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Abstract

Based on the developed measuring procedure the report deoeilsespe and the sensitivity of
influencing factors.

The functional measuring principle is based on a bridgiatet apparatus used in extensive test
series in Sweden in 1988 (Mattsson 1990). A sample is subjecberiging by placing it over an
expandable slot opening which facilitates the building lfidge. The opening width of the slot is
taken as a measure for the bridge building propertiesecfample.

During the bias testing all experiences referring to titglrg properties, the influence on the
properties and the guideline have been collected and acdgreuajuated. The results of this
evaluation including the subsequently developed measuring guidigirteés round robin testing
are here presented and summarized.
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1 Introduction and objectives

An objective of this task is the development of a suatald repeatable method for determining the
bridging properties of solid biofuels. This includes a refeeaest method and a prediction model
based on influencing physical/mechanical fuel parametanpasvariables. The goal is to develop
a European-wide acceptable development test proceduredomiteng the bridging properties of

a given fuel. According to the development of a prototype Beliverable DII.1.10), the second
step of this process is to compile a test method fodéermination of the bridging properties. This
and the sensitivity of the equipment towards influencintpfacare described in this report.

2 Test method

2.1 Principle

Bridge building properties are influenced by numerous fuekciaristics such as particle size
distribution, maximum particle length, particle shapefesgrand texture characteristics, moisture,
density etc. The determination of these bridging propeséiesherefore be done by creating a fuel
bridge under controlled conditions. This is e.g. achievepldging a sample over an expandable
slot. The opening width of the slot at the moment wherbtluge collapses is taken as a measure
for the bridge building properties of the sample (see Eidyr

A B C

Figure 1. Operation principle of a bridging test apparatus

Based not only on the above described test method butralkswmer research by Mattsson, a
special testing device was redesigned by the TFZ. Famthstruction and building according to
the new design, a co-operation was launched with ameegng company, the Arthur Loibl GmbH
in Straubing, Germany (http://www.loibl.biz/). This company is agpeed machine builder for
systems used for conveying and storage of bulk materal kihds. The company became a
subcontractor of TFZ. [1, 2]

2.2 Test equipment

In the following the main specifications and feature®KH 3*XLGHOLQH IRU URXQG U]
EULGJILQJ Infe9DlidddViVKreg detailed and further information igiin the Guideline
itself [3].

2.2.1 Bridging tester

The bridging tester is the improved and recommended testuigeder the determination of the
bridging properties of biofuels.
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The bridging apparatus (see Figure 2) mainly consists ofulkecbntainer with a bottom area of
1.1xe PHWUHYV D Q GmetrésHThé Kidfés Bfithe bulk container are madenotchilated
plywood; the bottom is made of two flexible PVC-mats watw ffriction coating.

$Q H[SDQGDEOH VORW GLYLGHV WKHRRMW & DsHaedWDdRME XLO N F |
edges. These round edges form a quarter of a circularthrameffective radius of a ¥-inch-tube.

When the bottom is fully closed, the two mats meeténcémtre of the bulk container length

without forming any slot.

During measurements the mats shall be fully even anddmal to the ground, except at the round
edges. The slot is capable of being gradually expanded while theredugan in a parallel
orientation and the bottom is prevented from becomingnediduring any phase of the opening
procedure. The expansion is executed in a way, which ensaehie mats remain in place, except
when opening the gap, where they are sliding over the roundes. ddige design avoids that any
friction between the bottom and the fuel sample inbilie container can occur when the slot is
being expanded.

The opening movement of the two bottom halves is synchrtbnis ensuring that the slot is
widening without changing the position of its centre. Tlaximum opening width is 1.4 m. The
edges of the slot shall remain parallel during the opening prazedur

Figure 2: Description of the main constituents of the bridging tester

A horizontal position of the bridging tester assurest, ¢éimly the bridging properties are deciding
forces of the bridge collapse. To verify the horizoptaition, a water level was installed at the
foot of one stilt (stilt B).

To determine the opening width of the slot as a measurevhdm bridging properties, a
measuring unit was installed on the two bottom halves diuliecontainer (see Figure 3).



EU +BioNorm Il +Report on the sensitivity of the equipment towards inflirentactors Page 3

P—-—

Figure 3: Measuring unit

In the description of work, a filling height of 75 cm ismtiened; therefore a filling level indication
was installed inside the bulk container of the bridgexidr. More and less than the required 75 cm
filling height were tested during the bias testing as wéikk donclusions are listed in Chapter 5.

2.2.2 Tilting container

For filling the sample into the bridging tester a tiltowntainer is provided together with the
bridging apparatus (see Figure 4 and Figure 5). The tiltintat@n has a capacity of 1.7 m3 and
should preferably be used for the round robin tests. Alieatatalso a conveying belt could be
applied.

Figure 4: Tilting container with installed hydraulic cylinder
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Figure 5: Filled tilting container mounted on the fork lifter

2.2.3

Further test equipment

The bridging tester and the tilting container are thenrtesting devices, however further test
equipment is needed.

a)

b)

d)

Fork lifter
A fork lifter has to be used for the handling of the tiltcantainer (see Figure 5).
Rake

According to the filling of the bridging tester, the biofuetface has to be levelled out. This
levelling shall be conducted with a rake. The levelling is needgddoantee a high degree
of repeatability and reproducibility.

Shovel

A shovel is needed for several procedures, e.g. the datgiom of the bulk density or the
emptying of the bridging tester.

Balances

Two balances are needed with separate measurement naogdsrito determine on the one
hand the bulk density and on the other hand the moistunterat of the biofuels.

Drying cabinets

To determine the moisture content, a drying cabinet is ne@dedionally samples of the
tested biofuels shall be sent to the TFZ, which were dried defore.

Bulk density bucket
This bucket is needed to determine the bulk density.
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g) Water level
As described in Chapter 2.5, a water level is needed to deteth@ angle of repose.
h) Yard stick or measuring unit

According to the water level, a yard stick or a measuwrmgis needed for the
determination of the angle of repose.

i) Health care respirator
A health care respirator is useful to protect the condiudéib persons from health hazards.

2.3 Prearrangements

2.3.1 Fuel sample

A loose sample volume of minimum 1.65 m?3 is requiredHertest. Very important is that the
sample is in a homogeneous condition. Special carethmrgfore be taken for homogenization
before the first measurement. This can for exampldooe by transferring the fuel by hand or by
wheel loader 5 times from one place to another. Inhonamensample material can lead to a lower
repeatability of the measurements.

2.3.2 Bridging tester

Ensure that the bridging tester is in a planar posiuf@nify this position using the installed water
level (at stilt "B"); otherwise it has to be levelledtoSubsequent to the levelling, the bridging
tester has to be closed completely and the measuringasniolioe check. If required, adjust it to
zero when the movable floor is completely closed.

2.3.3 Filling of the bridging tester

The bulk container has to be completely empty befaesimple is filled in. If the bulk container is
empty, the fuel sample has to be filled in the bridgisteteby using a fork lifter and the provided
tilting container. According to the filling, the samplefsge has to be levelled, in order to have
significant measurements.

2.4 Measuring points

Main goal of the test procedure is to determine the bridgriagerties of biofuels (see Chapter 2).
This shall be carried out by a determination of the ogewidth as a measure of the bridging
properties. Therefore several measuring points have to inedeih order to find among other
things out, which point has the highest significance.

In the following the four measuring points are listed arstdeed. The measuring points are
registered during the course of a smooth and even openihg ofovable floor by turning the

crank handle (by hand or motor driven) of the bridginteteg\t each measuring point, the opening
width has to be read at the measuring unit (to the nearest) ana also be noted.

2.4.1 First bridge collapse

The first measuring point is the so call&ust bridge collapsé This measuring point has reached,
if one or several complete vertical shaft(s) haviéHop in the sample layer. Through this shaft(s),
part(s) of the movable floor can be seen from the mglglatform (or the "sky" from the bottom by
looking through the slot from below). For a better undeing, the first bridge collapse measuring
point is visualised in Figure
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Figure 6:

Sometimes the first bridge collapse is larger than 50 #eomaximum bridge width (as shown in
Figure 7). Then the reading at the scale is recordeabltbr measuring points, the "first bridge
collapse™ and the ">50 % bridge collapse"” (see Chapter)2.4.2

2.4.2 >50% bridge collapse

Continue the opening procedure until a further bridge cotigpsiobserved. Stop the procedure
and wait until no more fuel particles are falling through ¢jpening slot. Continue this "stop-and-
go-operation” until more than 50 % of the maximum bridggth has collapsed (see below).

e - R

Figure 7: >50% bridge collapse
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2.4.3 Single particle bridge

Continue with the above described opening process untiithéffidge has collapsed completely.
Sometimes, only one particle still builds a bridge overdpening slot, as it can be seen in Figre

e A

Figure 8: Single particle bridge

2.4.4 100 % bridge collapse
The opening procedure is completed, if the fuel bridge hapletely collapsed (see Figure 9).

] ¥ - o

Figure 9: 100% bridge collapse

After reaching the3L00 % bridge collapsepoint the whole bridging apparatus has to be emptied
and the movable floor has to be closed for the nextuneant. For the final bridging result the
mean of 10 replications is calculated, this means higaalbove described opening procedure shall
be repeated 9 times (see Chapter 4). An exception fismelquirement can be accepted for tests
with fuel grain kernels and pellets; here the tests peatability have justified reducing the number
of replications to five.
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2.5 Additional tests by partners SURXQG URELQ’

Besides of the actual bridging test results further fuadastierisation tests shall be conducted by
the responsible lab persons. They are described aw/$ollo

2.5.1 Angle of repose

One of the additional tests is the determination oftigde of repose. As these results will be
evaluated subsequent to the round robin, the procedure shalhbemad in deliverable DII.1.12.

2.5.2 Bulk density

As for the angle of repose, the bulk density resultisb&ievaluated subsequent to the round robin,
therefore the procedure shall be mentioned in deliveiahl1.12. The method follows the
Standard prCEN/TS 15103 [1}V GHYHORSHG LR3IWRMRFWR1RUP

2.5.3 Moisture content

The moisture content determination follows the Europeamieal specification CEN/TS14774-
Part 2 [14]. The moisture content determination has to berpexd directly after the sampling
from the sample cone (test procedure of the deterrmmafithe angle of repose).

3 Influencing factors

During the development of the key requirements of the iogdigest method as outlined in

Chapter 2 several influencing factors on the results a&sessed in order to gain some experience
about the sensitivity towards variability and inconsistendye procedure. The results are
presented in the following.

3.1 Main goals

3.1.1 Filling height

In the description of work (round robin guidelines), arfdliheight of 75 cm is recommended.
Deviations from this filling height are likely to be affegithe results; therefore a bias testing was
made for this parameter.

As variation of the recommended filling height, one thiveh thirds and a double filling height
were additionally chosen (25 cm, 50 cm and 150 cm). Afteddke evaluation it was found useful
to perform further trials on other filling heights (e.g. 50 cthese tests shall follow after the round
robin in order to prevent any delay of the project.

According to Figure 10, the filling height has a clear infleeon the observed bridge width. It can
be seen, that a higher filling height leads to a higpenmg width of the bridging tester. However,
the standard deviation was surprisingly high at the 25 cm anch7&vel for the 100% bridge
collapse measuring point. It was rather expected thatainelard deviation would be higher for a
higher filling height.
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80 — Filling height:
em L @25cm @E75cm  =150cm 50 5,0
I Standard deviation 1 T 53
6,0
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=] 4.3 '
550 g " _ _—40
= 3,9 3,5 7 7
2 40 3,2 =
S |
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first bridge collapse >50% bridge collaps: 100% bridge collapst

Figure 10: Correlation between filling height and opening width (bridging)

3.1.2 Moisture content

One of the main aims of the pre-testing was to determenetluence of fuel moisture content on
the bridging properties. Therefore, two samples of fiestd chips (one soft wood sample [spruce]
and one hard wood sample [beech]) were procured from ktladar. After the homogenization,
the bulk density and moisture content were determined arghthple was filled in the bridging
tester (filling height: 75 cm). Subsequently to each of fa@ications the moisture content was
determined. Five repetitions were chosen in order to retiecsdrk time and effort of the tests
which were made for each of 7 and 8 moisture steps oéspective fuel.

To achieve the desired moisture content steps the fuel Hmddoed down. The drying was done
by means of a purpose built drying apparatus (see Figure 11), ednslsts of a fan, a heater and a
2 m3 bulk box with an opening at the bottom. This bulk box pesitioned on a balance (Figure
12), in order to monitor the sample during drying. A low tentpeeaof 20 °C was chosen for the
drying air to achieve an even and homogeneous drying withirutkeNevertheless, the sample
had to be mechanically homogenised after each drying stepeacsed. This was done by using a
fork litter which was equipped with a shovel.
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Figure 11: Drying apparatus

Figure 12: Bulk box positioned on a balance

As expected the moisture content has a signifita@ 1 OXHQFH RQ WKH EULGtQJ SUI
EULGJH FROODSVH" PHDVXULQJ féhbunved, hitkablit cap be ¥edrQr-H LV Q
Figure 13 and Figure 14 , the opening distance increaseligitér moisture. The same situation

FDQ EH UHIJDUGHBULGWIJWKHR®ODSVH" PHDVXULQ beBoReQW 7KH
highly visible DW W KHEULGJH FROOD S V H BeRugdh & Xhblidtpel cBtert Qf\a0

and 29 % (with hard wood) and 29and 34 % (with soft wood), the mgp@ndth is significantly

rising. Due to these results from the bias testing, it weslélé to test three moisture content steps

for at least one fuel by each round robin partner (seeCliapter 3.1.2).
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Figure 13: Influence of the moisture content on the opening width (bridgisgrudée wood chips
30
Moisture content:
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Figure 14: Influence of the moisture content on the opening width (bridgitgech wood chips

One further result SV KDW WKEHJEGJIJH FR OO D Shows amighy\senbitive rkaction
towards variable moisture content, particularly for higli€-values. This indicates that the full
bridge collapse is probably best suitable for a generaactaisation of the bridging property.
However, the poor repeatability which is particularly giventfas measuring point, contradicts to
this conclusion (for more information on repeatability Shapter 4).
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3.1.3 Residence time

It was found interesting to evaluate any effect of resideinee of sample material in the bulk
container prior to the performance of the bridging téedtss, for example, could be deemed
necessary to achieve for a better moisture contentdistm after drying by forced aeration. Tests
were thus conducted after storing the sample over the webkéme the slot opening of the tester
was performed. This procedure was conducted three times3aveekends, each with 3 or 4 days
of intermediate storage in the tester). For compatisenest results are evaluated against those
results which were generated in direct replications witlamy longer intermissions.

40 Duration between the replications:
om Oimmediate replication @ 3-4 days intermissior 28,3
1] | Standard deviation
26,6
30 I
24,1 24,1

= ’ 21,0 '
= 25 19,8 , |
S [ T T
(@]
£ 20
c
: \
Q.
© 15

10

5 n=171 n=3 n=171 n=3 n=171 n=3
0 T T
first bridge collapse >50% bridge collapst 100% bridge collapst
Figure 15: Influence of the residence titne= number of replications)

As shown in Figure 15, the opening distance increased fdirshand >50 % bridge collapse after

a weekend-storage, compared to an immediate replication. dowdv U WKLV StheUHDWPH QW
amount of replications is low, and the results may aetlebe generalized. For the 100 % bridge

collapse no such observation can be made; howevenedken for this remains open.

3.1.4 Side wall friction

During the bias testing, one of the long plywood side walks neplaced with an acrylic glass, in
order to allow a better view into the bulk container durivggtiuild-up of the bridge. Therefore the
acrylic glass had to be tested, in order to ensure thahdm®e in material was not disturbing the
bridging and the flow properties of the solid biofuels retpely.

This was done by the determination of the wall friction y@hich can be done by a Jenike shear
cell (see Figure 16 and Figure 1KLYV ZDV GRQH ZLWK WKH VXSSRUW RI WK

XQG $SSDUDWHNXQGH™ RI 0OXQLFK 8Q L YHHUMVBRENREpAIAFKQRORJ
where this instrument is available.
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Figure 16: Construction plan of the Jenike shear cell [10]

Figure 17: Side (I.) and front (r.) view of the Jenike shear cell

The principle of a walll friction test, where the kingmangle of wall friction is determined, is
shown in Figure 18. The bulk solid specimen is subjectedséstal normal stress. The normal
stress acting between bulk solid specimen and wall maiegdalled the walQRUPD O WWieJ HV V
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bulk solid specimen is then shifted relative to the wallemialt surface with a constant velocity, v.
This process is called shear. The shear stress actiwgdyebulk solid specimen and wall material
IS measured [11].

Figure 18: Measuring principle of the Jenike shear cell [11]

It is usual to measure wall friction at incrementally dasmeg wall normal stresses. Thus one
EHIJLQV ZLWK WKH JUH D W;H\Wurg D9 @t tQeFbegihbirg of helshear\prodess
the wall shear 8V U K, \in¢redses. With time, the increase of the walas&ess becomes less
XQWLO ILQDOO\ D FRQVWa@aWed (Breéndy-stafasbedr stréss). i Me\conadn
VKHDU WMsdhanasterigic for the applied wall normdiW U . \A¥ter the steady-state
condition is attained, the normal load is reduced. Watthelecrease in wall normal stress, wall
VKHDU V,\aldd Heérdases (Figure 19). After a certain timegadgtstate shear stress is again
attained. In this way values of steady-state wall frictib several wall normal stresses are measured
[11].

7KH SDLU RI YDOXHV RI ZDOO Q RUWKADDOU WWRLieEsMBe3 & FR QV W D C
kinematic wall frictionaV- WKH ZD OO QRbdAdLu€eddltbeValuatibn of the test. All

pairs of values of wall normal stress and steAdWDWH ZDOO VKHDU Y \@didgrdnda DUH !
(Figure 19, right). The curve (or line) running through the mnesspoints is called the wall yield

locus [11]. Figure 20 shows the modified Jenike shear aethéowall friction tests.

Figure 19: Course of wall shear stress in a wall friction test; walldyletus [11]

Figure 20: Measurement of wall friction using the Jenike shear tester [11]
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The wall friction tests were conducted with two types @fcisst: one wet sample with a nominal
top size (NTS) <1 mm and one dry sample withR.® ” 176 mm. Two types of wall
materials were assessed with these samples.

An example of the initial results as provided by a tedt diy saw dust and a plywood wall is
given in Figure 21. Similar data were generated for thefrigtion with the wet sample and the
acrylic glass, respectively.

The generated data were then evaluated using the softwaietimiar Schulze [11]. In this
evaluation the friction data was converted into the Wwiglion angle (given in °). As a simplified
interpretation this angle is to be considered as thie afignclination of the tested wall material to
the horizontal ground at which the sample material wilk $taslide downwards. The calculation of
the wall friction angle follows the following formula

tan i W
I

where
3v  wall friction angle
W  shear stress 5,7
Sw  shear force (recorded by a data recorder)
A area of shear cell (backed-up in the software)
i normal wall stress = NM\ normal stress (determined by software according to the data

entry of the total weight of shear cell and sample)

3000

[Pa] + steady-state points .

— ., *tan(15,5°) + 72Pa /////t
2000 .
/
L 4
1500 z
/
1000

500 :/

shear stresss,

0 2000 4000 6000 800C [Pa] 10000
wall normal stresss,,

Figure 21: Wall friction test results with dry saw dust and plywood wall
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Table 1: Summary of the different wall friction angles
Fuel sample Sawdust dry Sawdust wet
Side wall material plywood acrylic glass plywood acrylic glass
Wall friction angle 3 >f@ 3>f@ 3>f@ 3>f@
Minimum 15,3 13,0 26,0 20,4
Maximum 23,2 16,4 35,1 20,8
Mean value 17,01 14,76 28,99 24,08
Coefficient of variation 11% 7% 10% 16%
No. of tests* 18 18 18 18

* 3 replications with 6 normal stresses, in total 18stes

The tests results from the Jenike shear cell showttibavall friction angle varies to a certain
degree. The plywood wall provides higher wall friction anglesgared to the acrylic glass; this is
true for both the dry and the wet sample material. Aalattily, it can be noticed that wet material is
creating a higher wall friction angle than the dry sEmphis can be traced back to the adhesive
power of water.

A similar test as the Jenike shear cell test can @&scsed to determine the friction between

particles in a sample which is thus to be interpretexhasdirect measuring parameter for bridging
properties of a biomass fuel. Such a test apparatus isthRe sSOOHG 3ULQJ VKHDU FHOO’
ZDV DOVR DYDLODEOH DW W Krd $ 5 DUWNDWXHNX Q@& HO DRAFELQIHRXK 8
Technology (TUM) in Freising-Weihenstephan.

However, the use of such a ring shear cell showed thatat igppropriate for most of the biomass
fuels in the scope of the Bionorm2-project. The ringasleell is designed for powder and granules,
which have a small NTS and a very high sphericity. Hencetiwggsh fibres of the wood fuels cant
with the cover of the ring shear cell. The canting tre flexibility of e.g. the tested sawdust
produced ar? X-&nd down-movementwhich was consequently leading to wrong results, due to
the fact that the measurement of the ring shear dedlsed on an opposite movement of the fixed
bottom ring and the fixed cover.

3.2 Further goals

During the course of the pre-tests it was decided to perfantimef trials on several other
influencing factors, if the respective equipment and itimms are available. In particular it was
found useful to assess the effect of the

x sample falling height (vertical depth of particles fallingpithe bridging box during filling),
x filling mode (use of conveyor belt instead of tiling contgine

X temperature/frost (to be experienced at variable outdogretatures if suitable variability
is given during the round robin tests).

These tests can be performed if the relevant equiponatiimate conditions are given during the
SDUWQHU Wthd WhinHULHYV 3
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4 Repeatability considerations

For several samples a high number of replications generated during the pre-tests. These data
allowed calculating the repeatability expressed by thdicmeft of variation for several fuels with
different bridging properties (Figure 22). The results shbat, the repeatability is high for wood
pellets but low for coarse wood chip material, as inditdtty the low and high coefficient of
variation, respectively. The 100 % bridge collapse isribasuring point where repeatability is
always lowest.

30
Owood pellets @ spruce wood chips O coarse wood chips 25,7
%
c
S 20 19,4
B 17,1 17,2
(]
>
5 15
% 10,6
£ 10 9.3
o
o 6,3 5.3
5 4,1
n=6 | n=16 | n=17 n=6 | n=16| n=17 n=6 | n=16|n=17
0
first bridge collapse >50% bridge collapst 100% bridge collapst
Figure 22: Coefficient of variation of repeated test withesalpre-testing fuels

From these repeatability data the variation of theltesvas calculated and the minimum number of
replications for a desired accuracy at a fixed erroradvdiby level R 1 = 5 % was derived. This
was done by applying the formula [4]:

@95 V

G ¥

nt

with

095 %RXQGDU\ RI VWDQGDUG QRUPEQOGAMAW ULEXWIXK@ ORWRH U
(table value)

1 Standard deviation of random sample
/ required accuracy

X mean value of random sample

n minimum number of replications

A precision of 1 % means for example that with a prolguf 95 % the mean value calculated
from this minimum number of repetitions can vary moreess Iby 1 % with regard to the real
value.

The results, calculated for a given error probabiRRy =5 %, are presented in Table 2. The
minimum number of replication is given for differenefs and at different desired accuracy levels,
which is here to be interpreted as the least significaférdiice of the opening width of the
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bridging tester. As an example, a minimum number otia@ replications would be required for
beech wood chips with MC=35 % if the first bridge collapseild be chosen to identify any
differences in bridging properties at an accuracy lel/&0d%.

Table 2: Minimum number of replications with the accuracy of 5, 10 and Esré (evel . = 5 %)

Tested fuel first collapse > 50% collapse  100% collapse
Accuracy of 5 %
Coarse spruce wood chips 57,6 447 101,4
Spruce wood chips 1 17,2 13,3 45,6
Pellet 6,1 2,6 4,4
Spruce wood chips Eibl MC 10 0,2 1,2 54,7
Spruce wood chips Eibl MC 35 8,1 8,1 245,7
Beech wood chips MC 10 0,2 1,2 54,7
Beech wood chips MC 35 27,1 18,7 8,2
Accuracy of 10%
Coarse spruce wood chips 14,4 11,2 25,3
Spruce wood chips 1 4,3 3,3 11,4
Pellet 15 0,7 1,1
Spruce wood chips Eibl MC 10 0,1 0,3 13,7
Spruce wood chips Eibl MC 35 2,0 2,0 61,4
Beech wood chips MC 10 0,1 0,3 13,7
Beech wood chips MC 35 6,8 47 2,1
Accuracy of 15%
Coarse spruce wood chips 6,4 5,0 11,3
Spruce wood chips 1 19 15 51
Pellet 0,7 0,3 0,5
Spruce wood chips Eibl MC 10 0,0 0,1 6,1
Spruce wood chips Eibl MC 35 0,9 0,9 27,3
Beech wood chips MC 10 0,0 0,1 6,1
Beech wood chips MC 35 3,0 2,1 0,9

The results in Table 2 clearly show, that the firglde collapse and the >50 % bridge collapse
would provide a more accurate measuring parameter for difiatieg between fuels, while the
100 % bridge collapse is associated with higher uncertaemigst would require a higher number
of replications in order to reach the same accuracy.

Generally the repeatability is obviously quite low, partidyléor the 100 % bridge collapse
measurement, which however has proven to provide a highsitigity towards moisture content
(see Chapter 3.1.2). The decision for a suitable numbepbtations has thus to be taken as a
compromise between an acceptable work input for the tesmtitighe desired accuracy level. Based
on the results in Table 2 it was thus decided to perfornmanem of 10 replications during the
tests by partneWWU LD OV 3 U RMhENGhaIESHLE ré available these repeatabilitysthatia

be evaluated in the same way again as given here intordeable an updated conclusion on the
required replications as to be suggested for a future sthpdacedure.
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5 Conclusions

As conclusions of the results in Chapter 3.1 and Chdptée following conclusions were made for
the SD UW Q HiduM kohibtesVy ¢ 3

x Filling height: Filling height (i.e. sample layer depth) is of signifitanfluence. It is thus
essential to perform bridging tests with the recommendédeaquired filling height only.
Only little tolerance on the required sample mass is tolerable

X Moisture content. Due to the obvious moisture content effect this paranseil be
carefully reported for the tested fuels by the partnessardaddition to the original test plan
one fuel is also selected for stepwise drying to a miniratithree different moisture
content steps. The recommended moisture steps shakkbblyfas harvested, between 25
and 35 % and below 20 %.

x Residenceime: The bridging tests shall best be conducted immediattely the filling. If
there is. A time gap of a full day or more between two egibsnt replications shall be
avoided.

x Wall friction angle: According to the evaluation in Chapter 3.1.4, it was decideeplace
the acrylic glass wall by the plywood wall in order to gajnad test equipment conditions
for the round robin as performed by the different pastmath the two different apparatuses.
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