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Background

The Vineyard Road Dam was constructed during the fall of 1967 and
the winter, spring and summer of 1968. This 20 ft. high embankment is
approximately 29,000 ft. long and is located 4 miles south of Apache
Junetion on the alluvial fan which spreads southwestward from the
Superstitution Mountains. The foundation soils consist of varying
gradations of clean sand (SP), silty sand (SM) and sandy silt (ML)
overlying siltstone and interbedded gravel (GP) layers. Construction
materials primarily consist of silty sands with some sandy silts used
as they occurred within the borrow.

During early September 1970, the watershed of this structure
received substantial rain (3"+) with runoff resulting in 3 and 4 ft.
of water in the reserveir.

During October an inspection of the structure by the MCFCD showed
surficial cracks existing along three general reaches of the embankment.
Cracks were found along both slopes and the top of the dam. The cracks
varied in opening width and depth with no apparent pattern at that time.
Since some of the cracking extended transversely across the top of dam
with an appearance of considerable depth it was felt necessary to make
further investigation to determine the hazard as to the safe function
of the dam in case of a high runoff producing storm. In addition,
similar cracking has occurred on other structures in Arizona watersheds.
Investigation would add to the information as to their hazard and would
hopefully provide solutions to the prevention of cracking on similar
future projects.

Jack Stevenson, E&WPU Soils Engineer, visited the site during
October 1970 and assisted in outlining a program for further investi-
gation. His recommendations were as follows:

(1) Make a surveyed profile of the present top of dam with detailed
cross sections at selected spots. These surveys can be limited to the
zones of cracking. These surveys should locate the position of all cracks.

(2) Compare the survey data with the profile surveyed immediately
after completion of the structure.

(3) Review the construction records to establish the types of mater-
jials, the degree of compaction and the moisture content with respect to



optimum in all the 2zones of cracking. Compare this with the same data
for zones where cracking did not occur.

(4) Review the construction records and the pre-construction boring
logs and geologic reports and sections to determine the character of the
foundations, the amount of stripping and other foundation preparation
in the zones of cracking. This should be compared with the same data
for selected zones where cracking did not occur.

(5) Fill selected cracks, both transverse and longitudinal, with
water to determine their extent. This will require a backhoe to
excavate to trace the cracks.

It would be desirable to take samples of materials in the zones of
cracking to verify classification.

(6) All the data should be assembled and fully evaluated to determine
the cause of the cracking and the likely hazard to the structure.

Making the Investigation

The study was conducted over the period of November 23-25, 1970,
Assisting in the study were:

J. J. Turner, State Conservation Engineer

*Ralph M. Arrington, Assistant State Conservation Engineer

*Don Clarke, Geologist, Watershed Planning Staff, Operations &
River Basins

* *George England, Watershed Froject Engineer

Lee Chsiek, Assistant Chief Engineer, Flood Control District of
Maricopa Co. FCDMC

Barry Hauseda FCDMC

*Assisted for the duration of the study.’

Arrangements were made with the FCDMC to furnish the equipment and
operators to conduct the study. A backhoe and water truck from Maricopa
County were on the site to trace out the cracks and make necessary
excavations.

The studies were concentrated along three areas of the Vineyard
embankment: (1) between stations 315425 and 316+75; (2) between
stations 312490 and 3134703 and (3) in the vicinity of station 266400,

The study included sketching cracks which were apparent at the
surface, running water into both longitudinal and transverse cracks
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and recording time duration before water appeared at the surface,
recording locations of water outlet, digging test pits and tracing
possible subsurface courses of water, collecting test camples and
making field density tests.

Data collected or recorded during the study has been compiled for
easy reference and may be found in the Appendix to this report.

Conditions Near Station 316427

Approximately a 60 ft. long lengitudinal surface crack exists along
the front edge of the crest of the earth embankment. The alignment of
the crack is parallel with the centerline of the dam without deviation.
Numerous small transverse cracks of short length extend mainly in the
downstream direction. The large crack is receiving surface rain waters,
and consequent erosion and small sloughing results increasing the upper

width of the crack.

Numerous cracks exist on the upstream slope near this station. The
cracks range in widtk from hairline to 3/4 inch with a predominance of
transverse pattern ¢f cracking. (See plan map appendix.)

Water was psmped into the north section of the longitudinal erack at
low pressure fof approximately 15 min. without any water appearing
within the slepe cracks. The rate was increased to full pressure for
another 45 min, Water appeared approximately 11 ft. down the slope
emerging at a Slow rate. A cone was built up around the outlet to allow
builditg the hydrauliclhead, but it was building so slowly that the
decison was made to move on to another section. It was assumed the
potzom of the long crack and its system was encountered and that the
re¢ervoir of the total crack volume was slowly filling. We allowed the
wall surfaces to seak ready for excavation by backhoe and later
observation.

Test pit No. 1 was excavated across the point where water emerged
11 ft, down the upstream slope of the dam. The excavation showed the
depth of crack at approximately 3.0'. The excavatlon below the 3.0' level
was moist at the natural embankment water content. The cracking diaapgeared
a

_ urred as in the visible cracks above.
8 visible by 8% B S IBR S II0 85T (ae iy with s width of 1/8%,

The lower portion had wetted to a width of approximately 6 inches. The
crack aligmment and depth were easily followed from the saturated conditioen.

Mpisture samples from pit No. 1 showed a water content of approximately
7.6% in the upper 3.5 ft. excavated.



Test Pit No. 2 was excavated near mid length of the longitudinal
crack, being also the point of water intake. Excavation extended to a
depth of 8.0 ft. The visible cracks extended to the 6.8 ft. level and
closed., The backhoe was unable to continue the excavation beyond 8.0
ft. The crack was %" to 1/16" wide closing near the 6.8 ft. level. A
herizental deflection in the crack occurred near the 1.3-1.8 ft. level
due to a calcareous horizon. No evidence of vertical displacement was
observed along the crack. Clean sands deposited within the 3.5-4.0 ft.
zone at the crack shows evidence of internal erosion occurring during
runoff.

Moisture samples taken show 7% water content at the 2.0 ft. level,
11.0% from 3 ft. to 7 ft. and near 12% at 8.0'. Placement moisture in
this vicinity is recorded at 12.6%,

No evidence of transverse cracking appeared in the test pit. The
single longitudinal crack along the crest is the only cracking observed.

Conditions Near Station 313420

Approximately 60 ft. of longitudinal cracking occurs along the crest
of the embankment. Transverse cracking occurs in several places exterding
primarily from the longitudinal cracking in an upstream direction. Some
shorter cracks extedd transversely downstream.

Water was entered into the mid point of the lengitudinal crack and
left to run. With time it appeared as though the volume of the ecrack
underground was unlimited. After ninety minutes of time, a gush of water
appeared near the downstream toe at the embankment. It continued to run
a short time after the water intake was shut off. No surface cracks were
located down the slope to indicate the path of water flow. Difficulty of
backhoe eguipment operating on the 2:1 downstream slope precluded exca-
vation of the flow line,

Test Pit No. 3 was excavated on the embankment crown near the mid
point of the longitudinal crack in wvicinity of Station 313420, The pit
was excavated to a final depth of 8.0 ft. The profile showed the trans-
verse crack was 1/4" wide at 2.0 ft. then hairline to 4.5 ft. The
wetting process had extended from 2.5 ft. to the 4.5 ft. level.

The longitudinal crack was approximately 1/2" wide at 2.0 ft., 1/4"
at 5.0 ft. and hairline at 8.0 ft. The crack had wetted from the 2.5 ft.
to the 8.0 ft. depth., Sand within the ecrack to the 6.0 ft. level indi-
cated that erosion from the higher levels was occurring.

A horizontal zone at low density was encountered from 3.0 to 3.3 ft,
It was lense shaped with a maximum thickness of 0.3 ft. The horizeontal
extent was approximately 5.0 ft. at the pit excavation. An open pipe
(3" diameter) at the juncture of the soft horizontal zone and the trans-
verse crack was found. Probing inward a length of 3 ft. was possible.
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No transverse cracking was found beyond the soft zone level (3.0 ft.)
within this pit.

Fine roots were found within the longitudinal cracks to a depth of
2.0 ft. The type of plant to which they belong was not determinable.
The adverse effect of the existence of these roots on the cracking problem
is unknown but felt to be negligible.

The moisture content within the profile ranged from 54 near the
surface to 10.1Z near the 8.0 ft. level. The depth of drying appeared
to have extended to 2.5 ft. The placement moisture content at the 8 ft.
level was 10.7%,

The semblance of a shelf or bench line was identified along the
mid-slope on the upstream face. The projection was less than 6" and
the length less than 24" in any one location. However, a definite align-
ment across the slope was distinguishable. Dblo extensive nor decisive
cracking pattern near the bench locatien indicate it resulted from a
slump or shear failure condition.

Water placed in other locations of the longitudinal ecrack resulted
in water surfacing on the upstream face. Water was placed in one of the
predominant transverse cracks 6.8 ft. downslope at the upstream face.
Water showed early at one point downslope but with some shovel diking
the blowout was contained and additional water placed in the original
intake hole. After considerable time water was spreading to other cracks
and surfaced at several locations downslope. Test Pit # 4 was excavated
down the slope in an attempt to determine the extent of this crack system.
The pit was extended across the front toe of the embankment into the
reservoir pool.

Test Pit # 4 was excavated as a tranch down the front slope of the
embankment beginning approximately 25 ft. downslope of the crest. An
attempt was made to follow the aligmment of a crack system. Depth at
excavation varied from 4,0 ft. to approximately 10 ft. at the toe of the
embankment.

As menticned previously in this report, high water in the reservoir
had reached near elevation 1,567 ft. or approximately a 3% ft. depth
against the embankment during the September 5th storm. The duration of
the storm was such that the retardation lasted approximately 2% days.
Since this test pit crossed the toe section the pool water wetted zone
was very much in evidence although the excavations were made in November.

The water content pattern ranged from 7.5Z near slope surface at
waterline to 20.5% at 9.5 ft. depth approximately 50 ft., out from the C/L
of the embankment. Generally it appeared the wetted bulk extended hori-
zontally into the fill approximately 15 ft., and vertically the depth of
the cutoff trench. (Elevation 1,555 ft.)



Placement moisture taken from the test made nearest to this station
within the cutoff trench materials was 14.1% at a density of 113.3 pef.

Density tests within the trench ranged from 85.5 pef. at 13.8%
modsture to 95.3 pef. at 20.57 moisture. The density in comparison to
118.3 pef, or 116.3 pcf. from laberatery soil curves results in 737 to
80% compaction. This would indicate a soil loesening had occured since
placement was at 951 or greater compaction,

No visible eivdence of shear failure, slippage or displacement
could be found within the excavated trench.

Due to the soil-colored blends, moisture contents, and closeness in
density values the outline of the earth fill against the foundation soil
could not be easily traced. Attempts to do so resulted in only partial
correlation with as-built drawings.

Conditions Near Station 266400,

An approximately 20 ft. longitudinal erack with randen transverse
cracks exist at this station. Water was placed in the longitudinal
erack at junctions with transverse cracks. Pumping water at three
locations produced water surfacing on the downstream slope. Water
appeared at two locations only after considerable time had elapsed. After
time for wetting had occurred Test Pit # 5 was excavated along the embank-
ment crest and Test Pit # 6 at the downstream toe of the embankment.

No durface cracks were observed along the downstream slope nor along
the upstream slope. The water outlets resulted from a wetting surface
breaking into a pipe conditien at the surface.

Test Pit # 5 was excavated approximately 3.5 ft. deep at the junction
of a transverse and longitudinal cracks. The wetting pattern was to a
maximum depth of 3.0 ft. The crack closed at that point and only hairline
to no eracking existed. A horizontal lense 5 ft. long and 3 inches thick
existed at the 1.0 ft, level,

Test Pit # 6 was excavated about 14 ft., down the downstream slope
near the toe in an attempt to encounter the flowline from the transverse
crack at the crest to where it outletted at the toe. The crack was
uncovered, but the eguipment was limited in its positien of work and
was unable to determine the total depth of the crack, Depth of exca-
vation was 3.5 ft.

The crack was found approximately 1.0 ft. below surface level. It
was 1/2" wide and dry at approximately the 1.5 fr. depth, Further
probing with wire to a depth of 1.5 ft. and 2.5 ft. horizontally into
the crack gave no indication of water flow or wetting. The pit walls
were dry and brittle the full 3.5 ft. depth,



Embankment Surveys -

Cross section and profile surveys of the reaches containing cracks
were made prior to the study period., The data was plotted along with
as built data to show possible changes in section. Deviations were
minor and within the accuracy of measurements taken. Plottings show
no significant changes in section or profile. (See appendix.)

Construction Data =

As the embanlment fill was placed compacted density and moisture
tests were taken to determine acceptability of fill, The tests were
taken at various elevations and distances from centerline, Test results
for the various reaches taken in the vicinity of the three reaches of
cracking show a range of silty sandy materials placed. Moisture contents
vary from 2.4Z to 15.4%, the densities range from 104.3 pcf. to 121.8
pef. and the percent fines varies from 6.5% to 32.5%.

The construction records show the ®oils within the cracking reaches
were placed slightly over optimum moisture content. Of the twelve tests
taken near the first reach (sta. 316+00) eight were slightly over
optimum. The largest belmyg 2.1% over. Of the ten tests near the second
reach (sta. 313400) five were over optimum, The largest was 1.3% over.
Within the last reach (sta. 266+00) only one test of five was over
optimum and it was 0.6% over. A total of 41% of all tests taken during
construction of the embankment and cutoff were over optimum moisture. A
slightly higher percent was found within the reaches of cracking as
detailed above.



GEOLOGY

Foundation materials between Sta 313400 to Sta 320400 are possibly
related with the occurrance of cracking. The foundation consists of
seven feet of silty sand (S5M) over silt-stene in the southern area of
this reach. Silty sand SM (to unknown depth - greater than 12 ft.)
occurs in the middle of the reach. Interbedded gravels (GP) and silt-
stone comprise the foundation on the northern area of this reach. Of
particular interest is the fact that the cut of the tranch extended to
a depth of 7.0 ft. in this area.

The occurrence of the silty sand te greater depths where the silt-
stone or gravels were not encountered occurs only in one eother reach of
the embankment (Sta 210400),

The density of these silty sands could provide a petential consoli-
dation layer beneath the embankment if deep penetration and subsequent
saturation would occur.



CONCLUSIONS

1.

2.

3.

5.

6.

The non plastic properties of the placed soils at the reaches
where ecracking occurred results in a brittle embankment which

upon drying due to convective evaporation and moisture capillary
action stresses the soil mass beyond its natural adhesive or
cohesive strength and forms an open crack. The cracks are
extended in length and depth by the further convective evapor-
ation within the open crack. The crack may or may not extend

to the surface layer. These cracks are limited in depth to the
embankment surface drying zone now approximately 3.5 feet in depth.

The loose surface soils on the embankment face resulting from
placement and compacting equipment inability to work to the true
line of the designed embankment section delays and/or prevents
rapid surface drying due to the moisture barrier created by the
break of the capillary action and the still air within the loose
material. The addition of gravel or coarse sand surfacing would
compliment this condition and further delay the drylng process
and limit the depth of cracking.

The surface cracking patterns primarily oriented perpendicular to
center line axis suggest additional stress outside those of desi-
cation have been present in their formation. The limitation of
cracks to a concentration within three primary reaches also suggests
outside causes. On the other handnmune of these cracks were
observed to extend below the desication zone,

No transverse cracks investigated ner ohserved at the open surfaces
extend across the crown of the embankment. Only partial distances
were observed. Where longitudinal cracks exist the transverse
cracks originate at the longitudinal crack and extend over the
nearest embankment edge down the sloping face. No reason is given
for the length of individual or group cracks.

An extensive underground network of desication cracks within the
reaches investigated exists. Although the general pattern of
surface cracking suggests downslope orientation, observed inter-
connected underground cracks allow the possibility of additional
networks.,

Transverse cracks do not extend beyond the freeboard zone (4 ft.)
of the embankment. The west elevation of the emergency spillway
is 1574.8., Maximum water surface elevation at design flow is
1575.5 ft. The top of dam elevation is 1579,5 ft. plus 8 inch
crown, Ne emergency hazard exists requiring immediate repair

of the surface cracks.,



7.

8.

The wide variety of soil gradations, moisture contents and
densities suggests zones of stress being established through
the natural maturing of the embankment suffigient to create
cracking reaches similar to those investigated, particularly
the longitudinal cracks.

The uncodsoiidated condition of the upstream toe slope soils
provide the potential for consolidation to occur when wetted to
the deeper depths due to horizonal forces exerted by the embank-
ment on to these soils. Minor movements at the toe foundation
magnify the resulting embankment movements particularly in the
vicinity of the crown and tecome manifest in open cracks at
these locations.

A slump condition is not suggested but rather a relaxing of
internal stresses horizontally toward the toe resulting in fine
open cracks throughout the reach near the surfaces.

The major embankment movements have cccurred with this first
deep water penetration and additional movements of tow materials

10

is unlikely with further reservoir fillings. DNo additional forces

will be present upon further wettings unless greater depths of
water penetration into unconsolidated materials (unlikely to
exist) occurs.
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RECOMMENDATICNS

1.

2.

3.

6,

7.

Close surface cracks to convective air currents by filling with
sand or silty sand (free flowing) materials (10 ey+). Fill
materials should be transported to the site. Adjacent embank-
ment soils should not be used since their gradation is not
ideal, and their disturbance will effect the present vegetative
cover value.

Make periodic investigations of the site to observe further
aggravation at reaches within this study and the appearance of
cracks in other areas along the embankment. Particular emphasis
should be given to perieds follewing heavy runeff storms.®

Future embankment designs on collapsable foundations include
extended cutoff trench outside embankment upstream toe of
sufficient distance to reduce horizonal stresses at the tow
where wetting foundation may allow release of these stresses.

Maintain loose fluff of seil materials on the embankment slopes
where they cannot be economically replaced with a surface covering
of coarse grained materials.

Continue thorough geelogical investigations of consolidating
foundations to determine extent of removal or treatment of these
materials.,

Avoid placement of SM and ML embankment materials higher than
optimum moisture content to reduce the amount of moisture
subject to release in the desiccation processes of surface soils.

Avoid where possible a wide variety of material types within an
embankment section. Such variations increase construction control
problems as well as varying soil properties throughout the section.
Design analysis usually considers homogenous conditions to exist.
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Mr. Marion Strong, State Conservationist ;fﬁwyL JL/ /NFL L]ﬂ
a

U.S. Soil Conservation Service i 2l &mﬁ i

Room 6029, Federal Building o ~° $r " &
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Phoenix, Arizona 85025 hﬂljzpif‘ [atk'”

Dear Mr., Strong:

Following the storm on September 5, 1970, an inspection was
made of the three floodwater retarding structures in Pinal
County and the Powerline Floodway. The conditions described
below have raised concern regarding these structures.

Vineyard Road Retarding Structure:

a. Between approximate stations 305 and 320, there are
extensive longitudinal cracks on the crown and at the tops of
the slopes. Although rain has washed material into the cracks,

ome are at least several feet deep and as much as two inches
fitiide at the top.

b. At approximate stations 265 and 255, longitudinal
cracks were found, but they extended for only short reaches
at each point.

c. Between approximate stations 200 and 215, lateral
cracks across the structure were found. At approximate station
108, another short series of lateral cracks were found.

It is reéquested that you have an engineer, perhaps accompanied W
by a geologist, inspect these cracks, and make an analysis of i

the cause. Also, we would like an opinion as to whether the /
stability of the structure would be affected, particularly in
the event a major storm filled the reservoir.

Powerline Floodway:

The concrete lining for the floodway continues to spall at ex-
pansion joints. Large spalled areas, some as long as one or two
feet, and several inches deep, are appearing. It is requested
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Mr. Marion Strong, State Conservationist

October 1, 1970
Ye: Pinal County Structures & Powerline Floodway

§§ﬂf§fe 2

that you advise us of procedures that can be followed to prevent
this spalling, and also recommended methods of repairing those
areas which are severely damaged.

We will be glad to have an engineer accompany your inspection
team if you so desire.

Sincerely,

]
/é?.’%f

ief Engineef /& General Manager

& aié
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Suite 326, Arizona Title Bldg., 111 W. Monroe St., Phoenix, Arizona 8500 ﬂ-

ENG - Trip Report - Vineyard Road FRS, DATE: QOctober 12, 1970
Cracks in Structure

J. J. Turner

State Conservation Engineer -..\““ﬁs““

The day of October 6 was spent with George England examining the cracks

in Vineyard Road Retarding Structure which were reported by personnel of

the Maricopa County Flood Control District. The Flood Control District El
report indicated the cracks were not fresh at the time of their inspection

so presumably they occurred before the storm of September 5. Very little

water had been impounded previously to the September 5 storm.

Conclusions: There appears to be no immediate danger to the structure.
The cause of the cracking is complicated by many factors but generally
the transverse cracks are the result of desiccation of clayey material
placed in the fill on the wet side of optimum. The longitudinal cracks
are_the result of settlement of the toe and heel of the structure perhaps

coupled with desiccation. }Z f! 7/ ;;4aﬁaﬂ?f;’

Discussion: The transverse cracks are SEldDm over a few 1nchesvwide at/#gd4;;’
the top and although they might extend several feet deep they probably ﬁqquqdu
do not go much below spillway crest. As such they should not affect the...
stability of the structure. The longitudinal cracks extend deeper into <fdw-ie
the structure but unless they intercept a deep transverse crack they ;;”;r
should cause no problem. A maintenance program which causes the_cracks i
to be filled with loose material will inhibit air circulation in the

fill and reduce further desiccation.

The transverse cracks appear on the hard packed crest of the structure
and disappear on the loose, less well compacted sides. 0Only one crack
was observed which went down the side.

Similer cracks have been observed and are present on the dike above
Powerline Retarding Structure. The height of this dike varies from

2 to 4 feet and the cracks are located at the upper end where the height
is 2 to 3 feet. George England reports that the section of dike with
the cracks had material placed in it on the wet side of optimum. The
slightly higher section of dike, which is not cracking, used the same
material but it was placed in a drier state. Since the height of this
fill rules out settlement as a cause of cracking it seems as if desicca-
tion is the most logical choice. It appears then that transverse cracks

. can be caused by desiccation of some types of material that are too far
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Js J« Turner 2

above optimum when placed in the fill. Many of the locations where
transverse cracks appear in the Vineyard Retarding Structures were
locations where England remembered the fill was on the wet side.

(S
The longitudinal cracks usually occur on the upstream side on or near R L
the top of the structure but a few occur on the downstream side. The ™~
crown on the crest of the structure is more prominent than in the uncracked
sections. Longitudinal cracking is not present on the low dike mentioned
above so it appears that the cause might be different.

R

These cracks seem to have been caused by the toe and heel of the structure 7
settling and the center section remaining stationary. The cause of the

! storm. Those areas where cracks appeared on the upstream side are such
— that impounded &g&gr was probably against the dam. Those cracks on the
downstream side,have small areas of internal drainage impounded at the
heel of the dam or are near outlets through the structure where water from
the plunge pool can saturate the collapsible soils under the heel. Once
these cracks have opened desiccation might enlarge them.

j;/A,fﬁzu_r?settlement appears to be wetting of the foundation before the September G5th
j;

e F e

William F. Mildner
Geologist

cc: Jasper Holland
C. A. Maguire



RTSC, ELWP Unit, Portland, Oregon

TRIP KEPOAT = Arfzona, Channel Tratning Octobex 27, 1970
Conferance and Endancuent Craciing Inspactioa,
Willfacs-Chandler L2, Vineyard toad Dam - Oct. 12-16, 1970

E. Y. Cora

purpose of Tcripy - The pur;osea of the trlp was to:

1. Assist in conductiang an earth channcl evaluation worlkshop.
2. 1uspect the craciing problem f{n tha Viueyard Road embankiant.

Particisating Percoanel - A list of the participants at the chamnel design
workshoy is attached. prarticipating in the inspection of the Vineysrd Road

dam were:

Lea Ohsiel, Macicopa County

Barry Hauseda, taricopa County

Ralph Arrington, Assistant State Conseirvation Eanginecr, SC8, Phoanix
Caorge Watt, Design Engineer, LCS, Phoautx

Georgae England, Project Enpinaer, SCS, Apache Junction

Don iidddle, Chiiel Inspector, SCS, Apacie Junction

Our cobsavvations ware discussed with J. J. Turner, State Coascrvation Enginsaer,
SCS, Ploenix. :

Discussions and Observations

Channal Dasisn Lorishoy and Fileld Trip - The lectures and discuscsions at the
channel dasizn wor.siop appearad to be highly productive. Considevable intaerest
was deionstrated by all the participants. Good class participation occurred
with the sharing of many expariences in choanel woric in the area.

Several interesting cornael reaches were visited on the field trip., Conditions
observed varied iruw fieshly constructed carth floodways with no protection to
concrete lined ilood chnnels. Many typas of structural treatment were observed.

In general those channels visited lcoied to ba in good shape and a&ppeared to be

functioning woll. Certainly soce arosfon will occur on the bare earth chaunsls.
They shiculd coatinua to function 1€ the necessary nmaintenance i accowplished.

Vinevard ioad Dam -

1. Gemeral observations - The cracks in the Vimeyard Road dar wexe
inapectad. About 160 sallons of water were run into one of the cracis. A
srall aount of watar caze to the surface downsloje.
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Basically, the cracks are limited to three yeneral arc¢as aloung the dem.
These areas cover saveral hundrod feet of the length of the dam. There
appears to be two tyg.os of cracks. One, tranoversa cracks, crossing the
top of tia e:sbanioat and two, longltudinal crachks both upstream and down=
strean {Los: tiha center Line of tha dasu.

The transverse cracid do not appaar to ba dasep and they do not appear to
go very far Jowa the facos of che structure. PFo wvertical movergats appear
to be associated with the transverse cracks. OSome of these cracks were
about two inches wido.

The longitudinal cracis genarally paralleled ti:c center line for several
tens of fcat and agpeared to connect with cracxs tunaning diagonally dowa the

facas of the dam, Vertical movesants of at lagst ao inch were apparent at sons

of these cracks. Sone of these cracks watre as wide as four inches at the
surface. They appearved to close with depth. Probing indicated suice of these
cracks wera at least three feet deep.

2. Probavla causes of eraci:ing

a. dJesiccation - According to M. Eangland wost of the cracks occurred

where thc watiest sRrbaniwent was placad.
L. Settlevant of the foundation.
c. Diffevential settlevent of tho [ill because of:
(1) Different typeu of f4ill catarials,
(2) Variability {n wofsturae couteat,.

d. Loza of shear resistanca in the toundation with au essoclated
increase in stroin.

c. Strain induced by water load iu small dasiccation cracus during
rain stoxns.

£. Cowubiaation of the above.

The princi;al causa of the cracking - Certainly tha cowbination of tus clayey

i1l mwatovials, the coupaction of partes of the fill above opticun woisture
content and thm desert environrent would cause desiccation cracxing. This is
undoubtedly one of cthwe principal factors {a tie problem. The variability in
the charactey of foundation and fill materials and in the voisture content of
both the fill aad foundation materials would tend to cause ciffereuntial
movenents. This quite likely occurred and causod part of tho cracks.

PPy T ivd
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The effect of rain watac In desiccation and otuner cracks would increase the
shaaring stress as woell as decreszse the shesring resistaace. While the
wagnituwia of theso changes way never have approached a sliding fafilure
condition, they cculd have bsen great enough to have induced strains result-
ing in further craciing and downward displacenent,

3. hazard tue tu2 structure - If tle cracks are primavily caused bf‘
destccatlon aad nagaiiied by shearing probleus cauced by water in the cracke
of by setilement noar the toes of the dam, no groat hazerd would Lo Lusedistaly
presanced. 3

Bowevér, {f the transverse cracla ara a resuvit of differantial wovesent in the
ecbankcent o fvundation, they could be deep enough to present o haward at
any tima water should ba Inpounded.

4. Rocoruandations and conclusions - 1t was concluded by all perties
involvaed in the inspectione and discussion thwt:

4. DBecause cracking {s ocecurring on sewveral structures in Arizona
and bacause of the unsnown hazard presented, tull {nvestigation of the
nagnitude of tha cracking in tho Vineyard Road dau should be made.

b

b. 7The recommended investigations iunclude:

(1) Surveyad profile of the presant top of the daw with detailed
cross cectlons at salacted spots. Thesa curveys can be linited to tle zones
of craci.ing. These surveys should locate the position of all eracks.

{2) Corparo tha survay data with the profile surveyed i{mascdiately
after coupletion vof the structura.

(3) Reviaw the constructlon records to establish tie types of
vaterials, the dogrce of compaction and the wmoisture contont with respact to
optimuz in all tha gonas of craciiing. Cospare this with the save data for
zones vhere cracking did not occur.

- (4) Review the construction vecords and the pre-construction
boring logs and peolegic reporis and sections to dateriine the character of
the fourndationg, the asount of stripping and other foundation preparaticn in
the gones of craciiiag, This should bo compacred with the save data for sclesctad
zones whare cracilng Jid aot occur.

(9) Yill sclected cracks, both transverse and longitudinal, with
water Lo dete:szinz thelr extent. This will requice & bacilive to cxucavate to
traca tiia cracis.

it would be dasirable to take samples of vaterfale in the zones of cracking to
veritfy classifilication.
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3. 1. Tuzner, Phoenix

(5) All ctha data should bo a@ssaublod and fully evalusted to
det.ormtne tha ceuse of the craciing and tle likely hazard to the structure.

Jack C. Stevensuva
Soil Mechanlcs Engineor

cce

George Eungland, Ajache Junctton
F. K. Muceus
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ITUDINAL CRACK
Sta 316427

longitudinal crack.
water into crack.

County water trﬁckrﬁigéing water

1°”E@t3§¢ﬁ§} erack.




Test Pit # 1

Located 11 ft. upstream of © at Sta 316427

across a transverse crack - depth 3.5'
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Test Pit # 3
Located on top of dam and excavated at
junction of transverse and longitudinal
cracks Sta 313+20,

Looking into transverse crack. Fine roots
at 2.0 ft. depth - crack is %"sto 3/4" open,

Looking into base of cr

: ack at soft horizor
dayer 3.3 £t. depth, “Hole eroded by pipiﬁgl
to a down stream outlet.
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