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On trcuve cur le marché ‘e norreux muidriels pour 1'ascemblage de charpentes
en bois, maic seules la presse {rarpeuce et la nreose ! contrepoids en C sont ¢ recom-
mander pour réaliser l'assem’lare ‘e feuillus tare les premidrec phases de 1'indus-
trialisation d'un pays en voie e lveloppemciit,

51 1'on utilise le precse & ~ovirapoide er (O, zelle-ci doit evoir une force
suffisante pour enfoncer lec connecteurs 2 .ond, 1lle loit zussi &tre suffisamment

rigide pour qu'il n'y ait pas de bacculement Ju chissi
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C'est pourquoi, ©i 1'own envicage i'azcheter ce type de presse, on devra envoyer
au fabricant des éciientillor: de bois 1ure loe=uy «p guantité sufficante pour qu'il puiuse
réalicer 1'acsenbluge J'au moins trois charpentes en treillis complétes., On pourra

ainsi faire 1l'esszl du matériel et des connecteurs retenus.
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S1oblern 1o ovairieded el eyudpo existerte pari trabajos de ronstruccidn de cerchas
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rigidez suficiente pura e o0 plact o e vuslva,
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’ y ULy I
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SELECTION OF EQUIPMFNT FOR ASSEMBLING WOOD
STRUCTURES AND FRAMES USING METAL CONNECTORS

I. What is a Metal Connector?

1 In general this paper refers to spiked metal connector
plates in which spikes or claws have been stamped from the
parent plate in such a fashion that they protrude at right
angles or thereabouts from the parent plate whilst remaining
attached thereto. The teeth in general fall into two
families which are:-

The Nail Type

2 Having parallel-sided teeth in a regular pattern
designed to optimise shear transfer and at the same
time optimise the net section of the plate. E.g.
Gang Nail, Hydro-Air, Dicker ''Free Sypan', see
illustration 1,

The Plug or Flower Type

Having a series of claw like teeth (from two to five
teeth) stamped to leave a flower like hole in the
parent plate. E.g. Harvey Twin-a-plate, Sanford
Connector, Bowman Connector, Bevaplate, Trans-Canada,
Rigilok, Gismo, Ronel, Wood Claw, see illustration 1.

II1. In What Materials are Spiked Metal Connector Plates
Used in Developing Countries?

3 Most of the Connector Systems have been designed in the
Northern Hemisphere and hence have centred around the joint-
ing of softwoods. This has had the effect of leading the
bulk of the Connector system manufacturers into producing
Connectors suitable for softwoods but unsuitable for use in
tropical hardwoods, which are in most instances the main woods
available for construction in the developing countries.

4 This unsuitability rests on questions of tooth
length and hence column strength of the tooth, tooth spacing
which affects wood splitting and net section of the parent
plate, and the tensile strength, hardness and stiffness of
the steel from which the Connectors are made.




5 In general Connectors for use in tropical hardwouds
should be made from heavily galvanised semi-high tensile
steel and should have parallel- sided teeth spaced at such
centres that splitting does not occur, and with a relatively
short tooth length to have adequate column strength, thereby
ensuring that the tooth does not turn over or buckle when
being pressed into the wood.

6 At the same time the teeth should be so spaced that the
high shear transfer possible with hardwoods is matched by the
residual net section of the Connector plate in the various
directions which loads can be applied.

7 Heavy galvanising is necessary for Connectors used in
tropical hardwoods because the wood is generally used either
in the green state or after creosote or copper chrome arsenate
pressure treatment.

8 In the case of green hardwoods attack by acetic and
other acids present must be prevented by heavy galvanising.
In the case of C.C.A., treatment the wood must be dried after
treatment and heavy galvanising is still vital to prevent
attack by leaching of minor residues of non-fixed salts. It
should be noted that reductions in allowable tooth loads must
apply with either C.C.A, or creosoted wood.

ITI. From What Type of Metal Are Connectors Made?

9 As outlined above most developing countries use tropical
hardwoods - either green or C.C.A. treated and re-dried. Hence
the Connectors must be made from medium-high tensile steel
heavily hot-dip galvanised with a coating of 2 o0z. per square
foot of zinc.

10 Alternatively, Connectors for use in hardwoods can be
made from stainless steel and certain high-tensile aluminium
alloys. The stainless steel ccnnectors have a particular use
in acid or harsh environments such as fertiliser works, fish
canneries, salt works and cooling towers where normal galvan-
ising is not adequate.



IV. What Are the Main Uscs of Spiked Metal Connector Plates?

11 The principai use of spiked metal Connector plates
1s in the fabrication of lightweight wooden trusses
in spans from 15 feet to 60 feet.

12 In the developing countries it is frequently economic
to fabricate gang nail type trusses in spans of up to
90 feet for light industrial buildings, schools,
hospitals and rural buildings.

13 In most developing countries which import the bulk of
their steel such trusses can be made at about half of
the cost of a steel truss of equal load bearing

capacity.

14 Additionally, the use of this indigenous renewable
resource is most helpful in reducing balance of payment
problems.

15 " However, the prime use of such trusses is in the field

of low~cost mass housing such as the National Housing
Corporation's activities in the Philippines and the
Sungei Way Project in Malaysia.

16 Additionally, the Ohbayashi-Gumi housing plant in Japan
has a similar installation for the mass production of
small house trusses.

17 Un'ike the finger-joint which requires wood to be kiln
dried to carefully controlled limits, spiked metal
plate trusses can be readily made from green lumber
which, of course, is a great advantage in low-cost mass
housing programmes.

18 Secondary uses of spiked metal Connectors are s
(a) Jointing of wall panels and stud walls
(b) Pallet manufacture
(c) Furniture manufacture
(d) Case and crate manufacture

(e) The splicing of joists, beams and purlins.
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V. What Are the Normal Methods of Applying Spiked
Metal Connectors?

19 In softwoods Connectors can be rolled on using a variety
of proprietary machines (see Figures 2 -9). Difficulties are
nearly always experienced 1f rolling 1is attempted with hard-
woods.

~

20 Alternatively, ail types of Connectors can be better

applied to softwoods or hardwoods using hydraulic presses
which press the plates straight home.

21 This method is always more desirable than rolling
because of the absence of the translatory tangential forces
associated with rolling which tend to overturn the teeth and
to crowd them in one direction. It can be noted that a flat
platen equates to a roll of infinite diameter and obviously
the bigger the roll diameter, the better.

22  Additionally, auxiliary nailing is often or usually
necessary with the rolling process to enable handling of the
"1aid-up" truss from the fabricating deck into the rolling
machine and frequently plates can only be rolled on to one
side of the truss at a time.

23 The net result is a somewhat higher labour content in

a roll-applied truss than for the direct hydraulic pressed truss.

24 A third option exists which has prooably the greatest
potential for the manufacture of trusses using green or dry
tropical or temperate hardwoods in developing countries.

25 (a) This is the use of the air-operated impact press
developed especially as a low-cost machine for
the application of toothed type Connectors into
either green or dry hardwoods and softwoods. (Fig. 2)

26 Essentially this machine consists of a manually
propelled gantry frame of about S metres span
which traverses on a pair of rails over a
concrete deck approximately 5 m 50 cm x 15 m
long, which deck is stee! or bamboo reinforced

and is approximately 20 c¢m thick.
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A replaceable softwood grid is let into the surface
of the slab and finishes flush with the surface.

Blocks nailed to this are used as a means of clamp-
ing the truss profile accurately prior to jointing.

Mounted on the gantry using a ball bearing trolley
is a readily manually moveable circular 550 kg steel
hammer approximately 50 cm in diameter which can be
lifted to a height of 75 cm clear of the deck by air
pressure operating within an appropriate air
cylinder, the piston rod of which is attached through
a flexible joint to the hammer head. O0il and metal
stampings or pellets weighing approximately 250 kg
make the hammer head weigh up to 800 kg and dampen
any tendency to bounce. A dumping valve enables the
hammer to fall with very low friction lcsses and
Connectors suitable for heel joints on trusses of

8 metres span can be impacted home with one blow.
Larger Connectors can be driven home with 2 or 3
blows.

This machine is ideal for use in remote areas and on
reasonably small projects in the developing nations
becsuse power can be provided by a small portable
air compressor with a 3HP air-cooled petrol motor or
a8 3HP electric motor belt driving a 7 cubic feet per
minute of Free Air Delivered (F.A.D.) capacity air-
cooled compressor.

Such a compressor generally sits on a pad on top of

an air receiver of 8 to 10 cubic feet actual volume,
and the motor also sitting on slide rails on top of

the receiver drives the compressor through a pair of
light-section vee belts.

A receiver of this small volume does not usually
require a Certificate from the Boiler and Pressure
Vessel Inspection Authority, and can be regarded as
virtually maintenance free.
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Normally this Australian-designea Air Impact Press
is made in the developing countries or. the follow-
ing basis:

(i) The fabricated steel gantry is welded locally
using wheels, axles and bearings either procured
locally or supplied by the designers of the machine.

(ii) The Air Ram and valves are imported from
Australia or any other favoured nation.

(iii) The Air Compressor is generally readily
available locally for around $U.S.375 including a
4-cycle air-cooled petrol motor.

(iv) The concrete slab is poured on a convenient
location adjacent to the proposed new township. It
is in fact sometimes poured in such a location that
it becomes a part of the floor of a future school
hall or shopping centre.

Using this equipment a truss plant capable of pro-
ducing 80 trusses per dzy can be installed for a
total cost of under $U.S.2750. Such equipment
requires 2 unskilled workers and one wman with
carpentry skills operating the press line for the
above production in 8 hours.

It is interesting to note that impacted Connectors
generally give superior test results to hydraulically
pressed joints which in turn are superior to rolled
joints.

Additionally the height of dropping is infinitely
variable from 0 to 30" (0 to 75 cm) thereby enabling
the correct blow to be applied to joints large and
small. No problem of Connector turnover is
experienced with this type of press.

Costs of roller presses are similar to the impact
press costs but jigs and fixtures and turning devices
are required additionally, and electric power is
normally required because of the torque requirements
and shock loads implicit in this type of equipment.
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The all up minimum cost of such an installation
available from the U.S.A. or Europe is approxi-
mately $U.S.7000.

So far as hydraulic presses are concerned three
main types are available. These are:

(i) The suspended counterbalanced C clamp type of
press which is moved around the clamped truss
members which rest on a series of fabricated stands
or stations about 75 cm high. (Pig. 5)

The Connectors are applied to each side of each
joint and held in place by a spring clip before
pressing. Such a machine is also capable of about
80 trusses per 8 hours with 3 operatives as applies
with the Impact press. The F.O.B. price being about
$U.5.8000, is a little nigher than the Roller press
with its auxiliary equipment. However, this press
tends to be unstable with a strong tendency to turm
over the teeth of Connectors in hardwoods sanples of
local hardwoods should be tested with the proposed
Connectors before making any purchase of equipment.

(1i) The next type of hydrsulic press is the Moving
pPress, of vhizh s number of differing types are made
in the U.S.A.

In the types illustrated in Pigures 6 -8 a stationary
jig with clamps securely locks the pre-cut truss
members in place with the Connectors resting in place
above and below each joint. The press then moves
along the jig pressing each joint home, one or more
at a time as it progresses.

Such a press is easily programmed for fully automatic
action and can readily press 180 trusses per 8 hour
day with 3 operatives. Additionally it has sufficient
tonnage to apply Connectors into hardwoods.

The cost of this press which does not require any
special foundations other than a normal 10 cm thick
level concrete floor is about $U.S.12000 F.0.B. U.S.

port




48 Machines of this type have been installed in mass
housing component factories in the Philippines,
Japan, U.S.A., and Europe, and operate most satis-

factorily.

49 However, they may perhaps be too sophisticated for
the bulk of the developing nations and do not lend
themselves to local manufacture in many areas.

50 (iii) The third type of hydraulic press available
is a static unit patented in the U.S.A. and made in
that country. This more expensive piece of equipment
will apply Connectors into any hardwood. (Pig. 9)

51 A moving jig generally 30 to 80 feet long by 7 to 10
feet (2.1 m to 3 m) wide carries the pre-cut truss
members clamped into their correct profile through

the press opening.

52 Again the press can be automatically programmed and
with 3 operators this machine can produce 300 trusses
per 8 hour shift.

53 Again the equipment is not ideal for the developing
countries but nevertheless machines of this type are
operating successfully in a number of developing
countries including Argentina, Malaysia and Vietnam.

54 Such a machine including a typical jig and jig hard-
ware costs approximately $U.S5.16000 F.0.B.  The
total installed power for such a plant is approxi-
mately 30HP and the equipment requires a reliadble
electrical supply. Whilst the equipment is sophisti-
-ated the same skills wshich service a modern
hydraulic bulldozer can service the above machine.

55 A fourth type of hydraulic press has up to 12 heads
which can either rock back or retract during the
loading phase and unlcading phase, and which
simultaneously close and press all joints in a truss

at the one time.
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56 Such machines are capable of mak.ng about the same
volume of trusses per hift as the moving jig type

press with a similar labour force of 7 operaturs.

57 Becunuse all jeints are pres<ed sirultaneously erther
power requirerents are higher or the cvele 15 slower
and such machines are generally unsnitable for hard-
woods where “arces of up to 50U tonne. per icint are

frequentlv recuired.

58 However in the deveioping countries truss <nans for
housing are iow at about 8 metres average .nd tor
nage recurrements here rareily exceed 70 (onnes.

59 However when industrial and agricalsnral tryusaes

and trusses tor school buiidings ang nther <1milar
structures atre made 1n spans of up to ¢ metre-, the
full 50 tonne capacity per head 15 de‘:nitelv reeded

in all hydraulic press plants.

Conclusiun_and Summary

60 A wide range of truss fabricating equipment is available
but of all that is available only the impact -ress and the
counterbalan-ed C _lamp type press are suituble *or the iointing
of hardwoods durinyg the early phases of 1ndustriali=aticr in a

developing ccuntry.

61 In addition, if used, the C type counterbalanced press
must have sufficient tonnage to press the Connectors home, and
must be of sufficient rigidity to prevent plate turnover.

62 In this regard if the purchase of this type of press is
contemplated, samples of local hardwoods should be sent to the
manuf acturer in sufficient quantities to make at least 3
complete trusses. The favoured equipment and Connectors can
then be used to attempt to make up the trusses.

63 Experience has shown also that whereas one Connector can
be applied to one side of a joint at a time that when the nor-
mal commercial practice of applying plates to both sides is

attempted then turnover occurs.
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64 It is recommended that this experimental work be
supervised by an experienced Timber Engineer representing

the purchaser.

65 Sawing equipment has not been discussed in this paper
However, for the rudimentary truss plants recommended above
2 UNIPOINT type pull saws set in a cutting bench approxi-
mately 3 metres apart will suffice for a production of up to
100 trusses per 8 hour shift. (See Figures 10 - 12)

66 A simple truss plant layout is appended. (Fig. 13)

Figure 1

A. Toothed and Plug Type Connectors guitable for softwoods

B. C.

Toothed semi high tensile heavily glavanized connectors
suitable for hardwoods
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Figure

Roller press guitable for softwoods SLCL.T. UlSlA

le for softwoods

High production roller press suitab
Sanford U.S.A.
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Figure 7
Moving head press suitable for high production ir softwoods IDACO U.S.A.
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Pigure 10

Western

anufactured by Tate Bros.,
ng nations.

Simple uni-point type saw m
{ cutting in the developi

Australia for truss componen
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