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ABSTRACT 

Bio-concrete or “Bacterial Concrete” which can be produced by embedding bacteria in the concrete that are 
capable to precipitate calcite constantly and investigate its ability of remedy the network of cracks formed under repeated 
loads , its ability to reduce cracks impact on the concrete performance and improve its mechanical properties. Slabs are one 
of the most important parts of the structural construction, in which the thickness is small compared with the other 
dimensions and they sustain loads normal to their planes so in this study eight one way thick slabs with dimensions 
(1450*500*120) mm have been casted with two ways of bacteria addition (direct addition with mixing water and 
encapsulated bacteria in breaking bricks stone LWA particles) , six of them was tested in two stages to find out the 
effectiveness of bacteria in repairing the cracks and regain the performance of concrete. The experimental result showed 
that the bacterial direct addition specimen increase the compressive strength by about (11.8%) for bacterial direct addition, 
slabs were tested first under repeated loads up to eight cycles all the slabs with bacterial addition showed improvement in 
performance in varying degrees reached (4.85%) for first cracking load and (4.89%) for load of the eight cycle , and the 
specimen has been lifted in water for 28 days, than the second stage was started which was monotonic test , the main 
purpose is to investigate the bio-concrete ability of regain its performance beside its ability of healing the crack and 
increase the concrete sustainability, all specimen with both types of bacterial addition showed improvement in performance 
that’s reached (111%) for first crack loading and (5.63%)for ultimate load, Three-dimensional nonlinear finite element 
analysis has been used to conduct the numerical investigation of the general behavior of thick slabs. ANSYS (Version 
15.0) computer software was used in this work, the comparison between the experimental and numerical results showed a 
reasonable agreement (to cycle eight), and the solution of slab under repeated load until failure has been completed by 
using numerical solution. 
 
Keyword: bioconcrete, thick slab, repeated loading, crack remedy. 
 
1. INTRODUCTION 

Concrete is the most popular used building 
material, the cracks is unavoidable problem and it’s occur 
due to various mechanisms such as - freeze-thaw 
reactions, shrinkage and mechanical compressive and 
tensile forces. Cracking of the concrete surface may not 
only destroy the aesthetics of the structure, but also 
increase the deterioration of embedded steel reinforcement 
bars as ingression rate of corrosive chemicals such as 
water and chloride ions in to the concrete structure 
increased. As a result a novel technique has been advanced 
by using a selective microbial plugging process. 

Building and other concrete construction may 
exposed to loads repeatedly on successive time intervals or 
spaced (such as earthquakes) that may not cause the 
collapse of the building but causing a network of cracks 
that could lead to the deterioration and weakening the 
performance of concrete after a period of time, self-
healing is characterized by regaining performance after a 
defect take place. Damage targeted in bacterial self-
healing concrete particularly relates to increased leakage 
prevention, durability and extending service life of 
concrete structures. [1] 

Cracks are the major reason for the increase in 
permeability and the reduction of strength in the concrete. 
A special type of bacteria capable of form spores to 
protect itself from high alkalinity environment and the 
harsh mechanical conditions of concrete has been used, for 

this study Bacillus Sporosarcina pusteurii was used [2] [3]. 
The bacteria that which used as self-healing agent must be 
able to survive for the longer periods, and it should be 
efficient as crack healing agent[4] [5]. The main 
mechanism of self-healing concrete is the bacterial 
addition to the concrete which has been added in this study 
in two ways (direct addition with mixing water and 
encapsulated bacteria in breaking bricks stone LWA 
particles) should perform as a catalyst for the whole 
reaction for the longer time, and also it should convert the 
precursor compound into the best filling material. 

In this study the ability of bio-concrete thick slab 
of regain its performance after it’s exposed to repeated 
load (such as earthquakes or vibration resulting from a 
nearby work sites.. etc of similar cases) which cussed 
more aggressive, connected cracks in the concrete 
structure has been investigated , by using this type of 
concrete which works on repair the cracks without any 
human intervention to reduce its damages which 
considered to have an indirect effect on the efficiency of 
the building , but also it was the main reason of its 
deterioration and maybe lead to reduce the service life of 
the structure 
 
2. MATERIALS USED 

The materials used in the present study are 
 
2.1. Cement 



                                    VOL. 12, NO. 4, FEBRUARY 2017                                                                                                        ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              1158 

Ordinary Portland cement (Type I) has been used; 
The Results of the chemical and physical tests indicate that 
the adopted cement conforms to the Iraqi Specification 
No.5/1984 [6]. 
 
2.2. Fine and coarse aggregates 

Aggregates of size less than 4.75mm is termed as 
fine aggregates. In this study, river sand with fineness 
modulus of 2.97was used. The specific gravity of fine 
aggregates is 2.60 .Coarse aggregates of size more than 
4.75mm are termed as coarse aggregates. The specific 
gravity of coarse aggregates is 2.60 The Results indicate 
that both sand and coarse aggregates properties are within 
the requirements of the Iraqi Specification No.45/1984 [7]. 
 
2.3 Light weight aggregate 

Breaking bricks used in this study is a local brick 
has been crushed size between 2-4 mm used as the 
replacement of fine aggregate weight by (15 kg / m³), 
LWA particles are used to encapsulate bacteria and its 
food to prolong their life, Properties crushed brick coarse 
aggregate are shown in Table-1. 
 

Table-1. Properties crushed brick coarse aggregate 
 

Property Test result 

Specific gravity 1.641 

Absorption (%) 25 

Dry loose unit weight (kg/m3) 854 

Dry rodded unit weight (kg/m3) 950 

 
2.4. Calcium lactate 

Calcium lactate the chemical formula is 
(C6H10CaO6) is also known as calcium salt pentahydrate 
and It looks like white powder and it possesses 
efflorescent odor. In this study percentages of calcium 
lactate are 10% by the weight of cement which was used 
as a nutrient to the bacteria. 
 
2.5. Bacteria 

Bacillus pasteurii is also known as sporosarcina 
pasteurrii [3] available ATCC [11859]. It has an ability to 
form precipitate when calcium lactate comes into contact 
with it in the presence of water droplets. The pH were this 
bacteria can sustain is from 7 to 9. Some kinds of bacteria 
cannot sustain alkalinity and the selection of bacteria is 
totally based upon the pH value of the concrete. 
 
2.6 Silica fume 

Silica Fume SF is Grey powder pozzolanic 
material which has a high content of amorphous silicon 
dioxide and consists of very fine spherical particles. It 
reacts with calcium hydroxide Ca(OH)₂ ,producing 
calcium silicate hydate (addition jel ). A Silica Fume has 
been used as a partial replacement by the weight of 
cement. 
 
2.7. Water 

Ordinary tap water has been used. 
 
3. OBJECTIVES AND METHODOLOGY 

The main objectives of the current study are to 
study the following.  
a) Evaluation difference between controlled concrete 

and bacterial concrete thick slab under repeated load. 

b) Evaluation the difference of bacterial activity when 
mixed with normal concrete and silica fume concrete. 

c) Evaluation regained strength and performance after 
bacterial activity. 

 
3.1. Methodology 
 Selection and growth of bacteria. 
 Preparation of test specimens. 
 First stage repeated load test. 
 Second stage monotonic test and evaluate 

restore performance. 

 
3.2. Bacterial concrete slab proportions 

Eight slabs with (120*500*1450mm) has been 
casted on two gropes (normal concrete, silica fume 
concrete) with the addition of bacteria in two ways which 
presented below: 
 
3.2.1 How the healing agent are applied 

Bacteria in the present study were added to 
concrete by using two ways: 
 
A. By direct application 

The chosen Bacteria and the chemical precursor 
(calcium lactate about 10% of cement weight)[9], are add 
directly while making the concrete, culture was diluted 
with mixing water to obtain a final bacterial concentration 
about 10⁵cell/ml of water that’s concentration is agreed 
with so many research such as S. Krishnapriya [10] 
 
B. Encapsulation LWA 

The part of aggregate is replaced by the light 
weight aggregate (LWA) , In order to make a concrete 
mixture as a self-healing concrete , part of the aggregate 
material in the range of 2-4 mm was replaced by similarly 
sized healing agent containing in LWA, corresponding to a 
healing agent content of 15 kg mˉ³ concrete[8]. (LWA) 
were impregnated twice under vacuum with a calcium 
lactate (80g/l), yeast extract (1g/l) solution, followed by a 
final impregnation step with a bacterial spore suspension. 
After each impregnation treatment, break the bricks that 
have been used instead of expanded clay particles were 
dried in an oven for 5 days at 37˚ C[11]. 
 
3.3 Mix design 

Six mixes has been used in this study as shown in 
Table-2, two gropes are presented (Normal concrete and 
Silica fume concrete) to investigate the micro structure 
effect on bacterial activity and vice versa with two types 
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of bacterial addition ( direct addition, LWA addition) for the two gropes. 
 

Table-2. Concrete mix design. 
 

nu
m

be
r 

G
ro

pe
 

Concrete type 
Cement 
Kg/m³ 

Calciu 
lactatem 

(%) 

Bacteria 
(%) 

Sand 
(Kg/m³) 

Gravel 
(Kg/m³) 

Water 
(l/m³) 

Silica 
fume 

(Kg/m³) 

Healing 
agent 

(Kg/m³) 

G 1 

Normal Concrete 
[S1N.(Q1,Q2)] 

420 0 0 735 975 189 ------- ------- 

Normal Concrete + Direct 
Bacterial Addition 

[S3ND.(Q3)] 
420 10 3.2 735 975 189 ------- ------- 

Normal Concrete + LWA 
Bacterial Addition 

[S4NA.(Q4)] 
420 0 0 720 975 189 ------- 15 

G 2 

Silica Fume 
Concrete[S5S.(Q5,Q6] 

378 0 0 735 975 189 42 --------- 

Silica Fume Concrete + 
Direct 

Bacterial Addition 
[S7SD.(Q7)] 

378 10 3.2 735 975 189 42 --------- 

Silica Fume Concrete + 
LWA 

Bacterial Addition 
[S8SA.(Q8)] 

378 0 0 720 975 189 42 15 

 
4. CONCRETE CHARACTERISTIC 
 
4.1 Properties of fresh concrete 
 
4.1.1 Workability (Slump test) 

The concrete mixture for reference beam was 
designed as a normal weight concrete according to British 
Mix Design Method BS 5328: Part 2: 1997 [112]. This 
mixture was designed to give a slump between (100+-5 
mm). And this value of slump was controlled in all 
mixtures as shown in Table-3. 
 

Table-3. Slump test result. 
 

Concrete type Slump value (mm) 

S1N.(Q1,Q2) 99 

S3ND.(Q3) 102 

S4NA.(Q4) 96 

S5S.(Q5,Q6) 97 

S7SD.(Q7) 100.5 

S8SA.(Q8) 91 

 
4.2 Properties of hardened concrete 
 
4.2.1 Compressive strength 

The test was conducted according to BS 1881: 
part 116:1989 [12] specimens on cubes of size (150 x150 
x 150) mm after (28) days. Compressive strength results 
for the cubes with and without (silica fume, direct 
bacterial addition and LWA bacterial addition). Are 
presented in Table-4. 
 

 

Table-4. Compressive strength result. 
 

Specimen 
Comp. strength 

for cubes fcu 
(MPa)* 

Comp. strength 
for cylinder  f’c 

(MPa)** 

S1N.(Q1,Q2) 41.7 34.6 

S3ND.(Q3) 46.5 38.6 

S4NA.(Q4) 40.7 33.8 

S5S.(Q5,Q6) 43.86 36.4 

S7SD.(Q7) 47.9 39.8 

S8SA.(Q8) 39.12 32.47 

 
4.2.2 Splitting tensile strength results 

The splitting tensile strength test was carried out 
on cylindrical specimens (150 x300 mm) in accordance 
with the ASTM C496/C496M-05 [13] and the results of 
splitting tensile strength are listed in Table-5. 
 

Table-5. Splitting tensile strength. 
 

Specimen 
Splitting tensile 
strength* (MPa) 

Splitting tensile 
strength (MPa) 
ACI 318M-14 

S1N.(Q1,Q2) 3.079 3.29 

S3D.(Q3) 3.5 3.48 

S4A.(Q4) 3.04 3.26 

S5S.(Q5,Q6) 3.15 3.38 

S7SD.(Q7) 3.61 3.53 

S8SA.(Q8) 3.01 3.19 
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4.2.3 Flexural strength results 
The flexural strength test was carried out on 

concrete prisms of dimensions (100*100*400) mm with a 
span of (300 mm) which were casted according to ASTM 
C-78, 2002 [14]. The results of flexural strength tests are 
presented in Table-6. 
 

Table-6. Flexural strength result. 
 

Specimen 
Flexural 

strength(MPa) 

Flexural 
strength (MPa) 
ACI 318M-14 

S1N.(Q1,Q2) 3.8 3.65 

S3D.(Q3) 3.91 3.85 

S4A.(Q4) 3.56 3.6 

S5S.(Q5,Q6) 3.76 3.74 

S7SD.(Q7) 4.01 3.91 

S8SA.(Q8) 3.41 3.53 

 
4.2.4 Ultrasonic pulse velocity result 

The values of ultrasonic pulse velocity for the six 
adopted mixes of concrete has been conducted on concrete 
cubes of 150 mm according to B.S. 1881: Part 203:1986 
[15] are presented in Table-7. The results indicate that all 
mixes have higher ultrasonic pulse velocity as compared 
to normal concrete. 
 

Table-7. Ultrasonic pulse velocity result. 
 

 Specimen   

Ultra-sonic 
Pulse velocity 
test (m/sec) for 

7days 

  

Ultra-sonic 
Pulse velocity 
test (m/sec) for 

28 days 

 S1N.(Q1,Q2)   1587   3345 

 S3D.(Q3)   1966   3651 

 S4A.(Q4)   1961   3136 

 S5S.(Q5,Q6)   1606   3481 

 S7SD.(Q7)   2000   3712 

 S8SA.(Q8)   1601   2825 

 
5. EXPERIMENTAL PROGRAM 
 
5.1 The molds and fixing of the steel reinforcement  
       bars 

Wooden molds have been designed and 
fabricated for casting the concrete slabs specimens, The 
molds have been made of 18 mm thick plywood with clear 
dimensions of each mold were (1450mm, 500mm, 
120mm) length, width and thickness respectively and their 
side pieces have been connected by bolts which can easily 
be removed to strip off the hardened slabs after casting. 
The formworks have been cleaned and oiled before the 
reinforcement cages have been placed with the required 
cover from all sides. Plate-1 shows one of those molds. 
 

 
 

Plate-1. Prepare the mold for casting. 
 
5.2 Mixing, casting of the concrete specimens 

All the dry ingredients mix to gather (silica fume 
mix alone with cement until they been homogeneity before 
add the other ingredient as shown in plate-2a not less than 
2 min, after that water should be add and mix not less than 
1 min until its (the concrete mix) became homogeneity in 
color and texture and not more than 5 min to avoided 
segregation, with conceder not to arise the mixer speed 
than the limited speed for the same reason. 

The concrete should place directly with 
considering of avoid the segregation of its ingredient and 
the period between adding water and casting should not be 
more than 30min in normal wither, and it’s should be 
vibrated after casting as shown in Plates (2b) in a period 
not more than 40 min in normal wither. The cast slab has 
then been covered with Jnvas sheets to prevent 
evaporation of water as shown in Plates (2c). After 24 
hours, slabs and other specimen have been stripped from 
its mold as shown in Plate (2e), (2d). 
 

 
 

Plate-2. a) Mixing silica fume with cement, b) Using the 
vibrator, c) covered slab with Jnvas, d) specimen of 

concrete properties, e) slabs have been stripped 
from its mold. 

 
5.3 Curing of concrete specimens 

Curing: each slab has been stripped from its mold 
and cured in a water tank for 28 days as shown in Plate-3. 
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Plate-3. Curing of slabs. 
 
5.4 Slab test program 

Eight simply supported, large scale, reinforced 
concrete one way thick slab, those slabs were of 1450 mm 
span, 120*500 mm cross section and 4-Ø10 mm 
longitudinal reinforcement and 8-Ø10 In the short 
direction. as shown in Figure-1 has been casted, where two 
of them are tested under monotonic load and the other six 
specimens are tested under repeated load, eight cycles with 
increment ( 15%, 25%, 45%, 55% from the ultimate load) 
and the same six specimens are tested under monotonic 
load after 28 days of curing water. The failure mode, load 
of the first crack, ultimate load, and the load - deflection 
relationship and regaining of the performance are 
presented and discussed. 
 

 
 

Figure-1. Geometry of slab present in this study. 
 
5.4.1 Repeated load results 

Six slabs were tested for eight cycles and the test 
has been stopped because the damage level is an important 
factor in the investigation of healing ability, the pattern 
and intensity of cracks has been control: [17], [18] so that 
they are within the limits of the bacteria ability to 
precipitate calcite in crack, gain healing and to avoid the 
dispersion of the bacterial work. Eight cycles with 
increment (15%, 25%, 45%, 55% from the ultimate load) 
the followed loading ratios that are described in the (ACI 
224R-01) [17], seems to be proper damage level because 

mechanical behavior due to heterogeneous characteristics 
of concrete influence behavior after a peak load [18], 
Table-8 show the result of repeated load test and figures 
from (2) to (5) show the behavior of slabs under repeated 
load for G1(normal concrete) and G2 (silica fume 
concrete) respectively, the result for all slabs with bacterial 
addition showed Improved in performance in varying 
degrees reached (4.85%) for first cracking load and 
(4.89%) for load of the eight cycle ,that’s return to 
bacterial activity while mixing the concrete it grows and 
spread it produce the strongest glue inside the concrete 
(for direct addition) which work in improve the concrete 
micro stricture[16 ] It was also observed that pores in 
concrete are partially full of by the material growth with 
the addition of bacteria. Reduction in pores will obviously 
increase the density of the material and strength. As the 
pores in concrete are filled by bacteria, a chance of 
development of cracks reduces considerably [9]. Plate-4 
show the experimental test.  
 

 
 

Plate-4. The testing apparatus in Civil Engineering 
Laboratory with slab specimen /Al-Nahrain University a) 
Testing machine, b) specimen preparation before testing. 
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Table-8. Repeated load result. 
 

Grope 
number 

slab`s no. 
Cracking 
load (kN) 

Mid span 
deflection at 

first crack(mm) 

8 cycle 
load (kN) 

Mid span 
deflection at 8 

cycle load (mm) 

% increase 

Cracking 
load (kN) 

8 cycle 
load(kN) 

G1 

Slab (Q2) 19.13 2.03 42.07 5.08   

Slab ( Q3) 19.37 3.02 42.27 5.72 1.26 0.48 

Slab (Q4) 19.67 3.12 44.13 5.63 2.82 4.89 

G2 

Slab (Q6) 20.1 3.09 44.63 5.86   

Slab (Q7) 20.34 3.29 43.78 6.15 1.19 0.34 

Slab (Q8) 19.13 3.24 44.68 6.59 - 4.83 2.41 

 

 
 

Figure-2. The load-deflection curves for slab 
Q3 and slab Q2. 

 

 
 

Figure-3. The load-deflection curves for slab 
Q4 and slab Q2. 

 

 
 

Figure-4. The load-deflection curves for slab 
Q7 and slab Q6. 

 

 
 

Figure-5. The load-deflection curves for slab 
Q8 and slab Q6. 

 
5.4.2 Monotonic test result 

After repeated load test the slab was placed in 
water to start the second stage of the study (monotonic test 
for the six specimens), after 28 days the same slab tested 
under monotonic load until failure. The flexural failure in 
tension was the mode of failure of these slabs by yielding 
of the main steel reinforcement. Table-9 shows the result 
of monotonic test for the six slabs. 

With the bacterial addition, the cracking load for 
all slabs increased. Usually at a cracked section, tensile 
stresses within the reinforcement cannot be transferred to 
the surrounding concrete. Therefore, a stress concentration 
exists within the steel. In the cracked bioconcrete the 
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amount of stress that can be transferred to the surrounding 
concrete is a function of the proportion of healing and the 
restoration of the bond between the crack two faces, also 
concrete will restore coalescence of its structure, result 
show dramatically increase in the first crack loading 

capacity abut (111%) for slab Q3 due to crack healing 
which was observed clearly in CMM images and regain 
strain compatibility between the steel and the concrete at 
low loads. 

 
Table-9. Second stage result (monotonic test). 

 

Grope 
number 

Slab`s no. 
Cracking 
load (kN) 

Mid span 
deflection at 

first crack(mm) 

Ultimate 
load (kN) 

Mid span 
deflection at 

ultimate load (mm) 

% Increase 

Cracking 
load (kN) 

Ultimate 
load (kN) 

G1 

Slab (Q2) 9.49 1.9 75.69 25.46   

Slab ( Q3) 20.06 2.59 79.96 33.98 111.4 5.64 

Slab ( Q4) 19.67 3.12 75.312 29.06 107.6 -0.511 

G2 

Slab (Q6) 9.37 1.83 71.13 21.48   

Slab (Q7) 10.36 1.24 72.29 23.23 10.57 1.63 

Slab (Q8) 9.69 2.02 73.29 39.48 3.42 3.04 

 
Also it has the ability to carry loads more than slab (Q2) 
by (5.63 %). This is due to calcite precipitation which 
work on bridging the crack faces and regain apart from the 
lost compressive strength resulted in an increase in load-
carrying capacity of the Slab while it was undergoing 
greater amount of deflections, normal concrete show the 
best result for many reasons for example silica fume 
concrete dense microstructure accused of crashed bacterial 
spores and finish its role of healing the crack ,while the 
LWA which used as encapsulation for bacteria have a 
major part of decrease in strength of concrete system due 
to the decrease in strength and density of light weight 
aggregate and thus lead to more aggressive cracks but still 
have an important role of keeping bacteria spores safe 
from crashing and available for a long period , the work of 
the bacteria in slab Q8 remains more effective than direct 
addition bacterial slab Q7 from the same Grope (silica 
fume concrete) , because the encapsulation of bacteria 
inside LWA particles worked to prolong their life and that 
obvious in the increase of the ultimate loading capacity 
which is abut (3.04%) while it was less than that in the 
slab Q7 with direct bacterial addition (1.63%), Figure 
from (6) to (9) show comparison between control 
specimen and bacterial addition for the two gropes.  
 

 
 

Figure-6. The load-deflection curves for slab 
Q3 and slab Q2. 

 

 
 

Figure-7. The load-deflection curves for slab 
Q4 and slab Q2. 

 

 
 

Figure-8. The load-deflection curves for slab 
Q7 and slab Q6. 
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Figure-9. The load-deflection curves for slab 
Q8 and slab Q6. 

 
6. ASSESSMENT OF SELF- HEALING 

After identify the crack propagation places from 
the first test (repeated test ) as show in plate-5, we can see 
from plates (6) to (10) that’s the bacterial precipitation 
(CaCO3) was strong enough to lead the crack (in same 
places) to take a new path during its propagation in the 
concrete (bioconcrete) as shown in plates (7), (8), (10) or 
even for form a new cracks as shown in plates (6), (9) in 
the second stage of the test (monotonic test), as bacteria 
have the ability to heal crack with maximum width equal 
to (0.4-0.46)mm, and there is a crack with width larger 
than that value (since crack width control is a very hard ) 
bacteria work on healing the deep part of crack (the crack 
have a large width on surface gotten smaller near 
reinforcement) which inside its ability of healing , while 
the rest part of the crack will remain opened but still the 
bacteria in this case will have a great effect of protect the 
reinforcement and same times hold the crack faces to 
gather which lead to create a new cracks as we can see in 
Plate-9, so the cracks that have been recovered by using 
bio-concrete (smart concrete) has not always been a 
weakness in the concrete matrix. 
 

 
 

Plate-5. The cracking pattern for slab Q6 (repeated load). 
 

 
 

Plate-6. Forming of knew crack in slab Q3. 
 

 
 

Plate-7. Change the crack progression path slab Q4. 
 

 
 

Plate-8. Change the crack progression path slab Q7. 
 

 
 

Plate-9. Forming of knew crack in Slab Q7. 
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Plate-10. Change the crack progression path slab Q8. 
 
6.1 Cracks measuring microscope image 

The results of Cracks Measuring Microscope are 
shown in Plate-10. These plates were taken from the 
cracked surface of the tested samples. This test is 
considered to be one of the most important tests that can 
confirm and explain the results obtained from the other 
tests. 

These plates are confirmed that the healing are 
occur in the cracked concrete due to the bacterial activity 
in the suitable circumstances, when the water enter the 
concrete crack and cause of decrease the PH value, 
Bacteria start to produce calcium carbonate (CaCO₃) 
precipitation in the form of calcite. 
 

 
 

 
 

Plate-11. Healing of crack in (a) 0.4 mm (b) ˃0.4mm (c) 
healing of multi crack (d) calcite precipitation above 
concrete surface (e) healed crack (f) Crystals result 

from healing process (g) 0.4 mm crack. 
 

7. NUMERICAL APPLICATIONS 
To represent the structural behavior of RC slabs 

under monotonic and repeated loading, a nonlinear finite 
element analysis has been carried out to analyze some of 
the experimentally tested thick slabs. The analysis was 
performed by using the widespread well-known ANSYS 
(ANalysis SYStem release-15) program which is Release 
Mechanical APDL application offers most of the ability 
from prior releasing plus many enhancements and new 
features. 

Finite element models were developed to 
simulate the behavior of normal concrete thick slab. 
Tested under monotonic and repeated loading, starting 
from linear through nonlinear response and until failure, 
using the ANSYS program (ANSYS-15). Comparisons 
were made for load-deflection plots at mid span; crack 
patterns; loads at failure; concrete stress and number of 
cycles for repeated loading analysis. Modeling 
simplifications and assumptions developed during this 
research presented. 
 
7.1 Element types 
 
7.1.1 Concrete 

(SOLID65) a three dimensional brick element 
was used to model the concrete. This element has eight 
nodes with three degrees of freedom for each node - 
translations in the nodal x, y, and z directions, and is 
capable of plastic deformation, cracking in three 
orthogonal directions and crushing [19] 
 
7.1.2 Reinforcing steel bars 

To model the steel reinforcing bars for shear and 
flexure in this study (LINK180) was used. This element is 
a spar (or truss) element which can be used to model 
trusses, sagging cables, links, springs, etc. The 3-D spar 
element is a uniaxial tension-compression element with 
three degrees of freedom at each node: translations in the 
nodal x, y, and z directions [19]. 
 
7.1.3 Steel plates at supports 

SOILD185 was used to model steel supporting 
plates in the slab models. The element is defined by eight 
nodes having 3 degrees of freedom at each node 
translations in x; y and z directions [19]. The element has 
plasticity, and creep, stress, stiffening, swelling, large 
deflection and large strain capabilities. 
 
7.2 Finite element for the slab specimen model 

The finite element analysis (FEA) requires 
meshing of the model into a number of small elements, 
and after loading, stress and strain are calculated at 
integration points of these elements. Since all the tested 
slabs have the same length and cross sectional dimensions, 
slab geometrical modeling is presented in Figure-10 the 
same finite element mesh was used for all slabs. 

An important step in finite element modeling is 
the selection of the mesh density. A convergence of results 
is obtained when an adequate number of elements is used 
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in a model. This is practically achieved when the increase 
in the mesh density has a negligible effect on result. 

For all concrete slabs, concrete was divided into 
small elements of 25mm side dimension in all direction. 
The loading plate and supporting plate were discretized 
into 25 mm element size in x and z direction, while 
discrete representation was used to model all internal 
reinforcement by using one dimensional elements. 
 

 
 

Figure-10. Geometry of slab specimen. 
 
7.3 Numerical analysis results 

Two types of loading were applied in performing 
of finite element analysis monotonic and repeated loads. 
Slabs (Q1and Q5) were subjected to monotonic loads 
while the other six slabs specimens were tested under 
repeated loading up to eight cycles. the numerical analysis 
including deflection at mid span, loads at failure, cracking 
patterns at failure for monotonic and cycle number eight 
are compared with experimental result. Also, stresses and 
strains in the concrete and steel reinforcement are 
presented. 
 
7.3.1 Load - deflection relationship 

Figures (11) and (12) show the load - deflection 
curves obtained from the finite element analysis at mid 
span for slab Q1 (normal concrete) and slab Q5 (silica 
fume concrete). 
 

 
 

Figure-11. Numerical load- deflection curve 
for slab Q1. 

 

 
 

Figure-12. Numerical load- deflection curve 
for slab Q5. 

 
Experimental and numerical load-deflection 

curves are compared in Figures (13) and (14), the 
numerical load- deflection curve agree well with the 
experimental results for Q1, while numerical load-
deflection curve from the finite element analysis is slightly 
stiffer than the experimental one for the same slab. 
 

 
 

Figure-13. Experimental and numerical load -deflection 
curve for slab Q1. 

 

 
 

Figure-14. Experimental and numerical load -deflection 
curve for slab Q5. 
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7.3.2 Load at failure 
A comparison between the experimental and 

numerical failure loads is summarized in Table-10. The 
result show that the maximum difference in failure load is 
about (3.78%). this is due to many reasons; local material 
imperfections may have caused this difference. For 
example, cracks may be occurring at the interface between 
the cement and aggregate, due to their differences in 
elastic modulus, thermal coefficient of expansion, and 

response to change in moisture content when the concrete 
is hardened and adding of material such as (Silica Fume) 
which represent in finite element analysis by increase the 
compressive strength only without the effect of the change 
in the micro structure of the concrete which have a very 
Significant effect on the behavior of concrete in the 
experimental work. The actual reinforcing steel has a 
different stress - strain curve when compared to the 
idealized steel used for the finite element modeling.

 
Table-10. Experimental and theoretical load at failure for slab Q1, slab Q5. 

 

Modeled slab 
Ultimate load   (kN) Mid span deflection ∆ (mm) 

Exp. ANSYS Diff% Exp. ANSYS Diff% 

S1N.(Q1) 77.07 79.98 3.78 31.58 30.85 -2.3 

S5S.(Q5) 80.57 82.75 2.71 32.55 33.98 4.4 

 
7.3.3 Crack patterns at failure 

The predicted failure mode for the two slabs are 
found to be the same as found experimentally. The Control 
normal concrete slab Q1 and silica fume concrete slab Q5 
crack patterns that obtained from finite element analysis at 
the last converged load steps compared with the 
experimental failure modes are shown in Figures (15) and 
(16). 
 

 
 

Figure-15. Crack pattern at failure for slab Q1 (a) 
Numerical solution (b) Experimental solution. 

 

 
 

Figure-16. Crack pattern at failure for slab Q1 (a) 
Numerical solution (b) Experimental solution. 

 
7.4 Analysis of slab under repeated load 

The applied repeated load in the material analysis 
was applied in the same way that used in the load that 
applied experimentally because testing machine used in 
experimental tests was load control, The applied load that
  in put in the program was in the same imputed 
that used experimentally. Figure-17 showed the repeated 
load applied numerically. 
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Figure-17. Load -time history. 
 
7.4.1 Number of cycles at failure 

Six slab has been tested under repeated load 
experimentally but the test was stopped in cycle number 
eight to control the damage level, but the test continue 
numerically until frailer Table-11 show the number of 
cycle that obtain by finite element program, in cycle 
number eight deflection and crack pattern are compared in 
both experimental and numerical analysis. For example, 
Slab Q2 deflection result in numerical analysis (6.78mm) 
as shown in Figure-18 while its equal to (5.63mm) in 
experimental result. Figure-19 shows the crack pattern in 
both experimental and numerical case. 
 

Table-11. Load cycle failure of numerical analysis. 
 

Slab Concrete type Cycle number 

Q2 Normal concrete 12 

Q3 
Normal concrete + 

Bacterial direct addition 
18 

Q4 
Normal concrete+ LWA 

Bacterial addition 
11 

Q6 Silica Fume concrete 15 

Q7 
Silica Fume concrete + 
Bacterial direct addition 

23 

Q8 
Silica Fume concrete + 
LWA Bacterial addition 

9 

 

 
 

Figure-18. Numerical deflection for slab Q2 cycle eight. 

 
 

Figure-19. Numerical and experimental crack pattern for 
slab Q2 cycle eight (a) Numerical solution (b) 

Experimental solution. 
 
7.5 Stress distribution at failure of F.E. analysis 

Figures (20) to (24) show stress distribution in 
concrete and steel reinforcement for Slab Q7 at the last 
load cycle, the result of analysis indicate that all slab 
subjected to repeated loads fail due to yielding in steel 
reinforcement. Figure (5-28) to (5-30) show the crack 
pattern in cycle number (3, 8 and the last cycle). 
 

 
 

Figure-20. Stress distribution in concrete for slab Q7. 
 

 
 

Figure-21. Stress distribution in steel for slab Q7. 
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Figure-22. First crack pattern in cycle no. three 
for slab Q7. 

 

 
 

Figure-23. Crack pattern in cycle no. eight for slab q7. 
 

 
 

Figure-24. Crack pattern in the last cycle for slab Q7. 
 
8. CONCLUSIONS 
 
a. Adding bacteria with mixing water increase 

compressive strength in NC (Normal Concrete) by 
(11.8%) and in SFC (Silica Fume Concrete) by 
(9.2%), bacteria activity in NC more than its activity 
in SFC that’s return to the difference in the 
microstructure between them, as the silica fume are 
more density with less number of microcrack and 
pores which contains the oxygen and water, this will 

restricts the work of bacteria that require the presence 
of water and oxygen to be activated.  

b. Adding Bacterial LWA decrease the compressive 
strength about (10%) for both NC and SFC. that due 
to the decrease in strength and density of light weight 
aggregate and thus lead to further decrease in strength 
of concrete system. 

b) The load - deflection curves for concrete with 
bacterial direct addition test specimens under repeated 
load showed that the residual deflection after the eight 
cycle is less than those without bacterial addition 
specimen by (9 %), which means that the use of 
bacterial direct addition lead to increase in the 
ductility of slab, With the exception of one slab Q4 
(NC + BLWA) which show (4.4%) residual more than 
control specimen. 

c) The second stage of experimental test result showed 
that the healed slabs which tested statically has regain 
part of the losing strength beside the healing processes 
which is in it best condition about (111%) for first 
crack load and (5.63%) for ultimate load. 

d) Not all the healed crack considered as a weak point, 
crack sometimes take another path during its 
progression this has been proved experimentally as 
we can see in the grope of plates shown above. 

e) The load - deflection curves for concrete with addition 
(bacteria) test specimens under 2nd test stage (static 
test ) showed an increase in load carrying capacity 
that reached (5%) and greater amount of deflections 
when compared to specimens without addition 
through the addition of bacteria. 

f) The energy absorption capacity of slabs with bacteria 
increased because of the crack propagation resistance 
for the healed crack by the precipitation of CaCO3 
which causes an increase in load carrying capacity. 
This refers to a good bonding between the two faces 
of the healed crack (increases the deformation 
capacity of concrete (in compression) and thus 
improves the material ductility) 

g) from numerical analysis results for concrete with and 
without bacteria, which is due to the lack of 
representation for bacteria in the analysis program, its 
impact has been added to the concrete structure by 
increasing the compressive strength value in a way 
simulates the increase given by the bacteria addition 
in experimental work .it is found that the presence of 
this addition effect on the behavior of the concrete 
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and the number of cycle caused failure , for example 
NC failed in cycle number 12 while NC+Direct 
Bacterial Addition failed in cycle 18. 

h) The crack pattern at failure loading stage and eight 
cycle stage obtained from numerical analysis agree 
well with the observed failure made of the 
experimental tests. 

i) The Comparison between the numerical analysis and 
experimental result asserted validity of numerical 
analysis and the methodology develop , the maximum 
difference in the deflection is about ( 18%) in cycle 
number eight. 
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