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1. Problem formulation

The triangular flat shell finite element for anatysf reinforced concrete plates and shells is
proposed. Modern mesh generators cannot avoidirggetite triangular finite elements in cases
when the intersection points of the column’s axéh wiab floors and foundation plates impose a
set of nodes, which must belong to nodes of geingratesh. The proposed finite element (FE) as
well as quadrilateral FE [2] is intended to be iempented in FEA software for analysis and design
real-life engineering structures. Concrete is abgr®d as orthotropic material, the deformation
theory of plasticity with elements of degradatiermulated in terms of residual strains, is applied
The descending branch (softening) ®r ¢ diagram simulates the degradation of concreteethus
by creation of cracks. Reinforcements are moddiedniform layers, which are parallel to middle
surface of FE. The deformation theory of plasti@ityterms of residual strains is apply. We found
that taking into account shear stiffness of reicdonent together with stiffness on tension-
compression results in stabilization of numericdlBon when concrete essentially degrades. The
sliding between steel rods and concrete is missihg. Mindlin-Reissner shell theory is applied.
The approach proposed in [1] is used to avoid ardoeking.

2. Finite e ement formulation

The principle of virtual displacements is applied dbtain the stiffness matrix, tangent

stiffness matrix and right-hand part vector in éguium equations at the level of finite element.
h
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The first integral in (1) presents a virtual wonk concrete, second term — virtual works in
reinforcement layers (the sum covers all layers) @ird term — virtual work of external forces,

g’ =(£x g, yxy), y' :( - yyz), o' = (0’x o, rxy), r’ =(Z'XZ ryz), h andQ are thickness and
domain of FE. Parametefs, hs are cross-section area and distance between magiforcement

layers, os, Tsz Tsn— normal and transvers shear stresses in steetdods; , ysn— longitudinal and
shear strains. Axis of local coordinate syst®m Oy are located in plane of FE afk coincides

with direction of normal to middle surface. Longlinal axisS of steel rod can be inclined on
arbitrary anglep relatively axisOx, axisZ is parallel to normal and axisis a binormal. Value of

reduction multiplierms = 0.66 for circular cross-section of rod is ob&irfrom solution of Saint-
Venant problem. The poly-linear shape functions ased. We apply a trapezoid method for
calculating of integral across thickness and sitgess point for integrals across domain in (1).

3. Numerical results

Simply supported square platexX22 m subjected by action of 16 concentrated l0&8ls (
specimens 825 — 827), is considered. The symmetnglitons allows us on consideration of

quarter part of plate (Fig. 1, right). There dies 12.2 cmZsx = 5.4 cm,Zsy = +5.05 cm Agx =



Asy=0.407 cri, hs x=hsy= 10 cmoc = 26.5 MPag; = 1.3 MPagy = 408 MPaE = 30000 MPa,
Es = 201000 MPa. We deno®& x Zsy — distance from reinforced laysrup to middle surface,
where all rods in layers with subscrift have longitudinal direction and with subscript—
transversal directior§ = 1, 3 relates to bottom layers a®é 2, 4 — to top layers. In additios, ot

are compressive and tensile strength of concegte, yield stress of steelE — initial deformation
module for concretels — Young module for steel. We accept the diagratomenended by Euro-
International Concrete Committee for compressiveaand tree-linear diagram for tensile zone of
concrete (details are in [2]). Paramefer 40 defines an extension of softening brancladdition,

we take a bilinear diagram for steel.
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Fig. 1 Load-displacement diagram and finite elenmeshes

Taking into account the shear stiffness of reindarent as well as tension-compression stiffness
(ms = 0.66), we obtain a slightly stiffer behavioraampare with experimental results (Fig. 1, left).
Taking into account only tension-compression sti$f (s = 0) makes the design model slightly
softer than the real physical specimen. In addjtimn a sustainable solution of the nonlinear
problem by the Newton-Raphson method we had toansarc-length approach, while taking into
account the shear stiffness of the reinforcemensa¥eed this problem with using of conventional
(force control) approach and with essentially lessiputational efforts. Almost horizontal parts of
equilibrium path diagramn@s = 0) in vicinity of load value 30 KPa as well asiltiple points of
kinks are observed. The load-carrying capacitiesdipted by the both models§ = 0 andn =
0.66), are very close to load-carrying capacitytamted in experiment. The results, obtained with
using of triangular finite elements, are closeesutts for quadrilateral ones.
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