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L Lightweight Structural Goncrete 1s eonsidered to be a
f;;imaterial weighlng not more tban 115 lb per~cu Tt and one develop-
_;f~j§ing a eompressive strength not less than 1000 p81, oy “R. WY
l"*;ileuge (13) According to this definltion Perlite concrete isl3,55'
yﬁi:-[not incluied ‘to be ameng structural lightweight cocretes.,As,forfi
-eiiifthe ASTh Specifications (9) in as teble ,the. value of: 2000 psi is “
wf;gfgiven cowresponding to a unit weioht of 115 lb per cu ft as the ,
A‘ﬂjminimum value of the table.jklso in the article of T J Shideler(?)
;emong the plven examples of lightweight struetural concrete,-,
/Perlite is not included Therefore, one sees that although Perllte
:?iaggregate is in accordance with theSpeuifioations for lightweight

feggregates, eonoret: made;from Perlite is not included *n the
fclass of Lightweight st';etural concretes.‘But in snite of ‘that"
iin rcof slabs or‘i ,s1mi1ar‘sma11 load bearino parts of construet—
'iehe,i‘erlitifeoherete ‘can. be: used as a structural 11ghtweight
‘advantage of improved insulation.¢:”5“f*A

;concrete ‘with the”édde

: / ) §ulatingdpurposes, Perlite is mostly used in USA
and all ove_ the \’Icrld, bei g‘"?j within the- 1imits of- ‘the ASTH
iSpecifications (O) LimeuPerllte,ﬂor gypsum-?erlite mixes are‘ff

?ueed 1n maklng plaster, which has good insulatino properties (25)

e In the present study, Perlite is considered as a struotural

;feflightweight aggregate and the comnressive, tenslle and flexural ‘
';}gstrengths of the con rete made from Perlite-cement mixtures are'“
= 1;investigated; First Part is a theoretioal one,‘containing |
;7flpliterature survey and analysis, and 1n the second experimental

Ht‘liipart, the results of tests on Perlite aggregate and concrete

'1£are presented. _k‘-,;ga:““
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L ELIGH'IWEIGHT AGGREGATFS

L Des ‘3 i ,;-h 0v1

T No4 'to
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‘A; Specifications- The speciflcatlons for llghtuelght

":'/?'?'aggregates J.OI‘ structu al concrete are as follows-. (9)
Grad’rgg :mé gradimg shal'l conforb. to tLe requirements

’ ".:shovn ivx table ( | ) ,,’ ASTH c330 531'

:Slze

| ?’Fme Agf)

o ~T§1Cos rse A53
 ’3/8 i 'tD No 8

."'Combm ed
"Caarse and F

- ff-l‘ABLE ( l ) GRADING RFQUIREI@NTS FOR LIGH ‘zzzleh'r AGGRis‘GA"TS

FOR STRUC”URAL COhCFF (9)

Unit Weight-"‘ The Un*t Weig;ht of‘ i;ha l:\.ghtweight’.

" aggregates shall conforn to the requirements shoxm 113. ‘I‘able ( 2 )

General Gharacueristics-'a) '1\70 general types of

e 3_5,ghtwe ight aggregates are coverad ‘oy these speciflcations

S i as follow
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ﬂ?lightweight aggregates under test, i h that one or more of
Ry  the compféééive strength requirement‘ in the follovina table (3 )
will be’ satisfiedwithout' exceeding, the limits. Intermediate e

i '?‘values may be establlshed by interpolation. ,g:,jq, =
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Because of this property of Perlite concrate, they used it in many  
bulldlngs in the States, such as. mhe Hunter College Library Build-; 
ing, and THe hile ﬁigh uenter Transportation Buildlng.
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b) The npt water—cement ratio of‘\ most 1ightweight agg*’egate o
| cc;ncrﬂetes can not be establlshed *vith sufi‘icient accuraey for use

| ‘,-“f as a basis of‘ mix proport:.oning. Lightweight aggregate concrete
3 mixes a“e detev-mlned by a series oI‘ trial mlxes proportioned on a

RN R
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”;JiThe 3P9°1fic gravity factor can then be used as thoughit were ;i‘v B E
2 ,i;the parent sneozfic gravity and additional mixes can be proport- ik

;“:f~7ioned by a prOﬂedura similar to the absolute VOLUNB method ouLlinedt
-]{:T.m ACI 613 54 S e o |

Besides th;s, a reCOmmended procedurﬁior arvlving at
5"{’mlx propovtlons fow ewpanded shales and clays is given by
TR Jones and ’T K.atephenson. (19) as followy

‘,"' ":.—,;"l) Assume a basic design sa’cisi‘ying th@ requirements fOl" :

5 viicubic yard 7
) u/27><hvo>w“i“"'
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A 7) Determine the total WEIBht Of cgncrete An the ba£0h  f 
gEoe and e .aei;,ht per ou £t -(ASTI ¢ 138—qu plus vibrating ‘the . L
\ﬁﬁigsp901men)- Dlvide the Lotal weight by'the weioht per cu ft to deterq
jffff“mine volume of concrete produced, using tbe measured qaantitles .
'T”_?ﬁ:f;r thls first trial batch.c-p o

4 8) Gheck the amount of cement used agalnst the amount of
Tf,zfcement requlred for this quantlty of ooncrete and the alr
“ifo;content obtained against that. desired for this batch. o ek
; iﬁ  9) '”orrect the - quantltles and reneat all stepsyuntil the
ljuf;fdesired batch is obta;ned ' ST N D T
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. PROPERTIES AND USES OF STRUQTURAL LICHTWEICHT CONCRETE .~

SN The DrOpertles of several;important types of llght-.~”
:_ ; we1ght aggregate concretes awe summarized 1n tabTe ( 5 ) The, L
”T&*values' for eaeh prnperty and for eaeh type of ooncrete : \ 
frepresent onl; tha range 1n Whi“h most of the values ‘are. normally;f'J
fffound Additlonal informatlon‘is also given in the followinn ;zy*f ;

L - A. Unit welpht-;l ASTk G 330-,53T haswthef ;ff¥ ft:'k
‘under the title Of L°osevun1t‘weight of. ;ggregates.f:f;fiff_f
?thOd Of Test for Unlt ”ei?ht»ff"Agsregate}IijTm o)

‘QOf agﬁregates, thp@riﬂhness of tbe mlx, and tbe quantity Of air ’i;
?fentrained In the “Pﬁlple Of Kluge (13) ‘the. unit Welght of R
votruﬂtupal llghtweight concrete 13 batWeen fhe ranges 5

'eveloped

'>751f”hose welghlné 1ess than about 60 lp pel cu ft , 4 .
strengths 1ass than 1000 psm, ‘so. that for 311 praatioalj
‘oncrete

,f ’;u0mDPPSaiV9
'<;3nurpoaes this seemed to be the 1ower limit fov struct

"Egpacﬂording to the initlally asqumed definitlon. (13) S
.:_Jh;» , Ln Hansmn's article (ll) the range is between 90 to
;'”i:f111 lb per T A e L 5
e ;  o ln “the’ bock of Short and hinniburgh (12) the range

“‘fiis between 80 to 126 1b per eu ft. f, 5f?ffif»*i7775:5*“ e
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e e COncre’te made wxﬂq L‘B»’twe@ht ;

iwsdsh.n,g; Hasonrj umt S‘rrudwgl

- ‘_v‘Drg sPec (ic wels igo - (9'5-IOO : 65-”5 R
lL Per cu -§t SN TR D e

S ;;'Compress e s‘\-rensﬂw

f3E*R?9?T?:j“, P S

o W aJrer : Qlysovptlon
jf»'b.b \Ic]ume L

= .(.»V:IDrglns shmn kage

T 'Perce nt

e oe-H :Uent o(_ -Hnefm ‘ I . q B
g .e,xf:ansmn 5 Per C{QS F 30-70 o 20—4‘3 45 ~é R .
e 10+ L I L e PSR LR et

e frher aJ COnaucthB ;*{(;*f.fijgiye?égflf; R
ok m e 0520 115 240 152400 |

o '"\m‘ (5) PROP"‘RTIES 0,_‘;LIGHT‘ ’hIGH“‘ "ONGRD’”E SRR LT R
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" B Compressive Strength'~ Gompv6331ve Strength of. lightwelght
f‘connvete directly varies with th@ unit- weight. ”herefore by addlng
sand to 3onpacted llghtweight mi\es, both density and qompressive

strength will increase con31derably. (12)

-FOOtJ Pound s “-,. '  : : ,V .

weight per cobic

Sadcs Cemeni Per CU]OIC gd - {JFeI

FIC—« ( l ). RLLAT.LON BE"‘U:LEN WEIGHT oF CON(‘RE‘I‘E B
AND thENm GONTEET (20 '

I In the 1nvestigations described in reference (21)\
v;igeéts wers conducted on’ 6% 12 Ain moist byllnders-‘ﬁddltional :
:' :fgy1inde”s were made ?or the air dry and oven-dry welght determingtioﬁ.
”TffTests were made at ages of 7 days, 28 days,(é months and £ year.,w;;
 1¥2Whe obtained relationship between compresslve strength and un404€;f
| ' '“fis shown in Fig (l ) ’_: ; §?i '}1f “:fijfij» jff§7€fff5' 1
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The 28 day uompress:.ve strengths ranged from 800 nsi at

"[ﬁ53 saoks per cu yd to 9200 nsi at 9 sacks of cement.
Ce Over the range of cement contents the wet weight of the _
- Lf?con rete varled from 96 1b per cu ft at 3 sacks to 111 b per cu ft
*-?{at 9" sacxs. ”he air dry fweights were from 3 0. 8 1b per cu. ft’
Y'flighter, the ricner mixes tendlng to retaln thelr orlglnal noisture'

Alfifﬁlonger. Wet conoretes weighlng 98, 5 102 5 and 110 lb per cu. ft, .
j*7;3developc=d qtrengtb% of 2000,_3000 and 5000 psi respectlvely.(Ql)

Oompressive strencth and 1ts Helation to Cement oontent'”’
?In'Fig ( 2.) the relation between compf3331ve strength and cement =
‘Ontent foropumice conorste 18’ sbown accordlng to- Kluga.(lB) '
f. lotte ' fte;generally confined %o mixes having a slump
;of 6 1n. or lessfand most were for slumps of,& in. or less. It
ffanpears that for a glven aggregate, substantial varlations in ;;«?{;
g ﬁén Lement content._lf it 1s" aseumed"z

7if&ftstrength are possihle for a
ulfﬁﬂthat the crushlng strength of a particular aggragate and that the
':33fair content and CGn31stency of ﬁhe partlcular mix are reasonably
;chonstant, the differenoes apoear to result from variatlons 1n.iﬁ~x‘
B ;?gradatlon Wlth concomitant differences in Water requfred lt )
‘*§§”wou1d thepefore seem deslrable in proportzoning mixes, to give

: ﬁlflcareful con51derat10n to Lhe proper gradation of aggregate, and ,
.:1f;;maintaining ﬁhe selpcted gradation in\subsequent mixing operations-
"{{;F(IB) o o T T e T e L T T e
' N C Shape FAotor And Comnressiva Strength of Lightwelght .k7‘V
'gfsfconrrete"'*' , TN :;,:\,;’-:“_ RN y'... ST o
_ “,/ : The load carwying capaoi y of 1ightweight concretes seems i
;fﬁﬁ&to follow a dlfferent 1aw than 1n dense ﬂoncretes,;Fallure in the
‘lszormer starts at local points so that the shape of the speclmen p

J'>5§has much less 1nfluance tban in the latter._,i};ffjay%gjlg;jvv,-.‘
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The relation between shape factor and combreselve strength 18
”;has received cons1derable study, culmlnatlng 1n ASTm 80301f10at10n
- ]Designation c uz—&9 Anderegg (28) sugzested that load carvying ‘
‘7capauity should be nroportional to the amount of matter in a
'301ven spaee or to the density and inversely proporbwonal to the,?”

-voids.‘i o T S R :

3000

o | Rmice |
o Cmeeate |

Q - R o

Liely e e SO ER L
‘°’0F Concreie ' "5iiv -

:J*PIG (2) BLLATION or GOIaPLSSIVE STRENGTH AND CELIENT CO(NTI)ZNT -
T i : {3
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. The relatlon ho suggosted is as follows:

of the conurete.ﬁ“

" med.um vz 43
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”f[k"follow1na relationship might be written

 §*‘for these. These co%tants depend upon “the type of cenenting

 :Load carrylng capaoity depends upon the amount of material present
V;Jin a given spaoe in excess of a minimum M required to oarrv any
load at all. In sunh concra e one finds a series of slender e
ffcolumns and beams whose load earrylng eapa"ity is. a- function of o

thhe square of the thiokness of tho mlcrosoopln member. ”he

o G‘ = ,,'gi_‘_'1:,s"-_rs§>_ +b< ﬂ S\-’M’é-’)? 5."‘: (29) S

Z?ﬁwhere a and b are constants. Table (6) gives erperlmenta1 valuesf]j

”1 g;material and upon the history of noncrete, ‘the type of concrete
i’)qis also a- factor. nOSt of tne Perlite concretes contained

}:rathor large amounts of entralned alr. In the study of Perlite

- . concrete;. “peclmeng ‘were made from & single batch. in. tne 2 1n.g«7’

 fcube shape in 3 X 6 and in 6x 12 in. cylinders. Strengths j~,f«  

kiryfrom these usually agreed wlthin an experimental error of

'f;+ S percent._ (28)
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cv',..' Tensile strenpth And Iuodulus of Ruptur'e'

N The tensile strengdh of concrate is difficult to R
1;;?¥Ideterm1ne because Soandard tests are neqessarily subject to the

i a- C yar] "'elther unknown or not :
"gposQible to*oontrol. Standard eyllnder~t63us*are adopted to deter—;
}:mine an. index, rather than an abqolute measure, ‘of the»crushing
‘i*strengﬁh of ooncrete.

/ Various methods have been tried to obtain
i at laast an index of the tensile strenpth of conorete but none

'~Tfproved entirely su1table> (12) Whe cylinder[-splltting Test ?ffff‘

E strengfh (11)

: ;{f{varies considerably far different tynes of concrete and a S
V"-fconsistent relatxonship is difficult to establish Whe approzimate '

':f'fifcorvelation of compr5331ve strength and modulus of ruptuse for
s pboth gravel concrete and lzghtweight concrete was ‘found: to be

’ best represanted by a parabolln equatlon of +he fOﬂm.¢,;"Lf“?71 -

ar

_;x dpnotes a varlable  $§

f -j;fwhere R denotes the modulus of rupture,j
'; f}Q:;n ‘the. crder of 8 and u is the ‘cube: strength. (12) o, 18 a"

~ﬁ”fvariable which 13 a cha aoterisflc Of‘the snecific agwregate.kff§]

x“3~¢£The relationshlp of the cyllnderxsplittlng strengths
'talned from thc tests at mhe Buildlng Research,

to" ube strengﬁh‘" .
~Station can be exnr'ssed apprcximately byktha followingﬁequahion';f

”’\BQCAZIG\ UN\VERS!TES\ KUTUPHANES\;
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.}*:ffthe 113b111ty offfhe matwix +o cvanking.r(lz) A ;* o

e f j
:sp T : ~:. L 7
,the load and D,_and L are the cylinder diameter and length

trength appears »o be an impowtant

= mhe tens‘le';
criterlon af the liabmlity to craoking 1n different types of :
conﬂrete. Since it is suoh a heterogeneou°3material, the ten31le 1
astrenath of bonprete“Lil'}tend to vary eonsiderably and'its ‘
;comnosition w1ll”affectﬁnot only the tensilp stvassf§ {
ﬁracklng OP”u“S but also the mechanlsm;ff:the procesé itself.vln L
g%ével eoncrete, for example the strengthkand stlffnpss of the
iaggregate itself is usually very graat;'both in uomoression andjjf'
\in'tension. Pailure in tension will therefore almost lnvarlablyiffg
'pccur as a result of a breakdown of the bond between the’ matrixfﬁ ;
itself, not as a result of fracture o; aggregate.,The aggregatéiL

pértlcles themselves are not very comnressible and are not in :
nhe“tensile stresses S

the latter due to s
re 1mportant and inorease:

«};general subgeﬂt to anpreciable shrinka
;flnduced 1n tne matriy through shrlnkag
;sloss of m01sture are therefore all the
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':%le E;ﬁ7m°dﬁiﬁ§;OffEleStici£Yé?f%5""'»
e Por the same eomoressive strentgh, the Lodulus of
«;selastiﬂity of lightweight concrete is in general considerably

1-filower than,that of dense, gravel conoreue. For concrete of hlgﬁ

» %;listrength the percenta e diflerence s somewhat greater than for

f‘ngweaker mixes, but in- general the’ E-value of light"eight concrete

'Tffranges between 1/3 and 2/3 of the m~value of the correspondlng
‘{fgravel ooncrete mix. (12) The secant modulus of elastlcity ’

’”””iis found a8 0 3 f’ 1s reported. (7) Por expanded shale cencrete

! ,',\ B ot . - .‘v. ‘<;v . - d . . »

.Liailin Figr (5) the heavy line represents B linear relatlon and }fﬂf

sgyfcsn be expressed by uhe fOllOWln equatlon*ff,'”'"*‘

i

+-160 ( f’ & 1ooo) LY (s

1 5 x 10

:s?jValues of E obtained'from oﬁher sources for expanded shale
'EVQMconcrete are, in general equal to. or lower th[)“ se ¢ '
:Eby the abeve equatlon.__1ﬁ§p;;g;;3ejf*” : B

R _ The tangent modulus and comoresslve strengths are plott~i
_,l ;fed in the- Fig. (5 ) {21y These valnes range From ;. | ;
“ b 1000 psito. 1,850 ooo at. 3000 psi and up to- 2,&50 ooo
'-*ii'”'f'ftj\'at 5000 psi..__- RN TR T LTS

: ; The modulus of hlasticity is a special importance for
A:ef,for structural 1iwhtweight concrete constructlon because of: its
_llﬁ;effect on ‘the aeflection of flexural members, on: the dlstribution

iﬁlggfof internal forcess in the cross section of compression members i,
N;_*fand on the critlcal load in the case of.mevbers llable to fallure
';ftdue to- elastic instabzlity where thexlomer E value of Lightweight
R Veconcrete has an unfavo“able in luence. On the other‘hand the
'vwffefresistanoe of 1ightweigh+ eoncrete members to impaot loads may
LH{?ggbe enhanoed bv theiv 1ower modulus of elasticity. (12)
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_ses of Straoturel ushbueight censeote: -

‘;]Goncret‘,which is con51derably llghter than normal
;“fire proteotlon for tha steel Work of tall bulldlngs, as filling
;for thick floor or roof slabs, as,thermal insulation, and for v;f_
'°connrete ships, builalng blocks, and filler walls.-From the two

ecently developed llwhtWeight agvrevates,)Perlite and Vermluullte
;,éither of them is suluable for hlgh st"engthstructural concrete,

and roofs, 1nsulatiﬂg plaster, eto. : 22)

Uses of varlous mix d931gns of Pe"lL fnggregabe

mlx'is used 1n

'conorete is sometlmes used for the deoks of 1ong-span bridges, as s

1
‘ i

-vbut *hey have formed many othow uses as for oonnrote nartltlons ;ESV‘
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 TESTS ON PERLITE AGGREGATE =~

Ko Sk bt of Farie degregas
e A unit Weight test aneordihg to ASWM 029~SST is perfopm-;'e
ff‘ed- Apparatus' It con51sts of a balanee, sensitive to 0.) percent j‘;

' of the" sample tc be- weighed, ‘a tamning rod, a metal measure

-7\f7fcylimdrical 1n form.,cte7-~

R Calibration of the Measuve‘- ”he measure wae calibrated by e
deter-mining the weight of water et 16. 7° c r'equiaed 6 - fill it. },_}

Q The factor. was obtained by dividing ‘the unit’ welght of water at

" 116.7%C ( 62.355 1b per ou £t ) by the weight of water at 16.7% _ | |
LQ.requred to fill the meaeure-.7k”:/i'“ | 7 T

Procedure-{ The Precedure was the Shoveling Procedure. Whe »f;:A,f

“[f;measure was . filled to overflowing by means. of a shovel, the R
i fe“aggregate belng discharged from a height of not to exceed 2 in.»; |
7_;ﬂfabove the tep ef the measure._Care was taken to prevent segregatlonzi,
,ff;of the partiele sives of which the sample wae composed. The
_Jefsurfaee of ?he aggregate Was then.leveled off.»The net weight of
ve7the aggregate in the measure Was then obtained by multiolying

h';iﬂthe net weight of the egqvegate by the factor found as deseraaed er*'
g Determination of mhe Factor-‘ Unit weight of water at 16 7°C ,
__,‘;15 62 355 1b per ou Pt. The weight of the water to fill uhe measure }f
*jf,fwas 1. 5 lb. 'I.‘he faetor to be used is 62 355/15 S lp 02 | 1
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{f_iSiQO° the perlite ag regat rhich we used to make lightweight
'7angvregate concreﬁe oonsistef”

: 0 ?only fine aggregates, the secend
‘tow of table (?Zd shoula ba;used7for comparison. The gradation
 f7fof nhe perlite aggregates from HIMA, was even flner than the llmits
fﬁ;fﬂof the speclfioation for the fine aggragates.

Thefsamples for the sxwe analysis were 50 grams each

| as 11; was. statad in® ASTM Ho 330 53’1‘, Table m, i‘or unit rweights ~'~

S of e aggregates between Sland 15 b PBP ou- ft~ TW° siev analysis
if ?tests were made and their results wera eompared w1th”thei3pecifica-=
" tioms.. 1In ‘the case of To. 16 and No. 50 sieves, ‘the ‘fest results
;f,iwere finsr than the spnc‘ ithiéns',)
‘“shown in table (3 l“*"”' |

L'Test results are

Z;'Perceni’age ( \95 weuz)ht 5 P&S%mg S “

./‘ A

R No4 No IE, No 50 No fOO FHodv‘uf

. PABLE (8 ). GRADING OF PERLITE SAMPLES

i]w~grading of 1ightwe1ght;aggregat98- ;w‘vf‘f'"‘

| seme | s 939 44 zo m <

A sieving time of S minutes was used as specified for£~;:.;""
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| NIX PROPORTIONS, WIXING, PREPARING AND GURING PROGEDURES . " '

woa The Perlite uonorete was propovtioned using standard
"‘ﬁmix ratios as recommended by the Perllte Institute. 5ince"thése d[‘};

,}'f¢mixes Were for'lnsulatlng concrete, a mlx of rlchev ceﬁe t: A
'fff,Was added to uhe serles. Mix ratios of l 3,11;,1 S and 1 6,‘ ,
"cvolumetrie nroportlons, without air entrainment were used. These

‘5”5<mixes :were made nwice, onoe by an eleourjnelly driven, paddle »i; f}

iifﬂtype, mortar mixer, and once by a barrel type concrete ﬁiXer
ndj3fconforming to site oonditions. hlxing operation bv the mortar
d”iﬁfmixer ‘was. done according to the ASTM C 305~55T. Proeedures for

vl’dflow test and for molding speclmens followed the specification -
‘ ;;,LASTM 87-52 Other series ‘were mlxed in the normal concrete mixer
'ilf{fand then hand mixed in a 1arge pan. First water and cement were
'éﬁiput in the mixer, than perlite wae added and mixed thoroughly

‘“infuntil it beoame homogeneous. L
o Apparatus-\ a)Molds' Molds weve rigid and non-absorp—ﬂo“
;tive. Por oomprees1on teest speclmens they were oylimdrieal in“‘ 2

”1ff;form, hav1ng a metal base plate, and oiled before use. R s
'gfb) Tamping Rod° It Was a standard one haV1ng one end rounded tO»E“EV

u5f£fa hemisoherieal tl?-t;'.f3it-;'“

ST Molding Specimens‘ Whe Lest snenimens Were formed by
=foofp1aeing the ooncrete in the mold in three 1ayers. ‘The concrete v
jl;7»was distributed by a circuler motion of the tamplng rod. Each layerj
":“Jwas rodded by 25 strokes\of%the tamping rod.:After the top layer ¥

thefconcrete wag struck off wiﬁh & m”7f~

T’ 5;was rodded, the suvfaee of
and B concrétes, the concrete was

s_.fjftrowel.:ln the case ofltype
: %';jplaced aithout tamping.};
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The cyllndrioal molds were of two sizes. One had a diameter of

2' toand. a height of l;” The other having a diameter oi' 6' '{’an'd _f’ |

a height of 12‘ v, J..;_‘f HER

_ Molding of specimens were according to ASTL’i o 31—-55, -
except that 1n the capping procedure gypsum ,:as used and instead
of curing the snecimens 1n a humidity chamber, the samples were |

immersed in water for three days and then kept 1n air until
they are: tested. : BT SOt o

3 cexhent xed in normal.-;cocre e mlxer.. ‘ta)olef.i

D' Conr‘rete prenared safae as type (,,_,_ ut.with 1ess v.'ater than .

the preceding one. JCSHQ (|2)

Mostly in this paper, the results of type c conorete

are given, but the comparisens of all of’ them are given in

tables (40 42 43 45 51,56. Y

.Also compamsons w:nth an ad

itional type containing sand are‘» presented 1n following sections.
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- TABLE(/Z) BA‘I'UHFS FOR 'I‘VPE D‘

; - Water= N Fios shown 1n the tables are not real water-‘*f A
 {feement ratios, b oause of the absorption of perllte and the amountf "
7fgfof water 1nf_erlite 18 unknown, therefore one can not calculate ‘

?*;ﬁthe true value of’water-cement ratlo.;',i“:
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'j[fTESTs ON PERLITE GONGHETE

sions Df oven~dry and wet concrete when,¥ ;

-‘“fﬁ}molding samples were det “mined at the age of 28 days and when.ﬂfff

"_ ;3molding.~ Vo%umes énd Qeights per cubic foot were computed from pr. }
. “the- obtained average data. The obtained results are presented
::féin table (13) below.‘f* ' S ' '

;T i
ho I

et Ur..v'i't;l«#eigh( oven - olfj umtui
""i‘JL”pQr_ 'c.d’;t e “7 PEr Cv. -ff

g o e
76

&@6@$@5%$w¢@}?

565
56

ags. e

"ﬂ”f TABLF (13) UNIT WEIG&TS OF VARIOUS MLXES

/FifflThe unit weights obtained are smaller 1n value than they are
”""}fspecifi°d in 3ueoifications and in various artloles. (12) (7)
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. V'fv“average cross-sectional areav. ' “jresults are pr-es~nted 1n RN
‘ ,,,;;'i;..‘jtable (14-) below. nlso the relat::.o___hins of mix ratios, to. o
c _comp”essive s‘crengths are ‘riven in figures (@) and (?).;';‘;1;: o

_—
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a}.;axgwhere Peiis the magnitude OL the load f‘p 1s the uniform tensile;?

o maBIE (15). ‘;fi:isﬁsimﬁésw'féfénﬂ*fﬂ-'?E,s;w;f;aﬁwmsx splitoriinger)

L .

-  fithe cyllndsr?splitvtesﬁ was used The 6x12 cylinders which Were
ffused in determlning the ccmpressive qtrength of lightwelgnt

‘*?gpgarafgsgfﬁaivéﬁsai Teétingtmgéhiné.gw”f'fV

iPrccedure‘ rphe sanpleq Were put under the machine and i L“\_:
'fgeompressive force was applled from tne sides of Qhe cylinders :331 
ﬂelang one generahriwe.,mhe 1oad which caused failure’Was deter— .

“7‘77éééﬁiﬁéi;@n&&féég@ié;areish¢@ﬁgig5@gbigv(]5)}5@@3;;7?1§ §5)_,

ool _tg?e YNX P, H: ’ng‘? Ps‘ kg/r.m IfP

|3 400 7O sl
'~1J¢4fj 54405;9“ 49 35
s
|16

5580-35 495 j'L 3.6
43201;_ 38 Cef 2l 75




- THESIS
ROBERT COLLEGE GRADUATE SCHOOL
BEBEK ISTANBUL :

"PROPORTIONS:

‘OF ’I‘YPE c COHC‘RETE |
Each ;point renresents a s:mglp 'test resu

D. Flexural Strength
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zfvwv«v;.s;,;;.,,; -,_,H, ',Aw. 4_

“Flexoral strensth

e [

T

'x .

0 e T, JUERUT

Y — —— —
T

2580
‘2a7p

129

105 L
SR

7% | |

*-zzzoafi' b9

| .2 340 - 7)_,‘.;,;_; B
~—2ggoyga__g72; ¢_,_‘

Yipiasia;ﬁ
"AOCWO

- go-

TABLE (l@)

”_,?o'f SIS

Go
-ﬁEOf‘w

FLF'YURAL STRENG‘I‘H TﬁST RF‘SULTS SO LT

T

ﬂ%fWBKGf“f ¢4{f}ff*ﬁ?ﬁfﬁf;iﬁfff f

v s
B z.‘;i;r'f:-

FLEXURAL STRENGTH VS. HIX PROPOR’FIOWS
Creprosents’ s tr*t'r)*'tijyft::;f'*~

Lisst

f\’\ 'L‘"‘ T
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| ‘:Jffblt 18 also seen that the unit weight and ‘the’ compresgive strength'ﬁ

~;g;As stated in Part I, seotion V B, the compresqive

th@ strength increaqes. ths 1s shown in

|type . mix 1

ouen drg
BT RS we.sbl'

wei deosc’fg

Comp(eSS:\)e ff. :

2x4" cqlmdert

‘ l\é perco_{l'

k9/m

IL/Cuﬂ

llg/m

PIL b

kg/cm

| c\\n Js.w

—

51
4&35
<462

ff;8 60
800
A
|#15 |

?7 e
76-/.;'
L 75
?2 :

1300
1280
1260

1210

624—
414 -

3507,
304

e ‘ ‘I‘ABLE ( 17)

Rn.LATION or comm,sszvs STRENGTH TO UIIIT
vmmm Dl e P e

’f?;strength,is directly proportlonal to ‘the’ unit weight.fwhen unit
‘3fiwelght 1ncreases
'”ﬁithe followinﬂ table (I?)..HMm .

QSCI;%;j;;¢jf¢Q§ g

ff:‘decreases as cement contpnt in the conﬂwete decreaseq.;am Sl

In type B concrete the unit weights are muoh hlgher than

:\”ifi’in type

and accordlngly the comnressive strengths are higher.__f,
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CO mpress

st of -

2)’4 Cb) Fs|

Com(n fes.n ve

Istr.of 6x12
Cg‘lﬂd-@fl (7): :

Relative. Com'p»re'ssw‘é‘

Sh'engﬂ, of 2)(4 Cl_’)‘»n [FashER s

\C GX!Q Cg‘m 3 |00

348

S

”“*-mAabu (20)

: _L:fstrengths of’ llghtweight conc*r*etes deorea e as the compressive‘
f‘_fs’orevm'th 1tself decr-eases.‘ But in the case of ordinar'y gravel

fi’,"conﬂrete Lhis io not ’crue.v\ 'I'he valueé givenin table ({8) are

i f""f":valid for all compnessive strengths of graval ooncrate. "’

’ 30 ‘
;rsf?*‘
:;5

305

|35 ,'0'*'-:? 1302

%czmw,, r*omws 'J.,ss,.ai_smsf: TIE OFOR TYRELGC 0L

'P x%L,u : ( |q)
i | Y‘ON ,R""f““

elshve cpmpr
shengm o(. 2% o
éufz g IOO :

15é
/25

Compre Ss:ve s‘hengﬂ,
: s ?‘1 Lo

6;(‘2 c»,l

2x4 ‘c"ql

/‘.230

14 1350 | os2 |

Q“L LTI‘J B 31 3 31"\! o

SPRENGTH, -

As it ls seon f‘rom ’che tables (W) ar\d (20) the relatlve
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*:ComPress.ve :+ren5~}h A Psn

. 'Lyee A t:)Po. g

M 2)54“':.\11.1':&2(5 ‘.'Gg(lvvz.c"ql:‘nale;_:"' B 2,‘4 Cwlunaer:

'17FA TAB (22) GOMPARISON OF ”OMPRBSSIVE STRENGTHS OF TYPE A.AHD
B TVPE B POﬂRFmEs DAY -

_  ;5iD. Relation of Tonsile Strengﬁh and Plexural Stren th,to”lijtﬁ%;gigb
*‘V“fﬂ}Compveasivo Strength' o o : SR O

’ : In this section, the results of only typej“
}1ifare going to be discusaed. The coefficlent k, which
_J;fed in Pavt
‘7 fmix proportion of this type. when the aVerage is taken, k is

_as dlseuss-’,f

3I,Section V D, comes out to be diffewent for each

} ff7equa1 to 3 for split cyl*nder and S fo* flexural streng+h relauq
}>,lftion to compveqqive utrenv’ch. In reference (12) these values A
ﬁfare 5 and 8 respectively.,mher fore the found valups ;or jfﬂv“"
v“fperlite are less than thm‘weneral valueu ‘Tor. Struﬁtu”dl 11€h
vf5ﬂ[weight conﬂvetes. q1he 8 values ‘are. comoared W1Lh each cther in
:';i;the folloW1ng table (23). Also the relatlon of comnressive -
:'7”;stmengﬁh o' flexuv&l end ‘tensile stwengﬁhs are glven in fig“")
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L {water cement ratio can not be determined, 51nce the absorpti?e
o  UvaIue of Perlite is unknown. Only the apparent water cdntent
x;will be referred throughout the section. IR

I Type C and type D conerete are compared 1 :table (24)

)fgdiﬁTYPa D GOHCPStB has the same preparing eonditions és_ ype C. but

iu;;its water contant is 1orer than,type C. The flow tes;imade by
‘fjﬁhe flow table gave zero flow for type D concrete, wﬁereas a”

,Wix%;flow of L/a tzmes the dlameter was obtained by type CEGOncrete;>¢ﬁ |

tensde

j‘f;:’;”v""ZTABLE ( 24). uOXy'PARISON OF 'I‘YPE AND "‘YPE D COEGRBTE

As it is seen_from the table,the water content is:ffl'ﬂriv

"/Fijconsiderably less for type D concrete'and.the eempressive'jtrengtrxw

.....

’“;13 eonsiderably high. The compressive stfength of type?D is jfiff-j'
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Comyreg‘w 'l:emsde He)fure\ OVQn dr S*rens*\-l, 5 R
: f"'r h .
” ,e_',‘?’ . ”vsi‘rensﬂ’ “‘;’e;hsi\a dws:’r, UQ.gM‘ b

”G 51 68 el

. : In type E conerete two factors affect the strength of“}

- ‘{the conerete.tene is the increasing unit weight,.tha Other is f}fk

;:-ff-gfthe decraase 1n the cement oontent. As one goes from 1: 3 1 to S

L 1 l;. 3 mix, the strength sho'vs ‘a variatiou, the highest strenguhsik.

i -Eﬁ,i?"’btain"d at, 1:3:1 end lsh:2 mixes, -being 1130 psi and’ 1070 psi; .
: PGSPectively, At the 1’1+-3 mix Strength decreases, because the
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yynevertheless,

‘fof ooncretes is noticeably high.- omparing 1 u mix wlth the

end tensile strength is also 175 percent of the type
‘This ie more pronounced in comparlng l 6 mix with 1'3.3 mix,

compressive strength iss h25 percent, and tensile strength is
38h percent.iiue,g SR o

ioemesﬁp;o the conclusion that, aeﬂording to the definiyion of
“ightweight connretes in Part I of this paper, only 1 3 3 and

;iweights less than 115 PSi

The Values 3.1’1 the fig. (34) indice‘ce;tha' "1 1,, 2
mix 1e“th 'best for structural uee,ilts strength 18 gy
ialso the“unit weight is low compared to 1 3 3‘?;.

Yo

the difference in the strengths of the tWO types?ff'

1z 3 l»mix, one Qbserves that the density of the 1atter is onlyf;Tyj
;150 percent more, but the compressive strength is 175 percent

conerete._(i

The denSitY of type D being 230. percent of that for‘fyee G- the 1*7

When observing the values at the table (25), one f;if,5

1 u 2: mixes can be considered as structural lightWeight con -ff;? .
eretes, developino stresses more than 1000 psi and heving unit‘;f
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s © In: the theoretical part of ﬁhis study, the structural ;~f?v;
A: filightweight concreta Was defincd as, ﬁhe conurete welghing
'5ﬁi;not ‘more: than 115 lb per cu ft, and one developing a bomnressive
"f;fStrength of not 1ess than 1000 psm. Aecording to - ﬁhis:definition
:iithe obtained test results indiﬂated that, Perllte Conerete wés'_>fgj
'“Qﬁnot a'struotural 11ghtweiaht concrete in ordlnary condltlons.:gf;f

fBecause non of the perlite-cement leBS mlxed 1n +hs concrete”

fmixer, had developed a compr6351ve strength,monp than 62& psi:;;;gl

:rtar mlxer, and the second tlme‘“

7 :,fo£é'thervalue of water cement raﬁio was kept 1ow and th*s result~
“5ifed lﬂ the increase: of strencth.,The apparent wa“er—cement ratio;
. was 0.86'in this case, and 1.2 for the type ¢ concrete, ‘mixed. "
V}ff i1n the nowmal eoncrete mixer. ype G coneret cuuld not be mixed
’:'  to su“h & degree in the'lbncrete mixer,_so more vater was, needed

véfto mazntaln a reasonable oonsistancy, hence uhe strength of 1t

”'fpfnad a lesser value.
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