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Intensity of Singular Stress Fields of an Embedded Fiber under Pull-Out Force

by
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Akane Inoue***, Guowei ZuanG** and Yoshikazu Sano**

In this study, an embedded fiber is considered in matrix under pull-out force. Then, two intensities of singular stress
fields (ISSF) are discussed appearing at the fiber end A and the intersection point E of the fiber and the surface. The
analysis method focuses on the FEM stress at points A and E by applying the same FEM mesh pattern to the unknown
and reference 2D models. To analyze the ISSF at A, the body force method solution is used as the reference model. To
analyze the ISSF at E, the reciprocal work contour integral method (RWCIM) solution is used as the reference model.
Then, the two ISSFs are compared by varying the fiber bonded length [;,. When [;,, is shorter, the singular stress at A
is larger than the singular stress at E. When [;,, is longer, the singular stress at E is larger than the singular stress at A.
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Fig. 1 Two-dimensional pull-out model for partially embedded fiber.

o R E FER304: 2H16H Received Feb. 16,2018  ©2018 The Society of Materials Science, Japan
*  IE 2 B OJUNTEERTE KRR TIERTZERE MNRE T40TJER T 804-8550 ALJuM /= K RXALZKET
Department of Mechanical Engineering, Kyushu Inst. of Tech., Tobata-ku, Kitakyushu 804-8550.
sk JUN TEERFPRFRE T HRENRE T #58 T804-8550 ALIUMN 7= 4l X AL ZKHT
Department of Mechanical Engineering, Kyushu Inst. of Tech., Tobata-ku, Kitakyushu 804-8550.
e JUN LEERS: L Baae ToPR T804-8550 ALJUIN Ty AmX ALK HT
Department of Mechanical Engineering, Kyushu Inst. of Tech., Tobata-ku, Kitakyushu 804-8550.



E;, v,

Table 1

Mechanical properties.

Matrix
Epon 828

Fiber
E-Glass

Young’s Modulus
Poisson’s Ratio
Dundurs parameter a
Dundurs parameter {3

E,=3.3 GPa
vy=0.35

E,=75 GPa
v;=0.17

—0.9071

—0.2016

MM 5 o

Ax oA oA
gy, (1) =
31 A* 70 v () R
A 2
\l/rz KA KA,
O'A* (T ) _ 0,25 _ o,y
21, FEE T g g
Ey,v

\1/\1/ \1/ \1/\1/ (a) a‘;*(rl) in Fig.2(a)'® ' o gf*(ry) in Fig.1.

Ey, vy

E E
K

aE*(rg) _ oAl a5

x 1-2E 1-28

1 3 2

(b) o (r3) inFig.2(b)’** o« gf(ry) in Fig.1

Fig.2 Similar singular stress fields used as reference solutions.
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Table 2 Mesh independency of the present analysis method.
(a) Symmetrical type.

Smallest mesh size
emin = 1.27 x 1078

Smallest mesh size
emin = 3.8 %1078

7/ emin ?'FEM ) J‘ZI,FEM ) -/ emin U?'FEM ™ UA[,FEM @
[MPa] | o . () [MPa] | o ., (")
0.0 13.20 1.136 0.0 16.53 1.136
0.5 10.88 1.135 0.5 13.62 1.136
1.0 8.383 1.135 1.0 10.49 1.135
1.5 7.741 1.134 1.5 9.681 1.135
2.0 7.603 1.134 2.0 9.507 1.135

(b) Skew-Symmetrical type.

Smallest mesh size
emin = 1.27 X 1078

Smallest mesh size
emin = 3.8 X 1078
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0.5 37.9 1.093 0.5 53.09 1.093
1.0 20.4 1.093 1.0 28.55 1.093
1.5 23.9 1.093 1.5 3343 1.093
2.0 24.2 1.093 2.0 33.89 1.093
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Fig. 3 Relationship between ISSF at Point A and bonding length.
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Fig. 4 Relationship between ISSF at Point E and bonding length.
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