


Graham True

D  Routledge
Taylor & Francis Group 

LONDON AND NEW YORK



Author Acknowledgements
Graham True was introduced to concrete technology 
while working at the Central Electricity Research Lab­
oratories in Leatherhead, Surrey. His involvement in­
cluded project work and experimentation to determine 
the performance of concrete used to form prestressed 
pressure vessels and radiation containment vessels 
for nuclear power plant operated by the C.E.G.B.

A more specific interest in glassfibre reinforced ce­
ment began with the author’s employment by E H Brad­
ley & Sons, Swindon. In 1973 they started investigating 
the properties and potential of this material in order to 
produce a successful range of products.

Similar investigations were initiated by Mr True’s 
next employer Thyssen (GB) Ltd. Specialization in grc 
permanent formwork became the main stay of the 
operation bringing out all the product’s potential.

This work was continued and expanded to include 
design and detailing aspects of grc permanent form- 
work while working for Velmac UK, a member of Tar­
mac Industrial Holdings Ltd.

At present Graham True is employed as Materials 
Engineer in the Central Engineering Division of Tarmac 
Construction Holdings.

First published 1986 
By Viewpoint Publications.
Published 2003 
By Routledge
2 Park Square, Milton Park, Abingdon,
Oxon 0X14 4RN
711 Third Avenue, New York,
NY 10017, USA
First issued in hardback 2017
Routledge is an imprint of the Taylor & Francis Group, 
an informa business
ISBN 13: 978-1-138-41403-7 (hbk)
ISBN 13: 978-0-86310-004-8 (pbk)

©  Palladian Publications Ltd 1986
Any recommendations made and opinions expressed in this 
book are the author’s, based on his own personal experi­
ence. No liability or responsibility of any kind (including 
liability for negligence) is accepted by the Publisher, its ser­
vants or agents.
Front cover photograph courtesy of Velmac (UK) Ltd.
Back cover photographs courtesy of Forton BV (two top illus­
trations), Thyssen (GB) Ltd (base left) and Velmac (UK) Ltd 
with Tarmac Industrial Holdings Ltd (base right).

The Author would like to thank the following for permis­
sion to use their illustrations or tables in this publication.
3.1 Mono Pumps Ltd, Arnfield Works, Audenshaw, Manchester M34 
5JA
3.2 3.3 3.13 3.14 3.18 3.22 3.23 3.26 K & C Mouldings 
(England) Ltd, Spa House, Shellanger, Diss, Norfolk IP22 2DF
3.4 3.5 3.10 3.19 Power-Sprays Ltd, Thornbury, nr B ris to l BS12 
1NP
3.6 3.7 3.8 3.20 3.24 3.25 Putzmeister Ltd, Carrwood Road, 
Chesterfield Trading Estate, Sheepbridge, Chesterfield, Derbyshire 
S41 9QB
3.9 3.21 Drostholm Products A/S, DK-2950 Vedbaek, Denmark
3.15 Desoutter Ltd, 319 Edgeware Road, Colindale, London 
NW9 5ND
3.28 Procem Co. Ltd, 2 London Road, Hazel Grove, Stockport, 
Cheshire
3.29 Stelmo Ltd, Charing, Ashford, Kent TN27 0EJ
3.30 3.31 Marine Engineering Co. (Stockport) Ltd, Bulkeley Street, 
Edgeley, Stockport, Cheshire SK3 9AJ
3.33 TAC Construction Materials Ltd, PO Box 22, Trafford Park, 
Manchester M17 1RU
3.34 ARC Ltd, Head Office, Quarry Road, Chipping Sodbury, Bristol 
BS17 6AY
3.35 3.36 Banbury Buildings Ltd, Ironstone Works, Adderbury, 
Banbury OX17 3NS
3.37 Gusmer, c/o Baxenden Chemical Co. Ltd, Paragon Works, 
Bayenden, Accrington, Lancs BB5 2SL
5.1 Fibreglass Ltd, Prescot, St Helens, Merseyside WA2 0TT
5.4 Microfine Minerals & Chemicals Ltd, Mica Works, Raynesway, 
Derby DE2 7BE
6.1 Liner Croker Ltd, Runnings Road, Cheltenham, Gloucs 
GL51 9NR
6.2 6.3 6.6 Joshua Greaves & Sons Ltd, PO Box 2, Atlas 
Engineering Works, Ramsbottom, Bury, Lancs BL10 9BA
6.4 6.5 Tumac Maskin AB, Tjadervagen 35, 141 72 Huddinge, 
Sweden
7.1 7.2 7.3 From the CERA Translation No. 12. Glassfibre 
Reinforced Cement by K L Yu, L and D L Biryukovich. Published by 
Civil Engineering Research Association
9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 11.9 13.27 13.28 
13.29(i) 13.29(ii) 13.29(iii) 13.33 13.34 13.35 13.40 13.41 
13.42 Thyssen (GB) Ltd, Bynea, Llanelli, Dyfed SA14 9SU
10.1 10.2 10.3(a) 10.3(b) 10.4 Michael Fordyce, Building 
Design Partnership, Vernon Street, Moor Lane, Preston PR1 3PQ
11.11 11.12 Building Research Station, Garston, Watford WD2 7JR
11.19 Monsanto, Dorcan Way, Swindon, Wilts SN3 5HN
11.20 Nene Instruments Ltd, 21-23 Park Road, Wellingborough, 
Northants NN8 4PW
11.21 J J Lloyd Instruments Ltd, Brook Avenue, Warsash, 
Southampton S03 6HP
13.1 13.2 13.3 13.4 13.5 13.6 13.7 13.8 13.39 Glass 
Reinforced Concrete (GRC) Ltd, Wincham Lane, Wincham Northwich, 
Cheshire CW9 6DE
13.9-13.22 13.36 13.37 13.38 Owens Corning Fiberglas 
Corporation, Fiberglas Tower, Toledo, Ohio 43659, USA
13.24 13.25 13.26 Veldhoen-lsolatie BV, Raalte, Holland
13.44 13.45 13.46 15.14 Table 15.3 Forton BV, Paardestraat 
31, 6131 HB Sittard, Holland
15.1-15.13 Tables 15.1 & 15.2 Taken from reports published by the 
Building Research Station, Garston, Watford WD2 7JR and 
Fibreglass Ltd, Pilkington Reinforcements Ltd, St Helens, 
Merseyside WA10 3TR



Contents
1 Background

2 Requirements for production
2.1 Administration
2.1.1 Office administration
2.1.2 Quality control testing and recording
2.2 Production
2.2.1 Spraying and mixing
2.2.2 Production quality control laboratory 

functions
2.2.3 Mould manufacture
2.2.4 Mould cleaning and oiling
2.2.5 Overnight storage, demoulding and 

making good
2.2.6 Curing
2.3 Storage
2.3.1 Raw materials storage
2.3.2 Mould storage
2.3.3 Stockyard operations and despatch

3 Production equipment
3.1 Pump units
3.1.1 Downland grc spray pump unit
3.1.2 Power-Sprays grc spray pump
3.1.3 Pilkington grc pump unit
3.1.4 Putzmeister grc pump units
3.1.5 Drostholm pump units
3.1.6 Power-Sprays mixer and pump unit
3.1.7 Plastering machines for grc production
3.2 Spray heads
3.2.1 Chopper gun
3.2.2 Mortar spray head
3.2.3 Twin mortar head spray head
3.2.4 Concentric spray head
3.2.5 Spray heads and their manufacturers
3.2.6 Further notes on spray heads
3.3 Roving feed systems
3.4 Water gauging equipment
3.5 Suggested mobile rig for grc production
3.6 Vacuum equipment
3.6.1 Downward vacuum extraction equipment
3.6.2 Upward vacuum extraction equipment
3.7 Automated spray-up equipment for 

sheet production
3.7.1 Continuous plant process
3.7.2 Station flat sheet plant
3.8 Automated traverse units
3.8.1 Mechanical traverse system
3.8.2 Enclosed air plug or linear air motor 

system
3.8.3. Constant speed electrical drive system
3.9 Flat sheet mass production plant

3.10 ARC slimline grc pipe manufacturing
plant 21

3.11 Bancem extrusion continuous process 22
3.12 ‘Robot’ equipment 22
3.13 Ancillary equipment 23
3.13.1 Compaction rollers 23
3.13.2 Foam planes 23
3.13.3 Turntables 23

4 Moulds and moulding techniques 24
4.1 Moulding materials 24
4.1.1 Materials suitable for the main body

of the mould 24
4.1.2 Materials suitable as components of

composite moulds 25
4.2 Mould design 26
4.3 Moulding techniques 27
4.3.1 Edges 27
4.3.2 Corners (internal) 28
4.3.3 Corners (external) 29
4.3.4 Sandwich panels 29
4.3.5 Ribs 30
4.3.6 Fixings 31
4.3.7 Hinged moulds 32
4.3.8 Textures and profiles 32

5 Constituent materials 33
5.1 Fibre 33
5.1.1 Glassfibre 33
5.1.2 Other fibres 33
5.2 Cements 34
5.3 Sand/fillers 34
5.3.1 Sand 34
5.3.2 Pulverized-fuel ash (pfa) 34
5.4 Pigments 35
5.5 Admixtures 35
5.5.1 Dispersing aids 35
5.5.2 Thixotropic admixtures 35
5.5.3 Workability aids 35
5.5.4 Air-entraining admixtures 36
5.5.5 Set accelerators 36
5.5.6 Flexibility and permeability improvers 36
5.5.7 Retarders 36
5.6 Lightweight core materials 36
5.6.1 Cement bound materials 36
5.6.2 Board/sheet material 38
5.6.3 Spray-in foams 38
5.7 Materials worthy of further investigation 38
5.7.1 Suzorite mica 38
5.7.2 Thermosetting cements 39
5.7.3 Regulated set cement 39

1

2
2
2
2
2
2

3
3
3
3
3
4
4
4
4

5
5
5
5
6
8
8
9

10
10
10
12
13
13
13
16
16
17
17
17
18
18

18
19
19
19
20

20
20
20



54
54
55
55
55
55
55
56
56
56
56
56

57
57
57
57

58
58
58
58
58
58
59
60
61
61
62

63
63
63
63
63
64
64
65
65
70
70
71
71
71

71
71
72
73
73
74
74
75
75
76
76
76
77
78

Mixers, mix designs and mixing
procedures 40
Mixers 40
Rotating pan mixers 40
High shear mixers 40
Continuous mixers 42
Mix designs 42
Spray-up (non-dewatered) matrix 42
Spray-up (dewatered) matrix 43
Pre-mix grc 43 
Fire resistant mix for spray-up,
non-dewatered grc 43 
Styropor lightweight core mix for
sandwich construction 43
Injection moulding premix 43
Pressing mix, premix 43
Extrusion mix, premix 43
Flat sheet extrusion 43
Mixing procedures 43 
General mixing procedure for
spray-up grc 43 
General mixing procedure for premix
grc 43 
Mixing procedure for styropor lightweight
core material (rotating pan mixer) 43

Manufacturing methods and techniques 44
Premix grc 44
Production mixing method 44
Moulding 44
Compaction 44
Hand spray-up grc 44
Basic procedures 44
Slurry preparation 44
Setting-up the equipment 45
Component manufacture 45
Plant cleaning and maintenance 46
Plant lay-outs and output rates 47
Automated spray-up grc 47
Extrusion 47
Pressing 47
Vacuum forming 47
Winding 48
Periodic delamination 48
Continuous moulding 50

Curing 51
General explanation 51
Successful curing 51
Maturity 51
Strength development under ‘normal’
curing 20°C/100%RH 52 
Strength development under accelerated
curing 52 
Considerations before employing
accelerated curing schemes 53 
Effects of curing under adverse
conditions 53

Finishes 54
Ex-mould finishes 54

9.2 Light etch retarded finishes
9.3 Pigmented finishes
9.4 Exposed aggregate finishes
9.5 Stain finishes
9.6 Sealers
9.7 Epoxy spray applied finishes
9.8 Epoxy gel-coat finishes
9.9 PVC surface coatings
9.10 Aliphatic polyurethane two-packfinishes
9.11 Acrylic polymer based textured finishes
9.12 Imitation brick renders
9.13 Polymer impregnation coatings

10 Design
10.1 Design aspects
10.2 Analysis of grc sections
10.2.1 Strength properties
10.2.2 Shrinkage, moisture and thermal 

movements
10.2.3 Manufacturers’ limitations
10.2.4 Material property and control test
10.2.5 Behaviour of full-size components
10.2.6 Associated materials 
10.3 Design method
10.3.1 Partial factors
10.3.2 Other factors and considerations
10.3.3 Summary of factors
10.4 Design example
10.5 Permanent formwork design

11 Quality control, testing methods 
and statistical evaluation of results

11.1 Advantages of statistical quality control
11.2 The five basic stages of quality control
11.3 Pre-production checking
11.3.1 Raw materials
11.3.2 Moulds
11.3.3 Equipment
11.4 Production control
11.4.1 Continuous monitoring of fibre content
11.4.2 Manufacture of test boards
11.4.3 Fibre content (washout tests)
11.4.4 Roving weight
11.4.5 Water/solids ratio of the matrix
11.4.6 Fresh wet density
11.4.7 Measurement of the consistency of a 

matrix material
11.4.8 Product thickness checks
11.5 Quality recording
11.5.1 Density
11.5.2 Tensile strength
11.5.3 Flexural strength
11.5.4 Impact strength
11.5.5 Compressive strength
11.5.6 Shear strength
11.5.7 Accelerated testing
11.5.8 Non-destructive testing
11.5.9 Recording of quality test results
11.5.10 Suitable test equipment for strength 

tests
11.6 Full-scale product testing



11.6.1 Loading requirements and procedures 79 15.2.1
11.6.2 Examination of the component after 15.2.2

testing 79 15.311.6.3 Reporting 79
11.6.4 Acceptance criteria 79 15.3.111.6.5 Routine proof testing 79 15.4
11.7 Statistical analysis of quality record data 79

15.5
12 Material costing procedures 81 15.6
12.1 Material requirements 81 1S 712.2 Guide estimates of the proceeding 1 \ J .  I

15.7.1quantities 81 15.7.2
12.3 Yield checks 81 15.812.4 Worked example 82
12.5 Final costing 82 15.9

13 Product range 83 15.1013.1 Cladding applications 83 15.1113.1.1 Kingston Fairfield West office complex 83
nr nn13.1.2 Stourbridge central redevelopment area lb.

car park 83 15.13
13.1.3 National Exhibition Centre fire station 84 15.14
13.1.4 St Helens central area re-development 15.15

phase 2 84
13.1.5 Hotel closet modules, Roseville,

Minnesota 85
13.1.6 Fascia panels, American Guidance

Services warehouse, Circle Pines,
Minnesota 85

13.1.7 Nizny Building, Dayton, Ohio 86
13.1.8 Kobacker Stores Inc., headquarters

and distribution centre 87
13.1.9 Lutheran Social Services office

building, Minneapolis, Minnesota 87
13.1.10 Renovation cladding, Sarasota, Florida 88
13.2 Composite cladding panels 89
13.2.1 Fenox cold store panel 89
13.2.2 Ranox facade panels 89
13.3 Formwork applications 90
13.3.1 Parapet shutters 90
13.3.2 Bridge decking 90
13.3.3 Retaining walls 91
13.3.4 Sewer relining 92
13.3.5 Permanent coffer units 92
13.4 General applications 92
13.4.1 Foto Fair kiosks 92
13.4.2 Sun awnings, First and Lenora Buildings,

Seattle, Washington 94
13.4.3 Promenade roof tiles 94
13.4.4 Fireplace surrounds 94
13.4.5 Street furniture 95
13.4.6 Window frames 95
13.4.7 Application of coated ‘E’ g lassfibre ' 95

14 The future 97

15 Typical properties 98
15.1 General material behaviour and ageing

characteristics 98
15.2 Mechanical properties in air storage

conditions 99

Elevated temperatures 
Humidity effects
Mechanical properties in water storage
conditions
Temperature effects
Mechanical properties in natural
weathering conditions
Young’s modulus values
Creep, stress rupture and fatigue
behaviour
Compressive and shear strengths 
Compressive strengths 
Shear strengths
Effect of sand additions on mechanical 
properties
Thermal expansion coefficients, 
thermal conductivity and gas and 
water vapour permeability of grc 
Density
Fire performance 
Moisture movement 
Temperature stresses 
Acoustics
Polymer modified grc

100
100

100
100

100
100

100
102
102
102

102

102
103
103
103
103
104 
104



Preface
All new materials require a period of careful in­
vestigation in order to establish properties, product 
potential, design and manufacturing methods. On this 
basis market recognition and acceptance is achieved. 
Glassfibre reinforced cement has passed through this 
phase and is now treated as a material with significant 
inherent possibilities. Its potential has given rise to 
particular grc products such as cladding panels, as­
bestos replacement products, pipes and permanent 
formwork. The latter employs the properties of this 
material to such a degree that it warrants its placement 
in a special category — unequalled by current alterna­
tives. Codes of Practice and British Standards are now 
including glassfibre reinforced cement and thereby 
giving full recognition to the material in its own right.

This book sets out the production of grc, exploring 
the various methods currently available. Basic ‘run of 
the m ill’ together with some of the more specialized 
processes are included and the equipment available is 
described. Naturally, with a new material, innovation is 
continually bringing about new manufacturing pro­
cesses, some of which are closely guarded by compa­
nies developing them into commercial propositions. 
Chapters are devoted to quality control, design, cos­
ting, curing and finishes. In addition, the final uses of 
the product are described focusing on both the general 
and the specific. This enables the reader to appreciate 
the possibilities of glassfibre reinforced cement to the 
full.

Glassfibre reinforced cement cannot be aligned with 
concrete or glassfibre plastic as so often is the case. It 
must be classed separately as a material with its own 
distinct properties. The author’s intention, through this 
book, is to encourage further acceptance of this novel 
and useful material.

Graham True 
1986



1
Background
In 1967, Dr A J Majumdar of the UK Building Research 
Establishment (BRE), Watford, began investigating the 
effect of zirconia additions to glass formulations. The 
overall aim was to achieve a glassfibre that had 
sufficient alkali resistance to withstand the environ­
ment found in hydrating Portland cement. Some of 
these formulations were successfully fiberized and 
their potential use for reinforcing Portland cement was 
demonstrated. The National Research and Devel­
opment Corporation (N.R.D.C.) filed patent applica­
tions to cover these achievements.

Development work encouraged trials to determine 
whether the formulations could be produced econo­
mically on a commercial scale. BRE and N.R.D.C. set 
out, with Pilkington Brothers Ltd, to undertake further 
commercial exploration. As a result, an agreement 
was reached whereby Pilkington Brothers Ltd, through 
their subsidiary Fibreglass Ltd, was licensed exclu­
sively to develop world-wide the commercial potential 
of this alkali resistant fibre.

By 1971 Pilkington Brothers Ltd had achieved:
1. The development of a viable, commercially fiber- 
izable alkali resistant glassfibre, with the trade name of 
Cem-FIL

2. The furthering of the test programme set up by BRE 
to assess the long-term durability of composites con­
taining Cem-FIL, when exposed to a range of environ­
mental conditions

3. The development of further prototype products and 
processes employing Cem-FIL alkali resistant fibre.

The third stage followed on from earlier work carried 
out at BRE using non-alkali resistant ‘E’ glassfibres. 
While the alkali resistant fibre formulation was under 
development, production techniques were investigated 
using the non-alkali resistant ‘E’ glassfibre in ordinary 
Portland cement (oPc) and gypsum plaster. This 
search for a suitably resistant glassfibre for incorpo­
ration into oPc proceeded from earlier tests in the UK 
where ‘E’ glassfibre had been incorporated into high 
alumina cement mortar.

Research in Russia had also been in progress since 
1941 when glassfibre rovings were used in an attempt 
to reinforce concrete. The experiment had, however, 
met with little success. Glassfibre rovings were there­
fore replaced by glassfibre reinforced plastic rods, but 
the presence of plastics caused very considerable 
creep. Finally, research culminated in a publication in

1965 which detailed the development of ‘dispersed- 
stress’ reinforcement and, consequently, a material 
with a completely new structure and completely new 
properties. This material, now referred to as gfr ce­
ment, has glassfibres dispersed over its entire section 
and orientated mainly along the line of action of the 
tensile forces. The resultant material is one in which 
the densely laid fibres reinforce thin layers of hard­
ened cement paste.

Principal types of binder used to make gfr cement 
were high alumina cement, gypsum-aluminous cement 
and waterproof expanding cements. The Russian 
report notes that Portland cements lead to failure of the 
glassfibre reinforcement owing to the aggressive 
action on the glassfibre. It also goes on to state that 
protective films or high-alkali fibres exceeding 25 mi­
crons in diameter may be used with Portland cement.

Overall Russian research probably prompted many 
investigators to study the possibilities of grc and from 
this evolved the alkali resistant fibres mentioned 
earlier.

Pilkington Brothers Ltd have now produced a new 
fibre named Cem-FIL 2 which will replace Cem-FIL. 
This fibre is based on the original Cem-FIL but with the 
added benefit of a special surface coating that prolongs 
the ductile failure pattern previously achieved. Other 
companies, in particular Forton in Holland, have adop­
ted the technique mentioned in the Russian Report -  
not only coating the surface of an ‘E’ glassfibre with a 
suitable polymer but additionally dispersing a polymer 
solution throughout the matrix. The extra cost of the 
polymer dispersion is offset by the lower cost of the ‘E’ 
glassfibre to achieve a similar overall cost for the com­
posite at the 5% additional level.

Various incorporation techniques have been devel­
oped ranging from pre-mixing the fibres into the matrix 
to hand laying and rolling into the cement paste, from 
winding and pressing using nets and continuous 
aligned rovings to spraying simultaneously chopped 
fibres and cement mortar causing mixing in mid­
stream before depositing onto the mould surface. The 
latter method of spraying has gained enormous popu­
larity due to the ease with which it can be performed, 
the availability of production equipment from the glass­
fibre reinforced plastics (grp) industry and the superior 
properties that can be achieved by this method of 
production. Early work at BRE was based on this spray- 
up technique but was further assisted by vacuum de­
watering of the composite in order to reduce the water 
content, increase the density and improve the physical 
bond between the fibre and the composite.
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2
Requirements for production
When planning a factory lay-out, the inter-relationship 
of the various production stages and their individual 
function and scope must be clearly defined. In the 
following notes, which are intended to assist this 
preparation, the functions of a grc production facility 
are divided into three groups:

Administration — Production — Storage
These three groups have been further sub-divided:
Administration: Office administration (costing, buying, 

marketing, management, design) 
Quality control testing and recording

Production: Spraying and mixing
Production quality control laboratory 
functions
Mould manufacture 
Mould cleaning and oiling 
Overnight storage, demoulding and 
making good 
Curing

Storage: Raw materials storage
Mould storage
Stockyard operations and despatch

2.1 ADMINISTRATION
This section highlights aspects particularly relevant in 
grc production. It is not felt necessary to cover ‘pure’ 
administration requirements which have a general 
application.
2.1.1 Office administration
The manufacturing unit should be closely associated 
with administrative personnel in order to produce a 
unified team that benefits from feed-back concerning 
shop-floor operations. This encourages a speedy erad­
ication of production problems and ensures that errors 
and misjudgements at the design and planning stages 
of a contract do not carry forward into subsequent con­
tracts.
2.1.2 Quality control testing and recording
This aspect of the quality assurance function is catego­
rized under administration because its purpose is de­
fined as:
1. To test grc test coupons for flexural strength, density 
and so on, at 7 and 28 days as specified
2. To analyze the results recorded from the above and 
keep a running account (graphical or otherwise) of the 
quality of the output. Thus an overall ‘picture’ concern­
ing the standard reached is obtainable and this assists 
the design department in specifying, with confidence, 
new production requirements.

If a full statistical analysis of the type shown in 
Chapter 11 is maintained then a good understanding of

production capabilities and the cost/effective use of 
fibre and other raw materials can be seen.

This department should also administer the func­
tions of the production quality control laboratory.

2.2 PRODUCTION
Any discussion on this topic is directly related to the 
method or methods being used and varies accordingly. 
For this reason, only notes of a general kind are appli­
cable.

Figure 2.1 shows the inter-relationship of typical 
production steps and these apply to most production 
set-ups including hand-spray, automated spray and 
specialized procedures. Consequently this diagram 
should also be seen as a guide to the physical lay-out 
of a production process. When considering every new 
grc production set-up a similar plan should be worked 
out taking account of the specific manufacturing pro­
cess to be employed.

2.2.1 Spraying and mixing
Since almost all activities concerned with production 
relate to spraying and mixing, this particular stage 
should be considered as the focal point of the prod­
uction process. A particular manufacturing facility may 
require a number of spraying and mixing set-ups in 
order to process concurrently a range of products. This 
could enable other stages in the production process to 
be shared but, nevertheless, the following aspects 
have to be considered in order to plan out the physical 
location of the equipment and the area required:
1. The type of spray rig to be used — either a simple 
hand-spray facility or a compact spraying/mixing set­
up (refer to Chapter 3, Figure 3.27)
2. The area required to position and carry out mould 
spraying. Turntables, trestles and conveyors may be 
required
3. A location at hand for storing raw materials needed 
in the mixing and spraying operation and taken from 
the main storage area
4. Weighing scales, if batching is to be carried out 
alongside the mixer set-up (pre-bagged, pre-weighed 
quantities may be more effective)
5. Washing-down facilities including drainage and 
settlement pits
6. Easy access to and from the area for moving moulds 
before and after filling, as well as supplying raw mat­
erials. Consideration should be given to the best 
method of transporting mould and materials, whether 
by conveyors, fork-lift trucks, monorails or hand bar­
rows.

From the above it becomes apparent that the 
mixing/spraying area is one of transition and requires 
careful planning in order to establish an efficient flow 
to the process.

2
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Figure 2.1 Inter-relationship of production steps.

2.2.2 Production quality control laboratory functions
When adapting Figure 2.1 for the actual process 
required it is necessary to retain the production quality 
control laboratory within the works area. This is 
important because it has a supervisory capacity that 
relates to practically all functions in the factory.

Facilities required are balances, drying ovens, 
washing equipment for washout tests and a filing sys­
tem to house the records of checks made and specifica­
tions that are to be monitored (for example, mould 
sizes, tolerances and mix design data). This laboratory 
will process the test board coupons prior to curing in 
the testing laboratory and future strength testing.

2.2.3 Mould manufacture
This unit would obviously be responsible for the manu­
facture and alteration of the production moulds and 
should be suitably equipped with the necessary tools to 
process wood, steel, plastics, grp or whatever materi­
als are to be employed. The unit can be conveniently 
located away from the manufacturing area and, quite 
possibly, in a separate building.

2.2.4 Mould cleaning and oiling
Whether for new moulds awaiting filling or old moulds 
already in the manufacturing cycle, a location for 
cleaning and oiling is required prior to spraying. This 
should be sited adjacent to the spraying area to ensure 
a continuity of production.

2.2.5 Overnight storage, demoulding and making good
After filling, moulds require storage overnight prior to 
demoulding. Ideally this should be next to the spraying 
area enabling the moulds to be cleaned rapidly and

oiled, and returned for further spraying.
It must be emphasized that unless good substantial 

steel or plastic moulds are used, checks should be 
made before sending the moulds back into production 
to ensure dimensional accuracy is maintained. Any 
making good of the demoulded products is also best 
carried out as soon after demoulding as possible and 
certainly before despatch into the curing chamber.

2.2.6 Curing
Again, this is a function that can be located away from 
the main production area. It is a stage in the manu­
facturing process that requires careful planning and 
consideration since it needs:
1. Flexibility — to cope with a range of sizes and quan­
tities of products
2. Consistency — to ensure that the conditions of suit­
able curing are maintained (i.e., 100% RH at 20°C)
3. Cost/Effectiveness — to provide the most practical 
solution that requires little maintenance and has low 
running costs
4. Compartmentation — to allow each day’s output to 
be cured separately and independently avoiding con­
fusion.

Figure 2.2 shows a suggested curing chamber lay­
out suitable for grc 7-day curing. The area can be di­
vided by rubber curtains to produce the required 
number of booths, and the front should be sealed with 
insulated durable doors. The plumbing requirements 
are given in Figure 2.3. When using flexible hoses 
within the curing chamber to direct the spray of water, 
it is possible to adapt the conditions to suit all types and 
sizes of production units.

3



2.3 STORAGE
Important aspects to be considered are:
•  Raw materials storage
•  Mould storage
•  Stockyard operations and despatch.
2.3.1 Raw materials storage
Clearly a dry area is necessary for this and, if the scale 
of operation is sufficiently large, it is worth considering 
bulk silo storage of sand and cement. However, it must 
be noted that a precise and sensible method of extrac­
tion from the silos is required. This enables batch 
quantities to be drawn and placed into the mixer. It will, 
however, mean a large capital outlay.
2.3.2 Mould storage
Ideally moulds should be stored away from the prod­
uction area. Yard storage may suffice, but protection in 
the form of covering and pretreatment (i.e., oiling of 
steel moulds) is vital. Each one must be clearly la­
belled to provide a register of stock moulds. Moulds 
can often be adapted for future needs, unless improper 
storage renders them useless.
2.3.3 Stockyard operations and despatch
This function should be under the control of one super­

visor. Naturally sensible stocking of products in the 
yard, correctly labelled and in a fit state for despatch, 
is important and a suitable site should be chosen away 
from delivery or heavily trafficked areas. It simply re­
quires careful planning of the available space location, 
with racking and stillages used to enable quick de­
spatching.
Figure 2.3 Curing room plumbing lay-out.
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Production equipment
In this Chapter it is intended to give a fairly broad guide 
to the equipment available for the production of grc. 
Since hand-spray work and ‘mechanized’ hand-spray 
work are at present the major volume production pro­
cesses employed, most consideration is given to the 
equipment they require. Sections are included, how­
ever, to illustrate specially developed processes that 
are either now being brought into use or have at least 
been described as viable manufacturing techniques for 
the production of grc components.

3.1 PUMP UNITS
The pump unit is the piece of equipment that processes 
the matrix or mortar component of the grc composite. 
Freshly mixed mortar, or in some cases the raw mat­
erials, is transported by the pump unit at discrete set 
rates to the spray head or gun. The unit can therefore 
be regulated to produce a precisely maintained mortar 
output at the gun nozzle.

There are few machines available at present but 
nearly all employ the worm action pump, and the Mono 
Pump MT420 wide-throat pump is common in UK 
manufactured units.

The MT420 Pump is designed for mixes with difficult 
flow properties. It is essential that the speed of the 
pump is carefully selected to ensure the delivery rate 
conforms with the relative velocity at which mortar can 
pass through the pipeline. Very stiff mixes are directly 
influenced in their rate of output by the pipeline friction 
with only marginal relationship to static head. Con­
sequently, when low water/cement ratio mixes are pro­
cessed, admixtures may be required to assist the 
pumpability of the mix.

The components of a Mono Pump MT420 are shown 
in Figure 3.1. The wide throat entry allows mortar to fall 
easily onto the auger-conveyor which transports it to 
the rotor/stator. The Mono pumping element consists 
essentially of an elastomeric stator (35) in the form of 
a double internal helix and a single helical rotor. The 
stator is a single component clamped to the pump and 
end cover by long bolts fitted with hand nuts for quick 
dismantling and therefore easy cleaning and mainte­
nance. The rotor (39) maintains a constant seal across 
the stator and this seal travels continuously through 
the pump giving uniform positive displacement. The 
rotor is removed by disconnecting the rotor head from 
the connecting rod.

The pump must never be run in dry condition as the 
stator will instantly be damaged. It is crucial to ensure 
that the hopper is filled with mortar so that the auger- 
conveyor engages with the mortar to fill the pump im­
mediately. A few turns of the rotor by hand will assist 
the initial lubrication of the stator until the pump primes 
itself. When the pump is stopped, sufficient mortar is 
trapped to provide lubrication on starting-up again. The 
pump is arranged for anti-clockwise rotation facing the 
driving end.

The drain plug may be replaced by a stop valve 
which, when connected to the water mains, provides a 
quick flushing-down at the end of the work shift. It also 
enables the stator to be fed with water at the beginning 
of the morning shift to prevent undue stator wear at 
start-up.

The ball bearings require periodic cleaning and it is 
advisable to establish the correct maintenance sched­
ule by regular examination.
Mono Pumps Ltd are located at Arnfieid Works, 
Audenshaw, Manchester M34 5JA.
3.1.1 Downland grc spray pump unit
The pump (Figure 3.2) is mounted on castor wheels and 
comprises a mortar hopper with sieve, safety guard 
and vibrator, feeding the mortar to a Mono Pump 
MT420. The Mono Pump is driven by an enclosed fan 
cooled electric motor. To maintain the essential accu­
racy of slurry output, the pump is driven through a 
variable speed thyristor control linked to the drive mo­
tor. The thyristor control permits manual setting. An 
electronic speed indicator displays the rotor speed 
(Figure 3.3).

By thyristor speed control, transmission losses are 
minimized allowing the use of a 1.5 hp single phase 
240 V motor. All the controls are grouped on one panel. 
They include air regulators and pressure gauges for 
each of the compressed air systems, electric switch 
gear for auto and hand control, pump speed regulator 
and speed indicator, and compressed air filter and 
lubricator. The control panel may also be supplied as 
a wall mounted unit, or as a separate console when it 
is necessary to group controls on automated plants.

The specification for this unit is given in Table 3.1. 
The Downland grc spray pump unit is obtainable from 
K&CMouldings (England) Ltd, Spa House, Shellanger, 
Diss, Norfolk IP22 2DF.
Table 3.1 Specification for the Downland grc spray pump 
unit. _____________________________________________

Electric supply 240 V
Motor 1-5 hp
Main fuse 10amp
Thyristor fuse 20 amp
Weight 325 kg

r  Height 1067 mm
Size ^  Length 1220 mm

I  Width 991 mm
Maximum mortar output with 
standard pulley arrangement 15kg/min.

3.1.2 Power-Sprays grc spray pump
The Power-Sprays company has marketed grc spray 
units for a number of years using initially the narrow
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