE 
D.S. END 

<IN> 
TPDN 
12.00 

THICKNESS 
OF WALL 

BATTER 
<IN> 

TBB 
3.00 

THICK 
BOT WALL 

NO BAT 
<IN> 

TBV 
11.00 

SLAB THICt< 
BREAk: IN GRADE 

<IN> 
TSBG 

16.00 

E5 

QUANT= 125.44 

THICK AT 
BOTTOM 
SIDEWALL 

<IN> 
TB 
14.00 

SLAB THICK 
D.S. END 

<IN> 
TSDN 

15.00 

QUANT= 127.52 

THICt< AT 
BOTTOM 
SIDEWALL 

<IN> 
TB 
14.00 

SLAB THICK 
D.S. END 

(IN> 
TSDN 

15.00 



STEEL REQUIREMENTS 
WALL--UPSTREAM END 

HEIGHT AREA STEEL 
ABOVE BASE REQUIRED 

ON SLOPE 

FT IN**2 
6.00 .24 
3.00 

.oo 
.24 
.26 

.oo .74 
BREAK IN GRADE--UPSTREAM SIDE 

. 00 1. 76 
BREAK IN GRADE--DOWNSTREAM SIDE 

18.00 
15.00 

.24 

.24 
12.00 .25 
6. 00 . 18 

.00 1.76 
INSIDE FACE OF DOWNSTREAM END 

.00 .46 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

18.00 

14.35 

18.00 
18.00 
18.00 
18.00 
14.35 

18.00 
BASE--SECTION AT DOWNSTREAM END--TOE TO CENTER 

DIST AREA REQD MAX 
FROM WALL TOP FACE SPACING 

FT IN**2 IN 
. 00 . 00 18. 00 
.00 .00 18.00 
.00 .00 18.00 
.00 .36 18.00 

6.00 .36 18.00 
12.00 .36 18.00 

SECTION AT BREAK-IN-GRADE 
.00 
.oo 
.00 

.00 

.00 

.00 
.00 .38 

6.00 .38 
12.00 .38 

SECTION AT UPSTREAM END 
.00 
.00 
.oo 
.oo 

6.00 
12.00 

PAVEMENT SLAB 
LOCATION 

U.S. OF TOE 
FT 
.oo 

8. (H) 

16.00 
34.00 
52.00 

.oo 

.00 

.oo 

.29 

.29 

.29 

AREA REQD 
TOP FACE 

"'9 . .._ 
.64 

1. 36 
.84 
"6 ..... 

18.00 
18.00 
18.00 
18.00 
18. (H) 

18.00 

18.00 
18.00 
18.00 
18.00 
18.00 
18.00 

MAX 
SPACING 

IN 
18.00 
18.00 
18.00 
18.00 
18.00 

AREA REQD 
BOT FACE 

IN**2 
.oo 
.00 
.00 

1.20 
.26 
.18 

.00 

.00 

.oo 
1. 70 

"'8 .... 
. 19 

.00 

.00 

.00 

.88 

.24 

.14 

AREA REQD 
BOT FACE 

IN**2 
.14 
.16 
.17 
.15 
1~ • •.;J 

MAX 
SPACING 

IN 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 

18.00 
18.00 
18.00 
18.00 
18.00 
18.00 

18.00 
18.00 
18.00 
18.00 
18.00 
18.00 

MAX 
SPACING 

IN 
18.00 
18.00 
18.00 
18.00 
18.00 

WINGWALL DESIGN - TRIAL VALUES 

THICK OF THICK OF FTG F'ROJ AT FTG PROJ AT 
WINGWALL WWALL FTG u.s. END D.S. END 

IN IN FT FT 
TWW TWF BUP BON 

10.00 10.00 10 <="() • ..J. 6.00 
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WINGWALL DESIGN - DETAIL DESIGN 

THICk: OF 
WINGWALL 

IN 
TWW 

10.00 

DIST TO JT 
WINGWALL 

FT 
LEVEL 
7.78 

THICI< OF 
WWALL FTG 

IN 
TWF 

10.00 

WINGWALL 
FTG PROJ 

FT 
WPROJ 

16.39 

STEEL REQUIREMENTS 
AREA OF TIE= 1.79 
SECTION AT ARTICULATION JOINT 

HEIGHT AREA STEEL 
ABOVE BASE REQUIRED 

FT 
12.00 
6.00 

.oo 
DISTANCE 
FROM WALL 

FT 
7.00 
"T c::
·J. ;:)I) 

.00 
SECTION AT 

HEIGHT 
ABOVE BASE 

FT 
8.22 
4. 11 

. 00 
DISTANCE 
FROM WALL 

FT 
6.00 
"T - -._, • IJO 

.00 

UPPER 

SECTION AT LOWER 
HEIGHT 

ABOVE BASE 
FT 
4.44 

.00 
DISTANCE 
FROM WALL 

FT 
5.00 
2.50 

.00 

IN**2 
.24 
.12 
.66 

AREA S,':{EEL 
REQUIRED 

IN**2 
• 25 
.91 

1.15 
THIRD POINT 

AREA STEEL 
REQUIRED 

IN**2 
• 24 
.12 
.20 

AREA STEEL 
REQUIRED 

IN**2 
• 15 
. 42 
.50 

THIRD POINT 
AREA STEEL 

REQUIRED 
IN**2 

.24 
1

.., . "-

. 12 
AREA STEEL 

• REQUIRED 
IN**2 

• 12 
• 12 
. 16 

FTG PROJ AT 
U.S. END 

FT 
BUP 

10.50 

WINGWALL 
FTG PERP 

FT 
WWLB 

15.11 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

MAXIMUM 
SPACING 

IN 
18.00 
18.00 
18.00 

=========================== END DETAIL DESIGN 

QUANT= 26.70 

FTG PROJ AT 
D.S. END 

FT 
BON 

6.00 

VOL OF WALL WITHOUT 
FTG ADJUST 

CY 
VWING 

26.70 

------·------------------- -------------------------------
WINGWALL PER TRNOTICE 54-1 

**********************************************************·~**************** 
HUP2 IS GIVEN AS 7 .00, THIS IS LESS THAN HTW2 GIVEN AS 11.73. 
IT MAY BE APPROPRIATE TO CONSIDER AN ADDITIONAL TYPE <C> DESIGN 
WITH HUP2 = HTW2. 

*************************************************************************** 
Stop - Program terminated. 

E7 



WATERWAYS EXPERIMENT STATION REPORTS 
PUBLISHED UNDER THE COMPUTER-AIDED 

STRUCTURAL ENGINEERING (CASE) PROJECT 

Technical Report K-78-1 

Instruction Report 0-79-2 

Technical Report K-80-1 

Technical Report K-80-2 

Instruction Report K-80-1 

Instruction Report K-80-3 

Instruction Report K-80-4 

Instruction Report K-80-6 

Instruction Report K-80-7 

Technical Report K-80-4 

Technical Report K-80-5 

Instruction Report K-81-2 

Instruction Report K-81-3 

Instruction Report K-81-4 

Instruction Report K-81-6 

Instruction Report K-81-7 

Instruction Report K-81-9 

Technical Report K-81-2 

Instruction Report K-82-6 

Instruction Report K-82-7 

Title 

List of Computer Programs for Computer-Aided Structural Engineering 

User's Guide: Computer Program with Interactive Graphics for 
Analysis of Plane Frame Structures {CFRAME) 

Survey of Bridge-Oriented Design Software 

Evaluation of Computer Programs for the Design/ Analysis of 
Highway and Railway Bridges 

User's Guide: Computer Program for Design/Review of Curvi
linear Conduits/Culverts (CURCON) 

A Three-Dimensional Finite Element Data Edit Program 

A Three-Dimensional Stability Analysis/Design Program {3DSAD) 
Report 1: General Geometry Module 
Report 3: General Analysis Module (CGAM) 
Report 4: Special-Purpose Modules for Dams (CDAMS) 

Basic User's Guide: Computer Program for Design and Analysis 
of Inverted-T Retaining Walls and Floodwalls (TWDA) 

User's Reference Manual: Computer Program for Design and 
Analysis of Inverted-T Retaining Walls and Floodwalls (TWDA) 

Documentation of Finite Element Analyses 
Report 1: Longview Outlet Works Conduit 
Report 2: Anchored Wall Monolith, Bay Springs Lock 

Basic Pile Group Behavior 

User's Guide: Computer Program for Design and Analysis of Sheet 
Pile Walls by Classical Methods (CSHTWAL) 

Report 1: Computational Processes 
Report 2: Interactive Graphics Options 

Validation Report: Computer Program for Design and Analysis of 
Inverted-T Retaining Walls and Floodwalls (TWDA) 

User's Guide: Computer Program for Design and Analysis of 
Cast-in-Place Tunnel Linings (NEWTUN) 

User's Guide: Computer Program for Optimum Nonlinear Dynamic 
Design of Reinforced Concrete Slabs Under Blast Loading 
(CBARCS) 

User's Guide: Computer Program for Design or Investigation of 
Orthogonal Culverts (CORTCUL) 

User's Guide: Computer Program for Three-Dimensional Analysis 
of Building Systems (CTABS80) 

Theoretical Basis for CT ABS80: A Computer Program for 
Three-Dimensional Analysis of Building Systems 

User's Guide: Computer Program for Analysis of Beam-Column 
Structures with Nonlinear Supports (CBEAMC) 

User's Guide: Computer Program for Bearing Capacity Analysis 
of Shallow Foundations (CBEAR) 

(Continued) 

Date 

Feb 1978 

Mar 1979 

Jan 1980 

Jan 1980 

Feb 1980 

Mar 1980 

Jun 1980 
Jun 1982 
Aug 1983 

Dec 1980 

Dec 1980 

Dec 1980 
Dec 1980 

Dec 1980 

Feb 1981 
Mar 1981 

Feb 1981 

Mar 1981 

Mar 1981 

Mar 1981 

Aug 1981 

Sep 1981 

Jun 1982 

Jun 1982 
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Instruction Report K-83-1 

Instruction Report K-83-2 

Instruction Report K-83-5 

Technical Report K-83-1 

Technical Report K-83-3 

Technical Report K-83-4 

Instruction Report K-84-2 

Instruction Report K-84-7 

Instruction Report K-84-8 

Instruction Report K-84-11 

Technical Report K-84-3 

Technical Report ATC-86-5 

Technical Report ITL-87-2 

Instruction Report ITL-87-1 

Instruction Report ITL-87-2 

Technical Report ITL-87-6 

Instruction Report ITL-87-3 

Instruction Report ITL-87 -4 

Technical Report ITL-87-4 

(Continued) 

Title Date 

User's Guide: Computer Program With Interactive Graphics for Jan 1983 
Analysis of Plane Frame Structures (CFRAME) 

User's Guide: Computer Program for Generation of Engineering Jun 1983 
Geometry (SKETCH) 

User's Guide: Computer Program to Calculate Shear, Moment, Jul 1983 
and Thrust (CSMT) from Stress Results of a Two-Dimensional 
Finite Element Analysis 

Basic Pile Group Behavior Sep 1983 

Reference Manual: Computer Graphics Program for Generation of Sep 1983 
Engineering Geometry (SKETCH) 

Case Study of Six Major General-Purpose Finite Element Programs Oct 1983 

User's Guide: Computer Program for Optimum Dynamic Design Jan 1984 
of Nonlinear Metal Plates Under Blast Loading (CSDOOR) 

User's Guide: Computer Program for Determining Induced Aug 1984 
Stresses and Consolidation Settlements (CSETT) 

Seepage Analysis of Confined Flow Problems by the Method of Sep 1984 
Fragments (CFRAG) 

User's Guide for Computer Program CGFAG, Concrete General Sep 1984 
Flexure Analysis with Graphics 

Computer-Aided Drafting and Design for Corps Structural Oct 1984 
Engineers 

Decision Logic Table Formulation of ACI 318-77, Building Code Jun 1986 
Requirements for Reinforced Concrete for Automated Con-
straint Processing, Volumes I and II 

A Case Committee Study of Finite Element Analysis of Concrete Jan 1987 
Flat Slabs 

User's Guide: Computer Program for Two-Dimensional Analysis Apr 1987 
of U-Frame Structures (CUFRAM) 

User's Guide: For Concrete Strength Investigation and Design May 1987 
(CASTA) in Accordance with ACI 318-83 

Finite-Element Method Package for Solving Steady-State Seepage May 1987 
Problems 

User's Guide: A Three Dimensional Stability Analysis/Design Jun 1987 
Program (3DSAD), Report 1, Revision 1: General Geometry 
Module 

User's Guide: 2-D Frame Analysis Link Program (LINK2D) Jun 1987 

Finite Element Studies of a Horizontally Framed Miter Gate Aug 1987 
Report 1: initial and Refined Finite Element Models (Phases 

A, B, and C), Volumes I and II 
Report 2: Simplified Frame Model (Phase D) 
Report 3: Alternate Configuration Miter Gate Finite Element 

Studies-Open Section 
Report 4: Alternate Configuration Miter Gate Finite Element 

Studies-Closed Sections 

(Continued) 



WATERWAYS EXPERIMENT STATION REPORTS 
PUBLISHED UNDER THE COMPUTER-AIDED 

STRUCTURAL ENGINEERING {CASE) PROJECT 

Technical Report ITL-87-4 

Instruction Report GL-87-1 

Instruction Report ITL-87-5 

Instruction Report ITL-87 -6 

Technical Report ITL-87-8 

Instruction Report ITL-88-1 

Technical Report ITL-88-1 

Technical Report ITL-88-2 

Instruction Report ITL-88-2 

Instruction Report ITL-88-4 

Instruction Report GL-87-1 

(Concluded) 

Title 

Finite Element Studies of a Horizontally Framed Miter Gate 
Report 5: Alternate Configuration Miter Gate Finite Element 

Studies-Additional Closed Sections 
Report 6: Elastic Buckling of Girders in Horizontally Framed 

Miter Gates 
Report 7: Application and Summary 

User's Guide: UTEXAS2 Slope-Stability Package; Volume I, 
User's Manual 

Sliding Stability of Concrete Structures (CSLIDE) 

Criteria Specifications for and Validation of a Computer Program 
for the Design or Investigation of Horizontally Framed M1ter 
Gates (CMITER) 

Procedure for Static Analysis of Gravity Dams Using the Finite 
Element Method - Phase Ia 

User's Guide: Computer Program for Analysis of Planar Grid 
Structures (CGRID) 

Development of Design Formulas for Ribbed Mat Foundations 
on Expansive Soils 

User's Guide: Pile Group Graphics Display (CPGG) Post
processor to CPGA Program 

User's Guide for Design and Investigation of Horizontally Framed 
Miter Gates (CMITER) 

User's Guide for Revised Computer Program to Calculate Shear, 
Moment, and Thrust (CSMT) 

User's Guide: UTEXAS2 Slope-Stability Package; Volume II , 
Theory 

Date 

Aug 1987 

Aug 1987 

Oct 1987 

Dec 1987 

Jan 1988 

Feb 1988 

Apr 1988 

Apr 1988 

Jun 1988 

Sep 1988 

Feb 1989 

Technical Report ITL-89-3 

Techn ical Report ITL-89-4 

User's Guide: Pile Group Analysis (CPGA) Computer Group Jul 1989 

CBASIN--Structural Design of Saint Anthony Falls Stilling Basins Aug 1989 
According to Corps of Engineers Criteria for Hydraulic 

·structures; Computer Program X0098 




