
材料试验 AG-X plus

复合材料剪切试验

摘要：本文使用岛津公司 AG-X plus 电子万能试验机，复合材料剪切夹具，根据 ASTM D5379 ISO14129 和 ASTM D7078 三种测试
标准要求，采用位移速度对复合材料进行剪切试验。试验证明，岛津公司 AG-X plus 可满足试验标准的各项指标要求。
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因为碳纤维强化塑料（CFRP）与以往的材料相比，具有高强
度高刚性，且不会氧化生锈等特点，特别适用于强度和耐久性要
求较高的工业产品。CFRP 复合材料不同于以往的均质材料，具
有各向异性，在承受载荷的应力主轴方向呈现出拉伸、压缩、弯曲、
面内剪切、面外剪切或兼有上述动向的复杂断裂现象。近年来，
为了减少试制次数，降低新产品开发的成本，CAE 分析被广泛应
用。为了提高对所设计产品的性能预测精度，需要采集各种数据，
因此，在进行 CFRP 试验时，对于分别测量各断裂现象的试验方

法的要求越来越高。评价复合材料的试验方法有多种。其中，作
为面内剪切试验方法，以纤维强化复合材料的纤维方向或织物层
压材料为目标，在设有缺口的样片上取非对称的 4 个点加载弯曲
负荷的 Iosipescu 法（ASTM D5379），以及在 ±45 的层压材料
上加载拉伸负荷的方法（ISO 14129）最为普及。本次试验使用 

V-Notched Rail Shear 法（ASTM D7078），能够稳定进行面内剪
切试验。另外，因样片的测量部位较大，可同时适用于无孔样片
及短纤维系列 CFRP 层压材料的测量。

■实验部分
1.1 仪器
AG-X plus 电子万能试验机  复合材料剪切夹具  

1.2 分析条件 

速度控制方式：位移速度控制
试验温度：室温
加载试验速率：2mm/min

传感器容量：50KN

软件：TRAPEZIUM X( 单一试验 )

试验夹具：复合材料剪切夹具

■试验介绍
2.1 测量系统
图 1 为 ASTM D7078 中规定的样片信息。样片为［0/90］ 

10 s 的交差层压材料，将东丽公司生产的 T800S 预浸料通过热压
罐成型。样片上 31 mm 为测量部分（参照图 1），为了测量 -45°
以及 45°方向的变形，将 2 轴式应变仪粘贴于加工有上下 V 型缺
口的中央部位（标定部位中央）。将上述两个应变仪测得的应变
数值代入公式，可求出剪切应变值，这是评价剪切弹性模量所不
可或缺的特性数据。本次试验中在样片正面与背面分别设置了应

图 1 样片形状

变仪。通过读取应变仪的输出数值并计算平均值，可准确得到样
片上出现的剪切应变信息，由此确认样片正面与背面对称加载时
的剪切应变负荷。图 2 和图 3 为试验的状况。通过 TRViewX（非
接触式引伸计）得到的观察图像与从试验机得到的样片应力及应
变仪的输出值相同，因此与各种数据进行比较的同时，可相对简
单地对以往试验计量系统难以掌握的 CFRP 断裂过程进行评价。
此 外， 根 据 TRViewX 观 察 图 像， 可 以 通 过 DIC（Digital Image 

Correlation）分析评价变形分布。为了进行 DIC 分析，需要使用
喷涂式涂料。试验前在样片表面上喷出不规则图案。
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 Introduction
Carbon fiber reinforced plastic (CFRP) do not oxidize or 
rust and have a higher specific strength and stiffness 
than existing materials. Applications of CFRP are being 
investigated, with a focus on applications as industrial 
products that require strength and durability. Compared 
to exist ing homogeneous materials, composite 
materials like CFRP are anisotropic, and display complex 
failure behaviors as a result of tension, compression, 
bending, in-plane shear, out-of-plane shear, or a 
combination of these stresses arising from loading in 
the principal-axis direction. In recent years, use of CAE 
analysis in industry has become widespread since it can 
reduce numbers of prototypes and reduce the cost of 
new product development. Because values for each of 
the stress properties stated above are needed to 
i n c rea se  p re c i s i on  when p red i c t i ng  p roduc t 
characteristics during product design, there is a strong 
demand for test methods able to evaluate pure failure 
behaviors in CFRP.
There are various tests methods for evaluating 
composite materials. Of these methods, two commonly 
used in-plane shear test methods to test in the direction 
of fibers in fiber reinforced composite materials and to 
test textile laminated materials are the Iosipescu 
method (ASTM D5379) that applies an asymmetrical 
four-point bending load to a specimen cut with 
notches, and method (ISO 14129) that applies a ±45˚ 
tensile load on laminated materials. We used the 
V-notched rail shear method (ASTM D7078) that can be 
used to test in-plane shear. Because this method uses a 
large gauge area on the specimen, it can accommodate 
specimens without holes and CRFP laminate materials 
that have discontinuous fibers.

 Measurement System
The equipment configuration is shown in Table 1. 
Information on the specimen prescribed by ASTM D7078 
is shown in F ig. 1. The specimen is a [0/90]10s 
orthogonally laminated material made from Toray T800S 
prepreg that was molded in an autoclave. The specimen 
has a 31-mm evaluation area (see Fig. 1), and two-axis 
strain gauges attached at the mid-point between the 
V-notches (center of evaluation area) that are able to 
measure strain in –45˚ and +45˚ directions. Shear strain 
can be calculated by inserting the strain values obtained 
from these two strain gauges into equation (1). Shear 
strain is a property needed to evaluate the shear 
modulus.

. Equation (1)
: Shear strain

: Strain at +45˚

+45 +=ε –45εγ
γ

+45ε
: Strain at –45˚–45ε

In this test, strain gauges were attached on both the 
front and rear of the specimen. Calculating the mean of 
outputs obtained from strain gauges on both sides 
allows for more accurate measurement of the shear 
strain in the specimen, and confirms whether shear 

strain is being applied symmetrically on the front and 
rear of the specimen.

Testing Machine : AG-50kNX plus
Load Cell : 50 kN
Test Jig : ASTM D7078 jig
Software : TRAPEZIUM X (Single)
Test Speed : 2 mm/min

Table 1  Test Conditions
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Fig. 1  Shape of Specimen

Fig. 2  Testing Apparatus

Fig. 3  Imaging Apparatus
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The testing and imaging apparatus are shown in Fig. 2 
and Fig. 3. Images captured using a TRViewX (Shimadzu 
Digital Video Extensometer) were gathered simultaneous 
to values obtained from the strain gauge outputs and 
specimen stress obtained by the testing apparatus. This 
made it easy to compare and evaluate images of the 
CFRP failure process against each specimen property 
values, something that was difficult to perform only with 
previous testing systems. Strain distribution can also be 
evaluated using digital image correlation (DIC, ARAMIS, 
GOMmbH) analysis of the images captured by TRViewX. 
To perform DIC analysis, paint must be sprayed on the 
specimen surface to create a random pattern on the 
front surface of the specimen.

 Analytical Results
Each specimen property value obtained from this test 
is shown in Table 2. A photograph of the specimen 
after testing is shown in Fig. 4, a shear stress-normal 
strain curve is shown in Fig. 5 (strain values obtained 
from strain gauges), a shear stress-shear strain curve 
is shown in Fig. 6 (shear strain calculated from 
Equation (1)), and a shear stress-stroke curve is 
shown in Fig. 7. Table 2 shows that the results 
obta ined for each shear property were h ighly 
reproducible. Fig. 5 and Fig. 6 show that the same 
strain values were obtained from the front and rear 
strain gauges, and highly symmetrical shear strain 
was applied to the specimen.

Table 2  Test Results

Specimen Shear Modulus 
[GPa]

Shear Strength 
[MPa]

Test 1 4.63 121.72
Test 2 4.55 120.00
Test 3 4.58 120.05
Mean 4.59 120.60

Plastic deformation
caused by shearing
P
cc

Fig. 4  Specimen After Testing
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Fig. 5  Shear Stress-Normal Strain Curve
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Fig. 7  Shear Stress-Stroke Curve

Failure of the specimen is shown in Fig. 8. A crack 
that appears c lose to the upper notch quickly 
propagates down toward the bottom notch during a 
simultaneous decrease in test force. Images of the 
shear strain distribution obtained by DIC analysis are 
shown in Fig. 9. The amount of strain occurring in 
the specimen is shown in terms of color, with low 
strain areas in cooler colors (black and blue) and high 
strain areas in warmer colors (orange and red). The 
images show that as the test progresses strain 
accumulates and is localized between the V-notches.

■结果与讨论
3.1 试验结果
表 1 为本次试验中采集的各种数据；图 4 为试验后的样片照

片；图 5 为剪切应力 - 应变线（应变值为从应变仪读取的数值）；
图 6 为剪切应力 - 剪切应变线图（剪切应变值为根据公式（1）
算出的数值）；图 7 为剪切应力 - 位移线图。通过表 1 可知，各
种剪切数据说明重复性良好。由图 5 和图 6 可知，由于样片表面
与背面的应变仪显示出相同的输出值，可以推测样片上加载有对
称且剪切应变良好的载荷。图 8 为样片的断裂状况。由图可知，
在上部缺口附近出现的龟裂随着试验受力的急剧降低而向下部缺
口方向延伸。图 9 为通过 DIC 分析得到的剪切应变分布图像。样
片上出现的应变量以相应的颜色表示。应变量较小的部位以冷色
（黑色、蓝色）表示，应变量较大的部位以暖色（橘色、红色）
表示。随着试验的进展，发现 V 型缺口间的局部出现应变集中现
象。

图 2 正在试验
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 Introduction
Carbon fiber reinforced plastic (CFRP) do not oxidize or 
rust and have a higher specific strength and stiffness 
than existing materials. Applications of CFRP are being 
investigated, with a focus on applications as industrial 
products that require strength and durability. Compared 
to exist ing homogeneous materials, composite 
materials like CFRP are anisotropic, and display complex 
failure behaviors as a result of tension, compression, 
bending, in-plane shear, out-of-plane shear, or a 
combination of these stresses arising from loading in 
the principal-axis direction. In recent years, use of CAE 
analysis in industry has become widespread since it can 
reduce numbers of prototypes and reduce the cost of 
new product development. Because values for each of 
the stress properties stated above are needed to 
i n c rea se  p re c i s i on  when p red i c t i ng  p roduc t 
characteristics during product design, there is a strong 
demand for test methods able to evaluate pure failure 
behaviors in CFRP.
There are various tests methods for evaluating 
composite materials. Of these methods, two commonly 
used in-plane shear test methods to test in the direction 
of fibers in fiber reinforced composite materials and to 
test textile laminated materials are the Iosipescu 
method (ASTM D5379) that applies an asymmetrical 
four-point bending load to a specimen cut with 
notches, and method (ISO 14129) that applies a ±45˚ 
tensile load on laminated materials. We used the 
V-notched rail shear method (ASTM D7078) that can be 
used to test in-plane shear. Because this method uses a 
large gauge area on the specimen, it can accommodate 
specimens without holes and CRFP laminate materials 
that have discontinuous fibers.

 Measurement System
The equipment configuration is shown in Table 1. 
Information on the specimen prescribed by ASTM D7078 
is shown in F ig. 1. The specimen is a [0/90]10s 
orthogonally laminated material made from Toray T800S 
prepreg that was molded in an autoclave. The specimen 
has a 31-mm evaluation area (see Fig. 1), and two-axis 
strain gauges attached at the mid-point between the 
V-notches (center of evaluation area) that are able to 
measure strain in –45˚ and +45˚ directions. Shear strain 
can be calculated by inserting the strain values obtained 
from these two strain gauges into equation (1). Shear 
strain is a property needed to evaluate the shear 
modulus.

. Equation (1)
: Shear strain

: Strain at +45˚

+45 +=ε –45εγ
γ

+45ε
: Strain at –45˚–45ε

In this test, strain gauges were attached on both the 
front and rear of the specimen. Calculating the mean of 
outputs obtained from strain gauges on both sides 
allows for more accurate measurement of the shear 
strain in the specimen, and confirms whether shear 

strain is being applied symmetrically on the front and 
rear of the specimen.

Testing Machine : AG-50kNX plus
Load Cell : 50 kN
Test Jig : ASTM D7078 jig
Software : TRAPEZIUM X (Single)
Test Speed : 2 mm/min

Table 1  Test Conditions
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Fig. 3  Imaging Apparatus
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 Introduction
Carbon fiber reinforced plastic (CFRP) do not oxidize or 
rust and have a higher specific strength and stiffness 
than existing materials. Applications of CFRP are being 
investigated, with a focus on applications as industrial 
products that require strength and durability. Compared 
to exist ing homogeneous materials, composite 
materials like CFRP are anisotropic, and display complex 
failure behaviors as a result of tension, compression, 
bending, in-plane shear, out-of-plane shear, or a 
combination of these stresses arising from loading in 
the principal-axis direction. In recent years, use of CAE 
analysis in industry has become widespread since it can 
reduce numbers of prototypes and reduce the cost of 
new product development. Because values for each of 
the stress properties stated above are needed to 
i n c rea se  p re c i s i on  when p red i c t i ng  p roduc t 
characteristics during product design, there is a strong 
demand for test methods able to evaluate pure failure 
behaviors in CFRP.
There are various tests methods for evaluating 
composite materials. Of these methods, two commonly 
used in-plane shear test methods to test in the direction 
of fibers in fiber reinforced composite materials and to 
test textile laminated materials are the Iosipescu 
method (ASTM D5379) that applies an asymmetrical 
four-point bending load to a specimen cut with 
notches, and method (ISO 14129) that applies a ±45˚ 
tensile load on laminated materials. We used the 
V-notched rail shear method (ASTM D7078) that can be 
used to test in-plane shear. Because this method uses a 
large gauge area on the specimen, it can accommodate 
specimens without holes and CRFP laminate materials 
that have discontinuous fibers.

 Measurement System
The equipment configuration is shown in Table 1. 
Information on the specimen prescribed by ASTM D7078 
is shown in F ig. 1. The specimen is a [0/90]10s 
orthogonally laminated material made from Toray T800S 
prepreg that was molded in an autoclave. The specimen 
has a 31-mm evaluation area (see Fig. 1), and two-axis 
strain gauges attached at the mid-point between the 
V-notches (center of evaluation area) that are able to 
measure strain in –45˚ and +45˚ directions. Shear strain 
can be calculated by inserting the strain values obtained 
from these two strain gauges into equation (1). Shear 
strain is a property needed to evaluate the shear 
modulus.

. Equation (1)
: Shear strain

: Strain at +45˚

+45 +=ε –45εγ
γ

+45ε
: Strain at –45˚–45ε

In this test, strain gauges were attached on both the 
front and rear of the specimen. Calculating the mean of 
outputs obtained from strain gauges on both sides 
allows for more accurate measurement of the shear 
strain in the specimen, and confirms whether shear 

strain is being applied symmetrically on the front and 
rear of the specimen.

Testing Machine : AG-50kNX plus
Load Cell : 50 kN
Test Jig : ASTM D7078 jig
Software : TRAPEZIUM X (Single)
Test Speed : 2 mm/min

Table 1  Test Conditions

Strain gauge

90˚

31
.0

56
.0

76.0

in gaugen gaugin

9090

aiStra

Evaluation area

Fig. 1  Shape of Specimen

Fig. 2  Testing Apparatus

Fig. 3  Imaging Apparatus图 3 正在拍摄

Application
News

No.i251A

The testing and imaging apparatus are shown in Fig. 2 
and Fig. 3. Images captured using a TRViewX (Shimadzu 
Digital Video Extensometer) were gathered simultaneous 
to values obtained from the strain gauge outputs and 
specimen stress obtained by the testing apparatus. This 
made it easy to compare and evaluate images of the 
CFRP failure process against each specimen property 
values, something that was difficult to perform only with 
previous testing systems. Strain distribution can also be 
evaluated using digital image correlation (DIC, ARAMIS, 
GOMmbH) analysis of the images captured by TRViewX. 
To perform DIC analysis, paint must be sprayed on the 
specimen surface to create a random pattern on the 
front surface of the specimen.

 Analytical Results
Each specimen property value obtained from this test 
is shown in Table 2. A photograph of the specimen 
after testing is shown in Fig. 4, a shear stress-normal 
strain curve is shown in Fig. 5 (strain values obtained 
from strain gauges), a shear stress-shear strain curve 
is shown in Fig. 6 (shear strain calculated from 
Equation (1)), and a shear stress-stroke curve is 
shown in Fig. 7. Table 2 shows that the results 
obta ined for each shear property were h ighly 
reproducible. Fig. 5 and Fig. 6 show that the same 
strain values were obtained from the front and rear 
strain gauges, and highly symmetrical shear strain 
was applied to the specimen.

Table 2  Test Results

Specimen Shear Modulus 
[GPa]

Shear Strength 
[MPa]

Test 1 4.63 121.72
Test 2 4.55 120.00
Test 3 4.58 120.05
Mean 4.59 120.60

Plastic deformation
caused by shearing
P
cc

Fig. 4  Specimen After Testing
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Fig. 7  Shear Stress-Stroke Curve

Failure of the specimen is shown in Fig. 8. A crack 
that appears c lose to the upper notch quickly 
propagates down toward the bottom notch during a 
simultaneous decrease in test force. Images of the 
shear strain distribution obtained by DIC analysis are 
shown in Fig. 9. The amount of strain occurring in 
the specimen is shown in terms of color, with low 
strain areas in cooler colors (black and blue) and high 
strain areas in warmer colors (orange and red). The 
images show that as the test progresses strain 
accumulates and is localized between the V-notches.
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The testing and imaging apparatus are shown in Fig. 2 
and Fig. 3. Images captured using a TRViewX (Shimadzu 
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To perform DIC analysis, paint must be sprayed on the 
specimen surface to create a random pattern on the 
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 Analytical Results
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after testing is shown in Fig. 4, a shear stress-normal 
strain curve is shown in Fig. 5 (strain values obtained 
from strain gauges), a shear stress-shear strain curve 
is shown in Fig. 6 (shear strain calculated from 
Equation (1)), and a shear stress-stroke curve is 
shown in Fig. 7. Table 2 shows that the results 
obta ined for each shear property were h ighly 
reproducible. Fig. 5 and Fig. 6 show that the same 
strain values were obtained from the front and rear 
strain gauges, and highly symmetrical shear strain 
was applied to the specimen.
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Failure of the specimen is shown in Fig. 8. A crack 
that appears c lose to the upper notch quickly 
propagates down toward the bottom notch during a 
simultaneous decrease in test force. Images of the 
shear strain distribution obtained by DIC analysis are 
shown in Fig. 9. The amount of strain occurring in 
the specimen is shown in terms of color, with low 
strain areas in cooler colors (black and blue) and high 
strain areas in warmer colors (orange and red). The 
images show that as the test progresses strain 
accumulates and is localized between the V-notches.

图 4 试验后样品

图 5 剪切应力 - 剪切应变曲线

图 6 剪切应力 - 剪切应变曲线

图 7 剪切应力 - 位移曲线

表 1  试验结果
试样 剪切弹性模量（GPa） 剪切强度（MPa）

1 4.63 121.72

2 4.55 120.00

3 4.58 120.05

平均值 4.59 120.60
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The testing and imaging apparatus are shown in Fig. 2 
and Fig. 3. Images captured using a TRViewX (Shimadzu 
Digital Video Extensometer) were gathered simultaneous 
to values obtained from the strain gauge outputs and 
specimen stress obtained by the testing apparatus. This 
made it easy to compare and evaluate images of the 
CFRP failure process against each specimen property 
values, something that was difficult to perform only with 
previous testing systems. Strain distribution can also be 
evaluated using digital image correlation (DIC, ARAMIS, 
GOMmbH) analysis of the images captured by TRViewX. 
To perform DIC analysis, paint must be sprayed on the 
specimen surface to create a random pattern on the 
front surface of the specimen.

 Analytical Results
Each specimen property value obtained from this test 
is shown in Table 2. A photograph of the specimen 
after testing is shown in Fig. 4, a shear stress-normal 
strain curve is shown in Fig. 5 (strain values obtained 
from strain gauges), a shear stress-shear strain curve 
is shown in Fig. 6 (shear strain calculated from 
Equation (1)), and a shear stress-stroke curve is 
shown in Fig. 7. Table 2 shows that the results 
obta ined for each shear property were h ighly 
reproducible. Fig. 5 and Fig. 6 show that the same 
strain values were obtained from the front and rear 
strain gauges, and highly symmetrical shear strain 
was applied to the specimen.
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Fig. 5  Shear Stress-Normal Strain Curve
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Fig. 6  Shear Stress-Shear Strain Curve
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Fig. 7  Shear Stress-Stroke Curve

Failure of the specimen is shown in Fig. 8. A crack 
that appears c lose to the upper notch quickly 
propagates down toward the bottom notch during a 
simultaneous decrease in test force. Images of the 
shear strain distribution obtained by DIC analysis are 
shown in Fig. 9. The amount of strain occurring in 
the specimen is shown in terms of color, with low 
strain areas in cooler colors (black and blue) and high 
strain areas in warmer colors (orange and red). The 
images show that as the test progresses strain 
accumulates and is localized between the V-notches.
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■结论
综 上 所 述， 使 用 本 次 试 验 系 统 可 顺 利 进 行 V-Notched 

RailShear（ASTM D7078）的剪切试验。在系统中安装非接触
式引伸计后，不仅能够评价剪切弹性模量和剪切强度等基本数
据，还可做为分析 CFRP 破坏原理的参考数据，实时跟踪样片
的破坏状况，以及通过 DIC 技术进行应变分析。

图 8 样品的断裂情况（样品上断裂部位附近图像）

图 9 剪切应变分布（DIC 分析图像）

Application
News

No.i251A

Fig. 8  Specimen Failure Process (images show the point at which the specimen fails)
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Fig. 9  Shear Strain Distribution (DIC analysis images)
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Fig. 8  Specimen Failure Process (images show the point at which the specimen fails)
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Fig. 9  Shear Strain Distribution (DIC analysis images)

 

 

岛津企业管理（中国）有限公司 
岛津（香港）有限公司 

http://www.shimadzu.com.cn 

用户服务热线电话: 800-810-0439 
                  400-650-0439 

免责声明: 
＊本资料未经许可不得擅自修改、转载、销售； 
＊本资料中的所有信息仅供参考，不予任何保证。 
如有变动，恕不另行通知。 

第一版发行日：2017 年 月

 
No. Application 

News
 i251A


