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INTRODUCTION

The need of flood control and flood prevention have long
been felt in Southern California and several investigations have
been instigated. The most noteworthy and cormendable report on
this work is that of the Board of Engineers of Flood Control sub-
mitted to the Board of Supervisors of Los Angeles County in 1915.

As a resident of Pssadena, and as an engineering student,
the writer has been particularly interested in the control of flood
waters iﬁ the Arroyo Seco and especially in the plans submitted by
the members 6f the aforementioned Board of Engineers and by Mr. J. V.

Reagan, Engineer of the Los Angeles Flood Control District.

The principal features of lir.Reéagan's plan are as follows:

A dam, 130 ft. high, gravity type, arched up stream to a_radius
of 400 ft., is to ve built of ecyclopean masonry. The dam will serve
also to carry the La Canada-Verdugo Boulevard over its top, a 20 ft.
roadway and sidewalks on either side being pravided.

The storage capacity of the reservoir formed by this dam will
be about 6ﬁ§§'acve feet. The spillwsy proper will consist of a chamnel
excavated lh the east embankment, the waters to be confined between
two gside walls of reinforced conecrete. The splllway tunnel, curved-in
plan, will be sbout 300 feet in length and have a capacity of 7000
sece £t ’The regulating works call for hydmeulicly operated gates,
large enough to take care of a dilscharge of that magnitude. The
combined spillway capacity will be equal to sbout 15,000 sec.ft., con-
sidering the mexfmium flood level at elevation 1065,

A low overflow dam, of the arched type, will be constructed
at the narrow outlet to Devil's CGate, to provide a water cushion for

the spillway discharge and to deaden the erosive effect, at the
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foundations of the dam, caused by the high velocity of the spillway
waters. | |

| The roadway will cross the spillway proper on a reinfiweed
c:onéreté bridge of the beam and girder type.

The cast approach of the roadway and the section between the

m&i.n dem and the spillway will be earth embankment a-:adfgre west approach
will be in excavation. |
- | A map of the reservoir is shown on plate 3, the pr*ofiie,
cross sé-ction and plan views of plate 4, and the empiying and f£illing
curves on plate 5 of MpReagan's report,

- Two features of the foregoing plan particularly attracted the
attention of the writer: the selection of the gravity type of dam for
.a site ideal for an arched dam, and the choice of a velocity of 50 fi.
per second, which woulc be nmecessary to discharge 7000 sec. f£t. through
ihe tunnel section chosen. |

"~ These wns:!.ﬁerati_m » and the fact that the auxiliary struct-

ures had only been drawn in ocutline and had not been designed in detail,
| led the writer to iInvestigate an alternmative plan, and to undertake
the design of the auxiliary stpuctures as the subject of the thesis
submitted by him to ‘mxggop College of Technology. The repobt,
caleulationa and &asi@é herein contained ave the result of that
investigation.

The general plan 1s very similar to that suggested by

lr,Reagan, in fact, was purposely made so as to form a better and
more direct comparison between the estimates of cost of a gravity
dam in one case and of an arched dam in the other, The main divergence
between the two plans consists of: the substitution of a dam of the
so-called constant angle arch type in place of one of the gravity itype;
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the construction of a gravity abuttment to take the thrust of that
portion of the arch dam coming ebove the belt of sound granite walls
on the east bank; the use of e spiliway buﬁnel, straight in plan,
with a maximum velocity of 30 ft. per sec.; the provision for a
spillway capacity equal to that of the estimated maximum flood that
has ever accurfed,.mamely,:éﬂe 70% greater than that of 19143 and
the carrying of the roadway across thé canyon proper on a reinforced

conerete arch bridge down stream from the dam.

SELECTION OF THE TYPE OF DAM T0 BE USED,

The drainage area of the Arroyo Seco sbove the dam site is
35 sq. miles, and the outiet to-this drainage aresa is through a rocky
gorge some 700 ft. in length, known as Devil's Gate. The site chosen
for the dam is sbout 200 ft. below the present Le Canada-Verdugo high-
waj bridge. The section of the canyon, at the dam site chosen,
approximates an irregular ?.' But the bottom has been considerably
rounded, forming a U, The'walls of the canyon are of dense white
granite, with felspar and quartz predominating, although some biotite
is found in it in places. The west wall rises high above the top
of the proposed dam and forms a perfect abuﬁ@@@ﬁ%-fov an arch dam,
The east wall of the canyon iz composed of sound rock to about elevation
1053, Above this contour the granite shows gigns of weathering. Since
the crest of the dam adopted not only comes several feet above this belt
of rock between the sound and the weathered granite, but actuslly is
above the natural surface of the ground, it is apparent that some form
of magonry dbutment must be used to take the thrust of that portion of
the arch dam which comes above solid rock.

There ave four types of masonry dams which could be selected for
this site: gravity, single center arch, multiple arch, and constant



angle arch.

The gravity type of dam will be discussged later in coft=
paring it with the arch deam finally chosen, and needs no mention at
this point.

A single center avch dam could be economically used where the
walls of the canyon are nearly vertical, but as befdre stated, the
walls at this site are by no meana'vertical or nearly so. An ¢conomical
design of a dam of this type would be much too light to carry a 20 ft.
roadway and sidewalks on either side, and would contain 50% more
magonry than the dam seleched,

the cost of the separate bridge would, of course, be identical
in both projects. The total cost of the bridge and dam would be
greater in this case than if the dam were designed with = gsection heavy
enough to carry the roadway and sidewalks. If designed wiﬂﬁ this
heavier séction, the volume of masonry would be glightly more then
double that cf the dam finally chosen, the cost would still be greater
than the combined cost of the dam and bridge selected, and no advantages
can be claimed for the single center arch dam which are not likewlse
applicable to the cnnstant/angle arch, while on the other hand many
disadvantages of the former are done away with in the latter type.

In estimate of cost on materials, excavation, foram work,
labor, plank, overhead and 10% for engineering, show these figures:

Single center arch dam wi@hllightest posgible gection;
abutment and separate DridZe s « « o » « 2 ¢ o o o ¢ o o «$190,000

Single center arch dam with section heavy enough
to support roadway; abubment o ¢ o« 5 o o s e 0 e o o o o $175,000

Constant angle srch dag, sbutment and separate

bridg&.,utovcvptoitaiiuc,uquc;ovuoc @1529000
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The third type, the multiple abch,‘ié adapted to sites where
a wide valley must be closed béifelativelylow magsonry dem. The writer
believes that a height of 137 feet is too great for the economical
degign of a muitiple arch dam,'and that, in a navrow canyon like
Devil's Gate, some other type of aﬁeﬁ ig better gdapteé t0 meet the
requirements,

The advantages and disadvantages of each type of arch dam
nave been fully weighed, end the writer believes that the so-called
congtant angle arch offers the gfeater nunber of advantages withoutv
nany of the disa&vanﬁagea of the other typés. The adventsges claimed
for the type of dam chogen over other arch dams aré: ,

‘1. Greater sconomy of materidl, The thieknésé required of any
éeeticn is directly proportional to the radius, and by changing thé
center at intervals, the thickmess is reduced proportionately th the
decrease in radius.

2« Due to the larger central angle near the foundations tlie
arch echtien is more complete. The daflection of an areh»is proportional
to the square of the upstream radius. By makimg the wadius half as
large at the fqundations as at the crest, the deflection would be bu£
one-faurth,aa much ag before and the load whi@h could be carried by
the arech, using th@ same unit stresses, would be four times as great
as in the canat#at radius typa. ‘_

- 3« The aéeragefcfawn deflegtion due t0 a decrease or increage
in length caused by temperaiure changes is about half as much éé’ﬂ@mﬁh@
constant radius type, and therefore temperature cracks are much less
likely to occw’man in the latter type. |

It 18 belfeved that the only disadvantages that can be claimed
against this type are the greater difficuliies of design; and the
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greater cost of the field work of getting form points. The design
is more compiicated, and is a process of cub and try until the final
section is fitted to the site. However, the saving in material more
t.han compensates for the extra labor in design. The form carpenter |
gets‘his points every 10 ft. and the difficulties of building forms
are not any greater than in the ordinary arch dam, but the computations
end the field work of setting those points are much more complicated.
The total cost of engineering, however, would noit be any greater because
less time would be reguired to construct a dam of this type and a
consequent saving would be made in the necessary expense of malntaining
an engineering force during the period of construction.

The advantages claimed for the type of dam selecited over a

gravity section are:

1. Economy of mater*%:. Actuelly in the dam chosen thers is
but 30% as much material as in;tha gravity section proposed.

2. Greater factor of safety. A factor of safety twice as
great as in the gravity section ls sttained.

3¢ lore favorable digtribution of stresses. In a gravity dam
the gtresses are a maximum at the toe and zero at the heel, while in
an arch they are practically uniform throughout the section. |
| 4. In an arch dam, uplift at the foundations does not affect
the stability of the structare, while in a gravity dam it is of con-
siderable importanty and must be carvefully designed for.

5. Vertical temperature cracks are not serious in an arch
‘dgm, for the pressure of the water tends to close them when the reservoir
is full, while in a gravity dam vertical cracks cause serious leakage
and temperature changes must usually be taken care of bﬁ prod¢iding

expansaion Joints.

6. Horizontal shear planes in an arch dam, although objection-
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able ag regards leakage, only tend to produce more complete avch
action, while in a gravity dam the percolation of water through
the seams and cracks increases uplift and gseriously endangers the
gtability of ﬁhe‘dam.

7. fn overflow of an arch dam would not sericusly reduce ite
stebility, for it depends on the soundness of the sbutments rather
then on the foun@étions for support, while in the gravity dam any
erogion at the t&e is disastrous, and any overflow must be carefully
guarded ageinst ucvless an adequabte apron on the downstream side is
builb.

Thile it is true that an arch dam is vot capable of exact
analyeis, because of the combined sction of arch, cantilever, and
curved beam near the foundatlons, the fact remains that there is not
on record a fallure of an arch dam, although many have been builb
with working stresses greatly exceeding those used by the writer in
his design. It‘iﬁ also true that in the gravity dam, the section
is of gufficient size to carry a roadway across ibs top, while Hith
the arch dan szelected, a separate hisghway bridge must be buili énd
an abubtment must be provided to take the,;ihfust of that part 65 the
damt coming above the natural surface of sound rock. However, as it
has before been stated, and as will be clearly shown in the detailed
esktimates of cost which follow, the combined cost of the arch dmm,
abulnent and bridge is but 60% of the cost of the gravity dam alone.

In making these estimates of cost, the writer has endeaored
to be gs fair ag possible, snd it is believed that any errors made
or approximations used have been favorable to lr.Reasan’'s plans rather
than to his wwn. Unit prices have been deternined according to
present cogsts of material which are higher than when the Fleod Control

Baaré%ﬁ plaﬁs were Pirst made public, and it is believed that all
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estimates are well on the safe side, and that the project could
actually be built at a smaller figure in normal times. The cost of
each structure includes excavation, materials, labor, plant, overhecad
end all other charges exclusive cof engincering, Ingineering was
estimated at 10% of the sum of the prices of the individual structures
and put down in a lump suRl. Detalled estimates and the determination
of unit prices are given later in the accompanying computétions, and
only the final figures arrived at are given here for purposes of
comparigon.

Cost of constant angle arch a2 « + o o » o » o o $74,900

Cost of gravity sbutment + « « . . e o« 3,200

Cost Of concrete arch LIAdEe + » + « « + o o o o 605000
Tetalt‘-.otﬁuoo-.aooox%m

Cost of overflow 4am « « v « « 5 « o s o o« s & 29100
Coat of spillway » « « .« & . « s o4 . 20,100
Cpst of regulating works, incluﬂing tunnel,

1 gﬁte house, valves, 8bCe 5 + o o s & » 15,000
Cost of girder bridge crogsing gpillway . « « » 8,000

Cogt of sapproaches, road material, drainage and
incidentals « + » ¢ s ¢ s 5 & ¢ o o « » 10,000
Engiﬁeex‘ing atlc%...,.a. » & 9 o e o % @ 193000

TO‘ba.l cost of ’pl“(}ject ® e 6 e & © » B e @ %212’300

Cost of CGravity Dam
34,000 cu, yds. of masonry @ $6410 « o o » o« o 207,400
12 000 cu, ydg, of rock excavation @ 1L.50 + « . 18,000
6,000 cu. yds: of gravel excavation @ 60¢ . . 3,600
TobBL o o « o » o o5 » o $229,000
| The above quantity figures were arrived at by calculating
volumes from the drawings submitted by the office of the Flood Control
District of Los Angeles County. Figuring the suxiliary structures
at the same prices as above, this would give a total of {302,200 for
hzuReagan g plan. This is slightly higher than his estimate of
$290,000 submitted over a year ago, but this increase can be accounted

for, partly by the increcase in cost of materials,.ana partly by the
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fact that & lerger spillway csavacity was provided foﬁ'than in his
plan, This naturally calls for a larger amount of excavation, more
concrete, and a longer bridge over tha gplllway., It might be said
in.paséing that the seemingly'ﬁigh figure for the mpiliway is caused
mainly by the large amount of excavation, aund the figure quoted ine-
cludes‘the'placing of earth and roek in the east approach, for the
material excavated can be ylaceﬁ in this ewbankment nearly as cheaply
a8 it could be wasted. |

A1go, it will be noted that the item of enginecering was
figured on a basis of 10f of the cost ofjthe plan as suggested by
the writer, snd that this same figure Waé uged in the estimate of
cogt of ﬁp.Réagan'g plane vit is believed that the figure for this
latter plan would more naaﬁly be 10%'@f the totel price of thab plan,

uh the tﬁo figures for engineering expénse have been made identical
go that no question ccuid be raised asg to the fairness of a comparison
between the two estimabes.

The writer has felt juétified in using the same unit costs
for masonry in both dams and while the coat of erection of forms may
be glightly gfeaﬁér in his plan, the Qverhead charges in Mr.R%éanléﬁ
plan would be much gre%%@rﬁin ltems such as interest on inves%maﬁt, ete.
because of the greatér length of time required to build a gravity dam.
The figures show @wnegﬁﬁaving of @91}000,'whicb,'fiﬁuriﬁg on & basis
of the arch dﬁm, gra#ity abutment and arch bridge, against the gravity
dam, would amownt to a saving of 40%; figured on a basis of the btotal |
cost of one.project against the other, a saving of 30% would resulb. |

The main features of the design of each of the structures as

well as the typlecal calculation will now be given.
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MAIN DAM

Hpr, Lars R, Jorgensen, Assoc, Mem. A.S.C.E., in his
excellent papor printed in the transactions of the American Soclety
of Civil Engineers, vol. LXXVIII, in which he first advocates the
use of a constant angle arch dam, has mathematically proved that the
most economical theoretical central angle that can be aﬁopteé in arch
dams is 133° 34', Figure 2, in the same paper, also shows that for
any angle between 150° and 115° there is not more than 1% variation
in the amount of materials, and lir, Jorgensen points out that an
angle of 120° would be sbout the economicel limit in practice.
Agtually, however, this angle will be limited by tha\peculisr
configurations of the typography at each éite, and a smaller angle
than 120° may have to be used:. This was the cese at the site in
question. A central angle of 120° would, in the first place, giVe
thrusts too nearly tangential instead of normal to the rock walls,
in which case only the shearing strength of the géanite.inatead of its
full aampressivé gtrength could be developed; and then, 100, by
using the larger angle, the dam would not follow the natural high
ridges and the volume of magonry would thereby be increased. The
central angle at the crest finally adophed was 1149.

It is eagily apperent, and ﬁr} Jorgensen hag ably disaussed
it in the aforementioned paper, that if fis sngle could be kept constant
at the sugcessivevelevations between erest snd base by shoritening the
radiuvs, a great economy of material would result and,greéﬁr avch action
 could be developed near the fomdstiong than if the radius were kept
congtant. ’ ' |

-l Ir the slopes of the canyon walls at any point are such that
the ratio of decrease in length of the upstream radius is greater than

the ratio of increase in water pressure, a decrease in thickness of the
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dam at tals elovation will vesult, and the upper portions will be
overhanginz. This, of course, is impragtical, and either the
thickness rust be incressed or the radius lengthenmed. In ir. Jorgensen's
paper, he advocates the use of a different center for the upstreanm and
downstrean radil, meking the srch thicker at the crown than.at the
sbutments. Aetuallngéf howeﬁezi, the writer, in his design, found
that this overhang woui@‘always occur on the downstream face, and that
a greater economy of material would result by making the downstream fece
verticél, (throwing 81l of the increase in thiclmess on the upstrean
side) and by gradually decressing the central angle from crest 0 base,
and keeping the thickness of each slice the seme Irom crown to sbutment.
Thig was made neceggary because of the very irregular surface of the
rock, which in places was nearly horisontal, vhile in others nearly
vertical.

Ag can readily be seen from the topographicsl map, the west
canyon waell has a portion 36 ft. long which is nearly flat. To hawe
kept the central angle constant would have resulied in a large amount
of extre excavation and magonry at this peint, and the adoption of
different centers f&é downstream and upatream‘ﬁé&ii would make a
thicker section at the crown than at the sbutments, The writer does
not believe that this is 5ustifiabie in this case, and a comparison
shows that decreasing the central angle, using the same center for
upstresn and downatrean radii, will give a more cconomical dsm than
would result in the other case.

It 1s a well known fact that thore is a restraimment of the
arch near the foundations, due to the relatively unyielding rock,
and becsuse of this, full ardh action can not develop, and there will
be a combination of areh, cantilever, and curved beam action. lNear the

eregt the deflection of an arch of the dimensions used would be much
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less then the aefiection of a curved beam of gimilar proportions or
of a8 vertical cantilever. At this point the action would be almost
entirely that of a perfectly loaded arch,  Nearer the foundation,
the deflection of s vertical cantilever would be lesgs then that of
lthe grch or curved besam. In this case, cantilever action will
develop before full srch action can do so, Btill further down,
near the golid rock, it may be that the curved beam would have a
emaller deflection than the cantilever, and in this case thils type of
action would develop and there would be but partial cantilever and
partisl apch action.

The weight of the maaanfy of the mass above any point will
put into compression the magonry beneath lt. The intggsity will, of
course ; vary according to the distribution of the mass sbove. Arch
action will put all of the magonry in compression and theoreticslly,
if the section is small, the intensity will be uniform at any one
section. Curved beam action will develop compression on the
upstresr side and tension on the downstresm side. Cantilever action
will develop tension on the upstreanm side énd»cém@vession on the down-
gtrean gilde. Temperature changes will develop compressive or tensile
stresses according to whether the change is an increase or & degrease
in temperature, It can readily be seen that the actual stresses
developed in an arch dam ars very complex, and that the siresses
developed by the different types of actiom‘are sometimes compensating
amé gometimes cumulative.

The late Mr. R, Shivréffs, Hemes Lme SoC. C.E;;;ﬁnlﬁig‘@iga:
“ousston on the psper entitled, "Lake Cheesmen Dam and Reéervoir,“v‘
develops anégmpirical formmla for the éeflectiah of an arch dan,
talcing in%oéémcaumt all of these factors. Iip. Jorgensen uses this

formula in the investigation of the stresses developed in a constand
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angié grch dam and by en Ingenious method, distributes the pro-
poﬁticn of the water pressure taken by arch, cantilever and beam,
aaéording to the ratios of the deflection given by this formula to
the deflection which would cccur if each of these types of action
aéte& alone and unrestrained, A glance, however, at the deflection
curves of the Barren Jack Creok Dem in Australia will show that the
mﬁny indeterninate factors, such as temperature changes and changes
in moisture content, may practically nullify the ssesumptions on which
- the investigation is made. In fact, the deflection curves of dams
built; as far as the writer has been able to asceriain, do not even
closely approximate the eurves which would result from an application:
of the aforementioned formuls, and the writer is convinced of the
u&ter futility of developing an empirical formula for deflechions
of aﬁ srch dem which would be applicable in all cases,

Mes Jorgensen, in his investigations, has also taken into
account the effect of Polsson's ratio on the stresses in an arch dam.
The weilght of masonry above any section will tend to decrsase the
vertical thickness of any horizontal layer, and this will cause an
expansion in a horizontal direction, This lengthening will be
partly resisted by the unylelding ebutments and by the water pressure
on the upstream side when the reservoir is full. Thié would set up
an initial axisl compression in the concrete and‘a certain proportion
of the head would be held ian equilibrium by this foroce before any
ghortening of the length of the arch wouldvresult.anﬁ only the
repainder would have to be taken care of by arch, cantilever and
beam action. It is alsc true, aend capable of proof, that this
effect will be much greater in a dem of the constant angle type than

in the ordinary upstream radius arch dam, However, ir. Jorgensen
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secms to have overlooked the fact, in bis main paper, ithat the
upstrean and downstreanm swelling of the magsonry ia only restrained
onn the upstream side and that the masonry ig left free to expand in
the downsiresm dirgction. The writer can not see how the proporition
of head whibhfwill be neutralized by the initial axial compression
isg capablé»éf.;ﬁﬁh an exact solution as My, Jorgensen has wused,
especially when the solution is based on 2 geemingly erroneous
aasu}nption.

} A theoretical dam designed purely as an arch, neglecting ﬂha
effect of cantilever and curved besm action, if iﬂvestigateé ﬁy the
many intricate and complex formulae evolved by some designers, will
ugually show a decresse in arch giresses near the foundations and an
increase near the crest. This value near the crest would never
exceed twice the assumed value, end indeed, the cantilever and beam
action being small near the crest, it 1s not believed that the assumed
values at the crest, if the arch 1s thin, will be greatly affected.
iny practical dam, moreover, hag an appreciable thickness at the
'cresﬁ, and the stresses would be consideradbly less than ithe allowable
limit, Hegar the foundations the arch stress will be reduced and
cantileover and beam action are of congiderable iumportance, The net
result would be to have the maximum compressive stresses at the toe
and the minismum at the heel.

The writér, in making his design, has felt that the intricate
and complex formulae which have been proposed by various éesignafs4and
which sre based on very approximate and quesfionable assumptisns,.&o notb

justify the expenditure of time and labor made nccessary bytheir use.

Sections designed by these intricate thecries do not very materially

from those designed on the simpler theory -, treating each section as
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s rigid cylinder subjected to externsl water pressure, the thickness
being determined independently of any restraint at the bage. Ag has
before been stated, there is not on record a fallure of an arch dam,
although the nmajority have been designed on this simpler theory and
have used working stresses greatly exceeding those proposed by the
writer.

The formmla used is qud2.5 h vy, where Q=average conpresgion
in pounds'per g8ge fte; he the head of wateé in feet on the section in
question, r, =z the upsiream radiuvs in féet. The writer has felt
justified in unsing this formula as the basis of his design, but the
soctiongeo found have been altered according to his judgment to meet
the peculiar conditions of the site.

; The mean radiug Rm - Wy wk ;gﬁwm :'wiéth of canyon and

e = %-of the central angle. il AL,

The process of design was one of aelection.of a gection
gocording to the above formulee fitting it to the site and altering
it bo meelt the particulsr requirements at that section. It was a
cut and try process snd the central angle theory could not be carried
.out o its £ull extent, but it is believed that the finsl design is
economical of matorial and well on the safe side.

The dam as finally buiit called for a 137 £t. danm, containe
lng 11,200 cue yds. of 1:3:6 mass concreie, The mean crest length
will be 342 £t. 1:3:6 concrete, after 6months' curing, has an
ultimate strength of Z80,000 1bs. per gd. 6. A factor of safety
of @ has been provided, using a maximum allowable working stress of

42,200 lbs. per sq. Lt The erest of the dam hsg been placed at

elevation 1067 and the stresses given in the table are calculated on
a basls of the resepvoir level at the crest of the dam.

It will be noticed that the arch sitresses have been materially
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reduced near the base. This weg done by putting a baitter on the
dovnstresn face, which, up to this point, had been vertical., This
extra thickness weaz added, and the srch stresses cousequently reduced,
in order to belter diatribube to the foundstlions the weight of the
magonry above the bagse and to provide a larger section for cantilever
and-enrved beam action near the bottom where the deflecticn is small
and arch acbion incomplete.

The plan of the dam as shown represents the sctual base after
sxcavation and not the interssction of the natural gurface of the
ground with the dam facesd. Actually, the mesonry has been carried
into solid rock for a distance of 12 f%. at all poindts, In the design,
gections were taken gt intervals of 10 Tt., the first 7 £t. being struck
from the same center. The warping of the faces was made very gradual,
there being no sharp intersections, and a person not kuowing that the
centers were'ehﬁng@dpweulﬁ not rotice it, The design glves a light

and graceful srch with & large factor of safety as to strengbh.
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Sec. Helight Contour Upsitream Central  lean Width  Thickness  Arch Stress

Below _ Radius Angle of Cgnyon Pounds per

Crest $5q. Fi,
1 0 1067 17440 114 288 440 0
9 7 1060 1743 114 2688 443 17600
3 1 1050 17245 109 27745 540 36600
4 27 1040 1675 88 227 740 40400
5 37 1030 16245 86 215 940 41700
6 47 1020 15645 84 201 1140 41800
7 57 1610 148.5 83 188 150 40700
8  6Y 1000 14145 82 176 15,0 39500
9 7 990 136.5 75 156 16,5 39800
10 sy 980 131,5 ~ 136 17.5 40800
1 o7 070 124,56 57 126 1940 39800
12 107 960  122.0 58 109 20,5 39800
B 117 950 118.0 49 39 22,5 38300
1 127 940 11445 42 3 25.0 36300
16 137 930 10640 57 59 280 32400



E@thi«}l‘l Mean Radius

N

% Central Contral

e

L
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B 3 DO

Anz Angle of Arch
L saslll

1 172.0 266 <837 5648 11546 341
P 17242 2885 837 5648 113.6 342
3 170.0 BYT 5 2818 5447 109.4 325
4 16440 227 $ 592 4348 87,6 251
5 158.0 215 580 4248 8546 236
6 15140 204 <666 41.8 53,6 220
v 142.0 188 062 41.5 8340 208
8 15440 176 857 41.1 8242 192
9 12825 156 508 875 Pl 168
10 122,75 136 585 557 67.4 144

114,75 128 550 554 6648 13547

11175 109 455 292 56 o4 115,7

106,75 &9 2417 24.6 49.2 91.6

102,0 73 355 Z1eC 42,0 7448
92,0 551 W 521 18,7 37 o4 60

o
3
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GRAVITY ABUTYHERT

The gravity abuiment has two funchions to perforwm: Lo resist
the thrust of the arch dam and to form & wabtepetight connection between
the spiliwey and the main dam.

The crest of the gravity dam ig al elevation 1062. A wing
wall wasg put between the main dam and the gravity abutment, and the
cragt of the gravity dam was made two feet higher, so that, in csae
the main dam was over overitopped, =um overflow of two feet could he
taken care of withoud washing out the foundations at the toe of the
gravity abutment. The dau vase was carried Lo sound rock and a cube
off wall in the solid rock provided to prevent exccssive Seepago.

The details of design need no mentlon except thet the intemsity of the
uplift was assuned Lo vary wniformly from two-thirds of the head at the
hesl 1o zero alb the Loc. Investigations were made at two sections,
one waere whe downsiream batter‘begam and the other at the base. The
specific gravity of the masonry was btaken ag 2.3.

Stabiiitynu Seetion 4 £t. from top.

Clockwige moment = W 5{8} (1.333) + (5.53) (1.583)} = 18.32w \
Counter clociwise moment g W f (88,8) (.627) 4 (1.36) (2,6?)§ = 26,50

-

Sechion at thoe Base,

Clockwige woment ={&) (18)% + &318) (13.33) {4.44)% 9 = 13289
(2 3 »
Counter Clockwise moment = 2437 { (4} (18) (6.22) 4 {8.87) (14) (L.333)
R 2

+ (.667) §;8) (8+44)] = 1332w

The total area of the section equalg 135.7 sa. ft.
The statical moment sboub the toe oguals 1201,3
Location of rvesultant with reservolr emply equals 1201 = 8.6 £+.from toe.

*

Timit of middle third = (13g5§} (2) = 8.9 £t. from Los.

These caleculations show that the resultant falls inside the middle third
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of the bhasse for reservoir both full and enmpty.

B1liding e Weight of concrete per foot of length « 321.w
Uplift of water per foot of length , ., . . . . . = 80w
Woper £foot OFf 180ZEH « 4 o + + 6 + v « o v w w - 241w
Pper foot of lengbh v v v » « 4 ¢ o« 4 . oo w4 . = 162%

£ ) tan @ =f ;S‘Bg = 672

A coefficient of friction equal 40 0,75 provides for a factor
of safety of two against sliding, if the ehearing strength of the
eonerete is neglected, This is considered good practice and the
value of tan @ should not exceed this velue. The helght of the dem
is'sc small that vertical and inelined giresses in ihe conerete are
negligable and need no investigation,

The thruvst of the arch dam abovs elevation 1053 must be talken
by the gravity sbutment and the weight of that strn&%ure wag designed
heavy onough to vesist that thrust due to its weight alome.

Araa of seotion 1 of arch dam « 29,3 sq. £,

Area of 7/10 of section 2 of arch dam = 32,0 mg. £t.
Average thrust on sectionl ig 8800 1bs. per sq. fi.

§

Mrerage thrust on section 2 = 19800 1bs. per zq. ft.
Total thrugt on gravity dsm = (8500) (292.3) + (18800) (38) = 292,000 1lbsg.
Total weight of gravity dam = (241) (62.5) (82) = 1,235,000 ibs.

¥

t

Tan & egquals 892,000 s 0,722
The weighi is then suffisclent %o vesigt the thrust.

SPILLWAY CAPACITY
The meximum flood discharge of February-1914 was 14,140 socond
feet at the Colorado Street Bridge about 3 miles below Devills Gate,

and indications show that in 1884 and 1889 floods of about 70% greater
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magnitude cecurred, This will give a dlscharge of 24,000 second feet.
8lthongh the channel below has a safs capacity of bubt 7000 second feet,
it was thought advisable to provide adequate splllway capeacity to take
sare of any f£lood which might occur. 1% was decided to have the

regulating tunnel carry 4000 second feeh and the open grillwey 20000

second fect. 1% would have been preferable to have a tumnel capacity
af 7000 second feet, bubt the enormous size of the twmel capable of

carrying that ceapaciity at velocitles within reasonabls limits,
practically excluded itz use. The storage and tunel canacity
selected would be capable of reducing o flood as great ag that of
1914 to a flow of 4000 second feet. Tho open spillway would not
come into yge except in case of a £lood of greater magnitudes.

The level of the reservoir at times of a vnrolonged flood,
equal to 24,000 second feet flow, would he at elevation 105?. This
would corrvespond to an elevation of 10684 at times of a flood equal
to that of 1914, This ils figured on a basls of = reservoir being
full at the begimning of a flood,

OPEN BSPILLVAY

The open spillway is pertly in sxcavation and the flow
of the water will be confined betwsen two reiunforced conerete
walla, The floor of the spillway novrih of the bridge ie not lined,
but south of that point is lired with a G-in. floor of concreie.
A cut-off wall, sunk well inte impervicus rock, runs frosw the areh
dam under the upstream face of the gravity abutmenit, acrosz the
upstream.adée of the apillway floor, %o the cove-wall in the east
earth erbankment.. Weep holes shouvld be provided under the concrete

floor to drain sny seepage which mey take place azd to congequently

reduce uplift on the floor,
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The spillway was caloulsbed a8 suppressed welr with a
velocity of approach.

Q = 3.33 b [(K,,hfz - %:]

how ug' where 1w equals velocity of approach

P = lgngth of splllway crest equals 145 ft.
Congidering ths depth in the channel to be squal to 9.% ft,,

0,000 = 14.43 I't, per second
2:6’3"'(@' 9)

%.eu& = 3.2 ft.
Q= (3.53) (145 [:(O 9 4 0.25% - {3.2) :} 20100 sec. %
The walls of the splllway were desiguned as a retaining wall subjected
to water pressure both l&térally and vertically. That is, the weight

of the water acting on the fluor, is sulficlent © zive gtability to

the wall subjected to water pressuvre, the top oi the wall was carried
to elevation 1067 and In the design the water was assumed at this level.
1ﬁhV 4 , in this case
(T8 -8 xe

1 =2 total length of base
b = head of water
k = some constant, here teken as Q.2
Then 1z 864 L 3 13.27 It. |
The width wag made 13 £t. 4 in.
X » width of short cantiiever « k 1 = 2,65 £ts and was made
equal to 2 2t. & in.
Upright cantilevorew

uadinon moment = (62.5) {15)3 '12) = 422,000 in, lbs.
&
Steel used was 3/¢ in. Tw. vods spaced 4 in. e, 6. Dlaced 1% in., from

the Tacce of the slab.



642 1lha. per 8¢. 17

cl%u;

Lo fﬁzw,OOQ) (8} = 15650 lbes. per sg. in.
,2}{}{52’

Pet)

Tho momeut 7% fit. from top equals (62.5) (7.5)2 {12) = 52,700 in. 1bs.
ot

Taickness equals 8 in., g0 d = 6% in,

(:'_)f:f 700) 1? ,"7"’ & (R4
‘“(:;‘gj (m"} \1%‘\-’)

Evepy other rod was stopped at this @6int, 80

ibs. per sg. in.

£ = (53700) (8) (2} = 11,000 1b%. per 8q. in.
VRO RN SRV ST PR R

it is common practice to put in a steel percentage of+004 for thin walls
and ,002 for thick walls in order to take care of temperature cracks
which would develop. ‘Wiﬂh P = 003, the area of steel required in
tirls cage would e .37é 80. in, per . ?/;6 in. %w. rods spaced
€ in. c. cs woere used for the horizontal steel, giving an apea of
+383 gq. in. per foot.
Short céntileveﬁhv
Welght of conerete per foot of reteining wall equals 2070 1lbs.
Weight of water acting on floor of retaining wall equals
162458) (18) (10.67) = 10,000 1ibs,
Intengity of upward earih pregauwre at the end of the shovi canilliever
= (12,970) (2) = 1945 1bs. per fi.

L5000
Intengity at the jJoint of the short cantilever

o (3845) (12,31) . 1795 1be. per fi.
s

Intengity 2% the joint of the long cantilevey

(1945) (10,87) = 1560 1ibse per i,
1dq &3 -

~
L
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Intengity at the end of long cantilever = 0

Maximam momen’ in short cantilever = (1870) (12.28)@ . 11,700 in. ibs
hucd & 2l - e

o

t2; (e

£o w (12700) (2) (64) . 204 Tbe. per sq. in.
I AT EETR Eaats s

.2 .186 8q. in,

oin & basis of a thiclmess of 6 in. vhich is sufficient.

jl]

this was Tlgure
ﬁowéveﬁ, it was deewmed sdvisanle 1o betiter this thicknoss from § in.
at the end %o & thickness equal to that of the long cantilever,
The area of the stesl reguived is so small, that the stag; neceisary
to prevent temperature cracks would be lerger and will govern in this
CRBE. This steel would be the same as thab required in ths 6"
spillway [loor, fspuning & value of p = <004

Az (4004) (6) (12) = 288 sq. in. per ft,

7/16 ine. Tw. rods spaced 8 in. ¢. ¢, both ways fulfills the
requirements, Ziving an ‘area equal to 287 sq. in. por It
Long centilever-wm

Aaximan moment équals (1) (10.67)2 (62.5) (15) - (12)(1550)(10.675

= 285,000 in. 1bg,

Tsing a thickness 0f 16,5 in., 4 = 15 in,

#

c s (p85&)00) 2} ((“4} - ALY _g‘mm* pfdp 8¢, in‘
[ 2 (R3]
& = - 1.36 sq. in.

Using 7/8 in. Tg. rods spaced & in. ¢, ¢, gives sn area equal to 1.53 sq.ine
The thickness used 1s sufficiently large so thst the shearing stress in
the errerete ig well under 40 lbs. par sg. in.
W%ng walls and core wells e
The core wall will be subjecied Lo hydrostatic pressure on

one side and earth pressure on the cther. The net result would be to
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have{@grtial hydrostatic pressure on the upstream side. The secbion
has béén made large enough and sufficient steel has been provided to
take care of this unbalanced pressure by using 3/4 in. Tw. rods spaced
6 ine cscs giving a steel percentage of 004 figured on the maximum
section. The bending moment of the cantilever at the halfeway point
will be 1ess.than one-half of the maximum and every other rod has been
stopped at this point. A percentage of steel egqual 40 002 has been
ugsed for the horizontal steel, one-half inch Tw. rods spaced 6 in. c.cC.
being provided.

The wing wall will be subjected to partial earth pressure on
the downstream face with the reservoir empty and for this reason the
reinforcement has been placed 1F in. from the battered faee;iﬁﬁgﬁad of
the vertical face as in the previous case. When the reservoir is full
there will be full hydrostatic pressure on both faces, no reinforcement
being needed. The same emount of reinforcement and section have been

used in both the wing walls and the core wall.

TUNNEL SPILLWAY

The tunnel section and slope have been selected go that a
discharge of 4000 sec. ft« can be taken care of at a veloecity not
exceeding 30 ft, per second. This velocity is slightly high, bubt
the tunnel is built straight in plan and 4t is not thought that
excessive erosion will take place., The tunmel will be driven
through solid rock and will probably not need reinforcement except
at the intake and outlet. However, it is deemed advisable to adequately
reinforce 1% at the point where it passes under the gravity abutment.
o attempt has been mede to design the reinforcement, for the amount
needed would depend on the character of the rock found on excavation.

The tunnel should be lined, however, and a 6 in. cement lining is
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thought to be sufficient unless it is found that reinforcement is
needed; the thickness would then depend, of course, on the amount
of pressure that would have to be resisted.

A pate~house will be provided just north of the gravity
abutment, and hydranligby operated valves will be used. Wo atteqﬁﬁ
has been made to select the gate equipment, but in the estimate of
coat, quotations on gates of the séme capacity and apparatus used
under approximately similar eonditions have been used, and it is
thought that the esbimate 1s liberal.

The tunnel has been designed with the maximum discherge
talking place when flowing free,9/10 full, When the level of the
regervolr is above elevabion 1036, the flow will take place under
pressure, and lerger discharges could be obtained., However, it is
recommended that the gates be so regulated as to keép down the discharge
to 4060 sec. feet.

The section of the tunmnel at entrance has an area of 190 sq. ft.
and a hydraulic radius of 3.7 ft. This area has been made sufficiently
large so as to cut down the entrance velocity and consequently reduce
eddies, cte. The secition changes gradually in 45 £4. to an area of
140 8g. ft. and a hydrauviic radiug of 3.1 £t. The tunnel is 220 ft.
long with & drop of 3.4 ft. in that distance, giving a slope of .0154.

The well kmown formula v-g ¢ \|rs was used in the design;

n wag taken as 013 and the correéponding value of ¢ calculated to be

138, This gives a value of v = 158"V(5.1) (.0154) = 30 ft. per sec,
The actual discharge then equals (30) (140) g 4200 sec. i,

OVERFLOW DAM _
The overflow dam has been provided to form & pond of comparative=
1y still water between it and the main dam. The effect will be to

deaden the erosive action caused by the high velocities of the water
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from the spillway end tuunel discherged which flow over the bare
rock walls. The main reason for using this dam was to protect the
plers of.the‘prqposed bridge which crosses the Arroyo below the main
dam. . : ey

The site chosen for the dam is at the 1ower'end of Devil's
Gate just before the stream leaves the narrow canyon and wideng out
vinto ths wider flats of thé lower Arrdyo. The granite walls are
nearly perpendicular at this peint, for a height of 30 fi. and the site
is idesl for an avch dam of the constant upstream radius type. The
dam was made 36 f£t. high, the masonry being carried 5 ft. below
the point where solid rock foundations supposedly lie. If solid rock
should lie deeper than estimated, the batter of the downsiream face
should be continued, giving an increase in thickness at the bottom
proportional to the incresse in height, The width of the cauyon atb
the crest is 51 feet., The upstream radius adopted iz equal t0 30.5 ft.
giving a central angle of 122,86+ The mean length of the crest is 62 ft.
At the base the central angle is 102 degrees and the mean length 49.8 ft.

If a flood of 24,000 second feet should ever ocecur again during
the life of the proposed works, and all of this ghould have to pass the
upper dam at one time, this dam would be subjected to an overflow of
24 ft. The ordinary maximum of 7000 second ft. would give an overflow
of 10 ft. .

Alr vents should be provided so as to allow full atmospheric
presgure on the under side of the overflowing sheet of water. These
have not been shown in the drawings. &g*additiunal'safety, however,
the dam was designed for the sbove menﬁioned overflow of 24 f£t. plus
full atmospheric pressure. Air vents must be provided, however, to

prevent vibration which might be set up by the alternate making and
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bregking of thahvacunm formed on the downstream side of the dam.

It wes, of course, impossible to design the downstream face
to f£it the curve of the falling sheet of water, because of the slender
éection use&, but the upstream crest was designed to fit the curve
of the sheet of water with an overflow of 7000 second feet. The upstream
face was made vertical for a height of 30 £t. and then assumed & backe
ward batber equal to that of the downstream face, giving the same thick-
ness at the erest as 6 4. below that point. The downstream face has
e straight batter.

Atmospheric pressure s (14.7) (144) ® 2,120 1bs, per sq. fte
The arch stress then equals p = (62.5 h.z 2120) 33§  |

At the erest this stress is 40700 lbs. per sq. ft. and at the base
is 35,800 lbs. per 8q. ft. |

GIRDER BRIDGE CROSSING SPILIWAY

The bridge is of the ordinary continuous girder type and
is 144 f£t. long consisting of nine spans of 16 ft. each. It will
garry a 20 ft. roadway and 4% ft. sidewalks on either side. A loading
equivalent to that of a 20-ton truck was used in the design.

Although the drawings do not show it, tﬁa bridge should be
built on a slight gradient, and the top of the floor slab placed at
elevation 1069 at the west end and 1070 at the east end., This is to
provide for drainage,end vents, covered with grillage, should be
placed at frequent intervels near the curb throughout the length of the
bridge.

A 20-ton truck has a distence of 5 ft. between wheels and
10 ft. between sxles; the loading on each rear wheel is 14,000 lbs,

and on each front one 16,000 1bs. To sssume this heavier concentrated
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load acting on a l=ft. strip of slab would give a gslab thickness
greatly in excess of that used on any modern highway bridge.
‘The writer considers that the slab on each side aids in the support
of this concentrated load, and for his purposes of design has cone
gidered the 40,000 1b, lead as uniformly distributed over the area
enclosed by the truck wheels, This gives'a loading of 800 1bsl per
8q. ft. This will give a slab section corresponding to that édOpted
| by désigners of firat class mndern highway bridges and is believed to
be safe for the slab design. When used for the beams, it gives a
greater bending moment than the concentrated load of 14,000 1bs,
Slab designww
s 6=ft. spen was chosen between beams,
Dead weight of a 6-in, slab = 75 1bs. per sq. ft.
Total load on slab g 875 1bsg per sq. £%.

Homent = (875) ég)z (12) @ 31,500 in. lbs.

= 640 1bs, per sg. in.,

gssuming & value of V/B for } and 3/8 for k, which corresponds with

.cammon practice.
Mgz az2g 54
4" Py, Rods spaced 6 in. c.¢. were used for the transverse steel.

Ty =(31,500) (8) = 14,400 1bs. per sq. in,

it Ty, pods spaced 12" c.c, were used for longltudinal steel,
Over suppyrts steel 4' Tirg, of same size as above, was used to take
care of the negative moment.,
Beamg e
_”Ths beams were desipgned as T beang with a width of flange not
greater than 4 %, namely, 32 in. in thie case.
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slab and live load per foot of beam = (875)(6) = 5,250 1bs.
dead weight of the beam per foot = (18)(8)(150) = 150 1bs.
140
Total load per ft. 5,400 1bs.

Moment = (5,400)(12)(16)% = 1,380,000 in. 1bs.
g 15

An investigation of values of J and k show these quantities not to vary

il
materially from the ordinary essumed values of 7/8 and 3/8 respectively.

fc = M 3(1’380’000)(8) = 632 lbs. per sq. in.
g (R § (Re (e

Using 4= 1-1/8 in. tw. rods
£fg = (1,380,000)(8) = 14,850 1bs. per sq. in.
1B.087 (2T _

Reaction equals (5,400)(8} = 43,200 1bs. = maximum shear.
Intensity v = V. = (43,200)(8) = 294 1bs. per square in.

Concrete takes 40 1lbs. per sqg. in., steel takes 254 of shear = 37,300 1lbs.
292

P =vs =(37,300)(4) = 7,100 1lbs. considering stirrups épaced 4 in. apart.
d 2l
A = 7,100 | = ,111 8g. in.

)y

3/8 in. round rods were used for stirrups and were bent as shown in

the drawing. The other details of design are clearly shown in the
drawings and need no explanation. Two of the 1-1/8 in. rods were bent

up 4 ft. from the center to take care of negative moment over the columns.
Column Wallse ==--

The walls were made 14 in. thick. The 12 in. by 24 in. pa -
tions coming direetly under the beams, and enclosed by the reinforcing
steel, were designed as columns with sufficient strength to carry the
applied loads. The walls were made homegenious throughout their length
and only the reinforcement was changed at the point before mentloned.
Total load on a columm = (43,200)(2) = 86,400 1bs.

Axlal compression s 86,400 = 300 1lbs. per sq. in.
TI27(24)
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This 1s much less than the allowable 450 1bs. per sg. in.
and the walls would stand without reinforcement if 1t were not for
e cccenirie loading. Reinforcement as designed calls for 1/2 in.
rods, spaced 6 in. c.c. under the beams and 12 in. apart in between.
Vertical rods should be tled together by a band of 1/4 in. round steel,
spécéd every 12 in. Horizontal steel was made 1/2 in. tw. rods spaced
12 in. c.c. In the bottom of the spillway floor under the columms,
rods 4 ft. long, with the spacing and size used in the floor slab,
were put in. As the floor is excavated in rock, no other footings

are required to support the column loads.

CONCRETE ARCH BRIDGE.

The design of the concrete arch bridge was unéertaken by
Mr. Kenneth Harrison of Throop College as the subject of his thesis.
The drawings are here included, and for the details of design, the
reader is referred to Mr. Harrison's report. It will suffice here
to say that the central arch has a spar of 155 ft. with a rise of
40 ft. The east approach is about 9V feet in length and the west
approach about 100 ft. The total cost, ready for traffic, is con~
servatively estimated at $60,000.00. Notice is called to the very
favorable topngaphy for a structure of this Lype and the économical
as well as light and graceful bridge attained by Mr. Harrison in his

design.

UNIT COSTS.

In determining unit cost$, the following items have been
taken‘int; consideration: (Concrete, falsework and forms, steel and
finishing. Each of the above may be further‘subdivided into materials,
labor, plant, overhead and engineering.

No attempt has been made to design a construction plant



o2,

layoul and to figure the exact cost of each item that goes into the
making up of the plant. The damsite 1s but a few hundred yérdsffrom ‘
the tracks of the S.P.L.A. & S.L.R.R. and good paved roads connect
"the failroad with the damsite., There are then no transportation
difficulties and materials not available at the site could be cheaply
&Q}ivered. This applies especially to the machinery, etc., of the
construction plant. It is planned to place all concrete by derrick
or from a central tower, preferably the latter. Four years ago;
masonry could be placed in large masses such as in a dam, by mechan-
ical methods and under less favorable conditions for 80 cents per cu.
yd. An increase of 28% has been provided for, in the ﬁriter's eg-
timate, to take care of the inecrease in cost of power, freight, mster-
ialsg, ete., and it is estimated that the net cost of the plant for
this job would be about $13,000.00 or $1.00 a cubic yd. of masonry.

Other unit pricesg have been figured on & basis of the cost
of Waterials in Pasadena at the present time.

Cement --- |

", Coment eecsesoseocssosssscss $ 2,10 net including credit for sacks,

y freight, ete.
Cost of testingecescesceoces 03
Cost of unloadingesssssssees 03
Cost of teamingescsccoccssns - 08
Cost of handling, bundling,

sacks, etc.,.incidentals... +04
¥ 2.25 a barrel.

The ordinary cost of sand is $1.00 per cu. yd. washed,
screened, delivered on the job. Suitable sand, however, is available
at the damsite and it is estimated that 1t could be dug for $.30 per
cu. yd. Screening and washing, delivering into the hoppers ready for
use &t the miker, would bring this up to about $.50 a cu. yd. for éand.

grushed stone can be bought at $1.00 a cu. yd. in cargo at
the present time in this vicinity. It is thought since there ls sult-

able roék at the damsite, that the roek couldbe crushed, screened,
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graded, handled and stored ready for use for $.80 a cu. yd.
Concrete = With a mechanical plant it is thought the following labor
prices will.apply{

Floor slabs and beamsS..sceesoocosPle00 a yde

¢columns, walls of splllwayescooss 1.50 " "

Arech Overfiéw“dam.-o..;...-..~... 70 n #
Main dam and gravity abutmenti... .60 -

=

Main dam and gravitiy abutment smé overflow dam ---

Cement l.2 bDbls. @ %20250.0.ooa.'$2070
Sand 1/2 Yﬁo' 8055 i wieniiviune «25
Ston@ l ygo @ :uBOQ-i-o-O-o-oct. .80
Labor.."..9_.....".0.'......0‘... .60
Planteseseesssssnovsssnsssassness 100

$5.35 a cu. yd.
‘Spillway walls, core wall, wing'walls, column walls of bridge ---

Cement 1-2/3 bblse @ $2.25.......$3.75
Sand 1/2 Yd‘@ ‘.50'..-.....0.... .25
Stone 1 yde 8% GeBO0sovcveseccasasns +80
_Labor..‘.“‘..‘.....‘...'........ 1.50
Planbeseeesseossssssscssnssssscns 1Le00

. a ¢u. yd.

Floor of spillway,&bridge, and beams of bridge ---

Cement 142/3 bblse @ $2.25..04...83.75

Send 1/2 8¢ @ $:50c0evsocornsaesr 25

Stone 1 ydo at eB0cessssssessnas «80

LoD O resscissssescscsavssarnsnsras 100

Plant....,.."..'.'.‘.'.....'.'...Q 1'00
$6.E§Gacu' yd‘

Steel ---

Costs of steel are very unfavorable at the present time,
but are here considered at present stock mill rates plus freight.
If it were possible to obtain steel in a large mill order the base
price could probably be cut in two.

Labor costs on steel work ---

gost of unloading and piling steel
on JOb wmc-mmemcanaicc————— weee-$,02 per 100 1Dbs.
Cost of teaming..’....‘.....'0....."...."'0. 001
Cost of cutting and placing steel in floors... .26
Cost of cutting, bending, placing steel
and stirrups in beamsS..cesseecsses o50
Cost of cutting and placing steel in walls
inCluding tmetco'nototocoOc‘o «65
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Steel cogtsg ~--
3/4 in. or larger..

Mill priee."..'.bt0‘°.0.'0O....0’l$2.90
Frelght and transportation tax.... 1.02

“$3.92 per 100 1bs.
5/8 in.

Mill prieeloooooo.oo-oo-o-oo..'oo.$2095
Frﬁight, etcono'cofgotcoqoobt'o.n. 1.082

“¥3.97 per 100 1bs.
1/2 in.

Mill price-....-....;.............$3.00
FTEight, OLBevosdsnnsssunsvegnssis 1.02

¥4, 02 per 100 lbs.
3/8 in.

HI1L PPAB®eocisisesninabibiinnbinshBBs1E
Freighﬁ, QUB L srsnvevrdrrsvntvbeden Lol

$Z4.I7 per 100 1bs.
1/4 in.
MIL) Pridecisssavnsvsincreniisovs$d.680
Freight, 6tCecseecessvencscscsases 1,08
$4.82 per 100 lbs,
Pormg ---

Lumber prices at the present time are high and variable,
ranging from $36.00 to $42.00. These are list prices and can be
reduced by $5.00 to $7.00 when bought in large quantities. The cost
of form lumber, bracing, studs, etc., would perhaps cane to about
$60.,00 per 100 sq. ft. of form surface. It is believelthat sll lum-
ber could be used twice, bringing the lumber cost down to $30.00 per
100 sq. ft. The cost of nails, wire, oil, etc., would come to perhaps
$10.00, making a total of $40.00 per 100 sq. ft., or 4 cents per sq.
ft. of form surface.

Main Dam, Gfavity Abutment and Overflow Dam forms e--

Lumber, nails, wWire, etCeececcessd 04

Labor meking, erecting, plumb-

ing, wiring, etCeecaccscenecs 410

Labor stripping.'..‘...o.......... .01
$7156 a sq. ft.
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Spillwey walls, core walls, wing walls, column walls of bridge =---
Lumber, etc.................$ « 04
Labor meking and erecting... .08

Labor stripping.............$ «01
.15 per sq. ft.

Floor of bridge «--
Lunber, 8ltesscsssnsennnesesl 04
Labor making;..........o....- 005
Labor erecting.owllodtboqvotc 004

Labor Stripping.............é « 01 £
o 12 per sg. ft.

Beams of bridge, %«

Lumber, etc‘.‘...,'....'.‘..as '04

Labor m&king..-oatvcogno..-. 004

Labor erectingesscvsveccosce 04

Labor strippingeccecceccasos. o011

& 1% per sq. Tt.

Finishing ---

For surfaces which are to be finished a cost of 4 cents pe
sq. ft. can be added for materials, labor, etc.
Form work in mein dam ---

Number of S8g. Ft. of Form Work per Cu. Yd. of Masonry:

Main dam --- 52,800 = 4.68 or Y0 cents’a cu. yd.
’

Gravity dam --- 3,160 = 6.9 or $1.03 a cu, yd.
460

Overflow dam --- 3,000 = 11 or $1.656 a cu. yd.
20

(.70)(11,280) = .658
11950

{1.03)(460)( = 040
11,900

(1.65)é270) = .037
H

$.736 per cu. yd. of masomry.

A cost of 76 cents a cu. yd. of masonry was given for form
work in the maln dam, gravity abutment and overflow dam. This gives a

total unit cost of $6.10 for masonry for these three structurss.
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It is not thought that there is any need of ghowing the
calculations by which the mesgsonry volumesg, excavation, area of form
work, amounts of steel, etc., were determined, as their solution pre-
“gsents nothing new and their method of caleulation is self evident.

,It might be pointed out, however, that the method employed in obtaining
the masonry volume in the maln dam was the following: The érea of
esch 10 ft. section was calculated and multiplied by the average of
the fean lengths of thé dam at the top and bottom of that section.
The sums, of course, gave the total volume.
The final estimates of cost follow and include everything

except engineering, this belng added at the end in & lump sum.

BESTIMATES OF COST,.
Mein Dam ---

11,220 cu. yds. of masonry @ $6.10.....868,500.00
3,100 cu. yds. of gravel @ +80,.400¢ 1,880.00
3,000 cu., ydg. of proek»! @ 1¢80ace.. 4,500.00

» °
Gravity Dam =--

6.10.....8 2,810.00
1.50.....@ 435,00

460 cu. yds. of magonry @ &
290 cu. yds. of roek @

Overflow Dam ===

270 cu. yds. of masonry @ $64104..0.8 1,710,00
110 cu., yds. of rock @ 1eH50csens 165.00
220 cu. yds. of gravel @ Y 319 JPI 130.00
2y 040 1lbs. of 1iin. ateel @ e0392.¢ .4 80,00
' ¥ 2,085.00

Open Splllway ===

concrete =--
517 cu. yds. of concrete @ $7.30.....% 3,780.00
304 cu. yds. of concrete @ ©6.80.¢0.. 2,070.00

Forﬂéw—-— ‘
13,390 sq. ft. @$ .13.....8 1,740.00

51661l ===
7/8 in. rods., - 16,750 lbs.® § .0392... 650.00
Labor @ .0028...  48.00
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/4 in. rods - 25,550 1bs. @ § .0392...% 1,000.00

Labor 2 +0068..,. 174.00
7/16 in, rods- 40’400 lbs., & .04:1'7. Y l, 680000
Labor @ 0028, .. 112 .00
3/8 in. rods - 2,310 1bs. @ «0417... 100.00
Lsbor @ 0028, 6.00
Finishing e--
30,000 sq. ft. @ N & I PO 200.00
Excavatlon =e- ‘
‘73 860 cu. dea @ l1eCO0usosse 7’ 850.00
$20,120,00

Girder Bridge =--

fonerete ~w-

155 yds. 8t $7¢30c0svavesvvanvicocecssod 1,133,00

140 yﬁs.» B CoB0scovtsvwbsvanvwsbny swe
Railing...‘...'-".."'.."0..9‘.'...00‘

Formg -~-

74440 S0 ftv@$n13ona_nnbtntocccq-¢n-~
3’200 Sq. ft’l@ olsoobtaooouoosoooo-og
4’350 Sq’ ft.@ .12‘..‘....‘...'."..9

Steel «==
1"1/8 in., rodsg - 20’900 1bs. @ &?«0659201
: Labor @ .0083,.
1/2 in. rods - 19,050 lbs. @ .0402..
Labor & .0068..
12, 720 1lbs. & u0408- .
Lebor 8 .0028..
l; 480 1b§: M @1 004020 .
Labor ® .0028..
3/8 in. rods - 7,120 1lbs. ® ,041%..
Labor € .0053..
1/4 in. rods - 780 lbs, @ L,0462..
Labor @ .0068..
1,310 1vs. @ .0462,.
Labor @ .,0028..

Finlshing «--
2,000 sg. ft. @Q}Z.O?ﬁuo......“...nn.

Read materizl, surfacing, sidewalk f1i11,
draing and incidentalgeecsscocssons .

Tunnel Splliway e~

Excavation @ $5.00 PET CUe JCevevovrsse
Lining and reinforcement, forms, etc...

T‘:}tal CDSt Of t‘mn»alito"‘Oil'OQO.Qin.o
Cost of gateg house, valves, regulating
apparatus, ete.

Total cost of regulating works....

962,00
580,00 .

866,00
416.00
£22.00

812.00
111.00
766.00
130,00
512.00
36 .00
60.00

4.00
266,00
38.00
35.00

5.00
60,00

4.00

270,00

500.00

oy Co

$ 26.80 per ft.
13,20

*40.00 per ft.

$8,800.00
6,200.00

$18,000.00
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The total costs have been given before in comparison with
the figures of lr. Reagan's plan and will not here be repested. The
drawings enclosed are complete and need no explanation, and details
of the design not included in ihis report are clearly shown on these

drawings.

SUMMARY.

In conclusion the writer wiéhes to state that he believes
2ll th;szzztions and spproximations made have been on the safe side
and that an economical design of the various structures has been
obtainéd. The estimates of cost are liberal end while they may not
represent the exact expénditures that would be made if the plan asg
advocated were 1o be actually constructed, still the figures form a
fair and squal basis on which the iwo plans as outlined can be cane-
pared.

- The writer claims the following points of superiority in
his design over that submitted by the office of the Engineer of Los
Angeles County Flood Centrol District:

1. A seving of 30% on the cost of the total projsct and
40% on the dam alone.

2. A factor of safety twice as large in the main dam as
well as the other advantages previously described of an arch dam over
a gravity dam.

3. Elimination of the erosive action in the spillway tun-
nel by the reduction of grade and velocitles to a reasonable value.

4. A splllway capacity large enough to take care of the
maximun f£lodd recorded, even if the regulating works of the tunnel
spillway fall to work. |

5. The provision of & sseparate highway bridge, making

the means of communication between the two sides of the Arroyo
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independent of the dam structure.

6. Belter aesthetic treatment. The light, graceful arch
bridge and dam are more pleasing to the eye and capable of better
treatment than the rather heavy and cumbersome looking gravity dam.

- The writer realizes the following limitations to his plan:
That the capacity of the spillway tunnel is smaller than that planned
on by Mr. Reagan, and that the full capacity of the open splllway
may so seldom be used as not to warrant the expenditure necessary
to provide for such a large discharge. However the large discharge
calculated for the tunnel spillway of Mr. Reagan's plan was onlj
obtained by the use of excesslve velocities, the use of which can-
not be justified. If it 1s thought, on further siudy, that the
likalihood of the ful; capacity ¢f the open spillway’s ever being
used were toc small to warrant the extra expense necessary to pro-
vide for it, and that the tunnel spillway must be able to ﬁake care
of a flow of 7,000 sec. ft., the writer would suggest the consiruction
of a pair of tunneia, each with & section of 120 sg. ft., and the re-
duction of the open spillway section, by narrowing the width, so
that its capacity would be equal to a flow of 14,000 sec. ft. The
expenditure would not be greatily in excess of the present estimate
and a better regulation of the reservoir storage would be obtained.

The writer does not in any way wish 0 depreclate the
value of Mr. Reagan's plan and does not say that the design of each
gstructure submitted by himself 1s the most economical or the best
that 1s capable of design, but he filrmly belleves that the study
made by him and here submitted conclusively shows tnat a material
saving and a better dam can be obtained by the use of a constant

angle arch dam.
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