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Although mnch 1mportance has been given to 1:}.ghtweight

‘aggregabes and lightweighb concretes i.n recent years, this does not ’
_T-:imply that they are fv_”terials of construction. it 13 reported :
éin a papar by Washa (1) thai 1ightweight aggragate was first used |

by Rﬂmans who embedded large pieces éf pumice :'m the walls and domes
~i':~of sama of their larger buildings. From the fall of the Roman Empire
.éuntil the present century onl'y small amcunts of 1ighmeight aggre -
'v}ngate was nsed. e ’ -

'Ihe Germans started using slag in 1822, and slag as -_y;g"v“f

:fcoarse aggragat:a was firs{: used j.n the Um.ted Statea in 1890. The :
‘use of. cinders i’rom co:al-burning furmces follov:ed it.,'l'hen the g
;.\granting Qf the Hayd 11:6 pa’cent in 1918 broughi; another 1ightweight
';:aggregate into i;he American Market (1). During the past 30 years ,

?f',' other mterials auch aa pmaioe, verms.culite, and perlite have been : 

“'widely used.

ellular or foam concretes havs been devaloped and
have had the.tr greatest use 1:1 Europe. ’I‘he developxaan‘c of lightweigh'd
1ndustry after the first World War 1n the United States and :!.n
;Europe 13 sm'prisi.ng (2). P |

S An important factor that haa contributed to the increasing
‘fuse of lightweight aggregata is this- in. the la{;ter ;art of the ‘
Z'znineteenth century,“:‘

jbhe introduction of tructural steel and 8truc-'
tural concrebe brought a radical changa in: building design. ‘Ehe j  '
', old method of designing buildmgs ’co carry loads 'by means of heaVy

"fjloa.d-bearing walls was discarded, and another method came :I.nbo use.j

-_A’In this method, tha 1oad was carried by a fraﬁework of beams and

't, .
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panies use thes.r ovm specifications for their specific aggregates ancl
their OWn method of conducting concreting. ' '

Lightweight aggregate can be considered = 513 new ccncept

1n,Turkey, and the 1ndu3try of iﬁs develops‘vary*slﬁwly. Thi <slow;ig

devalopment can be attributed tefhﬁmaf“indering facters both econo-f

mical and tachnical, such as the‘d ficulties in importing expan~3

‘sian furnaces, the absence of a regular magazine infﬁrming tha 1nte-.
’rasted persons of the 1atest news and developments, lack of adverti- ‘
sement: j?—"‘e\conomocal um'est and troubles, the inadequate help of the ‘
‘cher Branchas of 1ndusﬁry; and lack of intensified experzmantal work‘
whlch can give raliable results. expressing ths various éharacteris-l
:ﬁics of different 1ightweight aggregates and lightweight concretes |
whichg‘are goiag to be used for Varicus purposes in various building
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jfperties $  ’ ERa

:,: and density,pcf

R"'? O f»" f p .).6‘ f > f p“O.aé R,

f‘whera R modulus of rupture, Fss ‘}},

_f'-* comprassive strangbh, FS!

" f 5 cylinder splitting strength, Fst

E - inttial tansent ’“0‘11"“3' FS‘

and E—-2‘7 o 'w
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ﬁsixes for a range of coxs.pressive s’crength of 960 :‘:to 1150 psi
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. LIGHTWEIGHT CONCRETES - . . -
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-~ LIGHTWEIGHT CONCEETES =
P Defini 'tf 1 o_;;,_n» f_g:‘.a,hﬂ_td f,cf.fl faf'sjsj i f»_.:f.' o ‘ei'-‘t, ion : -

Lightwelght concrete is deflned by Davis and ﬂelly as ".conc~
rete hav1ng’a unit weight of 1ess than about 120 pcf . (7)

Lightmeighn¥;oncrete can be prodaced by ths use of alr or '
1ightweight aggregate or combination of both Accordxng to these
Pactors causing»llght weight, Washa cla ifi?S lighxweightchpgretes
in o two maln grcups-; (l) _ TP T I
:5u5wfﬁ{1- Cellular or foam concrete,-ll;

LightWElgnt aggregate Gonerete,f.i_

gmmmoa TONI CONORETE .

7»,fValore definas cellular concrete as a concrete weighing

from 10 te 100 pcf anﬁ.having a houogeneous void or cell structure.>
(8). This tvpe of ooncrete is uuually made of portland cement,wa~:
ter, and foaming agent, and me.:; contain li.rﬂe, s;.lica, fly ash, ex—
panded shale. vdlcanic ash, or puuice dust A 1arge amount of air,ll
usually exceeding 25 lu, in the form of small bubbles,vls incorpo~

; rated tc raduce weight (1)..f~ A ‘ fl_/' : d,‘ | 1 |

4‘ Valore proposed to div1de cellular concretes into two major‘iu
groups~ (8) o | i e

: "7'a— Hoist cured cellular concretes,&l;:ﬁlf*'
| ba Autoclaved cellular concretes.ifxy
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e ?Ebpsrﬁiés _of ‘ééiiu'iaii concretes "

KfiiTable (1) 81V98 the general pPOPB?ﬁies Of cellular concretﬁs_

”1*5fCellular concretes weighlng as lithle as 10 or 20 pcf may

,be used for thermal 1nsu1ation. Den81ties of“load bearlng cellular ; f

concretes may range frcm 55 to 100 péf "Fill”éoncrete.form & third %

.category insulationflsVGOmbined ulbh,modest”camp;essive strength

roof andvfloor;fllls (8}.ﬂ‘

Concre-l—c Conc.r-z_l.c,‘ i

e |

‘;‘ Co¢<[ r}’i“;‘l‘jzermql e’x

Ptrr d¢qr -F

for comparige:
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.‘,O. 2.00 doo 6-°° 860 lono ol ) T D :

Lﬁ(ex v FS'

Flg (l)— Relatlonshlp of flextural to compressive strength ;

;for autéclaved cellular concretes uade by varlous processes (9)0;;,iﬂ

Average values for a statlc mouulus of elastlclty of Swe— -
gd1°h cement 31lica cellular concrete are reportea as. 1n Table (@)o;
D¢n5|+_y Pcf - L/ 3 '-Ps} B R IZ -,;5‘. lx'.'ro3=_
324 seo as |
At x¥o_7“ Z'H-jA f -7(,7 :“if";:  3254
474 | B2 i BT
St ﬁ'%ﬁi i e A 72

-

Table (2)~ Relation between density, comp:essive strength,

and modulus of ela tiCle of Swedlsh cemen.t«sfL'.Liccx callular concret

—
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' 2- LIGHWEIGHT AGGREGATE CONCRETE - -

'jé)kLightwéighﬁ?Aégfegates '

) f"wi.;;Before invastigating the properties of llghtwelght aggregate
f‘:concretes s a general ' considerat::.on wa.ll be glven to llghtwelght
:*aggregatesr;v"": PR ﬁ ST IR BRI A CAERT I St ) |
| ACI Building Code def:mes llghtwe:n.ght aggregate as "aggregate
'having a dry 1oose weight of '70 pcf or less. (10) ‘
s Table (o) shows the general class:i‘icat.\.on oi‘ lightweight

i-'i:«'l,&éreg‘a_tes@ R
\/¢ +u L L T

3c able s -

Q-}—U,QI {puwucz Scorw“'l"u_gﬁ rumvcx+¢

volc.an\c cw\alcrs Vesucu(af 3'455 |

' Mf'mzi@'fm j
c "":Ar‘!—lg,lClQ\ Sl
. ; ‘37 Prodo C.'l'_s

| |3l’1"'w¢lﬁh+ — I :
: £vY ow\ z 5“‘
- _cke e

proccss‘zcl s ' :
. 37 Calctn\nj —-— Ha cl +¢
S\v\ <z h‘\ ) ¢! +—¢ . oo - ';
Y + " ‘S { $|n+¢r| "l-a .

B\/ EKFQV\'Slon ] o s

o ( Parlie, Vermiedls +¢ Clay |

RPN T S o L Slﬂala au“ox c!\o«'{'om"t"z ro\ l ke
BT SR B 'r‘oc,k‘ '{'c '("lf as\r\ l:la.S’l'-g,ur_. 1

’ nacz sl aq

R Table (3)~ ulassiflcation of llghtweight aggregates. (1) (5), |
{-m,m) | o

. Al
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," Lightwelght aggregates can be considered under two headingSz,
vegetable and ﬁineral (1), The former have not oeen as widelv usedAL

' as the latter. .2;5&5

In the followlng sur y the emphas1s 1s put on artificial

mineral 1ightweight aggregatesi'since they»are the ones most Widen

igéqroc”pfe rdt ies -offiightweight-aggrégetes“:“””.;'

| Washa summarizes the deeirable properties of 1ightweight mine~
;ral aggregates as follows (l)
- They should ve uniform in eompositlon and properties,

- They should be suitably graded for thelr intended use,_

- They should have ar low specific Welght, and the desired spe—
cial propert ies associated with light weight, such as hlgh thermal
insulation, and sound-absorptlon, ,

- They should have a 1arge nnmber of Sﬂall, welT dlSpersed
_flnternal voids,' i : ‘ , h , _ v \

"_>- Individual pieces should have adequate etrength and should“
‘be firm and hard enough to Wlthstand handllng and . nlxlng without
size breakdown, ” f |

'— The particles mnst bond well with tne cewent raste and be
ehemically 1nert with respect to reactions \1th both cerent and
’reinforelng eteel, v |
- ':- They should have good resﬁstance to Ueatherlng, moisture,

vinsects,.'and fungi. LE

1n Table (4), Washa summarlzes the properties of Various

,fclasses of 1ightweight mineral aggregates (2. V‘V: 'ﬁ . R
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Lf*anufacture. ;5ff?fgff

. Properties of Various lightweig,ht aggregates y as reflectedf
by those of t:he resulting concretes, Varv greatly. For exa,mple, the
{fstrength of concrete made with expanded shale and clay is relativest
ffly hlgh and compares favourably with‘that of ordinary concrete. Pu-f
i',:m:i.ce, scorla, and some e?panded slags prcduce a concrete cf inter-

mediate strength- perl:.te, vermiculite, anu diatomide produce a

"-'f';;concrete of very 1ow strength. P 5 B TR
| "‘he 1nsu1ation pro;;er’cies of the lew-strengnh concrete, hocr-

ever, are be’c uer than those of the heav:Ler, ctronger concrete. :
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= {;i'j*:rs" )’,'L‘igh'ﬁvié‘ignt?fﬁxééfega'i:'e;"-rcdaéééﬁé‘”;} : 1};. : J‘f{g P

B Davis and Kelly separate 1ightweight coneretes 1nto fcur
7principal Atvpes (7).,1  ;1;;?7” | piy B EE

‘ﬂto reduce weight and ﬁhus to;economlzi in design’7 §.th,

2- F;reproofing, ;vercoatlng for structural steel

S ‘3- Masonry Units_~;Precast units for walls and partitions,

sithar 1oad—beaning or non 10ad~bearing.ﬁhight“welght and moderate

 atrength are requisita- good insulating andﬂéouﬂﬁ;deadenzng proper—_?f

f,tlesware des;rable.v'f“ o

4- anulation or Flll. ﬂonolithi“ lightweighf concrete for

f°ovarc03ting and/ar forming partltions:and.walls"r Qor flﬂor an

e of; nsu.ation aremdesiredgr

@'Grading requlrements

Yype of nghtueight e:gregat
_5UTTQ(f§"conc te‘masonry;unitSJLtG*552*5A T

rorilightweightfaggregates for each

concret;iare represented“n ASTM De-,"

ffsignations c 351

'(for insulating/concretes), and’cwszo755 Ti(for atructural eoncrete;f
1°)dfTable (5) and Table (6),taken from ASTM&Speciflcations 612),:.

of lightweiaht aggregates and unit waight require-~f' 

give Lhe typéif v
;msﬁts for each type of 1ighwweight aggregate °°ncr3te¢~jﬁifﬁfffffoﬁ‘

Dr‘g Loo&c szgh‘f“ max B ipdr i eu . .
‘ jjlz.e .‘Deﬂgna—hon c‘,,‘cmf.z qu um{, Insul.'hng COncre“fe 5+fvc+ura‘ Cowcf?ﬁt e B

L WelAL 9! 3%3»7‘—“&"77 7o _' _‘ l . 7 o ;-ff'-'ff N
Cowse Assf«za ‘7‘7 B
1 C OVA lalncd G'; :': i N
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;TabTe (7), by'washa, summarizes thc propertles of 1ight -15  
1gwe1ght aggyﬂegate concvetes.‘{;  '_ _ ' _*"'””
,.'u { Investigations have shOWn.that thermal conductivity of dry
'  igh*weight cancrete varies Wlth unit ﬁeight'and 1ightweight aggrea
 fgate type has little effect (13). _ | | ’ "f
‘_ Tests to compare the propertles oP 1ightweight conbrete and
~:n§rnal concrete showed that the ratio of Ileatural strength to 7 |

0npress;ve strength, creep, and shrlnkage upon drVing is greater ;
fifor lightweight concrete than for conventlonal cancrete (lé) (14).

: Slump of 1ightwe1gut concrete 1s about half of that of regular conc~

rete (13), and the nodulus of elast101ty for 1ightweight concrete
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is relatively low in the order of 2,000,000 psi for structural conn-Q

eete, and 400,000 p31 for insulating concrete.p,.

Absorption of initially dry, porcus 1ighbueight aggregate du-«'f

ring the concrete miring period causing large changes in the consis- .

tency have been noted, and this necessitated ﬁhe prewetting of such g

aggregate (14). .¢ ¢,_

propzr"[‘:)

: Ir\ sula‘hng

Ma Sonl‘}_\ U m'l’

-_D(-B 5?ec w"')fvcg

: .-2c> 801 ;

65—- l S0  ,

65-1'7

L I

FS\

"7""34'7’,0'-‘l.,°'°'9f o

2_ © o~~7>o od :

l o oo 170 oo ’ \

M cl o.( Ruphr«z,?s‘ : 

Zoo— 470

Pst xlO

7_0 oL 1700

C\Ja"'er o.\os LJ Vo|vme_

| IO—-I% ?cf

7’ 3o °/;* j._f

.Dr;s\ns .SLV'H\‘(-QSQ "/o

77

O;.’OZ—-:Q; \4 ’7

Coeg Of 'J")-\czrm exp '

pd Klo

20—47‘

l L\O-fm Cond K

,-'re;.v.s‘i*e’ ‘fu‘z )= Propestios 67f,%L;.ightwéig#ff:Asgrééatf}é ;rif%.'é’%c,r?tésﬁ‘i}, (-’i%)!ei‘

_ef-zo |

Lo |

3"‘1'\) c“'ura[ :

‘70 700

£ _4;90..2700 .

‘ng‘xque o .

o 7’~4 ol




| “THESIS S
g ROBERT COLLEGE - GRADUATE - SCHOOL ;,7: L }iv,‘ RAGE 143
BEBEK ISTANBUL ;iyj'*' T T T

The advantages and disadvantages of 1lghtweight concretes =

can be summarized as follcws~ ?*

AdVantagea‘ i '4 L A e

-g_ ) Light Waight causes a saving in structural steel, reduces
:?the bearing area of the foundations,‘and decreases the expenses for'f‘
;iconcrete forms, | R e | I Y '

‘,- Rough texture cf surfaces haveggood acoustical prOperties,:

' - Light weight allows ‘more distant markets and easier hand-
;vling of preeast sWabs and blocks,:“i gg l | . : o |
| ':- High insulation values are obtained by nnmercus VOids,
vi.- Lightwelght plaster has 1ess tendency to crack'and itsvr ‘
gireéistance to heau makes 1t a good material for fireproofing struc—'iﬁ
}ttural steel ' | ‘ | | |

Disadvantagps-

They are the results of eertain physical properties whichff;;
ﬁfmake the lightweight aggregate concrete more advuntageous eompared,
},with nowal concrete.,f : f'. ‘f,‘-i'{," oo f;j AR R E _

T'é— The aggregates are sharp and angular, and this tends to;f
;fﬁake connrete harsh and unmorkable, @””""f e ,.‘ ‘»' ;g
‘ >Q “_ (e The finas have a higher unit dry weight than the coarsél}f
j{aggregate and the method of manufactura produces an extremely dry
g'material both factors combine to make a product that segregates _»7“

ftbadly if not ccunteracted,:~»

fff”- The aggregates are highly absorptlve and the rate of ab~

sorption is variable, making 1’5 mpractn.c l to use specific gravity
F!values 1n bacch prcportlon computations and creatlng a prcblem in

ﬂﬁmaintaining uniform workability on the gob,

“*ff{v'- The aggregates are lighter than the concrete 1n Which
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;'they are used, causing coarse aggfggété to £loat to the surface.

;when improperly'handled,

- The 118ht WEight of the concrete increagos the normal :;f

;_concrete tendency to. entrap air and form honeyconb,_ e |
= - Cost °f raw ‘“"ateri&l iﬂ higher, bacause of small facilities ‘-
rAand the auditlonal processing., o S :

'ffd) Péfliféiiééfegate and Péfiitéﬁcbﬁéréteffl'

SanG all our tests are conduoted on mortars prepared by

i{using perlite aggregate , this and perlite concrete will be treated

jfin more detail.~

Perlite Aggregate-

Perlita is the mineralogical name for a volcanic,'silicecus

: rock. When heated quickly, it expands with disruptive force and

'ibreaks into mall expanded particles. Under properly controlled

icenditxons,ﬁagglomerations of expanded partlcles ramain bound to- ?

,‘getbar at their points of contact to produce an aggregate of hlgh
'Avoid content and extremely 1ight weight The unit weight ray change :

‘:batween 8 to 16“pcf. The a?gregate 15_ used in the mannfacture of

. concretes havxng a compressive strength of about 300 psi, for Which
lithe unit weight may be aS' 1ow qs 35 pef (7). As a, result, the
, aggregate is employed in concretes, where a high degree of insula—;'é

ied, and where 1ow strengths are permiasible. Lfij}:;;°v’”‘°

:and good sound~absorbing;and fire-profing capacities are de—.{f
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fsgpreheater and the statzinary vertieal kiln

'xfrent preheater (16)‘

 perlite Ores. 1n'rurley

T

e*ﬁdertaken 1n mining this ro&k. Ma:y teshs performed showed that ﬁmst'
- of " the perlite deposmts in Turkeylare sultable for producing 11ght~
3 we1ght aggregatesvhaving satisfactory proparties. R
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Princlpal adVantage of perllte concrete is its insulatlve:*

;value and, 8 secondary one is its 1ight Welght.:,

:rcencrete according to Brouk (16) (1'6 mix cha one most widely'used*,t

Table (8) showa some - physical properties of l 6 perlite‘fij“%

igfor insulatlcn purposes). _;x‘fﬂwﬁ‘n L *«.;- :
T et Qoo s
o Wel3h+ (oven clrj) ? g 2_5
e , 20 o‘asrsy l‘ZO
7 Tensile 5+r Fss I R SZ
- E est : o
Lo Eapst 115,000

;Tlﬂermq\ C cl 't' ‘K. ; k '

ondve ) o O. ‘.
A-T-l'lc.vf‘w\a\ Coegg f- Ex’: : R 0 ZZX IO—E
sl'\rmkqsz ‘ot Zwm cl@j’ /o 0. ll4
24 L\r wq+ef alo,s, fc-f g.

o gcrev‘l’e \5

‘Table (8)- Physical ,Prop_sr.ties of 1:6 Perlite cénc;;ége {(16]

Due to its Tightness, insulatlng Value, and pernanence,f_f‘1

:'parlite concrete can’ -Dbe’ used for-*<

- Roof insulation over structural roof deoks of concrete, .

wpod; or- metal decl

f_- LightWelght structural dscks over steel-rlbbed metal

| lath, asbestos board, paper-backed welded wire-mssh, or oﬁher sui-

'table forms. ‘

-heat 1oss 1nto the ground, and preventing moisture condensation si-:

1- Floor slabs in basementless homes, minim121no GOStly L

on the floor surface during hot and humid weathsr,

o ROBERT COLLEGE GRADUATE SCHOOL . A o eaee 19
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Perlite agpregategis used ,blended wzth.other aggrqgates, to

" 4) Proportioning and Field Prackice of Lightweight Ampregatsl

?q?PPOﬁ&fﬁiQﬁ#ﬁgtr
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- fween cement paste and_aggregate, it is nece sary to run convenulo-;

}’;7lightweight concrete mav be 50 er more higLer than fer the same

Aggregates for any sivenQD,ecement;o' concrete should havejl

‘ﬁf{a unlforr moisture eontenb. Othervise the quanﬁxﬁy of water to oxtv

‘{*iadded Will nave o be adauste;;for,every batch.;q;:"'“
: Thorough mixingjofbthe consrete batch 13 1%perativemif pwo-;

“ijfduczng quality"oncrete.'Due”toﬁblg uifferennes zn.unlt Weighttbut—

}ii?nal‘miﬁers at ulighxly higharfspeeds than v1th sand andquavel to |

“ﬂiget bost results (15)

or lightweight concrete can ne ceszgned for much“fi

e Fo_r

Efgilighter loads Ethan 1s custoeary for’sand-gravel concretefi_f;?:TQz

'~ﬂ115hter weight of materlalu incresses_*he tenﬂencw of concrete to

'ThenEycomb andtfwrm voids due to entrapped air.,These defects can,b

eelieinated by prOper vibration(lB). Strength ef properly v1orated

e;fmix rodded 1n the usual manner.f}xcessive float;ng or troweling
eworks 1arge aggregate to the surface Just as tae excessive v1bra~;=
:tion does. Therefore best resultu}are obtalnﬁd‘when the surface is

'u‘?finlshed with a minimnm nnmber of floating anﬂ troweling 0peratioi
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B - LITERATURE SURVEY ON STRENGTH aub BLASTIOITY .

' OP LIGHWEIGHT CONGRETES =

vl s

In this section, strsngth characteristic« and

| elast:m propertias of 11ghtwei ht aggregate conc -

1?4retes are discusses, and relatlons between compres-j
“fx;;sxve, flextural, and splitting tensile strengths

,'/kar‘e given together with the faccors affecting

S ;_'streng‘bh nd elastlc prOpert:Leso :
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b"klﬁceﬁpfessive Stfength:anesitstﬁeiatién.tafjnitfweight.;fu‘
‘;The unit weight of 1ightweight connretes depends on’ the undt
fweight of the aggregates, the rzchness of the mix, and the quantitv
\‘of air entrained. The latter has a rather important effect because

tof the relatively large percentages ef air usually entrained in -
gllghtweight aggregate concretes. In general the heavier the aggne~t:_
;gate the greafer 1ts orushing strength, a factor nhich influenees ;ii
}théj compressive strength of the concrete. Aggregate gradation o
fmay alse} be an important element in the strength-eeight relation—f{.
:ship- therefore,ib would appear possible to vary this ratio within.;:
;certain 11mits by modffying the gradation, all oﬁher things being
fequal. SR e S e R ]
R The lighter-Weight aggregates and the mixes containing R
nthe larger quantities of entrained air, are generally represented
;in the lower linlts of concrete weight it is ev;dent that 1arger
apercentages of cement are necessary w1th theee aggregates and mixesvf
~-:to 1ncreaee their strength proportionately as. conpared to the hea-t:'f
tv;er and usually stronger aggregates."'f “t ,‘.. ‘ ’t | - :;A
| »‘ l‘";:Th dry densitles of compacted lightwelght concretes 5W;j;'e
;made elth dfferent aggregates vary from about 80 to 12 6 pcf for
5compressive strengths ranglng fron 1 000 to,,,OOO psi (2). The re—:_'
;ﬁlationship between compressive strength and unit weight varies con—?'\
‘?eﬁderably, however, lOP cencretes made with different types of agg-h"
inegates 'a ShOWn in Fig. (2) R | = |

For sand and gravel ooncrete, the neasured density rangesfe

;Eﬁ?‘x*ora about 140 pcf for & 28-day cube strength of about 1000 psi to |
Fabdut 14d pCf for 2 cube strength of about 4000 psﬁ. For the sane.jﬁ
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b neretal /i

= p;haei;;

\-0 (ZO ( 3 o

D‘j ‘49“‘*; Wligy

7 Fig (3)-The effect on the dry density of 1ightweight conc-t 1
rtes of replacing one-half of the flne 1ightwelght aggregate by sanﬂ,
w the same cube strength, ranging\frow about 1000 to 4500 psi ( )

Y
G

A'.‘ov‘.‘ i

S0 Rode s 7 Boeo. vl dogo, ottt

, Fig (4)- The effect of natural sand on strengﬁh and oven_{:,f
'y weight of structural 1ightwelght concrete made with expanded slag. 2
'aﬂd contents 3h°Wn BTG Percentages of the f*ne aSgregate on a loose '
ﬂnxm ba51s) (11),_

B _:.v;;;Eéﬁﬁ@g\ﬁN\VERS\TES\KUTU?WESL |
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Compressive Strength and Its Relatlon to Cemant COntent

5
N

Fig (5),aftex- ii{elson and Frei (18 ), shows the relationship
ﬂﬁbetween cemenyéontent and 38 dav compressive strength far expanded— |
f~shale eoncrete. Compressive strengths ranged from 800 pSi at 3 sacksé

per cu }Td tO 5200 pSi 8.{7 9 sacks. The gain at laher ages appeared to

N | / , : we-e-n CoMerSS\VQ 5+f‘¢.n3+l—)

' ZOoO // " g
e T *

el ol of

For a given aggregate, substantial variatlons in ceaent con—
e tent are possible for a given strangth, or conversely, substanbial J
| variatlons 1n strength are possible for a given cenent eontent Since
:it is presumea that the crushing strength of a particular aggregate
*“1s constant in such instances, since it is assumed further that
f1the air content and consistancy of tbe narticular mix ar° reasonablyl
 iconstant, the dlfference appear to result from variations 1n grada-f3
 :tion Ulth concoulnant dlfferences in water required It would thereé
i?fore seem desirable, in proportlonlng mlxes, to glve careful consl_
‘deration te the proper gradatlon of aggregahe, and ﬁaintaining the

'tselected ﬂradation in,subsequent mixing operations (11)
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Pig (6) summarizes the relationships of oemnnt factor, air

conteht, oven dry veight, and 28-day corpress;ve strength for ex -f“

' panded slag 3/8 i to 0 size (11)

: Ho e
oo 'A S
I o TR 5 G 5ack$
3| e g |
I ».7¢¢/;',ff,_y ~F.4 Slacks
c 4.2 sacks Z 1
g | Sement / 20 ,/ e
> b N
: 80 nsu‘a*\n_g COV\ ere,‘h:_ §+f“u_c+urql Concrg+e v

o o \000 : Zooo' S :Sooo o 4000

( ) R ‘ fa da ay _r_ " ’?S‘ . + ’? : S
- o €).— Re ton s\q‘ ,f C-QMQ_{\ S\c‘l‘or‘ W < + -{-
~ F A'(' owien
'-_v"*’e‘ \‘+; °“"A $+"*—"3H‘ Sf 3\r\+w?—t3\n‘\‘ concrete made er\ e.quna)gcl slqs,

In the structural concrete mixeo the sf?ect of air mnntent b

'fon strength 1s uore pronaunced than for 1ean mixes, ‘ag shown by the{:

~ f1auter slope of the curves. This shows the importance of aeping
;fair eontents as low as 1s conSistent thh proper workability for

fhlgh strength structural concrete made wiﬁh expanded slag.

The effect of natural sand substltutions on strength for’ 

f7the different cement factdrsl are Shown in Fig.(?)o.a(ll)‘;

‘klarge ln the 7 sack per eu yd mixes- somawhut smaller wlth tha
»LB l/? sacks. A ﬁix wiﬁh,v sacks of cement and nahural Sand asi‘;‘

'fso 7 of thﬁ fira aggregate had a strength about the saﬂe a8 an 8-1.

. $ac mix without sand. Weight increases wzth natural sand subati-.f;

sxtutions are; 1hrger with 1ower strength mixes ﬁhan.W1th high

The increase in strength with uso of natural sand is quite

P R R o T R T T A SR I A
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; aogregate cﬁncretes. Due perhaps to ﬁheir porosity and inferiour wor—f

; kabllity ,Wﬁh 'lattar generally need a hiahsr water content for the %
‘Lsame strengﬁh.  sucan be saen from qu.(s), thefe eaists a broad 'd
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_Tne'Effeet of t‘he Admxture of Sand

' Generally a part of the fine 1ightweight aggregate is re-
oplaced w1th quartz “river sand An 1ightweight ooncrete mixes, 80 as .
to increase the compressive strength and bond strength of the resul-
} ting conorete, to improve its durabillty, workabvlity, ‘and the pro-
tection agalnst corrosion it can afford to the reinuoroeaent, to |
reduce the cement requ;remontsz and ‘the shrlnkage of the concrete.
rSince 1t has been shown that the additlon of sqnd also 1noreases
the denslty of the concrete, the question arloes as to the degree
to uhien this dlsadVantage cah be balanced by the advantagee of»
-.‘adding sand to fhe mix 1n practlce. The increase in density is 1ess
-serious with foamed slag concrete but is relatlvel ‘Tore imporuant
: for the 1ighter, 51ntered aggregate(z). ‘ | |
; The effeot _of the addition of sand on bona strength of
_-Vlightweight concrete is not very great, nor is its effeet on dura—
‘ibllity very'noticeable. The shrinkage of 1ightve1ght concrete-is
reduced . by the addition of sand, which acts as a stabllising ele-
rent. in the structure of the matrix (2)
| ) For the same workability and coapre¢31ve utrength the
sand replaces some proportionﬁ of the cement in-the binder and
-may reduce the cement reqx irements for some types of 11ghtweight -
- aggregates (Fig.9)...(2) '
| | For various types of llghtweight concretes and various
omixes, the ceuent requlrements were reduced by 13-25 4 by Weight,‘
i,;if half of the 1ightweight fines by volume was replaoed by rxver

' sand
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Intsrrelauion of Tensile Strength, ﬁcdulus of Rupture, and

601pr3831ve otrengtn of Lightweignt Consretes'fi

Reaults ebtaine" in “nglandvta) ?rom modulus of rupturc and

cyllnder splitting tests with #&rlous lightWelgh aggregate and conc-

rete mleS hava been ecmpared with the-perfarmance of gravel connret34

these results 1ndicated that 1n general the nodulua of rupture and
the splitting strength.of 1ightwe1ght concretes tend to be of the n

same order as, or slightly higher than, that obuained w1th,the gra-g]

vel concrete~having the same compressive strength

o A moﬁulus of rupture obtained for concretes nade w1th
diffezent:tv esjof aggregates is shown in Fsg.(lo) 1n relation to the
compressivefftrength. For compressive strenﬁths rangino from 1000 to

aOOO psi, the moduli of rupture tend to Vary from 250 to 350 psi

B
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:Th relatlonﬁhip between modulua of rup*ure and denSity ve-

ries considerably*for different types of concrete and a consistent
:ﬂfrelationshlp is difficult to establ;sh The approx1mate correlatio
i of compressive strength and modulus of rupture ﬂ:r both 1ightweig
-7;;aggregate &>ncrete and gravel concrete was found uo be‘best repre-

"3Vsented by a parabolic equation of this form

': fwhere R denotes the modulus of rupture and fc is the cube streng%b

'Aifapproximately byAthe following equatxon (2)

'*j;value being abeut 5.0 .

“i:Tth relation of the eylind_‘

;Splitting strength to cube strength

'*fobtalned rrom tests at the Buildng Research Statlon can ba express

=
ésf

flf*The coefficlent cA,may-Vary from abcut~4¥&5to 6;0, the average

The results of Spllt eylinder tests nade by-Hanson (20): 11

}lwffdicate that the split cylinder strength of saturated 11ghtweight
 7;Nconcrete> 18 ganarally eqnal or IOWer than that of gravel aoncrs1
'?::Lof equal cylinder crushzng strength for a wnde range of compressj

, It appears that tha two types of test,v .e. mcdulus of
rupture and eylinder splitting tests, do not repreaent the &ams'f

]vpronerty cf the concrete although bothqmay serva as an indjcation
* .of ‘the tensmle strength. 1n genaral, the cglinder splitting stre
,71gta ia abcut 60 % of the moduluu of rupture (2).1_-

Tests carried,on concretes pwepared w*th ten dlfferent

S 1ightweight aggregates showe& that ﬁhe splitting-tensile o Ff'
i;fflextural strength ratios of the 1ightwe1ght aggregate concretes
3f1range from 57 to 88 % with an average ratio of 76 p, and the ten~




once 33

) ? e,[q'{‘\on e+w€6ﬂ
‘s"' e_n“Hq o\ne\ B I”W‘
£
+e.n5\\e. 5‘\"'(“en ’\‘\« _¥0r 3 -l—-Lree“[«.\;z
og : a33re3q"’¢5 (Z {) .

. 4@0 y ‘?0¢
F"“3+eps.)¢ S+‘('Q.n3+lﬂ Fsl

—




THESIS R Seas
ROBERT COLLEGE GRADUATE SCHOOL =~ - page 34
© BEBEK, ISTANBUL o - S ' R

A‘,.its moisture content.,On the other hand, for deneer gravel concrete

= For insulating concretesl ﬁhe ratlo of fle tural to eomp-xea
E ;ﬁressive strength may be higher than rqr structural concreue and |

T‘e' materials of loweat compressive strength Approx~4

'g‘fimate ratios}of flextural to compressive strength for some insula-i 

M‘fting coneretes (75 to 500 psi cogpressive s‘rength) are ehown in‘;_
_:Table (9) L ' o ‘

"AAggresaﬁeei. R A ;h,/ f
Verﬂiculite o i T D.85 to 0,50
Expanded slag =~ | 0.~5 to o.ool
-Expanded shale PR 080 ©
‘Sand (cellular) e 0. 20 t0 0435

| Table (9)- Flextural to campresqive strength ratios for

; some insulating concretes (14).

The tensile strehgth of conerete is greatly affected by

f‘the tensile strength Was found: to be slightly hlgher for the dry

’than for the saturated eaterial (20). ‘

R Also, the effect of drying on relatlon between flextural
strength ‘and splitting ten511e strength- and between compressive
e‘strength and splltting tensile strength of 11ghtwelght aggregate
'ieoneretes is considerable,éthis effect is shown Flg.(l;) and in

(14) .
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rz‘obm.ﬁs  O‘F‘ 'vﬁ.mgeﬁci;:&"eﬁ’ Lmﬁﬁh«:iem eoﬁc&é’rﬁs' o
The one physical property of all lightwelyhtzconcretee about
vwhich 1itt1e is knOWn is the modulus of elaetxclty and ‘how it
,Varles with the de31gn mlx.v, L _
"f; In general, the moduluu of elasticity of llghtweight plaetic
ﬁ'fconcrete is relauively low as compared W1th that of conorete
oontaim.ng ordinary aggregate . The modulus varies roughly m.th the |
'5Ffistrengfh, as‘ 1n the case of ordlnary concrete. For sﬁructural 11gh1
”eeivweight concrete, wodulus of elasticity is usually of the order of
.*f‘Q,OO0,000 psi For concretes of extremely light welght and low :
v'etrength suoh as eXpanded perliﬁe and vermiculite corcrete whidz
’?fare used for 1nsu1ation purposes, the modulus may be as low as '
4‘2_,4000 000 psi ('7).  o o o
v f?, Laboratory investigators have reported moduli of elastielty
V_jof 50 % to as high.as 90 %' of the equiValenL sand-vravel conc-
vretes (1'7). But it is. difficult ‘to. eorrelate these independent |
;,{;;;laboratory tests wmth job condztions. HOWBVSP, it is ehown that the
iﬁo};modulus of elastmcity may vary considerably Wnthout affectlng de-I
“f?fsign calculatlons serlonsly 4A’ o | ;
,' ‘ For concretes of high strength the percentage d;fference is
7 57f°emeWhat greater than for weaker mixes, but in general the moduli

'e‘ﬁ;ef elastlcity of llghtweight concretes range betWeen l/? and 2/5

'l;ffof the‘moduli of elasticlty of the, corresponding gravel eoncrete
°”mixes, (Fig. 15) SRR ”' 1 ;  ; I ‘ ' ‘ _
| igThe Hadulus of elasticity 1ncreases with the cube strength

*7and with; the density of the concreteo varlaus empirical SKPP9831°R‘

have been derived bv different research ‘worPere to correlate
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| these properties (,2)’( 3) (%),and they a:oe going to be stated in'

-the coming pages. For 11ghtwei.ght concretes j.t Var:.e., between about‘
"o'ne and three million psi- for dlfferent strengths, diffe:cent aggre-
‘.,gates, under short duration 1oading (Fig. 15) ‘
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; Range 4 “compreasive secant modul:}.ﬁfor Various 1ightweightk»

aggregate 'conc ,‘etes are shown below, :m Table (10). (The slope of,f:jf«

the. Becﬁn. drawnathrough the. origin anﬂ point on the streasqstrainff

-'*‘if;.lf:‘:curva;‘"at' one-half the ultﬂmte stress is one definltion of f:he se-:*"‘

iﬁ“.fcant modulus ') .-‘ :

ﬁﬁégéfééété}ﬁrébéfﬁiQﬁSf?5fff?ff.;%{fj{7f;;]:?ééaéfﬂnééQ:lébﬁ,ps;,f

ﬂ?erlita, 1-8 to 1-4 ~f80 to 450 © e [ 70 ko 250
,,_.;Vsrmculite, L8 to l 1770 to 870 - 1, 40 to 140
Sand’:(cellular), 1 1 f‘150 to sao 1“0 to' ’700
Noms . (callular ); l 0 | Bs . ;‘ 70

Table. (10).~Banges in coz'pressive secant noc‘mli for Various ,

»)‘

Valnes ‘of“secant modul:. at o. t:h'ﬂes the comp«-

(05) (Lable. 11)
'“1uas establishﬁd by“the two deflnitions are in fair

‘~so;eoo/f' ), in the following table
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,aggreemen_ forjthe lower strength sand~grave1 consrete. Eowever, for
fgfhigh-atrengthﬁsand&gravel concrqtes and for lightweight concretes j}l
+ s ' ‘ifferenc »betWeen the‘values establlshed by the ;Q,

7 two formules

S

L ;~gSand and gravel .-_1?-3000
|\ Sand -gnd-gravel | - 4200

.| --Sand and gravel | .- 7000

| -Sand and gravel | 9500 . o - v
ol Lightweights o ;,1'?3000(..3‘ "_114 to 20

| Lightweights . . 4800 - -] 10 to 1s
" Lightwelghts ,'ﬁw-r,~8500’v | o12.0¢

a4@¢'-
mmmmf'
®

]
.
.

*. @

LI O L3O,

.

IO RO

L

Table (11).~Gomparison of n VQlues for sand and gravel concretesﬂ
r-{’and lightweight ccncretes, Obtalned in two different ways, experi-
| ,'imentally and by the use of ACI formula ( H = o0,000/f' Y, (25).
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S7 DIBS TOW&RDS GETTIHG EMPIRICAL FORFULAF INT%BRELATIHG AGGREGAT“

TYP 1 mmsm. vo:cn m,*xomrr, ceh%PRF s'mmaem, AI’D hOIXILUS OF' Lms- A

T_The Effect of the Denuity and the Gompress;ve Strength of Conn-~.

;Qrete on its ﬁodulus of Elaatioitv. ﬁfff"””"‘”'

iﬁh'the rapid expansion of the use of lightwaight aggregate 3

fconcretes in recenm years the nsed for a’ suitable emplrical relatimn—;
: fiﬁ'for the modulus of elastiuity of these connrates has beeome in~7'
;fcreasingly apparenb It has been obaerved by many investigators that
o ':ffmodulus of elasticlty of 11ghtweight aggregate concrete 1s con-uf:

$ion’of. the welg It 15 known that all mineral aggreggtes have
‘:'{i%'aboutl the same absolute spec:\.fic gravity. The difference m v:eight

'“10fi?arious types of concrete is therefore pr&marlly the result °f

“voids in the concrete, whether they be dus to purpoaely antrained  5:
” 15, or due to the vessicules in 1ightwelght agéregates. Fron ﬁhese
© nsrderations it was suspected that lt mxght be possible to obtain ;
a satisfactory-approximatlon by expressing the value of the modulus

~of‘elasticity by an amplrical relationship of the form (°u)

To'\determine.{hhe valué or A test P°$ﬁ1t5 ijR§Qh&?t7?ﬁ§ﬂf:v
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| ifahalysis yielded bhe formulaj'

””fall the data included, and the formula :
8 S 151 000

L 5 }5h data for LODQPQteS havxng a compressive~strength of 1ess;

'%fi?”OOO psi werc omitted (25). The excluszon of these data is be-ff‘

lzevedﬁlto be justified s;nce the noduluslaf?elast1city is gene—jf 
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-

";-j,ifma Effect of Ag_gregate and Stoids on tha “f*odulus of Elasticitv

"*"of Goncz*ei;e

of elasticity of aggregates

'tlia moéﬁiiis i and cemano paste“ in ths

l;":ﬁliéi'é E p Modulu., of el stn.c ity oi‘ ce*'mnt paste, .  _ o
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' An empirical constant whzch was found to be,'f‘i_- S

R ‘the' modulus of' elastic:.ty 'of]cement_mor’car expressed as a‘ |

function of the “modulus .of elaaticibf

prgperties of aggregaiaes and cemen "’_:paste_"' -

Py

 Stnos lightwelght sgerogate’comsrete . s made wmwgaw
B ving" S lower modulus- of elasticity bhan the mtrix, he formula

isuggested by Hansen (24) will be takan 1nto acccmnt here-

‘ : "f- v B+ V E S R |
o e e m . gg '
‘T}hi rormula is deduced from the odel in I‘ig.(l&) '.fbr t\vo-phase

:«;»_’materials consisting of particvles. of an elastic material dispersed

t—in a matrix of another elastie : _,B&aterialg based an the assnmption _~_'
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Fig.(lB)- Hodel of two-phase ma - f

'{iterial with particles of low mnaulus of

elasticity embedded in & matri? of high
gmodulus of elasticitv.(24)

straignt 11ne (I) 1n Fig.(lg) stands forj—3-=——- andr‘

 1; sembles thﬁ column structure 1n the model '

Fig (19)-uraph showing theoreti—

n{jfcal variation of modulus of elasti~

r~3ﬂf;city of heterogeneous materlal with

f"lafractional volume of particles. Q&@

- : o4 ,_'oG ~°% - IO.(“:‘
‘:{:rqc‘honq[ v°lum£ oc parfn&le.s
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As:another yapprOacb to the{ problerz Hashin (24) derived the

__,‘_’ollowing elquation"fo‘ . two-phase 'm (terial consistlng of spherical

ortarﬁ' with a higher modulus of elasticity should theoretieally

‘Lol 160 ashin's equa'cion for;-; E, <E Fig (2@) shows the only data
.,v’av ilabl i}‘,t.o test this hy}ﬁotlgesis. In these tests, soft 1imesténe

'-\",‘:_,_“elre embedded in cement mortar. The data are shom in re..
lation to Curves (I) and (II) drawn accorc:ing uD uhe formulae of |

,'_',Hansen, and Hashin, respectively

Flg.(20)~Graph showing the'

o vamation of modulus of elasticity

of concrete v::xt"l fractional volume ,

of soft 1:uaestone particles (24)

ez 04 ,'oG
Frqc+.0nql Vo( o€ nssr :
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Fineness modu11 are 1.61 for parlite aggragate ngple I,‘f“;ﬂ 

};'1.67 fcr Sample Iis and 5 75 for natural saad.i* ~,-rJ o

b»‘Unit weight determination cf perlite liphtWﬁight aggregate and
normal aggregata h

Unit weight determinations Were perfermevginJaeeardanse with

VJASTI S0 29~55T (12), and tha following data were abtained' :
| _'f..;_Unit Weight of water at 16:7° = 62,355 mE .
Weight of water te fill the measure 15 5 lb,ﬂs =

62.355
_._,, 4 02,,., ,

‘*&,Pactcr to be used 3 : R
L 5.5 ' T
;EjWeight af natural sand to. fill the measure 22 154 pcf,

Unit weight cf the sample‘ Factor x Weight of sample uO B

:_.fi'lhthe measure, TR T i T e TR |
. ""»;Unlt }eight~of natural sand & 4.02 x 22,154 = 89.0 pcr, o
‘Unit wa&ghﬁ of perlite changed from tﬂme to time,depending*q_

on the'humidity cf tha ro°m where it was stcred, and its value waa;”

deﬁermined befare evary mixing operation, and 1t Waa seen that it_ff
; ffrom 8 0 to 10‘8 pof _~1<%~”' Lol LA
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n diameter
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\,/

e mmng nd. curing.l L

splitﬁing strengﬁh taatsiwereEdona asfdescribew bg‘ﬁ nae (20).;

) .

To obtain stress~strain relationships ;”ecmpressometar ﬁﬂ'}f

""rf'gage was. ai‘.tached to the’ test cylincier and ,consecutiv" reaﬁings '

'Qmawera takena ?5,_;}fif~’“"

We used the Univarsal Tbsting hadhins"for all test purposes.
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reasing effect of adding sand to perlite lightweight aggregate.

»-For Category III ﬁhe stated valuas 1ncreaae at a diminl-
shlng rate békween properti nsvof 1»4«1 and 1 4

J \{ﬁﬁeilatter ’
propcrtion tbey readh their maxiﬂum‘valnes, and whan ﬁhe sand propcr
1on 13 ;ncreaaed abova two, then.they decrease @

rapid rate.
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For sand proportions oi‘ nore than mo, the strength-increa-':
sing effect of add}.ng sand to perlite is overcoma by bhe strangth-slo-r

,,,,

wering effect of increasing aggrggate aﬁountf'”

NS W e
. -

'("‘”v_.If wa eoragare the prcperties of thase ﬂixes,’ we aee that-"“
: e : —5-0 mix;f'.ff Catagory I has ‘bhe 1ﬁwe3t values as- ’A
f' around 320 ps:., e L
fsp Sts0 ’
.j"'asoooo o rﬂzvﬁﬁ'w g

o zooooo " ;ii},g.f:au:¢

’I‘he remaining 1-5-2 and 1-—4-»1 ce em:-pe

rlita -sand :

-?mi.x 'are h:xghsr‘ than" tha ones for 1-4-1 mix.
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Fig(29)-
"."Re\a“‘lon f'OQ 5€C°m+

™ 0 A [vs B q+ 0 5 .Y.
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?;- It ia observe& ,o\ bhe';elated figures ﬁhat the Valuee f.

iﬁhe above mnntioned pr ierties are higher for*the mixes of Catego—

~ryﬂ1v, naﬁely cement~sand.mixes,than the.onﬁs for the other catego-_

fries for total aggr“gé; oportions less than Sd ; and greauer than

4‘.

. énd,are 1ess:fo proportionn between 5§-and 7,Qfﬁy{l_'llf

Retaion of pasiviss vo roportions of Gesestoporlitecand

For this pur Fig.(26) must be ccnsulted

a8 are saen from this figure’f;ﬁ:" '””

v }'*;iiﬁ:- Wet densities of’cement—perlite mortar mixes are bet— %
f;f;een 70 to. 80 pcf, and dry densities between 40 to oo pcf.»* - _ L
,, .V,,.,V‘vuL‘_ For cement~sand mgrtars these ranges cbanga to 120 to
;;ilso pcf for wet densitiea, and 110 to 120 pcf for dry densities.  5,1
‘ii R - cement-perlite-sand mortars, ﬁhese values are«’f 
{?fscattered beﬁween 95 to 130 pcf for wet denslties, and 70 to 105 pcf

fﬁifor dry densities. B TR |

7:ff- For cement-perlite and cement-sand nixes, the rela- e

ationship’between denaities anﬁ aggregabe amounts follcw °omewhat

;1inear1y decreasing patherns with incneases in aggregate amounts.; ;.

f}‘fﬁ~ For cement-perlite-sand mixes, densities 1ncreaseA,' :
Awith the addltion of sand, where perlite amounts are kept congtant

‘:Vfat 3 for Category 11, and 4 for Category III, and tha rata of this

‘f?inbrease 13 in a diminiShing order.
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ﬂcreaseeffrate bange-being'lowesﬁ far

ﬁhighest;for tha cement»perlite mixes. J

-9 ce ent-sand nixes,vanﬁ‘

'T}uame f' the weight of cjf

ent-periito-sand mixes

0.‘5‘%Jof that ofAGement—sand mixes.

lhj?Additien of sand 1ncreases the ccmprsasivv_strengﬁh and
ioven,dry density of the mixo tha increasa.i’iﬂw éompresaive strength

ing much ﬂore considerable.ﬁ_yjtj“ff“ﬁ

7”;-»For cemsnt-sand mortara changes“in>oompweaslve strength o

oad nbt’affect th 'oven dry den31by,very mueh

”‘—-n‘—‘-~-a
P 2t I T

;;Y.R.relation and far f’-f relatien, raspectzvclyo},gﬁfﬁgyjiva*E

83 R tends to('o'ary f'x-om eo to 270 psi; 'ami f op ! ,from 35 to 150 psi.

The,range 'of fé,R, and f far eadh &ategcry are 1ndica-.

_P A

h Values of & andjpﬁaredobbained by’plotting lnﬁR and;ln fsp vs. 1 
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=éof 26.4 %  Valore (14) givesfthis“ranﬁ;

e-Relationof E iss' £, p '

‘f;_:betwaen R and ' p, and this relationsh&p is exm’éssed by the follo-
ffiwins formula*,f* i._ |   _  B o S0 |
O .fép' 0.54 R

= Short and Klnniburgh give f as 60 ; of R (2), and in *:

AT p
ﬁfour tests it came out as 54 %,which agraea quiﬁe vell w;th ﬁhe for-,

 ifmsr Value. By considering individual resultu, 1t~is saen that f_p/Rﬁﬁ




| B R gl =l be ‘ .
E» ROBERT COLLEGE GRADUATE SCHOOL paGE ©8
= g | BEBEK,ISTANBUL . SHEE
. : : 5
" A ne| . .
250 —~ fe
a o
200 o _ :F—‘j (32) "; @‘q+\on loe""udeen 1
| v / ) : : E M J ‘05 o$ R f"—re, - C_tj'\ndef‘
B ) ‘a o o . S ‘\‘“_ln 5'{"‘2-'\ '\'L C
o _ _ L ? 3 | 3 o

- ?'3 (33) E&[Q-hon Lej‘uleen

lvn‘j(‘ua[ +an3en+ Modvlvs 1, ;

1C‘C/.

: -
0 l/ ,
g8 50 oo~ (S0 Zoo -
Jod : — \
Gl \
; ’E'
Xl04 ’;s; ° a
20
'y
[+]

4o [  psi o Beo o e




HAESIO e e e
- e TR "':"ROBERT COLLEGE GRADUATE SCHOOL S pacE ‘69 |
S ey BEBEK tSIANBUL '_' IRERERIREEP B A L

‘"n_ranges from 47 to 69 % with an averaga value of 57.6 %"”fl_ )
| :‘J; Grieb and Werner (21) giva this range as ﬁ? to 88 p with
R an avarage value of ?6 ﬁ,aa ‘a’ reault of tests on concretes prepared

: j;with 10 different lightweight aggregatea. Their values have 8 higher

J_”range than ours.,,'j 53555_wg1;'
- ——— e e e e e

jf?ﬁféfRél&ﬁiéﬁf&f?Mé&ﬁiugf6f7ﬁiah%iéitiftélig}&n&*ﬁénsiégf%f*“‘“f'

S Fig.(sa) shows the relabionship between‘tha initial tan~f:{
i?;fgent modulus and f‘,‘ T B ’ (R R

TR El has a range \f0172005000 to 1,500,000 psi for & ccmp;a,gi
4r"7”;"‘°-r9581"3 strength range of 200 to 1200 G

| Valore (14)¢specifies the range of El for perlite :Lnsula- »
Zl?ftzng 1ightwe_gﬁt concrete as frcm ma,goo to 250,000 psi for a range

’ :;of compressive strangﬁh of 80 to 450 psi. In.cur tests the range of

R

;-L E1 of the mixas which can,be used for insulatian purposes is from l,~

‘7[,resszve strength, and at an 1ncraasing rate for innrease

7Q?5220,000 to 460,000 psi, for a range of compaessive strength of 260

,  j:f' Hodnlus ofjelastlcity is also related to denslty, and this |
*»relation 13 shown 1n Fig.(sg)._;;;,ﬁx,“ | L e '

As Can be seen from Fig (53) and Fig.(oé), mcdulus of elas- -

"‘fticity increasss at a dimin éhing rate for increases of the comp- .

‘ 5dens1ty; From this relation the following facts Can be eahcluded~ !
e Modulns of elastieity is not linﬂarly dependent on f" '

am density N e R e
'aiff--MOdnlus of elasticity depends on exponential Values of
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ﬁ£5f' and density, where the_expnnanﬁfiaA1ess‘than one for f 23 and

*-ggreater than ona far densit?-_=

Pauw (23) givzs the exponents and‘thegrelatlon as-Qfﬂf f51

thefvalueS'obtained ae ths rasults of,oursteatsias tated in Table

. 1:.‘,,..
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c-.Strength-velght_rat;o of 1- -Enmlx‘ia 10 b greater ,. 

han that of 1 3-2 mix, and almost the'sam with that of 1-4-2 mix.

b S d- Ihe only disadvant ge of l mi*c arises 3.n the value
of ':‘Lts dans ity wnicn 1s about 8 higher than those oi‘ the ot.her *aixeqh

:_'But as is seen from th:x.s percentage, this disadvantage unconuide~ f

f'_,f“j-rable. So, 1-:5-3 cesnent-perlito-sand mix 13 the bes{: mix, ,as a whole,
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‘oﬁh—;Stﬁess~S£raihfRélationsffoffCemeﬂt;péfIiﬁGASand‘Hortof‘Mixos;of”

N Stress-strain curves and cofrespondinp stress-E curvoo’fom:
:odrawn fcw all the mix proportions are shown in Fig (36) to Fig.(sﬁ),i
'~and.from those figures initial tangent modulus and secant modulus\hoo‘
..at O 5 ft‘were obtalned for each nix proportion, and these valuesf'\'
f,f‘were glven in Table (15). | , S . : .
The relation of the two b pes of dodull of olastlcity to 51
;cement total aggregate proportions were shown in rig (24) and in fi
"_;VFig.(au), and were discussed in- Page (55). | | kv N
_ If we . examine the stress-strain eurves, we see that~“ /
A - Por ceuent-perlite nixes; the cnrves get flatter and
"‘flatter as the perlite amount is 1noreased- and the llnearlty of o
0" & relation is 1*I*uc, only for a sr.zall range of e SRR
_ - PFor ceﬂent-perlite sand mixes.tne curves are getting _
uharper and sharpsr as the sand amount 18 inoreased, but flattening
’flbegins when the sand proportion is . 1ncreased ‘above two,in mixes »
‘haV1ng a’ perlite nroportion of 4, Also the 11near1tg of =& rela- .
\tion applies for a ‘greater range of o. | | |
| - For cament-sand mixes i the curves are sharpest, but
ao;the sand amount is increascd they begin to flatten. Alsc' the range

| . of glVlng rise to a. 1inear relation between a‘and € is 1argest
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Dot

We‘ can corclude that lightweight aggregates causeh aome

1Lnear relatlonsh&p between o’amd 6

@hefratio n of the modulus or elasticity of steel to thau_ 

f',28~day,psi E;wa

1640

{structurally used,obtained in two different wayé

Values established by the two definitions are’ n-fair”f’{f S

3 agreement for all three proportions of mix.ckgj}f;f-i
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fibe represented by parabolas as-‘

5?G‘O’ﬁ:C;L7U s»ifoiﬁ.s‘

From the results of the teate and fron VQrious plobtings7

v tha following conclusions can be draWn-

‘— f' f p’ deneity, modulus of rupture, initial tangent .

'f’modulus, and secant modulus for one type-aggrewate-mortars decrease

‘g71inear1y ae the aggregate amount is 1ncreased

E For two-type-aggre&ate—mbrtare, namely pcrlite and sand,

,f*the above values increase to a Jaximum Wlth the increa»o in sand

amount, perlite amount being kept constant- and then a decreaee be-

7eegins when the sand proportion is increa ed above a certain value. '
:J(ﬁhe sanﬂ proportion which glves the maximuﬁ values for a perlite
?proportion of 5, taking that of cement as one, is somewhere between -

 1[2 5 and o.a- and for a perllte proportion of 4, it is 2 )

The devreaee 1n the values beyond a certain proportion

‘*jfie due to the fact that the lowering effect on the valuee of various'
15é;pr0pertiee, of inereasing aggregate amount overcomes ﬁhe inoreasingir

EQV effect of adding sana to perlite 1ightweight aggregate.lfe'

'g:- oven dry densities increase as f' increaees.,’

'h ~ The relation of modulus of rupture and f p to r’vcgef

7 R = ’7 0 v . , and f' p= 3.6 fé. )

-w?{;“ The relation between f sp and R is given by:

s ”:sbi" 0.54 R j , ,
{}w - ALl of the cement-perlite mzxea 9_and 1- 5-1 s 1 4'1

5 °7cement-per1ite-sand mixes have qualifications of insulating light-‘
“3ffweight ooncretes,l 6 mix being the best for ﬁhls purpoee. ; '
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Lt

' - ma :aixes which 'c'an be used as structural 11ghtweight

;concrete are 1-3-2, 1—3-.: and 1-4-‘. in cement-perlitta-sand order.v

 :. .. Initial f;angent modulus o':;“insulating 13-811*"“’91@1’ °°m' |

. f‘rnev{ value of » Es/ E fo,, | owstmcmmll 3_ghtwe ];ghjc;

concrete: nixes ia about 38'0.
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Concrete 1n a Slab~and~Beam.Mn1tistory Buildingn' H.S.‘Thesis, Ro-~;.»
bert College, Iatanbul, 1955. i TR L e

i ’7— Davis ¥, R. and Kelly, J ..' ‘”Smposium on f&ineral Aggregates :
‘ ASTM Special Pub'icaticn, No.:83, 1948, pp.lso-l'?l fof "Lightweigh‘

'ff'AsgregatGS" e R D D
L _;za-'valore,fn.c.."Cellular Concretes-Part 1“ PﬁqéQ;Qéi;)Véi,
50, (1954), 1 pp. 793795, e e e

o '-'é‘f alore, R .C "“}}ellular Concretas-?art II" Proc.A CI, o
:A;.Vol so (1954), ‘pD. 817-835;;fu, T e Fed e
‘ ‘ 10- AC’I Building Code,. J‘une 1953 s -
: D" Lewis, D'W'??“Light‘f'eight Conzéei:e Hade With Expanded
Blast F-arnace Slag . Proc. ACI, ,Vor’ 55 (1958),pp.5}_9,633'
: *ﬁ:l ‘ "1955 Book of ASTM Standards“ Part-s, L

iy "Specifieat:!.ans f°1' Lightweighi; ﬁggregabes for Gonc-A

rete Hasonry Units" C 3:51, p.1151. : .
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hﬁ“Specifications for Lightwelght Aggregates for Insula-
'ftlng‘Concretes“.C 532, p.lls;; '

| *"Specificabions for Lightwaight Aggregates for Structu-
-715‘ral Concretes . G 300, 1162 f "T~ ‘ ’ B

- ' ‘if 15~ Kluge,R.W..“Struetural Lightweight Aggregata Cancrete“;
‘;procjfacx, Vol. 55 (1956): Pp43E: 4"“' | |

il 14- Valore,R.G;."Insulat_ngﬁconcretes“c Eroc. ACI, Vol 53
f;y;i(lsss), pp.sd 55047 T

15—'Jonas,T‘ and Stephenson,ﬁ.. Proportmonzng, Control and
e g
ﬁngleld Practiee for Lightweight 00ncrete . Proc. AGI, VOl. 54 (1957),

x‘af;pp. o??—ouﬁ

¥ R 16- Brouk,J.:"Pernte Insulating Concrets . Prod "vc:t, VQl.
uv;t 50 (1954)’ pp. 857~867¢jﬁ"{5?f21, . . L ', 1 | . |
s ff-ufjlv; Murlin,a. and w11130n,3. "Field Practice in Lightweight
~_,cc£¢£$§§‘ Proc. Acx, VQl. 49 (1952), pp. 21~5s._ 

SR Nelson,J. and Frei, 0.."Lightweighb Structural Concrete
f;i:fProportioning and Control". Proc AOI, Vol 54 (1958); pp. 605—633. ,
‘ﬂiljffif7i95 "Recommended Practice for Selecting Proportions for Struc
11;;7tura1 Lighbweight Goncrete e AGI Standard (acx 651A~59),1959._”f’u
i' R ‘20- Haason,J.“.. Tansile Strength and Dlagonal Tension Re- o
‘4 sistance of Structural Lightweight Goncrete“; Proc. ACL, ol. 58

1 ﬁi‘(lssl), pp.1~37. B 1 | o o /f

) j o 21- Griab,w ;and Wernar,G.."Cylinder Splittlng, Flexural and
|  5;CompresBive btrengths of Concrete and Lightweighﬁ Aggregate COnﬂrete
| Vf»proc ASTM. Vol. 69 (1952),99.972-990- e A

| 22~ Hirsch,T.J.."moﬁuIns of Flasticity of Goncrete Affected

*{by hoduli of Flast*city of cemenh Paste and Aggregatas & Proc ACI,

Vol. 59 (1062 ): PP0427‘451' ’
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26- Pauw,g.."Static Modulus af Elasticity of Concrete as
'.,Affected by Density i }’roc.&CL, Vol 57 (1960) pp‘6'79-68'7. .
24- Hansan,T;O.. Influenee of Aggregates and VOids on Mo-

' fdulua of Elaaticitv of Concrete, Cemant Mortar, and Cement Paste .

- ,’.Proc.acx, Vol 62 (1965), pp-195-220. ,

_' 25~ Shideler,J.J.."Lightweight Aggregate Cencrete for Struc-
jtural yae", Proc.ACI, Vol.54 - (1957), p.299-u28. ‘
| " o6 Ishei,o..?lnfluence of . Sand COntent onh formations of
‘5*'ortar Beams Under Low Stresses . Proc.ACI, VOl 58 (1%1),np 611-624.
‘_27~ “Permalite Conerete Aggregate", AIA Flle Hos 4E 13, Cd-_
_talog fSSB, Jans 1957. , , |
o8- Troxell,G .E. and Davis,H.F.. Gomp081tion and Properbies,
of Concreta"- *ﬂcG‘rraw~Hill Book - Comp.,Inc. l“SGsPP,le-—l’?S,29‘5-295. i
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