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Abstract; Strain transfer theory for optical fiber sensing was introduced, and the quantitative
relationship of strains between host material and optical fiber was set up to eliminate the strain
transfer errors and to improve the testing precision on the basis of the strain transfer theory. A typical
three-layered structural model containing a sensing optical fiber, a package layer and a host was
established for the application of an optical fiber sensor embedded in asphalt pavement. The
Goodman’s hypothesis was introduced to describe the relationship of interfacial shear stresses between
layers, and the Fourier series was adopted to solve the differential equation and to establish the

average strain transfer relationship between host material and optical fiber. The effectiveness of the
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formula of strain transfer theory derived by this paper was validated experimentally. Moreover, the

sensitivity of related geometrical and physical parameters effecting on the average strain transfer

efficiency was discussed. The analytical results indicate that average strain transfer coefficient

increases with the growth of sensing length and the interfacial adhesion coefficient between optical

fiber and protective layer. The work in this paper could be widely used for the modification of strain

transfer errors and the design of embedded optical fiber sensors.

Key words: embedded optical fiber sensor; optical fiber sensing strain; strain transfer error; length of fiber

adhesion; optical fiber packaging
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Tab.1 Values of related geometrical and physical parameters
Content Lable Value Unit
Half of sensing length l 0.4 m
Young’s modulus of optical fiber E;f 7.2X10" Pa
Young’s modulus of protective layer E, 2.2X10° Pa
Radius of optical fiber n 1.25X107" m

Radius of protective layer r, 5X107° m

Radius of host material i 0.015 m
Interlayer adhesion coefficient kr 1X10° Pa/m
Interlayer adhesion coefficient ky 1X10Y Pa/m
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Fig. 7 Variation of average strain transfer coefficient £,
with different adhesion coefficients on interface

between fiber and protective layer
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Fig. 8 Variation of average strain transfer coefficient f3,
with adhesive coefficients on interface between

protective layer and host material
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