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ABSTRACT

The properties of cqpcrete interrelated with the resistance to
flre and high temperatures are investigated for the preparation as
‘well as the_experimental evaluation of refractory concretes with
correlation‘to the theoretical basis. Plain and special concretes
prepared with shamotte, silica powder and crushed firebrick are
»exposed to high temperatures and their compressivé strengths are
Wdetermined after cooling{ The cost analysis of the sampled is
included to investigatevthe economlc aspects and the possibilities

-

of industrial application.
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CHAPTER 1
INTRODUCTION

Concrete, as one of the major construction materials has many

Ay

properties which determine the efficiency and standard of behavior

" of the structural elements desisned for the 1ntended functions.

Thevproperties'of concrete related to elevated temperatures

becoue 1mportant in certain fields of application and during certain

' phases of common constructions. Most concrete is subjected to high

‘temperatures within the range of varlation 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 1s a primary or secondary

' material in chimney, furnace and reactor units (1). Other cases of

exposure to high temperatures are radiation, contact of hot colls and
by use of solld propellants and oxygen lance 19r cutting through
concrete (2). . “ |

Concrete is incombustible and has some heat—resistant“propertles
but- 1ts loss of strength at elevated temperatures (due to shrinkage

and expansion by,heét and dehydration of Ca(OH)E, thermal incompati-

' bility of aggregate and cement, and other disintegrating factors) is
- one of the nroblems in structures. Consequently the study and pre-

‘paration of speeial heat-resistant conecrete is a major objective.

In studying and testing the properties of concrete at high :

«temperatures, interpretation of definitions and meaning of related

terms 1is essential Fire resistance is defined by ASTM Tentative

' Definitions of Terms relating to Fire Tests of Bullding Construction
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and aterisls (Z17C~%4T) as follows:

The vreonerty of
give nrotection froam i
choracterized bty the a
form & structural func

material or assemnbly to withstand fire or to

t. As anrlied to elements of buinlnc 3 it is
Lility to confTine & fire or to continue to ner-
tiecn or both (3:292).

.- *

british standard Definition for Fire Resistance isg applica-

3
U}

ble only to structursal e¢leuments, instead of thetmaterial which Torms
it. In connection with concrete the term implies only the relative
couiparison of d4ifferent coneretes used in 3urtctura7 units for
giving ro0d fire resistant properties (4:569).

-~

fire relstance of structurel elements is measured by the

pt
o
(43

length of time theykcontinue to perform their'functions_and retain
thelir structural iIntegrity, when expnosed to fire., The primary
objectives of work 1n this field has veen to cléésify Tire resistacce
of walls, columns, cellings and partitions for flre-ratings To
achieve *»is, vrimary conslderation has been Blven to desirn tests

to provide the necessary theoretlcal and experimental bac&rround apa'
to revroduce the actual behavior of structures under field 3tress,
strain, uPCKl’I", and heat transmission conditions,

Tt is as lcng as 1923 that the effects of construction fires
were last discussed at an A,C.I, meeting (5). A study by Portland
Cement, Agsn. indicated the influence of type of aggregate (3:293),
Determinations of welght 1css, linear expansioﬁkand dynamic modﬁltsf
of elastlcity were made in connectlon with an investigatlion of the
fire resistance of concrete conducted at the Portland Cement Associa-
tion Research and Develonment waoratories 1n 1957 (1)

Kenzel s extensive study on concrete slabs (2) covered the -
effects of bond betveen aggregate and cement paste,'spalling and

shattering, fusion, chance of shape and cracking, Tests have béén
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-aggregates comprounlse the studies svecially carriled out in Russila

conducted to investlizate the efTect of high teumveratures on the j

compressive strensth of concrete., Lea and Strodling studiecd the
resisténce to Tire and the develoment of fire-resistant concrete ()4
Cubes heated to 200°C were tested Jobr compressive strength alter
cooling. A rapid stfength loes inereasing to a reduction of 40;3
at 050°C was observed. Lea, 1n the second set of exneriments obser=-

ved a strength loss o 50% at 55C°C and 3075 at 690°C,

N

Grun and Reckman's tests on mortar blocks made with Fortland

cenent and quartz s%nd indicated a strength reducﬁibn of 18% at 300°C
and 42% at 500°C (6)., -

¥ore recently the Javanese LGiﬁé Research Insetlitute tested
comvressive strencth after heating to 450°C and £00°C, measurin@,50£

and 727% reduction in strenzth respectively (€&).

Such a study by lalhotra () lead Lo denote the effects of
Water-Cement ratio, the a;gregate cement ratio, presence of design
stress, and reduction inv residual strength, ’?eter Smith worked on .
compressive strengitn, wmodulus of elasticity, spallingz, cracking,

volume change and other vroverties of concrete and steel (5).

e )

. 1
Carlson's revort (8) on the effect of molsture, the size of i
» CT . -~ . I's |

specimen, conditions of restraint, Tenjamins revort (8) on fire |
~ . i |

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

)

_ ; |
sed concrete (2) are noted studies.

Nekrassov's (10), Petzold and Rom's (11), and Branister's
studies (12) on behavior of cement and aggresate when exposed to

elevated temperatures and on types of special heat resistant concrete§

3 1
made with portland and alumin.ous cement, slagz, Tire brick and light |

cl oy
v .

[N
>
ct

he related subjects and tests.
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.

The object of the thesis Qérk is to study the properties_of
concrete which affect its performance as a gtructural'or protective
~unlt when exposed to fires or'high temperatures. The effects of
cements, aggregates, mix characteristics and time-temperature rela-
tionshlns are 1nvestigated for the anélysis of change in §r0perties
such as compressive‘strength, modulus of'elasticity, dilatometric
and thermo-gravimetric relations. The theoretical basis 1s corre-
latéd with the preparation and experimental evaluation of refractory
concretes,

Plain conérete and special refractory concrete samples prepared
with shamotte, sillca powder and crughed fire brick are exposed tb
high temperatures attained accofding to a specific tlme-temperature
relationship, and their compressive strengths are tested after cooling
The index values based on cost-strength ratio of plain concrete are
determined to compare the strengfh ioéses and costs for ﬁhe investi-
gation of the economic and indﬁstrial aspectsgés well as the

structural requiremeﬁts.
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_CHAPTER II

THEORY
The evaluation of the resistance to hisgh temversture requiics
thie consideration of every property ol conecrete other thas that of
thie concrete's resistance to Treezins and thawins, These Ffoctors

include the tyoe and guality of insredientes, nix deslicin, volune &g
welsnt change, extent of curdng and drying, assresste-cenent cow s~
tivility, carbonation, porosity, wetting aund drying and ocdvive ol
=lacticity (2). 'ConSGQUently, to avoid the counlexily, classi’icr -
vioms of councrete related to welcht, matural or uwanufaciure? o pe-

sotes, types of hy@?ﬂﬁip cément, degree of exnosure are considered

e [ire ?éSlbL”FCG of concrete uuructu es is Jeversiped by tle

followinys main and general fTactors (4, l}).

1) The'capacity of the concrete o £E: and heat and
action of water without loosing strength and without
cra, c‘ ing or spalling,

2) The conductivity of concrete fto heat

1
IS PN

oc
0]
s
o)
is}
Jto
o
)

physlical nd chemlc .1 transformations of ceuent
matrix whiech is exnosed tb high temperatures are results of:
1) Dehydration reactions and the consequent volunme and“

\
P

weight changes during the process of thern J expansion.
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o
"
@

2 Cnemical chanves in~compounds and reactions which

rreversiple,

=
o
-
o
| -
i~

=
]—Jc

3"5rated nortland cement which is Fformed from'fhe tricalciun
gilicate and hets-~-dlcalcium comnonents of.the cenment can Le idealized
as the vel and a mixture of infinlte nuaber of hydrates in which
water molecules sre held by bonds., These bonds have different
stfengths wnich vary in-infinitesimai'steps (14, 15). Some Ca(OH)2
crystals énd anhydrous residues_of the cement are the remalning com-
ponents of the naste.

Portlané cement when heated, undergoes botn expansion‘and
shrinizage, the 1linit and rate of which may vary. The expansion 1s
therzal while the onnosing contraction is due to shrinkage of the
paste, as water is driven off in different stages of dehydration. As
illustreted by Czernin and others (14, 3, 5) capillary or free water
is lost up to 100°C (212°F)'byrévaporation. Then wéter which is

combined with hydration products 1s dehydrated at higher temperatures

1

(=2
oG C, Av 2

(@3]

un

up to

:

\U

0-350%C, the hydration products containing allumi-
num and iron locse their water while between 400-700°C siliceous

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

o

3

I

€ expanslon and contraction of concrete follows a general

]

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

]

Q

meneral conclusions were that welght loss due to loss of water was

comnlete at 800°F‘and above thls temperature coefficient df expansion
increased since expansion was no longer inhibited by drying shrinkage
up to 1000°F, the rate being about 40 x lO‘6Iper degree rahrenhelt in

temperatures between 500 to 750°F. Lea and Desch conclude that the

3

actual temperature at.which the maximum expansion is reached varies:

with the size of specimen and.the conditions of heating, beling as
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nigh as 300°C for alr dry specimens, The contraction from the
orig inaldlmen sion has been reported to amount ultimately to 0.5% or
more (4). The mechanisms of the dehvdrations and the related re-

. -

_actions lead to cracking and thus to a major dron in strength ang

+

intezrity of the conecrete.

The change in compounds of the hydraulic ceuent ls.the second
sukbject of consideratlion and analysis in the investigatiob cf heat
resistance. When the cement paste 1z heated to 400-450°C (%), the

1

dehydration of Ca(OH)g takes nlace which can be observed by the rele-
vant weight loss and shrinkage. At about 1000°F (5, 2) calcium
hydroxide is decomposed leaving CaC. If this CaO combines with

or through moisture in the air, 1t

ng volume change and

}..h

rehydrates uO calcium hydroxide. The accompan
a shrinkage of the mass amounting to 27 are the main causes of
cracks and loss of strength Tollowing decouwposition of Ca(GH)Q to Cag,
calcination, subsequent renydratlon or ca roorab’én. If the tempera-~
ture is further increased un to 1&50°C, the hy@ration-products will
form ceramic bonds and the mass will get tougher and wore res étant
but this phenomena has no pra Ct;CqL application due to excessive
decrease in volume {(168).

Most of the dehydratlon reactions in the cement ﬁaste are irre-

)

rsivle. When a paste 1s exposed to a certain Lenwerauure it will

keep the characteristics attained after cocling until there is €XnNo-
sure to a greatver temperature. Therefore selection of cement remains
as one of the few alternatives for obtaining a better fire resistant

paste., In the related considepations, the amount of alclur hJ iro-

xlde present becomes the dominant factor and this leads to a prefer-
. «
-
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ence of portland blast-furnace cgﬁent and alvminous cement. The
blast-furnace cement in addition ﬂo having a low pronortion of free
celcium hydroxide, 1s also significant for the combination of frec
lime with granulated slagnat high _temperatures. In aluminous ceunent,
even though a drop in strength 1s observed after the loss of cheni-
cally combined water, this decrease in strength does not lead to
breakdovwn of the structures. As explained by Chernin (L&), when the
temperature is further increased, the hydraullc bonding is replaced
by ceramic boﬁding. The resistance increases if well-burnt crushed
clay or fire clay or corrundum 1s used as aggrecate enabling ude U
to 1600°C (2912°F) in furnaces and kilns.
L. EFFECT‘OF AGGREGATES : |

Tyve of aggregate used has a definite influence on the heat
resistance of concrete due to effects on physical and chemical nro-
pertles. Thermal diffusivity, conductivity and coefficient ol ex-

he

3

vanslon are devendent also on the various types of aggrezates,

)

concrete when exvosed to high temperatures is subject to action of

two opposing forces since the cement paste afiter the point of maxl-
mum expanslon tends to contract due to dehydration while the acgre-
gates expand. These counteracting thermal processes nroduce largze
strains. |

Aggregatés may themselves .disrupt due to physical and chemical
actlions durlng the period of heating. These include disintegration
due to expulsion of free or combined water which is exnlosive and
accompanied by volume change as well as changes in crystal form of
ninerals present,-like decarbonatioﬁuof lime stones and changes o7

phase in silicsa.
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There are many classification of agzresates dependinz on thelr

)]

nenavior during heatving. In both British and Awmerican nraciice

C:37%) classification is wade as:
a) Tyne I (All eszregates having less than 30% free silics
b) Tyve II (Inc luges the balance of aggrezates witn a =

reduced fire endurance value)
The Natural Board of Fire Underwriiters (C:725) classifiss as

follows:

Froun 1:  blast Turnace sla;, liuesutone, calcarcous zravel,
» . - I S, . - s - ~ !
treo roeck, burut ecley i ghale, cinders contaloing not nore than 5%

of cormbustlivle materiél and not wore thaﬁ S5 of volatile uesterial.

Jroup 2: Granite, quartz, siliceous sravel, sandstone, snelss,
cinders containing more bthan 257 but not more than 5% of
paterlal and other materials, |

notural aggregates are sometime divided into four gsroups in

esard to their effect upon fire-resistence (13) in descending order
A
of their resistance.
1) GCalcareous or lime bearing
2) Feldsnathic, basalt, diabase
%) Granites and sandstones
i) i1liceous avgre rates, such as quartz, chert and flint

j)

Peter Smith generalizes the types according to deéreasing order
of heat transmission as concretes made witn highly siliceous aggre-
zates, sandstones, tranrocA, limestone, lightweisht aggregates (5).

All the general clas sificatlons menuloned above are bvased on the

speclific proverties and behavior of agesregates at hlgh temperatures.

Quarvz, tne wailn comoonent of sanad, gravel and igneous rocks exnanc

f u]
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is greater than the spalling temperatures for quartz aggregatec,
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steadily up to 57295, At this teupsrature a sudden expansion of
0.05% oceurs Adue to transglormation ol "low" guartz to "high" quartsz.

and disruntion (4). Sand-

vall even though they contalin quartz

s

cstones &0 not cunse excesslve s

[R5

recause the natural cemer nbtergranular naterial in sandstones
e expansion of oumrLb, but

loss of strensth 1s the maln disadvantage,

_iuestones are anong the bbuu natural aggregates. OSlllceous
azcrerates are smon” the worst because they undergyo a change Ifrowm

an alphe to & bets »nhase at about 1100°C (8) which causes large

-

exnansion and cousequently swnalling. Linestones also exvand untll a
o L4 . hod ] . N b B .
superature of 90C C 1s reached, and then begin to contract due to

literation of CU. and the decomnositioun. However, this temperature

Certein artiflcial aggre Nate , blast-furnace slag aggregate,
haydlte, uroken brick [ree from auartz and some lightwelght aggreszated
such as clinkFer, clay, pumice and exwanded clay UPO@JCtS are superior

to natural agsresates 1o filre-resistance since their heat coanducti-

vity 1s already lower, Thelr heat capaclty on the other hand is
lece than that of heavier conecretes so 1t 1s suggested (3) to use

4

recates with high thermal conductivity and no crystal water should

[0

4

pe used against heat exposure of longer duration,
Peter Swlth notes the laprovement in performance of the aggre-
gate with smaller size with resnect to aggresates of larger size (5).

Tests have shown the effect of agsresate size on theTStrength

and resistance of concrete at high temperatures, With a given cement

content, the fire-resistance increésed with the increase in the
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nrozortion of Tine to coarc:

Tineness modulus range from 1,35 to 4.

Tire-resistance perlod which was frow 10 to 205 srester than with
she coarsest srodin~ (17%).
The effect of the thaymal proportles ape 1llustrated in the
i
Tizure (8:06).
-0 1 2 3 4 5
4. l l [
Siliceous
Calcareous
- Slag B
I T
Exp- shale ]
I I I :
Exp - slag ]
| I | —
0 100 200 300
Fire Endurance - Min
| ’ ' *
FIGURE 1. FIRE ENDU.. UCL on .
DIFFERBENT AGGREGATE. {7:77)

Mathematicul analysis of aqrinkqnc streseccs iv a radel of
nardened concrete nresented by Thomas illustrates 2he elTTfeoths of
differentialvvolume change due to heat and Fire {20, To investi-
zate the internal shrinkare stregsses, a nodel was —et un in which

the coarse aggregate revresented by discs of eausl size arranzed in

a square patlern and the mortar was assu.er

between the discs as shown (21:375) on the tor of the followins

[
Ial

] P A 2 s ‘ 3 - - 23
vouway s numerical point matching nethod was used for stress

s}

analysis. GStresses in the are bounded by OA2C were considered. T

discs (aggregates) were assumed to be Infinitely rigld (& = ).

Hortar was assumed to be elastic with -unit shrinkage and Poisson's

ratio of 0,2,

fe)
=

page,

i

%
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MORTAR
-
N c/
' D
<::::::> <::::::> A —_Tij ] :
FIGURE 2. TWO DLMENSIONAL IODEL
OF CCHNCRETE SYSTEM (2 21:3758)
To carry out the analysis and to show the magnitude and Jistri-

bution of stresses at the aggregate interface caused

of mortar,

by volume chanz

the stress in the mortar is assumed Lo he constant thro

g

L\)‘”':

out and equal to:
1=
(1)
where is the known free shrinkage strain of the mortar, its
modulus of elasticity and its Poisson's ratio. Since the sum of

the vertical

A v
j oxydx+ O3 (1+4m) r=0
0

stresses on the face O to A wust be zero

(2)
Then the final stress at each point becomes
T=(xy)= o7 + ©a(xy)
Then oz is determined by assuming a stress Tunctlion F which must

pe
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}.._l
g

e

.

gatisfy the plane stress coupetibility equation:

(2 B e )= o

O E
D*
STE
D R*

d

d

Zx_nﬂ——- D
S =2y :

My exXpressin

and the constants were solved by electronic disital computer,

the displacements and boundary conditions, the unknowns

The- numerical analysis showed that larse tensile stresses exist

at the asgrezate mortar interface when the distance bvetween srErezolLe

~1s less than about 0.2 times the aggrexate rediuvs as shown @

Since during exposure to high temperature, the cement paste

shrinks after a certaln maximum expansion point while the apgsre

Lo

cate
-

expands, bond cracks occur with simultaneous mortar cracks: Hsu's

analysis also predicts poor fire-resistance performance as the
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naximun acuresate

~ ' 600

 Awmn

O
® W 400 \
53 300]\
c \
8'_32 200
¢ S 100
22 TN
K Z 0 \\
o

£ 100

£

200} S

‘ N
0O @ 04 06 08 10
Distance Between
Aggregates_(d)

FIGURE 4. VARTATION OF STRESS
WITH DI3TANCE PETWEEN AGGREGATE

Maximum

o3}

ize 1s increased since the lncreased interface
may lead to concentrated shrinkage stresses,

C. CONCORETE MIX:

)

The ef:

ect of the temperature‘on the reduction in strength
Jurline exnosure of conbrete to high teuperature 1is indepéndent of
the water-cemnent ratio within the normal ranges (G).

The a@gregate cement ratio has a significant effect on the
strentth and fire-resistance of conerete, The strength loss in
inversely proportional to the cement quantity, the provortional

-

reduction beling smaller for lean mixtures than for rich ones, This

@
=

may be attrinuted to the fact that in leaner mixtures, there is less

internal stresses developed by expansion of the aggremate, counber-

acting the shrinkare of the cement paste,  Curing has practically no .

-

hg




- . v — T T

ROBERT COLLEGE GRADUATE SCHOOL

BEBEK, ISTANBUL PAGE

i..l

[

affect on lire-~resistance even

control of the aublent temncra-

ture. and humidity of the concrets alter curing may zive betier

-~
peaults (AST” Standards),
D. PHYSICAL PHC@ERTIES OF COVCRETE AT HITH TEVPERATURES:

a) Compressive';ﬁfength;

When concrete ig exnosed to ul_h temperatures there is a refuc-

-~

)

tion in stren~th due to:-

(ot

. Loss of strength ol wmortar

N

“a neomnatlibility of azzrecate and cement vnaste

r

bond and aortay cracks

<+ !

The amount of reduction denends on i vemperatuvre reached,

time-temneratvre relationshlps, vhysical nronertics of agoregate

EN

e

and ceunent naste,

Tests have shown that there is 1little loss of strensth vo to

7 or . N ~ - . ,f\_o S - - - = . . - B
7007C. At a teunverature sbout 600 C a2 serlous reduction takes nlace

v s , . - _ - . s . o
which 1s 1In the oz ﬂ“f of 25, 52, 2nd 507 after hesotine siliccous

. - a2 - ~ 3 A [ . n PR i S
LGN 2l ate to e =G N 700 anc lujx) C ¥ Pe BN Live: Ry and testins

after cosllar (5). Srun Jound that wortsrs sulffered Litble loss in
TN Voo e g . - R s T has T P tatahada) LI .
710N :,"\"t:\! 10X Ll IQUrS dau Sasow DUTT 8% D;,\, (V) tflc e was
a Logs of a2bovt hall o the ori- (4}. T
and Stradlins (€) 1ndicated no 1dss of cbren-ih un bo BA0°0 and
Sher a repld dvon In strenCil awountling te 407 at I30°C (4).  In the
vrelicloary tests Ly the Nuildiong Lesearch Station, oo siocillfilcent
loss of streunsih was observed un 1o ¢ »e of 32070 (&),
Tests reported by Malliotra (€}, on the crushin: strencth of °
concreve at varlious temnerstures 1n the hot stste tool into zceount
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the mix =rono aTIE, ”ﬁbpp—ﬂ”cﬁi ratio and tne tryre oi Lhe aroyrersi
Tie testla, conditlons were:

1. Jonecrete specinens hested 1o o zsvecillo Lesoarehur
end tested In the hot state

?. 3dnecimens heated under n conebini ciress and tegted
in the not state

2. Breci g tested to [ind the residvsl atrensith o 0tow
cooring.,

Yalhotra's conclusions were: _

1. The water-cement ratlc within the novmal ranre dooa
not afTect the strencth bf concrete st nish tenneres -
tureas,

2. The aggregate cement Pdt‘o inTluences the stren il

the reductlon in lean mixtures bhelns smaller theapn for

5. Concrete under e compressive siress of the order of
its design stress has a sneller promortional decresse
in strength than 17 the stress were abazent.

4.. The residual strength of heated conerete shows further

reduction 1n strenszth on cooling, being annroximzitely
\'ljf - — 1 b . = ‘ P -, . ) -

205 less than the corresponding hot sorensth in the

temperature renge 200 to 450°C Tor 1:4.5 and 1:6 =i

cohcrete.
©) Thermal Expansion:
During heating the shriunkage and expansion of cement pnaste 1is
nqt uniform and addltive, so the cbéfficient of exvansion varissd

ependlng on the properties of aggregate and cement raste as well és
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FIZURE 5. EFFRCT OF TE: P, ON COMPRESSIVE
STRAERGTH (8:28)

cencrete mix ard rate of heating, Tests done by Philléo (1) as
renresented by the vrar (m&"'SIﬂlOUteb two linear coefficient of
ynanaion reoresented by the slope of two tr.ight lines with a short
tronsition sechtion hdt”eep them; The slope of iha‘first clves the;“
lcient of expansion below avoul 5007 F, and the slope

of the cecond sives the coefficient above 800°F. Coefficient of
e¥pansion is not counteracted by shrinkage after drying is nearly

comnlete,

Length chan

3

ze of concrete is also a basis for determining the
temperature history of concrete following exvosure to heat., Linear
expansion is determined by dilatometricjtests. Such tests carried
out by Harmathy (15) gave the dl]atometric curves in which t%e
temnerature at which a oeflnite sagging ig first observed can be

teken as the estimated temperature of previous heating.

- Lo i
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~at high temperatures 1s also a contributing factor,

30 - —_—
- Weight $ 4
: elglI;;S_ . H °/ Wt ofwater
£ 20 ./ : at startof
cg Wiofwaterat ¢ ." experiment -
- o startofexpe- -/ '
2 o 10} riment & '
x50 277 %% Expansion !
c ow 1.25x10-° ! £ )
o a 0 4.25X%X10 o v—Expansion .
)]
g é) 0.4 W/C Concrete
u% = Specimen with 0t WicY Shrinkage
3 $ 10 Elgin Aggregates Pastesp.
d moist cured moist-
c testedat 28 “days cured
5 20 T testedat
28 days

500 1000 15000 500 _ 1000 1500

Temperature — °F
ETXPANSION ANDT IvUT LOS3 ¢F

FIGURE ¢.
CRETE AND C“‘"“"T_“ADTF (1:360)

GRAVEL u\)’\'

e

3]

¢) Welight Chan

Weight losses in concrete are measured by dehyd

exnulsidn of water as well a8 the chemical nature of
Philleo (1) as well as Harmathy in their experiments showed that

decrease in welght caused by loss of water 1s substantially couplete

at 300° In calcareous aggregate, the expulsion of carbon-dioxide

As can be observed from Figure 8, if concrete 1is subjected to
2 temperature around 1500°C for a prolonged period, the weight will

bé reduced to that of the dry components.

a) Modu.lus of Elasticity_ and Poissons ratios

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

eiasticity suffered serious reductlions in the order of 25% st 400 F
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/Lo
o
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———heat treated at 200°C \ |
--------- heat treated at 400°C SN
[ heat treated at 600°C N
. T \\\
-20 - . - N N
0 100 200 300 400 500 600 700 800 900 1000
T, deg C
FISURE 7. DILATCHMEIRIC CURVE (15:947)

50% at 200°F, 704 at 1400°F, with calcarecus gravel agirrecates,
After dehydration, specimens had the sane low wodulus of elasticity,
independent of age or curing conditions, but the effect of water-
cement ratio was observed. The lower the water—cement ratio the
higher the modulus of elasticity was aflter dghydration.

There was also a tendency for Poissou’s ratio to decrease
during exposure to high temperatures even though the results were
erratic due to sensitivity to errors in determining the resonant

-

frequencies (1). _ ' ‘ . - x
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.. REFRACTORY'CONCRETES:

Suitable selection of the ingredients and'mix nroportion enablesv
the preparation of concrete which can continue 1o verform satisfac-
torily up to a temperate of 1200°C.

Heat resistant concrete can be made Ly uslng vortland, vlast-
Turnace and aluminous)cements. Léck of calclium hydroxide 1n the
aluminous cements and the ceramic bonding make it the most sutiable

cement, and when fire-clay 1s used as the aggregate -a refractory.

material resisting temperatures up to 1600°C (2£512°

F) is Tormed, (14},
It p&fﬁiaﬁd cenment 1s used the disintegration caused by the acltion
of Ca(OH)2 can be compensated by use of fine-grained ceraumic
stabiliiers (11). | |

The most intensive.studies in this field were done in Russis

forma-

o

(16). They worked on ways of nrevention of shrinkage and Ca
tion as well as the effects of’using neat reslistant aggregates,
Fine-grained aggregates from quértz counteract shrinkage by theilr
expansion during ﬁeating. 3lag, shamotte grains and volcanic rodks
are used as the aggregates, The Russian.literature on this subject
notes that resistance to a temperatdre of 1200°C can ve attained by
nroper controcl of the factors above. They also sugzgest the use of
finé-grained\quartz; powdered brick and slag, crushed brick ang
bhagalt at lower temperétures, provided that cement content 1s above
250 kg/mB, and the percentage of the [ine-powder additive to the
cement content 1s between 30 and 1005%.

Control of the agéregate—cememt ratio, the maximumksize of_thé
aggregate and ofber_mix and curingvconditions.are additional factors

to be considered in the design and preparation of refactory concrete,
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F.  TENPERATURD HISTORY:

The temnerature attained Ouring‘eprsure*tb”firé in a construc-
tlon esn Le Jetermined anproximately by observation of physical pro-
nertlies, color, length and welrsht éhanges. Irheversi le reactlons
2t tate nliace In the cement paste are the basis for dilatometrice
and thermﬂ—ﬂr"VmeLrtc tests which are used in relating the irrever-

his

& length and welcht varlations in the study of temperature

According Lo 3n2ith some temperature markers are (5):
1) OColor chanse (If agerecates are not igneous, concrete
under-oes nercanant cclor change on neating. Color is normal velow
4507 ¢ from 55078 to llQO°F, oink changesbto red, Between 1100°F

an 1065077, color chances to grey.

2} Duarte pon-out: 10707 F

i
N
U

£11l1lns over steel Lo exnose one-quarter of the bar:
L} Wnite powder of decomposed cement hydration products:

) Surface crazing: approxlmately 550°F
C) Deeper cracking: epproximately 1000°F
7)  Fusion teuperstures of material,
G. ,FIﬁB RESiST“C OF REINFORCED AND PRESTRESSED CONCRETE:

In reinforced concrete’thermal facﬁors discussed for the plain
concrete such as tyne éf aggfegate, @oisture effect as well as the
structural factors lite conerete stress level, temperature effect on
donerete strengsth and concrete nlx tyves determine the resiatance

-

to fire. Oover of reinf owaxment and *eometry of sectjon along with




the 1@tern1 atrains are other effective factors.
Physically, since the coefflclerit of expansion of steel I8

lercer than that of concrete, the excesslve expanglon breaks the

-

bond between conerete and steel, Y
e Y - i RO 3 AR S B = 3 s ik e
An analvsis of stresses arcund ecircular inclusions due LO

1cular reference to reinforced concrate

[
2
.
= 4
b
=t
o
=
C
Al
-
<
ey
e

Therma

given bty J Dundurs and Zien%iewlcz {(17).  The magnitude and 418G

by J.
bution of stresses around .a reinforefiiiz bariis studied,
When larce thermal mraclents exist, the'bresence of BLESEE

induce tensile stresses, since flow of heat 1s disfurbedsly inelu

the surrcunding matrix: (concrete)

-

bar embedded in surroupnding 'elas

temperature zradient transverse to the axlis of the bar, is takgl

rature distribution 1s deternined by satisfying the st

Lo 3

Tenﬁe
heat condltion equatlon: |
2 P
v a1 (4)
in each region and by observing the contlnuity of temnerature &F:
heat flow: —n _l:.

61: 2l aT::_ :
k'—ar- = k; .- (5) i

The present solutlon 1s represented through the Airy Stress fung;

g. %
o= 1. 2= 1 2=
re = <. e b et > > o=

o-r=.=_._.a_(_*_ 2
Sr e ESE=]

z

< = %




Equation of compatibvility:

vipd=0 (7)
and the conditions of (a) contlinuous radial snd tangentlal trections

on the interface, (b) vanishing stresses at infinity and (c] Sip8

-
{

valued displacement sare used to find the corrésponding stresses;

i o VRN
————— Rigid perfectly
conducting
“inclusion %
Steel in concrete

+. 05 «—
6
‘a ‘_,
G 4
=~ 8|k
0S blea —
8 ) Sre 'S 5-
E,cuAaT ' v 3
0 u|W Heat ' 4
a bl T Flons
£ :
o
o Rt
—
«—
05

FIGURE 10.  STRESSES AROUND THE
INCLUSION (2131533)
In asddition, the presence of discontinuties due to the agg
gates may increase the stress around the reinfor_cement, c:za.xzsi.lfxg“.~ ¢
fallure (17). v 3 4

iscuse

Bt 1

! . Ppestressed coné?ete 1s affected by all the factors 4

sly for plain and reivnforcev’d concrete. in o
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in the stecl by annealing and creen., Snall

nresiress
severe due to low vermeability and greater ri

quality concrete used,
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CHAPTER III.
EXPERIMENTAL ANALYSIS

The purpose of the experiments is to determine the compressive
strength of plain and refractory concretes prepared with shamotte,
silica powder and crushed fire brick after exposing them to elévated
temperatures.

The existence of various fields requiring'the application of
refractofy concretes in Turkey as discussed previously produces the
needs for fire-resistance testing. The present thesis work is in-
tended to supnlement the relevant studies since this is the first .
investiz:tion in Turkey (to the author's knqwledge) of heat resistance

of refractory concretes at temperatures as high as 850 C.

A, HMATERIALS
1) Apgregates:
The aggregates used for préparation of plain concrete were 1
local siliceous sand with a spécific‘gravity of 2.63, crushed lime-
stone with a specific gravity of 2.72 and graVelf(rounded quartz)
whose specific zravity is equal to 2.66 (Appendix, Part A).
2). Cement: .
‘ Concrete was prepared with Type I portland cement manufac-
tured by Akgimento A.S. (Bﬁyﬁkgekmecé, Istanbul).
3) Special Aggregates and Additives:
a) Crushed Firebrick: |
Pirebricks produced by Aslan Tufla Saﬁéyi»fof,liﬁingg'x
of.électrical furnaces with mqdel desiéndtiQH 233 Wefétcrushed and -

used as the special heat-resistant aggrezate.
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b) Shamotte:

7 Shamotte which is a clay heat, treated at.1300-1350°C
with a composition of A1203 + 8102, was provided from Gorbon-Igil
Seramik Endﬁstrisi..lt is considered a good refractory -since its A1203
content is equal to 35%

¢) Silica Powder:

Silica powder, which is 100% pure in its natural
state may contain 1555 qi Fe203, Fe20 gnd Fe304. The silica powdér
that was pfovided from Gorbon-Igil Seramik Endiistrisi, which had an
A1203 content of. 5% anQ 2% of iron oxide, was orizinally brought from

Kitahya.

B. IiIX PROPORTIONS, Ii1XING, CURING AND PREPARATION FOR IESTING
There were three grouns of mortar speciments to be tested for
resistahce to high temperﬁtures (Appendix, Part B).
I. O (Plain) Group '
1. Grovel + Sand + Cement
2. Crushed limrestone + Sand + Cement
%. Crushed firebrick + Sand + Cement
II. A (Shamotte) Group
1A. Gravel + Shamotte + Cement
24, Crushed limestone + Shamnoite + Cement
35, Crushed Firebrick + Shaumotte + Cement
I1I. B (Siliéa) Group “
' | 1B, Gravel + Silica Powder + Cement
2B, COrushed Iimestone + Silica Powdér + Cement
3B. Crushed Firebrick +°Silica Powder + Cement <

The following values were selected for proportioning of the mix:
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Cement ¢ 325 Kg/h3
W/C . 0 . 70
Additive : 200 Kg/m> -

Slump : 80% flow (ASTII Designation : C.230 - 55T)
d max, : 3/8n
Grading : Fuller Curve

After deternination of specific gravity for each material, volume
and weisht of the constituent components of concrete were calculated

and their gradations were controlled.

100

Size of
, ) . Opening
100 40 20 8 4 3"

L

'FIGURE 1l. GRADATION -€URVE OF THE iIX

The Mortar was mixed in an electrical two speed mixer for five
ﬁinutes and poured into 2" ﬁ_4” cylindrical steel molds. Compaction
'} was done by plﬁcing the concrete in three layers and rodding each
layer 25 timeS'with a_tamping rod. |

 Molds were rémo#ed twenty-four hours after pouring and the samples ?

were placed in water for seven day curing period, After g week, they
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were removed from water and kept in the laboratory for 21 days until

they attained their testing age of 4 weeks.

C. APPARATUS
The followihg instrumenﬁs were éhployed for the preparation and
testing of seamples:

(1) Pycﬁnometer

(2) Vacuun Pum§ :
Horse Power: 1/3 ‘
lodel  : 5Kh35KGl1l3E
General Electric Co. |

(35 Sie%e
3/8" No :.8, 20, 40, 100
Newarl Wire Cloth Co.
Central Scientific Co.

(4) Sieve Machine
Cenco—Meinzer,Sieve shaker
50/60 cycles
Central Scientific Co,

(5) Vibrator
lodel CI-164
12 Amperes, 50 Cycles
Soiltest Inc.

(6) Flow Indicator
.Soiltest CT2b 

(7) 2 Speed>Mixér
Hodel 212, 12 gt
Reynoldé Flectric Co.
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(8) 2" x 4" cylindrical steel mol ds _
(9) Sulphur-capping apparatus
(10) Electric Oven
Model sW-17TA
Tenperature Rance 40-~200°C
Blue Ii Electric Co.
(11) Balance of 0il gm Sensitivity
(12) FElectric Furnace
' Type FR20T
Maximum Temperature ©F : 1850
IMaxdimum powér K : 16
Furnace Voltage : ]
Hoskins Manufacturing Co:
(13) TUniversal Testing Machine
Model : Riehle, screwtype, mechanical, maximum loading

capacity of 70,000 lbs,

D, TESTING PROCEDURD:

The specimens which were water cured for seven days and air cured
for 21 days were separated into two groups for.Qetérmination of the
conpressive strength at normal temperatures as well aé after Beating
to 850°C. |

Two specimens from each group were put into an electric furnace
at a tenperature of 120°C 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°C following the time-temperature rab ng as glven 1n

Pigure 12. Then the wpe01mens were allowed to cool to normal tempera-»

ture within % hours.
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~

All the specimens were capped with the sulphur capping compound

and tested for their compressive strength in a Universal Testing
Ay - N

Hachine.

900y

700

C
D
o
o

w
o
Q

Temperature, °

400

300

200

100

N I ! 1 L

0 20 40 60 1=20 1=40 1=60
i T:ime [m”inutes] s

FIGURE 12, TIiE-IE: PERATURE RATING OF
' THE FURNACE :
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CHAPTER IV

RESULTS

* The data obtained from compression test of specimens are tabulated

below:

Test

O O~1 W U

Compressive
.Strength at

Compressive
Strength After

Group Normal Tem- Heating to 850°C
peraturg and Tested Afteg
lbs/in cooling 1bs/in
-0l 2050 436
0l 2220 382
02 2730 955
02 2340 795
03 2570 875
03 2150 795
03 2280 925
Al 2780 735
Al 2660 620
A2 2430 1575
A2 2220 1765
A3 2175 1240
A3 2060 1560
A3 2100 1330
Bl 2100 710
Bl 2000 880
B2 2310 1300
B2 2330 1400
B . 1750 1425
B3 1530 1195
B3 1895 1250

TABLE 1. COMPRESSION TEST DATA
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%

reduction in strength due to heating are glven in the following‘

o,

The average values of compressive strength and the corresponding

table.
Compressive Compressive - % loss of
' strength at strength when strength
No Groups " normal tested after (As % re-
temperature heating to duction of
. 1lbs/inZ2 850°C and original
allowing to - strength)
cool 1bs/in2 '
1 01 2135 409 74.0
2 02 2535 875 65.5
3 03 2266 865 61.8
4 Al 2720 - 678 TLl.5
5 A2 2525 1670 28.0
6 A3 2110 1377 - 34.6
7 Bl 2050 795 61.3
8 B2 2320 1350 - 41.7
9 B3 1725 1290 25.0

f

TABLE 2, COMPRESSIVE STRENGTH AND
PERCENT REDUCTION -DUE TO HEATING




Compressive

Compressive

-+ Cement

0.81

. Strength Strength Index
Type of  COonerete Ratio before Ration after Value
heating heating
01  Gravel + Sand + Cement 1,00 1.00 1.00
‘02 Crushed limestone + Sand + Cenent 1.16 2.14 0.75
03 Crushed PFirebrick + Sand + Cement 1.06 2.11 6.70
Al Gravel + Shamotte + Cement 1.27 1.65 2437
A2 Crushed limestone + Shamotte +
Cenent / 1.08 4.08 O. 94’
A3 1o Orushed Firebrick + Shamotte +
Cement 0.99 3e35 6420
Bl  Gravel + Silica Powder + Cement 0.96 1.95 1.86
B2 _Crushed Limestone + Silica Pdwder' :
+ Cement . 1.08 3430 1.24
- B3 Crushed Firebrick + Silica Powder
3415 5463

TABLE 3 COMPARISON OF COMPRESSIVE SIRENGTH AND INDEX VALUES

'(Cdmpressive strength and cost-strength ratio of
‘plain Ol concrete is taken as the base)

IOINVISY “Mg93g
TOOHOS FILVAAVED FOFTIOD LIAg0yd

- HOVd

CIOC ™11 1
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FIGURE 1%, PERCENT LOSS OF S5TREKGTH
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CHAPTER

-

The results obtalned by testing the specimens of the plalny
shamotte and silica powder group of concretes are glven in the

vious chanter with the explieit numerical correlations and cHSDPES

aggregate slze and the aggregate cement ratio, the humidity an ;
curing conditions were not within the scope of the experimentiﬂ
the objects, »

Another mejor consideration 1s the fact that the experlﬂ
techniques were not applied according to the procedurea'giveh;r
A.S.T.¥. E119, which specifies a certaln time temperature fémé
ghip, size of specimens, methods of heating and condltions of”l
and réstraining. The experiments were carried out for the in'
gation of exposure to high temperatures, thus deviating fﬁm@i
.atandard fire testing methods, Thls fact 1s important'iﬁﬁﬁﬁﬁj
and comparison of the data and results of the present work u£ 

m "H IR

similar studies in this field, ,
Under the view of the previous discussion, the reauiuh

proper correlation with the theoretical baais diacu&sqd

lﬂnd + cement). The behavior of grunhqg



concrete (crushed limestone + sand + cement) suffers a st

TR N SRR
wnirecn 1

(03}

less than that of Al group which contains shamotte.

addition of silica powder to gravel eannot produce a consider:

improvement in compressive strength level eitherm: .

b
(

use of crushed fire-brick or liméstone'as the aégréga]

e
b
=
ct
®

acdditives, shamotte and silica powder gave better v&
within the order of.25% - 40% loss of original strength,

-

rushed

——
(9]

fire-=brick + silica powder + cement) suffered the mif
loss of strength, 25% whereas A2 group (erushed limestoae‘%,'
+ cement) had the highest compresgsive étrénsth equallng 5611

after belng heated at 850 €, : 7

The costs of different types of the coneretes testpdi
analysed to judge the feasibility of 1ndustrial aapl}qg&%‘g

sgeneral tendengy to justify the use of the apeciric re'

cretes Furthermore the economie conuiderations lonativ



CONCLUSION

Test results indicate that refractory concretes, pre

speclal

A

‘vrecates and additives by conslderation of mix ?ﬁﬁ

b 3 - X 4 . - : . y PR 0 e
and the related theoretical basis, can be expected Lo show a 8

factory
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ceramic stabillzers bring additional fields ofVappi@
crete in cases of exposure to high temperatureéiin :
reactors, radiation units and blast areas.

The reduction in compressive strength, which“iajt'
cern for structural stabllity and integrity, can ﬁifr

refactory coneretes, thus enabling the designed level

of concrete as a structural element, refractory or“pbhtl'

in cases of exposure to fire and high temperatures.
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SUGGES 'IONS : |

The results of the theoretical and experimental investizations
of this thesis work is specifically related to the crushing strength
of concrete, even though all the aspects of proper.ies of concrete
related to heat resistance are included Qithin the scope of the
theoretical part. Therefore, as an extension of the present wérk
further analysis of cement and aggregate behavior, possibilities of
selection of the natural agcregates for preparation of refractory
concretes, and tests for modulus of elasticity, stress-strain rela=-
tionships, strain at failure and volume chances relzted to fire resis-l
tance of refractory concretes under field conditions and design ﬁ

stresses would contribute to this field of research. g
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DETERMINATION OF SPECIFIC GRAVITY

1)

3)

4)

5)

Shamotte

Gs

GtWs/(Ws=W14+W2)
Gs = (0.99) (93.75)/(93.75-413.55+356,18)
= 92,50/36.38

= 2.54

S1lica Powder

Gs = GtWs/(Ws=-W1+W2)
= (0.99) (92.20)/(92.20-401,00+340,T0)
= 91,50/31,90
= 2,88

Sand

Gs = (0.99) (120.35)/(129.35=-437.05+356.40)
= 12%.0/48;70
= 2,63

Crushed Limestone

GtWs/(Wa=W1+W2)

Gs

(0.99) (124.85)/(124,85-420,15+340,70)
123,.50/45.40
= 2.72

Gravel

Gs = GtWs/(Ws=W1lsW2) b
(0.99) (107.80)/(107.80-423,80+356,26)
106,8/40,26

= 2,66
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DETERMINATION OF APPARENT SPECIFIC GRAVITY

(SATURATED, SURFACE DRY) OF CRUSHED BRICK

W = 2820 gnm

Saturation

s = (3160-2760)/2760
= 400/2760
= 14,5%
Water = 14,5% x 2820
= 410 gn
Wt = 2820 + 410
= 3230 gm
Ga

Apparent Speclific gravity
Saturated Surface dry
Ga = Wt/V
w = (17,8 + 17.8 + 17.8 + 17.8 + 17.75)/5
= 1T.8
L = (38,5 + 36.7 + 36.6 + 36,6 + 36.6)/5
36.6
t = (2.4 + 2.5 3 2.5 + 2,55 + 2,65 + 2,75 +

2.59
Gy m (2 ¢2 %21 +2,2+ 2.35)/5

2.15

Vitr = (2.35 x 1.6 x 17.5)/2

33 cm”

V = (17.8) (36.6) (2.59 + 2.15)/2
1540 ciio

Lo ]
Ce

8)/7
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Vt = 1540 + 33
= 1573 cm’

Ga = 3230/1573
= 2,05

B. MIX PROPORTIONS
0-1 Mix:
Sand + Gravel + Cement
We/Ge + Ww + Wqr/Gqr + Ws/ Gs = 1000L
325/3.15 + 227 4+ (Vs + Vqr) = 1000L
Vs + Vgr = 1000 - (103 + 227)

= 1000 = 330
= 6T70L

*Vq = 400L
Vs = 270L
Ve = 103L
Vw = 227L
vt = 1000L

For 2L:

#We = 325 Kg/m3 #*We = 650 gm
Ww = 22T " Ww = 454 gn
wq = 1065 " Wq = 2130 gnm
Ws =710 " Ws = 1420 gn

Wt = 4654 gnm
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0-2 Mix:

Vs

#Vq
Vw
Verl
Vs

#*We
Ww
Ws

Werl

Verlim

(Ve + Verlim) =

= 3,
%13
%7
%9
%21
%21

L %29

400L
270L

103L
227L
400L
270L

550 gm

X 3,550
x 3,550
x 3,550
x 3,550
x 3,550
x 3,550

# Sand + Crushed Limestone

462
249
320
T45
745
1030

3551

+ Cement

We/Ge + Ww/Gw + Ws/Gs + Werlim/Gerlim =

325/3,15 + 227 + Vs + Verlim

1000- (103 + 227)

670L

325 Kg/m>

227 n
710 "
1090 "

sand
sand

sand

3898 + 356gr

grave

grave

1
1

1000L
1000L

¢ For 2 L

*We
Ww
Ws
Werl

1]

650 gm
454 gu
1420 gm
2180 gm

4704 gm
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Ws + Werlim = 3600 gm
Pan-100 %13 x 3600 = 468 sand
100~ 40 %7 x 3600 = 252 sand
40- 20 %9 x 3600 = 324 sand
20~ 8 %21 x 3600 = 755 3765 + 379 crlim
8= 4 %21 x 3600 = 755 er limestone
4-3/8 %29 x 3600 = 1046 cr limestone
3600 gm
0=3 Mix:

*# Sand + Crushed Firebrick + Cement

We/Ge + Ww/Gw + Ws/Gs + Werfib/Gerfib = 1000L
325/3.15 + 227 + Vs + V crbr = 1000L
103 + 227 + Vs + Verbr = 1000L
V8 + Verbr = 1000~ (330)
Verbr = ASTOL
Verbr = 400 L
Vs =270 5L
*Vc = 1031
Vw = 227L
Vcrbf = 400L
Vs = 270L
vVt = 1000L ¥
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305 Kg/m>

*We =
Ww = 227 .
Werbr =829 "
Ws = 730. "
W8 + Werbr = 3060 gm
Pan-100 #13 x 3060
100~ 40 % 7 x 3060
40- 20 % 9 x 3060
20- 8 %21 x 3060
8- 4 %£21 x 3060
4-3/8 %29 x 3060
A-1 Mix:

398 sand
214 sand

"

275 sand

For 2L
*We = 650 gn
Ww = 454 gm
Werbr = 1645 gm
Ws = 1420 gnm
Wt = 4164 gnm

= 643 5338 + 1llOcrbr

= 643 erushed brick

= 887 crushed brick

3060

Gravel + Shamotte + Cement

We/Ge % Ww?Gw + Wgr/Ggr + Wsh/Gsh

= 1000L

325/3.15 + 227 + Wgr/2.66 + 200/2.54= 1000L

103 + 227 + Wgr/2,66

= 1000-78.8

Vgr = 1000~ (330 + 78.8)

Ver = 591.2L

#Ve
Vw
Vgr .
Vsh

103L
227L
591.2L
78.8L

1000.0L
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#We = 325 Kg/m>
Ww = PET g
v{’cr - 1575 n
Wsh = 200 i
Wgr + Wsh = 3550

Pan-=100 #13 x 3550
100~ 40 % 7 x 3550
40- 20 % 9 x 3550
“20- 8 %21 x 3550
8= 4 %21 x 3550
4-3/8" %29 x 3550

A=-2 Mix:

For 2L

#We = 650 gnm
Ww = 454 gm
wgr = 3150 gm

Wsh = 400 gm

4654 gm

462 400gm sh + 62 gr
249 gravel
320 gravel
745 gravel
745 gravel

= 1030 gravel

3551

Crushed Limestone + Shamotte + Cement

We/Ge + Ww/Gw + Werlim/Gerlum + Wsh/ Gsh = 1000L
325/3.15 + 227 + Werlim/2.72 + 200/2.59 = 1000L
Verlim = 1000- (103 + 227 + T78.8)

Vgr = 591,2
#Ve = 103L

Vw = 227L »

Verl = 591.2L

Vsh = T8,8L

- 1000, 0L
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*We
Ww
Werl

Wsh

Verb
Verb
*Ve
Vw
Verb
Vsh

vt

52 227
1602

200

325 Kg/m”

Werlim + Wsh = 3604 gnm
Pan-100 % 13 x 3604
100~ 40 £ 7 x 3604
40- 20 £ 9 x 3604
20- 8 % 21 x 3604
8- & % 21 x 3604
4-3/8" % 29 x 3604
A-3 Mix:

For 2L

*We

Ww

Werl

Wsh

= 650 gnm
= 454 gm
=3204 gm

= 400 gnm

4708 gm

468 400sh + 68 crlim

253
325

756

756
1046

crlim
crlim
crlim

cerlim

3604

= 1000~ (103 + 227 + 78.8)

= 591.2L
= 103L
= 227L
= 591.2L
= T8.8L

= 1000,0L

Crushed Firebrick + Shamotte + Cement
We/Ge + Ww/Gw + Werfib/Gerfib + Wsh/Gsh
325/3.15 + 227 + V erb + 200/254

= 1000L
= 1000L
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For 2L
*We = 325 Kg/m? #We = 650 gm
Ww T QERE W = 454 gn
Wsh = 200 n Wsh = 400 gm
Werb = 1215 ™ Werb =2430 gm
3934 gnm
Wsh + Werbr = 2830
Pan-100 % 13 x 2830 = 367 367sh + 45 crbr
100- 40 % 7 x 2830 = 198 33sh + 165 erbr
40- 20 % 9 x 2830 = 255 er brick
20- 8 % 21 x 2830 = 595 ecr brick
8- 4 % 21 x 28%0 = 595 ecr brick
4-3/8" % 29 x 2830 = 820 ecr brick
2830
B-1 Mix:
Gravel + Silica Powder + Cement
We/Ge + Ww/Gw + Wgr/Ggr + Wsi/Gsl = 1000L
325/3.15 + 227 + Vgr + 200/2.88 = 1000L
Vgr = 1000~ (103 + 227 + 69,5)
Vgr = 600.5
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*Ve = 103L
Vw = 22TL
Vel = 69,5L
vgr = 600.5L
vt = 1000.0L For 2 L
#ie = 325 Kg/m> *ie = 650 gm
Ww =227 " Ww = 454 gw
Wsi et Wsi = 400 gm
wgr = 1600 " wgr = 3200 gm
Wt = 4704 gnm
Wsl + Wgr = 3600 gm
Pan-100 % 13 x 3600 = 468 400si s+ 68 gr
100- 40 % 7 x 3600 = 252 gravel
40- 20 % 9 x 3600 = 324 gravel
20- 8 % 21 x 3600 = 755 gravel
8- 4 % 21 x 3600 = 755 gravel
4-3/8" % 29 x 3600 = 1046 gravel
3600
B-2 Mjx:
Crushed Limestone + S51lica Powder ¢+ Cement
We/Ge + Ww/Gw + Werlim/Gerlim + Wsi/Gsi = 1000L
= 325/3.15 + 227 + Werlim/2,72 + 200/2.88 = 1000L
 Verlim = 1000~ (103 + 227 + 69.5) '
Verlim = 600.5L
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#Ve = 103L
Vw = 227L
Verl = 600,5L
Vel = 69.5L
L4~ = 1000,0L
#We = 326 Kg/m>. #We = 650 gn
Ww = 227 s Ww = 454 gnm
Werl = 1635 " Werl = 3270 gnm
Wei =200 " Wsi = 400 gn
Wt = 4774 gn

Werlim + Wsi = 3670

fan-lOO % 13 x 3670 476 40081 + T6erlim

100-40 %2 7 x 3670 = 257 cr lim
40- 20 % 9 x 3670 = 330 cr lim
20- 8 % 21 x 3670 = 772 cr lim

8- 4 %21 x 3670 =772 cr lim
4-3/8" % 29 x 3670 = 1063 cr lim

3670

B-3 Mix: |
Crushed Firebrick + Silica + Cement
We/Ge + Ww/Gw + Werbr/Gerbr + Wsi/Gsi = 1000L
325/3.15 + 227 + Werbr/Gerbr + 200/2.88 = 1000L
Verbr = 1000- (103 + 227 + 69.5)
Vcrb? = 600,5L ;
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#Ve = 1031
Vw = 227L
Verbr = 600.5L
Vai = 69,5L
vt = 1000.0L
# We = 325 Kg/m>
Ww = 227 i
Werbr= 1240 "
Weli = 200 "
Werbr + Wsl = 2880 gnm
Pan-100 % 13 x 2880
100- 40 % 7 x 2880
40- 20 % 9 x 2880
20- 8 % 21 x 2880
8- 4 % 21 x 2880
4-3/8" % 29 x 2880

tn

For 2 L
#We = 650 gm
Ww = 454 gm
Werbr = 2480 gnm
Wei = 400 gnm
Wt = 3984
374 3T4si

202 + 176 crbr
250 er brick
605 er brick
605 er brick
835 cr brick

2880
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C. TIME-TEMPERATURE RATING OF THE ELECTRIC FURNACE |
Minutes °c
0 20
5 70
10 » 165
15 200
20 325
25 385
30 440
35 485
40 530
45 565
50 600
o é35
60 668
65 - 698
70 725
75 755
80 780 !
85 805 ‘
90 830 !
95 855 '
100 878 ®
105 900
110 920
115- 938 A
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D. COST ANALYSIS OF CONCRETE
(The prices are taken from The Bill of Materials, published by
the Ministry of Public Works, and the current market prices.)
Cost of Workmanship:
, Unit
No Type Unit Quantity Price Cost
1L TL
l. 'Skillled worker Hr 2.00 5.00 10.00
- Worker (for preparing
the mix) Hr 9.00
3. Worker (for carrying
the concrete) Hr 2.00
4, Worker (for placing
the concrete and
compaction) Hr 5.00
Worker 16,00 2.50 40,00
Total TL 50.00
01 Mix: Sand + Gravel + Cement
Unit
No Type Unit Quantity Price Cost
TL TL
1l Cement K§ 325 0.2 65.00
2 Sand M 0.27 12.50 3.38
3 Gravel : 0.40 12.00 4,80
4 Water . 0.227 1,00 0.23
Materials 73.41
Workmanship 50.00
Materials + Work- :
manship 123,41
Contractor Profit 31,00
Total Gost/m3 : : 154,41
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02 Mix: Sand + Crushed Limestone + Cement
Unit
No Type Unit Quantity Price Cost
Ti. TL
1 Cement Kg 325 0.2 65,00
2 Sand M 0.27 12.50 3.38
% Crushed Limestone - MD 0.40 12.00 4,80
4 Water Mo 0.227 1.00 0.23
Material Cost 73.41
Workmanship 50.00
Material + Work=- |
manship 123,41
Contractor Profit 31.00
Total Cost 154,41 ‘
03 Mix: Sand + Crushed Firebrick + Cement
Unit \
No Type Unit| Quantity Price Cost
TL TL
m 1 Cement K 325 0.2 65.00
2 Sand M 0.27 12. 3.38
3 | Crushed Firebrick Mo 820 2.35 | 1100.00
4 | water Mo 0.227 1,00 0.23
Materials 1168, 61
Workmanship 50.00
Material + Work-
manship 1218, 61
Contractor Profit 304,00
M Total Cost/m> 1522, 61
&,
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Al Mix: Gravel + Shamotte + Cement
: Unit
No Type Unit Quantity Price Cost
TL TL
1 Cement K% 325 0.2 65.00
2 Gravel M 0.59 12,0 T30
3 Shamotte K% 2.00 1.0 200,00
4 Water M 0.227 150 025
Materials 271.33
Workmanship 50.00
Material + Work-
manship 321.33
Contractor Profit 80,50
Total Cost/m> 401,83
A2 Mix: Crushed Limestone + Shamotte + Cement
Unit
No Type Unit Quantity Price Cost
TL TL
i i Cement KS %25 0.2 65,00
2 Crushed Limestone M 0,59 12,0 T30
3 Shamotte K 200 1.0 200,00
4 | Water o 0.227 1.0 0.23
Materials 272.33
Workmanship 50.00
Material + Work-
manship 322,33
Contractor Profit > 80.50
Total Coet./m3 402,83
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A3 Mix: Crushed PFirebrick + Shamotte + Cement

nit
No Type Unit Quantity Price Cost
TL T
1 Cement Ke 325 0.2 65,00
2 Crushed Firebrick Kg 1215 1.35 1610,00
9 Shamotte K 200 1.00 200,00
4 Water M C g 1.00 RS
Materials 1875.23
Workmanship 50.00
Material + Work-
manship 1925.23
Contractor Profit 482,00
Total Cost/m> 2407.23
Bl Mix: Gravel + Sllica Powder + Cement
Unit
No Type Unit Quantity Price Cost
TL 7L
1l ~ Cement K 225 0.2 65.00
> Si1lica Powder K 200 1.10 220,00
4 Water M 0.227 1,00 0.23
Materlals 292,43
Workmanship 50.00
. Material s+ work-
manship 342,43
Contractor Profit 85.75
Total Cost/m” 428,18
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B2 Mix: Crushed Limestone 4+ Silica Powder + Cement
Unit
No Type Unit Quantity Price Cost
TL _!P
) 3 Cement K% DP% - 65,00
2 Crushed Limestone M 0. 60 12,0 T7.20
3 Silica Powder Kg 200 1:+10 220,00
4 Water M 0.227 1.00 0.23
Materlals 292,43
Workmanship 50,00
Material + Work-
manship 342,43
Contractor Profit 85.75
Total Cost/ 0 428.18
B3 Mix: Crushed Firebrick + Silica + Cement
Unit
No Type Unit Quantity Price Cost
TL TL
1 Cement Kg 325 0.2 65.00
2 | Crushed Firebrick Kg 1240 1.35 |1675.00
3 Silica Powder K 200 1.10 220,00
4 | Water M 0.227 1,00 0.23
Materials 1960,23
Workmanshilp 50.00
Materlial + Worke
manship 2010,23
Contractor Profit 500,00
Total Cost/m> 2510, 23
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E, CALCULATION OF INDEX VALUES
Th w0 . +'8s f Co
Sn / So Sn / Cn
where
In = Index of concrete
Sn = Percent of original strength of concrete retained after
heating.
Cn = Cost of concrete.
S0 = Percent of original strength of plain concrete (gravel +
sand + cement) retained after heating.
Co = Cost of plaln concrete.

(1)

(2)

(3)

02 concrete (Crushed Limestone + Sand + Cement)

In = SO/QO = 26/15404 - 0.75
8/¢ 34,5/154.4

03 Concrete (Crushed firebrick + Sand + Cement)

In = SO/GO = 26/154“4 = 6,70
s /0 38.2/1522

Al Concrete (Gravel + Shamotte + Cement)

In = 8o/Co = _26/154.4 = 2,37
- 3/¢C 28.5/401.83
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(4)

(5)

(6)

(7)

(8)

A2

A3

Bl

B2

B3

.

Concrete (Crushed Limestone + Shamotte + Cement)

Ty So/Co = 26/154.4 = 0.94
8/C 72/402.83

Concrete (Crushed Firebrick + Shamotte + Cement)

So/Co  _ 26/154.4
s/c 65.4/2407.8%3

In = 6.20

Concrete (Gravel + Silica Powder + Cement)

;) So/Co  _ 26/154,4 i e
S/C 38.7/428.18

Concrete (Crushed Limestone + Silica Powder + Cement)

ey So/Co _ 26/154.4 & Lk
8/¢C 58.3/428,18

Concrete (Crushed Firebrick + Silica Powder + Cement )

In = SO/CO = 26/154.4 - 5.63
8/C 75/2510, 23

fx
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