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Abstract  

Concrete, in today’s 

world is a very 

essential construction 

material that is widely 

used because of its 

good properties like 

durability, 

adaptability, 

versatility, and 
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INTRODUCTION  

One of the basic needs 

of man is shelter 

which makes an 

important part of 

man’s life. Buildings 

are essentially static 

objects in equilibrium 

which vary around 

the world with 

climate and culture. 

Building construction 

works and Civil 

Engineering practice 

in Nigeria depend, to a 

very large extent, on 

concrete as a major 

construction material. 

Concrete, in today’s 

world is a very 

essential construction 

material that is widely 

used because of its 

good properties like 

durability, 

adaptability, 

versatility, and 

sustainability. 

Concrete is a 

composite 

construction material 

that comprises of  
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sustainability. 

Concrete is a 

composite 

construction material 

that comprises of 

aggregate, cement and 

fluid. In assessing the 

viability of making use 

of local waste to create 

Ultra High Strength 

Concrete. The 

compressive strength 

test was carried out. 

The production of 

UHSC involves the use 

of various 

constituents, like 

ordinary Portland 

cement, fine sand, fine 

quartz powder, 

HRWRA, Rice Husk 

Ash (RHA) water and 

steel fibre, which was 

gotten from disposed 

tyres.Results from the 

analysis done using 

Response Surface 

Methodology showed 

that UHSC produced 

using steam curing 

regime has a lower 

compressive strength 

value to the UHSC 

produced using 

normal water at room 

temperature curing 

regime. 

Recommendations are 

made for the present 

research assessments 

for future work. 

 

aggregate cement and fluid. The versatility, strength and durability of 

cement are of utmost priority over other construction materials. 

Continuous growth of humans has also brought about increase in demand 

for improved and better construction materials like the concrete to cater 

for the ever growing world. Concrete is next to water, by far the most 

widely used material in the world, with over five (5) billion cubic meters 

of concrete produced annually. Aitic and mindess (2011). 

Sustainability of concrete is becoming a point of interest to researchers due 

to the accelerated degradation of the present and future environment. 

Sustainability in design of concrete is important because it is wasteful to 

have to rebuild infrastructures before the expected design life is reached. 

In recent times, different researches have been conducted to improve 

concrete in various ways to serve for specific purposes. These researches 

have also help to improve on some flaws of the normal concrete such as 

high permeability, crack formation, low density matrix. Etc. Researchers all 

over the world today are focusing on ways of utilizing either industrial or 

agricultural waste, as a source of raw materials for construction industry. 

This waste, utilization would not only be economical, but may also result 

in foreign exchange earnings and environmental pollution control. Rice 

husk and saw dust are among other materials from which silica can be 
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obtained. The burning of these materials to ash in a controlled 

environment produces compounds that are silicious aluminous in nature. 

The ash is referred to as a pozolana, they possess no cementitious 

properties in their finely divided form and in the presence of water, reacts 

with calcium hydroxide, liberated in the hydration process of cement to 

form compound having cementitious properties. 

Another waste is discarded tyres that are no longer suitable for use on 

vehicles due to wear or in irreparable damage. These tyres are among the 

largest and most problematic sources of waste, due to the large volume 

produced, their durability, and the fact they contain a number of 

components that are ecologically problematic. It is estimated that 259 

million tyres are discarded annually Agrawal et al., (2008) it is therefore 

necessary to provide an avenue by which this material can be reused, one 

of such avenues is the burning of discarded tyres in a controlled condition 

to obtain steel fibers. In the present research, an attempt has been made to 

develop UHSC mixtures with locally available materials. 

 

AIM AND OBJECTIVES 

• The aim of this study is to investigate the compressive 

strength of ultra-high strength concrete. 

• Objectives 

The objectives of the research are to: 

(i) Produce silica fumes from rice husk 

(ii)  Produce steel fibers from discarded tyres 

(iii) Determine the effect of silica fumes produced from rice husk 

on 

Compressive strength of UHSC.  

 

SCOPE OF THE STUDY 

This research work focuses on determining compressive strength of ultra-

high strength concrete produced from waste materials. All cubes cast will 

be steam cured at 900C. Compressive strength test will be carried out at 28 

days and results analyzed. 

 

  



 
INTERNATIONAL JOURNAL OF AFRICAN SUSTAINABLE DEVELOPMENT 

(VOL. 10 NO.7) JUNE, 2019 EDITIONS 
 

 
  
 

178 

LITERATURE REVIEW 

History of Ultra Strength Concrete 

Ultra high strength concrete (UHSC) is a class of concrete that exhibits 
extremely high durability and strength properties. It belongs to the family 
of engineered cementitious composites (ECC) (Habel, Denarie and 
Bruhwiler 2006a) and is defined as a cement-based concrete with 
compressive strength equal to or greater than 22 ksi (150 mpa) (naaman 
and wille 2012;resplendino 2012). Additional, it is a high-strength , ductile 
material formulated by combining protland cement, silica fume, quartz 
flour, fine silica sand, high range water reducer, water, and steel or organic 
fibers. The role of Hans Henrik Bache, researcher during his whole 
professional career, as a pioneer in the development of  HPC. UHPCand 
HRUHPC is of great importance for both the concrete history in the future 
and our history. Professor Hans Henrik bache proposed the idea of UHSC 
which is now recognized and been used in many development nations. 
Professor Bache’s work showed that the ultimate compressive strength of 
concrete depend not only on the quality, quantity and efficiency of the 
cementitious material used, but also on the degree of compaction and 
ultimate porosity of the solid matrix formed after the hardening process is 
completed. About 100 years after first being proposed (feret, 1892), the 
w/b law concerning compressive strength can be said to have been 
extended !” the first and second symposia on UHSC help at University of 
Kassel, germany September 2004  and March 2008 respectively. 

Figure 2.1:  First Use of Ultra-High Performance Concrete for an Innovative 

Train Station Canopy (Vic perry, 2005) 
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Application of ultra-high strength concrete  

Ultra-high performance concrete (UHPC) In its present from became 

commercially available in the United state in about 2000 (Graybeal, 2011). 

The Federal Highway Administration (FHWA) the began investigation the 

use of UHPC for highway infrastructure in 2001 and has been working with 

state transportation departments to deploy the technology since 2002. 

This work has led to the use of UHPC in several application, including 

precast, bridge construction, prestressed girders; precast waffle panels for 

bridge decks; and as a jointing material between precast concrete deck 

panels and girders and between the flanges of adjacent girders. Some other 

important application of UHSC are: 

 

WEAR protection  

The first application of application of UHSC as wear protection was in 

Aalborg Denmark by the Aalborg Portland cement company. UHSC was 

used as wear protection for their different installation and transportation 

systems. UHSC has be in use for more than 20 years as  wear protection in 

hydraulic and  pneumatic transport and storage system of abrasive 

material like coal, fly ash, steel, silica sand, cement and chemicals.  

The scoop feeder (knud lun Eeiksen, 1981) for a cement mill (in figure 2.2 

above)is usually made of cast steel and has a total service life of max. 6 

mouths due too heavy wear. The six replaceable section are made of 

reinforced UHPC with about 

10% V/V main 

reinforcement and steel 

fibres to give ductility, in fact 

already a CRC structure, and 

had a fc 250 MPa. The service 

life of 15-20 year is a large 

extension compared to the 

original scoop feeder.  

 

 

Replaceable part of scoop 

feeder  
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Concrete repair  

UHSC is widely used for repair in situation where there are serviceable 

failures in concrete element. One of the first applications of UHSC was the 

rehabilitation of the kinzua Dam stilling Basin in October and November 

1983. This basin had, despite earlier repairs in 1973-1974, due to 

cavitation erosion holes until 1.10m depth in the 1.50 thi8ck concrete slab. 

Ther specified unrein-foprced 1.450 m3 conh concrete with a thickness of 

30 cm and with a Fc of 90 MPa was place in section.  

 

In Venezuela various tests are made to repair lkarge damages in the Raul 

Leoni Dam (“Guri”). Very large damage due to cavitation erosion occurred 

in the inlet/ outlet, the toe and the spill-ways. Repairs in the outlet with 

small bended high strength steel plkates (accessibility is only possible 

through a manhole) fixed with drilled in anchors and welded together 

didn’t function.  
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The Raul Leoni Dam (“Guri”) 

 

Retaining wall  

UHPC is ideal for short retaining wall construction (for H<3m) due to its 

ultra-high Strength and ultra-light weight feature. Unlike conversation RC 

wall, the UHPC wall does not have transverse reinforcements or crack 

control bars in any part Concrete section. The only conversational steel 

reinforcement used is the major longitudinal reinforcements location at 

the ribbed beams (i.e. the stem and the base) to resist the critical design 

moment effect result from the imposed loadings. Figure 5a shows t5he 

prototype of the UHPFRC L-shaped retaining wall. In December 2010, the 

JKR Perak has constructed a 76m lo9ng with 2.5 m tall retaining wall at 

Jalan Kota Bahru (Yenh L.v, Behzad nN., Abu Bakar B.M.S, Balamurugan 

A>G< Tet S.Y.2012) u7sing the above mentioned UHPFRC retaining wall 

and it took five working days to complete the entire construction work, 

which included site clearing work, preparation of the granular [base, 

placing and assembling of the walls, and back filling of the earth.  

This exercise shows [the UHPFRC retaining wall system is able to provide 

speedy construction solution.  
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The main advantage of using UHPC in bridge decks is that it prevent early 

deterioration of deck resulting from cracking that allows penetration of 

chloride especially during wintry moths. Use of UHPC successfully in the 

entire bridge deck was accomplished by developing a full-depth precast 

UHSC waffle deck system as part of the Highway for LIFE program of the 

Federal Highway Administration (Graybeal. B 2006). 

Due to its durability properties, the use of UHPC as a primary material in 

precast bridge deck panels elimination several of the concerns association 

with conventional precast concrete deck panel construction. The use of 

UHPC panels realizes all of the advantages precast concrete, in addition to 

a few others. (Sriram Aaleti; Bradley Petersen, and Sri Sritharan. 2013)  

Normal concrete deck having a broom finished surface and 3-mm or 

greater thick rough surface created by form liners were found to be 

adequate to produce satisfactory normal concrete-UHSC composite decks. 

As with the normal concrete structure, the fatigue characteristics can be 

defined using S-N curves, where S and N correspond to alternating stress 

and number of load cycles to failure, respectively. The mean stress will also 

play a part in fatigue resistance of the UHSC member. Other equally 

important design calculations include selecting the interface roughness 

punching shears, and anchorage and splicing of reinforcement within 

connections made from insitu UHSC.           
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Figure 2.6: Mars Hill Bridge, Wapello country, IA 

 

Lowa was first introduce to UHPC with a bridge project in Wapello country 

which was completed in 2006. The UHPC mix used in the fabrication of four 

modified lowa bulb-tee beams. Beam capacity was verified by flexure and 

share test on a 71-ft (21.6-m) long prestressed bulb-tee beam that was 

tested by the Bridge Engineering center at lowa state University. The 

remaining three 110-ft (33.5-m) long, prestressed concrete bulb-tee 

beams were then used in a single span, integral abutment bridge 

replacement project known as the mars Hill Bridge, south of Ottumwa, 

lowa. Figure 6 above shows the bridge upon completion. 

  

Offshore 

UHSC is known to have high resistance to chlorine effect, harsh condition 

and very permeability, it is highly recommended for hydraulic structures 

of offshore works. The first job for the hydrocarbon industry were based 

on the very positive experience with the rehabilitation of the jetty from 

venterminales in pto. Cabello, Edo. Carabobo in Venezuela and were done 

in a similar ways as that job to place a UHPC lining around the piles. After 

the first rehabilitation of foundation piles in both steel- and concrete of oil 

production platforms for the PDVSA (petroleos de Venezuela,S.A.) in the 

lake of Maracaibo in Venezuela in 1992 and 1993 for corrosion protection 
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and rehabilitation, UHPC is use to upgrade the platforms of the Ekofisk 

field, a solution developed by Norwegian consultants in co-operation with 

the owners of the platforms, in the north sea in 1995 and to rehabilitate 

various other platforms later. The use of grouts for the filling of members 

of the offshore platforms is not a new application since it is done for more 

than 30 years but the properties of the UHPC are resulting in a much higher 

bearing capacity and an extreme good corrosion protection. 

 

Composition of ultra high strength concrete  

The general constituents of UHSC are protland cement, fine sand ground 

quartz, HRWRA (super plasticizer), steel fibers, silica fume and water. 

UHPCs have high cementitious material contents and very low water-

cemwentitious materials ratios. These constituents gives the UHSC the 

high strength when compared to the conventional concrete.  

 

Comparison between different concrete types  

property NSC 

(MPa) 

HPC 

(MPa) 

UHPC 

(MPa) 

Compressive strength 25-55 76-124 138-228 

Tensile strength 2-5 5-6 12 

Elastic Modulus 25,000-34,000 33,000-44,000 55,000 

 

The constituents of UHSC used for this research are: 

1. Fine sand 

2.  Silica fume 

3. Steel fibers 

4. Water 

5. Super plasticizer 

6. Portland cement 

 

RESEARCH METHODOLOGY 

MATERIALS 

The constituent materials of UHSC used for this research project are; 

• Cement  

• Fine aggregate ( ground quartz (stone dust)) 
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• Fine sand 

• Water 

• Steel fiber 

• High range water reducing admixture (HRWRA) 

• Silica fume (rice husk ash) 

• Cement  

 

The cement used for this project is Dangote brand of ordinary Portland 

cement which was available at a construction material store in Omu-Aran 

town. The cement used has a grade 42.5 conforming to IS 12269:1987. The 

specific gravity is 3.15; the initial and final setting times are 110 min and 

260 min.  the normal constituency being 28% and the particle size range 

lies between 31 um and 7.5 um. The property of ultra-high strength 

concrete depends on the quantity and the quality of its constituents. 

Because the cement used is the most active component of UHSC. Result 

from previous researches has shown that cement used has to conform to 

the requirement of ASTM C 150 specifications. The physical and 

mechanical analysis of the cement is presented on table 3.1 below and also 

with ASTM specification.     

 

Cement characteristics according to manufacturer sheet tests. (source 

Mahmoud Karmout 2009). 

Type of test Ordinary Portland cement         

Results ASTM C 150 

Setting time (vicat 

test) hr:min 

Initial  

Final  

1 hr 30 min  

4 hr 40 min  

>60 min 

   <6hrs 15min   

Mortar compressive 

strength (MPA)  

3-Days 

7-Days  

28-Days  

25.7 

36.9 

53.4 

Min.12 

Min.19 

No limit  

lain fineness 

(cm2/gm) 

 3005 Min. 2800 

Water demand   27.5%  No limit  
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• Quartz (Quarry dust)  

The ground used for this project was gotten from a quarry in Omu-Aran 

community, Kwara state. The percentage passing through 45 um sieve in 

wet sieve analysis is 75% and the particle size range lies between 5.3 um 

and 1.3 um, with the specific gravity being 2.59. The primary concerns of 

aggregate in mix design for Ultra High Concrete are particles of gradation, 

maximum size, and strength. Providing that concrete is workable, the large 

particles of aggregate are undesirable for producing UHPC. For producing 

UHPC, the nominal size ranges from 0.15 to 0.6 mm for quartz sand 

permeability of the UHSC 

which reduces 

sustainability of the 

concrete.  

 

 

 

 

Picture of sieved fine quarry 

powder 

 

 
• Fine sand  

The sand used for the experimental studies Grade I-Coarse (particle size 
range of 0.6 mm 2.36 mm) and Grade III Fine (particle size range of 0.075-
0.15 mm). 
 

• Water 

Potable water was used for the mix. The water/cement ratio used is 0.22, 
and the mix ratio used is 1:4 
 

• Steel fiber  

Silica fiber used in this project was gotten from unused tyres. The tyres are 

burnt so that the fiber inside can be recovered. The steel fiber having an 

aspect ratio 81 was chosen cut to a length of 13mm, diameter 0.6 mm and 

having tensile strength of 3072N/mm2. The volume fraction of 2% was 

used for the mix.  
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• High Range Water Reducing Admixture (HR WRA)  

The Admixture used in the project is the CONPLAST SP 432 Ms. Which was 

gotten from Purechem. Manufacturing limited, Isolo Branch in Lagos State, 

Nigeria.  

• Silica fume (rice husk ash) Silica fume used for this 

experience was gotten from the combustion of rice husk. The 

rice husk was gotten from a rice mill in Ididi, Kwara state, 

Nigeria. The rice husk was burnt in a drum of length 100mm, 

the drum was perforated underneath, total perforated holes 

were ten (10) and were all 10mm each, the purpose for the 

holes were to aid the process of combustion by allowing the 

entrance of oxygen and for easy removal of the rice husk ash 

when the process is done.  

 

Mixing:  

Was done automatically the mixing. It was done first with the dry 

constituent (rice husk ash, sand, cement, quarry powered) till the mix 

attained a uniform distribution and colour. The required water and supere 

plasticizer was added gradually and it was thoroughly mixed to obtain a 

workable mix. A planetary mixer machine (15 kg capacity) was used to mix 

the UHPC. The speed can be varied from stir (slow), speed (low), speed 2 

‘(medium), speed 3 (high) having agitator RPM 0f 59, 107, 198 and 

respectively. The dry binder power was poured in the bowl and dry mixing 

was done for 3 minutes each at slow and low speed. Around 70% of the 

water and super plasticizer was added and the level of mixing was 

increased to medium, which was continue for another 3 min. When proper 

blending of ingredient was observed, the remaining SP and water were 

added and mixed at high speed for 5 min again. After mixing it is observed 

that the materials have gained proper fluidity and homogeneity. The level 

of mixing is then changed to slow speed where a random distribution of 

fibers was done taking approximately 3Min. The orientation of the fibers 

did not have a significant effect on the compressive strength and modulus 

of elasticity. Finally, at high speed the ingredient were fully mixed for 2 min 

to have a flow able consistent mix. Prior to placing of UHPC, the mixer was 

slowed down in order in order to allow entrapped air to escape due to the 
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high-speed mixing. Entrapped air may lead to a weaker matrix and poor 

surface finish of the precast element. The slump, initial and final setting 

time for the freshly mixed concrete was determined. The concrete was 

filled into already clean and oiled 50mm steel moulds and compaction 

using the poker vibrator. The compaction will be done for 60 sec. The aim 

of vibrating the filled mould, is to properly compact the materials. To 

ensure that the fibers are distributed without aggregation. All specimens 

were given a proper finishing ensuring uniformity and perfect appearance. 

The specimen store under damp sacking for 24hoiurs in the laboratory 

before de-moulding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CASTING OF CONCRETE CUBS  

The concrete cubes were casted using the normal process but with 

different material as earlier stated above.  

After casting of the concrete it was then put into the cubes of 

50mmX50mm. 
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Cubes for casting  

The cubes where first lubricated using diesel, the purpose for the 

lubrication is for easy removal of the concrete when it sets.  

 

EXPERIMENTAL DESIGN 

The optimization of the constituent of UHSC was done using factors. The 

three (3) factors to be considered are quartz power, High range water 

reducing admixture, steel fiber. Other factors like ordinary Portland 

cement of grade 42.5, RHA and sand was kept constant. RHA, sand and 

water will be kept constant at 89, 28.88g, 127.5g and 13.63g respectively. 

These constant values are those specified by Ductal mix proportion (US 

Department of Transportation, 2013). A total of 20 experimental runs were 

generated using the central composite rotatable design (CCRD). Each 

numerical factor is varied over five (5) levels they are plus Alpha (+a), 

minus Alpha (-a), (axial/star points) +1 (high level), -1(low level) 

(factorial points) and the center point (mid-level). The will be conducted 

in two block.  
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a. Twelve runs: composed of eight factorial points, plus four center 

points 

b. Eight runs: composed of five star/axial points plus three more 

center points 

 

Table 3.2: factors and the levels for central composite rotatable design         

Factors  Units  

 

Low  

 

Level  

(-1) 

Mid- 

 

Level 

(0) 

High 

Level 

Level 

(+1) 

Minus Alpha 

(-a) 

Plus  

Alpha 

(+a) 

Cement  G 70 110 150 42.72828678 177.2717 

RHA G 20.63 40.63 60.63 6.99414339 74.26586 

Sand G 50 95 140 19.319322263 170.68076 

HRWRA G 2 4 6 0.636414 7.363586 

Steel Fiber G 19 44.5 70 1.614283 87.38572 

Quartz G 22.5 32.5 42.5 15.68207 49.31793 

           

The three factors are represented as X1, X2 and X3 as presented in Tables 

3.3 gives a clear picture of the above explanation.  

 

CCRD showing varied parameters in code form                                                                                                                 

Std     Runs     Block     Factor1: X1      Factor       Factor    Compressive strength              

   HRWRA             2:X1       3:X3      N/mm2  

 G Steel      Quartz    ________________ 

    Fiber g        R1         R2        R3 

9         1          (1)           0 0              0            15.14       19.96 

10       2          (1)           0            0             0            14.14       11.74 

12       3          (1)           0            0             0            13.18       9.86 

1         4          (1)          -1             -1            -1            10.82      8.04 

11       5          (1)           0            0             0            21.14       17  

2         6          (1)           1             -1           -1            16.88     12.16 

8         7          (1)           1             1             1             16.72      21 

4         8          (1)           1             1            -1            8.24       9.44 

3         9          (1)          -1             1            -1            16.48      17.72 

7        10         (1)          -1             1             1             15.12      13.88 

6       11          (1)           1             -1             1           178.58    9.66 
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5        12         (-1)         -1 -1             1    1 3.02     3.52 

18      13         (-1)          0 0            1.682      1.32        12.44  

20      14         (-1)          0           0            0            13.66      11.8 

17      15         (-1)          0  0           -1.682     17.42       10.7  

13      16         (-1)         -1.682    0             0            13.3        8.68  

14       17        (-1)        1.682       0            0            21.42     13.68  

15       18        (-1)            0         -1.682        0            10.42      9.5  

 19      19        (-1)            0         0            0            12.04     14.6  

16       20        (-1)            0         1.682         0             14.12    4.36  

 

Table 3.4 CCRD showing varied parameter for the UHSC mix proportion  

Std  Runs Bock  Type Factor1 

 

 

X1: HR 

WRA (g)   

Factor 

   2  

X2:  

Steel 

Fiber 

(g) 

Factor 

   3 

X3  

Quartz 

(g)   

Compressive 

Strength N/mm2 

 

R1 

    

 

                     R2  

9 1 Block 1 Center  4 44.5 32.5  

10 2 Block  1 Center  4 44.5 32.5  

12 3 Block  1  Center  4 44.5 32.5  

1 4 Block 1  Factorial  2  19 22.5   

11 5 Block 1 center 4 44.5 32.5  

2 6 Block 1 Factorial 6 19 22.5  

8 7 Block 1 Factorial 6 70 42.5  

4 8 Block 1 Factorial 6 70 22.5  

3  9 Block 1 Factorial 2 70 42.5  

7 10 Block 1 Factorial 2 70 22.5  

6 11 B lock 1  Factorial  6 19 22.5  

5 12 B lock 1 Factorial 2 19 42.5  

18 13 B lock 2 Factorial 4 44.5 42.5  

20 14 B lock 2 Center 4  44.5 42.5  

17 15 B lock 2 Axial  4 44.5 49.32  

13 16 B lock 2 Axial 0.64 44.5 32.5  

14 17 B lock 2 Axial 7.36 44.5 32.5  
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15 18 B lock 2 Axial 4 1.61 32.5  

19 19 B lock 2 Center  4 44.5 32.5  

16 20 B lock 2 Axial 4 87.39 32.5  

 

DEMOULDING AND CURING  

After the concrete where casted and put into the cubes, the set concrete 

cubes where demoulded after 24hours and place in a water bath for curing 

for 48hrs under room temperature. Noting, that the end of each phase, each 

as24hrs. Of setting and 48hrs. Of curing the weight of the concrete was 

taken at every phase. 

Picture of cubes in the normal water bath 

 

The concrete cubes have two (3) curing methods namely:  

• By using the normal water at room temperature  

• By using oven at 2000c  

• Using water bath at 2000c (Water bath used was improvised for, 

the cubes were placed in an head pan and placed on a heating 

plate for 48hrs)  

• Total of 36 cubes were available and 12 cubes are casted for a 

run. After 48hrs of having the set cubes in normal water bath the 

entire 12 cubes which was casted per run is divided into four (4). 
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for either of the methods the cubes are cured for 48hrs and are 

weighted then returned to the normal water bath  

• The first sets of four cubes were cured using the normal water 

bath of room temperature.  

• The second set of four cubes were cured using the oven  

• and the third sets of concrete were cured using a water bath  

 

Picture of the oven used in curing 

After the entire cubes has been cured by various methods, they were then 

cured for 28days in the normal water bath. 

 

COMPRESSION TEST  

The cubes which are ready for crushing are removed from the water bath 

20minutes to the crushing time are weighted before crushing.  

150mm by 150mm cubes were tested at each ago for compressive strength,  

The concrete were tested for strength in compression using the crushing 

machine, by placing it on a smooth bed of the machine and applying the 

load to the opposite face the cube. 

The machine was switched on the load applied gradually until the cube 

failed and this load was recorded. 
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Compression test machine 

 

RESULT AND DISCUSSION  

As mention before, the input 

independent variable were 

HRWRA, steel fiber quartz 

which are pointed out in 

analysis of variance with X1, 

X2 and X3 respectively and 

the response were 

compressive strength. In the 

stage to evaluate the 

influence of these 

independent factors on corresponding responses analysis of variance was 

done using Design expert software according to CCD model and results 

determine based on confidence level at 95% (a= 0.05). Significant of each 

term was evaluate according to its probability values h(P-value). 

Significance terms should have probability value more than 95% (a 6 0.05) 

and so the null hypothesis (HO) will be rejected and probability value of 

insignificance terms will be less 95% a(P0.05) and these terms should be 

eliminated from final analysis and equations.  

 

ANOVA analysis and regression models for investigation machine          

Tables 4.1 and 4.2 show the ANOVA results for initial analysis of the 

compressive strength (R1 and R2). from Table 4.1 The probability value 

for term A (HR WRA) was 0.017 which is less than 0.05, so this term had 

effect on response trend while B (Steel-Fiber) and c (Quartz) were not 

effective but square of A was significance due to its probability value 

P=0.0292. Interaction among all terms were not significance according to 

their probability values. Also from Table 4.2 it can be  seen that only A was 

effective strength (R2). All other terms, interactions and square of terms 

were not significance according strength to their probability value.  

Generally square of factors it can be seen that similar terms affected izod 

impact and tensile strength properties but for tensile strength C2 was more 

effective the A2 while for izod impact it was quite reversing. And finally 
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about interaction according to the magnitude of P-values in Tables 3 and 4 

it is obvious that interactions were effective on izod impact compare with 

tensile strength. Moreover “Lack-of-Fit” was not significance for both with 

P-value 0.0669 and 0.8687 respectively, thus the specified fitted the data 

satisfactorily.  

 

Tables 4.1 Initial Analysis of Variance for Compressive strength.  

   Sum of   Mean   F   P-value  

Source  Square df   Square   Value Prob>F 

Block               0.071      1  0.071 

Model               6.15      9  0.68  4.33     0.0199 significant 

A-HRWRA        1.33      1  1.33 8.45     0.0174 

B-Steel    0.068      1  0.068 0.43      0.5288 

C-Quartz  0.63        1      0.63 3.99        0.0768 

AB   0.37       1  0.37 2.37        0.1582 

AC   0.44       1  0.44 2.80        0.1286 

BC  0.031       1   0.031 0.19        0.6697 

A2  1.06       1  1.06 6.71        0.0292 

B2  0.35       1  0.35 2.22        0.1706 

C2  0.80       1  0.80 5.08        0.0506 

Residual  1.42       9  0.16 

Lack of Fit  1.11       4  0.28 4.44       0.669 not significant  

Pure Error  0.31       5  0.062  

Cor Total  7.65       19  

 

Table 4.2 Initial analysis of variance for Compressive strength R2  

    Sum of  Mean    F   P-value  

Source  Square df  Square  Value  Prob>F 

Block               21.40  1 21.40 

Model              247.40  9 27.50              1.93     0.1704 Not significant  

A-HRWRA        91.43      1 91.43  6.42     0.0320 

B-Steel    5.88      1 5.88                   0.41     0.5364 

C-Quartz  10.21       1 10.21  0.72     0.4190 

AB   29.21            1 29.24   2.05     0.1856 
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AC         9.741E-003 1 9.741E-003 6.843E-004 0.9797 

BC  2.26      1  2.26      0.16               0.6996 

A2  2.11       1 2.11  0.15        0.7089 

B2  68.99       1 68.99  4.85       0.0552 

C2  18.67           1 18.67  1.31        0.2817 

Residual  128.12       9 14.24  

Lack of Fit 24.58       4    6.14  0.30       0.8687 not significant 

Pure Error 103.54       5 20.71     

Cor Total 397.05        19   

 

The regression coefficients from first of analysis for R1 are shown in Table 

4.3. According to these coefficients the second order polynomial model 

based on initial analysis which involves both significant and insignificant 

term for R2 would be as following equation respectively  

Compressive strength (R1) = -5.85607 +  1.44433X1 + 0.055851X2 + 

0.30572X2  - 5.04968E- 003X1.X2 – o.o1408X1.X3 – 2.91015E-004 X1.X3 – 

0.073446(X1)2 – 2.59676E-00(X2)2 – 3.13710E-003(X3)2  

Compressive strength (R2)= -30.38253 + 4.19254X1 + 0.55543X2 + 

1.21703X3 – 0.04464X1.X2 + 2.09022E-003X1.X3 – 2.49727E-003X2X3 – 

0.10374(X1)2 – 3.64493E-00(X2)2-0.015128(X3)2 

 

Table 4.3 Regression coefficient and percentage of R2 for both responses in 

first step of analysis of variance  

 Coefficient 

  

 b0 b1 b2 b3 b11 b22 b33 b12 b13 b23 R2

% 

R

1 

- 

5.85 

607 

1.4

44 

33 

0.0

558 

51 

0.3

057 

23 

0.3

057 

23 

- 

0.07

344

6 

- 

2.59

676

E-

004 

- 

5.04

968

E-

003 

-

0.01

408

3 

-

2.91

015

E-

004 

 

81

.2

4 
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R

2 

- 

30.3

825

3 

4.1

925

4 

0.5

554

3 

1.2

170

3 

- 

0.1

037

4 

3.64

493

E-

003 

0.01

512

8 

0.04

464 

2.09

022

E-

003 

- 

2.49

727

E-

003 

65

.8.

9 

 

Std. Dev.  0.04 R-   Squared    0.8124 

Mean   3.73    Adj R-Squared   0.6248 

C.V.%   10.67   Pred R-Squared    -1.1584 

PRESS  16.35    Adeq precision   7.270 

Std. Dev.  3.77    Squared    0.6589 

Mean   11.99    Adj R-Squared   0.3179 

C.V. %  31.48    Pred R-Squared    -0.8924 

PRESS  710.92   Adeq precision   4.152 

 

Analysis of variance was repeated after eliminating non effective terms and 

the results for compressive strength (R1) and compressive strength (R2) 

can be seen in Table 4.4 and 4.5 respectively. It is obvious 9from these 

tables that the P-value of remained terms was terms was reduced after 

omitting insignificant ones and also the fitness of model was reduced due 

to reduction in the step value of “lack-of-Fit” for both 8of Response 

coefficient obtained from this step analysis are displayed in table 4.6.    

 

Table 4.4 Final analysis of variance for Compressive strength R1  

                         Sum of  Mean    F  P-value  

Source  Square    df  Square          Value Prob>F 

Block              0.071          1        0.071 

Model  3.05        2 1.53            5.41       0.0161     Significant  

A-HRWA        1.50             1 1.50            5.31                      0.0349 

A2                      1.55            1          1.55            5.50                      0.0322 

Residual         4.52            16        0.28             

Lack Of Fit     4.21            11 0.38            6.12     0.0290   Significant  

A-HRWA        1.50             1  1.50            5.31  0.0349 

Cor Total        7.65           19                           
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Table 4.5 Final analysis of variance for Compressive strength R1  

                         Sum of  Mean   F           P-value  

Source  Square df Square          Value  Prob>F 

Block              21.40         1           21.40  

Model              92.06          1    92.06    5.52 0.0312     Significant  

A-HRWA        92.06           1     92.06          5.52 0.0312                                1                                        

Residual       283.59        17  16.68             

Lack Of Fit     180.05        12     15.00            0.72  0.7013     Significant  

Pure Error         103.54      5                   20.71           5.31                      0.0349 

Cor Total        397.05        19                           

 

The reduced regression model based on final coefficient for R1 and R2 take 

the following form:  

YR1 = 1.9957 + 0.81682X1- 0.081386(X1)2   

YR2 = 6.58325 + 1.29814X1 

 

Table 4.6 Regression Coefficient and percentage of R2 for both response in 

final step analysis  

 Coefficient 

  

 b0 b1 b2 b3 b11 b22 b33 b12 b13 b23 R2% 

R1  1.99 57 0.81682   -

0.081386 

     40.33 

R2 6.54325 1.29814         24.51 

Std. Dev.  0.53            R-Squared     0.4033 

Mean   3.73    Adj R-Squared    0.3287 

C.V.%   14.27   Pred R-Squared     -0.2486 

PRESS  9.46    Adeq precision    6.219 

Std. Dev.  4.08    R-Squared     0.2451 

Mean   11.99    Adj R-Squared    0.2007 

C.V. %  34.07    Pred R-Squared     -0.0008 

PRESS  375.94   Adeq precision    5.737 

 

From Fig. 4.1-fig. 4.4 showing the various normal probability plots of 

residuals from initial and final analysis of the two responses, it can said that 
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the initial analysis for R1 has the best distribution plots with the falling 

points close to the fitted distribution lines. Showing fitted collected data.  

Fig. 4.5 (a) and (b) display the effect plot of factor A. This types of plot show 

the effect of linear ter4mos on interesting response. As seen in figure, the 

magnitude of compressive strength (R1) and compressive strength (R2) 

did have change with increasing or decreasing in Factor (A (HR WRA). Fig. 

4.6a (a) show the main effect plots of factor B. As can be seen, R1 increasing 

slightly and later drops with increase in steel fiber. fig.4.6 (b) shows the 

main effect plots of factor B, in which little increase is observed in R2 with 

increase in Steel fiber and a huge drop is later observed with further 

increase of Factor B. Fig. 4.7 (a) and (b) show little changes in the 

compressive strength with increase in Quartz. 

Initial Normal plot of residual of R1 
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The effect of HRWRA on the compressive strength of UHSC is a good one 

with other two factor having insignificant and negative effects on the 

compressive strength of UHSC   

  

 Recommendation and conclusion  

The aim of the study was to evaluate the compressive strength of UHSC 

concrete produced with waste material and cured with steam. 

It was observe that UHSC cured using steam curing regime has less 

compressive strength than UHSC cured using normal water bath regime. 

This is a performance which can be improved with further research 
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