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Preface

This study has been carried out within COIN - Concrete Innovation Centre - one of presently 14
Centres for Research based Innovation (CRI), which is an initiative by the Research Council of
Norway. The main objective for the CRIs is to enhance the capability of the business sector to
innovate by focusing on long-term research based on forging close alliances between research-
intensive enterprises and prominent research groups.

The vision of COIN is creation of more attractive concrete buildings and constructions.
Attractiveness implies aesthetics, functionality, sustainability, energy efficiency, indoor climate,
industrialized construction, improved work environment, and cost efficiency during the whole
service life. The primary goal is to fulfil this vision by bringing the development a major leap
forward by more fundamental understanding of the mechanisms in order to develop advanced
materials, efficient construction techniques and new design concepts combined with more
environmentally friendly material production.

The corporate partners are leading multinational companies in the cement and building industry
and the aim of COIN is to increase their value creation and strengthen their research activities in
Norway. Our over-all ambition is to establish COIN as the display window for concrete innovation
in Europe.

About 25 researchers from SINTEF (host), the Norwegian University of Science and Technology -
NTNU (research partner) and industry partners, 15 - 20 PhD-students, 5 - 10 MSc-students every
year and a number of international guest researchers, work on presently 5 projects:

. Advanced cementing materials and admixtures

. Improved construction techniques

. Innovative construction concepts

. Operational service life design

. Energy efficiency and comfort of concrete structures

COIN has presently a budget of NOK 200 mill over 8 years (from 2007), and is financed by the
Research Council of Norway (approx. 40 %), industrial partners (approx 45 %) and by SINTEF
Building and Infrastructure and NTNU (in all approx 15 %).

For more information, see www.coinweb.no

Tor Arne Hammer
Centre Manager
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Summary

A Round-Robin test program (inter-laboratory study) on energy absorption capacity of round
panels is presented. The panels were tested according to the procedure described in Norwegian
Concrete Associations Publication no. 7, 2011 (NB 7:2011). Four laboratories participated in the
program:

SINTEF Building and Infrastructure, Trondheim (SINTEF-T)

SINTEF Building and Infrastructure, Oslo (SINTEF-O)

Mannvit Testing and Research Lab, Island (MANNVIT)

Norwegian Public Roads Administration, Sentrallaboratoriet, Oslo (NPRA)

O O O O

20 steel fibre reinforced round panels were cast from one single batch of concrete at SINETF-T.
The panels were distributed to the three other laboratories, and each laboratory received and tested
5 panels. Testing age for the panels (diameter 600 mm, thickness 100 mm) was 92 days after
batching. Standard 28-days compressive cube strength of the tested m=0.45 steel fibre reinforced
concrete was 57.8 MPa.

The fibre distribution through the batched 680 litres volume was measured to be very satisfactory;
probably related to the fact that the fibres were added directly into the mixer and with thorough
mixing after the addition.

The within-lab (repeatability) COV for energy absorption capacity from five panels at each lab
varied from 5.5% to 12.2%, and overall average within-lab COV among the four labs was 9.0%.
The between-lab variation among the average energy absorption capacity results from each lab was
low; the COV was only 4.5%. An estimate on the between-lab reproducibility corresponds to a
COV of 10.1 %. These COV-values are in the same range as previous results reported in the
literature and must therefore be considered normal and satisfactory.

Among the four labs the average energy absorption capacity varied from 824 Joule to 918 Joule. A
typical result from each lab can be expected to be represented by the average result + the standard
deviation (i.e. a confidence interval of 68%). In such case the results overlap, leading to the simple
conclusion that the differences among the labs are insignificant.

A panel test is normally reported as the average result of three panels, which is in accordance with
NB 7:2011. The present Round-Robin involved five panels at each lab. It appears therefore relevant
to consider the ten different combinations of three and three panels that are possible among the five
panels. For example, it is notable that for the lab with the highest overall average result (among
five panels) all ten average results from the combinations of three and three panels are larger than
all the ten combinations from the lab with the lowest overall average result (among five panels). It
can be suspected that some of the differences in average results that are seen are of more general
character rather than coincidental, but the answer to this could only be found by further Round-
Robin tests.
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1 Introduction

The report presents a Round-Robin test program involving four laboratories (labs). Energy
absorption capacity of fibre reinforced round panels have been tested according to the new test and
analysing procedure described in Norwegian Concrete Associations Publication no. 7, 2011 (NB
7:2011) [1]. The objective was to gain experience with the new method and to get documentation
on variability.

Participating labs were:
o SINTEF Building and Infrastructure, Trondheim (SINTEF-T)
o SINTEF Building and Infrastructure, Oslo (SINTEF-O)
o Mannvit Testing and Research Lab, Island (MANNVIT)
o Norwegian Public Roads Administration, Sentral lab, Oslo (NPRA).

This is a study on the method as such; the panels, totally 20, were therefore cast (and not sprayed)
from one single concrete batch at SINTEF-T in order to minimize variability during sampling.
Each lab tested five panels.

Within-lab testing variation (repeatability) and between-lab testing variation (reproducibility) have
been evaluated and compared to results from the literature. The statistical evaluation has been done
with a look to some standards treating accuracy of measurement methods, ISO5725-1:1994 [2],
ISO 5725-2 [3] and NS-EN 932-6 [4].

2 Concrete mixing, casting, fresh concrete, strength

2.1 Mixing, fresh concrete, casting and numbering of panels

The used steel fibre reinforced concrete recipe is a quite typical one for Norwegian sprayed
concrete applications. To minimize variability during sampling and to avoid batch-to-batch
variation all specimens were cast traditionally (and not sprayed) from one single batch. Mixing and
casting was done at SINTEF-T. 20 round panel moulds (inner dimensions: ¥600 mm and thickness
100 mm) were collected from SINTEF-T and SINTEF-O.

A 30 litre trial batch was mixed first to find adequate amount of superplastiziser and slump level.
After that a batch of 680 litres was made for the Round-Robin test program. The nominal concrete
mix has a w/(c+2s)-ratio of 0.45, 4% silica fume and 0.4 vol% (30.4 kg) steel fibre. Final adjusted
concrete mix proportions (adjusted for actual air content, density, amount of plastiziser) are given
in Table 1, also including fresh concrete measurements.

Standard SINTEF mixing procedure was used for all conventional constituents. Finally the steel
fibres were added gradually during mixing. When all fibres were in the mix, the mixing was
continued for several minutes more to ensure good homogenization.

20 panels were cast with use of a concrete scip and a wheelbarrow. One by one panel was cast,
screened and numbered according to its place in the casting sequence. After finishing all panels
they were covered with a plastic sheet, see Figure 1. During the casting of panels, three fresh
concretes samples of 8 litres each were collected for control of fibre content and fibre distribution,
see Figure 2. Three 100 mm cubes were also cast for standard testing of 28-days compressive
strength.
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Table 1 Concrete mix proportions and fresh concrete measurements

Type Kg/m’
Cement Norcem Standard FA - CEM II/A-V 42,5 R 500
Microsilika Elkem 20
Water (W/(ct25)=0.454) 245.4
Sand 0-8 mm Ardal 1478
Superplastiziser Dynamon SX-N 4,4
Steel fibre Dramix 65/35 31
Measured air content 3,5%
Measured density 2280 kg/m’
Measured slump 230 mm
Fibre content and fibre distribution See next chapter

D) Screening of test panels

E Nubering of panels and plastic sheet cover
for curing until de-moulding

Figure 1 Pictures taken during mixing and casting (A - E)
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:o—:Fibre measurement 1

Wﬁbre measurement 2
: Qﬁﬁbre measurement 3

Figure 2 Overview of casting sequence (corresponds to panel number), time of fibre measurements and
type of panel moulds.

The last litres of concrete was used to cast an extra panel (number 21), but this one got less
thickness (83 mm thick) due to lack of concrete. This panel is not part of the evaluation, even
though it was tested.

2.2 Fibre content and fibre distribution

The three single measurements of fibre content during casting of panels (early, middle and late in
the casting sequence) are shown in Table 2. It can be seen that the deviation from the nominal fibre
content of 31 kg is quite small for all three samples and that the measured average fibre content
was 30.2 kg, which is only -2.7% from the nominal. The sampling was done with the 8 litres
container for measuring air content, and then poured into larger buckets. Each concrete sample was
poured in portions on to a 2 mm sieve where the binder phase/fines was washed out leaving fibres
and course aggregates on the sieve. The fibres were then collected by use of a magnet, see Figure 3.
In the end the procedure was repeated to collect the few fibres that had passed the sieve together
with the binder during the first round. The three samples with extracted fibres were stored in air for
drying until the next day when the weight of fibres was measured.
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Table 2 Fibre content measurements

Fiber content, average
Meas.| Sample| Tot. |Weight of | Weight of | Weight of | Concrete | Fibre | Deviation
No. |volume | weight | container| sample fibres density | content | from 31 kg | Average |Std.dev.| COV
U] [ka] [kg] [kg] [a] [ka/l] [o/ nominal [o/ ol | H
1 7,988 22,811 4,632 18,179 250,9 2,28 31,41 0,41 %
2 7,988 22,742 4,632 18,110 263,2 2,27 32,95 1,95 % 30,2 36 11,9%
3 7,988 22,778 4,632 18,146 208,6 2,27 26,11 -4,89 % (-2.7%)

Figure 3 Fibre measurement of a 8 litre sample; 2 mm sieve, washing and steel fibre collection with
magnet

2.3 28-days compressive strength

Average 28-days compressive strength among the three 100 mm cubes was 57.8 MPa, and the
average density among the same cubes was 2290 kg/m’. It is notable that the panel tests described
in the following chapters was done after 92 days, consequently the actual compressive strength of
the panels at testing was somewhat higher; probably around 65 MPa (considering the used cement).

3 Packing, shipment and distribution of panels

After 6 days of curing in the SINTEF-T laboratory the panels were de-moulded and packed for
shipment. The panels were covered with wet burlap sacks and outward plastic sheets. Each
laboratory was to receive 5 panels, and the panels for each lab were picked as to cover as much of
the casting sequence as possible. The panels were distributed as follows:

SINTEF-T: 3,7,10, 15,20 (not shipped; only stored)
SINTEF-O: 2,6, 11, 14, 18 (21)

Mannvit: 4,8,9,16,17

NPRA: 1,5,12,13,19
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Note that panel 21 (SINTEF-0O) with deviating thickness (83 mm) is not included in the
evaluations, as stated earlier. After receiving the package of panels at the various labs, the panels
were stored as received for a period. After 32 days concrete age the panels were unpacked in all
laboratories and water cured until testing. The actual test dates varied from 90 to 92 days among
the labs. In any case, the test dates were close and the concrete maturity is high. It should therefore
have no significance to the results, and this issue is not dealt with further. The treatment of the
panels is summarized in Table 3.

Table 3 Coordinated treatment and testing of panels

Date Concrete age
Concrete mixing and casting  31.03.2011 0
Packing/shipment 06.04.2011 6
Water curing 02.05.2011 32
Testing of panels | 29.06.2011 90
Testing of panels I 30.06.2011 91
Testing of panels Il 01.07.2011 92

4 Test and analysing procedure - Energy absorption capacity

Dimensions and example of test set-up are given in Figure 4 and Figure 5. Nominal panel diameter
and thickness are 600 mm and 100 mm, respectively. The test- and analysing procedure was done
according to NB 7: 2011.

The test procedure is briefly as follows:

1) The test panel is removed from the water bath. The panel shall be moist during testing.

2) The diameter of the test panel is measured using a ruler.

3) The thickness of the test panel is measured at 6 locations along the rim using a slide gauge.

4) Abnormalities or faults with the test panel shall be registered and noted in the test report.

5) The test panel is placed in the testing rig with its moulded/smooth surface directly on the steel
support ring and centred. No bedding material shall be used in between the test panel and the
support.

6) A circular, steel loading block with a diameter of 100 mm and minimum thickness of 20 mm is
placed concentrically on the panel’s rough surface.

7) The displacement transducer (with swivel plate) is set up and centred beneath the panel (against
smooth/moulded side).

8) The test can start. The load is displacement controlled at a constant rate of 3 mm/min ( 0.3
mm/min). The load and deflection signal shall be continuously recorded. The test is finished when
the central deflection reaches 30 mm.

9) After testing, the test panel is removed from the test rig and turned over. The number of cracks
on the panel’s underside is recorded.

The analysing procedure is as follows:

From each test the area Ap_,under the load-displacement curve up to the limit displacement A, = 25
mm X k, (=correction factor for thickness) is calculated. The Energy absorption (E,) from the test
is then calculated by multiplying Ap., with the factor &, and with the factor k , (=correction factor

for friction).

10
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Equation 1 Eabs Zkt 'kf 'AP_A
A

Where Zm:{ = %}

i=0

Symbol explanation

Energy absorption from the panel test: Eabs

Accumulated area under the load-displacement curve up to

the limit displacement A,,: Ara
Nominal panel thickness: tp=100 mm
Measured average panel thickness (mm): t

t
Correction factor for thickness: k= 70
Limit displacement: A, =25mm-k,
Displacement (mm): A
Load (kN): P
Correction factor for friction against the support: k;=0.75

support ring

Displacement transducer
with a swivel plate

Figure 4 Round panel tests: Dimensions  Figure S Round panel test: Example of test set-up. Ref. NB

(mm). The steel supporting ring is the 7:2011
dashed line. Ref. NB 7: 2011

1"
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5 Round panel tests - results and discussion

5.1 General

In the following presentation of results, the different labs are denoted Labl to Lab4, according to:
SINTEF-T: Labl
SINTEF-O:  Lab2
Mannvit: Lab3
NPRA: Lab4

Statistical expressions and parameters are given in some standards, for instance [2]. The most
relevant ones are listed and briefly dealt with below as an introduction to the following sections.

Accuracy of a measuring method is divided into trueness and precision.

- Trueness is of interest when a true value of a property is known. In our case neither a true value of
the energy absorption capacity of the concrete is known, nor is there an accepted reference value.
The trueness is therefore a subject which is not relevant in the present study.

- Precision is linked to the variability/random error inherent in every measurement procedure used
to perform tests under presumably identically circumstances. Precision is therefore the subject of
discussion here. Precision is divided into the two terms repeatability and reproducibility, the two
terms is explained below.

Many factors may influence precision, i.e. contributing to the variability of results from a
measuring method:

a) sampling error/variability among the samples.
Concrete is an inhomogeneous material and some inherent variations are avoidable.

b) the operator

c¢) the equipment used

d) the calibration of the equipment

e) the environment (temperature, humidity, etc)
f) the time elapsed between measurements

The variability connected to factor a) is presumably minimized as all round panels were mixed and
cast from one single batch of concrete under controlled laboratory conditions. After each lab
received sets of panels from this batch the panels were presumably stored similarly until testing.
Potentially the different transport methods and -time (road/boat transport) could have had an effect
on the panels, but any such affect is, however, unknown.

Under repeatability conditions factors b) to f) are generally constant and do not contribute to
variability. For this condition (should be relevant within the same lab) the standards operate with
the term within-laboratory variance, and in the following the term “within-lab variation” is used,
referring to this condition.

Under reproducibility conditions the same factors b) to f) may vary and contribute to the
variability. This condition typically applies for inter-laboratory studies, and the term between-
laboratory variance is used in the standards. In the following the term “between-lab variation™ is
used, referring to this condition.

Since average energy absorption capacity results from the labs vary it is convenient to use the
coefficient of variation (COV) as the main measure of variability instead of variance and standard
deviation.

12
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5.2 Measurements of panel thickness and diameter

The measurements of panel thickness and diameter are given in APPENDIX 1. Measured average
dimensions for each panel were very close to the intended dimensions of @600 mm and t=100 mm.
And, for each panel the standard deviation among the measurements were small. An example of a
panel thickness measurement is shown in Figure 6.

Figure 6 Example of panel thickness measurement with slide gauge

5.3 Energy absorption capacity results, within-lab and between-lab variation

5.3.1 Introduction to the evaluation

All energy absorption capacity results and curves are presented versus normalized displacement
axes when it comes to panel thickness (i.e. the displacement record in each test has been divided by
the correction factor for thickness ;). Hence, results in figures and tables can be compared directly
at any given displacement level. The raw data record from every panel test is given in APPENDIX
2, pictures of panels after testing is given in APPENDIX 3 and out-prints from the Excel evaluation
spread sheet is given in APPENDIX 4.

Based on thousands of sets of 2 and 3 ASTM C1550 round panels [8] it has been shown that such
tests are normal distributed about the arithmetic mean (average). We assume that the ASTM C1550
method represents the same statistically features as the present NB 7:2011 round panel method.

For the present Round-Robin, according to [4], the scatter among the 5 single test results at each
lab is within specified ranges so that the test results from each lab can be represented by an average
result (with a standard deviation and coefficient of variation COV).

5.3.2 Within-lab variation (repeatability)

Table 4 and Figure 7 shows average energy absorption capacity (i.e. accumulated energy uptake up
to 25 mm normalized displacement) for each set of 5 panels from the various labs. Average
accumulated energy uptake with displacement at each lab is shown in Figure 8. As can be seen, the
average energy absorption capacity (25 mm) varied from 824 Joule to 918 Joule among the labs,
and the (within-lab) standard deviation varied from 45 to 105 Joule, corresponding to (within-lab)
COVs varying from 5.5% to 12.2%. Overall average (within-lab) COV among the labs is 9.0%.

13
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These numbers for COV must be regarded as normal considering previous results from Norway [5]
and internationally [6]. As discussed in [5], among 52 individual sets tested at NPRA (most of them
from different batches) the standard variation range for COV was 2.7% to 14.3% and the average
COV among the all individual sets was 8.5%. In a previous Round-Robin test program in COIN [7]
on ASTM C1550 panels (somewhat different method, but very comparable), involving 4 labs, the
COVs among 19 individual sets of 4 panels varied from 6% to 22%, and overall average COV was
12.0%. And, in [8], involving two Round-Robin programs (four and six labs participated,
respectively), ten concrete mixes and nearly 500 ASTM C1550 round panels, the within-lab COVs
were in the range 10-12%.

Table 4 Average energy absorption capacity up to 25 mm (normalized) displacement for each lab, and
within-lab variation in terms of standard deviation and COV

Energy absorption capacity Within-lab Within-lab
Lab. No (average of 5 panels) Standard deviation cov
[Joule] [Joule] [-]
Lab1 918 68 74 %
Lab2 864 105 12,2 %
Lab3 824 45 55 %
Lab4 882 98 11,1 %
Average = 79,0 Average = 9.0%
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Figure 7 Average Energy absorption capacity (25 mm) from each lab with corresponding + standard
deviation indicated. Note energy axis from 700-1000 Joule.

A test result, according to NB 7:2011, is the average of (normally) 3 panels. In this study 5 panels
were tested at each lab, and thus is the basis for the within-lab average result, standard deviation
and COV. It is notable that the variation for 5 panels will on average be somewhat higher than for 3
panels [9]. This phenomenon is linked to the expectation that the expected value of a sample
deviation is less than the standard deviation of the whole population. It will be shown below that
the present data are in line with this phenomenon.

If we consider all combinations of 3 and 3 panels among the 5 tested panels at each lab we have 10
possible combinations. For each of the combinations (sets) of 3 panels we can calculate the average
energy absorption capacity (see Figure 9) and COV (see Figure 10). For each lab the average COV
of these 10 combinations becomes as follows: Lab1=7.1%, Lab2=11.0%, Lab3=5.1% and
Lab4=10.5%. We can see that these average COV-values based on 3 and 3 panels are slightly lower
than the COVs in Table 4 based on all 5 panels, as expected. Furthermore, the combination of 3
panels giving the lowest COV (see Figure 10) for each lab is 0.9%, 3.2%, 2.1% and 5.3%,
respectively for Lab 1 to Lab 4. Correspondingly, the combination of 3 panels with highest COV is

14
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8.5%, 17.1%, 7.5% and 15.7%, respectively for Lab 1 to Lab 4. All these COVs must be regarded
normal values for sets of 3 and 3 panels considering previous experience.
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Figure 8 Energy uptake vs. displacement (normalized with regard to panel thickness), average result at
each lab.
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Figure 9 Average Energy absorption capacity (25 mm) for the 10 combinations of 3 and 3 panels
among the 5 tested panels at each lab. Note energy axis from 700-1000 Joule
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Figure 10 COYV for the 10 combinations of 3 and 3 panels among the 5 tested panels at each lab

The sixth panel tested at Lab2 (panel no. 21) is not included in the results and evaluation since it
was a deviating panel with a thickness of only 83 mm. It is however interesting to note that the test
result from panel 21 still corresponds well with the results from the other five (normal) panels close
to 100 mm thick. The result from panel 21 was naturally also corrected for panel thickness and
friction, as described in the results analysing procedure in NB 7:2011 (see APPENDIX 2 and
APPENDIX 4 for panel 21 test results).

5.3.3 Between-lab variation (reproducibility)

Key numbers regarding between-lab variability is given in Table 5. Comparing simply the average
results from each lab (within-lab average results) it can be seen that the overall average energy
absorption capacity for all labs was 872 Joule, the between-lab standard deviation is 39 joule,
which represents a COV of only 4.5 %.

According to [3], the estimate of reproducibility variance s2 shall be calculated as follows:
Equation 2 s2 =52+ 5?2

where:
s?2 is the estimate of the between-lab variance and
s2 is the arithmetic mean of the within-lab variance of the labs

As the standard deviation is the square root of the variance we have that s, =39 Joule and s, =79
Joule (taken from the previous section), hence we get the following numbers in Equation 2: s/ =
39% + 79% thus s, (the reproducibility standard deviation) becomes 88 Joule. If we then divide

s, by the overall average energy absorption capacity 872 Joule we get a COV of 10.1 %, which
then is an estimate of COV for the reproducibility of results between the labs.
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Table 5 Average energy absorption capacity (25 mm) at each lab and between-lab variability

Energy absorption capacity
Lab. No (average of 5 panels)

[Joule]
Lab1 918
Lab2 864
Lab3 824
Lab4 882
Overall average: 872
Std.dev. of between-lab average: 39

COQV of between-lab average: 4,5 %
Std.dev. (reproducibility) according to Equation 2: 88

COV (reproducibility) according to Equation 2: 10,1 %

The previous Round-Robin in COIN [7] (discussed earlier) showed between-lab COVs from 10%
to 15% among average results of nominally identical sets of panels, and overall average between-
lab COV was 13.2%. In [8] (also discussed) the average between-lab COV was 8.7%. Hence, the
variation expressed in Table 5 for the present results must be regarded satisfactory in the way that it
is clearly no higher than what could be expected.

Furthermore, it is notable that the difference between highest and lowest average energy absorption
capacity is 94 Joule among the labs. Let us again divide the 5 panels at each lab into the 10 possible
combinations (sets) of 3 and 3 panels. It is notable that for Lab1 (with highest overall average) the
average energy absorption capacity (see Figure 9) for each of all 10 combinations is larger than the
average for all combinations of 3 panels for Lab3 (with lowest overall average). It is also notable
that Lab2, having the highest within-lab COV (see Table 4 and Section 5.4), has both the highest
and the lowest single panel result of all labs. And Lab4, with second highest within-lab COV, has
highest/lowest single panel result very close to Lab2.

As additional information the average numbers for maximum load and residual load within each
lab is shown in Table 6, as well as the between-lab variation. These nimbers are not dealt with
further. More details for single lab results are given in the following sections.

Table 6 Average maximum load, displacement at maximum load and residual load at 25 mm within
each lab, as well as between-lab variation.

Average  Between-lab Between-lab
Record Lab1 Lab2 Lab3 Lab4 all labs Std.dev. cov
Maximum load (kN) 86 77 75 81 80 4,5 57 %
Displ. at max. load (mm) 3,1 1,9 2,3 2,7 2,5 0,5 20,1 %
Residual load at 25 mm (kN) 28 27 26 26 27 1,0 3,6 %

5.3.4 All 20 panels evaluated as one group

As an extra exercise, all panels have been evaluated as one group in the following, see Figure 11.
When all 20 panel tests are treated as one large group (set) we get the following results: Average
energy absorption capacity (25 mm) is 8§72 Joule, standard deviation is 83 Joule, and COV is 9.6%.
We note that the COV for all 20 panels is slightly higher than the within-lab average COV (9.0%,
see Table 4) based on the sets of 5 and 5 panels. This can be explained by the fact that the standard
deviation has a tendency to increase with the number of samples, as discussed previously. Finally,
Figure 12 shows the energy absorption capacity (25 mm) for all single panel tests. The figure
displays no systematic effect of the casting sequence (reflecting the panel number) on the result.
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Figure 11 Energy uptake vs. displacement for all single panel tests

1100
=
. 1000
lg
(& ]
o
S
o 900
lg
=]
o
S 800 -
[7,]
R-]
T
&
= 700 -
c
i
600 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Panel No.

Figure 12 Energy absorption capacity (25 mm) for all single panel tests. Note energy axis from 600-
1100 Joule
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5.4 Single round panel test results; lab-by-lab

5.4.1 Results Labl

Table 7 Energy uptake and load results, Lab1

Lab1 Energy uptake (J)
Displ.[mm] Panel3 Panel7 Panel10 Panel15 Panel20 Average Std.dev. cov
1,0 21 14 4 27 23 18 9,2 52,1 %
3.0 122 133 106 117 112 118 10,3 8,7 %
5,0 226 257 234 219 236 234 14,2 6,0 %
10,0 444 503 488 435 511 476 34,7 7,3 %
15,0 604 689 686 608 706 658 48,4 7,4 %
20,0 731 837 842 745 853 801 58,8 7,3 %
25,0 835 957 972 854 971 918 67,6 7,4 %
Lab1 Load
Panel3 Panel7 Panel10 Panel15 Panel20 Average Std.dev. Ccov
Maximum load (kN) 78 92 94 75 89 86 8,8 10,3 %
Displ. at max. load (mm) 1,8 27 3,2 3,0 46 3,1 1,0 33,1 %
Residual load at 25 mm (kN) 26 29 32 27 29 28 2,2 7,8 %
Lab1
1100 —+—Panel 3
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000 —&—Panel 10

—+—Panel 15
—eo—Panel 20

800

700 —Average

600

500

Energy (J)

400

300

200

100

0 5 10 15 20 25

Displacement (mm)

Figure 13 Energy uptake vs. displacement for the 5 panels tested in Lab1
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5.4.2 Results Lab2
Table 8 Energy uptake and load results, Lab2
Lab2 Energy uptake (J)
Displ.[mm] Panel2 Panel6 Panel11 Panel14 Panel 18 Average Std.dev. Cov
1,0 44 44 41 29 23 36 9,4 26,1 %
3,0 144 143 177 126 110 140 25,1 17,9 %
5,0 244 241 305 222 212 245 35,9 14,7 %
10,0 452 452 551 419 41 457 55,7 12,2 %
15,0 617 614 749 577 554 622 75,9 12,2 %
20,0 748 745 907 707 663 754 92,2 12,2 %
25,0 860 854 1038 812 758 864 105,5 12,2 %
Lab2 Load
Panel2 Panel6 Panel11 Panel14 Panel18  Average Std.dev. Ccov
Maximum load (kN) 78 75 95 70 70 77 10,3 13,3 %
Displ. at max. load (mm) 0,9 1,5 1,2 1,8 42 1,9 1,3 68,6 %
Residual load at 25 mm (kN) 28 28 32 25 23 27 3,4 12,3 %
Lab2
1100
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1000 —#—Panel 6
900 —&— Panel 11
== Panel 14
800 —o—Panel 18
700 —AvErage
3
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2 500
w
400
300
200
100
0
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Figure 14 Energy uptake vs. displacement for the 5 panels tested in Lab2
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5.4.3 Results Lab3
Table 9 Energy uptake and load results, Lab3
Lab3 Energy uptake (J)
Displ.[mm] Panel4 Panel8 Panel9 Panel16 Panel17 Average Std.dev. Cov
1,0 20 26 24 32 32 27 4,9 18,5 %
3,0 122 119 135 128 133 127 7.1 5,6 %
5,0 224 215 248 225 236 230 12,9 5,6 %
10,0 443 398 477 433 433 437 28,4 6,5 %
15,0 602 540 639 593 581 591 35,8 6,1 %
20,0 728 660 771 725 701 717 40,7 57 %
25,0 832 761 884 836 804 824 45,2 5,5 %
Lab3 Load
Panel4 Panel8 Panel9 Panel16 Panel17  Average Std.dev. (0))
Maximum load (kN) 77 70 84 72 73 75 5,6 7.4 %
Displ. atmax. load (mm) 1,8 25 22 1,9 2,9 2,3 0,5 19,9 %
Residual load at 25 mm (kN) 26 25 28 28 26 26 1,1 4,3 %
Lab3
1100 —e—Panel 4
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Figure 15 Energy uptake vs. displacement for the 5 panels tested in Lab3
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5.4.4 Results Lab4

Table 10 Energy uptake and load results, Lab4

Lab4 Energy uptake (J)
Displ.[mm] Panel1 Panel5 Panel12 Panel13 Panel19 Average Std.dev. Cov
1,0 15 14 19 14 14 15 2,1 13,7 %
3,0 124 119 122 137 101 120 12,7 10,5 %
5,0 235 216 230 269 208 231 23,4 10,1 %
10,0 449 422 464 553 445 466 50,6 10,9 %
15,0 602 570 647 763 625 641 73,7 11,5 %
20,0 719 680 791 910 767 774 87,4 11,3 %
25,0 820 768 909 1026 885 882 97,9 1,1 %
Lab4 Load
Panel1 Panel5 Panel12 Panel13 Panel19  Average Std.dev. Ccov
Maximum load (kN) 77 75 83 96 73 81 9,2 11,4 %
Displ. at max. load (mm) 27 1,4 1,9 3,6 3,9 2,7 1,1 39,6 %
Residual load at 25 mm (kN) 25 22 27 28 29 26 3,0 11,2 %
Lab4
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Figure 16 Energy uptake vs. displacement for the 5 panels tested in Lab4
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6 Conclusion

The within-lab (repeatability) COV for energy absorption capacity from five panels at each lab
varied from 5.5% to 12.2%, and overall average within-lab COV among the four labs was 9.0%.
The between-lab variation among the average energy absorption capacity results from each lab was
low; the COV was only 4.5%. An estimate on the between-lab reproducibility corresponds to a
COV of 10.1 %. These COV-values are in the same range as previous results reported in the
literature and must therefore be considered normal and satisfactory.

Among the four labs the average energy absorption capacity varied from 824 Joule to 918 Joule. A
typical result from each lab can be expected to be represented by the average result + the standard
deviation (i.e. a confidence interval of 68%). In such case the results overlap, leading to the simple
conclusion that the differences among the labs are insignificant.

A panel test is normally reported as the average result of three panels, which is in accordance with
NB 7:2011. The present Round-Robin involved five panels at each lab. It appears therefore relevant
to consider the ten different combinations of three and three panels that are possible among the five
panels. For example, it is notable that for the lab with the highest overall average result (among
five panels) all ten average results from the combinations of three and three panels are larger than
all the ten combinations from the lab with the lowest overall average result (among five panels). It
can be suspected that some of the differences in average results that are seen are of more general
character rather than coincidental, but the answer to this could only be found by further Round-
Robin tests.
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APPENDIX 1 Measurements of panel thickness and diameter

7:2011

Laboratory: SINTEF Byggforsk - Trondheim
Test date:  30.06.2011
Panel no.
7 10 15 20 3
103 102 101 101 98
Panel 100 102 99 102 98
thickness 101 102 102 103 102
103 102 103 102 100
103 103 102 102 100
102 102 101 100 100
100 103 99 103 101 All All
103 103 102 102 98 Average Std.dev  COV
Average ¥ 101,9 102,4 102,0 101,9 99,6 101,6 1,1 1,08 %
Highest " 1030 " 1030 103,0 103,0 102,0
Lowest " 1000 " 1020 99,0 100,0 98,0
Std.dev Y14 05 " 15 1,0 7 15
7 10 15 20 3
Panel 602 602 603 597 600
diameter 598 600 598 595 602 All All
600 600 600 595 598  Average Std.dev  COV
Average 600,0 600,7 600,3 595,7 600,0 599,3 21 0,35 %
Highest 602,0 602,0 603,0 597,0 602,0
Lowest 598,0 600,0 598,0 595,0 598,0
Std.dev 2,0 1,2 25 1,2 2,0
Laboratory: SINTEF Byggforsk - Oslo
Test date: 01.07.2011
Panel no.
2 6 11 14 18
102 100 102 102 107
Panel 100 101 102 102 105
thickness 98 100 103 104 106
98 101 103 103 107
99 102 104 103 106 All All
100 101 104 102 107  Average Std.dev COV
Average v 99,3 100,8 103,0 102,6 106,3 102,4 2.6 2,57 %
Highest " 1016 " 1020 " 104,0 1040 " 107,0
Lowest " 975 " 1000 T 1020 101,6 7 105,0
Std.dev " 14 " 08 " 09 09 " 08
2 6 11 14 18
Panel 600 599 600 599 597
diameter 600 601 598 598 596 All All
603 601 601 600 599 Average Std.dev COV
Average 601,0 600,3 599,7 599,0 597,3 599,5 1,4 0,23 %
Highest 603,0 601,0 601,0 600,0 599,0
Lowest 600,0 599,0 598,0 598,0 596,0
Std.dev 1,7 1,2 1,5 1,0 1,5
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Laboratory: MANNVIT
Test date: 30.06.2011
Panel no. All All
4 8 9 16 17 Average Std.dev cov
Av. panel thickness 100 102 103 100 101 101,2 1,3 1,29 %
Av. panel diameter 601 600 602 599 596 599,6 2,3 0,38 %
Laboratory: NPRA
Test date: 29.06.2011 and 01.07.2011
Panel no.
1 5 12 13 19

103 103 102 102 101
Panel 102 100 103 103 99
thickness 102 100 104 102 101

101 101 103 100 100

99 102 103 103 101

103 103 102 103 102 Average Std.dev cov
Average Y 101,6 101,3 102,7 102,3 100,7 101,7 0,8 0,78 %
Highest " 1030 1030 " 1037 " 1033 101,8
Lowest " 985 99,5 " 101,6 " 1002 99,2
Std.dev 16 1,4 " 07 " 12 0,9

1 5 12 13 19

Panel 600 602 605 603 594
diameter 602 596 599 600 596

602 598 599 597 595 Average Std.dev cov
Average 601,3 598,7 601,0 600,0 595,0 599,2 2,6 0,43 %
Highest 602,0 602,0 605,0 603,0 596,0
Lowest 600,0 596,0 599,0 597,0 594,0
Std.dev 1,2 3,1 3,5 3,0 1,0
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APPENDIX 2 Raw data records from the panel tests

(the curves below are not corrected for thickness and friction)
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APPENDIX 3 Pictures of the panels after testing

Lab 4
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APPENDIX 4 Qutprint from all panel tests

Project: Round Robin / SINTEF-T Panel production date: 31.03.2011
Specimen ID: Panel 03
Test date: 30.06.2011 Fibre type: Dramix
Concrete test age (d): 91 Nom. fibre dosage: 30
Comments: 4 cracks Castisprayed: Cast
Type yesino Average plata thickness = 99,6 |mm]
Correct for thicknass: yes Nominal plate thichness = 100,0 [mm)]
Correct for diameler: no
Corract for early non-linearity: no Average plate diameler = 600,0 [mm]
Nominal plate diameter = 600,0 {mm]
Corr, factor thickness, k., = 1,004 [] Corr. factor diameter, kp = 1,000 [
Corr. factor friction, k= 0,750 -
(corrected) (corroctod) Relatvo
Displacement [nm] Enargy uptake [J] Load [kN] Ensrgy uptake
10 21 ] 0,02
30 122 (3] 0.15
80 228 (1] 0,27
10,0 E=n] 49 1,53
15,0 604 k1] 0,12
_.208 T3 . D ] . Unor. Energy Ret uiamioar
25,0 835 26,1 1,00 e s
Maximum load (corr) = 77,6 [kN]
Displ. at max. load = 1,8 [mm]
140 1400
130 ID_' Panel 03 . 1300
120 T Lowd (cor for thickress) : ' e
110 ! . - 1100
100 ., ===Energy uptake (corrfor thickness andfricion) | 4000
oo - . : Y "4

700
600
- 500
400

Load (kN)
[r] ABiaus

- 200
- 100

e
=

Relative energy uptake

e
o

0 S 10 15 20 25

Displacement {(mm)
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Project: Round Robin / SINTEF T

Specimen iD

Test date

Concrete test age (d)
Comments

: Panel 7

: 30.06.2011
HR N

. 4 Cracks

Panel production date: 31.03.20%1

Fibre type: Dramix
Nom. fibre dosage: 30
Cast/sprayed: Cast

Type yes/no Average plate thickness = 101,98 {mm}
Correct for thickness: yes Nominal ptate thichness = 100,0 fmm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 600,0 fmm]
Nominal plate diameter = 600,0 frmm]
Corr. factor thickness, k, = 0,882 [-] Corr. factor diameter, kg = 1,000 -1
Corr. factor friction, k; = 0,750 {-
{corrected) {corrected) Relative
isplacement [mm] Energy uptake [J] Load [kN] Energy uptake [J}
1,0 13 54 0,01
3,0 132 91 0,14
5,0 257 77 0,27
10,0 503 57 0,53
15,0 688 44 0,72
- ..\ 83 B |- FOO N . . _Mneorr, Energy Rel. uncorr/corr
25,0 957 28,3 1,00 1314 o 1373%
Maximum toad {corr) = 92,4 [kN]
Displ. at max. lead = 2,7 [mm]
140 1400
130 _ _ 1D Panel7. _ __ _ e L 1300
120 4ol ) gad (corffbr thicknéés) o - v h T —1 1200
LA S ——Energy uptake (corr for thickness and friction) - B - 1100
100 o i e _ 1 1000
. 90 + 800 m
E 80 800 g
‘%’ 70 00 g
<
g 60 | - 600 I,
[
—4 55 ). b S00 —
40 - 400
30 dod L 300
20 - - 200
10 - 100
0 -0
Displacement (mm)
10 ID: Panel 7 5 e
D s 4
4]
=07 4—
s
> 08
(=] :
© 04 |-
_QEJ 0,3 .
__(E 0,2 .
@ :
e 01 4 —- -
00 : f
5 20

10

15

Displacement {mm)



Project: Round Robin / SINTEF T Panel production date: 31.03.2011
Specimen ID: Panel 10

Test date: 30.06.2011 Fibre type: Dramix
Concrete test age (d): 91 Nom. fibre dosage: 30
Comments: 5 Cracks Cast/sprayed: Cast
Type yesino Average plate thickness = 102,4 {mm]
Correct for thickness: yes Nominal plate thichness = 100,0 fmm]
Correct for diameter; no
Correct for early non-linearity: no Average plate diameter = 600,7 fmim)
Nominal plate diameter = 600,0 [mm]
Corr. factor thickness, k;, = 0,877 [-] Corr. factor diameter, ky = 1,000 [-1
Corr. factor friction, k;= 0,750 {-]
{corrected) (carrected) Relative
Displacement [mm] Energy uptake [J] Load [kN] Energy uptake [J]
1.0 4 22 0,00
30 106 93 0,11
5.0 234 74 0,24
10,0 488 59 0,50
15,0 685 47 8,71
- 0 82 % 087 Uncor Energy Rel uncomricor
25,0 972 31,6 1,00 1346 1385%
Maximum load (corr} = 94,3 [kN]
Displ. at max. load = 3,2 [mm]
140 1400
130 4- B Panet10 e i ek 1300
120 — e F ~——L 0ad {corr for thickness) P 1200
MO "= _Energy uptake (corr for thickness and fricton || 1100
100 -~ 1000
o0 - 900
E [ 800 21
g 2
5 70 4 700 S
g 60 - - 600 .,
.
— 50 |- 500 —
40 + 400
30 ¢ 300
20 ¢ 200
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0 : : : ¢
0 5 10 18 20 25
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0.9 e e ..y”“‘;. B . + —— e — ——
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o e
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Project: Round Robin / SINTEF T
Specimen ID: Panel 15
Test date: 30.06.2011
Concrete test age (d): 91

Comments

1 5 Cracks

Panel production date

Fibre type

Nom. fibre dosage:

Cast/sprayed

: 31.03.2011

: Dramix
30
: Cast

Type yes/no Average plate thickness = 102,0 [mm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm]
Correct for diameter: no
Correct for early non-linearity: ho Average plate diameter = 600,3 [rm]
Nominal plate diameter = 600,0 {mm}
Cair. factor thickness, k, = 0,980 [-] Corr. factor diameter, kg = 1,000 f-]
Corr. factor friction, k; = 0,750 i1
(corrected) (corrected) Relative
Displacement [mm] Energy uptake [J] Load [kN} Energy uptake [J]
1,0 27 48 0,02
3.0 17 75 0,14
5,0 218 64 0,26
10,0 435 52 0,51
15,0 608 44 0,71
- 20 745 32 087 Ynoorr. Energy Rel. uncorr/corr_
25,0 854 26,8 1,00 117 1376 %
Maximum load (corr) = 75,0 [kN]
Displ. at max. load = 3,0 [mm]
140 1400
8 {0 R — D Pansl 15 e e e | 1300
120 Y ST - — —— ;j“—_._ RN 1200
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Project: Round Robin/ SINTEF T Panel production date: 31.03.2011
Specimen ID: Panet 20

Test date: 30.06.2011 Fibre type: Drarnix
Concrete test age (d): 91 Nom, fibre dosage: 30
Comments: 4 Cracks Cast/sprayed: Cast
Type yes/no Average plate thickness = 101,9 [rmim}
Correct for thickness: yes Nominal plate thichness = 100,06 [rm]
Correct for diameter: no
Correct for early non-finearity: no Average plate diameter = 595.7 [mm]
Neminal plate diameter = 600,0 frm]
Corr. factor thickness, k, = 0,882 [-] Corr. factor diameter, ky = 1,000 [-]
Corr. factor friction, k; = 0,750 [-]
{corrected) {corrected) Relative
Displacement [mm] Energy uptake [J] L.oad [kN] Energy uptake [J]
1,0 23 39 0,02
3,0 111 76 0,11
5,0 236 84 0,24
10,0 511 6t 0,53
15,0 705 44 0,73
%90 0883 038 088  Uncor Energy Rel uncorricor
25,0 a71 28,5 4,00 1332 1372%
Maximum load (corr) = 88,8 kNI
Displ. at max. load = 4.6 [mm]
140 1400
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Project
Specimen D
Test date

Congrete test age {d):

: Round Robin / SINTEF-O
: Panel 2

: 01.07.2011

92

Comments:

Panel production date: 31.03.2011

Fibre type: Dramix
Nom. fibre dosage: 30

Cast/sprayed: Cast

Type yesino Average plate thickness = 99,3 [rmm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm}
Correct for diameter: no
Correct for early non-ingarity: no Average plate diameter = 601,0 {mm]
Nominal plate diameter = 600,0 fmm]
Corr. factor thickness, k, = 1,007 -1 Corr. factor diameter, ky = 1,000 [}
Corr. factor friction, k¢ = 0,750 [
{corrected) {corrected) Relative
Displacement [mm] Energy uptake [J] Load [kN] Energy uptake [J]
1.0 43 71 0,05
30 144 69 0,17
5,0 244 63 0,28
10,0 452 49 6,52
15,0 616 39 0,72
20,0 748 3z o 0387 Uncorr. Energy  Rel. uncorricorr
25,0 B60 27,8 1,00 1135 _131.9%
Maximurm load (corm) = 77,5 [kNj
Displ. at max. lead = 0,9 [mm]
140 1400
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Project: Round Robin / SINETF-O Panel production date: 31.03.2011
Specimen ID: Panel 6

Test date: 01.07.2011 Fibre type: Dramix
Concrete test age (d}: 92 Nom, fibre dosage: 30
Comments: CasVUsprayed: Cast
Type yes/no Average plate thickness = 100,8 fmm]
Correct for thickness; yes Nominal plate thichness = 100,0 [mm}
Correct for diameter: no
Correct for eardy non-linearity: no Average plate diameter = 600,3 [mm}
Nominal plate diameter = 800,0 [mm]
Corr. factor thickness, k, = 0,992 [-] Corr. factor diameter, ky = 1,000 [-1
Carr. factor friction, k; = 0,750 [-1
{corrected) {corrected) Relative
Displacement [mm] Energy uptake {J] Load [kN] Energy uptake [J]
1,0 44 72 0,05
30 144 66 0,17
5,0 241 63 0,28
10,0 452 48 0,53
15,0 614 39 0,72
20,0 S . S o8 Uncor. Energy Ret uncorricorr
25,0 854 28,0 1,00 1154 C13B1%
Maximum load (corr) = 74,8 [k}
Displ. at max. load= 1,5 fmm]
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Project: Round Robin/ SINTEF-O
Specimen 1D: Panel 11
Test date: 01.07.2011
Concrete test age (d); 92
Comments:

Panel production date: 31.03.2011

Fibre type: Dramix
MNom. fibre dosage: 30
Cast/sprayed: Cast

Type yes/no Average plate thickness = 103,0 [mm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mmj
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 599,7 [mm]
Nominal plate diameter = 600,0 fmm]
Carr, factor thickness, k, = 0,971 -1 Corr. factor diameter, ky = 1,000 [-1
Corr. factor friction, k= 0,750 [-1
[corrected) (corrected) Relative
Displacement fmm]  Energy uptake [J] Load [kN} Energy uptake [J}
1,0 41 a5 0,04
3,0 177 93 8,17
50 304 71 0,29
10,0 550 59 0,53
15,0 749 47 0,72
20,0 9207 _ 38 _ 087 Uncom Energy Rel uncoricom
25,0 1038 324 1,00 1451 139.7%
Maximum load (corr) = 94,5 [kN]
Displ. at max. load = 1,2 [mm]
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Project: Round Robin / SINTEF-0O Panel production date: 31.03.2011
Specimen 1D: Panel 14

Test date;: 01.07.2011 Fibre type: Dramix
Concrete test age (d): 92 Nom. fibre dosage: 30
Comments: Cast/sprayed: Cast
Type yesino Average plate thickness = 102,86 frnm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mrmn]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 589,0 [mm}
Nominal plate diameter = 600,0 [mm]
Corr. factor thickness, k, = 0,975 {-] Corr. factor diameter, ky = 1,000 [
Corr. factor friction, k; = 0,750 [-1
{corrected) {corrected} Relative
Displacement [rm]  Energy uptake {J] Load [kN] Energy uptake [J]
1,0 28 54 0,04
3,0 126 66 0,18
50 222 62 0,27
10,0 418 46 0,52
15,0 576 33 0,71
20,0 7 %2 08T  Uncom Energy Rel uncorricorr
25,0 811 25,4 1,00 o1z 138.9%
Maximum load (corr) = 69,6 [kN}
Displ. at max. load = 1,8 [mm]
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Project: Round Robin / SINTEF-O Panei production date: 31.03.2011
Specimen 1D: Panel 18
Test date: 01.07.2011 Fibre type: Dramix
Concrete test age (d); 92 Nom. fibre dosage: 30
Comments: Cast/sprayed: Cast

Type yes/no Average plate thickness = 106,3 fmm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 597,3 [mm]
Nominal piate diameter = 600,0 [mm]
Corr. factor thickness, ky = 0,840 [-] Corr. factor diameter, &y = 1,000 [
Corr. factor friction, k; = 0,750 -]
{corrected) (corrected) Relative
Displacement [mm] Energy uptake {J] Load [kN} Energy uptake [J]
1,0 23 38 0,03
3,0 109 66 0,14
5,0 212 67 0,28
10,0 411 44 0,54
15,0 554 a3 0,73
- 20,0 _ BB3 w7 ~_ Dbss __Uncerr Enargy  Rel. uncorricorr
25,0 757 23,4 1,00 1112 1488%
Maximum load (corr) = 69,6 [kN]
Displ. at max. load = 4,2 [mm]
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Project: Round Robin / SINTEF-O
Specimen ID: Panel 21
Test date: 01.07.2011
Concrete test age (d): 92
Comments: NOT PART OF EVALUATION

Panel production date: 31.03.2011

Fibre type: Dramix
Nom. fibre dosage: 30
Cast/sprayed:; Cast

Type yesino Average plate thickness = 82,7 {mm]
Correct for thickness: yes Nominal plate thichness = 100,0 fmm]
Correct for diameter: no
Correct for early non-tinearity: no Average plate diameter = 596,3 [rrn]
Nominal plate diameter = 600,0 [mm]
Corr. facter thickness, ky, = 1,210 [-] Corr. factor diameter, k, = 1,000 -
Corr. factor friction, k; = 0,750 f-]
(corrected) {corrected) Relative
Displacement [mm]  Energy uptake [J} Load [kN] Energy uptake [J]
1,0 38 56 0,04
3,0 143 67 0,18
50 244 67 0,28
10,0 457 51 0,54
15,0 634 a7 0,73
- 20,0 761 L3 0,88 Uncorr. Enargy Rl uncorricorr
250 868 26,6 1,00 . B%S %88 %
Maximum load (corr} = 79,3 TkN]
Displ. at max. lopad = 2,7 imm]
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Comments: max gap between plate and steelring: 0,8mm. A trig

Project: Round Robin / MANNVIT
Specimen ID: Panel 04
Test date: 30.06.2011
Concrete test age (d}: 21

Panel production date: 31.03.2011

Fibre type: Dramix
Nom. fibre dosage: 30
Cast/sprayed: Cast

Type yesino Average plate thickness = 99,8 [mm}]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 600,7 {mm]
Nominal plate diameter = 600,0 fmm}
Corr, factor thickness, k, = 1,002 [-] Corr. factor diameter, ky = 1,000 -
Corr. factor friction, k= 0,750 I
{corrected) {corrected) Relative
Displacement {mm] Energy uptake [J] Load [kN] Energy uptake [J]
1,0 21 57 0,02
30 121 69 0,15
59 224 67 0,27
10,0 442 49 0,53
15,0 601 38 0,72
20,0 728 . 30 0838 Uncor Energy Rel uncorricorr
250 832 26,0 1,00 Jhoe | 1330%
Maximum load (corr) = 77,3 [kN]
Displ. at max. load = 1,8 {mm]
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Project: Round Robin / MANNVIT Panel production date: 31.03.2011
Specimen iD: Panel 08
Test date: 30.06.2011 Fibre type: Dramix
Concrete test age (d): 81 Nom. fibre dosage: 30
Comments: max gap between plate and steelring: omm. Atrian  Cast/sprayed: Cast

Type yes/no Average plate thickness = 101,8 [mm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm]
Correct for diameter: no
Correct for early non-linearity: no Average plaie diameter = 00,0 [mim]
Nominal plate diameter = 600,0 fmm]
Corr. factor thickness, k, = 0,982 {] Corr. factor diameter, kp = 1,000 [-]
Corr. factor friction, k= 0,750 [-]
{corrected) {corrected) Relative
Displacement [mm] Energy uptake [J] Load [kN] Energy uptake [J}
1,0 25 43 0,03
3,0 119 70 0,16
8,0 215 54 0,28
10,0 398 43 0,52
15,0 540 35 0,71
20,0 . 680 . 0,87 . Uncom Erergy Rel. uncorricorr
25,0 762 25,3 1,00 1046 1373%
Maximum load {corr) = 70,3 [kN]
Displ. at max.load = 2,5 [mm]
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Project

Specimen iD

Test date

Concrete test age (d)
Comments

: Round Robin / MANNVIT Panet production date: 31.03.2011
: Panel 09

: 30.06.2011 Fibre type: Dramix

1 91 Nom. fibre dosage: 30

1 max gap between plate and steelring: 1,2mm. Atz Cast/sprayed: Cast

Type yesino Average plate thickness = 102,7 frmm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 601,7 [mm]
Nominal plate diameter = 600,0 [mim}
Carr. factor thickness, k;, = 0,874 {-1 Corr. factor diameter, kg = 1,000 f-1
Carr. factor friction, k; = 0,750 [-1
(corrected) {corrected) Relative
Displacement [mm] Energy uptake [J} Load [kN] Energy uptake [J]
1,0 24 52 0,03
3,0 135 76 0,15
5,0 249 73 0,28
10,0 ar7 51 0,54
15,0 639 38 0,72
e 20,0 LAl 3B "1 Unaorr. Enargy _Rel. uncorricon
25,0 884 27,7 1,00 1228 1390%
Maximum load (corr) = 84,2 [kN]
Displ. at max. load = 22 [mm]
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Project
Specimen |ID
Test date

Concretfe test age (d):
: max gap between plate and steetting: 0,4mm. A friz

Comments

: Round Robin / MANNVIT
: Panel i6

: 30.06.2011

91

Panel production date: 31.03.2011

Fibre type: Dramix
Nom. fibre dosage: 30
Cast/sprayed: Cast

Type yes/no Average plate thickness = 140,2 imm]
Correct for thickness: yes Nominal plate thichress = 100,0 fmm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 599,0 [mm]
Nominal plate diameter = 600,0 [mim]
Carr. factor thickness, k, = 0,998 [ Corr. factor diameter, kp = 1,000 {-1
Corr. factor friction, k; = 0,750 [-]
(corrected) {corracted) Relative
Displacement [mm] Energy uptake [J] Load {kN} Energy uptake [J]
1,0 i 61 0,04
3,0 127 65 0,15
5,0 225 64 0,27
10,0 433 4z 0,52
15,0 593 a9 6,71
20,0 - 32 0,87 _  Uncorr. Energy Rel uncorricor
25,0 836 27,6 1,00 1118 1337 %
Maximum load (corr) = 72,3 [kN]
Displ. at max. load = 1,9 [mm]
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Project: Round Robin / MANNVIT Panel production date: 31.03.2011
Specimen 1D: Panel 17
Test date: 30.06.2011 Fibre type: Dramix
Concrete test age (d): 91 Nom. fibre dosage: 30
Comments: max gap between plate and steelring: 0,6mm. Atz Cast/sprayed: Cast

Type yes/no Average plate thickness = 101,2 [mm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 596,3 [mm]
Nominal plate diameter = 600,0 [mm]
Corr. factor thickness, k;, = 0,988 I-] Corr. factor diameter, ky = 1,000 []
Corr, factor friction, k; = 0,750 [-]
(corrected) (corrected) Relative
Displacement {mm] Energy uptake [J Load [kN] Energy uptake [J]
1,0 M 68 0,04
3,0 133 72 0,17
5,0 236 62 0,28
10,0 433 45 0,54
15,0 580 35 0,72
I 20,0 LA . 087 Uncarr, Energy Rel. uncarrigarr
25,0 804 256 1,00 1082 135.8 %
Maximum load (corr) = 72,8 [kN]
Displ. at max. load = 2,9 [mm]
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Praject: Round Robin / NPRA Panel production date: 31.03.2011
Specimen ID: Panel 1

Test date: 29.06.2011 Fibire type: Dramix
Concrete test age (d); 90 Nom, fibre dosage: 30
Comments: Cast/sprayed: Cast
Type yes/no Average plate thickness = 101,6 [mm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mm]
Correct for diameter: no
Correct for early non-linearity: ne Average plate dizmeter = 601,3 [mm]
Nominal plate diameter = 600,0 [mmj
Corr. factor thickness, k, = 0,984 -1 Corr. factor diameter, kg = 1,000 f-]
Corr. factor friction, k; = 0,750 -1
(corrected) {corrected) Relative
Displacement [mm] Energy uptake [J] Load [kN] Energy uptake [J)
1,0 18 55 0,02
3,0 123 77 0,15
5,0 235 69 6,29
10,0 443 47 0,55
15,0 602 35 0,73
S 26,0 ny .. ®™ . 088 Uncor Energy Rel uncorrcor
25,0 820 25,2 1,00 121 4367 %
Maximum load (corr) = 77,3 [kN]
Displ. at max. lead = 2,7 [mm]
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Project: Round Robin / NPRA Panel production date: 31.03.2011
Specimen ID: Panel 5

Test date: 29.06.2011 Fibre type: Dramix
Concrete test age {d): 80 Nom. fibre dosage: 30
Comments: Cast/sprayed: Cast
Type yesino Average plate thickness = 101,3 [mm]
Correct for thickness: yes Nominal plate thichness = 100,0 [mim]
Correct for diameter. no
Correct for early non-linearity: no Average plate diameter = 598,7 {mm}
Nominal plate diameter = 600,0 fmmj]
Corr. factor thickness, k;, = 0,087 -] Corr. factor diameter, kp = 1,000 [-1
Corr. factor friction, k; = 0,750 f-1
{corrected) (corrected} Relative
Displacement [mm] Energy uptake [J] Load [kN] Energy uptake [J)
1,0 14 45 0,02
3.0 118 65 0,15
50 216 &3 0,28
16,0 422 47 0,55
150 570 33 0,74
20,0 _ 68 26 089 Uncorr, Energy Rel. uncorricorr
25,0 768 21,8 1,00 044 1360%
Maximum load (corr) = 74,8 {kN]
Displ. at max. load= 1,4 [mm]
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Project: Round Robin / NPRA Panel production date: 31.03.2011
Specimen ID: Panel 12

Test date: 29.06,2011 Fibre type: Dramix
Concrete test age {d}: 90 Nom. fibre dosage: 30
Comments: Cast/sprayed: Cast
Type yesino Average plate thickness = 102,7 {mm]
Carrect for thickness: yes Nominal ptate thichness = 100,0 fmm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 601,0 fmm]
Nominal plate diameter = 600,0 frmm]
Corr. factor thickness, k, = 0,974 &) Corr. factor diameter, kp = 1,000 [-]
Corr, factor friction, k= 0,750 {-1
{corrected) {corrected) Relative
Displacement {mm] Energy uptake {J] Load [kN] Energy uptake [J]
1,0 19 45 0,02
3.0 121 74 0,13
5,0 230 69 0,25
10,0 463 54 0,51
15,0 646 44 6,71
_ _ 20,0 ) 791 2 0,87 Uncorr. Energy  Rel. uncerr/carr
25,0 809 26,8 1,00 1263 138.9 %
Maximum load {corr) = 83,1 TkNj
Displ. at max. load = 1,9 {mim]
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Project: Round Robin / NPRA
Specimen ID: Fanel 13
Test date: 29.06.2011
Concrete test age {d): 90
Comments:

Panel production date: 31.03.2011

Fibre type: Dramix
Nom. fibre dosage: 30
Castisprayed: Cast

Type yes/ino Average plate thickness = 102,3 fmm]
Correct for thickness: yes Nominal plate thichness = 100,0 fmm}
Correct for diameter: no
Correct for early non-finearity: no Average plate diameter = 600,0 [mm]
Nominal plate diameter = 600,0 [mm]
Corr. factor thickness, k, = 0,978 - Corr. factor diameter, kp = 1,000 -1
Corr. factor friction, k, = 0,750 [-]
{corrected) {corrected) Relative
Displacement [mm] Energy uptake [J] Load [kN] Energy uptake [J]
1.0 15 39 0,01
3,0 137 91 0,13
5,0 268 B4 0,26
10,0 553 65 0,54
15,0 763 45 0,74
. o 20,8 910 _ 3 0,89 Uncorr. Enargy Rel. uncorr/corr
25,0 1026 28,2 1,00 418 1380%
Maximum load (corr) = 95,9 [kN]
Displ. at max. load = 3,6 [mm]
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Project: Round Robin / NPRA Panel production date: 31.03.2011
Specimen iD: Panel 19
Test date: 29.06.2011 Fibre type: Dramix
Concrete test age (d): 90 Nom. fibre dosage: 30
Comments: Castisprayed: Cast
Type yesino Average plate thickness = 100,7 fmm]
Correct for thickness: yes Nominal pfate thichness = 100,0 fmm]
Correct for diameter: no
Correct for early non-linearity: no Average plate diameter = 595,0 [mm])
Nominal plate diameter = 600,0 [mm]
Corr. factor thickness, k, = 0,993 -1 Corr. factor diameter, kg = 1,000 [
Corr, factor friction, k= 0,750 -]
{corrected) {corrected) Relative
Displacement [mm] Energy uptake [J] Load [kN} Energy uptake {J}
1,0 14 38 0,02
3,8 101 65 0,11
50 208 71 0,23
10,0 445 58 0,50
15,0 625 43 0,71
U 20,6 L 8T 34 087 . Uneor Evergy Rel uncorcor
25,0 B85 29,4 1,00 L O .5 B
Maximum load {corr) = 73,2 [kN]
Displ. at max. lgad = 3,9 {mm]
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SINTEF Building and Infrastructure is the third largest building research institute in Europe. Our objective is to promate environmentally
friendly, cost-effective products and solutions within the built environment. SINTEF Building and Infrastructure is Norway's leading
pravider of research-based knowledge to the construction sector. Through our activity inresearch and development, we have established
8 unique platform for disseminating knowledge throughout a large part of the construction industry.

COIN - Concrete Innovation Center is 5 Center for Research based Innovation (CRI) initisted by the Research Council of Norway. The

ision of COIN is creation of more attractive concrete buildings and constructions. The primary gaal is to fulfill this vision by bringing
the development a majar leap forward by long-term research in close alliances with the industry regarding advanced materials, effi-
clent construction technigues and new design cancepts caombined with more environmentslly friendly material production.
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