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CUSSINS STEEL FRAMED HOUSES 

SUMMARY 
This report records the form of construction of Cussins houses, identifies locations 
within the structure where deterioration has occurred and highlights areas where 
surveyors should pay particular attention when carrying out an inspection. 

This report is one of a series produced by BRE giving the results of a survey of the 
forms of construction and the condition of steel framed and steel clad houses (References 
1,2,3,4,5,6,7 and 8). 

1 BACKGROUND AND IDENTIFICATION 
The Cussins house was designed in 1945 by Cussins Ltd., of Newcastle-upon-Tyne. A 
prototype pair of houses was erected in Gosforth, Newcastle-:ipon-Tyne, between the 
16th and 24th September 1945. These prototypes were reviewed and reported on by the 
Interdepartmental Committee on Housing Construction (Burt Committee) between 1945 
and 1946 (Reference 9). The system was approved for development by the committee 
after minor alterations were incorporated into the design. Subsequently about 3,500 
dwellings were erected using this system. Houses of this type are known to have been 
built in the Midlands and the North-East of England. 

The system is thought to have been built only as semi-detached 2 storey houses having 
pitched roofs with gabled ends. There is considerable variation in the outward 
appearance of houses built using the system, owing to the variety of wall claddings, 
window sizes, door surrounds and canopies. The following three types of cladding have 
been identified: brickwork, clay-slip faced concrete panels, and plain concrete panels 
finished with render. Houses clad with clay-slip faced concrete panels have a distinctive 
pattern of continuous horizontal and vertical joints (Figure 1). Masonry clad houses, or 
houses clad with rendered concrete panels, have no very prominent aids to identification. 
Houses clad with rendered concrete panels, may have cracks in the render which indicate 
the sizes of the underlying panels (Figure 2). 

There are a number of other features which can also assist in the identification of 
Cussins houses: 

(a) They have single storey brick outhouses to the flank end. (Figures 1, 2 and 3). 
(b) The front door head is lower than the ground floor window head. (Figure 3). 
(c) With some early Cussins houses, the cill level of the window above the front door 
is approximately ift* lower than the bedroom window cill on the same elevation 
(Figure 4). 

This report relates to the Cussins system which was assessed by the Burt Committee and 
does not cover the Cussins/Cornes system (also known as Symplex or Cornes) which was 
designed in 1964 and granted an NBA Appraisal Certificate in February 1966. The later 
system is easily distinguished from the Cussins system by the timber framed infill panels 
to the front and rear elevations and by the storey height clay-slip faced concrete panels 
to the flank end. 

- ~ 

*As these houses were designed and constructed lo Imperial dimensions the original units have bcen employed throughout 
this paper. 



2 CONSTRUCTION 

2.1 General 
The Cussins system was built as two-storey semi-detached houses. This report describes a 
typical example of the system and although minor variations are known to exist, in all 
cases the construction is substantially as described. The variations which the BRE has 
noted are described in Section 2.11. 

2.2 Foundations and substructure 
The steel frame is erected on a concrete strip foundation (Figure 5). A single leaf of four 
courses of semi-engineering brickwork substructure is built gin. in from the outer edge of 
the foundation. Another leaf of four courses of brickwork is built off the inside edge of 
the foundation strip as a permanent shutter for the cast in-situ, reinforced concrete edge 
beam of the ground floor slab. The lower portions of the stanchions are thus encased by 
the substructure. 

2.3 Frame 
The loadbearing steel frame for a pair of semi-detached houses is shown in Figure 6. It 
consists of fifteen two-storey stanchions, twenty-two ground floor beams, twenty-two 
first floor beams, two stairwell trimmer beams, twenty-two eaves level beams and ten 
rafters. In addition to the loadbearing frame there is a secondary steel framework 
provided as a means of attaching the external cladding, internal lining, and window and 
door frames to the loadbearing frame. 

The loadbearing steel frame has five parallel rows of three stanchions. Each row has one 
stanchion on the front elevation. There are rows of stanchions at each flank end, within 
the separating wall and between the separating wall and each flank end. The stanchions 
are connected at ground floor, first floor and eaves levels by beams; the front and rear 
elevation stanchions are also connected by rafters. Each stanchion is laterally tied to the 
corresponding stanchions in adajacent rows by beams at ground floor, first floor and 
eaves levels. 

The stanchions are 3in by 3in hollow box sections formed by welding together two 3in by 
I %in RS channels. Each has a %in thick, 9in square baseplate with four 15/16in 
diameter holes to accept %in diameter bolts which anchor the stanchion to the 
foundation. 

The ground floor and first floor beams are of 4%in by 1%in RSJs and the eaves level - beams and rafters are of 4in by l%in RSJs. 

The first floor stairwel! trimmer beams are of 4%in by I %in RSJs. 

The connections between the loadbearing frame components are made using a 
proprietary (Kariscol) joint which is a bayonet joint similar to that used in many steel 
bedsteads. Joints are made such that the sliding plane of the joint is vertical (Figure 7). 

The secondary steel framework is of 3in by 1 %in RS channels. The vertical members are 
attached by bolting to lugs which are welded on to the loadbearing frame; the horizontal 
window cill members are connected to the vertical members of the secondary frame by 
bolted angle cleats. 

Horizontal steel rods of %in diameter are threaded through holes drilled into the vertical 
members of the secondary framework and the main stanchions. They are used to restrain 
the external cladding panels. 

Damp proof trays protect the ground floor and first floor perimeter beams. 



2.4 External walls 
The external walls are formed of external cladding panels and internal linings, separated 
by a 3 %in wide cavity. 

2.4.1 Cladding 
The external walls are clad with factory produced reinforced foamed slag concrete 
panels. They are faced with clay-tiles of similar face dimensions to a brick in an 
unbonded pattern. The following three types of panel are used to clad each house; 

(a) Panels which are 5 clay-tiles wide by 9 clay-tiles high and measure approximately 
3ft 9in wide by 2ft 3in high. 
(b) Panels which are 5 clay-tiles wide by 6 clay-tiles high and measure approximately 
3ft 9in wide by lft  6in high. 
(c) Panels which are 3 clay-tiles wide by 9 clay-tiles high and measure approximately 
2ft 3in by 2ft 3in. 

During manufacture, hooks formed from round steel rods are cast into the back of the 
panels; these are used to locate and restrain the panels by hooking over the horizontal 
steel rods which run through the secondary framing into the main stanchions. 

The bottom row of cladding panels bears on the substructure brickwork via the lower 
edge of the bitumen felt cavity tray which protects the ground floor level perimeter RSJ 
beams. The substructure brickwork projects about an inch beyond the vertical plane of 
the cladding panels and a triangular fillet of mortar finishes the joint between the 
cladding panel and substructure brickwork. 

Above the bottom row, each cladding panel is located vertically above, and bears on, the 
panel beneath. Tee-section steel spacers are located in the horizontal joints at the corners 
of panels. 

The damp proof tray which protects the first floor RSJ beams on the external elevations 
is dressed to the outside through the horizontal joint in the cladding panels at the level of 
the ground floor window head. 

2.4.2 Lining 
The internal lining is of 2Gin woodwool slabs finished internally with a %in coat of 
gypsum plaster. The woodwool slabs are fixed back to the loadbearing and the secondary 
steelwork by steel cramps. 

2.5 Separating wall 
The separating wall is of 9in solid brickwork finished except in the roof space where it is 
left as plain brickwork, with a %in coat of gypsum plaster. The steelwork at the 
separating wall is embedded within the brickwork. 

2.6 Partitions 
The partitions are non-loadbearing and made from timber studwork faced with 
plasterboard. 

2.7 Floors 
2.7.1 Ground floor 
The ground floor is of solid construction with the steel ground floor beams embedded in 
the concrete floor slab. It is finished with an asphalt screed. 

2.7.2 First floor 
The first floor is of %in tongued and grooved floorboarding fixed to 5in by 1 %in timber 
joists. The joists are at 16in centres and are notched to fit into, and span between, the 
steel first floor beams. The joists run from the flank end to the separating wall. 



2.8 Ceilings 
2.8.1 Ground floor ceiling 
The ground floor ceiling is of ?/sin plasterboard nailed to the underside of the first floor 
joists. 

2.8.2 First floor ceiling 
The first floor ceiling is of %in plasterboard nailed to the underside of 4in by 1 %in 
timber ceiling joists. The ceiling joists are at 16in centres, span between the steel eaves 
level beams and run from the flank end to the separating wall. 

2.9 Roof 
The 4in by 1 %in RSJ rafters support six 3in by 2in by %in RS angle purlins and a 6in 
by 1 %in timber ridgepiece. The purlins are infilled with 3in by 1 %in timber members 
which are secured to the RS angles by bolts. 4in by 2in timber rafters at 16in centres are 
fixed to the timber infill members on the purlins and at ridge level are fixed to the 6in by 
1 %in timber ridgepiece. 

The roof is clad with interlocking concrete tiles on timber battens fixed, over sarking felt, 
to the timber rafters. 

2.10 Corrosion protection 
BRE has not seen a specification for the corrosion protection system applied to the 
steelwork. However, visual inspection indicates that the loadbearing frame members are 
protected by red oxide primer and the secondary framework members by a bitumen 
emulsion. 

2.11 Variations 
The following section is not a comprehensive list of all the variations to the system but 
notes those of which the BRE team is aware. 

2.11.1 Frame variations 
The following frame variations have been noted: 

(a) First floor beams of 6in by 3in RSJs as an alternative to 4%in by 1%in RSJs. 

(b) Additional intermediate beams at ground floor, first floor and eaves levels. They 
span from the front to the rear elevation and are located midway between the 
separating wall stanchions and the intermediate stanchions. They are connected to the - front or rear elevation lateral beams and to the central lateral beam using 'Kariscol' 
joints. 

(c) 'Kariscol' joint between rafter and stanchion with sliding plane 57% degrees from 
vertical as an alternative to a joint with a vertical sliding plane (Figure 8). 
(d) Stanchion baseplates secured to foundations by setting in cement as an alternative 
to securing with anchor bolts. 

2.11.2 Variations in other elements 
The following variations to elements described in Section 2.2 and Sections 2.4 to 2.10, 
have been noted: 

Foundations and substructure 
(a) Substructure of 4Ein  brickwork backed up with unreinforced concrete as an 
alternative to substructure with reinforced concrete edge beam and shuttering. 
(b) Substructure of 9in solid brickwork as an alternative to substructure of 4Ein  
brickwork. 
(c) Substructure brickwork six courses deep as an alternative to four courses deep, 
(d) Concrete strip foundations which are thickened under stanchion bases as an 
alternative to concrete strip foundations of uniform thickness. 
(e) Stanchion baseplates located on concrete raft foundations as an alternative to 
stanchions erected on concrete strip foundations. 



External wall cladding 
(a) Clay-tile faced panels which are lft 6 1/16in wide as an alternative to 3ft 9in wide 
panels. 
(b) Cladding of 4%in facing brickwork as an alternative to clay-tile faced concrete 
panels. 
(c) Cladding panels of plain concrete slabs finished with rendering as an alternative 
to clay-tile faced panels. 

During the survey, panels 4ft wide by 2ft 6in high were identified. Photographs taken 
of a Cussins house prior to rendering, show panels which measure approximately 4ft 
wide by 2ft 6in high, 4ft wide by lf t  3in high and 2ft wide by 2ft 6in high. In 
contrast, Neil (Reference 10) describes plain concrete cladding panels which measure 
3ft wide by 2ft high. 

Wail lining 
Wall linings of 2in thick woodwool slabs as an alternative to 2%in thick. Reference 
10 describes the dimensions of the woodwool slabs as 6ft 8in by 2ft 2in by 2in. 

Separating wall 
(a) Separating wall of two leaves of 2in thick woodwool slabs laid in mortar and 
finished with %in coat of gypsum plaster, except in the roof space where the slabs 
arc not plastered, as an alternative to 9in brickwork. 
(b) Separating wall of 9in concrete blockwork as an alternative to 9in brickwork. 

Partitions 
Metal and timber framed partitions as an alternative to timber framed partitions. The 
partitions consist of a sheet of %in plasterboard fitted into profiled metal headplates 
and studs, with timber bearers at floor level which are clipped together with patent 
clips. The plasterboard is finished both sides with %in coats of plaster. 
(Reference 10). 

Ground floor 
Where steel frames are erected on concrete raft foundations, suspended ground floors 
arc an alt.zrnativc to solid ground floors. Suspended ground floors consist of timber 
boarding fixed to 6in by 2in timber joists which run from flank end to separating 
wall, between the RSJ ground floor beams. The joists have notched ends to fit within 
the webs of the RSJ ground floor beams. 9in by 6in terracotta air bricks are used to 
ventilate the floor void. 

First floor 
6in by 2in timber joists as an alternative to 5in by 1 %in timber joists 

First floor ceiling joists 
5in by 1 %in timber ceiling joists at 16in centres as an alternative to 4in by 1 %in 
joists. 

Roof coverings 
Roof covering of clay pantiles as an alternative to interlocking concrete tiles. 

Corrosion protection 
All steelwork protected by bitumen paint as an alternative to main frame members 
protected by red oxide and secondary frame members protected by bitumen paint. 



3 PERFORMANCE IN USE 

3.1 General 
Deterioration of components of Cussins houses has occurred at a number of positions 
within the structure. The most common are shown in Figure 9. The corrosion of steel 
Tee-section panel alignment spacers has been widely observed. This corrosion has 
resulted in the widespread disruption of panels and the opening up of large cracks in the 
joints between adjacent panels. In some cases unsupported ends of cladding restraint 
rods have reduced the restraint provided to panels; this has led to, or exacerbated, 
disruption of the cladding. Disruptions of the cladding impair the weathertightness of the 
house allowing rain to penetrate to the steelwork. 

Whilst corrosion of the loadbearing steel framework has been observed it has generally 
been superficial; in no instance has it been sufficient to render a component structurally 
unsound. Generally the areas where corrosion has occurred are below the level of the 
damp proof course, or are associated with rain penetration. 

3.2 Corrosion of the structural frame 
Corrosion of the following components of the structural frame has been identified. 

(a) Stanchion baseplates 
Corrosion of the underside of some stanchion baseplates has been seen. Build-up of 
corrosion product between baseplates and concrete foundations has been evident in 
some houses; the metal loss has not been sufficient to impair the effectiveness of the 
baseplate as a load spreader, nor has the build up of corrosion product been large 
enough to cause disruption. (Figure 10). 

(b) The main stanchions 
Corrosion has been seen on the stanchions below ground level. (Figure 11). As well 
as the corrosion associated with the general moisture levels below damp proof 
courses, corrosion has been seen just below the level of the damp proof tray to the 
ground floor beams (Figure 12). It is probable that this corrosion is a result of 
moisture leaking past cavity trays. Superficial corrosion of the stanchions where 
protective coatings have failed has also been seen. 

(c) Ground and first floor beams; eaves level beams; and steel rafters 
Failure of the protective coatings and corrosion of the ground floor beams (Figure 
13) and superficial corrosion to the first floor beams (Figure 14), the eaves level 
beams and the steel rafters have been seen. 

3.3 Corrosion of secondary steel framework 
Failure of the protective coatings and superficial corrosion of the secondary steelwork 
has been seen, particularly where there is extensive cracking to the mortar between 
external cladding panels (Figure 15). 

3.4 Deterioration of other elements 
Deterioration to the following other elements has been identified. 

(a) Substructure brickwork 
Cracking of the substructure brickwork adjacent to the main stanchion locations has 
been observed. 

(b) Tee-section panel alignment spacers 
Corrosion of Tee-section spacers has been seen (Figure-16). The corrosion expansion 
of the spacers has caused cracking to the mortar between cladding panels and has 
contributed to the displacement of panels. 

(c) Cladding panel restraining hooks 
It has been reported to BRE that two cladding panels fell off a Cussins house during 
high winds. On one of these panels, one of the restraining hooks had detached and 



the other had been pulled straight; both the hooks to the other panel were reported 
to be in place and still correctly shaped. It was also reported that the %in diameter 
restraint rod was bent down adjacent to where the fallen panels had previously been 
located. Corrosion of cladding panel restraining hooks has been observed. 
(Figure 17). 

(d) Cladding restraint rods 
Superficial corrosion of the Yzin diameter horizontal steel rods has been observed. 
Restraint rods sagging by up to 1 %in between the supporting frame members have 
been seen. Restraint rods with unsupported ends have been seen (Figure 18). In some 
instances the unsupported rods have contributed to the displacement of cladding 
panels. 

(e) Cladding panels 
Corrosion of the reinforcement to the cladding panels has been observed. 
Clay-tiles have been forced from the surface of cladding panels by the corrosion of 
the reinforcement. 
Some cladding panels can be moved by light finger pressure. 
Cladding panels up to 1 %in out of alignment with adjacent panels have been 
observed. Some cladding panels under windows have moved such that the overhang 
of the cill has been lost. 
Mortar has cracked in joints between panels (see 3.4 b). 
Detachment of the render coat from walls clad with plain concrete panels has been 
seen. 

(fl Brickwork cladding 
Deterioration of mortar in joints has been seen. 

Spalled bricks, probably due to frost attack, have been observed. 

Cracks in brickwork, not associated with corrosion of the steel frame has been seen. 

Cracked bricks and mortar joints have been noted on houses which BRE were unable 
to examine in detail. Some of these cracks were coincident to the locations of 
loadbearing steelwork and may have been caused by corrosion of the steelwork; this 
could only have been confirmed by a physical examination which was not possible. 

4 GUIDE TO INSPECTION 
A previous report (Reference 1) describes in general terms the methods of inspection and 
assessment of the steel content of steel framed and steel clad houses; it identifies general 
locations where steel is vulnerable to corrosion and gives outline advice on the rate at 
which unprotected steel might corrode in the future. Advice on the likely integrity and 
durability of protection systems is also given. 

The present report describes deterioration which has been identified by BRE as specific 
to the Cussins steel framed system of construction. Section 3 lists the principal defects as: 

Corrosion of stanchion baseplates (3.2a). 

Corrosion of stanchions below ground level (3.2b) 

Corrosion of stanchions under damp proof tray to ground floor beams (3.2b) 

Failure of protective coatings to stanchions (3.2b) 

Corrosion of ground floor beams located around perimeter (3.2~) 

Failure of protective coatings to ground and first floor beams, eaves level beams and 
rafters (3.2~). 

Corrosion of secondary steel framework (3.3a) 

Corrosion of steel Tee-section panel spacers (3.4b) 



Corrosion of panel restraining hooks (3.4~) 

Corrosion of cladding restraint rods (3.4d) 

Cladding restraint rods with unsupported ends (3.4d) 

Corrosion of cladding panel reinforcement (3.4e) 

Displacement of cladding panels (3 .4~ and 3.4e) 

Cracked mortar joints between panels (3.4e) 

Detachment of render (3.4e) 

Cracking of brickwork cladding (3.4f) 

This is not a comprehensive list of defects which might be found; equally, not all the 
defects will necessarily be present in any one property. The list serves to highlight 
features that should be subjected to particularly close examination as part of any overall 
inspection procedure for Cussins houses. 

The concrete cladding panels cause problems of access to the steelwork of Cussins 
houses. It is not practicable to remove individual panels from Cussins houses in such a 
way that they can be replaced without damage; therefore, the removal of cladding panels 
is not usually an option for exposing steelwork when carrying out a survey. BRE was 
able to examine the steel frames of some Cussins houses from the outside after cladding 
panels had been removed, but the majority of inspections were carried out by removing 
areas of lining to expose the steel work from inside. Where the absence of debris 
permits, optical probes can be used to examine the condition of steelwork within cavities 
and determine whether corrosion has started. It must be emphasised that where corrosion 
of the steelwork has occurred, the extent of the deterioration may be masked by the 
corrosion product. In these cases it is difficult, if not impossible, to determine condition 
solely by visual means. Therefore, where corrosion is observed when using an optical 
probe, the component should be exposed and the extent of deterioration determined by 
removal of the corrosion product. The effective application of purely visual inspection 
techniques which avoid extensive damage to linings and claddings is thus severely limited. 

5 GENERAL COMMENT ON CONDITION 
The observations in this report result from the examination of Cussins houses on various 
sites in England. House inspections were carried out in all but one of the local 
authorities who at the date of publication of this report are known to own Cussins 
houses. None of the houses had been altered since they were built apart from minor 
repairs and the installation of loft insulation. 

The extent of deterioration to the steel frames varied from house to house in no 
particular pattern. There was some failure of the protective coatings to the steelwork, 
with superficial corrosion present in most of the houses examined. Corrosion to 
stanchion baseplates, stanchions below ground level, stanchions under ground floor level 
damp proof trays, ground floor beams and to secondary steel components has been 
observed in some cases. However, no instance has been identified where corrosion has 
rendered components structurally unsound. 

Corrosion of the Tee-section alignment spacers was evident on almost all of the houses 
inspected which had the concrete cladding panels; this corrosion was generally more 
severe in houses with the clay-tile faced panels. 
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rlgure L LussIns nouse clad with plain concrete cladding panels covered with render 



Figure 4 Early Cussins house: note that the window cill above the front door is lower than the ciu to Ule other bedroom 
window to the same elevation 
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(a) Rafter t o  stanchion connection with vertical sliding plane 

RSJ 

(b) Section through Kariscol joint (at A - A )  

Figure 7 'Kariscol' joint 
(a) Rafter to stanchion connection with vertical sliding plane 
(b) Section through 'Kariscol' joint 

RSJ 

Stanchion 3" x 3" hollow box section 

Fieore 8 Rafter to stanchion 'Kariscol' joint with sliding plane 57% degrees from vertical 
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a) Front elevation 
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b)  Flank end 

Figure 9 Front and flank end elevations showing common areas of deterioration 



F i U F C  10 
Cormslon of underside 
of stanchion baseplate 

Figure 11 - Corrosion of stanchion below ground level 
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Figure 12 
Corrosion of main stanchion under the ground 
floor csvlty tray 

Fisure 13 
Corrosion of ground 
floor beam lorated in 
external wall 
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Rigurn 14 Failure of protective coating and supafbid c o d o n  of fm floor beam 

Figure 15 Corrosion of secondary steelwork 



Flyn 17 Corrosion of panel resttainmg h-8 and mtmint rods 



Figore 18 Cladding restraint rod with unsupported end 




