
Republic of Iraq 

Ministry of Higher Education and  

Scientific Research 

University of Diyala 

College of Engineering 

FLEXURAL BEHAVIOR OF REINFORCED 

CONCRETE BEAMS USING SUPER 

ABSORBENT POLYMER AS 

INTERNAL CURING 

A Thesis Submitted to the Council of College of Engineering 
University of Diyala in Partial Fulfillment of the  

Requirements for the Degree of Master of                             
Science in Civil Engineering 

By

Baidaa Khdheer Ahmed 

B.Sc. in Civil Engineering, 1998

Supervised by

Assist. Prof. Dr. Suhad Mohammed Abd 

March, 2017           IRAQ                 Jumada al-Thani, 1438 



I 

DEDICATION 

 

To my family

To my sons Zainab, Ahmed and Mustafa

To those absent in their bodies but present        

 in their souls 

To my uncle Sami, my brother Ali and my dear  

 husband Wadhah

Allah may mercy them all 

 

 

 

Baidaa Khdheer Ahmed



II

ACKNOWLEDGEMENTS

Allah, for you is praise until it please you, and for you is praise when you 

become pleased, and for you is praise after you become pleased.

Special inexpressible thanks are paid to my supervisor Asst. Prof. Dr.

Suhad M. Abd, for the guidance, encouragement, endless generosity and 

kindness she offered throughout supervising of this thesis. 

Likewise, I wish to express my gratitude to the all-Academic Staff and 

Chiefs of Department of Civil Engineering  and a big thank to all staff of 

the Laboratory of Structural Inspection of Daiyla University/Engineering 

College, represent by Dr. Wissam D. Salman, Eng. Hutheifa J.Khalifa 

and Mr. Yass. For their remarkable patience and for keeping all needed 

resources accessible during the long experimental work. 

Special thanks go to Bt 1- lecturer Abd Al-Jabar S. Jumah and my best 

friend Shrooq.Thanks full with love to my dear brother Adil, my cousin 

Saif, my dear friend Manahel and all MSc postgraduate students, for 

every help that have been provided to me. 

I would like to thank lecturer Qussay W.Ahmed for helping me in 

implementing ANSYS program. 

Finally I would like to express my sincere appreciation and thanks to 

everyone who helped me during the preparation of this thesis.  



 

III 
 

FLEXURAL BEHAVIOR OF REINFORCED CONCRETE 

BEAMS USING SUPER ABSORBENT POLYMER AS 

INTERNAL CURING 

By

Baidaa Khdheer Ahmed

Supervisor by

Asst. Prof. Dr. Suhad Mohammed Abd

ABSTRACT

The problems associated with increasing strength of concrete are the focus of 

a wide area of research. High and ultra-high strength concrete tends to develop 

early cracking. The lower the w/b the earlier and greater the development of 

autogenous shrinkage which increases with increasing compressive strength.

This leads to internal cracking and weakening the performance of concrete. 

Providing the means of internal curing to solve the problem of autogenous 

shrinkage related to high and ultra- high strength concrete is limited to light 

weight aggregate LWA. Recently, the Super Absorbent Polymer SAP, which 

is considered to be smart materials that can hold and absorb water effectively 

and release it when needed in dry conditions, has been used for this purpose.  

This study comprises two stages. The first stage includes the production of 

five concrete mixes with different strength levels (normal, high, very high and 

ultra-high strength). These are: reactive powder concrete RPC, modified 

reactive powder concrete MRPC, high strength concrete HSC, self- compact 

concrete SCC and normal strength concrete NSC. The properties of concrete 

in the fresh and hardened state are studied for the five concrete mixes with and 

without SAP addition. These properties include: workability for fresh 

concrete, compressive strength, (splitting and flexural) tensile strength, 

modulus of elasticity, autogenous and drying shrinkage. The second stage 
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covers the effect of SAP addition on flexure behaviour of the reinforced 

concrete beam. Ten beams are casted, five for concrete mixes without SAP 

and the other five beams with SAP addition. Load carrying capacity,   

deflection and crack width has been investigated.  

The results collected from the first stage reveal that the addition of SAP 

increases workability for mixes due to increased quantity of water in the mix. 

Addition of SAP reduces strength of concrete in term of compressive, 

splitting, flexural as well as modulus of elasticity up to 28 days. After 28 days, 

clear improve in compressive strength was recorded which belong to 

continuous hydration process due to availability of water from internal curing 

(with the addition of SAP) which promotes continuous development in

compressive strength clearly at the age of 56 days. It is expected to gain more 

strength at ages after 56 days. SAP addition is found to reduce autogenous and 

drying shrinkage remarkably; for autogenous shrinkage the reduction is (64%, 

46%, 42%, 62%, and 54%) and drying shrinkage reduction was (89.5%, 72%, 

82%, 70% and 71%) for RPC, MRPC, HSC, SCC and NSC respectively. 

Results of the second stage reveal that the addition of SAP increases load 

carrying capacity for reinforced concrete beams of all types of concrete.

Moreover, the deflection of the reinforced concrete beams containing SAP is 

reduced compared with reinforced concrete beams without SAP. The 

reduction in deflection is (9.4%, 8%, 20%, 23% and 12%)   for RPC, MRPC, 

HSC, SCC and NSC respectively. The same results are attained for crack 

width which is improved due to SAP addition, the reduction is (12.5%, 11.8%,

13.7%, 13.3%, and 20%) for RPC, MRPC, HSC, SCC and NSC beams 

respectively. It can be concluded that it is possible to use SAP as internal 

curing agent in order to improve properties of concrete in general on the long 

term as it takes time in order to release water to maintain hydrations.  
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CHAPTER ONE 

INTRODUCTION 

1.1 HighlStrength Concrete 

When regarding highline strength concrete (HSC), we must initially define the 

meaning of "high strength". The perception of what level of compressive 

strength constitutes "high strength" has as been constantly irevised il upwards 

over the past 20 years or so ((FIP-CEB, 1990). And it continues rising in the

near future. 

A isimpleil idefinition il is "concrete with a compressive strength greater than 

that covered by current codes and standards". In UK high strength iwouldil

iincludeil concrete with compressive strength of 60 MPa or more.In i Norway 

the design code that includes concrete with compressive strength that 

obtains from cube test up to 105 MPa (Helland, 1997).

The ACI Committee 363R-92 has to explain an applicable range 

of concrete strength for its uses. The immediate interest of iCommittee il 363

shall be concretes have stated compressive strengths for design of (41 MPa)   

6000l psil or more . However, experience shows that in most cases, the 

special measures recommended should be applied to concrete with 

compressive strength greater than about (55 MPa)8000 psi(ACI363 2R-98). 

In the past several years, improvements have  occurred in

concrete technology, one of the materialsl developedl in recentl years isl

ultra-highl strengthl concretel (UHSC)  has a l compressive strength greater 

than 21,750 psi (150) MPa (Allena & Newtson, 2011). 

1.1.1 Application of High Strength Concrete

High strength concrete (HSC) has been used in many structures that 

constructed around the world. The most widespread use has been in the 
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columns of high rise buildings, especially in Australia, North America, 

Germany and South-east Asia (CEB, 1994). Columns constructed from 

high strength concrete, often with reduced reinforcement is an economical 

solution, save heavily loaded elements in high-rise buildings. Using high 

strength concrete for production of columns leads to reducing the 

dimensions of this column. This helps constructing high rise buildings of 

up to hundreds meter with wide internal spaces. 

Another application of high strength concrete technology has 

been in offshore structures that use concrete with ever increasing strength 

for many years. 

Bridges,in particular, prestressed concrete bridges have also 

made use of the benefits oflhigh strength concreteh(HSC), forLexample

foot bridge near Tokyo incorporates (100) MPa of concrete. 

Highhstrengthhconcrete enableshthe spanhof a bridgehbeam to be 

increased lhor to reducehthe number lhof beamshrequiredhfor a givenl span. 

This canhlead to reducehthe unit cost(Price, 1999).

1.1.2 Advantages of High Strength Concrete 

1- The concrete put into service at much earlier age, for example 

using the pavement at 3- days. 

2- Reducinghcolumnhdimensionhand increasing internal space so as

high- rise building can arise. 

3- To build the super-structures of long- span bridges and to 

improve the durability of bridge decks. 

4- To satisfy the specific needs of specialhapplicationshsuch as 

durability, flexural strength, and modulus of elasticity. Some of 

these uses include dams, marinehfoundationsl, grandstand roofs,

parking garages, and heavy-duty industrial floors. 
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1.1.3 Disadvantage or Problems Related to HSC and UHSC 

1- High strength concrete is more expensive or costly than normal 

strength concrete. 

2- The collapse of high strength concrete can be sudden (i.e. sudden 

failure) because the failure will be in coarse aggregate not around 

it. Fibers need to be used to overcome this case. 

3- HSC and UHSC mixturehcontaininghhighhamount of cement and 

low water-cement ratio needs particular curing. The cement 

hydration occurs rapidly in the first days after the concrete mixing 

is complete. Evaporation leads to decrease water which may 

cause delay or preventhhydrationhprocess. If there is a loss in the 

amount of water in concrete, shrinkage takes place which creates

tensile stress that leads to cracking. To solve this problem, 

concrete needs additional water. Curing concrete with water by

external curing can penetrate concrete only few millimeters from 

external surface (due to dense low porosity material) and the 

interior of concrete remains uncured and undergoes substantial 

self-desiccation (Bentz & Weiss, 2011), then concrete need 

internal curing . The difference between external and internal 

curing is shown in Figure (1-1). 

Figure (1-1) Difference between external and internal curing
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1.2 Curing of Concrete 

Curing is the maintenance of satisfactoryhmoisturehcontent and a 

temperature in concrete for a period of time immediately following placing

hand finishing. So that the desired properties may develop. (Kosmatka et 

al., 2002).

Concrete needs curing to get attractive promotedhpropertiesl,

curing has a great impact on freshly mixed and hardened concrete. Curing 

is important in order to: 

- obtain a good hydration process. 

- obtain desired properties of concrete. 

- be less permeable. 

- More durable and resists abrasion better. 

- obtain less shrinkage so less cracking. 

- better to withstand freezing and thawing. 

There are two categories of curing ,external and internal curing. 

1.2.1 Methods of Internal Curing  

There are presently two main methods for internal curing (IC). The first 

method is by using of pre wetted Light Weight Aggregate (LWA) and the 

second is by using super absorbent polymer (SAP). This study concentrates 

on internal curing by using super absorbent polymer.  

1.2.2 Super Absorbent Polymers  

In 1997, Hlansen and Jensen initiated l a seriesl of experiments involving l a

newl curing technology lconcept called "water l entrainment", and it is similar 

to "air l entrainment". It can be achieved by using super absorbent polymer 

(SAP) particles as a concrete admixture. SAP is polymeric materials and  it

ihasi thei possibility to absorb i a largei quantity of liquid i reaches to 100-400
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g/g dry from the surrounding environment and retain within their structure. 

Super absorbent polymer (SAP), is therefore, considered to be "smart 

materials ", which can change their properties according to an external 

stimulus. When exposed to water, they swell but when they are subjected to 

dryness, they reversibly shrink and retain the water to surrounding (Jensen, 

2013).

1.3 Research Justification 

High strength concrete and ultra-highhstrengthhconcrete are producedhwith

lowhwater- to- cement ratio (w/c) and highhcontent of cement. It needs 

amount of water to complete the hydration of cement because the 

consuming of free watler leads to the presence lof unhydratedlparticlles, or 

to maintainh100 p lercent relativehhlumidity within lthehconcretel. Therefore, 

the concrete lhinteriorl suffersllmanyhproblems.Internalhstresseslandhhigher

shrinkagehlead to cracking and,at the end, failure l in thehstructure.To 

reducehthis problem,internal curinghis used forhconcrete. Smarthmaterials 

SAP, which are added to concretehas a percentagehfrom weighthof cement 

is usedhfor internal curinghin thishstudy.  

1.4 Research Objectives  

1- Producing different types of highhstrengthhconcreteh (HSC). 

2- Producing ultra-high strength concrete (UHSC) with compressive 

strength 150 MPa. 

3- Investigating the applicability of using super absorbent polymer 

(SAP) with concrete having internal curing (IC) and studying its 

effect on reducing shrinkage (dry and autogenous).

4- Studying the effect of addition SAP as internal curing(IC) on 

flexural behaviour of reinforced concrete beams.  

5- Comparing  numerical and experimental results for testing  beams 

( using ANSYS program ). 
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1.5 Thesis Layout 

Chapter one  is an introduction about HSC, uses of high strength 

concrete, it's advantage, the problem that occur when using 

HSC and UHSC, Internal curing and superabsorbent polymer. 

Chapter  two  contains the literature review which deals with the use of 

SAP with concrete, its effect on mechanical properties and 

structural behaviour of reinforced concrete beams. 

Chapter three  describes experimental work, the performed and 

described tests include compressive strength, splitting/ flexural

strength, iautogenous i and drying shrinkage, moduluus of 

elasticity and flexural behaviour of reinforced concrete beam. 

All of the tests are done two stages with and without internal 

curing by using SAP.

Chapter four  shows that, the results that have been obtained from 

experimental work will be analyzed and discussed. 

Chapter  five  illustrates the Finite Element Analysis (FEA) of the tested 

beams then the numerical results are compared with 

experimental results. 

Chapter  six  views the conclusions that are reaches at from this work and 

some recommendations for future research work. 


