TP2

The crack pattern for the model with fixed crack model is quite different from the reference model.
Cracks in this model are following the reinforcement bars, making a zigzag pattern.

The image above shows the crack propagation direction on top of a plot of the crack strain Eknn in
load step 49. As the crack strains appeared in the elements around load step 40, the strains where
aligned in the same direction. As more load is applied the crack strains for the reference model
rotates as the direction of the principal strain changes. The crack strains for the fixed model remain
in the same direction. Cracks then propagates along the reinforcement bars.

8.3 Mesh properties and sensitivity

In all analyses, a linear meshing order was used, and DIANA1O0 interpret this as 1.st order elements.
4-noded quadrilateral elements with incompatible modes were used in all analyses. The choice to add
incompatible modes to the shape functions of the element would decrease the chance for the
elements to exhibit locking behavior, and seemed reasonable. Given the loading situation of the
panels, plane stress elements were thought to be well suited to reproduce results. It was assumed that
a relatively fine mesh was needed in order to obtain crack contour plots. An element size equal to
H/60 was used in the reference case, and was in correspondence with Hendriks et.al. [13]. It was of
interest to investigate whether the numerical models were sensitive to mesh size change. Two
additional meshes were evaluated. One with element size H/20, which will be denoted “coarse” and
one mesh with element size H/100 which will be denoted “fine”. Although the modelling was
performed in 2D, an increasing computational time occurred for mesh refinement.

TP1

A quite different global behavior was observed for the coarse and the fine mesh compared with the
reference case. The coarse mesh shows a linear behavior upon crack initiation, then a sudden drop in
reaction force in the load-displacement curve is observed. This sudden drop may be caused by a
sudden force re-distribution along the reinforcing bars as a result of a sudden crack development in
the middle of the panel. The reinforcement starts to yield already at load step 68. This is caused by
the increasing crack in the middle of the panel, resulting in large reinforcement stresses in the
cracked cross section. The coarse mesh shows a quite different crack pattern compared to the
reference case. Also, this particular mesh seems a bit too course for the study of the development of
crack patterns. For the fine mesh, crack initiation starts at load step 24, i.e. the crack initiation stage
does not differ much from the reference case. A stabilized crack pattern develops around load step
88, which differs much from the course mesh, but correspond to some extent with the reference case.
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Reinforcement yielding occurs around load step 101. For the reference case, reinforcement yielding
takes place around load step 94. On the other hand, the fine mesh seems to correspond better with the
reference case with respect to the crack pattern than compared to the course mesh.

TP2

The mesh size study showed that the TP2 model is mesh depended. The coarse mesh H/20 did not
have any localization propagating into a proper crack. Instead, strain was distributed over a large
area making a checkered pattern. This pattern started on the left and right side and spread inward
towards the center. Some localization happened at the lower and upper edges but no propagation
occurred.

The fine mesh H/100 got a crack pattern with five distinct cracks across the panel. Initiation stated
around load step 50. The end result shows clearly defined cracks with small areas of increased strain
in the concrete. The interface traction and relative displacement are higher for this model then the
reference with 5,874 MPa at 0,178 mm displacement.
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8.4 Numerical iterative procedures

In DIANALO, one may choose between Newton-Raphson and Quasi-Newton iteration methods for
the nonlinear analysis. All analyses performed in this thesis were first tried with the Newton Raphson
methods. However, when using these types of iteration methods, divergence would occur. When
divergence occurred, DIANA10 would automatically abort the entire analysis. It is uncertain why the
Newton-Raphson methods were unable to obtain convergence, but it might have to do with the
complexity of the numerical models. When implementing bond-slip reinforcement for instance, the
reinforcement bars are also meshed and obtain degrees of freedom. This results in many more
equilibrium equations that need to solved. Because of the problem related to divergence, the Quasi-
Newton methods were used. The Broyden version of the Quasi-Newton methods was used in the
analyses, and this iteration gave quite stable results. For TP1 and TP2, the line search option was
switched on in every analysis. As stated in section 3.1.8, this method is highly recommended, and
may be used in combination with all iteration methods. It was seen that convergence was more easily
obtained by using the line search method.

For the analyses of TP1, each step in every analysis converged, except for the (xHyH) case and the
cubic bond-slip case, where no convergence occurred in load step 152 and load step 44, respectively.
For most of the analyses, convergence in each step was obtained after 10-30 iterations. In critical
steps, the number of iterations needed to obtain convergence would sometimes exceed 30 iterations.

For the TP2 panel only two models experienced steps with no convergence. The panel with cubic
bond had no convergence in step 339, resulting in a sudden drop in reaction forces. Cracks for this
panel where studied at load step 198 so this had no effect on the crack pattern. Panel with xHyH had
a total of 7 steps without convergence. This might have had an effect on the crack pattern that was
observed. In general convergence where often reached within 10 iterations, but some steps needed
more time.
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8.5 NLFEA versus Eurocode 2 and fib Model Code 2010

A great deal of time was spent on calculating mean crack widths and crack spacing for the two
concrete panels. The aim was to compare calculations that were based on results from the nonlinear
finite element analyses with calculations based on the Eurocode 2 and fib Model Code 2010, as well
as the experimental results from Dyngeland 1989 [8]. DIANA1O calculates the crack width in an
element by multiplying the over strain over the element by a crack bandwidth, while the crack widths
from the codes are based on a length (maximum spacing or de-bonding length), multiplied with the
difference in average strain between the reinforcement and the concrete.

In Table 8, the calculated crack widths based on the results from the nonlinear analyses are shown. It
is seen that method 1, which is based on the difference in displacement between the left and the right
edge, divided by number of cracks, in most cases estimates a larger crack width then method 2,
which is based on the average principal strain of an element multiplied with the crack bandwidth of
the element. This is valid both for TP1 and TP2. The problem with this approach is that it is based on
the number of cracks that develops in the panels. This number is not always easily defined,
especially for TP2. Nonetheless, some tendencies may be observed. For TP1, the lowest crack width
is calculated for the “xHyL” case. The largest crack width is derived from the reference case. For
TP2 the smallest crack width is also derived from the “xHyL” case when method 1 is being used.
The largest crack width for TP2 with method 1 is derived from the “xLyL” case. It would have been
convenient if the calculated crack widths for the two methods corresponded. Sadly, this is not the
case. For TP1, and with the largest crack width calculated by method 2 is derived from the cubic
bond-slip case and the lowest crack width is derived from the case with mesh H/100. For TP2, the
“xLyL” case gives the highest crack width, while the “xHyL” case gives the lowest crack width. It
seems that DSSX have a large influence on the crack widths. It was found very difficult to establish a
general way of calculating the crack widths from the nonlinear analyses results, and the two
methods, displacement based and average strain based, are at best a pointer for the crack widths
given the assumptions that the methods are based on.

In Table 9 calculated crack widths and associated crack spacing according to Eurocode 2 and fib
Model Code 2010 are shown. It is observed that the crack widths according to Eurocode 2 in general
are larger than those calculated by fib Model Code 2010. This is valid, especially for TP1, where the
maximum crack spacing s, mq IS quite large. This large maximum crack spacing derives from a
large effective tension area of the cross section, resulting in a small reinforcement ratio which
evidently impacts the maximum spacing of the cracks. It is also noted that for TP1 the crack widths
calculated from nonlinear analyses results, both method 1 and method 2, all over are smaller than
those calculated from Eurocode 2 and fib Model Code 2010. For TP2, the crack widths calculated
from the codes are all over smaller than those calculated from nonlinear analysis results in Table 8.
The contribution from the concrete, i.e. the average concrete strain between cracks, was neglected,
and may cause some over estimation of the crack widths calculated from the codes. The average
concrete strain between cracks was neglected because of difficulties with respect to the sampling.

When assessing at the calculated crack widths and spacing for TP2, a much better correspondence
between the two codes are observed. However, because of the small maximum crack spacing and de-
bonding length, the code crack widths correspond rather poorly with respect to the nonlinear analysis
crack widths. For TP2, an under estimation are seen from the codes.
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8.6 Comparison of numerical and experimental crack patterns

The two figures above shows the experimental crack pattern for panel S3 and the numerical crack
pattern for TP2 reference sampled at load step 214. By comparing the dark lines within the red
square with the principal strain plot some similarities are seen.
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8.7 Sources to error

The numerical models were established with the aim of reflecting the experimental panels as good as
possible. However, it was quickly discovered that it was a challenging task to re-create the
experimental panels exact. There exist many sources of error with respect to the numerical models
and the obtained results of this thesis.

In reality, the concrete panels have different dimensions than the numerical models. Only a part of
the experimental panels were modelled, illustrated by the red square in Figure 40. In the experiments,
the strains were sampled within this are, and this area is also where the experimental crack widths
and spacing were sampled. When modelling only the area marked in red, it is possible that the
numerical results suffer from edge disturbances.
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X

Figure 40: Panel S3/S4, experimental
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Also, a source of error is related to the load application. In the numerical models, the reinforcement
end nodes were subjected to point loads. In the experiment, the reinforcing bars were welded to steel
plates on each edge of the panel. To these steel plates five loading arms were connected. The loading
arms were attached to a loading jack that pulled in the horizontal direction. This may have caused
some loading in the concrete as well. In the numerical models it seemed reasonable to apply point
loads in the reinforcement bars only, and no loading was applied to the concrete.

Another source of error related to the boundary conditions. For the case with horizontal
reinforcement, all the reinforcing bars are welded to the steel loading plates. In the numerical model,
this is re-crated with translational constraints in x- and y-direction. For the case with orthogonal
reinforcement, the reinforcing bars are welded to the steel loading plates along the vertical edges,
and along the horizontal edges, welded to small, separate steel plates. The latter weld situation was
re-created with tyings in the numerical model. The tying function may not represent the displacement
of the reinforcement bars in a realistic manner compared with the experiment.

Lastly, exact measurements were not available regarding the position of the reinforcing bars for the
case with orthogonal reinforcement, which results in small differences in the reinforcement position
of the numerical model compared to the experimental panel.
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9. Conclusion

In this thesis, nonlinear analyses of two reinforced concrete panels have been performed. The aim
has been to study the cracking behavior of the concrete when the reinforcement bars are given bond-
slip reinforcement properties.

The bond-slip model from MC10 resulted in the highest interface reinforcement tractions. This is due
to the fact that the MC10 bond-slip curve is defined with a higher bond stress plateau compared with
the cubic bond-slip model.

The cubic bond-slip model lead to an earlier crack initiation stage for both panels due to the initial
stiffness which is higher for the cubic bond-slip model than the MC10 bond-slip model.

A high value for DSSX and DSNY resulted in a significant decrease in both interface tractions and
interface relative displacement for both panels. Furthermore, the high prescribed values for the
stiffness moduli resulted in a much earlier crack initiation for TP1 compared to the reference case.
The same applies for panel TP2. Five cracks developed in panel TP1 as a result of the large stiffness
moduli. Only two cracks propagated for the reference model. For TP2, fewer clear cracks developed
as a result of high stiffness moduli. However, the crack pattern was quite different.

A high value for DSSX and a low value for DSNY differed insignificantly with respect to the case
with a high DSSX and a high DSNY for panel TP1. A high shear stiffness modulus and a low normal
stiffness modulus resulted in crack initiation a few load steps later for panel TP2 compared with the
reference case. It also resulted in a spread of small cracks all over the panel.

A low DSSX and a low DSNY had no significant impact on the panel TP1 with respect to the
reference case. For the panel TP2, a low value for both of the stiffness moduli resulted in much
higher interface tractions and interface relative displacements. Also, for panel TP2, fewer cracks
developed in as a result of low stiffness moduli.

The value of the shear stiffness moduli, DSSX has a large influence on the cracking behavior of the
two panels. With horizontal reinforcement only, the effect of a high DSSX is best seen with respect
to the crack pattern. With orthogonal reinforcement, the crack pattern did not change drastically, but
a difference is present. However, the interface tractions and relative displacements decreases
drastically when the stiffness modulus is prescribed a high value, compared to the reference case.

For the case with horizontal reinforcement only, changing the parameter DSNY has small and almost
negligible effect. Furthermore, with orthogonal reinforcement, the normal stiffness plays a more
important role, since the reinforcement to some extent will try to penetrate the concrete.

It was attempted to analyze the two panels with Regular Newton Raphson and Modified Newton
Rapson, but all analyses ended in divergence after a varying number of steps. The bond slip
formulations seem to require numerical iterative methods that are more sophisticated, and it is
concluded that a Quasi-Newton method is best suited for the task. The Broyden type Quasi-Newton
method worked well for both panels.

For the reference case with a rotating crack model, two straight cracks develop in a certain distance
from the center of the panel for TP1. For TP2, six relatively straight cracks develop in the panel. For
the fixed crack model, three cracks propagate for TP1. For TP2, the estimated number of cracks
remained unchanged. However, both for TP1 and TP2, very different crack patterns were observed
as cracks would develop along the reinforcement bars. For the fixed crack model, the normal to the
crack remain unchanged during cracking while the principal direction of the stress changes. This
causes an increase in shear stresses at the crack surface and may explain cracking along the
reinforcement bars.
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For TP2 the optimal crack pattern with respect to the experimental crack patterns was obtained with
the reference case. With orthogonal reinforcement and reference loading situation, the rotating crack
model simulates the experimental cracking behavior more accurate than the fixed crack model.
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10. Suggestions to further work

The analyses performed in this thesis have been useful with respect to obtaining crack patterns for
the different bond-slip model implemented in the numerical models. However, uncertainties have
arisen underway that may be of interest to investigate more in depth.

To get a deeper insight regarding bond-slip and how it affects the behavior of the model, the two
other bond-slip models available in DIANA10, Power law and Shima et.al. may be assessed. A
straightforward answer to what values DSSX and DSNY should be assigned for different bond-slip
models was not managed to be established in this thesis, and might be an interesting field to look
further into.

All of the analyses were carried out with first order quadrilateral plane stress elements with a bubble-
function. The influence of performing the analyses with second order quadrilateral plane stress
elements can be interesting to investigate. In addition, it could be of interest to model in 3-D and use
volume elements. Also, a deeper investigation of the “tying” function may be of interest. For TP2 the
start/end node of a reinforcing bar was applied the same displacements as the closest concrete node.
When the reinforcement start/end node is located between two concrete nodes, a linear interpolation
could for instance be assessed.

Obtaining convergence with the Newton Raphson methods was not managed in this thesis. Only the
Broyden version of the Quasi-Newton methods was utilized in the analyses. It may be of interest to
assess the Chrisfield version and the BFGS version of the Quasi-Newton methods.
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Appendix A — Python Scripts TP1
Modelling Script TP1

Python Script created by Magnus Eriksen and Magnus Kolstad for their Master's
thesis 2016

Concrete panel TPl

closeProject ()

newProject ( "TP1", 100 )
setModelAnalysisAspects( ["STRUCT"] )
setModelDimension( "2D" )
setDefaultMeshOrder ( "LINEAR" )
setDefaultMesherType ( "HEXQUAD"™ )
setUnit ( "LENGTH", "MM" )

setUnit ( "FORCE", "N" )

#GEOMETRY

SHAPELIST = []

SHAPENUMBER = 1

SELTOL = 0.01

HEIGHT = 630

WIDTH = 630

THICKNESS =100

"""Geometry 1s created, and panel name stored in SHAPELIST. """
createSheet ("Tension panel", [[0,0,0],[WIDTH,0,0], [WIDTH,HEIGHT,0],[0,HEIGHT,0]1])
SHAPELIST=["Tension panel']

fitAll()

#REINFORCEMENT

"""TITmporting function for pi. Reinforcement diameter set to 8 mm. Reinforcement
area and

perimeter calculated for two bars in depth."""

import os

from math import pi

DIAMX = 8

ASX = pi/4*DIAMX**2%2

PERIM = pi*DIAMX*2

COVER = 45

#CONCRETE PROPERTIES

YOUNGSMOD = 21900 #Modulus of elasticity concrete
POISSONRATIO = 0.2

FCT = 2.51 #Tensile strength

FC = 23.05 #Compressive strength

GF 73*FC*¥*(0.18*%0.001 #Fracture energy (MC10)

GC 250*GF #Compressive fracture energy

#REINFORCEMENT PROPERTIES

ES = 210000 #Modulus of elasticity reinforcement
FY = 403 #Yield stress reinforcement

FU =555 #Ultimate stress reinforcement

EPSMAX = 0.1 #Ultimate strain

#CREATE REINFORCEMENT

"""SPACING is the distance between the bars in the y-direction"™"

SPACING = 90

""U"NUMBEROFBARS and SNUM are counters to be used in "for" loops. REINFBARS is a
list of



LLRIR]]

reinforcement names.
NUMBEROFBARS="7
SNUM=1

REINFBARS=[]
"""Y-coordinates are generated for the reinforcement startin from the bottom of
the panel

and all the way to the top of the panel.
YBAR=[COVER]

for i in range (1,NUMBEROFBARS) :

YBAR. append (YBAR[1-1]+SPACING)
"""Coordinates Pl and P2 are created. A reinforcement name is made. Reinforment
bars are
created from point Pl to P2 and reinforcement name is stores in REINEFBARS."""
for i in range(0,len(YBAR)):

P1=[0,YBAR[1],0]

P2=[WIDTH,YBAR[i],0]

LINENAMEY='BARY{}'.format (SNUM)

createline( LINENAMEY, P1,P2)

REINFBARS. append (LINENAMEY)

SNUM=SNUM+1

wn

#CONCRETE PROPERTIES

"""Material properties for the concrete are applied to a material named
"Concrete".

Exponential and parabolic curve for concrete in tension and compression.”™""
addMaterial ("Concrete'™, "CONCR", "TSCR", [1) #

setParameter ( MATERIAL, "Concrete", "LINEAR/ELASTI/YOUNG", YOUNGSMOD )
setParameter ( MATERIAL, "Concrete", "LINEAR/ELASTI/POISON", POISSONRATIO )
setParameter ( MATERIAL, "Concrete", "MODTYP/TOTCRK", "ROTATE" )
setParameter ( MATERIAL, "Concrete", "TENSIL/TENSTR", FCT )

setParameter ( MATERIAL, "Concrete", "TENSIL/TENCRV", "EXPONE" )
setParameter ( MATERIAL, "Concrete", "TENSIL/GF1", GF )

setParameter ( MATERIAL, "Concrete", "COMPRS/COMCRV", "PARABO" )
setParameter ( MATERIAL, "Concrete'", "COMPRS/COMSTR", FC )

setParameter ( MATERIAL, "Concrete", "COMPRS/GC", GC )

"""Reduction due to lateral cracking by Vecchio and Collins, damage based
poisson's reatio

reduction and confinement model by Selby and Vecchio."""

setParameter ( MATERIAL, "Concrete", "TENSIL/REDUCT/REDCRV'", "VC1993" )
setParameter ( MATERIAL, "Concrete", "TENSIL/POISRE/POIRED", "DAMAGE'™ )
setParameter ( MATERIAL, "Concrete", "COMPRS/CONFIN/CNECRV'", "VECCHI"™ )
"""Geometry property is crated to assign the thickness of the the panel.”™""
addGeometry("Concrete", "SHEET", "MEMBRA", [])

setParameter ( GEOMET, "Concrete'", "THICK", THICKNESS )

"""Material properties and geometry properties are assigned to the geometry."""
assignMaterial ("Concrete", "SHAPE'", SHAPELIST)

assignGeometry("Concrete", "SHAPE", SHAPELIST)

#REINFORCEMENT PROPERTIES

"""The reinforcement geometry is assigned as reinforcement in DIANALIQO"""
setReinforcementAspects ( REINFBARS )

RMATNAME = "Steel Reinforcement"

"""The reinforcement is given material properties. REBOND sets bond-slip
reinforcement. The

material is given hardeneing parameters and bond-slip parameters."""
addMaterial ( RMATNAME, "REINFO", "REBOND", [] )

setParameter ( MATERIAL, RMATNAME, "REBARS/ELASTI/YOUNG", ES )
setParameter ( MATERIAL, RMATNAME, "REBARS/PLATYP", "VMISES" )
setParameter ( MATERIAL, RMATNAME, "REBARS/PLASTI/TRESSH", "KAPSIG" )
setParameter ( MATERIAL, RMATNAME, "REBARS/PLASTI/KAPSIG", [] )

setParameter ( MATERIAL, RMATNAME, "REBARS/PLASTI/KAPSIG", [ 0, FY, EPSMAX, FU 1 )



setParameter ( MATERIAL, RMATNAME, "RESLIP/DSNY'", 48 ) #Normal stiffness
setParameter ( MATERIAL, RMATNAME, "RESLIP/DSSX", 48 ) #Shear stiffness DSSX

# Model Code bond-slip curve Bond-slip Curve

# Good bond conditions

"""Bond-slip model from Model Code 2010. DUSTSX is a list that defines a curve
with bond
stress and slip.
setParameter ( MATERIAL, RMATNAME, "RESLIP/SHFTYP", "DUSTSX" )

setParameter ( MATERIAL, RMATNAME, "RESLIP/SLIP1/DUSTSX", [ -100, -4.80, -6.0, -
4.80, =-2.0, -

12.00, -1, -12.00, -0.9, =-11.50, -0.8, =-10.98, -0.7, =-10.40, -0.6, =-9.78, =-0.5, -
9.09, -0.4,

-8.32, -0.3, -7.41, -0.2, -6.30, -0.1, -4.78, 0,0, 0.1, 4.78, 0.2, 6.30, 0.3,
7.41, 0.4, 8.32

, 0.5, 9.09, 0.6, 9.78, 0.7, 10.40, 0.8, 10.98, 0.9, 11.50, 1.0, 12.00, 2.0,
12.00, 6.0, 4.80

, 100, 4.80 1)

"""Reinforcement geomtry is added. The reinforcement area and perimeter 1is
assigned to the

geometry. REITRU denotes TRUSS."™"

addGeometry( RMATNAME, "RELINE", "REBAR", [] )

setParameter ( GEOMET, "Steel Reinforcement", "REITYP", "REITRU" )

setParameter ( GEOMET, "Steel Reinforcement', "REITRU/CROSSE"™, ASX )

setParameter ( GEOMET, "Steel Reinforcement", "REITRU/PERIME", PERIM )

"""Material properties and geometry are assigned to the reinforcement bars."""
assignMaterial ( RMATNAME, "SHAPE", REINFBARS )

assignGeometry( RMATNAME, "SHAPE", REINFBARS )

#ELEMENT DATA

"""Element data for the concrete is added and assigned. Integration scheme is set
to

regular."""

addElementData( "Element data 1" )

setParameter ( DATA, "Element data 1", "INTEGR", "REGULA" )

"""Bubble function added. This adds incompatible modes to the shape functions.”™""
setParameter ( DATA, "Element data 1", "./BUBBLE", [] )

assignElementData( "Element data 1", SHAPE, SHAPELIST )

#START AND END NODES REINFORCEMENT BARS
"""The loop creates start and end nodes for the reinforcement bars as well as
assigning
element data to all reinforcement bars. ELEMENTDATANAME is a list of element
datas.
Interface elements are created, and teinforcement bars are set to TRUSS."""
REINFNODESTART=( (HEIGHT/ELEMENTSIZE)+1) **2
ELEMENTDATANAME=[]
ELEMENTDATANUM=2
ENDNODE GROUP=[]
STARTNODE GROUP=[]
for i in range (1,NUMBEROFBARS+1) :
7272727="Element data {}'.format (ELEMENTDATANUM)
ELEMENTDATANAME . append (ZZZZ)
addElementData ( ELEMENTDATANAME[i-1] )
setParameter ( DATA, ELEMENTDATANAME[i-1], "INTERFE'", "TRUSS")
STARTNODE=REINFNODESTART+ (HEIGHT/ELEMENTSIZE) * (1-1)+1i
ENDNODE=REINFNODESTART+ (HEIGHT/ELEMENTSIZE) * (1)+1 +i-1



ENDNODE_GROUP. append (ENDNODE)

STARTNODE_GROUP.append (STARTNODE)

setParameter ( DATA, ELEMENTDATANAME[i-1], "BEGINN", STARTNODE )
setParameter ( DATA, ELEMENTDATANAME[i-1], "ENDNOD", ENDNODE )
assignElementData( ELEMENTDATANAME[i-1], SHAPE, REINFBARS[i-1] )
ELEMENTDATANUM=ELEMENTDATANUM+1

# Parameter Study

"""Input for the parameter study is presented. For instance, if cubic bond-slip
is to be

investigated, simply remove the "#" in front the command below."""

""rCubic bond-slip"""
#setParameter ( MATERIAL, RMATNAME, "RESLIP/SHFTYP", "BONDS1" )
#setParameter ( MATERIAL, RMATNAME, "RESLIP/BONDS1/SLPVAL", [ FCT, 0.06 ] )

"""Fixed Cracking"™"

#setParameter ( MATERIAL, "Concrete", "MODTYP/TOTCRK", "FIXED" )
#BETA = 0.01

#setParameter ( MATERIAL, "Concrete", "SHEAR/SHRCRV", "CONSTA" )
#setParameter ( MATERIAL, "Concrete", "SHEAR/BETA", BETA )

mmn XHyH mmn
#setParameter ( MATERIAL, RMATNAME, "RESLIP/DSNY", 5475000 )
#setParameter ( MATERIAL, RMATNAME, "RESLIP/DSSX", 5475000 )

nmn HXLyLH nmn
#setParameter ( MATERIAL, RMATNAME, "RESLIP/DSNY", 48
#setParameter ( MATERIAL, RMATNAME, "RESLIP/DSSX", 48

mn HXHyLH mn
#setParameter ( MATERIAL, RMATNAME, "RESLIP/DSNY", 48 )
#setParameter ( MATERIAL, RMATNAME, "RESLIP/DSSX", 5475000)

"""Mesh size"""
#ELEMENTSIZE = HEIGHT/20
ELEMENTSIZE = HEIGHT/60
#ELEMENTSIZE = HEIGHT/100

#MESHING

"""Element size set to all shapes in SHAPELIST, i.e. 1 sheet. Element class type
MEMBRA :

Plane stress elements. """

setElementSize( SHAPELIST, ELEMENTSIZE )

setElementClassType( SHAPELIST, "MEMBRA")

"""Mesh generator. All shapes are meshed; concrete and reinforcement bars."""
generateMesh ( shapes())

"""Adds load case DEFROMLOAD: Prescribed displacements. Adds SUPPORTSET: Supports
for start

and end nodes of reinforcement bars."""

addLoadCase( "DEFORMLOAD" )

addSet ( SUPPORTSET, "SUPPORT REBAR" )

"""Loop attaches supports and load to start and end nodes of the reinforcement.
Load= 0.01

mm per load step i1 x-direction on each reinforcement end node. Support:
Restrained against

translation in x- and y-direction for reinforcement start and end nodes."""
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for i in range(len(ENDNODE GROUP)) :
addDeformationLoad( "DEFORMLOAD", 0.01, 1
addSupport ( "SUPPORT REBAR", TR, [ 1, 2 ]
addSupport ( "SUPPORT REBAR", TR, [ 1, 2 ]

, TR, str(int (ENDNODE GROUP[il)) )
, str(int (ENDNODE GROUP[i])) )
, str(int (STARTNODE GROUP[i])) )



Analysis Script TP1

Python Script created by Magnus Eriksen and Magnus Kolstad for their Master's
thesis 2016
Analysis Script Concrete panel TP1

LARIRI]

"""Adding an analysis named Nonlinear Analysis. Command: Structural Nonlinear."""
analysis = "Nonlinear analysis"

command = "Structural nonlinear"

addAnalysis( analysis )

addAnalysisCommand( analysis, "NONLIN", command )

"""Number of load steps and maximum number of iterations are set as analysis
details. 1 and

3 denotes 1*0.01lmm displacement per load step for 100 load steps and 3*0.0lmm per
load steps

for 100 load steps, respectively."""

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/LOAD/STEPS/EXPLIC/SIZES",
"1(100)

3(100)" )

setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/ITERAT/MAXITE™, 100 )
"""Different convergence criterion and tolerances. CONTIN: no convergence in step
"i", move

on to step "i+l"."""

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/ITERAT/CONVER/ENERGY",
True )

#Energy based convergence criteria

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/ENERGY/TOLCON", 0.001 )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/ENERGY/NOCONV",

"CONTIN" )

setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/ITERAT/CONVER/FORCE'",
True )

#Force based convergence criteria

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/FORCE/TOLCON", 0.01 )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/FORCE/NOCONV", "CONTIN"

)

setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/ITERAT/CONVER/RESIDU",
True )

#Residual based convergence criteria

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/RESIDU/TOLCON", 0.01 )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/RESIDU/NOCONV",

"CONTIN" )

#Total strain based cracking: Tangent: Secant

#Solver for system of equations: Sparse Cholesky

#No substructuring

"""Nonlinar effects: Total strain cracking, Tangent: CONSISTENT. Solver for
system of

equations: Sparse Cholesky. No substructuring."""
setAnalysisCommandDetail ( analysis, command, "TYPE/PHYSIC/TOTCRK/TANGEN",
"CONSIS" )
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setAnalysisCommandDetail ( analysis, command, "SOLVE/TYPE'", "CHOLES" )
setAnalysisCommandDetail ( analysis, command, "SOLVE/CHOLES/SUBSTR", False )

#LINESEARCH
setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear'",
"EXECUT (1) /ITERAT/LINESE", True )

#Arc Length
#setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear",
"EXECUT (1) /LOAD/STEPS/EXPLIC/ARCLEN", True )

#LOGGING

"""Full report written to the .out-file."""
setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/LOGGIN/REPORT/AMOUNT",
"FULL" )
setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/LOGGIN/REPORT/TERMIN",
"STEP" )

#Crack strain, Green, sampled at integration points (LOCATI: INTPNT)
#Crack width local coordinates, Green, sampled at integration points
#Crack width, Green prinicipal, sampled at integration points

#Total principal strains , sampled at integration points

#Total principal stresses

#OUTPUT

"""Setting the output of the analysis. Crack Strain, Crack width, total principal

strains

and total principal stresses.LOCATI: Sampling points: Integration Points."""
setAnalysisCommandDetail ( analysis, command, "OUTPUT (2)/SELTYP", "USER" )
addAnalysisCommandDetail ( analysis, command, "OUTPUT (2)/USER™ )
addAnalysisCommandDetail ( analysis, command,

"OQUTPUT (2) /USER/STRAIN (1) /CRACK/GREEN")
setAnalysisCommandDetail ( analysis, command,

"OQUTPUT (2) /USER/STRAIN (1) /CRACK/GREEN/LOCATI",

"INTPNT" )

addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (2) /CRKWDT/GREEN/GLOBAL")
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (2) /CRKWDT/GREEN/GLOBAL/LOCATI","INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (3) /CRKWDT/GREEN/LOCAL"™ )
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (3) /CRKWDT/GREEN/LOCAL/LOCATI","INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (4) /CRKWDT/GREEN/PRINCI" )
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (4) /CRKWDT/GREEN/PRINCI/LOCATI","INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (5) /TOTAL/GREEN/PRINCI"™ )
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (5) /TOTAL/GREEN/PRINCI/LOCATI","INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRESS (1) /TOTAL/CAUCHY/PRINCI" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRESS (2) /TOTAL/CAUCHY/LOCAL"™ )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (6) /TOTAL/GREEN/LOCAL"™ )

"""Different iteration methods. Regular and modified Newton Raphson and Quasi
Newton,

Broyden."™"
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#REGULAR NEWTON RAPSON

LARIRI]

setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear",
"EXECUT (1) /ITERAT/METHOD/METNAM", "NEWTON" )

setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear",
"EXECUT (1) /ITERAT/METHOD/NEWTON/TYPNAM", "REGULA" )
setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear",

"EXECUT (1) /ITERAT/METHOD/NEWTON/START", "PREVIO" )

#MODIFYED NEWTON RAPSON
setAnalysisCommandDetail ( analysis, command, "EXECUT (1) /ITERAT/METHOD/METNAM",
"NEWTON" )

setAnalysisCommandDetail ( analysis, command,
"EXECUT (1) /ITERAT/METHOD/NEWTON/TYPNAM",
"MODIFI" )

setAnalysisCommandDetail ( analysis, command,
"EXECUT (1) /ITERAT/METHOD/NEWTON/START",
"PREVIO" )

#setAnalysisCommandDetail ( analysis, command,
"EXECUT (1) /ITERAT/METHOD/NEWTON/START",
"LINEAR" )

#SECANT BROYDEN PREVIOUS

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/ITERAT/METHOD/METNAM",
"SECANT" )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/METHOD/SECANT/TYPNAM",

"BROYDE" )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/METHOD/SECANT/START", "PREVIO"

)

"""All analysis details are set. runSolver starts the analysis "Nonlinear
Analysis"."""

runSolver ( analysis )

showView ( "RESULT" )

setViewPoint ( "TOP" )

setViewSettingValue( "result view setting", "DEFORM/MODE", "ABSOLU")

# FIND LOAD DISPLACEMENT CURVE

#DISPLACEMENT

"""DISPNODE = Random Reinforcement end node. The reinforcement node numbers vary
with the

mesh size. First, run Tension Panel script with desired mesh. Activate mesh nodes
and mark a

random reinforcement end node. Switch on "Show id", and type in the respective
node number

in DISPNODE"""

#Mesh h/60
DISPNODE = [4026]
#Mesh h/20
DISPNODE = [525]

LARIRI]

#mesh h/100
DISPNODE= [10302]

LARIRI]
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#MAKE A LIST WITH NODES WITH REACTIONFORCES (FORCENODES)
""UEORCENODES: List with reinforcement start nodes"""
FORCENODES = []

VVVV=[HEIGHT/ELEMENTSIZE]

#First reinforcement node numner

UUUU=[ (HEIGHT/ELEMENTSIZE+1) **2+1]

"""The loop dumps all reinforcement start nodes into FORCENODES."""
for i in range (0,7):
#FORCENODES . append (int (UUUU[O0]) +1+ (i-1) * (int (VVVV[0])))
FORCENODES .append (int (UUUU[O] )+ (i* (1+int (VVVV[0]1))))

#highlight (NODE, 170)
highlight (NODE, FORCENODES)
showIds( NODE, FORCENODES )

#DISPLACEMENT

DISPLACEMENTS = []

LASTCASE = len(resultCases(analysis,'"'))

for i in range(0,LASTCASE):
DISPLACEMENTS.append(resultData([analysis,"Output",resultCases (analysis,"Ou
tput") [1],
"Total Displacements","TDtX"],DISPNODE) [0][1])

#REACTIONFORCES
REACTIONS = []
FORCE = 0

for i in range(0,LASTCASE) :
for j in FORCENODES:
FORCE = FORCE +
resultData([analysis,"Output",resultCases (analysis,"Output™) [i],
"Reaction Forces","FBX"]1,(3,))[01[1]
REACTIONS.append (FORCE)
FORCE = 0

#WRITE TO FILE

"""f: writes a text file with displacements."""

f = open('ResultDisplacementS1.TXT", " 'w')

"""g:writes a text file with reaction forces."""

g = open('ResultReactionforceS1.TXT',"'w")

"""Sets the accuracy (Number of digits) in the text files"""

for i in range(0,len(REACTIONS)) :
f.write('{0:20.5f}\n"'.format (DISPLACEMENTS[1]))
g.write('{0:20.6f}\n"'.format (REACTIONS[1]))

f.close()

g.close()

"""In order to write the load-displacement curve, all of the user output
(OUTPUT (2)) must be
commented out. DIANAlO provides a defalt output.”™""



Appendix B — Python Scripts TP2
Modelling Script TP2

Python script created by Magnus Eriksen and Magnus Kolstad for their master
thesis at NTNU

2016

Concrete panel TP2

Explanation: If this script is run in DIANA the reference panel is created. To
change

propperties to perform our parameter sudy the "#" in different places needs to be
removed.

#PROJECT SETTINGS

closeProject ()

newProject ( "TP2", 10 )

setModelAnalysisAspects( [ "STRUCT" ] )

setModelDimension( "2D" )

setDefaultMeshOrder ( "LINEAR" )

setDefaultMesherType ( "HEXQUAD" )

setUnit ( "LENGTH", "MM" )

setUnit ( "FORCE", "N" )

#GEOMETRY

HEIGHT=630

WIDTH=630

THICKNESS=100

"""Geometry are created, and panel name stored in SHAPELIST. """

createSheet ("Tension panel", [[0,0,0],[WIDTH,0,0], [WIDTH,HEIGHT,0],[0,HEIGHT,0]1])
SHAPELIST=["Tension panel']

fitAll()

#REINFORCEMENT PROPERTIES

"""TITmporting function for pi. Reinforcement diameter set to 8mm. Reinforcement
area and

perimeter calculated for two bars in depth."""
import os

from math import pi

DIAMLONG=8

ASL=pi/2*DIAMLONG**2

PERIM=DIAMLONG*pi*2

FY = 403 #yield stress

FU = 555 #ultimate stress

EPSMAX = 0.1 #strain at ultimate stress

DSNY = 5906250 #normal stiffnes of interface
DSSX = 47.1 #shear stiffness of interface

#CONCRETE PROPERTIES

EC = 23625 #Youngs modulus

POISSONRATIO = 0.15 #Poissons ratio

FC = 22.4 #Compressive strength

FCT = 2.44 #Tensile strength

GF = 73*FC**0.18*0.001 #Fracture energy tension, formula from MC10
GC = 250*GF #Fracture energy compression

#CREATE REINFORCEMENT

"""WSPACING is the distance between bars in the X-direction. INIBARDISPX and
INIBARDISPY are

initial "displacement" to place reinforcement in the rigth place in relation to
the



concrete.
SPACING=127
INIBARDISPX=122
INIBARDISPY=58.5
""" NUMBEROFBARS and SNUM are counters to be used in "for" loops. Asbars is a
list of the
reinforcement-names.
NUMBEROFBARS=10
SNUM=1
ASBARS=[]
"""X-coordinates are generated for the reinforcement starting in bottom left
going up to the
right (XBAR) ."""
XBAR=[-WIDTH+INIBARDISPX]
for i in range (1,NUMBEROFBARS-1):

XBAR.append (XBAR[1-1]+SPACING)
"""Coordinates Pl and P2 are created. Reinfircement bars are created from point
Pl to P2. A
reinforcement name is made and stored in ASBARS"""
for i in range(0,len(XBAR)):

P1=[XBAR[1],0,0]

P2=[XBAR[1]+WIDTH,HEIGHT, 0]

LINENAMEX='"BARX{}'.format (SNUM)

createlLine( LINENAMEX, P1,P2)

ASBARS . append (LINENAMEX)

SNUM=SNUM+1
"""X-coordinates are generated for the reinforcement starting in top left going
down to the
right (YBAR) ."""
YBAR=[-WIDTH+INIBARDISPY]
for i in range (1,NUMBEROFBARS) :

YBAR.append (YBAR[1-1]+SPACING)
"""Coordinates P3 and P4 are created. Reinfircement bars are created from point
Pl to P2. A
reinforcement name is made and stored in ASBARS"""
for i in range(0,len(YBAR)):

P3=[YBAR[i],HEIGHT, 0]

P4A=[YBAR[i]+WIDTH,0,0]

LINENAMEY='BARY{}'.format (SNUM)

createLine( LINENAMEY, P3,P4)

ASBARS.append (LINENAMEY)

SNUM=SNUM+1

#CONCRETE PROPERTIES

"""Material properties for the concrete are applied to a material named
"Concrete".

Exponental and parabolic curve for concrete in tension and compression.
addMaterial ( "Concrete'", "CONCR", "TSCR", []1 )

setParameter ( MATERIAL, "Concrete", "LINEAR/ELASTI/YOUNG", EC )
setParameter ( MATERIAL, "Concrete", "LINEAR/ELASTI/POISON", POISSONRATIO )
setParameter ( MATERIAL, "Concrete'", "MODTYP/TOTCRK", "ROTATE" )
setParameter ( MATERIAL, "Concrete", "TENSIL/TENSTR", FCT )

setParameter ( MATERIAL, "Concrete", "TENSIL/TENCRV", "EXPONE" )
setParameter ( MATERIAL, "Concrete", "TENSIL/GF1", GF )

setParameter ( MATERIAL, "Concrete", "COMPRS/COMCRV", "PARABO" )
setParameter ( MATERIAL, "Concrete", "COMPRS/COMSTR", FC )

setParameter ( MATERIAL, "Concrete", "COMPRS/GC™, GC )

"""Reduction due to lateral cracking by Vecchio and Collins, damage based
poissons ratio

reduction and confinement model by Selby and Vecchio."""

setParameter ( MATERIAL, "Concrete", "TENSIL/REDUCT/REDCRV'", "VC1993" )
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setParameter ( MATERIAL, "Concrete", "TENSIL/POISRE/POIRED", "DAMAGE'" )
setParameter ( MATERIAL, "Concrete", "COMPRS/CONFIN/CNECRV'", "VECCHI" )
"""Geometry property is created to assign the thicknes of the panel"""
addGeometry( "Concrete'", "SHEET", "MEMBRA"™, [] )

setParameter ( GEOMET, "Concrete", "THICK", THICKNESS )

"""Material properties and geometry properties are assigned to the geometry
assignMaterial( "Concrete'", "SHAPE", SHAPELIST )

assignGeometry( "Concrete'", "SHAPE", SHAPELIST )

LLRIR]]

#RIENFORCEMENT PROPERTIES

"""The reinforcement geometry is defined as reinforcement in DIANA"""
setReinforcementAspects( ASBARS )

"""Renamed the reinforcement to RMATNAME for easier use"""

RMATNAME = "Steel Reinforcement"

"""Reinforcement is defined as bond slipp reinforcement and properties applied to
RMATNAME"™ ™"

addMaterial ( RMATNAME, "REINFO", "REBOND", [] )

setParameter ( MATERIAL, RMATNAME, "REBARS/ELASTI/YOUNG", 210000 )

setParameter ( MATERIAL, RMATNAME, "REBARS/PLATYP", "VMISES" )

setParameter ( MATERIAL, RMATNAME, "REBARS/PLASTI/TRESSH", "KAPSIG" )
setParameter ( MATERIAL, RMATNAME, "REBARS/PLASTI/KAPSIG", [ 0, FY, EPSMAX, FU ] )
setParameter ( MATERIAL, RMATNAME, "RESLIP/DSNY", DSNY )

setParameter ( MATERIAL, RMATNAME, "RESLIP/DSSX", DSSX)

"""Bond slip cureve is defined"""

setParameter ( MATERIAL, RMATNAME, "RESLIP/SHETYP", "DUSTSX" )

setParameter( MATERIAL, RMATNAME, "RESLIP/SLIP1/DUSTSX", [ -100, -4.73, -6, -
4.73, -2, -11.83

, -1, -11.83, -0.9, -11.34, -0.8, -10.82, -0.7, -10.25, -0.6, -9.64, -0.5, -8.97,

-0.4, -8.20

, -0.3, -7.31, -0.2, -6.21, -0.1, -4.71, 0, O, O.1, 4.71, 0.2, 6.21, 0.3, 7.31,
0.4, 8.20,

0.5, 8.97, 0.6, 9.04, 0.7, 10.25, 0.8, 10.82, 0.9, 11.34, 1.0, 11.83, 2, 11.83,
6, 4.73, 100,

4.73 1)

"""Geometry propperties are defined for the reinforcement"""

addGeometry( RMATNAME, "RELINE", "REBAR", [] )

setParameter ( GEOMET, RMATNAME, "REITYP", "REITRU" )

setParameter ( GEOMET, RMATNAME, "REITRU/CROSSE", ASL )

setParameter ( GEOMET, RMATNAME, "REITRU/PERIME", PERIM )

"""Material properties and geometry properties are applied to reinforcement """
assignMaterial ( RMATNAME, "SHAPE'", ASBARS )

assignGeometry( RMATNAME, "SHAPE", ASBARS )

#ELEMENT DATA

"""Integration scheme and bubble function to add incompatible strain modes to the
concrete

elements. """

addElementData( "Element data 1" )

setParameter ( DATA, "Element data 1", "INTEGR", "REGULA" )

setParameter ( DATA, "Element data 1", "./BUBBLE", [] )

assignElementData( "Element data 1", SHAPE, SHAPELIST )

#START AND END NODES

"""To apply element data to the reinforcement, the start and end nodes must be
defined.

There where no easy way to find these by python script so they have been found
manually and

put in a list. The node numbers dependent on the mesh size.
#mesh is H/20
#STARTNODEREINF=[442,450,466,490,522,543,575,599,615,623,627,639,659,687,723,759,
787,807,819]
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#ENDNODEREINF=
[449,465,489,521,542,574,598,614,622,626,638,658,686,722,758,786,806,818,822]
#mesh H/60
STARTNODEREINF=[3722,3746,3794,3866,3962,4023,4119,4191,4239,4263,4275,4311,4371,
4455,4563,

4671,4755,4815,4851]

ENDNODEREINF=
[3745,3793,3865,3961,4022,4118,4190,4238,4262,4274,4310,4370,4454,4562,4670,
4754,4814,4850,4862]

#mesh H/100
#STARTNODEREINF=[10202,10242,10322,10442,10602,10703,10863,10983,11063,
11103,11123,11183,11283,11423,11603,11783,11923,12023,12083]

#ENDNODEREINF= [10241,10321,10441,10601,10702,10862,10982,11062,11102,
11122,11182,11282,11422,11602,11782,11922,12022,12082,12102]

"""A for loop is used to generate a spesific element data for each reinforcemnet
bar and

applies it. The element date defines the reinforcement as truss-bond-slip-
reinforcement and

applies the start and end node to the first and last node in each bar"""

ELEMENTDATANAME=[]

ELEMENTDATANUM=2

for 1 in range (1,1len(STARTNODEREINF)+1):
722772="Element data {}'.format (ELEMENTDATANUM)
ELEMENTDATANAME. append (ZZZZ)
addElementData( ELEMENTDATANAME[i-1] )
setParameter ( DATA, ELEMENTDATANAME[i-1], "INTERE", "TRUSS")
setParameter ( DATA, ELEMENTDATANAME[i-1], "BEGINN", STARTNODEREINF[i-1] )
setParameter ( DATA, ELEMENTDATANAME[i-1], "ENDNOD", ENDNODEREINF[i-1] )
assignElementData( ELEMENTDATANAME[i-1], SHAPE, ASBARS[i-1] )
ELEMENTDATANUM=ELEMENTDATANUM+1

#PARAMETE STUDY

""MCUBIC BOND SLIP"""

#setParameter ( MATERIAL, RMATNAME, "RESLIP/SHFTYP", "BONDS1" )
#setParameter ( MATERIAL, RMATNAME, "RESLIP/BONDS1/SLPVAL", [ FCT, 0.06 ] )

"NMETXED CRACKING"""

#setParameter ( MATERIAL, "Concrete", "MODTYP/TOTCRK", "FIXED" )
#BETA = 0.01

#setParameter ( MATERIAL, "Concrete", "SHEAR/SHRCRV", "CONSTA" )
#setParameter ( MATERIAL, "Concrete", "SHEAR/BETA", BETA )

HHHXHyHHHH
#DSSX = 5906250
#DSNY = 5906250

mn "XHyL" mn
#DSSX = 5906250
#DSNY = 47.1

mn "XLyL" mn
#DSSX = 47.1
#DSNY = 47.1
HHHMESH SIZEHHH

#ELEMENTSIZE=HEIGHT/20
ELEMENTSIZE=HEIGHT/60
#ELEMENTSIZE=HEIGHT/100
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#MESHING

"""Mesh size is applied and mesh is generated. Membran type is selected"""
setElementSize( SHAPELIST, ELEMENTSIZE )

setElementClassType( SHAPELIST, "MEMBRA" )

generateMesh (shapes())

#LOADS AND SUPPORTS

"""TLoad case and support set are created"""

addLoadCase( "DEFORMLOAD'" )

addSet ( SUPPORTSET, "SUPPORT REBAR" )

"""Loads and supports are applied to the reinforcement crossing the left and

right side of

the panel.”™""

for i in range(4):
addSupport ( "SUPPORT REBAR", TR,
addSupport( "SUPPORT REBAR", TR,
addSupport ( "SUPPORT REBAR", TR,
addSupport ( "SUPPORT REBAR", TR,
addDeformationLoad( "DEFORMLOAD"™, 0.0

for i in range(5):
addSupport ( "SUPPORT REBAR", TR,
addSupport ( "SUPPORT REBAR", TR,
addSupport ( "SUPPORT REBAR", TR,
addSupport ( "SUPPORT REBAR", TR,
addDeformationLoad( "DEFORMLOAD", 0.0

str(int (STARTNODEREINF[1i])
str(int (STARTNODEREINF[i])
str(int (ENDNODEREINF[i+5])
str(int (ENDNODEREINF[i+5])
1, TR,str(int (ENDNODEREINF[i+5])) )
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#highlight (NODE, STARTNODEREINF)
#showIds ( NODE, ENDNODEREINF )

# APPLICATION OF TYINGS

"""To apply the styings, the python script must be run in DIANA and then exported
to a .DAT

- file. Then one of the tying-sets below must be pasted into the .DAT file. This
must be

pasted in between the 'LOADS'-sectiomn and the 'SUPPOR'-section in the .DAT-file.
The tyings

are dependent on the mesh size, so the right tying-set must be copied from
below."""

"""The tying applies a master slave relation between one reinforcement node and
one concrete

node. In this case an equal displacement relation in X and Y direction is
applied.

nnn

#H/60:
'"TYINGS'
NAME SETil
EQUAL TR 1 2
4274 69
4023 75
4310 81
4119 87
4370 93
4191 99
4454 105
4239 111
4562 117
4563 235

Xiv



3745
4671
3793
4755
3865
4815
3961
4851
4022
3962

wuan

#H/2

wuan

2
2
2
2
2
1
1
1
1
3

0:

29
23
17
11
05
99
93
87

"TYINGS'
NAME SET 1
EQUAL TR 1 2

626
543
638
575
658
599
686
615
722
723
449
759
465
787
489
807
521
819
522
542

25
27
29
31
33
35
37
39
41
79
77
75
73
71
69
67
65
63
3

1

#H/100:

won

"TYINGS'
NAME SET 1
EQUAL

1070
1086
1098
1106
1112
1118
1128
1142
1160
1192
1160
1024
1178
1032
1044
1202
1060

3
3
3
3
2
2
2
2
2
3
3
1
3
1
1
3
1

TR 1 2
123
143
163
184
112
132
153
173
193
351
391
382
371
362
341
330
321

XV



12083
11923
10602
10702

LARIRI]

310
351
3
1
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Analysis Script TP2

Python script created by Magnus Eriksen and Magnus Kolstad for their master
thesis at NTNU

2016

Concrete panel TP2

#mesh is H/20
#STARTNODEREINF=[442,450,466,490,522,543,575,599,615,623,627,639,659,687,723,759,
787,807,819]

#ENDNODEREINF=
[449,465,489,521,542,574,598,614,622,626,638,658,686,722,758,786,806,818,822]

#mesh H/60
STARTNODEREINF=[3722,3746,3794,3866,3962,4023,4119,4191,4239,4263,4275,4311,4371,
4455,4563,

4671,4755,4815,4851]

ENDNODEREINF=
[3745,3793,3865,3961,4022,4118,4190,4238,4262,4274,4310,4370,4454,4562,4670,

4754 ,4814,4850,4862]

#mesh H/100
#STARTNODEREINF=[10202,10242,10322,10442,10602,10703,10863,10983,11063,
11103,11123,11183,11283,11423,11603,11783,11923,12023,12083]
#ENDNODEREINF= [10241,10321,10441,10601,10702,10862,10982,11062,11102,
11122,11182,11282,11422,11602,11782,11922,12022,12082,12102]

# SET UP ANALYSIS

analysis = "Nonlinear analysis"

command = "Structural nonlinear"”

addAnalysis( analysis )

addAnalysisCommand( analysis, "NONLIN", command )

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/LOAD/STEPS/EXPLIC/SIZES",
"1(10)")

setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/ITERAT/MAXITE™, 100 )
setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/ITERAT/CONVER/DISPLA",
False )

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/ITERAT/CONVER/ENERGY",
True )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/ENERGY/TOLCON", 0.001 )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/ENERGY/NOCONV",

"CONTIN" )

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/ITERAT/CONVER/FORCE'",
True )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/FORCE/TOLCON", 0.01 )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/FORCE/NOCONV", "CONTIN"

)

setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/ITERAT/CONVER/RESIDU",
True )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/RESIDU/TOLCON", 0.01 )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/CONVER/RESIDU/NOCONV",
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"CONTIN" )

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/ITERAT/CONVER/SIMULT'",
False )

addAnalysisCommandDetail ( analysis, command, "EXECUT (1)/SOLVE/CHOLES" )
#LINESEARCH

setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear',
"EXECUT (1) /ITERAT/LINESE", True )

#Arc Length

#setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear",
"EXECUT (1) /LOAD/STEPS/EXPLIC/ARCLEN", True )

#LOGGING

setAnalysisCommandDetail ( analysis, command, "EXECUT(1)/LOGGIN/REPORT/AMOUNT",
"FULL" )

setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/LOGGIN/REPORT/TERMIN",
"STEP" )

#ITERATION METHOD

#MODIFYED NEWTON RAPSON
setAnalysisCommandDetail ( analysis, command, "EXECUT (1)/ITERAT/METHOD/METNAM",
"NEWTON" )

setAnalysisCommandDetail ( analysis, command,
"EXECUT (1) /ITERAT/METHOD/NEWTON/TYPNAM",
"MODIFI" )

#setAnalysisCommandDetail ( analysis, command,
"EXECUT (1) /ITERAT/METHOD/NEWTON/START",
"PREVIO" )

setAnalysisCommandDetail ( analysis, command,
"EXECUT (1) /ITERAT/METHOD/NEWTON/START",
"LINEAR" )

nuon

#REGULAR NEWTON RAPSON

wuon

setAnalysisCommandDetail ( "Nonlinear analysis'", "Structural nonlinear",
"EXECUT (1) /ITERAT/METHOD/METNAM", "NEWTON" )
setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear",

"EXECUT (1) /ITERAT/METHOD/NEWTON/TYPNAM", "REGULA" )
setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear",
"EXECUT (1) /ITERAT/METHOD/NEWTON/START", "PREVIO" )

nnn

#SECANT BROYDEN PREVIOUS

setAnalysisCommandDetail ( analysis, command, "EXECUT (1) /ITERAT/METHOD/METNAM",
"SECANT" )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/METHOD/SECANT/TYPNAM",

"BROYDE" )

setAnalysisCommandDetail ( analysis, command,

"EXECUT (1) /ITERAT/METHOD/SECANT/START", "PREVIO"

)
setViewSettingValue( "result view setting", "DEFORM/MODE", "ABSOLU" )

#Physical nonlinear - Total Strain based cracking, TANGENT CONSISTENT
setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear'",
"TYPE/PHYSIC/TOTCRK/TANGEN", "CONSIS" )

#substructure off

setAnalysisCommandDetail ( "Nonlinear analysis'", "Structural nonlinear",
"EXECUT (1) /SOLVE/CHOLES/SUBSTR", False )
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#SPARSE CHOLESKY solution method

setAnalysisCommandDetail ( "Nonlinear analysis", "Structural nonlinear',
"SOLVE/TYPE",

"CHOLES" )

#OUTPUT USER

"""The selected output"""

setAnalysisCommandDetail ( analysis, command, "OUTPUT (2)/SELTYP'", "USER" )
addAnalysisCommandDetail ( analysis, command, "OUTPUT (2)/USER™ )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (1) /CRACK/GREEN")
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (1) /CRACK/GREEN/LOCATI",

"INTPNT" )

addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (2) /CRKWDT/GREEN/GLOBAL")
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (2) /CRKWDT/GREEN/GLOBAL/LOCATI" ,"INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (3) /CRKWDT/GREEN/LOCAL" )
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (3) /CRKWDT/GREEN/LOCAL/LOCATI","INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (4) /CRKWDT/GREEN/PRINCI" )
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (4) /CRKWDT/GREEN/PRINCI/LOCATI","INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (5) /TOTAL/GREEN/PRINCI" )
setAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (5) /TOTAL/GREEN/PRINCI/LOCATI","INTPNT" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRESS (1) /TOTAL/CAUCHY/PRINCI" )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRESS (2) /TOTAL/CAUCHY/LOCAL"™ )
addAnalysisCommandDetail ( analysis, command,

"OUTPUT (2) /USER/STRAIN (6) /TOTAL/GREEN/LOCAL" )

#STARTING THE ANALYSIS

runSolver( analysis )

showView( "RESULT" )

setViewPoint ( "TOP" )

setResultPlot( "contours", "Cauchy Total Stresses/mappedintegrationpoint", "S2" )
setViewSettingValue( "result view setting'", "DEFORM/MODE", "ABSOLU")

# FIND LOAD DISPLACEMENT CURVE
"""To make the load displacement date the outputblock above must be commented
OUt ) mmon

#DISPLACEMENT

"""The end of one af the reinforcement bars are selected to sample displacements
from"™"

DISPNODE = [int (ENDNODEREINF[7])]

#highlight (NODE, DISPNODE)

#MAKE A LIST WITH NODES WITH REACTIONFORCES (FORCENODES)
FORCENODES=[]

for i in range(4):

FORCENODES . append (int (STARTNODEREINF[1]))

for i in range(5):

FORCENODES . append (int (STARTNODEREINF[i+9]))

XiX



highlight (NODE, DISPNODE)
showIds( NODE, FORCENODES )

#SAMPELING OF DISPLACEMENTS

DISPLACEMENTS = []

LASTCASE = len(resultCases(analysis,'"'))

for i in range(0,LASTCASE):
DISPLACEMENTS.append(resultData([analysis,"Output",resultCases (analysis, "Output'™)
[i1,

"Total Displacements","TDtX"],DISPNODE) [0][1])

#SAMPELING OF REACTION FORCES

REACTIONS = []

FORCE = 0

for i in range(0,LASTCASE):

for j in FORCENODES:

FORCE = FORCE + resultData([analysis,"Output",resultCases(analysis,"Output')[i],
"Reaction Forces","FBX"],(3,))[01[1]

REACTIONS.append (FORCE)

FORCE = 0

#WRITE TO FILE TEXT FILES

f = open('Result45DisplacementS2.TXT"','w")
g = open('Resultd4bSReactionforceS2.TXT', " 'w')
for i in range(0,len(REACTIONS)) :

f.write('{0:20.5f}\n'.format (DISPLACEMENTS[1]))

g.write('{0:20.6f}\n"'.format (REACTIONS[i]))

f.close()

g.close()

"""Warnings are ignored. One unwanted load is removed by diana when analysis
starts, wich is

OK. Error in the end is ignored.
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Appendix C — Calculations according to Eurocode 2 and Model Code

In this appendix follows simplified calculations of crack widths and maximum crack spacing for
panel TP1 and panel TP2.

Material Properties

fetp1 = 2,51 MPa, tensile strength TP1

fet.p2 = 2,44 MPa, tensile strength TP2

E; = 210000 MPa, Elastic modulus reinforcing steel
E.rp; = 21900 MPa, Elastic modulus of concrete TP1
E.rp, = 23625 MPa, Elastic modulus of concrete TP2

Reinforcement

fy = 403 MPa, yield limit reinforcement

¢ = 8mm, diameter of reinforcing bar

Agy = 14-m- (8mm)? - 0,25 = 703,716 mm?  Total amount of reinforcement in TP1

As, =38-m- (8mm)?- 0,25 = 1910,088 mm? Total amount of reinforcement in TP2

Cover

Crp1 = Crpy = min(45,10)mm = 10mm, cover taken in the thickness direction of the panel.

Eurocode 2
k, =08
k, =1,0
ks = 3,4
k, = 0,425

heerrrp1 = (10 + 8 + 20)mm = 38mm

heerrrpz = heerprpr = 38mm
Acerrrpr = Acerrrrz = heerr b = 23940

7 -1 (4mm)?

PpeffTP1 = 1 = 0,01469
ceff
10 - T - (4mm)?
Pp.effTP2 = " = 0,020996
ceff
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¢

Srmaxtp1 = K3 ¢+ ky-ky kg ———=219,160mm
Pp.eff,TP1
_ _ ¢ _
Srmax,y,TP2 = Srmax,z,TP2 — ky-c+ky ky ky-———=163,548 mm
Pp.eff,TP2
1
Srmax,TP2 = cos(p) | sin(g) = 115,646 mm

t
Sr,max,y,TP2 Sr,max,zTP2

Model code 2010

k=10

Tomrp1 = 18" ferrpr = 4518 MPa

Tomrr2 = 18" feerpz = 4,392 MPa

heerr =min(25-(c+2),2)=35  t=100mm
Acerr = heepr b = 22050 mm?

7 -1 - (4mm)?

Ps,effTP1 = Y = 0,01596

ceff

10 - 7 - (4mm)?

PseffTP2 = " = 0,02278

ceff

1
lsmaxrpr = k-c+—- Jetp : ¢ =79,618 mm

4 Tpmrr1 Pseffrri

fetrp2 (0]

lsmax P2 = lsmax,yrp2 =k ¢+ - : = 58,776 mm

Tom,TP1 Ps,eff,TP2
1
cos(¢p) + sin(¢p)

lS,mGX,X,TPZ ls,max,y,TPZ

= 44,490 mm

ls,max,TPz =

Calculation of crack widths

- Eurocode 2:
o Wg = Srmax (Es - Ec)

- Model Code 2010
o wg=2- ls,max (& — &)
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