The performance characteristics of no-fines concrete in social housing
Sommerville, James; Craig, Nigel; Charles, Antoinette

Publication date:
2010

Link to publication in ResearchOnline

Citation for published version (Harvard):
Sommerville, J, Craig, N & Charles, A 2010, 'The performance characteristics of no-fines concrete in social
housing'.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please view our takedown policy at https://edshare.gcu.ac.uk/id/eprint/5179 for details
of how to contact us.

Download date: 05. Dec. 2022

The Construction, Building and Real Estate Research Conference of
the Royal Institution of Chartered Surveyors
Held at Dauphine Université, Paris, 2-3 September 2010
ISBN 978-1-84219-619-9
©

RICS
12 Great George Street
London SW1P 3AD
United Kingdom
www.rics.org/cobra
September 2010

The RICS COBRA Conference is held annually. The aim of COBRA is to provide a platform
for the dissemination of original research and new developments within the specific
disciplines, sub-disciplines or field of study of:

Management of the construction process
•
•
•
•
•
•
•
•

Cost and value management
Building technology
Legal aspects of construction and procurement
Public private partnerships
Health and safety
Procurement
Risk management
Project management

The built asset
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Property investment theory and practice
Indirect property investment
Property market forecasting
Property pricing and appraisal
Law of property, housing and land use planning
Urban development
Planning and property markets
Financial analysis of the property market and property assets
The dynamics of residential property markets
Global comparative analysis of property markets
Building occupation
Sustainability and real estate
Sustainability and environmental law
Building performance

The property industry
•
•
•
•
•

Information technology
Innovation in education and training
Human and organisational aspects of the industry
Alternative dispute resolution and conflict management
Professional education and training

Peer review process
All papers submitted to COBRA were subjected to a double-blind (peer review) refereeing
process. Referees were drawn from an expert panel, representing respected academics from
the construction and building research community. The conference organisers wish to extend
their appreciation to the following members of the panel for their work, which is invaluable to
the success of COBRA.

Rifat Akbiyikli
Rafid Al Khaddar
Ahmed Al Shamma’a
Tony Auchterlounie
Kwasi Gyau Baffour Awuah

Sakarya University, Turkey
Liverpool John Moores University, UK
Liverpool John Moores University, UK
University of Bolton, UK
University of Wolverhampton, UK

Kabir Bala
Juerg Bernet
John Boon
Douw Boshoff
Richard Burt

Ahmadu Bello University, Nigeria
Danube University Krems, Austria
UNITEC, New Zealand
University of Pretoria, South Africa
Auburn University, USA

Judith Callanan
Kate Carter
Keith Cattell
Antoinette Charles
Fiona Cheung
Sai On Cheung
Samuel Chikafalimani
Ifte Choudhury
Chris Cloete
Alan Coday
Michael Coffey
Nigel Craig

RMIT University, Australia
Heriot-Watt University, UK
University of Cape Town, South Africa
Glasgow Caledonian University, UK
Queensland University of Technology, Australia
City University of Hong Kong
University of Pretoria, South Africa
Texas A and M University, USA
University of Pretoria, South Africa
Anglia Ruskin University, UK
Anglia Ruskin University, UK
Glasgow Caledonian University, UK

Ayirebi Dansoh
Peter Davis
Peter Defoe
Grace Ding
Hemanta Doloi
John Dye

KNUST, Ghana
Curtin University, Australia
Calford Seaden, UK
University of Technology Sydney, Australia
University of Melbourne, Australia
TPS Consult, UK

Peter Edwards
Charles Egbu

RMIT, Australia
University of Salford, UK

Ola Fagbenle
Ben Farrow
Peter Fenn
Peter Fewings

Covenant University, Nigeria
Auburn University, USA
University of Manchester, UK
University of the West of England, UK

Peter Fisher
Chris Fortune
Valerie Francis

University of Northumbria, UK
University of Salford, UK
University of Melbourne, Australia

Rod Gameson
Abdulkadir Ganah

University of Wolverhampton, UK
University of Central Lancashire, UK

Seung Hon Han
Anthony Hatfield
Theo Haupt
Dries Hauptfleisch
Paul Holley
Danie Hoffman
Keith Hogg
Alan Hore
Bon-Gang Hwang

Yonsei University, South Korea
University of Wolverhampton, UK
Cape Peninsula University of Technology, South Africa
University of the Free State, South Africa
Auburn University, USA
University of Pretoria, South Africa
University of Northumbria, UK
Construction IT Alliance, Ireland
National University of Singapore

Joseph Igwe
Adi Irfan
Javier Irizarry
Usman Isah

University of Lagos, Nigeria
Universiti Kebangsaan Malaysia, Malaysia
Georgia Institute of Technology, USA
University of Manchester, UK

David Jenkins
Godfaurd John
Keith Jones

University of Glamorgan, UK
University of Central Lancashire, UK
University of Greenwich, UK

Dean Kashiwagi
Nthatisi Khatleli
Mohammed Kishk
Andrew Knight
Scott Kramer
Esra Kurul

Arizona State University, USA
University of Cape Town, South Africa
Robert Gordon’s University, UK
Nottingham Trent University, UK
Auburn University, USA
Oxford Brookes University, UK

Richard Laing
Terence Lam
Veerasak Likhitruangsilp
John Littlewood
Junshan Liu
Champika Liyanage
Greg Lloyd
S M Lo
Mok Ken Loong
Martin Loosemore

Robert Gordon’s University, UK
Anglia Ruskin University, UK
Chulalongkorn University, Thailand
University of Wales Institute, Cardiff, UK
Auburn University, USA
University of Central Lancashire, UK
University of Ulster, UK
City University of Hong Kong
Yonsei University, South Korea
University of New South Wales, Australia

David Manase
Donny Mangitung
Patrick Manu
Tinus Maritz
Hendrik Marx
Ludwig Martin
Wilfred Matipa
Steven McCabe
Annie McCartney
Andrew McCoy
Enda McKenna
Kathy Michell
Roy Morledge

Glasgow Caledonian University, UK
Universitas Tadulako, Malaysia
University of Wolverhampton, UK
University of Pretoria, South Africa
University of the Free State. South Africa
Cape Peninsula University of Technology, South Africa
Liverpool John Moores University, UK
Birmingham City University, UK
University of Glamorgan, UK
Virginia Tech, USA
Queen’s University Belfast, UK
University of Cape Town, South Africa
Nottingham Trent University, UK

Michael Murray

University of Strathclyde, UK

Saka Najimu
Stanley Njuangang

Glasgow Caledonian University, UK
University of Central Lancashire, UK

Henry Odeyinka
Ayodejo Ojo
Michael Oladokun
Alfred Olatunji
Austin Otegbulu
Beliz Ozorhon
Obinna Ozumba

University of Ulster, UK
Ministry of National Development, Seychelles
University of Uyo, Nigeria
Newcastle University, Australia

Robert Pearl
Srinath Perera
Joanna Poon
Keith Potts
Elena de la Poza Plaza
Matthijs Prins
Hendrik Prinsloo

University of KwaZulu, Natal, South Africa
Northumbria University, UK
Nottingham Trent University, UK
University of Wolverhampton, UK
Universidad Politécnica de Valencia, Spain
Delft University of Technology, The Netherlands
University of Pretoria, South Africa

Richard Reed
Zhaomin Ren
Herbert Robinson
Kathryn Robson
Simon Robson
David Root
Kathy Roper
Steve Rowlinson
Paul Royston
Paul Ryall

Deakin University, Australia
University of Glamorgan, UK
London South Bank University, UK
RMIT, Australia
University of Northumbria, UK
University of Cape Town, South Africa
Georgia Institute of Technology, USA
University of Hong Kong, Hong Kong
Nottingham Trent University, UK
University of Glamorgan, UK

Amrit Sagoo
Alfredo Serpell
Winston Shakantu
Yvonne Simpson
John Smallwood
Heather Smeaton-Webb
Bruce Smith
Melanie Smith
Hedley Smyth
John Spillane
Suresh Subashini
Kenneth Sullivan

Coventry University, UK
Pontificia Universidad Católica de Chile, Chile
Nelson Mandela Metropolitan University, South Africa
University of Greenwich, UK
Nelson Mandela Metropolitan University, South Africa
MUJV Ltd. UK
Auburn University, USA
Leeds Metropolitan University, UK
University College London, UK
Queen’s University Belfast, UK
University of Wolverhampton, UK
Arizona State University, USA

Joe Tah
Derek Thomson
Matthew Tucker

Oxford Brookes University, UK
Heriot-Watt University, UK
Liverpool John Moores University, UK

Chika Udeaja

Northumbria University, UK

Basie Verster
Francois Viruly

University of the Free State, South Africa
University of the Witwatersrand, South Africa

John Wall
Sara Wilkinson
Trefor Williams

Waterford Institute of Technology, Ireland
Deakin University, Australia
University of Glamorgan, UK

Bogazici University, Turkey
University of the Witwatersrand, South Africa

Bimbo Windapo
Francis Wong
Ing Liang Wong
Andrew Wright
Peter Wyatt

University of Cape Town, South Africa
Hong Kong Polytechnic University
Glasgow Caledonian University, UK
De Montfort University, UK
University of Reading, UK

Junli Yang
Wan Zahari Wan Yusoff

University of Westminster, UK
Universiti Tun Hussein Onn Malaysia, Malaysia

George Zillante
Benita Zulch
Sam Zulu

University of South Australia
University of the Free State, South Africa
Leeds Metropolitan University, UK

In addition to this, the following specialist panel of peer-review experts assessed
papers for the COBRA session arranged by CIB W113
John Adriaanse
Julie Adshead
Alison Ahearn
Rachelle Alterman
Deniz Artan Ilter

London South Bank University, UK
University of Salford, UK
Imperial College London, UK
Technion, Israel
Istanbul Technical University, Turkey

Jane Ball
Luke Bennett
Michael Brand
Penny Brooker

University of Sheffield, UK
Sheffield Hallam University, UK
University of New South Wales, Australia
University of Wolverhampton, UK

Alice Christudason
Paul Chynoweth
Sai On Cheung
Julie Cross

National University of Singapore
University of Salford, UK
City University of Hong Kong
University of Salford, UK

Melissa Daigneault
Steve Donohoe

Texas A&M University, USA
University of Plymouth, UK

Ari Ekroos

University of Helsinki, Finland

Tilak Ginige
Martin Green
David Greenwood
Asanga Gunawansa

Bournemouth University, UK
Leeds Metropolitan University, UK
Northumbria University, UK
National University of Singapore

Jan-Bertram Hillig
Rob Home

University of Reading, UK
Anglia Ruskin University, UK

Peter Kennedy

Glasgow Caledonian University, UK

Anthony Lavers
Wayne Lord
Sarah Lupton

Keating Chambers, UK
Loughborough University, UK
Cardiff University

Tim McLernon
Frits Meijer
Jim Mason
Brodie McAdam
Tinus Maritz

University of Ulster, UK
TU Delft, The Netherlands
University of the West of England, UK
University of Salford, UK
University of Pretoria, South Africa

Francis Moor

University of Salford, UK

Issaka Ndekugri

University of Wolverhampton, UK

John Pointing

Kingston University, UK

Razani Abdul Rahim

Universiti Technologi, Malaysia

Linda Thomas-Mobley
Paul Tracey

Georgia Tech, USA
University of Salford, UK

Yvonne Scannell
Cathy Sherry
Julian Sidoli del Ceno

Trinity College Dublin, Ireland
University of New South Wales, Australia
Birmingham City University, UK

Keren Tweeddale

London South Bank University, UK

Henk Visscher

TU Delft, The Netherlands

Peter Ward

University of Newcastle, Australia

The Performance Characteristics of No-fines Concrete in Social
Housing
Professor James Sommerville
Glasgow Caledonian University
jso@gcu.ac.uk
Dr. Nigel Craig
Glasgow Caledonian University
ncr@gcu.ac.uk
Antoinette Charles
Glasgow Caledonian University
Antoinette.charles@gcu.ac.uk

1.

Abstract

No-fines concrete (NFC) is an open textured cellular concrete obtained by eliminating either fines or
sand from the normal concrete mix. The alleged advantages of this type of light weight porous
concrete include its lower cement content (resulting in lower cost), lower density, lower thermal
conductivity, no segregation and, better insulating characteristics, than conventional concrete.
This paper presents the results of exploratory work carried out to determine the performance
characteristics of NFC as used in social housing units. The work includes both laboratory test and site
investigations to identify the physical, thermal, visual and quality characteristics of NFC in cores taken
from existing housing stock in Irvine, Scotland. The findings from the tests discuss the performance
characteristics of NFC and highlight the nature of pores in NFC and, their influence on the heat loss
through the external fabric.
Keywords: No-fines concrete, social homes, performance characteristics, pore structure, thermal
performance.

2.

Introduction

No-fines construction is a non-traditional form of construction adopted in the UK prior to 1980, to
build a variety of house types. Scotland has about 33,000 no-fines homes, mainly in the social-housing
sector, and these have the potential to suffer fuel poverty issues. These houses had their external walls
constructed of concrete without fines. In theory, the absence of fines in these structures would lead to
the formation of voids (air pockets and channels within the structure) which would act as insulation
and prevent the flow of air, water and heat through the structure. Abadjieva and Sephiri (2000)

identified NFC to have no capillary movement of water because of the large continuous pores and
rough open textured structure.
This paper examines the performance characteristics of NFC from randomly selected no-fines homes,
located in Irvine, Scotland (120mm diameter cores were made available as the housing association
was fitting gas flues) and from panels cast in laboratory. The findings discuss on the characteristics of
NFC and highlight the nature of voids in NFC, their influence on the heat loss through the external
fabric.

3.

No- Fines Construction in Social Housing

NFC is an open textured cellular concrete (Moss 1979). This structure is formed as a result of the
absence of fine aggregate and lack of compaction (William and Ward, 1991). NFC panels are cast insitu by pouring cement and coarse aggregate slurry from a height of 7.5 meters. Concrete construction
(1961) identified that some builders casted NFC walls 7.5 meters high and 18 meters long. Moss (1979)
pointed out the benefits of this approach through relatively low hydrostatic pressure of the NFC,
creating even grading, eliminating segregation even when the materials are discharge from this height.
Moss (1979) also indicated that fresh NFC compacts well inside formwork under its own weight and
needs no mechanical compaction (Concrete Construction, 1961). The absence of fine aggregate in the
mix is identified as advantageous by Concrete Construction (1961), as the mix cannot segregate and
consequently it can be dropped from height. However, literature has not suggested a definite height on
the casting of NFC walls since the level of compaction depends on the casting height and thus
influences the percentage and nature of voids within the structure. However, questions arise as to the
water cement ratio and the quality of workmanship. The ideal water cement ratio suggested by the
Building Research Establishment (BRE) is 0.36 to 0.40: if the mix is dry, the cement-coarse aggregate
binding would be lean. Concrete Construction (1961) noted the only compaction required in NFC
construction is a light rodding to ensure the form is filled completely without bridges around
obstructions. Height plays an important part in providing sufficient compaction by gravity alone.
Discussion on the variations in the compaction of NFC walls leads to the issue of capillarity.
Maclean and Scott (1995) define capillarity as the tendency of water (or any fluid) to be sucked into a
narrow space such as the tiny inter-connected holes of a porous material, or any close joint. However,
in the case of NFC wall, Concrete Construction (1961) identified the nature of NFC construction to
have relatively high proportion of inter-connected voids but practically no fine capillary pores. As the
NFC wall is not compacted the structure of the NFC takes the form of the formwork leaving voids. In
theory, the formation of each structure is dependent on each panel and its workmanship because the
method of construction does not follow a standard criterion. If such is the case, it will be interesting to

see if NFC has capillarity or not in practice; if so, is capillarity advantageous/ disadvantageous for
NFC in terms of heat loss.

3.1 Physical Characteristics:
Physical characteristics relate to the sensory (physical) attribute of a substance and are generally
measurable Maclean and Scott (1995). Abadjieva and Sephrir (2000) identified NFC as having a
density of 1600 – 2000 kg/m³, and thermal conductivity of 0.7 W/mK: compared to dense concrete
(k=2.0 W/mK). They also indicate NFC as having a relatively low drying shrinkage (one half of that
of dense concrete) and a compressive strength of 1.1 to 8.2 MPa (after 28 days). The compressive
strength of NFC depended mainly on aggregate – cement ratio, lower than the compressive strength of
conventional normal weight concrete due to increased porosity (Cement and Concrete Association of
Australia, 1999). Tensile and flexural strength of NFC are also considerably lower than those of
conventional concrete Williams and Ward (1991); the highest strength is at aggregate – cement ration
of 7:1 and decreases with an increase in aggregate – cement ratio (Abadjieva and Sephrir, 2000).

3.2 Thermal characteristics:
Focusing on capillarity and heat loss through the voids, the Centre for Sustainable Energy (CSE, 2005)
pointed out concrete as a material, has an extremely low thermal resistivity, poor thermal performance
and the poor u-values of the walls, eventually resulting in low SAP (Standard Assessment Procedure
ratings) and high running costs. Good Practice Guide 183 (1996) has identified the u-value for a
250mm thick NFC wall with wet plaster finish to be 1.7 W/m²K, similar to a brick/cavity/brick wall.
Good practice guide 183 (1996) also points out the influence the wall thickness of NFC has on the
thermal performance of the wall (200 mm thick wall with an independent cellular core plasterboard
lining achieves a u-value of about 1.1w/m²K and a 250mm thick NFC wall will have a u-value of 1.23
W/m²K). Wong et.al., (2007) indicated Air Permeability Concrete (APC) is similar to NFC but the
main difference being the greater interconnectivity of voids in APC is achieved by manipulating
aggregate sizing, cement paste, volume and the rheological properties of the fresh mix. It is useful then
to consider the following characteristics of NFC to better understand and determine the void size and
nature of the voids in NFC.

3.3 Visual Characteristics:
The Cement and Concrete Association (1999) see NFC as characterised by uniformly distributed voids
and therefore it is not suitable for reinforced or pre-stressed concrete construction. However, within
the literature there is little available material on the internal structure of NFC. NFC has not been well
documented leaving little in the way to identify the internal composition of voids (are the voids
interconnected or closed). Moss (1979) identified NFC as open cellular structures with large

interconnected voids, depending on compaction by gravity alone and the property of cement mix for
segregation. This research finds it useful to investigate the internal structure of NFC.

3.4 Quality:
Abadjieva and Sephrir (2000), and Willams and Ward (1991), observed NFC to exhibit little cohesion
and no segregation, and can be dropped from a considerable height during placing. In relation to
capillarity, the BRE report and Moss (1979) identified NFC to have no capillarity because of the open
interconnected voids. However, Abadjieva and Sephrir (2000) pointed out that although NFC has no
capillary action, because of the large size of continuous pores and rough open textured structure, high
water permeability would be an issue to consider.

4.

Methodology

To determine the performance characteristics of NFC, an exploratory research method was adopted.
As very little literature was available on the performance characteristics of NFC, this research
included both site investigations and laboratory work. The series of test performed for identifying the
performance characteristics of NFC has been tabulated with the intended test results in table 1.
The goal of exploratory research is to learn “what is going on” and investigate the phenomena without
explicit expectations (Russell, 2009). Kumar (2005) describes exploratory research helps in gaining
information on a subject previously known little about and furthermore provides a platform upon
which a formalise research project can be built. Versatility and wide range approach to the preliminary
investigations are the main benefits of this genre of research (Russell, 2009). Punch (2005) suggests
exploratory research can draw on interviews, observations, group interviews, secondary data sources
and case histories. In relation to NFC, a literature review indicated that very little information has been
delivered on the performance characteristics of NFC: in this case, site investigations and laboratory
work was carried out to investigate the performance characteristics of the material as observed on site,
and then tested in the laboratory.
To evaluate the physical characteristics of NFC, both laboratory cast samples and cores from housing
site were tested. The laboratory samples were 150mm cubes, made of river gravel as coarse aggregate
and Portland cement in the ratio (6:1) and 0.45 water cement ratio. The cubes were cured for a 28 days
period under water and were subjected to a series of tests (BS 1881-3:1970). Three nos. cubes were
cast with one compacted and two un-compacted. To identify the volume of the voids in both the
compacted and un-compacted NFC cubes, they were weighed in air and fully saturated with water. To
determine the difference between what was done on site and what was quoted in the literature, NFC

from the site was also tested (the sample cores were collected from the housing stock in Irvine,
Scotland).

Table 1: Synopsis of test performed
Performance

Test

Samples

Results

Density

3 nos. laboratory cast

To determine the

panels of which 2 nos.

percentage of voids in

were not compacted

compacted and

and 1no. compacted.

uncompacted samples.

Characteristics
Physical

Compressive test

3 nos. cores from site.
3 nos. laboratory cast

Level of porosity

panels (replicated

between compacted

samples)

and uncompacted
samples

Capillary rise test

3 nos. cores from site
(replicated samples)

To determine the
nominal pore size.

Thermal

Heat flow meter

2 nos. lab cast panel of

To identify the thermal

which one is

conductivity of a

compacted and the

compacted sample and

other not compacted.

compare it to an

Note: separate samples

uncompacted sample

of 300x300x100 (mm)

and determine whether

were made to suite the

the voids act as air

instrument’s

capsules.

requirements.
Visual

Thermal imaging

Randomly selected

To identify cold

camera

samples from the

bridging and heat loss.

Irvine housing stock
Quality

Ultrasonic pulse

The 3 nos. lab cast

To determine the

velocity

panels (replicated

homogeneity,

samples)

uniformity, internal
flaws, cracks and
segregation.

These cores are 120mm diameter and 250mm thickness (excluding the render coat). They were
randomly collected from three different streets in Irvine and totalled to 20 nos. The cores collected
were from both the ground and the first floor of different properties. As the cores obtained were not of
full thickness (resulting from the nature of workmanship) refer to Figure 1, only three cores were
suitable for the testing (according to BS2846 Part 4&5). These cores were collected from the existing
stock (almost 40yrs old), and were stored at room temperature of 20º C and relative humidity 24%.

Figure 1: Nature of the samples:
Core: full
wall
thickness of
250mm
Disintegrated
Core
20mm thick
external render
Selected for testing

Rejected

To determine the thermal conductivity of NFC, 300 x 300 x 100 (mm) panels were cast to fit the FOX
heat flow instrument. For the test, one panel was compacted with 35 strokes and the other un compacted. 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. Temperature set points were set
for ten differences and the average temperature difference being 12.5°C. The difference in the k-value
signifies the influence of voids acting as air capsules.

Visual examination was carried out initially on site using a FLIR thermal imaging camera: the Infrared (IR) images of the NFC properties in Irvine were taken to identify the performance of NFC walls
from where the core had been extracted (to understand the composition of the wall from where the
core had been extracted). From these initial investigations, the nature of voids was to be determined.
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 NFC, capillary rise tests were adopted. The Concrete
Society (2008), see the rate of absorption as providing a useful indication of the void structure of
concrete. For this test three number cores were randomly selected as samples (according to guidelines
within BS2846 Parts 4&5). It should be noted that the samples were restricted as the in-situ cores
obtained from these housing sites disintegrated. It appeared (visually) that the external end of the wall
was held with render/rough cast (refer to Figure 1) whereas the interior end of the wall disintegrated:

from a total of 20 samples collected only two cores were of full thickness. Reconstruction of these
cores was considered as an alternative, but pouring resin to reconstruct these samples would affect the
results, especially in relation to capillarity. For the test, the sides of the cores were sealed with cling
film to eliminate evaporative flow from the sides adjoining the inflow face of the core; therefore
ensuring flow is in one direction only (Concrete Society, 2008). The NFC core sample was placed on
filter paper in a dish containing distilled water (of 10°C) to saturate the filter paper (Concrete Bridge
Development Group, 2002). As the sample absorbed the water its mass increased, the increase in mass
was recorded for different time intervals as was the rise of water. The data obtained was incorporated
in Microsoft excel to identify the relationship between the depth of water ingress and void radius in
relation to time. The notional void radius was calculated from the following equation (Concrete
Society, 2008):
d = sqrt (r²Po T/ 4µ)
Where, r is the radius of the void
Po is the atmospheric pressure (101.325 kP) and µ is the viscosity of water at 10ْ C (1.308 Pa.s)
To determine the porosity of the cores, the following formula was used (Horgan, 1999):
Φ = Vv / Vt
Where, Φ is the porosity of the sample
Vv – volume of the void
Vt - total or bulk volume of the material
The Concrete Bridge Development Group (2002) identified the results from capillarity tests to be
sensitive to the moisture content of the concrete at the start of the test. In order to overcome the
influence of moisture content of the concrete, the exposed surface of the structure was placed in
contact with the filter paper (as suggested by the Concrete Bridge Development Group, 2002).
Working on a small sample, the findings of this study relate to the selected location of the sample
stock, however the methodology for determining the void size and the influence of un-compaction on
the void size/ porosity of NFC is applicable in a wider context.
To determine the quality 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 (transmitter and receiver) were placed in contact with faces on the
sample (opposite faces). Concrete Bridge Development Group (2002) mention that the ultra-sonic
pulse generated from the equipment is transmitted through the NFC from the transmitter to the
receiver: information recorded is the time taken by the pulse to pass through the NFC. Measuring the
distance between the transmitter and the receiver, the ultra-sonic pulse velocity can be calculated. This
result helps identify the homogeneity of the structure, uniformity in bonding, density, absence of
internal flaws and cracks, segregation, and the level of workmanship.

5.

Results and Discussion

5.1

Physical characteristics

To evaluate the physical characteristics of NFC, a comparison was made between the samples cast in
the laboratory and samples cored from the site.

Figure 2: No-fines Samples
Sample 1: cast in laboratory in 150mm moulds

Sample 2: cored from site

Figure 2 illustrates the difference in the NFC structure of the samples made in laboratory and cored
from sites. The laboratory samples were made of river gravel (rounded edges) as coarse aggregate and
cores from the site were made of crushed whinstone (sharp edges): the densities of both samples are
shown in Table2

Table 2: Densities of the samples
Sample
3

Density in air (Dair) kg/m

3

Density in water (Dwater) kg/m

1

2

1542.51

1644.27

2479.00

2822.00

For both the samples, the saturated density is more than density in air: the voids filled with water and
increased the total density of the samples. Relating the density of voids in each sample with the
percentage of voids; sample 1 has 37% voids to the total density, and sample 2 has 66% voids. These
results indicate the influence height of casting of NFC has on the structure of NFC i.e. the entrapment
of air and thus the resulting voids or channels. To evaluate the difference in the structure of NFC,
compacted and un-compacted lab-cast cubes were weighed. The compacted cube had 25% voids and
the un-compacted had 37% of voids: demonstrating the effect compaction has on the structure of the
NFC. The compressive strength was also calculated for the compacted and un-compacted cubes:
compacted cube 8.8 N/mm2 and the un-compacted cube 2.3 N/mm2 , indicating the increased porosity

of the un-compacted cube. To summarise, the structure of NFC is influenced by the nature of
compaction (arising from the height of casting).

5.2

Thermal characteristics

To determine the thermal characteristics of NFC, thermal images of the NFC properties were taken.
The Thermal Imaging Survey (2010) observed heat loss from buildings can be caused by a
combination of drafts from poorly fitted windows and doors and or insulation integrity. The images
shown in Figure 3 were taken from the NFC social housing in Irvine. These images were taken using a
FLIR thermal imaging camera during the winter season (February 2010) at 15:00 hrs with an external
temperature of 8° C. All the houses illustrated below were occupied and internal spaces heated.

Figure 3: Thermal images of existing NF housing stock, Irvine
Cold bridge around the door and
window openings
Solid wall with no insulation
There may be danger of dampness
Heat loss through the door

Solid wall with no insulation
There may be danger of dampness

Heat loss through the door

Heat loss through poorly
fitted window

Solid wall with no insulation
There may be danger of dampness

The hot spot is the heat loss
from the new gas flue fitted.

Heat loss through the gable
end wall

*Note the difference in the cold bridging in the facade walls and the gable end walls.
Having identified the nature of the NFC wall, the thermal conductivity of this material was calculated.
Abadjieva and Sephrir (2000) identified the k-value for the NFC as 0.7 W/mK for coarse aggregate
from Kgale hill quarry. As in-situ u-values of these properties required permission from the tenants
(they will be conducted in winter 2010) NFC panels of dimensions 300x300x100 (mm) were cast in
the laboratory to fit the FOX heat flow meter, and used to determine the k-value of compacted and uncompacted panels as indicated in Table 3.

Table 3: K-Value (thermal conductivity) of laboratory cast NF panels
Sample

k-value (W/mK)

Compacted

0.4308

Un compacted

0.3521

From the results, it appears that un-compacted NFC has a better thermal conductivity than a
compacted panel of the same coarse aggregate and cement mix and water cement ratio. However, it
has a poor thermal performance level as a result of the elements (doors and windows) in the façade. It
will be useful to determine the in-situ u-values from these properties to identify why NFC with a low
thermal conductivity performs poorly on site; is it the homogeneity of the structure or the details in
construction?

5.3
Visual characteristics
Very little has been documented on the appearance of NFC in terms of their bonding, the nature of
voids and the effect of workmanship on the thermal performance of the wall. Figure 4 illustrates the
structure of NFC and the nature of their voids.

Figure 4: NFC cores from the housing stock, Irvine: NFC cores of 120mm diameter.
Surface distribution of the
coarse aggregate
Quality of workmanship:
thickness of the render coat.
Right image: the gaps in the
structure are held together by
the cement render

Type of aggregate and bonding
Crushed whinstone has sharp
edges, affecting the nature of
voids.
River gravel has smooth edges,
thereby less voids and more point
adhesion between aggregates.
Water / cement ratio
There is difference in the water
cement ratio between the
samples collected from different
streets.
Lean mix – showing the weak
bond between the aggregates

Nature of voids

Interconnected voids

For a clearer picture of the nature of voids in NFC, an x-ray of the section of the core was captured as
can be seen in Figure 5.

Figure 5: X-ray image of NFC

Closed voids

Open interconnected
voids (channels)

NFC cores analysed show the cores have both closed and open voids. To identify the nominal void
size of these NFC cores a capillary rise test was used (see Figures 6, 7 and 8). This section also
discusses the relationship between the void size and depth of water ingress, in relation to time. It will
also determine the porosity of the NFC cores and the percentage of voids in each core (refer to Figure
9).

Figure 6: The relationship between the depth and the nominal void radius of the Sample A is
represented below

Figure 7: The relationship between the depth and the nominal void radius of the Sample G is
represented below

Figure 8: The relationship between the depth and the nominal void radius of the Sample D is
represented below

From the graphs, the following relationship can be identified: as the time increases the depth of water
penetration also increases but becomes constant after 60 minutes (for all the three samples). Secondly,
as the depth of water ingress increases the void radius decreases, showing the interconnected voids are
not continuous. If the voids are large and interconnected, the radius should either be constant or
increase with the depth of ingress. However, as this structure was formed by compaction due to
gravity, NFC has both open and closed voids. As identified by Wong et al., (2008), the shape of the
aggregate particles (the aggregate used was crushed whinstone) affect the packing structure and
packing influences the fraction of space available for cement filling.
From the capillarity test, the nominal void size ranges from 1.89 and 6.57 mm for a 24 hrs period
(refer to Figures 6, 7 and 8). Tavaman (1996) points out, when the diameter of the voids >1cm the
effect of heat convection is significant and radiation between different interfaces within the material
will become important when temperatures are well above ambient. Wong et al., (2007) in relation to
APC states that with void diameters between 0.5 and 5mm, that the material operates at / near ambient
temperatures but the heat radiation and convection are negligible when considering static heat transfer
in APC. In short, in relation to NFC with void radius ranging between 1.89 and 6.57 mm, heat is not
lost through radiation or convection but static heat transfer. Wong et al., (2007) mentions, since air is a
poor conductor of heat (k=0.025W/mK at standard temperature), most of the heat will be conducted
through the solid composite phase and it is thus reasonable to ignore conduction through air. In other
words, compaction is not good for thermal performance of NFC and the air voids act as insulation
capsules.

Figure 9: Illustration of the ratio of volume of voids (Vv) to the volume of the sample in water
(Vw).

For all the three samples, the porosity level of the NFC cores was 0.66. Everett (1993) indicates the
porosity of peat and clay to be more than 0.5 and for stones i.e. granite 0.01. To determine the
percentage of the voids refer to Appendix 1.
The findings indicate that 66% of the NFC structure is composed of open and closed voids. The
nominal void size is between 1.89 and 6.57 (mm) and these voids act as air capsules. Referring to the
IR images of the NFC properties, heat loss is evident as a result of cold bridging around the doors and
windows (William and Ward, 1991). It must be acknowledged that NFC in these properties are a
single skin external shell with no insulation. To suggest further recommendations to improve the uvalue of the wall, in-situ u-values of these properties must be calculated.

5.4

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 the homogeneity of the structure, uniformity, absence of internal
flaws, cracks, segregation, and the quality of workmanship (see Table 4)

Table 4: Ultrasonic pulse velocity test results
ULTRASONIC PULSE VELOCITY TEST
Compacted
4.15
INFERENCE:
a. This test helps us to identify the quality of
the cube in terms of density, homogeneity,
uniformity, absence of internal flaws,
cracks, segregation and level of
workmanship.

Un-compacted
3.39
a. In these terms Cube 3 is categorised as
Medium quality.

b. In these terms Cube 1 is categorised as
Good quality.

The results from this test indicate un-compacted NFC to have a medium quality in comparison to the
good quality of the compacted NFC cubes. Concrete bridge development group (2002) pointed out the
ultrasonic pulses do not travel through air and thus voids and cracks in the NFC structure can be
detected through this method. In relation to un-compacted cube, as the NFC structure has 37% voids,
the ultrasonic pulses had to travel around the air filled voids, so the transit time was longer in the uncompacted NFC than in the compacted cube.

6.

Conclusions

NFC 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 1500- 1600 kg/m3. The cores from the NFC housing sites had 66% of voids compared to
the laboratory cast cubes of 37%. 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% voids and the
compacted sample had 25% 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 2.3N/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
– 6.57 (mm) and it was also observed that NFC does not have capillarity.
Thermal images of the properties indicate the performance level of the NFC wall and highlighted the
problem areas in the wall. For detailed analysis, the thermal conductivity was calculated in the FOX
heat flow meter. The results suggested 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 (uncompacted) under medium quality: NFC as a construction material has good thermal conductivity but
is of medium quality in terms of homogeneity of the structure and quality of workmanship.
Relating the results to the existing NFC housing stock, this research recommends future work in
evaluating the in-situ u-values of NFC properties. 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 to low carbon homes and the indoor quality of life and air in the NFC homes
needs further investigation.
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Appendix 1: Test results from the laboratory to determine the porosity of the samples and the
percentage of voids in each core
Sample
no:

Density
(in air)
kg/m³

Density
(water)
kg/m³

Volume
(void) Va-Vw
m³

A
G
D

1644.27
1633.66
1348.95

2822.00
2814.00
2508.00

0.001871232
0.00187973
0.001305965

Density
(void)
Dw-Da
kg/m³
1177.73
1180.34
1159.05

Saturated
Mass kg

Porosity
Φ = Vv/
Vt

Percentage
of voids

4.69
4.65
2.60

0.66
0.66
0.68

66%
66%
68%

