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found by comparing the results of these computations. For all
materials both the average ultimate tensile strength and the average
static stress for the American fine thread were smaller than for the
other threads, the difference in the average static stress being in all
cases greater than in the ultimate tensile strength.

The average impact stress, however, was for all materials greatest
for the American coarse thread and (except for the bronze bolts)
least for the Dardelet.

The effective stretch showed nearly the reverse of these relation-
ships. For all materials except brass the static effective stretch was
greatest for the American fine thread. For all materials the impact
effective stretch was least for the American coarse thread and nearly
equal for the American fine and Dardelet, averaging slightly higher
for the Dardelet.

The consistency of these differences between the different types of
thread indicates that for all the materials the type of thread affects
in a consistent way each of the factors, static strength, static stretch,
impact strength, and impact stretch upon which the ratio of impact
work to static work and the ratio of the impact stretch to static stretch
depend. The magnitude of the effect upon each factor, however, is
different for each material so that similar consistency is not found in
the values given in table 15.

It would be desirable to know definitely how each of these factors
is influenced by the details of thread shape, such as depth of notch,
angle at root, etc., and how this influence differs for different ma-
terials. This would, however, require an extensive further investi-
gation. The present investigation planned primarily to give infor-
mation about commercial forms of bolts, does not furnish the neces-
sary data.

That in general the impact work is greater than the static work is
confirmed by other investigators.

Beyer’s 1° data given in his reports of tests on % in. and % in.
diameter cold-drawn steel bolts having U. S. Standard threads and
Dardelet threads show that the ratio of impact to static work ranges
from 0.82 to 2.31, the average ratio being 1.45. This wide range of
ratios is probably due to the erratic behavior of cold-drawn steel in
impact.

Russell ! found from transverse tests of rectangular cast-iron bars
that the impact work was almost 44 percent greater than the static
work. He suggests that this difference may be due to the increase of
temperature under impact.

In another study, Russell * tested four tensile impact speci-
mens and two static tensile specimens cut from flat bars of different
thicknesses. The reduced section was 1 in. in length and % in. in
width, while the thickness varied. The impact work was greater
than the static work as follows: Norway iron, 23.9 percent; Tennessee
charcoal iron, 20.9 percent; Tennessee common iron, 39.4 percent; and
soft Bessemer tire steel, 29.6 percent.

10 Report no. 2162 (Nov. 1929) and no. 2162A (Feb. 1930), Comparative Shock Resistance of Standard V
Thread and Nut Connections and Dardelet Thread and Nut Connections. Columbia University (New
York, N. Y.). Report no. 2207 (June 1930), Effect of Length of Thread Exposure upon the Static Tensile
Strength and Energy to Rupture of Standard V and Dardelet Thread and Nut Connections. Columbia
University (New York, N. Y.).

11 Experiments with @ new machine for testing materials under impact, Proc. Am. Soc. Civil Engrs. 39,

237 (1898).
12 Tension impact tests of rolled steel. Eng. News 45, (no. 1) 14 (Jan. 3, 1901).
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Hatt *® found that there was not much difference between the tensile
impact work and the tensile static work for most metals but that the
impact work was somewhat greater for steel castings.

Blount, Kirkaldy, and Sanky ** concluded from their tests ‘‘that
the energy absorbed per cubic inch in the impact-tensile test is con-
siderably greater than in the static-tensile test, the ratio being approx-
imately 1.6, which may be due to the suddenness of the action”.

Cornu-Thenard ** in 1919 made transverse tests of specimens 10
by 10 by 53.3 mm notched in accordance with the recommendations
made at the Copenhagen Congress of the International Association
for Testing Materials. For the shock tests the speed was 5.30 mps
and for the static tests 60 mph. His results are as follows:

Steel Ratio of impact to static work
AR LY f e b e s M e e S L e e e i 1. 22
Half-hard, nickel, heat treated_______ 1.01
Hard, chromium-nickel, heat treated._ 5 1
Hard§ chromium-hickel; annealeds s wearca T snellvn Dot Uoirndl v o Ol 1. 04
Eixtralsoft, coarse grainedisttucturense Cb tou il Cous T el soahioon s oL .28

They show that except for very soft steel the impact work is
greater than the static work. The difference for the chromium-
nickel steel, heat treated, is about one-half that for our bolt specimens.

MecAdam ' in discussing the relation of the impact work to the
static work refers to the work of other investigators and summarizes
the work done on notched specimens at the United States Naval
Experiment Station. Carbon and alloy steels were used. The
ratio of the impact work to the static work varied from 1.03 to 1.72,
the average being 1.36. He concludes that the available data indi-
cate that the impact work, in general, is greater than the static
work, because usually the stretch and reduction of area for impact
specimens are greater than for static specimens.

Nisley,'” at Watertown Arsenal, investigated the relation between
the impact and static tensile works using specimens machined to a
diameter of 0.543 in. for a distance of 2 in. The investigation was
limited to one steel, a carbon content 0.39 percent, and six differ-
ent heat treatments. Five specimens of each heat treatment were
tested in the same Charpy impact machine as used in our tests of
bolts, and five specimens of each heat treatment were tested in
static tension.

The average ratio of impact work to static work varied from
1.63 for heat treatment “A’” (6 hr at 1,100° C and furnace cooled)
to 1.31 for heat treatment “E” (1 hr at 850° C and water quenched,
drawn 1 hr at 600 °C and air cooled).

Petrenko!® made transverse tests on notched specimens, using a
Humfrey machine for the static tests, and an Izod machine for the
impact tests. In each of these machines the specimen is fixed at
one end and the force applied at the other end. Four notches
having different dimensions were used.

Although Petrenko’s numerical values do not agree closely with
our results on bolts, as is to be expected because of the differences in

13 Tensile impact tests of metals, Proc. Am. Soc. Testing Materials, 4, 281 (1904).

% 111; I‘C;oquarﬁ%n(;)f th)etenszle, 1mpact -tensile, and repeated-bending methods of testing steel, Proc. Inst. Mech.

18 Sur les essais des flexion par choc de barreaur entaillés, Comp. Rend. Acad.d Sci. 168, 1315 (June 30, 1919).

16 Impact tests of metals. Proc. Am. Soc. Testing Materials, 22, part IT, 37 (1922).

17 The relation between the dynamic and the static tensile tests, Army Ordnance, 20, 88-93 (Sept., Oct., 1923).
18 Comparative slow bend and impact notched bar tests on some metals, BS Tech. Pap. 19, (1924-25) T289.
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the specimens and the method of applying the loads, the high ratios,
particularly for brass, in our tests of bolts are in general agreement
with his results.

A very careful and complete investigation of the relation between
static work and impact work was made by H. C. Mann at Watertown
Arsenal.’® The specimens were machined to a diameter of 0.5 in.
for a distance of 2.51n. The shoulder fillets had a radius of 0.062 in.
Three specimens of each material and heat treatment were tested in
the Charpy impact machine having a capacity of 2,170 ft-1b, and
three of each in static tension. In the static test the stretch up to
point of rupture was measured between the shoulders, using a dial
micrometer. The chemical compositions of the steels are given in
table 16 and the results of the impact and the static tensile tests are
given in table 17.

TABLE 16.—Chemical composition of steels used in impact and static tensile lests
from Watertown Arsenal Experimental Report no. 319

Chemical compositions

Steel
C Mn P S Si Ni Cr v

Percent | Percent | Percent | Percent | Percent | Percent | Percemt | Percent
0.18 1. 461 .08

G R e 0.38 0. 018 0.022 23. 7.

O. & 11 .35 . 019 . 022 .210 3.76
P .39 .46 . 013 . 025 .220 3.44
R .22 .52 . 010 . 021 . 235 .09
ihs .23 .75 .010 . 031 . 410 Trace
U .4 all . 023 . 021 . 455 .24
X .49 .34 . 020 . 022 . 165 1.76

TABLE 17.—Results of impact and static tensile tests from Watertown Arsenal Ex-
perimental Report no. 319

Steel : Ratio
Microstructure after | Brinell Irvrvlgfka g?:ﬁc
heat treatment number averasal| wveniie Impact work
Symbol Description g e ik
ft-1b ft-ltg) 4
“ : »” Austenitic. _________ 207 1,250 8 1.27
K Stainless”..__.......... e E 196 | 1,190 933 128
0 {SAE no. 3,312 Sorbo-pearlitic. 187 790 584 1.35
High nickel-chromium-.__| Sorbitic.____ - 196 940 669 1. 40
P SAE no. 3,340 nickel- |.____ (3 L AR S O 269 953 718 1.33
chromium.

R {SAE o B D A 149 937 631 1.48
Chromium-vanadium____|.____ o 3 217 924 656 1.41
T {SAE BOLDANE, = =] Jied Bl % # 143 924 650 1.42
Case hardening steel_____ iti z 196 1,023 743 1.38
207 947 694 1. 36
U |SAEno.5140............ { 207 980 709 138
¥ 228 1, 003 750 1. 34
SR s R e 228 993 735 1.35

The report states that ‘“The effect of volume has been investigated
sufficiently to establish the fact that specimens of different volume
but of the same microstructure absorb an amount of the energy of
impact in proportion to the volume.”

19 Watertown Arsenal Experimental Report no. 319.
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Nusbaum, Seaquist

VIII. CONCLUSIONS

Impact and static tensile tests were made on bolts with nuts having
American National coarse threads, American National fine threads,
and Dardelet threads. The nominal diameters of the bolts were %,
% % and % in. The materials were heat-treated chromium-nickel steel,
cold-rolled steel (Bessemer screw stock), monel metal, bronze (copper-
silicon-manganese alloy), and brass. The length of each bolt from
the head to the bearing face of the nut was five times the
nominal diameter. The exposed threads on the bolt extended
from the bearing face of the nut toward the head for one diameter.
Four similar specimens of each material, diameter, and thread were
tested under single-blow impact loading and two under static loading.
The total number of specimens was 360. The following conclusions
were drawn from the results of the tests:

1. In the impact tests two chromium-nickel bolts with American
National fine threads failed by stripping the thread. Over one-fourth
of the cold-rolled steel bolts with American National threads, both
coarse and fine, had ‘“brittle” failures. These anomalous failures
gave erratic and low impact values. Otherwise, similar bolts having
Dardelet threads gave no such erratic results.

2. Except for the brass bolts and those which showed stripped
threads or brittle failures, the work per unit volume required to rup-
ture the bolts either under impact loading or under static loading was
for each material and for each type of thread approximately inde-
pendent of the diameter of the bolts. There was, however, an indi-
cation that the work per unit volume was dependent somewhat upon
the ratio of minor to major diameter of the thread.

3. Except for the brass bolts and those which had stripped threads
or brittle failures, the stretch in the one diameter of exposed
threads either under impact loading or under static loading was for
each material and each type of thread approximately independent of
the diameter of the bolts.

4. In all cases the impact works for bolts having American National
coarse threads were less than the impact works for bolts of the same
size and material having American National fine threads.

5. Except for the brass bolts and those which showed stripped
threads or brittle failures, the impact works for bolts having American
National fine threads were approximately the same as the impact
works for bolts of the same size and material having Dardelet threads.
The impact works for brass bolts having American National fine
threads were on the average 12 percent less than the impact works
for brass bolts of the same size having Dardelet threads.

6. In all cases the impact works for bolts having Dardelet threads
were much greater than the impact works for bolts of the same size
and material having American National coarse threads.

7. In all cases the static works for bolts having American National
coarse threads were less than the static works for bolts of the same
size and material having American National fine threads.

8. Except for the brass bolts and those which showed stripped
threads or brittle failures, the static works for bolts having American
National fine threads were approximately the same as the static works
for bolts of the same size and material having Dardelet threads.
For the brass bolts the static works for bolts having American Na-
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tional fine threads were on the average approximately 26 percent
lowerdthan the static works for bolts of the same size having Dardelet
threads.

9. In all cases the static works for bolts having Dardelet threads
were greater than the static works for bolts of the same size and mate-
rial having American National coarse threads.

10. In all cases the maximum static loads for bolts having American
National coarse threads were less than the maximum static loads for
bolts of the same size and material having American National fine
threads.

11. In all cases the maximum static loads for bolts having American
National fine threads were approximately the same as the maximum
static loads for bolts of the same size and material having Dardelet
threads.

12. In all cases the maximum static loads for bolts having Dardelet
threads were greater than the maximum static loads for bolts of the
same size and material having American National coarse threads.

13. For bolts of the same size and having the same threads the
static-bolt efficiencies, defined as the ratio of the maximum static load
for the bolt to the load computed by multiplying the cross-sectional
area of the shank by the ultimate tensile strength of the material,
were approximately the same for all of the materials.

WasHINGTON, December 19, 1934.



