
 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

61 

 

 مقاله

b-mirzakhani@araku.ac.ir 
 

s-nazari@arshad.araku.ac.ir 

 

 

 

 

 



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

61 

 

EMI

Pitch



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

61 

 

 



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

61 

 

  Tk

Eg

23.2
loglog 0  



  1.  cmEg

kT



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

02 

 

p-n

p-np

n

pn

np

p-n

p-nn-n
+

nnn
+

p-n

pn

n

p

n

p

n

p-nn-n
+

p-n

p-n



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

06 

 

0/ RR

0/ RR 

0/ RR 

0/ RR 

0/ RR 0/ RR 



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

00 

 

n

p

np

Intercalated



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

02 

 

[1] Fu, X., D.Chung, “Radio-Wave-Reflecting 

Concrete for Lateral Guidance in Automatic 

Highways”, Cement and Concrete 

Research, Vol. 28, No. 6, pp. 795-801, 

1998. 

[2] Chung, D., “Cement Reinforced with Short 

Carbon Fibers: A Multifunctional 

Material”, Composites, Vol. 31, No.2, pp. 

511-526, 2000. 

[3] Wen, S., D. Chung, “Piezoresistivity-Based 

Strain Sensing in Carbon Fiber-Reinforced 

Cement”, ACI Materials Journal, Vol. 104, 

No. 2, pp. 171-179, 2007. 

[4] Chung, D.; “Piezoresistive Cement-Based 

Materials for Strain Sensing, Journal of 

Intelligent Material Systems and Structures, 

Vol. 00, pp. 1-12, 2002. 

[5] Wen, S., D. Chung, “Carbon Fiber-

Reinforced Cement as a Strain-Sensing 

Coating”, Cement and Concrete Research, 

Vol. 31, pp. 665-667, 2001. 

[6] Cao, J., D. Chung, “Damage Evolution 

during Freeze-Thaw Cycling of Cement 

Mortar, Studied by Electrical Resistivity 

Measurement”, Cement and Concrete 

Research, Vol. 32, pp. 1657-1661, 2002. 

[7] Chen, B., J. Liu, “Damage in Carbon Fiber-

Reinforced Concrete, Monitored by Both 

Electrical Resistance Measurement and 

Acoustic Emission Analysis”, Construction 

and Building Materials, Vol. 22, pp. 2196-

2201, 2008. 

[8] Wen, S., D. Chung, “Carbon Fiber-

Reinforced Cement as a Thermistor”, 

Cement and Concrete Research, Vol. 29, 

pp. 961-965, 1999. 

[9] Wen, S., D. Chung, “Seebeck Effect in 

Steel Fiber Reinforced Cement”, Cement 

and Concrete Research, Vol. 30, pp. 661-

664, 2000. 

[10] Wen, S., D. Chung, “Cement as a 

Thermoelectric Material”, Materials 

Research Society, Vol. 15, No. 12, pp. 

2844-2848, 2000. 

[11] Chung, D.; “Cement-Based Electronics”, 

Journal of Electroceramics, Vol. 6, No. 1, 

pp. 75-88, 2001. 

[12] Josmin, P.J.; Sant, K.M.; Sabu, T.; 

Kuruvilla, J.; Koichi, G.; and 

Meyyarappallil, S.S.; “Advances in 

Polymer Composites: Macro- and 

Microcomposites – State of the Art, New 

Challenges, and Opportunities”, Polymer 

Composites, Vol. 1, pp. 3-16, 2012. 

[13] “Composite Materials Handbook Volume 

1, Polymer Matrix Composites Guidelines 

for Characterization of Structural 

Materials”, 2002. 



 

 

ار
م

ش
 /

ك 
ني

كا
م

ي 
س

ند
ه

م
ة 

78 
ل 

سا
 /

ت
س

بي
 

 /
م 

ك
 ي

و
19

3
1

 
...

...
...

...
...

...
...

...
...

...
..

 1
 

m
ec

h
_

m
a

g
@

y
a

h
o

o
.c

o
m

 

 

02 

 

  

[14] Chung, D., S. Wang, “Self-sensing of 

Damage and Strain in Carbon Fiber 

Polymer-Matrix Structural Composites by 

Electrical Resistance Measurement”, 

Polymers & Polymer Composites, Vol. 11, 

No. 7, pp. 515-525, 2003. 

[15] Wang, S., D. Chung, “Self-Sensing of 

Damage in Carbon Fiber Polymer-Matrix 

Composite by Measurement of the 

Electrical Resistance or Potential Away 

from the Damaged Region”, Journal of 

Materials Science, Vol. 40, pp. 6463-6472, 

2005. 

[16] Wen, S., D. Chung, “Enhancing the 

Seebeck Effect in Carbon Fiber Reinforced 

Cement by Using Intercalated Carbon 

Fibers”, Cement and Concrete Research, 

Vol. 30, pp. 1295-1298, 2000. 

[17] Chung, D.; “Thermal Analysis of Carbon 

Fiber Polymer-Matrix Composites by 

Electrical Resistance Measurement”, 

Thermochimica Acta, Vol. 364, pp. 121-

132, 2000. 

                                                           
1. self-sensing composite 

2. electromagnetic interference 

3. filaments 

 

5. percolation threshold 

6. aspect ratio 

7. volume electrical resistivity (piezoresistivity) 

8. electric polarization (direct piezoelectricity) 

9. reversible 

10. gage factor 

11. coating 

12. electrical resistivity of the interface 

13. temperature cycling 

14. thermistor 

15. activation energy 

16. Arrhenius 

17. Thomas Johann Seebeck (1770 – 1831) 

18. absolute thermoelectric power 

                                                                                    
19. acceptor 

20. ZnSb 

21. donor 

22. delamination 

23. interlaminar interface degradation 

24. laminate 

25. tows 

26. curing 

27. bulk properties 


