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APRESENTACAO

AEngenhariade Computacao € a area que estuda as técnicas, métodos e ferramentas
matematicas, fisicas e computacionais para o desenvolvimento de circuitos, dispositivos e
sistemas. Esta area tem a matematica e a computacdo como seus principais pilares. O
foco esta no desenvolvimento de solugbes que envolvam tanto aspectos relacionados ao
software, quanto a elétrica/eletrénica. Os profissionais desta area sdo capazes de atuar
principalmente na integracdo entre software e hardware, tais como: automacgéo industrial
e residencial, sistemas embarcados, sistemas paralelos e distribuidos, arquitetura de
computadores, robotica, comunicacao de dados e processamento digital de sinais.

Dentro deste contexto, esta obra aborda diversos aspectos tecnologicos
computacionais, tais como: implementacdo e modificacdes numéricas a serem feitas no
algoritmo de Anderson (2010) para simular o escoamento sobre uma asa finita submetida
a angulos de ataque proximos ao estol; modelo distribuido para analisar a influéncia da
formacdo e do adensamento de geada sobre o desempenho de evaporadores do tipo
tubo-aletado, comumente usados em refrigeradores frost-free; um algoritmo de Redes
Neurais Convolucionais(CNN) que identifica se a pessoa esta ou nao utilizando a mascara;
potencialidades do M-Learning e Virtual Reality no curso técnico em Agropecuaria; avaliagdo
da qualidade da energia elétrica em um sistema de geracéo de energia fotovoltaica; uma
abordagem para a segmentagdo de imagens cerebrais, utilizando o método baseado em
algoritmos genéticos pelo método de mdltiplos limiares; estudo numérico de uma ancora
torpedo sem aletas cravada em solo isotropico puramente coesivo, utilizando um modelo
axissimétrico ndo-linear em elementos finitos; estudo acerca da analise numérica de placas
retangulares por meio do método das diferencgas finitas, obtendo solu¢des aproximadas
para o campo de deslocamentos transversais bem como os correspondentes momentos
fletores, para problemas envolvendo uma série de condigbes de contorno, utilizando-se
o software Matlab® para simulagédo; desenvolvimento e aplicagdo da Realidade Virtual
(RV) como Tecnologia de Informagdo e Comunicagéo (TIC) para auxiliar no processo de
ensino-aprendizado de disciplinas do Ensino Médio; avaliagéo dos resultados obtidos em
campanhas de medi¢édo de qualidade da energia elétrica (QEE) na rede basica em 500
kV; examinar o comportamento mecanico-estatico de uma longarina composita projetada
para uma aeronave esportiva leve através de investigacdes numéricas, empreendidas em
software (ANSYS Release 19.2) comercial de elementos finitos; construgdo de um sistema
para monitoramento de ativos publicos; a relagcdo da Sociedade 5.0 envolvida no contexto
da Industria 4.0 e a Transformacéo Digital; algoritmos de selecdo e de classificacao
de atributos, identificando as vinte principais caracteristicas que contribuem para o
desempenho alto ou baixo dos estudantes; a Mask R-CNN, utilizada para a segmentacao
de produtos automotivos (parabrisas, faréis, lanternas, parachoques e retrovisores) em uma

empresa do ramo de reposicao automotiva; o nivel de usabilidade do aplicativo protétipo



para dispositivo mével na area da saude voltado ao auxilio do monitoramento movel no uso
de medicamentos em seres humanos.

Sendo assim, esté obra é significativa por ser composta por uma gama de trabalhos
pertinentes, que permitem aos seus leitores, analisar e discutir diversos assuntos importantes
desta area. Por fim, desejamos aos autores, nossos mais sinceros agradecimentos pelas
significativas contribuicdes, e aos nossos leitores, desejamos uma proveitosa leitura,

repleta de boas reflexdes.

Ernane Rosa Martins
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ABSTRACT: The uncertainties are present in
engineering projects, in which can be due to
materials, models or constructive inaccuracies.
This is very important in dams, because the failure
of this structure can lead to enormous social,
economic and environmental impacts. In addition,
dams must resist overtopping occurrence, in which
it has intensity, period and duration variabilities.
Thus, this paper aims to analyze the behavior
of a concrete gravity dam in the presence of a
crack along interface dam/foundation, where it
is, normally, the weakest zone of the structure.
The study of this discontinuity was based in linear
elastic fracture mechanics, considering mixed-
mode propagation, due to the particulars of the
problem. Furthermore, a reliability analysis was
made to take account the uncertainty of main
design properties and loadings. The results
showed the tendency of energy release rate to

Colecao Desafios das Engenharias: Engenharia de Computacgéo 2

follow a lognormal distribution. The importance
of flood control was evidenced, because the
analyzed dam presented high failure probability
with overtopping. Moreover, consider triangular
uplift or constant uplift acting on the crack
generated great differences in reliability analysis.
KEYWORDS: Uncertainty Quantification,
Fracture Mechanics, Concrete Gravity Dam

RESUMO: As incertezas estdo presentes em
projetos de engenharia, nos quais podem
ser decorrentes de materiais, modelos ou
imprecisdes construtivas. Isso &€ muito importante
em barragens, pois o0 rompimento dessa
estrutura pode gerar enormes impactos sociais,
econdémicos e ambientais. Ademais, as barragens
devem resistir a ocorréncia de galgamento, no
qual ha variabilidades de intensidade, periodo e
duracdo. Dessa forma, este trabalho tem como
objetivo analisar o comportamento de uma
barragem gravidade de concreto na presenca
de uma fissura ao longo da interface barragem/
fundagéo, onde €, normalmente, a zona mais fraca
da estrutura. O estudo dessa descontinuidade foi
baseado na mecanica da fratura elastica linear,
considerando a propagacdo em modo misto,
devido as particularidades do problema. Além
disso, uma analise de confiabilidade foi feita
para levar em conta a incerteza das principais
propriedades de projeto e carregamentos. Os
resultados mostraram a tendéncia da taxa de
liberacdo de energia seguir uma distribuicéo
lognormal. Ficou evidenciada a importancia do
controle das cheias, pois a barragem analisada
apresentou alta probabilidade de rompimento
com o galgamento. Além disso, considerar
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a subpressao triangular ou a subpressdo constante atuando na fissura gerou grandes
diferencas na analise de confiabilidade.

PALAVRAS - CHAVE: Quantificagcdo da Incerteza, Mecanica da Fratura, Barragem de
Gravidade.

11 INTRODUCTION

Dams are big engineering structures which can be designed for storage of water
or tailings, energy generation, river regularization, among others and its failure can cause
enormous social, economic and environmental impacts. In concrete gravity dams, specially,
the failure is associated, especially, to foundation problems, which is the weakest zone
of the structure. Thus, if there is a crack along the interface dam/foundation, which can
be created due to thermal variations, stress concentrations, among others, its propagation
can lead to the structure failure. Furthermore, due to low flood control, these structures are
commonly affected by overtopping, as verified by Su [1] in 39,6% of the studied dams in
China.

There are in literature some studies about crack propagation along dam/foundation
(concrete-rock) interface, as seen in Manfredini et al. [2], Bolzon [3] and Barpi and Valente
[4]. Furthermore, Plizzari [5] developed geometric equations for mode | and mode Il stress
intensity factors at the interface. However, the literature lacks the consideration of the
uncertainty of the parameters and how this affects the uncertainty in the cracking potential
of existing cracks in concrete gravity dams.

The purpose of this paper is to analyze the potential of crack growth along the
concrete-rock interface under mixed mode and to quantify the uncertainties of the energy
release rate at the interface due to uncertainty of main design properties and loadings.

21 CRACK PROPAGATION ALONG DAM/FOUNDATION INTERFACE

The case study consists on a concrete gravity dam on a rock foundation (Fig. 1a). It
was considered the existence of a crack along the interface dam/foundation, which can be
formed due to differences in material properties, constructive techniques, thermal variations
and stress concentrations. During operation, the crack can propagate unsteadily due to
water pressure and lead to the structure failure. The schematization of the problem is
exhibited in Fig. 1a, in which the crack is subjected to dam’s self-weight, uplift pressure and
water pressure due to reservoir. Figure 1b shows the proposed system of failure modes for
gravity dams with the highlighted failure mode studied in this paper.

In large structures, as dams, the fracture zone is limited, therefore the LEFM can be
well applied [6].
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Figure 1. Typical concrete dam configuration with overtopping: (a) typical cross section (b) system of
failure modes

31 LINEAR ELASTIC FRACTURE MECHANICS (LEFM) FOR INTERFACE
BETWEEN MATERIALS
The LEFM analyses the materials with global linear elastic behavior and the stress
intensity factor (K) characterizes the stress at the crack tip according to three modes of
deformation: normal (K), in-plane shear (K,) and out-of-plane shear (K,).
Other parameter defined in LEFM is the energy release rate (G), which is a measure
of the energy available for an increment of crack extension. If the crack is along an interface

between two linear elastic materials, the relation between G and K is given below [7]:
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G = K? (1 N 1)
" 2cosh?(me)\E, E,/ (1)

where E; (i=1,2) is the stiffness of each material, which for plane strain state is £/
(1-v?), where E is the Young’s modulus and ¢ is Poisson’s ratio, and ¢ is given by:

1 (Kk:Gy + Gy
- dn(r

T2 "\i6, + G,

)

where G, (i=1,2) is the shear modulus of each material and £, for plane strain is 3 - 4¢..

41 METHODOLOGY
In addition to the actions previously mentioned, it was considered two types of uplift

pressure, showed in Fig. 2.

[
oA

Triangular

——‘ uplift

vol T

(@)

Ywil

(b)

Figure 2. Types of uplift pressure: (a) Full uplift and (b) Triangular uplift

Due to actions and the principle of superposition:

K= K™ + K" + Kt + K},

Ki = 1D3/2d3 (@) + 1, D¥2d[" (@) + (= DYD2d?" (@) + y, HD V2 (@), )

where the subscript is related to Mode | and Mode II, £ is due to self-weight, K/
is related to hydrostatic pressure of full reservoir, K is due to overtopping pressure and
K "is due to uplift pressure along the crack. ), and y are the weight densities of concrete
and water, the factors Hand D are showed in Fig. 1 and «/(«) were obtained in Plizzari [5].

Table 1 presents the deterministic and random variables used in the simulation.
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Variable Mean ( ) Vi(a/u) Distribution

Dam height (D) 35,50and 80 m - -
Downstream slope (m) 0.75° - -
Dam width (B) mD - -
Water weight density (,,) 10 kN/m?® - -
Concrete Poisson’s ratio (v,) 0.255° - -
Rock Poisson’s ratio (v,.) 0.165° - -
Crack length (a) 0.01-0.23uy 0.2 Lognormal
Water level (H) 1.05D 0.1 Extreme Value
Type Il
Concrete weight density (y,) 24 kKN/m?® 0.04° Normal®
Elastic modulus of rock (E,,cx) 27.25 GPaP 0.25¢ Lognormal
Elastic modulus of concrete 33.56 GPa® 0.15¢ Lognormal®

(ECDTECTEtE)

Table 1. Case study variables

a: suggested in [5]; °: suggested in [8]; ¢: suggested in [9]; ¢: suggested in [1];

In addition to uncertainty quantification, for the reliability analysis, a limit state
equation is defined to determine the degree of confidence of the system. In this problem,
this equation is given as:

y:gf_g! (4)

where y is the performance function and Ge is the critical energy release rate. The
Ge is calculated with Eq. (1) and the critical stress intensity factor was determined by the
regression of experimental data published in Zhong et al. [10]. The Monte Carlo Method
is used to solve this case by random sample generation and simulation in this proposed
model. The failure probability can be determined as the number of times the performance

function is less than zero.

51 RESULTS AND DISCUSSION

Figure 3a shows the increase of the mean of G according to the growth of normalized
crack length. Despite the increase of G average with the height increment, the major increase
0 G observed is due to occurrence of overtopping. It shows that flood control is fundamental
in dam’s project. Figure 3b demonstrates the same variation coefficient for different heights
only, which is expected due to the change of mean and deviation in same proportion varying
the height.

Figure 3c shows the mixity angle behavior considering full uplift. Without occurrence
of overtopping, the absolute increase of K, appears to be more accentuated with relation
to K, what explains the growth of ¢. With overtopping, from a value of «, K becomes more
significant than K| and what shows the reduction of ¢.
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Figure 3. Mixed mode parameters: (a) He (b) Vs and (c) Mixed mode angle
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Figure 4 presents the histograms for G mixed mode considering the dam’s height of

35 m and full uplift. This figure illustrates the increase of the mean and the deviation with

normalized crack length seen in Fig. 3. The more open the histogram, greater the deviation.

All data fit in a Lognormal distribution. Figure 5a to Fig. 5d exhibit the statistic parameters

for G and G, considering D = 35 m and two types of uplift pressure. The values of energy

release rate for constant uplift is higher than the values for triangular uplift and this form is

closer to reality. The variation coefficient for triangular uplift exhibits peaks for values of «

near to critical points in the curve of G and G.. Figure 5d,e show the failure probability and

the security factor. It can be seen for constant uplift and overtopping that the failure will

always occur to any « . The probability is acceptable only for triangular uplift and without

overtopping, but until ¢ =

0.05.
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Figure 4. Histograms for G mixed mode, for D =35 m and H/D = 1.05: (a) « = 0.05, (b) « = 0.10 and (c)
a=0.20
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Figure 5. Reliability analysis considering D = 35 m and two types of uplift: (a) He (b) I/G, (c) Hgo (d) I
(e) Failure probability and (f) security factor for crack propagation

CONCLUSIONS

It was showed the non-influence of dam’s height in the variation coefficient of energy
release rate, which was similarly verified for the mixity angle. Moreover, the data for G fits
in a lognormal distribution, what can be explained due to the majority random variables
described as lognormal.

The results evidenced the importance of the flood control to dam’s behavior, because
the structure presented high failure probability with overtopping. In addition, consider
constant uplift can be a more conservative analysis due to the highest values for the
parameters and for the failure probability.
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The purpose of this paper was reached with the uncertainty quantification of the
random variables that describe the case and the confidence determination of the proposed
dam.
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