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resin structural member to a further synthetic resin or other structural
member in an easy and secure man- The present invention relates to a method
of join-  ner. ing or connecting a structural member made of a syn-   The
inventors have made extensive studies of thetic resin, such as fibre
reinforced plastics (FRP),   5   the anti-corrosion properties of
structural materials to to a further such member. The method is
particularly  find that synthetic resins are employable for structu- for
use with synthetic resin members which are used  ral members, i.e. that FRP
members may be used to in place of conventional timber or steel members,
es-  constitute the main framework of a cooling tower. pecially in the main
framework of a cooling tower so   If a synthetic resin structural member
which is as to increase the corrosion resistance and to simpli-  10
hollow, that is to say which at least includes a hollow fy the operational
control.                         portion, is to be joined to a further
member, which Many structural members of synthetic resin have  may be a
structural member or a connector member, been used instead of timber and
metal. However,     by means of a bolt it is important to ensure that when
such synthetic resin members have scarcely been     the bolt is tightened
the hollow structural member is used in circumstances where they are
subject to a   15  not deformed. According to a first aspect of the pres-
heavy load.                                         ent invention a method
of joining a hollow synthetic For instance, in the field of cooling towers
for  resin structural member to a further member is char- cooling warm
water by direct contact with a large   acterised by the steps of fitting a
spacer with a hole quantity of surrounding air, synthetic resin members
therein into the hollow member with the hole in regis- have been used only
partiallyforsmall cooling towers  20  trywith opposed holes in the walls of
the hollow mem- for air-conditioning systems or the like.           ber and
inserting a bolt through a hole in the further Generally, large cooling
towers, as are used in  member and through the hole in the spacer and
tight- various chemical industries, include a main or load-  ening the
bolt. The presence of the spacer within the bearing framework of timber or
steel (see for example  hollow member through which the bolt passes en-
FR-A-2222516). Though being typically composed of  25  sures that the walls
of the hollow member are not de- Douglas fir timber which has been
subjected to a    formed inwardly when the bolt is tightened, that is to
pressure-preservative treatment or steel members    say when the nut is
tightened on the bolt. The spacer plated with zinc in a hot dip galvanizing
process, the  member is preferably in the form of a tube or sleeve main
framework still tends to be easily corroded    and its ends may engage the
inner surfaces of the since it is within the tower which has an atmosphere
30   walls of the hollow member around the opposed holes of extremely high
temperature and of extremely high  formed therein so as to prevent them
from being humidity.                                           forced
inwardly. However, this construction of the A framework composed of timber
or steel mem-     spacer member may be somewhat difficult to place in bers
typically begins to be corroded after about ten  position, and it is
therefore preferred that the ends of and seven to eight years,
respectively, at and around   35  the spacer memberare received in the
opposed holes the upper portion of the framework adjacent to a dis-  in the
walls of the hollow member and are substantial- tribution system, and this
necessitates repair of the  ly flush with the outer wall surfaces of the
hollow tower.                                              member. The ends
of the spacer member will there- Asthecorrosionspreads,corroded
piecesoftim-      fore be engaged by the bolt head and the nut, either ber
or rust particles disperse into the cooled water,  40  directly or
indirectly with the interposition of the fur- which may result in
deterioration of the performance  ther member. of the cooling tower, such
as by clogging of the strain-  In accordance with a further aspectof the
present er in the water-cooling system or an increase in the  invention a
method of joining a hollow synthetic resin load to which the pump is
subjected.                structural member to a further structural member
is It is therefore proposed by the present applicants  45  characterised by
the steps of fitting a spacer with a that the main framework be constructed
from syn-    hole therein, e.g. a tube or sleeve, into the hollow thetic
resins such as FRP which have a high degree  member in registry with
opposed holes in the walls of corrosion resistance, even in the corrosive
atmos-  thereof, inserting a bolt through one or more holes in phere of a
cooling tower. However, there are many   a connector and through the hole
in the spacer, tight- points to be considered before using FRP, such as the
50  ening the bolt, placing a portion of the connector in buckling strength
of the FRP members, the Influence  which holes are formed into engagement
with the on the strength of the FRP of the absorption of water  other
member, drilling a hole in the other member In and the anti-weathering
capability of the FRP mem-  alignmentwith one of the holes formed in the
connec- bers.                                               tor, securing a
blind rivet in the aligned holes and re- The present Invention is concerned
with over-  55  peating the drilling and riveting steps until the re-
coming the above and other problems encountered in  quired number of rivets
have been secured in the said conventional cooling towers and Its object is
to pro-  other member. Due to the fact that the drilled rivet pose a method
of joining or connecting a synthetic  holes are formed one by one and after
each hole is 2    
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secured orstruck into it, the position-  the bolt hole(s) of the structural
member(s) 12 and ing of the blind rivet holes is very precise and ensures
spacer 13, as shown in Figure 1 (b), and is tightened, that, in use, the
load is equally distributed between  in this case by the application of a
nut. them and thatthejointing work which is carried outon    The spacer 13
substantially prevents deforma- site is facilitated. The combined use of a
bolt and blind   5   tion in cross-section of the hollow member 11 and en-
rivets reduces the number of rivets which must be   sures a strong joint
with the aid of the bolt 14, thus positioned whilst nevertheless ensuring a
securejoint  preventing any looseness or deformation. between the two
structural members.                     Figures 2a) and 2b) illustrate a
joint structure 30 Furtherfeatures and details of the present inven-
between a hollow synthetic resin structural member tion will be apparent
from the following description of  10  11 and an inclined synthetic resin
structural member certain preferred embodiments which is given byway
including a connector 31, a bolt 32 and blind rivets 33. of example with
reference to the accompanying dia-      The joint structure 30 includes a
spacer or sleeve grammatic drawings, in which:-                      13,
which is substantially similar to that described In Figure 1(a) is a front
elevation view of a first em-  relation to Figure 1 and which is fitted
into opposed bodiment of the present invention in which a hol-  15   holes
in the joint portion of the hollow member 11 and low synthetic resin
structural member is connect-  receives a bolt 32. ed to a further
structural member or members;       The connector 31 comprises one or more
plates Figure 1(b) is a sectional view thereof, on an en-  and is made of
metal or synthetic resin and is so larged scale;
formed that its shape corresponds to the joint angle Figure 2(a) is an
elevation of a second embodi-  20   between the members 11. The connector
31 has a ment of the present invention in which a hollow  previously
drilled bolt hole and a plurality of previous- syntheticresin structural
member is connected to  ly drilled blind rivet holes. another synthetic
resin structural member in-       In the joining process, the connector 31
is placed clined to it,                                    on the hollow
member 11 to align the bolt hole on the Figure 2(b) is a sectional view
thereof, on an en-  25  connector 31 with the spacer 13 and then the bolt
32 clarged scale;                                  is inserted and
tightened. Figure 3 illustrates an application of the present  Thereafter,
the other member 11 is positioned on invention to assembling the main
framework of a  oragainst the portion of the connector 31 in which the
cooling tower;                                   blind rivet holes are
formed. The process of drilling a Figure 4(a) is an enlarged elevation of
an upper  30   blind rivet hole in the other member 11 in alignment
connectorused in the frameworkshown in Figure    with a hole in the
connector 31 and striking a blind riv- 3;
et 33 into the newly drilled hole is repeated until a pre- Figure 4(b)
illustrates, on an enlarged scale, a  determined number of blind rivets 33
have been posi- vertical connector, a boltconnector and a bracing  tioned.
connectorused in the framework shown in Figure  35  If necessary, the
portion of said one member 11 3; and
in engagement with the connector 31 may have fur- Figure 4(c) is an
enlarged elevation of a founda-  ther blind rivet holes and the drilling
and riveting op- tion connector used in the framework shown in    eration
described above is repeated so that the joint Figure 3.
strength is Increased. The same reference numerals are used to deslg-  40
In the joint structure the use of a single bolt tojoin nate similar parts
through the Figures.             the structural members with a high degree
of accura- Referring firstly to Figures 1(a) and 1 (b), the illu-  cy is
combined with the use of the blind rivets 33 and strated joint structure 10
serves to join a hollow syn-  the connector 31 which do not require the
drilling of thetic resin structural member 11, such as an FRP   opposed
holes in the hollow pipe and holes are drilled hollow pipe of rectangular
cross-section, with a shap-   45   on site only to make blind rivet holes
in the pipe wall ed bar or bars of metal or FRP.                     which
will ensure a high degree of accuracy. The Aspacerorsleeve 13ofa metal
orsynthetic resin    number of blind rivets to be positioned on site is
thus is fitted through holes in opposite walls of the hollow  decreased and
the joint work is facilitated. A plurality member 11 such that opposite end
faces of the spacer  of blind rivets bear a uniformly distributed load and
a 13 are coplanar with the outer surfaces of the walls.  50  secure joint
is ensured. The spacer 13 may be annular or of other hollow con-    In this
case, it is also possible to adjust the joint figuration in cross-section
and may have a rib extend-  strength by selecting the numberof the blind
rivets 33 ing therefrom so as to enhance its buckling strength.  used. In
the joining process, a structural member or      Figures 3 and 4 relate to
the use of the method members 12 of a metal or a synthetic resin and each
55  in accordance with the invention and Figure 3 illus- having a bolt hole
are positioned against the hollow  trates a cooling tower 50 having a main
or load- member 11 so as to align the bolt holels) with the  bearing
framework 51 composed of FRP members. spacer 13. Thereafter, a bolt 14 is
inserted through  The framework includes columns 52 in the form of 3    
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pipes made of FRP, transverse  invention. These joint structures 20 are
also used at beams 53 in the form of shaped bars made of FRP   the
intersection of the cross beams 54 with the col- and reinforcing inclined
cross beams 54 in the form of  umns 52, and also at intermediate points
along the rectangular hollow pipes made of FRP, similar to the  length of
the beams 54. columns 52.                                   5      As a
result, the assembly of the cooling tower 50 These FRP members are
preliminarily subjected  and the joint work is much facilitated. The joint
work to various texts and experiments in order to measure  efficiency is
much improved since the useof FRP ma- their buckling strength and the
influence on their  terials contributes to a decrease in weight of the
strength of the absorption of water. On the basis of  structural members.
the measured results, a selection is made as to ma-  10  In the assembled
cooling tower50, the resistance terial composition, cross-section and wall
thickness  to corrosion is remarkably improved thereby increas- of the
members.                                   ing the service life of the
tower. Substantially no con- When assembling the framework 51, if the FRP
taminants such as pieces of timber or rust particles members were connected
with each other in a man-  are mixed into the cooled water and the
operational ner similar to that used with timber structural mem-  15
control is simplified. bers, i.e. by means of connectors having pawls which
It will be understood that the pipes may be made are struck into the
members, a satisfactory joint  of synthetic resins other than FRP and have
any strength would mot be attained. On the other hand, if  cross-section
other than rectangular. the FRP members were drilled on site in a manner
The connectors may be made not of metals butof similar to that used with
steel structural members to  20  synthetic resins such as FRP. Their shape
and con- form a plurality of holes equal in pitch and size to the
figuration may be changed as needs demand. holes on the connector to be
used and were then       The synthetic resin structural members are not
joined by bolting, it would be still difficult to ensure a  limited to FRP
according to its narrow interpretation satisfactory degree of joint
strength.            in which thermosetting plastics are used at the matrix
In the case of an FRP hollow pipe, bolt holes  25  but may be of reinforced
plastics in a wider sense in- would have to be drilled in opposite walls of
the pipe  cluding FRTP (fibre reinforced thermo-plastics). since no bolt
can be tightened at the hollow portion of the pipe. Such drilling of holes
in the opposite walls of an FRP hollow pipe on site would be extremely dif-
Claims ficult. Moreover, tightening of a bolt which passes  30 through an
FRP hollow pipe would tend to cause de-  1. Amethod ofjoining a hollow
synthetic resin struc- formation of the pipe itself. Thus, the conventional
tural member (11) to a further member (12) char- connection systems are not
practicable when con-      acterised by the steps of fitting a spacer (13)
with necting FRP members.                                  a hole therein
into the hollow member with the According to the present invention, joint
struc-  35  hole In registry with opposed holes in the walls of tures 10,30
of the type described above are used,     the hollow member and inserting a
bolt (14) where appropriate, depending upon the shape of the   through a
hole in the further member and through members to be joined and the
required joint strength.  the hole in the spacer (13) and tightening the
bolt. In particular, joints in accordance with the invention are used
whenever high strength is required.  40  2. Amethod ofjoining a hollow
synthetic resin struc- Each of the lowermost columns 52 is securely
tural member (11) to a-further structural member anchored at its lower end
by a foundation connector   (11) characterised by the steps offitting a
spacer 56 using a joint structure 30 to a foundation 55 made  (13) with a
hole therein into the hollow member in of concrete and surrounding a cooled
water basin.     registry with opposed holes in the walls thereof, The
transverse beams 53 are securely joined to  45  inserting a bolt (32)
through one or more holes in the columns 52 by bolts extending through a
respec-   a connector (31) and through the hole in the tive spacer fitted
in the column 52 at a bolt connection  spacer (13), tightening the bolt,
placing a portion 58 corresponding to the joint structure 10.           of
the connector (31) in which holes are formed In order to reinforce the
columns 52 and the      intoengagementwiththeothermember(11)drill- beams
53, cross beams 54 are diagonally arranged  50  ing a hole in the other
member in alignment with and are axially joined together by bracing
connectors  one of the holes formed in the connector (31). se- 60 using the
joint structures 30 at the points of inter-  curing a blind rivet (33) in
the aligned holes and section of the columns 52 with the beams 53. Each of
repeating the drilling and riveting steps until the the beams 54 is
securely anchored at its lower end to  required number of rivets have been
secured in a foundation connector 56.                   55      the said
other member. The columns 52 and transverse beams 53 are connected axially
together using alternative joint  3. A method as claimed in claim 2
characterised in structures 20, which are notthe subjectof the present
that the connector (31) has holes formed in it In 4    
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rectangular hollow pipes made of FRR transverse   invention. These joint
structures 20 are also used at beams 53 in the form of shaped bars made of
FRP   the intersection of the cross beams 54 with the col- and reinforcing
inclined cross beams 54 in the form of  umns 52, and also at intermediate
points along the rectangular hollow pipes made of FRP, similar to the
length of the beams 54. columns 52.                                   5
As a result, the assembly of the cooling tower 50 These FRP members are
preliminarily subjected  and the joint work is much facilitated. The joint
work to various texts and experiments in order to measure  efficiency is
much improved since the use of FRP ma- their buckling strength and the
influence on their  terials contributes to a decrease in weight of the
strength of the absorption of water. On the basis of  structural members.
the measured results, a selection is made as to ma-  10  In the assembled
cooling tower 50, the resistance terial composition, cross-section and wall
thickness  to corrosion is remarkably improved thereby increas- of the
members.                                   Ing the service life of the
tower. Substantially no con- When assembling the framework 51, if the FRP
taminants such as pieces of timber or rust particles members were connected
with each other in a man-   are mixed into the cooled water and the
operational ner similar to that used with timber structural mem-  15
control is simplified. bers, i.e. by means of connectors having pawls which
It will be understood that the pipes may be made are struck into the
members, a satisfactory joint  of synthetic resins other than FRP and have
any strength would mot be attained. On the other hand, if  cross-section
other than rectangular. the FRP members were drilled on site in a manner
The connectors may be made not of metals but of similar to that used with
steel structural members to  20  synthetic resins such as FRR Their shape
and con- form a plurality of holes equal in pitch and size to the
figuration may be changed as needs demand. holes on the connector to be
used and were then       The synthetic resin structural members are not
joined by bolting, it would be still difficult to ensure a  limited to FRP
according to its narrow interpretation satisfactory degree of joint
strength.             in which thermosetting plastics are used at the
matrix In the case of an FRP hollow pipe, bolt holes  25  but may be of
reinforced plastics in a wider sense in- would have to be drilled in
opposite walls of the pipe  cluding FRTP (fibre reinforced thermoplastics).
since no bolt can be tightened at the hollow portion of the pipe. Such
drilling of holes in the opposite walls of an FRP hollow pipe on site would
be extremely dif-  Claims ficult. Moreover, tightening of a bolt which
passes  30 through an FRP hollow pipe would tend to cause de-  1. Amethod
ofjoining a hollow synthetic resin struc- formation of the pipe itself.
Thus, the conventional  tural member (11) to a further member (12) char-
connection systems are not practicable when con-      acterised by the
steps of fitting a spacer(13).with necting FRP members.
a hole therein into the hollow member with the According to the present
invention, joint struc-  35  hole in registry with opposed holes in the
walls of tures 10,30 of the type described above are used,     the hollow
member and inserting a bolt (14) where appropriate, depending upon the
shape of the    through a hole in the further memberand through members to
be joined and the required joint strength.  the hole in the spacer (13) and
tightening the bolt. In particular, joints in accordance with the invention
are used whenever high strength is required.  40  2. Amethod of joining a
hollowsyntheticresin struc- Each of the lowermost columns 52 is securely
tural member (11) to a further structural member anchored at its lower end
by a foundation connector   (11) characterised by the steps of fitting a
spacer 56 using a joint structure 30 to a foundation 55 made  (13) with a
hole therein into the hollow member in of concrete and surrounding a cooled
water basin.     registry with opposed holes in the walls thereof, The
transverse beams 53 are securely joined to  45  inserting a bolt (32)
through one or more holes in the columns 52 by bolts extending through a
respec-   a connector (31) and through the hole in the tive spacer fitted
in the column 52 at a bolt connection  spacer (13), tightening the bolt,
placing a portion 58 corresponding to the joint structure 10.           of
the connector (31) in which holes are formed In order to reinforce the
columns 52 and the      intoengagementwiththeothermember(11)drill- beams
53, cross beams 54 are diagonally arranged   50  ing a hole in the other
member in alignment with and are axially joined together by bracing
connectors  one of the holes formed in the connector (31), se- 60 using the
joint structures 30 at the points of inter-  curing a blind rivet (33) in
the aligned holes and section of the columns 52 with the beams 53. Each of
repeating the drilling and riveting steps until the the beams 54 is
securely anchored at its lower end to  required number of rivets have been
secured in a foundation connector 56.                    55      the said
other member. The columns 52 and transverse beams 53 are connected axially
together using alternative joint  3. A method as claimed in claim 2
characterised in structures 20, which are notthe subject of the present
that the connector (31) has holes formed in it in 4   
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adjacent to the hollow mem-  Revendications ber (11) and that a hole is
drilled in the hollow member in alignment with one of the holes      1.
Procd6 de jonction d'un 6l6ment creux de cons- formed in the connector
(31), thata blind rivet (33)  truction (11) en r6sine synthetique A un
autre 616- is secured in the aligned holes and that the drill-   5  ment
(12), caracterise par les 6tapes consistent ing and riveting steps are
repeated until the re-  -   disposerun 6carteur (13) dans lequel on a pra-
quired number of rivets have been secured In the   tiqu6 un trou, dans
l'element creux en placant le hollow member.
trou en correspondance avec des trous oppos6s pratiqu6s dans lea parois de
l'element creux; in- 10      s6rer un boulon (14) a travers un trou
pratique Patentanspriche                                       dans l'autre
6l6ment et A travers le trou pratiqu6 dens l'ecarteur (13); et serrer le
boulon. 1. Verfahren zum Verbinden eines hohlen Struktur- elements (11) aus
Kunstharz mit einem weiteren  2. Proc6d6 de jonction d'un 6l6ment creux de
cons- Element (12), gekennzeichnet durch die Schritte  15  truction (11) en
resine synthetique A un autre 616- des Einsetzens eines AbstandsstOcckes
(13) mit     ment de construction (11), caracterise par les einem darin
ausgebildeten Loch in dem hohlen       6tapes consistant a: disposer un
6carteur (13) Element, wobei das  Loch  mit einander             dans
lequel on a pratique un trou, dans l'6l6ment gegenuberligenden Lochern in
den WAnden des        creux en plaeant le trou en correspondence avec
hohlen Elements in Obersinstimmung gebracht  20    des trous oppos6s
pratiqu6s dans lea parois de wird, des Elnsetzens eines Bolzens (14) durch
ce dernier; inserer un boulon (32) A travers un ou ain Loch in dem weiteren
Element und durch des     plusieurs trous pratiqu6s dans un raccord (31) et
Loch in demAbstandsstuck(13) und des Festzie-      A travers le trou
pratique dans l'ecarteur (13); hens des Bolzens.
serrer le boulon; placer une portion du raccord 25     (31) dans lequel
sont pratiqu6s des trous, en 2. Verfahren zum Verbinden eines hohlen
Struktur-     contact avec l'autre 6l6ment (11); forer un trou elements
(11) aus Kunstharz mit einem weiteren     dens l'autre el6ment en
alignement avec un des Strukturelement (11), gekennzeichnet durch die
trous pratiqu6sdans le raccord (31); fixerun rivet Schritte des Einsetzens
eines AbstandsstOckes      borgne (33) dens les trous alignes; et r6p6ter
les (13) mit einem darin ausgebildeten Loch in das   30  6tapes de forage
et de rivetage jusqu'A ce que le hohle Element in Ubereinstimmung mit
einander      nombre requis de rivets alt et6 fix6 dans ledit au-
gegenfiberliegenden Lochern In dessen Wand,       tre el6ment. des
Einsetzens sines Bolzens (32) durch eines oder mehrere Locher in einem
Verbinder (31) und  3. Proc6d6 selon la revendication 2, caract6ris6 en
durch des Loch in dem Abstandsstuck (13), des  35  ce qu'on pratique des
trous dens le raccord (31) Festziehens des Bolzens, des Inelngriffbringens
dens la portion qui est adjacente A I'element aines Abschnitts des
Verbinders (31), in dem L6-   creux (11) et en ce qu'on fore un trou dans
l'616- cher ausgebildet sind, mit dem anderen Element     ment creux en
alignement avec un des trous pra- (11), des Bohrens eines Loches in des
andere      tiqu6s dans le raccord (31), en ce qu'on fixe un Element in
Obereinstimmung mit einem der in  40   rivet borgne (33) dens les trous
alignes et en ce dem Verbinder (31) ausgebildeten L6cher, des       qu'on
r6pete lea etapes de forage et de rivetage Setzens eines Blindniets (33) in
die ausgerichte-  Jusqu'A ce que le nombre requis de rivets ait ete ten
Locher und des Wiederholens des Bohrens        fix6 dans l'el6ment creux.
und Nietens, bis die benotigte Anzahl von Nieten in das andere Element
gesetzt worden sind.  45 3. Verfahren nach Anspruch 2, dadurch gekenn-
zeichnet, dal in dem Verbinder (31) Locher in dem Abschnittausgebildetsind,
deran des hohle Element (11) anschlieSt, del In Obereinstim-   so mung
miteinem derin dem Verbinder(31) ausge- bildebtn Locher ein Loch in des
hohle Element gebohrt wird, dae sin Blindnlet (33) In die ausge- richteten
Locher gesetzt wird, und dae die Schrit- te des Bohrens und Nietens
wiederholt werden,  5s bis die ben8tigte Anzahl von Nieten in des hohle
Element gesetzt worden sind.    


