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Abstract: Wood-plastic composite (WPC) is a kind of composite material 

made from a mixture of natural plant materials such as wood fibers or wood 

powder and special additives. The compressive strength is one of the main 

mechanical properties of WPC, which can be influenced by many factors. In 

this paper, the size effect is investigated by testing WPC specimens with 

proportional size and the same cross-section and different heights. The effect 

of specimen size on load bearing capacity, deformation capacity and strain 

distribution was analyzed. Based on the test data, three groups of stress-strain 

models for WPC were proposed. Based on Weibull brittle fracture theory, the 

relationship between the volume (height) parameter and compressive strength 

is calculated and analyzed by the parameter method, which can serve as a 

reference for research in related fields. 

Keywords: wood-plastic composite, compressive strength, size effect, axial 

compression 

1 Introduction 

With the development of modern society and the appearance of environmental problems, the 

concept of green building emerged. Bamboo and wood have been increasingly studied and applied [1]. 

However, bamboo and wood are limited in toughness and workability due to their properties. Wood - 

plastic composite (WPC) combine the environmental sustainability, appearance and hardness of wood 

with the toughness and workability of plastic. Its main advantages include low water absorption, easy 

cleaning, formaldehyde-free and non-deformable cracking. As building materials, WPC can be used as 

outdoor paving, wall panels and formwork, as well as packaging and 3D printing materials. The raw 

materials for WPC are mainly thermoplastic polymers, wood fibers, wood powder, and the plastic 

matrix is mainly composed of polyethylene (PE), polyvinyl chloride (PVC), polypropylene (PP), 

polystyrene (PS), acrylonitrile - butadiene - styrene terpolymer (ABS). The raw material and matrix are 

processed by extrusion or remodeling. In addition, the processing of WPC also needs flame retardants, 

compatibilizers and coupling agents to improve its properties. Fig. 1 shows that wood powder and wood 

- plastic composite products. 

The WPC made of different materials has different mechanical properties. Jian et al. [2] tested the 

compressive strength of WPC with four formulations and found that the compression performance of 

the specimen with PVC plastic matrix was better than that of PE. Seyyed et al. [3] studied the effects of 
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poplar endothelial powder (IBF), skin powder (OBF) and wood powder (WF) content on the mechanical 

properties of WPCs, and the results showed that the addition of WF alone resulted in higher bending 

strength, bending modulus and tensile strength. IBF/WF composites have higher tensile modulus, and 

IBF/OBF alone can improve the notch impact strength. Thanate et al. [4] studied the influence of plastic 

matrix on the bending properties of WPC. WPCs were made of high-density polyethylene (HDPE), low 

density polyethylene (LDPE), polypropylene (PP), polyvinyl chloride (PVC) and polystyrene (PS). 

WPCs made of PS and PP were found to have stronger bending properties than LDPE, HDPE and PVC. 

WPCs made of LDPE always had the weakest mechanical properties. 

              
    (a) Wood powder                 (b) Wood - plastic composite products 

Fig. 1 Wood powder and wood - plastic composite products 

WPCs made of different proportions of raw materials, particle size and fiber length have different 

mechanical properties. The pretreatment of raw materials and the environmental conditions also affect 

the mechanical properties of the composites [5-7]. Oksman et al. [8] studied the influence of humidity 

on the degree of crosslinking by placing the composite materials in sauna and room temperature. The 

results showed that the crosslinking degree of the composite was the highest in the sauna. The toughness, 

impact strength and creep properties of the crosslinked composites with silane were better than those of 

the composites without. Koay et al. [9] used recycled polystyrene (rPS) and durian shell fiber (DHF) as 

raw materials to study the influence of fiber content on tensile and thermal properties of rPS/DHF 

composites. The results showed that the higher the fiber content, the higher the tensile strength modulus 

and the lower the elongation at break of the composite. Irina et al. [10] compared the mechanical 

properties of three kinds of spruce wood powder composites. The results showed that 20 mesh wood 

powder composites have good bending properties. 

Wang et al. [11] studied the mechanical properties of specimens processed with needle, sheet, strip 

and powdery fibers and found that wood needles had 4.24% higher bending strength and 7.34% lower 

density than sheet, strip and powdery sawdust, and that wood needles with a large aspect ratio were 

most suitable for producing high-performance wood-plastic materials. The mechanical properties of 

WPC can also be improved by pretreatment and surface modification. Zhang et al. [12] carried out 

hydrophobic modification of wood flour and found that the bending strength of WPC after hydrophobic 

modification increased by 17.3%, 26.3% and 27.5%, and the bending modulus increased by 24.4%, 

24.4% and 26.0%, respectively. Zhang et al. [13] prepared PLA-based WPCs by melt blending extrusion 

process using polylactic acid (PLA) and wood powder as raw materials and polyethylene glycol (PEG) 

as compatibilizer. The results showed that with increasing PEG molecular weight, the mechanical 

properties of the composites first increased and then decreased.  

The discovery of the size effect dates back to the renaissance in the 15th century, when Leonardo 

da Vinci argued that "the longest rope of the same thickness is the least strong". The size effect negates 

the invariable mechanical properties of materials. After continuous research, three representative size 

effect theories have been formed in solid mechanics: the statistical size effect theory represented by 

Weibull, the theory of the size effect in fracture mechanics represented by Bazant, and the multifractal 

size effect theory represented by Carpinteri. In 1939, Weibull [14] integrated previous research results 

and proposed the classical Weibull distribution. Freudenthal [15] proved the correctness of Weibull 

distribution by using the distribution probability model of microcracks. Bazant [16-18] believed that 

the size effect was mainly caused by the redistribution of stresses and the localized crack failure caused 

by the release of energy stored in the structure. Based on a large number of experiments, a unified 
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expression was proposed which was to some extent consistent with the plasticity theory or the elasticity 

theory. Carpinteri [19, 20] considered that the macroscopic fracture mechanics theory was no longer 

suitable for describing the fracture behavior due to the disordered microstructure of concrete and the 

interaction of various microdefects, they proposed the multifractal size effect theory.  

At present, the researches on WPC mainly focus on processing methods and modification, 

including improving processing methods, adding modifiers to raw materials or physical and chemical 

methods to improve their mechanical properties and durability, but there are few researches on the 

application in the field of construction and size effect of WPC. In this paper, the WPCs are processed 

into compression components with volume of equal proportions, different height and congruent cross- 

section. The size effect on its mechanical properties is analyzed. The stress-strain model of WPC was 

proposed, and the mechanical properties of WPC were compared with those of other building materials 

to provide a reference for research in related fields. 

2 Materials and methods 

The WPCs used in this paper are from Jiangsu Qianyu WPC Technology Co., LTD. They are made 

of 60 mesh poplar powder and high-density polyethylene with a wood plastic ratio of 6:4, and the 

compatibilizer is HDPE-G-MAH. The processing method is mixing granulation and extrusion molding. 

The specimens in this paper are divided into five groups. The first two groups are numbered as C+W+ 

width + serial number, and the last three groups have cross-sections of 50 mm×50 mm, with 15 identical 

specimens in each group. The heights of the three groups are 50 mm, 100 mm and 150 mm, respectively. 

The specimen number is C+ height + serial number. For example, CW25-1 represents the first specimen 

with a size of 25 mm×25 mm×50 mm, and C100-1 represents the first specimen with a cross-section of 

50 mm×50 mm and a height of 100 mm. The sides of the specimen are marked as A, B, C and D in a 

counterclockwise direction. Vertical and transverse strain gauges are pasted along the center lines of the 

four planes, and the symbol "×" is marked on the top surface. Two displacement gauges with a range of 

50 mm were used to observe the longitudinal compression deformation of the specimens. The 

temperature was between 19ºC and 26ºC, and the humidity was kept basically between 44% and 74%. 

Table 1 Specimens 

Specimen set Width (mm) Thickness (mm) Height (mm) Number 

CW25 25 25 50 15 

CW30 30 30 60 15 

C50 50 50 50 15 

C100 50 50 100 15 

C150 50 50 150 15 

A universal testing machine was used and data was collected by a TDS530 static data acquisition 

instrument. The axial displacement was measured by two displacement meters. The loading device for 

the test is shown in the Fig. 2. First, the force control was applied and then displacement control was 

adopted. When the load reached about 80% of the ultimate load, it was changed to displacement control 

and driven at a speed of 1.2 mm/s until failure. 

 
Fig. 2 Test equipment 

Testing machine 

roof
Spherical hinge

Steel cushion

Strain gage
Ordinary 

displacement

meter
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3 Analysis of Failure Modes 

There are two typical failure modes of specimens. The number of each failure mode is shown in 

Table 2. 

Table 2 Number of each failure mode of the specimen 

Specimen set Model 1 Model 2 Total 

CW25 12 3 15 

CW30 15 0 15 

C50 11 4 15 

C100 12 3 15 

C150 11 4 15 

Total 61 14 75 

3.1 Failure Mode 1 

 

(a) Face A       (b) Face B     (c) Face C      (d) Face D       (e) Top          (f) Bottom 

Fig. 3 State of failure mode 1(C50-1) 

Fig. 3 shows the state of the first failure mode (C50-1). At the beginning of the test there is a 

positive linear relationship between the displacement of the specimens and the load. There is no 

particular phenomenon in the elastic phase. With the increase of the axial compression load, the 

specimen enters the elastic-plastic phase, the axial displacement increases and the height decreases. 

When the load reaches about 80% of the ultimate load, the specimen starts to crack on the chamfered 

edge position and extends in the direction of the two sides adjacent to the centroid. After the two cracks 

intersect, they continue to extend axially from the intersection point to the edge line, and the specimen 

reaches the limit state. The cracks in the vertical plane are Y-shaped or inverted Y-shaped. Some 

inclined cracks of the 50-mm specimen have no intersection point or only cross and extend to the lateral 

line. The cracks are V-shaped or inverted V-shaped at the test duration of 10 minutes. 

3.2 Failure Mode 2 

 
(a) Face A      (b) Face B    (c) Face C       (d) Face D       (e) Top          (f) Bottom 

Fig. 4 State of failure mode 2(C150-3) 

Fig. 4 shows the state of the second failure mode (C150-1). At the beginning of the test there is a 
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positive linear relationship between the displacement of the specimens and the load. There is no 

particular phenomenon in the elastic phase. With the increase of the axial compression load, the 

specimen enters the elastic-plastic phase, the axial displacement increases and the height decreases. 

When the load reaches about 80% of the ultimate load, the specimen starts to crack on the chamfered 

edge position and extends in the direction of the two sides adjacent to the centroid along the axial 

extension to the edge line. Then the specimen splits, the two angles split along the oblique crack, or the 

specimen splits along the intermediate crack. The test duration is about 10 minutes. 

4 Results and Discussion 

4.1 Analysis of volume and height size effect 

4.1.1 Analysis of load displacement 

  
(a) CW25 (b) CW30 

  
(c)C50 (d) C100 

 
(e) C150 

Fig. 5 Load-displacement diagrams for the specimens CW25, CW30, C50, C100 and C150 

Load-displacement curves of the three groups of specimens are shown in Fig. 5. For CW25 and 

CW30, only 5 specimens in each group were obtained due to test failure. 

From Fig. 5, it can be seen that in the initial loading stage of the specimen, most of the load-

displacement changes in a linear relationship, with load and displacement showing a positive linear 
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correlation. When the load increases to about 80% of the ultimate load, the slope of the load-

displacement curve begins to decrease, and the specimen fails when the slope of the curve decreases 

rapidly up to the ultimate load. From Fig. 5, it can be seen that the ultimate load of the CW25 specimen 

is between 14 kN and 18 kN, and the ultimate displacement is about 2 mm. The ultimate load of CW30 

specimens is between 18 kN and 25 kN and the ultimate displacement is between 2.4 mm and 2.5 mm, 

the ultimate load of C50 specimens is between 52 kN and 62 kN and the ultimate displacement is 

between 1.2 mm and 1.4 mm, the ultimate load of C100 is between 48 kN and 55 kN and the ultimate 

displacement is between 2.2 mm and 2.5 mm, the ultimate load of C150 is between 42 kN and 52kN 

and ultimate displacement is between 3.5 mm and 4.0 mm. Therefore, the ultimate load shows a positive 

correlation with the volume and the ultimate displacement does not change significantly. It can also be 

found that there is a negative correlation between the ultimate load and specimen height and a positive 

correlation between the ultimate displacement and specimen height. 

4.1.2 Analysis of stress and strain 

  
(a) CW25 (b) CW30 

  
(c)C50 (d) C100 

 
(d) C150 

Fig. 6 Stress-strain diagrams for the specimens CW25, CW30, C50, C100 and C150 

Fig. 6 shows the relationship between stress and axial strain of three groups of WPC specimens 

under axial load. For CW25 and CW30, only 5 specimens in each group were obtained due to test failure. 

From Fig. 6, it can be seen that as the load increases, the stress of the specimen and the axial strain 

increase accordingly. The trend of change can be divided into three parts. In the linear growth stage, 

stress and strain increase in the same ratio. In the slope reduction stage, that is, when the stress reaches 

about 80% of the limit stress, the speed of strain change decreases and the slope of the stress-strain 

curve decreases. The specimen enters the failure stage when the ultimate stress of the specimen is 
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reached. The bearing capacity of the specimen decreases rapidly until failure. For machine reasons, the 

testing of the first two groups of specimens was completed before the ultimate stress was measured, so 

Fig. 6 only shows the approximate stress-strain trend and elastic modulus. It was found that the ultimate 

stress of C50 is 22-24MPa, that of C100 is 18-21 MPa and that of C150 is 17-19 MPa, so the ultimate 

stress is negatively correlated with height. CW25 has a large dispersion due to the nature of the specimen 

itself. 

4.1.3 Analysis of the relationship between mechanical properties and volume 

  
(a) Ultimate load (b) Ultimate stress 

  
(c) Ultimate displacement (d) Elastic modulus 

 
(e) Coefficient of compressibility 

Fig. 7 Relationship between mechanical properties of specimens and volume 

Fig. 7 shows the relationship between the ultimate load, ultimate displacement, ultimate stress and 

the elastic modulus of three groups of specimens and their volumes. 

As can be seen from the Fig. 7, except the ultimate load increases with the increase of specimen 

volume, while the other three properties decrease with the increase of specimen height. In Fig. 7(a), 

after regression analysis and calculation, the relationship between ultimate load and specimen volume 

can be expressed in Equation (1): 

        
0.560.049P V          

(1)
 

The determining coefficient:
2 0.983R  . 

As shown in Fig. 7(b), the ultimate stress decreases with the increase of specimen height. After 

regression analysis and calculation, the relationship between the two can be expressed in Equation (2): 

     
0.09870.94V     

(2)
 

The determining coefficient:
2 0.589R  . 
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According to the above analysis and figure, there is no obvious functional relationship between 

the elastic modulus, the compression coefficient and the ultimate strain and volume. 

 
 

(a) Ultimate compressive strength (b) Ultimate displacement 

  

(c) Ultimate axial strain (d) Elastic modulus 

 
(e) Coefficient of compressibility 

Fig. 8 Relationship between mechanical properties of specimens and height  

4.1.4 Analysis of relationship between mechanical properties and height 

Fig. 8 shows the relationship between ultimate load, ultimate displacement, ultimate stress, 

ultimate strain and elastic modulus of three groups of specimens and their height. 

As can be seen from the Fig. 8, except the ultimate displacement increases with the specimen 

height, the other three properties all decrease with the increase of specimen height. In Fig. 8(a), after 

regression analysis and calculation, the relationship between ultimate compressive strength and 

specimen height can be expressed in Equation (6): 

    
0.2361.09H    (6) 

The determining coefficient:
2 0.999R  . 

As shown in the Fig. 8(b), the ultimate displacement increases with the increase of specimen height. 

After regression analysis and calculation, the relationship between the two can be expressed in Equation 

(7):  
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       0.021 0.16s H    (7) 

The determining coefficient:
2 0.993R  . 

As shown in the Fig. 8(d), the elastic modulus decreases with the increase of specimen height. 

After regression analysis and calculation, the relationship between the two can be expressed in Equation 

(9):   

    4.00 2254.09E H      (9) 

The determining coefficient:
2 0.987R  . 

It can be seen from the figure that the ultimate strain and compression coefficient of WPC with 

different heights are similar, and no obvious relationship with height is found. 

The test data analysis is shown in Table 3. 

Table 3 Statistics of test results 

Group Property 

index 
maxP  

(kN) 

s 

(mm) 
0  

(MPa) 
0

610

y

（ ）
 0

610

x

（ ）

 vA:C vB:D E 

(MPa) 

a   

g/cm3 

CW25 AVG 15.70 2.48 25.11 0.010 0.0074 0.43 0.40 1863 0.0495 1.443  
SDV 1.43 2.28 2.28 0.0034 0.0012 0.097 0.072 662.694 0.00922 0.0659  

 COV 
 

0.091 0.92 0.091 0.33 0.16 0.23 0.18 0.356 0.186 0.0457 

CW30 AVG 22.49 2.01 25.00 0.013 0.0088 0.46 0.48 2047 0.0334 1.441  
SDV 2.038 0.14 2.26 0.0056 0.0025 0.098 0.089 106.548 0.00238 0.0231  
COV 0.091 0.071 0.091 0.44 0.28 0.21 0.19 0.0521 0.0713 0.0161 

C50 AVG 60.94 1.22 24.38 0.019 0.011 0.44 0.46 2059 0.024 1.375  
SDV 1.85 0.29 0.74 0.0023 0.0024 0.098 0.084 143.01 0.0058 0.01  
COV 0.030 0.24 0.030 0.12 0.22 0.22 0.18 0.069 0.24 0.0059 

C100 AVG 52 2.15 20.80 0.020 0.0097 0.37 0.38 1823 0.022 1.35  
SDV 2.28 0.35 0.91 0.0040 0.0030 0.12 0.092 271.17 0.0035 0.0084  
COV 0.044 0.16 0.044 0.20 0.31 0.34 0.24 0.15 0.16 0.0062 

C150 AVG 47.25 3.30 18.78 0.016 0.0074 0.43 0.41 1665 0.022 1.37  
SDV 2.63 0.34 1.04 0.0037 0.0020 0.36 0.080 208.26 0.0023 0.0049  
COV 0.056 0.10 0.056 0.23 0.27 0.83 0.195 0.13 0.10 0.0036 

Note: Pmax is the ultimate load, s is the ultimate displacement,σ0 is the ultimate stress,εy0 is the longitudinal 

ultimate strain,εx0 is the transverse ultimate strain, vA:C is the average poisson's ratio of surface A and surface C, 

vB:D is the average poisson's ratio of surface B and surface D, E is the elasticity modulus, a is the compression 

coefficient, which is the ratio of ultimate displacement to original height,   is the density. AVG is the average, 

SDV is the standard deviation, COV is the coefficient of variation. 

5 Theoretical Analysis 

5.1 Stress-strain model 

Fig. 9 shows the nonlinear relationship between stress and strain, which can be approximated by 

the red curves. 

  
(a) C50 (b) C100 
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(c) C150 

Fig. 9 Fitting of the stress-strain model 

The stress-strain model of WPC in this paper refers to the model in [25], which can be expressed 

in its original form in Equation (11): 

 

n

k
E E

 


 
   

 
  (11) 

In order to make the model more consistent with the stress-strain relationship of WPC, a coefficient 

a is added in front of the
E


term, then the new model can be expressed as (12):   

 

n

a k
E E

 


 
   

 
  (12) 

According to Equation (12), the stress-strain model of WPC with different heights was fitted, as 

shown in Fig. 9. The equation for each group is as follows: 

 C50： 
2.290.058 62.07( )

E E

 
     (13) 

2 0.826R  . 

 C100： 
6 4.620.59 8.6 10 ( )

E E

 
     (14) 

2 0.993R  . 

 C150: 
3.610.22 3305.72( )

E E

 
    (15) 

2 0.914R  . 

The relationship between parameters and height obtained through regression analysis and 

calculation is shown in Fig. 10: 

 
Fig. 10 Relationship between parameters and specimen height 
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As can be seen from the Fig. 10, the coefficient a initially increases and then decreases with 

increasing specimen height, while the coefficient k initially decreases and then increases again with the 

specimen height. The coefficient n basically remains unchanged. After regression calculation and 

analysis, the relationship between the three parameters and the height of the specimen is as follows: 

 
3 2 7 77.52 10 0.17 10 11.21 10a H H           (16) 

 
3 2 7 72.13 10 0.05 10 3.56 10n H H        (17) 

 
6 27.75 10 0.0013 0.85k H H       (18) 

5.2 Analysis of size effect 

The Weibull distribution (based on the theory that the weakest link in the chain will cause failure) 

was used to analyze the effect of specimen size on the compressive strength of WPC, and the non-

parametric statistical method was adopted to calculate the size effect coefficient of WPC [24]. Weibull 

proposed the weakest chain theory [15], according to which the material consists of several small units 

and the failure of any unit in the material is considered as failure. The failure probability of the structure 

at any volume can be determined as follows: 

 ( ) 1 exp
r

V
F

V







   
     

    

  (19) 

Where: Vr is unit volume, is uniformly distributed stress; α is the size parameter and β is the 

shape parameter. If both specimens conform to the Weibull distribution, the failure probability of both 

specimens are the same: 

 1 1 2 21 exp 1 exp
r r

V V

V V

 
 

 

         
             

            

  (20) 

∴ 1 1 2 2

r r

V V

V V

 
 

 

      
        

      
  (21) 

∴  

1

1 1 1 1 1 1

2 2 2 2 2 2

v h w tS S S S

V V H W T

V V H W T





         
           
         

  (22) 

Where: Sv is the size effect coefficient, Sh is the height size effect coefficient, Sw is the width size 

effect coefficient; St is thickness size effect coefficient. Taking the logarithm of formula (18) twice, the 

Equation is as follows: 

   ln ln 1 ( ) ln ln ln lnrF V V            (23) 

Since the failure probability 𝐹(𝜎) and unit volume Vr are constant, 𝑙𝑛 𝜎has a linear relationship 

with𝑙𝑛 𝑉. As lnT and lnW are constant, so ln H and ln  are linear. When the width and thickness 

of the specimen are the same, the Equation can be written as: 

  ln ln ln ln lnV HWT H W T      (24) 

Therefore, the size effect coefficient can be calculated by fitting the logarithm of the compressive 

strength and the volume of the WPC specimen, and the height size effect coefficient can be calculated 

by fitting the logarithm of the compressive strength and the height of the WPC specimen with different 

heights. The compressive strength corresponding to percentile was estimated using a nonparametric 

statistical method. By counting the percentile as PX, a set of observations can be divided into two parts, 

where theoretically there are X% of the observed ratio less than and (100-X) % of the observed ratio is 

greater than PX. The data samples of the population are sorted in order from smallest to largest, with n 

being the total number of samples. Calculate i to obtain Equation (25): 
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100 1

X i

n



  (25) 

j is defined as the smallest positive integer greater than or equal to i, and the percentile PX is 

calculated by the linear interpolation method. 

    1 1 1 ( 1)
100

X j j j

X
P X X X n j 

 
      

 
  (26) 

The compressive stress values corresponding to the 24 percentiles (4%, 8%, ···, 92%, 96%) were 

estimated with 3 stress values for each percentile. Linear regression analysis was conducted with the 

logarithm of compressive stress percentile value as ordinate and logarithm of specimen volume and 

height as ordinate. The slope of the line was the size effect coefficient of the percentile point. 

Fig. 11(a) shows the relationship between the 24 percentiles and the volume coefficient. It can be 

seen from the Fig. 11 that the volume size effect coefficient decreases with the increase of the 

percentiles. Table 4 shows that the regression equation of the volume-size effect coefficient is P < 0.05, 

indicating that the regression equation is significant. The equation of the slope and intercept of t test, 

|t| > t0.05, it shows that the slope is significantly different from zero, the size effect coefficient Sv is not 

constant. Therefore, the volume size effect coefficient Sv has a linear relationship with the percentile Pc:  

 0.001 0.168v cS P     (27) 

 
 

(a) (b) 

Fig. 11 Analysis of the height size effect coefficient and percentile 

Fig. 11(b) shows the relationship between the 24 percentiles and the height size effect coefficient. 

It can be seen in Fig. 11(b) that the height size effect coefficient increases with the percentiles. Table 

4 shows that the regression equation of the height size effect coefficient is P < 0.05, indicating that the 

regression equation is significant. The equation of the slope and intercept of t test, |t| > t0.05, it shows 

that the slope is significantly different from zero, Sh is not constant. Therefore, the height size effect 

coefficient Sh has a linear relationship with percentile Pc:  

 0.002 0.171h cS P     (28) 

Table 4 Regression analysis of height size effect coefficient and percentile 

 Model Coefficient Standard error t p 

Sv Intercept 0.168 0.012 13.871 0 

Slope -0.001 0 -3.007 0.006 

Sh Intercept -0.171 0.031 -5.573 0 

Slope 0.002 0.001 4.64 0 

Table 5. shows the size effect model of different materials. It can be seen from the table that the 

size effect of concrete is calculated according to the ratio between the size of the specimen and the 

standard size, the proportion coefficient of concrete is related to the property parameters of raw 

materials. While studies on wood-plastic or other bamboo and wood materials are mostly based on the 

ratio rule of different sizes, the determination of proportion coefficient needs further research. 
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Table 5 Comparison of size effect of different materials 

References Materials Size effect expression Note 

This paper WPC 
1 1

2 2

vS

V

V





 
  
 

, 0.001 0.168v cS P    

1 1

2 2

hS

H

H





 
  
 

, 0.002 0.171h cS P   

 

[22] Orthogonal 

glulam of Larch 

(along grain) 

1 1 1 1

2 2 2 2

L W TS S S

L W T

L W T





     
      
     

 

0.349 0.278L cSS P    

0.349, 0W TS S   

𝜎1 and 𝜎2 are the compressive 

strength of two specimens, 𝐿1 

and 𝐿2 are the length of 

those, 𝑊1 and 𝑊2 are the 

width, 𝑇1 and 𝑇2 are the 

thickness, 𝑆𝐿 𝑆𝑊 and 𝑆𝑇 are 

the corresponding three 

coefficients, 𝑃𝐶𝑆 is the 

percentage. 

[23] Concrete 0.112

, 150

co

c

f D

f



 
  
 

 
𝑓𝑐𝑜 is the peak axial stress, 𝑓𝑐

,
 is 

the compression strength of a 

standard concrete specimen with 

diameter of 150 mm, 𝐷 is 

diameter of cylinder concrete 

specimen. 

[24] Concrete-filled 

steel tube 

( )

,150 150

K

u

u

D






 
  
 

 

,

y

c

f

f
   

0.460.092 0.12( 1.5)
( )

0(
K

 




  
 

 ）
 

𝜎𝑢 is peak stress of concrete-

filled steel tube column with 

diameter of D, 𝜎𝑢,150 is peak 

stress of concrete-filled steel tube 

column with diameter of 150 mm 

 is ratio of the steel area over 

the concrete area, 𝑓𝑦 is yield 

strength, 𝑓𝑐
,
 is peak stress of 

unconfined concrete column with 

diameter of 150 mm. 

[25] High-performance 

fiber-reinforced 

concretes 

(HPFRC) 

1

1 1

2 2

mV

V





 
  
 

 
HPFRC1 having no fiber, 

m=8.69, HPFRC2 containing 

1.0% macro hooked fibers 

blended with 0.5% micro smooth 

fibers by volume, m=8.74. 

6 Conclusions 

In this paper, three groups of specimens with equal volume increase and three groups of specimens 

(including the previous 15) with the same cross section and equal height increase were tested for the 

compressive properties of WPC, and the conclusions were as follows: 

(1) The compression failure modes of WPC can be mainly divided into two types: V - or Y-shaped 

splitting failure and detachment failure. 

(2) Based on the Ramberg-Osgood model and test data, three groups of stress-strain models for WPC 

were obtained, and the simulated results were in good agreement with the test results. 

(3) The mechanical properties of each specimen were analyzed. A negative relationship between 

ultimate load and volume was shown. The ultimate displacement correlated positively with height, 

while the ultimate load correlated negatively with height. 

(4) According to Weibull brittle fracture theory, the relationship between size effect coefficient and 

percentile is analyzed by parametric method. The relationship between the volume size effect 

coefficient and percentile and the relationship between the height size effect coefficient and 

percentile are obtained. 
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(5) The development and application of WPC in the construction field and other stressed components 

need further research, such as the fire resistance, the influence of slenderness ratio on mechanical 

properties and methods of strengthening WPC components. 
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