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HOLDING POMER OP ANCHOR BOLTS

The holding power of anchor bolts in stone has not been investi-
gated as thoroughly as the importance of the subject justifies.

A very careful search through engineering literature revealed the
results of only four sets of experiments, and these results did
not agree among themselves at all closely* These experiments will
be discussed later in this paper.

Owing to the dearth of accurate information on this subject, the
writer made a series of tests to determine the holding power of
lead, sulphur and cement. Plain, threaded and notched bars were
fastened in stone blocks, and then pulled out with a testing mach-
ine. In all forty-two experiments were made. These results are
discussed to find the holding power of each cementing material,
and for each form of bolt.

The tests were made in the Laboratory of Applied Mechanics of
the University of [llinois, on a Rhelie testing machine, wM-ch
IS so constructed that the stones could be laid on top'-of*ths":
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from a stiff mortar to a thin grout; but apparently the resistance
was not effected by the amount of water in the cement. The mean
resistance for the twelve experiments was 106 pounds per square
inch of surface of contact.

Table 2, page 6, gives the results of three experiments with
notched and four wib threaded bolts in neat cement. The notched
bolts were allowed to set seven days before being pulled. As the
number of notches increased the resistance increased. The mean
value for the three was 336 pounds per square inch. Two of the
threaded bolts were three-fourths of an inch in diameter with
ten threads to the inch, and the others were one inch in diameter
with eight threads to the inch. One bolt of each size was allow-
ed to set seven days, and the other two fourteen days. The resis-
tance per square inch for the two which set seven days was 585
pounds per square inch, and for the two which set fourteen days
a resistance of 832 pounds per square inch. After the one-inch
bolt which had set for fourteen days had started, the beam was
kept balanced until the bolt had been pulled out over half way,
and showed a total resistance due to the friction of the cement
of about 2000 pounds.

Bolts Fastened with Sulphur.

Table 3, page 7, gives the results of the three kinds of holts
fastened with sulphur. Only one experiment each, was made with
the notched and smooth holts. The notched holt gave a resistance
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of 328 pounds per square inch, and the smooth bolt 200 pounds per
square inch. The threaded holts in sulphur gave the best results
of any in the whole series. The mean of seven experiments was
1515 pounds per square inch. Two of the stones broke before the
bolt started, and taking the mean of the r<emaining five gives a
resistance of 1649 pounds per square inch. With one of the exper-
Iments, number 36, after the bolt had been pulled out about one
inch, the beam was kept balanced and the holt held between 12,000
and 14,000 pounds and then gave way about half an inch with a
sudden jar. This was kept up until the bolt had been pulled out
about four inches; and when it had about one and a half inches
left in the sulphur, the bolt held about 3500 pounds.

Bolts Fastened with Lead.

Table 4, page 8, shows what can be expected from bolts fasten-
ed with lead. The smooth bolts developed a resistance of 167
pounds per square inch, a mean of five experiments. One notched
bolt gave a resistance of 460 pounds, and the threaded showed a
resistance of 903 pounds, a mean of six experiments.






TABLE 2

Threaded,and Notched Bolts
In
Neat Cement.

NP' Dimensions of Bolts No. of Stref
Xp. S

B ol Per Cent Days
Diam. Length Area Threads Total sq.

Pn. Water Set.

5 1" 11" 8 9500° 855 30 !
40 1 6 185 8 18000 973 28 14
21 3/4 6 141 10 4450 316 28 !
41 3/4 6 141 10 9000 690 21, 1

19 3/4 6 14.1 Notched 4270 303 30

2 3/4 534 135 z 4550 347 30
20 34 12 28.2 " 10100 358 21
Mean 336

HI

* Threaded 3 1/2 Inches.
§ Area for 3 /2" only.
Stone broke.



TABLE 3

Threaded, Smooth,and Notched Bolts
In
Sulphur.

N]p. Dimensions of Bolts No. of Stres?b or
Exp. Diam.  Length  Area  Threads Total  sq. Pn.

29 1" 5 34" = § 21900 1220
3l 1 6 185 8 21600* 1165
32 1 48 .z § 9400 847
34 1 6 185 8 29000 1570
35 1 6 185 8 33600 1815
36 1 6 185 8 40000 2160
38 1 6 185 8

e 189
28 1 6 18.5  Smooth 3700 200
30 1 4 13 Notched 4150 328
* Stone split

§ Threaded 3 1/2 inches.
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Discussion of the Experiments.

In all of the experiments with cement and sulphur there did not
appear to be any yielding of the bolt until the stress had reached
about three fourths of the maximum and even then the yielding was
very slight until the maximum stress was reached. With the bolts
In cement, there was no jar or jerk in starting. With sulphur,
when the maximum stress was reached, the bolt would give way from
one eight to a quarter of an inch wiii a very sudden jar; and then
It would require almost as high a stress to start it again as at
first. The bolts in lead, especially the threaded and notched,
had quite a perceptible movements as soon as the stress was appli-
ed, as if the lead was coming to a firm bearing against the stone.
The threaded bolts in lead pulled the lead out of the stone part
of the time and part of the time pulled out of the lead. All of
the bolts in cement and sulphur pulled out of the cementing ma-
terial.

Care was necessary in melting the sulphur to see that it did
not get too hot. The melting point of sulphur is just above the
boiling point of water, and the sulphur at this temperature is a
thin straw-colored liquid. Avery little additional heat, after
It is melted, causes it to thicken up so that it will hardly run.

In several of the experiments with lead, the lead was heated very
hot, and this seemed to add to the resistance of the bolt; but not
enough experiments were made t% prove this conclusively.
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square and round, and of different sizes. It was decided that

the size and shape did not effect the results. The experiments
by the writer seem to agree with this conclusion, at least for

the two sizes used. Several smooth round bolts set in neat cement
mortar for one month gave a resistance of 315 pounds per square
inch. The time was so much longer with these experiments than
with those made by the writer, that no satisfactory comparison
can be made between them.

The writer regrets that owing to the lack of tire and to the
limited number of stones which were at hisdisposal in the begin-
Ing, it was impossible to make a more extensive series of experi-
ments, especially with cement. He beleives that with the ex-
ception of those made at the St. Mary's Palls Canal, this is the
most extensive series of experiments made on this subject. The
experiments were made with the greatest possible care, and are
here presented with the hope that they may be useful to the
engineering profession.
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