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Summary

This note treats the subject of anchoring
reinforcement bars in slabs where one
part of the slab has been cast prior to the
other one, whereby a weak construction
joint is introduced.

The investigation is based on the theory
of plasticity using upper bound
solutions to calculate the load carrying
capacity.

The note consists of three main
sections.

The background theory is treated in
section 1 where the basic failure
mechanisms are described.

Section 2 describes some special failure
mechanisms that might occur in the
joint connection.

Sections 3 and 4 illustrate the method
through case studies.

Final conclusions are made in section 5.

The investigation is purely theoretical.

Resume

Denne note omhandler emnet beregning
af forankringsstyrken af armering i en
plade der er bestar af et filigran
element og en insitu stabt pladedel. | en
sadan plade vil der veere et stabeskel og
dette stgbeskel vil have indflydelse pa
forankringen af stadarmeringen.

Noten er opdelt i 3 hovedafsnit.

I afsnit 1 opsummeres de
grundleeggende brudmekanismer der
anvendes i denne note.

| afsnit 2 er der en beskrivelse af de
brudmekanismer der vil vaere aktuelle i
forbindelse med et forankringsbrud ien
samling.

| afsnittene 3 og 4 illustreres
beregningernes anvendelse ved
eksempler. Konklusioner findes i afsnit
5.

Denne note indeholder udelukkende

teoretiske overvejelser.
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Notation

The most commonly used symbols are listed below. Exceptions from the list may occur,

but this will be noted in the text in connection with introduction of the notation in

question.

Geometry

h Height of a cross-section

b Width of a cross-section

As Area of reinforcement

1) Maximum separation width

d Diameter of the reinforcement

| Anchorage length

Ls Length from the joint to the transverse reinforcement, see Figure 2.3.
Physics

fc Compressive strength of concrete

fex Characteristic compressive strength of concrete
feq Design compressive strength of concrete

fy Yield strength of reinforcement

Ty Characteristic yield strength of reinforcement
fyd Design yield strength of reinforcement

fser Stress in the reinforcement at failure

o Reinforcement ratio

) Degree of reinforcement

mp Yield moment in pure bending per unit length
v Effectiveness factor for concrete in compression
" Effectiveness factor for concrete in tension

Wi, W, Internal and external work, respectively

% Safety factor, concrete

% Safety factor, steel

-10-
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Introduction

In Bubble deck’ construction there are necessarily joints of different kinds. The in-situ
part of the Bubble deck is cast on a prefabricated slab (a filigran deck). In this note the
bond strength of the reinforcement is calculated in a joint between two precast slabs.
The bond strength is influenced by the casting joint between the precast slab and the in-

situ concrete.

! Bubble deck is invented by the Danish engineer Jargen Breuning
-11 -
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1 Background theory

The theory used in this note is the theory of plasticity with some modifications. The

theory is described in [1].
For slabs consisting of two parts some special failure mechanisms may occur.

The standard failure mechanisms are shown in Figure 1.1. The special failure

mechanisms are introduced below.

-13-
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Figure 1.1 Failure mechanisms, [1].

For a failure involving a reinforcement bar subjected to a force P in the direction of the
bar, the external work becomes:
W, =Pcos(a) (1.1)
The dissipation is calculated as a contribution from a local failure mechanism L, a
failure in the surrounding concrete S and a contribution from the reinforcement B. The
work equation becomes:
nPcos(a)=nL+S+B (1.2)
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The average shear stress, the bond strength, becomes:

P 7 _% % T
ﬂ- dlfcd fcd fcd fcd fcd
where
7, L
o = 13
fy zdnlf, cos(a) (13
S
fy zdnlf, cos(a)
__ B
fy zdnlf, cos(a)
The bond strength contribution from the local failure of one bar may be calculated as:
Fora—-¢2>y,
1, _vd+ee 1-sin(p)
f 2 d asin(a—g¢)cos(a
» (a—p)cos(a) "
ForO<a-¢@<y,
7, vd+2e-atan(a-¢) 1-sin(p)
f, 2 d cos(a—¢)cos(a)
The dissipation in the surrounding concrete depends on the failure mechanism.
If the failure is a V-notch failure the bond strength contribution becomes:
c 4 1
FEY cos(f)-sin
T_Szi d 2 _l 1(1—C05(ﬂ))+£—(ﬂ) : (¢) tan(a)
fo z|sin(B) 2|2 v 1-sin(gp)
where (1.5)

n
ﬁg?i_w

If the failure is a cover bending failure the bond strength contribution for one bar

s _2[,(c. 1 Y_
f_m_ﬂ[z(d +2j /1+p 1than(a) (1.6)

If the failure is a splitting failure the bond strength contribution for one bar becomes:

becomes:

7, 2( b P
I _2[D 4Py 17
f ﬂ(nd jv an(a) (.7

The bond strength contribution from transverse reinforcement is:

T_B_ fschA&wuB (18)

f, dnlf, cos(a)

-15-
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where ug is the displacement in the direction of the bar, Ay, is the area of reinforcement

in the failure surface and n the number of bars sharing the reinforcement contribution.

In the expressions above the effectiveness factor vand the stress in the transverse

reinforcement may be calculated as:

v=—=<1  (f inMPa)

T5

12 :1.9\/?: <1

f., =40MPa

18
fC

In the case of bending failure, the moment capacity may be calculated as:

10) .,
[1—57j®d fa for m<y

m, =
Vo, for ®>v
Ed fq

where

(D — A% fyd

df

f for f, <600 MPa

v=0.85-—¢,

300 for f <60 MPa
The shear capacity of a rough joint may in general be calculated as:
7=C'+ O.75(rfyd + 0)

where

(;—CI:O'—\/% (f, in MPa)
When the external force gives rise to tensile stresses in the joint the shear capacity
should be calculated as:

r=0.75rf ,

-16-
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2 Failure mechanisms in a joint

Consider the slab in Figure 2.1 where the bottom consists of two precast slab parts. We
now wish to determine the moment capacity in this joint. The moment capacity depends
on the possible stress in the reinforcement. It is evident that the tension in the
reinforcement in the precast parts has to be transferred through the joint reinforcement

and this leads to some special failure mechanisms.

ransverse reinfrocement
(braced girder)

Joint reinforcement
Bottom reinforcement
Precast bottom element

pheres (Plastic spheres)
op reinforcement
Insitu cast concrete

Figure 2.1 Principal sketch of the slab considered.

The moment capacity is determined by studying a number of failure mechanisms. The
upper bound approach is used since it is relatively simple to estimate possible failure
mechanisms. Furthermore, it is practically impossible to find a lower bound solution to
a problem of this sort. However, since an upper bound approach is used and since we
have no lower bound solution to the problem we have to make sure that the most
important failure mechanisms have been identified.

In the present joint we have the failure mechanisms shown in Figure 2.2.

-17 -
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Failure mechanism 1
Failure mechanism 2

Failure mechanism 3
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Failure mechanism 5

Failure mechanism 6

Figure 2.2 Failure mechanisms.
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In failure mechanism 1 and 2 we have yielding in the joint reinforcement and the
bottom reinforcement. In these cases it is only a matter of determining the bending
moment capacity using formula (1.10).

The ductility of this failure is usually very large since yielding in the reinforcement is
the decisive factor. Therefore, it is often a desired failure mechanism. This failure
mechanism will govern the load carrying capacity if none of failure mechanisms

described below occur before yielding of the reinforcement.

Failure mechanism 3a to 3c are different variants of a failure mechanism where the joint
reinforcement is pulled out due to the bending of the slab. These mechanisms involve a
local failure mechanism and a failure mechanism in the surrounding concrete.

In 3a the failure mechanism in the surrounding concrete is a splitting failure. In this
mechanism we have 3 contributions to the dissipation being: local failure, splitting
failure and reinforcement contribution.

In 3b the failure mechanism in the surrounding concrete is a combination of a splitting
failure and a V-notch failure. In this mechanism we have 4 contributions to the
dissipation being: local failure, splitting failure, V-notch failure and reinforcement
contribution. However, since the splitting failure in this case takes place in the
construction joint the tensile strength should be set to zero here. The tensile strength in a
construction joint is in general doubtful. Furthermore in this case tensile stresses in the
construction joint occur due to bending as shown in Figure 2.3. It is seen that if the two
slab parts would have to follow each other, tension has to be transferred through the
construction joint. Since this is not considered possible, the two parts will separate until
the separation is terminated by the transverse reinforcement. Therefore, failure

mechanism 3b actually only has 3 contributions to the dissipation.

¢8

A
v

Ls
Figure 2.3 Separation due to bending.
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In 3c the mechanism in the surrounding concrete is a combination of a splitting failure
and a bending failure. In this mechanism we have 4 contributions to the dissipation
being: local failure, splitting failure, bending failure and reinforcement contribution. As

before the contribution from the splitting failure is set to zero.

Failure mechanism 4 is basically the same as failure mechanism 3 but here the bottom
reinforcement is pulled out. Besides the contribution from the local failure, we have a
contribution from either V-notch failure, cover bending failure or splitting failure.
Whether there is a contribution from the transverse reinforcement or not depends on the
position of the transverse reinforcement. Assuming that the transverse reinforcement is

placed on top of the longitudinal reinforcement there will be no contribution.

Failure mechanism 5 is a shear failure in the construction joint. Strictly speaking the
calculations of a construction joint using the formulas for a rough joint requires that a
displacement u, as illustrated in Figure 2.2, is possible and leads to external work. This
is not the case since the slab in a failure mechanism as illustrated on the left hand side
does not rotate and therefore does not lead to any external work. The failure mechanism
on the right hand side is not geometrically possible since the angle between the
displacement and the yield line is less than the friction angle. Assuming we have plane
strain this is not possible.

A geometrically possible failure mechanism would be a rotation about the line of zero
strain of the compression zone combined with a displacement of the bottom slab.
Nevertheless it is known that calculating the construction joint as a rough joint is an
underestimation of the capacity will be considered here to be a sufficiently good
estimate of the capacity of the construction joint.

It is of course required under this assumption that the surface has to be rough. Besides
from the requirement to the roughness it is also necessary to evaluate the separation
opening & illustrated in Figure 2.3. If the opening is too large it is not possible to
transfer shear stresses along the whole length of the construction joint. The transfer area
should only include the area where the opening is not too large.

Finally it is of course necessary to reduce the transfer area due to the presence of the
spheres in the BubbleDeck.

Failure mechanism 6 is a pull out of the reinforcement like failure mechanism 3. This

failure mechanism is geometricaly possible if the slope of the crack in tension is equal

-21 -
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to the friction angle. If this requirement is fulfilled, only the pull out of the
reinforcement contributes to the internal work. Calculations of this failure mechanism
are similar to the calculations of failure mechanism 3. The length of reinforcement that
needs to be pulled out is given geometrically as the height of the concrete cast insitu

multiplied by tan(friction angle).

-22 -
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3 A case study, calculation of the actual load carrying

capacity

The approach described in this section is the one used if the problem is to determine the
actual load carrying capacity. This would be the situation if one whishes to compare the
load carrying capacity with experiments. This means that the strengths are inserted as
average strengths.

In this case study a slab consisting of a precast bottom slab and a part cast in-situ is
considered. The precast part includes a reinforcement net in the bottom of the slab and a
so-called SE- grider. The precast part includes a top reinforcement net, plastic spheres
(a Bubble deck) and joint reinforcement.

The slab is illustrated in Figure 3.1.

Slab seen from the side

Precast slab part

Insitu slab part

Bottom reinforcement (net)
Top reinforcement (net) i

z ')' \' 4 .\I A b ';I" 2 'J' \I 5
Q‘ I\. ) ‘( ‘\‘ ﬁ Q IIIII‘ ) ‘ (\ "I I\.)
/ A4 N/ NS %/ \
£ k AVa hYa 4 kY

Slab seen from the end Joint reinforcement

Reinforcement beam

IenaZeeel

o |

Figure 3.1 Slab used in the case study.

The following data are valid for the slab:
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Precast concrete as well as in-situ concrete:

fo= 33MPa

The bottom slab has a thickness of 60mm and the total depth of the slab is 280mm. The
roughness of the slab is 3mm (meaning 3mm high peaks).

The bottom reinforcement is Y8/125 in both directions and the joint reinforcement is
Y8/125 as well. The total length of the joint reinforcement is 700mm, 350mm at each
side. The yield strength is.

fy= 550MPa

The rib depth of the reinforcement is 0.52mm, the width of the ribs is 1.26mm and the

center-to-center distance is 5.6mm.

The transverse reinforcement is a SE —girder with @9 as diagonals. The depth of the
grider is 200mm and the distance between each junction is 200mm.
fyw= 500MPa

Considering failure mechanism 1 and 2 it is seen that failure mode 1 will be the critical
one since the reinforcement is the same but failure mode 1 has less effective depth.

The force per meter corresponding to yielding of the reinforcement is 221kN/m.

In Figure 3.4 the contribution to the dissipation from the different failure mechanisms 3
is shown as a function of the angle «. In these calculations the angle g should be

determined as to minimize the dissipation. In this case g = n/2-¢. Furthermore ¢ =0 and

Ug = 2sin(a)cos Arctan[@J .
200
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0,117
0,09 +
0,08 1
0,07 f
0,06 \ o 7 ——tau S/ fc Split
) X —#—tau S/ fc,. V-notch
E 0,05 1 —©—tau S/ fc, Bending
e —&—taul/fc
0,04 1 —*tau B/ fc
0,03 .....,.-""J
0,02 MM
0,01
0 - - - - !
30 40 50 60 70 80 90
alpha, degree
Figure 3.2

It appears that V-notch failure leads to the lower load-carrying capacity. The load

corresponding to this failure mechanism is shown in Figure 3.3.

900000 1

800000

700000 7

600000

500000

P-failure 3 N/m

— P-yielding N/m
400000 -

Force, N/m

300000 A

200000 A

100000

30 40 50 60 70 80 90
alpha, degree

Figure 3.3Load carrying capacity for failure mechanism 3

Thus failure mechanism 3 requires higher load than the load corresponding to yielding
of the reinforcement. The joint reinforcement therefore yields before failure mechanism

3 occurs.
-25-
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In this case study it is obvious that failure mechanism 4 leads to a higher load carrying
capacity than failure mechanism 3 due to the fact that the concrete cover in the bottom

slab is larger. Therefore it is unnecessary to investigate this mechanism further.

The separation along the joint may be evaluated by assuming that the top part of the
slab has a constant curvature corresponding to yielding of the reinforcement and a
compressive strain in the top concrete of 0,35%. Furthermore, it is assumed that the
bottom part follows the top part until the transverse reinforcement is reached and that
the bottom part has no curvature after this point. This means that the maximum
separation may be calculated as:

0, 0,
lngzléﬂi@iééﬁﬁamz:ogmm (3.1)
8 8 220-4

L is set to 500mm, which is the distance between the two, the SE-girders. Therefore, it

o=

seems reasonable to include the whole area in the calculations of failure mechanism 5.
However, a reduction of 60% due to the spheres is of course necessary. Including this in

the calculations gives a load carrying capacity of 213kN/m for this failure mechanism.

In failure mechanism 6 it is necessary to determine the distance from the rotation point
to the reinforcement in order to calculate the length of reinforcement that needs to be
pulled out. The rotation point is at the bottom of the compression zone and in this case it
is assumed that the depth of the compression zone may be determined by assuming the
reinforcement to be yielding. A concrete strength of 33MPa leads to an effectiveness
factor of 0.74 and a depth of the compressive zone of 9mm. The diameter of the
reinforcement is 8mm and the roughness is 3mm. Since the angle of friction is 37
degrees, the total length of the reinforcement that needs to be pulled out becomes:

I =tan(37)(220-3-9-8) + (350 — 250) = 251mm (3.2
The contribution to the dissipation and the force needed to pull out the reinforcement in

failure mechanism 6 is shown in Figure 3.4 and Figure 3.5
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0,08 1
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0,06 \ z ——tau S/ fc Split
£ N g —#—tau S/ fc,. V-notch
E 0,051 N —©—tau S/ fc, Bending
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0,04 1 —>—tau B/ fc

0,03 1 M.--"xxX..".‘X::i

0,02
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Figure 3.4

800000 1

700000

600000 -

500000 7
E g
i’ 400000 - . P-failure 6 N/m
5 ——P-yielding N/m
w N

300000 A

200000 A

100000

30 40 50 60 70 80 90
alpha, degree

Figure 3.5Force needed to pull out the reinforcement in failure mechanism 6

Since the force needed in order to pull out the reinforcement (209kN/m) is less than that
leading to yielding of the reinforcement, failure mechanism 6 is the most critical one. In
the calculation above it is assumed that the depth of the compression zone is 9mm
corresponding to yielding of the reinforcement. Calculation of the depth based on the

anchorage force leads to a depth of 8.6mm and no recalculation is needed.
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The moment capacity may now be determined from (1.10) where the anchorage force
replaces the yield strength multiplied with the reinforcement area. The effective depth,

d, is set to 220-3-4=213mm. This leads to a value of 43.6 KNm/m.

-28-
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4 A case study, the design situation

The approach described in this section is the one used for determination of the design
load carrying capacity. The section illustrates how to safety factors when calculating
design strengths and the design load carrying capacity.

We shall assume normal safety class and normal control class according to the Danish
Code DS411, 1999.

In this case study a slab consisting of a precast bottom slab and a part cast in-situ is
considered. The precast part includes a reinforcement net in the bottom of the slab and a
so-called SE- grider. The precast part includes a top reinforcement net, plastic spheres
(a Bubble deck) and joint reinforcement.

The slab is illustrated in Figure 4.1.

Slab seen from the side

Precast slab part

Insitu slab part

Bottom reinforcement (net)
Top reinforcement (net) i

')' \' 4 .\I A b ';I" 2 'J' \I 5
Q‘ I\. ) ‘( ‘\‘ ﬁ Q IIIII‘ ) ‘ (\ ‘!. I\.)
/ A4 N/ NS %/ \
v k AVa hYa 4 kY

Slab seen from the end Joint reinforcement

Reinforcement beam

I0enaZeeel

o,

Figure 4.1 Slab used in the case study.

The following data are valid for the slab:

Precast concrete as well as in-situ concrete:
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fa= 35MPa

fea= 21MPa (Safety factor %=1.65)

The bottom slab has a thickness of 60mm and the total depth of the slab is 280mm. The
roughness of the slab is 3mm (meaning 3mm high peaks).

The bottom reinforcement is Y8/125 in both directions and the joint reinforcement is
Y8/125 as well. The total length of the joint reinforcement is 700mm, 350mm at each
side. The yield strength is:

fu= 550MPa

fya= 423MPa (Safety factor %=1.3)

The rib depth of the reinforcement is 0.52mm, the width of the ribs is 1.26mm and the

center-to-center distance is 5.6mm.

The transverse reinforcement is a SE —girder with g9 diagonals. The depth of the girder
is 200mm and the distance between each junction is 200mm.

fywi= 500MPa

fywa= 385MPa

Considering failure mechanism 1 and 2 it is seen that failure mode 1 will be the critical
one since the reinforcement is the same but failure mode 1 has less effective depth.

The force per meter corresponding to yielding in the reinforcement is 170kN/m.

In Figure 4.2 the contribution to the dissipation from the different failure mechanisms 3
is shown as a function of the angle «. In these calculations the angle £ should be

determined as to minimize the dissipation. In this case # = n/2-¢. Furthermore ¢ =0 and

Ug = 2sin(a)cos Arctan(@J :
200
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Figure 4.2

——tau S/ fcd Split
—®—tau S/ fcd,. V-notch
—©—tau S/ fcd, Bending
—8— tau0/fcd
—* tau B/ fcd

It appears that V-notch failure leads to the lower load-carrying capacity. The load

corresponding to this failure mechanism is shown in Figure 4.3

700000 1

600000

500000 A

400000

Force, N/m

300000 A

200000 A

100000 A

30 40 50 60 70
alpha, degree

Figure 4.3Load carrying capacity for failure mechanism 3

P-failure 3 N/m

— P-yielding N/m

Thus failure mechanism 3 requires higher load than the load corresponding to yielding

of the reinforcement. The joint reinforcement therefore yields before failure mechanism

3 occurs.
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In this case study it is obvious that failure mechanism 4 leads to a larger load carrying
capacity than failure mechanism 3 due to the fact that the concrete cover in the bottom

slab is larger. Therefore it is unnecessary to investigate this mechanism further.

The separation along the joint may be evaluated by assuming that the top part of the
slab has a constant curvature corresponding to yielding of the reinforcement and a
compressive strain in the top concrete of 0.35%. Furthermore, it is assumed that the
bottom part follows the top part until the transverse reinforcement is reached and that
the bottom part has no curvature after this point. This means that the maximum
separation may be calculated as:

0, 0,
EK‘LSZ ZEMSOOZ =0.9mm 4.1)
8 8 220-4

Therefore, it seems reasonable to include the whole area in the calculations of failure

o=

mechanism 5. However, a reduction of 60% due to the spheres is of course necessary.
Including this in the calculations gives a load carrying capacity of 164kN/m for this

failure mechanism.

In failure mechanism 6 it is necessary to determine the distance from the rotation point
to the reinforcement in order to calculate the length of reinforcement that needs to be
pulled out. The rotation point is at the bottom of the compression zone and in this case it
is assumed that the depth of the compression zone may be determined assuming the
reinforcement to be yielding. A characteristic concrete strength fo, of 35MPa leads to an
effectiveness factor of 0.73 and a depth of the compressive zone of 11mm. The diameter
of the reinforcement is 8mm and the roughness is 3mm. Since the angle of friction is 37
degrees the total length of the reinforcement that needs to be pulled out becomes:

| =tan(37)(220-3-11-8) + (350 — 250) = 249mm 4.2)
The contribution to the dissipation and the force needed to pull out the reinforcement in

failure mechanism 6 is shown in Figure 4.4 and Figure 4.5
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Figure 4.4

600000 1

500000 -

400000
E
i 300000 i P-failure 6 N/m
5 ’ — P-yielding N/m
w

200000 A

100000

30 40 50 60 70 80 90
alpha, degree

Figure 4.5Force needed to pull out the reinforcement in failure mechanism 6

Since the force needed in order to pull out the reinforcement (151kN/m) is less than the
force corresponding to yielding of the reinforcement, failure mechanism 6 is the most
critical one. In the calculation above it is assumed that the height of the compression
zone is 11mm corresponding to yielding of the reinforcement. Calculation of the depth

based on the anchorage force leads to a depth of 10mm and no recalculation is needed.
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The moment capacity may now be determined from (1.10) where the anchorage force
replaces the yield strength multiplied with the reinforcement area. The effective depth is

set to 220-3-4=213mm. This leads to a value of 31.4 KNm/m.
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5 Conclusions

It has been shown in the note how the load carrying capacity of a joint in a Bubble deck
may be calculated using the theory of plasticity.

A direct use of code rules is impossible in such a complicated case. Therefore the note
also demonstrates the advantage of having a theory in stead of relying on empirical rules

with doubtful extrapolations.
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1 Formd og underskrift

Naavaarende rapport beskriver en forsagsraskke, der er udfart med det formdl at
fastleagge momentkapaciteten af en samling hvor to filigranelementer stadesi et
BubbleDeck.

Pravningen er rekvireret hos BY G-test (sags nr. 25539) af:

Dir. Jargen Breuning

BubbleDeck Danmark

Reasevangen 8

3520 Farum

Danmark

Rapporten behandler udelukkende forsggsresultaterne for de leverede elementer og
tager derfor ikke stilling til eventuelle beregningsmodeller, overensstemmel se med
belastningsforhold i virkelige konstruktioner, generaliseringer eller lignende.
Observationer angaende brudformer er rapporteret i form af fotosi rapporten og

kommentarer.

Kgs. Lyngby den  December 2003

Tim Gudmand-Hayer Jergen Bjarnbak-Hansen
Civilinginier L aboratorieingenigr
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2 Fakta vedrgrende rapporten

Rapport er udarbejdet af Tim Gudmand-Hgyer og kvalitetssikret af Jargen Bjarnbak-
Hansen. Rapporten er udarbejdet i perioden 24/11-2003 til 9/12-2003.

Prevningerne er udfert i BY G-test’s laboratorium i perioden 24/11-2003 til 26/11-2003.
Pravningen blev foretaget af Tim Gudmand-Heyer, Lars Z. Hansen og Karsten Findsen.
Til rapporten harer en cd med alle malte data samt beregninger.
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4 Prgveemnets geometri, materialer og fremstilling

4.1 Prgved ementerne

Der blev testet en serie af 5 ens provel egemer, bensevnt nr. 1-5, der ale havde fglgende
dimensioner:

Langde: 3200mm

Hgjde: 280mm

Bredde: 1000mm

BubbleDeck Danmark har leveret nedenstaende tegninger, som vaarende gad dende.

Figur 1. Testelement type N (Oplysninger fra BubbleDeck Danmark).

Fotos af den bundne armering samt fotos af de enkelte filigranelementer med armering
og kugler inden udstegbning kan sesi appendiks 6.1.

Filigranelementerne blev stabt den 13/11-2003 og resten af elementet blev stabt den
14/11-2003. Oplysninger om elementerne kan sesi appendiks 6.4.
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4.2 Test af beton

BY G-test foretog prevning af den beton, der efter C. C. Bruns oplysninger udgjorde det
overste lag beton (det der ikke udgjorde filigranelementet). Der blev ikke foretaget
prevning af den beton der blev anvendt i filigranelementet.

Testtidspunkt: 25/11-2003 ca kl. 13.00 testet 5 prevecylindre.

Testansvarlig: Betontekniker Erik Christensen

Prove antal: 5stk

Provetype: Cylinder diameter 150mm - hgjde 300mm

Stebetidspunkt: C. C. Brun har oplyst at pravecylindrene blev udstabt den
13/11-2003

Lagring: C. C. Brun har oplyst at prevecylindrene efter 1 dggn i form

blev vandlagret ved 20 grader indtil de blev kert til
BY GeDTU hvorefter de blev testet. Ved ankomst til
BYGeDTU var overfladen ikke vad.

Testmaskine: 200 tons presse.
Testresultater:
Prave Kraft Spaanding
[nr] [Tong] [MPa]
1 64,6 35,9
2 61,1 34,0
3 56,1 31,2
4 65,0 36,1
5 55,3 30,7
Middel 60,4 33,6

4.3 Testopstilling

Der blev anvendt en 4 punkts bgjningstest. Opstillingen er vist i Figur 2.
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Figur 2. Forsggsopstilling set fra @st.

Det bemaakes at preveemnet er vendt i forhold til anvendelseni et byggeri. Dvs. at
oversiden vender nedad.

Opstillingen bestar af to modhold i oversiden med en indbyrdes af stand pa 3000mm og
to linielaster med en indbyrdes afstand p& 1000mm placeret symmetrisk omkring
midten.

Modhol det udgeres af en stélplade pasvejst en massiv rundstang af stal, der ligger &f i
en fordelingsplade med reces. | den ene side er modholdet fastgjort til en relativt stiv
ramme (syd), mensden anden side er fastgjort til en slap ramme (nord), hvilket
muligger bevamelser i pladens laangderetning. Ligeledes har belastningslinierne
mulighed for at bevegge sig i pladens laagderetning idet presserne under de to HEB160
profiler har kuglelgjer i bade top og bund. Flere detaljer vedrgrende opstillingen kan ses
i appendiks 6.2.
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4.4 Belastningsprocedure

Forsggene blev flow-styret dvs., at der blev ledt en bestemt maangde olietil presserne
pr. tidsenhed. Ses der bort fraelasticiteten i riggen samt et mindre olietab fra presserne,
betyder dette, at der er tale om deformationsstyring.

Selve proceduren var fglgende:

® Elementet blev Igftet pa pladsi riggen vha. en kran og derefter | gftet slledes at
understatningen mod nord blev |gftet lidt.

®  Presserne blev haavet siledes, at der kom olie under stemplerne.

® Spindlen blev skruet ud sfledes, at den ramte ind i recessen pésvejst
belastningsprofilet.

®  Herefter oplastedesttil et tryk svarende til ca8-10kN tryk fra hver presse, hvilket er

mindre end det, der skulletil at baere egenvaagten og understetningen i den ene side.
®  Kranen blev sanket siledes at al vaagt blev béret af presserne aene.

®  Understatningen (nord) blev gjort fast og forsgget sat i gang.

4.5 Belastningshastighed

Belastningshastigheden kan aflasses ud fra haddningen pa kurveni tid - belastning
diagrammet, Figur 3.
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Figur 3. Belastningen p& hver presse som funktion af tiden.

Det ses, at belastningshastigheden var teg pa at vaare konstant indtil forsggene naarmede

sig den maksimale baaeevne.

4.6 Dataopsamling

Dataopsamlingen blev foretaget ca. 1 gang i sekundet vha. en tilsluttet datalogger. | hver
datafil er der malt tid, brospaanding (spaending over flytningsmélerne, nr101), olietryk
(nr102), flytningen over understetning nord (nr103), flytningen over belastning nord
(nr104), flytningen over midten (nr105), flytningen over belastning syd (nr106) og
flytningen over understetning syd (nr107). | beregningen af kraften omregnes trykket til
en kraft i kN ved at multiplicere med 196,1 (test 1-5) eller 196,1/10° (test 6-10) alt efter
hvilken enhed der er anvendt i dataloggeren. | beregningen af flytningen skal malingen
relateres lineaart til brospaendingen séledes at en maling svarende til brospaanding svarer
til 200mm og malingen 0 svarer til Omm. Alle malinger er udfert relativt til gulvet.
Malinger under understatningerne svarer til opadrettet flytning, resten til nedadrettet
flytning.
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5 Resultater

5.1 Vet mm.

For at korrigere for nulpunktsforskydning hidrgrende fra pressens egenvaggt m.m., blev
der foretaget en maling af pressens moditryk alene. Dette er vist i Figur 4, hvor det ogsa
er vist, hvad modstanden var med HEB profilerne lagt p& Det ses, at der skal korrigeres
med 1,2kN pr. presse. De sma udslag i malingerne omkring 1,2kN, er udtryk for
friktionen i pressen.

HEB profilet vejer 42,6kg/m og er 1,3 m langt, hvilket svarer til en kraft pa 0,54kN.

Dette ses at stemme overens med malingerne.

Presse

1,90
1,80

Presse + HEB

X Prese

Belastning [kN]

0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0
Tid [min]

Figur 4. Maling for presse alene, samt presse og HEB profil.

Understatningsprofilerne var massive stélprofiler pa40mm x 155mm x 1,38m med en
12mm dyb reces, der ved oversiden havde en bredde pa 63mm. Dette betyder at vaggten
af et profil er 62,84 kg/m svarene til 0,62kN pr stk. Denne vaagt er dog ubetydelig i

-10-
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belastningssammenhaang idet bel astningen fra denne er ens virkende med belastningen

fra pressen og ligeledes indgdr i malingerne fra pressen.

Selve prevel egemernes egenvaagt blev malt ved at | ofte et af legemerne med presserne.
Maligningen kan sesi Figur 5. Ved lasten 10,06kN blev pladen og understgtningerne
| oftet.

Element vaggt

12 7

10

e}
L

—¥— Element vamgt

Belastning [kN]
(2]

0,0 10 2,0 3,0 4,0 5,0
Tid [min]

Figur 5. Vet af element.

Ud fra dette kan vaegten af selve elementet findes:

Vagt af HEB 0,54 kN
Vagt af understetning 0,62 kN
Pressemodstand 1,20 kN
Pladevagt 7,70 kN
Total 10,06 kN

Egenvamgten svarer til en jaevnt fordelt last pd 4,81kN/m?.

Ved kraftaflassningen skal man fratrakke 9,45kN (HBE, plade og pressemodstand) for
at finde den ekstra kraft, hvormed pressen pavirker elementet.

-11-
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5.2 Databehandling

Databehandlingen er udfart i Excel, hvor der er korrigeret for de tilfadde, hvor
flytningsmalingerne var faldet af. Ligeledes er flytningerne gjort relative siledes at
understetningerne betragtes som nulpunkter, de resterende malinger er relaterede il en

ret linie gennem disse.

Selve regnearkene findes pa vedlagte cd.

5.3 Observerede brudformer

| det falgende er vist en rakke fotos af brudformerne for alle forsagsemnerne.

Jf. kommentarerne i appendiks 6.3 var bruddene ved forsagene 1-5 rimelig langvarige.

Figur 6. Forsggemne nr 1 set fra ast.

-12 -
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Figur 7 Forsagemne nr 2 set fra vest.

Figur 8 Forsegemne nr 3 set fra gst.

-13-
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Figur 9 Forsagemne nr 4 set fra gst.

Figur 10 Forsagemne nr 5 set fra gst.

-14-
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5.4 Kraftmalinger

| Figur 11 er vist belastningen pr presse som funktion af udbgjningen i midten. Det skal
bemaakes at mélingen pa midten fra preverne 2,3 og 4 er fraden side hvor bruddet
indtraf.

50 7

45

N
o

w
o
I

—&—Nr.1
—8—Nr.2
Nr.3
Nr. 4
—¥—Nr.5

W
o
L

Belastning [kN]
N
ol

N
o

[
o

[
o

10 20 30 40 50 60 70 80 90
Midt [mm]

Figur 11. Kraftmlinger.

De maksimale kraftmdlinger var fglgende

Test P
[nr] [kN]

329
34,2
324
46,2
322

AD|IWIN|E=

5.5 Momentberegning

Momentet mellem understeatningerne kan beregnes ud fra bidraget fra egenvegten samt
bidraget fra belastningen.
Belastningen vil mellem understgtningerne medfare et moment pa 1m* belastningen idet

af standen fra belastningen til understetningen er 1m.

-15-
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Egenvaggten g vil lige over understetningerne medfere et moment pa

Y qr 1,1%=2,91kNm/m, og p& midten vil momentet vaare 2,91-1/8* g* 12=2,31kNm/m.

I denne beregning er det forudsat, at egenvaagten er jaevnt fordelt, hvilket ikke er helt
korrekt, idet 2 af kuglerne er udeladt ved understatningerne, ligesom de yderste 10cm af
elementet er massiv beton. Dette farer til et sterre moment, men da der her er tale om
sma korrektioner, er der set bort disse forhold.

Ud fra forsggsdata kan momentet pa midten bestemmes som falger:

SerieN

Test P Moment i midten
[nr] [kN] [KNm/m]

1 32,9 35,2

2 34,2 36,5

3 32,4 34,7

4 46,2 48,5

5 32,2 34,5

Middelvaadi af moment i midten 37,86kNm/m.
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6 Appendiks

6.1 Fotos af armeringsarrangement

Falgende fotos er modtaget fra BubbleDeck Danmark og viser armeringsarrangementet,
som det bliver bundet inden udstgbning, samt fotos af de enkelte praveemner.

-17-
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6.2 Detaljer vedrgrende forsggsopstillingen
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6.3 Kommentar m.m. pa baggrund af forsggene

Nedenfor findes de kommentarer, der er noteret undervejs ved forsggene.

Den analoge kraftaflaesning er en vejledende aflaesning hvor der ikke er indfart

korrektioner.

Element | Analog | Brud |Dato | Kommentar

nr afl. side

1 42,05 |Nord | 26/11- | Elementet ser fint ud. ved 34,4% drysning fra vandret
03 revne ca 0,4mm. Lasten faldt langsomt efter max
8.45 |bageevne.

2 42 Syd |26/11- | Elementet vejes som start og resterende del af rig
03 vees derefter. Lasten faldt langsomt efter max
10.15 |baaeevne.

3 415 |Syd |26/11- | Def maler 2 rykket ved 20,5%. foto ved 40,3% med
03 revne ca 1 mm. Revnedbning ved midt af element
11.50 | cad4mm ved max bagreevne.

4 55,4 | Syd |25/11-|God udstgbning. Lasten faldt langsomt efter max
03 bareevne.
8.50

5 41,2  |Nord |24/11- | Flytningsmdler faldt af efter max last. En
03 armeringsstang gik ud gennem siden ca 3 cm under
15.00 |filigranelementet.

Dir. Jargen Breuning fra BubbleDeck Danmark havde falgende generelle kommentarer

til forsggene:

Forvandingen &f filigranelement mangledei visse tilfadde. Elementerne var

ureglmaessigt opbygget. Der ikke fuld udstgbning i aletilfadde

-28-
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6.4 Oplysninger om elementerne fraCC Brun A/S
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1 Formd og underskrift

Naavaarende rapport beskriver en forsagsraskke, der er udfart med det formdl at
fastleagge momentkapaciteten af en samling hvor to filigranelementer stadesi et
BubbleDeck.

Pravningen er rekvireret hos BY G-test (sags nr. 25539) af:

Dir. Jargen Breuning

BubbleDeck Danmark

Reasevangen 8

3520 Farum

Danmark

Rapporten behandler udelukkende forsggsresultaterne for de leverede elementer og
tager derfor ikke stilling til eventuelle beregningsmodeller, overensstemmel se med
belastningsforhold i virkelige konstruktioner, generaliseringer eller lignende.
Observationer angaende brudformer er rapporteret i form af fotosi rapporten og

kommentarer.

Kgs. Lyngby den  December 2003

Tim Gudmand-Hayer Jergen Bjarnbak-Hansen
Civilinginier L aboratorieingenigr
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2 Fakta vedrgrende rapporten

Rapport er udarbejdet af Tim Gudmand-Heyer og kvalitetssikret af Jargen Bjarnbak-
Hansen. Rapporten er udarbejdet i perioden 24/11-2003 til 9/12-2003.

Prevningerne er udfert i BY G-test’s laboratorium i perioden 24/11-2003 til 26/11-2003.
Pravningen blev foretaget af Tim Gudmand-Hayer, Lars Z. Hansen og Karsten Findsen.
Til rapporten harer en cd med alle malte data samt beregninger.
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4 Prgveemnets geometri, materialer og fremstilling

4.1 Proveelementerne

Der blev testet en serie af 5 ens provel egemer, bensevnt nr. 6-10, der ale havde falgende
dimensioner:

Langde: 3200mm

Hgjde: 280mm

Bredde: 1000mm

BubbleDeck Danmark har leveret nedenstende tegninger, som varende gaddende.
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L ﬁ:_N ..... \1 \11 RYANS )k A, -
AN Vi R i
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Figur 1. Testelement type O (Oplysninger fra BubbleDeck Danmark).

Fotos af den bundne armering samt fotos af de enkelte filigranelementer med armering
og kugler inden udstegbning kan sesi appendiks 6.1.

Filigranelementerne blev stabt den 13/11-2003 og resten af elementet blev stabt den
14/11-2003. Oplysninger om elementerne kan sesi appendiks 6.4.
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4.2 Test af beton

BY G-test foretog prevning af den beton, der efter C. C. Bruns oplysninger udgjorde det
overste lag beton (det der ikke udgjorde filigranelementet). Der blev ikke foretaget
prevning af den beton der blev anvendt i filigranelementet.

Test tidspunkt: 25/11-2003 ca. kl. 13.00 testet 5 provecylindre.

Testansvarlig: Betontekniker Erik Christensen

Prove antal: 5stk

Prave type: Cylinder diameter 150mm - hgjde 300mm

Stebe tidspunkt: C. C. Brun har oplyst at prevecylindrene blev udstabt den
13/11-2003

Lagring: C. C. Brun har oplyst at prevecylindrene efter 1 degn i form

blev vandlagret ved 20 grader indtil de blev kert til
BY GeDTU hvorefter de blev testet. Ved ankomst til
BYGeDTU var overfladen ikke vad.

Testmaskine: 200 tons presse.
Testresultater:
Prave Kraft Spaanding
[nr] [Tong] [MPa]
1 64,6 35,9
2 61,1 34,0
3 56,1 31,2
4 65,0 36,1
5 55,3 30,7
Middel 60,4 33,6

4.3 Testopstilling

Der blev anvendt en 4 punkts bgjningstest. Opstillingen er vist i Figur 2.
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Figur 2. Forsggsopstilling set fra @st.

Det bemaakes at preveemnet er vendt i forhold til anvendelseni et byggeri. Dvs. at
oversiden vender nedad.

Opstillingen bestar af to modhold i oversiden med en indbyrdes af stand pa 3000mm og
to linielaster med en indbyrdes afstand p& 1000mm placeret symmetrisk omkring
midten.

Modhol det udgeres af en stélplade pasvejst en massiv rundstang af stal, der ligger &f i
en fordelingsplade med reces. | den ene side er modholdet fastgjort til en relativt stiv
ramme (syd), mensden anden side er fastgjort til en slap ramme (nord), hvilket
muligger bevamelser i pladens laangderetning. Ligeledes har belastningslinierne
mulighed for at bevegge sig i pladens laagderetning idet presserne under de to HEB160
profiler har kuglelgjer i bade top og bund. Flere detaljer vedrgrende opstillingen kan ses
i appendiks 6.2.
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4.4 Belastningsprocedure

Forsggene blev flow-styret dvs., at der blev ledt en bestemt maangde olietil presserne
pr. tidsenhed. Ses der bort fraelasticiteten i riggen samt et mindre olietab fra presserne,
betyder dette, at der er tale om deformationsstyring.

Selve proceduren var fglgende:

® Elementet blev Igftet pa pladsi riggen vha. en kran og derefter | gftet slledes at
understatningen mod nord blev |gftet lidt.

®  Presserne blev haavet siledes, at der kom olie under stemplerne.

® Spindlen blev skruet ud sfledes, at den ramte ind i recessen pésvejst
belastningsprofilet.

®  Herefter oplastedesttil et tryk svarende til ca8-10kN tryk fra hver presse, hvilket er

mindre end det, der skulletil at baere egenvaagten og understetningen i den ene side.
®  Kranen blev sanket siledes at al vaagt blev béret af presserne aene.

®  Understatningen (nord) blev gjort fast og forsgget sat i gang.

4.5 Belastningshastighed

Belastningshastigheden kan aflasses ud fra haddningen pa kurveni tid - belastning
diagrammet, Figur 3.
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Figur 3. Belastningen pé hver presse som funktion af tiden.

Det ses, at belastningshastigheden var teg pa at vaare konstant indtil forsggene naarmede

sig den maksimale baaeevne.

4.6 Dataopsamling

Dataopsamlingen blev foretaget ca. 1 gang i sekundet vha. en tilsluttet datalogger. | hver
datafil er der malt tid, brospaanding (spaending over flytningsmélerne, nr101), olietryk
(nr102), flytningen over understetning nord (nr103), flytningen over belastning nord
(nr104), flytningen over midten (nr105), flytningen over belastning syd (nr106) og
flytningen over understetning syd (nr107). | beregningen af kraften omregnes trykket til
en kraft i kN ved at multiplicere med 196,1 (test 1-5) eller 196,1/10° (test 6-10) alt efter
hvilken enhed der er anvendt i dataloggeren. | beregningen af flytningen skal malingen
relateres lineaart til brospaendingen séledes at en maling svarende til brospaanding svarer
til 200mm og malingen 0 svarer til Omm. Alle malinger er udfert relativt til gulvet.
Malinger under understatningerne svarer til opadrettet flytning, resten til nedadrettet
flytning.
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5 Resultater

5.1 Vet mm.

For at korrigere for nulpunktsforskydning hidrgrende fra pressens egenvaggt m.m., blev
der foretaget en maling af pressens moditryk alene. Dette er vist i Figur 4, hvor det ogsa
er vist, hvad modstanden var med HEB profilerne lagt p& Det ses, at der skal korrigeres
med 1,2kN pr. presse. De sma udslag i malingerne omkring 1,2kN, er udtryk for
friktionen i pressen.

HEB profilet vejer 42,6kg/m og er 1,3 m langt, hvilket svarer til en kraft pa 0,54kN.

Dette ses at stemme overens med malingerne.

Presse

1,90
1,80

Presse + HEB

X Prese

Belastning [kN]

0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0
Tid [min]

Figur 4. Maling for presse alene, samt presse og HEB profil.

Understatningsprofilerne var massive stélprofiler pa40mm x 155mm x 1,38m med en
12mm dyb reces, der ved oversiden havde en bredde pa 63mm. Dette betyder at vaggten
af et profil er 62,84 kg/m svarene til 0,62kN pr stk. Denne vaagt er dog ubetydelig i

-10-
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belastningssammenhaang idet bel astningen fra denne er ens virkende med belastningen

fra pressen og ligeledes indgdr i malingerne fra pressen.

Selve prevel egemernes egenvaagt blev malt ved at | ofte et af legemerne med presserne.
Maligningen kan sesi Figur 5. Ved lasten 10,06kN blev pladen og understgtningerne
| oftet.

Element vaggt

12 7

10

e}
L

—¥— Element vamgt

Belastning [kN]
(2]

0,0 10 2,0 3,0 4,0 5,0
Tid [min]

Figur 5. Vet af element.

Ud fra dette kan vaegten af selve elementet findes:

Vagt af HEB 0,54 kN
Vagt af understetning 0,62 kN
Pressemodstand 1,20 kN
Pladevagt 7,70 kN
Total 10,06 kN

Egenvamgten svarer til en jaevnt fordelt last pd 4,81kN/m?.

Ved kraftaflassningen skal man fratrakke 9,45kN (HBE, plade og pressemodstand) for
at finde den ekstra kraft, hvormed pressen pavirker elementet.

-11-
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5.2 Databehandling

Databehandlingen er udfart i Excel, hvor der er korrigeret for de tilfadde, hvor
flytningsmalingerne var faldet af. Ligeledes er flytningerne gjort relative siledes at
understatningerne betragtes som nulpunkter, de resterende malinger er relaterede il en

ret linie gennem disse.

Selve regnearkene findes pa vedlagte cd.

5.3 Observerede brudformer

| det falgende er vist en rakke fotos af brudformerne for alle forsagsemnerne.

Jf. kommentarerne i appendiks 6.3 var bruddene ved forsagene 6-10 pludselige.

Figur 6 Forsagemne nr 6 set fra gst.
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Figur 7 Forsagemne nr 7 set fra gst.

Figur 8 Forsegemne nr 8 set fra gst.

-13-
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Figur 9 Forsegemne nr 9 set fra @st.NB nummeret pa pladen er forkert .

Figur 10 Forsagemne nr 10 set fra @st..
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5.4 Kraftmalinger

| Figur 11 er vist belastningen pr presse som funktion af udbgjningen i midten. Det skal
bemaakes at mélingen pa midten fra preve 8 er fraden side hvor bruddet indtraf.

50

'y
o
L

'y
o

w
(&)
L

—®—Nr.6
—A—Nr.7
—©—Nr.8

Nr.9
—&—Nr. 10

w
o
L

Belastning [kN]
N
(53]

N
o

70 80 920

Midt [mm]

Figur 11. Kraftmdlinger.

De maksimale kraftmalinger var falgende

Test P
(nr] [kN]

6 454

71 274

8 211

9 330

10| 208

5.5 Momentberegning

Momentet mellem understatningerne kan beregnes ud fra bidraget fra egenvasgten samt
bidraget fra belastningen.

Belastningen vil mellem understatningerne medfare et moment pa 1m* belastningen idet
af standen fra belastningen til understatningen er 1m.

-15-
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Egenvaggten g vil lige over understetningerne medfere et moment pa

Y qr 1,1%=2,91kNm/m, og p& midten vil momentet vaare 2,91-1/8* g* 12=2,31kNm/m.

I denne beregning er det forudsat, at egenvaagten er jaevnt fordelt, hvilket ikke er helt
korrekt, idet 2 af kuglerne er udeladt ved understatningerne, ligesom de yderste 10cm af
elementet er massiv beton. Dette farer til et sterre moment, men da der her er tale om
smakorrektioner, er der set bort disse forhold.

Ud fra forsggsdata kan momentet pa midten bestemmes som falger:

Serie0

Test P Moment i midten
[nr] [kN] [KNm/m]

6 454 47,7

7 27,4 29,7

8 211 234

9 33,0 35,3

10 20,8 232

Middelvaadi af moment i midten 31,85 kNm/m.
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6 Appendiks

6.1 Fotos af armeringsarrangement

Falgende fotos er modtaget fra BubbleDeck Danmark og viser armeringsarrangementet,
som det bliver bundet inden udstgbning, samt fotos af de enkelte praveemner.
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6.2 Detaljer vedrgrende forsggsopstillingen
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6.3 Kommentar m.m. pa baggrund af forsggene

Nedenfor findes de kommentarer, der er noteret undervejs ved forsggene.

Under forsggene blev det klart, at det element der farst blev antaget at veare nr. 6 var nr.
9. Der er derfor byttet om pa kommentarerne vedr. nr. 9 og nr. 6, ligesom ale data mm.
er relaterede til de rigtige numre.

Den analoge kraftaflassning er en vejledende aflaesning hvor der ikke er indfart

korrektioner.
Element| Analog | Brud |Dato | Kommentar
nr afl. side
6 54,6 |Nord |24/11- | Revnede langs bund dak. Pludseligt brud.
03
9.54
7 36,3 [Nord |25/11- | Skitse af pludseligt brud.
03 T
10.45 ls
8 29,8 |Syd |24/11-|Dérlig udstgbning i det ene element
03
12.15
9 42,0 Nord | 25/11- | Pludseligt brud.
03
13.30
10 29,6 |Nord |25/11- | Dywidag steenger ikke spaandt derfor et lille forspil.
03 Dérlig udstebning.
12.00

Dir. Jargen Breuning fra BubbleDeck Danmark havde f@lgende generelle kommentarer
til forsagene:
Forvandingen &f filigranelement manglede i visse tilfadde. Elementerne var

ureglmaessigt opbygget. Der ikke fuld udstgbning i alle tilfadde
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6.4 Oplysninger om elementerne fraCC Brun A/S

RLOEEND 2R CC BALH ACE + SERTE WO.E3 @Al
08100
Test — Daila I BubbleDeck
Element Type N t |G tegming af veed elemnent (daio 04,10 03}
Anial glementer : %
Filigran chemeat
Pag, A <02
Stobning fredag 07,1103
Beeton ke 3 18 MPa
milemstods L S8
milt af ER e
miilE Salo Lahists Jmeri=
ruhed 1 =3 mm
milemeinde T Seqified e g
rdlt af i
medl I dabe 3 ¥ ~a%
Test elemeant r:

tored, Pr-ite3 /5
Sisbning  clene o EmdegaTTIO0 -
prvecylindre  © do

Brtom syt i B-35-P (vibreningafii)
milemade
mlin &f
mdlt date
sl e ¢ S50 MPa
milemetode ¢+ standard fel 6l FERRO i, cenifieeringslicens | 599
mll of © lebenda kantral

Torankringsfakios : L= 0¥

mbk data ¥ lebende kommal
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