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Abstract

The paper presents a procedure for an assessmidettechnical condition of the loadbearing
fire wall made of hollow silicate blocks after tliee. The wall in addition to its fire-
separating function was one of two loadbearing svall the three-story office building,
carrying the load from the roof and intermediateofs. The wall was designed as structure
satisfying the requirements of REI120 class. Dutimg severe fire the wall fulfilled its task,
and its technical fire parameters in reality turmed to be better than projected ones. As a
result of the fire which, in spring 2011 completalgstroyed the adjacent part of the
warehouse building (Fig. 1), and as a result otweeday intensive fire-fighting, the integrity
of the wall was violated. The wall suffered exteesdamage, which decreased the strength
parameters, and its ability to carry loads.

Keywords: technical assessment, firewall, fire, masonrycaié, carbonation, sample, test

INTRODUCTION

The building described in the paper was built iD@&s part of the complex consisting
primarily of warehouse and the administrative-afigart, which was playing a supporting
role to the warehouse facility. The administragpaet of the building was designed in shape
of the elongated rectangle with dimensions of apprately 7.0 x 174.0 m as a building of

three storys above the ground, without a basemétit, traditional masonry construction of

walls, and with reinforced concrete floors, madestiyoof precast hollow panels, (Fig. 1).

Fig. 1 View of the complex during the firefightirfigiternet source)nithe foreground tr
administrative-office part of the building is seen

The main loadbearing system of the building corsiéttwo longitudinal loadbearing walls
made of hollow silicate blocks 6 NFD W+W, grade {Big. 2) insulated from the outside
with polystyrene plates. One of these walls, lotabe the side of the warehouse, was
designed as a typical firewall satisfying the reguoients of REI120 class, separating two
zones with different purposes.
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Fig. 2 The shape and nominal dimensions of theasd block, type 6 NFD W+W

The building was divided on its length by four empi@n joints, spaced about 30 m. The
aforementioned warehouse burned down in a firechvhroke out in the building on May 10,
2011, (Fig. 1). The rescue action lasted unintéedigor more than two days. Due to the
presence of fire separation wall located between parts of the building and smoothly
conducted firefighting, flames did not spread too#ice premises, but the construction of the
wall - in a result of the simultaneous action ajthtemperatures and coolant - suffered quite
extensive damag®hich decreased the strength parameters and lity abicarry loads.

1 DESCRIPTON OF THE WALL'S DAMAGES

On a large wall area it has been observed a weoladf its structure through the crack
spreading along the designated location of hollbvanoels in the silicate blocks, (Fig. 3).
Some parts of the wall have suffered mechanicalag@nmost likely as a result of being hit
by the falling roof structure elements. Relativédyge lateral displacements of individual
silicate blocks observed on site reinforced theeasment, (Fig. 3).

Quite similar picture of damage, but occurringhie tniddle of the floor, could be seen on the
fragments of the wall, located near the middlehef distance between expansion joints. Here,
however, the deformation of the wall was more umifon nature and tended to indicate wall
buckling out of its plane — rather than other regsoas a result of inability to compensate for
the thermal elongation strains due to too longadist between the expansion joints.
Deformation of the wall that was measured on thghteof a single story reached about 20
mm whilst the standard deviation limits allowed fioick walls (> 24 cm) should not exceed 6
mm. The deformations that occurred as a resulhefntal effects were so significant that
existing compensation joints were not able to campte for them, leading to pressing
interaction between the two wall portions, locatedopposite sides of the joint. To be more
strict, with temperature increase of 400°C, thel ®@Im long and made of silicate blocks is
able to increase its length of about 12 cm, whichfiems the observations made on site,
during inspection, (Fig. 3).

In addition, as a result of high temperature exposf the floor ring beams, there was a
concrete spalling observed, not only within thearete cover, but also in the deeper layers.
Due to the explosive nature of the phenomenon alflisg, on certain passages also some
silicate wall blocks were significantly damagedpesally those ones located in the
immediate vicinity of the ring beam. In many pladgke wall material losses reach about 50%
of the wall thickness, (Fig. 3). There could beodlsund some wall sections in which, for
various reasons, the wall thickness defects reaelied 75-80% of its original thickness. Not
only spalling itself but also the concrete coloarbe indicated during the inspection proved
the change of the internal structure and mecharpcaperties of concrete paste. Some
secondary damage within the wall material was ahuse the firefighting itself, causing
dampness of walls, destruction of internal gypsuastprs, lime efflorescence and mold
beginnings.



Fig. 3 Examples of the structural damage to thiké wa

2 LABORATORY TESTS ON SAMPLES OF THE WALL MATE RIALS

2.1 Tests on silicate wall blocks

During sampling, it was found out that due to tignéicant degree of cracking only just
below 20-30% of items were suitable to be used awagerial for carrying out further
research. Totally five selected silicate blockseveollected. Despite the pre-selection in the
wall on site, only three out of five blocks colledtwere qualified to the strength tests. The
degree of cracking of two elements prevented ungnahis determination of their mechanical
properties, and there were no further testing domt#hose components.

The nominal strength of silicate blocks obtainedirdytests reached, respectively, (PN-EN
771-2:2006 and PN-EN 772-1:2011):

« fortest sample No. 1: 12.33 N/mm
+ fortest sample No.2:  8.16 N/mm
+ fortest sample No. 3:  13.03 N/mm
e average value: 11.18 N/mn?

The compressive strength can be recalculated éoptinposes of computing to the normalized
strength,fb. The normalized strength for tested samples, viofilg the available conversion
procedures, has achieved the following values, BRNF72-1:2011):

« fortest sample No. 1:  11.04 N/mm
« fortest sample No. 2:  7.32 N/mm
« fortest sample No. 3:  11.68 N/mm
e average value: 10.01 N/mn?

The tested blocks were certified for the declaredngth of class 15, which meant that the
average normalized compressive strength shoultheégss than 15.0 N/nfimiThis condition

in case of tested samples was not met. Silicateomngselements examined could be
classified at most to class 10. It should be maimtut, that in case when the manufacturer
declares an average compressive strength or dlassindividual values of normalized
compressive strength within the sample should edebs than 80% of the declared value (in
this case 80% x 15.0 N/nfrs 12.0 N/mnd), which was not met in any case of the samples in
qguestion. It should be also noted, that the re$oitthe sample marked No. 2 stands out quite
significantly from the values obtained for sample.Nl and No. 3 If the results of these
studies were the nature of the statistical survégsresults should be formally discarded and
not included when calculating the average valuee Buithe small sample size, the result
obtained for the test item No. 2 is a valuable sewf information on differentiation of the
strength parameters of the various elements, dapgd the individual level of damage of
each of them.

On the basis of the tests results it can be saitthie silicate masonry blocks did not meet the
requirements assumed in the design project of diassat most, in the present state they can



be classified as class 10. Such a value of the alared compressive strength was adopted in
the calculations carried out in the next step tc&hthe capacity of the wall damaged by fire.

2.2 Tests on drilled concrete cores

In addition some test were also carried out on fiduited concrete cores with a nominal
diameter of 95 mm and a depth of about 300 mm dakkn from the ring beam surrounding
the floor above the ground floor, just to verifg gtrength parameters. Average compressive
strength of the inner layer of the ring beam adiethe level of 36.10 N/miwhile the
same parameter assessed for the surface layeettanly the value of 21.91 N/nfnwhich

is about of 40% lower. Based on the test resultsthe code procedures the characteristic
value of compressive strength of the concrete Imiidt the structure was specified, which in
the analyzed case was equal, respectively to:

« forinner layer:  29.10 N/mfn
» for surface layer: 14.91 N/nfm

According to PN-EN 13791:2008 testing of the ddlleoncrete cores of length equal to the
nominal diameter yields a value corresponding ® dharacteristic strengfikiscube for the
cubic standardized sample. Based on the resultsaaocording to PN-EN 13791:2008 the
concrete samples satisfy the following classesarfcete compressive strength developed
according to PN-EN 206-1:2003:

« forinner layer:  C25/30discube < 31 N/mnd)
+ for surface layer: C12/1%iscube < 17 N/mnd)

ST

Fig. 4 Discoloration depth corresponding to thptdef destruction of the drilled concrete
cores

As can be seen from the above given analyzes theret® surface layer has been destroyed

in a result of high temperatures exposure and suddeling down, and its strength was
significantly reduced by 3 classes.
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Fig. 5 Depth of carbonation in drilled core brduaktighs



Since, during sampling, some clear discoloratidreubsurface of cores were observed and in
addition to strength testing also some detailedalianalysis of the four samples were carried
out, (Fig. 4). It was supposed that the visibledisration was the most likely caused by the
damage of concrete internal structure. To accyratetermine the depth of discoloration,
samples were evenly moistened, and then after Btasrnthe destruction range was marked
with the marker. Discoloration depth correspondimghe depth of destruction reached from
1.5 up to 5 cm. After the cores destruction an tamithl test of concrete carbonation depth of
breakthroughs were done. The depth of carbonasinged from 1.5 to 2.5 cm. In addition, it
was found that the extent of carbonation rangempe No. 1 has already reached more than
a size of concrete cover of stirrups, which mayseatapid corrosion of reinforcing steel,
deprived of protective covering layer, (Fig. 5).

3 ANALYTICAL EVALUATION OF THE LOADBEARING CAPA BILITIES
3.1 Assumptions for the calculations

Wall loadbearing calculation analyzes were caroetifor two design situations:

« for the wall in perfect technical condition (astiaily designed) and
» for the real wall in the weakened condition refilegtthe destruction after the fire.

Calculations performed in perfect technical cowais, assumed the initial characteristics
of the wall material and strength parameters ofidiealized structure, were carried out totally
consistently with the original design documentatiém the second design situation, the
reduced strength values of the silicate blocksethasn the results obtained from the real
compression tests of the wall elements, were adopdditionally, due to the numerous
vertical cracks parallel to the wall surface, foe tcalculation model it was assumed, that the
wall is made with longitudinal mortal seam, whidloas for the inclusion in the procedure of
computing the potential danger of delamination o6& twall through its thickness.
Furthermore, for each of the variants, the caloutat were performed twice - including the
articulated (simple) model of wall in which the Wil modeled as the separate bar, pivotally
supported by a horizontal slabs or alternativedymodel of a continuous wall.

Having regard to the current state of the buildang its exclusion from the use after the fire,
all the calculations (due to legal expectationsjenearried out in accordance with the actual
state of standardization, (Eurocode 6, 2010). bhtewh, after the declaration of conformity it
was adopted that the wall blocks correspond tgp#rameters established for the Group 1 (for
which the capacity of all openings shall not exc2B#o of the gross volume) and Category |
of masonry elements. Additionally, a category Btled masonry works execution standard
was assumed, which affects the size of the pas@dgty factors to be adopted in the
calculation of the wall.

Calculations were carried out assuming the vertieall straightness, without taking into
consideration any deviations or eccentricities mesb during an on-site inspection. Their
influence, in fact, increases the level of capauttlzation of the wall in relation to the values
obtained from the calculations, and presentederfurther part of this study.

3.2 Results of calculations for the assumption ofgsfect technical condition

After the calculations, the following results refilmg the capacity utilization level of the fire
separating wall were achieved:

« for a simple model, pivotally supported by slabajlwonsidered as the inner structure
(without the wind load): 50.8 %,

« for a simple model, pivotally supported by slabgajlwonsidered as the external structure
(with the wind load applied): 59 %,

» for the continuous model of the wall, consideredhasinner structure (without the wind
load): 118.5%,



» for the continuous model of the wall, consideredha&sexternal structure (with the wind
load applied): 135.6%.

3.3 Results of calculations reflecting the real @akened condition of the wall, after a fire

After the calculations the following results refieg the capacity utilization level of the fire
separating wall were achieved:

« for a simple model, pivotally supported by slabajlwonsidered as the external structure
(with the wind load applied): 98 %,

» for a continuous model of the wall, considerednasexternal structure (with the wind
load applied): 162%.

4 SUMMARY AND FINAL CONCLUSION
Based on the conducted analyzes the following sumaimg conclusions can be formulated:

» the capacity utilization rate of the wall evaluatadling into account the damage caused
by the fire and the reduced value of a standardpcession strength of the wall material
exceeded by 62% the maximum acceptable valuesnrstef design standards and could
not be considered safe,

* through the degradation of the concrete ring beanisthe decrease of the mechanical
properties of reinforcing steel bars, some basimcples of legal certainty and
predictability of the behavior of the structure bdeen violated, in particular:

- the stability of structural elements (walls dlobrs),
- the expected level of reliability,
- performance and load-carrying mutual cooperabeinveen the structural elements,
 there was a concern that the ring beams, whosewab to ensure the overall
compactness of the object, and - if necessaryreation of the secondary supporting
structure of the building in the event of local dmya (e.g. collapse of the wall
underneath the ring beam), may not satisfy its role

* the wall that suffered the poor technical conditadter the fire, because of the number of

defects and leaks, no longer could serve as dlelfae separating partition.

On the way of expert activities a few different igats of the wall and office building
restoration were considered. Due to the nature haf building construction and the
unsatisfactory condition of the wall, the majordf the proposals to extend the life of the
object have been dismissed as technologicallycdiffior unjustified because of economic
reasons. Finally, the building inspection authesttecided to pull down the entire building.
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