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“(¢)- The principles- of ‘economies ‘and then' application to industry- and

.. commerce; -

(d) The principles that govern : the relatlons between people, not only as
apphed to managers and men, but also .as applied to governments and

" goclety;

(e) The history of nations;

(f) The art of clear and - correct. expressmn m speakmg, wr1t1ng, and
drawing.

" “The relative emphasis to be placed on each of these fundamentals is. a
matter .to be determined for each.engineering course.”

"In’ emphasizing ithe 1mportance of training,: ong’ must stud1ously av01d
w1ther1ng the asplratlons ‘and stlﬂmg the ‘ambition. of the large numbers of
men in rallroad and 1ndustr1al service who have not had the beneﬁt of over-
much school or.any. college preparatlon ‘These men outnumber vastly the
high school and’college mei, and fo theu‘ credit be it said that the 659 of
Chairmen and 819, of Presidents remammg after takmg account of those who
have risen from the ranks of engineers have been drawn largely from the men
who have had none of the: beneﬁts of hlgher education. Wlthout mentioning
them, the names of a number of the ablest and most dlstlngulshed railroad
Oha1rmen and Presxdents in the United States, who have by sheer ab111ty ‘and
pluck risen from lowly ranks and have actually built then‘ own’ careers and
builded. admirably well, suggest. themselves... : :

. Again quotlng flom the report to the Natlonal Industrlal Oonference
Board b 2 :

: “Sympathetm guldance of both the college man and the. non- college man

presupposes a careful .evaluation .of the work of all employees and assurance °

to them that talent and effective work wrll be known to,.and appre(nated by
the management. Educators report a growing feeling among undergraduates
that in most large corporations a young employee often:is lost in a departrent
and for many months may not come under the observation: of the leading
men .of. the organization. A large public utility company, the two 1argest
manufacturers of eleetrlcal apparatus, and’ a; few other large corporations
which have. unusual and enlightened personnel departments, in many cases

are gettmg the plck of the young talent because of ‘their attentmn to tlns'

problem.” v
“These are some- of the wavs in whrch 1ndustry can supplement the. work

of thé’ educators,” and: proﬁtmg by their-example thus can the present gen—v

eration help those who are to “carry or’ when it shall have passed

i
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SYNOPSIS

ThlS paper is submltted for the purpose of calling the attention of ‘engineers
to ‘the’ necesslty of giving serious consideration to the action-.of ‘frost when
desighing dams for use in cold’ elimateés. The writers believe: deterioration

' from- frost action will oceur in any thin: concrete structure subjected to. water

pressure and extreme cold unless the’ concrete can: be made 100% water—proof
(or Water—t1ght) : : : P

' The results of frost action; therefore, have beén pointed out in this paper,
together with the expensive repairs necessary to safeguard the structure, ‘and
it is hoped the discussion will develop some pos1t1ve and permanent method
of water—prooﬁng concrete.

INTRODUGTION

Much has been wntten in recent years coneernmg multlple arch dams,
but the w11ters believe that all the story is not yet told and 1t 1s Wlth the

* Presented at the meeting of October 7, 1925. ;
+ Vice-Pres. and Asst. Gen. Mgr Southern Sierras Power Co., R1verside Calif.
I Cons. Engr:, San Francisco, Calif,
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hope of placing before the Engineering Profession another valuable chapter
that this contribution is offered. Much of the material heretofore presented

has dealt wholly, or almost entirely, with mathematical analyses. It is not

intended to attempt an: addition to the store of material gvailable-along these
lines, Indeed, a mathematical analysis and a complete description of the
structure which is the subject.of this paper has already appeared in the
publications of the Society.® k o

Gem Dam was built in 1915 ‘and 1916, and at the time embodied all the best
practice in the design of multiple-arch dams, as is evidenced by its designer,

L. R. Jorgensen, M. Am. Soc. C. E. having been awarded the Norman Medal

by the Society in 1917 for his paper entitled, “Multiple-Arch Dams on Rush
Oreek, California”.* Eight years of subsequent operation of this structure,
during which time the’ concrete_has partly disintegrated by freezing, has
afforded opportunities for observations and has necessitated remedial measures
which, it is believed, cannot fail to be of interest. - e :

Descriptions of engineeringstruétureé whic¢h have failed to function as
intended are often very instructive. It is hoped this one will prove to be as
interesting to those members of the profession who are econcerned with similar
structures as it has been to the several engineers who have had to do with

remedial methods,

SeLgorTion of MurtrLE-AroE TYPE

Gém Dam, on the headeéters of Rush Creék in Morno C(’)u.ny’r,y, California,

is well up on the éastern slope of the Sierra Nevada Mountains at an elevation
of 9050 ft. (water-surface level) and in one of the most remote localities in
the West. All materials necessary for its construction except lumber, which
could be cut locally, and rock, must be moved. long distances and under difficult
conditions. Cement had to be shipped from the place of manufacture by
broad-gauge railroad 336 miles, transhipped to 8 narrow-gauge railroad, and
hauled 84 miles farther; then hauled over a sandy desert Toad, using engines

or motor trucks of the caterpillar. type, for 70, miles, to. the power-house below

the dam. Here, it was reloaded on tram cars and raised more than. 1250 ft.
vertically on a 4 826-ft. tramway. to Agnew. Lake, where it was rehandled,
loaded on barges, and towed across the.lake to be again rehandled and raised
an additional height of 550 ft. by another tramway, being finally placed on the
dam site at a total cost, even under 1915 conditions, of $7.50 per bbl. In the
high .altitude. of this site, the season during which construction ‘work can be
advantageously conducted is necessarily short, often:only:four months and
seldom longer than five months. Crwen e ey

The dam site is one of exposed,-hard, blue limestone and igneous granite,
still showing in many placeé the polish placed on it in the (lacial Age by the
glacier which formerly extended down from the higher Sierra. No earth._and
very little sand is found in this locality.  * B

' Physical conditions governing the original construction of Gem Dam had

much to do with the selection of ~the mltiple-arch type. - Materials for an -

* Pransactions, Am. Soc. C. E., Vol. LXXXI-(1917), D850, v
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earth dam were not available. :.A masonry-dam was thought, at the time, to
have certain adv?xntages over: a.rock-fill type: Because of -the éizc’essive».édst
of materials, the quantities.required for:a.masonty dam of ‘tllxe.rgravity type
had to be avoided. These considerations led to the selection of the multiple-
arch type. . : ‘ '

DrscripTION

Gem Dam was constructed in 1915 and 1916 at the outlet of Lower Gem
Lake. The reservoir created by it has a storage capacity of 17 216 acre-ft.,
and is supplied by the run-off from a water-shed of 21.8 sq. miles, ranging in
elevation from 9 000 ft. at the dam to 13 090 ft. at Mt. Lyell. The dam is com- -
posed of sixteen complete arches, of 40-ft. span, between centers of buttresses
and .twq fractional arches at the ends. The length at the crest is 688 ft. Thé;
maximum height of any individual arch is 84 ft., and the vertical distance
from the crest to the deepest point in the foundationxis 112 ft.

The arches vary in thickness from 1.0 ft. at the crest to 3.95 ft. at the
dee?est point, and the up-stream face is inclined at ar angle of 50° from the
hor:gzontal. The buttresses vary in thickness from 1.85 ft. at their tops to
%.25 ft. at the deepes’p point,’and are strengthened by counterforts, varying
in total width from 4.5 ft. at their tops, which are 15 ft. below the cr;st of the
dam, to 11.0 ft. at the deepest point. Two sets of double, horizontal, braced
12 by 80-in. struts extend between the buttresses, one set 15 ft. and,one set
45 ft. below the crest. Spillway openings, which ¢an be fitted with stop planks
llave been left near the crest of the dam in the .two southern arches, the ﬁvé
Dpeni.ngs, 6 ft. long by 2 £t. deep, in the end arch being at Elevation 9 050 aﬁd
the eight openings; 6 ft..long by 2 ft. deep, in the next arch at Elevation 5»048.
A steelipipe line leads directly from the dam:to the power-house; where a statie
head of 1807 ft. isobtained. "~ . . T

This general description, together with the plans, Figs. 1, 2, and 3, and the
photo‘graphici views, Figs: 4,5, and 6, should:give the redder a fair idea of the
structure’ aks:it existed' from: its completion in:1916 until its repair in 1924.
A more complete description, including details of reinforcément and an’ analysis

v f yos O S T T . > . .
of stresses; Is given in Mr: Jorgenser’s paper; previously mentioned. ‘A review

?f ‘this analysis will ‘show that the stresses are within the limits prescribed
by good engineering practice and that the design is more conservative than that

~of cher multiple-arch dams which have been constructed to greater heights.

- HisTorY oF OPERATION

During’ the ,eigh’tl years of operation of the structure, very few cracks
pgq’urred in 1t A'h(‘)ri'zon‘tal crack developed in éach of the arches immediately |
below its crest, due undoubtedly to the fact that the deflection of the walk
along the-crest, which acted as an ‘arch between the tops of the bﬁttresses, was
1essi than the deflection of the thinner arches of the dam immediately,below.
This crack introduced no element of weakness and, because of its location and
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its very slight width, was not evident except to the critical observer.  Its
éxistence simply permitted the arches of the dam {o resist all water: pressure
unalded a function for which they were designed.- : Cee T i N
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~Very. small diagonal cracks developed near the up-stream toes of three of f:‘z% H
the buttresses. They were similar to cracks which have developed in the but- 5 o5 ':J;L(gz
i ¢ 3 . . . » v ‘ 1
tresses-of practically ‘all the multiple-arch dams which have been constructed ' :‘li f§§
to ‘date.  ‘Theé usual practice has been to provide but little reinforcerhent in: C A °E
sbuttresses or to-omit it. It is'believed that the introdudtion of a comparatively { Eg‘;,' A .
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©: Gem Dam has W1thstood some rather severe tests. In September, 1918,_% a g 3 % 55 §§ ~\\,\ \»F |
3 to S . k1
very heéavy rain on the upper water-shed occurred when-the spillways were ( ! kS z. 1. b g g i3
partly blocked with flash-boards, and before the flash-boards could be removed, S N 5d §o g&
the entire structure -had been overtopped to a:depth of 4 in. " This:overtopping : R, i o4 i g T
lasted for 8 hours; but not to the maximurmn depth. throughout. : Although it J 3 o) SIFRY I Hg
was not designed as an overflow dam, no damsge resulted: ... R ‘ R ﬁé‘gg E
‘When' the structure was constructed, the up-streamn faces of the arches of . | , W & g
Gem Dam were covered with a 1 : 2 plaster coat of cement mortar, applied . . E,i g

with a cement gun. This coat varied in thickness from % in. at the top to £ in.

at the bottom. - -
At first, the leakage was very small Mr, Jorgensen® thus describes it:
“Some of the arches on the Gem Lake Dam are absolutely t1ght some of

them sweat in places, and a few drip in places A féw small springs have
formed behind the dam, and a trickls of water comes under one arch but all :

told the total leakage is very small.”
‘ ¥ Transactions, Am. Ses, C; E., Val, LXXXI (1917) p. 906,

-
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F1a. 4.—GENERAL VIEW OF GEM DAM.
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Tt remained small for -two, vears after the completion of the dam and the
filling ‘of the reservoir, ‘and ‘during ‘this time no change in‘ the structure was
apparent. During the third year some leakage developed and a white deposit
was noticeable on the rear faces of the arches. At first, this condition ‘was not

‘considered serious; s a small amount of leakage through & corcrete structure '

is'riot necessarily a cause for alarm. After-¢hemical analyse"s‘ it was concluded

sthat the: white deposit was laltanee wh1ch was bemO' Washed out of eonstructlon
joints. e ‘ ; o

During the next two years serious dlsmtegratlon started on the face of the
dam, apparently due to the concrete freezing in thin layers on the face and
disintegrating by frost action. This action which was slow at first, increased
very rapidly with each additional year of ‘age. It was originally believed that

‘the 'damage had resulted from ice which formed on the surface ‘of the water

in the reservoir:to a‘thickness of 30 0r 40/in. This ice adhered to the surface
of the dam and, as the water was lowered and the ice thus-left overhanging,
it would tear loose, presumably taking'thé gunite coating with it. IHoweveér,
this: theory was partly disproved by cutting & hole through the ice near ithe
ddm' and examining the water face immediately ‘below.” It ‘was found that,
for 8:or 10'ft. under the reservoir surface;:this face was covered with 'a thin
layer:of ice, thus proving that -the freezing was through the:thin corecrete
gection of the dam and that the ice ow the sulface of ‘the reservoir was not the

‘entire cause of the damage.

It was believed that the condition could be remedied if ‘the water face of
the- structure could be effectively and permanently water-proofed. A icareful

. and detailed study of possib]e methods of accomplishing this result was niade.
This study included laboratory tests by J. Y. Jewett, Assoc: M. Am. Soc. C. Ei,

of twelve brands of Water—prooﬁng compounds, all' of which faﬂed to meet the
requirements of the tests.*® |
The study of water—plooﬁnw compounds Ied to the selection of the 80~ ealled

“Tronite? treatinent. Before applying this treatment, all concrete that showed

any, signs of disintegration was chipped from the face of the dam. - This proved
to be quite a task. In places, the concrete over large areas was chipped to.a
depth of as much as 8 in. Concrete ‘was very carefully replaced.in these areas

to insure a good bond, and the ends or corners of such areas were chipped: out

square in an attempt to preserve arch action.- After the application of the

“Tronite” treatment, the dam was practically water-tight for -a short-time.

However, the “Ironite” coating soon developed hair-line-cracks, probably :due

40 expansion and contraction of the arches, and thereafter, with the return of

low temperatures, deterioration began again. It was then apparent that more

CONDITION oF DAM w 1924

o

A careful examination showed the upper port1on of all arches, exténding

.down approximately ‘30 ft. from their tops, to be in perféct condition and

uitdoubtedly as strong as at any time in their history. Likewise; a section

* See p. T37T.
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of the bottom of each arch was little affected. In the intervening middle ‘belt,
the concrete had become a: dead, inert material with, 11tt1e strength All'con-
crete in.the buttresses was. in perfect: condition.

. Holes were dug into the affected parts of the arches flom the1r rear, faces.

A,-,blow from a pick produced no ringing effect. Instead, the effect was such

a8 would result from striking hazd clay. The concrete was eagily displaced,
and, with little effort, holes were dug beyond the: surface of the reinforcing
steel to depths of approximately 18 in. (see Fig. 7), as far, in fact, as it was
believed to be safe to carry such exploration, cons1de11ng that at the time some
‘water was in storage in the reservoir.

A review of conditions convmced all the engineers Who made 1nvest1gat10ns
that the damage was due to water:from the reservoir percolating into.the
concrete and there freezing. Temperatures as low as ~— 25° Fahr. had been
recorded during . winter months. = A review. of records showed that when ex-
tremely low temperatures had occurred, the water level, in: the natural operation
of the reservoir, had always been drawn down 80:ft. or more from the crest of
‘the dam, which accounted for the good condition of the concrete in ,tﬁe upper
portion. of the arches.. The flood: stages of Rush Creek, which are due almost
entirely to melting snow, occur in May, June, and July; consequently, the
reservoir is drawn .down before the.low temperatures of the following. winter
oceur,. The buttresses, not being subjected to water pressure at: any point, were
unaffected. Those parts of the bottoms of the arches,which were but little
affected,: were undoubtedly protected from extreme low temperatures by a snow
blanket drifted. against their rear faces. This conclusion is substantiated by
a similar experiencé of The Nevada California. Power Company with.a simple
ifitake dam on Bishop Creek built of thin sections which were similarly affected
by low.temperaturgs until the sections. back of the concrete -water face were
filled with earth.

.iBecause of the developments just described, it becomes of parmcular mterest
#0.inquire into the history and quality of the concrete which was affected... . As
noted by Mr. Jorgensen,* the arches were of 1 : 2 : 4 concrete; the actual ratio
of sand 0. cement being varied with the size of the aggregates, but in all cases
13-bbl. of :cement per-cu. yd. of aggregates were.used.” ‘The rock was. crushed
in: & gyrdtory crusher and separated into: three:sizes by a revelving: screen
‘having :1%, 4, and }-in. méshes.. The rejects from the screen ;went into.a jaw
crushersét to give a maximum size-of:2 in. A sand deposit along the shove
of Gem Lake was used.’ Mr. Jorgensen describes the sand, as follows:

“This sand was first pumped, and ‘later ‘shovéled, from the lake, and
‘trangported to a storage pile near the mixing plant,  This ldke sand, which
contained 83% of clay and 1% of dirt, was mixed with the sand from the.rock
crusher (all particles being less than # in. in diameter) in the proportion of

about three-fourths of ldke ‘sandito one-fourth of crushed rock sand. This
gave a very good combmatlon, both as to strength and  water- t1ghtness

Oompressmn tests.on 6-in. cyhnder specimens, made as the work plogressed
showed an. average strength: of approximately 900 Ib. per sq. in. for crushing
* Transactions, Am. Soc; C. B, .Vol. LXXXI (1917), p. 879, \

F1¢. 7T.—EXPLORATION IN REAR FACE OoF GEM DAM EXPOSING REINFORCEMENT.
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at the age of 14 days. Concrete was distributed to the different arches and
buttresses with two-wheeled push carts and short chutes with ‘the minimum
opportunity for separation.

Before construction was begun, the design was reviewed by the J. G. White
Engineering Corporation, and ‘a representative of this Corporation also later
reviewed and favorably commented on the work in the field,

Remepiar, METHODS

The conditions described had developed by the spring of 1924. The pre-
ceding winter had been one of almost record low precipitation: It was evi-
dent that the run-off would not be sufficient to fill the reservoir and that
repairs, if carried out during this one field season, could be completed without
the loss of any stored water. On the other hand, repairs extending through
two seasons might necessitate wasting considerable water and thus result in
a financial loss which should be directly added to the cost of repairs. It
should be noted that 1 acre-ft. of water s’cored in this reservoir is capable of
producing 1200 kw-hr. . 7

Serious consideration was given to the problem of providing a rock-fll
back of the concrete structure and utilizing the existing concrete ‘arches as
the water-tight face of the rock-fill dam to be thus constructed. Although
a rock-fill dam, with its ready drainage, is very desirable at a location such
as this, two objections to this method of repair were at once evident. The
great quantity of rock necessary could not be placed in a single seasomn,
possibly mot in two seasons, but, even more important, it was hardly probable
that such rock-fill could be placed by any practicable methods so that it would.
not settle away from the concrete arches and allow them to continue to with-
stand the full pressure of the water until after they had actually failed.

It was finally decided that the best method of repair would be to pour:a
conerete gravity section back of each of the arches, extending it up to within

80 ft. of their tops. The section adopted is shown in Fig. 8. To have carried

‘the section higher would have required greater quantities than could have been
poured in a single field season. The upper 30 ft. of the existing arches and
the buttresses supporting them appeared to be in perfect condition and to
need no reinforcement. To clear up all doubts concermng the condition of

~the upper 80 ft. of the existing arches, they were drilled and tested for hard— ‘
‘ness. Two samples were cut from what appeared to be the poorest sections

and were tested for strength in compression. The tests showed results of

©1880 and 2170 1b. per sq. in., respectively. The normal operation of the »

reservoir during eight years had not subjected this part of the dam to water
pressure during seasons of extremely low temperature, and it is not probable

" that future operating conditions will require that they be so exposed. It is

not improbable that a horizontal crack will develop in the existing arches
‘opposite the top of the gravity section, due. to difference in rigidity of the
two types, but it is not believed that any serious results will be occasioned.
The two types will simply act independently and without serious leakage.
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"It will be noted that the section added back of the arches is not only heavier
than standard profiles of gravity dams of similar height, but that, with the
added pressure due to the reservoir being filled 80 ft. above the top of the
gravity -section, the resultant. falls well within the middle third of the base,
and the maximum pressure at the down-stream toe does not exceed 5 tons per
sq. £t.:(70 1b. per sq. in.). This is a very light pressure for the excellent hard
rock foundation. In addition to the stability afforded by the gravity section,
it is mecessarily arched in plan, following the 40-ft. arches of the structure
already existing.' The section was also carried back to secure an: excellent

bond againsti the -counterforts of the buttresses.’ It is mnot believed that

stresses'can be induced in the gravity section by pressures on the upper 30 ft.

.of the dam, beeause such pressures will be transmitted direct to the buttresses.

-Drains.of precast porous blocks 12 in. square with 4-in.cores were placed
at the up-stream: toe- of the gravity section, and thus at the base of ‘the rear
faces of the arches of the former multiple-arch dam and also along the spring-
ing lines-of the arches. These drainé were connected to'4-in. tile-drains laid
on a slope of 1 in 50. : o Lo C

OONSTRUCTION

The grav1ty section was constructed by Dwight P Robinson and Oompany,
Inc., E..C.'Macy;, M. Am. Soc. C. E., being in personal charge. The work
was begun.in June, 1924, and ‘approximately two months of the short availible
field season was required for the installation of plant and equipment, consist-
ing: of ‘rock crusher, aerial cableway, inclined tramway, bunkers, decking, ete..

The tramway from the power-house at Silver Take to a boat landing iat
Agnew Lake, constructed in 1915, and previously mentioned, was again
utilized after extensive repairs. This tram was constructed of 36-in, gauge
track, and both 25-1b. and 16-1b. rails were used, the total length being 4 826 ft.,
the'maximum grade, 68%, and the vertical rise-more than 1250 ft., with many
lcurves and several trestles. A simall flat car, 43 by 8 ft., was used to -earry
materials. . The $-in. steel hauling cable was attached to a single drum-hoist
driven by a 100:h.p. electric motor. All construction equipment,-tools, camp
supplies; lumber, anid cement, was hauled up this incline; in fact, all material
used’ except sand and rock. The usual load per irip was 5 tons. - The maxi-
mum load; the jaw of the rock crusher, was 10 tons.” The most troublesomé
load was the motor launch, 80 ft. Iong with 8-ft. beam, which had to be carried
on”two. flat cars-and shifted several times while in transit: because of small

“clearances.” In handlmg regular loads, such ds cement, & round trip wag

ordinarily made in 50 min., including time for loading and unloading:
Material delivered at the boat landing on-Agnew Lake was loaded on a
barge (18 by 24 ft. by 8 ft. deep; capacity, 400 sacks of cement, or approxi-
mately 20 tons) ‘and towed across Agnew Lake by a launch drlven by an
8h.p. mbtor. :
~From the upper end of Agnew Lal\e, a double track, 86-in. gauge,: incline
rallway was’ constructed to the concreting plant:situated above the 'south end
of Gem Dam. -Because of the precipitous rock ‘slopes, ‘it ‘was necessary to

Y
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support this tramway on a trestle throughout its length 6f:1.715 lin. ft. /The
grades varied from a minimum of 10% to a maximum of 709%, and the total
elevation surmounted was-almost 600 ft.. The tracks were straight with the
exception of one curve, having a 40-ft. radius and a-48° deflection angle,
located near the top. This tram not only carried: the loads from the lower
tramway, but also:all the rock ahd sand for'concrete:. Only. the: southerly
track was used for hauling sand and rock; although the tracks were:located
so that: either could have been used.” Sand and:rock were hauled in a steel
trip car of 4 cu. yd: capacity, which, when loaded; weighed approximately 7
tons,” The northerly track, which ‘was used:for the transportation:of cement,
lumber, and eamp supplies, was fitted with a small flat car similar to that used
on the lower tram. - Each car was hauled by a $-in. steel cable attached toa
single drum hoist operated by a 100-h.p. electric motor. . The motors ‘were
equipped " with - two. speed controllers, a slow starting -speed -and- a hauling
speed- of 400 ft. per min. The rock car was able to: make approximately. 4
round.: trips per -hour. : It is estimated that 26428 tons of matemals ‘were
“hauled by this double incline during the short fleld season. : .

It was hoped that suitable rock could be found near and above the elevatlon
of the top of Gem Dam, but final examinations showed the most suitable
rock available for both the crushed rock’ aggregateand for making sand, to
be a deposit of broker granite located below the dam ‘and aeross ‘Aghew Lake.
Laboratory tests of samples of this rock showed it to’ be entirely:satisfactory.
To transport this rock across Agnew Lake, a cableway was constructed from
the rock’'pit to the crushing plant which was at the foot of the upper:incline.
~ The rock wis excavated and conveyed to the loading bunker by a 12-cu. yd.

Bagley grader operated by a double drum hoist equlpped w1th a 75 h p electrlc
motor and -in: hauling and haulback:lines.

The' overhead: cableway between the rock pit and the rock crushlng plant
required ‘a span’ between -supports of' 950 lin. ft., the span between anchors
being 1'250 lin. ft. - The anchor at the end-above the erushing plant: comprised
a set-of four 2-in. eye-bolts grouted in holes drilled’in a rock ledge about 800 ft.
back of the ‘plant. A single-sheave block was laced by $-in. wire ropeito
each of these eye-bolts, and a:4:-sheave block was laced to another single-
sheave block acting as a thimble for attaching the carrying cable. The4-sheave
block: was-about 50 ft. from the eye-bolts and was laced continuously through
each of these single-sheave blocks with the loose end of the cable clipped back
on itself.- Whenever -an adjustment for height was neceéssary, this: loose end
was attached to the haulmg hne for the cableway car and any slack was taken
up by power. . v

The anchor. back of the ‘rock plt consnsted of a “deadman and head-
frame of round timbers back-filled over with about 100 tons of rock: “The dead
end-of the dable was clipped around a- 86-in.-log and cdrried up through: the
head-frame, where a 6-sheave block allowed adjustments for height. .The
hauling hoist-was on the mountain side t6 the rear of the rock-crushing plant
and directly under the. carrying cable. It was designed:to. operate-the car at
a line speed of 500 ft. per-mir. ;The haulback hoist was:set.in the head-frame

FiG. 9.—PARTIAL VIEW OF EQUIPMENT AND CAMP, SHOWING OPERATION OF INCLINED DOUBLE TRAMWAY, BUNKERS, DECKING, ETC.




Fig. 10.—ForM WORK FOR ARCHES AND
CONCRETE SPOUT ¥YOR CONVEYING CON-
CRETE FROM OVERHEAD DECK.

16, 11.—ViEw or AGNEW LAXE, SHOWING LaNes Kepr OpEN THROUGH ICE FOR
PASSAGE OF LAUNCH AND BARGE.
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of “the :rock-pit anchor. - The:erection of the original carrying cable, which
was 2% in. din diameter, was ‘a difficult task: requiring the laying of the cable
across the lake by utilizing the barge.and motor; attaching the end at the
rock-pit anchor, and pulling it up to position by use of the hauling hoist and
rope. The original cable stranded soon after it was put in operation and was

-replaced by a 13-in. Langlay, steel -core cable, which Was much’ more eaqlly_

handled. Pontoons across the lake; constructed by securlng in position beneath
the carrymg cable a number of small lo«rs held in position by §-in. wires, pre-
Vented the hauhng lines from dloppmg down in the lake and catchmg under
rocks )

'The concrete mixing plant was located sbove thé south end of Gem Dam
From this point a trestle and deck was constructed over the top of the dam to
serve as a platform on which to push the conerete in-dump cars of the Kopple
type to the point of pouring. Fig. 9 is a view of part of the equipment and
camp, showing the inclined double tramway, bunkers, decking, ete. The conerete.
was dumped through platform hoppers into elephant trunk chuting 16 in. in
diameter and conveyed to place in the forms. Owing to the use of large aggre-
gate, it was difficult to handle concrete which showed a slump of less than
2% in. without clogging the chutes, even with the steep slopes used. A conerete
inspector made frequent slump tests and attempted to keep all the concrete
of such consistency as to show a little less than a 8-in. slump. A cement .
bag shaker was utilized and 1 sack of cement was recovered from each 58.4
sacks shaken.

A total quantity of 12 004 cu. yd. of concrete was added to the dam and
16 425 bbl. of cement, or 1.368 bbl. per cu. yd. of concrete, were used. The
approximate proportions of the mix were 1 part cement, 8 parts sand, 8 parts
crushed stone (% in. to 1% in.) and 1.84 parts cobbles. Compressive tests of
concrete samples showed an average strength of 2 400 1b. per sq. in. at an age .
of 28 days, and 3 440 Ib. per sq. in. at an age of 3 months, ‘

- Weather conditions permitted continuance of the work somewhat longer
than usual, and the last concrete was poured on November 15, 1924. Fig. 10
shows the form work for the arches and the concrete spout for conveying
concrete from the overhead deck. Fig, 11 is a view of Agnew Lake showing
the lane kept open through the ice for the passage of the launch and barge.

CoONCLUSIONS

To prevent deterioration of concrete subjected to water pressure and ex-
treme low temperatures, it is necessary that impervious concrete be obtained.
The slightest penetration of water will be followed by deterioration, further
penctration, and further deterioration. '

Plaster coats, such as “Ironite”, might be satisfactory except for hair-line
cracks which will be developed on any thin arch section by movement due
both to temperature changes and to loading and unloading the arches.

Under the difficulties imposed at this site and similar sites in very remote
high mountain areas, it is doubtful whether, under conditions of the present
day, impervious concrete can be obtained. Therefore, structures composed of
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thin sections of concrete should be protected from extremely low temperatures.
For such localities, the writers believe that. a dam of the . rock- ﬁll type ‘has
many advantages over dams of other types. EETHI
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DISCUSSION

J. Y. JEwETT,* Assoc. M. Ay, Soc. C. E. (by letter) —In the early summer
of 1928, the writer was called on to examine the structure referred to inthis
paper, and make 4 report on certain features of concrete construction related
thereto. - The repairs, involving use of the “Iromite” process, were at that
time under way. -Later, as’ mentioned in the paper, he was asked to make
some tests of water-proofing materials, with a view to finding a suitable method
of treatment for water-proofing the up~stream face of the dam a brlef descnp—
tion of which tests may be of interest, ot

The: first series of these tests was confined principally to bituminous mate-
rials. Engineers of the Company felt that the solution of the problem might ‘
lie in the use of some substance having the flexible and elastic properties of
this' type of material, in contrast to rigid materials of ‘the Portland cernent
niortar type which readily crack and allow the entrance of water under the
Severe temperature chanves of that locality. The ‘main points to “be' deter-
miined were: Durability under the prevailing climatic conditions; resistande
to water pressure; bonding with the concrete surface and penetratlon into
the pores of the concrete under plessule

Manufacturers of water-proofing materials of this type were asked to fur

" nish samples of products which they could recommend as bemg espe01ally

resistant to -the range of ‘temperature involved. The samples reeelved were
classed in- three groups, as follows:

(a) Solid material, to be melted and applied hot.
() L1qu1d material, to be applied with a brush as a pamt ;
(¢) Material in mastic or putty form, to be apphed with a trowel

For practically all the samples submitted, the use of a hght asphaltic paint
as a primer coat was prescrlbed and this was generally furnished with the
sample .
In tests for resustance to water pressure, a plpe apparatus connected w1th
the c1ty system was used on which a pressure of 55 to .60 lb, per.sq. in,:was
available. The test specimens were 2 in. thick and 5.in, in d1ameter coated
on top w1th the matorml to be testod These cxpeclmem were bolted between
plates, with gaskets to make a ttght 301nt loavmg an area, 8. in. in dlameter
in the center exposed to water pressure, w1th provmlon for catchmg and meas-
uring. any water coming thmugh To detelmme absorptlon under pressure
and penetration into the poves oJ' tho conerete, - ‘specimens . 6 in. in diameter

“and 4 in, high, entirely coated with the materlal to be tested, were 1mmersed

in a closed tank under the same pressure. The effect of variation of temper—v
ature was observed by heatmg to 110° Fahr and by exposure in cold storage
at slightly below 0° Fahr,

ATl the materials exeept a light’ paint in Group (b) formed a coating
Wh1ch was water-tight under the pipe-pressure test. The tank apparatus ‘did
not prove to be adaptable to the purpose for which it was used on account
of the unbalanced condition caused by difference between air in the pores of

* Testing Engr., City of San Diego, San Diego,; Calif, ) .
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the concrete at atmospheric 'pressure and the higher pressure maintained in
the tank. This produced rupture of the enclosing membrane, and caused

it to puff .out.in small bubbles and pull away from the surface of the concrete.’

In no case:was there any penetration into the pores of the concrete.;
.Under the conditions prevailing. at this dam, application of the mater1als
of _,G‘rro_up (a) would be difficult. . The hot melted material cools very qulckly
on striking the cold surface of the.concrete, and tends. to stick to: the .tool
with which it is being applied, and to pull away from the surface in a sheet.
The materials of Group (¢), although possessing spongy, elastic. properties,
were in general too soft and easily abraded to form a satisfactory.coating;

and some of them became softer under water than 1n ‘the -air. , Under an -

1ncrease of: temperatule up to 110° Fahr a few of the samples remamed un-
changed but the _general effect was to. soften the, materlal although not suffi-
mently to eause flow- or change of . shape The specimens ,placed in cold
storage were recently removed after one year’s continuous exposure, and were
practlcally unchanged. in cond1t1on, the coatings showing no sign of cracking
or peehng To. show the effect of varying conditions of temperature and
moisture as ex1st1ng at the structure, field exposure .tests would be. needed.
The conclusion is that if material of this type is used, it should be in

paint form, of the class included in Group (b). Some of the paints. of. /this -

group ‘are of heavy consmtency, about as thlck as.can be readily handled with
a brush, and dry with a hard, smooth tenac1ous coating. Among the several
samples hav1ng these characterlstlcs a difference. in. hardness, and . tenacity
under water 1mmers1on was notlced Trlal of a comblnatlon coatlnfr of such
advantages of the former some beneﬁt would also accrue from the elastic
propert]es of the latter. '

A second series of tésts was made on samples of general Water—prooﬁng
compounds of the type intended tb be ‘applied as surface coatings in pamt
form. These materials, although showing properties which mlght be useful
in certain classes of work, did not develop results under water pressure that
would recommend them for the purpose in question.” "This series 1ncluded
several brands of the so-called Water-proof plastlc, Portland ‘ceinents’ now “on
the market. The plastlclty of these products is doubtless of beneﬁt a8 an aid
to “workability, in some classes’ of work, but they did not show water-proofing
qualities in’these tests equal to those of straight Portland cement A marked
feature ‘of these cements was their low strength in compresswe tests of con-
crete, ‘as compared Wrth straight Portland cément.

“To the writer, in view of the results’ outlined, the problem seems to narrow
down to a choice betweén two methods of treatment

'Pirst—The use of bituminous paint of the type descrlbed ThlS, although
an unusual form.of treatment for a structure of th1s kind, gives 1nd1eat1ons
of furmshmg an eﬂ’ectwe water-proof coatmg at a relat1vely low cost If,
however it should need renewal from tlme to tlme, -as may. be ‘the - case, the
cost would be a contmumg item. .

Second—The use of a Portland cement mortar or concrete coatmg of hlg’h
density, reinforced against’ ‘temperature effects. Although the original cement-
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gun coating did not prove to be satisfactory, the usual product of. this process
is well known as.a material of high; density, and it should be possible fo apply
such a coatrng in this case. so, as to obtain advantage of this feature; or the

'procedure could be carried a step further, taking the form of a coating of

re1nforced conerete, similar to that of which the walls of the. concrete ships
are built. Without entermg into ‘discussion of ‘this: type of ship in general,
it may be noted that they have shéwn the possibility of concrete: construction
in thin walls, of high density. . As an alternative to the use of Portland cement
in this proposed mortar or concrete coating, the use of a qu1ck hardening,
high-strength cement:of. the newly ‘developed “mlumina” type’ deserves con-
sideration,

With reference to the discussion by the authors:of the comcrete in the
original structure, it was evidently considered. that .the work -was of a good
grade of concrete construction, and that the. gunite facing could be relied
upon for water-tlghtness Tests of -the .concrete, however, as reported* by
L. R. Jorgensen, M. Am. Soc. C. E., and as obtained on the specimens taken
from the structure in 1924, show a low compressive strength for, the mix used.
One féature contrlbutlng to .this, Judg*lng from the writer’s obgervation, was
the presence in the. rock used as aggregate——whmh was obtained from material
near the s1te of the Work——of thrn, ﬂat smooth—surfaced pieces, wh1ch would
have somewhat the same eﬂect in concrete as mica in a sand mortar.  The
authors, in descmbmg the neW constructlon, refer to, the selectmn of . .4, more
'sultable rock at, some d1stance from the dam s1te ) :

‘ Experience with this structure 1nd1cates that. concrete to be used under
s1mllar conditions should be of what’ may “be termed a super-excellent grade.
This raises the questwn of the’ adequacy of the, ord1na1y contract system (with
its matural emphas1s on speed of operatlon and proﬁt for the contractor) to
meet such a condition. From the pomt of v1eW of a testlng engineer, who,
from his study of materials, perhaps real1zes more fully than others the pos-
sibilities inherent in concrete as a construction’ materlal a ‘more_effective
method would be to place such work directly in charge of an engineer familiar
with the problem and give him a free Land to obtain the results desired. This
is subject, of course, to the limitation that there be no waste or needless
expense; but it does leave such a man free to devote his energies to obtaining
these results, rather than to-expend them in more or less futile 1nspect10n
wofforts under the contract system R

ST R JORGENSENJ' M. A Soo 0. E. (by letter) —The d1st1ntegrat10n of
the middle zone of the arches in the Gem Lake Dam, has naturally given great
aoneorn to the erter, as 'he ‘was responsrble ‘for the design and constructlon

of this dam nine years ago’; he has therefore been seekmg earnestly for a true

exp}anstion of this: rap1d ‘deterioration.

1A conovate consists’ sifply of rock, sand cemcnt and wate;r, the problem
ia Hmitod to the mvestlgatmn of these four materials, aside from the mixing
;;md goneral ’Wolkmansbrp At ‘the tlme of the constructmn of the dam and

; i"‘"’Mung}lmAWh T)nms on Rush Creek Cahfornla”, Tmnsacttons, Am Soc C. E,‘ Vol
;4‘(‘(?{1‘ g, D 860.,7, B
“rC)mm fingr., (,mmtnnt Angle Arch Dam Co M San Franclsco, Cahf o
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also as late as June, 1923, these materials 5were analyzed and ‘tested frequently.
The following ‘noteés' on the tests are taken from a report made by the Noble

:Inspectlon Bureau (now Abbot A Hanks, Incorporated San Francisco, Cahf )

“ Water from Gem Lake o L . Parts per Mllhon
Sulphateés (as' Na,SO )‘. e e e PN . Nome
Chlorides (as NaCl) ....... T PO - 290 O ©
Carbon dioxide (CO.)....v.. i A RO S S 2:20 !

“Ag the sulphates, chlorides, and carbon “dioxide were present in such a
very small amount, it was not necessary to make further analysns in connec-
tion w1th the investigation of déposit on the concrete.” This water is unusually
pure.” e :

. Relative:to crushed rock, the réport states:

© T «We [ Noble Inspection Bureau] treated the sample of crushed rock to
determine its solubility in water. The results indicate that the calcium carbon-
ate deposit on the:down-stream:surface of the dam does not ongmate from
this rock.”.: , i Py . ;

The sand used was found along the shore of the natural Gem Lake, Whlch
was lTowered: about 15 ft. When excavating for the dam foundatlon Approx1—
mately, one- “half” thls ‘gand requn‘ed washmg in order to ehmmate excesses of
clay ‘and vegetable ‘matter. Both mortar br1quettes and compressmn spemmens
were made of the local sand and of standard Ottawa sand and the local sand
below 90% of the standard in tens1on " Three klnds of sand Were used A
semi- s1hclous, a basaltlc, and ‘a granlte sand from the rock crusher _Th_e
latter was mixed with the sand from the two natural deposrts S

' Thi original structure was bullt by’ the Duncanson Harrelson Company, of
San Franmsco, which Oompany had had lartre experience in conerete: work and
built a good structure The water contents were kept. to a minimum for rein-
forced water t1ght concrete It is true ‘that the crushmg strength of the-con-

crete was not qu1te as high as ord1nar11y would be expected. for:the richness :

of the mix used There are two reasons for this:. First, concrete in rein-
forced arches which has to be water-tight can mot. be deposited as dry as
requlred for maximum- strength. In a gravity dam where men can work
directly on the newly deposited concrete a slump of 8 in. can be used, but for
reinforced concrete in forms, where the concrete can only ‘be reached with
long-handled tools, a slump of approximately 5 in. must be used to obtain
water tight concrete Secondly, the shape of the crushed rock was somewhat
elongated The stresses used in the de31gn were conservatrve, and therefore
the structure was never over stressed due to the water load. ~ :
When the dam was first subJected to water pressure it-was remarkably tlght

The first tlme the writer observed anythlng wrong was.about three years after

completlon A very heavy wh1te depos1t consisting: of practically pure calcium
carbonate was notlced on the down stream. face: 30 _ff. below the crest. Tt is
almost 1mposs1ble ent1rely to av01d thrs .white deposit on the down-stream face

of the dam, at least in moist spots but 1n thls case the deposrt was too heavy _

to be harmless and kept increasing:
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The small white depos1ts often seen on, the down-stream face of dams
or1g1nat1ng merely from the leachmg of the free hme in. the cement or from
whatever laitance there may be in the construct1on _joints, are harmless, but
when these materlals have leached out and. appear on the down stream 31de
in the form of calcium carbonate, the process should stop and. nothlng further
should happen In 'the case ‘of the Gem Lake Dam the process never stopped :
it seems that in the zone subJect to water préssure the cément itself broke .
down during the coldest weather Where else could the large depos1t come
from ?

The - cement had ‘passed the usual test.” It ‘might, however; have ‘been
slightly -underburned without being noticed, causing it to be at the point of
unstability ‘when exposed to the severe cold. Under ordinary conditions the
concrete undoubtedly would have kept its strength, but under the Severs
climatic conditions 1mposed on.it in- the mlddle :Zone, 1t deteriorated and lost
its ‘entire strength. ' : SEEEE

The deterioration started at the constructmn 301nts, as they were naturally
the weakest points. in the structure;, but if the leaching had only been con-
fined to whatever laitance or free lime there might have been: in the. joints,
the ‘process would soon, have - stopped. Fig. 7. shows . clearly that. the
deterioration of the concrete was mot confined to the joints., A. zone 30 ft.
high, beginning:80 ft. below. the crest.and extending all the way across:the
structure, was subject to heavy frost while the water level fluctuated between_
the two levels. In this zone the concrete is practically umformly detenorated
whereas above and below it is still i in good condition. " :

If the sand had been the cause of the poor showing of the concrete, it could
be expected that there would have been ‘good ‘and bad spots of:‘the matérial,
as three kinds of sand were used, sometimes washed ‘and ‘sometimes-unwashed.

An analys1s of the depos1t on the Gem Lake Dam shows the following ¢

: B T - Percentage

Silica (8i0,)......: ...... " <016 ¢
STrom (Fe) ... il il oL PP N (X 11
Alumma(AIO)....;‘.’..'...'....7:‘....'.:‘;.’.‘ ....... LS 0 0:89
‘Oaleium carbonate (CaCO,)....0 .. ... 00000 oD 9144
Magnesium carbonate (MgCO,) ..:... .00 ... ... 01l
Total. ... o0 i i i i i i 98.75

showmg that the deposit is practlcally all calc‘rum carbonate

Inasmuch as the deposrt continued to accumulate it was due, 1n the
writer’s opinion, %o the cement breakmg down gradually and the limé in the
cement berng leached out contmually The tlme of actual breakmg down was
durmg the coldest weather o

"The Agncw Like Dam, bullt of pract1cally ‘the same matenal on thé sate
stream, but B00 ft. lower in'elévation, is still in first-class condition. The .
water leével in ‘this reservoir, howéver, is not’ apprec1ably lowered durmg' the
cold season, and snowdrifts protect the down-: stream face to a great’ extent
from the extreme cold weather.. R
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““Three years'ago (1992) ‘the writer acted as"Cbnsultin:g’" Engi'nfeer' on a
‘multiple-arch dam then being built in Northeérn Sweden on ‘the Rlver Luleaa,
80 miles north of the Arctic Oirele. Two dams of 4 deswn s1m11a1 fo the Gem
Take Dam were constructed at’a locatlon where at t1mes the temperature drops
to 50° Fahr. below Z610.’ ‘Both dams have béex in use for two years; they are
bemrr carefully Watched for frost actron, but 80 far none ‘has appeared o

These dams are prov1ded Wll}h a back- ﬁll of earth ‘on the down stream srde
for a short distance up. The back- £i1l was put in to protect the lower arch
p01t10n aoalnst the very. low temperature and, consequent contractlon near
the, footmg Where the arches are ﬁxed to the rock. The upper portion of the
down—stream face is:still uncovered . and therefore, open. to inspection.. :The
water level ﬂuctuates during the cold season. , e

On récent designs of multiplé-arch dams, the Wrrter has favorably -con-
sidered arches of 50 ft. span, instead of 40 ft. A greater thickness of avch is
nécessary, but this should make it possible to keep the construction joints tight,
just by::caréful workmanship, without plastering the’ up-stream side. ' When
an arch is so thin that heavy frost can’penetrate the concréte and ¢ause freez-
ing on'the water side below the water level in the reservo1r, it can Hardly be
expected that a plaster face will have'a long life; the adhesion i& seldom
100%, and rveliance for water- t1ghtness therefore should be placed ag’ much as
- poss1ble in the concrete 1tself ' s ; . SR

WALTER H WIIDDLER * M AM Soc C ]3 (by letter) —The descr1pt1on
of the :Gem, Lake Dam is interesting; but the d1s1ntegrat10n of - the concrete
in.;the structure by frost can be readily explained. . S

In the- descrlptlon of the aggregates two facts are mentloned Whrch Would
account for the difficulty. ..One of these facts is that the lake sand wused in the
concrete.contained 839 of clay and 1% of dirt, and the other that the screen-
ings from the rock crusher were mixed with the lake sand in the proportion of
1:38. Presumably, the blue limestone, referled to as the country rock: at the

dam site, was used in the concrete without removing the dust whlch resulted :

from the crushmg operation. It is the writer’s experlence that concrete made
of aggregates which contain clay and d1rt will not resist frost action, and

also that limestone dust is very detrlmental to the durabrhty of concrete, also.

that concrete made with certain varieties of limestone aggregate will be quickly
disintegrated by frost.. The writer has observed many examples of the disin-
tegration (by frost) of concrete in Wh1ch gimilar. afrgregates have been used,
and also 1 many examples of. concrete made with clean durable aggregates, Whlch
have resisted . the frost under equally trymO" condltlons He does not hesrtate,
therefore, to ass1gn at Teast a part of the trouble on the Gem Lake Dam to

the aggregates used in the concrete, . If concrete is to be exposed to frost the .

aggregates must be carefully selected w1th that poss1b111ty in mmd
... There, may also be other contrrbutory causes which are not - 80 apparent
from ‘the pubhshed descrlptlon e et e hugn :

* Designing and Cons. Engr., Minneapolis,, Minn.. ~: ...t .
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C. A. P. Turser,* M. Awm. Soc. C. E.: (by.letter)—This paper should
prove of much value to the profession in calling pointed attention to that
.particular kind of concrete which will not Wlthstand frost. action, namely,
concrete compounded of sand as fine aggregate containing. 33%. of clay and
19% of dirt.. The broad conclusion that concrete disintegrates in-like manner
when made with suitable aggregate is not warranted from this example. Good
initial resistance to compression of sample specimens is too often mistaken as
a detelmmant of frost resistance although in no wise related thereto. .

For purposes of discussion, the concrete . utilized in the constructlon of '
dams may be classified as (a) structural. concrete; and (B) mass. concrete.
Hollow dams (such as the original Gem Lake desrgn), flat slab. dams, and the
like represent Class (a), while the mass concrete of the grav1ty type prcsent
examples of Class (?).

That frost disintegration occurs in Olass (a,) concrete because of the- rela-
tive thinness of the section, but does not occur in Class (b) concrete because
of its greater thickness, is apparently the deductlons of the authors from the
single experience deseribed ‘and discussed. : R

In certain slabs of reinforced concrete dams much thinner: than the Gem
Lake section and exposed at times to temperatures of 50°.below zero; or lower,
no material disintegration by frost has oceurred in: twelve: years: or. more,
whereas in some. structures of the gravity. type with-far:thicker sections,
in which care had not been used’ to: secure clean afrgregate, the Wrrter has
observed disintegration by frost: : : S AT

The importance of the question at issue hes in the fact that the structural
conerete dam may commonly be safely built.at a much-lower cost than a.dam
of the mass concrete type., Many irrigation projects are rendered commer-

~ctally feasible by using the economic dam structure wheress they would be

lacking.in feasibility with the more expensive gravity types. The disintegra-

tion of mass conerete, or the thinner section of  conerete; by frost appears to

‘the w11tcr as one of prowresswe action which may render even: the massive
_sll‘

uctnrc unsafe W1th1n -2 period shorter than -its expected life. Hence, the
ol of care in the selection of concrete materlals whether in the, bridge. pier

“or dam structure exposed to the elements The add1t10nal first cost of washing

Hmld and secur ing cxound aggregate is, always small compared to the cost of

\t'vlmu's Wlwn propcr care has Dot been exercrsed

Lrrovas L Wiaa,t M Am. Soo. C.-E: (by letter) ——There is'at ‘present

sunder construation-from the writer’s designs a-multiple-arch dami about 300 ft,

long and 88 £t maxinum llolght, and the subJect is, therefore, of gleat 1nterest
to. him. .

~Many (-o:ucroto strueturos, mtludmg dams, are deterloratmg w1th the a1d

-of moisture and frost and it is generally impossible to fix the: cause with: cer-
tainty. The authors. call attention for the first timein g pointed ‘way to ‘the

fact that the immersed side of & thin. exposed wall of concrete i in-the same
danger from the formation of ice crystals in- ity pores; under ‘the influence ot

# Cons,rHEngr., Minneapolis,’ Minn, ' TR O R SR
f Cons, Engr., New York; N. Y. . - T PE B A e
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‘old coining through from the dry side of the structure as the s1de not im-
mersed of a thick, leaky wall; :
Deterioration was expected and occurred in ‘the mortar lmmg of unéovered

steel pipe, but here the exposure was gevere as only a-thin plate of ‘steel inter-

vened between the outs1de cold and the’ saturated mortar hnmg only 2 in.
thick. - :
Filter roofs, 6 ‘in. or more in thickness, covered with about 2 ft. of earth
are often-wet with ‘eondensed moisture and sometimes permit thin ice 10" be

‘formed on the water below, showing that the air Whlch touches ‘them is, at

least, 'as cold as the unfrozen witer: against a thin dam." The writer has never
noticed deterioration in the lower surface of such ﬁlters "None of: these ﬁlters
‘was in a region of extreme cold. : :

In the United States some concrete stand—plpes have deterlorated ‘outside
from leakage and freezing, but the writer does not recall deterioration inside
although the concrete was porous and had to be water-proofed onthe inside
to prevent further' damage outside.. ' The French have constructed’some of
these stand-pipes that seem to have mo impeifections from- leakage or frost.
These :stand:pipes; again, are not in seml-Arctlc reglons also, there is: more

.or-less circulation of water.

The: Stony River Dam in West V1rg1n1a is a hollow dam of the Ambursen
typeé.-- It is-at an elevation of about 8000 ft. and experiences very severe win-
ters compared with most places in the East. Ice forms on the inner faces of
the hollow. Deterioration has occurred on the water face, although mostly

high up in the zone of fluctuating water levels.

- The:writer has been advising on' the tepair of a grav1ty concrete dam. The
concrete has deteriorated both: on the water face and on the down-stream  face.
D1s1ntegrat1on down''stream is apparently due to leakage and freezmg, ‘that
up stream, s1m1larly, is apparently ‘due to saturation and freezmg The con-
crete is about 1:8:5 and rather poor. Several hundred thousand dollars will
be expended in repairs. The safety of the dam has not yet been endangered
by detenoratron ‘The interior is sound. This is only one of many dams that
have’ shown sugns of surface d1smtegrat10n Oaly good stone masonry seerns

“exempt, and that needs repomtmg in some cases.

It is not agreeable to contemplate that 1 m spite of all care, concrete struc—
tures o often fail to endure. The writer started thu'ty years ago with the feel-
ing that the place for concrete was underground. Unfortunately, stone for
stone masonry is not often . available at-a reasonable price and . the advent of

-concrete was the beginning of the declinefin the' supply of stone masons. “Engi-

neers are often foreed to use concrete where its expectation of life may be com-

‘paratively limited, or at least doubtful, because stone would cost so much more

that ‘the concretestriicture ‘could be often renewed at a less total capital cost.
“Hope springs eternal ‘also that vigilance will produce concrete of such quality

‘that it'will be among the structures exempt from major detenoratlon

Among those who are engaged in research on ceinent and concrete ‘ate some

“who lay the deterioration of concrete to the use of too little cement.  In the

Gem Lake Dam only-1.5 bbl per cu. yd. were used. Perhaps 1.75 or 2 bbl.
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would have shown different results. Some old structures with even less cement
are still without blemish, it is true, but this may have been due to extraor-

“dinarily good sand and proportioning.

The writer chose a multiple-arch dam for the case- mentloned at the begm-
ning:of his discussion because rock foundation was found near the surface and
other conditions made it by considerable the cheapest type, except possibly a
slab dam. About 1.6 bbl. of cement per cu. yd. are being used in the piers and
1.75 bbl. in the arch which is only 1 'ft. thick. Even with:this thickness the
stress is only about 150 Ib. per sq. in. from water pressure alone and it'is still
(October, 1925) very low, with scarcely any tension, with extreme‘condltions
of temperature. It is a flexible structure and no joints need slip to provide
for temperature changes. It was hoped to make the dam tight by the excellence
of the concrete, but in addition a complete water-proofing of asphalted fabrie
and asphalt, covered with mastic for protection against-ice, is to be provided.
The circulation of water in the reservoir will be fairly vigorous and the climate
is that of the New York region, that is, generally free from prolonged
intense cold.

In their struggles to av01d one set of difficulties, human beings are prone
to Tun into others just as serious: Nature will not be altogether cireumvented.
An earth dam with generous slopes, paved water slope, grassed down-stream
slope, masonry core, and well-drained toe comes as near to being a part of ’the
landscape in permanence as-can be produced by man, yet it requires a generous
masonry spillway for its protection and perhaps fails by overtopping when the
record storm for the region ocecurs: The masonry dam’even pamtly dlsmte-
grated may safely w1thstand overtoppmg ‘at'such a time.

0. H. Howers,* M. Am. Soc. C. E. (by letter).—This paper is an exceed—
ingly instructive ome. The writer believes with the authors that: “all- the
story is not yet told” concerning multlple -arch dams; he would also include
all flat slab dams. v

The smaller volume of concrete contained in these hollow types, as com-
pared with ordinary gravity and arch sections, has often led to their erection
at sites utterly unsuited to them. To expose thin concrete slabs or thin arches
to high water'pressures and low temperatures is inviting ultimate failure. It

is a misuse of types of dams which have a definite, although rather Hmited, use.

. Like all innovations, these hollow types of dams have their over-enthusiastic
supporters who. can see -no merit in the older types and strenuously insist on
multiple-arch or flat slab designs for every site. The history of the Gem Lake
Dam will probably diminish some of this enthusiasm. The writer knows of
ona other dam, a flat slab structure, which is deteriorating in the same manner
a8 the Gtem Lake Dam. Both these dams were erected in cllmates that are too

cold.

B, W, Lang,+ M. Am. Soc. C. E. (by letter)—Since many dams of 'thé
multiple-arch and Ambursen types have not been seriously affected by frost'
action, the trouble at the Gem Lake Dam does not seem to be inherent in dams

* Hngre, U, 8. Bmeau of Reclamatiou, Denver, Colo
T Lntuyetto, Ind,
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with-thin concrete” walls,” Tt does -serve, however, to- emphasize 4 possible
source of weakness, and the necessity of mucl more than ordinary: precautlons
in the construction of such dams, especially.in cold «climates. ! :

<A few years ago; the writer inspected :a large gravity dam in wh1ch the
concrete was-disintegrating in a manner:very similar to that.at Gem: Lake.
The dam was constructed by competent: :engineers, “but within -a: few
years-the -concrete began to disintegrate :and, when inspected, had scaled off
in - places to.a depth’ of :as.mmuch:as 6 in. and could readily be dug with a
knife ‘for :some distance from the surface, being about’ as.resistant as:com-
pact: gravel: ‘The writer was informed ‘that the ‘cause of the trouble was the
limestone  aggregate. ~This had ‘been brought from a considerable distance;
as the local stone was unsuitable. It had passed all the ordinary tests; but
an examination to determine the causé of the disintegration had revealed that
the limestone was filled with microscopic veins of shale which broke down
on exposure to the: weather. - Had this. material been: used in a dam with
thin :sections, it would certainly have necessitated reconstruction.:.

The fact that the buttresses of the Gem Lake Dam were not. aﬁected
strongly points.to. the. water as being an element. in the cause of disintegra-

“tion, but this dees not prove that it was not the quality .of the aggregate that

was.the primary cause of the difficulty. In his description of the construction
of this dam, Mr. Jorgensen*~states that, in the:lower. part, limestone from
the outlet: tunnel was used for.the aggregate. - Is it-not possible that the lime-
stone aggregate was.the cause of the trouble, and.that the rea_son;t_he, upper
part was not affected was because it was constructed with granite aggregate?
The writer believes .that, the materials. entering: into :the:construction . of
a multiple-arch or buttressed dam should be subjected to a much more crit-
ical examination than for a dam of graVity section. He Would" suggest’ sub-
jécting the aggregate and moulded gpecithens ‘of concréte’ to a considerable
number of alternate freezings and thawings. ' This should not be diffieult
with the small mechanical refrigerators which are coming rapldly into use.
In ‘horthern climates it could be readily done in winter’ by.natural means.
‘The danger resulting from disintegration’ of multiplé‘arch ‘dariis was called
to the writer’s attention by an: inspection: which he made of a dam of thig
type -in- Central: New York.,: This dam (Fig. 12) consisted of three vertical

arehes supported - by buttresses, ﬂanked by an- ogeé: grawty spillway- section”

at one end and’a gravity section abutment ‘at the other.” The concrete had
dlsmtegrated ‘badly in places (Fig. 18), especially at:the springing - line of
the arches and ‘at a crack- (probably caused by temperature) which extended
down' the crown of each of the three’ arches; The construction joints were

also ‘seats'of attack. - The disintegration ‘was not confined:to thie arches; but:

included also the buttresses and the ogee spillway section. The writer under-
stands that this dam has been repaired, but is not aware what method -was'
used )

i

B, J Waven,} M AM. Soc. C.E. (by letter) —In any dlscusswn mvolvmg
dlsmtegratlonvm concrete the first question. that naturally. arises is what. was.

* Transactions, Am. Soc. C. ., Vol.::LXXXTI (1917), p. 868.

+ Constr. Engr., The Nevada- Cahforma Power Co. and Southern Slelras .Power :Co.,
Riverside, Calif.

6. 12.—MULTIPLE-ARCH DAM IN CENTRAL NeEw YORK, DOwN-STREAM FACE,
SHOWING DISINTEGRATION.

MULTIPLE-ARCH DAM
F16. 18 —DurAIL oF DOWN-STREAM FACE,
(LEfT Bay IN Fre. 12), SHOWING EXTENT OF SPALLING.




WAUGH ON MULTIPLE-ARCH DAM AT GEM LAKE, CALIF. . 749

the quality of the concrete before deterioration commenced. If the: up-stream
facé had been absolutely water-tight and had remained so, it may be assumed
that the original concrete in the Gem Lake Dam would have given satisfactory
service, as no-deterioration appears in the buttresses. Also; the arches, where
not subjected -to freezing - when filled with water,; are not: seriously affected as
to structural strength as is evidenced by’ compresswe test. samples taken in
1924, , b
The failure of the gunlte coatmg to. absolutely prevent m01stu1'e from: get-
ting in back of the top skin was the primary cause of the trouble. -During the
long season of freezing temperatures; extending from September or: October
to-April or May, any moisture: admitted would: freeze and in-expanding :would
either loosen the material at the face or tend to enlarge the pores: throughout
the mass. This operation repeated itself each time:the weather warmed enough
to thaw. After seven winters, slabs of gunite coating of all sizes’ had been
loosened ; that'this was not due to faulty bond of the gunite is.proved in-part
by the: fact that often a. thin layer of concrete adhered to the gumte When it
was forced loose from the arch. ;
The quality of the concrete and the character of the bondmg at construc-
tion joints has a direct bearing -on the rapidity of disintegration, but: .it:is
doubtful whether any concreté would resist such’ freezing conditions indefi-

nitely. It is inconceivable that any concrete will prevent the penetration of

moisture. - With temperatures: that will ‘cause ice to form under -water on-the

reservoir face of the wall, any saturation of the w’a‘ll- whatever will cause’ dam-
age. Either: some facing must be provided that will be water-tight to the

extent of allowing no moisture to reach the concrete or else the dain should
be back-filled or otherwise insulated agdinst cold. Tn the original cotistriétion
a ‘water-tight metal up-stream form  would be the most satiSfactory solution.
It could be asphalt dipped, or otherwme treated, so that it Would ot rust
against the concretée and it could be repamted when necessary on the up-stream
face and maintained in water-tight condition at comparatlvely little” cost.
Such a form could be designed with expansion joints. In this'way the ‘con-
crete in the arches could be kept dry and the full strength would ‘remain so.
long as the up-stream metal facing were maintained water-tight. Tt would be
impracticable to carry the metal form below the ground line, but at this point
it would be a simple matter to fully protect 1t by back- ﬁll and st1ll leave the
structure open for observation.

It is possible that metal is still the best plotectlon for' the Gein Lake Dam,
but it is much more difficult to place than it would have been ih the original

conatruction. Some substance that has the ‘qualities of adhesion and elasticity
and “ean’ bo sprayed ‘or brushed may solve the'diﬁ‘ieultyv, field tests' are now-

belng' ¥inde with' certain bituminous compounds to deétermine the feas1b111ty
of their uge,

, Ax,lmmn D I‘LINN,* M. AM Soo C E——-There is: danger in over~empha31z—

ing one notable failure.: It is creditable to.engineers who' have knowledge of

failures to report them: for the.benefit’of the profession; but it would also
* Secy., United Hng. Soclety, and Director, Eng. Foundation, New' York, N. Y.
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be; of .service” if the rSociety,: through: 4 small committeei:of: induiry,-vor
‘an existing committee, would set-down .aghinst this failure the:record of the

thin:;conerete dams under:as gréat: or ‘even greater -exposure that havé stood

.successfully for years: There are many: such dams:in the United: St«ates.rlsThe
.jmportanee -6f presenting -such countervailing information-is:not slight. En-
.gineering- Foundation might be asked to:collect the data for:the Society.. -

Dams are among the structures that are supervised by certain States. Some

-supervising offieials .are-not well: informed about:'the theory or:the practice

of the construction’of dams. : Their responsibility: is'to- make sure that strue-

-tures: which:they approve do not fail.-- The cost:put: on the.owner, or the limi-
‘tations:on the engmeers An charge of desrg:n and constructlon, ‘are only sec-
:ondary to! the officials.. et ' el e sl

-Endeavors:iof: Amerrcan engineers to: bulld successful dams :at moderate
‘cost are being watched closely by engineers:in-other countries.! Recent ‘cor-

respondence: with- an: Ttalian: engineer:indicates ‘that some‘American'-expe-
:riences have -been misinterpreted. . He has béen ‘strongly opposing : the' use

in his country of any thin dams. American engineers owe -it..to themselves

-to--answer »the | questions “which: have been:.raised. ::These questions may be
.grouped’ under, the heads:- Sufficiency . of .design; suitability :of. matemals, effi-

e1ency of construction methods; and adequacy of maintenance.: :

.For -the case in hand: {What. is known:about the. materlals put into- the
concrete which: failed-? » What were. the chemical and physical characters.of
tl1e .water, cement, sand, stone,:and gravel? . What attention was given. to

the proper: placing and curing of; this. concrete. for the partlcular purpose and

reonditions of this dam?.

In. some instances ‘is not concrete belng used w1th about the deg'ree of .

:m,t_ellrgence that: would..use wrndow—welght iron.-or alloy: steel  indifferently
a8 materials for tools for cutting metal? In other words, is not eoncrete too
often desrgned w1thout sufficient, regard for the. purposes  and conditions of
the structures 1nto which it is.to be put, and with still less discrimination
in. superviging: its mixing, placmg, and cunng? Concrete for simple foun-
datlons, or for structures which .will be. wholly protected. from the weather
or active destroylng ag'ents, may:; be, dn’ferent from concrete sultable for thin
hydraulrc structules under pressure and exposed to severe weather .. This
fact is s0; obv1ous that: slowness in carrying it to .the necessary limit;in prac
tical operations is hard to understand Probably the tardiness to. reahze the
relation between cause and effect has been::due partly to. the fact. that the
results of some wrongdomg in concrete constructmn do not appear for. several
years and partly to. the, fact that the men who des1gn and construct often do
not see theu' structures again and theref01e do not learn the lessons whlch
develop durmg years of mamtenance However notable _progress. has been
made. Iy

In engineering textbooks, reports, journals, and spec1ﬁeat10ns 1t is com-
monly implied that:Portland cement is uniform that cement froin any: source
may be used just -like cement from any other source; but experrence qn: testmg
and using cement shows that, irstead ‘of being uniform; ¢ement is'a -various
material and that some cements are not.well;suited: to certain. special services,
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for éxample, hydraulic structures. It is encouraging to know. that a funda-
mental study of hydraulic cements has recently been undertaken at the U. S,
Bureau of Standards with the -co-operation. of the Portland Cement Associa—
tion, and that a, number of engineers have been giving thought, to this branch
of the subject. In this connection referénce should. be made. to the paper. by
William - G. .Atwood. and A.: A Johnson, . Members Am Soc C E entltled
“Disintegration of (ement in Sea Water?.* e

-Engineering. Foundation is-aiding the Commlttee on Arch Dam Investl-
gation, made up of members of the Society. Its experiments. on. the Steverison
Creek Test Dam, near Fresno, Calif., and on concrete used in that.dam, and
its- observations on,existing and proposed .dams; should, add knowledge /that
would .be helpful to engineers designing and. constructing. dams: of several
types.. This project has already. been .described.t

LUIGI LUIGGr,l; Howx. M. Aw. So6. C. E~—Thrs is a most’ valuable paper

. Greater information i is to be obtained from structures in g eritical condition of

from disasters than from those that ‘are physrcally successful. Engrneers, l1ke
physicians and surgeons to become experts must operate on bad cases.”
 The paper emphasizes ‘three important’ factors in a successful work that

. 1s, des1gn materials, ‘and’ supervision’ durmg construction. Dams, even in

the most favorable circumstances, are difficult structures to ‘build; and often
the design has been’ considered” more as a ealculatlon of stresses than as a
constructlon problem Indéed, the desrgn is’ an exceedmvly 1mportant factor,
for a badly detigned dam ‘is déstined” sooner or later to farl but it is not
sufficient merely to design the dam well—it is necessary to choose the materials
best adapted to the conditions of the locality of the work. In partigular, the
cément must be’ of the highest class and be used in quantities substantially i 1n
excess of the theoretrcal proportions to allow for losses and deterioration.

Tt is easy to test cement in a laboratory and from the test to specify the
exact proportion; but in the field, .at a distance from the cément factory and
lackmg good material; it is hecessary to adopt precautlons that only” practrce
can suggest. Consider the case of the Gem Lake Dam.. The cement traveled
over a normal railway, a narrow-gauge rarlway, then across’ a lake and ﬁnally
up a mountain side. It thus becarmie very expersive: and when a matenal is
costly there is always the témptation to use it sparlngly That is bad economy
Instead more than the’ computed quantlty should have been used to counter-
balance the inevitable local losses: The wind blows some of 1t away, some of
it sticks in the mixer and in the chutes The best ‘practice I§ fo use 5 to 10%
more than the’ theoretlcal quantlty or éven’ more than this under espemally
difficult conditions. It is'bad economy to make weak concrete th1s 1s dearly
paid for later in the cost of Tepairs.

“If the builders of the Gem Take Dam had been more generous ‘as to the
cement, the conerete would have been less porous, and all’ the heavy expendi-
ture to remedy this condltlon would have been avolded As an ad;unct to

*Tmnsactwns, Am, Soc C E Vol. LXXXVII (1924) . 204,
t Proceedings;, Am: Soc. Q. 'I:; October, 1925; Society “Affairs, p. 340,

I Hom. Pres:; State Cduncil of .Public "Works ; :Insp. Gen. of Civ. Engrs.; Prof. of Hydr.

Eng Univ. of Rome; Member, Internatxonal Technical Committee for the .Suez Canal;
Senator, Rome, Italy. i TR
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good ‘design, a proper proportioning, a particularly good cement, and an
excess of it, are indispensable for hydraulic work that must not be porous,

A third necessary precaution is a thoughtful and conscientious supervision

of the work. - To 1 impress ‘these thres points more deeply on the minds of engi-
néers—especially younger: engmeers—the speaker will instance a multlple—
arch'dam which; in height, ‘design, and general dimensions, was practically ‘a
reproduction of the Gem Lake structure.. The failure of this dam in the Valley
of-Gleno, in Ttaly, high up in the Alps of Bergamio, caused an immense’ loss
of-lives and’ tremendous daimage. This dam ‘was built about 6 000 ft. above
seslevel in a very cold elimate and with difficult transportation.

“As to ‘design the Gleno Dam, although not excellent,” was fairly good; but
the materials ‘were rather bad and the superv1s1on even worse. -The work was
begun during the World War. Cement was scarce ‘and costly because all
building materials were going to the front. Workmen were scarce—either
oldér ‘than 50 or younger than 18 years of age—and unskilled.. Supervision

was almost completely lackmg The work was mainly under the supervision

of a manufacturer, a self made man, exceptionally clever as a cotton weaver,
but with httle experience in construction work. Under him were only ordinary

workmen in charge of the constructlon The work was carrled out. trustlng,

to Prov1dence o

Durmg that tlme and for a few years after the war, Italy had a very 1netﬁ-
cient Government Socmllsts not to say Commumsts easily imposed on the
Government ofﬁclals who were powerless. This employer was permitted, there-
fore, to. proceed carrylng out this dangerous work without any technically
competent ‘man_ to advise him. Although Government officials oceasionally
went to 1nspect the: progress and reported that the work. should be stopped,
should be partly, demohshed and rebuilt, still nothing was done to effectuate

‘this. F urther ,because, coal was extremely expensive and difficult to obtain

and because hydro electrlc .power was the only remedy for the lack of coal,

’ Water was allowed to 1mpound behind the dam, to produce as soon as poss1ble

the _electric energy which, in turn, Would keep the cotton mill busy and
prov1de cloth for soldiers and work for the men at home, When the war was
over, little was done to remedy this state of affairs,

JAs, the dam was; leaking in many places, some inefficient repan's were made,
but these did not cure the consumptive condition of the whole structure. Then
came a rather heavy storm, almost a cloudburst the splllway was not, large
enough to dlscharge all the surplus water, which rose behind and nearly
overtopped the. dam.. It was only a. question of minutes, as deseribed by.an
éye witness, before the dam began to . crack and suddenly burst. This. hap-
pened durmg ‘the mght In the valley below several hundred people. were
killed and damage estimated at 150 000 000 lire was done Many of the people
were drowned in their beds.

, As a vesult of an inquest 1nto the cause and respons1b111ty for thls terrlble

disaster, some men were 1mpr1soned and now have to answer for the disgraceful
condition; but no one can resuscitate the drowned, nor compensate for the
property destroyed. It is more to:the pomt to search out the reasons for
failure and thus avoid the mistakes made in the Gleno structure,

A T B
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Although its ‘design: was questionable, with excéllent materlals and: good
workmanship, consc1ent10usly ‘conitrolled, the structure mlght have stood: but
the defectiveness of the cement, the porosity of ‘the concrete, and . the badly
built masonry which allowed water to percolate, were the mam causes of the
failure.” In addition, there was an' underlying mistake in the foundatlon,
namely, a large mass of masonry which blocked up the bottom of the gorge
and formed a platform on which the dam’ rested. ‘

So poor was the cement mortar in_this block, that it allowed water to pour
out through the masonry. Worse still, it was not, founded by means of proper
steps cut out of the rock, but was laid on top of the natural surface which had
been rubbed smooth by glacial action. No cut- “off trench was prov1ded to pre-
vent leakage and consequent upllft The only precaut1ons taken were to grout
iron bars into the rock where it was too smooth and thus, one mlght almost
say, to mnail the dam to the foundation. As a result of all t_hese dangerous
factors, the percolating water must have exerted an uplift, and when this
occurred the masonry must have moved slightly, the iron bars lost their grip,
and the ‘whole structure slid down to destruction over a part of the dam where
these treacherous foundations existed. Thus, the dlsaster was due prlmarlly
to lack of proper and skilled’ supervision,

" State authorities’'should always insist on the advice and inspection of com-
petent engineers. The author states that “for such localities [the Gem Lake
Dam]; a dam of the rock~ﬁll type has many advantages over dams of other
types.” The speaker fully concurs in these conclusions; it is certain that in
the case of the Gleno Dam, if a rock-fill structure had been bmlt—w‘hlch
during the war could havé been effected more éasily than the mult1ple a,r'ch
dam——the disaster would have been avoided. :

Regarding’ the use of preparations like “Ironite”, the speaker’s' experience

"of more than forty-six years convinces him' that it is impossible to construct

masonry and make it absolutely impermeable under a head of moré than
40 or 50 ft. Not even a coating of neat cement, applied with & ceinent gun,
will resist the percolation of water, because, ‘besides stresses ‘due to water
préssure and change of temperature, there is ‘another important efféct, often
disregarded, namely, the slight imperceptible movement of the crust of-the
earth to which the structure is subject almost daily. On a large scale these
movements become earthquakes; but the very small daily tremors, noted only
by seismography, cause the.masonry - to develop. small hair  eracks, -which
enlarge little by: little and allow the water to percolate. In addition; the filling
and lowering of the lake causes an elastic movement of the dam and of:the
foundation, which produces slight stresses that result in hair cracks.':The
great dam of the Murrumbidgee: River in. Australia is an :illustration-of this
condition. The structure is about 240 {t. in height, and the enormous pressure
of the water causes actual movements in the foundation; as have been. clearly
recorded by selsmographs set up in.that loeality. :

: Although it is..possible to:make. masonry Water-tlght for some tlme by
using special compounds, these infinitesimal movements, :as years pass, will
cause the masonry to crack., The speaker believes there is only one way of
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making the surface impermeable—at least as nearly so as possible—and -that
is by covering. the up:stream face with a: membrane of sheets. of bitumen, now
commorc1ally available in _sizes about 4 ft. wide by 10.to 20 ft. long:and: § in.
in.thickness., These should be, m'rde to overlap and should: be fused together
with hot, tools to form a plastlc, continuous, and absolutely impermeable coating
over the . masonry. - To. .protect - this sheet from summer heat, floating logs,
and blocks of ice, a revetment of . masonry 1 to 3 ft. in - thlckness must be
provided, =

The durabﬂlty of b1tumen is attested by archeolog1sts Who have found in
Ni 1neveh sewers. made w1th brlck laid in bitumen Whlch is still 1mpermeable
‘ after 3 000 years "‘The speaker s behef that the Gem Lake Dam could have been
properly protected in thls manner, is strengthened by the instance of a rock-
ﬁll dam in the Alps, the Devero Dam. The up-stream face of this’ dam has
a sheet b1tumen coatmg protected by masonry 13 ft. in tlnckness at the top,
1ncreasmfr to nearly 3 ft. at thc bottom After twenty-ﬁve years th1s dam
uhovvs no s1gn of leakage

THADDDUS MDRRIMAN,* M AM Soo C E—The buttresses and the arches
of the Gem Lake JDam were both ‘made of the same concrete. In the buttresses
this concrete endured while in the arches it falled The _paper. gseems to dem-
onstrate that concrete which i is serviceable in one- exposure: is not necessarlly
serv1ceable in another k

Mr Flinn has made a fair statement Much o“ood concrete has been placed
but there has also been some of doubtful quality. All concrete which. d1s1n-
tegrates is not bad because the. cement with which it was made was poor.
Many . of the troubles with concrete seem to be due to the fact that those who
make it do not fully appreciate all the conditions which the process. of con-

crete, making involves., The speaker:is free to. admit, after. ‘many years of

study, that this great problem still seems to be far from final solution. .

+:On. September- 16, 1925, the speaker mixed;a Portland cement with 43%
by weight of water and poured. a part of the mixture into:one bottle and a
second..part- into a second similar bottle. :. Forty-eight hours -thereafter the
first bottle was broken .and the cement specimen so formed has .since. been
exposed: to: the air. ‘Twenty-one days later, on October 7,.1925, the second
‘bottle :was broken; and both ‘specimens are here for examination. . The first
is ;soft.'and chalky, while the second.is hard and dense. .These specimens
appear .as if they had been made! of entirely different materialg; but;:in fact,
they:are merely a: demonstration of a’ difference in. curing conditions. ,This
1s ‘a simple ‘experiment and‘ one ‘which all may profitably try.

"The:first of these specimens was treated in about the :same way: that most
concrete is treated. Tt was put into a form; the form was pulled off at:an
early age, and Nature 'took its course. 'The specrmen ‘imniediately dried -out,
léaving ‘the hydrations uncompleted. ' In'the’ second ‘specimen; however, ' the
conditions were such that the hydrations went on to practical completmn and
the resulting texture indicates 4 “strong; hard,  and. durable materlal “‘Con-
»crete SO’ cured would be Y Wonderful compound : :
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Between .the texture andthe quality of: these ‘two: specimens there are
many intermediate kinds :of texture -and’ quality. ' Under one ‘condition: ¢f
curing, one; quality of product is-reslized;.under: éther donditions; other qual-
ities result...Some are good, some are indifferent; and some may be+decidedly
bad.: So‘it is that one structure is very good, while another in :the course of
a-few years may show :serious disintegration. - The. quality iof a:concrete ‘is
not only a function of the conditions under which it was:cured,:but it is:also
dependent:.on:.the., conditions . of - subsequent -exposure. -::A::thoroughly iéured
concrete, all other con(htrons being the same, 'will resist almost any exposure.

‘A partly. cured concrete, dependmg on the condltlons of exposure, ‘may or may
not. prove to.be-satisfactory.. . L R

The curing of concrete, and paltlcularly that in. thm sectrons, 4g; din: large
measure, dependent on the weather’ and--moisture .conditions during:the ‘first
five or: six days following -its-placement. . If thé humidity be low; nearly:all

‘the water necessary. for the. completion :of the-reactions will be lost, while, if

the air be moist or water: supplied; the hydration.of the éement: will. proceed
in an orderly manner. It has been clalmed if the _process of- hydration be
1nterrupted and 1f water be supplred at a later time, that the hydrations
w1ll resume themselves _No proof of thls supposrtron has been adduced Such
ev1d.nce ag the speaker has been able to, develop is to the contrary.; If the
first specimen descrlbed is given plenty of water at-any time after it. has been
dr1ed out, it will never take on.a texture resembling the. second Lo

In the case. of ‘_the Gem Lake Dam, .all the conditions for raprd dryrno' out
were favorable The. hlgh altitude, and the consequent low humidity,:did its
fatal Work in wrthdrawmcr from those thin sections the moisture which was the
very lrfe blovod,of_,the cement. : For. weeks, and-possibly -months,- that: cement
product was athirst. It was like the first specimen previously mentioned—
SPORgY,; chalky, and unstable. . It could. not, resist. the solvent effect.of the
water, and: its constltuents were leached out...On the other hand, that same
1mperfect cement product, ‘in the buttresses, served , its: intended: purpose.
Freezing was not the primary. cause of this disintegratiomn, : l“ros_t merely
hastened. the visible evidences of. deterioration. . The. quality. of .4.:cement
product is always dependent on the maintenance’ of ‘an.environment in which
the cement reactions may complete thernselves -Good concrete can:be realized
only if it:is kept for several days. after makmg, under such conditions as will
insure for the cement an opportunity to develop.its latent possibilities.. Thege
conditions are clearly indicated by the bottle eXperunent Whlch has been out-
lined, . ' ~
, In many cases the treatment: accorded to concrete after placm«r is: analogous
to that of abandomng 2 twos day 1nfant to.its fate. : On State highways it has
bcen learned that. curing is one. of the most important single operations in; the
entire process ‘of concrete makmv In many other situations, however, concrete
after -placing is allowed to shift for itself and then, as in a post-mortem -
investigation,. the causes of d1smtegratlon are. vamly sought :

The problem of durable concrete 1s the problem of durable cemient. W1th a
given cement the best results ‘are: not: poss1ble of; ‘attainment : unless : that
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-cement be used with understanding.:skill of  workmanship. .-Cements. differ
among themselves and results: which:can be obtained with one ‘cement: are
impossible with another. '/The ‘task: which confronts us is twofold: First, we
must: learn ‘to- differentiate cements with respect to the quality of the ‘hydra-
‘tion products they: are capable of producing; and, second; we must learn.how
to use a cement of given:quality so as to secure the results which. any: par~
‘ticular situation -demands. : S8

‘At present, none of these matters is susceptrble -oft standard1zat1on
Standards of measure are useful as means of convenience ‘and - of compari-
‘son. Standards-of quality and.of methods operate to.suppress individual
initiative. Standards imply averages, and 1f qualrty of product be 4 con-
sidetation ‘they tend toward mediocrity. x v :

In. this igréat .matter of concrete and of cement we cannot rest eontent
with: averages and. with mediocrity. ' Until the uttermost of the problem - is
within- the-grasp.of our understanding we must do no less than seek for the
very: best: within::the present posmehty of attainment.

MM O’SHAUGHNESSY* M ‘Am. Soc. C. E. (by letter) —The authors
are to’ be commended for their ‘frank drscussmn on the repair of ‘the but-
‘tressed “areh dam ‘in ‘the high' Sierras near’ the State 'of Nevada, south 'of
Lake: Tahoe, California. - No estimste has been furnished as to the resultant
losses -sustainged by ‘The Nevada-California Power Company due to the two.
years failure of this dath to function in storing water, which losses miist have
amounted to far in‘excess of ‘the cost of initially building a properly designed
dam of a type suited to the conditions and available materials. It is hoped
they will furnish these data before closing the discussion, so that a frank state-
(1;1ent of all condrtrons may be avarlable to engmeers mterested in thls type of
am.

: The’ bu1ld1ng of tlns dam followed the conventional de31gn for this type
of structure at the ‘date of its construction” (1916), and the failure is mot
primarily due to theoretical design features. ' Tts ‘designer; after describing
it in‘a paper} before the Socrety, deservedly ‘received the Norman Medal. He
was retained by the writer in 1917 to aid Assistant Engineers’ McIntosh,
‘Nishkian, and the late Mr. " Wood in designing the Lake Eleanor Dam, 70 ft.
high; 1200 ft. long, on the Hetch Hetchy Project. ~Further studies oi the
design for this type of dam resulted in several beneficial modifications being
lncorporated 1nto the Lake Eleanor Dam:t whrch is'a- structural and econonnc
suceess. ’ '

The true principle controlhng dam design and construction was tersely
elucldated by Mr. George L. Dillman,§ namely, that there must be ‘only one
1mperv1ous surface next the water, and that this face must be adequately ‘sup-
ported by solid masonry, buttresses, rock or earth ﬁll dependmg on the locallty
and -the type of: dam.” :

" % City Eugr., San Francisco Calif.

+ “Multiple-Arch Dams on Rush' Creek, Californla by L. R Jor nsen M; E
Tmnsa.ctmns, Am. ‘Soe. C. E;, Vol. LXXXI (1917), 0y ge Am Soc C

% Engmeermg News-Record, September 4, 1919, p 455
' .§ Transactions, Am. Soe. C. E.;' Vol; LXXV (1912), p. B2/
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‘The termi “multiple arch” as applied to this type of dam is a misnomer;
there are so-called “multiple-arch” dams in India 120 years old, and the name
is meaningless as to design. This particular type of dam survives because of
the buttresses, and the principles and reason for its selection were first described
(after a structure built in Oregon) in 1902 by Mr. Dillman,‘ and' due_ credit
should be given him for his initiative in- recommending it. - e

Overtopping’ the Gem Lake Dam-with 4 in. of water is not a very severe
tést. The Upper Otay Dam (a single arch), in San Diego County, 84 ft. hlgh
built by laymen without engineering skill, was topped to a depth of 80 in.
without injury. However, an enlarged spillway now prevents a Tecurrence of
this happening.

The sections are so thin in the buttressed arch type of dam that it is
essential to have the concrete of such density that it will be water-proof and
this can be accomplished only by a careful selection and proportioning of the
materials, avoiding an excess of water in mlxmg, and thoroughly spadmg the
concrete after it has been deposited in the forms.

'The writer’s impression of the value of alleved water prooﬁng compounds
on concrete surfaces subJected to water pressure is in ent1re agreement with
the experience of the authors; that 1is, these compounds have no Worth except
to their manufacturers and ‘salesmen.

The concrefe in the Gem Lake Dam failed. because 1t Was defectlve in that
it was porous, thus allowing the water to penetrate 1t and, w1th the heavy
frosts and ice formatmn permitting destructlve drslntegratron to set in.

Why was the concrete porous? Tt may have been’ due to an excess. of
granite, mieca, dust, and clay in the sand, or defectrve cement; or, as Mr.
Jewett states:

“x % ¥ the presence in the rock used as aggregate—which was obtained
from material near the site of the work—[cheaply, of course, which feature
should not be considered in dam construction] of thin, flat, smooth-surfaced
pieces, which would have somewhat the same eﬂ"ect in concrete as mica in a

and mortar.”

This elass of rock prevents the proper 1nterlock1ng of the remarnder of the
rock in the mass, and has a tendency to reduce the density of the concrete; and
it i8 in such a situation that the experienced man, With judgment of materials, .
is needed fully as much as the designing ¢ engineer or the testing laboratory. in
determining the character and suitability of the materials to be. used in the
siructure

In building the 396 000 -cu, yd concrete dam at Hetch Hetchy, the engmeers
had quite a controversy with the contractors on their initial attempt to use a
readily ﬂ,(‘(‘OSBlble, cheaply obtained sand, Exhaustive tests were made on
samples of concrete and -briquettes from th1s sand. - They were found to be
defective and failed to show the proper strength. and hardness characteristics
under timo togts, The chem:st’s analysis subsequently disclosed the fact that
the sands were hcavrly coated wrth a black compound which was largely fannic
acrd (from a dense grove.of oak trees) and Whlch caused the trouble

# “A - Proposed.. New. . Type of Masonry Dam;” by: George L. Dillman,. Transa,ctwns,
Am. Soc. C. E., Vol. XLIX (1902), p
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-Three miles up stream from the' dam,. at the junction ‘of Tuolumne River
and Rancheria: Creek, there was found a bank- (250 000 cu. yd.)- of excellent
sand which, after some: protest on the.: ‘contractor’s part. (because -of the neces:

sity of huilding a 3-mile narrow-gauge rallroad to reach at), -was used with -

very satisfactory results. .- . : : :
Evidently, Mr. Jewett’s exper1ence as.a testmg englneer 1nd1cates a doubt
as to the value of the ordinary contract system for dam construction, since. the
tendency is to slight this class of Work because or the contractor’s desue for
speed of operation and proﬁt this . -agrees in general wrth the writer’s. ideas:
It may be mentioned in this connectlon that Lake Eleanor Early Intake,
Chérry Diversion, and Priest (145 ft. hlovh) Dams were not burlt by. con-
tract, but in, a. very satlsfactory manner under the direct charge of the
resident engineers; and the O’Shaughnessy Dam at Hetch Hetchy Was built

by contractors who falthfully and promptly complled in every respect W1th_

the wishes of the resident constructron engineer, Who Was ass1sted by a staﬁ
of twenty men, inspecting and testmg )

In December, 1923, the. Gleno Dam (buttressed alch type) falled in Italy,
drowmng 500 people and damagmg property below to the extent of $5 1000 000,
No doubt, 1nadequate prepalatlon of .the foundatmns, together w1th defectlve
lime masonry and ‘concrete, 'put in w1thout engineering cont101 by the over:
zealous contractor in critical parts of the structure near the base, w1thout
Government superv1smn caused the accident. '

"There is now a barrage ‘of hterary experts for contractors and damage
claimants ma1hng reports back and forth on the causes of and responsibility
for ‘this farlule Wlth one certain result namely, that the Ital1an Government
is allowing no more questionable dams to be erected by any one, and has
commissioned skilled Government engineers to inspeet all materials and
Supervise . all desrgns so that there Wlll be no repetition of the Gleno Dam
dlsaster : - :

“Tt'is a pleasure to note that an engineer of extenswe construction experi-
ence, such as Mr. Huber, endorses the virtues of a rock- fill dam for this type of
location, with its abundance of cheap rock thereby saving the expensive
hauling of cement.

The Morena rock-fill dam burlt under the writer's direction, surv1ved the
cloudbursts of 1916 in ‘San Diego County, Oahforma, when the Lower Otay
Dam failed, and when every county and rallroad brldge 1n that commumty
was ! destroyed by fidods.”

The idea of the rock- fill type of dam is traveling eastward, crossmg the
Mississippi Rrver, as witness the Dix River Dam, 280 ft. high, in a limestone
formation, in Kentucky, built for the Mlddle West Ut111t1es Company by
L F. Harza, M. Am. Soe. O, E, to conserve water for power.

Althouwh time and the ﬁnanmal exigency in 1917-18 cornpelled the Clty of
San Francisco to” bulld the buttressed arch Eleanor Dam (fOI'Inan" an
8 000 000 000-gal. reservon' ‘at a cost of less than $300 000), deﬁnlte plans are
now being made for practlcally scrappmg ‘this structure, and subst1tut1ng the
ultimate darh 'of the fock-fill" type at ‘this point. This rock-fll dam ‘will be
below: the present’ dam, using the 70-ft: concrete buttressed -arch “for the lower

;_ﬂggﬂ
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part:of' the up- stream toe’ or watertight skin, and’ carefully: pldeing and
thoroughly  grouting: rock in layers, ‘with : spalls behlnd the arches to g1ve
them adequate support and so preverit their failure, '

“The writer would stronigly urge all engineers fitst to heed the careful words
of Mr. Dillman on design; next to exa.nnne -exhaustively all the materlals 11
the v1cm1ty of any proposed: dam that might enter into the structure, eliminat-
ing any cheap untried:methods ‘of experimenters and scrutmlzmg carefully
vendors of special cheap ‘types; then to:seleet ‘a type of structure that is-best
suited to the location and service required, regardless of the cost; and“then
to build so that it. will not fail=—mot like Lord Macaulay’s idea of the New
Zealand :tourist who, to illustrate the instability of things; was-to-stand-on''a
broken arch of London Bridge and:sketc¢h the ruins of St. Paul’s (London
Bridge and St. Paul’s are now being underpinned due to defective foundations
in both structures and the work 1is be1nlr done by Br1t1sh enovlneers)

J. B. LIPPINGOTT,X M AM SOC C.: E (by letter)'——The autliors:are to be
commended for writing.so frank a discussion ofithe failure of the Gem Lake
Dam.due to the freezing and thawing of the concrete on the outer side of the
arches below the water levels: in the reservoir.’s The ise of this type of :dam
in regions subject to severe frost has long been a subject of conjecture among
Western engineers. Although a thin:shell of .concrete may be made water-
tight against percolation, it:is not:. possible: by’ any process known .to the
writer to prevent.it from absorbing water when in .contact with it.. The Gem
Lake Dam has shown: that thig:is .an unsatrsfactory cond1t1on, in locatlons of
extreme cold. - s : :

. The multiple-arch dam because of the economy of its constructmn has such
merrt that its future use in many localities is assured. This type of struc-
ture; however, has its limitations which enthusiasts, in'the past, have some-
times overlooked.: Most of the dams of this type have had buttresses of plain
concrete without reinforcement. ; |

,The writer has had occasion:to examine the buttresses of fivé of these dams
and in each has found one or more diagonal cracks in some of the buttresses,
starting from the junction with the arch approximately two-thirds.down. from
the top of ‘the dam, and running .in.a line generally. normal to the -water
faco to ‘an intersection of .the foundation.. These cracks do not extend into
the yeinforced, arch rings. In.one dam this type of crack developed prior
to the time that the arch: rings were built on the buttresses. In another
instance. the cracks are reported to have appeared after 'the arch:rings were
placed, but before ‘the reservoir was filled. They-are believed by the writer
to. be due to. shrinkage caused by either the drying.of theconcrete or by tem-
perature .changes, . because they ‘open: wider: in w1nter and partly close ‘in
summer. . : ' Coloh , ‘

It is almost 1mposs1ble to set up a. tnangnlar slab of concrete, say, 100
ft. high, with a base length of 100. ft.. firmly anchored.into. bed-rock. without
having shrinkage cracks oceur. *This shrmkage and crackmg of ‘flat’ concrete
pavements at intervals of 80 to. 50 ft..is common. These cracks do not occur

* Cong, Hydr. Dnvr Los Angeles, Calif.
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in all the buttresses of the dams examined, but usually. in a number of the.

higher ones... Some cracks of this kind have been noticed, however, in. but-

tresses that are mot more than 80 ft. high. In every. multiple-arch .dam ,

cracks have been found, including one having reinforcement. . .. . ol

- It is believed that.these cracks do not’ indicate a failure or any. serious
weakness of the structure, but they are disturbing and:lead. to discussion and
comment. - They distinetly suggest.the necessity. of thoroughly reinforcing the
buttress walls. of multiple-arch dams' in order to minimize. such : conditions.
This paper does not mention any such occurrence. in the Gem Lake Damy
but as attention has been called by the authors to some of the limitations in
this type-of structure, it is deemed appropriate to call attention. also. to an
improvement of past practice. .. : Lo

having an age of, say, two years, that has been examined by the writer, such

Orex Remp,* Jun. Aum. Soc. C. E. (by letter).—The writer has followed
the fortune of the Gem Lake Dam with a great deal of interest. 'The Com-

pany with which he is associated has plans for two regulating dams: on :the .

North Fork of Kings River on- the west side of the Sierras, at elevations of
6550 ft. and 8170.ft. The failure of the: Gem Lake and other dams leaves a
doubt in the minds: of engineers as to the permanency of such structures when
subjeet to. the action of frost'and ice. ‘On the other hand, Lake Eleanor Dam,}
4660 ft. above sea-level, of the multiple-arch type, has withstood frost action
without damage, and several dams of -the Ambursen type have been built in
Canada: and the morthern part of the United States with slight damage from
frost.} The Southern California Edison Company is constructing a multiple-
arch dam-at-Florence Lake on the San J oaquin: River, at an elevation of
about 7200 ft. . oy . .

- One wonders whether the primary cause of the: failure of Gem Lake Dam
was frost action or ‘whether frost action was made possible by a weak ‘porous
concrete. It would have been of interest if the authors had: stated whether
the Agnew Lake Dam had’ also been ‘damaged by frost, since it is only 550
ft: lower in elevation. R L INTE TS T P -

Since information as to the - destruction of concrete bﬁf ‘deidic and‘even’
pure:water is very meager, some discussion on that important subject may be
of ‘value. While in Europe in'1922-28 the ‘writer was much imipressed by the
general interest among engineers in thig subject. Many tests of concrete, as
used in:the construction of dams, have beer made in Germany;’ Denmark, and
Norway during the: last few years.§ ‘It:was found that some .dams had been
failures, but. as' & rule these failures-had been of a purely local character-and
could be laid to poor workmanship and frost, and a few to poor sand, ete. Tn
other: cases: the: weakening had been more general; especially where water had
an opportunity to work in porous concrete. There are several factors which:
were thought to have contributed to these failures.

" *'Asst. Designing’ Engr., San Joaquin Light & Power Corporation, Fresno, Calif,
| T Engineering. News-Record, Vol.-95, July 20, 1925, ... . - A

. % Loc. cit., September 3, 1925, . T e . o )

- § Ing. Bonde, Teknisk Ukeblad; No. 14, April 8, 1925, and Ing. Groner, Teknisk Ukeblad,

No. 10, April 17, 1925. o e e e R T TS ’
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1—~Sand~—Sand containing dirt, humus or: humic acids was found to
make poor concrete. Concrete made with humus-holding ‘sand "has.a com-
paratively low early strength ax}d must be kept moist while harde-mng in order
to gain its normal strength. These humus mate‘rials_‘ can be dlsposed qf by
heating, and, in part, by washing. * The sand used should be clean, sharp, gnd
well-graded: "Whenever crushed artificial sand is availablg or can be _prf)duged .
cheaply enough it should be used. ‘

2—Cement—In many cases it was found that the cement was at fal_llt.‘ I.n
almost all concrete construction only pure Portland cement is used. This is
composed of about 639 lime (Ca0), about 209 silicic acid (8i0,), about 6%
of élay and smaller parts of iron oxide »(Fez’O_,,), magnesia k(MgQ), sulph13r1c
acid anhydrate (80,), etc. In hardening after hydration lime is:frefed, which,
together with water, forms lime hydrate’ (Oa(OH)z); this. comprises @bout
159% by weight of the cement’s mass. Lime hydrate is solublfa in water and
is washed out of the structure by leakage water, and, under the action of the
carbonic acid in the air, becomes carbonate of lime. This is the white coat

‘to be found on the structure. By the dissolution of lime hydrate the conecrete

becomes more porous and the voids are filled with leakage water. Wl}en
‘freezing ,takes place, the sand graing are further loosened. - This disscflqthn
of lime takes place most easily when »’ych'é mixture is lean and when humic acid
is present in the water or in the sand. Dissolution of th’e lime may ‘l.)e pre-
vented by adding to the conecrete mixture a ma»tériavl Which,._,reacting with the
free lime, forms an unsoluble compound, as a silicate of lime. For this pur-
pose the Germans use trass. This is a palé; yellow or gray vpl_canic rock fou}nd
in the valley of the Eifel in the Lower Rhine. It is a wholly neutral material,
but with lime undergoes a chemical co_m_bination, forming an insoluble silicate
of lime. . Finely ground brick clay ha,s‘ also vbee:r‘l used with good results..
" A concrete may be made water-tight by using a rich cement mortar, but
this is a costly. method. The French algmina cement, which is especially rich
in clay (AL0,), containing 36%, is very durable against acids. .
8—Water—Water for concrete must be. clean and - free from  organic
matter. . From tests it has been proven that a plastic concrete gives better
results than a dry mixture. A plastic mixture gives a less porous-concrete.
h—Workmanship.—The fourth factor in concrete -placing is workman-
ghip.  This must be high grade to insure the proper mixing and placing. Poor
workmen can produce poor results with the best materials. L
The natural lakes and meadows on the west slope of the Sierra Nevada
Mountains are, in effect, marshes. To a great extent they are of glacial origin.
In many cases large tracts of meadow or marshy ground are covered by water
when # dom is constructed. Many tests, especially in”Germany, have been
‘made: on these marsh waters, : o o o ]
Most marshes contain more’ or Tless sulphur compounds, in the form ‘of
gypsum, sulphurie pyrite, or even free sulphuric aqidf« It is ~well-v'k.n?wnbv tl‘lat
sulphurio ‘acid and sulphate-holding water attack concrete by combining v_m:h
the lime to form gypsum, which is soluble. Déstruction by these sulphuric.

acid combinations oceurs not only to new but to old concrete.

-Furthermore, great quantities of carbonic acid are.found in marshes, wh1ch
combines with the lime of concrete to form doluble salts. The free lime is
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‘thus seen ?o be the main point of attack and, to prevent failure of .the con-
crete, the lime must be fixed. Tests on marsh water have gi\%eﬁ».vafyinv results
but concrete made with it has become weakened sooner or latéf in h:arly all
cases. . As a general rule the acids which may be present in ‘a‘: reservoir will

be in a very dilute state and will not be effective but, where. there. are large

‘:tl:;:shtjlrl tracjc;s nea;’1 the-dam, and especially with low-water level in the reger-
> the acids will no doubt have a certain eff ility of th
oncrots | ' ect on the.durability of the
o ({t 18 not f)nly' the sulphate and acid-holding water _Which.damégés éonerete.

nder certain circumstances, pure water, on account of. its high 'dissvolvinvg
pow.rer, may act. gqually as effectively as weak acids. _The water from the grahite
regions near the crest of the Sierras will often be nearly pure. -

In general, conerete tests are concerned only with strength withou‘tﬂfeéarcll ‘

to density, but in dams density is very important. A dense, concrete made
of 1:1::he best materials brevents attack both from Wéék acidé vaﬁd‘fronvl pure
;Z:Le:; ) iajn;.)orous congrefe has many points of attack fqr mechanical and chem-
dMany multiple.arch and flat-deck dams have been successful 'in:(No'l;wésl
an Sweden.ﬂ pne of the most important of these is Holmyefva'hd“]k)axﬁﬁA/S
’tSaudefalde.ne? m:S(v)vuth Norway. = This is a flat-deck dam of the :Ainl;ﬁréen
ﬁfpe, and is 740 m. (2 4(?0,, ft.) abqve -sea level. ~Fjer:g;éi1g Dam, in Central
Vﬁor}way, 'nort? of Trondl?;]em, is also a flat-deck dam. Ag a protection‘ agaiﬁst
i ost action, it was prov1ded .with a vertical insulating wall between the but-
resses on the down-stream side, At the Porjus Dam, in Sweden, jusf ‘above

the Arctic Clircle, there are concrete arch spillways 648 ft. in length. The .

remainder o.f the dam consists of earth embankments faced with stone. The
up-s:clfeam side of the crest of the concrete dam is inclined, in order to force
‘thg ice 1‘;0 break up and be pushed over the crest. A stdneiproteéfed dirt 611
b.fuz‘fthermore, has been placed in front of the dam to insure against leéka e ,
in dams of the Tntze type.  This spillway structure is a modified Ambir,s:s
‘fiam and cqxl's‘ists of concrete arches between concrete buttresses. ”i‘}:le:ar‘ch ;
{nvfront, against which the fill rests, have a curved exterior whil.e those for:aE:fl
ing the crest of the dam and the down-stream fice -aré’cove‘i'iedv by a flat
concrete deck paved with stone set in the mortar. ‘ T
Wherytiiﬁ is guarded against, frost action of itself has no gréat-véﬁ'eét on
concrete in dams, but as a secondary factor it can do great daméée. B

ZB' F JAaroBsEN,* M. AM. Soc. C. E. (by létter).——Iﬁ would. be,haéardoﬁs
in the extreme to conclude anything. from the behavior of a‘single structure
'y

and Tmore especially since other similar structures ‘subject. to equally severe
conditions, have shown no sign of deterioration.}- . Co ST

It_ would seem to the writer that some experiments on concrete made up
of .the material used. in the dam and on other concrete, by subjécting it to

" - *Engr. in Chg. of ‘Dams, Los Angeles County Flood Control Dist.; San Fernando, Calif
uty TSee-lotter by M. M. O'Shaughnessy, M. Am. Soc. C. E. 1 Record,
uly 30, 1925, p. 194, stating that the Lake REleanor multiple-arch dam located at an

M. Am. ‘Soc. C. E,, in Engineering News-Record, September 3, 1925, D. 398. Mr. Stewart

states that a record. of about seventy-five Ambursen dams bui ]

3 built 1
and in bthe New England States, shows that only three dams h:we %e?:‘rl;g‘g;‘fetiin tlltlﬁtearll\T ort:thglest,
‘are ‘subject to minimum: temperatures of ‘between 40 and 50° below ‘Zero "‘F}xhr K '{hg 6Id2$

g
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water pressute and freezing, could not have failed to t}irow"SOmé"’liight 6n tH§
subject; they might have furnished some explanation as to ‘why this stricture
has ‘déteriorated while other structiires’have not. The mere statement that
4 'strycture has deteriorated, ﬁhile'aﬁot}ie'r has nc‘)t,“kis',' of nofgréét:jallie‘to :
the engineer, who nesds 1o know the why and Wherefére’—tﬁeﬁzb;h&é operandi,
s0 to speak—s0 that he can guard against a repetition. o '
The authors state that the gravity section is heavier ’than‘_“‘,,‘st'andai'd pro-
files” of gravity dams. There are gravity dams in existence with base widths
of ‘fror'nzéélb%, to in excess of 909, of the he1ght What is meant by “gtdndard
profile”? A dam with a base width of 649 has no provision for uplifty but
that can hardly b'e"terfnedk standard. In Ttaly and S’Witzerland,vjwh'erev there
are Government provisions governiﬁg the. consti‘uc't'io_h and design of gravify
dams, uplift must be included in the design and this was also true in France
until recently. The new French. regulations do not preseribe uplift, if the
dam is provided with proper ‘dréinég‘e, not b‘nlyaa‘tz the fo‘ulidaﬁlioh, but »throhgh—
oﬁ'ﬁ'the structure, since a‘_‘éOné;tru'ctioh‘ 301ntmaybo ‘quite as Wea_l{‘ as‘fvthe joint
at the foundation. The new French regulations, however, prescribe such mod-
erate maximum stresses, that for a dam ‘of any méxé’]ﬁi;u_d@ it is the same as
if uplift were inclided. When a base width in excess of 81% is obtained
it is quite immaterial whether this is accomplished by considering uplift or
by lowering the. maximum 'per;ﬁissible stress. ’ T
Thé authors also ‘state: . o o o
“Tt is not believed that stresses can be induced in the gravity section' by
pressures on the upper.30 ft, of the dam, because such pressures will be trans-
mitted direct to the buttresses.” 7 o e
’f}ﬁs' may be an important quesﬁon, however, 'a'nd therefore well worth in-
vestigating, rather than leaving it to an offhand assumption. The mi;ltiplef
arch dam is'a much more élastic structure than a gravity dam and the writer’s
guess'would be ‘that the gravity dam might share to a considerable vé‘xtent the
load on the upper 30 ft. of the multiple-arch dam. Sines a gra‘;vi't‘yj 'dani;gven
the full section having a base width in excess of 819%—has a rather small factor
of safety, ‘an additional load app:lied‘at the crésﬁ .and .for _,Whichv no allowanee
has been made inight be a serious matter. . . ' ,

The writer wonders if ‘any provisions were m;ﬁle”to preVe;nt _thei closing

ol tho drain-pipes from the foundation by frost and what the factor of safety
of {lio gravity d‘ar\nwwdﬁld be in case these drains should become clogged by
iee, 'or in any other manner, and the dam be subjected to uplift? . R
© In tho writor’s opinion it.is of no importance whether the maximum stress
is 70 1b. per #q. in., as stated by the authors,.or-170 Ib. per sq. in., for this
does not affect the safety factor in the least. The question is whether tension
¢an be produced in the up-stream face when the dam is affected by adverse
5 J. D Ganroway,® M. Am. 800, O.7E/ (by letter).—There seems to be no
question: but that the Gem Lake Dam' was designed by Mr. Jorgerigen  in
accordance with standard practice and -that it was well built: . The character

"+ *Cong. Bngr.; 'San Franclsco, Callf, - -
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of the contractors would lead to the latter mference All the usual tests o_f
cement and sand were, carried out. ,

The progresslve fallure of the structure 1s clearly presented by the authors
Over the entire length of the dam, in the zone covered by the winter fluctua-
tions of the water surface, the concrete was dlslntegrated and the dam had to be
Tebuilt as described. The value of the paper hes 111 the descrlptlon of the
fallure

"To make the proper 1nte1p1etatlon of th1s or any. other fallure of an engi-
neermg stluctule is seemmgly more dlﬁicult than to describe the fallure It is
of interest ‘to read the various explanatlons given by different engmeers Prac-
tically all point to the’ quahty of the concrete as the reason for the failuve, the
idéa being that’ it Was ‘the internal composition of that material that caused the
fallure and not someé cause independenit of the concrete. Mr, Jorgensen thinks
the" cement “itself broke down during the coldest weather. The question
1mmed1ately arises as to why the cement in ‘the concrete above the highest
watér did not break down. This concrete was subjected to. lower temperatures
than that in contact with water on one 151de ‘The Agnew Lake Dam did not
fall and there the water was not lowered during the winter.

. The evidence seems to the’ writer to be most plam and the explanatlon
given by the authors correct The d1s1ntegrat10n ‘of the concrete wasg due to
the freezing of the water which had entered 1nto the ‘concrete from the reser-
voir. The force developed when water freezes is enormous and Wlll easily dis-
rupt concrete. In fact, the same agency is responsible for the wearing down of
dense rock masses such as native granite in regions subJect to temperatures
below freezing. Tn ‘the present case the thin concrete of the arches permitted
the water in the reservoir to be frozen into the form of a layer of ice on the
water face, and in addition allowed to freeze whatever water may have been in
the voids and hair eracks of the concrete It is conceivable that eracks would
develop in'the concrete When on the ‘water face the temperature was that of
the water of the reservoir and on the a1r face the temperature ‘wag that of the
alr, admittedly far below' freezing. * ~

The breaking down of concrete by freezmg in dams and other structures is
not unknown—in fact, is fairly common. Ev1dences of this have come under
the writer’s notice and several instances are cited .in this d1scuss1on It is
unnecessary to ‘look for the fault in the concrete—the cause is found in the -
type of dam” and the operatlon of the reservoir. It should be noted that in
this region the low-water seaséon may occur in the wmter when all ordmary
springs and streams are frozen It is then necessary to draw .on the reservoir.

During 'a winter, the water surface will alternately rise and fall.

" 'With the conclusions of Mr Flinn the writer desu'es to dlﬁer in every
respect The danger in englneeun(r ‘1§ not to over emphas1ze a fallure of
this type; the contrary is the case. Usually, the effort is directed toward
minimizing, or covering up, or explaining away the failure. It is to the
credit of The Nevada-California. Power Company that it permitted ‘ the
authors. to set forth in detail :the failure as.it occurred. In most!cases the
endeavor of ‘the company .manager.is:to: suppress all knowledge of ‘such a
failure. It is partly by failures, of this type that the: Engineering Profession
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_ advances. The Gem Lake Dam was a test to destruction of a full-sized dam

under operating conditions—a test of the most valiable kind. Tests to destruc— .
tion are always the best, especially if the progress of the test is observed. ‘No
others can yield such valuable results in the form of knowledge This is the
type of test to be carried out on the Stevenson Experlmental Dam near Fresno,
Calif. :
Agam little 1f any 1nformat10n Would be .gained by counting. the dams
that have failed and those that have stood. .Engineering is-mot a matter of
ajorities, one way or the other. For example, there was. a time-in -the
Unitfed States and elsewhere, when the compression members of metal bridges
were made of cast iron. Many of them held together, but some did not.. It
took the crowning disaster at Ashtabula, Ohio, to teach engineers. that cast
iron was an improper material for the vital members.of a bridge. . Notwith-
standing the numerous bridges of that type then standing, engineers, eliminated
cast iron.. Too much emphasis cannot be given the Gem Lake failure.. It
teaches that under such severe climatic and operating . cond_ttmns, the. mult1ple-
arch dam with its relatively'thin concrete, should not be used.:

The writer also wishes to call attention to what is believed to be an unfor-
tunate tendency among engineers and is exemplified in the present instance.
As soon. as a concrete structure fails, a number of commentators feel thatiit is
necessary to rush to the defense of conerete as such, and endeavor to-explain the
failure: by citing some unusual defect. In this case, some:think that- the
small percentage of clay and silt explains the whole matter. Possibly so, but
the evidence is all to the contrary. As.a rule; a small percentage of silt renders
the concrete more water-tight. Companson is made between the structure that
failed and- some ideal concrete that is sometimes obtained-in the laboratory
and rarely if ever in the structure as built. Engineering structures are built
“of the'materials at hand. There are regions in the West, of volcanic or granite
formation, ‘where it is impossible to chtain anything but a medium quality of
sand or rock. Construction, even “under the best of supervision, is always sub-
ject to conditions that make the resulting structure far short of the ideal.
This imperfect structure is the one that engineers have to deal with and
that sometimes fails—not the ideal one for which everything is perfect. Al-
though always striving for the very best, the Engineering Profession should
design in the light of information obtained in actnal practice as to just what
degree of, perfection. may be rcahzcd in the structures bu1lt under ordmary
condltmns :
My T orgensen uudoubtedly feels chagrmed over the fa1lure of the dam
The writer believes this to be largely unnecessary. ' His dam was well desrgned
in accordance with good practlce, and it was reasonably well built. . It resisted
the stresses of the water, but failed gradually under severe climatic .conditions
coupled -with certain operatmg condltlons not usual in many cases. i
 The value of the failure at Gem Lake; will lie largely -with those who in:
terpret it correctlv To. those who see in it merely another example of a
defective type of concrete, to be added to the thousands of such examples

already existing, the failure will be of no value. To those engineers who
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find in the combination of thin concrete arches, severe climate, and rather
unusual operatmg conditions an explanatlon of the fallure, the. lesson w1ll>b’e
of the utmost value. . Had Mr. Jorgensen had before him a. s1m11ar example
when des1gmng the. Gem Lake Dam it s, conceivable that he would have

adopted another type. Therem lies the value of the lesson.of thrs failure. .

I. OesrererLom,* M. Am. Soc. C. E. (by letter).—This paper 1s unusually
interesting and raises again a question that is causing: anx1ety Rl over the
world.. Slow disintegration of concrete, substant1ally as described at' the Gem
Lake Dam seems'to cause even more trouble and anxiety in' the trop1cs N atd-
rally, one is, therefore, led to ‘ask: Ts it really the cold ‘that does the’ dam‘lge2
This is usnally assumed—it: seems so obvious; but the obv1ous is not always
correct and is very often far from' correct.

‘In the case under discussion it may be the cause in part, but thele also
Beems to be evidence of other causes. ' Utider the headmg', “History of ‘Opera-
tion” (page 715), it is stated that: “During the eight years of operat1on ‘of the
structure, very few eracks occurred: in’ it.” This ‘doed not’ seem’ to “be the
behavior of cold ‘weather which acts on "entrapped ‘water with a- great ‘deal of

violence and speed. : The force is ev1dently of a slower nature, but ig’ fnone the '

less very destructive.

iThere :is further: evidence ‘that it was fict frost that caused the: essential

part of the destruction: Referring to the first paragraph under the- heading,
“Condition of Dam in 19247 (page 723); it is stated that in the intervening
middle belt, the concrete had become dead -and inert; but that a section af the
bottom of each arch was little -affécted.. ‘If frost had been the cause, would
not the effect have been ‘general? . : L TR o1
. The subsequently recorded opinion -of mvestlgatlng engineers: would seem
to.be inconsistent.. If there.was sufficient porosity to permit petéolation, the
destructmn, by necessrty, would have taken place during the first winter sfter
construction, but this Mr..Jorgensen; himself, is able to disprove: by very com-
petent ev1dence—h1s own records—long' before any ‘trouble was . ‘anticipated.
The .paper also states that “during this time [two years] no-change in the
structure was apparent” The concrete evidently ‘was most excellent and of
the highest consistency.

Everything seems.to point to a more insidious force than mere frost and
water. The writer suggests the supplementary compressive forces due to the
collo1dal expansion of the silica gels that make up the cement. .

It would be 1nterest1ng to know where the cracks really occurred from the
viewpoint of stress caleulation based on such ‘expansion, in add1t10n to ‘the
usual effects of gravity and temperature, Such calculatlons compared with
the actual records of the cracks, would really be concluswe

" Colloidal expansion is also due to’ presence of watér but in Very small quan—
tities only and ‘in such a ‘state,’ ord1nanly, that frost would have no dlrect
effect. Even i the best’ of doncrete this water is present and it'is only neces-
sary that the external water should™ vary-—as it"did ‘in thls case—in’ ordeér to
set .up'a change in colloidal absorptlon and subsequent variation of 1nternal

*Care Truscon Steel Co., Youngstown, 01110
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stress. It is well known how destructive such variationv of stress is; it is also
known how slowly it works and that a catastrophe, due to such conditions,
sometimes may come w1thout warning and most unexpectedly if special precau-
tions are not taken.

It would seem that the destructmn recorded at the Gem Lake Dam is an
ideal example of "how a most excellent piece of construction is bemg slowly
destroyed by colloidal action. At the same time it offers another opportunity
for the engineer to take a decided step forward in technical progress. .

Destruction similar to that recorded is O"eneral in the tropics even to such
extent that in certain parts competent engineers refuse to use concrete for
permanent construction. The basis there for the change in colloidal absorp‘-_
tion and subsequent stress variation is the monsoonal change, wlth some months
very dry and others very wet. A comparison between conditions and effects
in cold and warm chmates, is mterestmg, and the matter has been d1scussed *

B. C. CorLigr,} M. Awm. Soc. C. E. (by letter) —The writer has read w1th
great interest, the various points brought out in. the paper, the discussion re-
garding the failure of the concrete in Gem Lake Dam to withstand the effects
of cold or other disintegrating agents, and especially the statement in the
Synopsis (page 713) relative to the mecessity of providing a “positive and
permanent method of water-proofing concrete.” «

For several years he has been an earnest advocate of the necessity of proper
selectmn of aggregates in order to insure the life of concrete structures, espe-
cially when subjected to water conditions. The statements made by several
discussors, to the effect that a very probable cause of the failure was the use
of limestone as the aggregate, are fully in accord with his experience.. For a
number of years he has believed that concrete will not withstand the continued
action of water pressures especially when it is in thin slab sections. Exam-
{nation of a number of reservoir and similar hnmo"s seems to prove that the
mmtmucd passmv of minute quant1t1es of water through the pores of the con-

mslon has also been of espec1al mterest to the writer, because he
mng; the peuod of constructlon of thls dam, to pass opinion on
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alternate rise and fall of the water naturally causes severe stresses and a ten-
dency to movement in the up-stream surface. Without question, this stress,
continued over a period of time, caused the development of checks or cracks i in
the thin shell of unreinforced gunité, thereby ultimately defeating its orig-
inal purpose, and allowmg the passage of the water through the dense surface
covering to the porous concrete beneath. Although as stated, at the time at
“which this work was done little knowledge was extant regarding methods of
Watel-prooﬁng' with ‘gunite, later experiences have indicated that had a
heavier coat of properly reinforced gunite beeén used, it would probably
have prevented the seepage of the water and the consequent’ d1smtegrat1on of

the concrete whether due to faulty sand faulty aggregate, poros1ty, or frost‘

action.

It is 1nterest1ng to note the’ suovgestlon made by some of the d1scussors
that a coating of asphalt on the up-stream face would have resulted in the
saving of the structure. In view of the statements Tecently made to the writer
by several engineers in charge of large water-works activities, to the effect
that riot only is asphalt, when subjected to such conditions, not’ water-proof,
but also that the life of a- membrane coating under water does not exceed 15
or 20 years; doubt natulally arises as to the efficacy of such treatment. An
engineer of ‘wide experience’ in ‘testing ‘work has recently stated that he had
definitely proven that asphalt would absorb moisture.

The writer has long been an ardent believer in the ddequacy of Portland
cement, when it is properly applied, as a resistant to-wafer action. "In order
to produce this resistance it is necessary to provide a density of application
similar to- that of gunite. In addition, however, ‘a’ broad experience ‘in in-
spection of such structures as this had indicated the necessity of properly
remforcmg ‘the gunite’ slab in order to eliminate the breaking down by

“wéave” -and constant movement; or to insure against the development of
checking or cracking from' internal stresses. 'Such authorities as F, E. Tur-
neaure, M. Am. Soc. C. E;, have’ clearly shown'that cement structures should
always be reinforcéed against the ‘initial “settmg up” stresses, and, in accord-
ance therewith, the writer is now recommending that, for gumte slabs for
water-proofing, reinforcement of not less than 0.8 of 195 should always be used,
and -that preferably, under such severe conditions as those at Gem Lake, the
peérceéntage should be as high as 0.5." This percentage of reinforcement placed
equally in both directions will-also provide an’ almost positive proteetmn

against eracks that will arise from expansion and contractlon With, such )

remforcement and with a thickness of approximately 2 in. of guhite, expe-

rience has’shown that the positively water- proof cond1t10ns spec1ﬁed by the
authors as bemg necessary will be obtained."

Frrp A, NOETZLI,* Assoc. M. AM Soo. C. ]3 (by letter) ——It s well known
that certain concretes are subJect to detenoratmn from frost and other actions
when they contain a cons1derable amount of moisture. The deterioration of
concrete in sea water is a str1k1ng example of this phenomenon.. In this case.
the physical effect of the expansion of the salt erystals which, under certain

* Cons. Hydr. Engr., Los’ Angeles, Calif.
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conditions, may.form in the pores of porous:concrete in sea water is increased
by chemical action. In Kydraulie structures subjected'tol‘fros_t conditions tlle'
particles of water contained in the concrete -will expand considerably when
this water is transformed: into ice, and thus tend to spall the' concrete or
weaken it otherwise. In passing from 'the liguid to the solid state; water
expands with a force equal to about 150 tons :per sq: ft.. Omne cubic.inch of
water -at 82° Fahr. occupies 1.09 cu. in. in the form -of ice-at 32°: Fahr,
which is equivalent in expansion to-about one-tenth of the:original volume.
Porous concrete is, therefore, apt to suffer considerably from. frost action.
Dense concrete is known to be practically immune against it. ‘

The authors point out that serious deterioration has taken: place iﬁ*the
arches of the Gem Lake Dam where the concrete was subjected to water pres~
sure at the time of low temperatures. On the-other hand, M. M. O’Shaugh-
nessy, M. Am. Soc. C, E, has stated® that in the Lake Eleanor multiple-arch
dam, built in 1918, at an elevation of. 4 660 ft., “there are no indications of
wear and tear on this concrete structure; and the location is subject to severe
frosts without any noticeable depreciation whateveér in the concrete’; further,
that, in his opinion, “the failure of the Gem Lake Dam is due not to design
of strueture, but teo defective granite dust and matenals ‘being mcorporated
in the sloppy overwatered concrete during construction.”

The writer can testify from personal knowledge that, also, the: Bear Valley
multiple-arch dam, located at an elevation of 6 700 ft shows very httle, 1f any,
deterioration .from frost-action. - :

The Gem Lake Dam was bmlt in 1915 and 1916 The Bear Valley and
Lake Xleanor multiple-arch dams. - were - ¢onstructed ‘in 1912 ‘and- 1918,
respectively, The Gem Lake Dam suffered: from. frost action, the -other two
dams are apparently as strong as at any time .in their hlstory, although the
climatic conditions are similar at all three sites.

‘What was wrong, then, with the concrete  of the Gem Lake Dam? The
authors state that ithe upper 30 ft. of the!existing arches and the buttresses
supporting them appeared to be in perfect condition. - Only that part of the
arches which ‘was below: the reservoir: level during the severe ‘winter ‘condi-
tions was damaged. The temperature variations in the upper arches and the
buttresses were at least as great as for the lower arches, and probably greater:
It was, therefore, apparently not the low temperature itself that damaged ‘the
lower .arches, but evidently the water which had been filtered into the conecrete’
wnd which expanded when it was transformed into ide in freezing weather.
Himilar deterioration of concrete:has been observed in many structures exposed
towater and frost, in canal head-works as well as in'some:gravity dams many
i1 thickness.” In riost of these -cases, deterioration ‘eould: easxly be tracedv

aits concrete, or . unsuitable aggregate, or both.. . .
For the- construetion of the: Gem- Lake Dam, a lake sand, contammg 3%%*
g 19 of dirt;; was: mixed with ‘the sand from .the zock crusher in
portion of about 759 -of lake sand to 259 of crushed.rock sand. It is
uut ﬂtute@l whether or not this sand was properly graded.;. The fact that coms
presgion dents on’specimens made. during: construetion: showed an average

* I luer Lootlie ‘Rditor of ‘Engineérfin'g‘\?News'-‘R-e"cord} {Guly’80,-10925: 0 Tufi vl
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crushing strength of the 1:2:4 concrete of only 900 1b. per sq. in. at the age
of 14 days would indicate that the quality of the sand used was not at all what
.it should have been for this type of structure.  Chemical decomposition of
certain ingredients of the granite dust of the “crusher run” may also have
been one of the reasons for:the troubles with the dam. - :

The. authors deserve credit for emphasizing the necessity of geriously con-
sidering frost action when designing dams for :cold climates. The method of

repair adopted for the Gem Lake Dam is about as radical and. expensive: as.

could be devised, but. it may have been necessary in view of the ddvanced state
of deterioration. : :

The writer believes that a -satisfactory water- prooﬁng of the arches, as
originally attempted by the owners of the dam; could have been obtained
in the following manner: At the time when the concrete of the arches showed
signs of deterioration, the weak spots, leaky construction joints, ete., should
have been cut out as far as practicable and re-filled, for instance, by means
of a cement gun. Theén a four-ply water-proof membrane of a Malthoid or
Tartex product might' have been applied in successive layers on the up-stream
face of the arches, and a protéction slab. of conerete, from 12 to 18 in. in thick-

ness, cast against. the membrane.. The four-ply water-proof membrane would

have protected the old archies:from infiltrations of water and thus have stopped
further deterioration. The concrete protection slab, besides preventing injury
to.the membrane, would have added materially to the safety of the dam.:. A
dense concrete such as was used successfully for the Lake Eleanor multiple-arch
dam, referred to previously, would have insured the permanency of the protec-
tion slab. -Thecost of this concrete slab would have been relatively small as no
forms would have been required. for-the under side of the slab. The water~
tight membrane of the character described would have cost about 15 cents per
sq. ft. in place. The quantity of concrete:for a 12-in. protection slab from.the:

‘bed-rock up to an elevation of 30 ft. below the crest of the dam, would have. |

been approximately 1250 cu. yd. . This compares with the 12:000 cu. yd. used:
for the method of repair adopted by the owners of the dam. : The multiple-arch
type of dam has the advantage of offering easy accessibility to all parts of the
structure. Repairs may be made, therefore, before the danger-point has been
reached. : : : .

In what follows, the Wnter w1shes to make a few suggestlons Whlch may: be
helpful for avoiding in future thin dams some.of the dltﬁcultles that have arisen
in. connection with the Gem Lake Dam. SR o

-The writer agrees with the authors that an impervious. concrete wﬂl pre-
vent the deterioration: of concrete subjected to water pressure and extreme low:
temperatures. - A careful selection and the proper grading of sand and gravel

or crushed rock will go a long way toward accomplishing this‘end. A some~ -

what richer. mixture than . the standard 1 :2:4 proportion, :say, ~about
1.:1.8: 3.5, will furnish a dense and strong concrete at a comparatively small-
increase in cost pér eubic yard. Naturally, proper care in Tnixing and placing:
the concrete is also of great importance. :
‘The arches-of multiple-arch dams should be demgned go that for shrmkage,
.rib-shortening, and, maximum variations of temperature the.tension stresses

‘ mmmte,
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in-the arches are safely within the tensile strength of the concrete.” A liberal
quantity of reinforcing steel should be added for additional safety. Special
attention should be given 10 the preparation of construction joints between
successive horizontal layers of .concrete. Leakage is most likely to occur in
joints that have not been properly cleaned of Ialtance and forelgn matter.
Attack by frost would 1nev1tab1y gtart sooner or later in ‘such joints, and the.
deterioration of the concrete would continue progressively. A 4-in. strip of
galvamzed iron, placed from 3 to 4 in. from the up-stream side of the arches,
across all horizontal as well as vert1cal constructlon Jomts, will prevent
leakage through the joints,

In important structures the entire up- -stream face of the arches should be

covered with a layer of properly reinforced gunlte from 1 in. to 2 in. thick.
Thin layers of unreinforced gunlte such as was used on the Gem Lake Dam,
are not effective very long.
- In spite of the partial d1s1ntegrat10n of the Gem Lake Dam, the w11ter
firmly believes that safe and permanent structures of the thin arch and
multiple-arch type may be built in locations subject to severe weather con-
ditions. A proper design of the arches, suitable, well-graded concrete materials,
and careful mixing and placing of the concrete will result in structures which
will be safe, water-tight, and permanent. A considerable number of such dams
were built years ago and are satisfactory in, every way. A few others, like
the Gem Lake Dam, have given trouble for reasons which are fairly well under-
stood by this time and can’easily be avoided in futuare constructions.

A multiple-arch dam ‘that will be 160 ft. high and more than '} mile long is
now (December, 1925) undér construction in the high Siérras at an elevation
of 7200 ft. The multiple-arch type was selected for this structure after care-
ful investigation of the probable ‘causes. that may have been responsible for the
troubles on Gem Lake Dam. i

The authors seem to favor dams of the rock-fill type for locations ‘where
extremely low témperatures may occur. ~ Such rock-fill dams naturally would
have' to depend for water- tlo"htness on a concrete core wall or on a concrete
faco slab:. A’ loose rock-fill is relatively porous and permits of more or less
free air circulation, including “chimney effect”, that is, allowmg the warmer
and lighter air in the interior of the mass to rise and escape at the top of the
dam, thus drawing in the cold outside air through the lower porous parts of
tha fill. - The thin slab of a concrete core or face wall of such a rock-fill dam,
thisrefore; would undoubtedly be subjected to some frost action, especially near
the water line, which, in case of porous or otherwise unsuitable concreté,
soenier or later would unquestionably. lead to progressive deterioration of the
Inasmuch as there would be no simple way of observing such
on of the most vital part of a rock-fill dam, a “blow-out” of a Weak
:poamble failure . of the structure mlght oceur in tlme

Afon Gem Luke a vock-fill dam had been constructed, and 1f forthe core
or face wall the same kind of aggregate had been used with the same class of
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workmanship as for the multiple-arch dam, it is possible that the authors would
have had.occasion to describe the failure of a rock-fll dam instead of giving
an interesting account of the successful repairs of a multiple-arch: dam.
F. W. Sompmenuerai* M. Aw. Soc. C. E—The discussion by Senator
Luiggi is of exceeding interest to the speaker. . . o
~ Benator Luiggi is of the land which presumably was the first to develop

cement, namely, the Roman or puzzolan cements. From much that has been .

said and written (nottby Sehatoyr Luiggi) oynev_ would infer that Romém

cements, or more particularly the structures in which - they were used, .are .

everlasting. If so, an jmportant art has been lost. However, the speaker
suspects that the” long life actually enjoyed by certain Roman puzzolan
cement-bound structures is due to the fact that, except for the northern part,
Italy is not subject to a rigorous climate. Freezing either does not occur or
is of minor extent. , In fact, the speaker’s personal observation on the occasions
of two visits to Ttaly lead him to believe that, under similar climatic condi-
tions, Roman cement-bound structures behaved much like Portland cement-
bound structures of the present age. In neither case does the cement seem
to be perfect. Fven Italy, as well as America, has its problems as to the dura-
bility of ,hydi‘aulic structures. k V

A FUNDAMENTAL QUESTION

The Gem Lake Dam is a hollow conerete structure which, by reason of
disintegration of its deck, has failed to perform its intended function.. Long
before the presentation: of this interesting paper there was raised in the
speaker’s mind the fundamental question: Is a hollow dam of concrete an
appropriate engineering structure, particularly for cold climates?. This ques-
tion carries with it the premise that the concrete is of a kind which is prac-
‘ticable of attainment under the present state of the art. The question applies
to hollow conerete dams of both the multiple-arch and the reinforced concrete
slab-deck. types. Study of this question has led the speaker into a fairly
broad investigation and the occasion seems opportune for briefly stating the
results and presenting his deductions. . S

At the outset it may be stated. broadly that the investigation has left the
speaker optimistic as to the propriety of the use of concrete in - hydraulic
structures which are exposed to severe freezing and thawing' and, uintil there
is further and contrary evidence available, his answer to the foregoing ques-
tion is definitely, even though qualifiedly, in the affirmative. :

_ Gey LARE DAM DISINTEGRATION s

First -consider briefly the.conditions obtaining: in the case of the Gem Take
Dam. The design involves relatively thin arches. . The thickness was appar-
ently from -about 16 to about 84 -in. within the. areas of the arched decks
where disintegration occurred. However, relatively thin decks,. whether in
the form of arches or reinforced concrete flat slabs, constitute an' essential
feature of hollow conerete dams. If the decks were not relatively thin, then
: -*/Cons. Engr. (Méad & Scheldenhelm), New York, N. Y- i
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hollow concrete dams would lose a considerable proportion of any: ecornomy
which they may offer. It-is fair to state’that the design of.the Gem Lake
Dam follows the general lines accepted as structurally satisfactory for dams
of its type. s » : o

As to the concrete of which the dam was originally built, the facts avail-
able from published information and private inquiry are none: too detailed
nor reassuring. . Among other things it is not unlikely that:the sand was
considerably too fine. The coarse aggregate is questioned by certain inter-
ested engineers, but the information available is mot'such as to cause ‘the
speaker to attach any serious blame to it. "Thé cement was presumz.lbly of a
quality equal to: the average of standard Portland cements and subject on}y
to the qualifications that there is still much to be learned: about cement in
general and that. undoubtedly there are -some steps still to be taken for the
improvement of the product. . ~ R I o

The proportions in which the arch: concrete is:reported to have 'been-mleed,
namely, 1 part of cement to. 6 of aggregate, might be adequ.ate .1f‘ the other
factors of the manufacture of the conhcrete in point were satisfactory: How-
ever, it seems not unlikely that the fineness of the sand would have warranted
a somewhat greater cement: content. Moreover, a greater cement content
would have been desirable, if indeed not imperative, in case the Water-ceme?t
ratio was relatively high. -As to the latter; the speaker does not doubt that in
conformity with general practice at-the time of the cons‘;ruction_of '“the.’,Gem
Lake Dam (1916) the water content was too great. (If the bullders'of thg
Gem Lake Dam erred in this.respeect, let it be noted that many others, includ-
ing the speaker, have made the same error.) .. . -

The speaker has been.:unable. to learn that any particular attention was

- paid to the adequate curing of the.concrete and agrees thoroughly: with Mr.

Merriman that conditions were most unfavorable for proper culzi'ng. Although
impermeability and permanence of concrete are: not direct functions of §trength,
nevertheless, it is pertinent te note that the 14-day_ strength of sp,ecmleps;-of
concrete tested during the original construction was only about. 900.1bi per
8q. in. in compression. - That fact in itself was none too good.an omgn.. ‘
The outstanding characteristic of the disintegration-of t}{e .concrete is that
apparently the arch mortar has tended to change from the original texture and
#trength to a texture and strength approxima_ting‘those Qf ha?d. cl'ay, or per-.
hiaps even chalk. The disintegration is repqrted to .h.ave been hmlted tq the
diiek arches, the buttresses remaining in good condition. = Although presum-
ahly ' there was & tendency to require greater workability and, .h.ence,* a Yvett'e?
ﬁii}f for thie arch concrete than for the buttresses; yet this possibility g:nd‘the d1§-
‘iitogvation of the arch do not necessarily indieate that the arch conerete was
i ﬁrim‘ o the buttress concréte—in ‘fact; the buttress concrete is krépvo'rtbe‘d 1o
have had o 'somewhat lower cement content. It seems -clear: Only that! th’e’
atch conerete was not of sufficiently good quality‘ to i‘withstafn.d*the s’evere;
physicil cotiditions to which it was subjected. Tt is likely that ifthe buttress
¢concreto were subjected to similar physical 'conditions,for. an equal llegg:th Qf

* time similar disintegration would:result. .-
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# As pertinent to the causes of the disintegration and the. possible means for
preventing similar disintegration in other structures, it is to be noted-that
apparently the disintegration occurred only below the winter water surface of
the reservoir. The reservoir is reported to have been drawn down regularly
for the winter period to a level about 80 ft. lower than the “pool-full” level.
Correspondingly, the upper limit of the disintegration is said to have been
about 30 ft. below the top. It i s, therefore, a reasonable ‘deduction that per-
colating water from the reservoir was a prerequisite of the disintegration.

~On the other hand, the authors report that “a section of the bottom. of
each arch was little affected.” - Clearly the absence of disintegration -in the
lower part of the arched decks cannot be attributed to the absence of percolat-
ing water: It is true that the lower part of each srched deck is thicker than
that directly above, but such a difference in thickness is too ‘gradual and too
minor in amount to afford the explanation. Tnstead the speaker is strongly
inclined to agree with the authors in attributing that better condition to the
protection afforded by the drifts of snow which lodge against the lower parts
of the decks.* " Precipitation appears to be plentiful and must be.in the:form
of snow even before the temperature becomes very low. TR

The absence of disintegration in the lower parts. of the decks 1nd1cates that
percolation of reservoir water through the conerete is not necessarily, or at
least ot rapidly, harmful provided:there is no severe freezing at the under
side of the deck. (Whether in the case of even the best quality of concrete
permitting percolation of water such percolation mlght not per se cause some
disintegration in the course of a number of years is another question.) - ‘

The speaker inclines to. the view that the disintegration of the arched
decks at Gem Lake was due to the combination of inferior concrete, percolating
water, and severe freezing alternating with thawmg, and that, in the absence
of any ‘one of these three unfavorable factors, disintegration would 'probably
not have occurred. . In fact, the number of unfavorable factors ‘may prac-
tieally be reduced to: two, for if the concrete were impermeable pereolation
could not have occurred. It is of special significance that the down-stream:
faces of those parts of the arched decks which suffered damage  were at no
time of the year. protected by structural or natural - (snow)-. enclosure against
severe freezmg : ' i : i

SUCCESSFUL UNENCLOSED HOLLOW CONCRETE DAMS

Engmeers may. well take cognizance of the fact that there are in ex1stence
a number of hollow. concrete dams, both of the multiple-arch and the rein-
forced concrete .slab-deck: types;. which, desplte their locations in regions. of
rigorous climate. involving alternate freezing and thawing, have continued to;
perform their intended functions and which have suffered no disintegration
or; if there has been any disintegration, such dlsmtegratmn has been. too.
insignificant to record. This fact indicates strongly that such dliﬁcultles as
have been .encountered . with hollow concrete dams haye not been due prlmarlly

*.Charles: W. Comstock, M. Am.: Soe. 'C. E., has informed the ‘speaker that he was told
by members of the local operating staff of the Power Company that the near-by 30 ft
Agnew Lake Dam becomes completely covered Wlth snOwW: on _ its. down-stream. side, .

@
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to the thin-decks, whether in the form of arches or of reinforced - concrete
plates. ~Also, it shows that eoncrete -¢an be produced which, in the accepted
sense, is permanent and can successfully withstand the rlgors of such climates.

Agnew Lake Dam;, California.~—Of ex1st1ng hollow ‘concrete dams which
are performmg their intended funetions the two which have the most direct
bearing on the Gem Lake case are the Agnew Lake Dam (the mate of the
Gem Lake Dam) and the Lake Eleanor Dam. The Agnew Lake Dam was
built by the same company, by the same construction organization, ‘and at
the’ same time_as the Gém Lake structure, so that it, too has had a life of
more than nine years.* ‘Tt is situated on the same stream, at an ‘elevation
only about 500 i, lower; hence, both dams are subject to practmally the same
climatic condltlons The Agnew Lake Dam, however, is only 30 ft. hlo'h and
is in a small gorge so that its crest lenoth is only 280 ft. In consequence,
the dam is reported to be snowed 1n every winter, with the snow on the down-
stream side extendmg to the very top of the structure. Mr. Jorgensen, the
designer of both dams _states that Agnew Reserv01r remams practlcally full
throughout the Wmter

The des1gn of the Avnew Lake Dam is the same ag that of the Gem Lake
Dam. In view of the low height of the Agnew Lake Dam, therefore, the thick-
nesses of arch decks subject to hydrostatic pressure from the reservoir -during
the winter are nowhere so. great as in the cases of those decks of the Gem
Lake Dam which have suffered disintegration.

The concrete of the Agnew Lake structure is practically the same as’ that
at Gem Lake. 'The coarse aggregate was taken from Gem TLake to Agnew
Lake. The sand apparently involved the only difference from:the Gem Take

- construction, as about:.oné-half of it came from Gem Lake and the remainder

from Agnew Lake: itself. - Hencé in ‘spots, at-least, even the sand must have
‘been ‘the same' as at Gem Lake; on the other hand, Mr. Jorgensen was of the
“impression ‘that the local Agnevr“Lake sand was of th;epOOrer quality. As
regards water .and cement contents and the metho"d‘of”‘maki‘ng the ‘concrete,
the reasonable assumptlon is that there was’ no dlﬂerence between the two
#tructures. :

Nevertheless, competent engineer observers agree that the Agnew Lake
“Pyam 18 in first-clags condition, having suffered no dlsmtegratlon Why, then,
difference? "Presumably the unfavorable condltlons as regards quahty of
0, pcrcolatlon of water, and severlty of climate are essentially the same.
marked difference’ appears to be that involved in the complete snow
T thus obviating severe freezing. The'speaker agrees with Mr. J. Orgensen
{buting the good condition of the Agnew Lake Dam to its snow cover
; ni the down-stream faces of the arched decks.

13&73’& I?Z(!mwr Dam, California—The Take Eleanor Dam, of the City of
Han Tranelsoo, located on a tributary of the Tuolumne River, is likewise of
the multi ¢h type and is of approximately the same height, namely, 70
ft. g‘mﬁ@s apitlnit tho 80 ft. gross height of the Gem Lake Dam. Lake Eleanor

# “Multiple-Argh Daine on Rush Creek, California,” L R Jorgensen, M. Am Soc. C. E.,
Transaotions, Am, Hoo, O. 1, Vol. LXXXI (1917), p.
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Dam is on the western slope of the Sierra’ Nevadas at'an altitude of only- about
4650 ft. above sea’level; whereas the Gem Lake and Agnew Lake Dams: are
on the eastern slope of the same mountains at elevations about 4 000 ft. higher.
Nevertheless, the Lake Eleanor Dam, too, is subject to the.most. important
and. severe. element of climatological conditions—alternate freezing -and thaw-
ing; in fact,. the conditions at the Lake Eleanor site are, not unlikely, more
severe in that by reason of the lower-altitude, the cycle of freezing and thaw-
ing may oceur more frequently, within a given time. o
The panels of Lake Eleanor Dam between centers-of buttresses are 40 ft
just as in the case of Gem Take. Its length is approx1mately 1260 ft. It
“was, built in 1917 18 and. the same engineer had an 1mportant part. in the
de51gn of each of the two structures. Although there are certain dlﬁerences
in the thlckness of members, these are relatlvely minor; it is fau' to state
that structurally the two dams are essentlallx,7 alike. . Furthermore, the like-
ness extends to the condltlons of operatmn, for in each cage the water surface
.of the, reservorr is. reported to be .comparatively low in wmter Poss1bly there
is ‘somewhat more fluctuation of water surface durmg the w1nter season in
the Lake Eleanor Reservoir than in the Gem Lake structure “As’in the case
of’the latter, ‘the Lake Eleanor Dam has no splllway apron, nor any other type
of ericlosure of the space between buttresses Its splllway isina sohd g'rav1ty

‘part of the dam. " ¢

“That there has been no dlsmtegratlon has béen stated® by Mr. O’Shaugh-
nessy, according to whose report, the present multiplecarch dam at the Take
Eleanor site is'in due’course to-be displaced by a rock-fll dam; - The ultimate
dam is to be between 150 and 175 ft. high.t- Apparently, the designers con-
sider -2 multiple-arch - dami—or a: buttressed -arch :dam, in’the terminology

which- they ‘properly prefer-—as being: either unsafe or uneconomical for so
.great a height .as that ultimately intended for the Lake FEleanor site. _
Nevertheless, the arched decks of the existing dam are intended to be utilized

and relied on to. furnish: the. lower 70 ft, of water-tight up-stream diaphragm
for the ultlmate, high, rock-fill dam. Evidently, those in:responsible ;charge
entertam no doubts as to the durability of this particular multiple-arch dam.
Mr. O’Shaughnessy characterizes the Lake Eleanor Dam as being . a .strue-

,tural as well as an economic, success. . : v
Azzscohos Dam, Maine, ——A_, successful unenclosed hollow concrete dam

: Whleh has had a fan'ly long life is: the Aziscohos Dam, built in 1910-11, on one

'yof the tr1butar1es of the Androscoggm River in Maine: It is about 75 ft. high

"_ and the hollow concrete part is about 500 ft. long, of which one-half is spillway.

The splllway portion has an -apron extendmg down about two-thirds. the way

from the spillway crest to, the foundation rock, but not a sufficient distance to
have a material effect on. temperature conditions in that ‘part of. the dam as

-.compared with the bulkhead. part, where there .is not even a partial enclosure

on the down-stream side..
The deck is.- remforced and has.a ﬂat surface on, the up-stream s1de but is

,’arched only on the down- stream 51de The minimum thickness of the deck

'Engmeermg News-Record July 30, 1925 D. 194
¥ Loe. cit., September 4, 1919,.p. 466 S0 B

~
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slab at the crown of the arches is apparently about 80 in. and the maximum
about 36 in. The deck concrete is said to be of 1:2.5:3 proportions. A
detailed description of the dam has been published.® .

On the oceasion of an inspection of the Azisecohos Dam in June, 1922, the
only disintegration observed by the speaker was-in the cases of two reinforced
concrete brace-beams in the outlet bay, exposed to water and freezing. This
good condition is confirmed by the observation of George C. Danforth, M. Am.
Soc. C. E., who visited the structure in 1923. Admittedly twelve years is not
a long life for a dam; on the other hand, in practically every case of serious
disintegration of conecrete the trouble has made itself known within ten years.

Bugenia Falls Development Dam, Ontario, Canada—A hollow concrete
dam exposed to temperature conditions approximating those of Gem Lake
Dam is that of the Eugenia Falls development of the Hydro-Electric Power
Commission of Ontario. This dam is of the Ambursen type, with the con-
ventional reinforced concrete flat deck slab. It is situated -about 70 miles
northwest of Toronto, Ont., Canada, in latitude 44° 20" North, where it is
subject to a maximum annual variation of temperature of about 125° Fahr.,
ranging from 85° below zero to 90° above. The structure was completeéd in.
1914, and thus has been in service for more than 11 years. It is about 50 ft.
high and the hollow concrete part is about 1250 ft. in length.

This part of the structure is entirely of bulkhead section, that is, open ou
the down-stream side, except a relatively short spillway the apron of which
extends so short a distance below the splllway crest as to have neghglble enclos-
ing effect. Durlng the winter the reservoir surface fluctuates throughout the
upper one-third of the height of the dam. In this part of the structure the .
reinforced concrete deck slabs are about 16 in. thick. The deck concrete is of
1:2 : 4 proportion, the minimyum thickness being 12 in.

In the main the foregoing information regarding the Hugenia Falls Dam
was furnished by the Chief Engineer of the Commission, F. A. Gaby, M. Am.
Soe. C. E. Mr. Gaby has further stated that recent inspection showed that
the lower faces of the deck slabs havé not disintegrated. A minor amount of
flaking is said to be in evidence in the upper part of the up-stream face of the
deck at sorue of the construction joints, this being attributed to the fact that
the, upper parts of many of the deck slabs were poured during the unfavorable
lvmporatures of December.” From the performance of this structure Mr. Gaby
[nfors that concrete with proper proportioning and good mixing, s0 as to result .
fﬂ [y danee product, will successfully withstand rigorous cond1t10ns of cold.

Encrosep Horrow CoNcreETE Danms

noud not be surprised that there are various instances of hollow con-
{generally of the Ambursen type) which are completely enclosed
ywne-gtream faces of the butiresses and which have suffered no disin-
| gonerete. . In general, the enclosure results from the use of a com-
wiy apron,. An example of such structures, which has been visited
the speaker, is the Warrior Ridge Dam of the Penn Central Light
swer Clampany, on the Frankstown Branch of the Juniata Rlver in Penn-

¥ Jilngringering News, March 9, 1911, pp. 288-291.
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sylvania. This structure, about 80 ft. high and about 450 ft. long, is entirely
of spillway section. It was constructed in 1906, thus having: about 20 years

service to its credit. The speaker’s earlier observation as to absence of disin:

tegration has been confirmed more recently by several other engineers.

O1HER Oases oF DISINTEGRATION :

To mention several other instructive cases where disintegration of concrete

in dams has occurred, the first is an intake dam,* on Bishop Creek, in Cali-
fornia, likewise on the eastern slope of the Sierra Nevadas, which suffered
some disintegration on the down-stream face of the relatrvely thin section of
the dam. This disintegration is reported to have been stopped by an earth
back-fill against the down-stream face, thus preventing extreme temperature
variations at the surface of the concrete.

Stony River Dam, West Virginia—A case with which the speaker has had
considerable personal contact is that of the hollow, reinforced concrete dam of
.the Ambursen type, on Stony River in West Virginia.t This dam is sﬂ:uated
in the northern part of the State at an altitude 3 400 ft. above sea level, and i IS'
‘subject to severe freezmg weather. It was constructed in 1912-18, failed i in
part in January, 1914, by the undelmlnlng of a too shallow cut- oﬁ Wall and
was reconstructed in 1914-15, the reconstruction bcmg under the superv1s1on
of the speaker.

In the concrete of both the or1g1na1 work and the 1econstruct10n local sand
stone was utilized for the coarse aggregate and likewise, by crushmg and roll-
1ng, for the sand. In both cases the concrete was placed wet, one might say

slushy The deck slabs were of 1 : 2 : 4 concrete. In no respect had the fa11-
ure of the dam been due to the quality of the concrete; in fact, the good ap-
pearance of the original concrete in the spring of 1914 led to the dec1smn to
continue the use of local aggregates. The only excuse for the wet concrete 11es
in the fact that at that time such was the generally accepted practice., .

As part of the reconstruction .certain structural modlﬁcatlons were made.
That part of the dam which had failed had been of open bulkhead section, but
this was replaced by means of a secornd spillway, whlch like the or1g1na1 spill-
way, has a completely enclosing apron on the down- stream side. Furthermore,
in order to prevent fleezmg of the foundatlon drainage , system, installed
throughout the entire dam as ‘part of the reeonstructlon, a concrete housmg
was built in all the previously open ‘bulkhead bays, except only the bays of
lesser height near the ends of the dam.}  This housing consists of a curtain-
wall of concrete, 12 in. thick, - extending for about two-thirds of the height of
the dam, together with a roof 7 in. thick, extending horlzontally :Erom the top
of the curtain-wall up stream to a junction with the deck,

The water-level fluctuates cons1derably There is no ﬁxed reglmen Whlch
apphes one winter after another

" During the first six yéars of the life of the ‘original conerete, that'is, until
1919, practlcally no ev1dence of d1smtegrat10n was dlscermble An ;lnspectlon

i

* See p. 724.
’rTmnsacmmLs Am. Soc. Q. E., Vol. LXXXI (1917) pp. 907~ 1100
I Loc. cit., p. 955, Plate XII.
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in the autumn of 1919, however, revealed some spalling of concrete on the up-
stream face of one of the original deck slabs near the center of the dam. It is
presumed that the spalling originated during the severe winter of 1917-18, for
which period a minimum temperature at the dam of 36° below zero Fahr., was
reported. At the time of this inspection the spalling extended to a depth .of
about 5 in., the total thickness of the deck slab at this point:being about 14
n, . The spalling extended. across the entire width of the deck slab (about 13
ft.); this fact, together with the further fact that this slab was the only one
which had spalled, indicated that the disintegration may have been due to im-
proper treatment of the concrete in that particular area. In 1921 the disin-
tegrated slab was patched by superimposing .a reinforced concrete slab.v How-
ever, water penetrated between the original and superimposed slabs and the
disintegration of the original slab continued, until finally the concrete crum-
bled and spalled on the lower or down-stream face of the slab in the same
région, exposing the reinforcing steel, :

In the meantime the two adjacent deck slabs were showrng an mcreasmg
seepage through the concrete, thus casting doubt-on the earlier indication that
the slab first showing disintegration had been subject to an isolated instance
of faulty workmanship. It is likely, however, that this particular part of the
original deck was made of concrete in which, as compared with the remainder
of the work, there was aggravated some error in making the concrete,. as, for
instance, excessive water-cement ratio or improper curing. The slabs in point
were undoubtedly cast at a time when there was no freezing and possibly even
during hot weather. . Further repair work was done during 1924.

.The area affected comprises only about one-fourth of 1% of the total deck
area of the dam. It is important to note that there is no record of any dis-
integration below the roof of the housing (which applies to about three-fifths
of ‘the bulkhead sections of the dam), and, similarly, that there appears to be
no disintegration whatsoever within either the old or the new spﬂlway, and,
therefore, completely enclosed, sections of the structure.

The fact that in the new spillway section there has been no disintegration,
whether of deck; apron, or buttresses, is the more noteworthy because there hag
boen-considerable disintegration in the new spillway mat or channel flooring
und also in the concrete placed during the reconstruction to reinforce the foot-
{sign in that part of the dam which had not failed. This disintegration .of the
newer concrete was most marked on horizontal, or only slightly inclined, sur-

‘ 'L‘he newer concrete which has suﬂ’ered disintegration was undoubtedly

o tho new spillway similarly contained too much Water;ethevcement
the spillway was greater only in the deck and apron (1 :2% :8%),
the buttresses, whlch like the spillway channel mat, were of

; : “esk gonerete is not superior to that' of the original decks. The
forrar are pomewhat thicker at the same elevations, but the speaker believes
that it {8 primarily because of the. complete enclosure that the new decks
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withstood successfully the severe winter of 1917 18 and appear still to be in
excellent condition. :

In considering possible causes of the disintegration of the small area of
deck slab in the original part of the dam, the question arises whether the diffi-
culty may not have focused at and been due to the ice sheet covering the
reservoir in winter.. The water surface of the reservoir ‘may actually have
been at or slightly above the disintegrated area during the winter of 1917-18;
moreover, the fact that the disintegration was first noticeable on the up-stream
surface implies that there may have been some plucking action on the part
of the ice, thus causing the observed spalling. However, other facts indicate
that the ice sheet is not primarily responsible, but rather that it may have
accentuated and made obvious a disintegration which had an earlier and more
direct cause, namely, percolation of reservoir water through the deck slab and
consequent freezing of the slab while in a saturated condition and unpro-
tected on the down-stream side. One fact bearing on this matter is that the
water level is by ho means fixed seasonably; another is the experience in the
case of the Gem Lake Dam where the disintegration extended for: many feet
below the winter water level of the reservoir: o ;

Limatation of Disintegration to Unenclosed Dams.—The speaker is famﬂlar

with or has repérts on disintegration 6f concrete in various other hollow con-

crete dams, both of the multiple-arch and reinforced conerete deck-slab types.
However, persistent inquiry on his part has not revealed to- date a single
instance where disintegration of concrete has occurred in the 'decks of hollow
concrete dams in which the down-stréam faces of the decks aré protected
against severe freezing temperatures. He would not have been surprised to
learn of some cases where obviously poor concrete had disintegrated even
under such protected conditions, for, at best, a relatively thin slab ‘subject to
percolation from reservoir water is functioning under severe handicaps. The
apparently complete absence of disintegration: in ‘enclosed parts of hollow con-
crete dams thus seems all the more remarkable.

‘Time and space do not warrant consideration of the ‘disintegration of con-
crete which has taken place in altogether too many solid cencrete dams, but
it is worthy of note that such disintegration has occurred primarily in regions
where there is severe freezing and in parts of dams which are fully exposed
to the prevailing atmospheric conditions. Incidentally, the disintegration
which has occurred in such dams appears to be greater as the surfaces approx1—
mate the horizontal. ;

TextaTIVE . CONCLUSION

Tn the light of the foregoing considerations, the speaker has reached the
tentative eonclusion that hollow concrete dams-may be construeted and relied
on to be relatively permanent, provided: -

1.—The design is good and the proportions of the members liberal, espe-
cially as regards thickness of concrete protecting any remforcmg steel.
* 2.—The concrete is made of proper materials and in a proper manner, in
accordance with present knowledge of the art.  This involves capable, con-
scientious, rigid, and authoritative inspection. ' o : S
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R
—The dams ‘are enclosed by means of diaphragms or heat- 1nsulat1ng walls
located at or near the down-stream faces of the. buttresses.

This tentative conclusion has been reached with full recognition of the
fact that hollow concrete structures of necessity can tolerate disintegration
to -a less extent than solid concrete dams.. The point is that dlslntegratlon
is believed to be.avoidable.

.. The speaker is sufficiently opt1mlstlc to believe that hollow concrete dams
can be built.in freezinig climates successfully even without the enclosure. How-
ever, in view. of the present 'status of the art of concrete construction and the
contingencies which at best enter into any concrete work, he believes it is not
conservative to rely entirely on obtaining the proper quality of concrete.

The most important quality to be attained in the deck concrete is, of

.course water-tightness and this, in turn, is d_uectly dependent on the den-

sity of the concrete itself. Without presuming to have any final knowledore
on the point, the spealxer doubts the practicability of obtaining in dams reli-
ably water-tight concrete decks:by means of surface or membrane coverings.
Acknowledging that, in general, such coverings must be of some benefit, he
piefers to place his main reliance on .properly attained density of the concrete
itseld. :

 As to the character of the recommended enclosure, it should be noted that
the form of the enclosure in the case of the Stony River Dam was governed
by a different consideration. If this point of protecting the entire down-
stream surface of the decks had been in mind, the énclosure would undoubt-
edly have been carried to the full height of the dam. A fact of importance
developed in the functioning of the Stony River Dam is that within the
enclosure the temperature does not fall materially below the freezing point.
For instance, during the winter of 1915-16, the lowest temperature within
the enclosed part of the dam was - 26° Fahr., whereas the lowest outdoor
temperature was — 12° Fahr.. Under these conditions no serious ice forma-
tion:took place within the enclosure. Evidently, the radiation of heat from
the reservoir water and from the foundation material into the enclosed space
to a large extent offsets the radiation of heat through the enclosing dlaphrac'm
from the enclosed space into the outside air.

I'he down-stream insulating wall may be of concrete, either single or, better
utill, double; in the latter case, it affords an insulating air space within the
wall, - Hollow tile also seems appropriate for the purpose. The tile might be
vonted with stucco or gunite if a more pleasing appearance is desired. Inei-
dentally, such a dlaphragm especially if of concrete, serves as a brace between
huttresses.. :

The. water-works: reservoir.dam, at Coatesville, Pa., of the Ambursen type
and eonstructed under the supervision of Alexander Potter, Assoc. M. Am.
Baw: O, B, in 1916-17, is understood to have its non-spilling concrete sec- -
tiong enelosed by an approximately vertical diaphragm of No. 28, four-rib
“Hyei” (a form of metal lathing), covered by a 1-in. thickness of plaster.
Howaver, it is further understood that such an enclosure is solely for archi-
toatural cjﬁ’ﬂ(}f The speaker also motes with interest Mr. Reed’s statement
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that one of .the more recent Norwegian dams, the so- called FJergeng Dam, is
enclosed by an insulating wall on the down-stream side. :

MISCELLANEOUS

The speaker will await w1th much interest the result of the long time test
by Nature as to the quality of the concrete used in the Gem Lake reconstruc-
tion work, especially in view of the somewhat low cement content. It would
be of interest to know in what direction the diagonal cracks -extend; that
are mentioned by the authors as having ‘occurred near the up-stream toes of

three of the buttresses. It appears not. unlikely that these cracks are.of the

same nature as those mentioned by Mr. Lippincott.

© CuarLes W. OOMSTOOK,* M AM ‘Soc. C. E—The dominant note'in the pre-

ceding discussion seems to be one of condemnation of the concrete used in the
original construction. From this opinion the speaker dissents.’

Records of concrete tests made during construction are not at hand, but the
speaker has had access to théem and has studied them carefully. - To the best
of his recollection compression tests on’ 6 by 12-in. cylinders at 28 days gave
upward of 1900 lb. per sq. in. Generally this' would be regarded as satls-
factory.

The speaker made an examination of Gem Lake and Agnew Lake Dams in
May, 1924. The exposed portions of both dams, arches and buttresses, were
carefully gone over with pick and hammer. Moles were drilled: or dug at

various places where indications' were unsatisfactory. Except for the belt;

about 80 ft. wide, of the arches of Gem Lake Dam, which has been described
in the paper; the concrete was satisfactory in appearance and perfectly sound,
ringing clearly when struck with a hammer. The buttresses at Gem Lake
were in perfect condition. There was no spalling or other evidence of deterior-
ation.. Agnew Lake Dam was. apparently in perfect condition. throughout. _ ;

. The speaker was not connected with thé original construction. of these
dams and has no personal reason for defending the methods or materials used,
but:all the evidence indicates that the work dome and the results ‘obtained
were as good as possible with the materials available. . S

Mr. Flinn has suggested that concrete materials’ should be seleeted Wlth
greater care than is usually bestowed upon them, that they should be: care-
fully: analyzed- and scientifically proportioned. While the soundnéss: of this
suggestion will not be questioned, and it is certain that the best results cazinot
otherwise be obtained, it should be remembered that the constructor is nearly
always limited by considerations of cost to the sand and coarse aggregate
afforded by the surrounding territory. Cement is purchased under-standard
specifications with which:all established brands comply. Defective concrete is
rarely due to poor cement, although sometimes to improper manipulation:

. In the speaker’s -opinion: unsatisfactory concrete results-more often’ fromi
poor sand than from any other one cause, but in this material the constructor
frequently has little or no choice.  The alternative is to use the best that is
available and be content with concrete of quality inferior to the ideal.

" *Engr.,, Dwight P. Robinson & Co., Inc., New York, N. Y. = =
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At the timie of the reinforcement of Gem Lake Dam the sandpits used in
the original construction were. entirely submerged and inaccessible. The near-
ést natural ‘sand would have had to be hauled 16 miles and then drawn up the
inclines and barged across: Agnew Lake, as'was dotie with cement and lumber.
The cost was prohibitive. It was necessary to’grind the country rock to
obtain sand Whether the new concrete Wﬂl be supenor to the old remams

to be seen.
A word as to Agnew Lake Dam-—it is-about 550 ft. lower than Gem' Lake

“and was built to afford storage for one or two seasons prior'to the completlon

of Gem Lake Dam. Since the completion of the upper dam water stands
almost constantly at splllway level in Agnew Lake, thus protectmg the water
face against freezing on that side. Agnéw Lake Dam i is only a little more than
30 ft. h1gh ‘and snowdrifts pile up to its full height on the lower side every
winter. This affords ample protectlon agamst the fre eezing which has damaged
a part of the Gem Lake structure, and accounts for -the present sound con-
dition of the lower dam.

After a careful study of both these dams the speaker was unable to find
any other explanatmn of the peculiar nature and location of the »damag_e;than

‘that given in the paper. He does not believe that the facts square with any

assumptmn of poor concrete in the ongmal constructmn ‘Whether it “would
have been better to have chosen an entn'ely dlﬁerent type of dam in the ﬁrst

"place is another questlon

GEORGE W HOWSON* Assoo M. Awm. Soo C. E. (by letter) —This very
frank discussion of the failure of the concrete in the arches of the Gem Lake
Dam ig extremely- interesting .to those engaged in the design and construec-

tion of dams, and carries 2 warning to those building thin expesed. walls
_subject to water. pressure. Many theories may be advanced as to the cause

of the failure, but all are without. conclusive proof. The most logical con-

.clusions have been reached-by the authors that moisture found its way into

the concrete and there froze, causing disintegration. They rightfully con-
clude that field construction conditions make extremely diffcult, if not im-
possible, a concrete absolutely imperviou§ to the slighfest penetration of
moisture. Tt is gratifying to mnote that they conclude that the rock-fill type
has many advantages over other typés of dams in such a loéality as Gem

Liske. ‘The writer bélieves that the virtués of .the rock-fill dam extend further

than to localities such as Gem Lake. It adapts itself to certain foundations,
such as loose rock or cemented gravel in stream beds; requiring a mininvain
of excavation compared: with ‘masonry dams. There is a tendency. toward
the Dopularlty of the rock-fill dam; probably -due to the increasing. familiarity
of ongineers with it. The writer has knowledge of five large proposed dams,
all sof tho roek-fill type. . , )

The rock-fill dam is not susceptible to such a reﬁned degree of analysm

a8 the mnltlple -arch, and owing to the very nature of the structure it is not

necorsary that it should be.- -The de51gn is largely a matter of experience
and not of rofined computation.
* Rtos, Engr.,, Dix River Da.m Project, Burgin, Ky.
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‘Recently, the writer has been in charge of the-construction of the super-
rock-fill dam on the Dix River in Kentucky, desighed by L. F. Harza,
M. Am. Soc. O..E. This dam is 275 ft. high above the stream bed and 296
ft. above the foundation excavations, It contains 1800000 cu. yd. of material
and is by far the master effort yet attempted in this type of construction.

- When : properly designed the rock-fill dam has, for 2 Water—tlght skin
spread over the exposed up-stream face, a layer of reinforced concrete whrch
in the larger dams, generally varies from a maximum of 2 ft. to a2 minimum
of 6:in. in thickness. In this respect the rock-fill type has something in com-
‘mon with the multiple- arch both rely on a thin slab of concrete.for water-
t1ghtness In case of the rock- £l dam the concrete slab is. protected from

the elements on the lower side by the mass of the rock-fill over which it is

spread and on which it relies for support. In the multiple-arch dam the thin
.arches are exposed on the lower side to the elements, and it is beheved to. be
this exposure at Gem Lake that caused the failure.

The large rock-fill dam must have a concrete water—skm of a quallty equal
to, if not betfer than, the arches of a concrete structure. Tt must be as nearly
impervious as poss1b1e and, in addition, be able to develop great strength to
meet, indeterminate stresses due to movements in the rock-fill 1tself By, proper
construct1on of the body of the dam, movements of the fill may be partly con-
trolled and reduced in amount, but nevertheless they are present in a greater
or less degree, depending on the 1ntelhgence, guided by experience, used in
the supervision of the construction of the fill. Once the apron of concrete
is poured against the fill it must conform to the movements or take stresees
suficient to overcome them. : RS

*No concrete apron spread over the face of a large rock-fill dam' would
be able to resist major moverments of the dam, nor is it ever intended that it
‘should in a well-designed apron; but the apron may be so desigried - and o
constructed that it can overcome tendencies to small local movements. This
is a matter of the fine combination of proper des1gn and good super‘nsmn
80 mecessary in dam construction.

Frep O. Dorson,* anp Warrer L. Huser,t Mzewmsers, Am. Soc. C. E (by
letter).—The writers’ conclusion that a type of dam other than the multiple
-arch -should be selected for a site such as that at Gem Lake is well demon-
strated by the great diversity of opinion, as to.causes of deterioration and as
.to- remedies, displayed in the. discussions. ' The wide 1nterest shown by th1s
full discussion is, to them, a source of satisfaction.

" The positiveness and the wide diversity of opinion regardlng the quahty
of concrete in the original structure would be amusing if it were not to some
extent a reflection upon the profession. It is interesting to note that criti-
cism of materials and workmanship of the original structure is offered by
those who have not made a personal examination, while others, as, for instance,
Mr. Comstock, who made a careful inspection’ of the structure previous to

its repair, defend both and state that the. evidence indicates that'the work _

* Vice-Pres. and Asst. Gen. Mgr,, Southern Sxenas Power (‘ompany,/RwerSMe Calif,
+ Cons. Engr,, Sar Francisco; Calif. :
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done. and the results. 'were as good as' could:be- obtained  with.thei materials
available: - Many points' brought out in-the discussion are worthy of further
cons1derat10n el : : NPREENIEIEAN et
. Jorgensen,: contributes some: 1nterest1ng notes from the laboratory
Wh1ch made the analyses and tests of materials used:in the original construc-
tion, -as well as some interesting facts relating to that construction. ~He refers
‘to some similar dams in Northern Sweden where low: températures are encoun-
tered, and states that no damage has occurred in two: years, although  he
admits that these’'dams are partly back- ﬁlled with earth as‘a protectlon agamst
low temperatures. : o : -
In: personal corlespondence Mr:: J orgensen'rétates» that for éach of  the
dams the back-fill behind the arch.section covers.that part.which remains
below. the water level .during cold weather,. The writers are, in entire accord

with.his conclusion that under; severe freezing.conditions it. can. hardly. be

expected that a. plaster face applied to::a thin concrete: section will: have. a
long life. -

Mr. J ewett has oﬂ"ered some of the results of the many tests he made
for The Nevada Cahforma Power Company in an eﬁort to. ﬁnd a coating
whieh would. afford a.water-t1_ght face .and, ;at. the same t1me, would, offer
some degree .of permanence. K The:defects of many so-called “water-proofing”
compounds .are intimated .if mot: actnally expressed.:: It will- be noted that
Mr. Jewett has, wisely in the writers’. opinion;. avo1ded the use of any trade
names. ;
As:an example. of 1ncorrect conclusrons, Mr. Wheeler and Mr Lane
attribute the disintegration of the eoncrete to the presence of limestone and
limestone .dust.. It is interesting to note that, in the lower part of the dam
where: the limestone (mentioned by Mr. Jorgensen as coming from the outlet
tunnel) was used, ‘no disintegration has occurred, wheéreas:in that part of
the dam which has disintegrated this liméstone was not used.’

Mz:: Turner mentions eertain concrete dams, mueh thinner -than the Gem
Lake '‘Dam, and exposed at times to temperatures of 50° Fahr. below: Zero,
but he does not state where these structures are: located and: at what'season
the water stored behind 'them is drawn downj; consequently, the writers have
heen unable to make a comparison. ‘

Mr. Wiggin credits the writers with calling attention -for the first time
in a pointed way to the fact that the immersed side of a thin' exposed wall

of concrete . is in the same danger: from the formation of ice' erystals in 'its

pores; under the influence of cold coming through from the:dry side of the
atructure; as the side not immersed in a thick; leaky wall. i

The writers note Mr. Howell’s -agreement with their ‘conclusions and hls
veforence to afiother dam of thm section of the flat-slab type whlch ig detemor-
ating in.the same manner.

My, Waugh, who is ’rh01'0u0'hly familiar w1th all condltlom at Gem Lake
lfmm, having assisted in'its original construction as well as having had charge
of it repaiv, attributes’ the primary: dause of the disintegration to the failure
ol the gunite-econting: to prevent. moisture from getting in back of ‘the top
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“gkim: - His ‘conclusions’ are substantially in accord with: those of the writers, -

‘that the slightest penetration of water under such climatic conditions will be
followed by deterioration. In the paper doubt was expressed as-to whether,
under conditions imposed for construction. at such sites, impervious concrete
cani be .obtained under present-day conditions.: After several seasons of ‘hard-
earned ‘experience in-carrying the responsibility :of  construction ‘in - this. diffi-
-eult location, Mr. Waugh' is even more positive that “it-is inconceivable that
any concrete will prevent the penetration of moisture.” S T
. 'Mr, Flinn’s' suggestion that . Engineering ‘Foundation - should collect: .data
concerning the behavior of other thin section dams is a valuable one, pro-
viding such -data are complete and- include temperature records; raising and
lowering: of water surfaces; ‘ete. - The writers feel that they have mnot ovei-
-emphasized one example of deterioration. They have placed’ a‘notable example
befors the ‘profession as completely as they have been able 'to present ‘it and,
through the discussion which hag followed, as'well as from other ‘sources, have
learned that this is by no means an isolated instance. In their opinion thHe
serious tendency has too often’ been tdjbbs’erveVCbmplete:silénqe' in the case of
“8ad “éxpériences. Such experience is a ‘rightful heritage of the Engineering
‘Profession. “Examples' of similar structures that have stod (and the writers
do ot believe such success will be found-in' similar locations) will riot afford
-a’'Serise of security to the designer cantemplating"a new striicture of this ‘type
“to ‘withstand ‘similar ‘conditions.: To use the terse ‘expression of atiother - dis-
cussor, “engineering is not a matter of majorities”. R
" Benator Luiggi gives some interesting observations on the Gleno: Dam, a

‘multiple-arch dam in Ttaly, which failed: bat not From- causes such ‘ag ‘the

-deterioration; at Gem' Lake:Dam.’ The writers: are ‘glad to note’ his concur-
rénce in' their opinion that<for such a locality as that at Gem Dam: a rock-
:fill: dam ‘has many: advantdges over other types. :Senator Lyiggi questiong the
use of preparations such as “Ironite”; or neat cement applied with a-:cément
:gun, in:which view the ‘writers concur.. : The effectiveness. of these coatings is
.impaired: by the expansion and contraction -of the arches-of the dam; He. sug-
gests: methods of water-proofing the. vp-stream face of the dam; but sinee the
-methods suggested: would necessitate the. loss ‘of at least one season’s storag
the cost is thus rendered greater than that of the method chosen, .'.* :

- -:The - contribution .of My, Merriman: is, in the opinion of the writers, one of
‘the most valuable. and -constructive. of .all those submitted because he points
-out the diffieulty; not only of -making good- concrete up to'the 'point of placing
-it, but.‘the danger in-not. properly ‘earing for.concreté .while it is curing.
Neglect of concrete during curing occurs in the great majority of cases. :Mr.
Merriman i5.to be commended for bringing this out so: pointedly:. - -

Mr. O’Shaughnessy: makes inquiry ‘concerning the. resultant losses sus-
tained by the failure of the dam to function during certain seasons. . During
1923, when an effort was made to water-proof the face of the structure, the loss
was. 10 000- acre-ft. of storage—a heavy loss when it ig' realized that: at-this
locality -this quantity:.amoéunts to approximately 19 000.000 . potential kw-hr.
-<The probability of having to. fade g similar, or even greater; loss in 1924 was
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one-of the deciding factors in favor ofthe -method'.of -repair’ chosén, which was
carried out entirely from the down-stream side with no.-loss of storage. ;Mrf.,
O’Shaughnessy states that in. an arch dam it is necessary to. have. c?ncrete of
such density that. it will be water-proof. In the opinion Qf the. writers,: C(.)I];
cretérwhich; will not-absorb moisture to any degree Whatev,erv‘ does.. not e]:lfl; -
Therefore, for climatic and operating condit;ons., such. as obtam‘at,(%grr:l .8 :
Dam, it is absolutely necessary that the impervious surface be provide i?xh
to the water, as required. by the principles of Mr. George L. Dillman which

manent, it should be immaterial whether the concrete bag}{ of it ’iS:inI‘QI_I;S, so
long, as this ,concrete is able to withstand the stresses 1pqusgd;up0(n 1tMas
a;;st‘r»uctural,element of the dam. The writers are glad to. 1,10'09 that f1'
O>Shaﬁghﬁéésy, with his extensive experience, ;commefxds_va‘ r_oe_k-jﬁll type holj
a location such as that at Gtem Lake Dam. It is also interesting to note that
Mr. O’Shaughnessy plans ultimately to replace. the buttressed arch dem at
; ith one.of.a rock-fill type.. .. .. . .. o L
Léliil\?[r}.g 1%§;€hvzt)it v?ary, clearly eXpresses, an _ idea, which, the .writers have
éndeax;died to.make plain, in his statement: . ... , . h . t ‘
«Alth ; i of concrete may be made water—t'ig t against per-
colé’ﬁ;},l()ilzgig ?101;:},11;52};1?11«}3 %y any process kpg)yvn\to the writer to prevent it
from absorbing water when in contact with w0 L
:Obse.rva‘.ti.ons of ‘diégon\a.l_ cracks. in; the buttresses of s?v_eral vmu;ltipl,e—arc_h
dams. haﬁe_been,méde,bygthe writers and. they. are %n entire accor_dv—wl.th Mr.
Lippincott’s views that these buttresses shc.)uldl{e rel.nforeed; . These dlagoglé(;
cracks, although-not an important consideration :in .Gem. Lakg Dam, did
¢éxist near the up-stream toes of three.of the buttresses.. They arg descrlbed'
and comments are made on their prevalence in oth«fr multiple-arch dams unde‘rv
“Hi ‘ eration” . (page 716), in the writers’ paper.- S i
';H;Ti?.r‘sl,:{zefdorﬁakes inqéﬁ“yxgconcerning the conditions. at. Agnew Langam,»
é. smaller: but similar multiple-arch ‘dam on the same stream approxn’:ngtely
550.ft. lower in elevation. .- The concrete in Agnew Lake Dam k.las not disinte~
grated, but a small amount.of leakage has developed.‘ ~The gunite surface was
removed in 1925 and various types of water-proofing compounds are now being
tried-on the up-stream face. In the opinion: of the writers, deter10rat1(?n of the
conerete in. Agnew Lake Dam:has nét occurréd: because so‘me .protect.lon from:
extremely low temperatures:is afforded by the snow with which the entire dowr:re‘
stream face is usually covered before the extreme cold weathe::occxl.rs. In fgctg,
the arches are banked .full of snow at such times. T:h.e pro.tectlon by such'
banking is apparent from the fact that a: valve enclosed in a light bpard shaﬁt
does. not: freeze: - Mr..Reed cites-instances of multiple-arch, a}ndvﬂat-deck dam;
that have been successful in Norway and Sweden, but indlcatgs. t%lat protec-
tion against low-temperatures ‘has. been:provided. In the:opinion of:the
it ch ioh is.essentiali: +i 7 Lt foman e it
er;\/efi?’ ?Tiﬁit)ﬁ::rfeigens his discudsion with  astatement: thai.: At woulfl' be
hazardous in the extreme to-conclude anything from .thebehavi'or of a single
structure and: more especially since other: similar. structures, subject. to:equally 7
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severe conditions, have shown no sign:of deterioration. His references to such
structures are very meager indeed. ' It would be interesting to' know:thé exact
location: 'o_f' each and to have exact climatic and operating data for -each. *Mr:
Jakobsen ‘apparently has: missed :the statement in the “Introduction” . (page
7114)’ to the writers” ;paper to the effect that 4 large amount of mathematical
d_iss‘cussiqx;’ concerning multiple-arch-dams had already been presented; and that
it was not ‘%ntehded to' include: any addition to such material. The paper was
2 discussion of a failure dnd a method of repair, not of the theory of design:
He'can rest asSiix‘ed,ho\Wever, that thorough’ analyses of the new section and of
its gﬂe’ét’ on the remaining original structure were made; ot \»only‘.by f'the"en'gi-'
neers of The Nevada California Power Company, but by the several consultitig
engimeers who were emiployed @nd that no important bOnsid:erz"ftiohs: were left

to off-hand assumption as le seems to infer. b e
M Oesterblom” Seemis to -have missed some’'of the salient points of the
paper. It is easy to understand why the middle belt of the atches was affected
and why the section at the bottom, as well as at the ‘top, was little affected.
The up-stream’ faces of the lower ‘parts of the arches are generally Sdbrﬂef-ged

to considerable depth in water, which insures somewhat warmer teraperature;

At- the-éa}me time the backs of these arches are protected from extréms low
temperature by the early snows drifting against them, thus forming ‘a blinket;
also, the arches themselves are much thicker at this point, thus aﬁdrding‘ less
opportunity for the extreme cold to chill the material completely.” These con-
ditions; combined with the fact that the ‘upper- sections,’ from ‘which water is
always drawn before the advent of-cold ‘weather, do not show deterioration:
seem to afford ample proof that frost action is the controlling cause. . ’
‘M. Collier offers a conjecture:on what results would have been obtained
had a thicker coating of gunite with. reinforcing been applied.. : He states, in:
closing, that with a. thickness of approximately 2 in. of reinforced gunite,
experience has shown that positive water-proof conditions will be obtained. Tt
W'ould be interesting to know the number of years .during ‘which ‘such’ condi-
. tions have obtained on any structure and what conditions of expansionand
contraction, or of deflection, occur in the operation of the structure.. The
writers believe that a gunite face of these specifications would have prevented
percolation - of water at first, but that over a period of years the gunite would
have absorbed water and would have disintegrated to- such an extent .that.
watet would have been.admitted to the concréte back of it, unless it was re-
placed before this occurred. . . .~ - .
- With much of the discussion of Mr. Noetzli-the writers disagree entirely:
Mr. Noetzli refers: to the Lake Eleanor Dam: as being ‘an: entirely successful
structure, but apparéntly he has not noted that Mr. O’Shaughnessy, from his
discussion, plans ultimately to replace this structure with a-rock-fill dam; He
refers to the Bear Valley Dam as being a .similar strueture with similar :cli-
maﬁc conditions. At the Bear Valley Dam.the reservoir is ot regulated for
hydro-electric power development and is ‘ordinarily not drawn down during the
wipter. - At this loeation temperatiires do not range as low as at Gem’ Lake;
nor do long sustained extreme cold spells: occur. Climatic conditions are not
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comparable. After referring to the adopted method of repair as being as
radical and expensive as could be devised, he launches off with confidence into
advocacy of a method that was considered and discarded by the several engi-
neers who studied this problem for the owners. His method is not believed
to be feasible, even if considered only with relation to this single structure.
However, Mr. Noetzli has completely missed an important practical point. Gem
Lake Reservoir is now an important and necessary part of a great operating
hydro-electric system. Any method of repairing Gem Lake Dam that would
render the reservoir useless for a storage season, or even a part of such season,
must prove expensive, due to loss of revenue; Mr. Noetzli’s proposed method
would cause such a loss. The method adopted avoided this great economic
loss and thus it has a large differential in its favor. Mr. Noetzli does not con-
sider that a loose rock-fill, which is relatively porous, will materially protect
a concrete core wall or a concrete face slab against low temperatures. The
writers know the facts to be otherwise. Proof can be secured by taking tem-
peratures in tunnels through rock-fill dams where it will be found that at a
distance of about 60 ft. in from the tunnel portal water will not freeze. For
example, Mr. Dolson had occasion to construct a tunnel 157 ft. in length
through the Skagway Dam near Victor, Colo.; later, he used this tunnel for
the storage of foodstuffs and found that 60 ft. in from the tunnel portal no
freezing occurred.

The several examples of hollow concrete dams described by Mr. Scheiden-
helm are interesting, but those particular structures which are enclosed by
a deck on the down-stream face are not comparable. ,

The writers wish to express their appreciation of the very clear statement
from Mr. Galloway, interpreting the lessons from Gem Lake Dam which they
have offered to the profession. He has most clearly and concisely pointed out
the value which may be gained from a proper interpretation of an engineering
failure.

A dam of the thin multiple-arch type, if it is to resist the conditions exist-
ing at sites such as at Gem Lake, must depend on a permanently impervious
face; but, under present-day conditions, the writers know of no practical means
by which such permanent imperviousness can be obtained nor has the dis-
cussion disclosed one. They, therefore, adhere to the opinion already expressed
that for this or similar locations a dam of the rock-fill type has many advan-
tages over other types.

In closing, the writers express their appreciation to the officers of The
Nevada Qalifornia Power Company for their courtesy and their frankness in
granting permission to publish a full account of the investigation and repair
of this structure. It has been a source of satisfaction to note expressions of
appreciation of the Company’s attitude from many of those who have con-
tributed to the discussion. :




