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Abstract 

Article History: 
 Self-sensing concrete is an intelligent application of scientific 

knowledge for practical purposes and new concrete 

structures, which can feel the damage, stress and strain in the 

body of concrete. It has been widely used because of its 

possibility of getting efficient cost solution for controlling the 

structural sustainability of concrete structures, which 

indicate, that it is very impressive during the design life of the 

facilities. This review contains universal behavior and global 

information about different conditions of loading for self-

sensing concrete. Also, the definitions and applications of 

intrinsic and non-intrinsic self-sensing concretes are 

mentioned. Moreover, a major confirmation is stated on the 

application of scientific knowledge for practical purposes and 

new concrete structures. The characteristics of self-sensing 

concrete provide an ability to reveal small cracks before they 

begin to become significant. During unchanging compression, 

firstly, the values of electrical resistivity decrease through an 

increase in load, subsequently become stable and then 

increased suddenly. While, during impact loading, the 

electrical resistivity decreases suddenly, but it regresses then 

to 0 after loading. However under tensile stress, the electrical 

resistivity increases as the tensile stress increases. 

Nevertheless, since the flexural is a component of compression 

and tension, the comparison between sensitivity for 

compression part is much smaller than in tension part. 
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1. Introduction 
Since the concrete has been vastly wide utilize (which about 30 million tons every year). But it 

still there are weaknesses points inside concrete which are unavoidable effects of long-term 

mechanical and environmental influences such as scaling, deformation, deterioration and cracking 

(1, 2).  

Self-sensing concrete (SSC) which it is also known as piezoresistive or self-monitoring or 

pressure-sensitive or smart intrinsically concrete as shown in Figure 1(1, 2).  

 
Figure 1: Structure of Self-Sensing Concrete. 

The technology of structural health monitoring (SHM) supplies the capacity for controlling the 

situation to include infrastructures safety throughout usage age of the structure. For the reason of 

monitoring and evaluation, sensors are fundamentally applied such as gauges of electric resistivity 

strain, visual sensors and sensors of piezoelectric strain: although, uses of these sensors have some 

responses like low sensitivity and low durability. A novel evolution of intelligent construction 

materials inclusive cement-based sensors could be fix those matters (3).  

The intrinsic self-sensing concrete (ISSC) contains different types of filling materials such as 

graphite powder (GP), carbon nanomaterials, carbon black (CB), carbon fibers (CF) and other types 

to conventional concrete, so supplying the capability to control failure and stress to strain and 

enhancing mechanical characteristics (4). Many articles investigates were stated so as to check the 

behavior of SSC, which includes its application for monitoring the traffic (5), monitoring the 

corrosion (6), sensing the strain (7), monitoring the seismic damage (8). Moreover, many articles 

investigates were clarified to define the characteristics of SSC contains of various useful filling 

materials such as carbon fibers (9), carbon nanofibers (10), carbon nanotubes (11–13), graphene 

nanoplatelets (14), steel fibers (15), and glass fibers (16) . After all, the characteristics of SSC are 

affected by initial situations and a lot of factors such as particularly the matrix material, material 

selection, further dispersion processes, functional filler and dispersion material. A remarkable phase 

in the elaboration steps is the design of the mix, which consists of the chosen of the best 

concentration of useful fillers which varies depending on the material type. Subsequently, the mix 

design of self-sensing concrete is various and greatly depend on filler characteristics. Likewise, 

materials and methods used to control the capabilities of concrete sensing vary and are 

fundamentally elected according to the predilections of authors. Many papers regarding to the uses 

of self-sensing concrete and the latest founding differ depending on the situations of loading and 

also depending on many factors influencing the electrical resistivity of it (17). 

2. Literature review 
    The affinity between external force and alteration in electrical resistivity could distinguish the 

behavior of sensing for concrete. Moreover, force sensitivity coefficients, the coefficients of stress 

sensitivity and amplitude of variation in electrical resistance are another factors which can 

characterize such a significant variable as concrete sensitivity. In general, and at different loading 

types, like, flexural, tension and compression, the major idea of self-sensing concrete is that the 
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concrete can explain various sensing attitudes and also concrete can be influenced by large number 

of objects which has an effect on electrical resistance of the matrix. 

2.1 Behavior under Compression 

At different loading types, various attitude of self-sensing concrete can be seen (18). When the 

load increases during monotonic compression, the amounts of the electrical resistivity Dr/ro at first 

decreases then turn out to be stable and eventually an expected increase takes place, as shown in 

Figure 2. The succession of situations is clarified by the induction of fresh cracks, compression 

pressure and cracks expansion (19). At first, under uniaxial pressure, the area of the conductive 

particles decreases, which leads to the improvement of the conducting connection network into the 

concrete structures. After that, demolition is observed in addition to the rebuilding of this network 

during the growth of new cracks.  At last, extension of cracks leads to disturbance of the conducting 

connection network into the concrete structures (20).  

 
Figure 2: Self-sensing concrete under monotonic compression (20). 

Through the loading phase, while the specimen is liable to frequent pressure, the electrical 

resistivity Dr/ro decreases and then it increases again during the unloading phase. At any way, at the 

start of all load period is variable in proportion from the resistivity at the beginning state of samples, 

which was not under compressing stress (21). During the compaction of compression, the cracks or 

internal voids are minimized and this explained the different values of electrical resistance. 

However, first reading for the electrical resistivity is unlike to the baseline of the already loaded 

compound, and the stress came back to zero. Also, the difference of the Dr/ro can be demonstrated 

by the final strength of self-sensing concrete. By frequent compression, if the sample is subjected to 

a compression capacitance equal to 30-75% of the final force, the base resistance will be non-

reversible and the variation in electrical resistance will be reversible, while when the capacitance is 

reduced to less than 30%, the baseline will be with a reversible variation in electrical resistance (4). 

Getting rid of both baseline and variation in electrical resistance is irreversible in pressure stress 

capacity above 75% because of demolition of conductive network.  

One of the most usual loads that structures made with concrete are exposed to is impact load. 

Through the stage of impact load, Dr/ro has become decreases suddenly; but then comes back to 

zero after the loading stage, that which can be seen in Figure 3. The change in electrical resistance 

increases as the capacity of the impact load increases, that’s because the electrical resistivity of a 

specimen is rely on the capacity or amplitude (21). Meehan et al. stated (22), the large number of 

impacts or increase value of impact load capacity can effect in the situation where electrical 
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resistance will not recuperate and come back to zero because of the damage inflicted inside self-

sensing concrete (4). 

 
Figure 3: Self-sensing concrete under impact load (20).  

2.2 Behavior under Tension 

As tensile stress increases, the electrical resistivity Dr/ro increases; during the monotonic 

tension, when the fillers that are inner the concrete disconnect, the micro-cracks are generated 

(Figure 4). Nevertheless, the partial variation in electrical resistance begins to increase faster after 

the tensile strain eventually due to the structure deterioration (22). Thus, the concrete sensing counts 

on the cracking attitude inside of the specimen not only on the tensile strain (20). Reza et al. (23) 

discussed the self-sensing attitude of the concrete with carbon fiber under concentrated tension. 

Many studies discovered that the electrical resistance can be utilized to watch the techniques of the 

failure zone and help to compute transmitting the length of crack. 

 

Fig. 4 Self-sensing concrete under monotonic tension (20). 

While the repeated tension is undergoes to a specimen, the electrical resistivity decreases with 

unloading stage and increases with loading stage. The change situation in Dr/ro is alike to the 

loading under regenerated compression stress where the electrical resistivity and the baseline are 

changed at various rates of capacitance. Specially, in the elastic area, the electrical resistivity and 

the baseline variations are reflectable, but both of them is irreflectable when the elastic distortion 

area is exceeded by the load capacitance (4). 
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2.3 Behavior under Flexure 

Compression stage and tension stage are fractions of self-sensing concrete which act in adverse 

method (4), as shown in Figure 5, the beam is loaded at the center and in the deflection part of 

concrete specimen, the sensitiveness of compression part is less than the tension part that can be 

demonstrated by the rise in concrete compressive strength of concrete unlike in the concrete tensile 

strength (7). 

 

Figure 5: Self-sensing concrete under flexure (20). 

Wang et al. (24), stated that as load increases, at the ultimate flexural strength the electrical 

resistivity got to the minimum point, after that unexpected rise in electrical resistivity was seen after 

increasing loading. Besides, paper made by Azhari and Banthia (25) concluded that in a specimen 

with 5% by volume of carbon fiber, first of all, the electrical resistivity minimized unexpectedly 

with the rise in the perpendicular displacement of the concrete. Yet, the electrical resistivity began 

to rise when the displacement about 0.3 mm and rises with load till the fracture happening. At 

displacement become 0.35 mm, the resistivity stopped after reduction of step by step. In different 

studies made by Chen and Liu (27), the authors matched the variation in electrical resistivity of 

specimens made with 0.22, 0.55 and 0.80% volume of carbon fiber. The author concluded that, the 

sample with 0.55% volume of carbon fiber, the increase in loading lead to electrical resistivity 

decreased; however, opposite findings were gained for specimens made with 0.22 and 0.80% 

volume of carbon fiber, which increasing the load lead to increase the resistivity. 

3. Applications of SSC 
There are two type of SSC, intrinsic self-sensing concrete (ISSC) which known also as 

intrinsically smart, intrinsic SSC which is define as invented by the addition of conductive 

incorporations, such as carbon or steel particles to the mix, which provides the concrete the 

capability to work as a self-sensing complex with no necessity to other outer sensors. While non-

intrinsic self-sensing concrete (NISSC) which define as  the concrete that contains sensors to 

measure strain gauges and other sensors, for example piezoceramic transducers, lead zirconate 

titanate-based piezoelectric sensors and elective fiber sensors (27-31), are to be prepared and 

included inside concrete structures. However these non-intrinsic trade sensors are uncomplicated to 

install, having good repeatability and low in cost (32). 

3.1.Applications of ISSC 

A- Structural Health Monitoring (SHM) 

The non-intrinsic self-sensing concrete (NISSC) can be utilized in bonded, mass, , sandwich, 

embedded and coating forms for structural health monitoring, see Figure 6 (4). 
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B- Traffic Detection 

The bridge or pavement sections incorporated with the non-intrinsic self-sensing concrete non-

intrinsic self-sensing concrete, see Figure 7, can expose many of significant traffic information such 

as vehicular speed, traffic flowing rates, weighing in motion and also the traffic density (4). 

 
Figure 6: Applications of ISSC in beams (4) 

 
Figure 7: Application of ISSC in bridges (4) 

3.2.Applications of NISSC 

A- NISSC incorporated with elective fibers 
Elective fibers can be integrated inside concrete for calculating the displacement, strain, 

corrosion, moisture content, temperature and crack through determining the variation in phase, 

intensity, the time of light transited into fibers or wavelength and polarization (32). 
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B- NISSC incorporated with piezoelectric materials 
Piezoelectric materials (PM) show the sensing capability resulting from piezoelectric impact; 

whereas the charge on the surface is formed as a reaction of a direct effect applied (mechanical 

stresses), and on the contrary, a mechanical strain is manufactured in reply to a converse effect (the 

electric field applied) (32). 

C- NISSC integrated with shape memory alloys 
The electrical resistance of shape memory alloys (SMA) is raised with the applying of tension 

strain. To control the crack width estimation besides the deformation or strain of concrete shape 

memory alloys can be used (32). 

D- NISSC incorporated in self-monitoring polymers composite 

The polymer template or polymer matrix consists of conductive powder and electric conductive 

phase. The polymer matrix is the main component of self- monitoring or self- diagnosing polymer 

composites (SDPC). The uniform alteration in electrical resistivity of self-monitoring polymers 

matrices happens because of the external force, thus they have the can measure electrical resistance 

which could have the capabilities in controlling deformation or strain, damage of concrete and crack 

(32) . 

4. Conclusions 
From the review in this research, the following conclusions can be adopted:- 

 Characteristics of SSC supply a capability to reveal a small crack prior to become a series of 

cracks, which is fatal in various civil infrastructures repair such as bridges, dams, so tall 

buildings, nuclear power plants, highways and pipelines. 

 As for the compressive resistance, it has been observed that the electrical resistivity begins 

to decrease when the loads increase, then reaches the break-even point, and then begins to 

rise. 

 While for the impact strength, the electrical resistivity decreases with increasing impact 

loading and then begins to rise until it reaches zero and stopped there. 

 As tensile stress increases the electrical resistivity increases. 

 Since the flexural strength consist of compression and tensile stress, so when flexural 

loading the sensitivity of compression part is less than the tension part leading to increases 

in electrical resistivity. 
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 معلومات البحث
 

 المستخلص

 تواريخ البحث:
اٌخشساوت راحٍت الاسخشعاس هً حطبٍك روً ٌٍمعشفت اٌعٍمٍت لأغشاض عمٍٍت  

وهٍاوً خشساوٍت جذٌذة ٌمىه أن حشعش باٌضشس والاجهاد والاوفعاي فً جسم 

واٌخً حم اسخخذامها عٍى وطاق واسع بسبب إمىاوٍت اٌحصىي عٍى  اٌخشساوت،

افضً اٌحٍىي الالخصادٌت ٌٍخحىم بالاسخذامت اٌهٍىٍٍت ٌٍمىشآث اٌخشساوٍت، مما ٌذي 

عٍى أوها سائعت ٌٍغاٌت اثىاء اٌعمش اٌخصمٍمً ٌٍمىشآث. ححخىي هزي اٌمشاجعت عٍى 

ٌخحمًٍ اٌخشساوت راحٍت  سٍىن عاٌمً ومعٍىماث عاٌمٍت حىي اٌظشوف اٌمخخٍفت

الاسخشعاس. أٌضا، حم روش حعشٌفاث وحطبٍماث خشساوت الاسخشعاس اٌزاحً 

اٌجىهشٌت وغٍش اٌجىهشٌت. علاوة عٍى رٌه، هىان حؤوٍذ سئٍسً عٍى حطبٍك 

اٌمعشفت اٌعٍمٍت ٌلأغشاض اٌعمٍٍت واٌهٍاوً اٌخشساوٍت اٌجذٌذة. حىفش خصائص 

عٍى اٌىشف عه اٌشمىق اٌصغٍشة لبً أن حبذأ  اٌخشساوت راحٍت الاسخشعاس اٌمذسة

، حىخفط لٍم اٌمماومت ولاا فً أن حصبح مهمت. أثىاء اٌضغظ غٍش اٌمخغٍش، أ

، أثىاء صبح مسخمشة ثم حضداد فجؤة. بٍىمااٌىهشبائٍت مه خلاي صٌادة اٌحمً، ثم ح

بعذ  0ححمًٍ اٌصذماث، حمً اٌمماومت اٌىهشبائٍت فجؤة وٌىىها حخشاجع بعذ رٌه إٌى 

ٍت مع صٌادة إجهاد اٌشذ. اٌخحمًٍ. وٌىه ححج إجهاد اٌشذ، حضداد اٌمماومت اٌىهشبائ

ا لأن الاومع رٌه ، فإن اٌمماسوت بٍه وحىاء هى أحذ مىىواث اٌضغظ واٌشذ، وظشا

 .اٌحساسٍت ٌجضء اٌضغظ حىىن أصغش بىثٍش مىها فً جضء اٌشذ

 26/9/2022حاسٌخ حمذٌم اٌبحث: 
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