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Abstract

Concrete is a versatile material with tremendougliegtions in civil engineering construction. Thigesand
shape of control specimens change according teerdift codes. Experimental, analytical and theaktic
analyses were performed to suggest an equationeterrdine the suitable exposure time of an elevated
temperature for small-scale specimens. First, ffecteof the elevated temperature on the main ptagee of
concrete was assessed. Cylinders and cubes wgthkeof 10 and 15 cm were chosen as the test spesirfihe
specimens were exposed to temperatures of 20000, @ and 600 °C and exposure times of 30, 45 @&nd 6
minutes. Analytical calculations were performedadstimate the required time to reach a uniform teatpee for
different shapes and sizes. Thermal finite eleramalyses were conducted to study the thermal loligion on
concrete specimens and to verify the proposed d¢hieat formulation. An equation for adjusting thievated
temperature’s exposure time was suggested.

Keywords. Sample size, elevated temperature, endurance, Mieeth@roperties of concrete.

1. Introduction

It is a well-known fact that size affects the noatistrength of specimens made with quasi-brittiéemals, such
as concrete, rock, and composite materials [147]the compressive and flexural failures of quagtibr
materials, the size effect is quite apparent. Iigasons of the size effect on the nominal strértgive become
a focus of interest for many researchers [4-9].eXperimental study [10] showed that the compressirength
decreases as the specimen size increases. Thigioedin the strength, which is dependent on thecispen
size, is referred to as the reduction phenomencause of the statistical effect of an inherentdangmber of
flaws in a larger sample.

The elevated temperature rating of structural cetecbuildings must address catastrophic eventsteéreorism,
earthquakes, etc. However, a literature study shibaslittle attention has been paid to the siZectfon the
mechanical properties of concrete members at aatelé temperature. The thermal similitude effecs wlearly
identified in a previous work [11]. Extensive resdgawas performed on half and quarter scale sanjp®jsin
which the scale factor equation introduced by ASTM -95a was adopted [13]. Small size samples ¢dyao
treated in a similar way. There was a reductiothéelevated temperature resistance rating ingtieced cross-
section, i.e., ¥ of the exposure time of that for full-scale specimens, based on the small sgaeimens’
elevated temperature exposure testing in a furfiatje

The transient heat flow through the concrete théslsnis promoted by the variation in the furnaceptnature
Tf, which is controlled by D (the thermal diffusy). Therefore, the shape of the temperature grefilany time
(t) can be described by the one dimensional ungtbedt flow partial differential equation:

8 T/ 8t =D &°T/ & x* (1)

wheredT/ &t is the rate of change of the temperature witlpeesto time and’T/ 6x? is the curvature of the
temperature profile in relation to the geometrydifaensional analysis between the model and thetym was
conducted with the aid of Buckingham's pi theoramd using the variables involved in the thermal ehod
dimensionless product, or pi term, was generated.

(L2/Dt) %(Tf/ T) (2)

This pi term is known as the Fourier number foath&ansfer, where T is the generalised temperature
representative of the temperature profile at amgtinterval t. As the material properties for mdekkiconcrete
are the same as those as the prototype (i.e., éD(Bp)) and because of similar temperature profileshe
model and prototype, it is necessary for both tloel@lis and prototype’s elevated temperature cutvestain a
similar temperature. The model’s elevated tempegaturve must therefore retain the temperature akigch is
the same as that of the standard elevated tempem@iwve applied to the prototype, and the scadiifigcts are
then only applied to the time axis, giving the daling equations.

(L2 X(TF /) m= (L2 1) X(Tf /T)) p

(L2 m= (1) p

tm=(Lm?/ Lp®) *tp = (1/S) *tp (3) This equation is valid atdie and normal scales.

The sizes and shapes of the concrete control spasithanged according to different specificatiotleso The
previous scale factor equation was not valid foalsstales. Therefore, this study suggests a nuadidin to this
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equation to create a relationship between diffesmall scales and determine the required exposune to
reach a cross sectional uniform temperature. Thessand shapes of the concrete affected the meethani
properties of concrete under an elevated temperaiuiwvo commonly used shapes were used in this s@uyes
with dimensions of 10*10*10 cm and 15*15*15 cm aninders with dimensions of 10*20 cm and 15*30 cm
were tested. Pronounced differences were obserininwhe temperature range of 25 to 600°C at eupos
times of 30, 45, and 60 minutes. An analytical apph was used using Heisler /Gréber charts to ledécthe
required time to reach a uniform temperature thhoagpecimen section for cubes and cylinders 1020 %&nd
30 cm in size. A thermal analysis using a finieneént investigation was performed to a set of calbesferent
lengths, and the analysis was the basis for vedfy series of elevated temperature experimentdifi@rent
scale samples.

2. Analytical approach and calculation of thermal coefficients.

For similar transient conduction problems, solwidar the temperature at any point in systems withilar
geometries depend only on the dimensionless tinte the Biot number [17]. The Biot number, used in
unsteady-state heat transfer calculations, rethiedieat transfer resistance inside a body to uhiace of the
body. If the diffusivities and the Biot numbers dahe same, transient conduction times in similafyaped
bodies are proportional to the body surface aréaewise, if two bodies of similar geometries hatie same
Biot number, they undergo exactly the same dimeesés temperature histo€y (t*). The complete solution for
a finite-sized body of regular geometry can be espnted by a Fourier series [17]. The three mosinoan
shapes for which exact transient solutions are knase a slab of finite thickness, a long cylinderd a sphere.
In practical engineering problems, convection @danly applied at the surface.

2.1 Adopted assumptions

It is assumed that the bodies are at a uniformalrtémperature Ti. At t=0, the surfaces are sutjdexposed to
a uniform convection environment ho and To. Theperature varies with time and a single spatial doate.
On the basis of this program, it is assumed thaptismatic test specimens behave similar to thg tylinder.
This is justified by the fact that the heat wikisfer to the centre of the specimen by the shqrtgh, and the
corners of the prismatic specimens will not infloerthe heat transfer. In direct elevated tempezatanditions,
the specimens are heated rapidly at the surfadée thle heat transfer into the specimen varies tiitie and the
radius.

2.2 Solution of Fourier series and Heider charts

To overcome the complexity of the three FourieriesgerHeisler, 1947 [18], constructed a series @feni
parametric graphs called the Heisler charts. Thetstshow the variation @ (temperature difference variable)
with x/L (or r/rO for a cylinder or sphereyt/ (L2) or at/(ro2) for a cylinder or sphere), and Bi in a @zably
complete manner. These charts were further exteadedimproved by Gréber et al. [19] and renamed the
Heisler/Grober charts.

The summing of multiple terms in the three Fousieries solutions for the common geometries is sacgonly
for the very early stages of the transient soluffapproximately the first 10-20% of the total hagtiof the
body). If the dimensionless time, (ttt/ (L2), wherea is the thermal diffusivity, t= real time, and Lenigth) is
greater than 0.2, a single term of the seriesfiécgnt with an accuracy of 1% or better. The éat80-90% of
the heating period occurs at the region of interastl the point of greatest interest is the ceotrthe body,
which is the slowest to react to the surface cotiwec Therefore, all points in the body decay aactly the
same rate as the centre point if the dimensiortiess is greater than 0.2. Thus, a value for the heasfer
coefficient is necessary to proceed with the appibn of the Heisler/Grober charts (Fig. 1).

However, the quantification of the heat transfeefficient in this experimental programme is comatéd
because of the uncertainty in the flow charactessand flame projection near the surface. Theegfar
reasonable range of heat transfer coefficients émapirically compensate for the convection and ataoin
variations will be used for the analysis. In manggbical cases, both the convective and radioactigehanisms
occur simultaneously, and conditions may be suahttie heat transfer by each of these mechanismdbmaf
the same order of magnitude, as shown by Chapnt§n [2

The Heisler/Grober charts are applied to each sspézimen. On the basis of this analysis, a termyera
difference variable of 0.5 will be assumed to atiedyly retain the centre temperature of the specisio half of
the total subjected temperature at the surfac@eimembers. This value is just a baseline figuat phovides
reasonable results for the dimensional analysiseOtalues will be investigated to justify the asgtion.

By using the Biot number and the coefficients foe Heisler centreline formulas, as reported ingdh), the
dimensionless time, and the temperature differeraci@ble, a real heat transfer time will be esttdd for the
small scale specimens (10 cm) and the intermedite specimens (15 cm), representing the timeutdwtake
the elevated temperature to affect the centreettimcrete specimens. Lastly, a ratio of the ftdiles time to the
small-scale time will be determined for each of leat transfer coefficient cases.
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2.3 Similitude Analysis

Thermal Diffusivity:

where k= Thermal conductivity pCp= Heat Capacity J/ (H*k))
Heat Conduction Equation:

Dimensionless Time:

Biot Number:

where T= Temperature (°F or K) a= Thermal Diffusivity h= Heat Transfer W/(k)2

The Heisler charts show the variation@fvith x/L (r/ro cylinder/sphere), t*, and Bi

A study was performed on cubes and cylinders dédiht sizes using Heisler charts and concretegutigg.
The required exposure time was calculated andgerted in fig (2). The exposure time required tacte a
uniform temperature for cubes was less than thatytinders by 10 %. 8.44, 16.2, 26.7 and 54.8 teswvere
required to reach a uniform temperature for cubéls @imensions of 10, 15, 20, and 30 cm, respelgtive

3. Experimental Program

3.1 Material properties

The concrete mixtures were prepared with ordinaml&nd cement (PC), which is equivalent to ASTMo&y.
The results of the cement tests are listed in téh)leA coarse aggregate of crushed stone (dolpmis used as
the filler. Figure (3) shows the sieve analysisulissof the coarse aggregate. The fine aggregatenatural
desert sand, and table (3) shows the main propesfithe sand and the corresponding recommendets lah
the standard specification. A naphthalene-basedrsuipsticiser was used to achieve the requiredatmlity of
the concrete mixes.

3.2 Mix proportions

The proportions of the concrete mix were desigiegite an adequate compressive strength of 700m&y\d¢he
maximum aggregate size was restricted to 10 mnedwuae scale effects on the aggregate interlocloracti
Concrete mixes were prepared in three series &drdiit shapes and sizes. Each series comprisedparpd
control mix. The details of the mix proportions al®wn in table 4.

3.3 Soecimen preparation

The aggregate and cement were first dry mixed for 2 min and then mixed with water, and a supeasftiser
was added to the mixture. The mixing continuedaforadditional 3 min. All of the specimens were éashree
layers in moulds and were compacted using a vilgatble machine. The specimens were then traesfeor
the moist-curing room. The concrete mixtures werepared in a pan mixer. For each mix, a total of 20
specimens, including 30 specimens of cubes withedsions 10*10*10 cm, 30 specimens of cubes with
dimensions 15*15*15 cm, 72 specimens of cylindeiith vdimensions of 10*20 cm and 72 specimens of
cylinders with dimensions of 15*30 cm. The specisaere removed from the steel moulds after 1 dag,the
specimens were then cured in water at 25 °C fod&@&. All of the specimens were air dried for 2slbgfore
being exposed to heat to allow for the moisturescape. The casting and curing system was in ameoedwvith
ACI specifications.

3.4 Test procedure

Three cubes and three cylinders were tested imnedgiafter conditioning, and the results obtainedier
normal curing (unheated) will be referred to asdbatrol results. The remaining specimens wereestiéfl to
different temperatures for different durations. Tia¢e of temperature increase in the electric ftenwas
adjusted to be close as possible to the ASTM EBEeQirve, as reported in fig (4). The maximum terapee
of the furnace was 1200 °C. A programmable contnit was manufactured with the furnace, which atidvior
the automatic control of the opening and closimge8 of the furnace door, pre-setting the tempezabefore
beginning the test, and temperature control witletiThe furnace was heated to the desired tempera#tithe
end of the elevated temperature test after theetbsime, the furnace was turned off and alloweddol before
the specimens were removed to prevent thermal stoothe specimens. Three elevated temperature$C200
400°C, and 600°C, were tested for each sample fijpeee exposure durations, 30, 45 and 60 minutese w
applied on each specimen after reaching the déseiperature. After the temperature test, each gufup
specimens was subjected to a compression test, lusodi elasticity and indirect tension test to assthe
mechanical properties. The tested specimens regalts compared with those observed at room temyreraht
least three specimens were tested for each vayriatdethe average was considered for reliability.

4, Results

4.1 Effect of elevated temperature on the compressreagth of concrete
Two different factors were investigated to detemnihow elevated temperatures influence the concrete
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compressive strength test results. The factors weoedifferent shapes and two different sizes. €hwloyed
moulds were two different cube sizes (10 cm anarh) and cylinder sizes (10*20 cm and 15*30 cm).€Eghr
samples were casted for each case to minimisees@attl errors in the results and analyses. The &ssipe
strength was measured before and after heatinggitht case to determine the effect of the elevatagdratures
on the compressive strength of concrete. The cbotmocrete compressive strength in normal conditiauas
680 kg/cm2. Figures 5 and 6 depict the reductioih@fcompressive strength under an elevated tetuperar a
cube of plain concrete with dimensions of 10 cm &aBdcm. Figure 5 shows the reduction in the congives
strength for 10*10*10 cm cubs under an elevatedotrature for different exposure times. The specsneare
subjected to 200 °C to 600 °C for exposure timegirg from 0 to 60 minutes. The compressive stieifigt
specimens begins to have a slight effect when stdgjeto 200 °C at 30 min. The compressive strength
decreased by 80% at 60 min for 200 °C. The commesdrength decreased significantly at 400 °C, tnisl
reduction was 90%, 72% and 58 % at 30, 45 and &) maspectively. The compressive strength decreased
600 °C in the beginning of the elevated temperatese until it reached 77%, 59% and 36% after Z0add 60
min, respectively. Figure 6 shows the improvemdrthe compressive strength under an elevated teanper
by increasing the cube dimensions to 15 * 15 *15 Time compressive strength under the temperattieetef
gradually decreased to 85% for specimens at 20@t°60 min. The reduction in the compressive stitengt
increased to 91%, 81% and 69% at 30, 40 and 60respgectively, at 400 °C. At 600 °C, these reduntivere
82%, 68% and 50% at 30, 45 and 60 min, respectively

The specimens’ shapes affect the compressive strevfgconcrete under an elevated temperature. @stin
shapes were studied, and the results were compatiedhe previous results of the 10 cm cube to @stad the
shape effect. A similar investigation was made loe 10 * 20 cm cylinders specimens. The reductiothe
compressive strength for a concrete cylinder issshim Fig 7. At 200 °C, the compressive strengtbreased
gradually at 30, 45 and 60 min to 97%, 91%, and®3espectively. The reductions in the compressixength
were 91%, 78% and 63% at 400 °C at 30, 45 and @0 mnespectively. There were significant reductioh84%,
65% and 43% after 30, 45 and 60 min, respectiwelthe compressive strength at 600 °C.

4.2 Effect of elevated temperature on the modulus adtadity of concrete

In this section, concrete specimens of differem¢siwere chosen to study the effect of elevategdemure on
the modulus of elasticity. The measured valuehefmodulus of elasticity tested for the 10*20 crd 46 * 30
cm cylinders. The measurements of the modulus adtieity were made according to ASTM. The reported
values of the modulus of elasticity were reportsdaa average of 3 cylinders. The modulus of elgtic
measured using the 10 * 20 cm cylinders was alviigiser than the modulus of elasticity obtained frijve 15

* 30 cm cylinders. For the data considered in ¢higly, the modulus of elasticity for the 10*20 cyfircder was
on average 8% higher than the 15 * 30 cm speciméhes. stiffness of the concrete also decreased with
increasing elevated temperature. Figure 8 showsethdts of the tests conducted to determine thdutos of
elasticity of concrete for cylinders 10 cm in didere and the modulus of elasticity decreased to,983%6 and
72% at 200°C after 30, 45, and 60 min, respectivtyl00°C, the elastic modulus decreased at @rfaiate to
77%, 69% and 60 % at 30, 45, and 60 min, respdgtigeé 600°C, the elastic modulus decreased to 66585,
and 45 % at 30, 45, and 60 min, respectively. Eigarshows that the temperature-dependent modulus of
elasticity exhibits a linear rather than a parabdigradation with increasing temperature from@®Q min.
Generally, the modulus of elasticity decreased waligd with an increase in the temperature. The @ite
decrease in the modulus of elasticity increasetth@semperature increased from 200°C to 600°C.ribdulus
of elasticity decreased to 83% at 200°C after 60. it 400°C, the elastic modulus decreased by 7&#ipared
to that at room temperature after 60 min. Lastly{§@0°C, the modulus of elasticity decreased to 5@%pared
with its original value after 60 min.

4.3 Effect of elevated temperature on the tensilengtite of concrete

The tensile strength of concrete was calculateoh faoBrazilian test to plain concrete cylinders adow to the
ASTM specification. The specimens were heated aiegrto the ASTM rate to target temperatures of°200
400°C and 600 °C, which was maintained for 60 n@auaind the specimens were then allowed to caoloat
temperature. Splitting tensile tests and direcsitertests were performed to obtain the relatignélgtween the
reduction in the tensile strength and the tempegattigure 10 shows the effect of elevated tempegadn the
tensile strength. The tensile strengths decredsdthdy and nearly linearly with an increase irettemperature.
The tensile strengths for the 10 to 15 cm cylindeese 89% to 97 % at 200°C. At 400 °C, the tensitength
decreased by 81% and 90% for the 15 cm and 10 dindeys, respectively. For 600°C, these reductiwese
70% to 86 % for the 15 cm and 10 cm cylinders, eespely. The failure of the indirect tension tesshown in
fig 11.

5. Finite element ther mal modelling of the cube specimens during the elevated temperature Test
The finite element method has emerged as the nowgtniul general numerical method for solving probdein
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engineering and mathematical physics. Material @riigs can be input for either a group of elementsach
individual element, if needed. For different pherma to be simulated, different sets of materiapprties are
required. For example, the Young's modulus andhgtreare required for the stress analysis of scdidd
structures, whereas the thermal conductivity coeffit and density are required for a thermal amslys
However, obtaining these properties is not alwagsyeand experiments are generally required toratzy
determine the property of the materials to be uis@tle system. The diffusion of heat is simulabgdselecting
elements suitable for modelling the considered ispares under the effect of fire. A total of 125 tat solid
elements are used, as shown in Fig. 12. Four dabs, 40, 15, 20 and 30 cm, are thermally loadedraing to
the ASTM elevated temperature test curve. The cabesubjected to temperatures of 300°C, 400°C;G@0d
600°C for different durations. The exposure duraiare 30, 45 and 60 minutes.

The effect of the specimens’ size under an eleveatperature is reported in Fig 14 to fig 17. Thalgsed
specimens were subjected to different temperatacesrding to the ASTM curve. The first group of the
concrete model was subjected to 300 °C for varaue lengths. The centres of the cubes with dimessof
10, 15, 20 and 30 cm reach a uniform temperatur@06f°C at different times. To reach 300 °C, thguieed
times were 7.6 min, 14 min, 21.7 min and 41.7 noindube lengths of 10, 15, 20 and 30 cm, respdygfias
shown in fig 14. The required times to reach 400ofCthe same models were 8.2 min, 15 min, 23.5anih
44.7 min for cube lengths of 10, 15, 20 and 30 @apectively, as shown in fig 15. A temperatur&s@® °C
increased the required time to reach a uniform tgatpre to 8.5 min, 15.87 min, 24.5 min and 47.4 for
cube lengths of 10, 15, 20 and 30 cm, respectiadyshown in fig 16. At 600 °C, the centre of tllecin cube
reached 600°C after 9.2 min. The centre of theriicebe reached 600 °C after 16.7 min. The centteeoR0
cm cube reached 600°C after 25.3 min. The centtheoB0 cm cube reached 600°C after 50 min, as stiow
fig 17. The thermal distribution along each sectieas checked at different time steps, as showigid3. For
the investigated cubes, the temperature acrossviiode cross section became uniform for differenhéice
temperatures for all cube dimensions.

6. Discussion

All the main mechanical properties of concrete dased at an elevated temperature, except at apptty
200°C. The strength of concrete decreased afterr@00his decrease is attributed to the fact tinendcally
bound water begins to disintegrate. The effecthef $pecimen shape on the compressive strengthnofete
was studied using cubes and cylinders. Figure b@vska comparison of the shape effect and the caspre
strength reduction under an elevated temperatiteence. The comparison is also performed for déffe
temperatures, 200°C, 400°C, and 600°C. The cirdudaed prisms always gave higher values than tharsq
based specimens. The results are nearly identicgh& 10 cm square and the circular based spesinidre
compressive strength of the cylinder shape reflitselevated temperature more than the cubes fi@ratit
temperatures because the surface area subjectdhe televated temperature is 57% higher for a cube.
Temperature propagates more easily through cubesttinough cylinders.

A similar investigation was conducted for the cgitn and cube specimens. There is a decrease in the
compressive strength under an elevated temperafime.effect of the size on the compressive stremdth
concrete was studied based on cubes of differagtie, 10 cm and 15 cm. Figure 19 to fig 21 shosvdfiect

of the elevated temperature on the main mechapicgderties of concrete, including the compresstvengith,
modulus of elasticity and tensile strength, respelst The compressive and tensile strength and utusdof
elasticity tests were performed at the same ternyeraange after day 28. The overall results ofcibapressive
and tensile tests were somewhat similar to thosth®fmodulus of elasticity. The concrete specimease
stronger at lower temperatures and weaker at higgmperatures. The compressive strength, modulus of
elasticity and tensile strength decreased notigeabbll of the specimens with rising temperaturereasing
size of cylinders from 10 to 15 cm improved the uettbn of the concrete mechanical properties by
approximately 5% under 200°C. This improvementaased under 400 °C to 10% and 14 % in 600 °C for 60
min, as shown in fig (18-20). Increasing the cotergpecimens’ size increased the required timesdchr a
uniform temperature. Although the surface areaeiased for the cylinder with a 15 cm diameter, tifiece of

the elevated temperature on the concrete mechapiogkrties decreased because the temperatureapdth
resistance in the 15 cm cylinder is greater thahafithe 10 cm cylinder.

The effect of heat transfer on a cube section iémint dimensions was studied. An increase inctitee length
decreased the effect of the elevated temperatuténaneased the required time to reach uniform &atpre.
Increasing the cube length by 50 % doubled theireduime to reach a uniform temperature. Doubtimg size

of the cube tripled the required time. Varying tube length from 10 cm to 30 cm increased the reduime to
reach a uniform temperature by approximately 6 $inas shown in fig (22). The rate of increase enrquired
time to reach a uniform temperature follows a nelnear trend for each investigated size. Thedeegadeviate
from the values of the analytical study approxiryafe%.
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The scale factor for large or normal specimen sigedecided by ASTM to adjust the exposure timetfar
elevated temperature test. Figure 22 shows th&aelhetween the cube size and the time requiragdch a
uniform temperature in the specimen’s centre. Ftloisi1study, we can conclude that the suggestedtieqguar

small scale sizes do not exceed a 5 % error.

Time model = (1/scalel.57) time prototype

7. Conclusion
The following conclusions are drawn from the inigetion on the size and shape effects of concnabe @nd
cylinder specimens under elevated temperatures.

e The experimental, analytical and theoretical stitli@ve the same trend.

e The reaching of a uniform distribution in a crogst®on follows a nearly linear trend (temperature

versus exposure duration).
e The size effect on the time required to reach foumi distribution is quite significant. Half the aommt

of time is required for a 10 cm cube compared 1& &m cube. For a 30 cm cube, it takes six times as
long to reach a uniform temperature as for a 1@cbe.

The mechanical properties of concrete decreaseimgtieasing temperature, and the peak value in the
ratio of the compressive strength at a high tempegao that at ambient temperature is observed at

approximately 600°C after one hour.
< Indirect elevated temperature exposure led to actézh in the strength in both the tested cylinderd

cubes and ranged from 18% after one hour of expastulR00°C to approximately 58% after one hour

exposure at 600 °C.

e Cubes reach a maximum temperature faster thandeybnand the strength of cubes under an elevated

temperature is less than that of cylinders.

e The scale factor for concrete cubes 10 to 15 csiz@ have a slight effect on the concrete mechhnica

properties, which decreased by approximately 12 %.

e The exposure time required to reach a uniform teatpee for cubes is less than that for cylinders by

10 %.

« Time model = (1/scalel.57)*time prototype is a ®gigd equation to determine the suitable required

time for small scale specimens.
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Table (1) Coefficients of transient heat conduction
Coefficients used in the one-term approximate solution of transient one-
dimensional heat conduction in plane walls, cylinders, and spheres (Bi = hL/k
for a plane wall of thickness 2L, and Bi = hr,/k for a cylinder or sphere of

radius r,)
Plane Wall Cylinder Sphere

Bi Ay A A A Ay A
0.01 0.0998 1.0017 0.1412 1.0025 0.1730 1.0030
0.02 0.1410 1.0033 0.1995 1.0050 0.2445 1.0060
0.04 0.1987 1.0066 0.2814 1.0099 0.3450 1.0120
0.06 0.2425 1.0098 0.3438 1.0148 0.4217 1.0179
0.08 0.2791 1.0130 0.3%960 1.0197 0.4860 1.0239
0.1 0.3111 1.0161 0.4417 1.0246  0.5423 1.0298
0.2 0.4328 1.0311 0.6170 1.0483 0.7593 1.0592
0.3 0.5218 1.0450 0.7465 1.0712 0.9208 1.0880
0.4 0.5932 1.0580 0.8516 1.0931 1.0528 1.1164
0.5 0.6533 1.0701 0.9408 1.1143 1.1656 1.1441
0.6 0.7051 1.0814 1.0184 1.1345 1.2644 1.1713
0.7 0.7506 1.0918 1.0873 1.1539 1.3525 1.1978
0.8 0.7910 1.1016 1.1490 1.1724 1.4320 1.2236
0.9 0.8274 1.1107 1.2048 1.1902 1.5044 1.2488
1.0 0.8603 1.1191 1.25568 1.2071 1.5708 1.2732
2.0 1.0769 1.1785 1.5995 1.3384 2.0288 1.4793
3.0 1.1925 1.2102 1.7887 1.4191 2.2889 1.6227
4.0 1.2646 1.2287 1.9081 1.4698  2.4556 1.7202
5.0 1.3138 1.2403 1.0898 1.5029 25704 1.7870
6.0 1.3496 1.2479 2.0490 1.5253 2.6537 1.8338
7.0 1.3766 1.2532  2.0937 1.5411 2.7165 1.8673
8.0 1.3978 1.2570 2.1286 1.5526 2.7654 1.8920
9.0 1.4149 1.2508 2.1566 1.5611 2.8044 1.9106
10.0 1.4289 1.2620 2.1795 1.5677 2.8363 1.9249
20.0 1.4961 1.2699 2.2880 1.5919 2.9857 1.9781
30.0 1.5202 1.2717 2.3261 1.5973 3.0372 1.9898
40.0 1.56325 1.2723  2.3455 1.5993  3.0632 1.9042
50.0 1.5400 1.2727 2.3572 1.6002 3.0788 1.9962
100.0 1.5552 1.2731 2.3809 1.6015 3.1102 1.9990
® 1.5708 1.2732  2.4048 1.6021 3.1416  2.0000
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Table (2) Cement Properties.

Property Result Specification Limits
Water standard 34.55% 26% — 30%

Fineness 3860 nfitmgm Not less than 2750 mirfmgm
Setting time  initial 90 minutes Not less than 45 minutes
(Vicat) final 200 minutes Not greater than 10 hours

Compression strength of mort
(1:3) by weight

363 kg/ci after 3 days

Not less than 183 kgfcm

460 kg/cm after 3 days

Not less than 275 kgfcm

Soundness 1 mm Not greater than 10 mm
Table (3) Physical properties of the sand
Property Result Specification Limits
Specific gravity 2.6 25-27
Volume weight (kg/m3) 1.65 1.4-17
Fineness modulus 2.49 2-3.75
Voids ratio % 33% 27% - 40%
Percentage of dust and fine materipls.7% not greater than 3% by weight
(by weight)
Table 4 Concrete mix proportions (unit: kg/m3)
COMPONENT concrete Mix
CEMENT 480 kg
SAND 597 kg
DOLOMITE 1109 kg
WATER 168 litres
SUPERPLASTICISER 6 litres
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