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1, INTRODUCTIONG® fhc basic preblem involved is that of preventing wafc:
from entering a spring house loccated in the drainzge way df a cantileve;ed

' plpc.culvcrt. (Sece Pig, 1) The pipe culvert is located near Schaffer?s‘
Crossing on U, S, Higlnway 285, It piovi~as crczs*drainage for runoff from
appro;imazeiv 20 acres of mountainous terrain 1ﬁ}the'Turkey Creck Watershed,

: The dasign problea is to determine the characteristics of a stillins'
basin at the culvest outiet. wiich will provide a simple-and econonical methed
of dissipating the kinstic en2zegy of the freesly-falling water jet and will
pr@vide a meas, of diverting téc water flou away from the spring house into
- {¢8 former natural channel, The desizn is 1o b2 based on data date:niﬁea by

nodel study of scour control of flow from cantilevered pipe culverts ag

. Colorado State University, The characteristics determined on-the basis of

“the data are tentative and subject to change as ceontinuing experinental
study makes further data available; The séi;ling basin will be a pre=shaped
gcour hole armorplated by graded aggregato,
A picterial description of the general conditions exisiing upstrean
and downstream of the pipe culvert is depicted by Pigs, 2 and 3,
- A diagram giving the details of the armorplated stilling basin is
shovn in Pig, 4, A diéztan'similar to Fize 4 was provided for the Colozado

State Highway Departnent,

&

2., DOESIGN PROPL™s To determine the design characteristics of a pre-shaped

stilling basin azmorplated Ly graded giprap,

3s DSSIGH INFORMATION = GIVEN

Hydraulic Chagactezistlcs = The follcuing'hyd:auiic characteristics

wexe provided by the Region Nine Cffice of tiie Bureau of Public Roads, and

-4-'



by the Coloxédo State Highwﬁy Deﬁaftmenté
: | Q discharge in cef o5, | |
25 cfs,
s Slcpe cf the ceme Pine in 242
5 pér cént V T “
1 ‘Length of pipe iﬁ‘ff
130 f%

n Mamning’s coefficient of roughacss

H hcighz of c.me pipe invert above cz;"inal gréund
860 £t (estimated)
D diameter of pipe in in;
24Ain. ; »
Sedinent Analysis - A adim ﬁt anuly is of the éahﬂradc material :
was ﬁadc.by the field laboratory of the Cclorado State Higﬁway Departncnte

A nechanical sieve analysis of two randon samples of subgrade material was

as followss

Semple Mo, 1 _ Samnie Né. - %
Sizéloﬁ'Sieva | Per ceunt VSize of Sieve Per cent
- Openings Passing Cpenings Passing

AR ; ' . ing e
% T RN T S g 172 100
. 3/4 7 9367 ' 34 98,1
/% 2 9247 RUTRA VR S
am 85,8 | Y RS T
Noo 4 %+ 6304 Noo 4 L e g
Keo 10 d1ek _ Mo, 10 * . 3240
Noe 200 1065 Noe 205 - 4

Standard Tyler Sieve ﬂesh. Nunmbaor,

-Sw
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Schematic di&“‘?ﬂ sxow;ng the required desirn characteristics of an

armozplated stiiling basin beleow a culvert outlet on the Turkey Cresk Watezshed,

4, DISICN INFCRUTION = RAGUIRAD
Stilling Basin Characteristics < The foregoing sketch illustrates
the design chasacteristics needed to construct an azxorplatbﬁ stilling basin,
Thc design chavacteristics required ares
dr diameter of the stiiling basin at the originzl ground lgvel
» invft
h  the maxinua depth of the basin measured from the crivxiﬂl
" ground suzface in ft
‘A,  quantity of armorplate -- gradaed aggregate with minimun size
equal to maximum size of bed material = in cu..yds

X distance of madm depth of stilling basin from end of pipe

ovtlo in ft.




- Stilling Dasin Performance = Flow from the stilling basin 1s.fo
be transverse to the inconming flow, which wiil necessitate a dike dovmstrean
fron the impinjing jete Purthermore, bzacause of drainage along the foe of"
thé rozduway enmbankment, the stilling basin shall pernit eatry of this water
_ épd'shall p:ovidé adequate control for the ouiflow into a properly designed

drainage diich,

. 'S, PROBLEM ANALYSIS

Pipe Flow =~ To deternine the design eriteria for the stilling
_basin, it is cssential that thc‘flow conditions at the pipeboutlct be examined,
- According to model studies of culvert pipe flow; there are several
poasiblé flow conditions in the culvert at maxinmum discharge, For design.

: purposes, it vi 11 be assumed that the flow is steady and unifora for a)

norwal depth of fiow d,, less than critical depth d

c &t pipe outlet,

and for b) pips flowing full,
Critical depth dc is determiined from Fige, 5 cn the basls of the

following calcuiations

Q 25 25
p /2 T (5ER % G5 O e

For Q/D5/b = 4,43, Fige 5 givas 2 valu2 of dqﬁya 082 ; dl = 176

On the basis of Manning'’s formula
435
Q = _’_;o > RQ/:) SI/EA
n (]
It is known that for noznal depth dn

Qe 2/3
(Toassysiza = A

Therefore, by plotting depth of flow ¢, in the pipe against ar2/2

on log=log scales, a value for dn can be deternined, Pig, 6. shows

—7 -



the variation of icg AR3/3 with & log ¢ and was plotted from points given

1n‘the following tablee

‘Table 3, Values of _AR®/3 for depih of flow d for a pipe of 24=in,
; dianeter, *° ' Bis s

R 5 p2/s . An2/s

iy
.

(1eD 0.5 043027 1.5708 00,2500 00,5000 0,630 0,99

1,2 0,6 JA920 1,968 02776 ?

5552 676 1433
164 0.7 05872 2,3428 2962 o592 J706 - 1,66
146 0.8 6736 2.6044 3042 6084 ,718 1,93
1.8 049 oT445  2,0730 42080 5060 L7088 2,10
For
Q - 25 é;f.s.
n. s (5,024 |
Sy = 0,05
We have
1,435 82 (1,486) (0,05)*72

From Fige 6 for AR?/? = 2.8 we fird that d, = 149 £%

Based on an analysis of the jet trajeciory, the distance from tha
pipe outiat XB to the point of impingemant on the orizinal bad level is

given by

le vatues of AL® and RO for dA values aze from TALLE 103 of

Hydraulic of Steady Flow in Cpen Channels® by Wocdward and Posey,
Jolm Wiley, Naw York, 1341,
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Thué. for

A, ® 1440 iy

and cos

Vhere VO is the jJet velocity at pipe exit

(1)

oL is the angle (in radians) the pipe culvert makes with

the horizontal, oz the siope S, for very small angles,

nozmal depth d, at the outlet, we have

£ = 0,75 and from Fig, 7 Br o 0,632
A = areas of jet at the exit

e (2)% (0.632) = (4) (0,632) = 2,528 fi®,

2 s Y 28 . 4
Yo ® R = ZU555 = 9.8977s
e 0,05
ol s :1.0

For if = is expressed in radians, then

cos & = ) = * - ot
Which is approximately 1,0 when o = 0,05,
Solving Bqg, 1 for %, o we have

2 é o ¥4
' (9.89)%

i

°
2 3.02[«0.05 +V ©,0025 + 5,27

e (3,02) (2,25) & 6,80 ft,

For pine full fiow at the cutlet, we have

d = D = 1,9

A .
£ = 0,955 & e 0,772 from Fig, 7.

e

A u (4) (0,771) = 3,034
25 -
Yo * 3gmg = St fps

(2)



therefore

(8, 1) . \//*f] (2) (32 *) (8) ]
x € woeoiassesm ) (’ 5o Q {25 25 4 nnnm .’ e ’
i B 32,2 [ o @07

. (2.()4) (“U.C’s % V‘Jo( L"J!., * 79 3 )

s ' o 2,04} (2,75) = 5,6 f¢
Inpinging Water Jet = The velocity of the i‘*nin:;.‘.r’g Jet at the
tailwater surface is determined by means of Bernoulli’s equntion,

Ve

~

Limits of ¢ vo/‘jer‘s for ©

may

o
Full pipe {low

i Normal depth  Flow

In the foregeing sketch,

v
jxé.é.g;o ,,..’:.‘.,;..:é.':;.;y’

3 ; , 23 "
or
P
e 4 048 U et t.0 .40
25 28 '

Solving for Vi , w2 have, for maximm exit velocity

2 , v, = W20 (8 o V(9,297 + (64,8 (8)

b Lt



e V97,8 + 514,2" = 613" = 24,8 fps,
Solving for the momentum flux MF of the jgt at the tailwater
surface, we have
Me = R = (194 (25) (24,8)
= 1209 1b
Fromn a log=normal plot (see Fig, 8) of a sediment gnalysis of the
bed material, we can determine values for the sediment characteristics rén
and from Fig, & obtain
d, = 3,35 nn
= 11 x 1072 ft

o4 - 10,35 im = 3,35 nm  (d -d

30

E4ed )e
= 7,0 mm
= 23 x 1072 ft
From Fige, 9 obtain, for d = 3‘.35 rm,
‘ B, = 24 cn/sSec,

8 0,79 feDuSe

Solving the paraneter

My

pgz %
PS " G'd 1%

we have, by assuning P, = 2.65 (sp.gre of sedimentary rock) and b = 1,0
(tailwater depth),

(1,94) (25) (24,8)
(2.65) €0,79)2 (23) (10°3) (1)

= 3,15 x 10¢

Therefore, from Fig., 10, for

' = 3,15 x 10°
K &
,os Lm o-a b

-l=



oﬁta.’m
P e 2,5

Solving the parameter

My
G4 Z
Ps ‘m o
_we have
€2,65) (0,79)* (23)2 (1073 :
2 S My " :
Therefore, from Fig, 11, for ......_mg......nw = 1,37 x 10°
, /":;'1 i
obtain
N o b
J.(-'O m“ﬁ:“ = 3.59
(AH)I/J

Subétituting for B 4 Dy A and H the values
P = 2,50
b = 3,0f¢

A = 3,1416 £t (Area of full pipe flow),

H = 0,0 ft
wé have
* 8 z/n
~h S (3,59 [(3.,1426 (D] *5 o (2,50 (1.0) = 8.4/ fL
6. DESICN OF ARMORPLATED STILLING BASIN

Solving for n* o vhere h* is the cube oot of the volune of

\ s_t‘i_lling basln 3V‘;: ¢ obtain

b = (0.63) (h* ) = (0.63)(8.41)= 5.3 fi.

loo

iy
Note: 1" = (0,63) -(h*lCO) was determined on the basis of experinmeantal

studies, the distance X frou the pipe cutlet %o peint of naxinunm depth

of stilling basin is giwen by



Bl

X = X 40,6 h 4 (b0,25H)

where (b=0,251) is omitted when b is less than 0,254 ¢ For the condiw

,kfibns'giVen 0,250 ®w 2,00 3 therefore; b = 0,251 is to be»omitted?

- Solving
X :‘s6.7.6'(> + (0;65 (5,.30)  -= 9.94 ft (dn (dc-)‘
and
X = 5.6 + (0,6) (5.30) --' 876 £t (0 = D)
Likewise fronm experimental studies it haé been founqkthat
dT,- .2,5 h* (see sketch.on page 6) Q
h ; 0,5 n (see sketch on page 6)
T@erefore, bybsﬁbstitution
, dT s (?.5) 5. 5) = 13.,25(¢

h = (0,5) (5.,3) = 2.,65(¢

The amount of graded gravel to be used as armorplating is given

,by

°0 Ay = J3E (100)
s
where Var is the volume of armorplate

Vs is the volume of scour at T = 100 hrs in the model,

Again experimental tests have shown that At should be about 8%/¢e

In terms of h 160



AR

AR

Yy, = 008 V= €0,08) (n*

= 45,3 ft3 = 1,68 cu, yds

3
100

v .; (0,08) (8.27)3‘ = (0,08) (566)

The recommended gradation of the armorplate was as follows;

Size of Sieve ", Per Cent

Opening Passing
in,
21/2 100
2 90
11/2 ] 78

S ST = Y 80

© Size of Sieve

Opening
in,

3/4

172

33
Nog 41’,

Yo, 10

Stondard Tyler Sieve Mesh number

Per cent
Passing
38
20

12
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b. View looking
upstream at culvert
outlet. Point of
view is from drain-
aze channel created
by culvert flow.

a. View looking
downstream from
outlet. liote
position of pump
house in relation
to culvei't outlet.
Hatural drainage

is to left of

pump house. Drain-
age created by cul-
vert flow is to
right «f pump house.

ation of spring house below c.m. pine culvert
' ; chatfer's Crossing on U.S., Highway 265 in
Key Creek watershed.
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a. DUrainace area--
upstrean from cul-

vert inlet.

b. Culvert inlet

conditions.
4
N | R B ) o _ -
: B
E ’
" i - r v . . . -
R s Fig. 2. Upstreaua couditions for inlet to c.m. pLpe
; culvert of Fiz. 1.




-~ Z_zze-up view
== T=_sert outlet.
=z —znt Of

b. Culvert
cuslet shoviing
location of
rizht-of-way line.

Fiz. 3. Close-up view of outlet c--Ziticons for c.m.
ploe culvert of Fig. 1.
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Variation of momentum parameter Mg with scour parameter h:)o
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