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Sammendrag.

Denne artikkelen beskriver en eksperimentell undersekelse av spikerlimte fagverk-
knutepunkters styrke og varighet. Undersokelsen er utfort som en samarbeidsopp-
gave mellom Norges byggforskningsinstitutt og Norsk Treteknisk Institutt med
midler stillet til disposisjon av Norges Teknisk-Naturvitenskapelige Forskningsrad.

I alt ble ca. 150 pravestykker av spikerlimte fagverkforbindelser i full malestokk
belastet til brudd. Prevestykkene ble fremstillet av luftterket, hovlet granvirke,
vanlig firkantstift og kaseinlim. Halvparten av provestykkene hadde finér knute-
plater, se figurene 3—8. Provene representerer fre typiske forbindelser i et fagverk,
slik som vist i figur 9.

Prevene ble utsatt for varierende klimatiske betingelser for belastningsforseket.
Figurene 14a og 14 b gir frekvensdiagrammer over de oppnddde skj®rspenninger
i fugene. I artikkelen vurderes resultatene, og forslag til tillatte spenninger antydes.




A study of nail-glued timber truss joints

SUMMARY

JOHANNES MOE, DR. TECHN. CIV. ENG., THE NORWEGIAN INSTITUTE OF WOOD WORKING AND WOQOD TECHNOLOGY

Approximately 150 full size nail-glued timber truss joints have
been tested to failure in ordet to determine the strength and the
durability.

The specimens were made of air-seasoned Norway spruce and
50 per cent of the specimens had gussett plates of unsanded
pine plywood. Common square nails and casein glue was used.

Etude de joints de ferme en bois cloue-collé

Three types of specimen representing typical truss joints were
tested under different climatic conditions prior to the load test.

The paper presents the test results and also discusses allowable
stresses and precautions which should be taken during the
fabrication. '

SOMMAIRE

JOHANNES MOE, INSTITUT NORVEGIEN DU TRAVAIL DU BOIS ET DE LA TECHNIQUE DU BOIS

Environ 150 joints de ferme de bois cloués-collés de grande taille
ont été essayés jusqu’au point de rupture en vue de déterminer
la résistance et Ia durabilité.

Les spécimens étaient de sapin norvégien séché a I'air et 50 9,
des spécimens avaient des plaques d’éclissage de pin. On s’était
servi de clous carrés ordinaires et de la colle caséine.

Eine Studie nagel-geleimter Fachwerkknotenpunkten

Trois sortes de spécimens représentants des joints de fermes
typiques furent mis a I’essai dans des conditions climatiques
différentes, antérieurement & ’essai de charge.

Le rapport présente les résultats des essais et discute des
tensions permises et des précautions 4 prendre pendant la
fabrication.

INHALTSANGABE

JOHANNES MOE, NORWEGISCHES INSTITUT FUR HOLZARBEITEN UND HOLZTECHNOLOGIE

Ungefihr 150 nagel-geleimter Fachwerkknotenpunkten in ganzer
GroBe sind auf Versagen gepriift worden, um die Stirke und
Dauerhaftigkeit festzustellen.

Die Probeexemplare wurden aus luftgetrocknetem Fichtenholz
hergestellt und 50 %, der Probeexemplare hatten Eckplatten aus
ungesandetem, mehrschichtigen Tannenholz. Es wurden ge-
briuchliche viereckige Niigel und Kaseinleim benutzt.

U3y4eHune reo3pe-KneesbiX CpaluBaHuil B [IePEBAHHBIX

CTPONUNbHBIX hepmax

Drei Probeexemplare, die typisch fiir die gingigen Knoten-
punkten sind, wurden unter verschiedenen klimatischen
Verhiltnissen — vor dem Belastungsversuch — gepriift.

Der Bericht stellt die Priifungsergebnissz und zuldssige
Spannungen dar, und wiithrend der Fabrikation zu treffende
VorsichtsmaBregeln werden besprochen.

CBOOKA OOKJIAIA

MOXAHHEC ME, Hopsexcknii Muctaryt Texuonornu u O6paGotku Jepesa

Hna onpeneneHusi uX NpoYHOCTH i CTOiiKOCTH B paboTe Obuin
HCOBITAHLI MO HArPY3KOil 4o X paspylueHus oxkoro 150 nonxo-
Pa3sMEepHbIX I'BO3JE-KIEEBbIX CTHIKOB B HEPEBAHHLIX CTPOMHIL-
HBIX thepmax.

O1H 00pasusr GbINH H3rOTOBNEHLI M3 HOPBEXKCKOIl eI BO3-
AymHoit cymrke 1 509, n3 Hux Gbimi cHabiceHbl KOCBIHKAMI 13
COCHOBOil HemumudoBanHoil tdamepel. Jna 3THX cKkpeneHmii
ObLTH  TMPHMEHEHE! OGBIKHOBEHHBIE KBALDATHBIE [BO3OH H

KA3eHHOBLII Kieii.

ITepen HCMBITAHHAMN OO Harpyskoii obpa3uel Tpex copTos,
NPEACTABJISIOIINX H3 CeDA THMOBhLIE CTPOMUIBLHEIE CKPErIeHNns,
OBINH HCMBITAHLL B PA3AHYHBIX KIHMATHYECKHX YCIOBHAX.

B noxnaje npuBOASATCSA Pe3yabTAThl 3THX HCIBITAHMI, 8 TAKKE
JUCKYTHPYIOTCSA HONYCTMMEIC HATPY3KH H MPESOCTOPOIKHOCTH,
KOTODEIE CleAyeT NPMHIMATE B TEYEHHE MpoLecca N3roToBIeH s
cpamuBaHmii. '




A study of nail-glued timber

JOHANNES MOE. DRrR. TECHN, CIV. ENG.,

truss joints

THE NORWEGIAN INSTITUTE OF WOOD WORKING AND WOOD TECHNOLOGY

| Introduetion
The application of glued connections in timber structures has

been rapidly increasing during the recent years. Most notable
are the developments of glued laminated and end jointed pro-
ducts. Through the application of high curing pressures and well
controlled conditions of production, strong and reliable glue
joints are obtained.

In some cases it may, however, be a considerable incon-
venience that this production requires relatively heavy and
expensive equipment that is only found in sizeable plants. The
question then arises whether it is possible to develop a sufficient
gluing pressure by means of nails. This problem has received
considerable interest by several investigators.

Giese et. al. (1, 2) studied the strength of nail-glued shear block
specimens made from materials of relatively low moisture
contents (7-12 per cent). Casein glues or resorcinol resins were
used. Some of the specimens were subjected to cyclic variations
in moisture content. In joints where the grain directions of the
connected members were at right angles, the variations in the
moisture content tended to impair the glue line strength. This
was especially true for relatively thick (2 in.) and wide (6-8 in.)
members. Average shear strengths as low as 7 kg/cm.2 (100 p.s.i.)
were observed, with extreme lows at 3-5 kg/cm.2 (50 p.s.i.) with
resorcinol resins.

Radcliffe and Granum(3) investigated the effect of the nailing
pattern and the surface conditions on the shear strength. The
specimens were made of Douglas Fir of 12 per cent moisture
content and of plywood. A casein glue was used. An allowable
shear stress of 6:3 kg/cm.2 (90 p.s.i.) in the plane of the glue line
was suggested for plywood gusset plates.

Radcliffe and Granum(?) also tested full-scale roof trusses with
plywood gusset plates and nail-glued connections.

Kolb(%) reports on interesting studies of the gluing pressure
obtained by means of nails. According to these tests a gluing
pressure of approximately 1 kg/cm.2 (14 p.s.i) was probably
obtained with the nailing pattern which was used in the tests
described in the present report.

Kolb found large variations in the shear strength of nail-glued
joints. When testing joints with parallel grain directions in the
members more than 30 kg/cm.2 (425 p.s.i.) in shear strength
was always found. Small shear block specimens were used.

2 Object of investigation
The purpose of the experimental investigation whlch is reported

here was to find whether reliable nail-glued joints can be pro-
duced from air-seasoned materials of approximately 20 per cent
moisture content. Moreover, it was emphasised that the method
of production ought to be relatively simple. In the case of
success it might become possible to introduce nail-gluing as a
means of connecting various types of elements at the building
site. -

3 Factors effecting the glue line strength
The successful application of nail-gluing depends on a great

number of factors which will be discussed in the following.
Some of these factors are of major importance also when
sufficient gluing pressure is secured, but a number of special
problems arise due to the low pressure obtained by nails.

3.1 TYPE OF GLUE
The type of glue should be selected with due consideration of
the conditions of production as well as of service. Due to the
low gluing pressure obtained in nail-gluing, it will not always be
possible to bring the surfaces into close contact. A glue with
good gap-filling qualities should therefore be used.

Casein glue is well suited in this respect, and besides, is
relatively simple in use. Casein glue is cold setting and adheres
to wood of fairly high moisture content. It was, therefore,
chosen for the present investigation. Its relatively low moisture
resistance is sometimes an important disadvantage.

Cold setting phenolic glues also possess many of the advan-
tageous properties of the casein glue, and besides, are water
resistant to a considerable degree. They are, however, more
difficult to handle.

Urea glues are sensitive to high moisture contents in the wood
at the moment of gluing, and resorcinol resins require fairly
high curing pressures. These glues, therefore, require well-
controlled conditions of curing.

3.2 TYPE OF NAILS
The main purpose of the nails is to produce sufficient pressure
in the glue line during the period of curing. In the present
investigation it was decided to use nails of square cross-section,
as shown in Fig. 1. These nails are commonly used in Norway.

It is realised that round nails generally are considered to
have higher withdrawal resistance and would therefore probably
also give better curing pressure than the square ones.

Fig. 1 Square nails for nui[-gluing'




The American types of improved nails, such as Screwtite,
Stronghold, etc., are likely to give considerably better pressures
than the other types.(6)

3.3 WOOD SPECIES

In the present investigation Norway spruce was used in all the
solid wood members. Gusset plates were made from unsanded
pine plywood of commercial grade glued with urea resin.

3.4 GLUING PRESSURE AND, SURFACE CONDITIONS

Earlier investigations as well;as preliminary tests by the author
seem to indicate that it is possible to produce strong glue bonds
with very low pressure if only the surfaces of the materials are
perfectly plane. In practice the surfaces will always be more or
less rough and in the laminating industry it is therefore usually
found necessary to prescribe a pressure of 7-10 kg/cm.2
(100-150 p.s.i.) in order to secure close contact between the
surfaces.

In the main test series of the present investigation it was
decided to use dressed surfaces. The planing operation was,
however, carried out while the materials were green. During
the subsequent air-seasoning the materials tended to shrink to
a variable extent which resulted in materials of slightly varying
thicknesses. Some cupping was also found. The surfaces to be
glued therefore deviated considerably from the plane. It was
believed that this deviation could be compensated for in some
degree by the application of relatively large amounts of glue.
Throughout the main series of tests 400 g/m.2 (80 Ib. per
1,000 sq. ft.) was used. The glue was spread on one of the pieces
only. It should be realised that the use of glue lines which are
too thick may result in impaired strength and durability of the
joint.

3.5 MOISTURE CONTENT

Earlier studies of the moisture content of air-seasoned Norway
spruce seem to indicate that well-seasoned materials contain
18-20 per cent of moisture. All of the materials for the present
investigation were therefore stored in a climate corresponding
to 20 per cent moisture content in the materials for several
weeks before the gluing.

When the casein glue sets, most of the water which has been
added to the casein powder prior to the gluing operation must
somehow escape from the glue line.. Uusally this water is
absorbed by the wood. It is obvious that if the moisture content
of the wood gets close to the point of fibre saturation, the rate
of absorption slows down. Great difficulties should therefore be
expected when gluing materials of moisture contents above, say,
25 per cent with casein glue. At 20 per cent moisture content
the test results have been encouraging.

3.6 GRAIN DIRECTIONS

The influence of the relative grain directions on the strength
of glued joints has been studied at Forest Products Laboratory
in Madison.(?) On average the shear strength of a joint with an
angle of 90 deg. between the grain directions was approximately
50 per cent of the value obtained with parallel grains, For
angles between 0 deg. and 90 deg. the Hankinson formula was
found to apply. These results were found when testing small
shear block specimens of varying shapes.

When non-parallel structural members are joined with glue,
the cupping of the materials may become a serious problem.
If the materials are relatively thick it may be very difficult to
obtain sufficient gluing pressure over the total surface even if
clamps are used. When producing the pressure by means of
nails the problem is still more serious.

Such connections are also the most prpblematic as far as
durability is concerned. Variations in the moisture content of
the wood impose large internal stresses in the joints due to the

different amounts of shrinkage and swelling of wood in the
various directions.

In joints between planks and plywood gusset plates internal
stresses are developed due to changes in moisture content even
if’ the grain direction of the face ply of the plywood is parallel
with the grain direction of the plank.

Tensile stresses across the joint may develop if the materials
tend to cup. In the present investigation the boards were always
placed with the face side turning out, as indicated in Fig. 2,
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Fig. 2 Section through specimen of type |

3.7 CLIMATIC CONDITIONS

It has already been pointed out that variations in the moisture
content of the materials may cause considerable internal stresses.
While the moisture content of air-seasoned materials averages
approximately 20 per cent, observations carried out in some
Norwegian residential houses(8) showed that the moisture con-
tent after a couple of years had decreased to 11 per cent.
Seasonal variations of as much as 7 per cent were observed. It
is believed that, under extreme circumstances, the moisture
content may go down to 8 per cent.

3.8 SIZE OF SPECIMENS

The magnitude of the internal stresses caused by changes in the
moisture content of the materials is greatly dependent upon the
size of the specimen. It was therefore decided to test full-size
models of the joints under consideration.

Earlier investigations(?) have clearly demonstrated that the
size of the specimens influences the average shear strength even
when internal stresses are believed to have been of minor
importance. When the area of the glued joint is large, heavy
stress concentrations are likely to occur in some parts of the
joint, thus causing collapse long before the average shear stress
has reached a value which compares with the shear strength
as observed on shear block specimens of the standard type.

Also the effects of cupping are most easily covered by means
of full-size specimens.

On the other hand it is quite clear that the joints of the main
series described below were not subjected to pure shear. Tensile
and compressive stresses perpendicular to the planes of the
joints obviously to some extent influenced the results. This will
also be the case in practice.

4 Qutline of tests
This report describes one major test series (Series I) and two

supplementary investigations (Series II and 11I).



Fig. 3 Specimen of type 1

Fig. 6 Specimen of type 4

Fig. 5 Specimen of type 3

Fig. 7 Specimen of type 5 Fig. 8 Specimen of type 6
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Fig. 9 Types of joints investigated

4.1 SERIES I

This main series included tests of 120 specimens, twenty of each
of the six different types indicated in Figs. 3-8. All of the
specimens represented typical truss joints, as indicated in Fig. 9.
Each group of twenty specimens was subdivided into four
groups which were given different conditions of gluing, curing
and testing, as indicated in Table I. Of each sub-group of five
specimens four were nail-glued while the fifth, which was cured
under a pressure of 10 kg/cm.2 (140 p.s.i.), served as a control.
The numbers identifying each specimen are listed in Table I.
The four nail-glued companion specimens in each sub-group
are identified by the letters a—d.

The specimens of types 1-3 were produced from 1 in. < 6 in.
boards and 2 in. % 6 in. planks. Specimens of types 4-6 were
produced from 2 in. = 6 in. planks and 12 mm. or I§ mm.
thick plywood of 7 and 11 plies, respectively.

For each type of specimen the materials were selected on a
statistical basis, so as to minimise the effects of random varia-
tions in the quality of the material.

The principle of selection is illustrated below for specimens
of type 1:

Plank a 116a 126a 136a 146a 156a
5 b 1564 1166 1265 1365 1465
- ¢ 146¢ 156¢ 116¢ 126¢ 136¢
. d 136d 1464 156d 116d 1264

The sequence of production was arranged correspondingly.

4.2 SERIES It
This series was designed to study the contribution of the nails
to the load carrying capacity of nail-glued connections. Two
specimens of each of the six types of joints were studied. One
of each type was nail-glued and the other was only nailed. The
same number of nails was used in both of the specimens.

4.3 SERIES III

Consisted of eight specimens, four of type | and four of type 4
While the two pieces of 2 in. plank in each specimen of types 1,
4 and 6 of Series I were taken from one and the same dimension,
the two pieces to be connected were in Series 111 selected from
different planks in order to study the effect of differences in the
thicknesses.

5 Design and fabrication of specimens
The dimensions were chosen on the basis of preliminary tests
and were designed to give glue line failures.

In order to avoid wood failures it was necesssary to make the
joints of types 1 and 4 too short for practical conditions. The
gusset plates of types 5 and 6 are also small. In the case of
type 6 it was necessary to use plywood of 18 mm. thickness in
order to avoid shear failure in the gusset plates,

TABLE | Outline of tests, Series |
Test Conditions A B C D Remarks
Moisture content at Plank 209, Plank 209 Plank  20%, Plank  20%
gluing
Board and Board and Board and Board and
Plywood 20%, Plywood 209%, Plywood 209%, Plywood 129,
Moisture content at 209, 209, 209%, 209,
curing i WV |
129%, 129 129
Moisture content at
lesting 20% 129 129, 2%
116 a-d 126 a-d 136 a-d 146 a-d Nail-glued
1 156 a 156 b 156 ¢ 156 d Clamped, pressure: 10 kg/cm.?
216 a—d 226 a-d 236 a-d 246 a~d Nail-glued
2 256 a 256 b 256 ¢ 256 d Clamped, pressure: 10 kg/cm.*
316 a-d 326 a-d 336 a-d 346 a-d Nail-glued
3 356 a 356 b 356 ¢ 356 d Clamped, pressure: 10 kg/cm.*
Designation of
specimens type 416 a—d 426 a-d 436 a-d 446 a-d Nail-glued
4 456 a 456 b 456 ¢ 456 d Clamped, pressure: 10 kg/cm.?
516 a-d 526 a-d 536 a—d 546 a-d Nail-glued
5 556 a 556 b 556 ¢ 556 4 Clamped, pressure: 10 kg/cm.*
616 a-b 626 a-d 636 a-d 646 a-d Nail glued
6 656 a 656 b 656 ¢ 656 d Clamped, pressure: 10 kg/cm.*




used, while nails No. 28/75 were used in all other types, see

In specimens of types 4 and 5 square nails No. 25/65 were ]
|
|

Fig. 1. The nails were driven by hammer from both sides. In 5: T H
specimens of type 6 one nail was provided for each 35 cm.2 of %[ u ¥ k.
glue line area. In all other specimens the corresponding area 3, g k B NS )
was approximately 45 cm.2 Lo | O = g S SHER
The moisture content and the cupping of the material was #s +— = J i

determined immediately prior to the fabrication, see Tables
[TT-VIIL. .

The casein glue was mixed in accordance with the instructions
of the manufacturer and two parts of water were added to each
part of glue powder (by weight). The amount of glue applied to )
each specimen was measured by weight and corresponded to vl v/ \_\,l
400 grams per sq. m. of glue line, which was applied in a single - - = =
spread. WEERS

All the specimens of one particular type were fabricated on Fig. 11 Variations in moisture content and relative humidity-test condition C
one and the same day and from the same batch of glue.

The specimens were cured at a temperature of 20° C. and a
relative humidity of 85 per cent for at least seven days before
testing or drying.

The control specimens were cured under a pressure of
approximately 10 kg/cm.? glue line for two hours.
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6 Test procedures and test results

6.1 TEST PROCEDURES

The specimens were loaded to failure in a testing machine of
50 tons capacity which was equipped with an Amsler pendulum
manometer, see Fig. 10. The load was increased continuously up
to failure, at a rate of approximately 500 kg. per minute for
specimens of types 2 and 5, and 1,000 kg. per minute for all
other types.

In the specimens of types 2 and 5 the vertical reaction intro-
duced fairly large compressive stresses perpendicular to the grain
direction in the horizontal 2 in. > 6 in. A thin rubber pad was
placed under the 2 in. 6 in. on each side of the joint in order
to reduce the pressure under the joint. Fairly large deformations Fig. 12 Broken specimens of type |
of the 2 in. % 6 in. were, however, recorded on several occasions,
notably on specimens of type 5. These deformations are believed
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Fig. 13 Broken specimens of type 2
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to have introduced secondary tensile stresses in the glue lines,
thus reducing the strengths of the joints.

Deformations in the joints, measured as shown in Figs. 3-3
were recorded at 10 to 20 different levels of the load for each
specimen.

Moisture content and specific gravity were determined for
each group of specimens, and the percentage of wood failure
Fig. 10 Specimen in testing machine was recorded for each specimen.
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Fig. 14a Frequency distributions of shear strength, specimens 1-3

Test condition C consisted of four cycles of climatic variations
prior to the load test. The variations in the climatic conditions
as well as in the moisture content of the specimens are plotted
in Fig. 11. The load test of these specimens took place approxi-
mately one year after the production.

6.2 TEST RESULTS, SERIES I

A summary of the shearing strengths obtained is given in
Table 11, and additional data for each of the specimens are
presented in Tables III to VIII. Some broken specimens are
shown in Fig. 12,

Table 11 shows that the variations in the shearing strengths of
specimens of the same type were relatively small. No significant
difference was found between test conditions A, B and D (see
Table I). An analysis of variance showed that test condition C
(cyclic variations in climate) resulted in a significant reduction
in strength of the specimens of type 2 — at the 5 per cent level
of significance. No such significant reduction was, however,
found for any of the other types of specimens.

The strengths of the joints with plywood gusset-plates were
consistenty lower than those of the corresponding joints with
board. The difference on the average amounted to approximately
20 per cent. The difference is probably to a large extent due to
the tendency of the plywood to fail in shear in the plane of the
first interior ply,

Specimen No. 4264 failed in shear at a shearing stress of only
11:3 kg/em.2 which is about 50 per cent of the average value for
the specimens of type 4. The failure took place partly in the glue
line and partly in the first interior ply of the gusset-plate. The
2 in. % 6 in. plank used in this specimen had relatively large
cupping. Fig. 13 clearly shows that the 2 in. X 6 in. was not
Properly covered with glue, but a local weakness in the plywood
is believed to have played an important role in the early collapse.

In Table IT all numbers in the parentheses indicate specimens
which did not fail in the glue line. The values in the parentheses
therefore indicate lower limits of the strengths of the pertinent
glue lines.

It is interesting to note that some of the control specimens
WI.uch were cured under a pressure of approximately 10 kg/cm.2,
failed in the glue lines at loads which were comparable to, or
even below, those of the nail-glued specimens.

The average shear strengths of the specimens in which failure
Was caused by a collapse of the glue line are listed in Table IX.
The standard deviations and the coefficients of variance which
are also given in Table IX indicate a satisfactory consistency in
the results, Specimen No. 4265, as was mentioned above,
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Fig. 145 Frequency distributions of shear strength, specimens type 4-6

somewhat disturbs the picture for the specimens of type 4.

Figs. 14A and B present frequency distributions of the shearing
strengths. These figures include all of the specimens belonging
to series I.

The strength ratios shown near the bottom of Table IX
indicate that the Hankinson formula does not apply. It would
predict a strength ratio of approximately 0-8 for specimens
with an angle of 30 deg. between the grain directions (types 3
and 6) while the tests indicated a strength ratio of only 2/3
for these specimens.

The values of the ‘allowable’ shear stresses given in Table IX
are calculated on the basis of the following formula,

o)

9
i 5 i 1_6. (Vaverage — 25)

Vallow

where: vajlow = allowable shear stress

Vaverage = average shear strength
= standard deviation

= factor accounting for long duration of loading

= factor of safety

[RSR R c_\i\o @

A further discussion on the allowable shear stresses is given
in Section 7.

Figs. 15A and 15B show some average curves of deformations.
The variations in stiffness were, with a few exceptions, relatively
moderate within the same type of specimen but varied con-
siderably between different types. The deformations shown in
Figs. 15A and 15B include some deformation of the wood,
especially in the case of specimens of types 2 and 5.

6.3 TEST RESULTS, SERIES II

This series of tests clearly demonstrated that the contribution
of the nails to the load carrying capacity of a nail-glued con-
nection is negligible. Fig. 16, which pertains to the specimens of
type 1, demonstrates increase in stiffness obtained by the
introduction of glue into the joints. Comparable effects were
obtained with the other types of joints.

6.4 TEST RESULTS, SERIES II1
Tests results and other data pertaining to this series are shown
in Table X. Specimens No. 1666 and 466b are unfortunately of
little value since the first by a mistake was nailed on one side
only, while data on cupping and thickness variations are lacking
for the second.

Of the remaining six specimens only No. 4664 is lower in
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Fig. 15a Average deformations

strength than the average value of the corresponding specimens
of Series I. The low shear strength of 16-4 kg/cm.2 is probably
due to the large cupping (2-:25 mm.) as well as the relatively large
difference in thickness between the two planks (2:1 mm.).

Additional tests should be carried out in order to establish
safe limits on the permissible amount of cupping and variation
in thickness.

7 Conclusions

A successful application of the technique of nail-gluing depends
in a decisive degree on conscientious execution of the job.
Great care should be taken to avoid materials of excessively
high moisture contents. Materials with excessive cupping or
twisting and large variations in thickness should also be
rejected.

The surfaces to be glued together should be clean. Double
spread of glue is recommended, and it is probably wise to
apply a somewhat larger amount of glue than used in the present
investigation, say 500 grams per sq. m.

Care should also be exercised in order to ensure that all the
nails are properly driven.

Considering all these requirements with respect to high
standards of production, it seems to the author that the applica-
tion of nail-gluing is particularly well suited for products that
are prefabricated in plants -under controlled conditions and
with skilled workmen.

Under such conditions the following allowable stresses seem
to be safe for joints of the same size as those tested by the
author:

1
L

Glue + | naoils
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Fig. 16 Comparison of nail-glued and nailed joints with equal number
of nails

TYPE & IreE §. I¥PE &.
1l | ) | o
" I~
&5 826
3 | b7 P
2 |
£ "%, S
E 5
3 ‘ { /4
- | | |
|
F / s ! | 71
l ' |
" ; | | i ‘ | |
0 67 & & w0 @ W @ o G a2

DEFORMATIONS (mm)

Fig. 15b Average deformations

Specimen type 1 — 7 kg/cm.2 (100 p.s.i.)

. w 2-4 56 ,, )
1 3% 3 = 5 i3] (70 L] )
3 3 4 = 5 1] (70 ” )
L8} 1] 5-3 i3} (42 LH] )
s w 6-4 (56 ,, )

It should be noted, however, that secondary bending moments
are introduced into the nail-glued joints of trusses due to their
preat stiffness. These moments may cause important secondary
stresses. Tests on complete trusses should be executed in order
to study these effects.

It may be wise to provide the joints with a sufficient number
of nails to avoid complete collapse in the case of glue line failure.

The nails which were used in the present investigation would
probably carry a lateral load of approximately 90 kg. each at
a deformation of 5 mm. in the joints. The allowable lateral load
for nails No. 28/75 is approximately 30 kg.

In order to provide the specimens of the present investigation
with enough nails to carry the entire allowable load at a deforma-
tion of 5 mm., it would be necessary to increase the number of
nails by the following percentages:

Specimen type 1 — 230 per cent

5 g 2= 90 4
o » 3-170
= w 4-140
& g 9= 80 4
5 w b= 5 5

For all the specimens this extra safety would be obtained with
approximately one-third of the number of nails required to
take the same load in a purely nailed connection.
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TABLE 11 Swumary of test results, Series I Shear strength in kgfem.®

Specimen Nail-glued specimens Control
speci-
Type No. a b ¢ d Average*|Average]| men

116 | 208 | 276 | 264 | 267 | 254 | 254 | @318
126 | 265 | 266 | (324) | 225 252 | (21:0) | 270
1136 | 309 | @351 | 270 | 255 278 | (29-6) | (24-8)
146 | @327 | @05 | 237 | 249 | 243 | 30-5) | (290

216 14-0 15-6 17-0 14-3 152 15:2 13-7
226 174 14-5 157 13-7 153 153 11.9
2 236 13-6 12-1 9-9 12:4 12:0 12.0 11.8
246 16-1 13-7 132 13-6 142 142 (15.0)

316 | 134 | u7rs | arn | 163 149 | 161y | 155
326 | 165 | (215) ) (165) | 166 166 | (17-8) | 223
3 336 | 140 | (62 | (s | 176 | 158 | (160) | (195
346 | 172 | (195 | (150) | 168 170 | a7n | (182

416 | 242 | 214 | @89 | 209 | 222 | @214 | @55
426 | 230 13 | @15 | 205 183 | (19D | @59
4 436 | @22 | 185 | (224 | 212 199 | @i | 20
46 | 195 | 232 | 204 | 249 | 220 | 220 26-2

516 10-4 11-1 10-0 12.0 109 10-9 (10-7)

526 10-4 125 9-6 14.0 11-6 116 10:5
5 536 11-3 9:9 97 10-4 10-3 103 78
546 12-7 11-4 9-5 13-9 11-9 11.9 11:2
616 14-2 13-6 13-6 157 14-3 14.3 171

626 14-4 102 16:7 13:2 13-6 13-6 159
6 636 16-8 11-9 13:5 13-3 139 139 16-8
646 16-1 143 13-2 14-9 14-6 146 (17-8)

* Includes only glue line failures. T Includes all four specimens.




TABLE 111 Test results, Series I.  Specimens of type 1
»

2 Moisture Moisture Ulti- Av.
Cup* content at content at mate | shear | Wood
Speci- production testing load str. | failure
men Type of failure
No. Face Core | Plank | Board | Plank |Board
side side
mm. mm. % % % % kg, [kg/em.t| %
4004 | 4018
116a | —0-28 | +0:16 211 20-2 8,950 20-8 5 Glue line
—0:35 | +0:66
b | +0:04 | +007 | 21-0 200 11,900 | 27-6 50 #
—0:21 | +0-56
¢ | —012 | 40-15 211 19-8 |/ it 26 11,350 | 264 20 5
—0:04 | +0:20
d| —016 | +0-24 206 19-9 11,500 | 26-7 70
—002 | 4-0-29
156a | —0:16 | +0:16 21-1 20-2 13,700 318 100 2 in. % 6 in. split
0 +-0-33
126a | —0:22 | —0-01 21-1 20-2 11,400 | 26'5 40 | Glue line
—0-18 | +047
‘ b | +012 | 4007 210 200 11,450 266 30 »
‘ —024 | +0-51 13-4 117
| c | -+0-08 0 21-1 19-8 13,960 | 32-4 100 2in. - 6 in. split
+0:04 | 4031
d| —028 | +0-34 20-6 199 9,700 | 225 30 Glue line and 2 in. = 6 in.
—0-29 | 40-60
1566 | +0-09 | —0-05 210 20-0 11,650 270 100 2 in. = 6 in. split
—0-08 | +4-0-40
136a | +001 | —0:10 211 20-2 13,300 | 309 35 Glue line and 2 in. % 6 in.
—0-10 | 4-0-42
b| +012 | 4005 | 210 | 200 15,150 | 351 80 | 2in. x 6 in. split
—0-27 | +063 12-0 120
e | +0:01 | 4012 | 211 | 198 =71 1,650 | 270 60 | Glue line and 2 in. ~ 6 in.
+002 | 4078
d | —015 | 4019 20-6 19-9 ‘ 11,000 | 255 15
—0-20 | +045
156¢ | —0:10 | +-0-16 211 19-8 10,700 24-8 100 2 in. < 6. in split
+0-11 +0:17
146a | —0-65 21-1 14-0 14,100 32:7 100
—0-29 | +0-51
h | —0:77 210 13-7 17,460 40-5 100 5
—020 | +0-55 i | o
¢ | —090 211 13-9 = 10,200 | 237 100 | Glue line
0 +0-85
d | —020 2006 13-9 10,720 249 40 "
—0:06 | +0-27
1564 | —0-45 | 4-0:19 206 13-9 12,500 29-0 100 2 in. > 6 in. split
* First lines: planks. Area of glue line: 430 cm.?
Second lines: boards No. of nails: 10.




TABLE 1v Test results, Series I  Specimens of type 2

3

2 Moisture Moisture Ulti- Av.
Cup* content at content at mate | shear | Wood
Speci- production testing load str. | failure
men Type of failure
No. Face Core | Plank | Board | Plank |Board
side side '
el mm; %o %o % % kg. [kg'em®| %
—0-10 | 044
216a | —0-28 | 4047 20-8 20-4 5,950 14-0 5 Glue line
—042 | +0-58
b | —032 | 4021 21-1 20-3 6,650 156 10 »
—0-20 | +0-29
e | —009 | 4022 | 201 | 204 |77 | 24| 7250 | 170 40 "
—015 | 40-14
d| —015 | 4021 21-1 20-4 6,100 14-3 10
—0-10 | -+-0-60
256a | +0-30 | —0-26 20-8 20-4 5,850 137 50 -
—0:05 | +0-28
226a | +0-17 | —0°16 20-8 20-4 7,430 17-4 30
—0:36 | +0-51
h | —031 +0:27 211 20-3 6,200 14-5 20 i
—0:04 | +017 S P
c | —013 | +0-27 211 20-4 6,700 15-7 20 i3
—0:11 -+0-29
d| —019 | 4030 21-1 20:4 5,850 137 50 "
—0-47 | 4068
2566 | —0-13 | +0-10 21-1 203 5,060 11-9 10 i violent
—002 | +0-22
236a | +0-12 | —0:02 20-8 20-4 5,800 136 10 Glue line
—0:42 | 4065
b | —031 034 211 20-3 5,150 12-1 30 i
—017 | 4+0-29
c | —014 | 4037 211 204 95 1 4,200 9:9 20 "
—0-16 | +032
d| —0-19 | 4+0-30 211 204 5,280 12:4 30
—0-25 | +0-32
256c | —0:06 | +0-26 21-1 20-4 5,030 11-8 100 In | in. ¥ 6 in. board
+0:12 | 027
246a | —0:21 20-8 13-8 6,850 161 80 Glue line
—060 | 105
b | —0:83 21-1 139 5,850 13:7 30 i
—018 | +0:34 e | s
c [ —094 211 13-8 5,630 132 20 "
—0-51 | +0-67
d | —0-90 211 139 5,800 13-6 10 4
—0-10 | +0-30
256d | —0-42 21-1 139 6,380 150 70 Failure in plank
* First lines: planks. Area of glue line; 426 cm.*

Second lines:; boards. No. of nails: 10.




TABLE Vv Test results, Series I Specimens of type 3

&

3 Moisture Moisture Ulti- Av,
Cup* content at content at mate | shear | Wood
Speci- production testing load str. | failure
men Type of failure
No. Face Core | Plank | Board | Plank |Board
side side
mm. mm., % % Yo % kg  |kefem?] %
—0-19 | +40-30 I
I6a | —0-15 | 40-10 21:2 19:3 11,450 13-4 15 Glue line
—0-50 | +40-58
b | —027 | +0-18 | (20-8) 18-8 14,950 175 100 Failure in 1 in. - 6 in.
0 -+0-06
c | —049 | +0-37 20-2 200 e ¥ 14,600 17-1 100 s
—0-06 | +0-09
d| —009 | +0-05 209 (19-5) 13,900 163 20 Glue line
—0:09 | +0-08 '
356a | —0-05 | +0-11 212 19-3 13,200 15-5 100 Failure in 1 in. X 6 in.
—0-08 | +0-09
326a | —0:14 | +0-16 21-2 19-3 14,050 165 90 Glue line
—0:09 | +0-14
b | —036 | +0-33 | (20-8) | 188 18,350 | 2I-5 100 Failure in 1 in. - 6 in.
—0-37 | +030
¢ 202 | 200 | 8| T 4050 | 165 | 100
—0:10 | +0-31
d| +008 | +009 209 | (19:5) 14,130 16:6 50 Glue line
—0:32 | 4048
3566 | +0:07 | —0-12 | (20-8) 18-8 18,980 | 22-3 30 .
—0:23 | 4027
336a | —0:30 | +0:34 212 19-3 11,900 14-0 20 Glue line
—0:60 | +0-80
b | —0-08 | 4006 | (20-8) 18-8 13,830 16-2 100 Failure in | in. - 6 in.
—073 | +0:69 mt ) et
c | —004 | 4004 20-2 200 13,900 163 100
0 +0-02
d| —006 | +0-14 20-9 | (19-5) 15,000 17-6 25 Glue line
—0-30 | +009
356¢ | —0:60 | +0-70 202 20-0 16,630 19-5 100 Failure in | in. - 6 in.
—0-90
346a 212 (13-1) 14,700 17-2 50 Glue line
—0-70
b (20-8) | (13:1) 16,580 19-5 50 "
i 125 | 127
¢ 20:2 | (13:1) | 12,820 150 50 Failure in | in. ~ 6 in.
d | —0-55 209 13-1 14,300 16-8 20 Glue line
—0-02 | +4-0-03
356d | +0-03 | +0-08 209 | (13-1) 15,530 18-2 100 Failure in | in. = 6 in.

* First lines: planks.

Second lines: boards.

Area of glue line: 853 cm.*

No. of nails: 18.




TABLE VI Test results, Series 1.

Specimens of type 4

3 Moisture Moisture Ulti- Av.
Cup*” content at content at mate | shear | Wood
Speci- production testing load str. | failure :
men Type of failure
No. Face Core | Plank | Ply- | Plank | Ply-
side side wood wood
mm. mm. o L4 % % kg, |kg/cm.® %
—0:08 | +0-41
416a | +078 | +0-18 205 20-1 10,440 | 24-2 60 Glue line
—0-38 | +1-31
by 4051 +1-20 19-6 2041 9,200 | 214 90 ™
+001 | +064 59 | 914
¢ | +0-12 | +0-65 20-0 20-1 e - 8,130 18-9 40 | Eccentric load
—0-16 | +0-38
d | —012 | +0-79 201 20-1 9,000 209 90 Glue line
—0-11 +0-44
456a | +0-09 | +0-32 20-5 20:1 11,000 | 25-5 100 Plywood buckled
—0-14 | +0-48
426a | —0-12 | 4-0-42 20-5 20-1 9,900 | 230 80 Glue line
—0-44 | +1-10
h | —052 | +1-10 19-6 20-1 4,880 113 50 .
+0-19 | +061 v | e
¢ | —030 | +0-81 20-0 20-1 . 9,240 | 215 100 Splitting of 2 in, » 6 in.
—0-54 | 4020
d| —015 | 4071 | 201 20-1 8,820 | 205 Gilue line
—0-36 | +-0-12
456H | —0-32 | +-0-89 19-6 20:1 10,900 | 25-3 100 Splitting of 2 in. X 6 in.
—0-07 | +048
436a | —0-10 | 4048 | 205 20-1 9,580 | 222 80 | Splitting of 2 in, X 6 in.
+0-57 | +1-08
b | —035 [ +1-05 19-6 20-1 7,950 18-5 20 Glue line
+0-28 | +0:51 e 1 i
¢ | +0-48 | 4041 20-0 201 - - 9,650 22:4 90 Splitting of 2 in. x 6 in.
-+0-14 | 4035
d | 4031 | 4023 | 201 20-1 9,150 | 21-2 90 | Glue line
+0-06 | +0-65
456¢ | +0-10 | 4+0-59 20-0 20:1 9,450 22:0 100 Splitting of 2 in, < 6 in.
—0-15 | 4041
446a | —006 | +041 205 14-0 8,400 | 19-5 50 | Glue line
—0-45 | +4-095
h| —036 | +1-00 19-6 140 10,000 | 23:2 80
—0:02 | 4074 132 141
¢ | +0-04 | -+-0-61 20-0 14-0 = 8,800 204 80 "
+0-12 | +0:34
d| +009 | 4040 20-1 14-0 10,710 249 90 Splitting of 2 in. < 6 in.
+0-07 | +0-57
446d | —0-22 | 4+0-77 20-1 140 11,300 262 100 Glue line

* First lines: planks.
Second lines: plywood.

Area of glue line: 430 cm.*
No. of nails: 10.
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TABLE V11 Test results, Series 1 Specimens of type 5

- Moisture Moisture Ulti- Av.
Cup* content at content at mate | shear | Wood
Speci- production testing load str. | failure
men Type of failure
No. Face Core [ Plank | Ply- | Plank | Ply-
side side wood wood
mm. mm % % % % kg. |ke/fem.F %
—026 | +0:44
516a | —0:14 | +045 19-7 20-1 7,620 10-4 20 Glue line
+014 | +014
b | —0:01 | 4026 19-4 20-1 8,130 11-1 5 ”
+0-40 | +1-05 e )
¢|—023 | 4073 | 197 | 200 | 210 | 23] 7300 | 100 | s0 .
+0:17 | +0-50
d | —005 | +049 19-4 201 8,780 12:0 20 »
—0-15 | 4028
556a | —0:01 | +0-27 19-7 20-1 7,800 107 30 »
—0-10 | +0-48
526a | —009 | +0-35 19-7 20-1 7,625 10-4 10 -
—0-10 | +0-36
b | —011 | 4035 19-4 20-1 9,160 12-5 10 "
—0-25 | +1-08
e|—025 | +089 | 197 | 201 [ % [ 16 7000 | 96 | 20 .
4016 | +011
d| 4016 | 4051 19-4 20-1 10,200 14-0 100 -
—0:07 | +0-71
5566 | +0:11 | 40-32 19-4 20-1 7,700 10-5 40 =
—020 | +048
536a | —0-10 | +0:66 197 201 8,250 11-3 30 »
—0°10 | +0-38
b | =016 | 026 19-4 20-1 7,240 99 50 -
—0:42 | +1-07 i% | 1w
c|—028 | 105 19-7 20-1 7,070 9-7 50 5
+0-48 | +0-24
d| 4006 | +060 | 194 20-1 7,580 | 104 30 -
—006 | 4+0:72
556¢ | —0-19 | 4+0-60 19-7 20-1 5,700 78 40 L
—0-13 | 4027
546a | 4068 | 065 197 140 9,250 127 50 -
—007 | +0-61
b | —002 | 4035 19:4 14-0 8,320 11-4 10 -
—0-48 | +1-28
e|—036 | +110 | 197 | 140 | 132 | 126 ] 6950 | o5 15 "
+0-05 | 4045
d| +009 | +0:34 19-4 14-0 10,150 13-9 60 »
+009 | 40-53
5564 | —012 | 40-83 19-4 140 8,200 11-2 90

* First lines: planks.

Second lines: plywood.

Area of glue line: 730 cm.?

No. of nails: 16.



TABLE VIl

Test results, Series I Specimens of ryvpe 6

-~

s Moisture Moisture Ulti- Av.
Cup* content at content at mate shear | Wood
Speci- production testing load str. failure
men Type of failure
No. Face Core | Plank | Ply- [ Plank | Ply-
side side wood wood
mm. . A o o b kg, [|kg/emY %
+0-18 | +0-10
616a | +0-13 | +0-21 204 20-1 10,600 14-2 30 Glue line
—0:05 -+0-38
b | —043 | +1-29 20-1 20-1 10,100 13-6 60 5
—0:06 [ 4046
el —015 | +090 | 186 | 2010 | 20% | 23| 10000 | 136 |d0/70| .
+0-18 | +0-10
d| +008 | +0:37 19-4 20-1 11,650 15:7 5 '
+0-06 | 004
656a | +0-:09 | +0-06 20-4 20-1 12,700 17-1 100 o
+0-12 | 4021
626a | +0:03 | +0-28 20-4 20-1 10,700 14-4 50
—0:04 | 40-90
b | —042 | 4114 20-1 201 7,600 10-2 20 %
il B b 129 | 120
¢ | +0-53 | +0-10 186 2041 12,460 16-7 60 o
+0-16 | +-0-14
d| +0-10 { +0-30 19-4 2011 9,840 [ 13:2 20 i
—0-78 | 4140
656h | —0-50 | +1-37 20-1 201 11,800 159 80 ¥
+0-36 | +0-05
636a | +0-01 +0:21 20-4 201 12,550 168 60 b=
—0-14 | 4070
b | —0-36 | 4100 20-1 20-1 8,850 11-9 10
+024 | +021 s | 14
c | +0-17 | +0-16 18-6 20-1 10,050 13-5 10 5
+0-05 | 4042
d| +024 | +0-50 19-4 20-1 9,950 13-3 15 '
—0-35 +1-07
656¢ | —0-10 | +0-56 18-6 20-1 12,500 16-8 80 ,,
+009 | 4004
646a | +0-10 | +016 | 204 14-0 11,960 | 16-1 20 5
—0-38 | 4055
b | —0-28 | 4-0-57 20-1 14-0 10,680 14-3 60 5
4011 TO'S4 2.9 -0
¢ | —0:37 | 4+0-86 18-6 140 9,800 13-2 30 .
+0-17 | 4042
d| +005 | 4062 19-4 14-0 11,060 149 30 5
—0:05 | +0-58
656 | 4-0-15 | +0-56 19-4 14-0 13,260 | 17-8 100 | Compression, 2 in. X 6 in.

* First lines: planks.

Second lines: plywood.

Area of glue line: 744 cm.®

No. of nails: 20.




TABLE 1x Ultimate and ‘allowable’ shear stresses

Specimen type
3 1 2 3 4 5 6
Number of glue line 12 16 8 12 16 16
failures
Average shear strength
(kg/cm.?) 258 14:2 16-1 20-8 11-2 14-1
Standard deviation
(kg/cm.?) 278 1-90 1-51 352 1-47 1-72
Coefficient of
variance (%) 10-7 13-4 9-4 17-0 13-1 12:2
‘Allowable’ shear
stresses (kg/cm.”) 76 39 4-9 51 31 40
Strength ratio 1-0 0-55 0-62 1-0 0-56 0-68
Strength of control
specimens (kg/cm.?) 27-0 12:5 223 262 9-8 166
TABLE X Test results, Series 111
Average
Cup* Thickness Ultimate shear Wood
Speci- load strength | failure
men Type of failure
No. Face Core Plank 1 | Plank 2
side side
mm mm mm. mm. kp. kg/cm.® 98
—0-05 +0-01
166a —I1+19 +2-44 471 46-1 11,030 256 80 Glue line
—0-10 +0-22
h —0-26 +0-48 47-1 47-8 (4,530) (10-5) 0 P
—0-11 +0-89
« —0:19 +4-0-44 479 477 13,600 316 100 Splitting of 2 in. x 6 in.
—1-38 --2-37
d —0-05 +0-34 464 47-9 11,250 261 100 ”
—0:07 +0-24
4664a —1-11 +2-39 470 464 9,580 222 80 i
b 8,330 19-3 Glue line
—0-24 +0-51
¢ —0-12 +0-45 48-0 477 9,800 22-8 70 &
—I1-11 +2-25
d —0-05 +0-19 460 | 48-1 7,080 164 70 ”

* First lines: planks.
Second lines: boards.

Area of glue line: 430 cm.*
No of nails: 10.

Mosture content at production: planks 21-0 per cent, boards 210 per cent

Moisture content at testing: planks 150 per cent, boards 15-0 per cent
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