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Buildup Effect & the Importance

SR Beamline Shielding Design Calculations
Strong Attenuation
Demand of Quickness
Conservative

Advantages of  Point Kernel Method
& Importance of Buildup Effect



Buildup Effect
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Eo: Incident Energy

X: thickness in the unit of mean free pass(μ-1)

(X=μ*d, μ:attenuation coefficient)

R & Ro  responses with and without attenuation 
medium such as exposure, effective dose, 
ambient dose equivalent



Compositions of 
the ordinary and the heavy concretes

Portland:
NIST  

(http://physics.nist.gov/cgi-bin/Star/)
HCON(Fe):

Y.Asano & .Leuschner
D3-120 DESY

HCON(Ba):
NIST Barite Concrete

(http://physics.nist.gov/PhysicsRefData/)

http://physics.nist.gov/cgi-bin/Star/


Shield thickness 
corresponding to one mean free path



Calculation Methods

Monte Carlo code EGS4 with PHOTX data
up to 40 mfp with considering Bremsstrahlung,      

fluorescence, coherent and incoherent scattering
Isotropic irradiation and spherical geometry
106 history
Radiation quantity exposure, 

effective dose with AP geometry
ambient dose equivalent



Buildup factor of ordinary concrete

The ANSI/ANS data are based on the calculation result data with parallel beam source, and the present work is by 
using the Monte Carlo code, EGS4 with isotropic emission photons, and the development of the low energy 
photon treatments in EGS4 such as K-X ray, L-X ray and Bremsstrahlung. Besides, ANSI/ANS-6.4.3 data are 
without corrections for the neglect of coherent scattering. 



Buildup factor of ordinary concrete



Buildup factor of heavy concrete

Figures show the buildup factors including data of the Portland cement ordinary concrete as a 
function of mean free path for the photon energy and as a function of photon energy for the 
exposure of radiation quantity, respectively. These calculations are performed with 
considering coherent and incoherent scattering. 



Buildup factor of heavy concrete

Exposure buildup factor of heavy concrete for 1.0 & 10 MeV photon



Exposure buildup factor

Exposure buildup factors of heavy concrete and Portland ordinary concrete for 5 & 10 mfp



Exposure buildup factor

The specific features can be found at the energy of around 40 keV for the heavy concrete (Ba), 
and the buildup factors grow up more than 1010 at 40 mfp. The K-edge of photo-electric cross 
section of barium is 37.44 keV so that the specific features around 40 keV are recognized. On the 
other hand, the K edges of photo-electric cross section of iron and silicon are less than 10 keV so 
that the pointy-shaped features disappear in heavy concrete (Fe) and ordinary concrete.



Buildup factor 
(dependency of radiation quantity)

Figures show the ratios of the ambient dose equivalent to the exposure. In these calculation 
results except for 15 MeV photons, the ratios of the heavy concrete (Fe), the heavy concrete 
(Ba) and ordinary concrete are in ranging from about 1.0 to 1.1, 0.7 to 1.05, and 0.9 to 1.2, 
respectively. At 15 MeV, the ratios for each concrete are up to 1.4. 



Buildup factor 
(dependency of radiation quantity)

Figures show the ratios of the effective dose with AP geometry to that of the exposure. In the 
calculations, the ratios of the heavy concrete (Fe), the heavy concrete (Ba) and ordinary concrete are in 
ranging from about 1.0 to 1.1, 0.55 to 1.05, and 0.9 to 1.2, respectively. In both results of the ambient 
dose equivalent and the effective dose, the tendencies of the ratios to the exposure are not changed so 
much with the mean free path, except for the heavy concrete (Ba) with around 40 keV photon energy.



Exposure buildup factor 
(Mixed material dependence)

Figures are energy dependence of the ratio of exposure buildup factors between the Iron 
and Heavy Concrete (Fe) on the assumption of the fixed density, 3.7 g/cm3, and the 
Barium and Heavy Concrete (Ba) on the assumption of the fixed density, 3.35 g/cm3.



Ambient buildup factor 
(Mixed material dependence)

Figures are energy dependence of the ratio of ambient dose equivalent buildup factors 
between the Iron and Heavy Concrete (Fe) on the assumption of the fixed density, 3.7 
g/cm3, and the Barium and Heavy Concrete (Ba) on the assumption of the fixed 
density, 3.35 g/cm3.



Effective dose buildup factor 
(Mixed material dependence)

Figures are energy dependence of the ratio of equivalent dose buildup factors between the 
Iron and Heavy Concrete (Fe) on the assumption of the fixed density, 3.7 g/cm3, and the 
Barium and Heavy Concrete (Ba) on the assumption of the fixed density, 3.35 g/cm3.



Application of heavy concrete to shield 
material of  synchrotron radiation beamlines
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Source spectrum of 
synchrotron radiation beamlines
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Application of heavy concrete to 
synchrotron radiation beamlines

Leakage dose distributions depending on the scattering angle of the synchrotron radiation 
beam from the 3 GeV class beamline. Solid and dotted lines indicate the dose with and 
without considering the build-up effect. Black lines are the case of the heavy concrete (Ba) 
with 10cm in thickness, green lines are for the heavy concrete (Fe) with 15cm thick, red lines 
are for the ordinary concrete with 20cm thick, and blue lines are for lead shield wall with 
0.3cm in thickness. 
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Application of heavy concrete to 
synchrotron radiation beamlines

Leakage dose distribution for the case of the SPring-8 undulator. Solid and dotted lines indicate the 
dose wit and without considering buildup effect. Black, green, red, and blue lines are for the heavy 
concrete (Ba), the heavy concrete (Fe), the ordinary concrete, and lead shield wall.
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Photoneutron shielding
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Photoneutron shielding
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Summary

The build up factors of two heavy concretes were evaluated by using the 
EGS4 code to improve the capability of the various materials for the shield 
wall of the synchrotron radiation beamline hutch. 
By using these data, leakage doses outside the hutch side wall of the 
synchrotron radiation Beamlines of the 3 GeV storage ring and the 8 GeV 
class ring were discussed. As the results, it was cleared that the build up 
effect has a strong influence on the leakage dose estimation outside the 
synchrotron radiation beamline hutch side walls of the heavy concretes as 
well as the ordinary concrete, and the effect infrequently comes up to two 
orders and more. 
For another radiation source, the Photoneutron due to gas bremsstrahlung at 
SPring-8 normal straight section, the leakage dose attenuation factors of the 
heavy concretes were improved in comparison with the ordinary concrete, 
lead, and polyethylene. As the results, the shield ability of the barium 
contained heavy concrete for the Photoneutron is almost the same as that of 
lead, and the iron contained heavy concrete is almost the same as that of the 
ordinary concrete. 
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