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Apéndice A — Resultados da Calibracéo

Tabela A.1 — Fatores de Calibracdo das SecOes A e B.

Eletronivel F.C. Leitora Manual Conversédo SME
Al 7,30E-06 1,99E-01
A2 7,56E-06 2,06E-01
A3 7,16E-06 1,95E-01
A4 7,30E-06 1,99E-01
A5 7,78E-06 2,12E-01
A6 7,46E-06 2,03E-01
A7 6,97E-06 1,90E-01
A8 7,64E-06 2,08E-01
A9 6,28E-06 1,71E-01
Al10 7,00E-06 1,91E-01
All 7,54E-06 2,05E-01
Al2 7,40E-06 2,01E-01
Al3 7,03E-06 1,91E-01
Al4 6,61E-06 1,80E-01
Al5 6,76E-06 1,84E-01
Al16 6,88E-06 1,87E-01
Al7 6,84E-06 1,86E-01
Al18 6,25E-06 1,70E-01
A19 6,72E-06 1,83E-01
A20 5,90E-06 1,61E-01
A21 6,95E-06 1,89E-01
A22 7,13E-06 1,94E-01
A23 6,54E-06 1,78E-01
A24 6,76E-06 1,84E-01
A25 6,64E-06 1,81E-01
A26 6,48E-06 1,76E-01
A27 6,56E-06 1,78E-01
A28 7,35E-06 2,00E-01
A29 6,49E-06 1,77E-01
A30 6,64E-06 1,81E-01
A31 6,72E-06 1,83E-01
A32 6,56E-06 1,79E-01
Bl 6,93E-06 1,89E-01
B2 7,05E-06 1,92E-01
B3 6,75E-06 1,84E-01
B4 7,00E-06 1,91E-01
B5 7,07E-06 1,92E-01
B6 7,41E-06 2,02E-01
B7 7,09E-06 1,93E-01
B8 6,53E-06 1,78E-01
B9 5,96E-06 1,62E-01
B10 6,22E-06 1,69E-01
B11 6,00E-06 1,63E-01

130


DBD
PUC-Rio - Certificação Digital Nº 0721427/CA


PUC-RIo - Certificacdo Digital N° 0721427/CA

Tabela A.2 — Fatores de Calibragdo das Se¢bes C e D.

Eletronivel F.C. Leitora Manual Conversédo SME
Cl 7,56E-06 1,99E-01
Cc2 6,54E-06 2,06E-01
C3 6,99E-06 1,95E-01
C4 7,26E-06 1,99E-01
C5 7,21E-06 2,12E-01
C6 6,87E-06 2,03E-01
C7 6,51E-06 1,90E-01
C8 6,43E-06 2,08E-01
C9 6,66E-06 1,71E-01
C10 6,41E-06 1,91E-01
Cl1 6,20E-06 2,05E-01
C12 6,86E-06 2,01E-01
C13 6,59E-06 1,91E-01
Cl4 6,73E-06 1,80E-01
C15 6,46E-06 1,84E-01
C16 6,15E-06 1,87E-01
C17 6,73E-06 1,86E-01
C18 6,67E-06 1,70E-01
D1 7,19E-06 1,83E-01
D2 6,71E-06 1,61E-01
D3 7,24E-06 1,89E-01
D4 7,04E-06 1,94E-01
D5 7,40E-06 1,78E-01
D6 6,67E-06 1,84E-01
D7 6,54E-06 1,81E-01
D8 6,19E-06 1,76E-01
D9 7,00E-06 1,78E-01
D10 6,62E-06 2,00E-01
D11 6,63E-06 1,77E-01
D12 6,30E-06 1,81E-01
D13 6,19E-06 1,83E-01
D14 6,39E-06 1,79E-01
D15 5,96E-06 1,89E-01
D16 6,31E-06 1,92E-01
D17 6,55E-06 1,84E-01
D18 6,76E-06 1,91E-01
D19 6,57E-06 1,92E-01
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Figura A.1 — Grafico da calibragdo com o uso da leitora manual.
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Apéndice B — Rotinas de Calculo (VBA)

A seguir sdo apresentadas as rotinas utilizadas para o calculo da
regressao polinomial com restrigao (f°(0)=0):

Function RegressaoPolinomialComRestricao(x, y, n) ' Regressao Polinomial

Dim nx As Integer ' numero de pontos

Dim Sx() ' matriz dindmica para as somas x

Dim Sxy() 'matriz dinamica para as somas xy

Dim M() As Variant

Dim Inv As Variant

Dim B() ' matriz dinamica para o vetor B das constantes
Dim A() ' matriz dinamica para os coeficientes

Dim i As Integer, j As Integer, k As Integer

nx = x.Count
ReDim Sx(2 * n)
ReDim Sxy(n)
Fori=0To2*n"'determinar as somas Sx
Sx(i)=0
Fork =1 To nx
Sx(i) = Sx(i) + x(K) M i
Next k
Next i

Fori=0Ton'determinar as somas Sxy

Sxy(i) =0
Fork=1Tonx
Sxy(i) = Sxy(i) + x(k) " i * y(k)
Next k
Next i

ReDimM(1 Ton, 1 Ton)
ReDim Inv(1 Ton, 1 Ton)
ReDim B(1 To n)

ReDim A(1 To n)

M(1, 1) = Sx(0)
Forj=0Ton-2

M(1, j + 2) = Sx(2 +])
M(j + 2, 1) = Sx(2 + )

Next j

Fori=0Ton-2 'criar o restante da matriz M e a matriz B
Forj=0Toi
M@ +2,j+2)=Sx(i+]+4)

MG +2,i+2)=Sx(@i+]j+4)
Next j
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B(1) = Sxy(0)
B(i +2) = Sxy(i + 2)

Next i
" resolver o sistema M * A = B usando inversado da matriz M
Inv = Application.MInverse(M)

For i =1 To n ' multiplicacao das matrizes

A@l)=0
Forj=1Ton
A() = A(i) + Inv(i, j) * B(j)
Next j
Next i

RegressPoli2 = A ‘retornar o vetor A

End Function
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Apéndice C — Resultados das deflexdes e momentos

fletores sem a compatibilizacdo das leituras.

Os resultados apresentados a seguir foram obtidos para uma série de
eletroniveis instalados, sem haver compatibilizagcdo com instalagdes anteriores.
Os valores positivos de deflexdo indicam deslocamento para jusante, valores
positivos de momentos fletores indicam tracdo nas fibras positivas da face de

concreto.
10,00
8,00
6,00
= 400
=
> 200
<
S 0,00
2
T g0 200,00 250,00
3
€ -4,00
£
S -6,00
=
-8,00
-10,00

Distancia longitudinal da face a partir do plinto (m)

=31 /mar/09
—=3/mai/09
12/jul/09
——27/ago/09
== 28/set/09

Figura C.1 — Deflexdo calculadas sem compatibilizacdo das leituras para a

Segdo A, EN A1-A28. (Periodo 15/03/2009 a 28/09/2009).
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Figura C.2 — Momentos Fletores calculados sem compatibilizagdo da leituras

para a Sec¢do A, EN Al1-A28. (Periodo 15/03/2009 a 28/09/2009).
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Distancia longitudinal da face a partir do plinto (m)

Figura C.3 — Deflexdo calculadas sem compatibilizacdo das leituras para a
Secdo B, EN B1-B10. (Periodo 27/07/2009 a 28/09/2009).
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Figura C.4 — Momentos Fletores calculados sem compatibilizacdo da leituras
para a Secdo B, EN B1-B10. (Periodo 27/07/2009 a 28/09/2009).
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Figura C.5 — Deflexdo calculadas sem compatibilizacdo das
Secdo C, EN C1-C15. (Periodo 15/03/2009 a 28/09/2009).
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Figura C.6 — Momentos Fletores calculados sem compatibilizacdo das leituras
para a Secdo C, EN C1-C15. (Periodo 15/03/2009 a 28/09/2009).
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Figura C.7 — Deflexdo calculadas sem compatibilizagdo das leituras para a

Secdo D, EN D1-D18. (Periodo 12/06/2009 a 28/09/2009).
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Figura C.8 — Deflexdo calculadas sem compatibilizacdo das leituras para a

Segdo D, EN D1-D18. (Periodo 12/06/2009 a 28/09/2009).
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Apéndice D — Exemplo de Relatério Gerado pelo
Programa de Monitoramento em VBA
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—
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Apéndice E - Rotinas para automatizacdo dos calculos

Sub Mazar()

Sheets("Rotac¢des (rad)").Visible = True
Sheets(""Polindmios 60 Grau").Visible = True
Sheets(""Deflexdes").Visible = True
Sheets("Momentos Fletores™).Visible = True
Sheets("Temp").Visible = True

' 1. CALCULO DAS ROTACOES E REGRESSAO POLINOMIAL
' 1.1 Copiando 0 menu

Sheets("Leituras").Select
Cells.Find(What:="Leitura", After:=ActiveCell, LookIn:=xIFormulas, _
LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _
MatchCase:=False, SearchFormat:=False).Activate

colunax = ActiveCell.Column

linhax = ActiveCell.Row

‘colunax e linhax corresponde a posicéo inicial dos valores a serem copiados
x = linhax

y = colunax

Do Until ActiveCell = "Al1"
y=y+1
Cells(x, y).Select
Loop
y=y-1
"y guarda a coluna onde acabam os valores a serem copiados
Do Until IsEmpty(ActiveCell.Value)
X=x+1
Cells(x, y).Select
Loop
Xx=x-1
' x guarda a linha onde acabam os valores a serem copiados

Range(Cells(linhax, colunax), Cells(x, y)).Select
‘selecdo do intervalo
Selection.Copy

Sheets(""Rotagdes (rad)").Select
Cells(linhax, colunax).Select

ActiveSheet.Paste

' 1.2 Gerando férmulas de rotacdo

' AUTOMATIZANDO AS FORMULAS DE ROTAGAO!
Cells.Find(What:="A1", After:=ActiveCell, LookIn:=xIFormulas, _

LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _
MatchCase:=False, SearchFormat:=False).Activate
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k = ActiveCell.Row
j = ActiveCell.Column
i=k+2

Cells(i, j).Select

ActiveCell.FormulaR1C1 = "=(Leituras!RC-Leituras!R64C)*'Rotacbes (rad)''R1C"

¢ = ActiveCell.Column
12 = ActiveCell.Row

Cells(I2, c).Select
Selection.AutoFill Destination:=Range(Cells(12, c), Cells(12, w)),
Type:=xIFillDefault

Range(Cells(12, c), Cells(12, w)).Select
Selection.AutoFill Destination:=Range(Cells(I2, c), Cells(x, w)) ‘Como foi excluida
uma linha, X estava gerando uma linha a mais!!!!

Range("A1").Select

' 1.5 Regresséo polinomial
' 1.5.1 Copiando o menu

Sheets("Leituras").Select
Cells.Find(What:="Leitura", After:=ActiveCell, LookIn:=xIFormulas, _
LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _
MatchCase:=False, SearchFormat:=False).Activate

colunax = ActiveCell.Column

linhax = ActiveCell.Row

‘colunax e linhax corresponde a posicéo inicial dos valores a serem copiados
x = linhax

y = colunax

Do Until ActiveCell = "Data"
y=y+1
Cells(x, y).Select
Loop
y=y-1
"y guarda a coluna onde acabam os valores a serem copiados
Do Until IsEmpty(ActiveCell.Valuge)
X=x+1
Cells(x, y).Select
Loop
Xx=x-1
' x guarda a linha onde acabam os valores a serem copiados

Range(Cells(linhax, colunax), Cells(x, y)).Select
'selecdo do intervalo
Selection.Copy

Sheets(""Polindmios 60 Grau").Select
Cells(linhax, colunax).Select
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ActiveSheet.Paste

' deletando a linha

Rows("64:64").Select
Selection.Delete Shift:=xIUp

" Inserindo RegressPoli
' Zerando RegressPoli para ndo alterar parte da matriz
Range("B64").Select

D = ActiveCell.Row
r = ActiveCell.Column

Range("A64").Select
Selection.End(xIDown).Select
f = ActiveCell.Row

v=7

Range(Cells(D, r), Cells(f, v)).Delete

Range("B64").Select

ActiveCell.FormulaR1C1 = _
"=RegressPoli2(Leituras!R62C4:R62C31,'Rotacdes
(rad)''R[1]C4:R[1]C31,'Polinbmios 60 Grau''R1C10)"
Range("B64:G64").Select

Selection.FormulaArray = _
"=RegressPoli2(Leituras!R62C4:R62C31,'Rotacdes

(rad)''R[1]C4:R[1]C31,'Polinbmios 60 Grau'!R1C10)"

' "Arrastando" a formula

Range("B64:G64").Select

‘Selection.AutoFill Destination:=Range("'B2:G17")
Selection.AutoFill Destination:=Range(Cells(D, r), Cells(f, v))
Range("A1").Select

' formatando

Range("B64").Select
Range(Selection, Selection.End(xIDown)).Select
Range(Selection, Selection.End(xIToRight)).Select
Selection.Borders(xIDiagonalDown).LineStyle = xINone
Selection.Borders(xIDiagonalUp).LineStyle = xINone
With Selection.Borders(xIEdgeLeft)

.LineStyle = xIContinuous

.Weight = xIThin
.ColorIndex = xIAutomatic
End With

With Selection.Borders(xIEdgeTop)
.LineStyle = xIContinuous
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.Weight = xIThin
.ColorIndex = xlAutomatic
End With

With Selection.Borders(xIEdgeBottom)
.LineStyle = xIContinuous

.Weight = xIThin
.Colorindex = xlAutomatic
End With

With Selection.Borders(xIEdgeRight)
.LineStyle = xIContinuous

.Weight = xIThin
.Colorindex = xlIAutomatic
End With

With Selection.Borders(xlInsideVertical)
.LineStyle = xIContinuous

.Weight = xIThin
.ColorIndex = xlIAutomatic
End With

With Selection.Borders(xlInsideHorizontal)
.LineStyle = xIContinuous

.Weight = xIThin
.ColorIndex = xlAutomatic
End With

Selection.NumberFormat = "0.000E+00"

Range("A1").Select

'2 CALCULO DAS DEFLEXOES

PUC-RIo - Certificacdo Digital N° 0721427/CA

' Copiando ID dos EN

Sheets("Leituras").Select

Range("A1").Select

Cells.Find(What:="A1", After:=ActiveCell, LookIn:=xIFormulas, _
LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _

MatchCase:=False, SearchFormat:=False).Activate

colunaz = ActiveCell.Column
linhaz = ActiveCell.Row

w = colunaz

Do Until IsEmpty(ActiveCell.Value)
w=w+1
Cells(linhaz, w).Select

Loop

w=w-1

Range(Cells(linhaz, colunaz), Cells(linhaz, w)).Select
‘selecéo do intervalo
Selection.Copy

Sheets("'Deflexdes").Select

v=y+3
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Cells(linhax, v).Select

ActiveSheet.Paste
Range("A1").Select

' Copiando menu

Sheets("Leituras").Select

Cells.Find(What:="Leitura", After:=ActiveCell, LookIn:=xIFormulas, _
LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _
MatchCase:=False, SearchFormat:=False).Activate

colunax = ActiveCell.Column
linhax = ActiveCell.Row

‘colunax e linhax corresponde a posicéo inicial dos valores a serem copiados

x = linhax
y = colunax

Do Until ActiveCell ="A1"
y=y+1
Cells(x, y).Select
Loop
y=y-1
"y guarda a coluna onde acabam os valores a serem copiados
Do Until ISEmpty(ActiveCell.Value)
x=x+1
Cells(x, y).Select
Loop
Xx=x-1
' x guarda a linha onde acabam os valores a serem copiados

Range(Cells(linhax, colunax), Cells(x, y)).Select
'selecdo do intervalo
Selection.Copy

Sheets("Deflexdes™).Select
Cells(linhax, colunax).Select

ActiveSheet.Paste

" deletando a linha

Rows("'64:64").Select
Selection.Delete Shift:=xIUp

" Inserindo Foérmula de Deflexao
Range("D64").Select

Range("D64").Select

ActiveCell.FormulaR1C1 = _

"="'Polindmios 60 Grau'lRC2*Deflexdes!R1C+'Polindbmios
Grau''RC3*Deflexdes!R1C*3/3+'Polindbmios
Grau''RC4*Deflexdes!R1C*4/4+'Polindbmios
Grau''RC5*Deflexdes!R1C"5/5+'Polindmios
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60
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60
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Grau'lRC6*Deflexdes!R1C"6/6+'Polindbmios 60
Grau'lRC7*Deflexdes!R1C 7/7+R61C"

t = ActiveCell.Row
o = ActiveCell.Column

Range("A63").Select

Selection.End(xIDown).Select

g = ActiveCell.Row

u=31

Cells.Find(What:="A17", After:=ActiveCell, LookIn:=xIFormulas, _
LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _

MatchCase:=False, SearchFormat:=False).Activate

cs = ActiveCell.Column ' coluna da legenda da segunda etapa

Range("D64").Select

' "Arrastando" horizontalmente a formula

Selection.AutoFill Destination:=Range("D64:T64"), Type:=xIFillDefault

" "Arrastando" verticalmente a férmula

Range("'D64:T64").Select
Selection.AutoFill Destination:=Range(Cells(t, 0), Cells(g, cs))

Range("U64").Select

ActiveCell.FormulaR1C1 = _

"="Polindmios 60 Grau'lRC2*Deflexdes!R1C[-1]+'Polinémios 60
Grau'lRC3*Deflexfes!R1C[-1]"3/3+'Polindbmios 60  Grau'lRC4*Deflexes!R1C[-
1]"4/4+'Polindmios 60 Grau'!lRC5*Deflex6es!R1C[-1]"5/5+'Polinémios 60
Grau'lRC6*Deflexbes!R1C[-1]"6/6+'Polindbmios 60  Grau'lRC7*Deflexdes!R1C[-
1]"7/7+R61C20"

cs2 = ActiveCell.Column

' "Arrastando” horizontalmente a formula

Selection.AutoFill Destination:=Range("U64:AE64"), Type:=xIFillDefault
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' "Arrastando” verticalmente a férmula

Range("U64:AE64").Select
Selection.AutoFill Destination:=Range(Cells(t, cs2), Cells(g, u))

' formatando

Range('D64").Select
Range(Selection, Selection.End(xIDown)).Select
Range(Selection, Selection.End(xIToRight)).Select
Selection.Borders(xIDiagonalDown).LineStyle = xINone
Selection.Borders(xIDiagonalUp).LineStyle = xINone
With Selection.Borders(xIEdgeLeft)

.LineStyle = xIContinuous

.Weight = xIThin
.ColorIndex = xIAutomatic
End With

With Selection.Borders(xIEdgeTop)
.LineStyle = xIContinuous

.Weight = xIThin
.ColorIndex = xlAutomatic
End With

With Selection.Borders(xIEdgeBottom)
.LineStyle = xIContinuous

.Weight = xIThin
.ColorIndex = xlAutomatic
End With

With Selection.Borders(xIEdgeRight)
.LineStyle = xIContinuous

Weight = xIThin
.ColorIndex = xIAutomatic
End With

With Selection.Borders(xlInsideVertical)
.LineStyle = xIContinuous

Weight = xIThin
.ColorIndex = xIAutomatic
End With

With Selection.Borders(xlInsideHorizontal)
.LineStyle = xIContinuous

Weight = xIThin
.ColorIndex = xIAutomatic
End With

Selection.NumberFormat = "0.000E+00"

Range("A1").Select

'3 CALCULO DOS MOMENTOS FLETORES

146

' Copiando ID dos EN
Sheets(""Leituras™).Select
Range("A1").Select

Cells.Find(What:="A1", After:=ActiveCell, LookIn:=xIFormulas, _

LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _
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MatchCase:=False, SearchFormat:=False).Activate

colunaz = ActiveCell.Column
linhaz = ActiveCell.Row

w = colunaz
Do Until IsEmpty(ActiveCell.Value)
w=w+1
Cells(linhaz, w).Select
Loop
w=w-1
Range(Cells(linhaz, colunaz), Cells(linhaz, w)).Select
'selecdo do intervalo
Selection.Copy
Sheets(""Momentos Fletores™).Select
Range("D67").Select
ActiveSheet.Paste

Range("A1").Select

' Copiando menu

Sheets("Leituras").Select

Cells.Find(What:="Leitura", After:=ActiveCell, LookIn:=xIFormulas, _
LookAt:=xIPart, SearchOrder:=xIByRows, SearchDirection:=xINext, _
MatchCase:=False, SearchFormat:=False).Activate

colunax = ActiveCell.Column

linhax = ActiveCell.Row

‘colunax e linhax corresponde a posicao inicial dos valores a serem copiados
x = linhax

y = colunax

Do Until ActiveCell = "Al1"
y=y+1
Cells(x, y).Select
Loop
y=y-1
'y guarda a coluna onde acabam os valores a serem copiados
Do Until IsEmpty(ActiveCell.Valuge)
X=x+1
Cells(x, y).Select
Loop
Xx=x-1
' x guarda a linha onde acabam os valores a serem copiados

Range(Cells(linhax, colunax), Cells(x, y)).Select
'selecdo do intervalo
Selection.Copy

Sheets(""Momentos Fletores™).Select
Range("A67").Select
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ActiveSheet.Paste

" deletando a linha

Rows("'68:68").Select
Selection.Delete Shift:=xIUp

" Inserindo a Férmula
Range('D68").Select

¢ = ActiveCell.Row

e = ActiveCell.Column
Range("A68").Select
Selection.End(xIDown).Select
p = ActiveCell.Row

s=31

Range("D68").Select

ActiveCell.FormulaR1C1 =

"=R1C2*R5C*(2*'Polindbmios 60 Grau'lR[-4]C3*'Momentos
Fletores'!IR6C+3*'Polindmios 60 Grau'lR[-4]C4*'Momentos
Fletores'!R6C"2+4*'Polinémios 60 Grau'lR[-4]C5*'Momentos
Fletores'!R6C"3+5*'Polinémios 60 Grau'lR[-4]C6*'Momentos

Fletores'!R6C"4+6*'Polindmios 60 Grau'!R[-4]C7*'Momentos Fletores''R6C"5)"
' "Arrastando” horizontalmente a formula

Range('D68").Select

Selection.AutoFill Destination:=Range("D68:AE68"), Type:=xIFillDefault
' "Arrastando” verticalmente a formula

Range("D68:AE68").Select

Selection.AutoFill Destination:=Range(Cells(c, e), Cells(p, s))

Range("A1").Select

Range("A1").Select

Sheets("Leituras").Select

Range("A1").Select

Sheets(""Rotagdes (rad)").Visible = False

Sheets(""Polindmios 60 Grau").Visible = False

Sheets("'Deflexdes").Visible = False

Sheets(""Momentos Fletores™).Visible = False

Sheets("Temp").Visible = False

End Sub
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