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PART III: DESCRIPTIONS OF ANCHORS TESTED

11. The anchors evaluated during the field investigation are described in the following para-
graphs. All anchors except the arrowhead anchor were driven into the subgrades with a sledge-

hammer. The arrowhead anchor was driven with a manual impact tool.
GUY ANCHOR

12. The guy anchor was designed and construcied at the U. S. Army Engincer Waterways
Experiment Station (WES) and weighed approximately 6-1/2 1b. It was fabricated by welding a
12-in.-diam, 11-gage, hotrolled steel plate®* to a 2-ft-long, 3/4-in.-diam, No. 6 reinforcing bar.**
The end of the reinforcing bar to be driven into the soil subgrade was cut at a 30-deg angle to
provide a point. A slot 3/4 in. wide and 5 in. long was cut in the head of each anchor so that
a cable connected to the reinforcing rod when the anchor was to be extracted from the soil could
be positioned at a 90- or 60-deg angle with the surface of the subgrade. The guy anchor is
shown in fig. 1. Since this anchor had been used previously during service tests,” its performance

was compared with that of other anchors evaluated during this study.

Fig. 1. Guy anchor

* Conforming to ASTM Standard Specification A-36-67° for structural steel.
** Conforming to ASTM Standard Specification A15-66% for billet-steel bars for concrete reinforcement
(deformed bars).




DISK-TYPE ANCHOR

13. This anchor was designed and constructed at the WES and weighed approximately 3 Ib.
It was fabricated by welding an 8-in.-diam, 11-gage, hot-rolled steel plate* to a 1-ft-long, 3/#in.-
diam, No. 6 reinforcing bar.** The 8-in.-diam plate was formed so that the inner 6-in. diameter
of the plate would provide a 7/16-in. crown and the remaining 1-in.-wide band would be flat.
The 1-in.-wide flat band was designed to provide a bearing surface to hold membrane in place. A
pyramid-shaped point was provided at one end of the reinforcing bar by cutting a 20-deg bevel on
four sides of the rod. A slot 3/4 in. wide and 3 in. long was cut in the head of each anchor so
that a cable connected to the reinforcing rod when the anchor was to be extracted from the soil
could be positioned at 2 90- or 60-deg angle with the surface of the subgrade. The disk-type an-
chor shown in fig. 2 was evaluated during the anchor driving tests, and the slotted disk-type an-
chor shown in fig. 3 was evaluated during the anchor holding-strength tests.

Fig. 2. Disk-type anchor

Fig. 3. Slotted disk-type anchor
evaluated during holding-strength
tests

+ Conforming to ASTM Standard Specification A-36-67> for structural steel.
** Conforming to ASTM Standard Specification A-15-662 for billet-steel bars for concrete reinforcement
(deformed bars).







ARROWHEAD ANCHOR

1S. Four-in. arrowhead anchors were procured commercially for use with 8-in.-diam bearing
plates fabricated at the WES. The anchor consisted of a 4-in. stamped iron arrowhead; a 36-in.-long,
3/16-in.-diam cable assembly; a 3/16-in. strand vise; a collar; and an 8-in.-diam, 11-gage, hot-rolled
steel plate.* FEach anchor weighed approximately 2-1/2 Ib. The 8-in.diam plate was pressed so
the inner 6-in. diam of the plate would provide a 7/16-in. crown, and the remaining 1-in.-wide
band would be flat. The l-in.-wide flat band provided a bearing surface to hold membrane in
place. A 3/4-in.-diam hole was drilled in the center of the plate so the strand vise could be in-
serted. A slot 3/4 in. wide and 3 in. long was cut in the head of each anchor so that a cable
used when the anchor was to be extracted from the soil could be positioned at either a 90- or
60-deg angle with the surface of the subgrade. The arrowhead anchor is shown in fig. 5.
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Fig. 5. Arrowhead anchor

t4' ARROWHEAD

THREADED GUY ANCHOR

16. The design for this anchor was also submitted to the WES as a DCSC employee sugges-
tion. The anchor was constructed at the WES and weighed approximately 7 Ib. The anchor was
essentially the same as the guy anchor (paragraph 12), with the exception that the No. 6 reinforc-
ing bar was threaded at one end, and a threaded steel collar was welded to the head of the an-
chor. One end of the bar was threaded for a length of 1 in. with 1/2-in.-diam threads. Approx-
imately 6 in. from the threaded end of the bar, a 1/8-in.-deep flat area was cut on two sides of
the bar so the bar could be held with a wrench. The steel collar consisted of a 1-1/4-in.-diam
rod that was 1-1/2 in. long. Threads 1/2 in. in diameter were cut for a depth of 1 in. into the
center of the collar. The anchor was assembled by threading the reinforcing bar into the collar.
A threaded guy anchor and a guy anchor are shown in fig. 6.

*+ Conforming to ASTM Standard Specification A-36-67° for structural steel.




Fig. 6. Threaded guy anchor (top) and guy anchor (bottom)
THREADED DISK-TYPE ANCHOR

17. This anchor was designed and constructed at the WES and weighed approximately 5 1b.
It was fabricated by welding a 1-1/8-in-diam steel collar that was 1-1/2 in. long to a flat 8-in.-diam,
11-gage, hot-rolled steel plate.* Threads 1/2 in. in diameter were cut for a depth of 1 in. into the
center of the collar. A 1-ftong, 1-1/8-in.-diam No. 9 reinforcing bar® was threaded so that it could
be connected to the plate. One end of the reinforcing bar was threaded for a length of 1 in. with
1/2-in.-diam threads, and the other end was cut at a 30-deg angle to provide a point. A threaded
disk-type anchor and guy anchor are shown in fig. 7.

Fig. 7. Threaded disk-type anchor (top) and guy anchor (bottom)

* Conforming tc ASTM Standard Specification A-36-67° for structural steel.
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Fig. 8. Two-legged anchors stacked for packaging

anchor had been driven to a depth of 4-1/2 in. When the anchor was driven flush with the surface
of the membrane surfacing, additional bending of the leg occurred, as shown in photograph 8. After
the anchor had been driven into the soil subgrade, it was extracted and examined for damage. Photo-
graph 9 illustrates the damage that occurred to the anchor legs when driven to a depth of 9 in. into
the soil subgrade.

23. After the tests described in paragraph 22 had been completed, an anchor with the legs
straightened to 2 vertical position was driven with a sledgehammer into the soil subgrade to a depth
of 2 in. without damage to the anchor, as shown in photograph 10. When the anchor was driven to
a depth of 5 in., the legs began to bend, and tears occurred where the legs joined the anchor head
(photograph 11). When the anchor was driven to a depth of 9 in., the legs were bent toward the pe-
riphery of the anchor head (photograph 12), and this prevented the anchor head from fitting flush
with the membrane surfacing.

Threaded Guy Anchor

24. This anchor was assembled by screwing the 2-ft-long reinforcing bar into the steel collar
that was welded to the head of the anchor. The threaded guy anchor and the guy anchor were
driven with a sledgehammer into the soil subgrade so their performances could be compared. Photo-
graphs 13 and 14, respectively, illustrate the threaded guy anchor and the guy anchor after they had
been driven to a depth of 6 in. into the soil subgrade. The reinforcing bar of the threaded guy an-
chor began to bend, but the reinforcing bar of the guy anchor did not. The bend in the reinforcing
bar of the threaded anchor was also evident after the anchor had been driven to a depth of 18 in.
(photograph 15). The bend in the reinforcing bar occurred where it had been ground flat on two
sides for wrench placement. No bend occurred in the guy anchor’s reinforcing bar, but the head had
been bent slightly to one side (photograph 16). When the threaded guy anchor was driven to a depth
of 24 in., making the head flush with the surface, the head broke loose from the steel collar that
connected it to the reinforcing bar (photograph 17). The head of the guy anchor was not broken
from the reinforcing bar when the anchor was driven to a depth of 24 in., but considerable edge
curl occurred about the periphery of the steel plate head (photograph 18).
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Fig. 9. Mobile crane used to remove anchors from the soil subgrade

TEST RESULTS

36. Pertinent soils data on each subgrade at the time the anchors were extracted are also
given in table 1 along with the maximum forces required to remove the guy anchors vertically and
at a 60-deg angle with the surface of the subgrade.

Guy Anchors

37. The 3/4-in.-diam reinforcing rods of the anchors were threaded through the eyes of the
cable slings; then three anchors were driven flush with the surface in each of the four subgrades.
Care was exercised to ensure that the cable slings were placed through the slots in the anchor
bearing plates before the anchors were driven. The dynamometer, which was attached to the
snatch block of the mobile crane, was then connected to an eye of one of the cable slings, and
force was applied to the cable with the mobile crane. The anchors were pulled vertically or at an
angle of 60 deg with the subgrade surface and were extracted with a slow steady pull until com-
pletely removed from the subgrade.

38. Sand subgrade. Oscillograms of the pulling force required to remove the anchors from
the sand subgrade showed that the force increased abruptly until initial movement of the anchors
occurred; then the magnitude of force that had been required to cause movement remained approx-
imately constant until one-half of the anchor rod had been withdrawn from the subgrade. There-

after, the force decreased irregularly until the anchors had been removed completely. Respective
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