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Abstract. The possibility of using pumice aggregates for cetgcin structural applications
is discussed. In particular, the mix design of twdight concrete for the manufacturing
masonry units having proper strength, is discus8édreover, the design of the unit shape
according to the technical code requirements andintpit possible to arrange reinforcing
steel bars is described.

Reinforced bearing masonry walls, made with the coete units in question, were
manufactured and tests on the panels and on thgreesunits were carried out.

For comparison, tests on concrete units and stmattalements were carried out after the
substitution of pumice aggregates with ordinanhtigeight aggregates, proving that pumice
can be considered an alternative to them.

Sommario. L'uso della pomice come inerte per il confezionatmeti calcestruzzo € poco
diffuso sebbene essa sia stata usata gia in antiouzioni come il Pantheon in Roma.

In questo studio si affronta la possibilita di rezalare blocchi in calcestruzzo alleggerito con
granuli di pomice. | blocchi, progettati e realizzaecondo le indicazioni normative correnti,
sono stati usati per realizzare pannelli murari atnda sottoporre a carichi ciclici
orizzontali.

| risultati ottenuti, messi a confronto con quedli pannelli realizzati con blocchi in cls
alleggerito con argilla espansa, hanno mostratoptassibilita di utilizzare la pomice come
validissima alternativa all’argilla espansa.
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1 INTRODUCTION

Pumice is an effusive igneous and porous rock wbrajinates during explosive eruptions
from the sudden cooling of magma in a closed ded-hnd consequently very light product.

Volcanic pumice has been used as an aggregate iprtiduction of lightweight concrete
in many countries in the world. In particular, &cbe found in the Mediterranean area (Italy,
Turkey, Greece, and Spain). In the United Statesntined mainly in the Rocky Mountains
and Pacific Coast States. From the commercial pmfintiew, pumice can be found in the
form of granulates characterized by different disition curves. Production is only devoted
to non-structural concrete elements although hesbly it was used from ancient Roman
times for structural applications (the dome of Bentheon in Rome is a famous example).
With respect to the components of reinforced caeg¢rgumice is an inert material, i.e. it has
no chemical reaction with cement paste or steafostement.

Pumice granules show a sharp-cornered polyhednal ¥ath a coarse surface which is an
important feature for getting a good bond with cetmraortar.

The porous structure and the total absence ofathys substance grant good thermal and
acoustic insulation, which is definitely higher mhdahat of other inorganic materials.
Moreover, granulate fire resistance is much highan the lower limit provided by technical
codes.

On the other hand, pumice does not have excellatuhamical characteristics and this
drawback for a long time barred its use for manwif@eg lightweight structural concrete, as
European and American codes (ECACI 5302, ACI committee 213) prove.

The structural use of pumice as a natural lighttif@ lightweight concrete has already
been studied by Failla et al. 1982 Mancuso et al. 1983 Arici and Miraglia 1989°,
Campione et al. 1999and Cavaleri et al. 2003 here, for the first time, it is considered for
manufacturing units to be used in reinforced magohtany studies can be found in the
literature regarding reinforced masonry (for exam®trivener and Williams 1971 Priestley
1980 Shing et al. 1998%, Modena 1992% Haider and Dhanasekar 2064 Voon and
Ingham 2006 but not focused on use of pumice as an aggrégat®ncrete nor devoted to
lightweight concrete masonry.

Nevertheless, in seismic engineering reinforcedomgscan be even more advantageous if
light materials, capable of cutting inertial forcase used for manufacturing masonry units.

In the context of lightweight inerts a comparisogtviieen pumice and expanded clay
(which is the most diffused lightweight inert ansl ¢haracterized by good mechanical
properties) is necessary. The paper shows thatgeumian equally gifted inert and that
structural elements made with this material caneaehthe same performances or better ones
than those made with expanded clay, whose useliegtablished in the market.

In this paper the mix design study carried outdbtaining the qualified concrete strength
and the geometric research made to guarantee aoniipliant with the prescriptions of the
codes in force will be described. Hence the medahrbehaviour of masonry prisms in
lightweight concrete made of pumice and expanday, ¢baded with in-plane forces, will be
given and finally the experimental results will discussed.

2 MIX DESIGN FOR THE CONCRETE
The lightweight structural concrete considered herebtained by substituting ordinary
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aggregate with pumice. In order to obtain a comrcvath proper strength, the suggestions of
the American and European codes (EC2, BC&CI 530, ACI 211%, ACI 213) regarding
structural lightweight concrete were considered.

Figure 1: Cross-section of a pumice granule

After different size distributions for pumice graiwere tested, grains having a size in the
range 3.1-11.2 mm, whose granulometric curve caseka in Figure 2, were used. No grains
with higher dimensions were considered due toe¢deced web thickness of the units.
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Figure 2: Granulometric curve of pumice grains {B112 mm)

The components for the concrete casting were thewimg: cement type Portland 425,
water, pumice grains having size between 3.1 arlrhin, and crushed siliceous sand.

The percentages of the inerts in the mix were 58.®f sand, 27.5 % of 3-8 pumice
aggregates (size between 3.1 and 8 mm), and 14 84laf pumice aggregates (size higher
than 8 mm up to 11.2 mm).

In order to obtain a straightforward compressiversith value, six cubic specimens
having edge size 150 mm were cast for each mix@oepressive tests were made at the 3rd,
7th and 28th days to verify the achievable stremgthmixtures in a short period, in relation
with the possibility of form removal. The resulisported in Table 1, show that there is little
difference with the ordinary mixture based on tee af expanded clay and suggest the actual
possibility of using pumice for structural concrete
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Days | Pumice concrete Expanded clay concrete
(MPa) (MPa)
3 14.55 15.35
7 16.22 17.89
28 22.05 23.0

Table. 1 Average values of compressive strength

3 EXPERIMENTAL INVESTIGATION ON REINFORCED MASONRY PRISMS

To compare the performance of pumice and expandy as lightweight inerts for
reinforced lightweight concrete masonry, cyclictsesere carried out on masonry prisms. In
this connection it was necessary to design, infitlsé place, pumice concrete units able to
meet the requirements quoted in the recent techcockes.

The designed units are shown in Figure 3. Theotig external sizes were set: width 250
mm, length 488 mm, height 188 mm. The unit areaeesl to 1220 cfwhile the hole area
was 39% of the gross area. In this connection, déetral holes to be used for the
reinforcement had sizes equal to 100 x 100 mm. dther holes were uniformly distributed
and their sizes were designed on the basis ofipshabatters.
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Figure 3: Unit geometry (cm): a) external dimensidy) tiles dimensions; (c) internal cells;
(d) half a block; (e) units arrangement in a course

Compressive tests on pumice units gave an avetegegth value equal to 8.4 MPa along
the hole direction and equal to 1.9 MPa in the agtnal direction. These compressive
strengths are consistent with code requirements.

The strength values of units manufactured usingaeded clay in place of pumice were
equal to 9.0 MPa (along the direction of the hodeg) 2.1 MPa (orthogonally to the direction
of the holes).

The geometrical characteristics of the prisms awvs in Figure 4. To constrain the test
specimens the prisms were assembled on a con@steand a stringcourse was set up on the
specimen top to uniformly distribute the horizordgat vertical loads.
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Figure 4: Specimen geometry and reinforcement layoant and side views

Vertical and horizontal joints had nominal thickeegjual to 12 mm. The mortar used had
a 1:3 binder/sand volume proportion and a waterérgmatio equal to 0.5. Compressive tests
on mortar specimens revealed an average strengjtieriihan 12 MPa.

Improved bond steel rebars with characteristicdyngl strength of 450 MPa were used for
specimen reinforcement.

Six specimens were set up, three manufactured hghitweight concrete units having
expanded clay inert (EC) and three with lightweigbricrete units having pumice inert (P).

Figure 5: Specimens manufacturing

The number and distribution of steel reinforcem@eported in Table 2) were chosen to
conform to the following scheme: horizontal reid®ment area greater than 0.4 %o of the
product of height and thickness of panel, rebaméigr greater than 5 mm and spacing lower
than twice the panel thickness.

. Rebars Geometrical
Reinforcemen . . )
number and diameter reinforcement ratio
Horizontal 8D6 0.05 %
Vertical 4D8 0.05 %

Table 2 Reinforcement details

The loading conditions were designed to simulatsetof a first-storey panel in a building
of about six or seven floors. A constant verticad of 700 kN, corresponding to an average
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stress equal to 1.6 MPa, and a cyclic horizontd lbaving amplitude increasing from 60 kN
up to the specimen capacity, were applied on eaetimen by means of the test setup shown
in Figure 6.
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Figure 6: Horizontal loading pattern

Two mutually sliding steel crossbeams, one tiedmtwthe panel (beam B) and the other
one countering the vertical load (beam A) were useguarantee the horizontal direction of
the cyclic loading. A loading cell with a nominapacity of 500 kN was connected by an
articulated joint to beam B and to the contrashiza
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Figure 7: Scheme of the experimental setup anoh¢effame

Millesimal comparators with £13.5 mm range, six f@ce, measured the strains on the
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two sides of the specimens as shown in Figuresd®amvhile two more were placed on the
base of the panel to monitor the tie-down effectess. The displacement of the top of the
panel was measured by an electronic rule havingasarement range of £75 mm.

g 900 mm §-/2
L1 | 8u/2 %M 82

uw 006

Figure 8: Positioning and gauge lengths of the mn&ag devices

Figure 9: Loading and measuring instrumentation

4 EXPERIMENTAL RESULTS

In Figure 10 the horizontal load vs. displacementes, measured at the panel top, of the
pumice specimens, are reported.

The curve shapes are almost linear for the firslesyand then show a tapered feature
typical of fragile materials. The slope of the wdong branch, lighter than that of the loading
one, is connected with cracks which close duriragllmversion. The cycles show very low
dissipation also due to the low reinforcement gaomeatio and to the absence of localized
reinforcement. The cracking patterns of these spexes are displayed in Figure 12.

In Figure 11 and Figure 13 the force vs. displag#nearves and the cracking patterns of
the panels manufactured using expanded clay liggtweconcrete are reported. It can be
noticed that the branch shapes and strength apthdesnents values are similar to those of
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the specimens manufactured by using pumice, aharmollapse mechanisms.

All the experimental tests were stopped when aceable decrease in strength was
measured, an event due to the crushing of thereattenit tiles caused by excessively high
vertical stress. On the other hand, the diagonatking process did not imply a sudden
strength decrease because of the reinforcementitapéredistributing stress.

In both the expanded clay and the pumice specindres,to the flexural behaviour, the
most external reinforcing bars yielded. Hence ttusld imply that an addition of vertical
reinforcement at the sides of the panel could nyottié failure mechanism allowing shear
failure to happen first.

Regarding dowel action all the tests showed thatvédrtical reinforcement was sufficient
to avoid bed joint sliding.

For both type of specimens the horizontal reinforeet, embedded in the bed joints every
two running bonds, was sufficient to guarantee ioemient and to redistribute tangential
stresses. This is shown by the presence of sedagbnal cracks (ductile shear failure
mechanism), unlike unreinforced masonry in whickirggle crack usually runs along the
diagonal dimension (fragile shear failure mechafism

Horizontal force-panel top displacement of P and $p@€cimens, reported in Figures 10
and 11, show evidences of good resistance to damatjethe 7th cycle (maximum load
equal to 240 kN), which is when a noticeable stiffm decay occurs.

All the experimental strengths of prisms and congodnmortar and units, are reported in
the following Table 3.

Data Pumice Expanded clay
Mean unit strength 8.4 MPa 9.0 MPa
Mean mortar strength 12 MPa 12 | MPa
Axial load 700 kN 700 kN
Experimental wall lateral strength Specimel Specimet
P1 303 kN EC1 274 kN
P2 292 kN EC2 303 kN
P3 304 kN EC3 294 kN
Average 300 kN Average 290 kN

Table 3: Experimental maximum horizontal forces

Meccanica dei Materiali e delle Strutture | 1 (2010), 3, PP. 1-12 8



G. Amato, G. Campione, L. Cavaleri, G. Minafo, Niraglia

40 . - / 30 40

8 [mm]

) Specimen P1
-~ -300- 11 cycles
Frax= 303 kN

10 20 30 40

S [mm]

Specimen P2
9 cycles

Frax= 292 kN
-400
b)

20 30 40

& [mm]

Specimen P3
711 cycles
Frax= 304 kN

o) -400 -

Figure 10: Force vs displacement curves, pumiceispns: a) P1; b) P2; c) P3
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Figure 11: Force vs displacement curves, pumiceispns: a) EC1; b) EC 2; ¢c) EC 3
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Fig. 12Cracking patterns of specimens P1 (a), 2P® (c) and crushing failure of panel P2(d).

Figure 13: Cracking patterns of specimens EC1H&R, (b), EC3 (c) and crushing failure of panel E}1(

5 CONCLUSIONS

The experimental activity described in this papas Bhowed that pumice, as expanded
clay, is a good material for structural application

In fact, it is possible manufacturing lightweighoncrete having proper mechanical
strength and structural elements, such as unitsvasbnry panels having strength, collapse
mechanisms and energy dissipation not differinghfrlominally identical structural elements
made using expanded clay.

Specifically, reinforced masonry panels were testeder lateral and vertical loads and all
the tested structural elements revealed that thetgumice for manufacturing concrete units
is not disadvantageous with respect of the usemdmeded clay.

On this basis pumice, which is an advantageousrrabfer the low production cost, can
really be an alternative to expanded clay, at lEaghe type of structural elements studied.
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