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ABSTRACT 

   High strength concrete has strength significantly beyond what is used in normal practice. 

According to American Concrete Institute (ACI), high strength concrete revised the definition to 

cover mixtures with specified design strength of 55 MPa or more. 

The main objective of this investigation is to study the effect of using different supplementary 

cementitious materials in binary blends on mechanical properties of high strength concrete. 

    The experimental work includes three stages: firstly, preparation of cementitious materials 

(metakaolin and pumice) from local materials, second involves conducting several trial mixes to 

choose the best of superplasticizer that satisfies the required properties and to specify the optimum 

water content which is designed in laboratory by  0.3 W/Cm ratio, to achieve workability with (60-

80mm) slump and the best compressive strength  which was 64.6 at 28 days. 

    Thirdly carrying out tests to find out the compressive strength, splitting tensile strength, modulus 

of rupture, on binary concretes including mixes containing silica fume as cement replacement at 

percentages of 8%, 10% and 15%, mixes containing metakaolin as cement replacement levels of 

10%, 15%, and 20% and mixes containing pumice at cement replacement of 10%, 15%, and 

20%.These properies were measured at ages ranging from7 days to 180 days.  

     The results indicate that the silica fume performs better than other supplementary cementitious 

materials (metakaolin or pumice) in terms of the compressive strength, splitting tensile strength and 

modulus of rupture  development at ages of 7,28,60,90and180 days where the average percentage of 

increase  when using 8%,10% and 15% of silica fume was about (19%,23% and 18.7%) 

,respectively, while when using 10%,15% and 20% metakaolin the average percentage of increase 

was  (10%,12.6% and 4%) respectively, also when using 10%,15% and 20% of pumice the average 

percentage of increase was (2.6%, 6% and 1.5%), respectively. 

Keywords: High strength concrete, compressive strength, splitting tensile strength, modulus of 

rupture, modulus of elasticity, silica fume, metakaolin and pumice. 

 

 الخواص الميكانيكية للخرسانة عالية المقاومة والحاوية على أنواع مختلفة من المواد الأسمنتية
 الخلاصة
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عانُت انًماويت حًهك يماويت  حخضاوص بشكم انخشساَت  , حُذ اٌانًماويت حغُش عهً يش انسٍُُعانُت انخشساَت حعشَف     

عانُت انخشساَت ((ACIوفما نًعهذ انخشساَت الأيشَكٍ  .تانًًاسست انعادَت لإَخاس انخشساَ يٍكبُش يا َحصم عهُه 

 أو أكزش. ((55MPa عهًانًصًًت نخهطاث هٍ ا انًماويت

انخىاص عهً  انزُائٍش ًَضانفٍ  هى دساست أرش اسخخذاو يخخهف انًىاد الأسًُخُت نبحذيٍ هزا اانهذف انشئُسٍ     

 انًُكاَُكُت نهخشساَت عانُت انًماويت. 

 شحهتحضشانخفاف( يٍ انًىاد انًحهُت, وانً , إعذاد انًىاد الأسًُخُت )انًُخا كأونٍُ ووَشًم انعًم رلاد يشاحم: أولا     

يٍ انًهذٌ انًخفىق انخٍ حهبٍ انخصائض انًطهىبت وححذَذ  َسبت  فضمخخُاس ال خهطاث حضشَبُتإصشاء عذة  حشًم انزاَُت

(  03mm-63بٍُ ) حشغُم نخحمُك لابهُت W/cm) 3.0)انًحخىي انًائٍ الأيزم انزٌ حى حصًًُه فٍ يخخبش بُسبت 

 انضغظ. يماويتوأفضم 

ويعايم  خصذعالَضغاط , يماويت شذ الَشطاس , يماويت انرانزا حى دساست انخىاص انًُكاَُكُت انًخضًُت  يماويت      

يُخا ,٪ 01٪ و 03٪, 0انسُهُكا عُذ َسبت اسخبذال  )انًشوَت انسخاحُكٍ حُذ أصشَج  عهً انخشساَت راث يخانظ رُائُت  

 .ٍ السًُج صضًَاا عبذَلاا ٪ 03٪, و 01٪, 03 ُسبت حضش انخفاف بو٪ 03٪, و 01٪, 03كأونٍُ  بُسبت 

حضش انخفاف( يٍ خلال  وحشُش انُخائش إنً أٌ غباس انسُهُكا أفضم يٍ انًىاد الأسًُخُت الخشي )انًُخاكأونٍُ أو    

انُسبت يخىسظ  كاٌحُذ  3,003,,7,00,63عُذ عًش انخصذعيماويت ويماويت شذ الَشطاس  ,لُاط يماويت الَضغاط 

عُذ ٪( عهً انخىانٍ, و00.7٪ و 00 ٪,,0٪ يٍ غباس انسُهُكا حىانٍ )01٪ و 03٪, 0انًًىَت نهضَادة عُذ اسخخذاو 

٪( عهً انخىانٍ, وأَضا 4و ٪00.6٪, 03َسبت انضَادة )انًُخاكأونٍُ كاٌ يخىسظ  يٍ ٪03٪ و 01 ,٪ 03اسخخذاو 

 ٪( عهً انخىانٍ.0.1٪ و 6 ,٪0.6)َسبت انضَادة نخفاف كاٌ يخىسظ احضش ٪ يٍ 03٪ و 01 ,٪ 03سخخذو عُذيا َ
 

 

INTRODUCTION 

igh strength concrete has been widely used in civil engineering in recent years. This is 

because most of the rheological, mechanical, and durability properties of these materials are 

better than those of conventional concretes. High strength is made possible by reducing 

porosity, inhomogeneity and microcracks in concrete and the transition zone. This can be achieved 

by using superplasticizers and supplementary cementing materials such as  metakaolin, silica fume, 

fly ash,  granulated blast furnace slag, pumice, and natural pozzolan. Fortunately, most of these 

materials are industrial by-products and help in reducing the amount of cement required to make 

concrete less costly, more environmentally friendly, and less energy intensive[1]. 

    The use of high strength concrete results in many advantages, such as reduction in beam and 

column sizes and increase in the building with much stories. In pre-stressed concrete construction, a 

greater span-depth ratio for beams may be achieved with the use of high strength concrete. In 

addition, high strength concrete can perform much better in extreme and adverse climatic 

conditions, and can reduce maintenance and repair costs [2]. 

    The effect of silica fume on compressive strength of high strength concrete (HSC) was studied by 

Koksal et al. [3]  Four concrete mixtures with cement, 400 kg/m3 were used. The amounts of the 

replacement of silica fume by weight of cement were 0%, 5%, 10% and 15%. The results showed 

that the percentages of increases in the compressive strength of concrete were 12%, 73.4% and 

85.5%, respectively. 

    Dinakar et al. [4] studied the effect of incorporating metakaolin on the mechanical properties of 

high strength concrete containing 5, 10, and 15 % MK in a partial replacement by weight of cement 

. The compressive strength results show that all the concretes made are high in strength. They also 

found out that the compressive strength, splitting tensile strength and modulus of elasticity 

exhibited the highest strength at 10% MK . 

H 
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    Dadu et al. [5] carried out a series of tests on compressive strengths of concrete containing 

pumice of 5, 7.5 % and 10%, of the OPC. The results show that the increases in compressive 

strength are 11% , 9% and 7.5 % ,respectively above the reference specimens .  

   The main aim of this investigation is to produce high strength concrete by using local pozzolan 

such as metakaolin and pumice as well as the use  of imported material such as silica fume, and also 

to study the mechanical properties of this type of concrete. 

 

Experimental Work 

Materials: 

 Cement: 

Ordinary Portland cement (Type І) manufactured by United Cement Company commercially known 

(Mass-Bazian) was used. The chemical composition and physical properties results show that the 

cement conforms to the provisions of Iraqi Specification No. 5 (1984) [6].  

 Fine Aggregate: 

Al- Ukaider natural sand passing through 4.75 mm sieve, falling under zone II with fineness 

modulus of 2.86, specific gravity of 2.65 and sulfate content of 0.1% was used as a fine aggregate. 

Results indicate that the sand are within the requirements of the Iraqi specification No.45/1984[7].  

 Coarse Aggregate: 

 Crushed gravel of nominal maximum sizes of 14mm with specific gravity of 2.68, bulk density of 

1630 kg/m3, water absorption of 0.58% and  sulfate content of 0.072% was used  as a coarse 

aggregate. It was brought   from  (Al- Nebai quary ) region. The results show that the coarse 

aggregate used conforms to the requirements of Iraqi specification No.45/1984[7]. 

 Supplementary Cementitious Materials: 

Three types of supplementary cementitious materials were used in this work: 

a-Metakaolin. 

The Iraqi kaolin clay brought from (Dwekhla region) was used   as partial replacement by weight of 

cement in this investigation. This material was used in this work after being converted to 

metakaolin. The calcination temperature and the time of calcinations at that temperature used in this 

work were (700Co, and 1hr.) respectively. 

Before calcinations process, big fragments of kaolin clay were crushed with handy hammer into 

smaller sizes, and ground into fine particles of (600μm) in size, after that they were finely ground to 

the required fineness (8900 cm2/gm) with a laboratory ball mill.  Chemical and physical properties 

of metakaolin conform to the requirements of pozzolan ASTM C618-03[8] , which are presented in 

Tables (1) and (2), respectively.    

b- Pumice. 

Pumice is a textural stone formed from volcanic eruptions. The quarry of this stone occurs in north 

of Iraq in AL- Sulaymania Governorate .Pumice stone has dark color. Pumice was  prepared and 

used in this work after  it was converted into a fine powder by crushing into smaller size by using 

jaw crusher laboratory, after that a laboratory blast grinding was used to make finely ground pumice 

into the required fineness (4180 cm2/gm). Chemical and physical properties of pumice conform to 

the requirements of pozzolan ASTM C618-03[8] , which are presented in Tables (1) and (2), 

respectively.    

c-Silica fume. 

Silica fume was bought from Sika Company and used as a mineral admixture added to the mixtures 

of research. The physical properties of silica fume used in this investigation are shown in Table (2). 

The results show that the silica fume used satisfied the requirements of ASTM C 1240-06 -03[9]. 
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Materials Proportional, Mixing and Preparation of Specimens: 

    Mix design was made in accordance with guide for selecting proportion for high strength 

Concrete ACI 211.4R-08[10] . Many trial mixes were carried out to select suitable mix, the final 

mix had the following constituents: 

    Cement content of 525kg/m3 , water content of 158 kg/m3,fine aggregate of 750 kg/m3, coarse 

aggregate of 1050 kg/m3  and  1.5% by weight of cement of superplasticizer. 

The percentages of silica fume in mixtures were( 8, 10, and 15%) of silica fume in partial 

replacement of cement, also  the proportions of metakaolin in partial replacement of cement  in 

mixtures were (10, 15, and 20%), and  the percentages of pumice were 10%, 15%, and 20% in 

partial replacement of cement . 

     Dry materials (sand and coarse aggregate) were first mixed for 1 minutes, and earlier cement and 

cementitious materials were mixed together by hand together until obtaining a homogeneous 

mixture which was added into the mix. Then, water and superplasticizer were added to mix which 

was stirred. Generally mixing time was about (4-5) minutes. 

    The specimens of HSC were prepared and compacted by using moulds ,100mm cubes and prisms 

of 100×100×400 mm were made according to BS EN 12390-part1:2000[11]
 for testing in terms of 

compressive strength and modulus of rupture. Moreover, cylindrical specimens' molds of 100×200 

mm were made for splitting tensile strength and 150×300mm for modulus of elasticity according to 

ASTM C-192[12]. After compaction, the specimens were leveled by hand troweling, and covered 

with polyethylene sheet and sealed with tape in the laboratory for about (24) hours at  laboratory 

temperature to prevent evaporation of moisture from the fresh concrete.   

 

Curing: 

After demolding, all the specimens were cured in the same method which involved placing them in 

tap water; the specimens were cured until the beginning of test at 7,28,60,90,180 day age.   

 
Results and Discussion 

Workability: 

    Table (3) show the effect of using different percentages of pozzolanic materials on the 

workability. The results also show that the silica fume and pumice have slight effect on workability. 

On the other hand, MK has a slight effect on the workability at the percentages of (10% and 15%), 

while at 20% replacement, the percentages of decrease in the workability was 13.3%. This may be 

due to the fact that used pozzolanic materials with high fineness increase water demand. This results 

are in agreement with that reported by Ramachandran[13]  

 

Compressive Strength: 

    The effect of using different percentages of SF(8%,10%, 15%) in a partial replacement by weight 

of cement upon compressive strength at various ages is shown in Fig. (1) and Fig. (2). From these 

figures it can be seen that the average percentage increases in compressive strength at 7,28,60,90 

and 180days were 16.5%,22.3%,18.4%,18.3 and 16.8%, respectively compared with their reference  

specimen.  

    The results also show that the high rate of increase in compressive strength is at 28 days, then 

after that the rate become approximately constant. The improvements in compressive strength may 
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be due to the chemical and physical effects of silica fume. Chemical effect is mainly due to the 

pozzolanic reactions between the amorphous silica in SF and calcium hydroxide (CH) produced by 

the hydration of cement to form secondary calcium-silicate-hydrates (C–S–H). The physical effect, 

includes reduced bleeding, provision of nucleation sites, and more efficient packing of the solid 

particles which can also be considered as having filler effect by filling the spaces between the 

cement grains in much the same way as cement fills the spaces between fine aggregates and fine 

aggregates fill the spaces between coarse aggregates in concrete [14,15,16].  

   Metakaolin second material will be used as a partial replacement by weight of cement. Fig.(3) 

shows the relationship between compressive strength and the percentages of MK 10%, 15% and 

20% used. On the other hand Fig.(4) shows the relationship between the relative compressive 

strength and age of curing of HSC specimens. 

    From this figure it can be noticed that the compressive strength of MK-HSC specimens at 7 days 

is higher than that of their reference HSC specimens (without pozzolana) for 10 and 15 percent 

cement replacement by MK and the percentage of increase was (7.5%and 6%) ,respectively, while 

at replacement of 20%MK the compressive strength is approximately the same when compared 

with reference HSC specimens. On the other hand the average percentage increases in compressive 

strength of HSC specimens at 28,60,90 and 180 days age were 4.5%, 14.2%, 11.1%,10.9%and 

8.7%, respectively compared with their reference. 

     It can be seen also that the increase in (MK) content beyond the 10% of MK causes reduction in 

the compressive strength of specimens compared  the result obtained  from value of 10% of 

MK[4,17]. 

    The increase in compressive strength of HSC specimens containing MK may be due to the 

pozzolanic reaction between MK and Ca(OH)2 that leads to the reduction in the concentration of the 

Ca(OH)2 crystals in transition zone and results in improving the bond between the cement paste and 

the aggregate surface[18,19]. 

    Pumice third material will be as blended cement to investigate its effect on the compressive 

strength of HSC specimens at various ages. 

    The effect of pumice as a partial replacement by weight of cement on the compressive strength is 

also shown in Fig.(5). While Fig.(6) shows the relationship between the relative compressive 

strength and age of curing of HSC specimens. 

    It is clearly seen that the use of pumice as replacement materials with cement develops the 

strength with progress of age. At early ages of 7days, different percentages of pumice content cause 

a slight decrease by 9% compared with the reference specimen. While the compressive strength of 

specimens containing 10%,15%and 20% of pumice indicates that the percentage increase  after 28 

days age up to 180 days is slight when compared with that of the reference specimen because the 

average percentage of increase in compressive strength at 28 days age is (4.7%) compared with the 

reference specimen. 

    Generally ,it can be seen Figures (1) to(6) confirm that silica fume has higher compressive 

strength than other supplementary cementitious materials (MK and pumice), because the average 

percentage of increase in compressive strength when using SF is 19%,and when using MK and 

pumice it is 12% and 4.7%, respectively .  

 

Splitting Tensile Strength: 

    Figure (7) shows the effect of different percentage of silica fume on splitting tensile strength. 

While Fig(8)shows the relationship between the relative splitting tensile strength and age of HSC 

specimens containing (10%,15%and 20%) of MK. 
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    The results indicate that the splitting tensile strength at 7 days with the silica fume replacement 

causes an average increase by 12 % compared with their reference, and at age of 28 and 60 days it 

is (26.4 %) and ( 27.2%) ,respectively compared with reference , while percentage increase at 90 

and 180 days is approximately the same with respect  to age of 60 days when compared to the 

reference specimens.  

     Relationship between the splitting tensile strength and percentage of MK (10%, 15% and 20%) 

is shown in Fig.(9).While Fig.(10) illustrates the splitting tensile strength of  specimen containing 

MK as a percentage of  reference specimens with age . 

From the figures it can be seen also that the average percentage increase in splitting tensile at 7 days 

is 3.2% compared with reference. While the average percentage increases in splitting tensile 

strength, at  age 28 and 60 days it is (15.2%) and (15.6%) ,respectively compared with reference. 

On the other hand, at age 90 and 180 days it slightly increases compared with 60 days specimens. 

     Figure(11) shows the splitting tensile strength with percentage of  pumice of (10%, 15% and 

20%).Conversely, Fig. (12) shows the splitting tensile strength of  HSC that contained pumice as a 

percentage of  reference specimens with age . 

     The figures show that the splitting tensile strength of specimens at 7 days compared with 

reference specimens and the average of decrease is 11.1%. The figures also show that the average 

percentage of increase in splitting tensile strength at age 28,60,90 and 180 days is 7.6%,8.1%, 8.6% 

and 6.3% ,respectively compared with reference specimens. 

 

Flexural Strength (Modulus of Rupture): 

    Figure (13) shows  the variation in  modulus of rupture at(8%,10% and15%) of silica fume used 

in a partial replacement by weight of cement. while Fig(14)shows the relationship between the 

relative modulus of rupture and age of HSC specimens. 

    The average percentage increase in the modulus of rupture with respect to reference specimen of  

SF (8%,10% and 15%) at 7,28,60,90 and 180 days is 17.5%,17.3%,18.9%, 18.8% and 20.4%, 

respectively. 

    Figure(15) indicates the relationship between modulus of rupture of HSC specimens containing 

(10%, 15%and 20%) of MK and age . While Fig.(16)shows the relationship between the relative 

compressive strength and age, the percentage  of increase in modulus of rupture at 7day age of is 

3.1% relative  to  the reference specimens. The results also show that the  modulus of rupture of 

specimens containing 10 % of MK at 28 days shows a slight increase of 1.3% , while HSC 

specimens containing 15% and 20% of MK shows a slight reduction compared with their reference. 

The results also indicate the average percentage of increase in the modulus of rupture at 60,90 and 

180 days is 3%, 6% and 7.1%, respectively compared with their reference specimens. 

     Figure (17) shows the modulus of rupture at different percentages of replacement of pumice 

of(10%,15%and20%). Fig.(18) shows also the  modulus of  rupture of HSC specimens  containing 

pumice as a percentage of  reference specimens at age 7,28,60,90 and180 days. 

    The results  show  that the  decrease  in modulus of rupture at 7and 28 days measured relative to 

the reference specimens  is 8.9% and 10.2 ,respectively. On the other hand, the percentage of 

increase  in the modulus of rupture at 60 ,90and 180 days is very slight  compared with reference 

specimens. 

 

Static Modulus of Elasticity 

    Table (4) shows the results of static modulus of elasticity, obtained from stress–strain relationship 

carried out after 28 days curing on reference specimen and HSC specimens 
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containing(8%,10%,15%) of silica fume, (10%,15%,20%)of metakaolin and (10%,15%,20%) of 

pumice in a partial replacement by weight of cement . 

    It can be observed from these results there is a slight increase in static modulus of elasticity in the 

HSC specimens with all percentages of replacement in comparison with reference specimen. The 

average percentages of increase  in static modulus of elasticity of  specimen containing silica fume, 

MK and pumice is  7.1%, 4.8% and 1.4 %, respectively compared with their reference  specimen.  

    Despite the differences between the elastic modulus of the HSC and  reference specimens, it is 

evident that at high replacement levels, the elastic modulus is less sensitive to increased cement 

replacement when compared to compressive strength. This finding could result from the reduction 

in porosity due to C–S–H formation of the pozzolanic reaction, particularly at later ages. The elastic 

modulus is significantly affected by porosity, with lower porosity resulting in a higher elastic 

modulus[20]. 

From the table it can be seen that the experimental measured results are in close agreement with 

those theoretically predicted by ACI 363R-92[21] for the high strength concrete. 

 

CONCLUSIONS 

From the experimental results, the following conclusions can be made. 

1. Using different percentages of cementitious materials (silica fume, metakaolin and pumice) have 

slightly effect on the workability of HSC. 

2. The use of silica fume in a partial replacement of cement shows improvement in compressive 

strength, the average percentage of increase from age 7 days to 180 days of 19% when compared 

with the reference. On the other hand, the specimens containing MK and pumice have showed little 

and slight effect on compressive strength, respectively.    

3. With respect to reference specimens, the average percentage of splitting tensile strength at age 7 

to 180 days is 23%, while for those containing MK and pumice is 13%and 6% , respectively.    

4. The results show that the behavior of SF, MK and pumice in modulus rupture of HSC is nearly 

the same as that of the splitting tensile strength.   

5. Static modulus of elasticity of   HSC specimen is slightly affected by using different percentages 

of silica fume, MK and pumice , the average percentage increase in static modulus of elasticity at 

age 28 days is 7.5%,4.8%and1.4%,respectively compared with their reference  specimen. 

6. It was shown that the specimens with 10% cement replacement by cementitious materials 

(SF,MK and pumice) exhibit better improvement in all mechanical properties than other percentage.   

 

Table (1). Chemical analysis of MK and pumice. 

Oxide Composition 
Oxide content % 

MK pumice 

SiO2 55.22 70.1 

Al2O3 32.38 8.26 

Fe2O3 1.54 3.24 

CaO 2.24 4.45 

MgO 0.41 1.45 

SO3 2.55 0.08 

K2O 0.3 3.51 

L.O.I 2.39 2.18 
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Table (2).Physical properties of MK, pumice and silica fume . 

 

 

 

 

 

 

 

 

Table (3).Effect of  using cementitious materials on the workability of HSC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (2): Effect of cementitious materials (silica fume , metakaolin and pumice) on static 

modulus of elasticity of  HSC at 28 days. 

 

Physical properties MK pumice Silica fume 

Strength activity index with cement at 7 days ,min. % of control 112 106 126 

Flow, max. % 110 112 111 

Specific gravity 2.63 2.38 ----- 

Surface area (Blaine Method). cm2/gm 8900 4180 ----- 

Mix 

symbol 

Cementitious 

material 
Percentage of 

Superplasticizer(%) 

W/Cm Slump 
Slump 

% 
Type % 

Mix without super ----- 0 0 3.4 71 0 

M0 ------ 0 1.5 0.3 80 +6.7 

Msf8 
Silica 

fume 
8 1.5 3.0 71 0 

Msf10 = 10 1.5 3.0 71 0 

Msf15 = 15 1.5 3.0 73 -6.7 

Mm10 
Metakaol

in 
10 1.5 3.0 70 -2.7 

Mm15 = 15 1.5 3.0 73 -6.7 

Mm20 = 20 1.5 3.0 61 -13.3 

Mp10 Pumice 10 1.5 3.0 73 -6.7 

Mp15 = 15 1.5 0.3 72 -4 

Mp20 = 20 1.5 0.3 75 0 

 

Symbol 

Mixes 
M0 Msf8 Msf10 Msf15 Mm10 Mm15 Mm20 Mp10 Mp15 Mp20 

Modulus of 

Elasticity (GPa) 
00.6 06.0 06.0 06.0 06 01.0 01 04.0 04.0 04.0 

Modulus of 

Elasticity(GPa)by 

Equation 

07.0 40.4 40.0 40.1 40.0 43.0 0,.6 00.0 00.6 00.1 

Difference 

between two 

method(%) 

00.1 04.4 04., 04.6 04.4 04.0 00.0 00.0 00., 00., 
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Figure (1): Effect of  silica fume content(%) on  compressive strength. 

 

 
 

Figure (2): Compressive strength of HSC containing SF as a percentage of  reference 

specimens. 

 
 

Figure (3): Effect of  metakaolin content(%) on  compressive strength. 
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Figure (4): Compressive strength of HSC containing MK as a percentage of  reference 

specimens. 

 

 
Figure (5): Effect of  pumice content(%) on  compressive strength. 

 

 
 

 

Figure (6): Compressive strength of HSC containing pumice as a percentage of  reference 

specimens. 
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Figure(7): Effect of  silica fume content(%) on  splitting tensile strength. 

 

 
 

Figure (8): Splitting tensile strength of HSC containing SF as a percentage of  reference 

specimens. 

 

 
 

Figure(9): Effect of  metakaolin content(%) on  splitting tensile strength. 
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Figure (10): Splitting tensile strength of HSC containing MK as a percentage of  reference 

specimens. 

 

 
 

Figure (11): Effect of  pumice content(%) on  splitting tensile strength. 

 

 
 

Figure (12): Splitting tensile strength of HSC containing pumice as a percentage of  reference 
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Figure (13): Effect of  Silica fume content(%) on  modulus of rupture. 

 

 
 

Figure(14):Modulus of rupture of HSC containing SF as a percentage of  reference specimens. 

 

 
 

Figure (15): Effect of  metakaolin content(%) on  modulus of rupture. 
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Figure (16): Modulus of rupture of HSC containing MK as a percentage of  reference 

specimens. 

 

 
 

Figure (17): Effect of  pumice content(%) on  modulus of rupture. 

 

 
Figure (18): Modulus of rupture of HSC containing pumice as a percentage of  reference 

specimens 
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