
ABSTRACT 

 

     Cracks are considered the main defect of the deterioration of construction 

material (mortars, concrete, limestones, and others) cracks provide a simple way 

for moisture and many other harmful chemicals such as Cl2 and SO4
-2. These 

cracks must be repaired.  

     The normal repair strategies followed the technique of monitoring, detecting 

and repairing. Repair agents would be performed from the exterior and 

permeate into the cracks. This kind of technology is usually appropriated for 

repair agents to reach the internal part. Consequently, an alternative repair 

technique by means of an autonomous-healing process will be strived to solve 

this problem.  

     The present work deals with Self-Healing Mortar (SHM) by studying the 

engineering properties which evaluated by compressive strength test, flexural 

strength test, direct tensile strength test, water absorption test, wet and oven dry 

density test, scanning electronic microscope (SEM), energy dispersive x-ray 

(EDX), x-ray diffraction (XRD), and x-ray fluorescence (XRF) of cement 

mortar contains Bacillus Subtilis bacteria. Moreover, the feasibility of reuse 

demotic wastewater in the cement mortar has studied in this research, after the 

treatment of the wastewater. Steel slag, also has been used in the study to obtain 

eco-friendly cement mortar. Additionally, two types of mixing water are used 

in the SHM mixes “tap water (TW), and treated wastewater (TWW)”. 

     The study aimed to investigate the ability of bacillus subtilis bacteria to 

promote calcium carbonate (CaCO3) to repair cracks, to give an opportunity to 

develop technique that can reuse treated domestic wastewater and recycled 

material with bacteria culture to produce bio-sustainable cement mortar, and to 

evaluate the self-healing mechanical properties of bio-cement mortar.  



     The study consists of two sections, first section was conducted to obtain the 

optimum percentage of steel slag replacement for both types of mixing water 

“tap water (TW), and treated wastewater (TWW)”. The optimum replacement 

of sand by steel slag is 100% for tap water mixes, and 80% for treated 

wastewater mixes. While, the second section is conducted to obtain optimum 

mix of bacteria. Self-healing mortar (SHM) mix consists of cement, sand / steel 

slag, steel fiber, and bacteria solution, three bacteria dilutions used in the study 

101, 103, and 105 of bacteria solution with both types of mixing water. 

     The results showed that the addition of bacteria solution gives a significant 

improvement in the hardened properties and reduce the absorption of SHM for 

both types of mixing water. The optimum mix was MB1 of tap water mixes that 

give an increasing in compressive strength compared to control mix MBOT about 

5.98 %, 3.13%, 7.16%, and 9.84% for age 7, 28, 56, and 90 days respectively. 

Also, the optimum mix of bacteria mixed with TWW was MB4 which give 

increasing in compressive strength about 60.08 %, 18.61 %, 21.86 %, and 18.38 

% compared to control mix of TWW for ages of 7, 28, 56, and 90 days 

respectively. Moreover, the flexural strength of MB1 result shows increasing 

about 32.40 %, 19 %, 16.78%, and 6.73 % than the control mix MBOT at ages 

of 7, 28, 56, 90 days respectively. Also, the mix MB4 shows increasing in the 

flexural strength comparing to control mix of TWW MBOW about 14.2 %, 13.12 

%, 2.89 %, and 11.38 % at ages 7, 28, 56, 90 days respectively. The XRD results 

show that the value of aragonite in treated wastewater sample of the mix (MB4) 

of 2Ɵ was 26.430º and it was a quite close to 2Ɵ of aragonite card of 26.212º. 

Moreover, the XRD analysis shows that the CaO weight has been increased in 

the sample that contain bacteria in two phase tap water and treated wastewater. 

Also, the SEM pictures shows the CaCO3 crystals in form of aragonite has seen 

clearly.  

      




