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Abstract: Determination of neutral plane position is the key in the analysis of bi-layer cement

concrete slab on Winkler foundation; however, there are no solutions for it when the interface
of bi-layer slab is semi-bonded. Based on the Kirchhoff hypotheses, a coefficient ¢ was
introduced to characterize the interface condition and the equation of neutral plane was
formulated in this paper. The change of position of the neutral plane for the bi-layer

semi-bonded slab was investigated. In addition, the ratio of the stress distribution along the
depth is derived, which is of great importance in the design of bi-layer cement concrete
pavements.
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1. INTRODUCTION

It is well known that the concrete pavement is designed with the theory of slab on the Winkler
foundation. The determination of the neutral plane of the slab is essential to the analysis of
cement concrete pavements. For pavement maintenance, a new cement concrete layer is
overlaid on the existing concrete pavement, thus bi-layer slab pavement model is proposed.
The interface condition between the upper layer and lower layer depends on the art of
construction, which presents a big change bending stress distribution of the bi-layer. The
neutral plane can be easily positioned for the both unbounded bi-layer slab and bi-layer
bonded slabs on Winkler foundation (ZHENG, 1992; YU, 2007). However, neutral plane can
not be found easily for bi-layer semi-bonded slab, only empirical models were proposed (HU,
1999; TAN, 2001). The authors of this paper introduce a new coefficient ¢ to characterize the
interface condition ranging from bonded to unbounded condition and derive the governing
equation for the determination of the neutral plane for the semi-bonded slab based on the
Kirchhoff hypothesis in ZHENGet al (2003), and make further discussion in the bending
stress distribution in the bi-layer.
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2 THE EQAUTION OF NEUTRAL PLANES OF THE SLABS ON WINKLER
FOUNATIONS

The bi-layer slab on Winkler’s foundation is shown in Figure 1, the modulus of the lower and

upper slabs arg; andE; respectivelyu., u» andh,, h,are the Poisson ratios, and thicknesses,
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k is modulus of the Winkler foundation, cylindrical coordinates is selected in the following
derivations
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Figure 1. The neutral plane in bi-layer slabs for bounded (a), semi-bonded (b) and unbounded
interface(c)

From Figure 1, it is clear that there are one neutral plane for bonded slab (a), two neural plane
for unbounded slab (c). The number of the neutral plane for the semi-bonded slab depends on
the bending stress of the upper layer on the interface, which is dependent on the interface
condition. There is a jump for bending stress of the upper layer and bending stress of the
lower layer at the interface. It is reasonable to introduce a coefficient to characterize the

interface condition; mathematical ¢ means the intersection of the lower bending stress
distribution.
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In which:
w =deflection of the slab is a function of;

h,=position of neutral planeis a function of.
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For bonded bi-layer slab ¢, =0

_E(h+h)
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For unbound bi-layer slabC, =

According to the Kirchhoff hypothesis, the conditions for determination of the neutral plane is
that the horizontal stress along the thickness should béy&idENGet al (2003).
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Substitution of (1) and (2) into (3) yields
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The number of the neutral plane for the bi-layer slab depends on tensile stress at interface.
On the interface z=zkhg
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3 ANALYSISOF THE NEUTRAL PALNE IN THE BI-LAYER SLAB
In the following example, a tired load is assumed to apply on the slab.

206=21. 3cm

L

h2=30cm £2=30000MPa
H2=0.2

0. "TMPa

hi1=20cm E1=15000MPa
#1=0.2

Eo=50MPa
10=0. 35

Figure 2. An example for the bi-layer slab

For the given example
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When c increases from 0 to 1.75%m, one the neutral plane becomes two. Thus it is
not correct to assume that there are two neutral planes for the semi-bonded slab (HU 1999,
TAN 2001). For the example given, about one third of the semi-bonded condition is for the
one neutral plane.

From equation (6), it is easily proved that

Only when EN = Eh; (7)

c,=0

That is to say, two neutral planes existhe bi-layer slab if condition (7) is satisfied,
indicting that the upper slab will be in compression fully.

4 BENDING STRESSDISTRIBUTION OF THE BI-LAYER SLAB

The ratio of the bending stress of lower layer of the bending stress of upper layer at the
interface can be obtained from equation (1) and (2) for the bi-layer slab with semi-bonded

interface
o _E
For bonded bi-layer slab = = (8)
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For semi-bonded bi-layer slab Jrz = E(h, h)), ¢ (9
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Equation (8) (9) (10) show that teess increase with the increase of the coefficignt



Proceedings of the Eastern Asia Society for Transportation Studies, Vol.9, 2013

in order to reduce the bending stress of the lower laggershould be carefully selectedt,

can be measured with method proposed in reference(ZHENG,2009)® Ifis assumed to be

the bending stress of lower layer at the bottom surface, the ratio of the bending stress of each

(3)
layer at the bottom surfac&™_ also can be obtained as follows
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When c increases from 0 to 3.75%dm, variation of h, along with ¢ is shown in Figure 3.

1) (3)

Variation of % and % with ¢ is shown in Figure 4 and Figure 5. Variatioh g%
o,

r r

and ¢® with c is shown in Figure 6 and Figure 7. Figursh®ws that the top surface of
lower layer changes from tensile to compressive glavith c increasing. When c¢
is1.75x 10N /m, the bending stress of lower layer at the top surface is zero. Figure 7 shows

that the bending stress at the bottom surface of lower layer always decreases along with ¢
increasing. The bottom surface of lower layer is always tensile.
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Figure 3. Variation ofh, aong with c
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Figure 6. Variation ofg® with ¢ Figure 7. Variation of® with c

In the design of bi-layer rigid pavement, bending stresses at the bottom of upper layer
and lower layer is easy to obtain from Figure 6 and Figure 7. In order to balance the loading
capacity of the bi-layer rigid pavement, a proper interface condition should be carefully
selected.

5 CONCLUSIONS

1) A new coefficient c is introduced to characterize the interface condition for the bi-layer
cement concrete pavement. The variation of the neutral plane of the bi-layer cement concrete
pavement can be determined theoretically. The condition is derived for bi-layer slab when two
neutral planes exist.

2) The bending stress distribution along the depth of the bi-layer slab was derived, which is of
great reference for the design of cement concrete pavement. The neutral plane of the
mutli-layer semi-bonded slab can also be determined by the method proposed in this paper.
3) When c increases from 0 to 3.75%M0m, the top surface of lower layer changes from
tensile to compressivethe tensile stress at the bottom surface of lower layer decreases with
increasing c, a proper interface condition should be carefully selected to balance the loading
capacity of the bi-layer rigid pavement.



Proceedings of the Eastern Asia Society for Transportation Studies, Vol.9, 2013

REFERENCES

ZHENG C. C., ZHANG X. Z. (1992) Exact solution of simply supported circular two layer
slab,Journal of Chang’an Universify12(1), 19-25.

HU C.S. WANG B. G. (1999) Design and Construction of Composite Pavements, Beijing
People’s Communication Press

TAN Z. M. (2001) Bending analysis of half bonded two layer slelighway; 4, 25-26.

ZHENG C. C., WANG B. G. (2003) Stress Analysis of Road Structures, China
Communications Press, Beijing

YU X. C. ZHENG C.C. (2007) Neutral plane analysis of bonded two-layered slab on Winkler
foundation,Engineering Mechanicg4(9), 65-71.

ZHENG C. C. YU X.C. (2007) Neutral plane analysis of bonded two layered slab on the
elastic foundation subjected to circular uniformly-distributed lohmjrnal of Wuhan
University of Technologyl1(4), 688-691.

ZHENG C.C. YU X. C. (2007) Neutral plane analysis of two-layer bonded concrete slab on
Winkler foundationJournal of the Eastern Asia Society for Transportation Studies
2030-2038, Dalian, China





