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SOMMATIRE

La Direction des recherches sur les produits f@restiers‘da ministdre des
For8ts du Canade s'intéresse depuls 50 ans aux recherches sur les attaches & bols.
4u lieu de servir ¥ accumuler des cquantités de données dans des volumes, ces
recherches ont plutdt pour but de parvenir & une meilleure compréhension des nombreux
fagteurs qui influent sur 1'efficacité des attaches. D'autres organismes du Canada
ont aussi poursulvi des recherches sur les attaches, notamment des fabricants de
clous et de crampons, des universités et dfautres organismes gouvernsmenbauX.

Pendant de nombreuses années, le principal rdle de la DRPF en matiZre de recherches

sur les attaches a consisté & dvaluer et & expertiser les nouveaux modéles d*attaches

[44]

positifs d'attache, et de fournir des données concernant leur solidité et

[
iy

t d

d

e

»

leur efficacité 3 la Société centrale d¥hypothécues et de logement. La Société est
1'organisme canadien chargé dfadministrer la Lol nationale sur 1*habitation et qui

se porte garant des hypothéques & long terme sur les maisons d'habitation.

(i1)




RESEARCH ON MECHANICAL FASTENERS
FOR RESIDENTIAL CONSTRUCTION IN CANAD

by

DL.E, Kennedy

INTRODUCTION

5 1o

The Forest Products Research Branch (FPIB) of the Department of Forestry
of Canada has been interested in research on mechanical fasteners for wood and wood
products since the formation of the Forest Products Laboratory prior to World War I.
While the work carried out by this and other Canadiar Grgvmiza%i%ﬂs has not resulted

s

in the publication of large volumes of data on the strer
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ical fasteners, it has led to a better understanding of the problems ilnvolved in the
use of fasteners, with a special emphasis on nails. Vork has also been directed to=-
ward the soluticn of particular problems peculiar to Canadian conditions,. The tendency
has been to draw heavily on the large volume of research data which are available in
other countries, particularly the United States, and to complement these data with
additional research to make them more adapteble to Canadian conditions, Howevers

d

Canadian research crganizati
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of mechanical fastenings whenever there was a need for such information,

The nail is the most common mechanical fastener used in residential cop=
struction, being able to perform its function because of its resistance to withdrawa
and to lateral displacement in the wood, At fizst thought it would seem to be a rela-

&

tively simple matter to evaluate these properties by test, However, FPFB experience

over the years has shown that the developn

by

£
shear strength and withdrawal resistance of nails is one of the most difficult and

* Paper prepared for Bullding Fesearch Institute Fall Conference on Significance of
Mechanical Fastenars in Residential Frame Construction held at Mavflower Hotel,
Washington, D L. November 15-21, 1963.




as the FPLR was then called, were engaged in a syst:
e

drawal resistance of nalls from the variocus commercial

Canada,. This study was carrisd on in conjunction wi
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ing of small, clear specimens of Canadian woods to determine thelr various mechanic
and physical

testing to determine the nall withdrawal resistance of the various species, Ho inter-

8
properties, Sections of each boll or log were set aside and reserved for

by

3 5

national standayd for the testing of nalls existed at that time, Hence 1t was necessary

method which could be employed by personnel at each of the two laboratories,

ww in Ottawa) and Vancouver, 1% was recognized by the research workers at

the method of driving the nall could concelivably have an effect on its
istance, Accordingly, s tool was developed which facilitated the driving

o the wood by the same testing machine wh

h
Research workers of that day were apparently convinced that this simple and seemingly

o &
foolproof test method could be used by different personnel in each of the twe labora-
tories at diffe onsistent test data, After

crent times and still provide reliable and ¢
h

several vears of work it wes found that this was not so.

It was found that conflicting results were obtained by personnel at each
of the two laborstories, It was also found that different personnel at the same lab-
oratory could not alwavs obltain the same result when using the identical technigue on
the same tools and on the same machines. This brought aboul a more careful examination
stance of nalils with

the various factors which might influen
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uring the dismeter of the wire used in nails sold in Canada, These are the British
the American Steel and Wire Company gauge, The exist
s usually unaware of the actual nail

i
the data he is usings

2. Surface finish, A&s nell making machinery has been improved over the

vears, it is not surprising that the finish obtained on the nail surface has undercone
a corvespording change, While the nail surface may appear smooth to the nasked eye,
slight irregularities can increase or decrease the friction between the nail and the

1

wood by an appreciable amount,




3, Contaminating oils and greases and other forelon materisl on the

nall surface, These cen bring about falrly large differences in the withdrawsl resiste
ance of a smooth shank nail, While it is @ simple procedure in the laboratory fo scour
the nall surface and remove all foreign materisl, this precaution is guestionable be-
cause it tends to vield laboratory test data which are in no way related %o actual con-
ditions. Perhaps the simplest way of overcomlng this problem is to nail two pleces of
wood together and to carry out the test by separating the two pleces of wood, The first
plece of wood through which the nall is driven removes the greater portion of anv cone
taminating material on the surface of the nall so that the portion of the nall entering
the second plece of wood 1s relatively clean. This type of test has the additional
advantage in that it corresponds more closely with actual conditions. It also provides
a realistic test result in the case of some special nalls which exhibit such tenacious
withdrawal resistance that fallure frequently tskes place by pulling the head through

the first and thinner plece of wood,

FPEB 2-593

Figure 1 — Cedar shingles being subjected to an uplift test using & tool which grips
the underside of the butt end of the shingle,
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4, Method of driving., Halls for test purposes can be driven manually

by means of a hammer, or by means of a special tool atiached to the testing machine, or

&

by means of automatic power-operated driving devices. One cannot expect to obtain the
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same withdrawal resistance from similar na riven by different methods,

5. Noisture content of the wood, It is well known that the moisture
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content of the wood will affect the withdrawa
the immediate withdrawal resistance of 2 ngll vary as a function of the moisture content
of the wood, but the withdrawasl resistance will change if the molsture content of the
wood changes between the time of driving and the time of withdrawal. This presents a

very serious problem to a laborato ting to provide usable design data
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engineers or architects, 11 is not always possible for engineers and architects
to engin r architect s not always possible for engineers and architects
predict the changes in moisture content which may take place in wood joints, Even if
these changes in molsture conmtent can be predicted, the complications involved in allow-
ing for such changes become so serious that engineers and architects would rather sacri-
fice ultimate economy in favour of simpler, more conservative, design methods,

5

6+ Length of time beltween driving and withdrawal, Experience has shown

that the withdrawal resistance of nails can vary with time, with or without a change in
the molsture content of the wood, This means that laboratory test results are of no
value unless they are considered in the light of the length of time betwesn driving and
withdrawal. The practical everyday use of nails demands dependable date, not only for
neiled joints opne day old, but for nailed jJoints twenty te fifty years old. Unfortun-

ately, laboratory tests of such long dursiion do not appsar to be feasible at this time.

Te¢ Speed of withdrawal during the test, It has begen found that the

speed of withdrawal can affect the aspparent withdrawal resistance of nails by very large
percentages, This means that the standard speed adopted for testing must be related to
the end use application of the nail, The withdrawal force applied teo some nalls in
practice ¢an safely be assume 1o be the equivalent of a withdrawal speed close to zexo
inches per minutg. On the other hand, the withdrawal load applied to nails in other

types of service approaches impast proportions.

The staff and facilities of the FPRB could not possibly be adeguate for
the task of carrying out detailed investigations into the withdrewal resistance and
shear strength of every tvpe of nail ussd in every species of wood, To carry out such
an assignment would be a tremendous task, bearing in mind not only the variable factors
referre . to above, but also the infinite variety of deformed shank and other spesial
nails which have been brought on the market in recent vears and which continue to be
developed in ever-increasing variety. Therefore, it has been found necessary to confine
the work to that which is directed primarily at the solution of everyday practicsl pro-

blems.



FPRB 2-833

Figure 2 = Three different forms of naill joint fallure caused by variation in thickness
of wood members,
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In addition to the ressarch on nails and other mechanical fasteners for
wood which has been carried ocul at the FPIB, research has been conducted by industry,

by universities, and by other government departments. Research at universities is
usually carried out by students seeking advanced degrees, The results of this research
are generally written up in theses which, unfortunately, are usually buried in university
libraries where often they become lost to posteriiy. The author is not aware, therefore,
of much nail research which has been carried on in Canadian universities although it
seems very likely that a considerable amount of such work must have been undertaken over
the years, Howevery, it is known that research has besen carried out on mechanical fast=-
enings by imdustry. BSome of this has been conducted in company-owned research labora=
tories while other research has been performed by commercial testing lasoratories or

universities on a custom basis and paid for by the company concerned, Examples of this

Y

type of research include the work that has been done on special types of deformed shank
nails. The various manufacturers of staples and pmwer»driv&n nails have also been
active in the field because they have found

withdrawal resistance and shear strengt

ance from building officlals.

All research on mechanical fastenings, whether carried out by industry
or government organizations, is potentially very valuable in filling existing gaps in
our store of scientific data on this subject. However, industries carrying out research
should be especially careful to avoid the temptation to slant their research results in
oxder to show their product in the most favourable light. Any of the variables prev-

igh
iously enumerated can throw a blas, intentional or otherwise, into the test results,




The benefit that can be obtalned from biassed or inaccurate test data can, at west, only
be temporary and, under some clrocumstances, can react very unfavourably to the industry
oncernsed,

FATTIRTE AEepery S mpep vy Y
RECENT ACTIVITIES OF THE FPmm

r

The Forest Products Research Branch enjovs & ¢lose working relationship
with Central Mortgage and Housing Cor
Administration in the United Ztates i a

National Research Council of Cenada, The Division of Bullding Ressarch is the official

adviser to Central Moritgags and Housing Corporation on scientific matters relating to

building construction. By speclal arrangement among the thres organizations, however,

the FPIB has become the recognized adviser to the Corporation on technical matters con
cerning wood. In this capacity, the FPER has been called on freguently for advice con-
cerning the adequacy of many mechanical fastening systems.

One typlcal example tock place about ten vears ago when one of Canada's
leading steel companles produced a new type of deformed shank nall which they proposed
to market primarily for housing constmaction. This nall had been developed by the
company and had been tested by thelr own research laboratory. It was made of a higher
carbon steel than the orxdinmary common nall and, because of its deformed shank, was more
costly to produce on a cents-per-nail basis. Partly to make the nail competitive, and
partly because the company sincerely believed that the nail had much superior withdrawal
resistance, the proposal was made that a 2l=inch special nall might replace a 24-inch
common nail, This proposal was submitted to Central Mortgage end Housing Corporation,
and, along with this request, data were submitted indicating that the 2l~inch aﬁecia}
nail had about twice the withdrawal resistance of a 2)~inch common nail, The FPiR was

consulted and asked to carry out a program of confimming tests, This was @greeé t0.

However, the FPRB tests indicated that the withdrawal resistance of the
2t-inch special nail was not twice but only half that of the 2i-inch common nail. The
steel company was naturally very concerned at these conflicting results and sent its
Director of Research and Vice-President of Sales to Ottawa to discuss with FPRB person=
nel possible reasons for the discrepancy. Testing was resumed and every attempt was
made to uncover some slight difference in testing technigue which could account for the
wide range in values obtained by the two laboratories, It was finally discovered that
the steel company had been withdrawing nails at s speed of 3 inches per minute, The
FPER had been withdrawing the nails at & speed of 0,05inch per minute. At the slower
speed, the 2)-inch smooth shank common nail had approximately twice the withdrawal re-
sistance of the 2l-inch deformed shank nail, However, when the speed of testing was

increased to 3 inches per mirnute, the results were reversed, Furthermore, it was found
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Wow, when the FPIB is asked for information on a3 new type of fastening
by some organization such as Central Mortgage and Housing Corporation, the investiga-
tion usually takes the form of a comparison between this new type of fastening and a

5

onventional fastening which has been found to do an adequate job., The same opsrator
out
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is used to carry 5 of comparative tests, using the same testing

machine, and the tests are completed in a relatively short period of time, The varia-

bility inherent in any wood species is simply overcome by using the same piece of wood

for both types of fastener and by driving the fasteners alternately along the length

of the same plece., Even this tvpe of testing, which has been found to be more fool=~
3

3
proof than others, may be subjisct fo some criticism,. For one thing, it is difficult,

with the time normally available for such investlgations, to delve deeply into the time
ts as they affect the strength of mechanical fastenings, However, it is possible

g Ay it i W H & Ier it V‘;‘. i f S I Si 3 f i
te other matters such as the differences inw wal resistance of nalls
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rom both green arkd alir-dry wood.

FPRB 2-540
Figure 4 = Test simulating
uplift caused by high winds
resulting in faillure of asphe
alt shingle by neil head pull-
through,

The trend toward the development of special types of nails and staples ard

of mechanical means of driving has been very pronounced over the last fen or fifteen

years, ment should be given to the use of mechanically-driven nails and staples
becausse dous saving in labour which may result, On the other hand, attempts

at saving labour should not be permiitted to reduce the overall quality of the finished
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sexd rafters which is, generally, at least egual to the strength and stiffness of
the best types of conventional joist and rafter construction which have proved %o glve

generally satisfaciory performance in practice over the years.

Engineers engaged in wood fastener research can expect in the

be faced with a never-ending series of problems concerning the performance of @
cal fasteners in residentizl construction. As was stated previcus

built in Canada are constructed of wood frame construction, Developin

ient connector for wood construction has always been & problem, I
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continue fo produce more and more new types of mechan i
types of nails, staples, truss plates, and other devices, The FPIB and other organiz~
ations including the Division of Building hResearch, wil

problems requiring experimental analysis,. At the presen

by

problem will be attacked by whatever method appears to be m

position to carry out a

appear that Canadian research organizations will ever be in a
gigantic research program which will provide, for all time, the rumerical answers to all
likely cuestions concerning the strength and stiffness of mechanical connectors in wood,
Nevertheless, efforts will be continued to obtain more accurate design data on such
questions as snow loads, and to develop better performance criteria for structural assem-
blies, This will greatly assist in the evaluation of mechanical fastenings as the need

arisess



