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Abstract: 

Concrete works occupy considerable total cost portion of construction projects. There 

are several factors influencing its quality, strength, and performance. Lack of quality 

control has been pointed out in private sector projects in general, and specifically with low 

income owners. Technical skills and extra cost required to control the quality of concrete 

are the most important factors that discouraged owners in adopting control measures, 

therefore, research work is implemented to determine easy, quick, and low cost measures to 

evaluate fresh concrete and predict its (28 day) compressive strength, also help site 

engineers in adjusting fresh concrete according to required standard before casting and 

hardening. The research covered an experimental work that includes, casting of 144 

concrete cylinders having 48 different mixes of cement content, water content, and 

maximum size of coarse aggregate. Laboratory tests of the concrete cylinders have been 

carried out to determine its compressive strength, and statistical analysis of the 

experimental data and results led to propose an empirical formula. The proposed formula 

can be used by site engineers to judge the quality of concrete after wet sieving of fresh 

concrete.nThe research recommended the adoption of the concluded results, and to carry 

out further related researches. 

Key words: concrete works; fresh concrete; field inspection; private low income owners; 

compressive strength. 

 

 

 ـــــة:الخلاصــــ

 ححخم الاعًال انخزساَٛت صشءا يًٓا يٍ انكهفت انكهٛت نهًشارٚع الأَشائٛت .ُْانك عٕايم عدٚدة حؤرز عهٗ كفاءة             

يخاَت َٕٔعٛت يزم ْذِ الاعًال انخزساَٛت . ٕٚصد َقص ٔضعف فٙ اصزاءاث انسٛطزة انُٕعٛت عهٗ حُفٛذذ ْذذِ الاعًذال    ٔ

اٌ انًٓذارة انزسيذت ٔحكذانٛف     . ًحذدٔ  عذاو ٔححدٚذدا نذدٖ ار ذاع انعًذم لٔ٘ انذد م ان       فذٙ يشذارٚع انقطذال انخذاك  شذكم     

اصزاء عًهٛاث انسٛطزة ْٙ يٍ اْى الاسباع انخٙ لا حشضع ار اع انعًم عهٗ حبُٙ اصزاءاث انسٛطزة نذذنك حذى انبحذذ عذٍ     

ٚذٕو. اٌ   82أيذت الاَغذطال نٓذا  عًذز     ٔسٛهت سزٚعت ٔسٓهت ٔر ٛصت انكهفت لا خبار ٔحقٛٛى انخزساَت انطزٚت ٔانخُبؤ  ًق

ْذذذِ انٕسذذٛهت ٚضذذم اٌ حًكذذٍ يُٓذذدص انًٕجذذع يذذٍ يعانضذذت انخهطذذت انطزٚذذت ٔفقذذا نهًٕاصذذفت انًطهٕ ذذت جبذذم صذذم ٔحصذذهم     

( َذٕل يخخهذف يذٍ انخهطذاث      12( اسذطٕاَت يذٍ انخزسذاَت حغذى )      411شًم انبحذ فٙ صاَبّ انعًهٙ اعدا  )  انخزساَت.

انًذذاء ٔانسذذًُج اضذذافت انذذٗ ا ذذخزلا انًقذذاص الاجصذذٗ نهزكذذاو انخشذذٍ . حذذى اصذذزاء انفحذذص    ٚخخهذذف فٛٓذذا يحخذذٕٖ كذذم يذذٍ  

انًخخبز٘ لاٚضا  يقأيت الاَغطال نهًُالس كذنك اصزاء انخحهٛم الاحصائٙ نهُخذائش حٛذذ حًخذل لنذك عهذٗ اجخذزاط يعا نذت        

ٛذت ٔصذزحٛت انخزسذاَت انطزٚذت  عذد      حضزٚبٛت .اٌ ْذِ انًعا نت  ًٚكٍ اسخخدايٓا يٍ جبم يُٓذدص انًٕجذع نهحكذى عهذٗ َٕع    

حى انخٕصم انٗ عد  يٍ الاسخُخاصاث لاث انصذهت  ًٕضذٕل انبحذذ كذذنك حذى       اصزاء انخحهٛم انًُخهٙ انزطم نٓا فٙ انًٕجع.

 اجخزاط حٕصٛاث نخبُٙ َخائش انبحذ اضافت انٗ اجخزاط  حٕد لاحقت فٙ ْذا انًضال .            
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1. INTRODUCTION 

Concrete is generally produced in batches at work site with local available materials of 

variable characteristics. It is therefore, likely to be variable from one batch to another. The 

magnitude of such variation depends upon several factors, such as the quality of constituent 

materials, mix proportion due to batching process, mixing equipment, workmanship and 

supervision.         

There are no unique attributes to define the quality of concrete in its entirety. Under 

such facts, concrete is generally referred to as being of good, fair or poor quality. Due to the 

large number of variables that influence the performance of concrete, quality control is an 

essential task.  

       The aim of quality control is to reduce variations and produce uniform material that 

provides the desired characteristics for the job. 

 

2. PROPERTIES OF CONCRETE 

The principal properties of concrete which are of practical importance are those 

concerning its strength. 

The strength of concrete at given age and under given curing conditions is assumed to 

depend mainly on water-cement ratio and degree of compaction. of the various strengths of 

concrete, the determination of compressive strength has received large amount of attention 

because concrete is primarily meant to withstand compressive stresses. 

Factors independent of the type of test that influence the strength of concrete are: type of 

cement, type of aggregate and admixtures, mix proportions, cement content, aggregate cement 

ratio, water cement ratio, and other factors like, age, degree of compaction, type and 

temperature of curing.[1] 

 

3. INSPECTION AND TESTING 

Inspection and testing play vital role in the overall quality control plan. Inspection could 

be of two types: quality control and acceptance inspection. 

Concrete materials can be tested and inspected both in the fresh and hardened stages. 

Fresh concrete tests offer some opportunity for necessary corrective actions to be taken before 

it is too late. These actions include tests on workability, unit weight, or air content. 

Accelerated strength tests by which reliable idea about the potential 28-day strength can 

be obtained within few hours. In contrast,  the usual  28-day  
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Strength test is post mortem of concrete which has become history by then. It is, 

therefore, only acceptance tests which help designer or site engineer decide whether to accept 

or reject the concrete.[2] 

 

4. REVIEW OF PREVIOUS RESEARCHES 

Due to the importance of adjusting concrete mix before casting and hardening , 

researchers studied and suggested different methods for accelerated strength testing to predict 

28-day strength of concrete whether it is from saving ,cost, time and assure quality point of 

view. 

 Malhotra [3] implemented a study in 1994 and found that there is a significant relation 

between accelerated cured samples and 28-day standard cured strength. The 

predicted values vary plus or minus 15.2 to 23.6% from 28 day standard cured 

strength. The relations were independent of the aggregate used but depend at low 

strength level on w/c ratio of the concrete mix  

 Meyer [4] conducted a research in 1997 using statistical comparison of  accelerated 

concrete test method .His research depend on ACI (1987) Manual of Concrete 

Practice that suggests tow procedures which can be used to provide an indication of 

the 28-day strength of concrete after 24 hours. The first procedures is to cure 

concrete specimens in warm water, 23-24 hours at 35c° ± 3c°, the second is to cure 

the specimens in boiling water for 23 hours at  21c° ± 5c° and 3.5 hours at 

100c°.Research results indicated that warm water curing is preferable to the hot 

water and suggested that dynamic model which permits changes in the regression 

parameters over time is more appropriate . 

 Resheidat and Ghanma [5] carried out a research in 1998 using   boiling water for 

accelerated test in to predict 28-day strength of concrete. The test procedure 

followed procedure of ASTM  C(684).The outcome of this research in the form of 

prediction models confirm that accelerated strength testing could be accepted in lieu 

of the standard 28-day testing  

 ASTM C(684-99) [6] covers four procedures for accelerated curing which are: A- 

Warm Water Method B- Boiling Water Method                            C-  Autogenous 

Curing  Method  D-  High Temperature and Pressure Method. Curing period 

ranging from 5-49 hours depending upon the procedure that is used. The variability 

of the test methods is the same or less than that from traditional methods. The 

results can be used in rapid assessment of the concrete quality and   signalling the 

need for indicated adjustments. The magnitude of the strength values is influenced 

by the specific combination of materials of concrete mix.   

 Resheidat and Madanat [7]carried out are search in 2006 using boiling water to cure 

cylinders of concrete and tested at 28.5h,and other cylinders were  normally cured 
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and tested at 28days.The outcome  of his statistical analysis confirm that accelerated 

strength testing con do everything the 28-day test can do but 27 days sooner. 

 Tantawi and Gharaibeh [8] indicated in their research titled "Early Estimate Of 

Hardened Concrete Strength" carried out in 2006 that the importance of time and its 

direct impact on project cost inessential need is required to estimate the hardened 

concrete strength with in the first few hours. Accelerated test for early determination 

of concrete strength were used to generate expressions for prediction of hardened 

concrete strength as composite function of cement content and w/c ratio. The 

outcome suggested theoretical model shows a good agreement with experimental 

results. 
 

5. INSPECTING FRESH CONCRETE 

In order to reduce the time required between mixing and placement of concrete, and the 

determination of its quality and strength, it is necessary to carry out two types of tests on 

concrete. The first type of the mentioned tests is inspecting and testing fresh concrete, and the 

second is the acceptance testing of hardened concrete. 

The inspection testing of fresh concrete includes workability tests, analysis of fresh 

concrete, accelerated and non destructive testing of fresh concrete. The field variations in the 

actual mix proportion of concrete can be determined by analyzing the composition of fresh 

concrete. The quality of concrete could be controlled if rapid analysis of fresh concrete is 

possible allowing the site engineer to take the necessary remedial measures if required before 

placing the concrete. 

Cement and water contents of concrete could be determined by separating the 

constituents of fresh concrete by wet sieving according to ASTM C172-99 , and its 

proportions by weighing in water. There are many other rapid methods for determining the 

cement and other contents of fresh concrete sample.[9] 

 

6. RSEARCH  SIGNIFICANCE 

There is lack and ignorance in quality control measures for concrete works that carried 

out by unprofessional private contractors or unskilled  labor employed by private owners. 

Owners and their supervisors have no means to ensure in advance that fresh concrete 

will provide the required strength for the type, life, and function of structures. 

    The existing production practices of fresh concrete for the mentioned works are: 

a) No insurance or quality certificate that should be provided by concrete or material 

suppliers to users for their purchased quantities. 
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b) Concrete material is usually mixed and handled by unskilled labor following non 

standard practices. 

c) Standard tests and other quality control measures at work sites require experienced 

staff, equipment, and extra cost. Owners do not accept spending extra cost because it 

is difficult for them to understand its importance and the amount of benefit which they 

can get from investing such extra cost. 

d) There are annual and continuous works constructed by private owners. Concrete 

works represent considerable portion of the constructed works cost, and significant 

portion of the overall construction sector activities in Iraq. 

The significance of research dealing with such problems can be judged by the gain that 

will come out from introducing easy, and low cost means to encourage private owners in 

controlling the quality of their concrete works. The gain may be expressed by the increase of 

useful life, and the decrease in the depreciation cost of their investments. 

 

7. RESEARCH OBJECTIVE 

The objective is to develop easy, quick, and low cost means to control the quality of 

fresh concrete at work sites of private owners. 

 

8. RESEARCH  PLAN 

The research plan is based on the following fields and steps which are: 

a) Theoretical review of subjects related to quality control, test, inspection, and major 

factors affecting the strength of concrete. 

b) Field work including the preparation of concrete test samples having different cement and 

water content. The aggregate is the normally type and size of aggregate used in construction 

works targeted by the aim of this research. 

c) Test samples should be cured and tested to get their 28-day compressive strength. 

d) Analysis of test results should be done to extract mathematical or empirical model for 

predicting(28-day)strength of  fresh  concrete. 

The model should help site engineers in taking the right action to adjust fresh concrete 

to be in accordance with the required quality before casting and hardening. 

 

9. SCOPE AND LIMITS 

The scope and limits regarding types of materials used, mixing, and     testing of 

concrete samples for this research is: 

a) Iraqi ordinary Portland cement according to the Iraqi standard specification No (5). 

b) Coarse  and fine aggregate according to the Iraqi standard specification No (45). The 

maximum size of aggregate is (10 - 20 ) mm. 

c) Potable drinking water should be used in mixing and curing of concrete. 
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d) Curing of concrete samples should be under field conditions according to the method 

of casting and curing of concrete test specimens (ASTM  C 31).[10] 

e) The actual concrete casting and curing at site should be within normal accepted 

standard practices. 

 

10. EXPERIMENTAL WORK 

     The experimental work and the analysis of test results include the following steps: 

a) Producing 144 concrete cylinders (100 *200) mm. some of these cylinders are shown by 

fig.(1).Three cylinders for each 48 different mixes having different cement, and water 

content with different maximum size of aggregate. Table (1) gives details of the 48 different 

mixes. 

b) Curing the concrete cylinders under field conditions, and tested to obtain the average 

compressive strength at age of (28-days). Table (2) illustrates the test results. 

c) Carrying out statistical analysis to establish preliminary relationship between contents 

of fresh concrete, and the expected compressive strength after (28 days).The 

relationship has been adjusted and converted to an empirical formula through the 

analysis of error and the deviation between the field results and those predicted by the 

proposed empirical formula. Final adjustment has been carried out to refine the 

proposed formula to be useful tool that can be used by site engineers with the least 

possible error and deviation from actual field strength. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1-   Casted concrete cylinders (100*200) mm        
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Table1- Details of concrete cylinders      Table2-Test results of concrete 

cylinder 

 

 

C.G A.S W.C C.C C.G A.S W.C C.C 

1 10 100 250 25 10 160 400 

2 10 112.5 250 26 10 180 400 

3 10 125 250 27 10 200 400 

4 10 137.5 250 28 10 220 400 

5 20 100 250 29 20 160 400 

6 20 112.5 250 30 20 180 400 

7 20 125 250 31 20 200 400 

8 20 137.5 250 32 20 220 400 

9 10 120 300 33 10 180 450 

10 10 135 300 34 10 202.5 450 

11 10 150 300 35 10 225 450 

12 10 165 300 36 10 247.5 450 

13 20 120 300 37 20 180 450 

14 20 135 300 38 20 202.5 450 

15 20 150 300 39 20 225 450 

16 20 165 300 40 20 247.5 450 

17 10 140 350 41 10 200 500 

18 10 157.5 350 42 10 225 500 

19 10 175 350 43 10 250 500 

20 10 192.5 350 44 10 275 500 

21 20 140 350 45 20 200 500 

22 20 157.5 350 46 20 225 500 

23 20 175 350 47 20 250 500 

24 20 192.5 350 48 20 275 500 

C.G W/C F.S C.G W/C F.S 

1 0.40 18.25 25 0.40 26.9 

2 0.45 15.45 26 0.45 20.3 

3 0.50 13.45 27 0.50 17.5 

4 0.55 10.25 28 0.55 13.5 

5 0.40 15.65 29 0.40 25.3 

6 0.45 13.65 30 0.45 20.5 

7 0.50 12.45 31 0.50 15.5 

8 0.55 8.05 32 0.55 10.3 

9 0.40 21.7 33 0.40 26.7 

10 0.45 18.3 34 0.45 23.5 

11 0.50 13.7 35 0.50 19.1 

12 0.55 12.9 36 0.55 13.5 

13 0.40 19.1 37 0.40 29.1 

14 0.45 18.5 38 0.45 24.7 

15 0.50 14.7 39 0.50 18.1 

16 0.55 11.7 40 0.55 12.3 

17 0.40 25.6 41 0.40 33 

18 0.45 19.6 42 0.45 26.2 

19 0.50 15.4 43 0.50 20.2 

20 0.55 12 44 0.55 14 

21 0.40 23 45 0.40 32.4 

22 0.45 20.8 46 0.45 27.4 

23 0.50 15.4 47 0.50 20.2 

24 0.55 11.8 48 0.55 11.8 
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11.  RESEARCH   RESULTS    

1- The statistical regression analysis of the experimental results have led to the following 

predicting formula: 

P.S = 40 – 0.24W.C + X.C.C …… (1) 

 Where 

P.S = Predicted compressive strength of concrete N/mm
2 

 

W.C = Water content of concrete mix, kg/m
3 

X = Variable factor of cement content as illustrated by table )3( 

C.C = Cement content of concrete mix, kg/m
3 

2- Table (4) show the deviation between field and predicted compressive strength of each 

cylinders group. The rang  of deviation between compressive strength of concrete 

found through the field normally cured specimens tested at 28 day age and values 

obtained by the suggested predicting model is between  -2.2 to +2.6 N/mm². 

 

Table 3 -  (X) Values 

 C.C (X) C.C (X) 

250 0.005 380 0.058 

260 0.012 390 0.060 

270 0.017 400 0.062 

280 0.023 410 0.064 

290 0.029 420 0.066 

300 0.035 430 0.068 

310 0.0384 440 0.070 

320 0.0418 450 0.072 

330 0.0452 460 0.0736 

340 0.0486 470 0.0752 

350 0.052 480 0.0768 

360 0.054 490 0.0784 

370 0.056 500 0.08 
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Table 4 -  Deviation between results 

 

F.S P.S D F.S P.S D 

18.25 17.25 -1.0 26.9 26.4 -0.5 

15.45 14.25 -1.2 20.3 21.6 +1.3 

13.45 11.25 -2.2 17.5 16.8 -0.7 

10.25 8.25 -2.0 13.5 12 -1.5 

15.65 17.25 +1.6 25.3 26.4 +1.1 

13.65 14.25 +0.6 20.5 21.6 +1.1 

12.45 11.25 -1.2 15.5 16.8 +1.3 

8.05 8.25 +0.2 10.3 12 +1.7 

21.7 21.7 0.0 26.7 29.2 +2.5 

18.3 18.1 -0.2 23.5 23.8 +0.3 

13.7 14.5 +0.8 19.1 18.4 -0.7 

12.9 10.9 -2.0 13.5 13 -0.5 

19.1 21.7 +2.6 29.1 29.2 +0.1 

18.5 18.1 -0.4 24.7 23.8 -0.9 

14.7 14.5 -0.2 18.1 18.4 +0.3 

11.7 10.9 -0.8 12.3 13 +0.7 

25.6 24.6 -1.0 33 32 -1.0 

19.6 20.4 +0.8 26.2 26 -0.2 

15.4 16.2 +1.8 20.2 20 -0.2 

12 12 0.0 14 14 0.0 

23 24.6 +1.6 32.4 32 -0.4 

20.8 20.4 -0.4 27.4 26 -1.8 

15.4 16.2 +0.8 20.2 20 -0.2 

11.8 12 +0.2 11.8 14 +2.2 

 

3- indicated that compressive strength increased by  the increase of cement content and 

decreased by the increase of the (w/c) ratio.  
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4- Figures (3,4) show that the predicted compressive strength have more closely values 

to the field values when (w/c) ratios are 0.45 and 0.50 than those values of (w/c) 0.40 

and 0.55 as indicated by fig.(2,5) 

 

 

                 Fig. 2   Compressive strength                     Fig. 3 Compressive strength  

                             at (W/C)=0.40                                               at (w/c)=0.50 

            

 

 

 

 

 

 

 

 

                    Fig.4  Compressive strength                         Fig. 5  Compressive strength   

                              at(W/C)=0.55                                                     at(W/C)=0.45      
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5- The statistical analysis of results variances of the proposed predicting formula (No.1) 

indicated that th

N/mm
2
. 

6- Compressive strength can be increased up to 21.7 N/mm
2
 by increasing the cement 

content up to 300 kg/m³ in the condition that (w/c) should be as minimum as possible 

and should not exceed 0.4. 

7- It is possible to have further and considerable strength up to               25.6 N/mm
2
 by 

increasing the cement content in the mix up to 350 kg/m
3 

if concrete mixes having 

(w/c) not more than 0.4 can be casted without any additive materials. 

 

12. CONCLUSIONS 
 

1- Literatures and previous researches as this research achieved its objectives by 

adopting statistical methods especially regression analysis to introduce predicting 

model of 28 day age compressive strength of concrete. 

2- Previous researches based on accelerated testing of specimens cured through 

different conditions such as boiling water, warm water and other accelerated 

curing method while this research adopted the normal curing method and the 

normal compressive strength test at 28 day age to build the suggested model. 

3- Some of previous researches recommended dynamic quadratic model, other 

recommended non liner regression model, but this research adopted the linear 

regression to build the predicting model. 

4- All previous researches as well as this research concluded that their model proved 

that it is efficient, reliable and can be used assuring high confidence level of 

results. 

5- All previous researches adopted accelerated specimens test result to predict the 28 

day strength except Tantawi and Gharaibeh despite of using accelerated curing 

and testing to build their model, but their outcomes agree with this research that 

generating prediction expression of hardened concrete will be as composite 

function of cement content and w/c ratio. 

6- In general, figures (2,3,4,5) indicated that samples test results showed higher 

compressive strength when maximum aggregate  

7- size is 10mm compared with 20mm except samples of 300 and 400Kg/ m
3 

cement 

content and w/c ratio is 0.45 these results can be explained by the fact that smaller 

size aggregates provide larger surface area for bonding with the mortar matrix. 

8- The minimum compressive strength as indicated by figure (2) is 18.25 N/mm² 

when cement content is 250 kg/m
3
 , w/c is 0.4 and maximum aggregate size is 

10mm while the maximum becomes 33
 
N/mm² by only increasing the cement 

content to 500 kg/m
3
.The results agree with fact that cement content is a factor 

independently increases the compressive strength of concrete when other factors 
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like type of cement type of aggregate, degree of compaction and concrete mix 

proportion are fixed. 

9- The lowest compressive strength is 8 N/mm² as indicated by figure (5) when 

cement content is 250 kg/m
3
, maximum aggregate size is 20mm, and w/c is 0.55. 

The results confirm the facts that decreasing cement content and increasing w/c 

ratio in concrete mix should decrease the compressive strength of concrete. 
 

13. RECOMMENDATIONS 
 

Based on the outcome and the discussion of the research results the following 

recommendations are required: 

1- Low cost concrete having acceptable compressive strength of 21.7 N/mm² can be 

achieved by adopting cement content mix of 250 kg/m
3 

, maximum aggregate size of 

10mm and (w/c) should be as minimum as possible, but should not exceed 0.4. 

2- The rapid analysis of fresh concrete on site will help site engineers in predicting the 28 

days compressive strength using the proposed formula to control and adjust the quality 

before concrete casting. 

3- Cement content should not exceed 350 kg/m
3 

to produce low cost concrete and when 

designs require compressive strength greater than 25N/mm².design should be reviewed 

to keep down the cost.   

4- Further researches are required to study other factors rather than cement content and 

water cement ratio that influencing the property of concrete for low cost concrete 

construction works. 
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NOTATION 

A.S  = Maximum. Size of coarse aggregate, mm 

C .C = Cement content in concrete mix, kg/m³. 

C. G = Cylinders group number. 

D     =  Deviation   of   predicted   from field 

            Compressive strength N/mm² 

F.S  = Field compressive strength of Concrete, N/mm²    

P.S  = Predicted   compressive   strength of 

          Concrete N/mm² 

W.C = Water content in concrete mix, kg/m³. 

X      = Variable factor of cement content 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


