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More recently, in 1905, experiments have been made on stresses in
dams by means of India-rubber models, by John Sigismund Wilson and
William Gore, Assoc. M. M. Inst. C. K, who exhibited their model at
the Institution in July of that year. A series of weights hung to
the base of the model represented gravity, and other weights
suspended from cords passing over pulleys and leading to bearings
on the up-stream face represented water pressure. The models were
made to represent dams with 125 feet of water against them and
having a top width of 8 feet, at a height of 4.5 feet above the fow
line.

These experimenters confirmed Messrs. Atcherley and Pearson in
finding tensile stresses in the- up-stream toe of the dam, notwith-
st{mcli;lg that they were designed with the lines of pressure well within
the middle third, and conclude that to eliminate tensile strains it
is desirable to either give greater super-elevation, wider top width,
or make the upstream face vertical, so as to bring the center of
gravity necarer to the wetted face, or to increase the section mater-
jally and back the dam with an embankment of earth on the reservoir
side.

Experiments with models of dams made of “plasticine,” a kind
of modelling elay, were recently made by Sir John W. Ottley, K.C.LE.,
M. Inst. C. .E., and Arthur W. Brightmore, D. Se., M. Inst. C. E. The
model was 30 inches high, with a base of 26 inches and a length of 12
inches. It was moulded in a frame with plate-glass sides, which were
ruled vertically and horizontally with lines seratched on both the glass
and the plasticine, and made to coincide. Slight clearance was given
between the glass and the model, so that there was no lateral friction
to support the clay. Actual water pressure was applied through a thin
rubber bag made to fit the face of the dam.

The results of these experiments will shortly be published in the
Proceedings Inst. C. E., but it may be stated that they confirm in a
general way the conclusions reached by the experiments with rubber
models.

These various investigations serve to emphasize the fact that the
engineering profession is not fully satisfied with the profile types of
dams as they have been evolved by previous mathematieal eompu-

tation, but is still striving to reach a more conclusive and satisfactory
snlutic:;n of the intricate and indeterminate problems of the stresses
on masonry dams. Meanwhile the ultra conservative ones pile up
masses of materials to greater and greater volumes, and a few of the
bolder ones build daring structures that appear to defy all theories of

stability.
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AMERICAN DAMS.

0ld Mission Dam, San Diego, Cal.—The first masonry dam bnilt in
California of which there is any record was erected in 1770 by the Jesuit
Mission Fathers. It was constructed across the San Diego River, 13 miles
above its mouth, at the lower end of El Cajon Valley, where the stream
cuts through a dike of porphyry. It wasbuilf for impounding and diverting
water for irrigation and domestic use at the San Diego mission 4 miles
below. It was 244 feet in length, 13 feet in thickness, and about 15 to 18
feet hich. Fig, 149 is a recent photograph of the old dam in its present
condition, half buried in trees and driftwood. The view is taken below the
main outlet-sluice. The water was conveyed to the mission throngh an
open masonry condnit, lined with semicircular tile or half-pipes. The
cement used in the dam was made from limestone possessing hydraulic
properties, quarried near the dam. 'The dam, thongh still in existence, has
been disused for half a century past. It shows evidence of having been
damaged by floods and repaired at various times. The manual labor of
construction was done by Indians, of whom no less than 1600 neophytes
were at one time supported at the mission. Considering the qnality of the
materials and labor available, and the torrential natare of the river, which
it has resisted, as evidenced in the photograph by the driftweod piled up
against it, the masonry is of excellent grade.

El Molino Dam.—A few years after the erection of the Old Mission dam
of San Diego the Jesuit Fathers constructed a masonry wall of similar size
about 10 miles east of Lios Angeles, the purpose of which was fo control
and raise the level of a natural lake and imponnd it for nse in irrigation at
the Mission San Gabriel. The dam is located on what is now known as El
Molino rancho, the name being derived from the fact that the priests here
built a mill, whose massive walls are still intact, for grinding corn and
wheat, the power for which was derived from water gathered from springs
that issned from the hillside and fed the lake. The mill was a little above
the level of the crest of the dam, and the water from the wheels flowed info
the reservoir, where it was canght for use in the valley below. The dam
was straight in plan, about 200 feet long, and 15 feet high at the center.
The masonry is of superior character and is still in perfect state of
preservation, although it has not been in service as a dam for many
years past. L

The Sweetwater Dam.—This structure is located in the Sweetwater
River. 7 miles above the mouth ofthe stream and 12miles southeast of the
city of San Diego, California, and was built i 1887-88 by the San Diego




SR
Tan Fizer [RRIGATION DAM BULLT IN THE UNITED STATHS.

) i B
Orp Mission DAM, NBAR DAN Dinco, CAL,

Fig. 149.

214

MASONRY DAMS. 215
Land and Town Company to impound water for the irrigation of lands
bordering on the bay of San Diego and for the domestic supply of National
City. The Sweetwater, like all the so-called rivers of San Diego County
that empty into the Pacific Ocean, is a torrential stream, subject to violent
floods 1n seasons of abundant rains, and dwindling to a diminative brook

within a few weeks or months after the rain ceases. During the summer

and fall it ceases to flow, and on occasional years of low rainfall the ran-off

even in winter ig practically nothing, so that it was essential to provide

storage for at least two years’ supply for the territory depending upon it.
Prior to the beginning of work nothing was known of the probable rau-oif
to be expected, further than that the watershed area of 186 square miles,
having an extreme elevation of about 6000 feet, would probably receive a
precipitation very greatly in excess of the recorded rainfall at San Diego,
where the record has been maintained for nearly forty years, and that
judging by this record the run-off from such a watershed should give an
average supply adequnate to the needs of the community to be provided,
with a storage capacity of two years’ supply in the reservoir. Subsequent
sxperience has shown that the fluctuation in run-off has ranged from prac-
tically nothing for three consecutive years to 70,000 acre-feet in one year,
or nearly fonr times the reservoir capacity, per annum. At the time the
construction of the dam was begun in November, 1886, an active land
““boom ** was in progress in southern California, and the San Diego Land
and Town Company, owning a large area of ferfile lands, foand them
unsalable without water. It was essential, therefore, to obtain a certain
portion of the supply quickly in order to market the lands. The dam was
thus necessarily planned withont the usnal preliminary stndies of its
capacity for storage, or the volume of snpply which would be required or
conld be made available.

As originally designed, the dam was to be a slender masonry or concrete
structure, fashioned after the Bear Valley dam by the same engineer who
built the latter, and was to be but 10 feet thick at base, 3 feet at top, and
50 feet high, backed on the water-face by an embankment .f qnicksand.
When the wall had reached a height of 15 to 20 feet at the highest part, at
an expenditure of $35,000, and its ontline and design were fully realized by
the management, the plan was disapproved and the author was
engaged to construet a more substantial work on the same site, utilizing
the masonry already in place. The new plan was drawn to have an
extreme height of 60 feet, and the new work enveloped the old. This
structure is shown nearly complete in Fig. 150, and its profile is
shown in dotted lines in the middle section on Fig. 151. It was built
in steps on the back with a view to adding fo its height, as was
subsequently done. The dam had a maximum thickness of 35 feet at
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base, and was 5 feet thick at the top. It was fortified by an embank-
ment of clay and gravel 50 feet wide, 10 to 15 feet high, placed against
the upper side and well tamped in place. A portion of this embank-

e

Fia. 152, FAcE 0F SWEETWATER Dan v 1899, ArteEr Two YEARS OF DROUTH.

ment above the water-line is shown in Fig. 152, a view taken in the
summer of 1899 when the reservoir was practically empty-

Shortly before the completion of the 60-foot dam authority was given
for its extension to 90 feet in height, on the recommendation of the writer,
whose surveys had revealed the fact that the reservoir capacity could be
increased nearly fivefold by <uch addition of 30 feet to the height. Accord-
ingly excavation was renewed ab the lower side for an extension of the width
of the base, and work proceeded on the final plan without interruption
antil the completion of the entire structure in April, 1888. The constrae-
tion occupied sixteen months in all, including two months of waiting for

cement. 'I'he profile adopted is shown in Fig. 151. As finished the dimen-
gions were the following:
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toptl'l:sﬁsg;streiiln facerl}‘}lus il batter of 1 to 6 from base to within 6 feet of
: vertical. 1e lower slop i in : '
t.he:;\r] in 4. fn;' 32 feet, and thence 1 %: (ihi: ‘:hza;ii;i‘lfgf e
ater is drawn from the reservoir throng ' .
pl'aced 50 feet above the dam, near tl}@tE;E:::j(saeeF;‘i‘:?rf f)’:)h‘fxae‘i%f"“a] f?““»
with the dam by a fool-bridge of iron (see Fig. 154) g e
'It has seven inlet-valves which are pl;w:d as ‘i;ltervals of 10 feet i
hglght from the top down. 'I'wo cast-iron outlet-pipes, 18 and 14 ?Et -
cl.la=.!16Ler respectively, lead from the tower to and tf][':)l]f"’ll the tlit . H'll'Ches
lie in a trench cnt in the bed-rock, and on top of thel:: is built.l:l;na.so?li‘:"
zti):i::t;rfrog tili{\a’ettr;\:iel' to the f_hu_n, qmmec.ting with a third pipe, 36 inches
) ¢ d wrought iron, 4 inch thick. All are carefally
embedded in the masonry of the dam, and no leakage has ever fak .
il({l}g tl;eml. (I;i-:lru—ml\‘es contrel their flow below athe :leun l t’i‘lfen tI;l;Zf'
alves are simple plates of cast iron fitti rer ki
of the tower, ard can only be moved wi:::;rllgtg:eelloiijl)'o::;l;: 2111': :]h{: :{‘330“1'5'
- T:;el stﬂtn!e 11;9(.1 in construction was quarried froTn the.cliIJ'T:bzn. either
side below the dam, within a distance of 800 feet, and was all hauled 1
Wa4gons ;u_nl stone-boats. Animal power was alone ns,ed for mani ml-:njt B
:}i:ir:;sn:‘wt,i;eaqz;“‘iy m;d T).nv the dam, as well as for mi};iaig z(t)llizzgr;:]ee
el m[,) p;unds Ii):_rz:jlllfhiflf-.:sﬂtporlla::};ry nl}p;'Egmt&_{l with iron, weighing
but generally presented one or two faliL:‘?:’I;J(O{?nfl;‘elst.h ]'J“heeg ﬂsijr Cle'fwage,
rock eontained plastic red clay to such an extent that it w'as ;1““3“‘.." e
wa;h ;;d s%‘bruhll)y hand every stone that went into the dam w.itl.1ererf)t;s;2{ete?
anc er brushes. Imported Englis d Gekms: 3
thronghount the work, miixed with E]e::rll, asgnlr;?::'r;.:nsaﬁzrlli‘i;lt e 1“?6d
square box of wood, with a hollow shaft passing through twoatlzzvu Vll[ig'
OpPOSItE corners, throngh which the water was introduced. Th Ifo‘“a :
weighed when tested 164 pounds per cubic foof. : e
: il he‘waste-weir is formed at the left bank as a part of the dam, and
first built consisted of seven bays, each 4 feet in elear width, el ’;n -
flash-boards, which could be opened to a depth of 5.7 feet beio(:vofr ‘fqth
of‘the dam. These bays were separated by masonry piers, each 2 1? Ltre'sSt
thickness. This wasteway and a 30-inch blow-off gate fmr;l the S
below ha-.d a combined capacity of 1300 second-feez, which was i;nam o
the maximum flood discharge as indicated by high-water 1-11&ri<§ al:!xcessl O'f
sub?ffquent flood exceeded this capacity a little more than ten tli!me% o
lh.e volume of masonry in the dam proper, includiﬁg the a.;" o5
feet high, 2 feet thick, was 19,269 cubic yards. The wasteway ?n] atpe 39
and other a}ccessories required 1238 cubic yards additionalﬁ(,)r' aet;;tlf“;er;
20,507 cubic yards of masonry, in. which were used 1'2‘,’50‘2 barre?s zf
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Fig, 154, —Swrentwaren DaM As FinNisHgDp, Aprin, 1888,
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Fia. 158.—DETATLS OF TowER OF SWEETWATER DAM.




