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Abstract. According to the reliability theory, the size effect has a great impact on the design value on shear 

strength of metal-plate connector. But little research has been done. So, based on GB/T50329-2002 of China, 

firstly, determining the size of metal-plate at different conditions, size effect tests were then conducted on 

metal-plate connectors composed of a type of Chinese metal-plate and 2# SPF dimension lumber from 

North America. A total of 125 metal-plate connectors are tested at five angles (90°, 60°T, 120°C, 150°

C, 30°T), with Five kinds of widths (50mm，85mm，125mm，150mm，180mm) for each angle. Based 

on the testing data, fitting curve of size effect is presented, and width-effect parameters are estimated with 

SPSS(Statistic Package for Social Science). Results indicate that the width effect is significant; shear 

strength increases with the increase of width, and stays stable after a certain width. 

INTRODUCTION  

Metal-plate connector (MPC) is a main form for light-

frame wood residence [1-4]. In general, the design value 
of shear strength is an important parameter in designing 

MPC joints. But now, the design value of shear strength 

in GB50005-2003 [5] (Wood structure design standard 

in China) is determined by half probability-half 

empirical method which is referred to relative standard 

in Canada, failed to meet the requirements in GB50068-

2001[6]( Unified standard for reliability of building 

structures in China).Besides, designing the shear tests of 
MPC joints by GB50005-2003  didn’t specify the size of 

the plate, only ensuring that the length of plate should be 

as long as possible under the precondition of tooth 

failure. This method, which has to need many attempts 

to determine the Length-width ratio of the metal-plate, 

causes waste of time, materials; the error can’t be 

estimated too. So, in order to specify the size of the plate 

and determine the design value of shear strength of MPC 

joints by the reliability theory, it’s necessary to settle 

the problems of minimum Length-width ratio of the 

metal-plate and the width effect of it. 

Now, the researches of MPC joints are concentrated 

on tension strength[7-11], bending strength[12-14]. But, 

it’s limited on the width effect on shear strength[15-16] 

of MPC joints and minimum Length-width ratio of the 

metal-plate around the world. To settle these problems 

mentioned above, based on GB/T50329-2002[17] 
(Standard for methods testing of timber structures in 

China), a total of 125 MPC joints under 5 angles, each 

includes 5 different sizes of metal-plate were designed 

and tested on the shear strength. 

1. MATERIALS AND METHODS 

1.1 Materials 
Dimension lumbers were obtained from Spruce-Pine-Fir 

#2 grade(SPFⅡ, equal to Grade Ⅲ in China) dimensional 

lumber from North America, whose nominal cross-

section size were 38mm × 89mm, 38mm × 140mm, 

38mm×184mm, 38mm×235mm, 38mm×284mm and 

moisture content was 10.4%-14.3%. 

Metal-plates were obtained from Wood structure of 

CROWNHOMES Technology Company Limited in 

Suzhou China and made by galvanizes steel. It was used 

Q235 steel with yield pressure strength of 276.24MPa, 

tensile yield strength of 352.68MPa, elongation of 0.34. 

The thickness of plate was about 1mm,the weight of 
galvanizing coat was 296g/m2, teeth density was per 

square centimeter of 1.20 and the teeth were 8.4mm long 

and 3.2mm wide (Fig. 1). 

 

Fig. 1. Metal-plate. 

1.2 Size of MPC 

The shear tests of MPC had three failure forms, 
including Shear-Compression, Shear-Tension and Pure 

Shear. The design principle was the length of the metal-
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plate should be as short as possible in the presence of 

these 3 failure forms. Through the pilot test of Length-

width ratio, around 2.7 was selected as Length-width 

ratio for Shear-Tension in 30° and Shear-Compression in 

150°; around 2.1 was selected as Length-width ratio for 

Pure Shear in 90°, Shear-Tension in 60° and Shear-

Compression in 120°, which could meet the demands. 

According to the results of the pilot test of Length-width 
ratio and GB/T50329-2002, the shear tests of MPC joints 

were designed. 

Table 1. Size of MPC joints. 

 A/B/C 

 Size of 

plate(mm) 

Length-

width ratio 

Splicing form of 

dimension lumber 

a 180×350 1.94 f 

b 150×300 2.00 g 

c 125×250 2.00 h 

d 85×175 2.05 i 

e 50×175 3.50 i 

 D/E 

 Size of 

plate(mm) 

length-

width ratio 

Splicing form of 

dimension lumber 

a 180×500 2.78 f 

b 150×400 2.67 g 

c 125×350 2.80 h 

d 85×230 2.70 i 

e 50×200 4.00 j 

Width of plate ranged from 50mm, 85mm, 125mm,  

150mm to 180mm  that were common used in 

engineering. The pure shear in 90° was named A group,  

shear-tension in 60° named B group, shear-compression 

in 120° named C group,  shear-tension in 30° named D 

group,  shear-compression in 150° named E group. Each 

group used 5 different width of plate mentioned above, 
then the width were numbered a, b, c, d, e in descending 

order. This test, the available sizes of dimension lumber 

were insufficient when placing 180mm wide and 150mm 

wide metal-plate. Therefore, two the same size 

dimension lumbers were used to make the splice. The 

splicing form of each dimension lumber with a section 

size of 38mm×235mm putting on left and right,  two the 

same dimension lumber with a section size of 
38mm×235mm in the middle was called f; the splicing 

form of each dimension lumber with a section size of 

38mm×184mm putting on left and right, two the same 

dimension lumber with a section size of 38mm×184mm 

in the middle called was g; the splicing form of each 

dimension lumber with a section size of 38mm×184mm 

putting  on left and right,  one dimension lumber with a 

section size of 38mm×286mm in the middle was called h; 
the splicing form of each dimension lumber with a 

section size of 38mm×140mm putting on left and right,  

one dimension lumber with a section size of 

38mm×235mm in the middle was called i; the splicing 

form of each dimension lumber with a section size of 

38mm×140mm putting on left and right,  one dimension 

lumber with a section size of 38mm×184mm in the 

middle was called j. Size of metal-plate, Length-width 
ratio, splicing form of dimension lumbers were shown in 

Table 1. Based on GB/T50329-2002, parting all MPC 

joints into 25 groups (5 angles×5 widths) by Aa~Ae, 

Ba~Be, Ca~Ce, Da~De, Ea~Ee, each group including 5 

MPC joints. 

 

Fig. 2. Sketch map of MPC. 

1.3 Methods 

It is known that the properties of plate will differ if the 

teeth widths parallel or perpendicular to the plate widths 

and plate lengths. In this paper, just one orientation was 

investigated, teeth widths parallel to plate widths. 
Adopt 200T universal testing machine YAW – 2000 

and the corresponding analysis system, relative position 

of metal-plate and dimension lumbers were shown in 

Figure 2.Based on GB50329-2002, uniform speed was 

needed, and reached ultimate shear strength within 5 - 20 

min. So, this test, selecting equal-displacement loading 

by 1.0± 0.5mm/min and different groups were used 

corresponding loading speed under this standard 

mentioned above. Recording the failure form after the 

test, taking maximum load in the p-Δ curve as test 

results of shear strength of MPC joints. But, if relative 
slip of adjoining dimension lumbers over the larger value 

of 6mm or 6 times of plate thickness, the shear strength 

will be the load instead related to the larger value. So, 

considering the strength correction coefficient, then 

dividing the total length(mm) of shear plane of plate 

which was paralleled to load direction of metal-plate 

connector, the shear strength of metal-plate connector 

(MPa) can be got. 

2. RESULTS AND DISCUSSION 

2.1 Minimum length-width ratio 
All MPC in each group appeared expected failure 

form, based on the tests results, Fig. 3 was drew with the 

width(mm) of plate as the horizontal axis, the Length-

width ratio as the vertical axis. In the Fig. 3, the black 

solid line represents the connection of each minimum 
Length-width ratio, and the black dotted line is the final 

value line. From Fig. 3, when the width of plate is short, 

the Length-width ratio is larger; as the width increasing, 

the Length-width ratio is decreasing. After 85mm, the 

change is not obvious any more. when the width  of plate 

is equal or greater than 85mm,  conventionally,  the 

Length-width  ratio  takes  to  2.05 (90°, 60°T and 120°C)  

or 2.7 (30°T  and 150°C)  can meet  the requirements. 
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For the big size plate, if the Length-width ratio is smaller 

than the 2 numbers above, the failure form for prediction 

may not be appeared. 

 
Fig. 3. Relationship between Length-width ratio and width of metal-plate. 

Table 2. Value of Length-width ratio. 

Width of plate(mm) 150°C,30°T 90°,60°T,120°C 

50 4.00 3.60 

85,125,150,180 2.80 2.05 

Table 3. Shear strength and B value of Shear strength. 

 A/Mpa(B value) B/Mpa(B 

value) 

C/Mpa(B 

value) 

D/Mpa(B 

value) 

E/Mpa(B 

value) 

 

a 
110.91(1.120) 125.22(1.116) 96.24(1.085) 120.41(1.07P6) 85.25(1.139) 

118.31(1.163) 126.89(1.068) 102.05(1.101) -- 86.27(1.077) 
118.99(1.160) 131.33(1.100) 103.55(1.020) 130.90(1.062) 89.91(1.117) 

119.94(1.028) -- 104.01(1.018) 138.90(1.096) 90.39(1.019) 

121.84(1.038) 133.59(1.040) 106.49(0.993) -- 96.04(1.059) 

Mean of B value 1.102 1.081 1.043 1.078 1.082 

Std/COV 0.058/0.053 0.029/0.027 0.042/0.040 0.014/0.013 0.042/0.039 

 

b 
118.25(1.194) 131.26(1.169) 107.39(1.211) 115.26(1.030) 83.00(1.108) 

118.60(1.166) 136.12(1.145) 107.45(1.159) 123.16(1.023) 89.00(1.112) 

120.12(1.171) 136.96(1.147) 107.98(1.064) 130.26(1.057) 90.00(1.118) 

128.13(1.098) 137.40(1.106) 109.50(1.072) -- 92.00(1.037) 

132.09(1.125) -- 111.81(1.042) -- 93.31(1.029) 

Mean of B value 1.151 1.142 1.110 1.036 1.081 

Std/COV 0.035/0.030 0.023/0.020 0.064/0.058 0.015/0.014 0.039/0.036 

 

c 
118.51(1.197) 124.75(1.112) 97.43(1.099) 117.17(1.047) 90.73(1.212) 
121.15(1.191) 132.24(1.113) 102.54(1.106) 122.21(1.015) -- 

127.25(1.241) 134.29(1.124) 104.07(1.025) 124.77(1.012) 95.33(1.184) 

128.22(1.098) 134.50(1.083) 110.52(1.082) 132.56(1.046) 96.58(1.089) 

133.93(1.141) 136.17(1.060) 111.13(1.036) 135.40(1.063) 99.72(1.100) 

Mean of B value 1.174 1.098 1.070 1.037 1.146 

Std/COV 0.049/0.042 0.024/0.021 0.037/0.034 0.020/0.019 0.053/0.046 

 

d 
99.00(1.000) 112.23(1.000) 88.68(1.000) 111.94(1.000) 74.88(1.000) 

101.74(1.000) 118.83(1.000) 92.72(1.000) 120.41(1.000) 80.07(1.000) 

102.57(1.000) 119.43(1.000) 101.49(1.000) 123.24(1.000) 80.51(1.000) 

116.73(1.000) 124.24(1.000) 102.13(1.000) 126.73(1.000) 88.70(1.000) 

117.42(1.000) 128.42(1.000) 107.28(1.000) 127.40(1.000) 90.66(1.000) 

Mean of B value 1.000 1.000 1.000 1.000 1.000 
Std/COV 0/0 0/0 0/0 0/0 0/0 

 

e 
93.85(0.948) 111.12(0.990) 81.85(0.923) 104.33(0.932) 77.43(1.034) 

97.98(0.963) 113.80(0.958) 83.96(0.906) -- 77.69(0.970) 

100.21(0.977) 119.28(0.999) 84.16(0.829) 118.69(0.963) 78.33(0.973) 

101.18(0.867) 121.88(0.981) -- 120.06(0.947) 78.40(0.884) 

109.78(0.935) 123.22(0.959) 88.14(0.822) 128.82(1.011) 78.72(0.868) 

Mean of B value 0.938 0.977 0.870 0.963 0.946 

Std/COV 0.038/0.041 0.016/0.017 0.045/0.052 0.030/0.031 0.062/0.065 

Note: the missing data are existing but can’t be used for processing errors in specimen or occurring abnormal 

phenomena during experiment. 
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Table 4. Variance of analysis on Shear strength of metal-plate joints. 

Performance index Sources of variation Sum of squares Df Mean square F Sig 

 

Shear strength 

among groups 2305.782 4 576.445 13.951 0.000 

within groups 826.410 20 41.320   

summation 3131.191 24    

 

The value of minimum Length-width ratio just needs 

to be equal with the black solid line or greater than it. 
For practical use, a descending line was taken before  

85mm  and  horizontal line after 85mm.So, for 50mm 

width  plate, the  minimum Length-width ratio takes  4 in 

150°C,30°T, and 3.6 in 90°, 60°T,  120°C; for other  

wide plate in this tests, the minimum Length-width ratio 

takes 2.8 in 150°C, 30°T, and 2.05 in 90°, 60°T, 120°C 

as shown in Table 2. This article suggests that the main 

function of length of the plate is fixed  the position of  
plate and  transfers  the  force  uniformly, if   the  failure  

form can be ensured to appear, and the effect of length  

of  the plate can be ignored. So, it’s safe and suitable to 

use the minimum Length-width ratio in Fig. 3 to design 

the size of plate in engineering. 

2.2. Size effects of width  

Sort the shear strength from small to large for each group 

and the ratio of the shear strength of each group to the 

corresponding strength of 85mm width plate is defined 

as B. 

The results are shown in Table 3 which followed the 
above method,  and the  mean value curve of  B for all 

groups are shown in  Fig. 4, and one-way ANOVA is 

shown in Table 4( 90°, other angles are comparable). 

From Table 3, variable coefficients of the shear strength  

are between 1.3%-6.5% which have minor differences, 

indicating that different sizes of  metal-plate  connectors 

have high similarity, also showing that the subsequent 

analysis is scientific. 
 

 
Fig. 4. Relationship between Width of metal-plate and B value 

of Shear strength. 

From Table 3  and  Fig. 4 we can see, the size effect 

is  obvious on the shear strength in 60°T and 120°C; 

from 50mm to 150mm of the plate width,  the shear 

strength increases obviously; and for 120°C, the mean of 

shear strength from 50mm to 85mm increases by a large 

amount by 14.94%,has declines slightly when 180mm; 

the size effect is relatively obvious of the shear strength 

in 30°T, the mean of shear strength from 50mm to 85mm 
slowly increases by 3.84%, almost unchanged from 

125mm to 150mm; the size effect is less obvious of the 

shear strength in 90°and 150°C, from 50mm to 125mm 

of the plate width, the shear strength increases obviously; 

and for 90°, the mean of shear strength from 50mm to 

125mm increases by 6.61%,  has declined slightly from 

125mm to 180mm,and for 150°C, the same situation like 

90° from 50mm to 150mm,  and from 150mm to 180mm,  
the shear strength almost stay unchanged. 

Compared with small size plate, the shear strength 

didn’t increase, but lower of all of 180mm width plates 

and a part of 150mm width plates. The reason is the 

limitation of the loading device, causing eccentricity and 

torsional in large size plate, such as 180mm width plate, 

and not fully utilizing proper performance when 

damaged. So the test results of shear strength were 
smaller, when considering the shear strength of 180mm 

width plate, as the same to 150mm. 

The change of strength is related to many factors, and 

the function of variance analysis is to obtain the 

relationship among various factors through the analysis 

of experimental data, then determine the factors which 

remarkable influenced the shear strength and the degree 

of impact. From one-way ANOVA shown in table 4,the 
derivate square between groups by 2305.782 is greater 

than within groups by 826.410,  which means the effect 

of width on shear strength is far greater than that of 

random error; F=13.951 is far more than 1,  which 

suggests that the difference of shear strength could be of 

great significance for each width,  when significant level 

is 0.05,  P<0.01 for shear strength,  which suggests that 

under the situation of this test, width of plate has a deep 
impact on shear strength. 

 
Fig. 5. Relationship between width of metal-plate and size 

effect parameters. 
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Table 5. Variance of analysis on Shear strength of metal-plate joints.

Angle Estimation of parameters Width(dm) 

b0 b 1 b2 b3 0.5 0.85 1.25 ≥1.5 

90° 1.106 -0.863 1.257 -0.434 0.92 1.01 1.14 1.17 

60°T 1.299 -1.244 1.426 -0.446 0.98 1.00 1.10 1.14 

120°C 0.701 0.290 0.169 -0.124 0.87 1.00 1.09 1.10 

30°T 0.840 0.346 -0.238 0.065 0.96 1.00 1.03 1.04 

150°C 0.906 -0.089 0.404 -0.168 0.94 1.02 1.10 1.11 

2.3 Size effects curve fitting 

The width(dm) of plate to be seen as independent 
variables, B value to be seen as dependent variables, 

then, on the basis of least squares theory, size effect 

curve fitting with SPSS was set up. The fitting curves 

were including logistic, linear, inverse, exponential and 

so on. Taking 90° for example (other angles are 

comparable), as shown in Fig. 5. According to the 

analysis, cubic curve was the best fitted one. The 

Goodness of Fit: R2 was between 76% and 90% among 
90°, 30°T, 60°T, and 60% for 150°C, Sig value was 

below 0.001. Fitted curve as Eq.1, estimation of 

parameters with SPSS for all groups as Table 5, then, the 

size effect coefficients could be got through Eq.1, and 

multiplied shear strength of 85mm width plate for 

relative angles, so, the shear strength was got at any 

angle or any width of metal-plate connector.  

                   y = b0 + b1 x + b2 x
 2+ b3 x

 3           (1)  

Conclusions  

The main points developed from above could be 

summarized as follow: 

For widely used 50mm wide plate, the minimum 

Length-width ratio taking 4.00 in 150°C, 30°T, and 3.60 

in 90°, 60°T,120°C can ensure the normal failure form to 

appear. For widely used 85mm,125mm, 150mm , 
180mm wide plate , the minimum Length-width ratio 

taking 2.80 in 150°C , 30°T , and 2.05 in 90°, 60°T, 

120°C can ensure the normal failure form to appear. 

Size effects of width on shear strength is obvious, the 

shear strength was larger as the width of the plate 

increasing from 50mm to 125mm, and been stable from 

125mm to 180mm. 

The cubic curve fitting with width and B value saw 
Eq.1. For plate at any angle or any width, taking the 

shear strength of 85mm wide plate as the benchmark in 

this paper, we can figure B value out by Eq.1, and 

multiply shear strength of 85mm wide plate for relative 

angles. The shear strength is got for any angle or any 

width of metal-plate connector. 

The conclusions above not only settled the size of 

plate when design shear tests (minimum Length-width 
ratio of plate), but also figured out size effects of width 

which could serve as a theoretical basis for determining 

design value of shear strength of metal-plate connector 

through the reliability theory in China. 
 

The research work was supported by National Key R&D 

Program of China under Grant “2017YFC0703501”. 
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