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The information contained in this report was compiled exclunively for the
use of the Michigan Departmezt of State Highwaye. -Recommendations contained
herein are based upon the research data ohtained and the expertige of the re-
searchers, and are not necessarily to be constried as Department policy. No
material contained herein is tobe mproduced—'wholly or in part~—without the ex-
pressed pexmission of the Engineer of Testing and Reaearch.




This report covers the results of atesting program conducted to evalu-
ate the load capacity of various expansion anchors at 1/32-in. slippage.
The tests were initiated as aresult of a meeting held May 5, 1971 with re-
presentatives of the Construction, Design, and Testing and Research Divi-
sions. '

Purpose

The purpose ofthis testing program was to determine reasonable values
for capacities of expansion anchors used as lane ties. Previous tests on
expansion anchors have been conducted to determine their ultimate load
capacities. The ultimate load of an expansion anchor usually occurs after
considerable slippage has taken place. If the anchor is set at a shallow
depth, or too near a surface, concrete spalling may result during expan-
sionor testing. Deeper set anchors candevelop greater capacity, and may
develop the full strength of the bolt or of a portion of the anchor itself be-
fore the concrete fails.

Since the anchors in this program were tested against a slippage cri-
terion rather than ultimate load, various depths and surface clearances
were included to determine whether spall type failures would occur during
expansion orloading of the anchors. These tests were conducted to deter-
mine the load capeity at 1/32-in. slippage.

Variables for the tests were as follows:

1) Location of the anchors in the slab edge with respect to the slab
surface '

2) Size of the expansion anchors

3) Depth of the hole into which the anchors were inserted

4y Amount of torque applied to shell type anchors prior to pull-out.

Test Samples

The types of anchors tested were K-1 expangion shells, self-drilling
redheads, and flush or non-drilling type redheads. Anchors of each type
were included for both 5/8 and 3/4 in. diameter bolts. However, the K-1
shells for both size bolts were identical except that the casi iron cone was
threaded to accommodate whicheversize bolt was required. The RS-9 ex-
pansion anchor currently specified is no longer manufactured by Republic
Steel Corp. Other anchors similar to the RS-9 anchor are available, but
could not be obtained in time to be included in the tests. Figure 1 shows
the types of anchors tested.
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mstallation

The anchors were installed in the edge of the concrete parking area of
the M 78 weigh station west of the City of Lansing. The slab is 9 in. thick
and was constructed in 1952. The concrete was designed for a 28 day com-~
pressive strength of 3,500 psi.

Three samples of eachtype and size were installed in the slab edge 3,
4-1/2, and 6 in. down from the surface. In addition, three sets of three
K-1 shells of each size were installed at the mid-depth slab edge location
for the purpose of hole depth and torque evaluations. 'The hole depths and
diameters, and bolt torque values are given in Table 1.

The torque values of 90 and 160 1b-ft for the 5/8 and 3/4 in. K-1 shells
were suggested by the manufacturer. The 90 1h~ft value for the 5/8 in, an-
chorwas usedfor astandard and 100 Ib-ft torque was used to determine the
effect of torque on load capacity. Inthe case of the 3/4 in. anchor the sug-
gested value of 160 1b-ft was used as maximum, and a value of 100 lb-ft
was used as a standard. These values were selected because it was found
that 160 1b~ft torque in some cases would damage the anchors or the con-
crete would fail before the required torque was obtained. Holes for the
flush and self-drilling type anchors were drilled by anelectric roto-hammer.
Holes for the torque-type anchors were drilled with an air hammer., Drill
sizes were as recommended by the manufacturer of the anchors. The flush
and self-drilling anchors were installed by the driver and hammer method
and to obtain uniformity the anchors were driven to refusal. The torgue
applied to the K-1 anchors was measured with a 600 1b-ft capacity torque
wrench. ' :

Testing

Load to the anchors was applied by using a 20, 000 Ib capacity aluminum
test frame (¥ig. 2). The load was applied at auniform rate by the hydraulic
pump and cylinder and monitored by the use of a dynamometer ring and dial
indicator. The pull-out load placed on the anchors was recorded when the
anchor slippage reached 1/32 (0.031) in. as measured by means of a dial
indicator. Figure 3 shows the drawbar and indicator arrangement used
when testing the flush and self-drilling type anchors and the set-up used to
test the K-1 shells is shown in Figure 4.

Results
The results of the pull-out tests are shown for anchors installed 3,

4-1/2, and 6 in. from the top surface of the slab in Table 1. A brief dis-
cussion of the results follows:




OF TORQUE AND PULL-OUT TESTING

TABLE 1
INSTALLATION DETAILS AND RESULTS

Anchor Bolt | Concrete Conerete Bolt Load at 1/32-in, Pull-out | pverage
Diam, [Hole Diam, | Eole Depth, | Torque, Sample | Sample | Sample Load,
in. in. in. 1b-ft 1 2 3
r
Flush 5/8 27/32 . 2-9/16 -— 5,000 8,500 £1y 6,700
Self-drilling  5/8 -— - - 7,000 9,600 5,600 7,400
K-1 Shell 5/8 1-1/4 4 9b 10,600 12,000 10,800 11,100
o
Flush 3/4 1 3-3/16 - 12,800 9, 000 8, 000 9,900
Self-drilling  3/4 -— -—- — 5,200 8,200 10,800 . 8,100
K-1 Shell 3/4 1-1/4 4 100 13,800 10,000 14,600 11,800
\_
(

. Flush 5/8 27/32 2-9/16 _— 6,600 4,000 8,500 6,400
=] Self-drilling 5/8 -—- ——= - 5,600 5,600 6,600 5,900
g K-1 Shell 5/8 1-1/4 4 90 8,600 1,000 7,400 9,000
= K-1 Shell 5/8 1-1/4 4 100 14,200 9,600 11,400 11,700
w| K-1 Shell 5/8 1-1/4 ] 90 12,660 11,000 10,000 11,200
ales | -1 Shetl 5/8 1-1/4 6 100 12,600 12,800 8,460 11,300
215
g < | Flush 3/4 1 "3-3/16 —- 10,800 13,400 11,400 11,900
& Seif-drilling  3/4 -— w—— -— 8,600 7,800 9,600 8,700
9 K-1 Shell 3/4 1-1/4 4 100 10,600 12,200 11,600 11,500
g K-1 Sheil 3/4 1-1/4 4 160 10,800 14,800 o) 12,800
B K-1 Shell 3/4 1-1/4 6 100 12,000 10,800 10,000 10,900
[a] K-1 Shell 3/4 1-1/4 6 160 14,800 10,600 (=) 12,700

\
Flush 5/8 27/32 2-9/16 --- 7,400 6, 000 (1) 6,700
Self-drilling  5/8 - —— -— 5,600 8,600 9,600 7,900
K~1 Shell 5/8 1-1/4 4 90 9,600 5,600 12,800 9, 300

[{=]
Flush 3/4 1 3-3/18 - 8,800 10,200 8,600 8,700
Self-drilling 3/4 e -— ——- 8,200 9,600 7,400 8,400
K-1 Shell 3/4 1-1/4 4 100 12,200 9,000 (&) 10,800

LS.

€1} Only two anchors of this type were set.
(2Y Sample damaged; not tested.

(ay Concrete failed at 1580 Ib-ft torgue during installation.

t1Y Concrete failed at 85 1b-ft torque during installation.
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1. Anchor Location -- The 1ocgtion of the anchors with respectto slab
surface apparently does not affect the load capacity at 1/32-in. slippage.
In all cases where the anchors wexte expanded without failure of the con-
crete, they were able towithstand sufficient load to reach the selected slip-
page value without damage tothe concrete. None of the flush or self-drilling
anchors caused concrete failures during expansion. One 3/4 in. K-1 anchor,
located at mid-depth of the slab, fractured the concrete during bolt torque
application. Of the six K-1 shells installed 6 in. below the surface, only
one fractured the concrete during bolt forquing.

2. Anchor Size -- The increase in anchor size appears to increase

load capacity. The load capacity of the flush or non-drilling and seli-drilling
anchors increased 55 percent and 18 percent, respectively, by increasing
the anchor size from 5/8 to 3/4 in. diameter. The size of the K-1 shells
was the same for both 5/8 and 3/4 in. diameter bolts, and when the same
torque was applied to both sizes, capacities were approximately equal.
Higher torque applied to the larger bolts increased the average capacity by
about 15 percent.

3. Anchor Hole Depth -- The hole depth for the self-drilling anchors
cannot be changed because these anchors are designed to be installed flush
with the surface. The non-drilling type can be installed flush, or deeper
if desired. TFor the K-1shells the hole depth can be varied from a recom-
mended minimum of 4 in. to any depth desired. In these tests the K-1 an-
chors were setat 4and 6 in. depths. Since therewere no concrete failures
during pull-out testing, it is assumed that variations in capacity with hole
depth are due to other factors.

4. Anchor Torque -~ The pull-out resistance of the K-1 shell type an-
chor at limited slippage canbe increasedby increasingthe amount of torque
applied to the anchor bolt. For the 5/8 in. shell an average increase of
about 15 percentin load capacity resulted by increasing the torque from %0
to 100 lb-ft. A torque increase from 100 lb-ft to 160 Ib-ft resulted in an
increase in load capacity of about 15 percent for 3/4 in. anchors. However,
this high torque could cause conerete failures in weaker concrete or new
pavements. The capacity at 1/32-in. slippage ofall anchors tested is given
in Table 1. As can be seen, load capacity of anchors within each group
varies considerably. This variation is due to many factors and can be ex-
pected to be present in all installations.

Recommendations

On the hasis of these tests, design values indicated in Table 2 are re-
commended, provided that proper drill sizes are used and the same instal-
Iation techniques are employed as in this experiment. The values given
apply to expansion anchors used for lane ties in concrete pavements, con-
crete base course, and concrete shoulders. '
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TABLE 2
RECOMMENDED DESIGN VALUES FOR EXPANSION ANCHORS

Bolt Conc;‘ete Concrete Bolt Aﬂowkable
Anchor Di Hole Hole Design
lam, . Torque,
Type in Diam, Depth, Ib—ft T.oad,
in. in, ib
5/8 27/32 2-9/16 - 6,000
Flush )
3/4 1 3-3/16 -_— 8, 000
Self drilling /% - - o 6,000
3/4 - — —— 8, 000
K-1 Shell 5/8 1-1/4 4 100 10,000
3/4 1-1/4 4 100 10, 000






