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ABSTRACT

Nine reinforced 1ightweight one—wéy slabs ﬁere produced
with perlite, styropor and pumice lightweight aggregates as
structural roof decks with insulating properties. Thoseiplus
three identical Ytong aerated slabs werevtested as simple bveams
‘ under short-term loads until failure. For comparison purposes
unit weights (800 kg/m3) dimensions and reinforcement of the
produced‘slébs weré tried to be kept the same as the Ytong
slabs. Aiéo, three cylindrical samples were taken from each

slab for uni-axial compression tests.

The deflections and mid-span strains were measured for
the slabs during the flexural tests. Also, compression and

deformation tests were done on the cylinders.

Accordihg to thé test reéults, all -the slabs showed
favdrable conditions from the points of load-carrying capa-
cities, deflections,. initial crack loads and ‘crack widths
with respect to the accepted standards. The slabs made with
pumice lighfweight aggregate had the highest carrying capa-

city with the ipWest cost of production, therefore being the

most ecohomical.



0ZET.

Perlit, stiropor ve ponza tasi kullahllarak, her\mal?
zeméden ﬁgér adet olmak ﬁiere, tek dofrultuda calisan ve 1s1
yalitim 8zelliklerine haiz dokuz‘adet_tasly;c1 hafif cati
plagi liretilmistir. Bunlara, ii¢ adet tzdes Ytong marka gaz-
beton plagiyla birlikte, klsarsﬁfeli yikleme altinda basit
klrls seklinde yiikleme deneyleri- uygulanmlstlr. Karsllastlrma
aglslndan birim ag1r11klar (800" kg/m ), boyutlar ve donati
Ytong plaklarlyla ayni tutulmaya gallsllmistlr. Ayrica {ireti-
len her plak icin licer adet silindir numune alinmis ve bﬁnlar

‘zerinde tek eksenii yikleme deneyigri yapllmlstlr.

Egilme deneyleri esnasinda plak ortasindaki birim se-
'kil~degistirme1er ve sehimler Blgﬁlmﬁs,‘silindirlerde de ba-
sing cekme (perlit numunelerinde) ve deformasyon demeyleri

yapilmistar.

Biitiin plaklar tasima giicii, sehim, ilk ¢catlak yiikii ve
catlak génislikleriraglslndan,>g626nﬁne allnan‘sﬁandattlara
gdére uygun sonuclar vermistir. Bunlar arasinda ponza tasiyla
iretilen plaklar, digerlefindeq daha ucuza mal olup en yiik-
‘sek tasima giicline sahip olduklarindan,dolayi, en ekonomik

olarak bulunmustur.
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- CHAPTER I
INTRODUCTION

1.1. GENERAL"

Ordinary concrete is a widely used material in struc-
tural engineering. Although it has a good load-bearing capa-
~city, its unit weight and therefore thermal conductivity are
high. Reduction in the densitf of concrete is advantageous |
from economical aspecté. The sound-absorbing capacity_gets
better and thermal insulation is higher than ordinary

concrete., Lightweight concrete is produced mainly in three

ways(1). _

1- Using porous natural or artificial aggregates in

place of normal aggregates (Lightweight aggregate concrete).

2—- Introducing large quantities of voids in the

concrete by physical or chemical means (Aerated-cellular-

foam or gas concrete).
3- Omitting the fine aggregate (No-fines concrete).

The advantages and disadvantages that lightweight

concrete offers in general are as follows:



Advantages:

1- Because of the reduction in density, formwork need
stand a lower pressure for the same volume of the material.
Total weight of the materials to be handled is reduced with

'a consequent increase in productivity and transport.

2- Dead loads are reduced for the structure which in
turn reduces the dimensions of the foundations and other

structural elements. This is especially important where there

is poor ground conditions.

3- Thermal insulétion-is’godd._

4- Fire-proofing qualities are better than for normal

concrete,

‘ 5- Nailing is easier than ordinary concrete. This
- brings practicality where large numbers of fixings (e.g. in

hospitals) have to be made to the concrete.

- 6— Lightweight concrete has greater sﬁitability over

dense concrete for cutting.

7- Less reinforcement is needed since the dead loads
and thus the design moments are reduced, especially when
1atera1Aeartthake forces are considered, where the forces
exerted on the building are directly proportional to the dead

weight of the structure.

8- Savings can be made in the application of plaster

and other finishes (especially in interior use).



Disadvantages:

1--Because of theirvporosity;‘strengthAis lower than

for normal concrete.
2- Insulation against moisture is necessary.
3- Resistance to abrasion 1is poor.

4- Thicker floor slabs are necessary where heavy live

loads have to be carried (e.g. warehouses etc.).

5- An increased cover for reinforcement in externally

exposed structures is needed. -

6~ They have lower permissible shear values than dense

concrete.

7- Because of the low modulus of elasticity, deflec-
tions are larger, and cfeep is higher to some extent.'Long
‘term behaviour under sustained load is mainly related to the .
rigidity of the aggregate. Low rigidity increases the creep

‘and also the initial deformation.

1.2, LIGHTWEIGHT AGGREGATE PRACTICE IN TURKEY

Artificial lightweight aggregates like expanded clay, |
expanded slate/and such are not yet being produced in Turkey.
Beforé an artificial lightweight aggregate industry is devel-
oped, the utiliéation of Turkey's abundant reserves of
natural lightweight aggregates can be recommended. Natural
lightweight aggregates have lowér strengths and endurances
compafed with artificial lightweight aggregaﬁes. In sﬁité of

this fact, it is possible to produce structural and insulating



concreféé with natﬁralllightweight aggregates. Pumice, volca-
nic tuff and volcanic cinders are the most abundant natural
lightweight aggregates in Turkey: Eépecially‘pumice has great
‘ téserves'in_East and Middle Anatolia in Kayseri-Develi,,Nigde,
Nevsehir,\Van-and‘Bitlis'regioﬁs,'these being approximately
15 billion cubid meters(2). It can be said that natural light-
weight aggregates'béing in great amounts in the cold regions
obeurkey, is'a'good coincidence. Thus, exfra énefgy is not

needed to produce artificial 1ightﬁéight aggregates in these

regions.

Perlite also has great reserves in-Turkey. The main
deposits are arouﬁ@ Kars, Erzurﬁm,‘Van, Erzincan, Nevsehir,
Ankara, Manisa and Izmir(2). A big plant for the expansion of
perlite ore is-'in production in Cuméova51,blzmir5\since 1982,

Perlite deposits are around 8 billioh»tons in Turkey. Only
- 8000-10000 tons is worked uﬁ annually. This ‘is one millionth
of the total deposit. When expanded, this amount is around
90000 cubic meters. Half .of this is used in the building

sector, and the other half is being utilised in agriéulture and

industry.

Granular styropor is not used for the building industry
in Turkey. It is produced mainly for the packing industry,

with the raw material coming from abroad and being expanded

here.

1.3. OBJECT AND SCOPE

The objedt of this study was:torexperimentally inves-
tigate the possibility of making reinforced lightweight
structural roof decks with insulating properties using three
different lightweight aggregate“concretes. For pomparison'

purposes, unit weights, dimensions and reinforcement of these



- one- way slabs were tried to be kept 1dent1ca1 with one type
vof Ytong aerated slabs.
¥4
In the follow1ng chapters, flrst a 11terature surve&
about - 11ghtwe1ght aggregates and - 11ghtwe1ght concretes is
7 given. Then, results of the flexural and uniaxial compre351on
tests are‘presented w1th‘comparlsons between these four types
of materials and finally some conclusions are drawn from the

- results of these tests.



: ; - CHAPTER 2. R
- LITERATURE SURVEY AND THEORETICAL CONSIDERATIONS

2.1. CLASSIFICATION OF LIGHTWEIGHT AGGREGATES AND CONCRETES

Lightweight concretes are classified according to both
density and strength factors. Thefe are different classifica-
tions for different countries especially from the point of

density.

According té ASTM, concretes which have densities less
than 1840 kg/m3 are classified as lightweight concrete(3). In
Turkey and several other countries; the upper limit for the
density 1is 1900 kg/mB(A). Generally, the practical rahge is.

vBetween 300-1800 kg/m3(1).
According to DIN 1045(5):

Lightweight concrete: A < 2000 kg/m3 (300-2000)
2000 £ A < 2800 kg/m>

Heavyweigﬁt”concrete: A 2 2800 kg/m3

‘'Normal concrete

Another classification is as follows(5):

Lightweight concrete: A = 400-1800 kg/m3

Lightweight normal _ 3
concrete A =1800-2000 kg/m

Normal concrete A =2000—2500«kg/m3



N

1t is also possible to c1ass1fy 11ghtwe1ght aggregates

accordlng to their bulk unit welghts.

Bulk Unit Weight of the
nghtwelght aggregate

(kg/m>) 'Type of Concrete Produced
Aa < 400 _ Insulatlng conrete
400 £ Aé < 650 Insulating and structural
concrete
Aa 2 650 o Structural concrete

The most common way in the production of structural
lightweight concrete is to keep the density in the desired
range by adding lightweight aggregates. These aggregates can

_ be classified as follows(8):

a) Natural lightweight aggregates: Pumice, tuff, vol-
canic cinders, scoria, diatomite (all of volcanic origin

except diatomite),

b) Artificial aggregates produced from natural
materials: Expanded clay, shale, slate, expanded perlite,

exfoliated vermiculite,

¢) Lightweight éggregates‘produced from industrial
residues: Blast furnace slag, cinders, pulverized fuel ash

(f1y ash),

d) nghtwelght aggregates art1f1c1a11y produced from
1ndustr1al residues: Expanded blast furnace slag, heated fly

ash;

e) Organic lightweight aggregates: Cereal grains, wood

chips etc.

Also polymer-based materials, such as styropor, can

be added to this list.



2.2. GENERAL ASPECTS ABOUT LIGHTWEIGHT AGGREGATE CONdRETE

Compre531ve strengths of 11ghwe1ght aggregate‘
‘concrete lies between 0,3-40 N/mm (3-400 kg/cm‘)for ‘the range
"of densities between 300 1850 kg/m3 compressive strengths up
to 60 N/mm2 (600 kg/cm ) can be obtalned using hlgh cement -
contents (e.g. 560 kg/m }. 20 N/mm concrete may requlre 240-
400 kg/m3'cement while 30 N/mm2 concrete '300-500 kg/m

cement. With 11ghtwe1ght aggregate cement content Var}es from
the same to 2/3 more than with natural aggregate for the same
strength of concrete. There is a limit of cement content in
lightweight concrete, which isvknown asvsttength ceiling,
above which an increase in cement content does little to

increase the strength of concrete(l)

The maximum compressive strength which can be reached
by an ordinary concrete is primarily limited by the strength
of mortar, which depends on ege. With lightweight aggregate
concrete, the maximum compressive strength is additionally
limited by the aggregate. Fig.l shows the development of
strength of_lightweight aggregate concrete-with four different
cement contents buth with the same water content and an
aggregate of expanded shale. Between 28 and 56 days all
mixes reach a maximum- value of compre551ve strength
recognizable by the horizontal lines. In this case, the

~1ightweightvconcrete has reached its limit .compressive

strength(9).

The properties of 1ighweight aggregate concrete, like
those of normal concrete, are affected by the (1) type of
"aggregate, (2) grading, (3) cement coﬁtent, (4) W/C ratio and |
(5) degree of coﬁpaction. Main points to watch are (1) work-
ability of concrete, (2) its drying shrinkage and moisture
tmovement, (3) strength and (4) thermal conductivity, the last

two closely related to density.



‘ Cement content:

o 300 kg/m3

350 kg/m3

o
A 400 kg/m3
0 450 kg/m3

% t (Days)

8 56 112 224

Figure 1- Strength development of a lightweight aggregate
concrete with expanded shale aggregate, and four
cement. contents but constant water content before
and after attainment of: the limit compressive
strength (approximately horizontal line)

Lightweight aggfegates are usually angular shaped and
have é rough surface. Therefore, they are more suited to |
plant mixing. Workability'cah be increased by adding fine
aggregate of ordinary weight to the mixture, but this
‘increases the density of the concrete with the insulation
properties of the concrete adversely affected. Also, hoﬁever,
with increased workability, water and therefore cement

content can be reduced with an increase in concrete strength.

- Replacemént of lightweight fine aggregate by sand is
\usuélly made on an equal volume basis (partial or total
replacement). In the'iatter case, a reduction in water con-
-tenf of 12-24 7 (compafed with an all lightweight aggregate

mix) has been reported. Concrete with total sand replacement
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“has an 10-30 % higher modulus of elasticity than all light-

welght aggregate concrete. Also its shrinkage is reduced by -
15-35 7.

_Air-entrainment can'aiso ihprove workability. By
introducing air in the mixture, water content is reduced
which in turn Treduces the bleedlng and segregation of the
concrete. Limits for the total air contents whlch do not
cause reduction in the strength" are, for 19 mm max.,aggregate
-size, 4~8 7Z;-and for 9 mm maximum. aggregate siée; 5-9 %. Air
content in excess of these values lowers the compressive
strength by about 10 kgf/cmz'(l N/mmz) for each 1 7,
according to Neville(l).

r

When lightweight aggregate is used in reinforced

concrete, special care for corrosion must be taken. The depth’

of cover can be twice as high as with normal concrete.
Generally a larger cover to reiﬁforcement,is deéirabie.
1ternat1ve1y, the use of rendered fihish'or coatlng of
relnforcement with rich mortar or cement-latex compound or
covering the reinforcement with corrosion protective

materials such as bitumen is found helpful.

For same mix éompositidﬁ the shrinkage of lightweight
concrete is about 5-40 % higher than ordinary concrete.
However, as lightweight concrete has a low modulus of elas-
ticity and a high "tensile strength/compressive strength"
ratio, the probability of crack formation during shrinkage is
lesser. Nevertheless,AcontractiOﬁ joints shpuid berprovided

against the danger of such cracks(10).

Creep, taken on the basis of the stress/strength ratio

is of the same order as for ordinary concrete. Neville(l)
suggests that long-term creep is higher than ordinary concret

But this fact is not confirmed. i j
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Poisson's ratio is less than that for ordinary con-.

crete. Modulus of elasticity (Ec)~is % — % of that of

. ordinary concrete of the same strength.

Lightweight aggregate concrete is less sensitive to
moist curing. Otherwise, rate of gain of strength is similar

to that of ordinary concrete.

The abrasion resistance of lightweight aggregate
concrete is not very good. But frost resistance, except when

aggregate was saturated before mixing, is excellent.

Sound absorption of lightweight concrete is goo&;
because air?borne‘sdundfenergy is converted into heat energy
in the channeéls of concrete. Absorption coefficient of sound

is tﬁice that for ordinary concrete. But lightweight @pncrete
is not a good'sound—ihsulétor, since insulation is directly

proportional to.the density of the concrete.

Lightweight concrete has a low thermal expansion.
This can produce problems if ordinary concrete and lightweight
concrete are used side by side. Special care is needed in

this situation.

While preparing the mix, a simplevway of déterm{ning
the necessary water is as follows: Grip a handful of concrete
tigﬁtly, then throw it away and observe the pattern of the
grout on the palm. If the hand is well spotted, the mix is
correct. If there're only few specks, it is too dry. Hand

covered with grout means the mix is too wet, consequently it

v

has a higher density and lower thermal insulating properties.

If at the time of mixing, aggregates are dry, they will
absorb the water and reduce the workability. Therefore, if

'aggregates-havé a high rate of absorption but low imnitial
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> : ' 1 c . R
moisture content about 0l of the mixing water should be mixed
with aggregate. '

" If the aggregate is saturated before mixing, strength
gets 5-10 7 lower for the same cement content and workability.
When- dry aggregate is used, mixing ‘water is absorbed prior to
settlng by the aggregate, this water having contributedAto
the workability at the time of piaaing.(like vacuum processed.
concrete). On the other haﬁd,‘the'density of concrete made
with a saturated aggregate 1is higher; and the durability of.
such concrete, especially its resistance to frost, is impair-
ed. But when aggregate’withihigh absorption is used, it is
difficult to obtain .a sufficiently workable and yet cohesive

mix, and generally aggregates'with absorption of over 10 %

are pre-soaked.

2.3. PROPERTIES OF THE LIGHTWEIGHT AGGkEGATES USED IN TURKEY

Perlite is a glassy volcanic rock of acidia character.
When heated up rapidly‘to the point of incipient fusion (900j
110000), it expands 10-20 times its original size owing to
‘the evolution of steam and forms a cellular material with a
bulk density as low as 30-240 kg/m3. Concrete made with
perllte has a very low strength a very high shrinkage and

is used primarily for insulation purposes(l)

Pumlce is a- 11ght -colored, froth- 1ike volcanic glass
with a bulk density of about 500- 900 kg/m . Those varieties
of pumlce not too weak structurally make a satisfactory
concrete with a density of 700-1400 kg/m with good 1n$u1at—
ing characteristics, but having high absorption and shrin=

kage(1l).

Styropor is the common name of a polymer-based material




-13 -

whose chemical name is polystyroi. The expanded particles are
in perfectly round granular shape not exceediﬁg'S mm in |
diameter. It is possible to accept this material as ideal
hples‘whén used as an aggregate because of its negligible‘
weigh; compared to the mortar. One of the most important
advantages of this material is that its water absorption is
practically zero. Therefore, pre-soaking is not necessary and
the water/cement ratio is not affected when styropor
aggfegate is replaced by a natural aggregate.On the other
hand, its very poor reéistance against fire is a disadvantage

of this material for structural purposes(ll).

2.4. PROPERTIES OF CELLULAR(Aerated) CONCRETES

_ Cellular (or foam o? aerated) concrete is a éoncrete
weighting from 160 to 1600 kg/m3 and having a'homogéneous
void or cell structure(l2). This type of comcrete is usually
made of portland cement, water and foaming agent, and may
_COntain lime, silica, fly ash, expanded shale, volcanic ash
or pumice dust. A large amount of air, usually exceeding 25 %
in the form of small bubbles, is . incorporated to reduce ‘

weight(13).

Valore proposed to divide cellular concretes into two

major groups:

a) Moist cured cellular concretes,

b) Autoclaved cellular concretes.

These coécrefes weighting as li;tle as 160 to 320
kg/m3 may. be used for thermal insulation. Densities of load-
bearing cellular concretes may range from 550 to 1600 kg/m%
"Fill" concrete form a ‘third category: Insulation is combined

‘'with modest compressive strength in roof and floor fills.



Compre531ve strengths of cellular concretes are
functlons of den51ty and ranges from 1,7- 7 N/mmz for 480
kg/m , 2,8-14 N/mm for 640 kg/m s. 5,6=21 N/mm2 for 800
kg/m ' | o S

Average values for a static modulus of elast1c1ty of

Swedish cement-silica cellular concrete are reported as.in
table 1(14). '

Table 1- Relationship between density, comp strength and
mod.of elasticity of Swedish cement-silica cellular
concretes

Density (kg/mB) fé(N/mmz) ' EC(N/mmz)
520 2,5 1360
640 o 5,0 . 2270
740 , 5,7 2630
800 | 6,9 . 3160

7 Flexural strength is approximately % to % of the
compressive strength. The relation between flexural and
compressive strengths obtained by Graf for autoclaved ‘cellular-
coﬂcretes of various compositions and cell-forming processes

is shown in Fig.1(1l4).

4
19.6
£ .
¢ 16.8°
14.0 . 2
y = 0,75 x + 0,005 x
8‘4 x = fflex
. // : f y = f'c
| !
2.8
0 e (N fum?)

1.4 2.8 4.2 5.6 7.0 flex

‘Figure 2- Relationship of flexural to compressive strength for
autoclaved cellular concretes made by various
nrncesses ‘ )
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Ytong'is the trademark of a widely used cellular
concrete based on a SWedish\batent. For the production of
~this material, quartzite is finely grinded, and lime, sand
and cement are added tovit.'After they are thoroughly mixed,
water and a special aluminium powder is introduced ihto the
mix. The reaction between the aluminium and the cement
releases szand bubbles are formed in the mix, causing it to
expand to about three times its initial volume.. This material

is then cut into pieces and autoclave cured to obtain high

strength.

The densities of Ytong is for G 50; 650 kg/m3 and for
G 25, 500 kg/ms. The least average compressive strengths of
cubic samples must be for G 50, 5 N/mm2 (50 kg/cmz) and for
G 25, 2,5 N/mm2 (25 kg/cmz). These values stay within the_
limits given by TS 453(34). ‘ '

Its thermal resistance is about 10 times of ordinary

cbncrete, Fire resistance is up to 1200°C(15).

2.5, SOME STUDIES RELATED TO LIGHTWEIGHT AGGREGATES

2.5.1. Effect of Aggregate Strength on the Strength of

.Lightweight Aggregate Concrete

Griib1( 9.) showed that. concrete strength will be higher
with the increase in the tensile strength of lightweight

-

aggfegate.

~ But as stated in AéI 213(6), the strengths of light-
weight aggregate grains show big differences according to .
their origins and types, and there is no qualitative measure
to determine the aggregéte strength, which means that no

‘clear correlation exists between the aggregate grain strength
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and lightweight concrete strength.

2.5.2. Effect of the Shape and Surface Form of the

Aggregates on Concrete Strength

Budniko& and his friends(16) have stated that éggfe—f
gates with smooth surfaces are more resistive then the ones
having rough surfaces. They found out ‘that the most sultable
grains are the ones which have a shape closest to a cube or a
sphere; and the weight of the aggregates which have a "shape
factor"* greater than 2,5 should not exceed 15-20 % of the
total aggregate weight. |

Shape of the aggregate has anvimportant effect on the
compressive strehgth of the lightweight concrete, the long
and slenderraggregahes reducing the strength. Also, cornered
aggregates wiﬂlirregﬁlar shapes and rough surfaces reduce the

workability of lightweight concrete(l).

2.5.3. Effect of Other Characteristics of Aggregates

ACI 211(17) states that by pre-soaking thellightweighti
eggregate before the productien of 1ightweighticoncrete, it
is possible to reduce the crumbling of_the'aggfegate in the
transportation, prevent the’eegregation, and control and stop

the consistency changes in the concrete.

The absorption of water by the aggregate in fresh
concrete is not only related to the characteristics of the
aggregate, but also to the matrix volume and the W/C ratio of
the mix.-Accérding to the investigations done by Miiller-

Rochhol1z(18), the immediate absorption by the dry aggregate

* The shape factor .as discussed here is deflned as "the ratio
of the 1ongest to the shortest dimension of the aggregate
grain'
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in the cement paste is nearly the same as the absorption in
30 minutes when W/C ratio is relatively high (0,60), that
this ratio does not change with time when the aggregaterisb
prersoeked, but there is an increase in the;water content of
" the cement paste during 60 minutes when the water/cement
ratio 1is 0,40. These values are effective W/C ratibs,‘where
effective water is the mixing, water for cement and the pre-
soaking water used for the 1ightweight_aggregates before the’

production of concrete is not included.

a) The Effect of Geometric Heterogenity on Concrete

Strength

Some researchers  have investigated the changes in
the compressive strength of test samples due to the variations
of the dimensions of aggregates and samples, which is |
designated as geometricvheterogenity (Sample size'(D)/Aggregete
size (d)). Tanigawa and Yamada(19) showed that geometric l
heterogenlty does not effect the compre551ve strength of
11ghtwe1ght aggregate concretes, while increasing (D/d) the
compre551ve and ten511e strengths of ordinary concrete

decreases considerably.

b) Effect of the Continuous Phase (Matrix) on Concrete

Strength

Concrete can be.simply thought as a two-phased
composite material consisting of aggregate and fine mortar
phases. In ordinary concrete, strength and modulus of elas-
ticity values of the eggregate are greater than the vaiues
for the mocrtar. Therefore the weaker part, namely matrix 1s
the cause of failure in this case. In lightweight eoncrete,
.the strength and modulus of elaeticity of the mortar 1is
greater than the aggregate s, and concrete fails because of

the aggregate in this case. Accordlng to Wesche(20) strength
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of lightweight concrete is always less than the mortar
~strength. Therefore increasing the strength of the mortar

will not be of much help for this type of concrete for which
strength will be increased by’the aggregate.

Griib 1{21)-.in his investigations, found out that mortar .
kstfength increases.the compressive strength of lightweight
concretes, but this increase not béing very much. Hié explana-
tions are as follows: When an outer force is applied on the.
lightweight concrete, tensile stresses perpendicular to.the
direction of the force are formed on theiboundaries,of the
aggregates (Fig.3). Oi(y) shows the stress formed in the
mortar in x-direction along the y-axis . and 0$(X),’ the stress
in y-direction along the x-axis. When the tensile force
exceeds a certain value these stresses cause temnsion also in
the mortar phase. In additibn to .this, a tensile force Fu
effects the aggregate. As this stress reaches the tensile
-strength of the aggregate, it cracks, and the sudden growtﬁ
of thé cfack into the mortar causes the failure of the
cbncrete.wThe;efore, the compressive stréngth of the light-
weighf concrete becomes related to the tensile strength of the

aggregates.

Figure 3= Model for failure of lightweight aggregate concrete
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Grib1(9) has stated five types of failure according to

the tensile strength of the mortar. If the 1ightwéight

aggregate concrete has a strength equal to its mortar strength

the failure is from the matrix (Failure type I in Fig.4). If

the bond strength between the aggregates and mortar is rela-

tively high, the.stress is carried to the aggregate grains.

After the bond strength is exceeded, the crack advances along

the boundary of the gréin. Griibl has called this as combiped

failure. If the aggregate does not crack until the first crack

. forms in the matrix, failure types II, III and IV arise. When

ic

the matrix tensile strength is higher than this, aggregate

"will crack before the first crack forms in the matrix. This

is the highest compressive strength of the lightweight

‘aggregate concrete (Failure type V).

Limit compressive

. 3 - ) v
I 11 111 Iv A
Matrix Combined- Stability |Aggregate Limit compressive
failure failure| failure failure strength
\—.
 ‘strength

Limit Mortar
Strength —_|

., .0

45 fmo

—d

Figure 4; Simplified relation between the compression strength
of the mortar, fpo, and the compression strength of
lightweight aggregate concrete,.flc.
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2.6. THE STRESS-STRAIN CURVES OF LIGHTWEIGHT AGGREGATE
CONCRETES : '

‘Popovicé(ZZ) has found out that the short-term o-¢
curve of the normal concrete has more curvature than the.
mortar or the éeqent“paste for the same W/C ratio. The reasons
for this are the micro-cracks which form between. the aggre?
gate and the mortar in the concrete. According to Popovics,
the factors effeéting the shape of the o-¢ curvé'are the type
and characteristics of the aggregate, rate of loading and the

microcrack development.

The descending part of the O-¢ curve of the lightweight
concrete is investigated by Grimer and Hewitt(23) and the
following resulﬁs are found: Because of the different rigi-
dities of the aggregates and mortar, the stress distributionms
for these two typeS-df materials are not the same. The rate
of growth of the micrécracks between them is related to the
_differeﬁce between these two rigidity values. As these values
approaéh each other, the oO-¢ curve is straightgr which is
—justified with experimental results. Therefore, the curves
.~ for the high strength ordinary concretes and lightweight
concretes are more like straight lines than éurves.vAcéording
to the experlments done by these researchers, the'ligﬁtweight
concretes of relatively low densities lose their strengths
in a very brittle way in uni-axial tests with a sudden fall
in the 0-¢ curve. For this reason, Grimer and Hewitt '
concluded that the bellef that all concretes are elasto-
plastic is not qulte true, and a distinction should be made

between the types of concretes which follow this rule and

which do not.

Wesche(20), who has parallel opinions with the above
investigators, has stated that the design of reinforced
llghtwelght concrete should not be made according to the o-¢

curve of ordinary concrete; and for a relnforced 11ghtwe1ght



concrete beam, the stress distribution in the compression

area can be thought as linear rather than parabolic.

2.7. ULTIMATE STRENGTH DESIGNAOF‘DOUBLY—REINFORCED

 RECTANGULAR LIGHTWEIGHT CONCRETE SECTIONS FOR
FLEXURE '

The ba31c philosophy in the de51gn for flexural capa-
c1ty is that failure will occur by yielding of the steel
rather than by crushlng of the concrete. Flexural calcula-"
tions for lightweight concrete beams are done in a 51m11ar way
as for the normal concrete reinforced sectlons, Wlth some
variations due to the characterlstlcs of the material, the
two most important of these belng that the maXimum compression
strain of the extreme fibre’of the beam is to be taken as
0.002 (0.003 for normal concrete) and that the area of the

stress block is reduced with respect to normal concrete (Fig.5)

(24) (25).

v 1 0.75 £'
3 . . R F — - t =
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‘Figure 5- Ultimate strength for doubly-reinforced rectangular
beams. ' 4
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The equations of equilibrium for the analysis of the
doubly-reinforced sections can be written from Fig. 5: as

fbllowsr
- 0.75 £! ab f'(AS—Ag) fy \ . o (1)
= A1 _at A At _E . o
M _Aéfy(d d') + (A, A £.@ -3 (2)

Here, it is assumed that-.the compression reinforcement

yields with the tension reinforcement.

The balanced reinforcement, for which tension and
compression failure of the beam take place at the same time,

can be written from eq.l and the compatibility equation

given below:

T ST (3)
cu y S
1 f'
A -A €
. S S C cu
Yy, = ——=— = 0.75 x 0.75 — —— (4)
b bd fy Beu T &y ,

For Ytong one—way structural roof decks, calculations
are done according to the rules given in DIN 4223, The
assumptions done for flexure for these slabs are that, plane
section remains plane; the maximum strain for the longitu-
dinal reinforcement is %o 2; the maximum flexural compressive
strain for this concrete is %o 2; and the stress block can be
taken as a rectangle as for normal concretes. In this case,
the compression force can be>ca1cu1ated~as.follows.»Heré, the
compression reinforcement is not included in the calcula-

fions(26); , -
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Figure 6- Ultimate strength for Ytong aerated slabs

= 2 o, €c’
D, = 0.60 bex £ (5)
b 3 €
: cube Tcu
z = d - 0.36¢c - _(6)
Here;
b = Compréssion zone breadth of concrete (cm)
¢ = Depth of the neutral axis
f' . = Cube strength of concrete kg/cm2
cube ‘ : _ . |
€, = Compressive strain for the top fibre of the |
concrete section in Zoas
€ou = Maximum allowable compressive strain for

lightweight concrete (Zo 2)

2.8. SHEAR EFFECT FOR REINFORCED LIGHTWEIGHT CONCRETE
- BEAMS AND ONE-WAY SLABS

Reinforcéd'concrete members are-usually effected by
shear forces. Bd# it is rare that‘thié forces exists by
itself alone. Besides shear, almost always flexural, axial
‘and sometimes torsional forces effect the element. Especiélly
in flexural elements, shear strength1mechanism is closely

related to the bond strength, therefore the the anchorage of

the reinforcement.
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The failure of reinforced concrete elements should be:
because of flexure and not shear. In other words,:flexure |
must be the determining effect for ultimate load. Aetually,
shear. failure, which takes place as a result of shear forces
and bending moments, is dsually‘a result of small deformatiensr
and must be avoided because it is brittle and sudden. Espe-
cially in earthquake areas, the load-bearing elements in the
structures should be designed never to lose their streﬁgth.
due to shear. Therefore shear strength of the>e1ement should

always be greater than flexural strength.

When the behaviour of beams without shear reinforcement
is investigated, it is appropriate to apply the loads on the
beam as two concentrated ioads symmetricel with respect to
the midspan. Research done on sheh beams has shown that, the
type of failure depends primarily on the "shear span
(av)/effective‘depth(d)" ratio, a_ being the distance from
the support to the nearest applied load. Beams with avld ratio
less than or_close‘to 6 lose their strength due to shear.
Factors other than this ratio also effect the shear strength
of the concrete. These are percent of the tension reinfor-.
cement, concrete strength ehd type of the aggregate. Tensiqn
.reinforcement'preVentthhe vertical movement of the faces of
"a cracked sectlon relative to each other. Concrete resists
the shear force at the uncracked compression zone and
aggregate is responsible for the friction and interlocking-
force along the surfaces of the diagonal crack. The value of
the nominal shear stress, T = g%, quikly rises when M/Vd
ratio is approximately less than 2, for a cross-section of
‘the beam which has reached its ultimate strength. When a
singular concentrated load is applied on the beam,athe
critical value for M/Vd form under the load: Vd = (27)

According to Regan(28), who tested reinforced aerated

concrete slabs and beams for the shear effect, shallower beams
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gave hlgher unit resistances than deeper ones. This factor
was greatly 1nf1uenced by the ratlo of main steel Compres-—

sion gteel appeared to have no influence at this stage.

The slabs tested were 2. O‘m long, 600 ﬁm wide and 100
mm deép. Ratio of longitudinal ten51on steel varied between.
0 19-0,67 7% and the a, /d ratlos between 2,3-5,4. Dry density
of the- materlal was 600 kg/m w1th‘an average strength of
4.4 N/mm . Relnforc1ng steel had a yield limit fy.= 324 N/mm2
for 6-mm bars of plain round mild steel. In the slabs with
the lowest percentage of tension steel, flexural cracks were
formed iﬁ the regions of maximum moment but not_for enough
out in the shear spans to develop into serious shear cracks.
The failures were then flexural with yielding of the reinfor-

cement and subsequent crushing of the compression zone.

‘Becéuse of the relatively low bond strength,Athe
‘reinforcement of aerated members often relies on welded cross-

bars or stirrups which transfer load by bearing.

In pull-out tests by Se11(29), for which bond was .
‘prevented by oiling of‘the bars and anchorage was only by
érosé—bars, tﬁe load/defbrmation characteristic was almost
elastOfpiasfic. For a 5 mm diameter cross-bar 80 mm long the
limiting bearing stress was about 7 N/mm2 (approximately 1,8
times the compressive strength of the concrete. This value is
for relatively flexible cross-bars. An incfeasé of strength to
9 or 10 N/mmz‘would be likely with a stiffer bar. The greater
spaéings of the 1ohgitudinal bars (e.g. > 100 mm) reduces the
stiffness of the.cross-bars vefy-considerably and thus make

the distribution of bearing stress much less even.
Once shear cracking has occurred, the initial structure
of a member without shear reianforcement is a simple arch or

strut and tie system and the principal cause of failure is

maXkaain OivierpelrTeet YNTIIDL AMECT
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the destruction of the anchorage of the tie. If N  is the
: su

maximum tie force that can be sustained(28), _
M =N .z , _ . (7)

The interpal lever aim, z, can be taken as aﬁproxima—
tely "0,85 d", whence '

M, = 0,85 d.N_  or V_ =0,85-—N (8)

" For a shear span with a constant shear force, the
critical section for shear failure can be taken to be at a

distance h/2 from the high moment end.

Shallow slabs all had rather high shearAresistances
than deep beams in the expefiments done by Regan(28). Thié
would appear-to have been due to .the relatively high bond
stresses prﬁduced in the deeper beams where the main steel

was a small number of relativelyularge bars.

After éhear cracking, most members without shear
reinforcement can éuppbrt some increase of load before
failure by the arch and tie system. The resistance.of such
' sjstems is probably of little interest in design partly
because of the severe damage accompanying their férmation_and
partly because they place great demands on anchorages which

could be difficult to fulfil at practical (short) bearings.




CHAPTER 3
EXPERIMENTAL. INVESTIGATIONS

3.1. MATERIALS USED

3.1.1. Aggregate Specifications

-

a) Sand

The sand used in perlite and styropor slabs was

Riva sand. Results of the sieve analysis is given below:

Table 2- Sieve analysis for the sand used

Specific Loose
. v . Gravity unit
- % Passing (by weight) kg/dm3 weight
Sieve openings 0,25 - 0,50 1 2 o4 o
(in mm) : , ‘ _ 2,66 1,54
' 12,8 66 95 100 100

b) Perlite-

b.1) Typiéal chemical composition of perlite aggregate is |

‘as given below(30):

SiO2 - %2 71-75
A1203- Z 12,5-18
K20 - 4-5
Nan0 - % 2,9-4
Ca0 - % 0,5 - 2



Fe,05 - 20,5 - 1,5

Mg0 - % 0,1 - 0,5

b.2) The perlite aggregate used is obtained from Pabalk

company. Results of the sieve analysis for this is given below:

Table 3- Sieve analysis of the perlite aggregate used.

Opénings in mm o Passing (%)
(Square mesh sieves) (by weight)
| 4 | 100
2 59
1. _ 44
0,5 : 28
0,25 14

This values conform to the curves given by ASTM C-332

about structural perlite aggregates.
b.3) The unit weight of this aggregate is as:given below:

Table 4- Unit weights of the perlite aggregate used.

Water
. Specific absorbed
Loase unit of gravity . by weight
Perlite - (kg/m3) (kg / m3) (7).~ '
Coarse (0-3 mm) 79 450 174 0
Fine (0-1 mm) 56 420 .

’According to the manifacturer, this aggregate absorbs
approximately_z 60 water by volume. This value is guite high

with respect to the laboratory values given above(2).



c) Pumice

‘The pumice 11ghtwe1ght aggregate used was brought
from Kayserl Develi district.: The floatlng particles on water
were collected and oven dr1ed completely before mixing.
Floating the pumlce aggregates also ensured the elimination of

all impurities which sank down.

c.1l) Specific gravity of thisiaggregate has been found
by Tasdemir as 2410 kg/m3(11). The unit weights are as given

below:

‘Table 5- Unit weights of the pumice aggregate used.

) L4 . - t
Unit weights (kg/m3) Loose unit

Agg.part . weights
(mm) . - Oven dry Saturated Porosity (%) (kg / m3)
2/h 800 - 1040 67 410
4/8 780 ' 1000 68" 400,
8/16 740 930 69 380

c.2) Absorption

The percent of water absorbed by pumice aggregates -
for various lengths of time with respect to their day.

weights are given below(1ll).

TAble 6- Percent of water absorbed by.pumice aggregate used
with respect to their dry weights :

Agg. I .
_part : Water absorbed (%) ’
(mm) 10 min 30 min 90 min 18 hours 24 hours 72 hours
214 - 18,0 22,4 28,1 29,5 37,9
4/8 14,5 17,8 21,6 25,8 - 29,0 38,0
8/16 15,7 17,3 22,9 25,1 29,9 38,9

These values conform to the ones given in the Turkish

Standards(33).



c.3) Modulus of elastiéity and compressive stféngth

of this aggregate(11) - .

’ According to the experiments done on 3x3x6 cm and
4x4x8 cm prisms, the average "E" was found to be 1700 N /mm?2

apdAcoﬁpressive strength 4,7 N/mm2.

As seen from the experimental values for pumice stone,
this aggregate consists of about 70 % porosity. Therefore it is
possible to accept it as cavity in the mortar compared with
the normal aggregate, since the modulus of elasticity of
pumice is about %Z 2 of the limestone from Istinye districﬁ

and the compressive strength 5 Z - 7 Z of the same stone. .
c.4) Chemical composition of the pumice agg. used(1ll):

510, (free) : 6 7 Cal : 1,80 %

Si0, : 84,30 7 MgO ;. 0,60 %
A1,0, ' 2,44 % " 'Loss of
, ignition
(1000°C) : 4,10 %
Fe203 : 0,36. 7% : Unknown : 0,40 %

~d) Styropor

As mentioned earlier, the modulus of elasticity
and compressive strength of styrqpor lightweight aggregate

can be taken as zero compared to mortar strength,

Table 7- Loose unit weights for the styropor aggregate used.

d.1l) Agg.part » 1/2 2/4 . 4/8
(mm)

Loose unit '
weight(kg/m3) 34 » 27 16



~d.2) Chemical composition of

styropor granﬁles(él) is

‘as given below:
N H | :
| N 02 €9 g0 Hy CH, CoH, Siyrol Halogen
Styropor P. 80 15 4 0,3 - - - Trace -
Styropor F 75 10 9 4 0,5 0,5 0,2 Trace Trace

3.1.2. Cement Characteristics

All the éement used was PG 325,
~of Akg¢imento factory of the same day.

Mechanical characteristics:

being the production

(Strengths according to Rilem-Cembureau method)

Compressive Strengths (N/mmz)

7 days
24 .2

28 days
39.8

7 days
4.8

Physical characterlstlcsr

Blaine specific surface area(cm /g)
Remaining on the 90 U sieve (7
Remaining on the 200 u sieve (%)
Specific gravity (g/cm3)

Normal consistency for WME?(Z)

Total openings for Le Chatelier needles (mg)

3.1.3. Steel characteristics

Flexural Strengths (N/mm2)

28 days
6.7

3600
5.0
0.2

3.010

28.0
3.0

As the reinforcement used in the slabs was cold-drawn

St IIT b hard steel which was used in the Ytong slabs as

‘welded wire fabric, the yield limit, fy’
remaining deformation method.

the averages of five readings for each bar.

-is found by 7Zo2

The diameter of the bars is



Table 8- Characteristics of the steel used in the'élabs.

. Total
Diameter fy fu- Es . Strain
‘ (mm) N/mm?2  N/mm?2 kN/mm? (2)
4,2 660 670 206 8.0
4.2 665 675 201 7.5
4.2 660 665 183 7.0
4.3 635 670 195 10.2
4.3 675 690 193 8.75
Average values 625 660 674 196 8.3

3.2. MIX DESIGN

It was accepted at the beginning of this work that
the unit dry weights of the slabs and the cements would be
the same for all samples. The cement content was chosen as
350 kg/m3’and the density of the slabs were aimed to be 800
kg/m3. ' A |

Mix design for lightweight éoncreteé is more
complicated than for normal concretes. The main reasons for
~this are the absorption of water by the aggregates and volume’
kéhénges (shrinkage) of the aggregates in the mortar. As water
is absorbed from the mortar phase, the volume of water and
air in the phase changes. This can show variations for
‘different types of aggregates. Therefore it is difficqlt to
calculate the air content as for normal concrete. For fresh
1ightweight concrete, the volumertHer than for aggregate and
cement is given as the "remainder" (water + air). It is not

pfeferable to give the air content by itself unless calculated

by any other method(1l1).

in this work, "absolute volumes method" is used to
calculate the mix proportions, which is one of the most widely

used methods. In utilizing the absolute volumes method, the




'~ volume of plastic concrete produced by anyvcombinatién of
‘materials is considered equal to the sum of the absolute
quumes of cement, aggregate, net water, and entrained air.

" Proportioning by this method requires the determination of
water absorption and the bulk specifié gravity of the séparate
sizes of aggregétes in a saturated surface-dry condition. The
principle involved is that the "mortar" volume consists of the
total of the volumes of cement, fine aggregate, net water, and
entrained (or entrapped) air, This mortar volume must bé
sufficient to f£ill the voids in a volume of dry, rodded coarse

aggregate, plus sufficient additional volume to provide

satisfactory workability(6).

The mix proportions are calculated as follows:

C: Cement content in 1 m> fresh concrete (350 kg)

W: Water content in 1 m3 fresh concrete,,dm3

R Specific gravity of cement, kg/dm3

§ ail Unit weight for "i" aggrggéte, kg/dm?

Pi: % of the "i"Aaggregate in the total volume of Fhe
aggregates ' » ’

Vace Total volume of the aggregates, dm3

3¢  Volume of air in 1 m3 fresh concrete, dm3

ﬁ: W/C: Effective water/cement ratio (by weight)

Therefore, total volume of the coarse aggregate is:,

. | .
- - (. ) v 9
v, 1000 (5c+w+ ) (‘)

if G5 is the weight of the "i" aggregate, the mix is

calculated as

G. =W x P, x 6_. ' (10)

W =wzx 350 - . ‘ ' (11)




According to this method, the mixes of three different

types of concretes are as such:
1) Perlite concretes (1 m3)

C = 350 kg
W+ 3 = 505 dm

Perlite = 108 kg 22 Eg iiZise

3

Sand = 67 kg

'The theoretical unit weight of the fresh concrete is

thus:

A - 350 + 505 + 108 + 67 = 1030 kg/m3

teo

Since about half of the water is expected to evaporate

from the concrete, density at the end of 56 days should-be

around 800 kg/m . The water content is found from the trial

mixes mixed by hand in order to prevent the crumbllng of the

aggregate. This value for water content can be reduced if a

mixer 1s used..

2) Styfopor concrete

. .3 . W

C= 350 kg/m g = 0.45
W= 158 dm3

A= 20 dm° (20 %o accepted)

Styfopor aggregate
Fine (28%) = 6,75 kg
Medium (28%) = 5,36 kg
Coarse (297) = 3, 29 kg

gand (15%) = 282 + 100 kg (added in practlce)

A = 350 + 158 + 6,75 + 5,{36 + 3,29 + 282

teo

805 kg/m3.
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But from the trial mixes, unit weight of the fresh
concrete was fouhd to be lower than 800 kg/mB. Therefore it
was decided to put another 100 kg of sand into the mix. For
a small volume of styropor concrete (10‘1t) this could be
reasonable. But when 120 1t of this concrete was. poured for
the sléb,'it was seen that the uﬁit:weight of the fresh - ;
concrete &as much. greater than 800 kg/mB, namely 1150 kg/m3.
Therefore it was decided that styropor &as compressed under
the dead weight-.of fresh conqrete'for relatiVely greater
volumes of it. So, for the second slab,ZSand content was
reduced to 70 kg/mB. In order 'to balance the volume, styropor
~aggregate content was increased, leaving the cement and water
contents as before.»This time, ﬁnit weight came up to be
around 750 kg/m3; For the third slab, the mix design for 800
kg/m3 Qés taken cdnsidering‘Z 10 reduction of styropor by
"volume. After the mixing, the change in the volume was
cal@ulated and was found dut'that styropor shrinks about
% 16 ofvits original volume for a 130 1t mix of about 800
kg/m3 unit weight. For greater volumes of concrete, this
ratio is expected to rise since'compression will be more

under greater masses.

3) Pumice concrete -

3 ‘ : o

C= 350 kg/m Yo o4 |

w= 158_lt Pre~-soaking water=718 of the total
9= 171 1t (with air-entrainment) weight of agg.

= 78 1t.
Pumice agg. (oven-dry weights)
d(2/4)=152 kg (%34)
d(4/8)=144 kg (%33)
d(8/16)=136 kg(%33)

0,61
122

= 0,005 (by weight of cement content) éir—
entfaining agent is to be used for 17.1 Z

air(32).
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9=0,005x350 = 1,75 kg/m> = 1750 g/m>
Pre-soaking water = 78 1lt.

Aloo = 350 + 432 + 158 + 78 = 1020 kg/m>
This value is considerably high'from 800 kg/m3, which
is claimed to obtain for dry concrete. From the trial mixes,
it was seen that more than 20 % of the pumice concrete by
weight, is free water when compared with the oven-dry samples.
Therefore, theoretical unit weight is taken approximately

20 % more than 800 kg/m-.

Table 9- Fresh concrete characteristics

Real quantities of ingredients in 1 m> fresh concrete

~ Pre-= - = Total Light= . Air ~
_ Total Soaking ' weight  Entrain- Fresh Effec. Total
Kind of Cement, Water Water, Sand aggregate, ing unit Ww/C - W/C
Concrete kg 1t - 1t - kg kg - kg weight ratio ratio
~ Pe 346 500 250 66 107 - 1018 0,72 1,44
St 402 182 - 324 17,7 - 917 0,45 0,45
Pu 315 213 70 - 389 1,58 907 0,45 0,68

(The values are the averages for each kind of concrete).

- 3.3. PRODUCTION, MIXING,-PLACING AND CURING OF THE CONCRETES

The mixing of perlite and styropor concretes were done
by hand on impervious ground. For perlite concrete, this waé
more convenient than mixer becéuse of thé'crumbling of the
aggregate when harsly mixed. For this concrete about half of
the total water was mixed with the aggregate and this was
blended thoroughli until all the aggregate was wet, then the
remaining water, cement and sand was mixed. The reason for
mixing styropdr concrete on the grouhd was 1ts being a very
‘volatile material. A thoroughly closed mixer should be used

when using styropor in the concrete production plant. For



pumice—concretes, Tricosal LP was used as air-entraining
agent to reduce the density of the concrete. First, the
aggregate was mixed with the prersoaking water for about half
a minute in a drﬁm—type mixer. The air-entraining agent was
mixed in the remaining water until bubbles were formed. Then
cement and water was added into the mixer which were mixed
_for about 60véeconds. The use of air entraining agent
increased the workability and cohesiveness, while segregation

and bleeding were reduced consideraBiy(SB).

Since this work is mainly a comparison test between
four different typés-of,lightweight concrete slabs, the
dimensions and reinforcement were also. held nearly equal to
Ytong aerated slabs of dimensions 10x47x198,5 cm. The mold
for the slabs was prepared from steel with special -prevention
against lateral displacements; Although its height was about
5 mm higher than 10 cm, this difference is not considered as
a great handicap to influence the comparison results.bAll the
concretes‘were placed into the mold by compaction with wooden
blocks. The sides and bottom part of the mold was greased
before pouring the concrete in.Vibrator was not held info the
concrete but onto the mold of the slab to ensure the settle-
ment of the concrete in the edges and cormers. Also 15x30 cm
cylindrical samples were taken from the same mixes for slabs
to make compression and deformation tests on thém.vFor these
samples, vibrator was held into the concrete but for a very
short time to prevent segregation. For slabs, the concrete

was screeded and slightly troweled to obtain a flat surface.

_ After this, they were covered with polyethylene sheets
and wet sacks. The molds were taken out in 2-3 days, while the
concrete was wet cured for 7 days in an environment of
10°% = 2%%. Afterwards, slabs and cylinders were carried to a
room with:a relative humidity of 65 7 * 5 Z and temperature

20°c * 3°C and air cured until the day of test.
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Tests were done on the 56th day rather than 2$th day ”
from the time 6f mixing. The reason for this was that because
until that day, lightweight concretes continued to gain
strength .and after this the increase of strength was very
much reduced(9). Aerated Ytong concretes gained all their
strength durihg the produétion because of the autoclave
process. Therefore strength comparisons would be more sound
on samples of 56 days of age. Also, another reason was that
the perlite slabs and cylinders Weré still wet at the end of

28 days, which would adversely effect the test results.

Test slabs were brought to the test room and were put
on the supports the day before the test. Cylinders of the par-
ticular slab were also brought to'thié\room and stayed in the

|
same conditions with the slabs. . )
- |

3.4. REINFORCEMENT OF THE SLABS .

.The mesh reinforcement used in the slabs were made of
average 4.25 mm plain, round, cold drawn St III b hard steel
wires with welded cross—bafs of the same .steel. The reinfor-
cement consisted of 4 ¢ 4.25 bars as bottom steel for pension,
and 2 ¢ 4.25 bars as top steel for:cdmpression (constructive
reinforcement) . The concrete cover was taken as 1.5 cm for
the bottom steel and 1.5 cm for the top steel (for h=10.4 cm)

or more with increasing height of the slabs.

The top and bottom reinforcement were connected,
exceﬁt in the aerated slabs, with welded vertical legs to
control the distances between the top and bottom reinforcement
and betweén the bottom steel and the lower face ofithe slab.

The details for the reinforcement are given below.

A1l the slabs were under reinforced according to eq.4.



(All dimensions are in cm)
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Plan showing bottom reinforcement

‘ : Plan showing top reinf. ~
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494.25 , heights, only the
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upper cover changes)
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Fio 7= Details for the test slabs.
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3.5. FLEXURAL TESTS FOR THE SLABS

v ’Flexural tests were performed on the slabs using
quarter point loading as explalned in TS 453(34) and
TS 2823(35). Test set-up is.as. shown below (see also Fig. 14)

: Hand—manipulafed
S ~ loading system

Ring with 14 kN loading
capacity

» '////’—‘U—profile
1 4 o

| o} NESEEE
Z . N
P , | " 10 cm N
| 46.1cm | 46.1 cm |
r o el |
'q — {
184.5 cm g

Figure 8- Set-up for flexural tests of the slabs

s = steel plate of 18 mm thick and 500 mm long.
w = wooden plate of 13 mm thick and 500 mm long.

c;=vcorrugated cardboard used for the loading to be
uniformly dlstrlbuted

t = steel plate of 10 mm thick and 500 mm long.

For the calculations, 1/3 of the width of the support
is added to the clear span, leaving the remaining support

w1dth as 7 cm. -

The total weight of the U-profile and the steel plates
~on the slab were 25 kg. This weight was not included in the
calculations in order to stay on the safer side unless

otherwise stated.

Loading of the slabs was done according to the procedur
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given by CEB(25), with the duration between subseguent loadings
modifiedﬂfor our case. CEB gives the duration between two -
1dadings for the beginning of the test as 15 min. This was
taken as 6 mm. as the loads were very low compared to the

ones for normal concrete beams.'Loading program used for the

tests is given in fig.9 below.

Pud e e me .

0.90Pu -|- : ) . ,
0.80Pu |- - ) ’ 7 : v - i

0.70Pu -}
0.65Pu -}- , o :
0.60Pu -|- . ’ : i T

0.45Pu -
0.30Pu.

© 0.15Pu -

I : , T T T | T(min)
6 12 18 24 26 28 30 32 34 36 38 4b "

Figure 9- Loading prégram for the flexural tests of the slabs.

It was verified that the materials used for loading and
for support would not undergo any serious deformation under the

test loads..
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After every loading, cracks were marked on the slab
and crack widths were read with a Feeler Gage of 0,1 mm

sensitivity.,

At the end of every loading period, deflections for
the quarter and middle points of the slabs were read with 0.01

mm sensitive dial gages.

For each loading, longitudiﬁal strains were read on
five 1o¢ations éiong the height of‘the slabs using Demec points
on the surfaces of the concrete, in the middle part of the.
span, on a 200 mm gauge length. A strain bf 8x10f6 could be

real in one division of the scale on the dial.

Also, short-term compréssive tests were doﬁe on 15x30
cm cyiinders taken from the ‘batches for every slab. From these
test results, stress—-strain curves were drawn and modulus of
elasticity values wefe calculated. For the compression tests,

a universal hydraulic testing machine was used.
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 CHAPTER &
RESULTS AND DISCUSSIONS

RESULTS OF CYLINDER TESTS

The values of compressive strengths and air-dry unit

weights for 56 days old samples with the.oven—day and fresh

unit weights are given in the table below.The modulus of

elasticity values are the averages of .three tests for each-

type of material. All samples were 15x30 cm cylinders. The

symbols given in the beginning of the table are the respec-

tive slabs for the samples.

Table 10- Results of the cylinder test’

£! Ec o -
. . c56 A oven - “av ,
Slab No. kg/cm? fresh 563 dry .. kg/cm2 Average
and Type (N/mm?) kg/m3 kg/m> (kg/m”) (N/mm2) Moisture Contents (%)
l | I I l
Pe 'l 22.0(2.2) 985 700 610 21800 0 183
Pe 2 23,3(2.23( 1020 755 - 637 (2180)
Pe 3 25.5(2.55) 1050 760 625
o8t 1 33.5(3.35) 1150 1060 1035 - .
St 2 14.7(1.44) ' 710 680 655 20600 - 0.045
st 3 19.7(1.97) 890 805 745  (2060)
Pul  44.8(4.48) 890 855 785
Pu 2 50.8(5.08) 920 -~ 865 795 35300 ‘ 0,088
Pu 3 [42.1(4.21)] 910 | 810 | 745 [(3530) |
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(The value for the unit weights are approximated to

the nearest 5 kg/m3).

The "E" values are calculated from the "o-e¢" diagrams,
as_aﬁerage slopes of the secants, connecting~points
corresponding apptbximately to the % fé values to the origin.
 Typical 0-€ curves are given for these concretes in Fig.12.

Also, sp11tt1ng tensile strength tests ‘were done on
two cyllnders from mixes of Pe 2 and Pe 3. slabs, which failed
due to shear, and the values found for "fct" were 3,0 kgf/em2
(0,3 N/mmz) and 2,7'kgf/cm2 (0.27 N/mmz) respectively.

The cylinders for Pe 1 was weighted in three weeks
after oven—-dried, and their moisture content came up to be

% 2.4 with respect to their oven-dry weights.

4.2. RESULTS OF FLEXURAL TESTS FOR THE SLABS

The loads of failure given for the perlite and Ytong
aerated slabs were the complete failure loads, eausing
diagenal shear failure-for the perlite slabs and complete
breakdown for the Ytong slabs. For the other two types of
slabs, namely styropor and pumice slabs, finding>an exact
load of failure was not so easy because of the ductile
behaviour of the slabs. Therefore, loads causing excessive
deformations aﬁd—causing the break off of one of the tension
'steels were accepted as ultimate loads. Beyond those, the

slabs were still able to carry extra loads.

Twelve slabs were tested, being three for each type of
material, until failqre; Two among these were not taken into
evaluation, these being Pe 2 which was damaged during its
curing period.and Yt.2 for which the set-up was spoiled during

the test.
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The characterlstlc loads with the dlmen51ons and unit

welghts of the slabs are given below:

‘Table 11- Results of the flexural tests of the slabs

" Initial%*

~ --Slab : . Weight of Unit Weight Crack Load for Load of
Type Dimensions the slab of the slab load 0.4 mm crack Failure
and No (em) (kg ) (kg/m3) (kg) width (kg) - (kg)
Pe 1 10.6x47x198,5  81.1 820 250 . 250 800
Pe 3 11.0x47x198,5  85.5 835 . 170 210 770
St 1 10.4x47x198,5. 109.3 1125 300 560 1275
St 2 11.0x47x198,5  69.3 675 270, 665 1060
st 3 10.6x47x198,5  83.1 840 230 420 980
Yt 1  10.0x47x198,5  68.3 730 450 630 970
Yt 3 10.0x47x198,5 68.9 740 . 400 665 950
Pul 11.0x47x198,5 85,8 835 200 . 525 1350
Pu2 11.0x47x198,5  84.5 825 220 - 490 1400
Pu 3

11.0x47x198,5 85,5 835 270 630 - 1450

4.3. FAILURE MODES FOR THE TEST SLABS

All the slabs except the perllte ones lost their
carrylng ‘capacities by flexure ThlS can be seen from the

Flg 10 below.

One of the main differences between the types of
~féi1ure of Ytong aerated Slabé and the others was that while
the section of failure was near the mid-span for the Ytong
slabs, in all others it took place under one of the applied
loads ‘at the QUaréer points. This was because of the higher
rigidity of the aerated slabs compared with the others.

Generally two major cracks developed'under both loads, one of

% Initial crack loads—are not exact loads but approxlmatlons
since the cracks were investigated after every loading and
not during the loading. -
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them growing excessively for higher loads and causing tension
and then compression failure, or shear failure as for the
perlite slabs.

All periite slabs lost their carrying capacity by
diagonal shear. Once shear cracking had occurred, the slab
was a simple arch or strut and tie system and the principal
cause of failure was the destruction of the anchorage of the
tie (Fig.15,16). The first diagonal crack very quickly-gréw
up to be fhe major crack, extending along or near the main
steel all the way to the sUppprt./Once this happened; the
~slab was seriously damaged, but it was able to withstand
some increase of load prior to failure by splitting the

concrete around the end anchorages'of the main bars.

For the styropor slabs, flexﬁral cracks were formed in
the regions of shear spané but not far enough out to develop
into serious shear cracks. The failures were then flexural
with yielding of the reinforcement and subsequent crushing df
the compression zone. But this was not sudden and destructive
and even after onme of the main steels for these slabs had
broken out, they were still able to carry increased loads.
Some splitting of the cover near the supports occurred, but-
this did not cause the ancﬁorages lose their bearing
strength. For St 1, due to its higher density, the carrying
capacity was more than the other two styropor slabs,
splitting of the cover was minor for this slab than it was
for St 3. It is interesting to note that St 2, which had a
lower density than St 3, showed much less splitting and a
higher carrying capacity than fhe latter. Seeming paradoxical,
the increased amount of sand for St 3 can be the reason for
this, since there is no other differehcg between these two.
The sand used' for St 3 was six times more than for St 2. It
can be thought that sand reduced the ductility of the material

making it stiffer, and causing a more brittle failure due to
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wedge action and splitting of the concrete in front of the .
tie-bars. Also,'anoﬂmrliasmnforvthe initial crack load of St 2
being higher, in spite of the increased deflection and decreased height
,of-thiSyslab than St 35,< can be the excessive deformation

capacity of this high styropor-low sand slab (Fig.17,18 and 19).

For the Ytong aerated slabs, the situation was just
the opposite. The compressive strength of this concrete was
.the highest among the four different concretes (>5 N/mmz),
_ but showing a brittle character. Since practically there was
no bond between the steel and'concrete,fbeCause of the v
b1tum1nous coatlng on the steel, thé cracks were sudden and
deep. They were almost purely flexural, a smalllnumber of them
showing slight inclinations from the vertical. Since the ratio
of the steel for Ytong slabé was ﬁuch less than the balanced
ratio, the failure of these was due to tension, with all the
‘main éteel:breaking out neérly at the same time in the section

of failure, breaking the slab into.two pieces.(Fig.20).

All the pumice slaBs reached their ultimate strengths
by the yielding of the steel followed by the crushing of the
concrete in the compre331on zone (Flg 21). Their failures
.were also ductile 1like those of the styroporvélabs, méking.
exéessive deflections-before.oné of the main steels broke off.
After. this, they were still able to carry loads for slightly
higher loads. Among the four typeé of slabs they had the

"highest load-carrying capacity.

4.4. SOME COMMENTS ON THE TEST SLABS

Since the failures of the perlite slabs were due to
“shear, using stirrups in the critical sections could
increase the load-carrying capacities of these slabs conside-

rably. According to the tests performed By Regan on aeraid
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beams and slabS(ZS),,the increase of strength produced by the
vertical stirrups was mddésf, being about 17 Z of the '
strengths of comparable basic béaﬁs, where using inclined
Jstirpups ultimate,loads were raised by almost 50 %. Also, the
use of mild steel for the main reinforcement insféad of cold-
drawn hand steel would probébly decrease the effect of shear
cracks of the perlite slabs making them more ductile and the

" mild tension steellyieldiﬁg due to flexure before these
cracks cbuld cause a sudden failure. But it is also advisable
to use hard steel of gréafer,radius than the main steel for
the tié—bars, to increase the bearing force of the anchorages

and to prevent the early lateral deformation of the tie-bars.

Also, keeping the water éontent,high to iﬁcreaée the
workability of the perlite concrete adversely affected the
drying'time for this concrete. It can be expected that the
compressive and therefore tensile strengths were reduced and
shrinkage was increased due'to'this high water content,
although~Shfinkage cracks were not observed on these slabs.
Therefore, introducing air-entraining agent intp.rthe perlite
mix, like far the pumicé concrete, should increase the worka-
bility and reduce the W/C ratio. If it is necessary to mix
this concrete by hand, then the content of pre-soaking water
sﬁould be kept as low as possible and the perlite aggregate
should be mixed thoroughly with this water until a plaétic

consistency is attained before adding the other ingredients.

The styropor slabs, showing highly ductile and'élastic
propérties and with expected high impermeability against
water and moistuge, were. the most expensive among the four
_types of slabs produced. Also, styropor having practicaliy
no resistance against fire was a great disadvantage of tﬁis
material from the point of structural use. Since the cost of
peflite and Ytbng aerated slabs were nearly the‘%ame, the

most economical of these slabs came up to be the ones made of



pumice, which also showed the highest load-carrying capacities
and ductility among these four types of slabs. The economy of
‘pumice came from its abundant availaility .in Turkey without

any need of extra energy for its production.

‘4.5. STANDARDS FOR SERVICE LOADS, DEFLECTIONS AND CRACK
WIDTHS FOR THE LIGHTWEIGHT CONCRETE ROOF SLABS

The.permissiblé service loads are taken from.the
Turkish handbook of practice of Ytong aerated slabs(36).
- According to. this, the minimum additional loads other than
the dead weight of‘the slab that avstandard roof deck may
carry is taken as 120 kg/m2 for snow aﬁd‘wind loads plus
45'kg/m2 for the insulatibn materials to be applied on the
slab against rain and moisture (such as bituminous cover with
gravel and sand). Of the 120 kg/m2 live load, 75 kg/m3 is
assumed as the'snbw‘load on horizontal'projection and 45

kg/m2 as the wind load.

Under the loads given above, the deflection of the
'slab must not exceed £/300, % being the free span. This
value is far more conservative than the limit given in AcI
Building Code 318-77, which is £/180, as short time deflection

for flat roofs.

For allowable crack Widths, recommendation of ACI is
0,4 . mm for élements in normal atmospheres not subject to

outdoor effects(37).

For structural roof decks the factor of safety method
is recommonded by the Turkish Standards(31,32). According to
‘these the factor of safety against failure is;

Pk + R + W : :
n = . (12)
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Where P, = Failure load (kgf),
PA = Maximum permissible load which the slab can carry
other than its own weight (kgf)
R = Total weight of the loading system on the slab
- (kg) ,
W = Weight of the slab.(kg)

For roof and floor decks, the factor of safety must be
greater than or eéual to 2,3 for failure load, and 1.25 for
initial crack load. The factor of safety for initial crack is
recommended only by the Ytong manifacturers but not by the

standards. » : T

The factors of safety of the tested slabs calculated

accordingA;o Eq.12 are given in Table 12 below:

Table 12— Factors of safety for failure and 1n1tlal crack
loads for the test slabs

, Average , Average
Slab FS For FS. . for ~FS for Imnitial FS for
No Failure Failure - Crack in crack
Pe 1 3.68 - 1.45
3.60- R 1.29
Pe 3¢ 3,52 1.12 :
st 1 5.14 1.58 .
st 2 4,93 4.81 v 1.55 1.50
St 3 4,39 "1.36
Yt 1 4.56 : 2.33
. 4 .51 ' 2.22
Yt 3 4.46 2.11
Pu 1 5.82 1.24 |
- Pu 2 6.05 6.03 ‘ 1.32 ' , 1.36
Pu 3 6.23 . 1.52

The maximum deflections permitted by the Ytong Hand-

‘184 ,5 - _ ’
—-%—(—)———FO.6cm—6

mm for our case. The corresponding loads to this deflection

book of Practice is 2/300. This limit is



value are taken from
added with the 25 kg
tests, and are given

in this loads). Also
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the load-deflection curves (Fig. 13),
coming from the materials used for the
below (Slab weights are not included

the deflections corresponding to the

~permissible service loads (other than the slab weight) with

their averages for each type and the deflection ratios (6/%)

with respect to span length are given in Table 13 is below.

Table 13- Deflections of the slabs under serﬁice loads

Pu 3

P(kg) P(kg) 8 (mm) S (mm)
Load Corresponding -  Average Deflections under
Slab to max.permissible. Loads for Service Loads Averages and
No deflection(6 mm) Each Group (mm ) §/% values
Pe 1 325 2.25 . 2.50
‘ 285
"Pe 3 245 2,75 (1/738)
st 1 420 0.75 -
St 2 295 360 2.75 2.13
St 3 365 1.50 (1/866)
Yt 1 465 1.75 1.75
' 425
Yt 3 385 1.75 (1/1054)
Pu 1 345 1.50 1.33
“Pu 2 345 - 340 1.25 (1/1390)
335 1.25

4.6. THERMAL CONDUCTIVITY PROPERTIES OF THE TEST SLABS

The value of thermal conductivity, A, is a specific

property of.

heat energy
homogeneous

gradient of

a material and is a measure of the rate at which

pasges perpendicularly through a unit area of

material of unit thickness for a temperature

one degree.

(ST units)
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Research on this subject has shown fhaf A vélues with
respect to oven-dry densities of the various materials show a
general dependence of A mainly on density. According to the
German sﬁandards(38), the A values for the four different

types of concretes with average 800 kg/m3 densities, which

are tested in this work, stay in the range,of’0,21-0,29‘£%
‘where a value of 0.25 L can be taken as the average thermal

mK
conductivity for them, since this range is very narrow. For

dense concrete with siliceous or calcareous aggregate, A is
LR ' '
mK 3
materials with 800 kg/m~ unit weights are seven times more

taken as 1.75 . Therefore, thermal resistance for these

than the dense -concrete with 2400 kg/mB'unit weilght.

The heat capacity of a material is also an important
factor which has to be considered with the other thermal
propréties of the material. This factof indicates the amount
of heat stored in the material in a certain time interval.’
The forﬁulasAfor heat storing and'thermalyiﬁertia properties
are given below(39).

3 - A.p.c' W

8,5 x 10 ° x —_—

524 - v s

D =8,5x 10 ° x s L=,

where

p = ﬁnit weight of the concrete

A = Thermal conductivity

c' = Specific heat capacity

824= Heé& storage pfoperty in 24 hours

= Depth of the specimen

D = Thermal inertia property.
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For all sorts of concrete;

1 ) 0‘= ' "W . s
c 0.25 kcal/kg C 1045 e ¥

For the slabs produced, taking A = 0.25 Eﬂf s
p = 800 kg/m3 and.s = 0.10 m., heat storage and thermal

inertia properties are as given below.

‘324'=vo,19 and D .= 0,024

For normal concrete with a unit weight of 2400 kg/m3,

A= 1,75 L and s = 0.10 m.;

m.K

S,, = 0,87 and D = 0,016.

24

4.,7. CAPILLARY ABSORPTION OF THE CONCRETES PRODUCED

Capillary absorption of lightweight concrete is also
an important factor from the point of its use in places sub-
ject to outdoor effects such as rain or snow. The formula for

capillary absorption is given as

&2 - (15)
A - : : _
Where Q = Quantity of water which flows through the concrete
sample :
A = Cross-section area of the sample
K = Capillarity constant, showing how fast the water
rises through the sample
t = Time ihterval for the water to rise in the sample.

The capillarity curves for the lightweight aggregate

concretes produced are givén in Fig.(1l1).
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if Wt is the weight of the sample subject tb capillary
‘absorption after a time,interval,t,-and’wO is the oven-dry
weight, percent of absorbed water due to the concrete's dry
Weight*is given by tﬂé below formula:
W - W S :
W = —— x 100 Z (16)

a - W
o

‘ The values er Wa for périite,,styropor and pumice
‘concretes are found as 34.5 % in 16 minutes, 9.8 7 in 64
minutes and 6.8 in 64 minutes respectively. For perlite
concrete, water rose from bottom to top face in 16 minutes,
whereas for the other\two types of concrete, this took 64

minutes.

) From the above values and the capillarity curves given
in Fig.li, it is seen that'ratg‘df absorption for perlitel
concrete i§ quite high with respect to styropor and pumice
concfetes, which have nearly the same rates of abSorptién.

It is interésting that rate of absorption for pumice concrete
is slightly lower than for styropof concrete. The reason for
this can be the microscopic bubbles formed in - the pumice
concrete by the air—entraining'égent, since these holes -act
vas,discontiﬁiuties in the concrete and slow down the rate of

capillary absorption..

4;8.'COMPARISONS OF TEST RESULTS WITH THE THEORETICAL
CONSIDERATIONS

Accbrding to Section 2.4;_‘theoretical-ultimate loads for
the slabs can be caléulated from egs. 1,2 and'5,6 (for Ytong slabé);
taking €_ = 0.002, E_ = 196 KN /mm? A - 56.8 mm?, Al = 28.4 mm?,
fy = 660~N/md2;(d—d').= 72 mm and fé = 5 N/mm? (for Ytong).
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The fé values for the other types of slabs are taken from
Table 10. In the calculations, weights of the slabs were
considered as concentrated forces acting on the quarter
-points like the applied 1oaas,,for convenience. The average
theoretical ultimate loads and the average tests results for

-each type of slab are given in table 13 below:

Table 14-'Comparlson between the theoretlcal ultimate ‘loads
and the test results for the slahs

Test Results — Average
o : S Loads of Failure
Type  of Theoretical Ultimate Loads For Each Type

slab for each type of slab : of Slab
Pe : 11.5 kN(1150 kg) 7.9 kN ( 790 kg)
st 11.7 kN(1170 kg) © 11.0 kN (1100 kg)
Ye 9.5 kN(.950 kg) 9.6 kN ( 960 kg)
Pu’ 12.5 kN(1250 kg) 14.0 kN (1400 kg)

-For theoretical calculations, it was accepted that the
failure was balanced, which was not exactly the case for the
test slabs. As seen from the tablé,'the’ultimate load for
perlite slabs can be raised considefably by avoiding their
faiiure due to shear. For the other types of slabs, the
. relatiohshipvbetween the theoretical and practical values for
' the failure- loads seems reasonable, considering the wide range
>of fé values for each type of concrete found from the test

cylinders.

Also, the value of 0.002 for €., 28Trees quite well
with the test results, where strains measured at the mid-
spans of the slagsAwere in the range of (1500—2500)x10_6.
But for more precise amnalysis, the meaéufements.should have
been done at the sections under the loads (e.g. at quarter
points for our case), since all lightweight aggregate
concrete beams and slabs with very low rigidities failed at

these sections.
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From the limited data of the test results on the
modulus of elasticity (E) and Poisson's ratio (v) values for
the styropor, perlite and pumice concretes, some general
results can be obtained. It was seen that the "Vv" values for
thesé.threé types of concretes was about 0.20, which agrees
quite well with the values given fdr lightweight concretes

in various standards.

The "E" values, on the other hand;.calculated from the
formula given by the ACI Code(40) as
1.5 e P '
E =uw 0.14vE (metric) » (17)
c c c S ,
for values of w between 1440 and 2480 kg/mB,_stayed below the
values found from the test results, since the‘dénsity was
800,kg/m3 for our case, which was much lower than the range
given above. It is fdund that by changing the coefficient of
0.14 in the above formula to 0.20, the formula
1.5

EC = ® 0.20 Vfé (Metxric) (18)

agreed well with the test results.
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CHAPTER 5
CONCLUSIONS

In this study, lightweight slabs produced as structural
and insulating roof decks made with threékdifferent types of
lightweight aggregates, styropor, perlite and pumice and
Ytong aerated slabs were tested in fleXure,until\failure. For
comparison purposes dimensions, reinforcement and unit weights

for these slabs were kept nearly equal.
The results found can be’summarizéd as follows:

1) All the slabs gave acceptable results from the
points of 1oad—cérrying capacities, deflections,’initial
crack loads and crack widths with respect to the accepted

standards.

2) The failure types of styropor and pumice slabs were
highly ductile, where Ytong and perlite slabs failed in a
brittle manner. The ductility of the slabs can be considered

.as an advantage over the brittle failures.

~3) All the slabs failed due to flexure, except perlite
slabs, for which failure was due to diagonal shear. Using
‘inclined stirrups is expected to increase the load-carrying

capacity for the perlite'slabé considerably.
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4) In order’not to 1ose the hlgh thermal re81stances
of thcse slabs, and also to protect their relnforcement
againﬁt corrosion, they have to be carefully insulated
againnt'moisture effects. For this. purpose, a cement-latex
coatinglon thelreinforcementecan'be beneficial both to
protect it against corrosion and to improve its bond strength

with the concrete.

5) O0f the four types of‘slabs, the ones made with
pumice showed the highest load-carrying capacities together
with lowest eost of nroduction,and capillary absorption,
therefore beingvthe'ﬁost ecqnomical ones of all. Utilization
of pumice 1ightweight aggregates can be recommended as .
beneficial forvboth struetural and non-structural elements in

buildings.

Since the seope_of thls study was restrlcted by the
short—term.analysis ef the 11ghtwe1ght structural slabs, t1me—
~dependent.effects such as- creep and shrlnkage were not
analyzed We recommend that these effects be analyzed since
they may change the results found by ﬂmrbﬁﬁrm:loadlngs

con31derab1y

Also, the shape of the stress block" and maximum
compressive straln for concretes w1th such low unit welghts
are not'well-known. Therefore, for the purpose of calculatlons,e
these values have to be determlned with precise experlmental

methods.

in thls study, anfeconomical analysis'between these
four - types of slabs could not be reallzed as there was no
known market or standard unit prlce for the pumlce stone
produced in Turkey. Nevertheless, the slabs made with pumlce
~seemed to be the cheapest among the four types of slabs. A
detailed economical analysis should be made for this stone
‘since it is expected to play an important role in Turkey's

building industry in the near future.
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