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Abstract. The size effect is defined as the reduction on the some seismic performance evaluation 
parameters with increasing size. As an important bearing member, the seismic performance and size 
effect of RC beams have been studied extensively over the past few decades, most of them came to the 
same conclusion, in other words, the shear bearing capacity, bending capacity and ductility of 
specimens decrease with the increase of section size. Therefore, for the safety of the structure, some of 
the country's design code have considered the size effect, but most countries have not considered the 
effect of size effect, which needs to be taken seriously.  

Introduction 
For reinforced concrete structure, reinforcement and concrete are two important building materials. 

With the development of high-rise buildings and large spans, the size of the components becomes 
larger and larger, so the requirements of components are higher and higher. At home and abroad, the 
size effect on mechanical properties of reinforced concrete have been extensively analyzed and studied, 
they found that the heterogeneity of the concrete material increased and the randomness increased 
when the size of the specimens increased, therefore, size effect of mechanical properties is an important 
characteristic of concrete materials. In addition, according to the theory of Bazant size effect, the size 
effect of concrete is mainly caused by fracture of crack, some factors, such as the diameter and spacing 
of reinforcement, may affect the size effect of concrete materials. Therefore, the mechanical properties 
of reinforced concrete structure can be influenced by the size effect of the concrete material itself, and 
the size effect of the component may exist. As an important bearing member, the seismic performance 
and size effect of RC beams have been studied extensively over the past few decades.   

Study on shear size effect of reinforced concrete beams 
Lots of research results show that the size effect on shear stress of reinforced concrete beam without 
stirrups is obvious, namely shear stress decreases with increasing member section height when 
component occurs shear failure, and the stirrup ratio and longitudinal reinforcement ratio have an 
important influence on the size effect of shear bearing capacity. 

Research status in other countries 
Knai[1] found that the average shear strength of the cross section was reduced by about 40% when the 
cross section height h increased from 200mm to 800mm, and the safety coefficient decreased with the 
increase of section height when the cross section height increased from 500 mm to 1200 mm, Yu. L [2] 
found that section shear strength reduce about 40.7% and the section size on shear strength of beams 
without stirrup is obvious, and which conclusion has also been Collins [3, 4]. Bogdan and Podgorniak 
[5] tested the shear capacity of reinforced concrete beams, the section height ranged from 125mm to 
1000mm and the concrete strength ranged from 40MPa to 100MPa, the results show that the strength 
of concrete for the improvement of shear bearing capacity of reinforced concrete beam was not very 
obvious, but the shear bearing capacity reduced with the increase of the section size. K H Yang[6] 
tested the shear bearing capacity of deep beams, the section height ranged from 300mm to 1800mm, 
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the results show that the influence of section size on shear bearing capacity is obvious, and size effect 
on bearing capacity of beams with large shear-span ratio was more obvious than the specimens with 
small shear-spa ratio. Ghannoum[7] found that the nominal shear stress was reduced by more than 50% 
when the section height ranged from 90mm to 960mm, and proposed a calculation formula of shear 
bearing capacity, as shown in Eq(1). In addition, Bazant[8] et al. studied the size effect on bearing 
capacity of nearly 300 reinforced concrete beams without stirrup, and obtained the formula of the size 
effect of longitudinal reinforcement ratio and shear span ratio. Walraven [9] found that the failure 
modes of specimens was different when shear-span ratio was different, but the size effect was similar, 
and the bearing capacity of beams decreased with the increase of the cross section height, stirrup may 
decrease but it cannot fundamentally eliminate the size effect of bearing capacity. 
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Research status in China 
Shunbo Zhao and Guofan Zhao[10] tested the steel fiber concrete beams without stirrup to study the 
size effect of shear bearing capacity, the results show that there is a significant size effect on the bearing 
capacity of the oblique section when the cross-section height is greater than 300mm. Fenglan Li [11] 
also found that the shear bearing capacity of the reinforced concrete beam has the size effect, and 
decreases with the increase of the cross-section height. Xiuli du [12] tested the 5 groups of reinforced 
concrete beams under low reversed cyclic loading, the cross-section ranged from 80mm×200mm to 
400mm×1000mm , and then the seismic performance of beams was analyzed, including the hysteretic 
characteristics, bearing capacity, ductility and energy dissipation et.al, the results show that the size 
effect of seismic performance is obvious besides energy dissipation, and the nominal shear stress and 
shear bearing capacity reserve coefficient decrease with cross-section height increase. 

Study on bending size effect of reinforced concrete beams  
For cross sectional flexural performance of reinforced concrete beam, most of the existing theory think 
bending damage of beam caused by longitudinal reinforcement tensile yield, size effect mainly comes 
from the strength of concrete and the cohesive force between reinforcement and concrete, so the size 
effect on the bending capacity of cross section is not obvious, Howerer, the experimental results of 
these conclusions are mostly based on the results of small size specimen test. In recent years, some 
large size specimens were tested, the results show that the bending capacity of cross-section has 
ovbious size effect.  

Research status in other countries 
Research of reinforced concrete beam bending failure is mainly manifested in two aspects, one is the 
size effect on bearing capacity of compressive concrete in the middle of the beams, and the second is 
the size on the deformation capacity of reinforced concrete beams. In 2000, two different sizes of 
reinforced concrete beams under the four-point loading were tested and were calculated by finite 
element method by Ozbol [13], the length, width and height of the first specimen are 3600mm, 200mm, 
100mm respectively, the length, width and height of the second specimen were 7200mm, 400mm, 
200mm respectively, the shear-span ratio is equal to 7.5, and there were no stirrups, and the 
reinforcement ratio of the tensile reinforcement was 7.3%, the results show that the size effect of 
strength is no obvious, but the large size specimen is more brittle after the peak loading, namely, size 
effect of ductility is obvious. In 2008, Belgin [14] tested four groups of overreinforced concrete beams 
without stirrups, the reinforcement ratio of the tensile reinforcement was 3%, the specimens were 
designed according to similar, the results show that the size effect of bending strength is obvious, and 
the size effect of the two dimensional similar beams is more obvious. In order to study the size effect of 
bending of reinforced concrete beams, Alca [15] tested 12 reinforced concrete beam subjected to 
four-point loading, there was no stirrups and compression steel bars, and the tensile reinforcement ratio 
is appropriate, the grade of concrete was 50MPa and 90MPa, three kinds of cross sectional dimensions 
were 150mm×230mm，235mm×360mm，335mm ×515mm, respectively, however, the results show 
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that the bending deformation and bearing capacity of reinforced concrete beams have no obvious size 
effect. Appa et al. [16] designed three different scales of reinforced concrete beams, width and height 
and length of specimens were 50mm×100mm×500mm, 100mm×200mm×1000mm, 200mm×400mm 
×2000mm, respectively, the ratio of the four kinds of tensile reinforcement ratio were designed and 
was 0.15%, 0.3%, 0.6% and 1.0% , respectively, the grade of concrete was 37MPa, so 12 beams under 
four-point loading were tested, the results show that there are obvious size effect on the bending 
behavior of reinforced concrete beams, and the ductility decreases with increases of specimen size 
when the cross sectional height of beam exceeds 200mm. Seong Tae Yi[17] tested the mechanical 
properties and deformation properties of simply supported reinforced concrete beams without stirrups 
and compression steel bars, the four-point loading method is adopted, the section height of specimens 
were 200mm, 350mm and 600mm, respectively, the grade of concrete was 37MPa, shear-span ratio 
was equal to 3.0. the results show that the mechanical properties of the specimens show the obvious 
size effect, the bending strength decreases with the height of the beam, and the compressive strain of 
the compression zone decreases with the size of the specimen. Bigaj[18] tested the bending failure 
properties of reinforced concrete beams longitudinal tensile reinforcement without compression 
longitudinal, the four-point loading method is adopted, single point loading method in the middle of 
span was adopted, the cross sectional size of specimens tested was 50mm×120mm, 100mm×210mm, 
250mm×490mm, respectively, shear-span ratio was 5.5, there are two kinds of tensile reinforcement 
ratio, 0.28% and 1.12% respectively, it is found that the rotational capacity of the plastic hinge region 
has obvious size effect. Ma. Richie J[19] studied the size effect on structural performance of reinforced 
concrete beams under flexure, the size(b×h×l) of specimens was 37.5mm×75mm×675mm, 
75mm×150mm×1350mm, 150mm×300mm×2700mm, 300mm× 600mm×5400mm, there are four 
kinds of arrangement of longitudinal and stirrup, One was that there is neither stirrup nor tension 
longitudinal bar, one was the only tension longitudinal bar that is not stirrup, and the other two were 
both stirrups and tension longitudinal bar, the results show that, for almost all series, the ratio of the 
maximum load and the yield load Pu/Py decreases with increase of dimension of specimen, and the 
ductility decreases as the increase of the specimen size. 

Research status in China 
Xinfeng Zheng[20] studied the size effect on bending performance and seismic performance of high 
strength concrete beams subjected to monotonic loading and reversed cyclic loading, and Zhixin 
Chen[21] studied the size effect on bending performance and seismic performance of normal strength 
concrete beams subjected to monotonic loading and reversed cyclic loading, they all came to the same 
conclusion, and the conclusion is as follows: (1) there is no obvious size effect on cracking load, yield 
load and ultimate load,  (2) reinforced concrete beams have better ductility and rotational capacity of 
plastic hinge, and the size effect is obvious,  (3) the size change has no obvious effect on the stiffness 
degradation of the specimen; (4) there is no obvious size effect of the plastic hinge length, and its length 
is about equal to 1h0; (5) the energy dissipation capacity shows obvious size effect and decreases with 
the increase of section size. Hongyu Zhou [22] studied the size effect on seismic performance of 28 
reinforced concrete beams, the cross sectional height ranged from 200mm to 1000mm, the main 
conclusions are as follows: (1) the strength and deformation capacity of concrete decreases with the 
increase of the section size, which has a negative effect on the flexural capacity of the component, (2) 
with the increase of section size, factors such as steel reinforcement and internal force arm have a 
positive effect on flexural capacity, (3) equivalent plastic hinge length is approximately equal to 1h0, 
and the process of plastic hinge has obvious size effect., the plastic hinge of small size specimen appears 
early and increase with the increase of the section size, (4) the measured pressure strain at the root of 
the specimen decreases with the increase of section size. 
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The application of size effect in design Code 
Some countries in the concrete structure design code considered the influence of size effect on the 
ultimate bearing capacity of RC beams, such as,Concrete structure design code in China GB 
50010-2010 section 6.3.3[23], for the normal bending member without stirrup and bend-up bars, its 
inclined section bearing capacity shall meet the following requirements: 

c h t 00.7V V f bhβ≤ =                                                               (2) 
1/4

h 0(800 / )hβ =                                                                       (3) 

European code EN-1992-1-1:2004 section 6.2.2[24], for member not requiring design shear 
reinforcement, the design value for the shear resistance VRd,c is given by: 

1/3
Rd,c Rd,c ck 1 cp w[ (100 ) ]lV C k f k b dρ σ= +                                  (4) 

Where 
1 200 2.0k d= + ≤                                                  (5) 

Code of practice for design and construction in British BS 8110-1:1997(2002) section 3.4.5.6[25], 
The value of Vc design concrete shear stress is derived from the expression: 

( )1/41/3
c s v m0.79{100 /( )} /V A b d d γ= 400/

                    (6) 

Conclusions 
The size effect is an increasing concern of scholars all over the world. A large number of studies have 
shown that the influence of section size on shear bearing capacity of beams is obvious, especially if the 
stirrup ratio is small or without the stirrup, the size effect is more obvious, and the bending strength 
decreases with the height of the beam, and the compressive strain of the compression zone decreases 
with the size of the specimen. Therefore, in the structure design, if the conclusions based on the small 
size specimen are applied in the large size specimen, the security of the structure or component is 
necessarily reduced. 
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