
  
 

 

 بسم الله الرحمن الرحيم
 ∞∞∞ 

 هناء محمد علي تم رفع هذه الرسالة بواسطة / 

بقسم التوثيق الإلكتروني بمركز الشبكات وتكنولوجيا المعلومات دون أدنى 

  .الرسالةمسئولية عن محتوى هذه 

 

 ملاحظات: 
٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠ 

  
 

 

 

                               
  

 



 
 

AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

Design and Production Engineering 

 

Factors Affecting the Physico-Mechanical 

Properties of Cement paste Grafted with 

Rubber Waste 
A Thesis submitted in partial fulfillment of the requirements of the degree of 

Doctor of Philosophy in Mechanical Engineering 

(Design and Production Engineering) 

Submitted by 

Mohamed Atef Sayed Ahmed 

Master of Science in Mechanical Engineering 

(Design and Production Engineering) 

Faculty of Engineering, Ain Shams University, 2017 

 

Supervised By 

Prof. Dr./ Mohamed Hazem Abdel Latif 

Assoc. Prof. Dr./ Nahid Azab 

Prof. Dr./ Ghada Bassioni 

 

 Cairo (March 2022) 



 

AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

Design and Production Engineering 

 

Factors Affecting the Physico-Mechanical 
Properties of Cement Paste Grafted with 

Rubber Waste 
Submitted by 

Mohamed Atef Sayed Ahmed 

 Master of Science in Mechanical Engineering 

(Design and Production Engineering) 

Faculty of Engineering, Ain Shams University, 2017 

 

Supervising’ Committee 

Name and Affiliation Signature 

Prof. Dr. Mohamed Hazem Abdel Latif 

Design and Production , Ain Shams University 
………………. 

Assoc. Prof. Dr. Nahid Azab 

Design and Production , Ain Shams University 
………………. 

Prof. Dr. Ghada Bassioni 

Physics and Mathematics , Ain Shams 

University 

………………. 

 

. 

January 2022 



 
AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

Design and Production Engineering 

Factors Affecting the Physico-Mechanical 

Properties of Cement paste Grafted with 

Rubber Waste 

by 

Mohamed Atef Sayed Ahmed 

Master of Science in Mechanical Engineering 

(Design and Production Engineering) 

Faculty of Engineering, Ain Shams University, 2017 

Examiners’ Committee 

Name and Affiliation Signature 

Prof. Dr. Mohammed Hazem Abdellatif Ahmed 

Emeritus Professor at Design and Production 

Engineering Department, Faculty of Engineering, Ain 

Shams University. 

………………. 

Prof. Dr. Ahmed M. Moneeb Elsabbagh 

Vice Dean for the Community Service and 

Environmental Affairs, Faculty of Engineering-Ain 

Shams University. 

………………. 

Prof. Dr. Nabil Kamal Fathallah  

Emeritus Professor at Mechanical Engineering 

Department, Faculty of Engineering, Al Azhar 

University. 

………………. 

 

January 2022 



 

Statement 
 

This thesis is submitted as a partial fulfillment of Doctor of Philosophy in 

Mechanical Engineering, Faculty of Engineering, Ain Shams University. 

The author carried out the work included in this thesis, and no part of it has 

been submitted for a degree or a qualification at any other scientific entity. 

 

 

                                                                                  Signature 

…………...………. 

Mohamed Atef Sayed 

January 2022  

 

  



Acknowledgments 
 

I would like to gratefully acknowledge every person who has helped me to 

complete this thesis. 

First, I wish to express my profound gratitude and appreciation to my advisors 

Prof. Mohamed Hazem Abdel Latif, Dr. Nahid Azab, and Prof. Ghada 

Bassioni for their remarkable patience, helpful comments, and enthusiastic 

support to finalize this work. 

I also would like to express my deepest thanks to my family, especially my 

parents Mr. Atef Gabr (May God bless his soul, Rest in peace my dad) & Ms. 

Azza Youssef for their love, constant support, for all the late nights and early 

mornings, understanding, endless support and encouragement when it was 

most required.  

Thanks to my partner Basma Essam for being the best soulmate and good 

supporter. 

Finally, I would like to thank my friends and colleagues for their support 

especially Dr. Alaa Mohsen for his kind support and appreciated efforts in 

many laboratories’ orientations. 

 

Mohamed Atef Sayed  



Researcher Data 

Name : Mohamed Atef Sayed Ahmed 

Date of birth : 22/06/1992 

Place of birth  : Cairo, Egypt 

Last academic degree  : Master of Science (M.Sc.) 

Field of specialization : Mechanical Engineering 

University issued the degree : Ain Shams University 

Date of issued degree : March, 2017 

Current job : Assistant Lecturer, Design and Production 

Engineering Department, Faculty of 

Engineering, Ain Shams University at 

Cairo, Egypt.  

  

 

  



 

 

Thesis Summary 
Egypt plays an important role in the consuming markets for tires all over the 

world. There is an urgent need to get rid of them in an economic and 

environmental way since it is considered as a harmful waste if burnt. The 

World trend is directed towards the improvement of new techniques to insert 

the rubber into useful products to maximize the benefit of recycling. The 

consumed rubber tires are one of the most important solid wastes which harm 

the world environmentally and economically.  

Composite materials are considered as the most commonly used in all 

applications due to lightness, durability and reliability with proper strength, 

toughness and rigidity. However, in recent times their use has increased 

significantly because of their widespread in structural applications. 

This research deals with the expansion of novel techniques for rubber powder 

recycling as a composite for various purposes in a robust construction. Waste 

fine Rubber Particles (WRP) are generated from grinding waste tire rubber as 

a partial replacement for ordinary Portland cement (OPC). OPC/WRP were 

blended with the ratios of 100/0, 95/5, 85/15, and 75/25 weight%, then mixed 

with water. Waste fine rubber particles (WRP) are mixed with ordinary 

Portland cement (OPC) using two water to binder ratio (W/B) of 0.3 and 0.4.  

Fourier transform – infrared (FT-IR) spectrum is measured for WRP. The 

compressive strength was investigated for the rubberized cement pastes at 

1,3,7,14 and 28 days. The Physicomechanical properties: compressive 

strength, apparent porosity, and bulk density of the hardened composites were 

measured after 28-days of hydration. The sound absorption coefficient (SAC) 

and noise reduction coefficient (NRC) were assessed using the two mics 

method. The specific sound transmission loss (SSTL) was calculated to show 

the correlation between the STL and the density of the prepared specimens.  

The WRP dispersion in the matrix of the composite was analyzed using a 

digital microscope and ImageJ program to investigate the homogeneity of 

dispersion. The morphology and microstructure of the formed hydration 

products were examined by environmental scanning electron microscope 

(ESEM). The major goal of this study is to develop a low-cost composite that 

may be used in practical engineering applications using waste fine rubber 

particles (WRP).  

Keywords OPC, Rubber particles; Waste management; Cement paste; 

Mechanical Properties; Cement composites, rubberized composites, 

Physicomechanical properties, Sound Absorption, Acoustic Assessment, and 

Noise Reduction. 
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