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FREFLCE

This thesis was choser, because, first of all,
it presented a real rrovlem. A problem that had been nro-
posed and was likely to be carried out in the near future.

Health and heoppiness are the two things which
stand foremost in our minds. When it is possible, to
change existing conditions, to safeguard health snd estab-
lieh a better mesns for recreetion,ﬁghoulj be considered
a great accomplishment,

Becavse of the limited amount of time avril-
2ble it wes impossible to go into detail in the design of
21l varts of the system. It was the wish of the authors
to go into such detail as to effect a sound estimate of
costs of different systems,

It is difficult to mention 211 the sources
from which have come heln a2nd inspiration for the pnrewvara-

/ X . . . . .
tion of thaél thesis. ‘e zre indebted to lr. Taylor,

+3

Engineer in charse of Pontilac Water Jorks for inforrstion
and edvice concerning the investigetion of the Clinton
River; Professor Theroux at wichigsn State College for
advice on design of wading pool and filtration clant;
Professor C=ade at Lichizan 8tate College for 2dvice
concerning desizn of dem eznd drainsge system; Professor

¥allmann at Yichigzen State Colleze for advice concerning

anelyeis and method of purificetion of the river water.
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INTRCDUCTION

Dodge Brothers State Farx No. & is loceted
in lMacomb County two miles south of Utica or nine miles
northwest of !'t. Clemens. This park lies either side of
Clinton Eiver end extends e2long the river a distance of
3,400 feet. 1It contains 31 acres of ground.

Playground ecuioment hos been instelled
and additional ecuipment 1a the way of tables, benches
and garbage cans have teen added. At the oresent time
many children are allowed to bathe in Clinton River at
this park. Due to the fact thet raw sewrce is emntied in
Clinton River at Utica a distznce of less than two miles
upstream, the river is in s:ch =2 sanitary condition that
it is unfit for vathing purpdeses.

A sample was taken a»nril 19, 1930. From
this samrle 5 tubes of lactose broth each of which hed
been inoculsted with 10 c.c. cf the sample shows from 29
to 55% of gas production in 24 hrs. A count of 13,000
bacteria per c.c. was obtained from ager nlates. The
presence of Escherichia coli was confirmed by use of
eosin methylene-blue and zndo's media. Tyvical colonies
were fished from Endo's medium and was »nlaced in lactose
oroth which showed a gas oroduction of from 15 to 45% in 48
hours.,

The vresence of Escherichia coli, an
intestinal bacteria indicates fecal vollution &nd waters

with fecal pollution are dangerous from a standpoint of the
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-disease, typhoid fever.

Yarning can be given to bathers of this
water as to its dangerous condition,but until such time
that a sultable place for vathiny is constructed there is
a grave danger of disecase from this source.

Tne vurrose of this thesis is to'compare
economicelly the estimated costs of the supply for a wad-
ing pool. The suppnly will be furnished either by a direct
flow or recirculation system.

In the direct flow systam a dem will
pe desligned to furnish Irhe head. This dem will support
a footbridge. The suonly in this systém will only be
chiprinated 2s s means of purification,

In the recirculation system the suonly
can either be teken from Clinton River or a2 well which is
in oneration at oresent time. The supoly in this system
will be filtered through a rerid sand filter and treated
with chlorine as a means of pnurification. Pumps will be
installed to furnish reguired head.

This thesis slso deals with desizgn

of a drainage system for Dodge Brothers Pork #8.



An Estimate of the Cost of an Installation

of a Direct Flow ¥7edinz Pool.
Tesizn Deta

On the following pege 2 table shows tetel
weekly attendcnce at Dodze Parkx #5, also attendance on
the Sunday of thest week =nd the ver cent of a total weekly
attendence visiting markx on Sunday.

Following is a table showing the z2ttendance
at Dodze Parx #5 in vrevious years.

Teble No./

Year ¥o Visiting Park % Tncrease
during yeer

1927 2“’5’700
1328 431,400 43
1329 763,108 43.5

From this above tableluulassuming a
434 increase for year 1330 the total yearly attendance

would be 1,007,000 veonle.
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Table Lo.
Date Total Weekly Sundey % of Total
Attendance Attendance Weekly %
Attendrace
visiting
varx on
Sunday
/4 150
5/11 3300 2170 66
£/18 10000 &500 &5
5/25 5300 2900 53
€/1 45000 £500 12
6/8 8000 L1r0 52
6/15 12900 9509 50
6/e2 79000 30000 38
6/29 53000 L8290 99
7/6 £8000 31000 35
7/13 45000 37000 g9
7/20 53090 55000 87
7/27 87000 50000 8
g/3 74000 61500 &3
8/10 28000 25000 &9
&/17 39000 37000 95
8/24 45000 36500 &9
8/31 29000 23000 96.5
9/7 38000 6000 16
9/14 4000 3400 85
9/21 2600 2259 87
9/28 1000 650 65
10/5 190 120 53
11/12 570 oY) 90

Total;ié},llo 1,55

n

.
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The average % of a total weekly atiend-
ance visiting vaerk on Sunday is 67.6 with a maximum of
96.5% and a minimum of 12%. Ve will use 75% as a value
for design datva. With 75,000 as an estimated value for
average maximum weekly attendance for year 1929 we have:

763,110 : 75,000 :: 1,000,000 : X
X = 100,000 (aonrox) averasge
mzximum weekly attendance for year 1930.

Using 75% as referred to =bove we
have 100,000 x 75 = 75,000 neople; the maximum number
attending park on Sunday for maximum year.

Assuning that 17 of the total
number in a maximum dey will oe children using wading
pool we have:

75,000 x .01 = 750 children
using pool on a maximum day.

From a repért of the Joint Committee
on Bathing Places of the American Fublic Health Associa-
tion and the Conference of State Sanitary Erngineers we
have stated that, "at large outdoor nools where a con-
siderable vrooortion of the water in shellow water, we
may assume that 50 ver cent of the non-swimmers would be
on § shore. The average snace allowance for each non-
swimmer in the water is annroximately one-half that of
the swimmer in deep weter. Combining these factors en
allowznce of 10 square feet per bather should be zllowed

for this vortion of the rool."



In consideration ¢f the fzct thav this 1s a weding vool
end only children usingzg it we will use 5 scuare feet

rver child.

Then 750 x 5 = 3,750 8qg. ft. of water surface required.
ifaximum depth of weding pool 24"

Assume that 500 children will be the maximum number

using the pool per hour. Again from the FRenort of the
Joint Committee as vefore referred to it ststes in re-
card to the frequency of chenging water that "the total
number of bathers using a swimming vool during zny period
of tize shell rot exceed 20 persons for each 1,000 gellons

of cle~n water a2dced to the vool durins that neriod."

Therefore we have 5%% x 1,000 = 25,000 gal,/ hr.

22800 = 416 g¢21./ min. (weter to be sunnlied o nocl)
Also the Eenort of the Joirnt Comuittee states that "zhe
slooe of the bottoum of 2ny pert of a ponl vwhere the
weter is less than 6 feet deen must not be more than
1 foot in each 15 feet

Summing uwo these svecifications for the pool we have:
Faximum number of children using no0ol in one
day 750
l’aximum number using pool ver hour 500
Total water surface area to be not less than
3,750 sq. ft.
There sh21l be 416 gal/ min. of fresh water

sunplied at time of meximum load.

Vaximum depth of weter to be 24",



Inlets and outlets to be so arrenced th~t there will

be no dead ends, no short circuiting and even distriobu-
tion. laximum width to bte 40' and ponl shrll be located
in a natursl oM-bow which exists in »ark. Pool sh=ll
clove to 2 central outlet and can be drmired for
cleaning. Pool shall be lined with a2 concrete slab 5"
in thickness and to be reinforced with exvanded metal
reinforcing. - With this design deta in mind we will
desizn pool as follows: The 1091 will be semi-circuler,
40! wide with a center line of 210! radius. The inner
edge a semi-circle with 132! radius and the outer edge
a semi-circle with 230' radius. Tne pool will be 15!
leng with semi-circular coraners cf 12.5' radii. The

L]

pool will have a vertical wall around outsicde ¢" in

\O

height the top of which is 3" sbove surface of water,
The elevation of the surface of the water in the pool
will be ¢02.40. AtV one end there will ve three inlets,
each 1'x3", discharging from a distribution chember.
From this end of pool the bottom will slope down to

2. point at elevaticn o00.(0 which is 25' a2long center
lire from end of vnol. Therce the tottom of the will
slope to a point 2H' from opvoosite end wihich is at
elevation 600.40. At this wmoint there will be loceted
a main outlet with =2n auxiliary outlet at opvocsite end
from irlet nesr the vertical wall. TFor details see

vlate lo. 4.
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At irlet end of pool there will be located a adistritution
cnamoer with three outlets into pool. This is to crovide
even distrivution of irlet weter over entire lengith of in-
let end of pool 3See plate No#for detzils,

At a distznce of 150' from distribution ch=mber
toward river thefe will be located the chlorine anprratus
irclosed in a sn2ll tuildirg which will 2l1lso vrovide for
storrge of chlorine cylirders efc. ear this will be
loceted a smell chrmber in which there will TLe 2 flont
valve wnich will xeevp the weter surfoce at 2 coieirnt
elevetion of 052.40. The buildin: will be coanstructed
of watercroof concrete s showa »n nlate To. 4.

The nool thus sveciiied hes en crea of £,€58
sg. ft of water surfece, 2 meximum dentn of 24", wicdth
of LO', maximum slove of botsom of 1!' in 135 feet znd
a circulation system such th=t there wiil be even distri-

bution, no short circuiting or dead ends. The velocity

of flow is

Q = AV
416 = 50 x Vv
7.5 x o0 '
V = .0185 ft./ sec. or which is ecucl to

f
1.11 ft./ min.
This velocity is low but it is satisfactory. Crezacity
of tenk ecusls 6,27% cu. ft. or 47,085 g-~1llons.

This concludes the design of weding mool, chlorination

plznt 2nd viping system.
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Stre-m Flow Investixation of (Clinton River

In coasideration of drewiny the sucoly for
the wading pool from tre river, and suprnlying the recesszary
head by means of a dam; it will be necescary to investizeate
the variation of etream flow in the Clinton =iver. It is
hoped to accurately determine the maximum stream flow that
will probably occur once in a given number of years.

An exhaustive secrch for stream flow records
wes made through the publications of tre United States
Weather Burezu, and the office of the 3tate Eighway Depert-
ment, but without success., The only existin. records were

water Yorxs in Pontiac; bu

ct

taken at the due to the large

difference in the characteristics of the drainage aree at

Pontiac 2rd thet =zt Utica, lir. T=ylor, Engineer in charge

of the Pontiac Weter ‘iorks advised us azainst thelr use
in this investization. Lr. Teylor suggested that we ob-
tzin tre stream flow records for the REuron Fiver at Ann
Arbor as the characteristics of the Huron River dreinage
area gn4d that of Trne Clint2sn Fiver are very similar,

The suggestion of ¥r.Teylor was followed.
Yonthly averege stream flow of the rFuron Fiver at Eorton
Dzm were ottaired from the State Board of Health. The
records were complete and extended from 1904 to 1928 irc.
The records are tecbulated on the following vege, and are
slso plotted on a hydrograph.

e nropose to estimate the »nrobable flow
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of the Clinton Tiver froimm the records cf the Furcn Tjver
as follows:-A comparison of the various types of soil that
exist in each dreinage area will be made by determining
what percent each varticular type of soil is of the drain-
age area in which it exists. The nercentages of the
various soils in the two arees will be compared, 2nd a
ratio between the relative nerviousness of the two drain-

age arees will be Jeteruined by a method explained later.
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In tie following table, the nercentages
of the various tynes of soil as tney 2re measured in ezsch
Crainage are listed. The zreas used in computing these
percentages ot soil was measured by a plenimeter from the
soil m=2v published by the liichizan State Departmeﬁt of
Acriculture.

The relative oerviousness of the verious
soils are expresced in whet one nmight term as perviousness
irdices. After reviewing texts on soils it was Adecided
thet the perviousness of the soils were related in noout
the prorvortion indicated by the rervinusness index in the
tabie.

Tie perviouenese ratio vetween tie two
drairnege arees is determined by dividin: the sum of Tle
roments (the orocuct of the percent of a soil ia {linton
are~, times the gerviousness incex, tvimes the ratio of
soil in Clinton area to soil in Huron area) by the average
of tne ixdices. 2y wey of.eXpl?nation, it is guite logical
to assume that the perviocusness ratio shoulcd be tle average
of tre ircividual soil ratios and directly provortional
to the percent of their existence in the Clinton area,
and directly provnortional to the perviousness index.

The results of the following calcula-
tions indicate that the Clinton drainage arec above Utice
is 1.18 times eos pervious as the Furon River drainage area

above Ann Arbor. Hence, in view of these calculations, the



.
discharze of the Cliaton Fiver in c.f.s. ver scuere mile
at Utica 1is crobably l.OQ of the dischorge of the Huron River,
considerinz for the pr;sent that the rainfall upcn the two

areas is the szme,
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The next factor to be considered is the rain-
fall over the two draincge areas. From the United Stotes
eather Bureezu Rewort of 1920 (1930 revort is not sveil-
able) the average yearly rainé%ll over the Huron Fiver
dreinnge ares from the year 1830 to 1920 is 31.49". This
record is comnlete. From the same report the averare rain-
fall over the Clinwon ¥river Dreinsze sren from the yeer
1827 to 1320 is 30.01"., The records over this area are
rather incomnlete. For this re=son, ~nd because or the
fact that there exists very little aifference between the
two aver~ges, no correction will be mede for rainfall in
"estimating the discharge of the Clinton River et Utica.

There remains only the simple overation
of dividing each monthly discnzrze 2s plotted on the
Euron Eiver nydrogranh by the constent 1.18, a1d th
result will be the probable discharge for the Clinton
Eiver a2t that time, exnressed in c.f.s per sg. mile.

These results are listed on the following tsble.



linton Fiver.

T2bulation of

Averoge
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second ver scuare nile.

‘determined from discharge

Aor. 1904 to Dct. 1928 on

Drainage

drainage area,

area = 320 scunre miles.

the probrble stre~m discharie of the

monthly dischorge in cubic feet per

These v2lues are

records coverinz the period from

the Huron River a:.::d a study of its

.180
LY
.501
<ENE
.265
<453
.199
535
522
527
«338

Year Jen Feb Mar Anril Nay June July Aug. Sept.Qct. Nov,Tec.
1904 1.198 452 .322 140 156 .210 281 .1%3
05 «228 .190 .&30 746 .677 1.212 445 ,333 ,291 .287 .510
06 768 U476 578 693 509 ..361 .165 174 .092 .156 .305
07 1098 .U34 ,306 .961 .%99 U459 .208 155 .248 .354 405
08 754 1.0 231% ,980 .701 .298 .108 .302 .161 .243 ,168
09 .33& .921 .7H1 .553 1262 .544 ,196 .128 .128 .149 .390
10 .523 .554 .929 .5u46 .855 430 .137 .119 .170 .180 .195
11 342 ,706 475 .631 .299 .188 .092 .092 .135 .371 .503
12 .281 .251 .935 L2870 .688 .278 .129 .309 394 .566 .&56
131.389 .809 L6042.042 1173 .612 .258 .178 .206 .273 L3¢
14 409 48 .739 10011517 W02 LU436 .176 461 L394 333
15 409 L2860 .84y 559 W31 Jush JH13 531 .856 616 468
16 Loko .ou9 LL40® 1,222 1.183 ..893 .3%8 .186 .158 .2L2 ,288
17 452 .326 .800 L201 .703 .789 460 164 .2u2 .293 .370
18 .191 L 4752705 746 U465 .139 .11k .086 .157 .168 ,283
19 403 .323 L1k42 L640 L167 ,388 .226 .187 .190 .268 .387
20 .223 .241 1420 .916 .561 .,296 .162 .162 .155 .llg ,292
21 439 .280 .912 .895 497 ..266 .214 .187 .L2g .hsL 65l
22 470 .565 .960 «306 .164 .137 .176 .197 .218

1.891 .776
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23  .230 .220 904 .535 .395 K30 J146 L1099 L147 J162 .190 376
24 324 ,3201.008 .835 .5K9 U39 284 ,131 146 147 .137 .195
25 153 JLh4 665 378 .219 .111 .070 .131 .182 480 .798 .521
26 418 .5411.4621.897 500 .283 138 .212 U480 459 .515 JUce
27 .322 .811 .815 501 W6L Ju7h ,2kg ,125 .172 244 ,326 .94
28 667 .6%2 .710 .784 .Lk19 422 247 .2C5 .153 ,181
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From the above table a2 tyvnical yearly dis-
charge curve is nlotted which shows the probably discherge
of the Clinton River. The ordinetes ere ovtained by find-
ing the average for each month in the preceding table,

The soove data is also arranged into 2
freguency cistribution which shows tie number of times
each rate of flow would have nrobavly occured durings the
neriod covered by the deta. The third column in the
freguency distribution shows the number of times the
verticular flow is equel to or grester thon its self.

The fourth column shows the vercent of time 2nd the

fifth and sixth the freouvencyv of occurance of each
naerticular rate of flow. The wercent of time and
frecuency in years is »nlotted on probability opaver,.

The resulting probebility curve will be used to determine
the size of flood to be exnected oxnce in a given number

of yeers.
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oF Chnis., Brve,- SHEppomsr L0

Surmction of Percent

Cccurrences

28
25
23
22

Average lumber
Lonthly of
Dischzrge Cccurrenc-
c.f.s./ es
sq.mi.
.100 5
.150 o3
.200 42
250 21
. 500 24
<350 15
400 15
L450 01
.200 27
«£20 15
. €00 &
650 3
.700 6
« 750 &
.00 g
250 6
«200 g
«950 7
1.000 5
1.050 3
1.1CO 2
1.1%50 1
1.200 4
1.250 2

18

of

time

99.9
98.1
97.4
76.1
69.0

557

2646
25.¢
23.6
20.8
18.1
16.1
13,4
11.¢
9.32
8.31

7.63

- 7.30

w
L]

e}
=

Frecuency
Yor.ths Yecrs
1.001 L0835
1.02 .085
1.11 .0925
1.31 .109
1.45 .121
1.65 127
1.80 .150
1.97 Jdcw
2.30 .192
2.91 2k2
3,42 . 285
3.7€ «313
3.91 325
4.2k .353
4,20 R ole)
5.52 <460
6.21 .518
7.46 .621
9.02 755
10.72 .923
12.03 1.003
13.10 1.09
13.70 1.14

1b.85

1.40



Averzce
onthly
Discher
‘c.f.8.
1.300
1.350
1.400
1.450
1.500
1.550
1.600
1.650
1.700
1.750
1.800
1.850
1.900
1.2%0
2.020
2.050
2.100
2.150
2.200
2.250
2.300
2.350

2.400
2.450

ces
/sc.mi

H O O O O O - O O M

Tumver of
Cccurrences

O O O M O +H Moo H O

—

(@]
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Sunirtion FPercent
of of tire
cccurrences
16 £.26
14 4,58
13 Lok
11 3.56
9 2.83
8 2.54
6 1.86
5 1.53
3 0.248
2 0.509

Frecuency

LnnThs
19.00
21.85
23.€0
22.10

34,85

33.40

118.C

Yeors
1.58
1.82
1.97
2.34

2.90

3.28

Ll
5L

9.83



Avercge
Ysnthly
Cischer
c.f.s.
- 2.200
2.550
2.200
2.650
2.700

2.750

ces

/eq.mi
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Tumber of Suwunetion Fercernt

Cccurrences of of tinme
Gccurrences

1 0.169

\%1&—'00000

Ireguency

onths Yesrs
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To me¥e the varicus curves useful in the cdesign

of the dem it will be necessery to determine the ares of
the Clinton Fiver Trainage ares zbove Utica. An accurete
determination of the area of tre Clinton Fiver drainage
Besin would be possivle from the ocuadrengles published oy
the U.S. Geological Survey, but unfortunately only & vor-
tion of the Clinton Area has been covered by tlre U.S.
Geological Survey  In view of this fact, the 2arez wes
obteined by a planimeter from a dreirage mz» opublished
by the Michigan State Devartment of Agriculture. The aren
of the Dresinege Basin 2bove Utica is 320 sqg. miles |

In concluding the dtudy of the flow of the
Clinton River, an attemmt is made to estimaste the elevation
of the weter surface at the dem site under different condi-
tions of stream discherge. Tne hydreaulic radius and cross-
sectional area being determined from the cross section of
the river 2t the dam site. The hydrzulic radius and section-
al area wes determined for eech half foot intervsl between
elevation 598.5 and 602. The slone of the water surface
was obttained by meesuring between the contours which cross
the river as shown by the topogravhical mav., The average
velocity of the stream and consequently the discharge was
teken from a curve (by Fred C. Scobey Fig. 71 Creager and
Justin Hydro Electric hand book) for each half foot interval
of elevation. These discharges and elevations were vlotted,

resulting in a2 curve of water curface elevation for various
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discharges. We must acknowledge that this curve is vased

uoon the assumntion thet the slove reuwzins constant eand
thet the slope was deterzined accurately in the first
instence, wnich of course is not cuite true.

Commnutations for the gage curve

Elevation Aren D R v Q

59& .5 32 43,2 .742 94  30.0
599 53 4o.1 1.15 1.35 71.5
599.5 77.5  47.9 1.62 1.70 132
€00 100 Lg.2 2.04 2.00 200
500.5 C12h 50.3 2.L6 2.35 292
601 146 51.6 2.83 2,67 390
601.5 159 52.9 3.20 2.80 73
602 192 55.7 3.45 2,96 569

The purpose of the curve is to determine
the height of the drainzge system outlet and to determine

as near as possible the elevation.
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ecign of Dam

The d~m, as snown on plate To., 2 will be a2 crest
grevity type with spillwey »nd flash boards in the center
section. The flash boards and sunvorting structure will
be so arranged s to enable an operator to instantly onen
the spillway section when such an occasion arises. The
flash boards and their sumnorting structure may e2lso be
removed during theat vert of the'year when the park is

Thera
closed,. JPhqge-neei not remein in nlace,any thing during
the winter excent thecrest section end the s»illwey piers.

In »ddition to the above nrovisions, there

exists three controlling fectors; the minirmum weter suff?ce
elevetion to be neinteined in tihe weding tvonl and the mini-
rum streem flow to be exnected over the crest ofr the dem,
the careful consideration cof these two factors will deter-
mine the correct crest elevetion; the third factor, uron
which depends the dimensions of the svillway, is the maxi-
mum strezx flow,

Crest Elevation

water surface elevation of weding p00l=602,40

¥in. " " " of pond =p02.40
(Head loss between vond and wading pool is
negligible)

Thie probable minimum monthly flow was selected
from the rrobable average monthly flow teble on pege 4 7
Prcbeble minimum flow 0.C86 c.f.s. per sg.mi.

or .085 x 320 = 27.5 c.f.s.



-30-

As there are two crest dams over wnich the water will
flow, 3 x 27.5 = 13.75 c.f.s. over each dsm
Tetermination of deoth con crest frgyeFrﬁncis' formula

Q = cl (h 2 hv)
Q@ = discher.e in c.f.s. = 15.75

length of crest in ft = 10!

h = hesd on crest
ve
hy = 22 = velocity heed
C = Coefficient of discharge

From curve 77, Eydroelectric Eandvook, by Creager
end Justin C = 3.95
Velocity head, hy
Area as measured from cross-section of stream =
217 so. ft.

Yelocity of stream

The velocity head may be neglected
_ 3/2
13.75 = 3.95 x 10 (h)
h =

Tne spbove results would be correct it there were no
leaxege around tre flash boards. But due 1o the nuseronus
smai1l ovenings around the flash beards, there will be
considerable leakage. It is quite probable, and for the

want of more accurate deta, that 20% of the minimum flow
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will leak through the flash boards.
lence €07 of 13.75 c.f.s = 11.30 c.f.s. dis-

charge over each crest dam.

ty Frencis? forrula

QR=0C/4%
1/.00 = 2.95x /Oéé/
b (4225)F = [270) T = wze
vinimum elevati-on of water surface 602.40
n head on crest dam WU3

lLet crest elevation at 602.0¢

Cepacity of S»oillwey 1st. Trial.
The cavacity of the spillwey devends unon the

maximum flow that will orobsbly occur once in 30 years a
frequency consistant with a development of this type.
From the streom tlow probability curve on psge 24, the
averaze monthly flow that will nrobably occur once in 36
vears is 2.7 c.f.s. per sc¢. mile

Or 320 x 2.7 = %04 c.f.s.

It is 2lso desired to limit the elevation of
the water surface vwhen &o4 c.f.s. are flowing to 604.00,

as this elevation is only slightly lower thrn the a2djoin-

3

10 land.,

e}

i

-

By Creager & Justin formula (43) for spillweys

=14 |z -
Q=1aV2g0h.y,

where in d would ecual 2/3 (h % hy)

if the conditions were such that the hydrrulic
jumn would Operate. But in this case the down strerm slowve




throuzn the s:illwsy is not fZicient to c~use the hydreulic
jumn. Eence taere remains the ooseitiliiy oz determining 4
from the nrovevle elevation of ti:e weter surfece below the

c2illwey., From the grge C.lVe on nege tne weater

[0}

4]

surface elevation siould be ©03.5 wien the river discliar_e
&o4 c.f.8.
hence h = 004 - 558.5 = 5.5
gowsn stirean hecd BT 003.5-538.5 = 5.0!
5G&.5 = elevation of spillwey floor.
Also assure spillﬁay width = 25!

therefore d = -2—-—17 = -;1::-—()* h = 9074

a =308 forom Pposs -Sechisx

2
b 2
att 3:3 = 2.8 F o Jec
< 2'_32

v T S = ey FF
Ax32:2

Q = 4/4%72//71-/;, —
a = P09 X 5.5 x2¢ VT%?/EJ’-/—./&f"
QK
QK

NS

W

L 207K 58

= @9 x 55x2¢ Vosdv [10F9/x S5+ 264
c, .

= ToT7 x £ x2 C XLy = B8/
[f/ow over Crest A o975

Q< cc. S (4+hr) 7

[ rom Jable 2Y Cwpaagser «+ Jostrim
& = 38 , c,.317

R = 3VXPT p0f2.765) L T 8x.8/7 X0 x )P = P& T .15,

Rx 6.2 = /%2 ¢ sver Cresr Howr s
28/ - 7‘4//V ,)'p/'//ula,

Jo #3 c,F o 7‘,/4/ //'f Cla//jﬂ'
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Tihe @vove calculations were based upon the assurmp-

tion that couroximately 804 c.f.s. were flowiay and the

ct

the elevetion ot the tril waler cs taoken from tre gaging
curve was ©03.5 The results irndicate tnat the elevation
nt the tail weter snould be higher,

Cevacity ot “pillwany 2nd Trial

Assume 925 c.f,s.
f tail water from goging curve 623,565

ol
4, -
LU S5 < psrd
4 o

a - ﬂ-?/"f////}?/ﬂ)"é * by

Velocity hecd 300

PR _ r'd
V= ?ﬁ' = F.ot FfhpSec ! by - Sy = /T6

R ~ L. 935X 526 )esa/ pisnrypsTe)

K = 0.975 xsoxx26 x s 6= 7853 CFS.

S S
"

Cver crest of d-ms
From table 24 Creazer and Justin
C=3.% C= .79
Q= 3.8 x .739x10 (2.136) 2/2 = 7.5

Over crest dams 2 x &7.5 = 175.0
Through spillway = 7123
Total discharge Y8 c.f.s,.

The oven snillwey and the drest dems will discharge
28 c.f.s. 2t » surfrce elevation of ©604.0 wihich disch=rge
o
exceeds 864 c.f.s. Hence the assumed spillway dimensions

will be edonted.



-’7,4...
S-illwey width 2o
Floor elev=ticn 9% .5
Yay, woter surifcedla4.?)

Too o snilliwny
piers 00F.0

Snillwny Design

The fl~osh borrds will be held in rlace by vertic-
al studdings secured av tne bottom Ty iron shoes, end at the
top by a horizoutal steel truss. Tae truss will be 2 five
pzneled Pratt, 28 ft. long »nd H' wide.

Selection of flash toards.

Too elevation of bosrds = ©232.0
Floor elevation = £98%.h
head on votson voard 4.5

2%2 1b/f+

5

.5x02.5

Water vressure 2t bottom

Sren of toard

=
2 X5 x$56 _ ,r05/tFF
B.M. 7‘, //0"’//2 = 2 3 =7/

1105 1o ft = 13370 1b. in

zxtreme fiver stress of Touzlas Fur from C-rue:ie

P

2
Yend boox 1200 1b/inc
M= L=z - /7300
C

=

C )200
Lor 3" plenk /M(asurrz 2 y/9’)
L. p73Ixe st st

¢ /37y
3" Douglas Fur timber will be used for Flash boards.

L _ 13306 _ s 05 7




Flash voard studding
R ! I
Ws.L/. g0 |
Fesultent water nressure P = (5 wh™) 5.6

Pz 42_¢'5 62.5 x 4.5 x 4.5 = 35504

I.;J)- = 3.07 in 3

Carnezie (rose Tire 1-25

l
4
L ]

700 rercticn
o
zottom " = 35
teel Truss
This truss will be rather unususl ia that it
must support its own weizht in a horizoniel position, a
cead load of a temporary foot bridce, a live load and
imonact, and the nhorizontal panel point lo=d, the londing

wnich mnrkes the truss necessery.

1640 8o ¥ 744 ' §29 gz0 /640
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Length of diagonal =

Influence ling for shear in penel 1-2

ﬁ 
2 v 4 <

/d

i

\

Influence line for sheear in penel 2-3

L
>

Sle

3

, I

J 5
z

Influence line for shear in venel 3-4

—

b'

Qle

2 b

=

@

-
1

Full load stresses (horizontal)

(by iadex method)
Indek Stress

-16k0

-2460

-2450

-24&0

-1640

0

315640

22460

mn
L]
v OY

x
e
G

n
.
o

o

-1637
-2795
-2755
-2755

-1837
31837
22755

11337

-1640
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Zeuwber Index Stress Fector Stress
v, -L, -£20 1 -820
v, -1, 0 1 0
Vv, -L, o 1 o)
Ve =Ly -220 1 -£€27
v, -L, -15%0 1 -1549
V -L. 21640 zéf%l 32ho2
v, =L, 1820 7.51 31231
5

v, -L, 0 o
v, - L, 0 o
v -L, 3220 zésl 31231
VoL 21540 .51 12452

Determnination of Maximum Stresses
The maximum stress occurs in tc» and bottom chord
when all parnel voiats are fully loaded. The guantity for
the chord mexzbers on the preceding page is ma.imum.
Maximum shear in ranel 1-2 occurs when all panel
voints are fully loaded, 2s shown by influence line.
Hence values for U,L,; U;L% Y,L,;-and
V L on preceding vpage are a maximum.
Kaximum shear occurs in panel 2-3, with points

3,4 end 5 loaded.
\/:.Lr_z?tirzo=?f-"

Yily, = —9pr; Vo=Ll5 =—- 985 /Tor.
K-ty = Zgpy = 4 1950 /Yax,
T

Ve-24, = z$7

= 73J"-’~_+ /¢80 VD



Laximum shesr occurs in prnel 3-4%, with points 4 =nd 5)
2 . =
lozded V= /-;-2_ g20 v 92

Uy=ty ot U=l = =¥

—/ >
ﬂ:& 'Ll/ and U«"Lv = %’:M 492 = # 7¥7

V’-Ly /.-" Cows;dored A5 g 7‘?”}/'00 Covnter

llaximum stresses

Top chord ~2755
Bottom chord 12755
vz L, " VL, - 9&5
VJ -L; " Vy Lv — ‘492
V= L. "V L 12462
oL, "R, 31420
‘{3 —L" " vr L.‘) + 749

Chord llembers.,

The chord members are subject to two lozdines .,
A verticzl load causinz bending cond tension due to horizon-
tal loading

, Vertical load
Foot bridge (see drawing No.2)
cafters 2"x6"x8Y 12 .381 c.f.
21
Flooring2"xo0"x1? e835 c.fe
Reil & Bracing 2wxLnx6t .333 c.f.

Floor bracing 1"xUnxh! .139 c.f

Amount of bridce timber ver feot 1.0&3 c.f.
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Weight of yellow pine 4% 1b per cu.ft.
L x- 1,688 « 7o#/ft
37.5 ver ft for ecch I Beam.
Live Load
Assume 100 los per lin.foot

50 1b ver foot ner I Bean

Live ioment = Wle
&~ T 50 x 28x8 = k90D 1b.ft
noact - 300 - =
fmpee S35 T EEams T 190 X <975 = H780
100
Live l'oment % Ixvact 9580 1b.ft

Assume weicht of I Beam as 25 1b per ft.

" Total dead load 25 % 37.5 = 62.5 1b per ft.

Dead moment = 62.5% 28x28 = 6120 1lb ft
8
Live loment - 9580
Total lioment 158C0 1b ft

" " 129,507 1b in.
Design of Lower Chord
_Aloow 4 - 3/&8" rivet holes in
The design of this member is exac?ly similar to that
of =2n escentrically loaded column for whick Spofford in Theoywy

of Structures, gives the formula (28)
S P

= 4 %
A I 2 PL°

CE



in which

I =
P =
Y =
C =
S =
L =
E =
I =

=lo-

Bendiny moment due to verticel 1oad.
Axial loed

Cistance from c.g to extreme fiber

th]

onst

Q

nt; ! = 21 for uniform load
T ’L) ia - lia (&) )

[a)

Yaximum stoss
Unsupoorted length
¥odulus of elasticity

oment of Tnertia

Assuming 18.4" &" I Beam

Try

I

A are

a from Carnegia A = 5.34 - 1.5 = 3,84 in®

2755 % 189500 x4

. 56.9 * 2755 x 5 x1hh x28 xo%
2Zx25050070
717 1 755000 = 717 313050 = 13757 1b/inZ
5%?9”1‘1.12
7" 20# I
A - 5.83 -1.5 = 4.33
- 2755, 189500x3.5 |
. "T1.9 fo7Ex5x1ulx08x08
4Zx25,000,000
m 25 663090 . .
= E Jo 2 417%‘;*1.12 = 635 2 15430 = 160565

18 . 48#

&" I Beam will be used for lower chord.
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Jesin of oyprer Thord
The formule is @e se for a coanpressiu. memba with the excexn-
tin of cienge in sign, thus
Swi. 4 _u
4 I-EL
c=
Try 1844 7 8" 1 beanm

by formula 22 Spofford's Stiructures

P = 16000 - 50 1L
a T
L = 28 x12 = 103
r 3 o268
or _DB.6 x 12 = 60
o64
P_ = 16000 - £0O x 103 = 10,850 £ per in®
A
S = 2755 + 139500 x 4
el 663 = 2705 x5 x 144 x 28 X 28
46 x 20000,000
S5 = 517 4_756000 = 517 1Zteo
f)é 09 - 1.12

S = 14097 {/in 2

7ry 2148 1b 9" I beam

F_= 16000 - _28 x 12 50 = 11220 1b yver inm 2
-9 5.67

48 x 29,000,000

S5 = 4l€4 _853000 = 436 4 10160
“09 - 1012

= 10616 1b per in 2

21,8 ; 9" 1 Seams vwill be used for both top and bottom chordse
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Jesin ol me.bers 7y Lp &nd Vo Lg lozd  24¢2
Kequired asrea = _Z242 = 4154 8Gs ine
1€000

Ty 25 x 2x 1/4" L m 1,06

-18x1/2=z __.13
«JC BQe ine

Try 2x11/4 x1/4
- 1/ x 1/2

= o758
=___013
.62 SC‘. in.

Use 2 x 1 1/4 x1/4 L® for diazonals,.

Desin of llembers 71 Ly amd Vg Lé load 0 1250 comviressions
Use Channel for stability of I beams.

Use €" 642 ;/ ft chaznnel

. - . 2 .
1840 = €& 1b rer in*® adegattely safe,
2,59 in®
wesizn of merbers Ug Lp = Ug Lg 82 1be cumression,

Use 4" b.4i cuannel _985 <631 1v/in?

l.06

slsouse sane ciannel for J3 L‘3 H V4 L 492 = &3151b per in®

Jesiim of Joints m uprer ctorde
Use hitchamles 4" x 3" x 1/4" L to cuinect Ctorvens

1=-23/8"rivet in S, Se = 12203

1-35/gn o " Bearing = 1600~
1640 = 1.25
1520

‘owever use 4 rivets in each lege

Use 1 4" gusset plate to ccnnect angle to chennel,
Load in 7} Ly, = 24€2 1bsa
2462 = 1.87

1520
Use 3 rivets in both clhennel aud ar:ic¢ cumection,
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Jesiim of lowver crord Jjoint -

=

Use hitch angle 4 x 4 x 1/4 L
ohear inrivets of chennel leg of hitch angle = 8207, Eowever use 4
rivets as are used in urper Jjoints.

Zivets fer I bean leg of hitch argle.

Use 4 rivets for sheare
3/8" rivets. in tension <11 x 16000 = 1760+
Tens ivn transferred from I bean to connectiom eguals 8:0:e .se 2 rivets
for teasion vhich mukes a2 totcl of 6 3/8" rivets :m horizontzl leg of
hitch angle,

Use tie sane gasset rplate as is used for uprer Jjointse
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Desin of wpillvay Ticrse

Sraciet to tae horizontal thrust of trusse

X
N
%

—_T
437"
td
'A' l\‘o»
- ’ sl
fo P
I &2 )
- 2 -, ©-

Berding momént = 1€40 X 4,5 = 7520 1b,e ine
v -« €0 for siear vi.en veb is reinforced

d = _T = _1840 = J.0"
€.av 9 X 875 x 60 'y

However it would be advisable touse 6" = 4 9" @ D

Ay = I s _ 73580 » ,L,068 sqge ine
fgid 1C000 x 4870 x 6 .

Use 1/4" @ Y Bars for moment.
2 X 049 = 098 sae ine

ug=_Y = 1640
gojd & X o765 X 4875 x 6

= 1% 1b ver in®

Zxtend bars 40 bar diazeters 10"

7eb reinforcing; Use 1/4 f X bars.

If vertical steel were used, lozd c.rried by stecl would be (60-40) 9 x 6=
1080 "; at 45°_1080 = 765 lbe

ledl
Capgcity of 1 Bar » 2 X 4049 x 15000 = 1570 1lbs,
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'K

fter testing plers of vurious desi.n for overtuming

gliding and scil wresswre, tre following desi.n was found satisfuctiory.

I .75 l

S5 —P{
j Y
H f [ —
ek ‘.5 s )
N
A b
¢
S a5
ks] T,
’ |
L 277 o - 2’ +




lorments
Joment
rart Dimensions te b'd klus iinus
Y 2x5%X9,477x150 8300 4489 42000
b 9x644x1x150 8€C0 54C5 4€¢00
c 1.35x44521x150 911 1,40 1280
d ¢ 87%x440x1x150 558 Be€2 £100
e 070 Xe 70 xe70x100 €3 227 150
f 644x15x1%x150 1440 5,05 7270
Vert.truss 72 £.50 4130
21014
iorze Truss 1640 12.37 2530C
ad ater t2.3x36 1120 6 6710
iresswre
e

ressaxre on 2.50x1/2x62 JiteD 1¢10 345 £o40
rliashvoard _

4270 226C0 1C4830
Joesulting moment = 104590 = C2650 w 71940 1lue fte

Zomtnt distance of llesultant = 71240 = (.8

21214

lccentricity cm _9477 = 3.8 = 1601
2

9.77 L J 1.63

6

~esultans fellis vithin middle tiird of vuse.

hal
1A
&

actur ol safety ezainst ovwtwming

10420 = Se2 fese fur overturuing

a Jof sufety against sliding
fFrun table @ p 14 Lodl's Joucrete Constraction Vol 2, tle

idin, frictiva fur vet cliy &« 0430

cuefficie:n



@47

cliding force = 4970
Tesisting force = 21214 x 0,85 = 7C71

7071 = 1.62 fese for Slidillg)
4070

So0il pressure

6 ¢
r=_vw_(12% t)
t
Py = 21214 _ (14 6xl.51 ) = 724 (14.922) = 13.92 i/ £t
&% 9477 9477

Pp = 724 (1 - .922) = B64/ £t 2

Frum tabie cnp 1T llool's Concrete Comstructicn Vol 2 allovable soil

vressure for soft clsy is 200C 1¥s, ier syus fte

Jesisn of Spillway Floor.

I_If // - “

ce

7idth between flzsh board studding 5.6°
Bottum reacti.n of flech board Stud = 2730+
The floor will be a 6" slab reinforced with wire wuesh, +ith a 2' cut off

wall an lime of up streza edge of yrieres .orizental thrast of flash board

studding to be carried into soil by cantflever wails



oesln of cantilever wa il

n

b: E. - €<

[62Y

sormala for pessive earth jrusswe from Kool's Coucrete Coustruction 7ol 2,
riction angle fuor cley cn rage 10 = 20 desrees.

= 1/2vwh® 1ltsin{
1-sin g

%)

14 sin 25 = 14,483
l-sin & 1 - .42

-

In as much as a facoor of sarety a2painst £lidi.r o 1.0 1f alvisavle, the

rresswre © used in formmlsa will be maltiplied oy 1645

1s5 x 2750 = ( & 100 b x 2.47 ) 5.6
0 - 2044

h = V 50 o 5D o6

- ”
Al ex !

o

Jace depth of vall 2.5

Sending mombnt = 4100 X 1,20 x 12 = 61500 1b in.

8
a= f_i_ = Jeisco = 2.94"  Use 2"
Kb 10747266

Alloveble va 40 loier sq in

ve 7 H d= 7 = 4100 = 1l,78"
bjad biv €3xe874%40

d= 3";D= 6&™"

P = 007

i, = e0C77 x 3 X 66 m 1450 8¢ ine

Use 11 = /€™ M bars 4 6" spacing

11 X .14 = 1054 Sx:. in.
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Jesin of Criost Travity Done

The ends o e dum will Ve iravity secticus over vwhaich the

eatire normesl fiow of the riva -illyroesse Tie desl i o

iy

tr.e crest will
be in eaccoriance with t.at suggested wm rage 20&-9 of Iydro _leciric
Jad ook by Cremikr & cusbine Ji.e cocrdalinates of tre curve ¢f & curest
for unit Iead as listed ¢n :&yue 202 of d.e Iydro Zlectric Imadbvork, are
used in an attean t to arrive at a falrly sccurate formula far the curves
as it will be necessary to find tie area unler the carvs aul its centroid,
cuch values w.ll ©o uccessary in deteruining tie wel it and moment of

the dune

Carve of crest ( Jp stream fece vertical)e




S0
Kepresentative coordinates of curve for unit head and upstream

face vertical

X - 007; Y= 00257 X = 2.7; Y = 2.82
The curve is of the form X0 = Ay
'7n = 0257 a
2.7% = 2.82 a
N loge «7 = log. .257 + log. a

N log. 2.7‘.' logo 2.82 + log. a
Subtracting

N (log. 2.7 - log. .7) = log. 2.82 - log. .257

- 1°g 2682
N = -257 - .04 - 1.773
log 2;%_ -581
(2'7)1.773 = 2.8 a
A = 2007
Formula x 773 2.07 y

A comparison between the coordinates given in the handbook and
.those computed by the formula will be made below.

Coordinates from handbook by formula

X y y

0 0 0

8.1 .82

8:% :%us -057
07 L4 5 02

0’3 S o

1.k 870 +51e

1.7 1.22

2.2 1.96 1.96

2.7 2.82

3.2 E°32 3.81

R:g 6:23 6.18



. . S
The usual head under which this dam will operate is 2 feet,

and both coopdinates of the above curve should be multiplied
by the head (2 feet) to obtain the proper curve of the crest.
Hence the formula will be changed to comply with the 2 ft.
head.

Let x. of unit curve ecgual % x of new curve.

Let y. of unit curve eoual % y of new curve.

hence
G2 207 (P
1.773  _
%TEE"‘ = 2.0% y
x1773 = 3,54 y
"ET; \NT- Cres? bo2.0
T
N |5 a
<
E .
» C" I
s I
Coordinates
X y
5 0'-6" .0825 o'-1"
1.0 11-0 .292 01—k
l.5 116" .579 or-7n
2.0 21-Q" .965 0'-114n
2+5 21-6" 1.43 1'-5 1/8 v
3.0 31-Qn 1.98 11-11¢"
3-5 R'-6“ 2.61 2V~ 7.3/8"
.0 Q" 3031 3'- 3&"
4.13 Goo1dn 2.5 316"



S2
Area under curve.

1.773 -
x = 3 54 y
3.5 3'5 - 3 5
A :K x dy = 2.04 o y-SOu- dv = 2. Oll. l l 56]
= 1.564 3+5 —1.564
1030“’ y o = 1'301" x 3‘5 = 9026 sq.ft.
Centroid
sz/”&xed / g 2 x (568)
o y dy
) /3.5 1.108 2.08 _ 2.128 |35
=2.08 £y dy = 2.128
2.128 °
Ax= 976 x 3.5 = «976 x 14.4 = 14,07
14.0
X = 7%6 = 1.52

Determination of the dimensions of the footing under the dam so
that the resultant will pass through the middle third. Up
1ift will be considered as being effective under the main portion
of the dam only. A moment equation will be sgt up, and the
equation will be solved for additional width of base (x)

My = Moment of dam

My = " " water

Wq = Weight of dam

¢ = Unit wt. of Comcrete

v = non " water
b = Dbase width of crest section

Yy = depth of base.

2
Uplift = % wh2b =3 b.



Mg = wg X + ¥ Cy X% - uy —HMnob % i

uplifs
= 1/3 (Vg + cxy) (b + x)

2 i
Mg + Fax + % oy x° -y - 3 Th6" =
% (de + W3X + beyx + cyxe)
1 1
(% CY-%CY) 32 - (3 g - Vg + T oey) x

A R LR

The equation is now in quadratic form

Valuation of the known quanities.

Tt X Moment
a 9.2€ x 150 1390 2461 3620
b 6 x 3.5 x 150 315 4.3
c 473 x 3 x 150 2e3
Static Water Pressure P = 3 W (hg -n?)

Centrold of Water Pressure

Y=3nh4h® - 353365465265 = 2.68

om-+3h 6x3+3x 6.5
My = 2.68 x 1500 = 4020 1b. ft.
Impact Pl:&'_!_va_l 62.4 x 6.5 x4 x4 = 202 1v.
g 2242

Considered to act % h.
202 x 1.75 = 354 1b. ft.
4020 + 354 = U374 1b. ft.

My

Mg

Substituting the above values in formula and solving for

'X'

(4 150 x 3 - & 150 x 3)2® - (3 3835 - 3635 + 3 473 x 150 x 3)x

+ (10025 - 43y - % 3835 x 4a73 -3 62.4 x 9.5 x Bo73 x 473) = O
5 ¥ + 1846 x - 4809 =



S¥

x= -6+ Yg2 _ -
& ac = ;%%g_ $¥€g£g§—+122151h809

x = -12.3 ¢ V3,410,000 + 1,442,000

150

X .- -12'3 I 14-7
X = 20)4' Or -2700

The width of the base will be increased 2.4 feet

Kesistance to sliding

N
N = 3835 + 3x2.4x150 - 9.5 x262.u be73 - 3515 1b.

Teight of dam - uplift

Coefficient of friction on wet clay = 0.33

3515 x .33 = 1171
Total horizontal force = 1500 ¢ 202 = 1702

= 1171 0.6 Not saf
176 - 9 ot safe

Cantilever cut off wall will be used to prevent sliding.

Ac it is desirable to have factor of safety against sliding
off 1.5, the horizontal force will be multipled by l.5
To be taken by cantilever wall =

1.5 x 1702 - 1171 = 1389 1b.

Passive earth pressure P = % Wh2 1 + gin
l - sin

Angle of internal friction s 25°
1 4+ sin 259 = _1.423 = 2.47

1 - sin EEO - 423

P = (3 100 b2 x 2.47 )

h = W - 3036, use h = 305'

8
1207
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Bending loment = L75 x 12 x 1789 = 29200 1lb.in.

d = y"’gigj—~: ) 25200 = 4.76%

12 x 107.7
d = v = 138 = < 20"
b jv 12 x?z7ﬁ X0 342
d =: 5" ; D= &
p= .0077 As = 0077 x 12 x 5 =0.463 sq.in.
Use % " at 6"

u = - 13&9 = 177 lb. per in

i
20j @ =~ 3.00 x 8% x 3

Extend bars 50 bar diameter 25"

Design of Retaining wall.
Gravity Type

After various trials, the following dimensions were

adopted. Y

&. I

1

Moment
Part dimension Wt. x  Moment
a Sl x26.5 150 273 .82 224
b 1 x 6.5 x 150 o175 1.5 1463
c 1.5 x 6.5 150 732 2.5 1830
d 1lx ﬁ x 150 600 2.0 1200
e 1.5 ; 6.5 100 4ga 3.0 1463
f 5 x 6.5 x 100 325 3.75 _1220_

3393 7400
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P=% 100 x 75° 1 - sin 25°
1 + sin 25°

50 x 7°5° x.402 = 1130%
Overturning moment = 1130 x 2.5 = 2820 1lb. ft.

F.S. of overturning - 1&99 = 2,62
2890

Earth Pressure

x = 7400 - 2820 == 1.35

3393
2 - 1035 = 0065 fto

35&3— (1« é_zu;éi ) = 848 x 1.975 = 1675 lb.ft.

2
po = 848 x .025 = 21 1b. per ft.

C

p

slidin _
Coefficient of sliding friction for wet clay = 33

Fesisting force = 3330 x .33 = 1131 1lb.

Sliding force = 11320 1b.
Factor of Safety = 1131 =
135 1

A canéilever wall will be used to resist sliding. The sliding
force will be increased 150%.
1130 x 1.50 - 1131 = 564 1bs.

Earth pressure P = % Wn® %% + s8in @)
- sin ‘¢ )

1+ SIN25 = 2.47
- 81n 25

564 = 50 x 2.47 k2
h =Y56h = 2.14; 2.5 ft.

5 X 2047 #
BMe = 56’4 X 2.5 X 12 = 17000 in.
d = Y“ijdEE' - 3.6-use 4 ¥

12 x 10707 - D= YAl
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v = Byj'a = gu. — " 13.5 1b in°
p=.C077
Ag = «CO077 x 4 x 12 « 0437 8qg. ine
Use %" ¢ bars at 6" = 392 sq. in.
Cost of Dam
(exclusive of foot bridge)
Spillway
2 Piers 10.1 c.y. @ £20.00 = #202.00
Steel Truss 762 1lb. @ .06 = 45.72
Flash Board Studding
4-(M25) Carnegie Cross Ties
6' = 113" Long 406 1b @ .06 = 24.36
Douplas Fir Flash Boards
645 bd.ft. @ 92.00 per M - 58.05
Spillway Floor 6.8 Ca.ye @ 20.00 136.00
Crest Gravity Dam
Dam 264 ¢c ¥y ® 20.00 = 523.00
Apron les5 cy @ 20.00 = 30.00
Retaining Wall 39¢2 CoYe @ 20.00 = _784.00
£1,808.13
Cost of the different factors in the installétion of a
Direet Flow Wading Pool.
Cost of dam (not including foot bridge)------ £1,508.10
135.7 cu.yd.concrete in place ¢ 10.70 -——-——- 1,450.00
260 sq.ft. of roof surface & «25 = = ——-——v 65.00
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