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PREFACE

The writer vishes tn take thir orrertimity to nckuovled:-e
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the dam and ~lso to C. A. Yiller, C. . Cade, and other members
of the Civil Frgineerinz Dep=artment of Mickizan State Colleve
for the assictance rendered hty them in the writing of this psa-

rer.
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A Study of the Sturcis Hydroelectric Plant

Sturgis is an industri=1l city of aniroximately 8000 inhabitants
located in the southerstern n-rt of St. Joseph County in southwestern
Michigan. Previcus to the compyletion of its runicintl hydm-electric
rtant on the St. Josevh River in 1911, its electrical nower was sup-
plied bv a sm2ll steam-operated gcenerating nlant. Due to the growth
of the city it bheca~e necessary to either enlsrve the generating plant
or obtain electricity from sore other source. The St. Josech River
was alresdy heing used tv several cities further downstream for nower
purnoses so it wses decided that the feasitility of & hydro-electric
nlant shounld be inve ‘tig=ted. Accordingly, thé services of the firu
of engineers, Arres, Lewis, NMorris, and May of Ann Artor and Gardner
S. W:1liams, conculting en;ineer, were ohtained to determire whether
or not a dam would he economical. It was fomd that not only conld
much more electriczl power be develoned, Tut that it cold *e deliv-
ered at a emaller unit cost, so a2 hydro-electric plant was erected.
The cenzelty of the nlent ie 1100 kw,. while that of the old steam
plant was only 200 kw, The mrchinery consitts of two 550 kw. ~ener-
ators directly connected to 844 H.P. turbines end a 40 kw. evciter
with a 67 H.P,., turbire.

There is anoroximately 870 square niles of the waterched.aYove
the dam. This area contains a lnrre mmher of lakes and nonds which
increase the storage canscity of the area, thus makirg larre floods
lese frequent, tut which, at the snre time, decrease the ultimate
runoff because of the lirge anount of evanorztion., The river's head-
waters are in the central part of Hillsdale county. The norticn of

the watershed in Hillsdale and eastern Branch counties is very hilly.
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In the central nart of Rranch county ani in the southerm nart of
Calhonn comnty, the lard is ~uch snoother, but becomes guite hilly
again in westerm Brarch snd Calhoun counties snd iv the e=-tern
nart of St. Jorerh county., The distarce from the ground surface

to bed roek varies between 100 and 200 feet over most of the water-
ched., The soil is chiefly sand, sandv loa=, end gravel making the
armount of rurface runoff smnll,

Rainfall over the walershed is moder~telwv hesvy since the area
liexg in the n~th of most of the storme roinc eastward over the
sonthern nortinn of Lake Michig~n. Rainfall data i¢ avail=®le from
W-ceri etation (<ee man) for the ye~rs of 1680 to 1920 inclurive and
from Colcwater station for the years of 1898 to 1920 inclusive. Pre-
cinitzation records eince 1920 h-ve *ee» nrinted nrlv in arrusl tulle-
tins 224 reveral of thece Mlletins sre not avail-tle. The first
ei rteen wenrs of the rainf-ll curve revresents the arrual rrecioi-
tation =t Wrceni alone while the remn~inder of the curve renre-ents
the averages of the annmuel wvalues. The=e v2lues will be fourd in a
table at tre end of this paner. Since the mean annunl rrecinitation
at ¥aseni is 39.80 irches =znd at Coldw=ater is 35.92 irches, it is
resrsonatle to evpect a mean anmurl rainfall of Z7 inches on the
watershed. Tre curve of annual rainfall chows that the yearly nre-
cipitation is auite 'miform and that dry years 2re conseniertly infre-
quent.

There has been M1t one stream gaging station on the St. Jocéph
River unstresm from the Sturgis dnm and the records from this station
are very un=ntisfactory. These records were taken in 1903, 1904,
and 1905 at the Marantette Bridee in Mendon (see man) and can be foind

in U.%. Geological Survey Water Sunrly Paners Nos, 97, 129, ard 170.



These record= are of little use sirce the discharge me~ncnrements
were all taken =t nracticallvy the save g=7e height and hence do not
determine either the share or the rosition of the discharese curve.
The mearurenents were taken at vari~s times br different nerties
and the discharge obtained by one narty at a certain gege reading
varies greatlv from the dischnrge obtain~d h»y another narty et
nracticallv the sauie rrre readine, The-e records were m=de even
less useful by the fact that no readirgs were taken in Februsry 1904
and early in Merch, 1904 there was =n ice gorre =t the »ri‘ce, im-
mediately followed hy the failure of a dam &hove the strtion keering
the gage reading far ahove normel throughout the month., A part of

these records, however, mav be used to obtain a hare estimate of the

nercentace of the nrecinitetion which runs off. The daily gace read-

ings from October 1, 1904, to Sentember 70, 1905, will be fourd at

the end of this paper.

Month Ave.Gage Ave. Totsl Runoff Precivitation (in.)

Reading  Dis- million Colgwater Via<eni
(ft.) charge cu.ft. :
c.f.s

Oct. '04 1.31 520 1,392 .7 3.19
Nov, '04 .93 370 959 .10 .01
Cec. '04 1.00 410 1,097 1.87 2.22
Jan. '05 1,34 540 1,448 2.27 2.59
Feb, '08 1.32 530 1,282 1.50 1.41
Mar. '05 2.20 1230 3,295 3.64 3.12
Aor., '05 2.08 1100 2,850 .£4 3.20
May '05 3.01 2400 6,440 7.51 7.41
June '05 2.05 1100 2,850 3.50 2.56
July '05 1.94 950 2,540 4.61 4.31
Aug. '05 1.71 . 770 2,060 8.03 3.54
Sept '05 1.77 880 2,142 4.00 3,18
28,355 45.14 35.74

Assume that 2 averare of 40 inches of rain fell on watershed above

gaging station from Octoter 1, 1904 to Sentemher 30, 1905.
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Then %% x 5280 x 5280 x 844 - 78,500 m*'lion cu. ft. of r~r fell since

28355
- - = 356
78500 — 1

the drainace area =htove the station is 844 saunre miles.
or 36.1% of the rrecipitation run off in the ye-r.
In a paper nrirted in the Transactions, A.S.C.F., Vol. 77, P-rce
346, Joel D. Justin advances the following forrula which shows the re-
lationshin bhetreen precinitation and runoff,
C - .934 558 B‘
- T
Where C is annusl runoff in inches
R is =rrual rrecinitetiom ir irches
S is slope = elevation of highest rnoint mirms

elevation of lowest point ¢ Verea

T is mean ~znual temnerature.

Xl ¥}
stituti - {11.50-827)12 _, 37x37 _ . e
Substituting © = .9%4 [ Av52r 0 5260X12; 17,5 = 10-%T inches

Then 7_05_?,1 — .278 or 27.8% of the nrecinitation ran of’.

From data taken for a sanitsry survey obtained from F. R. Theroux
of the Civil Encireering Devartment of lNichi-zrr St-te Collere, the aver-
age flow over a dam in St, Joceph River at Mishawaka, Indiana, for a
neriol of 12 yenrs was fond to he 1200 c.f.8. According to an article
in the Enrireerin~ Eecord, Julv 14, 1906, which describes the don et

Mishawaka, the area of the watershed ahove tris noint is 3000 souzre

miles. Then the average runoff ner sru~re mile is 1200 - 0.4 c.f.=,.

_.__’_1_1.’56'7'))(5653{1728 - 5.425 in.
50R0%5280x144 — )

rer year which is only 14.7% of the nrecinitation. A larger percent-=ge

The runoff at the Sturgis dam would then te

of the rainfall than thic can re epected to run off from the rortion
of the watershed alove the Sturgis dam sirce the slone of the watershed
from the dam to the headwaters is greater than it i~ fro: Michawska

to the Sturcic dam, thus decreising the chance for evanoration. One

of the reasons why the percentsage of runoff is so low =t Michaweka
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is that the 1670 sauare miles of the water=hrd in northern Indiann
contains a rmch larger vercentage of wnter surface ther the nortion
of the watershed in Michigan, due to the lrre rmumber of lakes in
northea=tern Indinna.

Considerihg the three estimates and giving each ité proper weight
it seems reasonable to evpect thet sbout 25% of the preciritation wil2
run off on an averaze ye~r, that is, any year with termneratures close
to norual =73 not preceded by an unusuilly wet or dry year. Using
this nercenta~e ag a heeis, the runoff curve was drawn on the same
sheet with the rainfall curve which shows the variation &hat can be
expected in arrual runoff. Of courze not =211 of this rmmoff will be
availa®le for nower nurnoses siice nearly one-fourth of it runs off
during the spring floods and some of tris must go over the s»illwnay.

Due to the lack of stream flow records it is impossible to draw
a mass diacram so that the nower availahle can only be estimated.
Assuminz that one-eichth of the flo#% goes over the snillway in the
course of a year, there will still be 37x.25x7/8 or 8.08 irches of
rainfell av2i1-*le for nower -urvosesc which is ecuivalernt to 520 c.f.s.
Assuming an effective hend of 16' then the averace nower availatle
would be B270762.4x18 _ g45 g, p,

520 -

The sire of the spillway is determined by the maximum flood that
can be expected dnurinc the 1ife of the stricture. In esome cases where
the difference in the cost of raking a spillway largé enough to accommo-
date a 500 year flood ard the cost of one to take care of a 100 year
flood rlus the intere~t on thi:z difference of cost is more than the
cost of the strictire and the dsmage that would he cauced »y the failure
of it, it is more economical to de~irn an e&nillway for the 100 year

flood and expect it to fail sometime between 1C0 2rd 500 years in the
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future. In thic care, hovever, the car=-itv of the snillway can
easilv be increased *v lencthen®re it, thus decre~~in~ the necessary
length of the earth da:: =t tre =mouth b-rk. An asdequate s»illway is

snecially necessary in this e~rce since the failure of the ds.2x would
undoubtedly €=use the f2ilure of one or more of the scveral dame below
it, the first of which is at the upstream side of Three Rivers, a die-
tance of siv miles.,

Of the varicn~ fermlas for irtensity of flood flow the one which
gives the most reason=hle re=lte is foound in "Elerents of Hjxdrology"
by Mever on n~ge 369, This forruvla, Q - 100 Aa‘ iz wvhich Q i< the mrx-
izmam flond in c.f.=. to he exrected orce in 25 years and A i= the area
of the watershed in snugre rmiles, is desisned for use under Minnesota
conditions. Thiz nmuct he rultinlied v a coefficient dererdinsg o~ woil,
slone, lakecs, ~nd other features affectin: flood runoff which is .45
in the cace of the St. Josenh watershed. Precinitation in Mirnesota
is only ahout 25" annually so correcti-m mrust bhe made for thris also.

Then Q = 100 x .45 x 3L x 870° - 3590 c.f.s. is the maxizmm flood to

25

be e nected once kn 25 years. Accordinc to Pickels ir hid "Drainoge
and Flood Congtrol Engineprjng“,the raximum flood that can »e emected
once in 50N ye~r- is 1.70 as 1larre as the mavirum flood to be exnected
once in 25 years. Then the srillway should be desigmed for 3590x1.70-
6110 c.fls.

The length of the spillw-v remmire? 7i'1 te found »v the for—uda
on naze 131 of Creaser's and Justia's "Hydro-electric Handhook"

o-c1h"’

Where Q = total discharre in c.f.=.
coefficiert of dischar—e derexdirz on rhane of crest a~d head on

effective length of crect crest.

]
1
h actual hesd on crect.

e
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The value of C from Fig., 77 of s-.e handrook is 3.94, using
E,- 1 where h' is the head used to determine the shape of the crest.
Trﬂhqrncmg 1 - g-h""
Then 1= —----— = 298 feet

.943(5
The actnal length of the erillwav is 808 feet hut the vertical T-
rails, which hold crest gates and walk ~t intervals of 10 feet decrease
the effective lenzth to some extert.
Trhe spillwev is of the mltirnle-arch type, comroced of 15 arrhes,
13 teine 20 feet lore and the end =rches 2% feet lorc. A horivontal

secti~n through the face of the dsam is a cerment of a circle with a

12 foot rodius, hence a richt sectim ir ellintical.

. Y
AL
pZ Y
1 AXIS
‘oo" N | %‘
\) v
X X
la’eo‘ “___LO_'Q“—.J‘

Horizental Sectron ' Normdl Section

Iz the horizontal rection through the arch when x - £ or - lO,.

¥ = 6.875. Since the slone of the face of the dan is ig, when x- £ or -10,
¥y = 6.875 x 515 Th = 4.5487 in section normal to face of the dam 313
tre cenizinor axdis of the ellipse is 12 x = = 15 _ e 7.9295., The generzl

‘

formula for an ellince is f’- # %‘_—_ 1
Then x®* £ y*at- 221"
Substituting 10®x 7.9595%4 4.5487%: 4% - 7.0795%4"
Froz which 22_ 148.5100

Then 753952324 148.5100 y? - 7.9595% x 148.5100

And y = \O3A1.4518 - 63.0357 x%

- 1T0CA




Fron this ecuntion 2 cectiom nernencical-r to the frce of
the dam ¢ e nlette? for the urnore of analvais,

Since the tultrcscer -re re’~tivelr thin it Tonlke Iasieal thrt
the arch shor1d re omaly-ed in the care naner »- +the arches of a
wo covL Fridse vith as elantic ~ier, For #de aoclyeiag e cection
oe fort Ton: e £7en ~t AR (fer rectinn throvch eillway) ~frce
this is the To-e~t fn77 ~reh an? he~ce h-- the 0ol ~re--ure on it.

.

Accordin= *+n the theor— of eln:tic ~lers the ryrte: ie contifere? free
set Anolysis Sheet M./

to ~oe Aalorr cectin . GH,trur iikine three cintilevers ont of the
syster——the tro arches factoned to the ont=ide “ttre=se=, bt fpee

to ove 2lomz lires ah orAd éd, »»d the *uhfrean which in fastened to
the fomdati-n it feee to ~ove alo-r certi-n G, The tranernidal
secti~r onx tre tut*resn= =*ove GH =2rd vetreer ~h and cd needs to ‘e
con-idered only in findinz t'e resultant thrusts unon the ™ttress.

)

Each ar~h fa Fivided into <n even nunrer & sectiors sich thet S/I

is conrtart for 211 rectinns, where & is the lencth of the rectim
me=sured alon~ the areh =xis »~d I 15 the moment of inertia at the
fection jrnelndine otee?. Since the crosr—cecti-nal ares is the

same throvrrhout the ~r ch, T is alco conrtant an3 the arch between
ckewhiucks cen be divided intn 12 eonnl rections,1.60 feet lone., Tre
head on ench rectangnular section wos then found vnder the as~umntion
that the mr—-imm elevtiom 0 the w-ter -urface is 825.0" fert, or

3 feet a~ove trecr~-t. Now the total -"nter nres: ure on e~c- rectim
and t-e rorm~1 coupanent of the weirht ecan he comruted. The-e are

shown for onlr half of one arch since all others are the same.



10.

Section VWinter Lord --1hs, Wt. of fect.-Lbs. Norm. Comp, of Wt.
1-2 62.4x1.6x21.03 - 2100 150x1.60x1 = 240 180
2-3 62.4x1.6x20.23 = 2020 240 180
3-4 R.471.6x19.63 — 1960 240 180
4-5 62.4v1.6v19,20 - 1917 240 180
5-6 62.4x1,6+v18.86 - 1383 240 . 1380
6-7 62.4v1.5+18.78 - 1876 240 1R0

The resnli2nt of the woter ore-sure =nd the mor.nal com~onent of

the weizht can e~~i'y be fourd grsrhically. Only the verticsl com-

norent of th'~ resmltart needs to “e consi'ered since for a ~iven

value of y, there -re two en~1 and o--~eite collinear hori-ont-l

co-nounentes wrizh hrve no moient atont 0. The followir: n-.enclatiire

ic ured in the an~lvgis wre» ht*re-res are con-idered el-rtic (see

al~o An-lysis

27

Sheet No. 1),

= coordin~tn~ of ~ny ~oimt on avis of left arch
referred to 0 as origin

= Sae for ri-ht arch

= Mo..ent at any »oint on r2~is of 1~ft arcr »n? rf i
ar~h resnertively of all extern~l lo-ds hetreen ~oint
in ouertion ~nd tonr of buttress.

~ Numrer of S/I Aivisions in 1eft =rch and right arch

- Values of S’/I for left nrch & right =rch rernectively.

— Horizont=1 =rd vertical comrorents of the t-rst from
the left +rch on the ton of the Mitire--=,

= "ozent at sectiom GH due to thrust from left arch,

= Hori~ont~1l =no vertic-1 cr..~>ients of the thrust fronm
the rizht ~rch on the top of the buttress.

- Moment at sectinn GH due to thrust from risrt arch.



Point X
13 1.00
P12 1.68
12 2,38
P11 3.10
11 3.83
P10 4.57
10 5.32
P9 6.78
9 6.85
P8 7.63
8 8.41
P7 9.°0
7 10.00
P 6 10.80
6 11.59
PS5 12.37
5 13.15
P4 13.92
4 14.68
P 3 15.43
3 16.17
P2 16.90
2 17.62
P1 18.32
1 19.00
Total
Pt. X
1 19.00
2 17.62
3 16,17
4 14.68
5 13.15
6 12.59
7 10.00
8 8.41
9 6.85
10 5.52
11 2.853
12 2.38
13 1,00
Tot.130,00

Diff.
of
X's

.68
.70
.72
73
.74
J75
.76
077
.78
.79
o 79
.80
.80
.79
.78
.78
W77
.76
o75
.74
W73
.72
.70
.€8

i

Y

.82
1.64
R.30
2.78
3.13
3,34
5.40
B.54
3.13
.78
2.30
1.64

.82

C~nt3lever lorents

Losds

2030
2040
2045
2050
2050
2045

2040

1960

24220

G
361.00
310.46
261.47
215.50
172.92
134.23

S
of
Lo=d
0
1960
3920
6010
8050
10795
12145
14195
16240
18280
20310
223320

24290

12
.67
2.69

Inerement

o

1
1
1
1
1
1
1
1

1
1
1

21
XY

15.38
28,90

of
Mor.ent
0
0
1372
1412
2905
2945
4508
4569
6128
B6R79
7874
7975
9716
9718
1214
1072
2667
2505
3893
3710
5029
4826
A078
5631
8517

8610

m
281610
186462

5.29 37,19 155558
7.73 40.81 126819

9.80
11.16

107.00 71.56

70.73
46.92
28.30
14.87
5.66
1.00

11.16
9.80
7.73
5.29
2.69

.67

41.16
38.71
34,00
28.09
”1.44
14.79
8.81
3.90
.82

51.42#728.96 86.24F]4.20

100421
76682
55752
38761
23908
13142

5689
1372
0

Molen

0
0
1372
2784
5689
BAZ4
13142
17710
3908
30187
38061
16036
55752
65468
76682
87754
100421
112976
126919
140529
155558
170384
186462
207093
218610

m{
4155590
3285460
2515373
1861703
1320538

888744
557520
328093
163770
69915
21789
3285

0]

1002476 15161758 2

t

m/
179260
305798
357783
352557
314318
256118
183557
127123

74832

36535

13085

2250
0

209216
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From tre results of this table the six eau-ti-ne used in
aralyzing archler with elastic buttresses can be solved for the 6 unkrowmns.
Co(MZy, -H 2y AV, Zx v, - EmY) = —Co(MZy, HZyg AV,Z 7T, - E£m,7)
Since arrher are of the snre thickmens and svmmetrical
22y M, -2ZyH, fRZxyV, -RZmy = 0
Then 62.84 ', -172.48 H, /#628.40 V, - 4,418,437 - 0 (1)
MZx, -H,Zx, 3% A Zx, -Zm %= O
MZx, -H,ZX, ¥, AVpZ Xy = ZMeXe= O
Addinr the two erurtions, di-i’irg bv 2, ari =nb-fitutinrg,
1320 M, -214.20 H, # 1722.96 V, - 15,161, 758 -0 (2)
Co(not, H3yAV,Z2x. - 2m ) = -Ce(nM,-H,Zy, AV, Zx,~Zhh,)
Transrosing, dividing by 2, -7 substitutirg,

12 M,-31.42 H, #130 V, -1,072, 476 - O (3)
Frow (3), M, - 2618 H,~ 10833 V, £ 83,539.7
Substitutinz this value of I, in (1),
7.97 H, £ 52.35 V, -831,207 = 0 (4)
Substitutinz same value of ¥, in (2)
26.14 H, #314.87 V; -4,301,601 = O (%)
Frow (4), H, - -6.56828 V, £ 104,201.1

Subetituting this value of H, in (5)

142.97 V, -1,575,442 - 0

And V, =V, = 11,019.4#
Then H!. = Hz = 51,912.5#
Ard Ml. = ”2 = 47.714 fOOt—-’,b":.

The thrust from the left arch acts M, V, feet to the right of
noint 0. Since the force rolyzon draw: fron this noirt 4,3% feet
to the right of 0 does not follow the arch axis, it &s ebvious that

the arches were not desirred hv a theory conriderin: the buttresses
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to te elastic.

By ohservines the m-rrner ir which the horizontal cornorentes of the
water pressure from two adiacent srches em2li-e e=~h other =t the mt-
tress, thus cansing little or ro horirontal disrlacemert of the tmtireers,
it anpear~ thot the ™ttrecres were prohot1.- assumed to re inel-stic
and the ~rches derismed in the same manner ~= a sir;le 8p-n, symmetrical
arch bridre. In this method the nrch is c-nsidered tn be cwt in the
m'ddle ~nd half of it mcting ~s 2 cantilever ~= shown in Analysis
Shert ¥n, 2. The arch was taken fr-m the enze e'erstiom in the f-oce
of the dar. 3o th~t the secti-ms anl Toade will be the same ac the, were
in the rreceding carce.

The following nomenclature is mred in this analyeis.

S - length of a Adivieicu Zenrured alon; 2vis of arch.

n, - mumber of divisions in orne-h:1f of the arch

1 = Tenoth of en'n

Caq — averase unit compression in concrete of arch ring due to thrust

te—_ coeffinient of linrar temperature eupercion

to= number of de-rees ri=e or fall of temperature

E.& modilus of elasticitv of concrete

He, V., % = thrust, srear, and rmoment re-bectively at crovm

N = normal trrust or radial secti-n

X,= eccentricity of thrust on centiom, or distance of M from arch avis

t - thickness of sectinn

T — moment of inertia of sectirn inel-dins steel- I #nls

A - area of rectiom dneluling cteel
steecl ratis for total stecl =t =egtion
d = embedment of steel from either unrer or lower surface
1 - moment = NX,

m - —~me=t at oz ~~int on left ho1f of =rch aris of all external
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Pt. X Diff. of X's Losds Sur of Loads Incresent m
of m
“P6 R0 .80 2050 20850 0 0
6 1.59 .79 1620 1820
PS5 2.37 .78 2045 4095 1.800 3270
5 3.15 .78 3194 6414
P4 3.92 77 2040 6135 3153 9567
4 4,68 .76 4663 14230
P3 5.43 .75 2030 8165 4601 18831
3 6.17 .74 6042 24873
BP2 6.90 .73 2020 10185 5960 30833
2 7.62 .72 7333 38166
P1 8.32 .70 1960 12145 7130 450296
1 9.00 .68 — . 82589 53555
12145 53555

From these ~~ments the comut-tions on Annlyeie Sheet No. 3
were m2de. The values of k ar” 1 used i~ firdiny vnit stresses rere
found in disgra:is in Hool's Vol. 1 "Reinforced Concrete Corstriuction®,
on nages 362, 369, a2nd 370.

For the comnut~tion of the stresses in the buttbesses Analysis
Sheet No. 4 was drawm. The arch ring thrust norm=l to the f-ce of
the 'mttress at D is 12,150#. Since there is ar ~rch on ench side
the total ncru~l thrust per foot ~t D is 2+12,150 = 24,300#. The
tot=1 nrecssure can be deterrined by a nrersure trimnele as shown with
but a sm~1l error. The resultant of the water nressvre and weight
of the tittre-= were comilined nnl their recultsint ertended urtil it
met the base of the buttrers. Then the unit presrures at the toe
and heel of t»e d-m were determined.

p at B 5,4 AB-6 BC — (4x40-6x16450000 — 9,000# ner sq.ft.—62.5# per sa.in
RARTIV) 21600

p at A-Vx 44B-6:C - (4x40-6x24k450000 =2%.50# ner sn.ft.-15.6# per rn. in.
a(ae)® ~ 2x1600

The unit stresces found to be vrecent in thi- stricture were all
rather low 8o th~t the c:inclnusinn con be arrived at by this jinvestisgation
is that the dar in verv stable structrally. Of courre the pursoce of

thi- investication wrs to find ac~ near as possible the method used by

the desizrers as well a= to chek the stresses in the structure, =o that
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of the mary things learned hv t'e writer in the studying of this
nroject, perhans the most imrortart is that in a strretire of this

natore the tuttresses e¢an be consicered inel-<‘ic.

o
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*"{acellneous Trrles

Argiusl values of rainf=1l iw inches used in plotting rainfall curve.

Year Wi~enl Coldwater Ave. Year Wnceni Coldwater Ave,
Station  Station St~tinn Stoteinn
1880 46.75 1900 38.95 38,72 35.8
1881 53.88 1901 33.87 37.30 35.16
1882 52.05 1902 39.49 3K,5R 37.5
1883 55.27 1903 4n.65 35.75 38.12
1884 38.21 1924 40.81 33.78 37.2
1885 53.99 1905 39,24 46.21 43.3
1886 40.28 1906 37.34 37.89 37.6
1887 40.90 1907 43.59 40,79 41,3
1888 31.67 1908 41.38 36.50 38.9
1889 40.27 1909 46.49 39.05 42.7
1890 46.35 1010 34,18 28.40 31.3
1891 34.22 1911 42.23 31.24 56,7
1892 37.61 1912 35.60 30.35 33,0
1893 42.65 19]13 33.83 29.10 Zl.4
1894 30.74* 1914 38.64 Z1.8R0 35.2
1895 30.68 1918 33,93 29.84 31.8
1896 38.60 1916 42.29 35.65 39.1
1897 30.33 1917 37.71 29,03 3%,3
1898 37.64 42.89 40.2 1918 42.20 . 34.63 37.4
1899 34,76 36.46 35.6 1919 37.53 31.61 34.5
1920 30,17 34,06 32.1

¥Precinitation for Morch 1894 is not in records so this value
was found by adding t~ the nreci~itati-n in tre other elerex months
of 194 the mean monthly nrecinitation for lnreh ot the st tiom,

Dischorze measurements ured for ~lottirg dischoree cirve

Drte Area of Mesn Diacharce Ga-e Hei-ht
Sect.(sq.ft) Velocity c.f.s.
Mer. 20,1903 R396 3.0
May 12, 1903 949 1.62
Julr 3, 1903 530 1.80
July 6, 1903 467 1.70
Iugy.4, 1908 436 2.00
Ap.31l, 1903 777 2.50
June 3, 1904 468 1.73 810 1.50
June 7, 1204 455 1.53 697 1.35
Sent.9, 1904 387 .83 392 1.38
Sept.22,1904 389 .79 306 1.24
June 2, 1905 512 2.13 1093 1.90
Nov. 7, 1905 481 1.50 710 1.53
Nov. 9, 1205 500 1.63 818 1.70
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ANAL VS!S SHEE T
NO. 3

Temperatvre Rib Short Po | Totals Xo | g L | unif stresses
i i 1 v 3" m m K my Hcfj M N .
(scaled) Hey M N M v M N % s
Cr. +1121 206178 || ~-1680 | +i1190|—-1680 || v245] |~2020 00182 | +5072) 16918] 299| 632 | 0968 | 3¢4 1735
!/ | g 81o00o| 6656| 53555| 481495 | 1372 | 53,399| +9i5 | 21160 [[-4334 |-2594|-1375 ||-305¢ | ~1650 00182 |~4679| 18135| 258| 7144 | 0982 | 334 595
2 | 762 5806%| 3093| 38166 | 290%25| 67172| 36333 | -652 | 21080 ||-29457 [—I16T|-1480 [-1400| 1775 00152 | —-3219 | 17825] .IBI| 2po | — 250 :.::;7:
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A e B | 9%23| o710 6414 70204 1132 5583 | +290 | 20720 |—454 | +1336|-1665 | +1600 | - 1930 ,00/82 | +2226]17015| (30| 113 | — 204 e
& |59 2529 | oo4 { 626 z2576 91 i241 | +742 | 20700 }—1i0} +1689|-|T5 §+2030| ~20I0 00182 [+4496! | 17015 | 262|732 | 09%2. | 345 62
BT : z.tfr-%é{m-n [32358 | 1,015,662] 24346
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z b+ mg)y — 2 +me)Z A #/50. /o,
Mok wy, Z b R).?z 3 Y. Ty At l sy £ Assumie Cg= /120 / g
Z[”" Zy ”(Zy}J A 3- 2[”h 5_}"~(ZY}_7 2 _‘__{__ o £ 2n
Since 1my = 1 b =5 [y €T
7R~ 6 X2X 243,41 — Z2X 138,858 X 639 ( mzxrlzaf/neus/xu) X000006 60K 30X Z,000000X 94 5 Bakads b
c ™ / /A X
2/6x 11.425 - 6.39% /16X /99x149 X 2 & =
L 52k [ex 925 6"] 1.6X144 X 144 % 5594
. 20,678™ - - legc™ = - 2020¥
= 0 o s
P A S e Ve Cq [t crown) < 20.8678-1660-2020 ,6'500#/_;9./’/
%7 2& k* ¥ : o s A Me= - Hezy 2 rTeIDX L3g +i1190 +ovt-|bs Io%T
¥ Mg s 6 L 20890~ 1610- 4802020 5 g M0 Yy
Vg é(zm,_+mk) 2HZy /+.027 25, e
2 n, qu,/. /) - 21160~/375 ~ QL ,7550/,5,/'/
; /#0227 e
2 X138858 — 2X20678X 6.39 3[350020 i
= 2 7 (e
2xe6 L%%Z&-; He¥/sg.in. OK. 16673 Y537 @ve)
+ liz1 Foot- Ibs, Aatro He For Rlb J‘hora‘cnlﬂy m /.20
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