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for reception of the rebar ends. Optionally the reinforcement may be tensioned, to pre-stress the bond beam. The bond beam may
also be used to strengthen bonded, load-bearing masonry panels in bending, without being secured to an adjacent load-bearing
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(54) Title: REINFORCED MASONRY PANEL STRUCTURES

(57) Abstract: A method of constructing a masonry infill in a load bearing
structure comprises the steps of: laying one or more courses of masonry (7)
in the infill space; partitioning off a casting space having as its base the then
uppermost course of masonry (22); the casting space extending from one
side of the infill space to the other; positioning reinforcing material (14) in
the casting space; securing an end of the reinforcing material to the load
bearing structure; filling the casting space with concrete (20), and laying
one or more further courses of masonry on top of the filled casting space.
The reinforced concrete forms a bond beam which strengthens the masonry.
The reinforcing material may be rebar, secured to a load-bearing frame of
the building by a cleat (16) having pockets (12) for reception of the rebar
ends. Optionally the reinforcement may be tensioned, to pre-stress the bond
beam. The bond beam may also be used to strengthen bonded, load-bearing
masonry panels in bending, without being secured to an adjacent load-bear-
Ing structure.



CA 02659536 2009-01-30

WO 2008/015407 A1 JHINHVA!R RO AR 11 0 O 0 o 0 A R

Declarations under Rule 4.17: Published:
— as to the identity of the inventor (Rule 4.17(i)) —  with international search report
— as to applicant’s entitlement to apply for and be granted a

patent (Rule 4.17(ii))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))
—  of inventorship (Rule 4.17(iv))



CA 02659536 2009-01-30
WO 2008/015407 PCT/GB2007/002890

REINFORCED MASONRY PANEL STRUCTURES

Background

" Current techniques for constructing larger buildings usually involve the use of a load bearing
frame of steel or reinforced concrete, with attached cladding and/or masonry infills. In the
case of masonry walls in such structures and elsewhere, it is necessary to provide additional
strengthening where the area of the wall increases beyond certain limits. The strengthening
1s required to support the wei ght of the wall; to resist ehvironmental' loading such as wind
forces, differences in air pressure and earthquakeé; as well as to withstand other dynamic
service loads such as crowd pressure, vehicle impact or explosions. The requiréd strength

for a given structure is governed not only by the laws of physics but also by local building

regulations.

Traditionally where additional strength is needed, walls have been supported by cross walls,
piers and areas of wall thickening. More recently the standard windpost has been developed,
which occurs 1n most building walls (particularly interior walls), if their length exceeds 4m.
The purpose of the post is to stiffen or strengthen the walling, in circumstances of particular
lateral stress from wind induced pressure differences, crowd or any other force. A wind post
generally consists of a steel column secured at its top and base to thé' building frame or '
another suitable load-bearing structure. This form of construction, while effective, brings
with it the following disadvantages: -

. An expansion joint is required on either side of the wind post, where it interfaces |

with the adjacent masonry. Filler material is inserted between post and block faces.

2. Frame ties typically at 225mm centres must be provided between the masonry and
the post on both sides. | '

3. Mastic will often be a speciﬁcation requirement.

4. A steel post will require fire protection.

5. There may also be acoustic concerns. |

7. The-post typically requires four bolt fixings, two at the base and two at the soffit.

8. The post must be erected before the walling and so isolated access (e.g. scaffolding)

1s required for safe work practice particularly at height.
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Our invention seeks to- replace. the wmdpost and also ach1eve many other positive

_ ‘ charactenstlcs in strengthemng panels of bonded masonry such as masonry walls both load

'beanng and non load bearing.

GB2188079 concerns‘ an earthqanake-resst..n buildi'n' stmctm'e fo med .frorn self
'assernbhng (dry Jomted) blocks and havmg a rernforced concrete ﬁame cast 1n situ ‘within
the blockwork as assembly of the latter proceeds WO96/00333 concerns a bnck wall
‘ constructed on Spaced plCI‘S the base of the wall bemo supported by a bond bearn formed in

-_a channel w1th1n the two lowermost courses of bricks. Remforcmg rods protrudmg ﬁ‘om the

piers are sultably bent and located in the channel. DE871 1875U1 dlscloses ﬁxmg'

-arrangements for securing the ends of concrete reinforcing bars m holes dnlled in an

adjacent concrete body, for transmission of tensile force.

Summary of the Inventwn

Accordingly, in one aspect the present invention comprises a method of constructlno a

masonry structure compnsmg remforced concrete thereln the method comprising the steps :

of:

laymo one or more courses of masonry;

‘partmomno off a casting space havmg as its base the then uppermost course of masonry

positioning reinforcing material in the castmg space; |

securing an end of the reinforcing material to a load bearing structure;
~ filling the casting space with concrete, and

‘ laymg one or more further courses of masom'y on top of the ﬁlled castrng space

charactensed in that the load bearmo structure is pre-exrstmg and the masonry structure

comprises an mﬁll In a space -formed in the pre-ex1_s-t1ng_ load bearing structure, the casting

space ektending from one side of the infill space to the other.

The reinforced concrete in the resulting structure forrns | “bond beam” which acts to

strenqthen the masonry panel against transverse loadmg/deﬂectlon and helm to secure the |

~ panel 1n the mﬁll space. The bond beam acts to transmrt transverse loads to the load beanng

structure on one or both sides of the infill Space preventlng excesswe deflection and

“destruction _of the masonry 1nfill panel within enhanced predetermmed design limits.

" AMENDED SHEET
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The step of partitioning off the casting space may comprise mstalllng shuttering e.g. aligned
with the inner and outer faces of the masonry courses. However preferably a masonry

course (or several such courses) itself defines inner and outer walls on either side of the

casting space. _Where the masonry is 2 single LJI kness r'~f blockwork, this course may be

N

formed from special bIocks having a U-shaped cross-section. The reinforcement - and
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concrete 1s thus placed in the cavity defined between the limbs of the U. In this simple
manner the need for dedicated removable shuttering is avoided. On their exterior, the
‘masonry course or courses containing the concrete are indistinguishable from the adjacent

masonry. This can have aesthetic advantages.

The reinforcing material may comprise steel bar (e.g. “rebar”). The optimum or acceptable
relative section areas of the concrete and steel and the positioning of the bars in the bond
beam may be calculated in accordance with standard engineering principles for beams
subjected to point and/or distributed loading, taking into account design service conditions
such as anticipated impact and wind loading, etc. If the bond beam is cast within blocks or
other masonry units as described above, the concrete will key to these and their presénce can
therefore be taken into account when determining the size and position of the steel bars.

Allowance must be made for any reduction in compressive strength caused by the presence

of the mortar joints in the masonry.

The secured end of the reinforcing bar may be received in a socket anchored to the load
bearing structure. Where the load bearing structure is formed from reinforced concrete, the
socket may be formed in or attached to an anchor body inserted (e.g. casf) into the load
Bearing structure. Where the load bearing structure is a metal (e.g. steel) frame, the socket

' may be formed in a cleat secured (e.g. bolted) to the frame.

The reinforcing bar may be a smig sliding fit in the socket (e.g. there may be a total radial
clearance of Imm or less for a rebar of 16 mm diameter). This‘ allows relative longitudinal
movement to take place between the reinforcing bar and the socket, thereby accommodatiﬁg
differential expansion between the masonry infill and the load bearing structure. Suitable
seals or sealant may be applied to prevent the wet concrete from entéring the socket as the
-bond beam 1s cast. Under transverse loading of the masonry, the reinforcing bar ends
engage the interior sides of the sockets and transfer the transverse loads to the load bearing
structure. Under such loading, the bond beam and reinforcing bars will tend to bow.

Reaction forces from the sockets at the bar ends and the st_iffness of the bond Beam and

surrounding masonry tend to restrain and prevent excessive lateral movement of the
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masonty, whilst the sliding fit of the bar ends in the sockets still allows for fhermal

movement. -

‘ Alternatively, to withstand higher lateral loads on the masonry infill, the reinforcing bars
may be longitudinally fixed in the sockets and provided with a turnbuckle, end nut or similar
means by which they can be pre- or post-tensioned, to produce a prestresséd' masonry and
bond beam structure. Such an arrangement also reduces .or eliminates differential horizontal
‘mdvement between the side edges of the masonry and the load bearing structure. It may
therefore obviate the need for expansion joints in this area. However, the load bearing
structure must then be designed to accommodate the forces imposed by the bond beams and
the reaction forces from the masonry, including variations in these with any tendency for

differential expansion of the masonry, bond beam and load bearing structure.

‘One or more courses of masonry above and/or below the concrete of the bond beam may be
tied into the concrete by reinforcements extending into the concrete and into mortar filled

spaces 1n or between the units of masonry in these courses. For example, rebar or special

brackets may be cast into the concrete so as to extend into the vertical mortar joints
(perpends or “perps”) in the adjacent course-. Where the concrete is cast in the gap between
the limbs of a U-cross-sectioned block, the reinforcement may extend upwardly, since it can
then immediately enter a mortar filled recess in the next course. The U-profiled blocks may
also‘ be manufactured with holes 1n their bases, through which the reinforcement can pass
into perpends of the course below. The reinforcement may comprise L-shaped' brackets,
- each having one limb embedded in the concrete of the bond beam, and another limb
extending into an adjacent perpend. The brackets may be formed from stainless steel strip,
for added stiffness and corrosion resistance-éompared to carbon steel. The brackets may

comprise apertures or other formations to help them key into the concrete of the bond beam

and/or the mortar of the perpends.

Edges of the masonry infill may be secured to the load bearing structure by other means
besides the attachment at the reinforcement. Fixings which are conventional in themselves,
such as metal brackets and head restraints, can be used for this purpose. Mortar beds

between courses may also be reinforced by means which are conventional as such. for

4
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example using metal wire or mesh. However, where the above described perpend
reinforcements are used, surprisingly it has been found that a stronger masonry panel can be
produced when the mortar beds between courses are not reinforced.

reinforced concrete filled casting space as described above can be pr rovided,

W
-

ﬂ
l’b
: -
O
'3
v

thereby providing effective 're";nforcement of tall masonry infilis.
~ _ The invention correspondingly provides a masonry s’tru&uré comprising one Or more
courses of masonry, a reinforced concrete casting thereabove extending from one side of the
10 masonry structure to the other, an end of the concrete reinforcement bemg secured to a load '
bearing structure, the masonry structure cornpnsmﬂr one or more further courses of masonry
above the reinforced concrete casting, '
| 'charactensed in that the load bearmo structure 1is pre existing and the masom'y structure -
COMPTriSes an mﬁll secured in a space in the pre-ex1st1n0 load beanno structure, the mﬁlL

15 extending from one side of the space to the other.

In a ﬁlrthel" aspect, the invention provides a ﬁtting' for securing an end of a concrete reinforcefnent
bar to an adjacent load bearing structure, the fitting comoﬁeing a body securable to the structure and
a socket infhe body for receiving an end of the bar, characterised in that in use the socket receives

20  the bar end so as to allow relative longitudinal sliding movement of the bar but so as to restrain
relative 'tr'anIS\"erse movement thereof. This allows .for thermal movement of ;he bar and the
structure reinforced by it, relative to the load bearing structure; at the same time allowing transverse
I.oads applied to the socket through t‘he bar end to be reacted agairiét and resisted by the load bearing
structure. . ' '

235 '

~ The ﬁttmo may further comprise a closure mountable thereon for closmg off the end of a
' casting space into which the reinforcement bar extends. The fitting and closure may
therefore be used to form an expansion Jomt between the load beanng structure and the body

of concrete in whlch the remforcmg bar is encased. The closure may be retained on the

30 fitting in the finished joint (e.g. when an expansmn gap between the encasing concrete and
the load bearing structure has 'been filled with a suitable jointing rnaterial); or the closure-

“may be removed once the concrete has set, but before the joint 1s finished.

\Aﬂp\m\ mw Mﬁ\bwﬂm W\! \Mmm

AMENDED SHEET . ~ ~109/04/2008:

kﬁmamﬁm "3“3&“"&{

. %“‘..f)i \.3
%%} s .
'f.c‘/,'_w» s



CA 02659536 2009-01-30

‘The ﬁtting may COmpri,sea boot or collar mountable adjacent to .an opening in which the )
reinforcement bar is received.' Th_is may be used- to prevent penetration of wet concrete Into
the socket and/or to pro\"ide',.a.compressible region adjacent to the socket, to accommodate
thermal or other movement of the reinforcing bar and its encasing concrete, relative to the
5 load bearing structure; the end of the har being a fairly Ioose sltdmg fit 1n the m.,ke
’descnbed above. The boot may cover the fitting where 1t 18 embedded in the reinforced. -
concrete, to provide a slip plane that accommodates horizontal rnovement of the surrou'nding
concrete relative to the .ﬁttino The boot may be radially compreSS1ble to accommodate
- vertical movement of the surroundmg concrete relatlve to the ﬁtttng
10 ' S |
The body may comprise a mountmg plate. A plurallty of sockets may be provided in the
body, e.g. a pair of sockets arranged to ‘hold a pair of relnforcement bars spaced apart and

parallel to each other. The socket may comprise a substantially cylmdncal side wall.

15 Ina yet further aspect, the mvention provides a panel of‘masomy'units laid in mortar or a
:ltke bondlng materlal the panel bemg strengthened in transverse bendtng by means of a
course of said masonry umts whrch are hollow 50 as to define a contmuous cav1ty extendmg .
therealong, the cavity being filled with reinforced concrete, characterised in that the
reinforcement extends from the concrete into adJ acent courses of masonry units. '

20 |
‘The reinforced concrete rnay make the panel more resistant to pressure differences such as
those induced by wind or eXplosmns lateral forces caused by 1mpacts earthquakes or loads

- attached laterally of the panel; e.g. in cantllever fashlon

" 25 Besides strengthemno the panel in transverse bendtng, the relnforcement is also effective in
'umfytng the panel ‘and tsolatmg the masonry on one side elther above or below the
relnforcernent from the effects of any dlscontlnultles or weaknesses In the panel on the other
side of the reinforcement. For example, remforcement COUTSES as described above may be
provided above and/or below a region of the bonded masonry panel containing apertures for

| 30 windo'qu, doors, and/or. service _p'enetrations.’ For design purposes, the part of the panel
“above the L.tp'per. reinforcement course and the part below the lower reinforcement course

may be treated as separate panels reinforced along one edge. Such a construction is useful

’

v - . ' ¢
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for example in load bearing-mas_’omy forming a three or four storey exterior wall of a
building having a lightweight (e.g. stud and plasterboard). internal wall construction. F lat_s '

and small to medium sized office accommodation are often built in this way.

- The hollow maso nry umts may have a U- shapeu cross-section, 50 as to form a casting space

Lh .

for the reinforced concrete. The reinforcement may comprise L-shaped brackets extendmg
from the concrete mto adjacent courses of masonry. The reinforcement may extend from the

concrete through apertures in the bases of the hollow masom'y units.

10 Further features and advantaoes of the 1nvent10n will be apparent from the following

descnptlon of an 1llustrat1ve embodlment made with reference to the drawings.

Brief D:e'scr'ip'ti.on ef the Drawings
. Flgure I'isa dlaoram of an example of a blockwork 1nﬁll wall embodymo the 1nvent10n
15 . Figure 2 shows a course of U-proﬁle blocks laid ready for receptlon of reinforced concrete. | E
to form a bond beam; L. ‘
.Figu're 3 s a diagrammatic cut away view of the reinforced concrete, with the ‘surrounding
blocks indicated in phantom; |
Fioure 4 corresponds to Fioure 2, but showe the wet concrete 1n 'situ'
20 Flgurc 51san cnlaroed view of a rebar end and part of a rebar securing c]eat
Figure 6 1s.a hornizontal section through a ﬁxmo channel and surroundmg concrete, used

when securing the cleat of Figure 6 to a load bearmg structure formed from concre_te,

* Figure 7 demonstrates a block in the next course above the bond beam being offered up for

laying;
25.  Figure '8. illustrates an alternative bonded blockwork structure and bond beam 'em‘-bodying
the invention; . o ' . .
Figure 9 illustrates a tie bracket used in the embodiment of Figure 8;
Figure i_O 1s an exploded perspective view showing a cleafsir’nilar‘to that of Figure 6,

together with a closure plate and boots;

X S Lo Lo i
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Figure 11 is a side view showing the components of Figure 10 assembled together with a
pair of reinforcing bars; . ' '

Figure 12 shows a half shell used to form an'alternative closure or collar;

Figure 13 shows the half shell of Figure 12 assefnbled on a cleat and reinforcing bars, and

-Figure-. 14 shows a pair of bond beams used to reinforce a load bearing wall of bonded

masonry and divide it into three sections.

The 1nfill wall section diagrammatically shown in Figure 1 consists of 22 courses of blocks

(labelled from floor level FL to soffit SS 1 — 22) laid with standard 10mm mortar joints and

Incorporating two vertically spaced bond beams. The materials 'speciﬁca'tion for the wall is:

1. - Aquaguard® D.P.C. to first course.

2. Bed joint reinforcement every course (at 225mm centres) BRC 3.5mm galvanised.

3. 175mm Ancon® frame ties at 450mm centres to vertical end steels 3a.

4, 12mm thick x 140mm wide, Corofil® expansion joint strip at junction of steel and
blockwork vertically. ' '
5. Seventh course bond beam:

Hollow block exterior dimensions.(in mm, to match other blocks in wall): 140 W x 215D x

440 L |
Hollow section interior dimensions (each block, in mm): 80 W x 167 D x 440 L. This

provides sufficient strength to the resulting bond beam, and sufficient concrete cover for

corrosion: protection of the rebars, as may be required by local building regulations and

standards.

Hollow filled with 40N concrete mix and two 16mm sections of rebar, rebar full length of -
wall 8.1m long. Clearances between lower face of concrete and lowest point of bottom
rebar, between highest point of lower rebar and lowest point of upﬁer rebar, and between
highest point of upper rebaf and upper surface of concfete, each of 47.5mm. This gives a
total beam depth of 174.5mm, so the upper surface of the concrete stancis slightly proud of
the hollow in the surrounding blocks. This still allows a 10 mm bed joint to the course

above, as visible in the wall faces. Alternatively, the hollow section depth dimension D can

be made to match that of the finished beam: 174.5 mm in the above example.
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6. Rebar slotted into two specially designed cleats with insertion pockets to allow e.g.
85 mm of rebar to penetrate, this achieved at both -ends of steel. These cleats may be fixed
to vertical beam with M12 bolts 2 No. A clearance of e.g. 15 mm exists between the bottom
of each insertion pocket and the adjacent rebar end, and the bar is therefof’e free to move

longitudinally in the socket, to allow thermal movement of the infill relative to the support

structure.
7. Infill wall built with 140mm x 215mm x 440mm blocks, Hanson Evalite® 7N

medium density.

8. At course 15 the 1dentical detail repeated as for Nos. 5 and 6. (Course 7)

9. At jimction of soffit | and blockwork 20mm deflection joint formed, 20mm of
Corofil® jointing strip used to fill this void.

10. 1HRYV telescopic head restraints fitted to soffit horizontal beam at 900mm centres.

11. Course immediately above beam has.strength transfer rods fixed from concrete up

into perps of block course directly above and below.

For lower walls a single mid height horizontal bond beam may be sufficient. For higher
walls a series of beams located to maximise key stress resistance, identical or similar to the
- specification above, is preferably used. The exact positioning. and number of the bond
beams may be varied so as to meet design requirements. Other forms of edge fixing and
head restraints may be used instead of or together with the frame ties and telescopic head
restraints. For example lengths of angle iron can be welded to thé soffit and/or upright
steels, e.g. 300 mm wide x 100 mm deep x 8 mm flange thickness galvanised angle iron/
brackets, at 450 mm centres, provided alternately against the front and rear faces of the wall.
(That 1s, with adjacent brackets for a given face at 900 mm centres, and the brackets
symmetrically staggered to front and rear). Wider blocks may be used, for example 215 mm

wide. A wider cavity for the bond beam may be formed in that case: e.g. 180 mm wide in a

block 215 mm wide. The cavity can accommodate pipes, ducts, conduits, cables and similar

services, besides the reinforcement.

When the course of hollow blocks is constructed, the block end faces are “buttered” with

mortar and the resulting perpends pointed in the usual way (Figure 2). To form the wall as

shown in Figure 1, we then fill the aligned hollow block interiors from the bottom with a

9
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- 47.5mm layer of concrete The lower rebar 1s. then placed centrally on-top of this layer. We

‘then fill the hollows thh a further 16 + 47. Smm concrete layer. We then place the second

rebar on the concrete, as with the first. We then add the ﬁnal 16 + 47.5rnrn of concrete to

completely fill the hollows and encase both rebars The next run of relnforcmg wire mesh is

then nlaced in position, ready 10 fou.l the next bed joint (Figure 4). The resultntc, structur

is also sketched diagrarnrnatically In Fibure 3, which shows a cutaway section of the

continuous concrete bond beam 20 and its retnforcmg rebars 14, The bond beam is

contained wrthm a course of hollow blocks 22 mdlcated in phantom The next lower course

of solid or complete blocks 7 is also indicated in phantom.

‘The four end points of rebar are connected to the load bearing structure (the vertical steel 3a

shown in Figure 1) using spemal fixing cleats, one at each end of the bond beam. These

cleats have a pair of sockets in the form of cylindrical pockets 100mm deep, into Wthh the

rebar ends are inserted. The cleat has already been fixed to concrete, steel or other walle:

Vertlcal end stanchlon ‘with two no. 12mm bolts Other suitable ﬁxmo means can also be -
used to secure the cleat to the stanchion, such as welding, riveting or using a narl gun in the
- case of a steel stanchlon or expanstion bolts or a cast-tn fixing channel i in the case of a load

| beartnGr structure of concrete ‘Other forms of retnforcement can also be used, e.g. I beam or

box section steels or other rods, angles stnps tendons or cables including those forrned

' from carbon fibre or other high strength composite materials.

As shown 1n Fig 5; the end section of the bond beam and surrounding blockwork 1S
~ incomplete, to expose:the rebars 14 (only one rebar visible). One complete cleat pocket 12
‘and a part of the other are just visible in this drawing too. Ordinarily, the rebars and cleats

will be substantially completely encased in the concrete and blockwork, right up to the joint

with the vertical steel stanchion. To prevent wet concrete from entering the space between

the rebar end and each cleat pocket 12, a resilient (e.g. rubber or foamed plastics) sealing

ring or collar 13 is placed over each rebar as a tight sliding fit. Prior to pouring the concrete,
each ring is slid along the rebar to buft up aoainst the end of the nocket and seal the annulu

between the pocket and the rebar end. The outer dlameter of the ring 13 1s preferably at

least as great as that of the cleat pockets 12, so that the rmg forms a cushmn at the end of the

correSpondmg. cleat pocket allowing for thermal movement between the pocket and the
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_surroundmg set concrete. A resilient or heat shnnkable boot or a bead of mastic sealant may

be used instead of the sealing rings 13. Figure 5 shows the upper rebar 14 and pocket 12, as
- well as the cleat base plate 16 and upper bolt fixing hole 18. The lower pocket (only partly

- shown) and the lower bolt ﬁxmg hole (not shown) are substantially identical to their upper

A

counterparts.
| Figure 6 shows a horizontal section through a vertically oriented channel 17 formed from
stainless 'steel or similar suitable material, which is cast into a concrete load bearing
structure 19. Wings 21, which rnay be apertured and/or provided with roughened 'sut'face's’
‘1.0 help to retain the channel in the concrete The channel 17 is of re-entrant Cross-section so as
to retain T- headed bolts (not shown). These may be used to secure the cleats to. the load

bearing structure 19 at any desired height along the channel 17.

As an 'alternative to the illustrated embodiment, the rebar or other reinforcement could be o
15  fixed in the sockets so as to be tensionable before or after the concrete has been poured and
“cured. For example the reinfor'ceincnt may be fitted with a tufnbuclde, or may have an end'
| extending through the back of the socket and provided with a tcns'ioning nut. Othe‘r known
forms of tensioning, such as.a hydraulic tensioning tool and socket wedges, .may also be
| ‘used. ' ) L
30
On the next course of blockwork as 1t 1S belno la1d we Insert a stlffemno or t1e rod extendmo
from the concrete into each perp Jomt of the blockwork thus prov1d1ng strength in tension
:extendmo into the blockwork panel away from the bond beam. This an'angement also helps ,-
' to spread and reduce shock forces e.g. arising from impacts, allowing the complete wall area
25 toactasa umtary _whole. [n a variant shown in Figure 7, hollow blocks are used, being the
kind having a pair of vertical through holes, thereby defining Opposed side and end walls,
and a central web. As an expedient to form th’e_ hollow U-sectioned blocks, the end walls
and web of the blocks just'desc'ribed can ‘bepat'tly cut away. .‘Alternatively,-special' blocks -
_fortned t the outset with a U-shaped profile can be used. The rods can also extend into the
30 | 'bond beam from the blockwork cOutse below, e.g. from perps of that course and through

apertures in the bases of the hollow blolcks surrounding the bond beam.
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The above principle allows for enhanced wall deflection as the bond beam and adjacent
blockwork course(s) deflect, absorb and transfer applied stresses and forces ultimately back
to the vertical stanchions. This creates a stiffening/strengthening of the masonry with -
greater flexural and deflection resistance prOpertieé than i1s .currently the practice with rigid

steel wind post structures fixed to the soffit and floor. The standard post tends to resist

applied forces up to a certain level and then disintegrate.

Our system also provides beneficially larger work openings for building services such as
ducting, pipework, cables and access crawl ways. Posts run vértically from floor to soffit

obviously on occasion will restrict the service run whereas our horizontal beams tend to

have no negative effect on service runs and penetration of walling.

Our new beam design increases wall capacity in compression. Flexural tolerance also

St

increases despite minor properties in this characteristic in normal masonry.

We find that when this wall panel construction is used in buildings such as car parks, car
impacts and other similar forces e.g. shopping trolley etc. impacts are absorbed and

transterred to the wall panel ends and ultimately to vertical load bearing structural beams

where these forces can be adequately absorbed.

In test analyses we have found that, subject to beam location, the wall will flex and deflect

in directions transverse to its mid-plane. The present beam appears to increase deflection -
capacity by up to 25%. Also by using one or more bond beams, particularly in conjunction
with réinforcing ties extending into the adjacent blockwork, transverse wall panel length

can extend to 12m and beyond, without an expansion joint. This is not possible with any

other system.

The bond beam resists initial forces applied to walling, absorbing and transferring these
towards its ends. ‘As forces further increase, the beam works with the masonry, deflecting
and absorbing the forces in a unitary state, and transferring them to be absorbed by the load

- bearing structure. This greatly increases the capacity of the wall to resist and absorb stresses
and forces.

12
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The beam works with the wall’s characteristic strengths in compression and rigidity; this
compatibility  between beam and walling creating the enhanced performance. From:
‘observation we can confirm that the bond beam has the effect of subdividing the wall infill

panel into smaller areas spanning between adjacent beams or between the lowermost beam -

and the tloor, or between the uppermost beam and the soffit.

Figure 8 shows another bond beam construction embodying the invention. L shaped
brackets 24 are used to tie the bond beam to adjacent blockwork courses both above and
below. The brackets are at 450 mm centres extending alternatély upwards and downwards;
i.e. adjacent brackets to one or other side above or below the bond beam 5 are at 900 mm
~ centres. The downwardly extending brackets 24 are inserted through apertures 28. These
extend from the base (indicated by chain dotted line 26) of the hollow interiors of the bond
beam accommodating blocks, to their lower faées. Through these apertures the longer, .
vertically oriented limb 30 (Figure 9) of the downwardly extending brackets can enter the
i)erpends of the course below the bond beam 5. The upwardly extending brackets 24 can
pass direcﬂy from the bond beam 5 into the perpends of the course aboﬁe. In both cases, the
shorter limbs 32 of the brackets 24 extend generally horizontally in the concrete of the bond
beam, to tie the brackets and thereby the adjacent blbckwork courses to the bond beam.
Both limbs 30, 32 of the brackets 24 may contain apertures 34 or other formations that help
the bracket to key into the surrounding concrete, mortar or the like. Although the brackets
are shown extending into the perpends, they may instead be grouted into apertures formed in
the blocks of the adjacent courses. The construction shown contains no additional
feinforcement, apart from the rebars 14 and brackets 24. Bed joint reinforcing mesh is not

used, at least in the courses above and below the or each bond beam, which are tied into the

bond beam course by the brackets 24.

Figure 10 shows a closure plate 36 having a pair of holes 37 by which 1t can be slipped over
the cleat pockets 12 after the cleat 16 has been secured to 1ts stanchion e.g. using bolts
passing through securing holes 23 into similar holes in the stanchion, or into a channel 17
such as shown 1n Figure 6a. The closure plate is made of a resiliently deformable material

and is of sufficient size to seat and seal against the exposed end face of the adjacent block

13
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containing the bond beam. The closure plate seals around all three sides of the opening
formed in the end face by the block’s hollow interior, as this block is laid and butted up
against the closure plate. A boot 38 is slipped over each end of each rebar 14 before it is
installed 1n its pocket 12. The rebar may be bowed temporarily to allow its ends to be
1nstalled in both opposing cleats. The boots 38 each have a narrow end which seals about
the rebar 14, and a wider end that can be slipped over and seal around the pockets 12 (see
. Figure 11). The wide end of each boot is 'Ionger than the pocket 12, so as to define an
internal void 40 which accommodates longitudinal thermal movement of the rebar 14
relative to the pocket 12, when the whole is set in concrete. The boots 38 form a slip surface
between the pockets and the surrounding concrete. The boots may be radially compressible
to accommodate reiative vertical movement between the pockets 12 and the surrounding

- concrete. The fairly lose fit of each rebar end in its socket can accommodate similar relative

vertical movement.

The plate 36 prevents the wet concrete from running out of the endmost hollow block. If
made from a suitable material (thermally/acoustically insulating and/or fireproof — e.g.
mineral wool 1n a suitable resin binder) the plate 36 can remain in place to form part of the
- expansion joint between the blockwork and the stanchion. Alternatively, the closure plates

can be made from a material such as expanded polystyrene or polyurethane foam, that is
relatively easy to break away once the concrete of the bond beam has set. This allows

installation of expansion joint material, cut to fit between the blockwork and the stanchion,

and around the pbckets 12.

Figures 12 and 13 show a closure in the form of a stopper half shell 42 that fits around the

cleat pockets 12 to form a coniplete collar. The half shells are formed from a resiliently
deformable material such as expanded polystyrene or polyurethane foam, and are used In
pairs face-to-face, so as to completely fill the gap between thé cleat pockets 12 and the

hollow bldck interior walls at each end of the channel containing the bond beam 5. In thlS |
way, the half shells retain the wet concrete. Each half shell has a pair of larger semi-
cylindrical depressions 44 which accommodate the pockets 12, and a pair of smaller semi-
cylindrical depressions 48 which fit snugly around the rebars 14. The shoulders 46 defined
between the depressions 46 and 48 locate the half shells correctly on the pockets 12. The

14
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material of the half shells surroundmg the "depressions 48 and 44 is long1tud1nally and

‘radlally compressrble to accomrnodate theérmal movement of the bond beam relative to the
stanchion and cleat. |

‘.

The bond bemn Stl".lC"'"’e of‘ the 3n‘.'ention, including but not limited to the structures shuwn
In Floures ] and 8, can be used to reinforce a load beanng, bonded masonry wall against
transverse bending. In this case, the rebars need not be cormected to an adjacent load
bearing structdre but may srmply be termmated w1thm‘ the concrete of the bond beam. The
rebar ends ‘may be hooked or otherw13e provided with enhanced anchorages w1th1n the
10 concrete 1n known manner. A load bearing wall 50 contatmng two bond beams 5, 8 of this

~type 1s shown in Figure 14. The bond beams d1v1de the wall into three sections 52, 54 and

- 56. The centre section 54 contains a number of apertures 58a-d below the bond beam 8,

e.g. for windows, door_s and service penetratxons. Provided that the bond beam 8 1s

sufficiently strong to Support the 'masonry.above each aperture if no separate lintels. 60 are
15 used, design ca]culetions for transverse bending strength may be Eimpliﬁed 'by treating the

‘wall simply as ‘the upper and lower sectrons 52, 56 with the bond beams 5 and 8 at their

upper and lower edoes respectlvely, €.g. In accordance wrth BS5628 for walls with sub parts.

| Bond beams embodying this invention have numerous other 'applications, for example: | |
* 1. Use as ﬁxlng for eyebolts 1.e. the bond beam will meet eyebolt pull out test reqmrements '
2. Bomb blast and securlty appllcatrons where added lateral bending strength is needed in a
bonded masonry wall. |
3. Parapet wall applications in lieu of parapet posts (that cannot have a head fixing).
25 4. Use as a fixing for shelf angles (exterior brick cladding etc. supports) when required

between floor levels. ' l | - |

5. Use for supporting heavy plant / ductwork etc especially wh.e‘n no facility exists to hang
off slab soffits / roof structures. | |

6. Use for fixing balconies, external walkways and similar cantilevered structures to blocks

30  of flats or the like.
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7. When fixing heavy items to a wall, e.g. in factories, offices, shops, garages and museums,

or even in the domestic environment, for items such as water tanks, roller shutters, wall
cupboards and flat screen TVs.
8. Use in reinforcing bonded masonry retaining walls, especially but not exclusively in wet

condtitions (harbour / swimming pool / tunne] / cellar etc).

9_.' When building a wall in a place where access is limited and only small components can

be delivered, i.e. where there is no room to manoeuvre lintels, wind posts and other larger

1tems.

10. Where labour is much cheaper than metal. For example it is preferable to have a man

mixing concrete for a day at £6 an hour than pay £300 for a wind post.
11. Use in forming a reinforced bonded masonry lift shaft. Accordingly, a lift can be

installed in an existing building without the need for a large cast reinforced concrete core.

12. Use as a padstone system to sit beams on.

13. Use 1n stack bonded masonry to introduce intermediate lateral stiffeners.

16
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A method of constructing a masonry infill in an infill space between two spaced-apart
vertical supports of a pre-existing load bearing structure, the method comprising the steps of:
laying one or more courses of masonry, each of which comprises an end that
terminates at a corresponding vertical support;
partitioning off a casting space between the vertical supports, the casting space having
as its base the then uppermost course of masonry;
positioning reinforcing material in the casting space;
securing an end of the reinforcing material to a corresponding said vertical support;
filling the casting space with concrete so as to form a reinforced concrete casting; and
laying one or more further courses of masonry on top of the filled casting space;

wherein the masonry infill extends from one side of the infill space to the other.

2. A method as defined in claim 1, in which the step of partitioning off the casting space

comprises installing shuttering.

3. A method as defined in claim 2, in which the shuttering is aligned with inner and

outer faces of the masonry courses.

4 A method as defined in claim 1, in which one or more masonry courses define inner

and outer walls on either side of the casting space.

J. A method as defined in claim 4 in which the casting space-defining course 1s formed

from blocks having a U-shaped cross-section.

0. A method as defined in claim 1, in which the reinforcing material comprises steel bar.

7. A method of constructing a masonry infill in an infill space in a pre-existing load
bearing structure, the method comprising the steps of:

laying one or more courses of masonry;

partitioning off a casting space having as its base the then uppermost course of
masonry, the casting space extending from one side of the infill space to the other;

positioning at least one reinforcing bar in the casting space;

securing an end of the reinforcing bar to the load bearing structure;

filling the casting space with concrete so as to form a reinforced concrete casting; and
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laying one or more further courses of masonry on top of the filled casting space;

wherein the secured end of the reinforcing bar 1s received in a horizontally extending
socket having an axis extending in a direction towards the other side of the infill space, said

socket being permanently anchored to the load bearing structure.

8. A method as defined in claim 7, in which the load bearing structure is formed from
reinforced concrete and the socket 1s formed in a metal body inserted into or attached to the

load bearing structure.

9. A method as defined in claim 7, in which the load bearing structure is a metal frame

and the socket 1s formed in a cleat secured to the frame.

10. A method as defined in claim 7, in which the reinforcing bar is a sliding fit in the
socket.
11. A method as defined in claim 10, further comprising using a seal to prevent the wet

concrete from entering the socket as the casting space 1s filled.

12. A method as defined in claim 7, in which the reinforcing bar 1s longitudinally fixed in

the socket and s provided with tensioning means.

13. A method as defined in claim I, in which one or more courses of masonry above
and/or below the concrete are tied into the concrete by reinforcements extending mto the

concrete and into mortar filled spaces 1n or between the units of masonry 1n these courses.

14, A method as defined in any one of claims 1 to 13, in which edges of the masonry

infill are secured to the load bearing structure by means additional to the attachment at the

reinforcement.

15. A masonry infill for an infill space defined between two spaced-apart vertical
supports of a pre-existing load bearing structure, the masonry infill comprising:

one or more courses of masonry, each of which comprises an end that terminates at a
corresponding vertical support,

a reinforced concrete casting which comprises a concrete reinforcement and which is
located above the masonry courses and extends between the vertical supports;

an end of the concrete reinforcement being secured to a corresponding vertical

suppott,
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the masonry structure comprising one or more further courses of masonry above the

reinforced concrete casting;
wherein the masonry infill extends from one side of the infill space to the other.

16. A structure as defined in claim 15, comprising a masonry course which itself defines

inner and outer walls of the casting space.

17. A structure as defined in claim 16, in which the inner and outer wall-defining course

is formed from blocks having a U-shaped cross-section.

18. A structure as defined in claim 15, in which the reinforcing material comprises steel

bar.

19. A masonry structure comprising:

one or more courses of masonry;

a reinforced concrete casting which comprises a concrete reinforcing bar, the
reinforced concrete casting being located above the masonry courses and extending from one

side of the masonry structure to the other;
an end of the concrete reinforcing bar being secured to a load bearing structure;

the masonry structure comprising one or more further courses of masonry above the

reinforced concrete casting;
wherein the load bearing structure is pre-existing and the masonry structure comprises

an infill which is secured in a space in the pre-existing load bearing structure and extends

from one side of the space to the other; and
wherein the secured end of the reinforcing bar is received in a horizontally extending

socket having an axis extending in a direction towards the other side of the space, said socket

being permanently anchored to the load bearing structure.

20. A structure as defined in claim 19, in which the reinforcing bar is a sliding fit in the

socket.

21. A structure as defined in claim 19, in which the reinforcing bar is longitudinally fixed

in the socket and is provided with tensioning means.

22. A structure as defined in claim 15, in which one or more courses of masonry above
and/or below the concrete are tied into the concrete by reinforcements extending into the

concrete and into mortar filled spaces in or between the units of masonry in these courses.
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73, A structure as defined in claim 15, in which edges of the masonry infill are secured to

the load bearing structure by means other than the attachment at the reinforcement.

74. A structure as defined in claim 15, further comprising reinforced mortar beds between

the masonry courses.
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