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PURPOSE: To present a case history of improving stability of a structure
against sliding.
o (=]
PROJECT: Alum Creek Dam which was constructed between 1970 and 1974 is located
on Alum Creek, a tributary of Big Walnut Creek, which drains into the Scioto
River. The site is located in Delaware County just north of Columbus, Ohio.
It is a multipurpose reservoir operated by the Corps of Engineers' Huntington
District and provides flood control, water supply, and recreation benefits.
The dam is a rolled earth-fill embankment 10,000 ft in length with a maximum
height of 93 ft. The spillway is located high on the right abutment with the
raceway dropping off in front of it to the stilling basin below. Control is
provided by three 34~ by 25-ft tainter gates supported by 8-ft-wide concrete
piers resting on concrete ogee sections. The ogee sections have a crest ele-

vation of 878 and are founded at elevation 839.

GEOLOGY: The rock at the Alum Creek Dam site is Ohio Black Shale whi

largely a hard, massive silt shale. It is hlghly fractured below the base of
weathering. Within this shale are several light gray, silty to clayey shale
seams up to 1 ft thick. The core logs indicate that occasionally contacts be-
tween the seam and the black shale are clayey coated. The information obtained
from these logs was used in the design.

DESIGN: The spillway monoliths were designed to resist overturning, failure
of the rock in bearing, and sliding on the foundation or any seam in the founda-

tion (deep-seated sliding). Overturning and bearing were not problems; how-
ever, there was considerable concern within the District regarding sliding
safety of the spillway monoliths '"perched" high on the abutment. It was de-
cided that the clayey seams mentioned above were not continuous and did not
constitute a problem; therefore, sliding on the foundation was the controlling
mode of failure.

INSPECTION OF PROJECT: On 24 April 1975 during a periodic inspection of the
completed project, concern was again expressed about the safety of the spillway
monoliths and that further investigation was warranted. It was decided to

drill 6-in.-diameter core holes in the raceway to obtain samples of the weak
foundation seams. Special care would be taken when penetrating the clayey
shale horizons and all losses would be redrilled. If the clayey seams were
present in a high percentage of the holes, specimens would be tested in the

* This technical note is taken from "Anchoring of Spillway Monoliths, Alum

Creek Lake, Ohio,'" by William D. Barnes, US Army Corps of Engineers, Hunting-
on District, In: Concrete Structures Repair and Rehabilitation, Vol C-82-1,
1982, US Army Engineer Waterways Experiment Station, Vicksburg, MS.
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DRILLING AND TESTING OF ROCK: Twelve 6-in.-diameter core holes were drilled
in the racewav directly in front of the ogee weirs. At least six of these

1 > ¢

30. All specimens containing
the clayey seams were wrapped in plastic and sealed with wax to maintain as
nearly as possible their natural moisture condition. This limited number of
specimens was sent to the Corps' Ohio River Division Laboratory in Cincinnati,

Ohio, for testing. Test results and a subsequent deep-seated sliding analysis
indicated that the spillway monolith should be anchored by the use of high-
canacity roclk anchore

capacity rock anchors.

seated sliding analysis were also used in design of the anchors. A minimum
shear friction factor of safety of 1.5 was considered necessary to ensure the
safety of the structure. After several trials, it was decided that seven 1300-
kip anchors per monolith acting at 45 degrees would satisfy the design criteria.
Following is a chart fo the various loading conditions showing shear friction

Ssf Ssf
T ~on AL TTS o1 TYS 1. e
LOo4adaing witn wiltnoutc
Condition Anchors Anchors

2 1.74 0.48

4 1.56 0.23

“ 1 /.1 e} 20

U l1e41 UeDZT

7 2.94 1.00

The Ssf of 1.41 obtained for loading condition 6 does not satisfy the 1.5 cri-
teria; however, since this is a seismic condition it was considered satisfactory.

with a

It was decided that 53 seven-wire, high-strength (fy = 270 ksi) strands,
total area of 8.11 sq in. (53 times 0.153), would satisfy the 1300-kip load
with a working stress of 160 ksi. The 160-ksi stress is less than O. 6 fy

(162 ksi) which is required in prestress design.

All anchors would be stressed initially to 1532.6 kips (0.7 fy) plus seating
losses. A test lift-off would be performed at 1 hour and at 14 days after
stressing in order to evaluate the losses in the anchor. A minimum load of
1400 kips would be required at 14 days. It was anticipated that additional
losses beyond the l4-day period would lower the load to the design value of

300 kips.

[

It was decided that all anchors should be anchored below the bottom of the

stilling basin slab (elevation 813). This would ensure that the anchorage zone
was beneath all possible weak seams daylighting in the raceway (Figure 1). The
bottom of the anchor holes would be staggered to avoid stress concentrations in
the rock. The "Post-tensioning Manual" of the Post-tensioning Institute recom-
mends a 9-in. drill hole for anchors of this size. It was decided to use three

bell anchors in the anchorage zone to ensure positive resistance for the anchors.
An allowable bearing value of 500 psi for the bell against rock and an allowable
grout to rock shear value of 90 psi were used in determining an anchorage

length of 31.2 ft.
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All holes were drilled,

drilling of both the 14- and 36-in.-diameter holes.

and redrilled to ensure that all voids and cavities were filled.

Drilling was completed on 24 August 1977.

grouted,

Work platform designed by the contractor

Figure 2.
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The high-strength concrete under the bearing plate was placed for all 14 anchors
on 23 and 26 August 1977. Results of individual compressive strength tests
were as follows:
Strength, psi
Placed Placed
23 Aug 1977 26 Aug 1977
7-day 4810-4880-4660 4130-4060-4060
28-day 6110-6130-6080 5480-5550-5580

r‘r

specifications required that the high-

The contra pe ength coner
pressive strength of not less than 4000 psi prior to stressing of
and a 28-day strength of not less than 5000 psi. The first anchor was stressed
on 21 September 1977; therefore, the above testing satisfied the contract

specifications.

o
<

The anchor strands were cut to the desired lengths and tied together in 52 unit
anchors (Figure 3). The contractor was allowed to use 52 strands per anchor with
a minimum yield strength of 275 ksi in lieu of 53 strands with a minimum yield
strength of 270 ksi. An 0.6 fy at a working load of 1300 kips was not exceeded

by this change. The anchor assemblies with a maximum weight of 3400 1b each
were installed in the anchor holes by use of a helicopter. Only about 5 hours
was required on & September 1977 to install all 14 of the anchors by use of the
helicopter (Figure 4).

in units
The first stage grouting was accomplished on 7-9 September. The grout mix con-
sisted of 5 gal of water per bag of cement with 1 percent (by weight of cement)
of Intraplast-N manufactured by the Sika Chemical Corporation. Four 2-in. cubes
were taken for testing. One of the cubes was broken at 7 days and yielded a

compressive strength of 4220 psi. The other three cubes were broken at 21 days
and yielded an average compressive strength of 6200 psi. These breaks satisfied
the contract specification requirements of 4000 psi.
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Figure 4. elicopter was used to install anchors

After the first stage (grouting reached a compressive strength of 4000 psi),
the anchors were stressed. Each of the 52 strands was individually pulled to
3 kips each, k I la
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a minimum time o - the ja ; ade. All
anchors were again tested at 14 days prior to second-stage grouting. A final

lock—-off load of 1400 kips was required in the contract specifications. All 14
of the anchors had in excess of 1400 kips except for anchor M7-4 which had

1398 kips. It is assumed that all of the anchors will continue to lose some
stress; however, a final load of 1300 kips per anchor should be guaranteed.
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upgrading old or inadequate structures of various types.
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from repairs such as this to prevent degradation of water qual

A rectangular area about

-

The exposed edges of the concrete spalled when drilling the 36-in.-diameter
should suggest to other engineers the possibility of using this technique for
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