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Abstract

Purpose – No-fines concrete (NFC) is an open textured cellular concrete obtained by eliminating either
fines or sand from the normal concrete mix. Research in the 1950s showed this material to be capable
of energy and cement savings and worthy of being seen as a material that would revolutionise the way
affordable homes could be built. In today’s context, it may be argued that homes built using this
material suffer from fuel poverty as a result of their thermal performance characteristics. This paper
seeks to discuss the performance characteristics of NFC in social housing by identifying the nature of
the material and the influence of pore structure on heat loss through the fabric of the building.
Design/methodology/approach – Exploratory work was carried out to determine the build and
performance characteristics of NFC as used in a range of social housing units. The work includes both
laboratory tests and site investigations to identify the physical, thermal, visual and quality
characteristics of NFC in cores taken from existing housing units in Irvine, Scotland and units cast
in the lab.
Findings – The findings from the tests are used to discuss the actual characteristics of NFC and
highlight the nature of pores in NFC and, their influence on heat loss through the external fabric.
Practical implications – Identifying the nature of pores in NFC helps provide approaches towards
optimising solutions aimed at improving the thermal performance of the building.
Originality/value – This paper is the first to discuss the on-site build and performance
characteristics of NFC and the nature and influence of pores on the thermal performance of NFC.

Keywords No-fines concrete, Social housing, Performance characteristics, Energy loss, Fuel poverty,
Energy management, Cement and concrete technology
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Use of no-fines concrete (no-fines) (NFC) construction in social housing
As everyone may be aware, if you trap air pockets in a material then they tend to act
as insulation. NFC is a non-traditional form of construction adopted in the UK prior to
1980, to build a variety of house types, i.e. detached, terraced, semi-detached and
multiple storey. Moss (1979) described the structure of NFC as an open textured cellular
concrete. This cellular structure is formed as a result of the absence of fine aggregate
and lack of compaction (Concrete Construction, 1961; Williams and Ward, 1991). NFC
is cast in situ by pouring cement and coarse aggregate slurry into steel forms. In
theory, the absence of fines/sand in the structure, would lead to the formation of voids
which would act as insulation and prevent the flow of air, water and heat through the
structures: walls could be cast 7.5 metres high and 18 metres long, speeding up the
overall construction process. Concrete Construction (1961) noted the only compaction
required in NFC construction is a light rodding to ensure the form is filled without
bridges around obstructions; the storey height of the formwork playing an important
part in providing sufficient compaction, by gravity alone.

The number of NFC units built in the UK can be estimated at around 300,000, over a
period of 30 years from the 1950s to the 1980s (Ross, 2002). After communicating with
the 32 Scottish Local Authorities; data from them suggest that there are circa
33,000 NFC homes in Scotland whose external walls (and internals) were constructed
from NFC (see Figure 1). Since no standard approach was adopted in the casting of
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NFC homes, the quality of workmanship, of the walls, is also questionable. Most
of these housing units are in the social housing sector, with tenants spending more
than 10 per cent of their income on heating. In today’s energy conscious context, these
homes suffer from fuel poverty (Ross, 2002). As a result of the variation in the quality
and compaction of NFC walls this leads to consideration of the pores created and the
issue of capillarity.

MacLean and Scott (1995) describe capillarity as the tendency of water to be drawn
into a narrow space such as the tiny interconnected holes of a porous material, or any
close joint. Concrete Construction (1961) suggested that the nature of NFC indicated it
to have a relatively high proportion of interconnected voids but a lack of fine
capillaries. Since the NFC wall is un-compacted, practice would suggest the structure
of the NFC would be substantially full of voids (see Figure 1). In theory, the formation
and characteristics of each structure would be dependent on each panel being cast and
its workmanship, since there was no standard compaction approach.

Physical characteristics
Abadjieva and Sephiri (2000) have identified NFC as having a density around 1,600-
2,000 kg/m3, and a thermal conductivity of 0.7W/mK: this compares well with
“traditional” concrete whose density is around 2,400 kg/m3 and has a k-value around
2.0W/mK. NFC also has a relatively low drying shrinkage (one-half of that of dense
concrete) and a compressive strength of 1.1-8.2MPa (after 28 days). The compressive
strength of NFC depends mainly on the aggregate used and the aggregate-cement
ratio: the tensile and flexural strength of NFC are considerably lower than those of
conventional concrete (Williams and Ward, 1991); with the highest strengths being
achieved at an aggregate – cement ratio of 7:1 (Abadjieva and Sephiri, 2000).

Thermal characteristics
The Centre for Sustainable Energy (CSE, 2005), when focusing on traditional concrete,
pointed out NFC had an extremely low thermal resistivity, poor thermal performance
and poor u values: buildings using concrete tending to have low Standard Assessment
Procedure ratings and high running costs. Good Practice Guide 183 (1996) has
identified the u-value for a 250-mm-thick NFC wall with wet plaster finish as being
1.7W/m2K; similar to a brick/cavity/brick wall: well away from the standards now
achieved with modern construction approaches (see Figure 2 on required
u values). Wong et al. (2007) indicated air permeability concrete (a derivative of NFC)
as having greater interconnectivity of voids, achieved by manipulating aggregate
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the nature of voids 
Figure 1.

No-fines cores from the
housing stock, Irvine
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sizing, cement paste, volume and the rheological properties of the fresh mix, so making
NFC better in performance terms than traditional concrete. It is useful then to consider
the physical characteristics of NFC to better understand and determine the void size
and the impact the voids have on thermal performance.

Visual characteristics and quality
Within the available literature there is little material on the internal structure of
NFC; with relatively scant documentation, so there is little in the way to identify
the internal structure, composition and operation of the voids. Moss (1979), whilst
providing some insight, simply summed the material up as “open cellular structures
with large interconnected voids, depending on compaction by gravity alone and the
property of cement mix”. Thus, any contemporaneous research that leads to
meaningful information on the internal structure, quality and performance of the
NFC aids in understanding its usefulness, and its impact on energy costs in social
housing.

Methodology
Summary
To determine the performance characteristics of NFC, exploratory research was
adopted since very little literature was available on its performance characteristics.
This research included both site investigations and laboratory work. The series of tests
performed to identify the performance characteristics has been tabulated, in Table I,
alongside the test results.

Notes: , u-value requirement in Scotland; , u-value requirement in England

2

1.7 u-value for a 250-mm thick NFC wall with two coat wet plaster finish 1.71 W/m2 K

u-value for a 250-mm thick NFC wall with plasterboard drylining finish 1.23 W/m2 K
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Laboratory cast samples and cores taken from a housing site in Irvine, Scotland, were
tested. The laboratory samples comprised 150mm cubes, made of river gravel, as
coarse aggregate, and Portland cement in the ratio (6:1); with a water cement ratio of
0.45 (Williams and Ward, 1991). Three cubes, one compacted and two un-compacted,
were cured for 28 days under water and were subjected to a series of tests in
accordance with BS 1881-113 (1983). Volumes of voids in both the compacted and
un-compacted cubes were calculated. The site cores were randomly collected from the
housing stock in Irvine; from both ground and the first floors of different properties,
from three different streets, totalling 20 in number. The cores were made available for
the study as a result of maintenance activity being undertaken by the housing
association, who in conjunction with Scottish Gas, were installing central heating
systems in the houses and thus were drilling cores for installation of boiler waste gas
flues. As many of the cores obtained were not of full-wall thickness (resulting from the
nature of the prior workmanship; refer to Figure 3), only three cores were suitable for
testing. These cores, derived from a range of heights above the dpc, are 120mm
diameter and 250mm thick (with an additional 19-20mm render coat): the cores, almost
50 years old, were stored in the lab at a room temperature of 201C and a relative
humidity of 24 per cent.

To determine the thermal conductivity of new NFC, 300! 300! 100mm panels
were also cast to fit the FOX heat flow instrument which gives a measure of a
material’s k-value. For the test, one panel was compacted with 35 strokes and the other
panel left un-compacted, in order to determine the variation in k-value for each. The
panels were cured for 28 days and tested in the heat flow meter. As the surface of
the NFC panels were not smooth, cling film was wrapped over the panel to ensure as

Performance
characteristics Test Samples Results

Physical Density
3 nos. laboratory cast panels of
which 2 nos. were not
compacted and 1 no. compacted
3 nos. cores from site

Un-compacted (sample 1) –
37% voids and compacted
sample – 25% voids
Sample 2 – 66% voids

Compressive 3 nos. laboratory cast panels
(replicated samples)

Compacted sample –
8.8 N/mm2 and
un-compacted sample –
2.3 N/mm2

Capillary rise 3 nos. cores from site (replicated
samples)

Nominal pore size ranges
from 1.89 to 6.57mm

Thermal Heat flow meter 2 nos. lab cast panel of which
one is compacted and the other
not compacted
Note: separate samples of
300! 300! 100mm were made
to suite the instrument’s
requirements

k-value of compacted
sample – 0.4308W/mK and
un-compacted sample –
0.3521W/mK

Visual Thermal imaging
camera

Randomly selected samples
from the Irvine housing stock

Refer Figure 5

Quality Ultrasonic pulse
velocity

The 3 nos. lab cast panels
(replicated samples) Refer Table III

Table I.
Synopsis of test performed

and results
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broad a surface contact area as possible. Temperature interval set points on the FOX
were established for the range from "20 to þ 50 on the upper plate, and þ 5 to
þ 751C, on the lower plate: the resistance of the material signifying the influence of the
voids.

Visual and thermal examination of the walls was carried out on site using a FLIR
thermal imaging camera: the Infra-red images of the NFC properties were taken to
identify the performance of NFC walls from where the core had been extracted to better
understand the composition and functionality of the wall. The samples used for visual
analysis were photographed using an Olympus 10 mega pixel camera and analysed
based on their structure, cement aggregate mix, bonding and nature of voids. To
determine the mean notional void radius and the porosity of the NFC, capillarity tests
were conducted. It should be noted that the number of samples was restricted as the in
situ cores were fragile and tended to disintegrate. It appeared (visually) that
the external end of the wall core was held together by the render/rough cast (refer to
Figure 3) whereas the interior end of the wall was friable and disintegrated: from a
total of 20 samples collected only two cores were of the full 250mm thickness.
Reconstruction of some cores was considered as an alternative, but pouring resin to
reconstruct these samples would affect the results, especially in relation to capillarity.
For the tests, the sides of the cores were sealed with cling film to eliminate evaporative
flow from surfaces adjoining the inflow face of the core; therefore ensuring the flow
was in only one direction (Concrete Society, 2008).

To determine the durability of the NFC, an ultra-sonic pulse velocity test was
adopted: Zeitun (1986) suggests the pulse velocity test is a useful quality control tool.
For this test, the sample was placed on a uniform surface and the transducers were
placed in contact with faces of the sample (opposite faces). Concrete Bridge
Development Group (2002) show that the ultra-sonic pulse generated is transmitted
through the NFC and information recorded as to the time taken by the pulse to pass
through the NFC allows deductions to be made about the properties of the
material. This aids in determination of the homogeneity of the structure, uniformity in
bonding, density, absence of internal flaws and cracks, segregation and the level of
workmanship.

Results and discussion
To evaluate the physical characteristics of NFC, a comparison was made between the
samples cast in the laboratory and samples taken as cores from the site. Figure 4
illustrates the differences in the structures of the samples made in the laboratory and
those from site. The laboratory samples, made of river gravel (rounded edges), and

 Core: full-wall
thickness of

250 mm 

Disintegrated
core 

20-mm-thick
external render 

Selected for testing Rejected

Figure 3.
Nature of the samples
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cores from the site comprising crushed whinstone (angular edges): are substantially
different; Tables I and II illustrate the variations.

A thermal imaging survey (carried out in February 2010, by staff from Glasgow
Caledonian University) observed heat loss arising from the buildings as being caused
by a combination of drafts from poorly fitted windows and doors and/or insulation
integrity. The images shown in Figure 5, taken from the housing in Irvine, were

Sample 1: lab cast in 150 mm cube moulds Sample 2: cored from site

Figure 4.
No-fines samples

Sample (Lab cast – sample 1) (Site cored – sample 2)

Density in air (Dair) (kg/m
3) 1542.51 1644.27

Density in water (Dwater) (kg/m
3) 2479.00 2822.00

Sample (lab cast) k-value (W/mK)
Compacted 0.4308
Un-compacted 0.3521

Table II.
Densities and k values

of the samples

Heat loss through the door

Solid wall with no insulation

Hot spot from the new gas
flue

Background heat loss
through the gable end wall

Figure 5.
No-fines cores from the
housing stock, Irvine
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obtained from the thermal imaging camera during the winter season (February 2010)
at 15:00 hours with an external temperature of þ 81C; all the houses were occupied and
internal spaces heated.

Figure 2 illustrates the varying requirements of domestic u-value from 1964 to 2010.
The gap to be achieved depicts the gap, local authorities and housing associations aim
to cover to meet the current building regulations of 0.3W/m2K. The u-value of 1.71
W/m2K (of a 250-mm-NFC external wall with wet plaster finish) and 1.23W/m2K (of a
250-mm-NFC external wall with plasterboard dry lining finish) follow the
u-value calculations of Williams and Ward (1991). Changes to the u values required
in Scotland, as building regulations were upgraded over the years from the 1960s, are
shown against the calculated u-value of the NFC wall. This allows comparison of the
difference between the required values and the actual achieved by the NFC walls. In
Figure 2, the bars with vertical shading in the chart denote the required u-value of
external walls since the implementation of the building regulations in Scotland (1959).
The various values for England are shown as solid shading, to illustrate the variations
between the countries and the performance levels of the NFC. The gap indicated on the
diagram clearly indicates the efforts required by social housing providers aiming to
close the gap to meet current building regulations requirements of 0.3W/m2K in
Scotland and England.

Visual characteristics
Figure 1 illustrates the structure of NFC in terms of their bonding, the nature of voids
and the effect of workmanship on the thermal performance of the wall. For a clearer
picture of the nature of voids in NFC, an X-ray of the section of the core was captured
as shown in Figure 6. The findings indicate that 66 per cent of the NFC structure is
composed of open and closed voids. The nominal void size is between 1.89 and 6.57mm
and these voids act as air capsules.

Closed voids 

Open interconnected
voids (channels) 

Figure 6.
X-ray image of no-fines

Compacted Un-compacted

4.15 3.39
Inference
The compacted sample is categorised as good
quality

The un-compacted sample is categorised as
medium quality

Table III.
Ultrasonic pulse velocity
test results
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Quality
The ultra-sonic pulse velocity test was adopted to test the quality of NFC. This test
was conducted to test the laboratory cast cubes for homogeneity of the structure,
uniformity, absence of internal flaws, cracks, segregation and the quality of
workmanship (see Table III).

Conclusions
NFC concrete is an open textured cellular concrete obtained by eliminating fines/sand
from the normal concrete mix. Tests conducted to analyse the physical characteristics
of NFC indicated the product has a density of 1,500-1,600 kg/m3. The cores from the
NFC housing sites had 66 per cent of voids compared to the laboratory cast cubes of 37
per cent. It can be suggested that the casting height of the NFC influenced the level of
compaction and thereby the percentage of voids. Comparing the percentage of voids
between compacted and un-compacted laboratory samples, the un-compacted sample
had 37 per cent voids and the compacted sample had 25 per cent voids. In short,
demonstrating the effect compaction has on the structure of NFC. The compressive
strength calculated through crush tests indicate the compacted cube to have a
compressive strength of 8.8 N/mm2 compared to 2.3 N/mm2 for the un-compacted
sample. Test results indicate NFC to have a cellular structure with open and closed
voids between the sizes of 1.89-6.57mm. It was also observed that the NFC did not have
capillarity as mentioned in previous research.

Thermal images of the properties and the various test results indicate the
performance level of the NFC and highlight the problem areas. Detailed analyses
of the thermal conductivity were undertaken via the FOX heat flow meter. The results
suggest the k-value of the un-compacted panel to be lower than the compacted
panel of the same coarse aggregate-cement mix and water/cement ratio. Discussing the
quality of NFC and the level of workmanship, ultra-sonic pulse velocity tests graded
NFC (un-compacted) under medium quality: NFC as a construction material has good
thermal conductivity compared with traditional concrete, but requires considerable
upgrading to meet the current building regulation requirements.

Relating the results to the existing NFC housing stock, more research is to be
carried out to identify the relation different aggregate types have on the structure
of NFC and on the thermal performance of NFC walls. This research recommends
future work in evaluating the in situ u-value of existing NFC properties from
different geographic locations within Scotland. Also, the thermal performance of NFC
walls with different insulation materials requires to be investigated, e.g. polymers.
Similarly, the cost factor in refurbishing NFC homes towards the goal of being low
carbon homes, and the indoor quality of life in the NFC homes, needs further
investigation.
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