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ABSTRACT 
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The properties of concrete interrelated with the resistance to 

fire and high temperatures are investigated for the preparation as 

'\'lell as the~.,§lxperimental evaluation of refractory concretes with 

correlation to the theoretical ~asis. Plain and special concretes 

prepared vti th shamotte, silica powder and crushed firebrick are 

exposed to high temperatures and their compressive strengths are 

determined after cooling. The cost analysis of the samples is 

included to investigate the economic aspects and the possibilities 

of industrial application. 
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CHAPTER 1 

INTRODUCTION 
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Concrete, as one of the major construction materials has many 

properties which determ1ne the effic1ency and standard of behavior 

of the structural elements designed for the intended functions. 

The properties of conc~ete related to elevated temperatures 

become important in certain fields of application and during certain 

phases of common constructions. Most concrete is subjected to hlgh 
. , 

temperatures within the range of variation of weather conditlons. 

The important exceptions are construction fires, which as a threaten­

ing possibility need close consideration'" jet air blast and some 

applications in 'industry where concrete is a primary or secondary 

material in chimney, furnace. and reactor units (1)". Other cases of 
,A ~ , 

exposure to high temperatures are raoiatlon, contact of hot colIs and 

by use of solid propellants and oxygen lance tor cutting through I 
concrete (2). 

Concrete is incombustible and has some heat-resistant properties 

but its loss of strength at elevated temperatures (due to shrinkage 

and expansion by heat and dehydration of Ca(OH}2' thermal incompati-, 

bility of aggregate and cement, and other disintegrating factors) is 

one of the problems ln structures. Consequently the study and pre­

paration of special heat-resistant concrete is a major objective. 

In studying and testing the properties of concrete at high 

temperatures, interpretation of definitions and meaning ,of related 

terms is essential. . Fire resistance is defined by ASTl.fT~ntati ve 

Definitions of Terms relating to Fire Tests of Building Construction 
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'T110: oro:)ert:,r of m£ ... terial or assembly to withstand fire or to 
Give nrotectioD from it. As ap~lied tb ~lements of buildin[s, it is 
cbcracterl~ed by the ability to confine a fire or to continue to per­
fori;] a ~"tl'~Jcture.l i'unction or both (3:292). 

Ine I:,l'itish standard Definition for Fire Resistance is applica-

ble only to structural elements, instead of the material \vbich fortIS 

it. In connection with concrete, the term implles only the relative 

COLi[xtri son of eli fferent concretes used in stru ctural units for 

Givins :;:00(: fire resistant properties (4:569). 

The fire reistance of structural elements is measured by the 

ler-;[~tb of ti:ne theJ' continue to perform their functions and retain 

their stru.ctural intesri ty, ';1hen exposed to fire • The primary 

objectives of work in this field has been to classify fire resistance 

of walls, columns, ceilinGS and partltions for fire-ratinGs. To 

Bchiev~ +~is, primary consideration has been given to design tests 

to provj~g the necessary theoretical and experimental background and 

to re~)ror'l1r'e the actual behaVior of structures under field stress, 

strai~, ~lcklins, and beat transmission conditions. 

!t is as long as 1923 that the effects of construction fires 

'dere last discussed at an A.C.I. meetin8 (5). A study by Portland 

Cempnt Assn. indicated the influence of type of aggregate (3:293). 

Determinatio~s of weiGht loss, linear expansion and dynamic modUlus 

of elasticity were 8ade in connection with an investigation of the 

fire resistance of concrete conducted at the Portland Cement Associa-

tioD ilesearch and Development Laboratories in 1957 (1). 

Eenzel's extensive study on con,crete slabs (2) covered the 

effects of bond beti·[een a[;gresate and cement paste, spal1ing and 

shatterinG, fusion, chan.se o!r shape and crackin12:. Tests have ,been 
~>, 

I 
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condu ctec1 to 1 n \'t; Htifja te. the effect oi' hi[Sh te::rpera tures on the 

compressive stren(!th of concrete. Lea [md St:co .. cli11[ stucUec5 the 

X"esistance to fire ano the develo'~·:;ont of fir'e-resistant concrete (f:) 

cooling. A rapid strenEth lo~os Increasing to a reduction of 40% . 

at 650°C was obs~rved. Lea, in the second set of experiments obser-

ved a strength loss of 50% at 55C~C and 301 at 690°C. 

Grun and Beckman's tests on mortar blocks made with Portland 

cement and quartz Sc:Dc1 indicated a strencth reduction of 18% at 300°C 

Kore recently the Japanese Buildins Researcl1 Institute tested 

compressive strencth after heating to 450°C ana fOO°C, measuring 50% 

an~ 72% reduction in strensth respectively (6). 

Such a study by gnlhotra (C) lead to denote the effects of 

Water-Cement ratio, the aC6recate cement ratio, presence of desisn 

stress, and reau ction in l'esidual stren5tL. Peter 3mi tb \'lOrked on 

compressive strength, modulus of elasticity, spallin2, cracking, 

yolume chance and other l)roperties of concrete and steel (5). 

Carlson's report (8) on the effect of moisture, the size of 

snecimen, conditions of ~~str~int, Denjamins reuort (8) on fire - , 

resistance of reinforced concrete, Troxell'~ discussion on prestres-

sed concrete (9) are noted studies. 

l~ekrassov' s (10), Petzold and Rohn l
13 (11), and. Branister' s 

stUdies (12) on behavior of ce:nent and a56reGate 11hen exposed to 

elevated temperatures and on types of specialheat resistant concrete 
. , 

made \'ii tb portland and alumin_ous cement, slas, fire bricl~ e.11d li(5ht 

. a8t3regates compro;Jise the studies specictlly carried out in Russia, 

in the related subjects and tests. 
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The object of the thesis '\'lOrk is to study the properties of 

concrete l'lhich affect its performance as a structural ol".,protecti ve 

unit '-Then exposed to fires or high temperatures. The. effects of 

cements, aggregates, mix characteristics and time-temperature rela-
~'-

tionships are investigated for the analysis of change in properties 

such as compressive strength, modulus of elasticity, dilatomet~ic 

and thermo-gravimetric relations. The theoretical basis 1s corre­

lated-with the preparation and experimental evaluation of refractory 

concretes. 

Plain concrete and special refractory concrete samples·prepared 

with shamotte, silica powder and crushed fire brick are exposed to 

high temperatures attained according to a specific time-temperature 

relationship, and th~ir compressive strengths are tested after coolin 

The index values based on cost-strength ratio of plain concrete are 

determined to compare the strength losses and costs for the investi­

gation of the economic and industrial aspects as 'nell as the 
\ 

structural requirements. 

. , 

I 
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The evaluation of the resistance to 11igb temlJerat .... ,rc i~8c:~;iI'G::. 

consideration of every 

,:,..] ~, ., + .j ,~i ,'. 11 (? \ . , .~, •. '-' _ " ._ L,,, . _ ) • 

fol1o\':in~ naio and ceneral factors (L~, 13). 

1) The capacity of tlie CODC1'etc to 1;::i.thstc:ncl bent ano 

action of water without~ loosins strenGth and without 

crapkins or spa11ine. 

2) The conc1u cti vi ty 0 f con crete to ti82.t 

3) Heat capacity of the concrete 

4) ~ype and size of agsregate 
, 

5) Cement content 

A. EFFECT OF CE~ENTS: 

TI}e basic pbysical and c11e1:1iC:<:i,1 transformations of cE:!.:1ent 

matrix which ie. exposed to hiGh tempera.tures are results of: 

1) Dehydration reactions ~nd the consequent volume aod' 

weight 6hanges durinB the p~ocess of thermal expansion. 

r , , 
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usually irreversible. 
". 

;:"C:l'Fttec1 '''ortl,::u1(5 cement wl~ich is forln'l::;d from the tricalciur:l --J. - . 

sllic~te 3D~ bet~-dicalcium co~~onents of the cement can be idealized 

as t.he '~el anci a il!ixture of In:Cinlte nU:,lber of hydrates in v:hich 

crystals and anhydrous residues of the cement are the remainins com-

)Onent8 of the paste. 

Portland ceffieut when heated, undergoes both expansion and 

shr'in~:ace, the limit and 1"8. te of ivhi ch may vary. The expa11 sion is 

ther2al while the opposing contraction is due to shrinka3e of the 

paste, as water is driven off in different stages of dehydration. As 

illustrated by Cz~rnln and others (14, 3, 5) capillary or free water 

is lost up to 100°C (212°F) by evaporation. Then ivater ";hich is 

combined with hydration products is dehydrated at higher temperatures 

At 250-350
c C, the hydration products containing allumi-

num and ir'o!: loose their water while between 400-700°C siliceous 

nroducts are dehydrated of crystal water (15, 16). 

The eXDansion and contraction of concrete follows a general 

pattern as shown in the experiments reported by Philleo (2, 1). His 

General conclusioTls 'vere that Iveight loss due to loss of i.,rater i'laS 

complete at 800°F and above this temperature coefficient of expansion 

increased since expansion "\Vas no longer inhibited by drying shrinka5e 

up to lOOO°F, the rate beinG about 40 ~ 10-6 per degree Fahrenheit 1n 

temperatures between 500 to 750°F. Lea and Desch c9nclude that .th~· 

actual temperature at.i ... hich the maximum expansion is reached varies; 

with the size of specimen and the conditions of heating, being as 
,~ 

--------------------------------------------------~-----------
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high as 300°C for air The contraction from the 

originaldimension has been reported to amount 'ultimately to 0.5% or 

more (4). The mechanisms of the dehydrations and the related 1'e-

actions lead to cr'ackinG anel thus to a major drop, iv; strenGth and =-

intesrity of the cQncrete. 

The chane;e in coinpoullds -of the hydraulic cG;"!ent Is. the secon;~ 

subject of consideration and analysis in the investisation of heat 

resistance. ~'lhell the cement naste is heated to 400":450 c C (4), the 

dehydration of Ca(OE)2 takes Dlace Hhich can be observed by the rele-

hydroxide 1s decomposed lea~lnG CaD. If this CaO comtineswith 

i'rater by 1dettlng after coeJ.ins or throu[)h rJolsture in the air, it 

rebydrates to calcium hydroxide. The accornpanyin6 volume chanGe .and 

a shrinkage of the mass amountlng to 2~ are the main causes of 

cracks and loss of strenGth following decomposition of Ca(OH)2 to CaO, 

calcination, subsequent rehydration or carbonation. If tbe tempera-

ture is further increased up to 1450°C, the hydration products will 

form ceramic bonds and the mass will set tougber and more resistant 

but this phenomena has no practical application due to excessive 

decrease in volume (16). 

Most of the d~hydratlon reactions in the cement paste ere irre-

versible. ''';ben a paste is exposed to a cel"'tain temperature, 1 t 1dll 

keep the characteristics attained after cooling until there is expo-

sure to a greater temperature. Tberefore selection of cement remains 

as one of the fe", 8.1ternatives for obtaininG a better fire resistant 

paste. In tbe related considerations, the amount of calcium hydro­

xide present becomes the dominant factor ~ndthis leads to a prefer-

I 
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I 
ence of portland blast-furnace cement and 8.l'Cminous cement. The 

blast-fu~nace cement in addition to having a low pro~ortion of free 

calcium hydroxide, is also significant for the combination of free 

lime v ... i th sranu.J,a ted slas at high temperatures. In aluminous ce,:1en t, 
=-

even thouGh 0. dro:.; in strenE:;tl1 is observed after the loss of cbeii]l-

cally combi~ea Kater, this decrease in streneth does not lead to 

breakdown of the structures. As explained by Chernin (14), when the 

temperature is further increased, the hydraulic bonding is replaced 

by ceramic bondins. The resistance increases if well-burnt crushe~ 

clay or fire clay or corrundum is used as ae;sre[~ate enablinG 'Jse tF' 

E. EFFECT OF AGGREGATES: 

Type of aSGregate used has a definite influence on the heat 

l"esistance of concrete due to effects on physical and chem 1 Cell nrc-

perties. Thermal diffusivity, conductivity and coefficient of ex-

pansion are dependent also on the various types of asgregates. The 

concrete when exposed to hi5h temperatures is subject to action of 

two oPPosing forces since the cement paste after the P91nt of ~axi-

mum expansion tends to contract due to dehydration while the assre-

gates expand. These counteracting thermal processes produce larGe 

strains. 

Aggregates may themselves. disrupt due to physical and cheDical 

actions during the period of heating. Th~se include disintesration 

due to expulsion of free or combined i'mter i,;hich is explosive and 

accompanied by volume chanGe as well as changes in c~ystal form of 

minerals present,like decarbonatloDcof lime stones and changes of 

phase in silica. 
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There are 111al1Y classification of aSGl"'e:.:~ate8 depellc!in,::: on t.h811"' 

( 0.'47,) ......., • J_' classi fication is Inac1e as: 

a) Type I (All aC6resates having less than 30; free silica) 

b) Type II (Includes the balance of aEGre~ates with a 

reduced fire endurance v~lue) 

cinders contai(]it1 not. :;10 pet;l!:'. n 

of c:o,::1J'Jstlble (;mtel'ie,l HiHl not :'"'.ore thaG 5;; of volatile w:-terial. 

}roup 2: Granite, quartz, siliceous sravel, s8ndstone, CGeiss, 

cLJ(ler~~ containins more I:.b8.11 25~'; "uut not more than 5/~ of vol,'ltile 

':,8. terial Etl1(lother' material f:J. 

~Dtural aGsregates are sometime divided into four ~ro0pB in 

l'eLj[U"c"i to theil'" effect upon fire-resistG.DlJe (13) in descend iuc: or(ley' 

of their resistance. 

1) Calcareous or lime bearing 

2) Feldspathic, basalt, diabase 

3) Granites and sandstones 

4) Siliceous aegregates, such as quartz, chert and flint 

Peter Smith Generalizes the types according to decreasinc orGel'" 

of heat transmission as concretes made with highly siliceous acsre-

cates, sandstones, traprock, limestone, lightweisht aGsresates (5). 

All the general classifications mentioned above are based on the 

specific properties ~nd behavior of agsregates at hleh temperatures. 

Q1)al't z, the main component 0 f sana, gl'a.ve 1, and igneous rocks eXDB.ncl 
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At this te~perature a sudden expansion of 

stones do cot CUl.se excessive spall even though they contain quartz 

:.eceust' the tlC:it:.::r'aJ. C(;:r~8nt:1nc lntel':sr1:1.l1vlar material in sandstones 

los s 01' :3tren::'t:, is 'Glle main d i8advc1.ntaE~e. 

_L,8stones O.re aGone the best natural asgregates. S11ice01..18 

:In alpl:? to 0. l,~et[-:)has€ 8t about 1100°C (8) ubich causes lare<:?-

CX0ansioG and consequently s9nllinc. Lioestones also expand until a 

then begin to contract due to 

is ~rent8r than the spallins temperatures for quartz 83greS8teG. 
'.J 

Certain artificial aesrecates, blast-furnace slas aggregate, 

ba:~'dite, '(-'f'O;CCl1 lll':'ck freE fro!!:. quartz and sOrJe lisht1:;eight aggreEe.telc, 

SllCt', as c11n:·'e1', clay, pumice ~~nd eX:Jalldec clay products are superior 

to natural a~crecate8 10 fire-resistance since their heat co~ducti-

vity is already lower. Their heat capacity on the other hand is 

less than that of heavier concretes so it is suggested (3) to use 

, 
a~crecates with hieh thercal cond~ctivity and no crystal water should 

be used aGainst heat exposure of longer duration. 

Peter Smith notes the i~provement in performance of the aggre-

sate with s~aller size with respect to aGgregates of larger size (5). 

Tests have ShO\V11 the effect of cBe.;gr'egate size on the ,strength 

and resistance of co~crete at hieh temperatures~ With a given cement 

content, the fire-resistance increlsed with the increase in the 
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FIGURE 1. L~'I l~E ~~I~ DU~' . ' _ .. C~: ;a()~'( 

DIFl:EEENT AGGriEGb.T~~, .. ( :~? • ~ ~) 
\ - .. - " 

hardened concl'E:te pr""senteo l)y 'l'ho;,)[tS illusti'ates>le (;;fl'ects of 

differential volume ~hanfe dUE: to hGat and fire (?'). To Investi-

the coarne H13crese.te represented by disc:3 of cC~"w:i. size arranGed In 

a squo.re ~)att8rn 2,11(1 tl1e mortar "ies assu,:,,,,~d to be OCCUf\yins the voids 

between the discs as shown (21:375) on the top of the following pace. 

Conway's numerical point ~utchins uetbod was used for stress 

analysis. Stresses in the are bounded by OA2C were considered. The 

discs (agGresates) were assumed to be infinitely rigid (E = ). 
Mortar was assumed to be elastic with "unit shr~nkase and poisson's 

ratio of 0.2. 
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PAGE l7, 

To car-ry out. the analysis and to sho'-' the P18·snitude and ,~i.st1"~.-

bution of stresses at the agsregat.e interface caused by VOh)l~18 cl:-!ex,::,:-

of mortar, the stress in the mortar is assumed to be conste.nt tlH'01.1i::; 

out and equal to: 

E E. 
1 - ).J 

(1 ) 

where 1s the Imo'i'ln free shrinkage strain of t.he :llOrtal' , its 

modulus of elasticity and its Poisson I s ratio. Since the SUr"! Ol~ 

the vertical stresses on the face 0 to A must be zero, 

A 

J CJ~ydx+ 0\ (1+ m) r=Q 
a 

Then the final ~tress at each point becomes 

(2) 

Then CG:. is determined by assuming a stress functIon F which must 

I 
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satisfy the plane stress compatibility ·equation: 

Then 

PAGB - I l.4 

(3) 

By expressins tbe displacements and boundary conditions, the unknowns 

and tbe constants were solved by electronic diGital comp0ter. 

The· numerical analysis showed that laree ten~ile stresses exist 

at the as~resntG mortar interface when the distance between aZBrecete 

is less tbo.n about 0.2 times the asgreGate rc:(1iuG ns ShO\V11 : 

. ~ .. 

FIGURE 3 

Since during exposure to 11i[5h temperature, the cement paste 

shrinies after a certain maximum expansion l)oint Hhl1e the assresnte 
., 

expands, bond cracks occur with simultaneous mortar crackB~ Hau's 

analysis also predicts poor fire-resistan6e performance as the 
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F'IGU2E 4. VArtIATION OF STRESS 
';IITH DI3TAL·TCE BET\'IEEN A}GREGATE 

:,:tJxicrl1J'Tl a[::Cl"ecate size is increased since the increased interface 

may le~d to concentrated shrinkaee stresses. 

c. CO~CRETE ~IX: 

The effect of tbe temperature on the reduction in stren8t h 

·:;ur-in:':.: eX!'CSl)pe of concrete to hi£b temperature is independent of 

the \'i{'1 tel'-co:nent ratio within the normal l"anges (6). 

The aGgregate cement ratio has a significant effe?t on the 

st~en~th and fire-resistance of concrete. The strength loss in 

invorsely proportional to the cement quantity, the proportional 

--

reduction lJelnc:; s~ualler for lean mixtures than fOI' rich ones. This 

ma3' be ottri r)uted to the fact that in le~mer mixtures, there is 18'83 
. c 

internal stresses developed by expansion of the a6sresute, counter-

actinG the sllrinka1:'~e of the cement paste. Curins has practically no 
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n) Compressive strenct~: 

tion in stren:::th dUE: :to·: 

1. Loss of fotY'OllL-::th of ;:lOr't:~.l' 

4. Dehyc'1pl3.tion of co.lcilJ:1i hydrate 

and ce~ent paste. 
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Tests i12.VG ShO';:il t,11e,t there 18 little loss 0::'" f::tren::tll u~') to 

which is in the or~er' of ?5, 5C, C.l1e) [8(:; t:ln~ 

35C , 700 
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the ~ix nro~orti0nE, ';!e.ter- ee:i'.6Dt 

in the ["lot state 

;·:Elhotl'2. f 8 conclu.:~ions 'I:!ere: 

.J('Ul-')es. 

PAGE '; 

.. n..-l 
\... ........ '- ... 

the reduction in lean l:lixt1.lres i)eln:'~: s:Hclllel' tIle.i} ['Ol' 

rich ones. 

3. Concrete under B. cOr:1pressive str~ss of the orcler of 

its desi[l1 stress has a sm~ller pro~ortlonal decrcase 

in .strenGth than if the stress were absent. 

20,.~ less thFtn the correspondilW hot ~\tl'en[t:: in t!~e 

temperature 1'&n8e 

concrete. 

b) Thermal Expansion: 

t I -0 0 ,... ~ ., l' r- -'0 4::: v lor .L! i.::: ano 1: 6 ~:i x 

During beat ins the shrinka.e:e and eX!Jal1 sion of ce,,1ent~)a ste is 

not uniform and addltive,so the coe!ficient of expanslon variei 

depending on the prop-erties of aE8regate and cement paste as well as 
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concrete ~ix and rate of heatinG. Teet~ done by Phi11eo (1) as 

.re;-.reSt'ntec1 b~: the :,:raphs (ElS. 6) plotted t\'lO linear coefficient of 

fY:-)C'Ul;'lion re:H"'esenteu by the slope of two straii~ht lines 1'I;i.th a short 

tr:-u1-.:1tiot: section bet~·!eetJ tbem. The slope of the first sives the 

lineEr coefricient of expansion below about ;.... 0T""l 

~OO 1', and the slope 

of the [\t'conc1 ;::lv8s the coefficient above 800°? Coefficient of 

e)~r)8.n~:;iol1 is not counteracte(~ by shrinkase after drying is nearly 

co;rrolete. 

Len~th chan:e of concrete is also a basis for determinipg the 

temperature history of concrete following exposure to beat. Linear 

expansion is deter~inea by dilatometric ~~RtS. Such tests carried 

out by He.rrnathy (15) save the dl1atometric curves in "lhicb the 

te!Ilnerature at 1'lhich a definite s8.e;ging is first observed can be 

tRken as the estimated tempera.ture of previous heating. 
Ii! ... 
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c) Weight Change: 

PAGE 1? 

Weight losses in concrete- are measured by dehydration and 

expulsion of wRtel:' 8.8 '\<lell as the chemical n.ature of 8.3cre~~ate, 

Philleo (1) as '\<lell as Harmathy in their experiments showed that 

decrease in weight caused by lOBS of water is substantially complete 

at 800°F. In calcareous aggregate, the expulsion of carbon-dioxide 

~t high temneratures is also a contributing factor • 

. As can be observed from Figure 8, if concrete is subjecteQ to 

B temperature around l500°C for a prolortged period, the weight will 

be reduced to that of the dry components. 

d) Modulus of Elasticity and Poissons ratio: 

In the experiments carried out~by Pbilleo (1), the modulus of 

~ elasticity suffered seriou~ reductions in the order of 25% at 400 F 
:~ 
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After dehyc1pation, specimens had the SAme lOi'; illOCh.:lus of elasticity, 

independen~ of ace or curj.D[ conditions, but the effect of water-

cement ratio i'JaS observed. The 10Her the I:le..tel'-cement ratio the 

hisher the moclulus of elasticity was after oehyuroation. 

There was also a tendency for Poisson's ratio to decrease 

durinf.T eXDosure to hiCh tem~)erat1}r'es even thol.le;h the results \"ere ... ~ ... 

erratic due to sensitivity to errors in deter~ininB the resonant 

frequencies (1). • ... 

•• 
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Suitable selection of the ingredients and mix proportion enable c 

the preparation of concrete Hhlch C2.n continue to nerform Batisfac-• -=-

tor1ly up to a temperate of 1200°C. 

Heat resistant concrete can be made by usln~ portland, blast-

fur"l'lace and aluminous cements. Lac1<.: of calcil.l!11 hydroxide in the 

aluminous cements and the ceramic bonding make it the most 8utiable 

cement, and 1;10en fire-clay is used as the agsreE:a te . a re fractop.'! . 

material resistin8 temperatures up to 16oo°c (2J12°F) is for~ed,(14). 

If portlarid cement is used the diSintegration caused by the action 

of Ca (OR) 2 C2.n be compensated by use of fine-,sralned ceralDic 

stabilizers (11). 

The most intensive studies in this fielri were done in RUBsia 

(16). They vlorked on 1.;ayS of prevention of shrinka{38 and CaO fo1'm8..-

tion as well as the effects of usins beat r~Blstant a8~regates. 

Fine-grained aggregates from quartz counteract slu'inkae:e by their . 

shamotta grains and volcanic ro6~s 1 expansion during heatins. Slag, 

are used as the aggreGates. The Rus-sian literatl)re on this subJect 

notes that resistance to a temperature of 1200°C can be att&ined by 

!Jr'oper control of the factors a.bove. They <:"180 sUCGest the use 0 f 

fine-srained, quartz, powdered brick and slag, clvshed brick and 

basalt at lower temperatures, provided that cement content is above 

250 kc/m3, and the percentage of the fine-powder additive to the 

cement content is between 30 ,and 100%. 

Control of the R[5e;resate-cement ratio, the maximum size of the 

~ge;regate and otber~ix a~d curing conditions are ad61tion&1 factors 

to be considered in the design and preparation of refacto~y concrete. 
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t.l.-:,.r.: C,'t] '...,:; .~~8tEr·rnine(i 8Dpr-o::;.:imately by observation of physical 1'11'0-

nertles, color, lenGth and wel~ht changes. Irreversible reactions 

t.L.:t tof!" e ;"lncc; in the CEJE1ent paste are the basis for dilatometrlc 

:Jnd Ll-ler';:lc-crav:itaetrlc tests \'!t'.lch are u86(1 in relatlns the lrl"ever-

s:i: ~.'" 1 !O'li:.::th aDd i'lEicbt varh'.tlons in the study of temperature his-

J~C co rrJ in~: to S:.li th SOlile tej!1per~"'-ture markers are (5): 

1) Color chan~e (Ifa5cresates are not igneous, concrete 

~Jn'~;(':"oef:') ;')cl':::IJnant color chance on heatinc. Color is normal belovl 

changes to red. 

3) ~::I!,rl1irw over steel to expose one-quarter of the b8.r: 

4) ~.ihlte 901-10&1' of c1ecoffi;Josed cement hydration products: 

5) 3'<ir18.ce cra.zIng: approximately 550°F 

G) Deeper crRcklns: approximately lOOOoF 

7) Fll ~;io n te:Jpel'8 tUJ'es of rna terial. 

G. FE;.:::': ;:m::;iI;-3TA;}CE OF REIN FOi{CED A:m PRESTIlESSED CONCRE'fE: 

In reinforced concrete thermal factors discussed for the plain 

concrete such as type of Aggresate, moisture effect as well as the 

structural factors like concrete stress level, temperature effect on 

concrete str.",nc;th nnd concl"ete nix tJ'pes cetermine the resi3tance 

Cover 0 f rein forc"£,ment a.nd [.€:ometry of sectloD 'along with ... to li1"e. 

I 
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01'e8tress in the steol by annealinG and creeD. Spnllins can be 

severe due to 1m" permeability ana e;reater riciai ty of t'ne hi:~:hcr 

quaJ.ity concrete used. 
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The purpose of the experiments is to determine the compressive 

stren{~th of plain and refractory concretes prepared vii th shamotte, 

silica powder and crushed fire brick after exposing them to elevated 

tempera tures. 

The existence of various fields requiring· the application of 

refr~l.ctory concretes in Turkey as cliscussed previously produces the 

needs for fire-resistance testing. The present thesis work is in-
" . . 

tended to sup~)lement the relevant studies since this is the first 

investic.;~~ion in Turkey (to the author's lmowledge) of heat resistance 
• Q 

of refractory concretes at temperatures as h~gh as 850 C. 

1.) Ae;gregates: 

The aggregates used for preparation of plain concrete were ·1 
local siliceous sand with a specific gravity of 2.63, crushed lime-

stone with a specific gravity of 2.72 and gravel: (rounded quartz) 

whose specific gravity is equal to 2.66 (Appendix, Part A). 

2). Cement: 

Concrete .... .,ras prepared with Type I portland cement manufac­

tured by Akgimento A.9. (Btiyiikgelanece, Istanbul). 

3) Special Aggregates ru~d Additives: 

a) Crushed FirebriQk: "": ~ .. 

Firebricks produced by AsIan Tugla Sanayi for lining 
• .,. I ~ •• 

of electrical furnaces '';'Ii th m~el designati~n 233 .... /ere crushed and 

us eel as the sgecial heat-resistant aggregate. 

-
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. Shamotte which is a clay heat, treated at.1300-1350°C 

with a composition of A120
3 

+ Si02, was provided from Gorbon-IG1l 

Serarnik EndUstrisi. It is considered a good refr:l.ctory ·since its A120
3 

content is equal to 35~~ 

c) Silica Powder: 

Silica po\'vder, ','!hich is lOO~~ pure in its natu~cal 

state may contain 1)~5~~' ~f Fe20
3

, Fe20 and Fe
3

0
4

• The silica powder 

that was provided from Gorbon-IG1l Seramik EndUstrisi, which had an 

A120
3

content gf 5~b and 25~ of iron oxide, 'v'las ori.;inally brought from 

KUtahya. 

B. MIX PROPOR2IOHS,. tIlXING, CURING A.ND PREP.A.RA.TION FOR :rEStING 

There were three groups of I:10rtar speciments to be tested for 

resistance to hi;h te3)ercltures (Appendix, Part B). 

I. ° (Plain) Group 

II. A 

1. Gravel + Sand + Cement 

2. Crushed lir:estone + Sand + Cement 

3. Crushed firebrick + Sand + Cement 

(Sharnotte) Group 

lA. Gravel + Sharnotte + Cement 

2A. Crushed limestone + Sha::lotte + Cement 

3A. Crushed Firebrick + ShaLlotte + Cement 

III. B (Silica) Group 

lB. Gravel + Silica Powder + Cement 

2B. Crushed Liuestone + Silica Powder + Cement 

3B. Crushed Firebrick + Silica Powder + Cement 

The following values were selected for proportioning of the mix: 

. ,.. .. 

I 
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325 Kg/m3 

0.70 

200 Kg/m3 
~ 

80~~ flow (ASTI.: Designation 

3/8" 

Fuller Curve 

PAGE 29 

C.230 - 55T) 

~. :. , •. ,.~ r. 

After deterr:lination of specificgravi ty for each lila terial, volume 

and vvei.;ht of the constituent components of concrete rlere cQ.lcula ted 

and their gradations Vlere controlled. 

y 

100 

50 

100 

, 

100 

40 20 8 4 3/8 \\ 

FIGURE 11. GIlADATION -€URVE OJ? THE i.3:X 

Size of 
Opening 

The M.ortar vIas mixed in an electrical two spee"d mixer for five 

minutes and poured into 2" ibYlilldrical steel molds. Compaction 

was done by pL;.cing the concrete in three layers and roddins each 

layer 25 times vIi th a tamping rod. 

Molds were removed twenty-four hours after pouring and the samples 

were placed in vlater for seven day curing ..J?eriod. After a w~ek, they_ 
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Viere removed from water and kept in the laboratory for 21 da~rs until 

they attained their testing age of 4 weeks. 

C. APPARJ'I.1US 

The folloVling instruments 'were employed for the preparation and 

testing of s2.I!J.ples: 

(1) Pychnometer 

(2) Vacuum Pump 

Horse Power: 1/3 

Llodel 5Kh35KGl13E 

General Electric Co. 

(3) Sieve 

3/8" No !,8, 20, 40, 100 

Newark Wire Cloth Co. 

Central Scientific Co. 

(4) Sieve Machine 

Cenco-lileinzer Sieve shaker· 

50/60 cycles 

Central Scientific Co. 

(5) Vibrator 

Model CT-164 

12 Amperes, 50 Cycles 

Soiltest Inc. 

(6) Flow Indicator 

Soiltest CT20 

2 Speed Mixer 

Model 212, 12 gt 

Reynolds Electric Co. 

"-

I 
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(8)' 2" x 4" cylindrical steel mol ds 

(9) Sulphur-cappine; apparatus 

(10) Electric Oven 

1Todel sW-17TA 

Temperature Range 40-200°0 

Blue 1.1 Electric 00. 

(11) Balance of Oil gm Sensitivity 

(12) Electric FUrnace 

Type FR207 

Maximum Temperature 0 F 1850 

Maximum power KW 16 

FUTIill.ce Voltage . . 
Hoskins Manufacturing 00: 

(13) Unive:c'sal Testing Machine 

73 

~ 

PAGE 31 

llIodel : Riehle., screwtype, mechanical, maximum loading 

capacity of 70,000 lbs. 

DQ TESfING P~OUEDURE: 

The specir.lens which nere water cured for seven days and air cured 

for 21 days were scpara ted into 'two groups for determination of the 

comp.cessive strength at normal temperatures as well as afterlteating 

Two specimens from each group were put into an electric furnace 

at a teJ1lperabure of 120°0 for 1-1/2 hours~ After this exposure, the 

samples were put into the main electric furnace and heated to a temper­

ature of 850° 0 following the time-temperature rati'ng ~s given in 

Figure 12. Then the -specimens v~re allowed to cool to normal tempera­

ture within 3 hours. 

I 

_
__________________ • ______________ • __________ .... ____ ~----------~;~ 1 

-------~ .. 
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All the' specimens were capped 'Ni th the sulphur capping compound 

and tested for their compressive strength in a Universal Testing 
=-

Machine. 
900 
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FIGURE 12. 
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. ,,' 

* The data obtained from compression test of specimens are tabulated 

below: 

Compressive Compressive 
T~st ,strength at Strength After 

Group Normal Tem- Heating to 850~C 
No peratur~ and Tested Afte2 Ibs/in cooling Ibs/in 

1 01 2050 436 
'·2 01 2220 382 
3' 02 2730 955 
4 02 2340 795 
5 03 2370 875 
6 03 2150 795 
7 03 2280 925 
8 Al 2780 735 
9 Al 2660 620 

10 A2 2430 1575 
11 ·A2 2220 1765 ".-
12 A3 2175 1240 
I"; .., A3 2060 1560 
14 A3 2100 1330 
15 Bl 2100 710 
16 Bl 2000 880 
17 B2 2310 1300 
18 B2 2330 1400 
19 B3 1750 1425 
20 B3 1530 1195 
21 B3 1895 1250 

TABLE 1. COHPRESSION TEST DATA 
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~< The average values of compressive strength and the corresponding 

reduction in strength due to heating are given in the following 

table. 

No Groups 

1 01 

2 02 

3 03 

1.~ Al 

5 A2 

6 ,A3 

7 B1 

8 B2 

9 B3 

Compressive Compressive 
strength at strength '1hen 

normal tested after 
temperature 
. lbs/in 2 

heating to 
8500 C and 
allowing to . 
cool lbs/in2 

2135 409 

2535 875 

2266 865 

2720 678 

2325 1670 

2110 1377 

2050 795 

2320 1350 

1725 1290 

TABLE' 2. 'C01-iPRESSlVE STRENGTH AND 
PERCENT REDUCTION 'DUE TO HEATING 

'/b loss of I 

strength 
(As ;~ re-
duction of 
original 

strength) 

74.0 

65.5 

61.8 

71.5 

28.0 

34.6 

61.3 

41.7 

25.0 



r 01 

'02 

03 

Al 

A2 

..\ 

A3 

Bl 

B2 

B3 

f 

Compressive Compressive 

Type of Concrete strength strenGth 
- Ratio before Ratio,l after 

heating he nt in,,:; 

Gravel + Sand + Cement 1.00 1.00 

Crushed limes-tone + Sand + Cenent 1.16 2.14 

Crushed Firebrick + Sand + Cement 1.06 2.11 

Gravel + Shamotte + Cement 1.27 1.65 

Crushed limestone + Shamotte +' 
Cement , 

1.08 4.08 

"I(.- Crushed Firebrick + Shamotte + 
Cement 0.99 3.35 

Gravel + Silica Powder.+ Cement 0.96 1.95 

Crushed Limestone + Silica Powder 
+ Cement 1008 3.30 

Crushed Firebrick + Silica Powder 
+ Cement 0.81 3.15 

TABLE 3 COIilPARISON OJ!' cmlPRESSIVE SrREIifGTH AND INDEX VALUES. 

(Compressive strength and cost-s·trensth ratio of 
plain 01 concrete is talcen as the base) 

Index 
Value 

1.00 

0.75 

6.70 

2.37 

.~ 

0.94 

6.20 

1.86 
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