Seminar:

A Review of Research in Masopry in Malts

Announcement

The Department of Building and Civil Engineering of the
Faculty of Architecture and Civil Engineering of the
Univeraity of Malta is organizing a symposium ©n the
theme:

‘A Review of Research in Masonry in Malta’
in July 1991,
iv Se

The University has earmarked substantial resources for
the upgrading of the Bullding and Civil Engineering
Laboratories; and the Department of Building and Civil
Engineering has already indicated that one of +the main
lines of research it would develop with these new
regources would he the study of masonry structures.
Globigerina or concrete block masonry is the major
building material on the island, but has long  been
neglected, in Malta as in other countries, as a material
worth atudving, or worth “designing”. In many
countries, this has changed over the last decade, and it
is hoped that it is also gradually changing in Malta.
Since 1984, there have been a number of projects at the
University which, although limited in scale and scope,
hecause of the constraints of time and resources, can,
in their totality, already serve to give a more gelien-
tific appreciation of globigerina limestone masonry.

The symposium will enable the presentation of the main
results of this work, in a concise and clear way, to in-
dustry, =0 as to invite the profession to regard masonry
in a more rational way, and to ask industry’'s support
for a more organized, Dbetter directed, and Dbetter
resourced programme of research.

It is intended that the papers submitted at this sym-
posium will be published, so as to produce what would be
the first reference document on the properties and be-
haviocur of masonry.



The symposium will be corganized around the following
topics:

Mechanical and Fhysical Properties
Structural Behaviour
Analysis
urability and Repair
industry
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Call for papers

Yoeu are being invited to indicate yeour willingness to
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-
take part in the symposium, and to prepare s pater
the work vou carried cut,

ation by 207%h Moy, 1440

to-ready papers by s oo, 1991,
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= Symposlium, pPresentaticn of papers

Symposium address

Dr A Torpiano

Building and Civil Engineering Depariment
Faculty of Architecture and Civil Engineering
d



Glotdgerina Limestone (Franka)
As a Structural Maierlal

Introduction to Masonry Construction

Cur builcing rtone has always bLeen used as g structurel
materiel, even vwhen other countrics haéd disc-rded the
structural strength of roconry snd used it only or
gu infill nateriszi in between 2 concrete or steel frame,

Vie are fortnnote in hreing & soft limeetone that may be
errily dressed foxrminrs aestethicslly vlersznt wall ronele.

It is not unususl nowadays for an srchitect to be
conmissioned to design ¢ bullding 10 ctoreyes hish, The
most economlczl form of constructiorn to be z2derted ie
a hybrid structure, with ¢ cerczete frome on the lower
floors oné 2 nroenry structure sbeve, YVith these nunber
of floors, locsl masonry is being stressed to its limit,
It 15 now weay importsnt tre%t the rroperties of our loczl
"Franka'" be properly understood and resezrched, sonmething
which in the peset hes been underrated.

What propertics nmust = woterdal hove for 1 to be
classifled ag 2 structural one? The proverties eres

{£) 1lcad besring caracity;
(11i) fire resistcnt proverties:
(11i) durability perforumance,

At the turn of the century till pest the middle of
this century, the trend in tuilding hae been in vroducing
a Jungle of concrete buildings or a steel skeleton
hidden by & glass facade, An incresse in resesrch during
the pust decnde, helped by the energy c¢risis, have helped
the "Brick (masonry) is Besutiful" campaign, It is now
accepted that masonry forms zn attractive durable cladding

with good thermsl acousttec insulation, excellent fire
resistance, plus it is an economicsl structursl material
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that can be bnilt frster, cheaver and more easily than
its rivals, steel and concrete,

O0f the properties mentioned above concrete suffers
from durability., The matrix of steel bars and concrete
crestes corrosion ~md spclling rredleme, Msny emirent
engineers have been made to blush during their lifetime,
no: due to errsrs in structural calculsztions, but due to
the Adeterice-tisy of concrete hulldiapg- or bridges, They
are being meintsined, but concrete revairs i a very
extensive itcm, not envissged as nart of the recuired
meintensnea during the cesicr stoge, reducing the expected
rete of return for the develever. Our unlversity in
facing such a problem as concrete columms instesd of
noponry peire were un2d in its covered walkways under
existing buildings. Concrete remsirs =re “elng dove to
thene sprlled columnz, » building not much older than
twenty yeqrs. 0Que Churciacs ~nd prilaces puilt 40O or nmore
ye-rs agr. ~re ~roof of the good dursbility proverties of
our loczl Franksa,

Stzelwork hos low fire-resistronce, demonstroted by
the tragidy of the Maln Hall at the Conference Centre,
Speclialized labour is required tc erect a stzel-frane,
Ignoring febric-tion time 1t is btrue thet a stenl frene
has a chort site erection time, but no other construction
work cen tske nlace during the erection veriod. Thizs iB
not the case with masonry structurec where there is a
continious follow of other trades.

Large open space rtructurcr, such es factories, sports
halls, hangere, ctc., have traditionslly becn corstructed
in a2 gteel or concrete vortsl, with infilling sheeting
or mzponry. With the development of new structurzl forus
in nasonry diaphrsm or fin walling, the rcofing syrlenm
msy now be supported directly on to masonry. The struc-
tural form of mesonry adopted, catering for all the
vertical load =nd wind forces., This efficient znd economical
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forn of construction c¢szn provide the structure, the cledding,
and insulation in one naterirl crocted by the nzin cone-
tractor ueing only one trade,

A disadvantgge in uzing masonry could be an 1lncreese
in the obstructed area over steel or reinforced concrete,
There 14 ns rezsosn vwhy piers in depertment stores or
eimiler styructurea are nci constructed 1n wesonry noving
a higher compressive strength. Lower coralline limectone
has a very zood sompressive strength, but weak in tension,
Reinforsed ~nd post-ltensioned mascury may be used suctess—
fully vhere tcnpion Sevelops. Such structures sre
retaining vwells, sllos etce,

The rasonry rrch wes a very importent structurel
element, spanning lerge distences. Before the advent
uf steel wvork, the £ rot roiliviey bridges were nssonry
arches. Veogonry =rches then went out of farhion =24 the
theory of srchee was elaost forgotten., Further odwsunces in
tac theory of mrches were evelved during the peet wars,
e checitiur 2f theme selas for hesvier looding was
required. Today there is an swakening snd 2189 n revival
of intercct in the 0ld structursl forr of the sorch,
Presently resecrch vworik is being carried out on the
1limit state desigp of masonry arches (1), a methed which
will facilitste the tedious srch calculations. This
may revive the demsnd amongst orchitects for arched
ceilings due to thelr asestethic epreal.

The composite sction hetween ussonry panels supported
on concrete beams (2), should £lso be investigated as
this will effect greater economies, A hotel block is
normally a hybrid structure, the urper bedroom floors
constructed in aasonry, whilst the ground floor beins
the foyer requires large open floor areas supvorted on
a2 concrete frame, The concrete beams and upper masonry
wolling arc not to be dkslgned as sgeperate elements,
but as a composite structure., The whole unit ie to
be designed as a deep besm, with the reinforcement in
the concrete beam tsking the tensile forces and mascnry
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walling above taking the compréssive forces. 1In thie
way the lever esrem is increcsed with a correspsnding
decrezmse of steel required,

M) designed structurzl formes in mzsonry sre most
robust znd more résistant to nregresslve ¢ollzpze due to
the inherent srching capabilities of masonry than other
struziures. For high rise buildings the plan layout
ghould be disyposed to gilve z high rigidity against
horizontel wind losding., &#n exammnle ip the § stories
Qawra Point Block,

Geogolical Date on Franka

"ronlenW, the lo2:1 Duilding store is obhtained
from the lowest best,; of the thr2e Aistinct beds of
Globigerina limestone, esch ved being sepersted by a
whoztherite congflonerste noriszn, Globigerinz limestore
outcrops mostly in the coutheenstcecrn vart of Moltz, cover-
ing approximately two=-thlirds of the surfsce area, From
the geogrsplhilcul mor published by Pedley et 21 it wmay
be noted th=t the outiror-s of Miehige ~inn Vimestonz are
wostly of the lower bed, Its moximun tickness is about
00 Tt. The quwalilty varies 2long this dewth :nd at
avproximately every LOYOW 2 Mgol" liyer is encountered,

The whole strats heo been formed orgsnically by
the deponition of c¢eslciun czrbvonate, from the ccmenting
together on the sea-bed of the ~hells of Glovircrinz end
other Forsminitera, The calciunl ceruonate content varies
tetween 6% ~ 950 vud treces of irou ourxide cizist in sone
deropite., Tt im net strongly bedded, heuce its name
Freestone ("Franka™),

From microphotographs of a thir rection of Globigerins
lirestone, one may adotice the similarities in pore struce
ture tc Portland Stcne (U.K.)e It is vrobsble thaot
good quality "Franka™ would be acceptible for usge in a
more aggrecsive eavironment, as thet in the U.K,.
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Nowadays quarrying ie c¢arried out in the Tal-Balal
area 1/0 Nexxar & Mqabba crea, comprizing Siggiewi,
Mgabba, Kirkop & Qrendi,

Load Bearing Properties of Franks

Mesonry is a conposite materisl, Its strength is
devendent on the crushing strength of the mesonry block
and of the infilling mortar used, It also depends on the
workmanship, The most common workmanship defects arei

(1) The horizontal bed joints should be filled completely
with mortar, Incompletely filled bed jointe may
reduce the strength of wasonry panels by 33%.

Failure to £i11 verticel joints hos little effect
on the compressive strength but are undemirsble
for weather exclusion and scund insulation,

(2) Mortar ted joints should not be thicker than 12mm ("),
Bedjoints of 16=19mm thickness, result in = reduction
of compressive strenzth of up to 20% =2s compared
with 10mm thick Joints.

(3) Before laying mortar the block is to be well wetted
to reduce its suction rate, plus a proportion of
lime in the mortar mix will help the mortar mix to
retain its watcr, A high absorbent block will
regult in a weaker mortor, with a resulting weaker
wall panel,

The relevsnt code of practice for structural masonry (3),

after taking into conslderation masonry unit strength,
mortar strength and degree of workmanship available glives
values for the compressive strength of masonry panels,

From tests cecrried out by J,. Cachia (4), on local
masonry blocks, collected from various quarries, the
highest average crushing value or a dry sample was
32,9 N/mm® (4750 1 bf/in?) whilet the corresponding lowest
wae 158/mm> (2175 1 b2/in®). The highest value was
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obtained on a "=zol" sample, The sol sample was *the
densest and had the lowcst void ratic and poroesity.
When tested in the fully szturated state the conmpressive
strengthe obtained were on sverage 398 lower, One

may cssume intcrnel walling to have dried to its drxy
state, whilst for expoced walling an intermediate value
is to be tilien for the fully dry snd comrletely szaturated
state, When blocks were tested normsl to thelr bed

of stratification the strength was higher then for
blocks tested with their face parellel, The difference
ranged from 0% to 21%, the averzge works out at 8%,

From a different source (5) the crushinz strength
of Coruzl limestone is given os 75N/mm2 (11,000 lbffina).

From teste carried out by W, Dehsttista (6) on local
mortars the commonly used cement mortesr nix hkeving
nroportions 112:10 of cement, to coralline limestone
sand to fin:z globegerine sand had an average cresching
strength at 23 days of 1485 N/mm® (265 1b£/in%). A
gtronger cerent morter rnix hsving prorortions of 1:2:6
had an average crushing strength of 28 days of u.SN/mmz
(650 lbf/inz). He @lso carried out tests on lime mortars
and a composite cement, lime mortar, The resultes obtained
demonstrated that licc mortrre were supericr with regerds
to water retentivity, consistence retentivity, air content
of freshly mixed mortar and flow. On the other hend
cerent mortars heove z higher ilexural snd compressive
strengths, together with a longer setting time. The
composite lime-cement mortar, exhibited intermediate
workability and etrength chezracteristice. The reintroduction
of lime into our mortoer mixes is to be encoursged due to
better propertier achieved,

With reference to the Code of Practices on structural
masonry(3), the folleowing information ieg glivens

4 mortar types are defined according to crushing
strengths zchleved after 28 days.
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Type (1) hoving o strength of 16 N/hma
(11) having ¢ strength of 6.5 N/hma

(i11) having ¢ strength of 3.6 H/hma

(1¥) having o strength of 1.5 N/mm°

™

L)

S0 nuvr 132:10 morter mix is classified as type (iv)
mortar, ané the 1:2:€ morter miv classified as tyve (1i1),
In reinforced nosonry work, ref (3a) suzgeste the use of
nortar type (1) end (ii1) only, showing the iuvortence of
the use of high strength mortars.

Ar stated previcusly the compressive strength of =
wall -onel devencs on a conbinsiion of the resrective
nortor and nceobnry unit strength. The greater the
proportion of mcrtar/unit ares of block, the lower the
gstrength of the wall ranel, The code of practice (3),
therefore gives different vzluec for 6" or 9" masnonry
urits,.

The iollowing 2 tables derived from the Code of
k 4
Practice ) give w2)) »n-nel strengths for z given
masonry block and a given mortar designotion.

TABLE 1 = Estimated Comvressive Strength of Masonry
for 9" Llocks (n/mmS).

Mortar Compreseive Strength of Unit N/mmz
Degignotion

Globigerina Corallines

18 20 23 75

(1) 9¢% 103 1le4 26,3

(i1) 8e2 8.9 9.7 20.8

(£i1) 7«6 80 2.8 18.0

(17) 6.8 ‘?.2 708 1592
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TAILE 2 - Tiotinated Compressive Strength of Masonry
for 6" dlocks (Nlmmz)

Mortar Compressive Strength of Unit N/mm2
Design~ticon

Globigerine Coralline#

18 20 23 75

(1) 12,3 13.3 14.7 b4

(11) 10,7 11.5 12.6 270

(1i4) 8.9 lo.h 1l.4 234

(i?) 8.9 9.3 10.0 19.3

# Value for corzlline wrll panele were extrapolated
from Coce of Practice (3), az a block having such & high
crushing strength is not quoted, but quoted in ref (3a)
and vzlues obtzinesd agreed,

The volues of the ultimele strengths cf wall panels
are to be divided by the rrlevsnt fnctor of safetles to
obtain the allowcable working load. An average volue for
load ig 1.5, vhilst for metcrinl strength with evercge
workmenship & value of 3.0 1s quoted, So the globel
factor of szfety to be used is avrrroximately 4.5.

Tects on 26 dlfferent 1/3 scsle wzll panels Rrve been
ervched to destruction by s Buhagiar (7). Masonry blocks
use¢ were from 3 different cusrries having different
strengths, The Mgabba blocke had an average of 20H/hm ’
Narxar blocks had an average of 22.5N/hm , whilst the
Siggiewl blocks had an zverage of 17N/mm . 2 morter
mixes were used, ¢ cement mortar (13%312) having a
crushing ztrength after 28 days of 1.74N/hm2 (type (iV))
and a composite cement lime mortar (13l:214) having
a crushing strength after 28 dasys of 5. 9N/hm {type 111),
The grestest varistion from the code of Practice
were on the 6" hlocks. Another anomzly was that the
blocks from Naxxar quarry, with the highest crushing
strength, achlieved the lowest wall pznel loading. By
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further tests conducted by P. Buhaglar (7), this is
attributed to a high initial rote of absorbdbtion, which
as mentioned earlier on, would affect the mortar strength,

Buhagiar (7) concludes that the same strength should
b used for the 6" and 9" loczl magonry blocks, “isregarding
the higher values attributed to the &M masonry blocks.
A 6™ thick unit 1g more slender than the 9™ unit, so
could not have slenderness effects reduced the crushing
load? It muct be borne in wind, that during the tests
the mortsr beds were fully filled, which does not always
occur in nractice,

From the nbove, *t may be concluded that for rreliminary

design calculations s masonry block, having e c¢rushing
strength of ZDN/hma {2900 lbf/inz) may he adovted,

Fire-Reisitsnce of'Franka

The temperature rise at zry particulsr dewth below
the =surfece of 2 wsll exposed to fire denends on the
intensity of the fire, on the periocd of exvosure anéd on
the thermal diffusuity of the meterial, The intensity
of fire in a store with inflammable materlals, would
be higher then thet inside » church, DBuilding stones
have a ldw thermal diffusuity. Hence the rzte at
which the temperature rieses within the body of the wall
is corresnondingly elow, This high temverature would
not exist within even a moderate depth below the surface,
This diffecencc in temperatiure between the outer and
inner parts of masonry crestes 2 nteep temperature
gradient which may csuse cracking or spalling. It is
domage of thig kind that c2lls for revairs, mostly in
columng, window=Jambe, cornices, silles, mouldings, snd
similar projecting features.

For temperatures up to 400°C, heat causes the develope
ment of a plnk or reddish~brown colouration, €or Franka
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containing iron-oxide, For Franks free from iron-oxide

it becomes greylsi 1= colour. The depth of this colour-
ation seldom exceeds & depth of #%, At higher temperatures,
in the regicn of 60000, the colour Aisapnesrs and calcinetion
starts. Calcinatinn involved the driving off of carbon
dioxilde, from tae limertowe c¢sleiur crrhenste and lenves

a repidus of caldum oxilde or nulcklime, Considering

the width of the colourcd stone, referred tc above and the
temperatures indicated, it is not to be expected that

there ehould be any consider~ble degree of calcination

of limestone in a building fire. Celcined limesgtones

have a dull, earthy apnearsace, differing from the

original limestone,

It has becn nroved that there is no significant
reduction in crushing strength of limestone for termw
perstures un to 400#,50%C. ThereaTter the strensth
decreared snd =t 600°C the mosonry retsins 60% of its
original strength (8). Since in a tullding fire, the
effects are confined to the nuter leyere, nc serlous
loss occure to the strenpgth ¢f the masonry unit, BPut
in steirceses, which are stressed in tension, 1t will
be better id rebuild zny masonry staircase, exposed to
fire unless it cen be rhown otherwise by loading tests.

It iz usuzlly coneidered sefe to rektuild on exirting
walls, after considering the effects of sny latersl
movements of mrsonry wall indnced by thermel expansion
or stremsses resulting from collavse or partiel ccllense
of roof or walls. It is also to be ensured that no
future damage exists from fzlling fragments,

Durabllity of Fronka

There are many fine bulldinges which hove been
erected over LOO ye~rs agc and zre still in s structural
safe condition, St Johnts Cathedral and the Auberges
are proof of this, But even in the same bulldings,
it is noted that some mosonry unite weather to ¢ different

-0000/11



]}

degree than others, It may be due to its vosition,
811ls, baluetrades, stone corraszs between ground level
and d,n.¢, and coarses immedi~tely below a cornice

are known tc deteriorate nmore than mesonry in other
locations, The rezson for thisc faster deterioration
mzy be due i{c¢ czuses such ng heing exmnosed to wesnther
on 211l faces for balustrades, or being sheltered from
the wash-down effect of r-in c¢n coorses below o cornice,
But vhen in » wall psnsl there exXlist mesonry units with
different detorioration efizcts, then the coauze nunt
be due to the internal mntrly compogition of the franka
unit. In thies caee, teste uil) be yeguired for the
selection of better susliity Trronka,

Fxvosurs tests carried out by the Building Research
St:tion in 1958(9) have chown {hs%t franks is msceutible
to ealt =zttack, The closer the masonry iz to the sen,
the specified nagonry ought to have a higher durabillty.
Terrzced houce hullt ahout 40 yesrs ago, on the L'Bugla
sea-front, hove badly decnayed masonry, The »robability
15 that mensonry wze sunnlied from 2 nesrby BYRBugla
quarry, vhich terte h-vs oroved to be of -n infericr
quality. A good dsmp-proof menmbrane, iz » requisite,
2s salts from the ground »re »lso known to cause deterw
iorstion, An intereating foct 1s that rock-~faced stone
{gidra) deterioreter less thin frirofzced stone,

From the =zome wori: cmarried out in 1958 (9), it
was concluded that any nsulvhate attack on the stonework
through atxcspheric pellution wes small and of 1ittle
congequence, Ig this true nowadays, if one considers
the Hamrun/Marsa erea heine suhjected te nollution dune
to the burning of cos) for the power station? The
princinsl =cid mmducts of the combagtion of ecnl are

ctarbon dloxide and sulphur dioxide, Cerbon Dioxide

exists in the rstmosphere znd its effect ¢n Iimestone

masonry is considered to be of relatively little consequence,
The productincu of acid sulphvr gases by the combustion

of ¢cosl is more important, Coal contains on average

1 - 2% of sulphur, which on combustion is oxidised to
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sulphur dioxide or sulrhur trioxide, which in contact
with weter forme sulhurcus -nd rulrhuric scids, Not
211 the sulrhur esc=pes into the air, nome remeins in
the 2sh or the chimney soot, speither does 211 the sulphur
dioxide which escspes, enter into combination with lige-
stone in builainges. Neveorthelese, sctuel damasge ic
caused, its meverity will have tc be ascertsined by
future tests., Soot dorvoeits cauge Alsfipuration -nd due
to acid materisle which it brings into close contsct
wiith the Franks under -rejecting featurer, rccumul:ting
into thick blazk inerustations also causing chenmicol
dininteagrstion, }

Due to "Fronks% nnt betnr strongly bedded, the
éifference in wentherins due to units plnced on sides
differing from its bedding mlone 4is not co morkad, but
gurdies according to guality of masonry. The betier type
of Franka showing slighter or no difference,

The bulldina Research ft~tion, have = etondard
method of exsninstion, for the selection of natuprsl
mitlding stone (10)., Below ore lietcd 2 number of
tests, which ought to epnly for ocur envirconment =nd tyne
of stone, In 1958 (9) (5) s limited number of tests were
carried out on Franks sanmvler together with further
tests in 1958(4) and resulte cre discussed,

Limestones have a hroadly similsr chemiecsal comrosition,
Chenmicr) snrlyeis is of no ure to duredbility assescrment,
It is the internsl structuse of 2 limectone rather than
its composition, thst gives the clue te durrbllity.

Inclrect Messuree of Pom Structures-

Porosity is the volume of pores within = stone, expressed
as a percentmpe of the totzl volume, It is conveniently
neasured by vacuunm satursticn with water, Values range
around 10=20% -~1thouch mey he 25 low as 10% 2nd 2g high
as 40%. The value for Fronks somples was around 39%,

A 's0l' sample gave a low 27.8%(“ « Values for Coral
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limestone ore in the region of 10%(5).

Porosily gives no indication of the wsy the pore
space is aistrivuted whether there are many fine porems
or othervise.

(2) Saturation co~efficlent is messured ty drying stone
used for porosity test, It is then snaked in water for
2l hours, The soturstion co-efficient 1s the proportion
of rore epace that becomes filled with water during
goaking, Values range from Q0.4 = 0,95, the high value
indicating a high provortion of {ine pores, being a
stone of low durability whereas a value of 0,4 would be
a stone of high dura®bility, The value for Franka sanmples
was around 68y, being a2 grey region as on its own the
saturation co~eff{icient ic an unreliable guide to duranility.

(3) Mlcroporoszity is the prozortion uf the totel pore apoco
of pores heving an effective diameter less tnsn 5 microns, A
stone with Ligh proportions »i very fine pores is less
durabls than a stons that has mainly cosrse pres, 'The
two nmethods nmost widely used for the distribution of
pore cizes ig the worcury -orousimetry and the suction
rlate teclnique,s The underlying vrincinle, being thzt
the vressure required Lo force mercury into an empty
pore (or suck water out of a full rore) is dependent
upon the sive of the vere, The v2lue for Fronke canples
fell Letween a grey middlie 31 50 - 30%, which on its
own merit may not he used t¢ classify its durability
charscteristics,

Arn Improved Indicestion of Jurcbility muy sometimes
be obtained by conbining two properties,

Tor the Frenka somvles tested it wes concluded(5)
that a wet/dry compressive strength ratio of 0.58 appears
to mark a dividing iine between a vetter and a poorer
stone, This vzlue appears to bte ccanfirmed alsc by tests
carried out oy Cachia(6 comparing his vclues of wet/dry
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strengthe with his descrintion of the resrective quearries,
One anomsly anresrs in an Mgabba ouarry which is described
as of voor guality mascnry, but the wet/dry ration works
out at 0.7. The tests on this samrle were carried out
pervendicular to bedding nlone not norrsl to bhedding plane
as in the other tests. Could this be the reason for
anorzly?

Tha dividingz line between 2 very poor samnle (0,5€)
and a very gocd samole (0.59) is too fine and a better
{ndication of dursability avmesrs to be obtained by
dividing the wet/dry strength ratio by micronorosity
snd multirlying the result by 105. A tentrtive velue
hee becn established et 1050(5). More tests are reouired
to confi:m this recult,

DIRFCT TESTS OF DURABILITY:

Dirzet teete sre intcnded to euticet the clome to
the sene confiticn thet 2t will encounter ir use, but

In £ por. (ifroeulve Soiiie

The Cryetellizetion teat in one. 2 cinne sonrie
i
feiloned by Ovying ik :n oven, The teet i compor-tive
end the loss in weight obitalned must be comrvored with

U

sutjected to cyeles of imrersion in rodimm sulphote,

the result of o stend rd steac, wuown $o arve good
duravility charzcteristlcs., For the Fronke samvlées
tested, the chenge in welght wes botwecern 20 - 0¥, with
> moor samvle being as hich co §9%. A high proportien
of ricro voren, tegother wiih ¢ high loss in welzht due
to cryetallisction tert, indlceten stone to be lens
dur:tlc,

PHYSICAL PPOTTRTIFS_ATTECTING TLERABILITY:

When a materisl is exposed to tioe sun, the surfuce
wecomes hotter than the underlyings mass that is a
thermal gradient is set up in the gaterial, Cn the
contrary, at night, radiation causes the surface to
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become colder than the materisl beneesth it. These
temner~ture fifferencen couUse unetlue #1 exransion, =2nd
thus set up stresses in the moterial. The propogation
of temp~rcéurc throush e metericsl dercrds on its thermal
conductivity and on its heot capecity, znd ithe relztion,

tontuctivity/Hect copacity per c.c. 1s knoWn as the
diffusivity., Unlike met-ls, btuilding metericls hove
1ow thernol confuctiviticr snd relotively high soeciiic
herts, hence their diffursivity is low cnd the stresces
corresprondingly higher than they would de in meterials
of hirsher diffusivity. TPut the temperature greilent,
get vr in rerrel circumstonees 1eo unlikecly to be e
geriou: ccrceguence

With certain building materiele, changes in therl
rnisture content regult in chenges in volume. This
swelling on wetting resulis in shrinkoge on drying. Such
tyves of material, would o lesv de~irsiole to be used cn

an evn=1 faz2zde, men ma re cuncnglon of limestone is

negligesbls ~nd sc mo trocautlions cre necesssly to aveid |
shrinkage cracking, Shrinizage crocks sre visible where
a ailcing Hoilt in Trantiz oduts cgainst one built in

eoncrete Woelnrnni,

Mo linerr co-nfficlent of thermzl e¥;:nusion of
Timegtone ‘e slgo low, oo wxuclon Jeinte rreonot required
on maferote longtho of Fresde walling.

NTED FOR CLASSITICATION CI ~UAIRY STTESS

A ya A . i S e iy

I+ ig o fmct thet the guality of locel Frankes varies
as 1t iy & noturel rmaterisl. Frunke is used exactly
65 it is fournd, there ig no ~processing or monufacturing
favelved, which mey chaunge ilc suciity, lcowever, the
customer ousht to be advined in his selection, For
nstance, Franka uscd in en inland location, such as
kabet mey not be sulitable for use on the Sliema sea-front
duc tc the deleterious action of the sea-spray. Nor is

.../16



it suitakble in the Marsa area because the pollution there,
produces hermful acids, The fronke used on the wall

vanel of a fzcade uay not ve suitable for the halcony
heluztr-ding or the overherd cornice. JTdeaily, the Franka
obtainszbhle Tror a guarry, should be grasded according to its
dursbility. A liet should be compiled indicating the sulte
able usc 0. Frorvie Sror 2 rarticular quarry, taking into
conciderstion its dursbility, the environment where the
Fronka is to be used oné its location on the duilding fabrie,

Having convinced ourzelves of the favourable prop-
erties of Franka, tien we muet use it as a truly struce
turcl matericl, mev s an infilling wall penel, Its
obvicus uce i £s » well penel trensgitiing losds verticzlly
downwards, tut its geormetrical layout mey be utilized to
trensmit horizcentzl winé or earthquake forces to the ground,
In shed buildings, fin or diarhram walliag nxy be used for
the sie aud goble walls. Reinforced wasonry may be uced
for retaining vwalls, whilst rost ensicned mesonry, extending
the structurai capabilities of masonry is yei to be taken
zdventuge ¢f, in Foliz. %Yhe sbove menticned methodn are
more econorjcal locslly, vesides providing lees cosis in
use expenses, when ccmpored to other more evolved structural
systems, Developing the structural uses of Franka would
algo lead us towerds s improved crchitectursl design, as
then Frenka woulc be more functional.
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Appendix A

Member / Location LOAD ANALYSIS

Drg Ref.
Job Title  GENERAL ] Made by DHC Date yyry 91 Chd.
| u _ BEAMS AT GRD. FLR ]
at L.5m ¢
DESIGN LOAD taken at
1 KN/m2 to cater for
TRANSVERSE PARTITIONS
A _ .
/
/
/14-._22}—- b 3KN e 2 Om A6 m—=D-2T JOOKN/m
)4
/
/ B}
35im b3KN/m. 3. 5mA6m =) 36 JTHKN/m
7 .
/
/
TR T4AKN/mb 4], 5m |=)|6 3IKN/
L diopersal »
Qpra |T.35KN/dr=) 37.8 KN/m
L-5m 15m 198 J55KN/m
B.M(belam) =)|198{5%.6°/8] 5 7IB.A47KN-a
Calcnlatiion |by method ! proposed by Wood |(8) _ B
logdings| flrom |upper flrs.]+| by - ]
(I4KN/m2.4.5m + ITers,I,36KN/pr 1.4) [4f1n =) 335KN/m
” o '2 -
M B 63069/ 35 .65/ 44 |
=)| 585KN-n
The |2 wvalueg for B.M equage| for a 6§ dtorey |building.
5, Europa Centre, Floriana-Malta. Tel. 233376
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