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Summary

The test program is part of the on-going revision of The Norwegian Associations publication no. 7 (Sprayed concrete for
rock support), which among others is to be harmonized with the new European regulations for determination of energy
absorption capacity of fiber reinforced sprayed concrete.

After realising the very significant and varying effect of friction in panel tests with continuous support of wood it was
decided to concentrate the further investigations on support of steel.

The present results show that the average coefficient of variation for the energy absorption capacity (EAC) at 25 mm dis-
placement among all 6 individual sets in Series 8 was 7.1 % and among the six sets in Series 9 it was 8.7 %.

For the parallel sets in Series 8 performed with and without friction-reducing bedding material, the results show that fric-
tion between the panel and the supporting ring of steel constitutes 25.7% and 25.0% of what is taken to be energy
absorbed by the panel at final displacement of 25 mm. This is in line with earlier results.

The cast panels had on average 90% energy absorption capacity compared to the sprayed panels. Possible influencing
parameters are different air content, fibre orientation, compaction and w/c-ratio for cast and sprayed panels. The amounts
of data are yet too scarce to draw general conclusions.

Series 9 was dominated by the panel fibre contents being strongly overdosed compared to the intended nominal dosages
and, correspondingly, the energy absorption values became high, especially for the steel fibre mixes. The fiber measure-
ments in fresh concrete differed strongly from the fibre measurements that was done on samples from the panels after
testing.
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Fibre reinforced sprayed concrete, energy absorption capacity, steel support, effect of friction, cast and sprayed round
panels, effect of fibre type and fibre dosage






Preface

The present test program is carried out as a part of the ongoing revision of the Norwegian Concrete
Association’s publication no. 7 (NB 7): “Sprayed concrete for rock support”[1] (in Norwegian:
”Spreytebetong til bergsikring”). The publication will, among others, be harmonized with the new
European standards dealing with energy absorption capacity for fibre reinforced sprayed concrete. The
new European standards describes a test procedure using square panels (continuous support), while the
Norwegian tradition has been to test round panels (also continuous support) as described in the
previous version of NB 7. The test program that has been undertaken is a comparative study of these
two methods, but the program has also included tests on ASTM round determinate panels.

The test panels should be produced with relevant concrete, personnel and spraying equipment (robot)
for the given project. Some 10 years ago in Norway, it was decided to use round panels (600 mm
diameter, 100 mm thick, net weight around 65 kg). These panels can be produced on-site where the
actual spraying work is done.

The test procedure described in the new European regulations (EN 14488 part 1 and part 5, [2][3])
involves spraying large test panels (1000 mm x 1000 mm x 100 mm, with a net weight around

230 kg). The panels must not be moved for the first 18 hours. After that, all further handling must be
machine-based. Later in the laboratory, the panels shall be saw-cut to a final size of 600 mm x

600 mm (net weight about 83 kg). By this rigorous procedure we fear that the connection between
testing and practical application may be lost. It is also a big challenge to trim a 1000 x 1000 mm panel
within the given tolerances for thickness.

The original scope of the project was to study the practical consequences of the new regulations and to
carry out comparative tests on round and square panel tests. The results have revealed that panel tests
are significantly influenced by the friction between the panel and the support, and lately the
investigations have been focused on this issue.

The test program is a joint venture between Norwegian Public Roads (NPRA) and the members of the
Norwegian Concrete Association’s Sprayed Concrete Committee. The contractor

Entrepenerservice AS has contributed with the building of moulds and production of test panels. The
members of the Norwegian Concrete Association’s Sprayed Concrete Committee have contributed in
the planning of tests and production of panels. The tests are performed in the NPRA’s Central
Laboratory. The panels forming the basis of the present investigation, involving two test series, were
produced by Veidekke Entreprener AS and Entreprenercervice AS, respectively.

Up till now (2007-2010) nine test series have been carried through. Results have been reported in [8]-
[16]. The present report gives the results from “Series 8 and “Series 9”.
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Summary

After realising the very significant and varying effect of friction in panel tests with continuous support
of wood, ref. [11]-[13] and [15], it was decided to concentrate the further investigations on support of
steel. Friction occurs between the test panel and the support. This is measured as extra energy uptake
from the panel during testing and, thus, the apparent energy absorption capacity of the concrete panel
will be overestimated. The present report gives the results from two test series, Series 8 and Series 9,
involving totally 39 round 600 mm panels. The main results are as follows:

One of the two series was supported by fibre measurements. It was shown that the actual fibre content
in the tested panels differed strongly from the fibre measurement from fresh concrete. And, both
measurements differed strongly from the nominal fibre dosages in the mixes. Probably several
unfavourable factors occurred during the production of these panels. The consequences of improper
mixing/homogenisation of fibres were clearly illustrated; unintentionally though. The panel tests
results were however systematic with respect to the actual fibre content that was measured from the
panels after testing.

Two parallel sets showed that the friction between the panel and the steel support constitutes 25.7%
and 25.0%, respectively, of what is taken to be energy absorbed by the panel. This is in line with
earlier results, giving today an overall average friction effect of 26.2%.

On average the cast panels had 90% of the energy absorption capacity measured in the sprayed panels.
Possible influencing factors are different air content, compaction, fibre orientation and w/c-ratio for
cast and sprayed panels. It is likely that these factors may vary from case to case.

Sammendrag

Etter & ha funnet den betydelige og varierende friksjonseffekten i platetester utfort med kontinuerlig
treopplegg, ref. [11]-[13] og [15], ble det besluttet & gjore videre undersekelser med opplegg av stal.
Friksjon oppstér mellom platepreven og opplegget. Friksjonseffekten méles som ekstra energiopptak i
platen under forseket, dvs. den mélte energiabsorpsjonenen i forsgket overestimeres. Rapporten
presenterer resultatene fra to forseksserier, Serie 8 og 9, hvor totalt 39 sirkuleere 600 mm plater er
provd. Hovedresultatene ble:

I en av de to forsgksseriene ble det gjort fibermalinger. Det ble vist at det virkelige fiberinnholdet 1
forsgksplatene var svart avvikende i forhold til fibermélingene som ble gjort pa den ferske betongen
for sproyting. Begge disse malingene var igjen svert avvikende fra nominelt fiberinnhold. Flere
uheldige faktorer har antagelig veert til stede under blanding av betong/fiber og produksjonen av disse
platene. Konsekvensene av for darlig blanding/homogenisering av fibrer ble tydelig illustrert, dog
utilsiktet. Resultatene fra plateforsekene var imidlertid systematisk med hensyn til virkelig
fiberinnhold som malt i platene etter forseket.

To forsekssett viste at friksjonen mellom platepreve og stdlopplegg utgjor henholdsvis 25.7% og
25.0% av hva som méles direkte i forsgket som energiopptak i plateprevene. Dette er i trad med
tidligere resultater, noe som sett sammen betyr at overordnet gjennomsnittlig friksjonseffekt pr. i dag
er malt til & vaere 26.2%.

I gjennomsnitt hadde de stepte platene 90% av energiabsorpsjonskapasiteten til de spraytede platene.

Mulige faktorer som pavirker er ulikheter i luftinnhold, kompaktering, fiberorientering og v/c-tall for
stopte og sproytede plater. Det er sannsynlig at disse faktorene kan variere fra prosjekt til prosjekt.
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1 Introduction

After realising the very significant and varying effect of friction in round panel tests with continuous
support of wood, ref. [11]-[13] and [15], it was decided to concentrate the further investigations on
support of steel. Friction occurs between the concrete panel and the support. This is measured as
energy uptake from the panel during testing, and, thus, the apparent energy absorption capacity will be
overestimated.

Previous tests [14] have shown that support of steel reduces the friction influence in panel tests
compared to support of wood. Steel also give more constant friction along with the displacement
within a single test as well as it is more robust against wearing over time. Thus, steel support secures
more constant friction from test to test. Friction influences directly the apparent energy absorption of
the panel during testing as well as it may increase the number of cracks in the panel, which in its turn
also influences the result.

The present report gives the results from two separate test series, Series 8 and Series 9. The following

variables have been investigated:

1) When deciding to use steel as supporting material it was considered necessary to “calibrate” fibre
reinforced sprayed concretes with regard to their energy absorption capacity in the modified set-up
with steel support. Effect of fibre type and fibre dosage in sprayed panels was therefore
investigated (Series 9).

2) Most panel tests have previously been on cast panels. Cast panels are very convenient for
methodology studies, while sprayed panels shall be used when studying the energy absorption
capacity of a given sprayed concrete mix. Cast and sprayed panels produced from the same mix
are investigated (Series 8) in order to get an impression on possible differences/interrelations,
which again can be used for predictions in previous and future tests.

3) The final investigated variable is the effect of friction from steel support on the apparent energy
absorption from the test. The scope of this study is to verify earlier results in [14].

A special steel support with rounded inner edge has been tested previously [15] , but against our
expectations it led to more friction than a sharp inner edge [14] . All present tests therefore make use
of the latter; i.e. a steel support ring with sharp inner edge.

2 Concrete, fibres and production of panels

2.1 Series 8 — Sprayed and cast panels

This series consists of both sprayed and cast panels, a total of 21 panels. The production of panels was
done on September 24, 2009, by Veidekke Entreprener AS at the mixing plant of NorBetongs AS at
Asland near Oslo. The fibres were added to the concrete from the top of the automixer truck.

A standard concrete composition was used (M45, hence water-to-cement ratio maximum 0.45 after
spraying, and around 0.41-0.42 before spraying), however no specific information about the concrete
mixes was provided from the site. Two types of macro synthetic polypropylene (PP) fibres were used,
see also fibre data sheets in APPENDIX 1:

e BarChip 54: PP fibre, 54 mm long (denoted “BC54”)
e Barchip Kyodo: PP fibre, 48 mm long (denoted “BK”)
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From one concrete truck with 6 kg/m® of the BC54-fibre 6 panels were made where:
- 3 panels were cast (panels numbered 4-6)
- 3 panels were sprayed (numbered 1-3)

From one concrete truck with 7 kg/m® of the BK-fibre 15 panels were made where:
- 9 panels were cast (numbered 10, 11, 12, 16, 17, 18, 22, 23, 24)
- 6 panels were sprayed (numbered 13, 14, 15, 19, 20, 21)

Slump, air content and fibre content were not measured. For each of the two concretes, two 100x100
mm cubes were cast for 28 days compressive strength tests.

After one week the panels (and cubes) were demoulded and transported to the NPRA Central
Laboratory. The cubes were then water cured, whereas the panels were stored outside the laboratory in
open air. Two weeks before testing the panels were moved to indoor water baths where they were
stored until testing at a concrete age of 159 days.

2.2 Series 9 — Sprayed panels

In this series a total of 18 panels were sprayed. The concrete was mixed February 1, 2010, at the
mixing plant of Unicon AS in Sandvika near Oslo, and transported a short distance by an automixer
truck to the mines of Franzefoss AS, also located in Sandvika, where the panels were sprayed by
Entreprenorservice AS. Batches of 2 m® of each concrete were mixed. After loading the concrete batch
to the automixer truck the fibres were added from the top of the truck. The truck was then run at high
speed for 10-15 minutes. The air temperature during concrete mixing was around 3 °C, while the
temperature at the spraying site was somewhat higher.

Two types of fibres were used (see also data sheet in APPENDIX 1):

e Dramix 65/35: Steel fibre, 35 mm long (denoted “D”)
e Barchip Kyodo: PP-fibre, 48 mm long (denoted “BK”)

From each concrete mix (6 in total) 3 panels were made, hence 18 panels were made in total. Concrete
variables were fibre type and —content.

- Dramix: 20, 40 and 60 kg/m’
- BarChip Kyodo: 5,7 and 8 kg/m’

The concrete ordered from the mixing plant was a standard mix of the quality B35 M45 (recipe
55330A). The different concrete batches had an initial water-to-cement ratio of 0.42 when mixed and
obtain about 0.44 after spraying, due to the water-containing accelerator. The intended accelerator
dosage was 4 % of the cement weight (20 litres/m*). The concrete documentation notes from each of
the trucks delivering the concrete batches are given in APPENDIX 2.

Air content and temperature of the fresh concrete was measured upon arrival at the spraying spot in
the mine. For each of the six concretes, two 100x100 mm cubes were cast for 28-days compressive
strength tests.

The fibre content of the fresh concrete was measured for each of the concrete deliverances. A 2 litre
sample of fresh concrete was collected early in the deliverance and immediately transported to the
NPRA Central Laboratory, where the fibre content was subsequently determined. (Later the fibre
content was also determined from the hardened panels after testing, see following section). Slump was
only measured for the mix with 40 kg Dramix fibre.
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Upon spraying, the panels were screed and then covered with plastic sheets. After three days the
panels (and cubes) were demoulded and transported to the NPRA Central Laboratory where they were
stored indoors in water baths until testing at a concrete age of 30 days.

2.2.1 Mismatch between nominal and actual fibre content

As shown later in the report, the fibre content in the different batches was not as intended in Series 9,
something that significantly influenced the panel test results. This was likely due to either wrong fibre
addition, the fibre addition procedure or to insufficient homogenization/distribution of fibres in the
truck, or a combination of these factors. The transportation time was short, and the time between the
addition of fibres to the truck and the spraying was probably not sufficiently long to ensure good fibre
distribution in the batch. The relatively small batches of 2 m® in a truck with a capacity of 8 m® require
specific attention to the homogenization of fibres since the effectiveness of the mixing in the truck is
not as effective as for one that is fully loaded (i.e. small batches needs prolonged mixing time). It is a
fact that these issues were not sufficiently addressed during the planning and execution of the work.
As described later in the report, the first batch of concrete with polypropylene (PP) fibres that
followed the three batches of steel fibre reinforced concrete, contained both steel- and PP-fibres. This
indicates that the shift was done without sufficient cleaning in between.

Observations during the work on-site underline the discussion above. The steel fibres are delivered in
glued bundles. The glue dissipates gradually when the bundles meet the fresh concrete and in the
further mixing process. During the loading of the 40 kg steel fibre concrete mix, clusters of fibres were
observed in the fresh concrete. This indicates that the mixing time after the steel fibre addition was too
short for this mix. For the 60 kg steel fibre mix there was a failure in the compressor used by the
spraying rig and the concrete stayed in the truck for about 3 hours. This definitely enhances fibre
distribution, but it is uncertain to what extent it influenced the fresh concrete consistency and the
quality of the spraying process; although the panels looked normal. The 7 kg PP fibres mix was
observed to be very flowable (slump was not measured).

3 Test program, panel tests

3.1 Test program, Series 8

The panels were divided into 6 test sets (see Table 1) in order to investigate:
- the energy absorption of cast panels versus sprayed panels
- the effect of friction caused by the steel support

The friction between the panel and the support has been found to play a significant role in these tests
as it increases the apparent capacity of the panel. The friction effect of the steel support is investigated
in the same manner as in earlier tests ([11] and [14]) by comparing the results from tests were the steel
support is covered/bedded with two layers of PVC with grease in between. The latter condition
provides a situation with very little or no friction. This way the friction effect can be quantified
directly from the tests.

In addition to the test panels, cubes were cast for compressive strength. The overall laboratory test
program consists of:

- 28-days compressive strength. Two cubes for each of the two batches.

- Round panel tests at 159 days concrete age, see Table 1
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The nominal fibre content in Series 8 was not verified by measurements on the concretes, hence we
have to assume there is coherence between nominal and actual fibre contents.

Table 1 Test program for the round panel tests, Series 8

Set Panel Cast or sprayed Support condition
(se below for
abbreviations)
S8-6-BC54-C-1
S8-6-BC54-C S8-6-BC54-C-2 Cast Steel support
S8-6-BC54-C-3
S8-6-BC54-S-4
S8-6-BC54-S S8-6-BC54-S-5 Sprayed Steel support
S8-6-BC54-S-6
S8-7-BK-C-10
S8-7-BK-C-11
S8-7-BK-C S8-7-BK-C-18 Cast Steel support
S8-7-BK-C-22
S8-7-BK-C-23
S8-7-BK-C-PVC-12
S8-7-BK-C-PVC-16 Bedding of two layers of
58-7-BK-C-PVC S8-7-BK-C-PVC-17 Cast PVC and grease
S8-7-BK-C-PVC-24
S8-7-BK-S-13
S8-7-BK-S S8-7-BK-S-14 Sprayed Steel support
S8-7-BK-S-15
S8-7-BK-S-PVC-19 .
S8-7-BK-S-PVC $8-7-BK-S-PVC-20 Sprayed Bedding of two layers of
PVC and grease
S8-7-BK-S-PVC-21
Where:
S8 = Series 8 C = Cast panels
6-BC54 = 6 kg of Barchip 54 mm fibre PVC = Two layers of PVC with grease in between
7-BK = 7 kg of Barchip Kyodo 48 mm fibre ~ Last number = The number of the panel as numbered
S = Sprayed panels during casting and spraying

3.2 Test program, Series 9

The intention with Series 9 was to investigate the effect of fibre content on the energy absorption
capacity of sprayed panels. Two fibre types were used; one steel fibre type and one PP fibre type. With
three dosage levels for each of the fibre types, a total of 6 concrete batches were produced. Sets of 3
panels were made from each batch, see Table 1. The nominal concrete mix was the same in all sets
(B35 M45). The three pictures in Fig. 3.1 are taken under the production of the panels. The test
program involved some supporting tests, and the overall laboratory test program was as follows:

Laboratory test program:

- Fibre content in fresh concrete: For each batch, a 2 litre sample was taken on-site and
transported to the laboratory.

- 28-days compressive strength. Two cubes for each batch.

- Round panel tests on continuous steel support at 30 days concrete age, effect of fibre type
and —dosage. See Table 1.

- Fibre content measured in each panel after performing the panel tests (1 - 2 litre pieces
(around 2 - 5 kg) was cut from each panel after testing). Fibre content was determined from
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the tested panels as an extra verification because the tests showed a peculiarly high energy
uptake in relation to the nominal fibre dosages.

Table 2 Test program for the round panel tests, Series 9. All are sprayed panels and all were tested
directly on steel support

Set Panel Nominal fibre content Fibre type
(se below for (note: differs strongly from
abbreviations) the actual fibre content)
S9-20-D-S-1
S9-20-D-S S9-20-D-S-2 20 kg Dramix
S9-20-D-S-3
S9-40-D-S-4
S9-40-D-S S9-40-D-S-5 40 kg Dramix
S9-40-D-S-6
S9-60-D-S-7
S9-60-D-S S9-60-D-S-8 60 kg Dramix
S9-60-D-S-9
S9-5-BK-S-10
S9-5-BK-S S9-5-BK-S-11 Skg BarChip Kyodo
S9-5-BK-S-12
S9-7-BK-S-13*
S9-7-BK-S S9-7-BK-S-14 7 kg BarChip Kyodo
S9-7-BK-S-15
S9-8-BK-S-16
S9-8-BK-S S9-8-BK-S-17 8 kg BarChip Kyodo
S9-8-BK-S-18
* Panel test data lost due to logging error
Where:
S9 = Series 9 S = Sprayed panels
20-D = 20 kg of Dramix steel fibre Last number = The number of the panel as numbered
5-BK = 5 kg of Barchip Kyodo fibre during casting and spraying
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)

Fig. 3.1 Pictures taken during production of panels. a) preparation of the moulds, b) spraying of panel, c)
curing after spraying

4 Supporting test methods

4.1 Air content

Air content of fresh concrete, standard method [4].

4.2 Fibre content, fresh concrete

Each sample of fresh concrete is taken from the work site to the laboratory. The sample container has
a known volume. The weight of each sample is measured. The sample is taken out of the container, in
portions, and washed over a 2 mm sieve. Most fibres collect at the top of the sieve, but some go
through. Most of the PP fibres going through the sieve will float, but some sink with the rest of the
concrete; these are found by stirring and manual searching and repeating the sieving process. After
collecting all the fibres, they are washed one extra time in clean water. The fibres are then spread out
on paper in order to dry overnight.

The next day the fibres are investigated manually in order to spot possible particles attached to the
fibres and, for ensuring total dryness, the fibres are treated with a hairdryer. The weight of the dry and
clean fibres is determined and the ratio fibre content (gram) to concrete sample volume (litre) is
calculated. The procedure is in accordance with EN 14488-7:2006 [5].
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4.3 Fibre content, hardened concrete

The weight of the piece cut from the panel is measured in air and in water in order to find its volume.
The piece is crushed in a compressive test machine and put into a LA test machine for about 15
minutes (500 rotations). Remaining small lumps are finally crushed by a hammer. A magnet is used to
collect the steel fibres. Samples with PP fibres are placed into a bucket of water for the fibres to float
(3 times in clean water). The weight of the fibres (dry condition) is measured.

4.4 Compressive strength

Compressive strength of cast cubes, standard method [6].

5 Test rig and test procedure, panel tests

5.1 Test rig

The test set-up is shown in Fig. 5.1 and Fig. 5.2. The central displacement of the panel is measured by
a displacement transducer with measuring range 50 mm. The transducer is spring-loaded and of the
type "ACT1000A LVDT Displacement Transducer” from the RDP Group. The test machine
(FORM-+TEST Delta 5-200 with control system Priifsysteme Digimaxx C-20) has a maximum load of
200 kN and stiffness > 200 kN/mm.

The panel rests on a supporting steel ring with an inner diameter of 500 mm and outer diameter of
540 mm, hence the steel ring is 20 mm wide. The load is applied from the top through a load plate
(9100 mm cylindrical steel plate).

The deformation rate during the test is controlled by the signal from the displacement transducer under

the panel. Prior to the test, the load cell is stabilized at a load of 1 kN. With this initial load the test is
started. The displacement rate during the test was 3 mm/min.
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Loading system

Frame

y |

Displacement transducer
with cap on top

Fig. 5.1 Round panel test: Dimensions Fig. 5.2 Round panel test: Set-up

5.2 Support conditions

The present tests use two support conditions, steel support (no bedding) and steel support with bedding
of PVC and grease.

5.2.1 Steel support, no bedding

For this test condition the panel is simply placed directly on the supporting ring of steel, see Fig. 5.3.
The support ring has a rectangular cross section, i.e. it has a (rather) sharp inner edge.

Directorate of Public Roads 11
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Fig. 5.3 Steel support, no bedding

5.2.2 Steel support with bedding of two layers of PVC membrane and grease

The bedding is similar to that used in previous tests [11][12], see Fig. 5.4. The bedding concept has
proven to be very effective in removing friction between the panel and the support during testing.

The bottom ring-shaped PVC membrane is well covered with grease. Strips are cut in the upper
membrane (in contact with the concrete panel) leaving about %4 of the width uncut. The cut membrane
is placed on the bottom membrane into a “sandwich”. The strips will enhance the ability of the cracks
to open (tangential direction), while the grease is favourable in reducing friction in both tangential-
and radial direction.

Fig. 5.4 Steel support with bedding of two layers of PVC with grease in between
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5.2.3 Test procedure

Prior to testing, each panel was taken out of the water bath and transported to the test rig. The test
started within 45 minutes.

The procedure was as follows:

1) Prior to testing the diameter of the panel was measured three times with angles of 60°.

2) The panel was placed in the test rig with the smooth moulded face against the support fixture.

3) The panel was centred on the support.

4) The displacement transducer was placed under the centre of the panel.

5) On the upper side of the panel (the cast side) the load plate was placed in the centre.

6) The load cell was prepared for testing by lowering it to the load plate until a load of 1 kN is
applied to the panel.

7) The test was started and load- and deflection signals were logged continuously by a computer.
The displacement rate was controlled by the computer at 3 mm/min.

8) The test is stopped automatically when the central deflection is 30 mm.

9) The panel was lifted out of the test rig, and the bottom side of the panel was photographed in
order to document the crack pattern. If the panel suffered shear failure, the top side of the
panel was also photographed.

10) After the tests all panels were completely broken into pieces along the cracks, and over each
cracked surface 3 thickness measurements were made. The thickness was measured with a
digital sliding calliper.

11) The energy absorption capacity was calculated as the area under the load-deflection curve
from 0 to 25 mm deflection. The calculated area (i.e. the energy) is corrected for thickness
when deviating from 100 mm, see Section 5.2.4.

5.2.4 Evaluation of results / correcting for deviating thickness

The energy absorption capacity (EAC) of the panel shall according to the standards be calculated as
the energy uptake between 0 and 25 mm central deflection during a fixed deflection rate. The panel
thickness influences the ability to take up energy, where increased panel thickness will increase the
energy uptake, and vice versa. Consequently, the calculation of EAC should be corrected for thickness
when deviating from the reference thickness. A theoretical evaluation of the effect of panel thickness
was done in [16] Bjentegaard @. (2008) Testing of energy absorption for fibre reinforced sprayed
concrete. Proc. of the 5th Int. Symp. on Sprayed Concrete — Modern use of wet sprayed concrete for
underground support. Lillechammer, Norway, 21-24 April 2008, pp. 60-71, ISBN 978-82-8208-005-7. Tekna,
Norwegian Concrete Association.

[17]. Target panel thickness is in our case /1y = 100 mm. The following analysing procedure was
proposed for panels with thickness 4 deviating from #,:

1. The area under the load-displacement curve is calculated between 0 and a modified displacement
A,=25mm -k, and k,= 100/h

2. The area is then multiplied with the factor £.

3. The corrected area is the EAC from the test.

The following formula is used to calculate the energy absorption capacity (EAC) from a panel test,
involving the correction for panel thickness:

Am
Equation 1 EAC = ktZ{(Am _Ai) i +2 ,-+1}

i=0
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where k; and 4,, are explained above. 4 is the measured central displacement, P is the measured central
load, and the parameter i is the increment number.

Maximum load during the test and residual load at 25 mm displacement are also discussed later in this
report. Both of these load values have been multiplied with the factor &, in order to correct for the
influence of panel thickness.

6 Test results and discussion, Series 8

6.1 Compressive strength

The results below gives the average result for the two cast cubes for each of the two concretes in
Series 8.

Table 3 Compressive strength, Series 8

Concrete 28-days cube strength |
S8-6-BC54 56.3 MPa
S8-7-BK 49.0 MPa

6.2 Panel tests

6.2.1 Panel thickness and diameter

All measurements of panel geometries are given in APPENDIX 3, while an extract for Series 8 is
given in the following. The average thickness for all panels was 102.3 mm. The thickest panel was
108 mm and the thinnest panel was 99.2 mm. The average standard deviation (STD) for all the panels
was 1.8 mm. The highest STD for one single panel was 6 mm, the lowest 0.6 mm.

Similar numbers for the panel diameters are: 600.6 mm average (average STD = 2.9 mm), largest
panel diameter 603.3 mm and lowest diameter 598.3 mm. Highest STD for one single panel was 5.5
mm and lowest 1.0 mm.

6.2.2 Crack pattern

The panels were taken out of the test frame after end of testing, and the underside of the panels were
photographed, see Fig. 6.3 through Fig. 6.7, including some examples of shear failure taken from the
upper side of the panel.

When studying the average number of cracks for each set of panels, the panel tests performed directly

on steel support developed, on average, 1 more crack (a total of about 6 cracks) than those with
bedding of PVC and grease (a total of about 5 cracks). This trend has also been seen in previous tests.
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It is also notable that 6 of the totally 14 panels that was placed directly on steel support developed
shear failure or tendency of shear failure. None of the panels with bedding of PVC and grease (totally
7 panels) developed shear failure.

As previously seen [15], there is often a local crack zone around the contact point between panel and
steel support rather than a distinct crack. The crack zone occurs due to the restraining friction forces
from the steel support. For the panels tested with no friction (with PVC and grease), however, a more
distinct crack forms.

Fig. 6.3 Crack pattern, set S§-7-BK-C (7 kg BK, cast, no bedding)
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Fig. 6.4 Examples of shear failure, set S8-7-BK-C (7 kg BK, cast, no bedding)

Fig. 6.6 Crack pattern, set S8-7-BK-S (7 kg BK, sprayed, no bedding) and shear failure tendency for panel
13 (lower picture)
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Fig. 6.7 Crack pattern, set S8-7-BK-S-PVC (7 kg BK, sprayed, PVC-bedding)

6.2.3 Energy absorption capacity (EAC)

The coefficient of variation (COV) for EAC vs. displacement for each set, consisting of three to five
panels is shown in the table below. At small displacements the variation is high. This is mainly due to
the small energy values early in the tests. At 25 mm displacement COV varies from 2.2 % to 9.8 %
among the different sets, and the average COV for all six individual sets is 7.1 %.

Table 4 Coefficient of variation (COV) of EAC for each set vs. displacement (Series 8)

(corrected)

Displacement (mm) COV S8-6-BC54-S COV $8-6-BC54-C COV S8-7-BK-C COV S8-7-BK-C-PVC COV S8-7-BK-S COV S8-7-BK-S-PVC
1 13.5% 3.5 % 26,7 % 31.2% 31,4 % 272 %
3 1,6 % 13,3 % 16,2 % 18,1 % 28,1 % 15,6 %
5 4,6 % 9,7 % 13,9 % 13.8 % 22,4 % 72%
10 4,0 % 8,6 % 8,9 % 10,5 % 131 % 3.4 %
15 5,6 % 73 % 75% 9,5 % 11.1% 3.4 %
20 7.4 % 6,4 % 7,0 % 9,9 % 10,1 % 29%
25 8,8 % 55 % 6,6 % 9,6 % 9.8% 22%

The average accumulated energy uptake at 25 mm final displacement is shown in Table 5, whereas the
energy uptake over the whole displacement range is shown in Fig. 6.8. The energy uptake relative to
the energy at 25 mm is shown in Fig. 6.9. Measured results for single panels are given in APPENDIX
5.

Table 5: Results at 25 mm displacement (corrected for panel thickness), average results (Series 8)

Average Average
Set accumulated residual load
energy uptake at 25 mm
at 25 mm

S8-6-BC54-C 1016 32,9
S8-6-BC54-S 1258 38,3
S8-7-BK-C 1172 34,3
S8-7-BK-C-PVC 870 23,7
S8-7-BK-S 1247 36,9
S8-7-BK-S-PVC 936 27,2
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6.2.3.1 Effect of friction

Fig. 6.10 shows the effect of friction on the apparent energy uptake in the two sets performed on steel
support (no bedding), as compared to their parallel sets performed with bedding of PVC+grease
(parallel sets S8-7-BK-C and parallel sets S8-7-BK-S). The effect of friction is calculated according to
Equation 2. As can be seen, the two independent curves are very similar and there is little variation in
the friction effect over the 25 mm displacement span. At 25 mm displacement the effect of friction
was 25,7 % and 25,0 % for the two sets of parallel sets, respectively.

The same comparison for the residual load shows that the average friction effect was 30.9% and
26.4%, respectively, and for the maximum load during the test the friction effect was 14.9% and
15.3%, respectively.

To calculate the effect of friction on the energy uptake when using steel support (EAC(A)..r) the sets
using bedding of two layers of PVC membranes+grease are used as reference (EAC(A)pyc), as we
assume that there is no or very little friction influence for these cases. Thus, the friction effect is
calculated according to:

_ EAC(A)pyc

Equation 2 Friction effect (%) = | 1
EAC(A)

]XIOO%

steel

where A is the displacement.

100 %

90 % || -m S8-7-BK-C
80 % |
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Fig. 6.10 Effect of friction on the average apparent energy uptake for the sets performed with steel
support, as compared to the parallel sets performed with bedding of PVC+grease (Series 8)
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6.2.3.2 Cast panels versus sprayed panels

For all three parallel sets with cast and sprayed panels the sprayed panels performed better than the
cast ones, see Fig. 6.11 showing the ratio between cast and sprayed panels. The ratio varies a bit
among the sets, and the ratio varies from 0.80 to 0.93 at 25 mm final displacement. It is notable that
the ratio is quite invariable with regard to displacement beyond some mm. Overall average ratio is
0.90 at final displacement.

In sprayed concrete we normally assume that the air content becomes around 4-5 % irrespective of the
air content before spraying. The air content before spraying is often higher than 4-5 % due to the fact
that air entraining agents are often used to enhance pumping properties. Air content was however not
measured during execution of Series 8. Still, we must assume that the air content before pumping (i.e.
cast panels) was higher than the air content after spraying (i.e. sprayed panels). The fibre orientation
may also be different in cast and sprayed panels. It is likely to believe that the spraying gives a more
horizontal and beneficial orientation than casting. The two factors, lower air content and beneficial
fibre orientation, may have contributed to better performance in sprayed panels.

Sprayed panels have somewhat higher w/c-ratio due to the water in the accelerator. The effect of this
on the ability to take up energy is somewhat unclear, but resent tests (Series 10, to be reported)
indicate that this also contributes to sprayed panels performing better than cast ones. Different degree
of compaction in cast and sprayed panels may also be an issue, of course.

The amount of data on cast and sprayed panels from the same load of concrete is presently scarce. It is
likely that the influencing factors (air content, fibre orientation, compaction, w/c-ratio) for cast and
sprayed panels may vary from case to case and it is therefore uncertain whether the present results
represent a general picture.
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Fig. 6.11 Average energy absorption, ratio between cast panels and sprayed panels vs. displacement
(Series 8).
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7 Test results, Series 9

7.1 Supporting test results

7.1.1 Fresh concrete temperature and -air content, and compressive strength

The various concretes were more or less the same mix, except for the fibre type and -addition. Among
the different sets there was some variation both in fresh concrete air content as well as in 28-days
compressive strength (from cast cubes), see Table 6. It is evident from the results that the air content
was not a main parameter with regard to the somewhat varying compressive strengths. This is
surprising and means that other/unknown factors have played a role (varying compaction/air voids in

the cubes?).

Table 6 Various results, Series 9

Set Fresh concrete Fresh concrete 28-days cube strength
temperature air content (average of two cast cubes)
59-20-D-S 10 °C 9.8 % 51.0 MPa
o 10 %
S9-40-D-S 16.2°C (shump 230 mm) 45.8 MPa
S9-60-D-S 18.4°C 11 % 51.8 MPa
S9-5-BK-S 18.8 °C 6% 44.8 MPa
S9-7-BK-S 20.5°C 10 % 48.8 MPa
S9-8-BK-S 21°C 9 % 48.8 MPa

7.1.2 Fibre content measurements

The fibre measurements in Series 9 reveal that the fibre contents differed strongly from the nominal
and intended dosages, see Table 7. The measurements from the fresh samples taken before spraying
also differ strongly from those taken from the actual panels after testing. Note that in the three panels
“S9-5-BK-S” it was found a mix of BK fibres and D fibres (should be only BK fibres). The automixer
truck was obviously not cleaned sufficiently after switching between the two fibre types. See
APPENDIX 4 for the fibre content of single panels.

Table 7 Measurements of fibre content in fresh concrete and from the tested panels. All numbers are pr.
1 m® of concrete (Series 9)

Nominal fibre

Fibre content

Average fibre content
from tested panels

Set from fresh concrete
content (1 sample) (average from 3 sa.mples, one from
each panel in the set)

S9-20-D-S 20keg D 332kegD 50.4 kg

S9-40-D-S 40 ke D 44.0ke D 88.1 kg

S9-60-D-S 60 kg D 46.3 ke D 65.4 kg

S9-5-BK-S 5 kg BK 8.6 kg BK* 8.8 kg BK and 5,2 kg D
S9-7-BK-S 7 kg BK 4.8 kg BK 8.2 kg

S9-8-BK-S 8 kg BK 8.5 kg BK 9.1kg

D=Dramix steel fibre, BK=BarChip Kyodo PP fibre
* Some D fibres were seen in this sample, but it was not paid any attention to it
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7.2 Panel test results

7.2.1 Panel thicknesses

All measurements of panel geometries are given in APPENDIX 3, while an extract for Series 9 is
given in the following. The average thickness for all panels was 100.3 mm. The thickest panel was
102.7 mm and the thinnest panel was 97.6 mm. The average standard deviation (STD) for all the
panels was 1.3 mm. The highest STD for one panel was 2.8 mm, the lowest 0.7 mm.

Similar numbers for panel diameters are 600.7 mm as an average for all panels (average STD = 1.4
mm). Largest panel diameter was 603.3 mm and lowest was 599.3 mm (highest STD for one panel
was 2.3 mm and lowest 0 mm).

7.2.2 Crack pattern

After end of testing, the panels were taken out of the test frame and the underside of the panels were
photographed, see Fig. 7.2 through Fig. 7.7, including some examples of shear failure taken from the
upper- and underside of the panel.

The series was dominated by shear failure in the panels, probably related to high loads due to the very
high fibre contents. Four of the nine panels with steel fibres (D) and six of the nine with PP fibres
(BK) showed shear failure. The panels developed 4-7 main radial cracks. In addition there were
generally several minor cracks which arise from the main cracks. Hence, the cracking was both
comprehensive and complex.

An example of an extreme shear failure for one panel is given in Fig. 7.1 (panel “S9-40-D-S-6). The
large shear crack has apparently reduced the energy uptake at large deflections. For the other two
panels in this set the shear cracking were not so pronounced. It is notable though that the variation in
this set is not higher than normal (COV=6.3% at 25 mm displacement).
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10
Displacement [mm]

Fig. 7.1 Example of an extreme shear failure in the panel “S9-40-D-S-6”
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Fig. 7.3 Crack pattern, S9-40-D-S (40 kg Dramix, Sprayed, no bedding)
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Fig. 7.4 Crack pattern, S9-60-D-S (60 kg Dramix, Sprayed, no bedding)

Fig. 7.5 Crack pattern, S9-5-BK-S (5 kg BarChip Kyodo, Sprayed, no bedding)
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Fig. 7.7 Crack pattern, S9-8-BK-S (8 kg BarChip Kyodo, Sprayed, no bedding)
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7.2.3 Energy absorption capacity (EAC)

The coefficient of variation (COV) for EAC vs. displacement, for each set of three panels, is shown in
the table below. At low displacement, the variation is generally high. This is mainly due to small
energy values. At 25 mm displacement COV varies from 0.5 % to 18.9 % among the different sets,
and the average COV for all six individual sets is 8.3 %.

Table 8 Coefficient of variation (COV) of EAC for each set vs. displacement (Series 9)

(corrected) cov cov cov cov cov cov
Displacement (mm) $9-20-D-S $9-40-D-S $9-60-D-S S$9-5-BK-S $9-7-BK-S* $9-8-BK-S
1 36,3 % 16,9 % 21,7 % 257 % 3,0% 271 %
3 28,9 % 11,6 % 8,3 % 6,2 % 8,2 % 12,5 %
5 23,8 % 85% 52 % 2,0 % 84 % 10,4 %
10 18,6 % 4,8 % 4,0 % 53 % 57 % 24 %
15 17,8 % 39% 4,6 % 9,7 % 4,0 % 1,5 %
20 18,5 % 4,8 % 5,6 % 129 % 35% 0,3 %
25 18,9 % 6,3 % 6,0 % 14,2 % 4,0 % 0,5%

*) Only two panels

The average accumulated EAC at 25 mm final displacement is shown in Table 9, whereas the EAC
over the whole displacement range is shown in Fig. 7.8. The EAC-development relative to the final
EAC at 25 mm is shown in Fig. 7.9.

There is a systematic effect of fibre content on the EAC for both fibre types. The high dosages of D
fibre led to the highest EAC-values. It is notable that for the three sets with BK fibre, with different
nominal fibre contents, both the actual fibre content and the EAC-values varies very little. Average
BK fibre content among the three sets is 8.7 kg/m’ and average final EAC is 1352 Joule.

The EAC-development relative to the energy uptake at 25 mm displacement is shown in Fig. 7.9. The
relative development is quite similar for all sets irrespective of dosage and type of fibre, also at low
displacements. The set “S9-40-D-S” is an exception (note: the set with the highest actual fibre content
of 88 kg!). Shear failure was quite predominant in this set.

Table 9: Actual fibre content, energy absorption as well as residual load at 25 mm (corrected)
displacement, average results (Series 9)

Average fibre content as EAC, Average residual
Set measured from the panels Final average accumulated load
energy absorption

[kg/m’] 9] [kN]
59-20-D-S 50.4 1661 44
59-40-D-S 88.1 2100 43
59-60-D-S 65.4 1822 48
59-5-BK-S 8.8 1368 39
59-7-BK-S 8.2 1293 35
59-8-BK-S 9.1 1395 37
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8 Conclusions

The panel tests were performed on continuous steel support. Average coefficient of variation for the
energy absorption capacity (EAC) at 25 mm displacement among all 6 individual sets in Series 8 was
7.1% and among the six sets in Series 9 it was 8.7%.

The average thickness for all panels was 102.3 mm in Series 8 and 100.3 mm in Series 9. Among all
panels the highest panel thickness was 108 mm and the lowest thickness was 97.6 mm. The variation
range for panel diameter was 603 mm to 598 mm. Hence, compared to the nominal panel diameter of
600 mm the variation is very little. Hence, for these results the panel diameter will only marginally
influence the calculated energy uptake and it was therefore mot introduced as an correction factor
when calculating the energy absorption. All presented values from the panel tests were only corrected
for thickness.

Series 8

For the parallel sets performed with and without friction-reducing bedding material, the results show
that friction between the panel and the supporting ring of steel constitutes 25.7% and 25.0% of what is
taken to be energy absorbed by the panel at final displacement of 25 mm. These values are in line with
the 28% friction effect that was found in Series 6 [14]. Hence, for these three individual results the
overall average friction effect from a supporting ring of steel (with sharp inner edge) on the measured
energy absorption capacity is 26.2%.

Similarly, when including the results from Series 6 with the present, the overall friction effect is
31.4% on the residual load measured at 25 mm displacement and 15.4% on the maximum load
measured during the test.

For this particular study the cast panels had on average 90% energy absorption capacity compared to
the sprayed panels. Possible influencing parameters are different air content, fibre orientation,
compaction and w/c-ratio for cast and sprayed panels. The amounts of data on cast and sprayed panels
from the same load are yet scarce and general conclusions cannot be drawn.

Series 9

This series was dominated by the fibre dosages being strongly overdosed on-site compared to the
intended nominal dosages and, correspondingly, the energy absorption values became high, especially
for the steel fibre mixes.

The intended three dosage levels of macro synthetic polypropylene (PP) fibre for the three sets turned
out to become more or less one level. The average PP dosage for the three sets was 8.7 kg/m® and the
average energy absorption at 25 mm final displacement was 1352 Joule. The steel fibres had nominal
dosage levels of 20, 40 and 60 kg/m’, whereas the fibre measurements taken from the tested panels
showed 50, 88 and 65 kg/m’, respectively. These actual fibre contents had, however, a systematic
effect on the accumulated energy absorption at 25 mm displacement as more fibre led to higher energy
uptake (average EAC at 25 mm span from 1661 Joule to 2100 Joule among the three sets).

Effect of fibre content, Series 8 and 9

The figure below, Fig. 8.1, shows average results for EAC at 25 mm displacement versus fibre
content, both for Series 8 and for Series 9. The figure contains only the tests that were performed with
sprayed panels placed directly on steel support (no bedding). Note that for Series 8 the values for fibre
content are nominal values, whereas for Series 9 the fibre contents are actual dosages as measured
from the tested panels. The lower energy absorption results in the figure (open symbols) have been
multiplied with the factor 0.75, which then represent the EAC in each set without the extra energy
caused by friction between the panel and the support. The factor 0.75 is a rounded number compared
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to the actual friction effect which is 26.5% on average (which really means that the factor should be 1-
0.265=0.735).
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Fig. 8.1 Accumulated energy absorption at 25 mm displacement vs. fiber content in Series 8 and 9 for
sprayed panels tested directly on steel support. Fibre contents are nominal values in Series 8 and actual
values (measured in the panels) in Series 9.
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APPENDIX 1

Produktdatablad

Praduktnawn

Kyodo

Beskrivelse

48 mm lang Strukturell Syntetisk armeringsfiber

som tilsettes betong og spraytebetang for 3
erstatte stilarmeringsrett eller stdifiber.

Overflatebilde Kyoda

| |
| 48 mm (Rikig stermelsa) |

Produktkarakteristikk
Karakteristilk Materialegenskap
Base harpiks Poiyalefin
Lengde 48 mm
Strekkdasthet S50 MPa
Owerflatestrukbur Uavbrutt forhayet
Antallfiber pr. kg 235 000
Spesifikk vekt 090-0,92
Elastitetsmodul B,5GPa
Smeltepunkt 150 -165= C
Tenrmpunkt Crver 4507 C

Fibres, product data sheets

9 Elasto Plastic Concrete

Fordeler

= Kaostnadsbesparerde

+  Fleksibel hardhet som stal

+ Tryggere og enkere & hardtere enn stalfiber
= Ingen rust sikrer lenger hald barket

= @kt brannmotstand

+  Redusert slitasje pd utstyr

Dosering

Din lokale representant vil vaere behjelpelig vedrarende
fiberdasering som passer til ditt prosjekt.

Testdata

Litstrakt forskning utfart pd Barchip "Kyodo™ har
bekreftet dens arvendelighet for armaring av betong og

spraytebstong.
Vernligst spar din represertant om mer informasjon om:
+ fleksibett erergicpptak
= larg holdbarhet
brannmotstand

Handtering og lagring
= 5 kg opplaselige papi rseloer

Lagring Lagres i tarme omgivelser.

Sikkerhet Ref. HM5-datablad

@9 Elasto Plastic Concrete

www.elastoplastic.com

AnrariralatertInfosmasjore Batrhing and Mbdng -Placing and finshing — Frosjaki-
refamae o fgfengelion pd w4 clat has i BarcHp karvudsrt, Barch

Denne|nfodmasioran or Wt gtk Soman sitedning for itiand s urdar
3pasale ng ovarvmc Torhold ETLIGran rdas Hl v v 3 banyt saMce
ra priofa oneds fr & beTiemme prodUKiILs sgrethst for pasklia prosisr sle
appBGonar ar dan benytiss

EPC Europa call +-44 0 77 S0 1643 emall surcpagss Eriopbetic com

Mo TecAS
Grubwalan |, 2308 Kongangsr, Manwey
E-mak posigramizcng

Tokaton: +47 45 4006 54

Fa +47 5131 5505

Monwagian dsmibnim:
& 20017 Ekaria Flasic Conaais
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Description

BarChipS54, a Structural Synithetic Fibre from Elasto Plastic
Concrete's range of copolymer fibres, evalved from EPC's
"Future Fibre” research and development program. The aim of
this programi is to develop a range of fibres that achieve the
highest performance levels ever seen in structural synthetic
fibre reinforcement systems. The: |atest advarces in copolymer
techmalogy, engineering design and manufacturing technigques
hawe been incomporated into BarChips4 to deliver a fibre that
is unequaled in usability, durability and service performance.
BarChip54 is suitable for use in concrete applications with
concrete strengths of 30 MPa or greater.

Close up of BarChip Fibre

Product Features

Characteristic Material Property
Base Resin Medified Olefin
Length S4mm

Tensile Strength 540 MPa

Surface Texture Continuously embossed
Ma. fibres per kg 37,000

Specific Gravity Q90-092

‘foungs Modulus 10GPa

Melting Point 159%C - 179°C
lgnition Paint Greater than 450°C
Benefits

= Lowercost per Joule fibre

= Waather proof pallet packaging

= Flexural toughmness equal to steal

= Long term durability ~ comosion free

= Safer and lighter to handle than steel

= Reduced fire damage ~ anti-spalling

= Reduced wear on concrete pum ps and hases

’ ),
I"\
Hasto Plastic Concrete

EPC's BarChip54 has an effective dosage range of 3kg to 10kg
per cubic metre. Dosage rates should be selected based an
performance requirements. Typical dosage rates for Shotcrets
applications in rormal ground conditions rnge from 4kg to Gkg
per cubic metre. For assistance in specifying a dosage rate for
youT project pleass contact an EPC representative.

T achieve optimum fibre distribution during mixing it is
recommended the total fibre requiremant is added first *bags
and all* to the mixer with the initial batch water. From this point
normal leading procedures can be used. The mulchable bag

will release the fibres which will be homogencusly distributed
throughout the mix after 5 minutes of mixing. Gkg of BarChip54
may reduce measured slump by between 10mm and 20mm
dependent on mix design. For more detailed instructions please
refer to EPC's Technical Sheet: "Batching and Mixing”, available for
downiload at httpyfwww elastoplasticcom.

Pumping

EPC's BarChip54 fibre can be pumped through S0mm rubber
hoses without dificulty. Precaution should be taken to ensure the
fibres can pass freely through the pump hopper grate.

Handling and Storage

= kg mulkhable paper bagM432Kgs per pallet
= LW stabilzed modified alefin fikre

= Shipped on durable plastic pallets

= ‘Weather proof tarpee pallet covers

= Bulk bags available on request

EPC's UV stabilized BarChip54 fibre is supplied on durable
recyclable plastic pallets witha fitted rain hood to allow storage
outdoors with no environimental deterioration of product

or packaging. Bags of BarChipS4 stored individually must b=
protected from water damage to prevent bag deteriomtian.

For safety pleass refer to BarChipS4 MSDE available for downkoad
at httpy! fewwaw. elastoplastic.com.

Directorate of Public Roads
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Testing

ASTM C 1550 Rownd Determinate Panel.

Suitabile for analysis of concrete used in the following
applications

= Shotcrete

= Concrete Wall Construction

= Precast Producs

ASTM C1550 round panel test offers designers, contractors and
owners several important advantages over alternative forms
of post-crack performance assessment. The most important of
these i the low variability in sample results due to the repeat
ability of the racking pattern, but other advantages include
the eliminaticn of saw cutting during spedmen production
and the use of easy to prepare form work.

100 mn diameinr
hemispharizal lad point

The test involves applying a point load at the centre of a
round panel measuring B00mm x 75mm centred on three
symmetrically arranged pivots located ona 750mm diameter
circle. The loading piston is advanced at a constant mte of
Ammymin. The test proceeds to a total central deflection of
40mm after which the energy absorbed by the spedmen
(Joules) i measured &= the area under the load-deflaction
curve,

Othier test information is available on:
= Fire Resistance ~ anti-spalling
= Advanced Alkalinity Testing
= Long Term Durability -~ superior to steel fibre

Results

EPC BarChip54 has been independently tested against
competitors cwrrent fibres, as wall as steal alternatives. The
results below show the total energy absorption at a 40mm
displacament.

“ -
i hﬂq}ﬂ
o B Competitos
z =
=
e
15 -_‘_h_hh_'"““—
i l_."‘ e S _\-\_'_‘_‘-1-\_
§ s !
ol '
o [+ i) e
Désplacemesnt {mmj)
Reinforcing Material ASTM C1550 EFNARC
RDF
EPC BarChips4 @ Skgfm? 470 Joules 1175 Joules
" Competitor SBmm 362 Joules 05 Joules
Fibre @ Skg/m3
Average results over 5 panel tests)
- | | |
. E-'Cl'lq)ﬂ
= B Stocl Mesh
i [ — -
k-]
2 L HAN
e
] -‘Q:_H-‘_H —
5 >¢T_._
‘:| '

o ] 0 0 0
Displacement (mmj

Reinforcing Material ASTMC1550  EFMARC

RDF

EPC BarChips4 @ Skg/m? 470 Joules 1175 Joules

Steel Mesh (500Mpa 475 loules 1187 Joules

4mm wire 100mm centres)

Steel Fibre @ 30kgem’ 444 Joules 1110 Joules

{Average results over 5 panel tests)

G'-_El- :{ Elasto Plastic Concrete

www.elastoplastic.com

Dsckimer

Thisimanmadon has boen provided 2. iht-pﬂlﬂm anly, o and
ozndifione. The wer b otk thel own eva ared s

he sordees of Bmmmmmm“rmwplﬁmh

project or tion prion o comimencal i

Cg 15090072000 P52314 oBminFoscConoie 3009

EPC Ausiralls call 461 1300 131 138 amal
EFC Eumpe Call 444 (I 77 8O0 P43 amal
EFC Asa call 48515 1715

EFC N America call +1 704 B43 3401 amall
EPCS. Amaria call #5513 11 5118

s 2rgocafec i e For Corkacsdetas ek o Fout e
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PRODUCT DATA SHEET

« Description : oramo® tores ars maments

of'wire, deformed and cut 1o
lengtha, fior reinforcement of
concrete, mortar and other
Ccomposite materials. Drami®
RC-85°35-BN is & cokd drawn
wira fiore, with hookad ends,
Bnd glued in bundies.

_—

* Applications:

» Technical data:

For shotcrate, ...
ask fior specialized documentation.

1 Equivalent flexural strength

-1 i | = mwerags and chamoteristic equivalent
i 0 ka2 fecural sirerigth to o deflection of
1.5 mm accoeding o NEIN B 15-238,
230, JECE-SF4 and CLR3EG.

- ghobcrata - WETEyE -1 T dekarn . twal
) betrry, 120+ Tictae, 190 = Wernge and chamcteristic equimalent
- soreeds - COMEFESSIN layens " fewural strength 1o 2 deflsction of
- [precast 4 mm according to NEM B 15-238,
280 JECE-5F4 and CURSS.
L 1 - -
Geometry: Dramix® RC-65/35-BN
— — Performanca
] i [E] ] 53 Y]
=] Pz Lengtn ) class: 85 |;§f"‘"|n- jcooz= | wcoem | jcadEn | icasem | meoen
36 mm HE.II!EGT ratio E"“ rl:l‘_g Il:_rw: 1:—.:: £ k e rl':_g Il:l"ul 1:—:::: B k e
= Vi) B4 W | =8| 10 | o6 |27 | o8 |4 | o0 | o6 |30 | 67
Diameter (d) T2 | &5 | 22 | 20 |25 | an |27 | 32 | 20 |34 | ac
0,55 mm | 14 500 fiores/kg | ™ | =8| 55 [ a1 |27 | 92 | 50| a5 | as |36 | as
38 Z1 | 28| s | 3D | a5 | & | A8 | A | 30| A5
N TN ETN TN EEE ET TR T TN PR
= A rovals: ou — ™) %5 | 42 | 48 | 34 | 40 | 55 | 42 | 47 |44 | 28
PP Mmlmc ; W |57 | 23 | 40 |25 |22 [ 56| 44 | a6 |45 | a8
Trkinh ans Chirams plants

Conforms to

ASTM A820

Product F"I"'[Hl.lﬂt
Balgium Poland
WG ov oy AT 1e-211712001

Turkay Hesmania
007-01 /068- 2003
Gearmaimy Slowak Aepublic
" ZSTIAT4E
Crach Republic
C.0T0-021415

* Tensile strength:

- on the wirg: minimum 1100 kmme
- i carbon coniorms to EN 10016-2 - G830

= Coating: mone

l"l"h.: Trmn feousl lensls wrengts of shin concrwte B'merd.

B Lorcrwie dex whth oy e EMV ERER-1-1
Booed v 03] b repleced by the v 08 in forrmule BT

Fi:lq:l =07 "'L:r::u.' Acooading to Do guideline unlem

Fcag 1w = 0,7 = ficimg s reorm eoaciic duss sealshla

2 Equivalent axial tensile strength

- Bquivalent mial tansie stremgth - 0,57 X equivalent
fiEural strangi.

3 Stress-strain diagram

For steal fibre reinforced concrede, the foliowing
siress-strain disgram

applhiss {symiools comform
to Eunocode 2 and
Dvamine® guideling).

- —

W0 gy 0 Y B s =d
T S e a1

Directorate of Public Roads 35



Technology report no. 2612

Dramix’

-65/35-

4 Equivalent shear strength Recommendations - mixing

The design value of Mg increass in shear sirengtn 1. G
; . General
due o steehwire fibras:
Ty (W'MIme) - [material safety factor included). < “;]I?ﬂ;f use & central batching
The contribution of concrete end stimups must be peant mixer .
added to this confribution of the wire fibres. ¥ recommended maxmum dosage:
W
. T Dosaga g
Dramix® RC-65/35-BN stz gmm) Ty BT
loemp a7 43 44 23 28 a 11 Bl
I b [iCoffaej o] JCOeTER | PCO0E | iCEvaw) | Celvsl | 8 70 5
Cresgo Tt T T Tz Tz = B =
2 L L e L + a continuous grading is pretamed
2= dd g2z 0,24 L o3 + miix unfil all giued fibves are separated into
3 = 025 827 830 034 individual fibres. Fibres don’t incraass
3= b3 BT 53 B33 %) mining time sigrificanty.
= 0,25 :"'ﬁ ":'ﬁ "fz g1 + i special cements or admixtures are used,
= A - = o cH a preliminary test is recommendad
a0l 0,38 0.3 3,57 341 348
4, = rreen Seoursl lesslis eenggh of plein conomsbe W el i
il S 2. Fibre addition

Bz v [I0,5] l_;bd by then vt ILE i Forrmudm (30100
Plamoss abio coroud tha Dourree ® guidelina

5 Toughness values
Dramix® RC-65/35-BN

Dosags ¥

Rl 3 (%)

H;ﬂETHE
£

i o ] ]

B B B o B 2|2

L

Wabomn basec] on concwte | g = 4,8 Rime®, To b o wp o D40,

6 Energy absorption - plate test

Energy absorption L) of plate of poured concrats
G30VET, acconding 1o Efnanc/ShNCE:

Dramix® RC-65/35-BN

Bags ane
non-sagradable and
may not be throem
inba the concrete.

2.1. In batching plant mixer

¥ never add fibres &5 first component
in the mixer

o fibres can D= introduced together with
zand and aggregates, of can be added
in fresshiy miked concrete

2.2, Truckmixer

+ mun mixer at drem speed: 12-16 pm

" adjust slump to a min. of 12 cm
\preferanly with water reducing agents or
high water reducing agants)

¥ add fibres with maximum spead of
B0 kg'min

¥ optional equipment: belt-hoist alevator

+ afier agding the fibres, continue mixing af
highest spaed for 4-5 min. {+ 70 rotations)

2.3. Automatic dosing
¥ Fibres can be dosed from bulk at rates

trom O up B2 3.5 ky'sec with 2 specially
Dicesaga ¥ B2 i [ E2n i : .
o &0 = 230 daveloped l:ll:l'SII'Q equipmert
&= [l [} TRAG
i) i

Recommendations - storage

s akn

ol Ll L i - BT

MV Bekaert S.A - Debperistma 2 - 8550 Fwmvegem - Belgium
Ted £32 {00 66/ 76 69 BE - Fax <32 00) 867 76 70 47
Imterrest: hitp o/ fararer bekaert.comd buiding
Wl sre: incioeies oy Bocfoators meered. A 1 delsis Secvbe o pooich i gemsnl b
oy Far oedaring e diesign aniy o piicisl soscfoeiiors s dooursnis. MY Deimed LA S

Prodecd o pallets Do nol stsck the
sminstmin  pailals on fop of
ayah o
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APPENDIX 2 Concrete mixes — the note from each truck

_-— o 2o UNICON///

Kangshawnkal 1 Faks E7 B5 26 80
0153 2510

Lini AL - i k

Fp:;nmszaumn nbarmt by Fg-lgal::rev

1301 SANDVIKA Mummar .._..: BETES
Calg ......... -0z-201a
Sida ¥

Bestiling . . SB2171 / 381026
Hundanimmee 131271

Fabrikk 112 Sandvika isis} ; i
1336 SANDVIKA ﬁ:.;’mpn : S
Sven Kirschhausen 41585858 Kundang saks
Ekspedarnt av - Ola Mytting
Eln_irl'. i =
Falgebray jesi:
Opplysning om avialf vara;
206m3  Belong BIS MLt G101
ast zamenl -
ﬁmﬂmm LAss 4 2a ‘“_1."“; Pramy
Sproyiebat. Alkgliedn aks. :
Synkmal 180 min
Opplysning om produsert resepd:
Recept 553304

Saandard: NS-EM 206-1
Belorglype: Epanskapsdefinet befang

Opplysning om tilfegg som lkke omfatios av varens pris:
200m3  Oppearmat betosg = 20 gr. {18410-154)

A000 kg Kart sEtiner

1005tk Henlegetyr

Cpplysning om produksfons. og avialt leveringstid:

Blande 10:80 | Sanovika Ank. plass;
Blandet gy Tamming start
Brakel levering 0:00 (1045 - 11:25) Tommingsitt 77 7
Besslt mengda denne vare: 800 SP-reklamasjon:
Lewart inkl. delle lasset: 2,00 SP-andring synk:
Returbetang:
Sjafer bemerkning

Batongen er ikka | samsvar mad NS-EN 206-1 [salt Eryse)| ]
Unicans kemmeniar:

Lags I 40 kg kortstalfiber prm3 + Lass 3 80 kg kortstalfiber prm3
Lags 1 20 kg hortstalfiber Dwamix pr m3

Kuittering:
Opplysringens cvandr &f | sansvar med det soem er aviait

Orgunr.: B42622979 Myh

[ KOATROLLEANET
For bakoss oot ki
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0 o o UNICON///

Kongshavnkal 1 Fais 57 58 25 &)
0183 QELG

Link:an AS - Kun Mlsmit bk

st Felgebrey
131 SaMDVIa, Wummiar - HETE4
Blalay 70 M1-02-2010
See ..., .01

Bestiling . .: 582971/ 299032
fﬂmﬁﬂt_l.mmai 131271

Fabrikk 112 Sanduika R ; i i
1333 SANDVIKA R*ﬁlﬂr& : o e
Sven Kirschhausen 41580807 Kindens saks -
Ekepedert av - Olg Mytiing
Bilar. . LT
Siifer ...
Falgebrey ipst: 3 o
Opplysning om svialt vire:
200m3  Batong Bas M5 Gl
Hertast sament
Fireats 8 mim 3
Bareytabal. Alalisi ars, [Ass = o ke Dea m
o ] i __',lu'r " T
Cpplysning am produsart resepi:
Recepl: &53300

Standard: NS-FN 208-1
Batonglype: Egenskapsdefingr belong

Opplysning om tillegg som ikke omfattes av varens pris;
1,008t Hentegehyr

200m3  Synk 220 mm

200 m3 Opgvarmet betong =20 L {15M0-14)

BOOD kg  Kort stéifiber 4

Opplysning om produksjons- og avialt leveringstic:

Blarddet 11:41 i Sanduika Ark, plass:
Blandai ay; Tesnming start
@nskes lavering 0:00 {1115 - 11.45) Tamming skt
Bestit mangde denne vare: 5,00 SP-reldamasjon
Lewart inkl, dalte lasset: 4,00 SP-gadring synk:
Retur
Sidfar bamearkning
Betongen ar ke | samevar med NS-EN 208-1 (saff kryssi [ |
Unieons kommentar:
Lags 2 40 kg kortstadfiber pr m? « Lags 3 80 kg kerstalfiber pr ma
Kviffaring:

Opphysningane avenfor er | samavar med det sam ar autak:

Oy re,: S42022079 MyA

[ummlll"f
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Uinicen AS
Kengshaynkai 1
0183 QSLO

Taklon 02880
Faks 67 55 25 B0

Linicean A% - Kun Indernt Bruk
Posthois 230
1301 SANDWVIKS,

Fatirikk 112 Sandvika
1336 SAMDVIKA
Sven Kirschhausen 41580800

om avialf vare:
Betang B35 M45 CI 0,1
Heyfe:d semant
Finsgtz & mm
Sproyiebet. Alkafiefri aks,
Synkmaél 180 mm

Opplyzning om produsern resept;
Racept 553304

200 m3

Lass 3
MNE/

unicon///

Falgebrev

Mummer |, - BETES
Daka |00 01-02-2010
2] R |

Bestilling ....: SE217 /381026
grhjenumm 132

kvisisjon __: fibarielingsprosjek
Rammaprdre - :
Fundens sais:
Ekzpedert av : Ofa Mylting
BUAr, ........:77
Sigfar ..,....:
Falgesirey lgat:

5
o "'-L::,l f ."'.J.--:l...-p-.-,.;.-_

T-l'_-“': b= g L { 3o e

Standard: NS-EN 208-1 ’
Betorgtype: Egenskapsdetiner basang Som ofo- lngs 7)
:;ﬂ:ﬂﬂnm tillegy som ikke omfaties av varens pris:
D0 m Cppvarmed batong < 20 gr_ (1641
4000 kg Kot si8ifibar 4. .
1,00 stk Hanbegebyr
Ellnﬂ?‘ﬂ:l o relion i i - :
80 | Sandvika
Blan . Anik. plags:
Brsiet ot ) 0:00 {10:45 - 11:25) Temnmlg stast
Bestit mengde denna vare: 805 omming shitt:
Lesdart inkl. delte lasset 2,00 BP-endring :'m:'
Retwrbatong
Eafar bamarkning

Betongen ar ke | samevar meg WS-EN 2081 (et kryss) 1]
Unicons kommentar:

Lass 2 40 kg korstalfiber prm3 + Lass 3 60 kg kortstalfiber pr ma

Lass 1 20 kg kortetdifibar Dranix pr m3
Kyittaring:

COpolygningens avenfor ar | samiver med dat som ar ayiak

[ ENNTROLLRIBET
e betomgrred b

Qngurr.: T420224979 HYE
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02880
67 a5 25 80

Telefan
Faks

Uricon 45
Kongshesrikai 1
043 OsLD

Unicon AS - Bun Infemt bruk
Pesshoks 230
1301 SAMDVI KA

Fabrixk 112 Sandvica
1336 SaMDAIKA,
Swan Kirschhawsan 41509083

Opplysming om avialt vare:
200m3  Batong B35 M45C) 0,1
Hoylast semant
Finsals & mm
Spraytebed. Alkalelri aks,
Synkmal 220 mm.

LAss 9

Btandard; N5-EN 20E-1
Betangtvpe: Egenskapsdefinert batang

unicon/y/

Felgebrev

Mummer ., - BETT1

Dado _.._.....: 01-02-2010
Sida __.._., il

Bestiling ... : 582171/ 361048

Kurdenummes 131271
Refowisisjon .. fibertedingsprosjak
Rammeardre

Hund&ns saks)

Ekspadart av : Ola Mytting

B .......:77

Sgfar ...
Falgetiray jest:

5 '["':,'.I.I'r m Bor Chip

Cpplysning om Hilegg som ikke omfattes av varens pris:

1008k Hentegebyr
200m3  Synk 23 mm
2,00 m3 Dppvarmeet betang =20 gr. (15M0-154)

1000k Horslrukliv plastiser - Makrg PP
Cpplysning om produksions- og avialt leveringstid:

Blandet 15:20 | Sandvika

Blandet av:

Ensket levering 0000 (1500 - 1530}
Bealili mengda danme vare; 1200
Lavert inkl dedle lasset 8,00

Betangen ar ke | samsvar med NS-EN 208-1 (sett krysa) [ ]
Unicons kommenta::
Lass ¥ 60 kg korstalfiber prm3

Kvittering:

Dpplysningane cvanfor 6 | samevar mad det som e avialk

o e

Ank. plass:
Tamming stari
Temming slust:
SP-reklamasion:
SP-endring symik:
Returbeiong:
Sjdfar bemmeroning

— .

‘um_umu',nr

Orounr.: S4IEI2079 M
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Unican A5 Teledan
Kangshanmkai 1 Faks
0183 O=LD

2EE]
67 64 25 A0

Unicon A5 - Kun Intarnt bruk
FPostboks 230
1311 SANDVIKS,

Fabrikk 112 Sandvika
1336 SANDWIER
Suen Kirschhausen 41505853

Batong B35 M45CI 0,1
Heyfast samani

Firsats 8 pim
Spraytabet Alkalibl sk
Synkemal 229 mm

l'l_ﬂ 55 {.l-

Standard: NS-EN 206-1
Betonglyper Egenskapsdefiner batang

unicon///

Folgebrev

Mummes ., .- BETT4
Dato ......._.: 01-02-2010
Side 5

Bastiling ... - 582171 ¢ 381050
g;d_h_'lumma 13279
wWsisen . fiberelings
e fon : ngspros ek
Kundens sake 1
Exspedert av . Ola Myting
Bior, ........:7T
Sidder .......:
Faigabrev lasl:

+ .:_j,.fm; B Chap

Oppiysning om tillegg sorm ikke omfattes &Y varens pris:

1.00 sk
.00 ma Synk 230 mm
200m3  Oppvarmat betang =20 gr, (15510-114)

1400 kg Kanstrukliv plastiber - Makm PP
Opplysning om produksjons- og aviall leveringsdid:

Blandet 15:47 i Sandvika

Blandat aw:

s!mal_tu lewgring Qo000 [15:45 - 16:15)
Eestil mangde denna vare: 12,00
Lenvart inkl. detta lasasl: 10,00

Balongen er ikke i samsver mes MS-EM 2081 {sell kryss)[ |

Unicons kommentar:
Lass 3 80 kg kortstaMiber pr 3

Kvittering:
Dpplysringene ovenfer er | samsvar med et 5o ar avialt

Ank, plass:
Temming star
Tarmming shlt
SP-meklamasion;
SP-andding synk:
Returbetang:
Sjafar bamerkning

——
—

( KONTROLLRADE

el | A

Orgune,: SI2B22079 MY

Directorate of Public Roads
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Unicon &5 Telgfan  D2EE])
Kangshavnkai 1 Faks  @7552580
1493 Q510

Unican AS - Kun Inbemt bruk
Poatboks 230
1301 SANDVIKA

Fabinkk 112 Sandvilka
1336 SAMDWKA
Sven Kirschhausen 41585853

Opplysnimg am avial vars:
Z200m3 Bedong B35 M4 Dl 01
Hayfasl semani
Finzals &8 mm
Spraytabel. Akalafr aks. LS b
Synkmal 228 mm
Dpplysning om produsert resepi:
Recept 553304

Standard: MS-EM 206-1
Betongiyoe: Egenskapsdefiner batang

unicon///

Felgebrey

MNummer .., .. 85778
Dato ., ,......: 0102-2010
o1 L |

Besliling ....: 562171 / 381051
Bunderummar 131274
Rekwisisian . fibarialimgspros jex
FRammaordre -

Kundens saks:

Eizpedert av : Ola Mytiing

BWR o T

Slater .......:

Falgebrey lest

Opplysning om tillegy sor ikke omfattes av varens pris:

1005  Ha

200m3  Bynk 220 mm

2,00 m3 Cpprarmat bebang =20 gr. (15H0-14)
1800kg  Kanstrukliv plastiber - Makn PR

Opplysning om produksjons- og avialt levaringstid:
Blandat 16:14 | Sandvika

Blanga! s

Ensket lavaring 000 (16:45 - 17:15)

Bestit mangde denne vare: 12,00

Lervar inkl. dette lasset: 12,00

Bedongen er ikke | samsvar mee NS-EN 208-1 isedt kryss) [ |

Uricarns kommrentar:
Lass 3 80 kg kortstalfiber pr w3

Kwittering:

Dpplysnirgene deendor gr | 2amsvar med det som er avialt

Tamming stat o 48,

Tamming =il
SP-retdamasjon:
SP-aniring synk:
Rehrbeatong
Sjalar bamerkning

KOATEOLLE

e skl

ABET

Cirgunr.: B42A224979 WYA
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APPENDIX 3 Measurements of panel thickness and -diameter

Series 8

Thickness measurements along cracks, after testing

$8-6-BC54-C Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 1 106,6 102,5 107,5 104,7 99,2 98,1 110,6 109,9 112,0 113,0 115,3 116,6 108,0 6,0 5,6 %
Panel 2 103,2 106,0 1074 107,8 106,0 107,0 103,1 107.9 108,3 107,1 107.9 104.4 106,3 1,8 1,7%
Panel 3 100,4 100,3 105,1 106,1 106,3 1013 1014 104.4 103.8 102,6 100,3 100,3 102,7 2,3 23%
Average = 105,7 34 32%
Highest = 108,0 6,0 5.6 %
Lowest = 102,7 1.8 1.7 %
$8-6-BC54-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 4 103,4 106,7 107,0 107,7 107,7 107,5 103,5 99,5 104,5 1014 101,3 98,4 104,1 33 32%
Panel 5 102,6 104,1 1034 102,6 105,0 105,0 98,3 101,9 103,6 102,5 101,4 97,2 102,3 24 24%
Panel 6 98,3 99,0 100,5 100,8 99,5 98,0 97,9 97,9 97,8 101,2 98,9 100,4 99,2 1,3 1,3%
Average = 101,8 23 23%
Highest = 104,1 33 32%
Lowest = 99,2 13 1.3%
$8-7-BK-C Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 10 102,3 102,0 1014 102,1 102,2 102,8 97,9 100,6 101.3 100,2 99,3 100,0 101,0 1,5 1,4%
Panel 11 100,7 102,0 102,7 102,5 100,6 100,9 103,4 103,5 102,9 103,0 101,5 102,5 102,2 1,0 1,0%
Panel 18 99,4 98,5 99,0 102,0 102,3 101,1 100,7 103,7 103,9 103.4 101,8 102,4 101,5 1,8 1,8%
Panel 22 102,8 105,6 107,7 105.4 103,6 102,9 103,5 105,6 107.4 106,3 103,9 104,2 104,9 1,7 1,6%
Panel 23 100,0 1004 103,1 102,8 100,0 99,5 103,3 104,7 104.3 103,3 103,9 103,7 102,4 1,9 1,8%
Average = 102,4 1,6 1.5%
Highest = 104,9 1,9 1.8%
Lowest = 101,0 1,0 1,0 %
$8-7-BK-C-PVC Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 12 100,4 99,9 99,6 102,7 102,8 100,9 102,4 103,0 102,0 101,1 101,0 102,2 101,5 1,2 1,2%
Panel 16 97,6 99,1 100,8 100,3 100,4 100,1 98,6 100,2 101,1 101,7 100,9 100,3 100,1 11 1,1%
Panel 17 102,6 105,0 108,5 108,7 109,1 1094 105,1 106,8 107,2 102,8 99,9 100,8 105,5 3,3 32%
Panel 24 1011 1016 1018 99.8 98,7 99,2 100,9 101,2 1014 102,1 101,2 1013 100,9 11 1,0%
Average = 102,0 1,7 1,6 %
Highest = 105,5 33 32%
Lowest = 100,1 11 1,0 %
$8-7-BK-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 13 100,3 100,7 100,2 100,5 99,9 99,7 100,0 101,9 100,9 100, 100,4 100,4 100,5 0,6 0,6 %
Panel 14 100,1 102,8 100,3 100,3 101,1 100,3 102,3 103,4 102,4 101, 102,6 102,0 101,6 1,2 11%
Panel 15 101,0 1045 104,7 104,0 99,9 100,1 102,2 101,2 103,5 102, 102,6 102,9 102,5 1,6 1,6 %
Average = 101,5 11 1.1%
Highest = 102,5 1,6 1.6 %
Lowest = 100,5 06 0,6 %

S8-7-BK-S-PVC
Panel 19 101,3 101,2 100,8 100,7 101,7 100,4 99.4 100,0 100,0 100,7 100,5 102,7 100,8 0,9 09 %
Panel 20 99,0 99,0 98,8 98,7 100,2 100,2 98,9 99,7 98,9 99,3 100,6 102,2 99,6 1,0 1,0%
Panel 21 99,1 99,7 100,2 101,7 99,3 99,2 1001 100,5 100,9 100,0 99,3 99,8 100,0 038 08 %
Average = 100,1 0,9 09 %
Highest = 100,8 1,0 1,0 %
Lowest = 99,6 0,8 0,8 %

Measurments of panel diameter before testing

$8-6-BC54-C Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov

Panel 1 608 604 598 603,3 5,0 08%

Panel 2 600 600 604 601,3 2,3 0,4 %

Panel 3 600 600 602 600,7 1,2 02%

Average = 601,8 2,8 0,5%

Highest = 603,3 5,0 0,8 %

Lowest = 600,7 1.2 0,2%

$8-6-BC54-S Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov
Panel 4 600 600 601,3 2,3 ,4 %
Panel 5 600 604 602,3 2,1 ,3 %
Panel 6 595 600 598,3 29 ,5 %

600,7 24 0,4 %

602,3 29 0,5%

Lowest = 598,3 21 0,3 %

$8-7-BK-C Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov

Panel 10 595 600 605 600,0 5,0 0,8%

Panel 11 - - - - - -
Panel 18 594 605 600 599,7 55 0,9 %
Panel 22 605 600 600 601,7 29 0,5%
Panel 23 600 - - 600,0 - -

Average = 600,3 4,5 0.7 %

Highest = 601,7 55 0,9 %

Lowest = 599,7 29 0,5 %

$8-7-BK-C-PVC Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov
Panel 12 604 598 601 601,0 3,0 0,5 %
Panel 16 602 602 600 601,3 1,2 0,29
Panel 17 600 605 600 601,7 29 0,59
Panel 24 597 602 600 599,7 2,5 0,49

Average = 600,9 24 04 %

Highest = 601,7 3,0 0,5 %

Lowest = 599,7 1,2 0,2 %

S8-7-BK-S Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov

Panel 13 598 602 602 600,7 2,3 0,4 %

Panel 14 605 598 599 600,7 3,8 0,6 %

Panel 15 599 601 600 600,0 1,0 02%

Average = 600,4 24 04 %

Highest = 600,7 3.8 0,6 %

Lowest = 600,0 1,0 0,2 %

$8-7-BK-S-PVC Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov

Panel 19 597 603 600 600,0 3,0 0,5%
Panel 20 602 600 597 599,7 2,5 0,4 %
Panel 21 600 600 595 598,3 29 05%
Average = 599,3 28 0,5%

Highest = 600,0 3,0 0,5%

Lowest = 598,3 2,5 0,4 %

Directorate of Public Roads



Series 9

Thickness measurements along cracks, after testing

$9-20-D-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 1 101,0 101,6 99,6 1016 1017 101,6 100,4 100,2 1018 99,7 100,0 101,1 100,9 0,8 0,8 %
Panel 2 98,3 100,3 99,4 100,3 100,2 101,7 99,1 100,1 99,0 99,8 99,4 97,9 99,6 1,0 1,0%
Panel 3 100,9 97.6 96, 96,0 1031 103,5 98,2 96,6 96,1 99,8 100,5 95,2 98,7 2,8 29%
Average = 99,7 1,6 1,6 %

Highest 100,9 28 29%
Lowest = 98,7 08 0,8%
$9-40-D-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 4 101,3 101,6 103,5 102,7 101,8 101,7 102,4 103,1 104.4 102,8 103,0 1041 102,7 1,0 1,0%
Panel 5 101,1 101,1 99,3 100,5 101,1 100,1 100,0 101,1 101,2 99,7 101,0 100,3 100,5 0,7 0,6 %
Panel 6* - - -
Average = 101,6 0,8 0,8 %
Highest 102,7 1,0 1.0 %
Lowest = 100,5 07 0,6 %
__S9-60-D-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
__ Panel7 101,7 100,2 99,6 99,0 102,2 101,8 99,1 98,3 97.9 101,6 101.4 100,4 , 6%
Panel 8 101,3 100,1 99,1 99,3 99,0 100,6 99,8 98,5 99,0 100,0 99,6 99,6 X .8 %
___Panel 9 102,0 101,0 102,5 102,6 101,7 101,7 101,5 100,9 103,2 101,9 99,8 101,6 , 0%
100,5 f A%
101,6 1,6 1,6 %
99,6 08 0,8 %
$9-5-BK-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Average Std. dev cov
Panel 10 97,3 97, 102,4 99, 99,7 101,5 103,8 102,4 100,1 100,6 99,3 100,6 ) ,0 %
Panel 11 97,7 99, 99,5 99, 98,4 99,1 99.9 101,7 100,7 100,2 99,0 99,5 K A%
Panel 12 98,6 98, 100,9 98, 99,9 99,2 98,2 98,1 99.5 98,6 100,0 99,2 , .8 %
99,8 K 3%
100,6 2,0 20%
Lowest = 99,2 0,8 0,8 %
$9-7-BK-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 13 98,9 100,4 101,6 98,7 99,9 102,0 99,1 102,7 102,3 103,0 104,9 103,6 101,4 2,0 20%
Panel 14 99,1 100,8 100,1 98,8 98,3 99,3 99.9 99,9 104,0 101,9 101,0 101,6 100,4 1,6 16%
Panel 15 100,7 100,1 98,6 98,1 100,4 100,7 101,6 99,2 100,0 98,5 99,2 101,2 99,9 11 11%
100,6 16 16 %
101,4 2,0 2,0%
99,9 11 1.1%
$9-8-BK-S Meas. 1 Meas. 2 Meas. 3 Meas. 4 Meas. 5 Meas. 6 Meas. 7 Meas. 8 Meas. 9 Meas. 10 Meas. 11 Meas. 12 Average Std. dev cov
Panel 16 104.4 100,6 104,7 103,5 102,1 101,6 100,3 102,5 104,4 101,5 101,8 100,7 102,3 1,6 15%
Panel 17 100,4 99,5 100,4 100,5 97,5 100,8 100,2 99,1 100,3 1011 101,0 100,7 100,1 1,0 1,0%
Panel 18 932 954 96.9 97.7 100.3 100.9 97,1 97.8 984 97.4 96.9 98.9 97,6 2,0 21%
Average = 100,0 1,5 15%
Highe: 102,3 2,0 21%
Lowest = 97,6 1,0 1,0%
Measurments of panel diameter before testing
$9-20-D-S Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov
Panel 1 602,0 602,0 598,0 600,7 .3 0,4 %
Panel 2 600,0 604,0 602,0 602,0 .0 03 %
Panel 3 600,0 602,0 598,0 600,0 .0 03%
Average = 600,9 X] 0.4 %
Highest=  602,0 23 0.4 %
Lowest = 600,0 20 0,3 %
$9-40-D-8 Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov
Panel 4 602,0 600,0 600,0 600,7 12 02 %
Panel 5 600,0 600,0 600,0 600,0 0,0 0,0 %
Panel 6* 600,0 600,0 600,0 600,0 0,0 0,0%
Average = 600,2 0,4 0,1%
Highest=  600,7 12 02%
Lowest = 600,0 0,0 0,0 %
$9-60-D-S Meas. 1 Meas. 2 Meas. 3 Average Std. dev. cov
Panel 7 604,0 600,0 601,0 601,7 21 03 %
Panel 8 600,0 600,0 602,0 600,7 1.2 02 %
Panel 9 599,0 600,0 599,0 599,3 0,6 01%
Average = 600,6 13 0,2%
Highest=  601,7 21 03%
Lowest = 599,3 06 0,1%
89-5-BK-S Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov
Panel 10 599,0 600,0 601,0 600,0 1,0 02%
Panel 11 600,0 602,0 600,0 600,7 1.2 02%
Panel 12 600,0 603,0 602,0 601,7 1.5 03%
Average = 600,8 1,2 02%
Highest = 601,7 15 0,3%
Lowest = 600,0 10 02 %
89-7-BK-S Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov
Panel 13 602,0 602,0 598,0 600,7 2, 04 %
Panel 14 602,0 598,0 602,0 600,7 2, 0.4 %
Panel 15 600,0 600,0 599,0 599,7 0, 01%
Average = 600,3 1, 0.3 %
Highest = 600,7 23 0,4 %
Lowest = 599,7 06 0,1%
$9-8-BK-S Meas. 1 Meas. 2 Meas. 3 Average Std. dev cov
Panel 16 600,0 603,0 602,0 601,7 5 03 %
Panel 17 602,0 603,0 605,0 603,3 S5 03 %
Panel 18 598,0 600,0 601,0 599,7 5 03%
Average = 601,6 5 0,3 %
Highest = 603,3 15 03 %
Lowest = 599,7 15 0,3%

Panel 6*: Was not able to split his panel
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Technology report no. 2612

APPENDIX 5 Data from each panels test, Series 8

Project: Spiayed concraie, Viedeks panals Pl produethen data: 24,08 2000
Spacimen ; S6-8-BC54-3-01

Tesl dabe; 02033010 Fibra typa: BanChip BCS [B4mm)
Conarata test age (d]: 150 e, flbre dosaga: 5 kg
Commaents: Pangd goas from fhin to thick Cestisprayed: Speayiad
Type yesing Awrads plaly thickness = 1080 )
Carrac] far hickreda: yae Hominial plale thichness = 1030 i)
Caomacl far diameder: no
Carect far early nen-inearity: no Avaragn plabe damate = G033 i)
Bamnal plabe damets = G000 frnen]
Carr. Fastar thickneas, bk, = 0526 F Carr, tacior ciameber, kg, = 1,000 I
|emrreciasy e ometash Halala
Dispiscamen La Load Eneigy uplaie

£s [TH]

ET i34 £ BB

2 T ™ 1]

LT L] 0 LFH]

iag B an Bl

Eull LLEL L) LLE) lncoar Bravgy Rl mcrascar
FeT 1350 413 198 il LT
Masirnum load (cor) = 73.0 [kH]
Daxll. a8 man. Ioad = 5.5 [iren]
100 2000

I0: 5&-6-BC5d-5-01

1800
1800
140
1200

g
[r] ABusu3g

Lead (kM)

1] 3 L. 16 i 25
Displacement {mm)

1.4
w: | EBEBC5-800 T
i - oa 1 |

10 & an L
Displacamant (mm)
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APPENDIX 6 Data from each panels test, Series 9
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