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ABSTRACT

The freeze-thaw failure of concrete in many researches is described by dynamic elastic modulus, which is not applicable to
estimating the loss of concrete strength in structural engineering. To avoid the deficiency, the paper attempts to establish an
applicable failure surface in principal stress space for concrete to describe concrete strength change under different freeze-thaw
cycles. Based on the discussion of meson-state of concrete under freeze-thaw cycles, hypothesis about concrete failure surface
under freeze-thaw cyclesis brought forward. Then, the damage of concrete and build up evolution equations is presented. Finally,
a concrete failure surface model is given to predict concrete strength under different freeze-thaw cycles. Compared with available
test data, the validity of new model is proven.
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INTRODUCTION

In water conservancy project, port engineeringdraad bridge engineering etc of cold region, caecweorks or

structures is the main damage during operationrpesgin the effect of freezing and thawing cyclec8ithe

development of freezing and thawing damage in Gig df twentieth Century, American, the former @oWnion,

Japan and some European countries etc promotedefdiieory from the view of pure physical model,leisome

theories were proposed in testing cement pasteootam The work in the last 20 ~ 30s of this ceptmainly starts
from the view of material science, as the basicrmada test studies properties of concrete, coaa@emponents
and the external environment of concrete. Effectr@ézing resistance, such as rate of temperatlirgli, water

cement ratio [2], the humidity of environment [&}jnimum temperature of freeze-thaw cycle [4] anel éxternal

force [5] etc. So far, the dynamic elastic modutas been used the study on the freeze-thaw faiuo®ncrete

materials. But the loss of strength is most core@rof engineering structure. At present, there Isrmae research
work started from the angle of engineering struetdthe technology studies on mechanical propeofieoncrete

under freezing and thawing,frost resistance prigicpoint of view and the actual engineering of @ete. In

complex stress state, concrete after freeze-thagyiolg is under the action of mechanical. Perforrean related to
the concrete buildings or structures, so we negdnily to master the different times under the mhikeeze-thaw
cycles.

Concrete mechanical properties and the engineesingcture are most commonly used in the strength of
Association Department of concrete, freeze-thawecgonditions to study. The evolution of surfacendge is an
important way to solve the problem.

Xila Liu [12] points out, along with the rapid ddepment of computer, structure engineering has imecthe theory,
experiment and computer three level. Good congetearch ideas should be strict in theory and ngeggent in
the calculation. At the same time, it needs Paranibat should be able to use the existing (or @vehe tradition)
measure method which getting from the test. Stufliom the above ideas, this article is based enctiagulation.
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And this paper carries on concrete freeze-thaw danra construction of traditional macro paramegsel. Direct
description to concert freeze thawing damage, bshas principal stress space utility, namely tpeligation of
damage mechanics. The freeze-thaw damage of cersueface evolution model researching the matesi@ence
can be directly for structural engineering services

CONCRETE FAILURE SURFACE ASSUMPTION UNDER THE CONDITION OF FREEZING AND
THAWING

The freeze thawing damage of concrete is the esseh@orous media. Under the action of temperatpose
solution has phase change, resulting in intermakstacting on the concrete solid skeleton. Thisl kif concrete
moves in circles to mix concrete and irreversitdéedoration. In view of the complexity of concretaterial, in the
Practical applications, it is usually descriedhe stress space by several independent matertastailure surface
model with constant controls descries strength adtaristics. After being through freezing and thayvicycle,
thestrength characteristics of tkencrete become more complex. There is not endaghthrough the destructive
test and directly grasp that the change rules ofmete freezing thawing damage surface after diffefreeze-thaw
cycles until now.But that, after a certain numbkfreezing thawing cycle, the damaged concretebzaregarded as
a stable mierial. Accordng to the Drucker postulate, this kind of mateiialthe effective stress space failure
surface should be the same to have a smooth, cdorexHereby, this paper puts forward the failafeoncrete in
the condition of freezing and thawing under surfassumption: coagulation Soil material which sutgdcto
freezing and thawing circulation still has concriegtiéure surface characteristics. It possesses\vedumeridian, and
deviator plane hydrostatic pressure from the apprate along the triangle to non circle and nonnaffshape
transition.

According to the above assumption, if nondestrecttencrete failure surface equation uses Caucby diress
invariant 11, deviator stress tensor in second.ahd deviator stress tensor invariant J 3, itmexpressed as:

f(119233)=(1)

If the freeze-thaw damage of concrete is regardedriform, the Isotropic materials, the failurefage in the
effective stress space is also available. And tieetive stress invariants of 1 1, J 2, J 3 is egged as

f(11J203)=(2)

If you use the Cauchy stress tensand the damage tensdD to describe the effective stress tensgrit can be
expressed as:

o " =o(I-D)(3)

Use of formula (2), (3), Cauchy can be obtainethestress space.

The damage variable of concrete freeze-thaw damagace can be described as:
f(11J2J33a (D),i=1,A)=(4)

Most scholars believe that the freeze-thaw damagekind of fatigue damage.

THE DESCRIPTION OF THE CONCRETE FREEZE-THAW DAMAGE

The concrete freezing thawing damage of naturélyfiis based on the damage mechanism, that is yonsa
pressure hypothesis [13] and osmotic pressure hgpist [14] two main Hypothesis. Despite the twodtlipses,
they two hold the view that the structure of theuid pressure within the concrete hole is a magurse of injury.
Liquid pressure Power is isotropic. The Powerscstme of cement stone model [15] is regarded abdisec unit of
the freeze injury of concrete. In the isotropiceeffof liquid pressure, the Powers structure mofieement stone
occurs an isotropic damage. From the macroscopis,\oncrete can be used as isotropic continuong.itd body
size is 100 mm, the Powers structure model of cérsi@mme is about Degree of 1 mm. If they regardRbevers
structure of cement stone model as the basic dnitoocrete slurry, it can be considered that caatgun Soil
freezing thawing damage is properties of isotrafamage. From the perspective of micro cracks,df tble in
concrete Part of the liquid phase pressure leambharete micro crack is mainly | type crack, it daconsidered
that concrete freeze-thaw damage is elastic danfteough the damage index has influence on thehawsic
properties of the concrete, according to the viéywlenomenology, after the elastic damage occunsrete also
retains the properties of plasterers, i.e. thetielggerformance indicators are still independertere are two
separate, other indexes can be used two indepemdeans Standard description. The two indexes ditiela
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modulus and Poisson's ratio are the most commasdy.ur he isotropic damage model mostly uses tHarsioam
(zero order tensor form), cannot be described thenve damage material. In the concrete freezingtaading, the
test has been observed in the apparent volume sixpaand the measurement to the Poisson Ratiochidege of
Poisson's ratio and volume can not be ignoredhadiigher order damage variable must be establith&idg four
orders is tropic TensoA to describe the damage concrete freeze thaw, ¢mepenent form is as follow:

Dijkl = D1™ij™ Kl + D2mikmjl(5)

The recession material stiffness usuallybe consitlas the most direct influence damaging on thpepties of the
materials. and the variable [16 to 18]changes itera stiffness can represented as:

Eijkl = Eijmn (Imnkl —Dmnkl )(6)

To evolution of elastic modulus and Poisson's rdito the problem of freezing and thawing of coneret is
difficult to test and analysis methods to dire@btablish the concrete damage in the internaldiguéessure. From
the perspective of micro cracks, concrete subjettiefdeeze-thaw cycle under the isotropic liquichgd pressure,
the damage evolution can simulate the approximateagie process of epitaxial tensile concrete. Bsre=® is to
describe the process of formation and developmiemtiero cracks of concrete.

Comparative and experimental data predicts thengtine The failure surface is assumed and isotrefzistic that
damages the rationality assumption to test theret@dreezing and thawing, and it needs to be frateength and
test for measurement of five parameters of Willfarnke thawing damage failure surface model by @ring

predicted.

CONCLUSION

Based on the concrete freezing thawing mechanisoudsed in view of the fine, the application of dgm
mechanics from the macroscopic angle establiskeezdrthaw damage practical. Surface model, propomectete
freeze-thaw damage model, can be in macro skepieal prediction strength properties of concrdterdreezing
and thawing circle; the concrete which researchesapplication of freezing thawing durability hasrtaen
significance. From the predicted values and expamial values are compared, coagulation is propivstids paper.
Assume that a soil freeze-thaw failure surfacethedsotropic elastic damage are reasonable.

Therefore, based on the concrete strength thebey.freezing and thawing problem researches as asmef
mechanics servicing for the structural engineering.
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