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Photon energy Incoher scatter Photoel.absorb. Electron pr.
Prd
1.000E-03 1.013E-02 5.399E+03 0.000E+00
1.035E-03 1.068E-02 4.946E+03 0.000E+00
1.072E-03 1.127E-02 4.530E+03 0.000E+00
1.072E-03 1.127E-02 4 530E+03 0.000E+00
1.500E-03 1.848E-02 1.939E+03 0.000E+00
1.560E-03 1.949E-02 1.750E+03 0.000E+00
1.560E-03 1.949E-02 2.519E+03 0.000E+00
2.000E-03 2.683E-02 1.351E+03 0.000E+00
3.000E-03 4.244E-02 4.566E+02 0.000E+00
3.607E-03 5.106E-02 2.748E+02 0.000E+00
3.607E-03 5.106E-02 3.330E+02 0.000E+00
4.000E-03 5.626E-02 2.514E+02 0.000E+00
5.000E-03 6.817E-02 1.356E+02 0.000E+00
6.000E-03 7.825E-02 8.126E+01 0.000E+00
6.539E-03 8.303E-02 6.369E+01 0.000E+00
6.539E-03 8.303E-02 1.330E+02 0.000E+00
6.819E-03 8.536E-02 1.192E+02 0.000E+00
7.112E-03 8.76 7TE-02 1.067E+02 0.000E+00
7.112E-03 8.767E-02 1.819E+02 0.000E+00
8.000E-03 9.407E-02 1.347E+02 0.000E+00
1.000E-02 1.057E-01 7.398E+01 0.000E+00
1.500E-02 1.239E-01 2.409E+01 0.000E+00
2.000E-02 1.342E-01 1.061E+01 0.000E+00
3.000E-02 1.440E-01 3.245E+00 0.000E+00
4.000E-02 1.472E-01 1.375E+00 0.000E+00
5.000E-02 1.474E-01 7.000E-01 0.000E+00
6.000E-02 1.462E-01 4.015E-01 0.000E+00
8.000E-02 1.420E-01 1.657E-01 0.000E+00
1.000E-01 1.372E-01 8.311E-02 0.000E+00
1.500E-01 1.257E-01 2.368E-02 0.000E+00
2.000E-01 1.160E-01 9.791E-03 0.000E+00




3.000E-01 1.015E-01 2.911E-03 0.000E+00
4.000E-01 9.118E-02 1.283E-03 0.000E+00
5.000E-01 8.339E-02 7.034E-04 0.000E+00
6.000E-01 7.720E-02 4.425E-04 0.000E+00
8.000E-01 6.788E-02 2.252E-04 0.000E+00
1.000E+00 6.106E-02 1.401E-04 0.000E+00
1.022E+00 6.042E-02 1.328E-04 0.000E+00
1.250E+00 5.462E-02 8.987E-05 0.000E+00
1.500E+00 4.964E-02 6.484E-05 0.000E+00
2.000E+00 4.238E-02 4.004E-05 0.000E+00
2.044E+00 4.185E-02 3.868E-05 0.000E+00
3.000E+00 3.334E-02 2.178E-05 1.167E-05
4.000E+00 2.781E-02 1.469E-05 4.763E-05
5.000E+00 2.402E-02 1.101E-05 9.489E-05
6.000E+00 2.123E-02 8.774E-06 1.457E-04
7.000E+00 1.908E-02 7.281E-06 1.964E-04
8.000E+00 1.737E-02 6.215E-06 2.457E-04
9.000E+00 1.596E-02 5.419E-06 2.929E-04
1.000E+01 1.479E-02 4.802E-06 3.378E-04
1.100E+01 1.380E-02 4.309E-06 3.804E-04
1.200E+01 1.294E-02 3.907E-06 4.206E-04
1.300E+01 1.219E-02 3.574E-06 4.587E-04
1.400E+01 1.153E-02 3.292E-06 4.950E-04
1.500E+01 1.095E-02 3.052E-06 5.293E-04
1.600E+01 1.043E-02 2.844E-06 5.621E-04
1.800E+01 9.528E-03 2.502E-06 6.230E-04
2.000E+01 8.787E-03 2.234E-06 6.786E-04
2.200E+01 8.161E-03 2.017E-06 7.299E-04
2.400E+01 7.627E-03 1.839E-06 7.770E-04
2.600E+01 7.161E-03 1.689E-06 8.208E-04
2.800E+01 6.755E-03 1.562E-06 8.616E-04
3.000E+01 6.397E-03 1.452E-06 8.997E-04
4.000E+01 5.083E-03 1.076E-06 1.059E-03
5.000E+01 4.243E-03 8.542E-07 1.183E-03
6.000E+01 3.655E-03 7.081E-07 1.282E-03
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8.000E+01 2.883E-03 5.279E-07 1.434E-03
1.000E+02 2.393E-03 4.206E-07 1.548E-03
1.500E+02 1.704E-03 2.789E-07 1.741E-03
2.000E+02 1.336E-03 2.086E-07 1.866E-03
3.000E+02 9.470E-04 1.387E-07 2.022E-03
4.000E+02 7.417E-04 1.039E-07 2.118E-03
5.000E+02 6.141E-04 8.307E-08 2.184E-03
6.000E+02 5.258E-04 6.918E-08 2.234E-03
8.000E+02 4.106E-04 5.185E-08 2.303E-03
1.000E+03 3.378E-04 4.147E-08 2.348E-03
1.500E+03 2.359E-04 2.763E-08 2.418E-03
2.000E+03 1.826E-04 2.072E-08 2.457E-03
3.000E+03 1.270E-04 1.381E-08 2.501E-03
4.000E+03 9.799E-05 1.035E-08 2.526E-03
5.000E+03 8.012E-05 8.284E-09 2.542E-03
6.000E+03 6.794E-05 6.902E-09 2.553E-03
8.000E+03 5.234E-05 5.177E-09 2.568E-03
1.000E+04 4.273E-05 4.141E-09 2.577E-03
1.500E+04 2.954E-05 2.761E-09 2.590E-03
2.000E+04 2.271E-05 2.070E-09 2.598E-03
3.000E+04 1.566E-05 1.380E-09 2.605E-03
4.000E+04 1.202E-05 1.035E-09 2.609E-03
5.000E+04 9.791E-06 8.282E-10 2.612E-03
6.000E+04 8.276E-06 6.901E-10 2.614E-03
8.000E+04 6.346E-06 5.176E-10 2.616E-03
1.000E+05 5.162E-06 4.141E-10 2.617E-03
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R PR SR L RT-R

| |[1.000E-03[12.889E+00][1.013E-02|| 5.399E+03 (10.000E+00[[0.000E+00] 5402E+03 || 5399E+03 |
| |[1.035E-03(2.873E+00]|1.068E-02| 4.946E+03 (0.000E+00[[0.000E+00 4949E+03 || 4946E+03 |
| |[1.072E-03(2.856E+00][1.127E-02| 4.530E+03 (10.000E+00[[0.000E+00]| 43533E+03 || 4530E+03 |
|11 KJ[1.072E-03 [12.856E+00][1.127E-02|| 4.530E+03 (}0.000E+00[[0.000E+00]| 43533E+03 || 4530E+03 |
| ||1.500E-03(2.676E+00]|1.848E-02|| 1939E+03 (0.000E+00[[0.000E+00 1941E+03 || 1939E+03 |
| |[1.560E-03(12.650E+00]|1.949E-02|| 1.750E+03 (10.000E+00[[0.000E+00 1752E+03 || 1750E+03 |
|13 K[ 1.560E-03 [[2.650E+00][1.949E-02 2 519E+03 (10.000E+00[[0.000E+00] 2.521E+03 || 2519E+03 |
| ||2.000E-03[[2.456E+00][2.683E-02| 1351E+03 [[0.000E+00|0.000E+00| 1354E+03 | 1351E+03 |
| |[3.000E-03(2.052E+00][4.244E-02|| 4 566E+02 (10.000E+00[[0.000E+00|| 43587E+02 || 4366E+02 |
| ||3.607E-03]11.839E+00]/5.106E-02| 2.748E+02 [[0.000E+00/|0.000E+00|| 2767E+02 | 2748E+02 |
|
|
|
|
|
|
|
|
|

119 K||3.607E-03|1.839E+00][5.106E-02|| 3.330E+02 |[0.000E+00/0.000E+00] 3349E+02 | 3.330E=02
| ||4.000E-03[[1.714E+00][5.626E-02|| 2 514E+02 [0.000E+00][0.000E+00|| 2532E+02 | 2515E+02

[15.000E-03 |1 441E+00(16.817E-02|| 1356E+02 ||0.000E+00]j0.000E+00|| 1371E+02 || 13356E+02

|6.000E-03]|1.221E+00(|7.825E-02] 8.126E+01 [}0.000E+00[0.000E+00 8256E+01 | 8.134E=01

|

|

| ||6.539E-03(11.121E+00(/8.303E-02|| 6.369E+01 [0.000E+00][0.000E+00|| 6489E+01 || 6.377E~01
125 K|6.539E-03 /1. 121E+00][8.303E-02|| 1.330E+02 [0.000E+00/0.000E+00 1342E+02 | 1331E=02
|
|
|

|6.819E-03]|1.074E+00[|8.536E-02|| 1.192E+02 [}0.000E+00[0.000E+00| 1203E+02 | 1.193E=02
|[7.112E-03 [1.027E+00][8.767E-02|| 1.067E+02 ([0.000E+00][0.000E+00] 1078E+02 || 1.068E+02
26 K||7.112E-03/|1.027E+00(8.76 7E-02|| 1.819E+02 ||0.000E+00[0.000E+00]| 1830E+02 || 1.820E+02

g5 0090 Sl 1) 055 J1a5 5550 slaans] 8 Jgazx ol 0 Xeom jf58ls 5 5l ool Cawdy Jgaz pgaad (F-Y) IS0

eiles (oo sam Jgu | lag)]

oY



JSiiie T5o 10551 Gy 192 (0,8 6l (655w p 1y o0, Gl (oo ipgh cnl o

.mloolo olas (Y-Y) Jgaz jo |, QT &l B,leis BN SlaS 5 as cl )'lf Rz
oyl a4 bgs o (Sig duoyo b ol o 192 saims uSiis SloS 5 (Y-Y) Jgo

192 lonnsd leeS 5 N 05 Ar Co;

‘;}5 M)é «IYA AR o) 0/0‘

29 o end cupe Jogel SLuS 5 nl o plaS i Sig weys g lse LS S e
oyl S |y oy 0 5 SoySlgisd els Jed 5l il wn T an sl il e
O3 LT B T ) MEV (slasil a9 (o e o yd drmbine (Y-F) Jloges
o rd 4 S 98 00y il po JalS GosiadLis jloges (nl 5l Jol (gazt e e
2 Sl S s plpls wslbige VT B SN MEV (6550 oil s o ez hends

dbior FpS sl R 3 Sl S Sl ki 4 S I (g0 i
5 SeySEsd (eels Gla S e n Gl Jliol & o) 4t Gl 4 lalages (nl b
Sl LS5 ) JSase slosle (koo Gl (el dae 5 (ool (JBe AalB L zes s
At )0 dbioe 9o 4 Sond 6 F i (o3 0 g VU (el S sl (nlnle g wdbioe oL
Jloizl e a8l o (5o 210 lgn goyi 5l St G 3 esle b g5 S e Jlexo
GBIl a5 IS8 pa Wil e pite 0y ojlnl 4 axgi b s lge (sopi 0 gip S e
el al o oo Gl cl STy Al Sl g S e n Jlil e (o i glad
o7 il o po polie Joox (nlimlesls plas (F-1) Jgu po 1) 6550 o 2192 (00>
sdal Cawdy slaosls Gub .l ools ylid 795 ddgi 5 SO aSUlgigd (ygielS anT g an o) lga

ool idly 2alS 58 SRl L galS 5 S aSUlgigd anlp 0 Ioe ey chend oo

of



)‘)s‘ff’ )‘ solazw! la \

(sz/ )

Incoherent Scattering

——  Photoelectric Absorption
Pair Production in Electron Field

“““ G oo eV MEV (o3l 10 55l oz I (g2 Bmidil iy (paens (V-T) g0

10°
Photon Energy (MeV)
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Photon energy

Incoher scatter

Photoel.absorb.

Electron pr. Prd.

1.000E-03 1.042E-02 3.639E+03 0.000E+00
1.500E-03 2.122E-02 1.204E+03 0.000E+00
2.000E-03 3.344E-02 5.344E+02 0.000E+00
3.000E-03 5.747E-02 1.644E+02 0.000E+00
3.203E-03 6.193E-02 1.355E+02 0.000E+00
3.203E-03 6.193E-02 1.467E+02 0.000E+00
4.000E-03 7.761E-02 7.652E+01 0.000E+00
5.000E-03 9.315E-02 3.933E+01 0.000E+00
6.000E-03 1.049E-01 2.268E+01 0.000E+00
7.709E-03 1.191E-01 1.056E+01 0.000E+00
7.709E-03 1.191E-01 1.361E+01 0.000E+00
8.000E-03 1.210E-01 1.221E+01 0.000E+00
1.000E-02 1.313E-01 6.321E+00 0.000E+00
1.500E-02 1.469E-01 1.864E+00 0.000E+00
2.000E-02 1.554E-01 7.737E-01 0.000E+00
3.000E-02 1.623E-01 2.204E-01 0.000E+00
4.000E-02 1.629E-01 8.953E-02 0.000E+00
5.000E-02 1.612E-01 4.431E-02 0.000E+00
6.000E-02 1.584E-01 2.487E-02 0.000E+00
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8.000E-02
1.000E-01
1.500E-01
2.000E-01
3.000E-01
4.000E-01
5.000E-01
6.000E-01
8.000E-01
1.000E+00
1.022E+00
1.250E+00
1.500E+00
2.000E+00
2.044E+00
3.000E+00
4.000E+00
5.000E+00
6.000E+00
7.000E+00
8.000E+00
9.000E+00
1.000E+01
1.100E+01
1.200E+01
1.300E+01
1.400E+01
1.500E+01
1.600E+01
1.800E+01
2.000E+01
2.200E+01
2.400E+01
2.600E+01
2.800E+01
3.000E+01
4.000E+01
5.000E+01
6.000E+01
8.000E+01
1.000E+02
1.500E+02
2.000E+02
3.000E+02
4.000E+02
5.000E+02
6.000E+02
8.000E+02
1.000E+03
1.500E+03

1.522E-01
1.459E-01
1.323E-01
1.216E-01
1.060E-01
9.505E-02
8.683E-02
8.034E-02
7.060E-02
6.349E-02
6.283E-02
5.678E-02
5.159E-02
4.404E-02
4.348E-02
3.465E-02
2.890E-02
2.496E-02
2.206E-02
1.983E-02
1.805E-02
1.659E-02
1.537E-02
1.434E-02
1.344E-02
1.267E-02
1.198E-02
1.137E-02
1.083E-02
9.902E-03
9.130E-03
8.481E-03
7.924E-03
7.442E-03
7.021E-03
6.648E-03
5.283E-03
4.408E-03
3.799E-03
2.996E-03
2.487E-03
1.771E-03
1.389E-03
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Abstract:

Concrete as a very important building material has been used in the construction
industry and other structures for many years. If this material is constructed and
maintained in accordance with the proper principles it would have high reliability and
durability. The first step in any repair or improvement project, is reasonable and
accurate assessment of the current state of the structure. But because of the choice of
inappropriate materials, poor quality and lack of maintenance run, particularly in the
hard and corrosive areas failures occur for concrete. Concrete may also declines and
damages during application and as a result, the existing concrete may not be as

originally intended and designed to operate.

In many years, for increasing property of cement and concrete material, the different
physical and development experiments done. During of different research, many method
such as micro silica, image analysis, furnace slag and ..., have been for increasing
quality of concrete. The quality of concrete and cement has been depended of physical,
chemical and mineral properties. In base of this properties, researchers use of suitable
instructions for improving performance of cement and concrete. determination hole and
porosities of concrete is necessary to retrofitting cement and concrete mixture. In
previous research, flash laser method was used to measurement special heat. In order to
improve on this research and increasing quality of concrete, the holes of concrete
checked.

In this study, considering the durability of concrete, locate the air hole in concrete using
Compton scattering of gamma rays in the Monte Carlo method has been used to exploit
those involved in concrete. Materials used in this experiment, cubic concrete is made of
cement with dimensions 15 cm. HPGe detector on one side of the concrete and fountain

137Cs were on the other side of concrete.

The results of positioning holes, obtained by the simulation code and the air hole depth
and spatial resolution both holes Were examined And contrast results obtained. And in
this case, the maximum depth of the air cavity can be etermined. According to the study
A hole in the concrete surface absorbs Most of the attenuation coefficient and energy

and Causes increasing concrete demolition and . The entrance of the detector collimator



between different rods such 1.5, 1, 0.5, 0.25 cm for entrance collimator was determined
and The radius of the crater with the highest contrast and high-resolution 1 cm were

found . the relative error of Contrast was below 5%.

Keywords: Gamma rays Compton scattering, Monte Carlo simulation concrete, HPGe

detector, Concrete, Air hole, Contrast,.
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