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corresponding tensile-stress areas if the shanks were drilled and 
the oxidized shank surfaces retained. Because of work harden-
ing, the optimum shank areas were higher for steel bolts with 
rolled threads not subsequently heat-treated, being from 8 to 11 
per cent greater than the corresponding tensile-stress areas. 

The utility of the foregoing information is well illustrated by 
the three bolts (B), (C), and (D) of Fig. 12. These bolts were sub-
jected to identical impact loads of 255 ft-lb. Bolt (B), which had 
a full shank, fractured in the threads. The shank of bolt (C) had 
been turned down to the thread-root area; this reduction was 
excessive, and the bolt fractured in the shank. Bolt (D) had a 
shank of optimum cross section, and although considerably 
elongated, did not fracture. This- information does not assist 
the designer in determining the size of bolt required for a certain 
application. However, once the size has been determined by 
previously used and possibly empirical methods, the designer 
will be able to specify superior bolt, proportions in cases where 
the joint must primarily absorb a given amount of energy. Ex-
perience gained as a result of using such bolt proportions in serv-
ice should eventually lead in many cases to revised procedures 
for selecting bolt sizes and to greater economy in design. 
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Discussion 
V . L . D O U G H T I E . 4 The authors are to be commended for 

their extensive tests and excellent presentation of the results. 
Apparently, they have considered the many factors involved in 
the strength of bolts. A discussion of this paper could be given 
in two words, well done. 

As indicated by the title, the purpose of the experiments was to 
determine the proper shank area of a bolt for impact loads; but 
other factors affecting the strength of a bolt were determined and 
discussed. Nut thickness, tightening torque, length of reduced 
area, heat-treating, use of spring washers, notch sensitivity, sur-
face finish and fillet radius of the turned-down shank, nut 
modification, and gasket thickness are some of the factors con-

4 Professor, Department of Mechanical Engineering, University of 
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sidered. The tests show that the ratio of the shank area to the 
root area should be slightly above unity instead of unity or below 
as previously considered to be good practice. It is also clearly 
brought out that bolt size, material, and heat-treatment influence 
this ratio. 

It should be observed that in most cases, the ratio of the shank 
area to the stress area is about unity. The Unified Thread Stand-
ards give values of the stress area and not root areas. Would it 
not be desirable to discontinue the use of root area? 

The authors state: "In fatigue, the reduced shank raij' relieve 
stress concentration at the last thread." Perhaps, it is a question 
of definition of the last thread. The first threads in a nut carry 
most of the load. 

It is surprising that the scatter of the results is not greater 
than it is. Several years ago, the writer tested in pure tension 
hundreds of bolts as purchased and found a much larger varia-
tion in failure loads. 

The length of the .reduced shank for the curves shown was 
l6/s in. for the drilled shank and 1 in. for the turned shank. Fig. 
10 of the paper indicates that a length of hole of approximately 2 
in. absorbs the maximum energy. The authors state: The 
optimum shank areas for maximum energ.y absorption were inde-
pendent of the length of reduced section of shank as long as the 
length was at least one diameter or more. If this is interpreted 
correctly, why drill the holes to a length of l5/s in.? Also, 
were tests run to determine the effect of the length and location 
of the turned-down section on the energy absorbed? Is it likely 
that the drilled hole in the bolt head for the 1038 steel had an 
effect on the rigidity of the head causing different ratios? 

The writer does not follow the authors' reasoning for the VA-
in. UNC 1018 cold-forged bolts having a smaller optimum ratio 
than the 6/i6-in. UNC and 7/i6-in. UNC bolts of the same 
material. It seems that if this reasoning were correct the ratio 
would decrease with an increase in bolt size. It is hoped that the 
authors will extend their research to cover larger-sized bolts. 

W. C. S T E W A R T . 5 The authors present some very new, inter-
esting, and useful information with respect to the design of bolts. 
Of particular interest is the conclusion that the proper shank area 
of the bolt for maximum energy absorption (quenched and tem-
pered bolts) is close to the so-called "tensile stress area." This 
area, in recent years, has become adopted as the conven-
tional area for computing tensile strength of threaded sections 
since it is more representative than the root area. The present 
impact tests tend to confirm this assumption. 

It would have been helpful if the authors had added another 
series of tests comparing optimum reduced-shank bolts with bolts 
threaded to the head (no shank, or only a very short shoulder). 
Presumably, the threaded-to-head bolts would also give optimum 
energ}' absorption. If this assumption proved true, it would 
have a practical significance since threaded-to-head bolts could 
be manufactured more economically than waisted or drilled bolts. 

The authors observed that bolts tightened beyond their elastic 
limit suffer a loss of energy absorption. From this it might be 
concluded that it is bad practice to tighten the bolt above its 
elastic limit. Experience, however, indicates that this is not 
bad practice and there are other good reasons for so tightening in 
many applications. The authors' observations are no doubt 
true for the test arrangement used. The bolts were stretched 
almost to the breaking point and could stand very little further 
deformation (energ}r absorption). In this test setup all of the 
energj' input to the joint was forced into the bolt. Therefore 
the bolt fails with little energy absorption. In an actual joint 
this situation generallj' does not hold. 
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In practice the energy input can be absorbed either by the bolt 
or by the structure or by both. The bolt alone is not forced to 
absorb all of the energy. In such a joint the bolt may not break 
even though large amounts of energy are supplied, the energy 
being absorbed by the surrounding material. In other words, 
the high bolt tension deflects the energy and forces the structure 
to take the impact. The structure should be designed to take this 
energy anyway, unless the bolt is looked upon as a "safety valve" 
protecting an underdesigned fragile structure. 
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Although the results presented in the paper do emphasize the 
usefulness of the stress area in bolt strength calculations, it 
should be noted that cold-forged bolts present a somewhat 
exceptional case. These bolts were stronger than their stress 
areas would indicate, since their optimum shank areas were sub-
stantially greater than the corresponding stress areas. The 
increase in strength was undoubtedly due to work hardening 
during thread rolling, and the magnitude of the increase would 
depend upon such factors as bolt material, amount of plastic 
deformation required to form the thread, depth of the work-
hardened layer, and previous work hardening due to the operation 
of reducing the diameter of the threaded section prior to thread 
rolling. In view of the many variables involved, it is not sur-
prising that different optimum ratios were obtained for different 
sizes of cold-forged bolts. Furthermore, it will be difficult to 
accurately predict either the optimum shank areas or strengths 
of cold-forged bolts in general unless specific test data are 
available. 

Both the area and the length of the reduced shank had an 
effect, upon the energy absorption of a given bolt. For constant 
length of reduced shank, maximum energy absorption was 
obtained with a certain critical or optimum shank area. For 
constant shank area, the energy absorbed during fracture 
increased as the length of reduced shank increased. The opti-
mum shank area for a given material condition remained constant 
regardless of the length of reduced shank. However, the above 
relationship was not investigated thoroughly for extremely 
short lengths of reduced shank, since little gain in energy absorp-
tion would be realized by such modification. Consequently, it 
was stated in the paper that the optimum ratios presented should 
be considered to apply only to reduced shank lengths of approxi-

mately one nominal bolt diameter or more. It should also be 
stated that some variation in the optimum ratios might result 
if the thickness of clamped parts were reduced until almost no 
threads were exposed under the nut. 

The length of exposed threaded section between the nut and the 
bolt head acted in effect as an additional length of reduced shank, 
and energy absorption was increased by increasing the length of 
exposed threads. It would therefore seem reasonable to con-
clude that a bolt threaded to the head would offer maximum or 
near maximum energy absorption. However, cold-forged bolts 
might prove to be an important exception. Inspection of Figs. 
4 and 5 shows that maximum energy was absorbed by cold-
forged bolts with optimum shank areas when shank fracture 
rather than thread fracture occurred, since the shanks were less 
brittle than the work-hardened threads. A fracture occurring in 
a cold-forged bolt threaded to the head would of necessity be 
located in the threads, with a consequent loss in energy absorption. 
Thus the ideal cold-forged bolt for shock loading should have a 
minimum length of threaded section and a maximum length of 
smooth reduced shank. Furthermore, the shank area should be 
slightly less than the optimum area in order to guarantee that 
energy absorption will be concentrated in the ductile shank. 

It was pointed out in the paper that one advantage of a reduced 
shank under repeated loading may be a reduction in stress con-
centration at the last thread. The term "last thread" was 
intended to specify the location at the juncture between the shank 
and the threads. Other likely locations for fatigue fracture 
would be the juncture between the shank and the head, and the 
thread adjacent to the face of the nut. 

The authors agree that the observed decrease in fracture energy 
at initial tightening stresses above the elastic limit should not 
necessarily be interpreted as indicating that such high tightening 
stresses are always detrimental. Tightening a bolt above the 
elastic limit produces plastic deformation and work hardening, 
with resulting increase in elastic limit and decrease in ductility. 
Because of the increased elastic limit, the ability of the bolt to 
absorb energy at stresses below the elastic limit would thus 
actually be improved by high tightening stresses. No doubt in 
the majority of applications a properly selected bolt would not be 
stressed above the elastic limit by the external load; also, the 
surrounding structure would normallj' absorb a large fraction of 
the energy of a shock load. However, the decreased ductility of 
the bolt due to high tightening stresses would be cause for 
consideration if large and unpredictable overloads were antici-
pated in structures designed with low factors of safety. 
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