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Brooks, Hersey & Associates, Inc.
5246 South 40th Street
Phoenix, Arizona 85040

Attention: william L. Clark
Project Engineer

Gentlemen:

This letter transmits our report of this date titled
"Geotechnical Investigation, Proposed Floodwater Retarding
Dike, unit IV of Ahwatukee, Maricopa County, Arizona, For
Presley Development Company."

The work was done in accordance with our proposal of November
15, 1985.

The report develops four alternate sections for a dike of
roller compacted concrete, and develops suggested
construction specifications. Since RCC is a fairly new
technology, the main concern has been construction
procedures. The report can be used to negotiate a
construction contract, with the intent that the contractor
can be asked to contribute thoughts on alternate designs and
construction procedures that would particularly fit his
equipment and experience.

The report completes our presently contemplated services. If
you so desire, we would be pleased to participate in
negotiations with a contractor.

Yours very truly,

D. E. CLARK
Geotechnical Engineer

Donald E. Clark

DEC/de

(6 sent)
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January 30, 1986

SITE CONDITIONS

INTRODUCTION

The wash is considerably wider upstream from the dike site.
The entrance to a concrete lined channel is just downstream.
This newly constructed channel lining is designed to carry a
flow of 1,600 cubic feet per second.

The report describes our understanding of site conditions and
proposed construction, describes the investigation services,
interprets subsurface conditions, discusses four alternate
sections, discusses construction procedures, and presents our
conclusions.

D.E. CLARK
- 1 -

REPORT
GEOTECHNICAL INVESTIGATION

PROPOSED FLOODWATER RETARDING DIKE
UNIT IV OF AHWATUKEE

MARICOPA COUNTY, ARIZONA
FOR PRESLEY DEVELOPMENT COMPANY

The site of the dike is a steep-sided notch cut through a
bedrock ridge by a wash that carries water only immediately
after rainfall. Here the bottom of the wash is roughly 30
feet wide and the top is roughly 100 feet wide~ General
horizontal to vertical slope ratios are approximately 1.6:1
on the west abutment and approximately 1.1:1 on the east
abutment.

This report presents results of our geotechnical
investigation for a proposed floodwater retarding dike in
Unit IV of Ahwatukee, Maricopa County, Arizona. Plate 1,
Vicinity Map, shows the location of the site relative to
streets of Ahwatukee. Plate 2, Plot Plan, shows ground
contours, existing improvements, and proposed dike locations.

The purposes of the investigation were to evaluate depth of
overburden, to evaluate suitability of bedrock to support a
dike of roller compacted concrete, to develop alternate dike
sections, and to develop suggested construction
specifications.

The sides of the wash are bedrock, the bottom is covered with
alluvial sand and boulders, and the surrounding area is
covered with colluvial bouldery soils. There is some rather
sparse desert vegetation in the surrounding area; virtually
none in the sides or bottom of the wash.
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Page 2, Report, Job No. l5A, January 30, 1986

PROPOSED CONSTRUCTION

The dike was initially conceived as an earth embankment with
a 60-foot-wide crest intended to carry a road. Later it was
decided that the dike would be built of roller compacted
concrete, would be placed along an alignment where the crest
length would be minimum, and would be designed with the
minimum section that would be stable. The plot plan shows
both alignments.

Flow considerations dictate a crest elevation of 1379 feet.
The channel bottom i~a e vat ion 1355 feet, so the height
of the dike is to be~et.

A conduit through the dike is sized to pass the 1,600 cfs
flow for which the downstream channel was designed. with
this size of outlet conduit, a l00-year, one-hour rainfall
event will create a reservoir, and a maximum probable
rainfall event will go over the dike. The dike will need to
back up water for periods up to two hours.

The ends of the dike are to stop where the crest intersects
the natural ground at elevation 1379 feet. To handle the
overflow condition, the dike is to be extended on each end
with one-foot-wide cut-off walls taken down to bedrock.
The combined length of the two cut-off walls is estimated to
be about 30 feet.

I
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INVESTIGATION SERVICES

Page 3, Report, Job No. 15A, January 30, 1986

Kenneth M. Euge, R.G., of the firm Geological Consultants,
performed a geologic reconnaissance of the site and
surrounding area, and performed a seismic refraction survey
of the site. His report is presented as Appendix A, Geologic
Reconnaissance and Seismic Refraction Survey. Salient
features are summarized in the following section of this
report.

Bedrock is exposed over much of the area that will be covered
by the dike. The dike will need to back up water only for
periods up to two hours. Leakage is of concern only if it
can erode the dike or supporting bedrock. Under these
conditions, investigation needs are considerably different
than would be the case for a dike that is to retain water for
a prolonged period of time. The reasons for borings are
absent: the strength of the foundation bedrock is
sufficiently known, and field permeability tests are not
needed.

D.E. CLARK
- 3 -

We performed analyses using procedures outlined in Pases 329
through 339 of the Bureau of Reclamation's book "Desi n of =

rna ams 2nd edition, revised 1977. The forces
onSl were horizontal water pressure on the upstream

face, t'cal water ress a from the foundati
vertical an a era ear qua e oa s, an g 0 e
structure. We considered the forces' effects on overturning,
sliding, and overstressing within the structure or
foundation. Earthquake and water pressures were not
considered to act at the same time. The designs were
governed by overturning: weight of the structure vs. water
pressure on the upstream face and water pressure upward from
the foundation or within the structure at various elevations.
The computation sheets are presented as Appendix B,
Computations.
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Page 4, Report, Job No. 15A, January 30, 1986

INTERPRETATION OF SUBSURFACE CONDITIONS

This interpretation of subsurface conditions is based on
our field observations and the contents of Appendix A.

The site has granitic bedrock with tight joints and
fractures. There are no minerals likely to go into solution
upon wetting, and the joints are unlikely to leak, especially
considering the minimal periods of time when the dike is to
back up water.

The bedrock is weathered near the surface, and is the source
material for the bouldery colluvium that is present above the
bedrock.

To reach bedrock sufficiently unweathered to support the
dike, it looks necessary to strip a maximum of roughly six
feet, and an average of roughly four feet of colluvium and
alluvium. .

There is no indication of springs. After times when the wash
carries water, there will be water in the alluvium in the
bottom of the wash.

Since there is only one foundation material, and much of that
is exposed, interpretative error relative to the foundation
material is less likely than with most investigations. Any
error is likely to be in the evaluation of the depths of
alluvium and colluvium that need to be removed.

- 4 - D.E. CLARK
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Page 5, Report, Job No. l5A, January 30, 1986

ALTERNATE SECTIONS

We have developed four alternate dike sections. Each has a
base extending from the bedrock up to an elevation of 1355
feet, the present channel bottom, creating a level pad about
50 feet long between the exposed bedrock in the stripped
abutments. In each case, the base is made three feet wider
than the dike section because the outer 18 inches or so
cannot be well compacted, and because some extra space is
needed as a safety factor against erosional undercutting of
the dike. The cut-off walls that extend the dike are not
shown. The outlet conduit is shown with dimensions of six by
15 feet, which may change during final design. The four
sections have the following general features:

Alternate 1 is designed with vertical sides, 15 feet
apart, the minimum width at which this alternate has a
computed safety factor of 1.2 against overturning. This
alternate could be built between exterior tied-back
walls, between cast-in-place curbs, between temporary
forms (RCC imposes little pressure on forms because it
sets up between placement of lifts), or between earth
fills brought up as the RCC is placed.

Alternate 2 has one vertical side and one side with a
horizontal:vertical slope ratio of 0.8:1, the
steepest slope ratio at which RCC is normally built
without forms. The crest is eight feet wide because
this is assumed to be the absolute minimum width on
which construction equipment can work.

Alternate 3 also has one vertical side, but the 0.8:1
side comes up to a top width of eight feet, six feet
below the . n, and the upper six feet is
a cap of concrete Si~~.,eig~to:t.et~~Con.

Alternate 4 has both sides slop~d at 0.8:1, and comes
up to a crest width of eight feet.

The sections are illustrated on Plate 3, Longitudinal
Section, and Plates 4 through 7, Cross Sections. The cross
sections also show design estimates of material quantities.

I
- 5 - D.E. CLARK
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CONSTRUCTION PROCEDURES

Just before placing each lift of RCC in the base and dike,
the cleaned rock surface will need to be moistened and
painted with grout to fill any cracks and aid bonding of the
RCC to the rock.

After stripping, the exposed surface will need to be cleaned.
Depending on the roughness of the exposed surface, the
cleaning may be done with brushes or, more likely, with an
air or water jet.

D.E. CLARK
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The contractor can be responsible for the mix design. we are
thinking in terms of 1.5-inch-maximum size aggregate, no more
that 15 percent fines, 60 percent cement and 40 percent Class
F flyash, and voids in the coarse aggregate filled or nearly
filled with mortar. We further suggest that the mix batches
be compacted in a steel, six inch diameter mold, and be
compacted with Modified Proctor equipment and compactive
energy (ASTM D ISS7).

Stripping will generate bouldery and non-bouldery materials.
Just upstream, where the channel is considerably wider, there
is room to line the banks with the bouldery strippings, thus
lessening the likelihood of erosion and instability of the
natural banks when they become the edge of the reservoir.
The non-bouldery strippings can be stockpiled for later use
as backfill against the base of the dike.
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Page 7, Report, Job No. 15A, January 30, 1986

Depending on the air temperature, we would allow 1 to 1 1/2
hours between mixing in the water and completing the
compaction. If necessary a set retarder can extend these
times. We see no need for any other additives.

Even though some leakage of the dike would not impair its
functioning, extra care is needed to aid bonding between
lifts. The lift surfaces need to be protected, to be kept
free of dirt and other contaminants, to be kept moist, and to
be painted with grout if more that about five hours elapses
between placement of lifts.

D.E. CLARK

come from
it will still
so away from

We have in mind delivering the RCC to the east abutment by
dump truck, chuting it down to the working area, moving it
with a loader, and spreading it with a bulldozer, possibly
laser controlled. Compared with pavements, levelness and
waviness of lift surfaces are relatively unimportant in this
application.

- 7 -

We think of the base construction having a secondary purpose
as a test section from which to develop construction
procedures and evaluate field strength of the RCC (as against
the laboratory strength found during mix design).

We are thinking in terms of lifts with a compacted thickness
of about eight inches, with initial compaction by the tracks
of the spread bulldozer, and with final compaction by a
flat-wheel roller. Ordinarily a roller for RCC compaction
weighs 10 tons, is operated in a vibrating mode for about
four passes, and is finished in a static mode with about two
passes. with the initial track compaction, and the thin
lifts, vibration may not be necessary to achieve 95 percent
compaction, and a lighter weight roller may be satisfactory.

Lateral support for the base construction can
backfilling as the construction proceeds, but
be necessary for the roller to stay a foot or
the edge.
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Page 8, Report, Job No. l5A, January 30, 1986

We see the dike being built in the same general manner as the
base, using the experience developed and tests made as the
base is built. We are advised that an unsupported side of
the dike can be built with a horizontal:vertical slope ratio
of 0.8:1. with equipment that can work in the small space
available on the dike, we have not found a way to build a
an unsupported vertical side.

Immediately after the dike is complete, it needs to be water
cured continuously for at least seven days.

Observation of the stripping is needed to verify that
sufficiently unweathered rock has been exposed, and that
cleaning has been adequately done.

The moisture content of the RCC material needs to be tested
as it is delivered, and the density needs to be tested to
establish when sufficient compaction has been achieved. A
nuclear moisture-density device can do these things quickly,
operated in the backscatter mode for moisture testing and in
the direct transmission mode for moisture or density testing.

At some time during construction of the base, cores will need
to be taken and tested (with accelerated curing) for
verification that the field procedures are resulting in
concrete with a compressive strength of at least 1,500 pounds
per square inches at 90 days. Once the procedures are
established we would plan only to observe moistening and
painting of the rock surface with grout just before each lift
of RCC is placed, and to observe the spreading and compaction
procedures, with record cores taken and tested at random
every few lifts.

Appendix C, Suggested Specifications, implements the things
considered above, using where feasible the Standard
Specifications of the Maricopa Association of Governments.
As presented, the specifications consider only actual
construction aspects of the work; things such as measurement
and payment have not been included. The suggested
specifications should be subject to modification during
contract negotiations.

- 8 - D.E. CLARK
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DEC/de

In our opinion:

The seven plates and three appendices are attached and
complete the report.
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CONCLUSIONS

after stripping an average of roughly four feet of
alluvium and colluvium, the bedrock at this site is
suitable to support the RCC dike without appreciable
settlement or leakage. ~

Any of the proposed sections will be stable.

Other sections and construction procedures should e
considered if they better fit the equipment and
experience of the selected contractor.

CLOSURE

- 9 -
D.E. CLARK
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ALTERNATE 1

200 cu yd

500 cu yd

1,000 cu ydVolume of RCC Dike

Volume of RCC Base

Volume of Stripping

CROSS SECTION

~_2_/'_~1

VOLUME ESTIMATES

The following estimates include only the dike, not the
conduit or cut-offs at the ends. The estimates were made for
comparisons of alternate designs, and may not be sufficiently
accurate for bid purposes.
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ALTERNATE 2
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Volume of RCC Dike

VOLUME ESTIMATES

The following estimates include only the dike, not the
conduit or cut-offs at the ends. The estimates were made for
comparisons of alternate designs, and may not be sufficiently
accurate for bid purposes.
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VOLUME ESTIMATES

CROSS SECTION

Plate 6ID.E. CLARK

Volume of Stripping 600 cu yd

Volume of RCC Base 300 cu yd

Volume
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GEOLOGIC RECONNAISSANCE

AND

SEISMIC REFRACTION SURVEY
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I GEOLOGICAL CONSULTANTS
Kenneth M. Euge, R.G.

I
I
I
I
I

December 17, 1985

Mr. Donald E. Clark, P.E.
D.E. Clark
Geotechnical Engineer
10329 Campana Drive
Sun City, Arizona 85351

Subject: Geologic Reconnaissance and Seismic
Refraction Survey, Proposed Dike Site
Unit IV of Ahwatukee, Maricopa County, Arizona
D.E. Clark Job No. 15A
Geological Consultants Project No. 85-129

Scope of Investigation

This study included the following activities:

Dear Mr. Clark:

As requested by you during our meeting at the subject site on

November 21, 1985 and agreed to in our Independent Contractor

Agreement of November 22, 1985, I have completed the geological

reconnaissance and seismic survey at the proposed floodwater

retarding dike site. The purpose of this study was to evaluate

surficial site conditions from a geological standpoint and to

characterize the subsurface bedrock using indirect seismic

techniques.

I
I
I
I

I

o

o

o

o

o

visual examination of the property;

geologic data gathering from bedrock exposures at the site;

five seismic refraction surveys;

preparation and analysis of geologic and seismic profiles;

and

preparation of this letter report presenting my findings,

conclusions and recommendations.

I
I 2822 West Northern Avenue, Suite B • Phoenix, Arizona 85021 • Telephone 602-864-1888
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Mr. Donald E. Clark, P.E.
December 17, 1985
Page 2

Proposed Construction

According to the plan sheet provided by you, an extension of a

proposed residential street, supported on an earth fill, will

traverse the existing natural drainage channel. The earth fill

is to be designed to function on a flood retarding structure with

large diameter outlet pipes to provide for controlled release

of the probable maximum flood flow downstream into a concrete

lined floodway. The configuration of the dike is not finalized,

however the dike will be founded in competent bedrock. The maxi­

mum pool water level (calculated by others) is at elevation

1375 feet.

Site Conditions

The topography of the site consists of steeply sloping terrain

bisected by a deeply entrenched ephemeral stream channel. Max­

imum relief at the site measured from the hilltop on the east

side of the channel to the concrete-lined drainage floodway is

about 120 feet. Relief in the immediate dike area measured from

the channel bottom with nearly vertical side slopes to the

nearest slope break above pool elevation is about 30 feet. Sur­

face drainage is to the east and west over the slopes into the

major southerly flowing stream channels. Vegetation consists of

Palo Verde and Mesquite trees, creosotebush, cactus and grasses.

Moss and lichen grow on the north faces of bouldery outcrops

that are present throughout the site area. (Drawing No.1)

Geologic Setting

The site area is underlain by granitic bedrock of mid-Tertiary

Age which is covered locally by a thin verneer of colluvial

soils. Recent alluvium is found in the main drainage channel.

Refer to Drawing No.2.
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Mr. Donald E. Clark, P.E.
December 17, 1985
Page 3

Granitic Bedrock

The bedrock, named the South Mountain granodiorite (Reynolds,

1985)1 exposed at the site, consists of strongly foliated, hard,

very highly fractured light gray granodiorite, with localized

small inclusion blocks of very dark, fine grained igneous rock.

The mineral composition is about 20% quartz, 35~40% pla~io-

clase, 25% potassium feldspar and 10-15% biotite. The rock is

deeply weathered in-place causing the unit to decompose and exhibit

a reddish brown color in surface exposures. The weathering is

caused by the alteration of the feldspar minerals to clays and

the ferromagnesium minerals to the patina on the rock surface.

The fractures and joints exhibit close to very close spacing

ranging from < 0.1 foot to about 1 foot. Joint separation is

negligible except where small blocks have experienced displace­

ments.

The predominent orientation of foliation is N44°E to N82°E dipping

15° to 50° to the northwest. Two prominent joint sets are present,

one striking N34°E to N68°E dipping 44° to 88° southeast and the

other set N44°W to N1°E dipping 22° northeast to vertical to 19°

southwest.

Colluvial Soils

The colluvial soils consist of brown to light red brown coarse

grained, unconsolidated silty sands (SM) derived from the in-place

weathering and degradation of the granitic bedrock. The angular

sands thinly verneer the weathered bedrock surface.

1Reynolds, S.J.; 1985; Geology of the South Mountains, Central
Arizona; Bulletin 195; Arizona Bureau of Geology and Mineral
Technology, Geological Survey Branch; 61 pp.
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Alluvium

Alluvial deposits are confined to the drainage channel area.

The alluvial soils are light brown to tan unconsolidated, loose,

clean sands (SP).

Seismic Refraction Survey

In general, seismic wave velocities are related to the hardness,

consGlidation and density of subsurface materials. By approxi­

mating a materials insitu characteristic velocities correlations

to the excavatability of various soils and rock may be made with

reasonable levels of confidence.

Soils and loose surface materials generally have seismic veloci­

ties ranging from 500 to 1200 feet per second (fps). Velocities

of 1200 to 3000 fps are characteristic of moderately hard dense

sediments and highly weathered bedrock. Velocities of 3000

to 5000 fps are typical of very dense, hard cemented soils and

moderately competent bedrock that would require heavy equipment

to excavate. Velocities in excess of 5000 fps would normally

require blasting in homogeneous rock but, if the rock is jointed

it may be possible to rip with heavy equipment.

Seismic refraction surveys were made at the site in order to

characterize the insitu rock quality or soundness, and to approxi­

mate the depth to hard rock and the thickness of alluvium in the

channel bottom. A total of five forward and reverse traverses

were made to generate seismic velocity time-travel curves from

which velocity profiles could be generated (Drawings 3 & 4) ..

The travel-time data were obtained using a Bison Instruments, Inc.

Model 1570C Signal Enhancement Seismograph. Seismic arrivals

were detected with a high sensitivity, hum-bucking low impedence
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design, responsive to 5-2000 hz. The seismic energy was produced

by repeated impacts of a 10 pound sledge hammer on an aluminum

striking plate.

The seismic refraction data are presented in Table 1 and in

Drawings 3 & 4.

Conclusions and Recommendations

Based on my review of the plans provided, the geologic reconn­

aissance, the seismic refraction survey and the analysis of the

geologic data, the following conclusions and recommendations

can be provided regarding site bedrock and soils:

1. Based on limited field exploration, that consisted of sur­

ficial geological reconnaissance and seismic refraction surveys,

the site appears geologically suitable and technically feasible

for the proposed project.

2. The bedrock consists of coarse crystalline granodiorite that

is strongly foliated and jointed throughout. The bedrock expo­

sure shows extensive in-place weathering and decomposition of the

rock to a coarse silty sand colluvium that locally mantle the

bedrock to shallow depths.

3. Geophysical seismic refraction surveys show low velocity

(750 ft/sec to 1400 ft/sec) soil horizon extended from the

ground surface to depths ranging from about 2 feet to 5 feet;

moderate velocity (2500 ft/sec to 7500 ft/sec) materials indi­

cative of variably weathered bedrock is found to depths of 12

to 26 feet below ground surface where high velocity (9000 ft/sec

to 15,000 ft/sec) sound bedrock is found.
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TABLE 1

Seismic Refraction Survey Data

Traverse # ST-1 ST-2 ST-3 ST-4 ST-5 Interp.

F R F R F R F R F R
120 120 100 100 100 100 100 100 100 100

Length (feet)

First Layer 1200 800 1400 1200 1200 1000 950 750 1100 1150 Soil;
Velocity-V alluvium,
(fto/sec.) colluvium

Depth to Base 3.5 3.0 4.0 4.7 2.0 3.6 1.7 2.0 3.5 3.7

Second Layer 4300 3100 7500 6500 5200 5200 2500 2500 5700 5000 Weathered
Velocity- V2 bedrock

Depth to Base 15.9 13.5 20.4 19.0 11.7 17.0 14.3 15.8 26 25

Third Layer 15,000 15,000 10,000 11,000 9,000 15,000 9,000 13,000 15,000 10,000 Sound
Velocity-V 3 rock
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The colluvial and alluvial soils should be easy to excavate with

conventional equipment. The weathered bedrock will be difficult

to excavate requiring a D-9 caterpillar tractor with single shank

ripper to break up the bedrock. Where velocities of 5000 ft/sec

are found, some localized blasting could be required in the wea~

thered bedrock zone. Blasting will be required in the sound un­

weathered rock.

4. The existing stream channel has cut very steep to nearly

vertical side slopes that upon which it will be difficult to

found a fill embankment.

5. Intermittant flow in the stream channel may result in

fluctuating shallow groundwater level within the channel. No

drilling was performed to verify the presence of subsurface

water. No spring or seeps were identified in the alignment

area.

6. The trend of the joint systems affecting the bedrock is in a

downstream direction. It should be expected that the foundation

and the abutment may experience some leakage through the bed­

rock discontinuities if water is retained by the structure for

extended periods.

7. The structure should be founded in sound bedrock which will

require the removal of alluvial soil, colluvium and weathered

bedrock in the entire foundation area. The foundation area must

be overexcavated to provide uniform, even surfaces to construct

the structure.
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8. Scaling of the steep abutment slope must be performed to

remove boulders and loose rock from the face to provide for a

good bond between the abutment slopes and the structure.

9. The presence of highly fractured bedrock in the foundation and

abutment area will require cleaning and scaling of joints and

fractures that may be exposed in the excavation to minimize

underflow.

10. The conclusions and professional opinions presented in this

letter report were developed by Geological Consultants for

D.E. Clark in accordance with generally accepted geological

principles and practices. The data, conclusions and recommen­

dations should be considered to relate only to the specific

project and location. No direct subsurface explorations, such

as drilling and sampling, were made to assess and confirm the

geology at proposed final grades. Therefore, an evaluation of

the foundation and abutment areas should be made periodically

during construction by a geologist to verify the geology exposed

in the excavation. If there are any unanticipated geologic

conditions during construction, the condition should be evaluated

immediately to see if design changes are warranted.

If any changes are made in the project as outlined in this report,

the conclusions and recommendations contained in this report

shall not be considered valid unless the changes are reviewed and

the conclusions and recommendations of this report are modified

or approved in writing by Geological Consultants.
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Thank you for this opportunity to be of service to you. If you

have any questions regarding the content of this report, please

contact me.

Very truly yours,

Kenneth M.
Consulting

KME/jmw
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APPENDIX B

COMPUTATIONS

The computations used the following references:

U. S. Bureau of Reclamation, Q~§ign 2f ~IDBll QBID§,
1977, pp. 329-339.

G. A. Leonards, Ed., E2yngBti2n Engin~~Ling,
McGraw Hill, 1962, p. 626.

U. S. Navy, NAVFAC DM-7.2, rQYDQg~iQD§ sDQ EaL~h Qt~Y£!YL~§
1982, p. 7.2-63. ~

In each case, a one-foot section through the dike was analyzed.
The forces considered were horizontal water pressure on the
upstream face, vertical water pressure upward from the
foundation, lateral earthquake loads, and weight of the
structure. We considered the forces' effects on overturning,
sliding, and overstressing within the structure and foundation.
Earthquake and water pressures were not considered to act at the
same time, so, by inspection, considering a 0.05g lateral
earthquake force, water pressures governed the design. The
computations indicate that any of the four alternates would be
stable. The computations and observations appear on the
following pages of computation sheets:

Page 1, OVERTURNING - Moments around the downstream toe
of Alternate No.1.

Page 2, OVERTURNING - Moments around the downstream edge,
six feet below the top of the dike, and OVERSTRESSING ­
Foundation rock or dike of Alternate No.1.

Page 3, SLIDING - Dike on base and dike+base on rock of
Alternate 1.

Page 4, COMPARISON of the four alternate dikes, and the
conclusion by inspection that Alternate NO's 2 through 4
are at least as stable as Alternate No.1.
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January 30, 1986

APPENDIX C

SUGGESTED SPECIFICATIONS
PROPOSED FLOODWATER RETARDING DIKE

UNIT IV OF AHWATUKEE
MARICOPA COUNTY, ARIZONA

FOR PRESLEY DEVELOPMENT COMPANY

These specifications consist of three parts with the
following headings and subheadings:

Work Specified • • • • • • • • • • • • • • •
Parties to the Specifications • • • • •
Related Documents • • • • • • • • • • •
Design Sections • • • • • • • • • • • •

. . . . . . . . . . . .

Mix Design • • • • • • • • • • • •
Site preparation • • • • • • • • • • •
Base Construction • • • • • • • • • •
Dike Construction • • • • • • • •
Quality Assurance • • • • • • • • • •

2
2
2
3

4
4

4

2

5

5
5
6
7
8

Page

• • •

. . .

· . . . .
· . . . .
· . . . .

• • •. . .

Materials. •• • •
Construction Equipment •

EXECUTION • • • •

GENERAL • • • • • •

PRODUCTS
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GENERAL

RELATED DOCUMENTS

PARTIES TO THE SPECIFICATIONS

D.E. CLARK
- 2 -

Page 2, Suggested Specifications, Job No. 15A
January 30, 1986

WORK SPECIFIED

These specifications cover labor, materials, and equipment to
design a concrete mix, strip, dispose of strippings,
construct a base and dike of roller compacted concrete (RCC),
and perform acceptance testing.

A contractor yet to be selected ••• (The Contractor)

The geotechnical engineer, D. E. Clark ••• (The Geotechnical
Engineer)

The owner, Presley Development Company .•. (The Owner)

The engineer, Brooks, Hersey & Associates ••• (The Engineer)

Uniform standard Specifications for Public works
Construction, sponsored and distributed by the Maricopa
Association of governments, Arizona, 1979 (The MAG
Specifications).

ASTM C 33-84, Standard Specification for Concrete Aggregates.

ASTM C 39-83b, Standard Test Method for Compressive Strength
of Cylindrical Concrete Specimens.

ASTM C 150-84, Standard Specification for Portland Cement.

ASTM C 192-81, Standard Method of Making and Curing Concrete
Test Specimens in the Laboratory.

ASTM C 42-84a, Standard Method of Obtaining and Testing
Drilled Cores and Sawed Beams of Concrete.
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Page 3, Suggested Specifications, Job No. 15A
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ASTM C 494-82, Standard Specification for Chemical Admixtures
for Concrete.

ASTM C 618-84, Standard Specification for Fly Ash and Raw or
Calcined Natural Pozzolan for use as a Mineral Admixture in
Portland Cement Concrete.

DESIGN SECTIONS

ASTM C 684-81, Standard Method of Making, Accelerated Curing,
and Testing of Concrete Compression Test Specimens.

These suggested specifications are appended to a report of
the same date prepared by The Geotechnical Engineer. Plate 2
of the report shows the axis of the dike relative to ground
contours, Plate 3 shows a longitudinal section along the axis
of the dike, and Plates 4 through 7 show alternate proposed
cross sections.

ASTM C 918-80, Standard Method for Developing Early Age
Compression Test Values and Projecting Later Age Strengths.

ASTM D 1557-78, Standard Test Methods for Moisture-Density
Relations of Soils and Soil-Aggregate Mixtures Using 10-lb
Rammer and 18-in. Drop.

ASTM D 2922-81, Standard Test Methods for Density of Soil and
soil-Aggregate in Place by Nuclear Methods (Shallow Depth).

D.E. CLARK
- 3 -
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Page 4, Suggested Specifications, Job No. 15A
January 30, 1986

PRODUCTS

MATERIALS

The Contractor shall supply the following quality of
materials, subject to acceptance by The Geotechnical
Engineer:

Cement, Class F flyash, water, and aggregates that comply
with Section 725 of the MAG Specifications except in the
matters of required strength, proportions of flyash to
cement, slump, and field tests.

All aggregate shall pass a 1.5-inch sieve.

CONSTRUCTION EQUIPMENT

The Contractor shall use or supply the following types of
equipment in good working order, subject to acceptance by The
Geotechnical Engineer:

A stationary mixer that complies with Section 725.8.1 of the
MAG Specifications.

Dump trucks that comply with Section 725.9 of the MAG
Specifications.

A loader of sufficient capacity to deliver the RCC mix to the
work area.

A D-7 Caterpillar tractor or equivalent to level and
initially compact the RCC mix.

A laser device if necessary to control lift thicknesses.

A compactor capable of compacting each lift of the RCC mix
to the degree hereinafter specified.

A Troxler 3411B nuclear moisture-density meter or equivalent.

Thermometers to measure air and concrete temperatures.

Other equipment as needed to strip the site, clean the rock
surface, dispose of strippings, and perform any other
functions found to be necessary.

- 4 -
D.E. CLARK



I Page 5, suggested Specifications, Job No. 15A
January 30, 1986

EXECUTION

MIX DESIGN

SITE PREPARATION

The Contractor shall be responsible for design of the RCC
mix, subject to approval of The Geotechnical Engineer.

Non-bouldery strippings shall be stockpiled upstream and
downstream from the dike in amounts sufficient to backfill
against the base of the dike.

The final selection shall depend on preparing a fresh sample
of the tentatively selected mix at 95% compaction, subjecting
it to accelerated curing, and testing it to verify a 90-day
compressive strength of at least 1,500 psi (ASTM C 39, C 684,
and C 918).

D.E. CLARK- 5 -

Trial mixes shall be compacted at various moisture contents
in a steel mold six inches in diameter and 10 to 12 inches
in height, using Modified Proctor equipment and Modified
Proctor compactive energy (ASTM D 1557).

The cementitious material shall consist of Class 2 cement and
Class F flyash (ASTM C 150 and C 618), with the initial trial
batch having 60% cement and 40% flyash.

The tentatively selected mix shall be workable, shall be
designed so the mortar constituent fills or nearly fills
voids in the coarse aggregate, and shall have a three-day
compressive strength of approximately 700 psi at
95% compaction (ASTM C 39).

The area to be covered by the dike shall be stripped of any
vegetation, and the vegetation shall be legally disposed-of.
Then the surface mantle of soil and boulders shall be removed
down to bedrock sUfficiently unweathered to support the dike.
It is estimated that the depth of stripping will be roughly
a maximum of six feet and an average of four feet; it will be
defined in the field by the Geotechnical Engineer.
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BASE. CONSTRUCTION

Just before each area is covered with RCC, it shall be
moistened and painted with a fairly thick grout of neat
cement and water, extending into any cracks in the rock.

Depending on the roughness of the exposed surface of bedrock,
the surface shall be cleaned with a brush, an air jet, or a
water jet.

The remainder of the strippings shall be placed along the
banks of the wash, just upstream from the dike, at locations
selected by The Geotechnical Engineer.

D.E. CLARK- 6 -

The base construction has two purposes: to provide a level
base for construction of the dike and outlet conduit, and to
serve as a test section to develop effective construction
procedures and to evaluate strengths being attained in the
field.

The RCC shall be mixed with adequate thoroughness then
delivered to the site in end-dump trucks that comply with
section 725.9 of the MAG Specifications. It shall be handled
in a manner that minimizes segregation, contamination, and
drying.

Just before placing each lift of ~CC, The Contractor shall
verify cleanliness of the bedrock surface, completeness of
coverage with the painted-on grout, and cleanliness of the
preceding lift of RCC. If the preceding lift is not
essentially free of dirt and other contaminants, it shall be
sand blasted or otherwise cleaned to the satisfaction of The
Geotechnical Engineer.

When delivered the RCC shall have a temperature between 40F
and 90F. No RCC shall be delivered or worked when weather
conditions will cause the mix to dry or reach a temperature
outside the 40-90F range before compaction is complete, or
when rain is expected. If the temperature range is exceeded,
or if a lift is rained on before compaction is complete, that
lift of RCC shall be removed and discarded.
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Page 7, Suggested Specifications, Job No. 15A
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Each lift of RCC shall be placed and spread in a relatively
uniform thickness that can be compacted to at least 95%
compaction with the provided equipment; a compacted lift
thickness of eight inches is contemplated. Compaction shall
be completed within one hour after water has been mixed in;
1 1/2 hours if the air temperature is below 60F. Each lift
shall be level within 0.2 foot, and shall be completed before
starting the next lift. Each lift shall be kept continuously
moist and shall be protected against erosion and other damage
until covered.

If more than five hours elapses between lifts, or if the
surface has been damaged or has required cleaning, the
surface shall be painted with grout just before placing the
overlying lift.

Compaction equipment and other construction equipment shall
not be operated within one foot of the upstream and
downstream edges of the base. Lateral support shall be
provided by backfilling against the vertical faces of the
base as each lift is placed.

The base shall be cored and tested as described below under
"Quality Assurance."

DIKE CONSTRUCTION

with what is learned from constructing and testing the base,
procedures shall be adjusted as necessary and used to
similarly construct the dike.

After the dike is complete, it shall be continuously water
cured for a period of at least seven days.

- 7 -
D.E. CLARK
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QUALITY ASSURANCE

The Contractor shall provide a technician to test and record
() moisture content and temperature of each incoming load of
RCC, (2) density of enough places on each lift to indicate
whether at least 95% compaction has been attained, and (3)
ambient air temperatures at least once each morning and each
afternoon. Each day the Contractor shall also observe and
record weather conditions, particularly rainfall. The
records shall be available at all times for inspection of The
Owner, The Engineer, and The Geotechnical Engineer, and
copies of all records shall be periodically provided to The
Geotechnical Engineer.

Once when several feet of base has been built, and again when
the base is complete, The Contractor shall obtain three cores
six inches in diameter and approximately 10 to 12 inches in
height (ASTM C 42), shall cure them until approximately three
days after they were compacted, and shall test them for
compressive strength (ASTM C 39). The holes shall be·
backfilled with poured concrete that will attain a strength
of 2,000 psi at seven days. The Geotechnical Engineer shall
be notified and given the opportunity to observe the coring
and testing. As soon as the test results are available, they
shall be provided to The Geotechnical Engineer; the written
results shall follow within a week.

During construction of the dike, at three times selected by
The Geotechnical Engineer, The Contractor shall similarly
obtain three cores, cure and test them, and present the
results.

DEC/dc
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March 3, 1986
Our Job No. l5A

Nicholas P. Karan, P.E.
Chief, Engineering Division
Maricopa County Flood Control District
3335 West Durango street
Phoenix, Arizona 85009

Dear Mr. Karan:

This letter and its attachments follow up on our phone
conversations about the stability computations I did for a
proposed floodwater retarding dike in Ahwatukee. The
computations are presented as Appendix B of our January 30
report to Brooks, Hersey & Associates, for Presley
Development Company.

The letter summarizes site conditions, summarizes the
proposed construction, describes the original analyses,·
describes supplementary analyses, discusses the results, and
presents my conclusion from the supplementary work. Attached
to the letter are a list of cited references and a copy of
supplementary computations (6 p.).

SUMMARY OF SITE CONDITIONS

The site is a steep-sided notch cut through a ridge of
tightly jointed granitic bedrock, exposed in the sides of the
notch, and covered elsewhere by some four to six feet of
colluvium and alluvium. The latter are to be stripped. The
upper, weathered granite has been assigned an unconfined
compressive strength of 10,000 psi, the low end of the range
for granite (Sowers, 1962).

SUMMARY OF PROPOSED CONSTRUCTION

To create a level working pad, the channel bottom is to be
filled with a base of roller compacted concrete (RCC) 21 feet
wide in the upstream/downstream direction, and about 45 feet
long between the abutments. The thickness of the base is to
be about six feet at the stream centerline, tapering to zero
at the abutments. The RCC is to be designed to have a 90-day
compressive strength of at least 1,500 psi.

- 1 -
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Page 2; Letter to Nicholas Karan, March 3, 1986

The dike is to be built of RCC similar to that in the base.
The dike is to be 15 feet wide, about 45 feet long at the
base, and about 108 feet long at the crest. Through the dike
there is to be an ungated outlet roughly six feet wide and
15 feet high.

The channel carries water only immediately after rainfall;
it is dry nearly all the time. The dike and outlet are sized
so a 100-year, one-hour storm will just fill the reservoir;
the dike would fill and drain within two hours.

ORIGINAL ANALYSES

The original analyses made several conservative assumptions:
a water depth three feet more than the full reservoir
condition, full penetration of water under all of the dike,
and no consideration of the fact that about 10 percept gf the
dike length at its base really has ove' 1£ a far e conduit J

" er a . eE· Dc ti ., ~t.Qw/il 10""

s+c ,;,c. wit,,,, til" c I 'f'Z-tD/ -lit 4111 /I'~ F4-• • .fwi""'" {, .. S;t
Original Analysis of Sliding Resistance ~

For computation of sliding resistance, the original analysis
used a Bureau of Reclamation formula that utilizes the
cohesion value of the concrete or rock, and utilizes the
angle of internal friction of the rock/concrete contact
(BuRec, 1977). I evaluated the cohesion as a function of the
unconfined compressive strength, but made a mistake in the
analysis. I should have used the concrete/concrete interface
of the dike on the base, in which case the cohesion value
would be 1/2 of 1,500 psi. The tangent of the angle of
internal friction was assigned a value of 0.70 (NAVFAC,
1982).

with a cohesion value of 750 psi (108 ksf), there is still a
very large factor of safety against sliding. Your point is
well taken: adhesion might be a better measure of sliding
resistance. The supplementary computations redo the analysis
using adhesion rather than cohesion and friction.

- 2 -
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page 3, Letter to Nicholas Karan, March 3, 1986

Original Analysis of Overturning

For overturning, the original analysis used a static,
free-body diagram, such as that shown for the concrete dam in
Figure 21-95 of the Standard Handbook for Civil Engineers
(Nelson, 1976). For the stabilized, steady-state seepage
condition, Nelson also shows a triangular uplift diagram,
with the pressure ranging from 0 at the downstream toe to
between 1/2 and full hydrostatic pressure at the upstream
toe. I used the full hydrostatic pressure for my analysis.

Using moments from the water pressure force on the upstream
face, from the uplift force, and the dike weight, the result
was a safety factor of 1.2 based on resisting moments divided
by overturning moments. Considering the conservativeness of
the assumptions I considered this adequate.

Since I was not concerned about a bearing capacity failure, I
stated that stresses in the foundation were OK by inspection.
From that I concluded that no part of the structure would be
in tension. As you pointed out, the no-tension conclusion is
incorrect; the resultant of the forces is outside the middle
third of the base. The supplementary computations redo the
analysis, but with less conservative assumptions.

SUPPLEMENTARY ANALYSES

The supplementary analyses redllce kije water derth to just tb, .J~.
~ reservoir condition (2T feet), analyze sa ety factors " •~
with Doth nopenetrat~on of water under the dike (no uplift) ~
and with full penetration of water under the dike, but still
give no consideration to the fact that about 10 percent of
the dike length at its base really has over it a large
conduit rather than a wall holding back water •

..,;. ~ ,,+,...~fM"'C. ""'0.4 t -/- J.... sf- 6/oe.
~rA;" 't.1 tf'IN;-7--ft i""'j' -n.... .«Ite cl-
t::#+ IAt l ,. if- Jr,"A s-l b4w i lit e./lI&dt: d.

IIP-esi,,, of ~""'4(1 f)41M~ II
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Page 4~ Letter to Nicholas Karan, March 3, 1986

Supplementary Analysis of Sliding Resistance

For computation of sliding resistance, the supplementary
analysis uses adhesion rather than the cohesion and internal
friction values at the concrete/concrete interface. The
analysis is done on Page 6 of the attached computations. It
uses an adhesion value of five percent of the concrete's
unconfined compressive strength, a value which already
includes a safety factor appropriate to drilled pier
practice. The computed value is 10.8 ksf, which is
conservative compared to the 28.8 ksf value allowed by the

New York C~itybUildi:'~~lJD~po~~~4t/~1'Sl~~)J,6Vl,1Of;';'"
The computed y factor is 9.0 for the condition of no
uplift, an • for the extreme redistribution of pressures ~
computed by e Burec method (pages 5 and 6 of the attached
computations, and Page 337, Burec, 1977). For concrete dams .
on rock, the Burec considers 2.0 to be the minimum safety
factor against sliding in general, and 1.5 to be the minimum
safety factor against sliding under extreme conditions
(Burec, 1977, p. 338). Considering that the adhesion value I
used already contains a safety factor that must be at ~east

two, I believe the analysis indicates that the dam is safe
against sliding.

Supplementary Analysis of Overturning

For overturning, the supplementary analysis is done with both
the static, free-body procedures used in the original
analysis, and with the Bureau of Reclamation's procedures
(Burec, 1977, p. 337).

The forces and pressures on the dike free-body are computed
and graphically shown on Page 1 of the attached computations.
Pages 2 and 3 show computations of eccentricity of resultant
forces, e, and safety factors with and without uplift.
Unless there is an adequate safety factor against overturning
anyway, most designers prefer to keep the resultant within
the middle third on soil foundations, and within the middle
half on rock foundations (peck et aI, 1974). without uplift,
e is 0.16 feet outside the middle third; with uplift, e is
1.53 feet outside the middle third and 0.28 feet outside the
middle half. Under this condition, Tschebotarioff (1962)
recommends, for retaining walls on soil, a safety factor of
at least 2. Lambe and Whitman (1969) recommend at least 1.5.
Bowles (1977) suggests safety factors of 1.5 for foundation
soils in general, and 2.0 if a foundation soil is clay.

- 4 -



Page 5, Letter to Nicholas Karan, March 3, 1986

S A F E T Y
Without Uplift

Using the dike free-body forces, Pages 2 and 3 of the
computations calculate safety factors of 2.8 without uplift,
and 1.6 with uplift. These satisfy the normal requireme~ts

for retaining walls, even on soil. -

Using the Bureau of Reclamation procedures for concrete darns
(Burec, 1977, p. 337), Pages 3 through 5 of the computations
calculate and plot the pressures on the base. Relative to
the unconfined compressive strength, the safety factor must
be at least four (Copen, 1974).

Page 5 of the computations calculates safety factors of 29
without uplift and 6.8 with uplift. These satisfy the Burec
overturning requirements for concrete darns (Burec, 1977,
p. 338).°

Sm1MARY

The following table summarizes the computed safety factors
calculated as described above:

F ACT 0 R S
With Uplift

Sliding 9.0 m1.25*ow/~;:
Overturning, Free- 2.8 1.6 . !.!,~~,,;.c.
Body Analysis ~ ~::~. ~rl '7. /

Overturning, Burec 6.8' V
Analy~s~l.~·s~":'__--------"'''''''--"", ..,J~

* The adhesion value used in the analysis already
contains a safety factor, probably at least two,
so the real figure is probably at least 2.5.

74 ~$-L 4 y (. 11"I- oS F; "t;' .Je"J'" if'f i ..

"""I-, 4"e.. . III <0 t f1t. c. yo" "'''0 of +4c.: .
f+(I' i 1i-" Iliff ",.. lt1e.,+ ~ +1..4 .Ut~t.lfl''' '!J
/Va 0"'""'" +. ~'Y .,.c 1M~,c/,! -HIe ~ ~o r
o..f- • "II.""'Q lilt... $0"

J. ""f ~",y ~ .,.. t "~,~,, ~.;/ !' , .., ~~"'.. I­
's-/-,,,.e'iw,,.. ;,,- 5 -(J;ttI"'1"J,&,~.( s.f- ·if ''''
cwc,,/-u,,,,e,,, i.f. ~4~/O ,'.ltllr1"+('" ,



Page 6, Letter to Nicholas Karan, March 3, 1986

DISCUSSION

The points of application of resultant forces at the base of
the dike lie just outside the middle third of the base when
uplift pressures are not included, and lie just outside the
middle half when uplift forces are included.

Full uplift is unlikely to occur during the brief periods
when the dike is to hold back water.

with or without uplift forces, whether the dike is analyzed
as a retaining wall or a dam, the computed safety factors
exceed what is required in normal practice.

CONCLUSION

In my opinion, the supplementary computations indicate that
the dike will ~e stable. ~ R., - t!fI ,..,1'1"'" ;~ cllt '",-"J
OI/~lIf.ppll'J? AI,.. &I/O"~'" /lMw,f'f"C. ,." ~/.,,,,4(
The list of references and the computation sheets are .
attached and complete this letter.

Yours very truly

D. E. CLARK
Geotechnical Engineer

Donald E. Clark

DEC/de

Attachments

Copy to: Brooks, Hersey & Associates
Attention: William L. Clark
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March 15, 1986
Our Job No. l5A
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REMARKS --. . -

Nicholas P. Karan
Chief, Engineering Division
Maricopa County Flood Control District
3335 West Durango street
Phoenix, Arizona 85009

This letter tollows our March 7 meeting about stab1l1ty of
the proposed floodwater retarding dike in Ahwatukee. The
location and dimensions of the dike are shown in our report
of January 3~, 1986, titled "Geotechnical Investigation,
Proposed Floodwater Retarding Dike, unit IV of Ahwatukee,
Maricopa County, Arizona, for Presley Development Company."

The letter summarizes site conditions, summarizes the
proposed construction, describes design assumptions,
describes computations, discusses results, and presents my
conclusions. Enclosed are copies of the computations (15
p.). Attached are a list of references (1 p.) and summaries
of the computation results (2 p.).

Dear Mr. Karan:

The site is a steep-sided notch cut through a ridge of
tightly jointed granitic bedrock, exposed in the sides of the
notch, and covered elsewhere by some four to six feet of
colluvium and alluvium. The alluvium and colluvium are to be
stripped.

lHJMMb.BX Qf: g.BQgQl2l':!~ ~Q~l2I.BJJ~I1Q~

The dike is to be built of roller compacted concrete (RCe),
and is planned to be 15 feet wide, about 45 feet long at the
base, and about 108 feet long at the crest. Through the dike
there is to be an ungated outlet roughly six feet wide and 12
feet high.

- 1 -



Page 2, Letter to Nicholas Karan, March 15, 1986

To create a level work~ng pad, the channel bottom is to be
filled with a base of R~C six feet wider than the dike, and
about 45 feet long between the abutments. The thickness of
the base is to be about six feet at the stream centerline,
tapering to zero at the abutments.

The channel carries water only immediately after rainfall; it
is dry nearly all the time. The dike and outlet are sized so
a 100-year, one-hour storm will just fill the reservoir; the
dike will fill and drain within two hours. During the
maximum project flood, the dike will be overtopped for 1.1
hours, by depths of water up to 3.7 feet.

The computations are based on the following assumptions;
references to source authorities follow the assumptions in
parentheses.

~Qn~Lg~g ~tLgng~b

The concrete's compressive strength is 1,500 psi.

(The specifications require that the RCC-be designed to
have a compressive strength of 1,500 psi at 90 days)

The concrete's tensile strength in direct tension is
180 psi - 12% of its compressive strength.

(Per Freedman, 1974, " ••• the available data indicates
that direct tension is about 12 to 7% of the compressive
strength when strengths vary from 2500 to 7000 psi; as
compressive strength increases, the ratio of direct
tension to compressive strength decreases.")

The granite bedrock's unconfined compressive strength is
10,000 psi.

(Per Sowers, 1962, the typical unconfined compressive
strength of granite ranges from 10,000 psi to 30,000
psi)
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(Per PCA, 1971, speaking of darns, "A safety factor
greater than 1.5 is desirable when earthquake, ice, etc.
are not included" ••• "1.1 or 1.2 when all forces are
properly evaluated.")

The minimum safety factor against ~Q~ fsilY~~ gy~ ~Q

Qy~~~tL~~~ing is four.

(per Copen, 1974, "A safety factor of four or more,
based on the ratio of concrete strength to computed
stress, is usually required for all concrete darns.")

The minimum safety factor against ~!iging is four.

(Per Burec, 1977, considering concrete darns, "For small
dams with minimal storage where loss of life, extensive
property damage, or any other catastrophic occurrence
are not involved in a failure, the acceptable minimum
safety factor for rock foundations is two for normal
loading conditions and 1.25 for extreme loading
conditions.") (per Copen, 1974, speaking of sliding,
"A safety factor similar to that required for stresses
is also necessary to assure safety against sliding.")

Eccenj;..ricij;y Qf t.h~ B~~Ylj;snt EQ~£~

From the center of the base, the allowable eccentricity to
where the resultant force intersects the base depends on
whether there will be excessive compression at the downstream
toe, excessive tension at the upstream toe, or an inadequate
safety factor against overturning.

(When considering dams, that hold water continuously,
authorities recommend that the resultant act in the
middle third of the base so there will be no tension at
the upstream toe. When considering retaining walls on
rock, Peck, 1974, says that the middle third criterion
is relaxed although most designers, in order to provide
adequate safety against overturning, still prefer to
keep the resultant within the middle half.)

- 3 -
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~211!~ gL~££YL~£

Uplift pressures will act to the extent that water can
penetrate beneath the dike during the time the dike is
retaining water; if there were time for the water to
penetrate to an equilibrium flow condition, there would be a
triangular pressure distribution with 100% hydrostatic
pressure at the upstream toe decreasing linearly to 0 at the
downstream toe.

(When considering dams, that hold water continuously,
most authorities recommend a triangular pressure
distribution with 100% hydrostatic pressure at the
upstream toe decreasing linearly to 0 at the downstream
toe. Nelson, 1976, also considers only 50% hydrostatic
pressure at the upstream toe; and peA, 1971, also
considers only 67% hydrostatic pressure at the upstream
toe. For the conditions at this dike, Attri, 1967,
would use 100% hydrostatic pressure at the upstream toe
decreasing linearly to 0 at the downstream toe, given
time for the water to penetrate to an equilibrium flow
condition through or under the dike)

Although recognizing that the dike would hold water only
occasionally, for a few hours, gravity dam computation
procedures were used.

The planned dike section was analyzed for 0 and 100% uplift,
and for full reservoir and maximum overtop conditions.

The section was then flared at the bottom to a width such
that there would be essentially no tension in the concrete
even if there were 100% uplift and maximum overtop
conditions.

Results of analysis of both the planned section and the
flared section are shown on the attached summaries of the
computation results. They present calculated values of
overturning safety factor, eccentricity of resultant,
upstream toe pressure, downstream toe pressure, and sliding
safety factor. In parentheses they present the "standard"
safety factor and the direct tensile strength.
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f.lgreg .s~~j;;j,Qn

For the flared section the safety factors ranged from
sufficient to very considerable. The resultant was about six
inches outside the middle third of the base; the resulting
tension at the upstream toe was about 1'1/2 psi. This is
considered negligible relative to the concrete's 180 psi
direct tensile strength.

~l.s.D.D~g .s~~.tj,Qn

For the planned section the safety factors for downstream toe
pressure were considerable.

The s~iding safety factors were generally considerable, and
were just sufficent for the most severe condition: 133%
uplift and maximum overtopping.

The eccentricities of the resultant forces ranged from
negligible to very considerable. These eccentricities, and
their effects on the upstream toe pressures and the
overturning safety factor, are the results on which the
acceptability of the planned section depends. These values
are repeated below from the attached summary.

Overturning
Safety Factor

Eccentricity Upstream
of Resultant -Toe Pressure

Not Overtopped
100% Uplift

Not Overtopped
No Uplift

Overtopped
100% Uplift

Overtopped
No Uplift

SF = 1.58
(1.5)

SF = 2.81
(1.5)

SF = 1.19
(1.1)

SF = 1.92
(1.5)

4.03 ft
(18" os 1/3)
(3" os 1/2)

2.67 ft
(2" os 1/3)

5.92 ft
3.5' os 1/3)
2.2' os 1/2)

3.90 ft
(1.4' os 1/3)
(2" os 1/2)

-12 psi
(-180 psi)
(SF = 15)

-1.7 psi
(-180 psi)
(SF = 106)

-26 psi
(-180 psi)
(SF = 7)

-14 psi
(-180 psi)
(SF = 13)

NOTE: Values in parentheses are the "standard" safety factor
and the tensile strength in direct tension (0.12fc').
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The planned section's most severe service condition, 100%
uplift and maximum overtop conditions, was what was analyzed
for our January 30 investigation report. Under this
condition, the eccentricity of the resultant is very
considerable~ the safety factor against overturning is just
sufficient for extreme conditions~ and the direct tensile
stress at the upstream toe is 26 psi, which has a safety
factor of seven. The rather considerable safety factor is
warranted because a tensile failure would create a crack
through which water under full hydrostatic pressure could
enter.

This relatively weak concrete should have a permeability of
about one times ten to the minus eight centimeters per second
(Freedman, 1974). This converts to about three times ten to
the minus five feet per day. permeability relates to steady
flow conditions, but it puts water penetration into context
to compute from the permeability that water under 27 f~et of
head would penetrate the concrete about 0.~02 inches in four
hours. The tightly jointed granite bedrock should be no more
permeable than the concrete. I conclude that the most·
likely, severe condition of service is the no-uplift, maximum
overtop condition. This conditi6n has a relatively large
eccentricity of the resultant force, but has an adequate
safety factor against overturning and has a safety factor of
13 against direct tensile failure at the upstream toe.

The flared section has acceptable safety factors and tensile
stresses under all the subject conditions.

In my opinion, the analyses indicate that the planned dike
will be stable; the additional safety factors of the flared
section are unnecessary.

Yours very truly,

D. E. CLARK
Geotechnical Engineer

DEC/dc
Attachments (3 p.)
Enclosure (15 p.)

Donald E. Clark '
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Geotechnical Engineer (602) 972-0404 FLOOD CONTfiOl DISTRICT
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March 26, 1986
Our Job No. l5A~ ~~ ~
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1 ENGR DE..."'~~·Y

F1N;NCF.

Nicholas P. Karan
Chief, Engineering Division
Maricopa County Flood Control District
3335 west Durango street
phoenix, Arizona 85009

Dear Mr. Karan:

Following our phone conversation on March 17, this letter
transmits copies of additional computations regarding the
proposed floodwater retarding dike in Ahwatukee.

The computation sheets analyze the case where the original
dike, 15- by 24-feet in section, has a 2:1 soil slope on
each side, is overtopped by 3.7 feet, has all the soil washed
away on the downstream side, has none of the soil washed away
on the upstream side, and has the upstream soil completely
saturated and buoyed during the four hours or less that the
dike will hold water during 1/2 PMP flood.

As indicated in our March 14 computations, four hours under
full head would cause water to penetrate the concrete or rock
by less than 1/4 inch. To reach the upstream toe in four
hours, with the soil in place, the water would additionally
need to penetrate 48 feet of soil horizontally or 24 feet
vertically. I have thus assumed no uplift from water
pressure under the RCC dike.

The Burec's De~ign Qi ~ID~ll ~~ID~, and PCA's SID~ll ~QngA~!~
~~IDg, consider silt pressures, and suggest using an
equivalent fluid pressure of 85 pounds per cubic foot for the
silt. Assuming the reservoir to be completely full of silt,
the computations indicate a safety factor of 1.55 against
overturning, and a safety factor of 7.7 against a tension
failure at the upstream toe.

In my opinion the additional computations indicate that dike
will continue to be stable under these conditions.

Yours very truly,

DEC/de .,.
2 copies to Bill Clark
Attachment (5 p.)

Donald E. Clark
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D.E. CLARK
Geotechnical Engineer

10329 Campana Drive
Sun City, Arizona 85351
(602) 972-0404

fLOOD CONTROL DISTRICT
RECEiVED

March 31, 1986
Our Job No. l5A

Nicholas P. Karan
Chief, Engineering Division
Maricopa County Flood Control District
3335 west Durango street
phoenix, Arizona 85009

Dear Mr. Karan:

with regard to the floodwater retarding dike in Ahwatukee,
this letter transmits computations about the amount of water
penetration to expect through a 2:1 slope of ,soil to be
placed against the dike •.

The soil is to come from building lots. The soil
investigation report indicates that the soil will be silty
sand. Cedergren indicates a permeability coefficient of
0.3 feet per day (under a one foot head) for silty sand.

Under the 1/2 PMP flood, the reservoir will fill and
essentially empty in two hours. During this time, our
computations indicate a penetration ranging from 0.35 to 0.45
feet, and there is everywhere more than 21 feet of soil
between the soil slope and the toe of the dike.

Assuming that the in-place sand beneath the soil slope is 100
times as permeable as the fill, the water would penetrate
about 35 feet of the 48 feet necessary to reach the toe of
the dike.

If the water were to reach the toe of the dike, our previous
computations have shown that it would penetrate less than a
quarter inch in four hours. The underlying rock is less
permeable than the concrete.

We conclude that the possibility of uplift pressure beneath
the dike is very remote.

Yours very truly,

D. E. CLARK
Geotechnical Engineer

/'

/(;~tt'.4/r?a~
DEC/de
Transmittal (2 p.)
Copy to Bill Clark

Donald E. Clark
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