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STRUCTURAL MODEL INVESTIGATIONS FOR ROSS HIGH DaM

MODEL 3 -~ STAGED CONSTRUCTION

INTRODUCTION

Ross Dam, a 661-ft. high by 1500-ft. long érch dam, which is
the major storage structure of the City of Seattle, Department of
Lighting's hydroelectric power project on the Skagit River, Waghington,
was designed to be constructed in four stages. In the original plan,
the first three stages had been constructed essentially as a thin arch
dam, and the fourth stage of construction necessitated the addition of
a large volume of concrete downstream of this thin arch dam in addition
to raising the height. A revised scheme for the fourth stage, based on
raising the dam essentially as a thin arch dam with a minimal addition
of concrete and thickening only the upper 150 feet of the present dam,
was the subject of a model investigation at the University of California,
which had the objective of determining the structural stresses in the
dam under the proposed plan of development,

Figure 1 shows in plan the general arrangement at the dam site,
and Figure 2 shows a cross section of the maximum cantilever of the dam.
The section shows Ross Dam as presently constructed, together with the
contemplated additional mass of concrete as laid out by International
Engineering Company, Inc. (IECO).

In the course of the investigations reported here, a reinforced
concrete test facility was constructed in the Models Laboratory at the
University of California, a foundation and three model dams were
constructed of mixtures of plaster and celite, and the models were
tested over a period of two years using resistance strain gages bonded

to the surface of the models to determine the stresses.



This report is the third of a series of three reports covering
the structural model investigations for Ross High Dam. The first report,
entitled Model 1 - Ross High Dam, covers the model analysis of a homo-
geneous dam model of Ross Dam raised to its ultimate stage of construc-
tion with crest at elevation 1736, That first report gave details of
the construction of the test facilities and foundation of the model.

The second report, entitled Model 2 - Step 3 As Constructed, discusses
tests of a model of the present stage of Ross Dam, constructed to elevation
1615. The report that follows discusses the construction and testing of

a two—-stage model constructed much as the dam itself will be constructed.
This consists of a low dam representing the present stage of construction
of Ross Dam to elevation 1615, with additional material cast on top of

it representing the planned fourth stage of construction for Ross High

Dam to its ultimate height of elevation 1736,

Since the additional concrete will be 25 years younger than the
concrete presently in the dam, it is possibly more deformable due to
creep, and hence the second portion of the model has been made of a more
deformable plaster than the lower portion. Assuming that creep strain
is equal to elastic strain in the old concrete and that for an extreme
case the creep in the new concrete is twice as great as the creep in the
old concrete, the material in the cap has been designed with an elastic
modulus two-thirds that of the material in the low dam.

Additional studies needed to cast the plaster cap on top of
the already-cast low dam without structural discontinuities due to
plastic shrinkage were needed, and are described.

Finally, a series of structural discontinuities representing
extremely remote possibilities such as cracks or loss of bonding were
introduced to study their effects on stability and redistribution and

magnitude of stresses in the dam,
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MODEL

The model was constructed at a scale of 1:240 or twenty feet to
the inch, which resulted in a model dam with a gross length of six feet
and a height of thirty inches. After including sufficient foundation
material to correctly model dam-foundation interaction and an 18-inch
thick channel-shaped reinforced concrete test pit, the gross dimensions
of the project were 6 x 12.5 x 6.5-ft.

Study of the cross section of the dam, shown in Fig. 2, gives
an indication of the problem faced in producing a two-stage model. The
test pit and foundation had already been constructed for Models 1 and 2,
and molds were available for the low dam and for the high dam. The only
new problem to be faced was casting the cap with its very thin overlays
over the old dam without excessive moisture loss which would lead to
shrinkage, cracking and structural discontinuities.

In an auxiliary study, conducted principally by Mr. Otto Fajardo,
various combinations of casting over wet or dry plaster, with and without
surface coatings, were tried. The method used successfully was to cast
the low dam, trim it and dry it out completely. The surfaces of contact
between the low dam and the overlay were then given two coats of cut-back
shellac., The molds for the high dam were then assembled around the low
dam, using a thin bead of modelling clay to prevent leakage, and the low-
elasticity cap was then poured. Despite a small amount of leakage the
cap proved to be perfectly sound when the forms were removed, and the
entire model was then dried out, trimmed and shellaced for attachment of
gages. Later, when parts of the overlay were removed as needed at various
stages of the test, the bond between old and new plaster proved to be very

strong.



MATERIALS

The modulus of elasticity of the low dam model was the same
as that used in the previous models, 250,000 psi. For the cap, the
modulus of elasticity was two-thirds that of the material in the low
dam, or 167,000 psi. U.S. Gypsum Red Top #1 White Industrial Molding
Plaster, Johns~Manville Superfloss Celite, and water were combined to
produce two plasters of the strengths shown in Table A,

Table A

Mix Proportions for Model 3

Modulus of Elasticity, psi Plaster Water Celite
250,000 1.00 1.82 0.28
167,000 1.00 2.27 0.42

Both these mixtures had an initial 5.5" consistency and were poured at
about 4.3" consistency after about 18 minutes mixing. Both set about
5 minutes after the beginning of pour with no evidence of bleeding or

shrinkage.

SCOPE OF TESTS

The tests for Model 3 were conducted in 9 phases, as shown in
Fig. 3. Phase 1 represented the complete dam cast in two stages, new
concrete on top of old concrete, with water to elevation 1725, the
maximum reservoir level.

For Phase 2 a vertical slot was cut in the left abutment at
station 3+00 from the top of the dam downward to elevation 1660 to
remove arch load from the right abutment. The dam was then loaded with
water to elevation 1725.

Phases 3 and 4 were designed to test the effect of horizontal

cracking in the temsion zone on the downstream face at elevation 1520.



For Phase 3, a 7.5-foot deep discontinuous slit was cut from station

8 + 00 to station 12 + 00, leaving some material undisturbed at the
centerline of the dam to avoid interference with a nearby strain gage
rosette. This phase is not discussed in this report. In Phase 4

the 7.5-ft. deep crack was made continuous and extended at the ends so
that it reached from station 7 + 50 to station 12 + 50.

Phase 5 was intended to explore the formation of a shrinkage
crack on the downstream face at elevation 1615 extending from the top
of thé old concrete outward and cutting completely through the overlay.

In Phase 6 all the overlay concrete on the downstream face was
removed as though the overlay concrete had no structural action, and
the strain gage rosettes were moved radially to corresponding positions
on the old concrete.

For Phase 7 a continuous horizontal slit was made at the top
of the old dam completely through the upstream overlay to show the
effect of a shrinkage crack at this location.

For Phase 8 the upstream overlay below the horizontal slit was
completely removed and the strain gages moved to the old concrete.

For Phase 9 a continuous horizontal slit was cut through the
model at the top of the old concrete so that the cap and the old dam
were completely discontinuous and acted as independent arch units.

All phases were loaded with water to elevation 1725, the maximum

reservoir water elevation.

LOADING

Loads to simulate live loads such as water load and earthquake
load were applied to the upstream face of the model by means of a series

of horizontal air bags, the incremental pressures of which were controlled



by a tilting frame holding a series of water columns. Using the Wester-
gaard equivalent, horizontal earthquake load of dam and reservoir was
made a multiple of the water load. Dead load was applied to a number of
horizontal sections on the model by lead bricks. Both methods are

described fully in Report No. UC SESM 71-11 on the testing of Model 1.

INSTRUMENTAT ION

The layout of strain gage rosettes for the downstream and
upstream faces of Model 3 is shown in Figures 4 and 5. Where the over-
laid parts of the model were removed for Phases 6 and 8, the affected
gtrain gage rosettes were moved radially from the surface of the overlay
back to the original surface of the dam, wmaintaining the same coordi-
nates. The few rosettes attached to the concrete f£illing the old spill-
way crest were simply taken out of action, as it is difficult to attach
any physical meaning from indications in these locations. Finally, four
rogsettes, numbered 5A, 9A, 37A and 44A, were added in regions of con-

centrated stress for Phase 9.

RECORDING
Indications from the strain gages and from control gages and
pressure transducers were recorded automatically at the rate of four per
second by a computer—controlled low speed scanner. Each stress reported

here represents data from 105 separate recordings.

STRESSES
In the preliminary report of stresses in Model 3, dated July
1971, there was mention that the surface of the model had been hardened
by the shellac coating to the extent that the apparent stresses were
reduced by some unknown factor? estimated to average about ten percent.

The determination of the effect of this surface coating was the subject



of two experimental investigations, one involving the bending of beams

of varying depth, and the other involving compression of cylinders, both
with and without shellac coatings. This surface hardening effect was not
found on Model 1, and the results contained in Report No. UC SEsSM 71-11,
"Model 1 - Ross High Dam," July 1971, are valid as they stand. Post-
mortem examination of the three models showed that the shellac coating
remained on the surface of Model 1, but penetrated the plaster to an
average depth of 0,35-in. in Models 2 and 3. Why this happened only to
Models 2 and 3 may be due to slight changes in placement technique, but it
did happen. The effect of this surface hardening has been evaluated,

and the stresses given in Tables 1 through 4 reflect values that can be
compared with like conditions in Model 1, and that are consistent among
themselves.

Dead load stresses used in this analysis were taken directly from
those determined for Model 1. These stresses changed to some degree as
material was removed from the dam in the various stages of the test.
Above elevation 1615, there should be no change in dead load stress.
Between elevations 1615 and 1500, both mass and weight are removed, the
effects of which roughly balance each other, leading to very little
change in dead load stress. Below elevation 1500, dead load stress should
decrease due to removal of weight above. Since there was no experimental
procedure for redetermining dead load stresses, no change was made in
these values as the tests progressed through the nine phases. The
combination of dead load plus water load was used to compare stresses in
the dam under various cumulative structural modifications, resulting in
a slight discrepancy in the results from the true stresses. However, it
is considered that this will not affect the interpretation of structural

action of the dam under the various conditions of load and configuration.



The computed prototype surface stresses are shown in two ways.
The orthogonal arch, cantilever, and shear stresses are shown on tables
for each rosette location, for five cases of loadings: water load, dead
load, water + dead load, water + earthquake load, and water + earthquake
+ dead loads. These results are given in Figs. 6 through 21 for Phases
1 through 9, with the exception of Phase 3, which is omitted as it is a
partial case of Phase 4., Principal stresses have been displayed as
vectors showing their sense, magnitude, and direction on Figs. 22 and
23 for dead + water load for Phase 2 only, since this is the case that
reflects the normal service behavior of the dam. In addition Figs. 24
and 25 show in detail the principal stresses at the two abutments of
dam when the concrete above elevation 1615 was completely separated from
the concrete below that elevation in Phase 9.

Phases 1 and 2 nearly duplicate the tests for Model 1, with the
exception that the Stage 4 concrete has been made weaker. Phase 1 of Model 3
corresponds to the test of Model 1 before cutting the slot in the right
abutment. The stresses in Model 3 at the top of the dam are considerably
less than in Model 1, reflecting the assumed weaker concrete. The maximum
arch stress in the upper portion of the dam in Model 1 was 870 psi at the
centerline at elevation 1540. This decreased to 758 psi in Model 3. The
maximum arch stress in the lower part of Model 1 was 915 psi on the upstream
face at elevation 1400. This increased to 965 psi in Model 3. The maximum
cantilever stress of 840 psi for Model 1, at elevation 1300 right abutment,
increased to 876 psi in Model 3.

Phase 2 explores the effect of cutting the right abutment slot,
which primarily affects stresses in the immediate vicinity of the slot.
On the downstream face, arch stress above the slot decreases from 399 to

229 psi compression, and the corresponding stress on the upstream face changes
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from 290 to 138 psi compression. This is picked up just below the slot,
where the arch stresses increase from 260 to 371 psi on the upstream face,
and from 355 to 518 psi compression on the downstream face. As can be
seen from Tables 1 and 2, stress changes elsewhere are nominal, probably
reflecting only two different test series.

Moving now to Phase 4, a horizontal slot was cut through the
vertical tension region on the downstream face at elevation 1520, to
explore stress readjustment if the concrete cracked. As might be expected,
the principal stress changes were in the cantilever stresses on the
downstream face. Twenty feet above the crack at the centerline, tensile
stresses decreased from 115 to 42 psi, and twenty feet below the crack,
the maximum tensile stresses decreased from 158 to 68 psi. In the
immediate vicinity of the crack, arch stresses increased slightly by a
magnitude of about 20 psi, but this is not considered significant. Both
arch and cantilever stresses appeared relatively unchanged elsewhere.

For Phase 5, a deeper crack was cut on the downstream face, at
elevation 1615, all the way back to the old concrete. This might
represent a shrinkage crack at the former crest elevation of the dam.
Fifteen feet below this crack, the former tensile stress region completely
disappeared, and all vertical stress is compression. The greatest change
was at the maximum cantilever where stress changed from 125 psi tension to
8 psi compression. Stresses elsewhere in the dam were practically
unaffected by this manufactured crack.

In Phase 6, all concrete applied to the downstream face of the old
dam below the present crest elevation of 1615 was removed, and the strain
gages were relocated in corresponding positions on the downstream face of
the old concrete. Thus, each gage was attached to concrete having a

fifty percent higher elastic modulus, which in itself, if there were no
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change in surface strain, would give a fifty percent higher stress value.
The heavy line on Tables 1 and 3 shows the gages that were relocated
between Phases 5 and 6. Arch stresses increased an average of 150 psi
compression, the maximum increase being 248 psi on the downstream face.
Arch stresses also increased in this vicinity on the upstream face,

but by a much s@aller average of 50 psi. The greatest effect was on the
cantilever stresses on the downstream face. Here tensile stresses were
reestablished everywhere except at the abutments. At the centerline, the
change was almost 250 psi, the maximum tensile stress being 272kpsi at
elevation 1540. This tension, while high as influenced both by the change
in modulus and the reduction in section, is more than compensated by
increases in compression at corresponding locations at the upstream face,
and the stability of the dam is not diminished.

For Phase 7, a continuous crack was introduced at the upstream face
at elevation 1615 completely through the new concrete back to the old
concrete crest, simulating a volume change crack at that face. Compressive
cantilever stresses on the upstream face at elevation 1600, just fifteen
feet below this crack, were greatly reduced, by an average of 200 psi.

On the downstream face, tensile cantilever stresses increased, to a
maximum of 304 psi at the centerline. Both of these changes taken together
illustrate the large vertical moment induced by the abrupt change in
arch stiffness induced by the combination of material removed from the
downstream face, and the deep and wide upstream slot, which was incapable
of transmitting compression. This effect will be illustrated further in
the discussion of deflection, later in this report.

Arch stresses on both faces generally decreased above the crack
and increased below the crack, but there was practically no change in

the average arch stresses after formation of the crack.
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For Phase 8, all added concrete on the upstream face below old
crest elevation 1615 was removed, and the strain gages were relocated on
the old, stronger concrete. Gages thus affected are shown on Tables 2
and 4 by the double line between Phases 7 and 8. All stresses in the
region of the removed concrete increased about fifty percent, as expected,
due to the increase in elastic modulus. Moreover, as the dam readjusted
to the new decreased total stiffness, all other parts of the dam show
slightly higher stress. Taking both effects together, all stress increased
an average of twenty percent. At the end of this phase, the highest
compression was the arch stress of 1169 psi compression at elevation 1540
on the upstream face at the centerline. The highest tensile cantilever
stress of 395 psi was found on the downstream face at the same locations.
This tension was more than balanced by a compressive cantilever stress of
611 psi on the upstream face, indicating net compression across the section.
For Phase 9, a horizontal slot was cut completely through the dam
at elevation 1615, separating the original dam from the added concrete above
the crest of the old dam. This was of course a severe structural discontinuity
so that the thick stiff upper arch acted completely independently of the old
dam. Putting it another way, it was as though the dam as it now stands was
subjected to an added surcharge head of 125 feet, while the added portion
was relieved of the duty of supporting interacting arch loads from below.
In testing this phase, the slot was gradually widened from the center to
the abutments by three stages in case this deliberate weakening caused
failure of the model. The model behaved well at all stages, and only the
complete cut is reported here as Phase 9.
An immediate effect of the continuous crack at elevation 1615
was the relief of cantilever tension on the downstream face below that

location. The stress relief averaged 350 psi at elevation 1600 and 380 psi
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at elevation 1540. On the upstream face, the heavy cantilever compressive
stresses diminished an average of 350 psi at elevation 1600, and 300 psi
at elevation 1540. 1In general, since the stiff upper portion was relieved
of carrying part of the load of the old dam below elevation 1615, stress
readjustment was manifested by generally smaller stresses in the upper
portion, and increased stresges in the low portion of the dam. This can
easily be seen by comparing Figs. 22 and 23 with Figs. 24 and 25. Except
in the immediate vicinity below the slot and above the horizontal crack,
principal stresses in Phase 9 averaged 70 percent of those in Phase 2.
However, on the downstream face in the remaining concrete between the
vertical slot and the horizontal crack, compressive stress increased

from 570 to 640 psi at a location where there was direct comparison and

was measured at 734 psi at one gage in this location.

STRESS SUMMARY

The state of stress after each phase of the testing is complete
is shown on the individual drawings and tables cited above, but comparison
among the phases is difficult. On this account, four summary tables have
been prepared so that the stresses measured at each strain gage location
can be followed easily throughout the progress of the test phases.

Tables 1 through 4 show the cumulative effect on arch and
cantilever stresses of the successive phases tested. All stresses shown
are for the combined effect of dead load and water load to elevation
1725, The listing is as follows:

Table 1 - Arch Stresses - Downstream Face

Table 2

Arch Stresses ~ Upstream Face
Table 3 - Cantilever Stresses ~ Downstream Face

Table 4 Cantilever Stresses - Upstream Face

i
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Each table lists the strain gage rosettes on one face, together
with their elevation and station, and then lists successively the dead
plus water load stresses found for each phase tested. A double line shows
when the gage was moved from the surface of the cap back to the surface
of the old dam. By tracing along any line, changes in stress at a
particular location, as the dam was successively modified through the nine

stages, can easily be followed.

DEFLECTIONS

Deflections were measured at a number of stages, but only four
stages have been illustrated on Figure 3. This compares the radial
deflection of the crown cantilever from Stages 1, 2, 8, and 9. For Phase
2, corresponding to the most probable configuration of dam and load, the
maximum deflection is about 2 1/2 inches. When the overlay concrete is
removed from both faces, as in Phase 8, the maximum deflection increases
to about 3-in. When the horizontal joint at elevation 1615 is opened the
loss of shear transfer is shown by the discontinuous deflection, with the
maximum deflection in the lightly-loaded stiff upper portion reducing to
1 1/2 inches, and the deflection for the heavily~loaded but more limber
lower portion increasing to about four inches. Increased flexibility
where the face concrete is removed is shown in the Stage 8 deflection,
and the loss of the effect of shear transfer by opening a horizontal

joint at elevation 1615 is shown by the Stage 9 deflection.

DISCUSSION
Before attaching undue significance to the magnitude of the
stresses discussed here, it is well to review the actual conditions of
the tests and compare them with reality. In each phase described here,

stresses have been found due to the water load increasing from empty
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reservoir to full reservoir. The stress changes shown will occur when the
reservoir 1s raised by the full height of the reservoir, from elevation
1075 to 1725. 1In constructing the actual dam, the reservoir will be
partially drawn down for comstruction purposes from elevation‘l600 to
elevation 1475, and raised from elevation 1475 to 1725 after construction.
The load of the reservoir when drawn down to elevation 1475 will be carried
entirely by the o0ld dam, and the additional load when the reservoir is
raised to elevation 1725 will be divided between the old and new concrete.
Hence the old concrete will be stressed slightly higher, and the new
concrete will be stressed slightly lower than the stresses shown in this
report for adding the full reservoir load.

New concrete will be placed over old concrete that is already
stressed and deflected. It was impossible to duplicate this condition of
construction in the model due to physical limitations. The effective
modulus of elasticity of the concrete used in the fourth stage has a minor
effect on stress distribution in the dam. The more the concrete in the
fourth stage matches that in the present dam, the more load that will be
carried in that stage. However, even with a fair degree of mismatch,
stresses everywhere are well within the allowable.

As for the various phases considered, each represents an
extreme case. When a crack was introduced, it extended across the entire
dam. If concrete was removed, it was removed from the complete width of
the face of the dam. It is very difficult to conceive of a natural
circumstance that would cause a structural discontinuity of this extent.
Thus, it has been shown that any conceivable finite crack or discontinuity
will cause only a minor readjustment of stress as the dam accomodates

itself to the changed structural configuration.
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In any case, under the extreme conditions of loading and
structural discontinuities tested, the dam showed consistently stable
behavior and moderate stresses. The actual model, which did not have the
stabilizing effect of dead load to help it, redistributed stresses away
from each successively weakened section, and readjusted itself to handle
the live load. 1In no case did the compressive stress exceed the allow-
able compressive stress, and the maximum tensile stresses for these
extreme conditions were within the tensile strength of the concrete. Any
cracks introduced in the tensile stress region caused favorable reduction
of tensile stress and redistribution of load. And in the final phase,

the present dam took a 125 foot overload with no apparent distress.

CONCLUSIONS

It is concluded that stresses and displacements will not be
critically dependent on close matching of the elastic properties of the
new fourth stage concrete with that of the present Ross Dam.

Surface cracking in regions of tensile stress does not result in
instability, but reduces tension in that vicinity and redistributes compres-
sion to other regions.

A structural discontinuity such as loss of bond of the overlaid
concrete can be absorbed by redistribution of stresses throughout the dam,

with no adverse effect on its stability.
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PHASE |
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PHASE 2
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PHASE 3

PHASE 7
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PHASE 8
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PHASE 9

"\ A 4

PHASE 4 PHASE 5 PHASE 6

NOTES:

PHASE | ~NO SLOT. )

PHASE 2 - VERTICAL SLOT AT STATION 3+00.

PHASE 3~ INTERMITTENT DOWNSTREAM HORIZONTAL SLIT, ELEV 1520

PHASE 4- CONTINUOUS DOWNSTREAM HORIZONTAL SLIT, ELEV 1520,

PHASE 5- CONTINUOUS DOWNSTREAM HORIZONTAL SLIT, ELEV 1615,
PENETRATION TO EXISTING DAM DOWNSTREAM FACE.

PHASE 6 - DOWNSTREAM SECTION OF CAP BELOW ELEV 1615 REMOVED.

PHASE 7—CONTINUOUS UPSTREAM HORIZONTAL SULIT, ELEV 1815,
PENETRATION TO EXISTING DAM UPSTREAM FACE.

PHASE 8- UPSTREAM SECTION OF CAP BELOW ELEV (615 REMOVED.

PHASE 9- CONTINUOUS HORIZONTAL SLIT ENTIRELY THROUGH DAM

CITY OF SEATTLE
DEPARTMENT OF LIGHTING

INTERNATIONAL ENGINEERING COMPANY, INC.
ROSS HIGH DAM MODEL STUDIES

MODEL 3
TEST PHASES

UNIVERSITY OF CALIFORNIA

DRAWN: BL

CHKD: ©M™

APPROVED: .,

JEROME M.RAPHAEL, FACULTY INVESTIGATOR

4'/ s
et

DATE:

BERKELEY, CALIFORNIA

APRIL 1,1972
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TABLE |

ROSS HIGH DAM—MODEL # 3
WATER LOAD+DEAD LOAD—ARCH STRESSES-DOWNSTREAM FACE

GAGE] ELEV. |STATION VPHASE || PHASE 2| PHASE 4|PHASE 5| PHASE 6| PHASE 7|PHASE 8|PHASE 9

700 | 4+00 |~ 399 |~ 229 |— 236 |— 232 |— 249 |- 247 |- 224 | — /o6

[700 | B+00 |~ |94 |— /98 |~ 2|9 |- 202 |~ 2/6 |= |69 |~ lel |— (1]

[700 l|o+00 |~ 252 |— 237 |~ Re6 |— 236 |— 236 |— |94 |- 205 |~ |4¢

(700 |12+00 |~ |64 |— [65 |— 187 |~ |9 |~ 177 = [I2 |- 148 |— 87

[ 700 {jg+4p |~ 84 |— 79 |— 851~ 80 |- 90 |- ¢l |— 83|~ BR5

[@75 | 6+00 |— 484 |~45¢ |— 479 |- 469 |- 489 |- 470 |- 5/6 |~ 242

/675 [14+00 |~ 439 |—44¢ |— 461 |— 449 |— 459 |— 437 |~ 489 | — 2¢3

]

2

3

4

51 /700 |(5+70 |~ 428 — 402 |— 420 |— 397 |— 45| |- 357 |~ 346 |- 368
/A

7

8

9

(650 | 3480 |- 355 |- 518 |- 536 |~ 526 |- 632 |~ 677 |- 686 | — 430

/0 | /600 | 4+00 |- 295 |- 322 |~ 334 |~ 349 |~ 42| |— 449 |— 42| |- 55]

i

[l 1 /600 | €+00 | — 447 |~ 45| |— 448 [— 492

i

[2 | /00 | 8+00 | — 304 |— 295 |— 3|4 348 |— 548 |- 567 |— 6|5 |—//79

1321 1600 10100 |~ 177 |—[eR |— 175 = 185 |- 37¢ |— 403 |- 4¢8 |—/05D

41 /600 |i2100 |~ 338 |- 33¢ |— 358 |- 379 |- 457 |— 468 |- 489 |— &7

IS1 /600 [14+00 |— 621 |—627 |— 652 |~ 658

l6 | 1540 | 4+70 |~ 315 |-329 |— 342 |- 335 |- 335 |— 345 |- 322 |- 44|

[7 | /540 | 6+00 |— 488 |- 522 |- 498 |— 495

18 | /1540 | B+O0 |- 408 |- 394 |— 421 |- 415 |- 663 |— 694 |- 772 |— |lod

19 | 1540 [10+00 |~ 160 |~ |44 |— |70 |~ 160 |- 316 |~ 357 |— 425 |— 47}

20 | /1540 [12+00 |~ 352 |— 348 |- 377 |~ 372 |- 550 |- 585 |— ¢19 |— 8l¢

2l | 1540 |14+00 |~ 479 |— 477 |— 494 |— 488

22 | /1500 | 6+00 |- 427 |— 428 |— 444 |— 439 |—598 |~ 620 |- 663 |— 858

23 | /500 | 8+00 |~ 444 |~ 430 |—459 |- 454 |~ 693 |- 76 |~ 796 |\—/0/5

241 |500 {[0+00|— |80 |~ 65 |— 200 |— 191 |—308 |— 348 |~4(5 |- 569

R5 | 1500 |12+00 |— 42 (— 419 |—447 |— 440 |— 592 |~ 629 |— 681 |— 820

2¢ | /500 |14+00|— 389 |- 384 |~ 2394 |- 390 |- 542 | =576 |— 6|2 |~ 774

27 | 1400 | 6+30 |~ 580 | =586 |~ 605 |~ 592 |- (30 |[—655 | — 706 | — 767

28 | 1400 | 8+00 |~ 526 |—5/8 |— 528 |~ 523 |— 5657 |— 559 | — 602 | —LLb

29 | /400 [JO+00 |~ 37 | — 352 |~ 370 |— 3588 |— 280 |= 426 |- 476 |— 509

30 | /400 [121+00 |~ 644 |— 638 (656G |~ 646 |—¢B7 |— 720 |— 704 | — 829

31| /400 |[3+80 |— 474 — 472 |—4Q9 |~ 479 |~ 5/2 |—525 |— 545 | — 587

32 | /300 | 8+00 |~ 737 | =734 |~ 749 |~ 739 |- 754 |- 77| |~ 804 |—@829

33| /300 [J0*00 |~ 185 |~ |73 |~ 183 |~ 174 |~ I77 |— /95 |— 210 |- /92

34| /R3O0 [12+00 |- 80| |~ /90 [~ 84 |- 792 |— 811 |~ 822 | — R8s | — B8R
35 1200 l/ot0o |+ J47 |+ jos5 |+ 172 |+ 174 |+ 184 |+ 19 |+ /93 + 221
NOTES: ‘

PHASE I:COMPLETE

PHASE 2: VERTICAL SLOT AT STATION 3400

PHASE 4:CONTINUCUS DOWNSTREAM HORIZONTAL SLOT AT ELEV. 1520
PHASE 5: CONTINUCUS DOWNSTRE AM HORIZONTAL SLOT AT ELEV. 615
PHASE 6: DOWNSTREAM CAP REMOVED

PHASE 7: CONTINUOUS UPSTREAM HORIZONTAL SLOT AT ELEV 1815
PHASE 8 UPSTREAM CAP REMOVED

PHASE 9: CONTINUOUS HORIZONTAL SLOT AT I815, ENTIRELY THROUGH DAM

Il GAGES RELOCATED ON ORIGINAL DAM




TABLE 2
ROSS HIGH DAM—MODEL # 3
WATER LOAD +DEAD LOAD-ARCH STRESSES—UPSTREAM FACE

lGAGE ELEV. |STATION|PHASE | |PHASE 2 |PHASE 4 |PHASE 5 |[PHASE 6 |PHASE 7|PHASE 8|PHASE 9
41 [700 | 4400 |~ 209 |~ /38 |- /46 |— |42 |— /74 |— 177 |-/90 |~ 83
40 | 1700 | 8+00 |~ 369 |- 360 |— 38| |—363 | = 3467 —329 |—179
39 | {700 |/0+00 |- 473 |—468 |—499 |-470 |—482 |—466 |—433 |- /85
38 | /700 [12+00 |~ 34y |~330 |—35) |-327 |—33] |- 324 |-288|—/87
37 | 1700 |I5+70 |— /o |~ 114 |- /14 |- /2] |—I1% |—//O |- ]43 |— 80O
| 26 | /700 |le+40 |— /6 |— 24 |— |8 |- 23 |— (7 |- /7 |- 19 |— |
43 | /675 | ¢+00 |~ 374 (-35| |-37| |—355 |-392 |—40/ |- 344 |—302
42 | /675 |14+00 | —399 |~ 367 |- 396 |- 367 |—407 - 336 30¢
44 | /oS50 | 330 | — 260 |- 37] |—379 |- B7¢ |—379 |- 359 |—427|-274
50 | /600 | 4+t00 | —/40 |- 174 |- /80 |—179 |—206 |— /8] |—427 |—502
49 | /ep0 | 6*00 | 3464 | —358 |— 373 |—-364 |—389 |— 405
48 | /600 | B+00 | - 535 |-524 |—544 |—-542 |—595|-599 |[-883 |-|25]
47 | /6Q0 [/0+00 | —750 | —-742 |—769 |—775 |—-849 | —852 |—92¢ |—/338
4¢ | /600 |/2+00 | —5/5 | -499 |—5/7 |=41l |—-556 |-536 |—8/5 |—/080
45 | 1600 (/14700 | —277 | ~262 |—277 |- 265 |—295 |-256
56 | 1540 | 4+70 1~ 19| | —225 |-225 |—224 |-278 |~-270 |- 313 | —24|
551 /540 | €+00 | —2|| |—207 |—2]18 |—21] |-260 |-293 |—47; |—585
54) /540 | B+0O | - 574 | ~560 |—-584 |~57] |30 |-682 |—/035 |—//94
53 | (540 |/0+00 | 758 |—752 |—778 |-T769 |—-851 |-888 |~//g> |—/332
52 | /540 /2100 | —495 |-483 |—502 |-488 |-53] |-%565 |-837 |— 967
51 )| /540 |/4+00 | =3 |—/54 (~164 |— )55 |- /92 |—205 |—375 |—484
61 | 1400 | 6+30 | ~j60 |—]60 |~/68 |—/66 |~177 |—/80 |~)79 |—203
60 | /400 | B+00 | -55¢ |~54( |—5672 | 547 |-562 |-605 |~632 | —640
59 | /400 |79*00 |-9¢3 |—957 |—976 |~ 260 |—974 |-/003 |—/o2¢ |—/033
58 | /400 |/2+00 |~496 |—49| |-5/3 |-~502 |—5)] |~%45 |-559 |~ 544
57 | /400 |/3%30 |- 158 |- 182 |—/6] |—/56 |-/ |—/97 |-/9| |—/95
64 | /300 | BH+00 | —268 |-255 |—2¢4 |-258 |—23 |—282 |-29, |—278
63 | /300 |/0+00 |—7¢7 |—768 |-78¢6 |-773 |—-780 |—80¢ |~83]| | —-83¢
62 | /300 |/2+00 |-323 |-337 |—3250 |~340 |—350 |-348 |-389 |—387
65| /1200 |/0+00 | =557 |-55% |-558 |-55] |-5558 |-5¢5 |~582 |- 590
6o | /50 |/0+00 | -483 |—478 |—47¢ |— 477 |—472 |—471 |-484 |—486
NOTES: |

PHASE 1: COMPLE TE

PHASE 2: VERTICAL SLOT AT STATION 3+00

PHASE 4: CONTINUOUS DOWNSTREAM HORIZONTAL SLOT AT ELEV. 1520

PHASE5: CONTINUOUS DOWNSTREAM HORIZONTAL SLOT AT ELEV. 1615

PHASE6: DOWNSTREAM CAP REMOVED

PHASE7 CONTINUOUS UPSTREAM HORIZONTAL SLOT AT ELEV. 1615

PHASES: UPSTREAM CAP REMOVED
PHASE 9: CONTINUOUS HORIZONTAL SLOT AT i615, ENTIRELY THROUGH DAM

II:GAGES RELOCATED ON ORIGINAL DAM




TABLE 3
ROSS HIGH DAM—MODEL # 3
WATER LOAD+DEAD LOAD-CANTILEVER STRESSES— DOWNSTREAM FACE

GAGE| ELEV. [STATION|PHASE | |PHASE 2|PHASE 4| PHASE 5|PHASE 6| PHASE 7| PHASE 8 PHASE 9
[ 1 I700 | 4+00 {|— /9 (= 19 |= 19 |— /9 |— 2 |- 7 1= 71— 4]
2 /700 | 8+00 |- 5 |- 8 |=— 9 |- 2 = 13 |— ]| |=20 |- 3¢
3 /700 |jo+o0 |+ i7 |+ 11 (+ 9 |+ ZF |+ 2 |+ )2 |- 3 |—26
4 | /700 |[2+00 |+ || |+ S5 |+ 3 |+ ] Qlt jQ |— /3 |- 2}
5 | /700 |5+70 |- 33 |— 34 |- 34 |- 3] |— %% —-29 |- 32 |— 25
6 | /700 |jc+40 |~ 43 |- 40 |— 44 |— 4] |— 44 |- 40 |— 44 |- 24
7 | 1675 | 6+00)~ 33 |— 35 |- 37 |~ 38 |— 45 |— 43 |- 65 |— 60O
8 | /678 |i4+00 |~ 7 |+ 6 |+ G |+ 24 |+ 18 |+/28 |— 2¢ |— 34
9 | 1650 | 3+30 |- 5| |—/03 |—/07 |- 99 |- 87 |— 69 |— ¢8 | — 22
jo | /600 | 4+00 |- 44 |~ 68 |- @7 |- 9t |+ 91 |+ /46 |+24C | -/f03
Il 1 /600 | 6+00 |+ 22 |+ /g9 |+ 20 |- 23
2 1 /600 | B+¥OO |+ 29 |+ 25 |+ 18 |— 67 |+ /45 | +280 |+3/8 |~ 2¢
/3 1 /600 |/O+OO |+ [4¢ [+ 133 |+125 |- & |+24| | +340 |+ 35 |~ g5
A | /600 |/I2+00i+ 59 |+ 55 |+ 48 |- 23 |+197 |+ 30) [+320 |+ 42
15 | /600 |I14+00 |~ 58 |— 49 |— 57 |- 74

|16 | /540 [ 4+70 |- o3 |-i2) |- 124 |- /23 |- 44 |— 83 |- 24 |- 3¢
17 1 1540 | ¢ +00 |— /23 |—I38 |~ /30 |— /34
18 | /540 | 8400 |-~ 3¢ |— 43 |— 94 |—103 |+ 28 |+ 55 |+ 163 |—2¢9
19 | |540 [J0+00 |+ 123 |+ /5 |+ 42 |+ 3| |+272 | +304 |+395 | — 7
20 | 1540 /2400 |+ 68 |+ 42 |— 4 |— JO \+ el |+ 90 |t 245 |—45
2} /1540 []4+00 |~-212 |-20] |- 205 |~ 200
22 | /500 | 6*00 |~ |B3 |—20| |—20% |-206 |—25] |—323 |—429 |—883
23 | /500 | B+00 |+ 57 |+ 44 | — /O |~ /9 |+ 150 |+ (72 |+ 139 |— /9]
24 | /500 [/0+00 |*t/eT7 |+ /58 |t 68 |+ 58 |t 359 | +400 |+ 413 |+ 62
25 | 500 [12+00 |+ 12 |+ 6 |— 56 |- &l |+ 84 |+])J3 |+ £9 | — )99
26 | /500 |[4+001-24 |~-228 |- 230 |—22G |-285 |-258 |- 3I8 [—5/3
27 | 1400 | 6*30 |—404- —402 |—413 |—407 |—454 |—494 |—540 |—4£27
28 | 1900 | 8+00 |-249 |—249 |-250 |~256 |-320 |—3%32 |—43¢ |—585
2% | /400 |j0+00 |+ 28 |+ 25 |+ 27 |+ /6 |— 30 |- 26 |- 9] |—21]
30 | /400 |12+00 |~ 275 (-270 |- 271 |—27F |—322 |~3|5 |—379 | —474
3] | 1400 | 13+80 |— 23 |-208 |-216 |-2|| |~234 |—242 |-24p | —302
32 | /300 | 8+00 |—876 |—-8¢5 |—-876 |—B70 |— 890 |—319 |—9¢4 |—995
33 | 1300 |/0+00 |— 39| |-384 |— 385 |-385 |—4p% |~ 409 |—448 |48
34 | 1300 |12+00 |—44| [—430 |{—428 |—415 |—4,3 |— 392 |—455 | =409

| 35 | /200 [/0+00 |~48¢ [—488 |—495 [—49] |—49% |— 507 |- 5/8 | -326

NOTES:

PHASE |:COMPLETE
PHASE2: VERTICAL SLOT AT STATION 3+00
PHASE 4 :CONTINUOUS DOWNSTREAM HORIZONTAL SLOT AT ELEV. |5
PHASE 5. CONTINUOUS DOWNSTREAM HORIZONTAL SLOT AT ELEV. 16i5
PHASE 6: DOWNSTREAM CAP REMOVED
PHASE7: CONTINUOUS UPSTREAM HORIZONTAL SLOT AT ELEV. 18I5
PHASE 8: UPSTREAM CAP REMOVED

PHASE 9: CONTINUOUS HORIZONTAL SLOT AT 1615, ENTIRELY THROUGH DAM
H:GAGES RELOCATED ON ORIGINAL DAM
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TABLE 4
ROSS HIGH DAM-MODEL # 3
WATER LOAD+DEAD LOAD-CANTILEVER STRESSES— UPSTREAM FACE

GAGE| ELEV [STATION]PHASE | |PHASE 2 |PHASE 4 |[PHASE 5|PHASE 6 |PHASE 7 |PHASE 8 |PHASE 9
4] | 1700 | 4+00|- 59 |- 25 |- 27 |- 27|— 3||- 38 |- 44 |— 30
(40 | 1700 | B+00 |- S6 |- 52— 42 |- 48— 40 - 42 1= 27
39 1 1700 | j0+00]— 24 |- 90 |- 88 |— 83 |- B3 |- 87 |— 74 |- 54
38 | |1700 |/2+Q0}— 7| |- 68 |- 66 |- 65|~ 64 |- 73 |— 57 |— 38
37 | 1700 | /5+70 |- 29 |— 32 |- 34 |- 36 |- 35|- 57 |- 50|~ 3
13 | 1700 |/6t40 |~ 54 |— 54 |- 55|— 54 |- 55|- 55 |- 54 |- &5
43 | {675 | 6+00 |- g0 |— 49 |- 49 |- 48 |~ R |- 57 |— 29 |— 4
42 | le75 |J4+00 |- 82 |— /02 |- 90 |—)00 |- /O] - 5 |~ 24
44 | |50 | 3+301- /25 |— /0| |- 105 |- |06 |- /09 |- /|6 |—/02 |— 45
| 50 | 1600 | 4+00 - |28 |- B3 |— 83 |— @7 |—//8 |- 42 |-210 |— 52
49 | 1600 | G+00 |~ 242 |—22| |-225 |—-232 |-274L |- 19
48 | 1600 | B+00|~29¢ |- 29| |- 282 |-313 |-378 |- //6 |- Gi4 |~ 134
47 | /600 | /0+00|—314 |- 309 |-294 |~ 335 |-395 |-258 - 5l6 |~ 1]
| 46 | /600 |/2+00|- 285 |—29) |- 277 |- 313 |- 36! |- /97 |~ 582 |— 64/
45 | /600 | 14+00|— 171 |— 195 |- |83 |- 204|245 |+ |9
56 | 1540 | 4+70|— 213 |~ |76 |— 176 |— |78 |~ 214 |— /9] |- 196 |+ 44
S5 | 1540 | 6+00 |- 297 |- 258 |- 259 |— 256 |— 304 |— 292 |-401l |— 9
$4 | 1540 | 8+00 |- 393 |— 387 |- 388 |~ 38| |—446 |- 467 |~ 65¢ | —293
33 | 1540 |s0t0o|~- 352 |~ 351 |- 354 |~ 347 |~ 423 |- 443 |- ¢l] [ —275
52 | 1540 | 12+00]|- 364 |- 370 |- 370 |- 368 |- 425 |— 448 |— 584 | - 254
Sl | 1540 | [4+p0|— 235 |~ 249 |- 242 | — 250 |~ 286 |~ 2% |~ 307  — 77
¢l | 1400 | 6+30|—322 |~ 302 |—298 |- 305 |— 263 |- 229 |~ 230 | —//5
| 60 | 1400 | 8+00[1-424 |— 412 |—417 |—413 |—364|~ 355 |— 326 | —/48
59 | 1400 | /0+00|— 364 |— 362 |~ 349 |- 350 |- <89 |-292 |-253  — /|8
58 | /400 | 12+00|—306 |- 2322 |- 317 |~ 324 |- 275 |- 2g5 |- 255 | — [Z2%
51 | 1400 | 13+30|-179 |~ 191 |~ /84 |~ 194 |- /53 |~ 7] |- j5¢ .~ 72
64 | 1300 | 8+00|-349 |~ 344 |~ 356 |- 347 |—~345 |~ 349 |— 370  — 268
63 | 1300 |[/ovr0o|+ 32 |+ 3| |+ 42|+ 24|+ 68 |+ 8o |+ /0]  +16D
62 | /300 | 12+00 |- 217 |— 232 |—232 |~ 24| |~225 |—-227 |- 206 |~ /75
165 | 1200 | /0+00 )+ 22 |+t 26|+ 44|+ 37|+ 58|+ Bo |+ 85 |+153
66 | 1]50 [ /o+*00d+ 77 |+ B |+ 97 |+ g8/ |+ 98 |+ ][4 |+ //5 |+ (135
NOTES:

PHASE | i{COMPLETE

PHASE 2:VERTICAL SLOT AT STATION 3+00

PHASE 4:CONTINUOUS DOWNSTREAM HORIZONTAL SLOT AT ELEV. 1520

PHASE 5:CONTINUOUS DOWNSTREAM HORIZONTAL SLOT AT ELEV. 16i5

PHASE 6:DOWNSTREAM CAP REMOVED
PHASE 7: CONTINUOUS UPSTREAM HORIZONTAL SLOT AT ELEV. 1615
PHASE 8: UPSTREAM CAP REMOVED
PHASE 9: CONTINUOUS HORIZONTAL SLOT AT 1615, ENTIRELY THROUGH DAM

H: GAGES RELOCATED ON ORIGINAL DAM

48





