
 
 

 

  

2023 

Kefu Shen 

TU Delft 

11/20/2023 

MSc. Thesis 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

MSc Thesis 
 

 

3D Fiber Reinforced Concrete Printing of 

Houses in Wujiazhuang, China 
 

 

By 

 

 

Kefu Shen 

 

To obtain the degree of Master of Science 

In Civil engineering, track Building Engineering 

at the Delft University of Technology, 

to be defended publicly on November 30, 2023 at 13:30 

 

 

Student Number: 5296099 

Thesis Committee:    Ass. Prof. Dr. (Mariana) M.A. Popescu 

Dr.ir.H.R. (Roel)Schipper 

Ass. Prof. Dr. B. (Branko) Šavija 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



i 
 

 

Preface 

 
Starting my master’s program at TU Delft has been an amazing experience, and looking back 

on it now, I still feel that time has flown by and I have a lot of feelings. In the first year of my 

master's program, I first learned about the application of 3D printing in building construction 

and felt that this technology was very innovative and had good prospects for the future, so I 

prioritized this direction in my graduation project, and ultimately, I gained more knowledge and 

mastered more research methodology and logic of thinking through this research. 

 

In general, this research was not particularly smooth, especially in the absence of relevant 

tutorials and most of the research work was done in software. However, with the help of tutors, 

classmates, and the software staff, I was able to complete the study. I believe that the difficulties 

I encountered in this research are not without their significance, as they helped me to develop 

a positive mindset to think of solutions in the face of difficulties, and to learn from them in order 

to avoid the same problems in the next time. 

 

I would like to thank the three committee members, namely Ass. Prof. Dr. (Mariana) M.A. 

Popescu, Dr.ir.H.R. (Roel)Schipper, and Ass. Prof. Dr. B. (Branko) Šavija for their help and 

guidance in completing this study. I would like to thank Dr. ir. H.R. (Roel) Schipper for his weekly 

follow up and advice, which was very helpful in finalizing the study. Thanks to DIANA support 

and Francesco Messali's help in using the software, I was able to get the right analysis method. 

 

I would like to thank my family and friends for their encouragement and companionship during 

my master's study, which gave me more motivation and confidence to complete my research. 

The time I spent at TU Delft was wonderful, I gained professional knowledge and experienced 

more cultures as well as landscapes, which will help me in my future life. After completing my 

master’s degree, I am also confident enough to face the next opportunities and challenges that 

come my way as I embark on the next step of my career. 

 

 

Kefu Shen 

November 2023 

 

 

 



ii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 
 

Summary 

 
Nowadays, with the rapid development of 3D printing technology, more and more applications 

of this technology can be seen in daily life, and architecture is one of the important directions. 

There are already a lot of creative buildings completed by 3D printing in the world, and many 

of them have already been put into use. One of the big challenges of this technology is that 

since the properties of freshly extruded concrete are not high enough, it becomes necessary to 

use reinforcement strategies to make the concrete meet the requirements of 3D printing. One 

of the common reinforcement strategies is achieved by adding fibers to the concrete. 

 

In this study, through finite element modeling and analysis of a 3D concrete printed farmhouse 

located in Wujiazhuang, China, the whole process of 3D printing of the farmhouse, as well as 

the internal forces of the structure when it enters into use after the printing is completed was 

analyzed, and the effect of the application of fiber reinforced concrete in the whole process of 

3D printing, as well as the optimization strategy was shown in detail. 

 

The literature study summarizes the current state of development of additive manufacturing 

and 3D printing, as well as the different types classified through the process; introduces FEM 

and describes its application in 3D printing; describes the process of making fiber reinforced 

concrete and its advantages over the material properties of normal concrete; reveals the 

changes in material properties of materials used for 3D printing in the early stages; and 

describes the field situation of the Wujiazhuang farmhouse and the printing process. 

 

The deformation and stress distribution of the whole structure under the use state had been 

analyzed by linear static analysis in finite element software, and the material distribution of the 

structure had been preliminarily determined. After that, the whole printing process of the 

structure was analyzed by stage and structural nonlinear analysis, and the key issues such as 

how to simulate the truss structure wall and what parameters will affect the number of printable 

layers of the structure were analyzed by building multiple models. Finally, the material 

distribution and printing solution of the structure were given. 

 

The results given were further modified by continuing to reduce the deformation of the structure 

to meet the code requirements for the displacement of the formwork structure. Several methods 

were given to minimize the deformation to meet the code requirements from two different 

perspectives: the geometry of the structure and the material properties. 

 

The reliability of the modeling in this study and the accuracy of the results were verified by using 

finite element software modeling to analyze a 3D printing model from a paper and comparing 

the results. The conclusions of this study and the possible applications of the conclusions in 3D 

printing were finally given, as well as possible directions for future follow-up research. 
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1 Introduction 

 

In recent years, architectural 3D printing has developed very rapidly. The manufacturing 

process is constantly evolving and becoming more and more widely used around the world. 

The principle of 3D printing is the construction of layered structures, in which three-dimensional 

components are printed from a digital model. This emerging digital fabrication brings more 

opportunities as well as challenges to the construction industry. The technology is in the early 

stages of maturity, so there are no standardized procedures available to evaluate. 

 

Currently, there are three types of concrete 3D printers used for construction printing, namely 

gantry, robotic and crane. Gantry and crane printers have the advantage of being easily 

scalable in size. In comparison, robots are often fixed in size and difficult to scale, but robots 

have their own advantages in that speed and degrees of freedom allow them to perform many 

tasks that a gantry printer may not be able to do. Therefore, if the design of the printed object 

does not require any complexity, gantry printers may be more suitable than robotic printers 

because robots are more costly and the payload on the robotic arm is usually lower than that 

of a gantry printer. 

 

1.1 Typical projects 

 

Project Milestone 

 

The Milestone project consists of a series of five 3D-printed houses in the Netherlands, located 

in Eindhoven's Meerhoven district, which the Eindhoven Municipality and the Technical 

University of Eindhoven (TU Eindhoven) expressed an interest in constructing during the Dutch 

Design Week 2016. The City Hall and Eindhoven University of Technology, as well as several 

companies (Van Wijnen, Saint-Gobain Weber Beamix, Vesteda, and Witteveen + Bos), entered 

a partnership to complete the entire project. The first building opened in 2021 and is currently 

occupied. 
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As shown in the figure above, the first building of the Milestone project is a single-story dwelling 

with an area of approximately 100 square meters. For the structural aspect of the building, the 

area is enclosed by multiple 3D printed concrete wall elements that are curved in-plane and 

out-of-plane and are all used for load-bearing purposes, so that traditional steel-reinforced 

poured concrete is not used internally. 

 

For the material side of the building, a model of the project Milestone was printed using a 

commercially available 3D printed mortar (Weber 3D 145-2). The mortar consists of Portland 

cement (CEM I 52.5 R), siliceous aggregate with a maximum particle size of 1 mm, limestone 

filler, additives, rheology modifiers and a small amount of short polypropylene (PP) fibers to 

control plastic shrinkage (Wolfs et al., 2023). 

 

Tecla in Italy 

 

Tecla is an innovative 3D printed home building, developed by Massimo Moretti in collaboration 

with WASP, that draws inspiration from ceramic bees, printed in 2020. The house consists of 

two modules up to 4.2 m high, with an area of approximately 60 m3, and was constructed in 

200 hours of printing time. The project is characterized by the use of locally sourced natural 

materials and is as eco-friendly as possible. 

 

 

 

For materials, it consists of local soil with water, rice husk fibers and binders. The thermal 

insulation filling material consists of rice husk and straw from rice cultivation waste. The 

composition of the mixture and the filling of the walls were optimized according to the local 

climate. The early stages of construction are the excavation and mixing phase, in which the 

Figure 1: Project Milestone's First 3D Printed House (Ranjit, 2022) 

Figure 2: Aerial view of Tecla house (Corazza, 2021) 
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excavator digs up the local soil, which is then analyzed and mixed with water and additives. 

 

The world’s longest 3d printed bridge 

 

The world's longest and largest concrete 3D bicycle bridge, with a length of 29 meters, was 

printed layer by layer in a concrete printing factory and realized by the architectural group BAM. 

The complete freedom of the architects, who were not limited by materials or traditional 

processes such as concrete formwork, was a novelty of the project. 

 

The project used parametric design with the aim of giving the bridge more freedom in its 

geometry. Once printed at the factory, each section was moved to the site and then assembled 

for pre-stressing for the 8 September 2021 inauguration. 

  

Figure 3: The 3D-printed concrete bicycle bridge in Nijmegen. (Municipality of Nijmegen, 2021) 

 

 

1.2 Challenge 

 

The material used mostly for architectural 3D printing is concrete (3DCP), as concrete (or 

mortar) has fresh properties that make it very suitable for extrusion through a nozzle, controlled 

by a printing robot. In construction industry, several examples of how 3DCP can be applied to 

realize full-scale buildings, building components or bridges have already been demonstrated 

over the past years. However, much of this work has a highly experimental character, are 

demonstrators of academic efforts, or have a limited scale. Challenges that are addressed by 

the scientific community are (among others):  

1. the accurate strength and safety prediction of the printed buildings, in a way that is 

comparable to the way this is done for regular concrete by the use of building codes,  

2. the robotic production process, where preliminary failure of printed concrete before 

hardening can occur due to stability loss or compressive failure,  

3. the geometric limitations and opportunities of robotic printing, which are very different 

from a more traditional concrete construction process, 

4. the process from design to production, which is very different from the conventional 
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design process for reinforced concrete, 

5. the influence on detailing and connections. 

 

This thesis will mainly focus on the first and second challenge, and at some points also address 

the other three challenges. 

 

It is commonly acknowledged that concrete has lower tensile strength than compressive 

strength, which is problematic for most structural applications. In regular (cast) concrete, this is 

solved by the inclusion of reinforcement steel, pre- or post-tensioning steel, or the addition of 

steel or plastic fibers to the fresh mixture. It is not straightforward to translate these conventional 

strengthening methods to 3DCP. Therefore, one of the challenges, already addressed by many 

other researchers, is the reinforcement strategy most suitable for the 3D printing construction 

process. Several reinforcement strategies have been proposed in recent years, and one of 

them is fiber reinforced concrete. Short fibers are added to the concrete matrix providing post-

cracking tensile and stress-bridging capacity across the cracks (Regli et al., 2016). However, 

because of the layering technology inherent to 3DCP (and to AM in general), it is obvious that 

the improved tensile strength by adding fibers is not necessarily beneficial in the direction 

perpendicular to the interfaces between layers. The interface strength is lower, as extruded 

fibers do not bridge the interface, but are only improving the properties within the filament 

extrusion dimensions. This would potentially lead to structural problems in the end, as 

inhomogeneity in material characteristics can lead to failure on weak spots. This could already 

occur during printing, as well as after hardening, after applying dead and live loads on the 

structure, or as a result of shrinkage or other effects that lead to tensile stresses. 

 

Apart from the use of a robotic arm and the layered application of concrete, the further 

construction process is also an important factor. Different construction strategies will have 

influence on the distribution of stresses in the component, for example, the introduction of a 

crane to lift and move 3D-printed objects during construction also temporarily increases the 

load at specific locations of those components, which should also be taken into account. As 

explained before, in those positions of the structure where tensile stresses are expected, it can 

be beneficial to use fiber reinforced concrete. 

 

This study will investigate whether the stresses in and deformations of a 3D-printed object can 

be calculated for a number of crucial stages in the construction process, starting with printing, 

but also including the effects of dead and live loads after hardening, and taking into account 

the material properties of concrete with or without fibers. The study aims to provide a better 

understanding of where in the structure the improved material properties by addition of fibers 

are necessary, and where these improved properties are not strictly needed, for example no 

tensile stresses are to be expected in any of the construction or life-cycle stages. 

 

To this end, this study will investigate in detail the case of a real 3D printed building in China. 

The building is located in Wujiazhuang, it was completed in 2021 and already occupied. The 

building was designed and printed on site by a team led by Professor Xu from the facalty of 

Architecture at Tsinghua University. This building is a brand-new attempt to 3D print homes in 
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China and is therefore of great significance. 

 

By using the Finite Element Method (FEM) to determine the internal force distribution of the 

building in various stages, under the premise of a given printing path and comprehensively 

considering the impact of possible construction processes during the construction process, the 

optimal solution for the construction is finally determined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

2 State of the Art 

2.1 Introduction 

In the following I will describe which aspects of the current state of research I will refer to and 

the role that these aspects have had on this study as well as their impact. 

 

The first is an introduction to additive manufacturing as well as 3D concrete printing, which has 

been developing rapidly in recent years and is gradually finding applications in building 

fabrication. This thesis will briefly introduce the different types and methods of additive 

manufacturing and apply them to the case study that will be analyzed in this study. 

 

This is followed by the current state of research in FEM and its integration with building 

construction, especially with the 3D printed building construction process. Due to the current 

lack of standards and criteria to judge 3D printing technology, FEM has become one of the most 

important methods to judge the performance of 3D concrete-printed buildings. A brief 

introduction of FEM and its connection to 3D fiber reinforced concrete printing will be given. I 

will also describe the FEM software DIANA used in this study and explain the basis for the 

selection of the software. 

 

Then there is the important factor that is integral to 3D printed buildings, which is the material. 

The properties of the material will have a decisive impact on whether the 3D printing can be 

completed and how the printed building will perform. Therefore, different relevant literature will 

be extracted and different material ratios and their effects on material properties will be 

investigated. In this context the focus will be on material properties that have a significant 

impact on 3D printing, such as extrudability and printability.  

 

This is followed by an introduction to the mechanical properties of 3DCP in the early stages as 

well as after hardening. It is also important to understand the trends in material properties as 

time increases and the effects that different material ratios can have. And the most common 

ways in which structures fail during 3D printing and the mechanisms will also be explained. This 

is also a key factor to focus on during the subsequent FEM analysis, as the causes of structural 

failure must be understood before the structure can be adjusted and re-analyzed in a targeted 

manner. 

 

Finally, there is a brief description of the Wujiazhuang site case, which will be analyzed in this 

study. This section contains the local climatic conditions, the type of buildings and structures, 

the site construction layout, and the construction methods, some of which will also be used in 

the finite element analysis, and some of which will be changed or simplified. 
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2.2 Additive Manufacturing and 3DCP 

 

 

Figure 4: A process classification framework for architectural AM processes (Buswell et al., 2020) 

 

The figure above shows the different fabrication processes for additive manufacturing, which 

mainly include material extrusion, binder jetting, and selective separation sintering. The most 

common of these is material extrusion, which can be divided into cementitious and polymer 

materials. The category to be used in this study is the one marked in the yellow box, i.e., 

concrete printing. The materials used in the studied cases are normal concrete as well as fiber 

reinforced concrete, both in extruded form. 

 

One of the most important changes of additive manufacturing (AM) compared to conventional 

manufacturing, is that it explicitly identifies manufacturing as a computational process that 

allows manufacturing artifacts of unprecedented complexity but does not tolerate ambiguities 

in assumed models and representations (Regli et al., 2016). 
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Figure 5: The path from designed model to manufacturing (Regli et al., 2016) 

 

Figure 5 above shows a typical path of AM from design to production. The first step is the CAD 

design, which includes the preliminary design of the building geometry as well as the internal 

structure, and optimization based on the test performance to obtain the design in CAD 

optimized format. After entering the printing process, the first step is to set up the temporary or 

permanent supports that may be needed as well as the direction of the print, followed by the 

characteristics of 3D printing, i.e., layering, and the initial estimation of a number of print-related 

parameters, such as the print speed and printhead-related attributes, followed by a finite 

element analysis of the printing process, in which the parameters need to be adjusted 

continuously in accordance with the stage-by-stage results of the analysis in order to ensure 

the accuracy and reliability of the print. The optimized structure and the various printing 

parameters are then fed into the AM machine, where the data is processed and filtered for final 

printing. 

 

This study will also be based on the above process. It can be seen that the most challenging 

part of the above process is the finite element analysis of the structural printing process, as it 

requires constant adjustment of various parameters and multiple analyses to obtain an 

optimized structure and parameters. 
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Figure 6: Flowcharts of eight different projects illustrating the interaction of primary operations (denoted 

by squares) and sub-processes (denoted by circles) in time (Buswell et al., 2020) 

 

The figure above reveals the temporal interactions of the main operations and sub-processes 

in the different process flows by showing the DFC flows for eight different projects around the 

world, which also include processes such as the addition of temporary supports. The eight 

projects are divided into material extrusion, binder jetting, additive extrusion, and hybrid of 

several types. 

 

For the cases used in this study, the best fit with the eight flowcharts above is the third and 

fourth in the left column, which are the TU/e bridge project and the Huashang Tengda project. 

The basic printing process for the case used in this study is that the two printers print the 

structural walls uninterruptedly, and when printing areas that need to be reinforced with fiber 

reinforced concrete, the nozzles of the printers extrude a different material, i.e., fiber reinforced 

concrete., thus allowing the structural weaknesses analyzed in the previous phase to be 
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strengthened. 

 

 

 

Figure 7: A CAD representation of the screw and the nozzle and the fabricated nozzle (Zeina et al., 2019) 

In the 3D printing process, not only the material parameters of the concrete are very important, 

but also the design of the nozzle should not be neglected. Zeina et al (2019) tested different 

nozzle diameters and found that the concrete mix ratio as well as the material properties also 

had a strong relationship with the nozzle diameter. A balanced relationship must be maintained 

between the speed of the machine and the extrusion rate of the concrete mix from the nozzle 

tip. Otherwise, the printing resolution would be greatly impacted; if the linear horizontal speed 

is larger than the extrusion rate, the extruded filaments would be too thin and might even exhibit 

some ruptures. On the other hand, if the printing rate is too slow, more material than what is 

necessary would be deposited resulting in thick concrete layers. Zeina got into an optimum mix 

that was suitable for 3D printing for the given scale. This mix consisted of 125 g of cement, 80 

g sand, and 160 g fine aggregates with a w/c ratio of 0.39. In addition, the mix included 1 mL 

of accelerator and 0.625 mL of retarder. 

 

 

Xu et al (2019) focused on and developed nozzle design, where he developed a variable size 

nozzle type by studying four key process parameters including nozzle size, nozzle travel speed, 

material extrusion rate, and tool path radius of curvature. 

 



12 
 

 

Figure 8: Design of the nozzle - varying module, (a) Vertical section; (b) Bottom view of the variable - size 

square nozzle. (Xu et al., 2019) 

 



13 
 

 

Figure 9: Distr ibution of velocity along the cross -section of the pipe (Khan, 2020)  

 

Khan (2020) proposed the formation of lubrication layer during concrete pumping. Most of the 

velocity is developed in the lubrication layer which is seen near the wall. However, the 

uncontrolled segregation may lead to poor quality of the mix extruded as filament. This may 

influence the hardened properties of the printed specimen. As the lubrication layer will contain 

mostly paste, it could lead to formation of shrinkage cracks, reducing the durability of the printed 

concrete. 

 

 

2.3 FEM 

 

FEM is the use of mathematical approximations to simulate real physical systems (geometry 

and loading conditions). Finite element analysis is the substitution of simpler problems for 

complex ones before solving them. It views the solution domain as consisting of several small 

interconnected sub-domains called finite elements, assumes a suitable approximate solution 

for each element, and then deduces a solution to the problem by solving for the domain's total 

satisfaction condition. Because the actual problem is replaced by a simpler one, this solution is 

not an exact solution, but an approximate one. Since most practical problems are difficult to 

obtain the exact solution, and finite elements not only high computational accuracy, but also 

can adapt to a variety of complex shapes, and thus become a well-established means of 

engineering analysis. 

 

In the terms of 3DCP, FEM is usually used to analyze the internal stresses of the object and it 

can make predictions if there will be possible failures during the printing process or after 
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hardening. Research done by Wolfs and Suiker (2019) proved that the parametric model 

provides a useful research and design tool for the prediction of structural failure during 

extrusion-based 3D printing. The model can be applied to explore the influence of the individual 

printing process parameters quickly and systematically on the failure response of 3D-printed 

walls, which can be translated to directives regarding the optimization of material usage and 

printing time. 

 

FEM has also been applied in analyzing the aspect of fiber reinforced concrete. Majko et al 

(2019) carried out an assessment of different options available for creating long fiber composite 

models for 3D printing. The analysis is done through a finite element analysis software ADINA, 

the main objective is to analyze the geometrical constraints added to the structure by the long 

fibers and the role of the fibers in the structure subjected to load type, during the modeling 

process, the presence of the fibers is simulated by using reinforcing bars instead. These models 

were reinforced using long aramid, carbon, and glass fibers. The goal was to analyze geometry 

constraints of fiber addition into the structure. Three different situations were taken into 

consideration. The first case uses axisymmetric 2D elements and axisymmetric truss elements. 

The second case is modelling of reinforced composite with 3D truss elements and planar 2D 

solid elements. The last case uses 3D truss elements and 3D solid elements. 

 

 

 

 

Figure 10: a) Rebar in axisymmetric truss; b) Rebar in 3D truss (Majko et al., 2019) 

 

During the finite element analysis, the fundamental structural principles on which digitally 

fabricated elements are based do not differ from those of conventional cast or pre-cast RC 

structures. However, it is necessary to consider that models may need to be adjusted because 

of the difference in the construction process and its influence on the material properties. Some 

of the differences include:  

1. Reduced bond strength between layers.  

2. Anisotropy.  

3. Printing path and sequence.  

4. Concrete interaction with fibers. 

 

It is used in the previous software simulation that rebars could replace the fibers in the 

calculation and analysis. From a practical point of view, it could be interesting to understand if 



15 
 

the pre-existing models, developed for the calculation of the bearing capacity of traditional RC 

elements, would be able to give reliable responses also for elements manufactured with digital 

fabrication construction techniques. In this regard, to determine the capacity of a structural 

element, it is first necessary to verify if the hypotheses of available models, are valid also in the 

case of digitally fabricated elements. For the evaluation of the ultimate moment capacity of 

reinforced or pre-stressed concrete cross-sections, the following assumptions are considered:  

1. Plane sections remain plane.  

2. Strain in bonded reinforcement or bonded pre-stressing tendons is the same as that in 

the surrounding concrete.  

3. The tensile strength of the concrete is ignored. 

4. Stresses in the concrete in compression are derived from the design stress/strain 

relationship given in Eurocode 2.  

5. Stresses in the reinforcing or pre-stressing steel are derived from the design curves in 

Eurocode 2.  

6. Initial strain in pre-stressing tendons is considered when assessing the stresses in the 

tendons. 

 

In this study, FEM software will be applied to simulate the building performance, it still needed 

to be analyzed if the assumptions before are still applicable in certain situations. On the choice 

of finite element analysis software, the more popular software are Abaqus, ANSYS, Diana and 

so on. I finally chose to use Diana to complete the whole case analysis and optimization process. 

The main reason for this is that Diana is relatively easy to use and is more commonly used in 

the Netherlands, which makes it easier to seek help when encountering problems or issues, 

such as Diana support or experts within the faculty. There is also a course on the subject, which 

makes it less difficult to learn on my own. 

 

The functionality of Diana is well defined, and in the case analyzed in this study, the more 

challenging parts are the structural slicing, the simulation of structural objects geometries, and 

the nonlinear analysis with the addition of a time parameter. Diana is powerful enough in all 

three parts to perform the required analyses well. 

 

 

2.4 Fiber Reinforcement Concrete 

As mentioned in the introduction, fibers could be added to the concrete in order to increase the 

strength so that the component could bear the local tensile stress during the transport or 

construction process. There are mainly two types of manufacturing method, one of them is 

extrusion and another is spraying. We will focus on extrusion printing in this thesis. 

 

While extrusion is applied, short fibers added to the concrete matrix could provide post-cracking 

tensile and stress-bridging capacity across the cracks. This solution provides strong fiber 

alignment in the printing direction, which could increase the fiber reinforcement effectiveness. 

For spraying, either short pumpable fibers or longer ones can be added and sprayed together 
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with the concrete (RILEM, 2021). The difference between the two methods is not only the length 

of the fibers, but also the degree of controllability. When spraying is applied, fiber alignment is 

less controllable than when applied with extrusion production. However, spraying is possible to 

provide fiber reinforcement in any direction of the structural element. 

 

 

Figure 11: Fiber reinforced concrete after testing (Ataalla, 2018) 

 

In the concept and design of the fiber reinforced concrete, both the compatibility of the fibers 

with the printing equipment in terms of size and stiffness and the influence of the fibers on the 

rheology of the concrete should be considered. So sometimes it is necessary to check the 

maximum number of fibers that can be added without losing printability. 

 

An example that can illustrate the effect of adding fibers on concrete performance is an 

experiment done by Soltan and Li (2018). They consider printability as the combination of 

extrudability (the ability of the mixture to pass through a printing system) and buildability (the 

ability of a mixture to remain stable after deposition and during printing). They tested a total of 

five mixtures, all of which contained 2% polyvinyl alcohol (PVA) fibers by volume and differed 

only in the ratio of cement to fly ash or in the amount of water; the fourth mixture, which had 

the best all-around performance, was chosen as an example. They compared the structural 

mechanical properties of the samples produced by the two processes, both of which were made 

of identical materials (both fourth mixture), the first one with fibers oriented along the loading 

axis and 3D printed, and the second one cast. The figures below compare the tensile strength 

and strain capacity of the two samples. 
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Figure 12: The comparison of tensile strength and strain capacity, blue curves represent printed samples, 

red curves represent casted samples (Soltan & Li, 2018) 

 

It can be seen that the samples fabricated by printing have higher ultimate tensile strength as 

well as strain capacity than the casted samples, probably due to the higher degree of alignment 

of fibers in the tensile direction, which withstands higher tensile forces. 

 

This experiment also gives the indication that it is possible that adding fibers could be a solution 

during construction phase, and that the effect of fibers in printed concrete can even be higher 

than in cast concrete. Fibers could be added to the printed mixture while passing points on the 

printing path where the expected stresses significantly increase. Subsequent analysis should 

also be taken to prove if it is enough by only adding fibers. 

 

The benefits of fibers mainly arise after cracking and the material behavior is usually translated 

by a tensile stress to crack opening or to strain. This will depend on multiple variables, such as 

fiber type, geometry and content, fiber matrix bond strength and fiber distribution and orientation, 

in particular the fiber’s orientation regarding an active crack plane. 

 

 

Figure 13: a)3D print ing process concrete del ivery system; b) Percentage passing for di f ferent 

sand/binder proport ions (Le et al . ,  2012)  
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The above figure illustrates the transportation of concrete in the 3D printing process. Le et al 

(2012) tested the best concrete ratio using a nozzle with a size of 9mm as shown above, with 

the main purpose of satisfying the extrudability as well as the printability of the concrete. Le 

found through tests that the fourth type of 3D printed concrete has the best extrudability. He 

then used this proportioned mixture to test important metrics such as compatibility. The 

extrudability tests showed that Mix 4 (water–binder ratio of 0.26) was best suited to printing 

freeform components, which had a 60:40 sand/binder ratio, comprising 70% cement, 20% fly 

ash and 10% silica fume, plus 1.2 kg/m3 micro polypropylene fibers. This mix also needed 1% 

superplasticizer and 0.5% retarder to attain an optimum workability of 0.55 kPa shear strength, 

an optimum open time of up to 100 min and the ability to build many layers with various filament 

groups. 

 

 

 

 
Figure 14: Process of adding fibers to concrete (Awolusi et al., 2019) 

 

A 20-L capacity Hobart planetary mixer was used. The dry materials (binder and sands) were 

first mixed for 5 min. Approximately three quarters of the water was then added to the mixture 

and mixed for 5 min. At this point, HRWRA was mixed with the rest of the water and slowly 

added to the mixture. The mixing was carried on for another 9 min until a good rheology was 

achieved for facilitating homogeneous fibers dispersion. Then, the steel fibers were gradually 

added and mixed for 10 min. Finally, the VMA was added and mixed until a printable 

consistency was achieved. The mixing time was approximately 30 min. Visual assessment by 

the authors confirmed the absence of fiber segregation in the fresh mixture. 

 

 

Table 1: Characteristics of PVA fibers (Sun et al., 2022) 
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Table 2: Comparison of common concrete and 3D printed concrete (Sun et al., 2022) 

 

 

Sun et al (2022) experimentally tested the mechanical properties of 3D printed concrete 

incorporating PVA fibers. In addition to cement, cementitious materials and aggregates, 

retarders were added to the material to regulate the setting time, as well as superplasticizer to 

improve the flow of the concrete. 

 

 

Figure 15: a) Effects of PVA fibers on mixture fluidity; b) Effect of retarder on mixture setting time (Sun et 

al., 2022) 

 

Asakawa et al (2022) found that printed components using AM-based 3DCP systems inevitably 

contain discontinuous interlayers, such as cold joints in concrete structures. The presence of 

such defects can lead to strength degradation in the printed structure. Furthermore, the 

introduction of steel reinforcement as a general reinforced concrete structure in AM-based 

3DCP systems is challenging. Therefore, they developed an automatic metal fiber sandwich 

reinforcement system for AM-based base compression structures. A prototype of the automatic 

metal fiber implantation system was built. Specimens were obtained and mechanical tests were 

carried out to confirm the reinforcing effect of the metal fibers. The reinforcement of the metal 
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fibers was also used to improve the mechanical properties of the printed specimens. 

 

 

Figure 16: Multiple metal fiber insertion device (Asakawa et al., 2022) 

 

Figure 17: The bending test results (Left) and the average bending strength (Right) (Asakawa et al., 2022) 

 

From the above figure, it can be seen that the insertion of metal fibers using the proposed 

insertion device helps to increase the bending strength, but the reinforcement effect is limited. 

The probable reason for this is that only a minimum amount of simple metal fibers were 

applied, and due to the limited amount of reinforcement, their strength is less than that of the 

cast samples. 

 

Arunothayan et al (2021) introduced a new type of printing material, which is UHPFRC (Ultra 

High-Performance Fiber Reinforced Concrete). They investigated the effect of three key factors, 

fiber volume fraction, nozzle size, and printing speed, on the frequency of fiber orientation angle. 

There are three meaningful conclusions: The fiber orientation distribution in the printed 

UHPFRC specimens is identical for different Cartesian print speeds; In printed filaments, fibers 

closer to the nozzle walls aligned more towards the printing direction than the fibers close to 

the center of the nozzle. This difference in alignment was significant in larger nozzles, which 

shows the existence of a low-sheared flow at the center of larger nozzles; The preferential 

alignment of fibers in the printing direction enhanced the flexural performance of the UHPFRC 

specimens in that direction. 
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Yang et al (2022) developed a new 3D printed Ultra High-Performance Fiber Reinforced 

Concrete (3DP-UHPFRC). They mainly tested the effect of adding 1% volume fraction of steel 

fibers to the mixture on the mechanical properties. The results showed that the elastic modulus 

of the specimens without steel fibers was slightly lower than that of the specimens with steel 

fibers, indicating that the addition of steel fibers increased the modulus of elasticity. Moreover, 

the differences in the elastic modulus of the specimens with different fiber lengths and under 

different loading conditions were extremely small, indicating that the fiber length and loading 

method do not have a significant effect on the elastic modulus. They also found that 3DP-

UHPFRC prepared with 1 vol% 6 mm steel fibers is more suitable for construction than 3DP-

UHPFRC prepared with 1 vol% 10 mm steel fibers, i.e., some aspects of performance will be 

better. 

 

 

 

 

 

 

 

 

 

 

 

2.5 Early age and hardening behavior of 3DCP 

 

 

Wolfs et al (2018) tested how concrete properties change during the 3D printing process (from 

being pumped out to hardening) and noted that the critical damage layer may not occur in the 

layer with the highest load-bearing capacity, but rather in the layer with the least stability. In the 

designed experiments, the changes in each material property of concrete were tested by 

uniaxial unconfined compression test and direct shear test respectively for a period of 90 

minutes starting from the time when concrete was extruded, and concrete specimens were 

selected at five time points within 90 minutes to perform each of these two tests on the 

specimens. It can be seen from the figure below that both the unconfined compressive strength 

and Young's modulus increase with time. The printing process was then simulated using the 

finite element software Abaqus by printing cylinders and stacking them layer by layer at a given 

Figure 18: Comparison of the performance of mixtures (no fibers) with mixtures with 6 mm and 10 mm 

steel fibers added, respectively (Yang et al., 2022) 
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printing rate and finally analyzing the number of layers that were damaged, while the final cause 

of damage was basically a combination of instability and material yielding. 

 

 

Figure 19: Compression strength development (left) and Young's modulus development (right) from 

compression testing for up to 90 minutes (Wolfs et al., 2018) 

 

From the above figure, it can be seen that the concrete compressive strength and Young's 

modulus increase linearly with time from 90 minutes after the extrusion of the material, a linear 

function will also be used to describe this relationship in this study. 

 

 

Figure 20: Numerical  resul ts of an axisymmetric  model led cyl inder (Wolfs et al . ,  2018)  

 

Wolfs et al (2018) use a mixture of Portland cement (CEM I 52.5 R), siliceous aggregate with a 

maximum particle size of 1 mm, limestone filler, additives, rheology modifiers and a small 

amount of polypropylene (PP) fibers as the material for experiments. Compressive strength, 

Young's modulus and density were derived from the uniaxial unconfined compression test, 

while shear strength and density were derived from the direct shear test. 
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Figure 21: a) uniaxial unconfined compression test; b) direct shear test (Wolfs et al., 2018) 

 

In J. Mink's thesis (2019), some parameters of normal concrete and fiber reinforced concrete 

were compared in terms of their indices, the main ones being compressive strength, Young's 

modulus, and Poisson's ratio. The average compressive strength of fiber reinforced concrete 

in the fresh state (0 min) was seven times greater than that of normal concrete, and the average 

compressive strength in the final state was nearly twice that of normal concrete. For Young's 

modulus, the fiber reinforced concrete is nearly ten times larger than normal concrete in the 

fresh state and approximately twice as large after 180 minutes (final state). The Poisson's ratio 

of fiber reinforced concrete, on the other hand, was always smaller than that of normal concrete 

during the experiment. Both mixtures had the same amount of materials and ratios except 

whether or not fibers were added. When analyzing the results, it can be noticed that fiber 

reinforced concrete has a sharp rise in properties at the beginning of material extrusion, which 

may be caused by the addition of fibers making the material set faster. 

 

Table 3: Unconfined compressive strength of concrete without added fibers and Young's modulus with 

time (Mink, 2019) 
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Table 4: Unconfined compressive strength of concrete with added fibers and Young's modulus with time 

(Mink, 2019) 

 

 

 

 

Through the study of the above literature, it can be found that fiber reinforced concrete has 

obvious performance advantages over normal concrete in the process of 3D printing. These 

performance advantages will serve well when printing for buildings, for example, when printing 

for more stress concentrated areas such as windows and doors, the use of fiber reinforced 

concrete may be a good choice. 

 

Printability of 3DCP, as well as extrudability and buildability, which are closely related to 

rheological properties, and fresh mechanical properties are important factors to be considered 

in the early stages of 3DCP. 3DCP needs to satisfy printability, and it has higher requirements 

for rheology and hydration than normal concrete. Printability is considered to be the ability of 

fresh 3DCP to be continuously extruded and built up with acceptable deformations prior to 

solidification, and it consists of extrudability and buildability (Hou et al., 2021). 

 

Extrudability is defined as the ability to deliver fresh concrete as a continuous filament to the 

nozzles in the hopper of the extruder (Le et al., 2012). In the extrusion process, 3DCP is 

required to be extruded uniformly and continuously without any blockage, cracks and 

segregation (El Cheikh et al., 2017). At the pump, a relatively soft material that is easy to pump 

needs to be used, and at the nozzle, a hard material is needed so it won't sag or deform. 

Concrete is a mixture, consisting of particles of various sizes, shapes, and densities, so careful 

and optimized mixture design is required to ensure good extrudability (Paul et al., 2018). 

 

Figure 22: Comparison of Young's modulus and compressive strength of normal and fiber reinforced concrete, 

reproduced from Table 3 and Table 4. 
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Buildability is used to evaluate the ability of a fresh 3DCP to support its own weight as well as 

the load of the overlying concrete without collapsing during the printing process. 3DCP must be 

able to keep its shape deformation within a controlled range after extrusion. The layer thickness 

is generally set very small to limit the initial gravitational stresses to control the deformation 

(Roussel, 2018). 

 

 

 

 

Figure 23: a) elastic buckl ing; b) plastic col lapse (Wolfs & Suiker, 2019)  

 

The elastic buckling mechanism reflects failure caused by a loss of geometrical stability, while 

plastic collapse is characterized by the maximum stress reaching the material yield strength. 

Suiker (2022) developed a finite element model to test the effect of vertical displacement of 

layers on structural failure during 3D printing. It is demonstrated that the effect of vertical wall 

deformations on the prediction of failure by elastic buckling typically is minor, so that for this 

failure mechanism this contribution may be left out of consideration. 
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2.6 Information about the 3D Printed Building in 

Wujiazhuang 

The starting point of this study in Wujiazhaung, China is based on a concrete farmhouse built 

by Tsinghua University. The project covers an area of 106 square meters, and its shape adopted 

the form of local traditional cave dwellings. 

 

 

Figure 24: a) Area conditions as seen by Google Maps; b) Overhead view of construction site; c) The 

completed 3D printed farmhouse (Xu et al., 2022) 

 

As the figure shown above, the road and site around the building construction site is narrow, if 

the factory prefabricated and then transported to the 3D printing site for assembly will be very 

inconvenient and will consume a lot of manpower and material resources. Therefore, the 

construction team chose to transport the printing equipment to the site for on-site printing. As 

for the weather conditions, the region has a large temperature difference between day and night 

during the 3D printing period, which has a higher requirement for the stability of the printing 

material. 
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Figure 25: Construction site production area design (Xu et al., 2022) 

 

The construction site is about 24m long and 22m wide, with an area of about 410 square meters. 

As can be seen from the layout of the construction site, there are a total of three printing devices 

on the construction site, of which the middle printer needs to move in both the X and Y axes to 

print, while the next two printers only need to move in the X direction to meet printing needs. 

The flexibility of the construction site printing design is to use part of the print track as a 

preprinting zone. The advantage of this design is the flexibility to print objects in the preprinting 

zone that cannot be printed as intended due to unforeseen circumstances, such as modifying 

the print path or repairing the printing device. There is also a dedicated area for rehydrating the 

concrete to avoid premature drying and cracking. 
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Figure 26: Types of components that need to be printed for the 3D printing process (Xu et al., 2022) 

 

For this project, a special composition of fiber reinforced concrete was developed which can 

meet the requirements of both structural strength and printability. The concrete consists of 

Sulphur-aluminous cement (SAC), sand, polyvinyl alcohol (PVA) fiber, water, and multiple 

additives including a retarder, thickener, water reducer, and early strength agent. Two types of 

sand are used with particle diameters of 0.2-0.4mm and 0.4-0.7mm (XU et al., 2020). 

 

 

Figure 27: 3D printed walls (Xu et al., 2022) 

 

The above diagram shows the basic construction and print path of a structural wall. Since the 

corner locations are under more pressure, the choice was made to set the columns at the 

corners to be solid. 
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Figure 28: Four stages of 3D print ing for this project  (Xu et al . ,  2022)  

 

The first stage is the 3D printing and assembly of the foundation, a two-part process that begins 

with prefabrication of the foundation trench assembly at the factory and then transported to the 

site for assembly with the robotic arm once completed. Then the second and third stages are 

the on-site printing of the structural walls and roof, respectively. After printing the components, 

all of them are lifted and placed in the right position. Finally, there is the decoration work. 
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Figure 29: a) Connection details of foundation and wall; b) Diagram of the living room after printing (Xu et 

al., 2022) 

 

It shows that the concrete foundation trench was printed in factory, and it was lifted and placed 

on site. Fiber reinforced plastic rebars are placed in X, Y and Z directions, where the X-direction 

reinforcement was pre-inserted, mainly because the concrete was not fully solidified during the 

printing of the component. When transported to the site for construction, workers only need to 

tie the reinforcement in the Y direction to connect all the horizontal reinforcement. 

 

 

 

Figure 30: a) Southwest view of the project; b) Floor plan of the project (Xu et al., 2022) 

 

The width of the printing head of the robotic arm is 40mm, and the arch roof, flat roof and wall 

are all truss-type wall panels with chords and webs of 40mm thickness. The approximate 

manufacturing process is the arch plate, and the flat plate are printed on the ground first, and 

then the wall is printed to the bottom elevation of the roof. Finally, the arch plate, the flat plate 

and the wall are connected through special nodes to ensure the integrity of the structure. 

 

 

 

Figure 31: a) Comparison of man-hours in different situations; b) Comparison of structural volume and 
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man-hours distribution (Xu et al., 2022) 

Another highlight of the project is that it saves more manpower compared to traditional 3D 

printing technology processes. Manpower can be saved through the previously mentioned 

workflow. The specific details are also reflected in the diagram. 

 

In order to facilitate the analysis, one of the three similar structures can be selected for finite 

element analysis in this study. Although more detailed and comprehensive drawings cannot be 

found, some data can also be assumed, and special attention should be paid to the internal 

forces of the arch structure. The internal forces that may appear in the arch structure during or 

after the construction process are more complicated. 

 

Through researching and studying the literature, I have learned about the classification of 

additive manufacturing and 3DCP as well as the different manufacturing processes; the 

combination of finite element analysis and 3DCP as well as the application examples, different 

kinds of finite element analysis software; the process of making fiber reinforced concrete, the 

mix ratio design of the mixtures, the design of the printing nozzles, and the effect of different 

types of fibers on the mechanical properties of the concrete; and the differences in the 

properties of the fiber reinforced concrete and the ordinary concrete in the early stages and 

after hardening, where the properties of the early stage are more complex and critical 

(printability, buildability, and the mechanical properties), and the failure mechanisms that exist 

in the printing process. 

 

This study will attempt a time-dependent nonlinear analysis that simulates the architectural 3D 

printing process by applying a common type of reinforcement for 3D printing materials (adding 

fibers) to the 3D printing scene and exploring its effects. This study will investigate how this 

type of reinforcement improves the process of architectural 3D printing, using finite element 

analysis to predict if the print will be successful and how to optimize the printing process. 
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3 Research Design 

3.1 Problem Statement 

In the current stage of digital fabrication, especially that of building construction, and in the 

scope of 3D printing using fiber reinforced concrete, several problems that have not been fully 

studied may occur during the construction or transport phase. These problems are due to lack 

of preparation, lack of selection and analysis of material, and lack of software simulation. Some 

situations during the construction or transportation will cause sudden and sharp increase in 

internal stresses, which could lead to local failures. During the literature research in the previous 

chapter, it was found that most of the studies on fiber reinforced concrete applied to 

architectural 3D printing have explored the material itself, i.e., continuously varying the material 

mix ratio or fiber properties (type, length, content) and testing the early properties and 

properties after hardening of the different mixtures, but very few studies have combined the 

material properties and the actual architectural 3D printing process with finite element analysis 

to accurately predict the printing process of 3D fiber reinforced concrete printing. 

 

3.2 Research Objective 

This study will combine finite element analysis and 3D fiber reinforced concrete printing with a 

case study of a 3D printed farmhouse located in Wujiazhuang, China. There are two main 

objectives of this study, the first is the 3D fiber reinforced concrete printing aspect. This study 

will analyze the whole process of 3D printing of the building and the state after the printing is 

completed and put into use, analyze the deformation and stress distribution of the structure 

during the printing process through the stages, add fibers to the structural materials at the 

failure positions or weaker ones (which may fail in the subsequent printing process), and 

optimize the solution of adding fibers in the feedback loop. Through this process, the effect of 

adding fibers to 3D printed materials on the whole 3D printing process will be studied, and the 

strategy of adding fibers and optimization in the printing process will be obtained, which can 

provide a reference for the subsequent 3D fiber reinforced concrete printing. And the second is 

in finite element analysis of 3D printed structures (not limited to fiber reinforced concrete). This 

study can also give the simulation method of 3D printed structural components in the process 

of finite element analysis as well as the adjustment strategy of structural failure in the process 

of analysis, and the strategy of how to effectively reduce the computation time, which will 

provide reference for the subsequent use of finite element method to analyze the 3D building 

printing. 
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3.3 Research Question 

Main question: 

How to simulate, analyze and optimize the final structure and the whole process of 3D fiber 

reinforced concrete printing for a simple building using Finite Element Method (FEM), taking 

into account the hardening behavior of a 3D printed and where needed also fiber reinforced 

concrete mixture? 

 

Sub questions: 

1) What was the geometry and construction method of the house in the case study? 

2) What are the material properties of 3D-printed concrete after mixing, during printing 

and during and after hardening? 

3) How can time-dependent behavior of material be modelled correctly with FEA? 

4) In analyzing 3D printing of buildings using FEM, how to determine the failure 

mechanism of the structure and how to adjust the structural solution? 

5) What is the effect of local addition of fibers on the material properties and on the total 

structure? 

 

 

 

3.4 Methodology 

 

3.4.1 Literature study 

Literature study could address the first and second sub questions mentioned earlier. The first 

question is related to the case and can be solved by studying the literature related to the case 

to understand the geometry of the building and the construction methods on site. The second 

question is related to 3D printed materials, and many studies have revealed the changes in the 

properties of 3D printed concrete at different stages, as well as the comparison of the various 

properties of fiber reinforced concrete with those of normal concrete. In addition to this, 

literature or tutorials related to finite element analysis will be studied, and since this study will 

use DIANA for modeling and analysis, tutorials related to the use of DIANA as well as materials 

from the course CIE 5148 will be studied. 

 

3.4.2 Simplification and model set-up 

Before building the finite element model, some conditions in the real situation need to be 

simplified. The first is the large diurnal variation of the construction site temperature, which will 

be disregarded in the finite element analysis. The second is the design of the foundation. The 

actual situation is that the foundation trench is pre-supported in the factory and transported to 

the site for lifting, but the foundation will not be considered in the modeling, and only the ground 
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support will be put in. Lastly, the seismic design was done for the structure, but it was not 

considered in the FEM modeling process. 

 

Once the simplification is completed, first a model of the complete structure in the use stage 

will be created, followed by a complete model of the printing process. Slicing will be used in this 

process, and to completely simulate the entire printing process, multiple models will need to be 

created and optimized, which will need to be combined with the results of the finite element 

analysis and adjusted in time. 

 

3.4.3 Construction process optimization 

After the completion of the modeling, the finite element method will be used to completely 

analyze the printing process of the entire building, thus requiring a focus on the optimization of 

the construction process. 

 

Before proceeding with the development of the workflow, the timeline of the analyzed building 

production is analyzed and briefly described. The first is the design phase, followed by the 

construction phase, which is the printing phase, starting from the printing phase as the first day, 

where the main part of the building will be printed, but not the roof. On the 10th day, the concrete 

of the building body has been hardened to a certain extent, and the roof is assembled at this 

time. On the 28th day after the roof is assembled, the building is ready for the initial use phase. 

 

 

Figure 32: Timeline of building production 

 

After introducing the timeline, the workflow is described below. This study starts with the 

analysis of the building in its use phase, so the first step is to perform a structural static analysis 

of the building, use fiber reinforced concrete in the parts with large deformations thus reducing 

the deformation of the building and providing assurance of the safety of the building during its 

use. The final result of this process is a preliminary fiber concrete distribution solution. 

 

 

Figure 33:Analysis of structure in use phase  
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After obtaining the initial distribution solution of the fiber concrete, the analysis proceeds to the 

building printing phase, in which the main part of the building is printed, but with the roof 

removed. The dynamic analysis of the printing process of the main body of the building is 

performed in DIANA, i.e., the analysis of each printed layer is performed. The main body of the 

building is layered, and a nonlinear and stability analysis is performed to verify that the building 

will not collapse during the printing process. If the initial solution results in the building collapsing, 

the initial solution needs to be adjusted, i.e., the distribution of the fiber concrete needs to be 

changed. After the change, the finite element analysis described above is continued until the 

analysis indicates that the structure meets the requirements. The result of this process is an 

optimized distribution solution for the fiber concrete. 

 

 

Figure 34: Analysis of main structure during printing phase 

 

After obtaining the optimized fiber concrete distribution solution, it also means that the main 

part of the building has been successfully printed. The next stage is the roof assembly. First, 

the roof section is divided into 2 smaller objects to be installed and assembled separately. If the 

analysis reveals that it will cause local instability or collapse, the roof division method or the 

fiber concrete distribution will be changed until the analysis yields the required results. At this 

point, the final roof assembly and fiber concrete distribution plan can be derived. 

 

 

 
Figure 35: Analysis of roof in printing phase
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4 Validation 

This chapter will refer to another 3D concrete printing related paper. Wolfs et al (2018) 

measured the properties of concrete used for 3D printing and analyzed the 3D printing process 

of a 40-layer cylinder using finite element software. This study will take the same parameters 

and analyze them numerically with different software and compare the results. 

 

Regarding the material aspects, as already mentioned in Chapter 2, the Young's modulus, 

tensile strength, and compressive strength of the concrete specimens were measured by 

uniaxial unconfined compression test and direct shear test, respectively, as the variation of 

Young's modulus, tensile strength, and compressive strength with time over a 90-minute period 

of time after the concrete was extruded. 

 

 

Figure 36: Compressive strength development (left) and Young's modulus development (middle) up to 

90 min derived from the compression tests; Shear strength development (right) up to 90 min derived from 

the direct shear tests. (Wolfs et al., 2018) 

 

 

Figure 37: Compressive strength (left), Young's modulus (middle), and tensile strength (right) over Time 

Set in DIANA. 

 

According to the parameters used in the experiment by Wolfs et al, the printing process was 

modelled for a layered cylinder with a heart line radius of 250 mm, a thickness of 40 mm, and a 

layer height of 10 mm (Wolfs et al, 2018). The printing speed was set as 5000 mm per minute 

(83 mm per second). For the density of concrete, 2070 kg/m3 was used in the experiments. 
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Three different material properties were analyzed to investigate the effects of the relatively large 

dispersion of material properties during printing. Experimentally derived average values as well 

as upper and lower bounds for the strength and stiffness parameters were used. The relative 

standard deviation of the experimental strength and stiffness values was about 17.5% of the 

corresponding average values. Therefore, the values were used as reduced and increased 

values of the average values to obtain estimates of the upper and lower bounds of the failure 

deformation modes. 

 

 

 

Figure 38: Modeled (left) and lab-printed cylinder (right) (Wolfs et al., 2018) 

For support, only the role of ground support was considered, i.e., limiting movement in three 

directions without limiting rotation. For loading, only self-weight was considered since the state 

during printing was analyzed. The following is a calculation of the printing time for each layer. 

For the first test, the average material properties were used. 

 

𝑇 = 3.14 × 0.5 ÷ 0.083 = 19 𝑠 

 

Figure 39: Deformation and stress distribution of the structure when printed to the maximum number of 

layers. 
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As can be seen from the results above, the structure was only able to successfully print 3 layers 

and would collapse on the 4th layer due to the large deformation of the structure. This result is 

clearly different from Wolfs et al (2018) who found that cylinders could be successfully printed 

up to 40 layers during their experiments. 

 

Since the material properties were the same as those derived from the experimental tests, and 

the structure was of similar shape, the loads were only self-weight. Therefore, the only possible 

reason for such different results could be the method of support. Due to the small size of the 

cylinder and the fact that the printing process took place in the laboratory and not in the field, 

the support could have been limited not only to movement in three directions but also to rotation, 

so the support was changed in the software to limit movement in three directions and to limit 

rotation in two directions (X and Y directions). 

 

 

 

Figure 40: Deformation of the cylinder when printed to the maximum number of layers as analyzed by 

DIANA (average) 

 

As shown in the figure above, the structure was printed to the 33rd layer when using the 

average material properties. Since in the referenced literature only the structural deformation 

plots using the lower bound material properties were given, in order to compare the structural 

deformations in different software, the following modeling analysis using the lower bound 

material was also done. 
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Figure 41: Deformation of the cylinder when printed to the maximum number of layers as analyzed by 

DIANA (lower bound) 

 

 

 

Figure 42: Deformation of the cylinder when printed to 40 layers as analyzed by Abaqus using lower bound 

material properties (Wolfs et al., 2018) 

 

From the comparison results of the above two figures, the cylinder in the printing to the 40th 

layer of the deformation of the largest position were found in the 10th to the 20th layer of the 

place between, and respectively, about 9.36 mm and 12mm. Although the values were slightly 

different, the overall deformation of the structure was relatively similar. It is possible that the 

difference in maximum deformation between the two software analyses was due to the 

difference in mesh size or some specific parameters in the analysis. 
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Table 5: Summary of failure-deformation results (Wolfs et al., 2018)

 

 

Table 6: Summary of numerical results for the lower bound, average, and upper bound analyses (Wolfs 

et al., 2018) 

 

 

Table 7: Summary of numerical results for the lower bound and average analyses in DIANA 

Analysis Number of layers Max. radial deformation (mm) 

Lower bound 34 9.36 

Average 33 3.94 

 

It can be noticed from the three tables above that the model built in DIANA using the lower 

bound material properties was closer to the results obtained from the actual experiments in 

terms of the number of printed layers, but in terms of the structural deformation, the model still 

analyzed a smaller value of deformation than the actual situation. 

 

Based on the comparison of the results produced by the two software, the error is basically 

within the acceptable range. Since the dimensions of the cylinder and the printing time for each 

layer were not given in detail in the paper, these were my own calculations. Therefore, the 

similarity of the results showed that the model built in DIANA was reliable. 
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5 Numerical Modelling 

 

5.1 Introduction 

 

In this chapter, a number of models will be built in DIANA and subjected to different analyses 

to meet the requirements of the building at different stages of the process from the start of the 

printing process to the use stage of the building. There are three analysis methods that will be 

used in the DIANA analysis, which are linear static analysis, nonlinear combined phase analysis, 

and stability analysis. 

 

Table 8: Comparison of 3 different analyses  

 Analysis 1 Analysis 2 Analysis 3 

Type Linear static Phased nonlinear Stability 

Material Concrete (linear) Concrete (nonlinear) Concrete (nonlinear) 

Load Gravity and live load Gravity Gravity 

Main results Displacement, 

Stress, strain 

Displacement, 

Stress, strain 

Buckling value 

Stage Use Printing Printing 

 

 

Analysis 1 is relatively simple and is mainly used when the structure has been printed and is 

already in use, so it is important to consider not only the self-weight but also the live loads that 

occur during use. For the materials, the state of the materials is relatively stable, so the values 

of the various material properties will no longer change. Through this analysis, it is possible to 

determine whether the structure can meet the requirements of the code in its final state. 

 

Analysis 2 uses a combination of phase analysis and structural nonlinear analysis. The main 

purpose of the combination of these two analyses is to perform a structural nonlinear analysis 

on the existing printed finished structure for each additional layer printed, starting from the first 

layer. In this way, the printing status of the structure can be accurately determined to each layer, 

so that the printability of the structure can be judged more accurately and provide a basis for 

subsequent optimization analysis. On the material side, since this analysis is used to analyze 

the structural printing process, it is particularly important that the material properties change 

over time. 

 

Analysis 3, like Analysis 2, is similarly used during the printing of the analyzed structure. 

However, they focus on different aspects; Analysis 3 is more concerned with the stability of the 

structure. Therefore, Analysis 3 gives a buckling value. The buckling value is the factor of safety 
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against buckling or the ratio of the buckling loads to the applied loads. 

 

 

Table 9: Interpretation of possible buckling values, (SolidWorks Help, 2012) 

 

 

 

In the structural nonlinear analysis, some parameters that have an important impact on the 

printability of the structure will be set, such as the print time of each layer. Parameters that also 

affect the time required for the analysis are set, such as the number of iterations, the type of 

structural nonlinearity and more detailed options therein, as well as the option to calculate the 

analysis and view the results. 

 

 

 

 

 

 

 

 

 

 

 

Figure 43: Size of the house 
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5.2 Analysis of the entire structure during the use phase 

 

Figure 44: 3 parts of the printed farmhouse (RIC Technology, 2022) 

 

 

The model of the 3D printed building in Wujiazhuang was established in DIANA. Considering 

that the original building had three roughly identical parts, only one of these parts was selected 

in the modelling process, and the analysis of the three different parts could be achieved 

subsequently by changing the boundary conditions of the part. When modeling the roof of the 

structure, since it is a gable roof, the roof was first modeled in Rhino 7, and then the file was 

imported into Diana to finally complete the modeling of the entire structure. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

First of all, C30 concrete was used for the whole structure to try to see whether normal concrete 

Figure 45: Modelling of building in the final state 
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can meet the specification requirements under self-weight and live loads, and the material 

properties were directly utilized in the DIANA database. 

 

Table 10: C30 concrete properties in DIANA database 

C30 

Young’s modulus 3.35×10^10 N/m2 

Poisson ratio 0.2 

Density 2350 Kg/m3 

Compressive strength 3.8 ×10^7 N/m2 

 

 

Boundary conditions at the bottom are basically the same, i.e., they restrict movement in the x, 

y and z directions, but not rotation, which is also more in line with the situation of the bottom 

support in practical engineering. This type of support also simulates the support of the 

foundation for the structure in the actual case and will be widely used for the bottom support of 

the subsequently built models. 

 

 

 

 

 

 

When applying loads, only wind loads, self-weight, and a combination of these two loads were 

considered in the initial stages. In total, the two load patterns (gravity and combination of gravity 

and wind load) simulate the main loads that the structure will be subjected to at the 3D printing 

site. The following wind loads are calculated. 

 

Basic wind velocity is 27m/s, and basic velocity pressure is 0.46 KN/m2. The formula to 

calculate the wind pressure on external surfaces is: 

 

𝑊𝑒 = 𝑞𝑝 × 𝑐𝑝𝑒 

 

Figure 46: a) Foundation supports in Diana; b) Wind direction. 
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𝑞𝑝 is the peak velocity pressure and 𝑐𝑝𝑒 is the external pressure coefficient. 

 

For the building where wind loads are to be calculated, b=5m, d=h=3m. 

𝑒 = min(𝑏, 2ℎ) = min(5, 2 × 3) = 5𝑚 

 

𝑒 > 𝑑 

 

Table 11: Recommended values of external pressure coefficients for vertical walls of rectangular plan 

buildings 

 

 

Zone A:  

−1.2 × 0.46 = 0.55 𝐾𝑁/𝑚2 

Zone B: 

−0.8 × 0.46 = −0.37𝐾𝑁/𝑚2 

Zone D: 

0.8 × 0.46 = 0.37𝐾𝑁/𝑚2 

Zone E: 

0.5 × 0.46 = 0.23𝐾𝑁/𝑚2 

 

A simplification is made here by considering zone A and B together, both considered as loads 

in zone A. 
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The final step before running the analysis is meshing. Since the edges are not straight, the 

semi-circular front elevation grid is subdivided more densely, and the subdivided grid changes 

at the windows and doors of the building. 

 

 

 

Figure 48: Deformation under self weight and wind load (combination 3) 

  

Here only the deformation of the structure in X and Z direction is chosen because the 

displacement in Y direction is less compared to X direction. From the above figure, it can be 

seen that the maximum displacement in the X direction is about 0.06 mm, which occurs at the 

roof above the door on the leeward side, and the maximum displacement in the Z direction is 

about 0.05 mm, which occurs right in the center of the roof. It can be seen that the maximum 

displacements all meet the code requirements. 

 

Figure 47: a) The magnitude and direction of wind loads; b) Load combinations. 
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The two diagrams above show where the maximum tensile and maximum compressive 

stresses occur during the service phase. Stress (Sxx) is the force per unit area acting in the x 

direction on a plane perpendicular to the x axis. It can be seen that the maximum structural 

tensile stress is located between the back and side sides of the structure leeward of the wind 

and is about 0.25 Mpa. while the maximum compressive stress occurs at the corners of the 

windows as well as at the bottom edge of the structure and is about 0.5 Mpa. Both are less 

than the tensile and compressive strengths of the material, which satisfy the code requirements. 

 

The linear static analysis was used for the first analysis, and the focus in the results obtained 

from the analysis was on the deformation and Cauchy total stresses. It can be seen from the 

figure that for the total stresses, the absolute values of stresses at the window corners of the 

front façade and at the connection between the side façade and the roof are large, and fiber 

reinforced concrete can be added to these weak areas during construction. However, it should 

be noted that this analysis only considers the areas where the structure is stressed under the 

combination of wind and gravity loads in the steady state and does not consider other loads 

that may arise during construction, such as the temporary support structure, which may arise 

and will continue to be analyzed in the subsequent study. 

 

 

 

 

 

 

 

 

 

 

Figure 49: a) Cauchy total stresses (SXX) where the maximum tensile stress occurred; b) Cauchy 

total stresses (SZZ) where the maximum compressive stress occurred. 
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5.3 Nonlinear Analysis During the Structural Printing Phase 

After analyzing the complete structure of the first phase, the analysis of the printing process, 

which is more detailed in structure, begins in the second phase. Before performing the analysis, 

slicing needed to be done to simulate the effect of 3D layer-by-layer printing, which also makes 

the analysis results more accurate. In order to simplify the analysis, the height of each layer is 

set to 0.1m, which may be higher than the layer height of one layer printed in actual 3D printing, 

and the main purpose is to reduce the calculation time under the premise of guaranteeing the 

calculation accuracy. Due to the different walls to be printed for certain layers and the possibility 

of adding temporary supports from printing certain layers, the printing phase of the main body 

of the structure was divided into two, the printing of the first 20 layers and the printing of the 

21st to 30th layers. 

 

The total printing time will be influenced by several factors, such as nozzle size, printing speed 

and number of printers. According to the research results of Nguyen-Van et al. (2022), different 

printing speeds will not only cause different printing time, but also different concrete properties, 

which will lead to different structure stability. Here 70mm/s was taken as the normal printing 

speed, which was also commonly used in industry. The nozzle size was set as 25mm. 

 

 

 

Figure 50: Slicing (0.1m per layer) 

 

As shown in the figure, 0.1m is the height of a layer simulated by the software for calculation, 

not the height of a layer printed by the printer during the actual 3D printing process. The 



51 
 

simulated layer is the height of the actual printing of four layers. The structural slicing does not 

include the roof because the roof will also be printed on site and assembled later, and it will be 

printed in a different direction than the main body of the structure, so only the main body of the 

structure is layered here. The entire printing process consisted of a total of 30 layers, with the 

front elevation of the structure left open for windows from the 6th to the 25th layer, and the two 

sides of the structure left open for doors from the first layer to the 20th layer. 

 

 

 

 

 

 

 

 

 

 

Figure 51: Four types of print building components depending on the number of layers printed, 1 to 5 

layers, 6 to 20 layers, 21 to 25 layers and 26 to 30 layers, respectively. 

 

There are two printers working on the whole process of printing and will keep the same printing 

time for both parts of each layer. As can be seen from the above figure, the structural 

components printed at certain times are not consecutive, so the two printers will print the 

components on one side separately. 

 

A stability analysis was first done on the structure (i.e., Analysis 3 as mentioned in the 

introduction), as stability analysis is relatively simple and less computationally time consuming 

compared to phased and nonlinear analysis and allows for a quicker initial determination of the 

maximum number of layers the structure can be printed to. 

 

For the material parameters used in this analysis, since the stability analysis did not introduce 

a time parameter, the effect of maturity on material properties did not need to be taken into 

account in this analysis, and therefore the final material parameters used are listed below. The 

wall thickness was set at 0.1m thick and all wall elements in DIANA were shell elements. The 

support is the same as in the previous static analysis, so it is not specifically described here. 
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Since this analysis is the printing stage of the analyzed structure, only self-weight is considered 

for loading. 

 

Table 12: Concrete (linear) properties 

 Young’s modulus Poison’s ratio Mass density 

Concrete (linear) 1.8e+07 Pa 0.3 2100 Kg/m3 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of the analysis 3 done on the overall structure showed that the structure was only 

able to successfully print five layers and would start printing the sixth layer with two walls 

showing significant instability and subsequently collapsing causing the entire analysis to stop. 

It can also be seen from the above figure that the buckling value decreases with the increase 

in the number of layers until the 6th layer when the buckling value is less than 1, indicating that 

the structure will fail at this point. 

 

In order to ensure the accuracy of the analysis, it is not enough to do a stability analysis, but it 

is also necessary to continue with the phased and nonlinear analysis to obtain more accurate 

results. Prior to this, only half of the structure was intercepted in order to reduce computational 

time and because the structure analyzed was symmetric. 

Figure 52: Structural deformation and stability analysis results (buckling value) 
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Figure 53: Half of the structure and the supports 

 

Since Analysis 2 introduces a time parameter, it is necessary to consider the effect of maturity 

on material properties. According to Wolfs et al (2018), set the pattern of different properties of 

concrete with time as shown below. 

 

  

 

Figure 54: Young's modulus, tensile strength, and compressive strength of early concrete over time. 
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In terms of the boundary conditions, in addition to the same supports of the simulated 

foundation as in the previous analysis, boundary supports formed due to the fact that only one 

half of the structure was taken to simulate the supports formed by the other half of the structure 

were added. Thus, supports were added at the edges of the symmetric structure to limit the 

horizontal displacement in that direction, while displacements and rotations in the other 

directions were unrestricted, and the final supports are shown in figure 53. According to the 

printing speed and nozzle size, the printing time for each layer was considered to be 3930 

seconds. The calculation in detail can be found in 5.4. 

 

 

Figure 55: Deformation and stress at the maximum number of printable layers 

 

As can be seen from the figure above, Analysis 2 predicted that the structure will only be 

successfully printed up to the 10th layer and will collapse when the 11th layer is printed. This 

result was slightly different from the one obtained in the previous analysis 3 and illustrated the 

need to perform analysis 2. 

  

Based on the results of the above initial analysis, an analysis of the causes of premature failure 

during structure printing begins below. Since the results show that the walls that collapsed were 

on the shorter side of the wall, single walls were analyzed and calculated first to simplify the 

calculations and to further enhance the understanding of the various parameters that affect the 

printing process. 

 

 

5.3.1 Parameter study 

 

The first is the lack of edge support wall stability analysis, since the maximum length of the 

continuous wall to be printed in the structure analyzed was 3m, 3m was chosen as the length 

of the wall in the single wall test, and due to the presence of the door, from the first layer to the 

twentieth layer, the wall will lack support on one side, which also led to the collapse of the wall 

on both sides due to instability in the printing process. To simplify the analysis, a separate model 
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with only 3m walls was built for separate analysis. In this analysis, four parameters that have a 

significant impact on the printability of the structure will be considered separately, the temporary 

supports, the wall width, the Young's modulus of the material, and the structural print speed. By 

varying one of them separately, the four parameters will be tested for their contribution to the 

stability improvement of a single wall. 

 

 

 

 

 

Figure 56: Geometry of single-wall tests and boundary conditions 

 

The materials used for the single wall test were the same as those analyzed previously. As can 

be seen from the figure above, the boundary conditions used for this test, in addition to the 

same foundation support as before, were added to simulate the support of the wall on the other 

side of the wall, and therefore the vertical support was set to limit the horizontal displacement 

of the wall (in the X and Y directions), while the displacement in the Z direction and the rotation 

in all three directions were not restricted. The thickness of the wall was also taken as before, 

as 0.1 m. In the single wall test, only the dead weight was considered, as the analysis was still 

in the printing phase of the wall. In terms of printing time, since a wall with a length of only 3m 

was analyzed, the printing time was reduced accordingly and calculated as 60 seconds. 
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Figure 57: Deformation and stress when printing to the maximum number of layers 

  

Since the deformation of the structure in the X direction was significantly larger than that in the 

Y direction, only the analytical results of the deformation in the X direction are taken. It can be 

seen from the above figure that the structure can only be printed up to the 6th layer at the most. 

This result was the same as the result obtained from the overall structural analysis done before, 

which can prove that this section of the wall is the main cause of the collapse of the whole 

structure in the previous analysis, and also proved the accuracy of the prediction of the previous 

analysis. 

 

The next step will be to change each of the four previously mentioned parameters and again 

analyze the effect of these four parameters on the maximum number of layers the structure can 

be printed to. The parameters that will be changed are the presence of temporary supports, 

increasing the thickness of the wall (from 0.1 m to 0.2 m), increasing the Young's modulus of 

the material (to three times the original) and using a longer print time (from 60 seconds per 

layer to 90 seconds per layer). The other three parameters are better understood, the purpose 

of changing the printing time is to allow more setting time for the concrete, which results in a 

higher Young's modulus and compressive and tensile strength. 

 

The first parameter is the addition of a temporary support, which appeared as an extra wall that 

will be printed along with the wall structure. As can be seen in the figure below, this temporary 

support still limited the displacement of the structure in both the X and Y directions, the same 

as the other vertical support that was set up previously. All parameters except temporary 

support remained the same as before. 
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It can be seen from the above figure, the addition of temporary support increased the maximum 

number of layers that the structure can be printed to layer 9, which is an improvement over the 

previous one. 

  

The next parameters to be changed are the thickness of the wall and the Young's modulus of 

the material, respectively. Since the deformation of the structure is the most obvious way to 

determine whether the structure has failed or not, only the deformation of the structure was 

taken as a criterion for this analysis. 

 

 

 

Figure 59: Maximum number of layers that can be printed by varying the structure thickness (Left) and 

Young's modulus (Right), respectively. 

 

Figure 58: Increased temporary support and maximum number of layers the structure can be printed to 
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As can be seen from the results shown above, changing the thickness of the structure did not 

have a significant effect on the maximum number of layers that can be printed to, whereas 

changing the Young's modulus had some positive effects. From this analysis it can be 

concluded that Young's modulus plays an important role in controlling the deformation of the 

structure during the printing process. 

 

The last parameter was to increase the printing time per layer, which was initially chosen to 

increase from 60 seconds per layer to 90 seconds per layer, thus allowing more time for the 

material to harden, i.e., to obtain higher strength as well as Young's modulus. 

 

 

 

Figure 60: Maximum number of layers that can be printed on the structure after changing the print time 

and stress distribution. 

 

As can be seen in the figure above, the maximum number of layers that the structure can be 

printed to is 5 and will deform significantly at the 6th layer printed, causing the structure to 

collapse. This result was not expected as the material gained higher strength and Young's 

modulus, and a possible reason for the structure failing to print to a higher number of layers is 

that the increased print time was not long enough, resulting in the material not increasing its 

properties enough to support printing to more layers. 

 

Table 13: Parameters affecting the maximum number of layers that can be printed and their effects. 

Parameter The maximum number of layers that can be 

printed 

None 6 

Temporary support 9 

Thickness 6 

Youngs’ modulus 7 

Printing speed 5 
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As can be seen from the table, changing the thickness of the structure and increasing the print 

time had no significant effect on the printability of a single wall, the other two parameters both 

had some degree of improvement on the printability of the structure, with the temporary addition 

of horizontal support to the structure having the most obvious effect, in which case the structure 

can be printed up to the 9th layer. However, it can also be found that even if these parameters 

are changed, the final effect is not enough to make the structure printable. Therefore, the next 

research direction became the simulation of structural components in DIANA. In all the tests 

done before, the walls were set up as shells, but the geometry did not correspond to the shape 

of the walls in the actual printing process, which could potentially lead to structural failure. In 

order to determine the effect of this factor, the wall structure was next modeled in DIANA, i.e., 

trusses were added, and the print performance of this wall was analyzed and tested. 

 

 

 

Figure 61: Structural walls printed on site (Xu et al., 2022) 

 

 

Figure 62: Truss structure wall simulated in DIANA 

 

Before performing the test, there is another parameter that has to do with FEA that may affect 

the results of the test, which is the mesh size. The mesh size not only affects the accuracy of 

the calculation, but also the time required for the calculation. When subsequently analyzing 

complex structures, if the mesh size is set too small, the calculation time can become very long. 

Therefore, it is first necessary to test the accuracy of the calculation with different mesh sizes. 

The size of the mesh also has a significant impact on the calculation time and the accuracy of 

the results, so some tests need to be performed to determine the appropriate size and to reduce 

the calculation time of the structure. 
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Figure 63: Different mesh sizes 

  

Through testing, it was found that the analysis results were the same when the mesh size was 

0.1 m and when the mesh size was smaller, indicating that 0.1 m is an acceptable mesh size 

and is exactly the same height as the printed layer, which is simpler. Therefore, the 0.1 m mesh 

size was used for all subsequent analyses. 

 

5.3.2 Wall structure tests 

 

 

 

 

Figure 64: Three different lengths (0.8m, 1.6m, 3.2m) of truss structure walls 
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Based on the printing speed as well as the nozzle size, the printing time for each layer of each 

of the three types of walls was calculated as follows. 

 

𝑇1 = (0.8 + 0.2 + 0.8 + 0.2 + 1.13) × 2 × 4 ÷ 0.07 = 360 s 

 

𝑇2 = (1.6 + 0.2 + 1.6 + 0.2 + 2.26) × 2 × 4 ÷ 0.07 = 670 s 

 

𝑇3 = (3.2 + 0.2 + 3.2 + 0.2 + 4.52) × 2 × 4 ÷ 0.07 = 1300 s 

 

Firstly, a wall length of 0.8 m was selected. For the truss structure, the thickness of both the 

outer wall and the truss is 0.05 m. The spacing of the centerline of the outer wall is 0.2 m, so 

the thickness of the whole wall is 0.25 m. For shell structure, the thickness of the wall is 0.25m 

for direct setting. Ensuring the same thickness of both structures, the structural printing 

performance was tested. For materials, all materials used for the truss walls were the same as 

those used in several previous analyses. The entire wall is also supported only by the 

foundation at the bottom, with no other horizontal or vertical support. Only self-weight was 

considered during the analysis.  

 

 

Figure 65: Number of printed layers for different wall structures at a wall length of 0.8 m 

 

From the results shown above, it can be seen that the maximum number of layers that can be 

printed on the truss structure wall and the shell wall were different. The shell element wall would 

collapse immediately upon analysis, i.e., it would be essentially inaccessible for 3D printing. 

This is due to structural instability, and there are two possible reasons for this failure at the first 

layer of printing, the first is that the calculated single layer height set was high (0.1m), and the 

structure is unable to print to a height of 0.1m, and the second possible reason is that the shell 

element did not simulate the actual printed truss structure wall well in DIANA. And for the truss 

structure wall, it can be successfully printed up to the fifth layer. 

 

In order to further understand the impact of wall length, the truss structure and the shell element 
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structure with both lengths of 1.6m were selected for comparison. All parameters were the same 

as in the previous analysis except for the wall length. 

 

 

Figure 66: Number of printed layers for different wall structures at a wall length of 1.6 m 

 

From the figure, it can be seen that whether it is a shell structure or a truss structure wall, the 

results obtained were the same as the previous analysis. Therefore, the length of 3m wall was 

selected and tested again, 3m wall is also the length of the wall needs to be printed in the actual 

printing process, so the significance of this test is not only a comparison of the two structures 

of the wall, but also for the actual analysis carried out after the preparation. 

 

 

Figure 67: Number of printed layers for different wall structures at a wall length of 3.2 m 

 

As can be seen from the test results, when the length of the printed wall is 3m, the shell unit 

structure collapsed at the first level, as did the results from the previous two analyses. The truss 

structure wall, on the other hand, was successfully printed up to the tenth layer, which is a more 
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significant increase compared to the previous two analyses. This indicates that the stability of 

the wall increases with the length of the wall within a certain range.  

 

It is concluded that when printing walls of different lengths, the truss structure has a positive 

effect in terms of stability improvement due to the presence of trusses. Since a wall with a length 

of 3 m needs to be printed in the actual structure, it can be inferred from the results of the above 

tests that a truss structure would be a better choice, but still requires horizontal temporary 

support to avoid instability during the printing process. 

 

Since in all three of the above tests the shell unit wall collapsed when the first layer was printed, 

which does not correspond to what happens in practice, the following additional test was 

conducted to test the performance of the shell element wall with horizontal support on one side 

of the wall. 

 

 

 

 

 

As can be seen from the results, the addition of horizontal support results in a shell unit wall 

that was very similar to a truss structure wall, both in terms of the number of layers that can be 

successfully printed and the displacement. Therefore, it can be approximated that the results 

of the shell element after adding the horizontal support and the truss structure wall are the same 

in DIANA. 

 

 

 

 

 

 

 

 

Figure 68: Number of printed layers for different wall structures at a wall length of 3.2 m 
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5.4 Analysis of the printing process from layer 1 to layer 20 

 

The first step is to model layers 1 to 20, after intercepting the general overall structure, the 

structure obtained was divided into two parts, at this stage of the analysis only the longer part 

of the wall was analyzed, because the probability of failure of this section of the wall during the 

printing process is higher. 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

As the picture shown above, the printer will move from inside to outside gradually, and print the 

inner wall, truss, and external wall respectively. The length of the truss is: 

 

𝐿 = (1.8 + 2.6 + 0.4) × 1.414 = 6.8 m 

 

Therefore, the total printing time for each layer (below 20) is: 

 

𝑇 = (0.4 + 2.6 + 1.6 + 0.2 + 1.8 + 3 + 0.6 + 0.2 + 6.8) × 2 × 2 × 4 ÷ 0.07 = 3931 s 

 

The conclusion is the printing time for each layer (below 20) was considered 3930s. 

 

Stability analysis was done before performing phased and nonlinear analysis. The main reason 

for this was that the stability analysis was simpler, and it allowed for a preliminary determination 

of whether the structure would be instable during the printing process. The final results are 

shown below. 

 

Figure 69: Truss structure wall and the top view 
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Figure 46: Results of  stabi l i ty analysis  

As the figure shown above, all of the buckling values were all greater than 1, the stability of the 

structure during the whole printing process will not be a problem. Therefore, phased and 

nonlinear analysis followed. For the boundary conditions, in addition to the foundation supports, 

supports limiting displacement in the X direction were added at the edges of the structural walls 

to simulate the effect of the other half of the walls due to the horizontal support effect of the 

other half of the structure. 

 

 

 

 

As can be seen from the results shown in the figure above, the structure can be printed up to 

the 14th layer and will deform significantly and then collapse when the 15th layer is printed. 

Therefore, it is necessary to change several important parameters that can affect the printing 

results, according to the conclusion of the previous parameter study. Next, the thickness of the 

walls and trusses were increased to re-test whether the structure could be printed to a higher 

Figure 70: Boundary conditions and maximum number of layers the structure can be printed to 
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number of layers. However, the results showed that the number of layers that could be printed 

was the same, indicating that the thickness of the structure did not improve the performance of 

the structure in this test, this result is the same as the previous conclusion from parameter study. 

In general, increasing the thickness of the structure improves the stability of the structure, and 

since the stability tests performed previously showed no problems, these two results suggested 

that the reason for the structure not printing to higher levels is due to material properties rather 

than stability. 

 

 

Figure 71: Maximum number of layers the structure can be printed to after changing the compressive and 

tensile strength of the material and the stress distribution. 

 

In the next step, the tensile and compressive strength of the material was increased and 

retested. The results remained the same as before, indicating that the failure of the structure 

was not due to the material somewhere in the structure being unable to withstand the increased 

tensile or compressive stresses (as shown in the figure above), but rather the failure was 

caused by excessive deformation somewhere in the structure. 

 

Therefore, fiber reinforced concrete needs to be introduced at this point. According to the 

conclusions of Mink's thesis (2019), Young’s modulus of fiber reinforced concrete will reach 10 

times that of ordinary concrete when it is first extruded, and 2 times that of ordinary concrete 

after 90 minutes. Therefore, the material properties of fiber reinforced concrete are set as 

follows. 
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Figure 72: Young's modulus of fiber reinforced concrete (Left) and normal concrete (Right) with time. 

  

After many attempts, i.e., constantly changing the position and amount of added fibers, starting 

from the 12th layer, the entire layer (including truss) was replaced with fiber reinforced concrete. 

This material not only increases the tensile and compressive strength, but also increases the 

Youngs modulus at the same time, which are three material parameters that are very important 

in DIANA modeling. The results showed that the wall with the shorter length on the other side 

would fail first and collapse at the 15th layer due to excessive deformation in the Y direction, 

which was not the case in the previous tests. 

 

So, for the last test, only the wall material with the longer length in the Y direction was changed 

to fiber reinforced concrete, while the other materials in the layer were changed back to the 

previous plain 3D printed concrete. This time it was finally possible to successfully print up to  

20 layers. 

 

 

Figure 73: Material distribution of the structure: fiber reinforced concrete (red) and normal concrete 

(green) 
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Figure 74: Deformation of the structure when printed to the 20th layer. 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 75: Cracks and stress distribution when printed to the 20th layer.  

 

As can be seen from the above results, DIANA predicted that the structure can already be 

successfully printed up to the 20th layer. However, from the structural deformation shown in the 

above figure, it still did not meet the requirements in the code. In terms of cracks, the figure 

shows that the most likely location for cracks to occur is in the connection between the two 

longer walls, starting at about the 10th layer, and the width of the cracks is about 5cm, which is 

also relatively large. Further optimization of the material distribution will be done in the next 

chapter "Discussion". Regarding the stresses, it can be seen that the maximum stresses were 

also less than the corresponding strengths of the materials, so the stresses meet the code 

requirements. After the above analysis it can be concluded that the first 20 layers of the building 

can be successfully printed.  
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5.5 Analysis of the printing process from layer 21 to layer 30 

 

The next stage of the printing process was the twenty-first through the thirtieth layers of the 

building, which was more challenging than the previous stage because the walls above the 

windows and doors needed to be printed. At this stage of the modeling process, it is no longer 

possible to model only the longer part of the wall, but also the shorter part of the wall, because 

the shorter part of the wall will need to be temporarily supported during the printing of the 

twenty-sixth and thirtieth layers, because of the need to print the wall above the windows, which 

will then be modeled to analyze the success of the printing. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The printing process of the longer part of the wall structure is first analyzed. For materials, as 

in the previous analysis of the first 20 layers, there are still two types of materials, i.e., normal 

concrete and fiber reinforced concrete. For the boundary conditions, on top of the previous 

analysis, there is no support since layers 21 to 30 are the wall above the door. Due to the low 

strength of the freshly pumped concrete, temporary support was used during this phase of the 

printing process. In the software modeling, the temporary support was set as a spring support 

because the fixed support would result in the wall above it not being able to deform in the z 

direction, while the other section of the wall connected to this part of the wall would be displaced 

in the z direction due to the deformability of the wall below it, resulting in a large displacement 

difference between the same section of the printed wall in the two parts, which would lead to 

structural damage. 

 

 

Figure 76： Geometry of 2 structures 
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Figure 77: Boundary conditions of the structure and the interface material parameters 

  

In order to implement the spring support, another material, the interface material, needs to be 

introduced into the modeling to simulate the presence of the spring support. The main 

parameter of the interface material is the stiffness modulus in the X and Y directions, which is 

the same as the spring stiffness. 

 

After several adjustments to the distribution and number of fibers, a structural printing solution 

was finally obtained that could be successfully printed up to the 30th layer. Since the part of the 

wall printed on the 21st to 30th layers were only temporarily supported underneath, and since 

the previous analysis of the structure's use phase showed that the wall above the door was 

subjected to high stresses, fiber reinforced concrete was used for all the walls on the 21st to 

30th layers for safety reasons. 

 

 

 

Figure 78: Structural deformation and stress distribution 
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The results shown above indicate that DIANA predicted structures can be successfully printed 

up to 30 layers. However, it can still be noticed that the deformation of the structure is large in 

some places and does not meet the code requirements. The stress distribution of the structure 

also showed that the largest tensile stresses occur at the corners of the structure. Based on 

these results, it can be assumed that the longer wall portion of the 30-layer structure can be 

successfully printed, and subsequent improvements will be made for the larger displacements 

in the next chapter ‘Discussions’. 

 

 

Figure 79: Material distribution of the structure: fiber reinforced concrete (red) and normal concrete 

(green) 

 

The above is the result of conducting a feedback loop and continually trying to arrive at which 

part of the entire wall structure needs to be fiber reinforced concrete. The sections on either 

side of the main wall do not need to be made of the same concrete material as the walls on the 

same level. In previously tested software modeling, if the same fiber reinforced concrete had 

been used for the walls on either side, the structure would have collapsed during the printing 

process and the problem would have been in the walls on either side, not in the expected main 

wall. 

 

The shorter portion of the wall was analyzed next, shorter length of the wall made this portion 

of the structure less likely to fail during the printing process, but this portion of the structure was 

unique in that the printing of the wall above the larger window is the most challenging portion 

of the structure. 
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Figure 80: Structural deformation and stress distribution (without fiber reinforced concrete) 

 

When all materials were noraml concrete, the structure could only be printed up to the 20th 

layer and collapsed at the 21st layer due to excessive deformation. From the stress distribution 

it can be concluded that the maximum stress occurs at the bottom of the structure, so there are 

two options for adding fibers in the subsequent study. The first one is the same as the previous 

one, where fibers are added to the weak position of the structure, i.e., the printed layers near 

the windows, and the second one is to add fibers to the structure where the stresses were the 

highest, i.e., starting from the bottom, according to the stress distribution. 

 

 

Figure 81: Boundary conditions 

 

As with the previous structure, the wall above the window also required temporary support. The 

rest of the boundary conditions were similar to those for the longer portion of the wall. 
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Figure 82: Structural deformation in X and Y direction 

 

Looking at the deformation of the structure, there was a clear discontinuity in the structure at 

the 25th and 26th layers, which is not consistent with realistic 3D printing. The possible reason 

for the presence of the discontinuity in the X direction was due to the additional horizontal 

support (from the adjacent wall) that occurred from the 26th layer onwards, which results in 

pulling the walls of the 26th to 30th layers back to their original position and thus there was a 

clear discontinuity with the displacements that were created in the first 25 layers. In contrast, 

the discontinuity between this portion of the wall without horizontal support in the Y direction 

and the remaining portion of the wall was less pronounced. 

 

 

Figure 83: Displacement of remained structure. 

 

Another reason is due to the excessive deformation of the first 25 layers, resulting in what can 

be clearly seen as a large difference in deformation from the 26th layer with the added 

horizontal support. In order to demonstrate this, the structure was removed except for the first 

23 layers which were used for the analysis and the rest of the parameters were kept the same. 



74 
 

The results are shown above. It can be seen that when the deformation was small, the 

deformation of the whole structure was more continuous and did not have the above problem. 

 

 

 

Based on the structural deformation and stress distribution, it can be noticed that in some parts 

of the structure the deformation remained high and exceeded the code criteria. This part will 

also be optimized in the next Chapter ‘Discussions’. The highest structural stresses are found 

at the corners of the structure and at the lower window corners. 

 

 

Figure 85: Structural stresses 

 

Figure 84: Stress distribution from different view 
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Figure 86: Material distribution of the structure: fiber reinforced concrete (red) and normal concrete 

(green) 

 

The second strategy for adding fibers is to start at the bottom of the structure, where the 

stresses were higher. 

 

 

Figure 87: Structural deformation in X and Y direction 
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The resultant optimization of the structure using this strategy showed that only the first eight 

layers of the structure need to be changed to fiber reinforced concrete, and then the entire 

structure can be printed successfully. The overall deformation of the structure was smaller 

compared to the first optimization strategy, while the stresses were not reduced much, and the 

maximum stresses still occur at the bottom of the structure. From the above analysis, it is clear 

that both optimization strategies can eventually make the structure successfully printed, but the 

considerations of the two are different. 

 

5.6 Roof printing and connections 

 

After the main structure portion was successfully printed, it was necessary to wait 28 days to 

allow the concrete of the main structure to fully harden. The roof will then be assembled. The 

roof will be divided into two parts, which will make it easier to print on site, making the original 

5m long assembly become 2.5m. 

 

Figure 88: Material distribution and stress distribution 
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Figure 89: Roof geometry and boundary conditions 

  

The print material used for the roof section was the same as the previously printed wall. For the 

boundary conditions, the direction of the print was changed, thus making the structure more 

stable and easier to print successfully, with support only from the bottom of the structure. Since 

the structure was also in the printing stage, only dead weight was considered. 

 

The printing time of roof for each layer is: 

 

𝑇 = (3.14 × 1.5 × 2 + 0.2 × 3 × 3.14 × 24) × 2 × 4 ÷ 0.07 = 2800 𝑠 

 

 

 

Figure 90: Deformation and Stress Distribution of the Finished Roof Printing 

 

As can be seen from the figure above, even though the roof could be successfully printed, the 

deformation of part of the structure still exceeded the standard requirements. In terms of stress 

distribution, the larger stresses were distributed in the middle of the structure from the 4th to 
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the 7th layer. It can be concluded that the printing process can be successfully completed for 

the roof members even if all the materials are not used as fiber reinforced concrete.  

 

After the roof has been printed, as with the main part of the structure, a waiting period of about 

10 days is required to allow the material to harden sufficiently and become strong enough, after 

which the connection of the roof to the main body of the structure will begin. 

 

 

 

 

Figure 91: Connection solutions for the roof and the main body of the structure 

 

For the roof and wall connections, the same connections as the Wujiazhuang site will be used 

in this study, as this is not the main issue to be explored in this study. The joining method is 

shown in the figure, using mortise and tenon joints (2 and 3 in the figure above) and pouring 

mortar into the gaps after joining to make the joining nodes become a single unit, thus 

maintaining stability. 
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6 Discussions 

 

In this chapter, the first step is to revise and optimize the results of the problematic analysis in 

the previous chapter to meet the needs of the actual situation. Then comes the analysis of 

possible reasons for the phenomenon of differences in material properties in different literatures. 

Finally, there is a reflection as well as a discussion of the whole study. 

 

6.1 Optimization of computational results in Chapter 5 

 

From the analysis in Chapter 4, it can be seen that although ultimately all structural components 

can be successfully printed, the deformation of some of the structures has exceeded the 

specification requirements, which is unacceptable in the actual printing process. Therefore, the 

material distribution or material properties need to be optimized. Firstly, the material properties 

were changed and an initial attempt was made to change the Young's modulus of the fiber 

reinforced concrete to three times that of normal concrete. 

 

 

Table 14:  Deflection requirements for formwork (STUBECO, 2023) 

 

 

Based on the code requirements for the displacement of concrete casting forms, this study will 

use this code as the structural displacement requirement for 3D printed buildings, and with this 

requirement, the material properties of a portion of the location in the structure will be modified 

to meet the code requirements. 

 

Based on the table above, the structures printed in this study fall into Class C because there 
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are no aesthetic requirements for the structures. Therefore, for the main part of the structure, 

the maximum horizontal displacement allowed is: 

 

𝐷1 =
1

400
𝐿𝑡 = 5 ÷ 400 = 1.25 × 10−2 𝑚 

 

For the roof of the structure, the maximum displacement allowed is: 

 

𝐷2 =
1

400
𝐿𝑡 = 2.5 ÷ 400 = 6.25 × 10−3 𝑚 

 

𝐿𝑡 is the center-to-center distance of the supports. 

 

 

 

 

The above figure shows the difference in the properties of fiber reinforced concrete before and 

after modification, i.e., the Young's modulus becomes 1.5 times that of the original fiber 

reinforced concrete. The shorter portion of the wall and roof will be used in the following 

analyses as an example to test how the deformation of the structure will change after changing 

the properties of the fiber reinforced concrete. 

Figure 92: Young's modulus of fiber reinforced concrete before (Right) and after (Left) modification as a 

function of time. 
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Figure 93: Deformation of the structure in the X and Y directions after changing the material properties. 

 

After adjusting the material properties, it can be seen that the displacement of the structure is 

significantly reduced. The maximum deformation of the structure in the X direction is about 8.5 

cm, which is larger than the 1.25 cm required in the code, but it has been significantly reduced 

compared to when the material properties were not changed. It can be inferred that if the 

material properties continue to be increased, the structural deformation will meet the code 

requirements. 

 

 

 

 

Figure 94: Deformation of the roof in the X and Y directions after changing the material properties. 

 

A similar situation occurs with roof printing. The maximum displacement of the roof structure in 



82 
 

the X direction was 2.9 cm, which is greater than the maximum allowable displacement of 0.63 

cm calculated according to the code. However, it is already very close to the code requirements, 

and if the material properties are made to be greater, then the structural deformation can be 

made to meet the code requirements. 

 

In order to achieve the reduction of structural displacement, this study provides three 

optimization ideas. The first one is to change the material properties, i.e., increase the Young's 

modulus of the material, which will increase faster in a certain time range, thus having a larger 

Young's modulus, and this material parameter will play a very important role in controlling the 

structural deformation. The second idea is to increase the printing time, which again will result 

in a material with a larger Young's modulus when printed to the same number of layers. The 

third one is to achieve control of structural displacement by changing the geometry of the 

structure, i.e., increasing the thickness of the wall, which makes the structure more stable. The 

chart below shows the two material-related methods mentioned, i.e. increasing the strength of 

the material itself (orange line) or increasing the printing time (blue line). 

 

 

 

Figure 95: Different options for obtaining materials with better properties. 
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6.2 Discussions and reflections 

The material properties used in this study were primarily derived from the studies of Wolfs et al 

(2018) and Mink (2019). The two studies give different results for Young's modulus, a parameter 

that has a significant impact on the 3D printing process. In this study, the magnitude of the 

Young's modulus of the concrete and its linear relationship with time over 90 minutes after 

extrusion, as studied by Wolfs et al. and the ratio between the Young's modulus of the fiber 

reinforced concrete and that of the concrete without fibers, as studied by Mink through 

experiments conducted in Microlab, were used to obtain all the material parameters needed for 

this study. Among them, for the measurement of Young's modulus, there is a big difference 

between the results obtained by the two studies. Possible reasons for this are the different 

temperatures at which the experiments were carried out, or the different mixtures used and the 

ratios of the materials they contain, all of which affect the final test results of the specimens. 

 

From the results of the analysis in the previous chapter, it is possible to derive the final printing 

option and the distribution of fiber reinforced concrete and normal concrete in the structure. The 

resulting solution has been adjusted and modeled several times, but it is not necessarily the 

optimal solution, and the location of the added fibers in the structure can still be adjusted and 

optimized. However, the optimization strategies used in the analysis can be applied in the 

simulation of actual 3D building printing, and by adding fibers at certain locations in the structure, 

it does allow the structure to be printed completely successfully. 

 

Through this study, it was found that the most challenging and time-intensive phase of the entire 

study was the finite element modeling and analysis phase. Also, there is relatively little 

information and tutorials on 3D printing, a relatively new process. Some parts of the finite 

element modeling process required the use of embedded Python, in which the code was 

entered to solve the batch problem, so basic Python knowledge was also learned. In particular, 

the need to introduce time parameters in the phased and nonlinear analysis required exporting 

a data file and using Python to enter the relevant commands into the file before it could be done. 

This process is more prone to errors, which can lead to the printing process not being modeled 

correctly, and therefore needs to be double-checked. 
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7 Conclusions & Recommendations 

 

In this study, the whole process of 3D fiber reinforced concrete printing of a simple building has 

been investigated by means of Finite Element Analysis (FEA), and the following summarizes 

the conclusions drawn from this study in two main parts and makes recommendations for 

possible applications of the study results as well as for future follow-up research. 

 

The first part is 3D fiber reinforced concrete printing. Since the performance of fiber reinforced 

concrete in the early stage after extrusion is significantly enhanced compared to normal 

concrete, this material can indeed play a role in the process of 3D printing, which is mainly 

reflected in the fact that the fiber reinforced concrete sets faster, so it can obtain higher Young's 

modulus, tensile strength, and compressive strength within the same time, which are three 

material parameters that play a crucial role in the initial stage of 3D printing of structural 

components. During the analysis of the finite element software, it was found that the material 

to be changed to fiber reinforced concrete was not only needed at the expected weak positions 

of the structure (in the case of this study, the weak positions were located near the doors and 

windows of the structure), but the fiber reinforced concrete needed to be used a few layers prior 

to the printing of the walls above the doors and windows, which avoids the possibility that the 

deformation of the structure is already large before the weak positions are printed, which could 

lead to the collapse of the wall above the window or door when it is printed. The second 

reinforcement strategy is to add fibers from the bottom upwards, which was done because 

analysis has concluded that the stresses were greatest at the bottom of the structure. Both 

strategies were feasible, and both ultimately ensured successful printing of the structure, but 

the second strategy performed better in controlling the deformation of the structure. 

 

The second part concerns the finite element analysis itself. Since the main work done in this 

study was done in finite element software, some conclusions have also been drawn about the 

use of the finite element method to analyze the 3D printing process. In the case where the 

structure being analyzed is a symmetric structure, it is possible to analyze only half of the 

structure, but the setting of the boundary conditions is critical, which will affect the analysis of 

the printing process. When analyzing a model, one should focus on the parameter settings of 

geometry, material properties, boundary conditions, and loads, which will directly affect the 

accuracy of the analysis. Phased and structural nonlinear analysis as well as stability analysis 

are mainly used in the analysis of 3D printing process, while linear static analysis is used to 

analyze the use state of the structure. Unlike the other two analyses, the stability analysis 

provides a quicker indication of the buckling value of the structure after each printed layer, 

which can be used to make preliminary and quick judgments. The parameter study has shown 

that the thickness of the components, the addition of temporary supports to the structure, the 

printing time, and the material parameters all have an impact on the 3D printing process. In 

addition, the use of the shell structure to simulate the truss structure is only applicable when 

the wall length is short, and once the wall length is long (more than 3 m), the printing results of 

the two wall structures will largely be different. When simulating temporary supports, spring 
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supports are preferred to simple fixed supports because fixed supports limit the structural 

displacement, resulting in a continuous print of the wall with significantly different displacements 

in the two sections, which can lead to structural failure. Regarding the reduction of 

computational time, this can be achieved by using larger mesh sizes with guaranteed accuracy 

or by reducing the number of iterations in the analysis. 

 

Regarding the possible applications of the results of this study, the reinforcement strategy of 

adding fibers to concrete does have some application within the context of 3D concrete printing. 

This method can be used to optimize the printing process of the structure and the use of the 

structure after printing by changing the distribution of the structural material to meet the 

requirements of the code. However, the application of this method requires modeling in finite 

element software to analyze the feasibility, i.e., the specific location of the added fibers, which 

is a more complex process and has higher requirements for the accuracy of the parameters in 

the analysis. In terms of material properties, it is recommended to use laboratory measured 

material properties for modeling, since different temperature environments and the proportion 

of each ingredient in the mixture can lead to very different final material properties. 

 

This study explores optimization strategies for the 3D fiber reinforced concrete printing process, 

but the accuracy could be higher. For example, the current study results in deciding whether 

fiber reinforced concrete needs to be used in a particular layer, and future studies could be 

more refined to the point where certain locations in a layer are used and others are not, which 

places higher demands on modeling in finite element software. And subsequent research could 

analyze more complex structures based on the results of this study and draw conclusions that 

are more applicable to the printing of complex structures with today's shapes. 
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Appendix: Python Scripts 

   1 

   2 

   3 

   4 

   5 

   6 

   7 

   8 

   9 

 

  10 

  11 

  12 

  13 

  14 

  15 

  16 

  17 

  18 

  19 

#Supports 

addSet( "GEOMETRYSUPPORTSET", "Support set 1" ) 

rename( "GEOMETRYSUPPORTSET", "boundary_sup", "boundary sup" ) 

createLineSupport( "boundary sup", "boundary sup" ) 

setParameter( "GEOMETRYSUPPORT", "boundary sup", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "boundary sup", "TRANSL", [ 1, 1, 1 ] ) 

setParameter( "GEOMETRYSUPPORT", "boundary sup", "ROTATI", [ 0, 0, 0 ] ) 

attach( "GEOMETRYSUPPORT", "boundary sup", "Wall 1", [ [ 1.5, 0.5, 0 ], [ -1.5, 0.5, 0 ] ] ) 

attach( "GEOMETRYSUPPORT", "boundary sup", "Wall 2", [ [ 1.5, 3.5, 0 ], [ -1.5, 3.5, 0 ], 

[ 0, 5, 0 ] ] ) 

attach( "GEOMETRYSUPPORT", "boundary sup", "Wall 3", [ [ 0, 0, 0.1 ] ] ) 

 

#Materials 

addMaterial( "concrete_lin", "CONCR", "LEI", [] ) 

setParameter( "MATERIAL", "concrete_lin", "LINEAR/ELASTI/YOUNG", 18000000 ) 

setParameter( "MATERIAL", "concrete_lin", "LINEAR/ELASTI/POISON", 0.3 ) 

setParameter( "MATERIAL", "concrete_lin", "LINEAR/MASS/DENSIT", 2100 ) 

 

 

#Thickness 



92 
 

  20 

  21 

  22 

  23 

  24 

  25 

  26 

  27 

  28 

  29 

  30 

  31 

  32 

  33 

  34 

  35 

  36 

  37 

  38 

  39 

  40 

  41 

  42 

  43 

  44 

  45 

addGeometry( "Element geometry 1", "SHEET", "FLASHL", [] ) 

rename( "GEOMET", "Element geometry 1", "thk" ) 

setParameter( "GEOMET", "thk", "THICK", 0.1 ) 

 

#Element data 

addElementData( "Element data 1" ) 

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

setParameter( DATA, "Element data 1", "THINTE", 5 ) 

 

#Element size 

elem_size=0.025 

setElementSize( shapes(), elem_size, -1, True ) 

 

#Interface 

addMaterial( "interf_mat", "INTERF", "ELASTI", [] ) 

setParameter( "MATERIAL", "interf_mat", "LINEAR/IFTYP", "LIN3D" ) 

setParameter( "MATERIAL", "interf_mat", "LINEAR/ELAS4/DSNY", 1e+08 ) 

setParameter( "MATERIAL", "interf_mat", "LINEAR/ELAS4/DSSX", 1000000 ) 

 

addGeometry( "Element geometry 1", "LINE", "SHLLIF", [] ) 

setParameter( "GEOMET", "Element geometry 1", "THICK", thk ) 

setParameter( "GEOMET", "Element geometry 1", "SHAPSH", "CYLIN" ) 

setParameter( "GEOMET", "Element geometry 1", "CYLCEN", [ 0, 0, 0 ] ) 

setParameter( "GEOMET", "Element geometry 1", "CYLAX", [ 0, 0, 1 ] ) 

 

createConnection( "Connection 1", "BOUNDA", "SHAPEEDGE" ) 
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  46 

  47 

  48 

  49 

  50 

  51 

  52 

  53 

  54 

  55 

  56 

  57 

  58 

  59 

  60 

  61 

  62 

  63 

  64 

  65 

  66 

  67 

  68 

  69 

  70 

  71 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "MODE", "CLOSED" ) 

setElementClassType( "GEOMETRYCONNECTION", "Connection 1", "SHLLIF" ) 

assignMaterial( "interf_mat", "GEOMETRYCONNECTION", "Connection 1" ) 

assignGeometry( "Element geometry 1", "GEOMETRYCONNECTION", "Connection 1" ) 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "FLIP", False ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 1.5, 0.5, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 2", [ [ 1.5, 3.5, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 0, 0, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ -1.5, 0.5, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 2", [ [ -1.5, 3.5, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 2", [ [ 0, 5, 0 ] ] ) 

 

#Mesh 

generateMesh( [] ) 

hideView( "GEOM" ) 

showView( "MESH" ) 

 

#Analysis 

addAnalysis( "Analysis1" ) 

addAnalysisCommand( "Analysis1", "PHASE", "Phase" ) 

renameAnalysisCommand( "Analysis1", "Phase", "Phase 1" ) 

setActivePhase( "Analysis1", "Phase 1" ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 2" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 3" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 4" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 5" ], [ "Phase 1" ], False ) 
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  72 

  73 

  74 

  75 

  76 

  77 

  78 

  79 

  80 

  81 

  82 

  83 

  84 

  85 

  86 

  87 

  88 

  89 

  90 

  91 

  92 

  93 

  94 

  95 

  96 

  97 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 6" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 7" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 8" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 9" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 10" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 11" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 12" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 13" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 14" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 15" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 16" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 17" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 18" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 19" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 20" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 21" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 22" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 23" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 24" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 25" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 26" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 27" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 28" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 29" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis1", "SHAPESET", [ "Layer 30" ], [ "Phase 1" ], False ) 

addAnalysisCommand( "Analysis1", "NONLIN", "Structural nonlinear" ) 
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  98 

  99 

 100 

 101 

 

 102 

 

 103 

 104 

 

 105 

 

 106 

 

 107 

 

 108 

 109 

 110 

 111 

 

 112 

 

 113 

 

 

renameAnalysisCommand( "Analysis1", "Structural nonlinear", "Structural nonlinear 1" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "TYPE/GEOMET" ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "TYPE/GEOMET", True ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "EXECUT(1)/EXETYP", 

"START" ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "EXECUT(1)/ITERAT/MAXITE", 

20 ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "EXECUT(1)/ITERAT/LINESE" ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "EXECUT(1)/ITERAT/LINESE", 

True ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"EXECUT(1)/ITERAT/CONVER/SIMULT", True ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

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

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

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

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "OUTPUT(1)/SELTYP", "USER" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "OUTPUT(1)/USER" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "OUTPUT(1)/USER/DISPLA" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"OUTPUT(1)/USER/DISPLA(2)/TOTAL/TRANSL/AXIAL" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI" ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI/LOCATI", "INTPNT" ) 
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 114 

 

 115 

 

 116 

 

 117 

 

 118 

 

 119 

 120 

 121 

 122 

 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

 130 

 131 

 132 

 133 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI" ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI/LOCATI", "INTPNT" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(2)/TOTAL/TRACTI/LOCAL" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(2)/TOTAL/TRACTI/LOCAL" ) 

 

for i in range(1,30): 

    copyAnalysisCommand( "Analysis1", "Phase "+str(i), "Phase "+str(i+1) ) 

    setActiveInPhase( "Analysis1", SHAPESET, [ "Layer "+str(i+1) ], [ "Phase "+str(i+1) ], 

True ) 

    copyAnalysisCommand( "Analysis1", "Structural nonlinear "+str(i), "Structural nonlinear 

"+str(i+1) ) 

 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "EXECUT(1)/EXETYP", "LOAD" ) 

addAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "EXECUT(1)/LOAD/LOADNR" ) 

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear 1", "EXECUT(1)/LOAD/LOADNR", 1 ) 

 

addAnalysis( "Analysis2" ) 

addAnalysisCommand( "Analysis2", "PHASE", "Phase" ) 

renameAnalysisCommand( "Analysis2", "Phase", "Phase 1" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 2" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 3" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 4" ], [ "Phase 1" ], False ) 
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 134 

 135 

 136 

 137 

 138 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 5" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 6" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 7" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 8" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 9" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 10" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 11" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 12" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 13" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 14" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 15" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 16" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 17" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 18" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 19" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 20" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 21" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 22" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 23" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 24" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 25" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 26" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 27" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 28" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 29" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 30" ], [ "Phase 1" ], False ) 
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 161 

 162 

 163 

 164 

 

 165 

 

 166 

 167 

 

 168 

 

 169 

 

 170 

 

 171 

 172 

 

 173 

 

 174 

 

 175 

 

addAnalysisCommand( "Analysis2", "NONLIN", "Structural nonlinear" ) 

renameAnalysisCommand( "Analysis2", "Structural nonlinear", "Structural nonlinear 1" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "TYPE/GEOMET" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "TYPE/GEOMET", True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/EXETYP", 

"START" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/STEPS", 

False ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT/EXETYP", "TIME" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

10 ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

10 ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/TIME/STEPS/EXPLIC/SIZES", "3930.00000" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

50 ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/LINESE" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/LINESE", 

True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/SIMULT", True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/DISPLA/NOCONV", "CONTIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/FORCE/NOCONV", "TERMIN" ) 
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 177 

 178 

 179 

 180 

 

 181 

 

 182 

 

 183 

 

 184 

 

 185 

 

 186 

 

 187 

 

 188 

 

 189 

 

 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/FORCE/NOCONV", "CONTIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/SELTYP", "USER" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/USER" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/USER/DISPLA" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/DISPLA(2)/TOTAL/TRANSL/AXIAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/MATURI(1)/TOTAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/PARAME(1)/YOUNG" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/PARAME(2)/COMSTR" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI/LOCATI", "INTPNT" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI/LOCATI", "INTPNT" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(2)/TOTAL/TRACTI/LOCAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(2)/TOTAL/TRACTI/LOCAL" ) 
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 191 

 

 192 

 193 

 194 

 195 

 

 196 

 

 197 

 

 198 

 199 

 

 200 

 201 

 

 202 

 

 203 

 204 

 205 

 206 

 207 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(3)/CRKWDT/GREEN/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(3)/CRKWDT/GREEN/PRINCI/LOCATI", "INTPNT" ) 

 

for i in range(1,20): 

    copyAnalysisCommand( "Analysis2", "Phase "+str(i), "Phase "+str(i+1) ) 

    setActiveInPhase( "Analysis2", SHAPESET, [ "Layer "+str(i+1) ], [ "Phase "+str(i+1) ], 

True ) 

    copyAnalysisCommand( "Analysis2", "Structural nonlinear "+str(i), "Structural nonlinear 

"+str(i+1) ) 

    setAnalysisCommandDetail( "Analysis2", "Structural nonlinear "+str(i+1), 

"EXECUT(1)/START/TIME", i*3930 ) 

 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(1)/START/LOAD/PREVIO", False ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/LOAD/ADD" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/LOAD/ADD", 

True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(1)/START/LOAD/ADD/LOADNR", 1 ) 

 

n_start = 1 

runSolver( [ "Analysis3" ] ) 

fcr = float(resultCases( "Analysis3" )[0].split()[-1]) 

n = n_start 
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 208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 

 230 

 

 

print( "printing layer "+str(n) +" buckling value = "+str(fcr) ) 

while abs (fcr) > 1.0 and n != 30: 

        n1=n+1 

        n = min(n1, 30) 

        setActiveInPhase( "Analysis3", SHAPESET, [ "Layer "+str(n) ], [ "Phase 1" ], True ) 

        runSolver( [ "Analysis3" ] ) 

        fcr = float(resultCases( "Analysis3" )[0].split()[-1]) 

        print( "printing layer "+str(n) +" buckling value = "+str(fcr) ) 

if abs (fcr) < 1.0:     

        print( "Structure fails when printing layer "+str(n) )     

else: 

        print( "Structure is stable" ) 

 

for i in range(4,20): 

    addSet( "SHAPESET", "Shapes 1" ) 

    rename( "SHAPESET", "Shapes 1", "Layer "+str(i) ) 

    setCurrentShapeSet( "Layer "+str(i) ) 

    moveToShapeSet( [ "Truss "+str(i) , "Wall "+str(i)  ], "Layer "+str(i) ) 

 

for i in range(1,20):  

    copyAnalysisCommand( "Analysis2", "Phase "+str(i), "Phase "+str(i+1) )     

    setActiveInPhase( "Analysis2", SHAPESET, [ "Layer "+str(i+1) ], [ "Phase "+str(i+1) ], 

True ) 

    copyAnalysisCommand( "Analysis2", "Structural nonlinear "+str(i), "Structural nonlinear 

"+str(i+1) ) 
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 243 

 

 244 

 

 245 
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 247 

 248 

 

 249 

 250 

 251 

    setAnalysisCommandDetail( "Analysis2", "Structural nonlinear "+str(i+1), 

"EXECUT(1)/START/TIME", i*60 ) 

 

for i in range(1,20):  

    healAndSew( [ "Wall "+str(i), "Sheet "+str(i) ], 1e-05, {} ) 

 

for i in range(1,20):  

    healAndSew( [ "Truss "+str(i), "Truss "+str(i+20) ], 1e-05, {} ) 

 

 

for i in range(1,20): 

    copyAnalysisCommand( "Analysis2", "Phase "+str(i), "Phase "+str(i+1) ) 

    setActiveInPhase( "Analysis2", SHAPESET, [ "Layer "+str(i+1) ], [ "Phase "+str(i+1) ], 

True ) 

    copyAnalysisCommand( "Analysis2", "Structural nonlinear "+str(i), "Structural nonlinear 

"+str(i+1) ) 

    setAnalysisCommandDetail( "Analysis2", "Structural nonlinear "+str(i+1), 

"EXECUT(1)/START/TIME", i*60 ) 

 

for i in range(1,n_layers+1): 

    f.write("/ \"Layer "+str(i)+"\" /\n") 

    f.write("       0("+str(i)+") "+str(time_per_layer)+"-"+str((full_time*2+time_per_layer)-

i*time_per_layer)+"("+str(time_per_layer)+")\n") 

    f.write("       0("+str(n_layers*2+1)+")\n") 
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 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 

 275 

 276 

time_per_layer=3930 

n_layers=30 

full_time = time_per_layer*n_layers 

exportModel( "print_wall_analysis2.dat", 6 ) 

saveAnalysisCommands( "Analysis2", "print_wall_analysis2.dcf", 6 ) 

 

f=open("print_wall_analysis2.dat","r") 

lines = f.readlines() 

lines[-1] = lines[-1].replace("'END'", "'MATURI'") 

f.close() 

     

f=open("print_wall_analysis2.dat","w") 

f.writelines(lines) 

f.close() 

 

f=open("print_wall_analysis2.dat","a")     

# f.write("'MATURI'\n") 

f.write("ELEMEN\n") 

f.write("       0-"+str(full_time*2)+"("+str(time_per_layer)+")\n") 

 

for i in range(1,n_layers+1): 

    f.write("/ \"Truss "+str(i)+"\" /\n") 

    f.write("       0("+str(i)+") "+str(time_per_layer)+"-"+str((full_time*2+time_per_layer)-

i*time_per_layer)+"("+str(time_per_layer)+")\n") 

    f.write("       0("+str(n_layers*2+1)+")\n") 

 



104 
 

 277 

 278 

 279 

 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 
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 300 

 301 

for i in range(21,n_layers+1): 

    f.write("/ \"Wall "+str(i)+"\" , \"Truss "+str(i)+"\", \"Truss "+str(i+10)+"\" /\n") 

    f.write("       0("+str(i)+") "+str(time_per_layer)+"-"+str((full_time*2+time_per_layer)-

i*time_per_layer)+"("+str(time_per_layer)+")\n") 

    f.write("       0("+str(n_layers*2+1)+")\n") 

     

f.write("'END'\n") 

f.close() 

 

f=open("print_wall_analysis2.dcf","r") 

oline=f.readlines() 

 

fline="*FILOS\nINITIA\n*INPUT\n\n"  

oline.insert(0,fline) 

f.close() 

  

f=open("print_wall_analysis2.dcf","w") 

f.writelines(oline) 

f.close() 

 

time_per_layer=2800 

n_layers=25 

full_time = time_per_layer*n_layers 

f.write("       0-"+str(full_time*2)+"("+str(time_per_layer)+")\n") 

 

for i in range(1,n_layers+1): 
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    f.write("/ \"Layer "+str(i)+"\"  /\n") 

    f.write("       0("+str(i)+") "+str(time_per_layer)+"-"+str((full_time*2+time_per_layer)-

i*time_per_layer)+"("+str(time_per_layer)+")\n") 

    f.write("       0("+str(n_layers*2+1)+")\n") 

 

for i in range(2,40): 

    renameShape( "Circle " + str (i), "Layer " + str (i)) 

 

for i in range(1,n_layers+1): 

    f.write("/ \"Layer "+str(i)+"\"  /\n") 

    f.write("       0("+str(i)+") "+str(time_per_layer)+"-"+str((full_time*2+time_per_layer)-

i*time_per_layer)+"("+str(time_per_layer)+")\n") 

    f.write("       0("+str(n_layers*2+1)+")\n") 

     

f.write("'END'\n") 

f.close() 

 

newProject( "D:/DIANA/New 1-30 short wall", 100, {} ) 

setModelAnalysisAspects( [ "STRUCT" ] ) 

setModelDimension( "3D" ) 

setDefaultMeshOrder( "QUADRATIC" ) 

setDefaultMesherType( "HEXQUAD" ) 

setDefaultMidSideNodeLocation( "ONSHAP" ) 

saveProject(  ) 

createPolyline( "polygon 1", [ [ 0, 0, 0 ], [ 1.8, 0, 0 ], [ 1.8, 0.2, 0 ], [ 0.2, 0.2, 0 ], 

[ 0.2, 1, 0 ], [ 0, 1, 0 ] ], True ) 
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 349 

saveProject(  ) 

createLine( "Line 1", [ 0.2, 1, 0 ], [ 0, 0.8, 0 ] ) 

duplicateShape( "Line 1", "Line 2" ) 

translate( [ "Line 2" ], [ 0, -0.4, 0 ] ) 

createLine( "Line 3", [ 0, 0.8, 0 ], [ 0.2, 0.6, 0 ] ) 

duplicateShape( "Line 3", "Line 4" ) 

translate( [ "Line 4" ], [ 0, -0.4, 0 ] ) 

createLine( "Line 5", [ 0.2, 0.2, 0 ], [ 0.4, 0, 0 ] ) 

arrayCopy( [ "Line 5" ], [ 0.4, 0, 0 ], [ 0, 0, 0 ], [ 0, 0, 0 ], 3 ) 

createLine( "Line 9", [ 0.4, 0, 0 ], [ 0.6, 0.2, 0 ] ) 

createLine( "Line 10", [ 0.8, 0, 0 ], [ 1, 0.2, 0 ] ) 

createLine( "Line 11", [ 1.2, 0, 0 ], [ 1.4, 0.2, 0 ] ) 

createLine( "Line 12", [ 1.6, 0, 0 ], [ 1.8, 0.2, 0 ] ) 

saveProject(  ) 

extrudeProfile( "SHAPEEDGE", "polygon 1", [ [ 0.9, 0, 0 ], [ 1.8, 0.1, 0 ], [ 1, 0.2, 0 ], 

[ 0.2, 0.6, 0 ], [ 0.1, 1, 0 ], [ 0, 0.5, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 1", [ [ 0.1, 0.9, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 2", [ [ 0.1, 0.5, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 3", [ [ 0.1, 0.7, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 4", [ [ 0.1, 0.3, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 5", [ [ 0.3, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 6", [ [ 0.7, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 7", [ [ 1.1, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 8", [ [ 1.5, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 9", [ [ 0.5, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 10", [ [ 0.9, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 
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extrudeProfile( "SHAPEEDGE", "Line 11", [ [ 1.3, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

extrudeProfile( "SHAPEEDGE", "Line 12", [ [ 1.7, 0.1, 0 ] ], [ [ 0, 0, 0.1 ] ] ) 

healAndSew( [ "Sheet 13", "Sheet 17", "Sheet 15", "Sheet 19", "Sheet 21", "Sheet 29", "Sheet 

23", "Sheet 31", "Sheet 25", "Sheet 33", "Sheet 27", "Sheet 35" ], 1e-05, {} ) 

healAndSew( [ "Sheet 1", "Sheet 2", "Sheet 3", "Sheet 4", "Sheet 5", "Sheet 6" ], 1e-05, {} ) 

removeShape( [ "polygon 1", "Line 1", "Line 2", "Line 3", "Line 4", "Line 5", "Line 6", "Line 

7", "Line 8", "Line 9", "Line 10", "Line 11", "Line 12" ] ) 

saveProject(  ) 

setViewPoint( "ISO1" ) 

rename( "SHAPESET", "Shapes", "Layer 1" ) 

renameShape( "Sheet 1", "Wall 1" ) 

renameShape( "Sheet 13", "Truss 1" ) 

saveProject(  ) 

arrayCopy( [ "Wall 1", "Truss 1" ], [ 0, 0, 0.1 ], [ 0, 0, 0 ], [ 0, 0, 0 ], 29 ) 

addSet( "SHAPESET", "Shapes 1" ) 

rename( "SHAPESET", "Shapes 1", "Layer 2" ) 

setCurrentShapeSet( "Layer 1" ) 

moveToShapeSet( [ "Truss 2", "Wall 2" ], "Layer 2" ) 

 

for i in range(3,31): 

    addSet( "SHAPESET", "Shapes 1" ) 

    rename( "SHAPESET", "Shapes 1", "Layer "+str(i) ) 

    setCurrentShapeSet( "Layer "+str(i) ) 

    moveToShapeSet( [ "Truss "+str(i), "Wall "+str(i) ], "Layer "+str(i) ) 
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createSheet( "Sheet 1", [ [ 0.6, 0, 0.5 ], [ 0.6, 0.2, 0.5 ], [ 0.6, 0.2, 2.5 ], [ 0.6, 0, 

2.5 ] ] ) 

setCurrentShapeSet( "Layer 6" ) 

setCurrentShapeSet( "Layer 25" ) 

setCurrentShapeSet( "Layer 1" ) 

cut( "Wall 6", [ "Sheet 1" ], True, True ) 

cut( "Truss 6", [ "Sheet 1" ], True, True ) 

cut( "Wall 7", [ "Sheet 1" ], True, True ) 

cut( "Truss 7", [ "Sheet 1" ], True, True ) 

cut( "Wall 8", [ "Sheet 1" ], True, True ) 

cut( "Truss 8", [ "Sheet 1" ], True, True ) 

cut( "Wall 9", [ "Sheet 1" ], True, True ) 

cut( "Truss 9", [ "Sheet 1" ], True, True ) 

cut( "Wall 10", [ "Sheet 1" ], True, True ) 

cut( "Truss 10", [ "Sheet 1" ], True, True ) 

cut( "Wall 11", [ "Sheet 1" ], True, True ) 

cut( "Truss 11", [ "Sheet 1" ], True, True ) 

cut( "Wall 12", [ "Sheet 1" ], True, True ) 

cut( "Truss 12", [ "Sheet 1" ], True, True ) 

cut( "Wall 13", [ "Sheet 1" ], True, True ) 

cut( "Truss 13", [ "Sheet 1" ], True, True ) 

cut( "Wall 14", [ "Sheet 1" ], True, True ) 

cut( "Truss 14", [ "Sheet 1" ], True, True ) 

cut( "Wall 15", [ "Sheet 1" ], True, True ) 

cut( "Truss 15", [ "Sheet 1" ], True, True ) 

cut( "Wall 16", [ "Sheet 1" ], True, True ) 
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cut( "Truss 16", [ "Sheet 1" ], True, True ) 

cut( "Wall 17", [ "Sheet 1" ], True, True ) 

cut( "Truss 17", [ "Sheet 1" ], True, True ) 

cut( "Wall 18", [ "Sheet 1" ], True, True ) 

cut( "Truss 18", [ "Sheet 1" ], True, True ) 

cut( "Wall 19", [ "Sheet 1" ], True, True ) 

cut( "Truss 19", [ "Sheet 1" ], True, True ) 

cut( "Wall 20", [ "Sheet 1" ], True, True ) 

cut( "Truss 20", [ "Sheet 1" ], True, True ) 

cut( "Wall 21", [ "Sheet 1" ], True, True ) 

cut( "Truss 21", [ "Sheet 1" ], True, True ) 

cut( "Wall 22", [ "Sheet 1" ], True, True ) 

cut( "Truss 22", [ "Sheet 1" ], True, True ) 

cut( "Wall 23", [ "Sheet 1" ], True, True ) 

cut( "Truss 23", [ "Sheet 1" ], True, True ) 

cut( "Wall 24", [ "Sheet 1" ], True, True ) 

cut( "Truss 24", [ "Sheet 1" ], True, True ) 

cut( "Wall 25", [ "Sheet 1" ], True, True ) 

cut( "Truss 25", [ "Sheet 1" ], True, True ) 

removeShape( [ "Wall 25", "Wall 21", "Wall 22", "Wall 14", "Wall 12", "Wall 18" ] ) 

removeShape( [ "Wall 23" ] ) 

removeShape( [ "Truss 22_1" ] ) 

removeShape( [ "Truss 21_1" ] ) 

removeShape( [ "Wall 20" ] ) 

removeShape( [ "Wall 19" ] ) 

removeShape( [ "Wall 17" ] ) 
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removeShape( [ "Wall 16" ] ) 

removeShape( [ "Wall 15", "Truss 12_1", "Wall 13" ] ) 

removeShape( [ "Wall 11", "Wall 10" ] ) 

removeShape( [ "Wall 8", "Wall 7" ] ) 

removeShape( [ "Wall 6" ] ) 

removeShape( [ "Truss 6_1" ] ) 

removeShape( [ "Truss 7_1" ] ) 

removeShape( [ "Wall 9" ] ) 

removeShape( [ "Truss 8_1" ] ) 

removeShape( [ "Truss 9_1", "Truss 10_1", "Truss 11_1", "Truss 14_1", "Truss 13_1", "Truss 

16_1", "Truss 18_1", "Truss 19_1" ] ) 

removeShape( [ "Truss 15_1", "Truss 17_1" ] ) 

removeShape( [ "Truss 20_1" ] ) 

removeShape( [ "Truss 23_1" ] ) 

removeShape( [ "Wall 24" ] ) 

removeShape( [ "Truss 24_1" ] ) 

removeShape( [ "Truss 25_1" ] ) 

removeShape( [ "Sheet 1" ] ) 

createSheet( "Sheet 1", [ [ 0.6, 0, 0.5 ], [ 0.6, 0.2, 0.5 ], [ 0.6, 0.2, 0.6 ], [ 0.6, 0, 

0.6 ] ] ) 

renameShape( "Sheet 1", "Wall 6" ) 

moveToShapeSet( [ "Wall 6" ], "Layer 6" ) 

setCurrentShapeSet( "Layer 6" ) 

arrayCopy( [ "Wall 6" ], [ 0, 0, 0.1 ], [ 0, 0, 0 ], [ 0, 0, 0 ], 19 ) 

saveProject(  ) 

moveToShapeSet( [ "Wall 7" ], "Layer 7" ) 
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for i in range(8,26): 

    moveToShapeSet( [ "Wall "+str(i) ], "Layer "+str(i) ) 

 

healAndSew( [ "Wall 6", "Wall 6_1" ], 1e-05, {} ) 

 

for i in range(7,26): 

    healAndSew( [ "Wall "+str(i), "Wall "+str(i)+"_"+"1" ], 1e-05, {} ) 

 

createSheet( "Sheet 1", [ [ 0.6, 0.2, 0.5 ], [ 0.6, 0, 0.5 ], [ 1.8, 0, 0.5 ], [ 1.8, 0.2, 

0.5 ] ] ) 

moveToShapeSet( [ "Sheet 1" ], "Layer 5" ) 

setCurrentShapeSet( "Layer 5" ) 

healAndSew( [ "Wall 5", "Sheet 1" ], 1e-05, {} ) 

setCurrentShapeSet( "Layer 4" ) 

setCurrentShapeSet( "Layer 25" ) 

setCurrentShapeSet( "Layer 26" ) 

createSheet( "Sheet 1", [ [ 0.6, 0, 2.5 ], [ 0.6, 0.2, 2.5 ], [ 1.8, 0.2, 2.5 ], [ 1.8, 0, 

2.5 ] ] ) 

healAndSew( [ "Wall 26", "Sheet 1" ], 1e-05, {} ) 

 

addMaterial( "concrete_nonlin", "CONCR", "TSCR", [ "MATURI" ] ) 

setParameter( "MATERIAL", "concrete_nonlin", "LINEAR/ELASTI/YOUNG", 18000000 ) 

setParameter( "MATERIAL", "concrete_nonlin", "LINEAR/ELASTI/POISON", 0.3 ) 

setParameter( "MATERIAL", "concrete_nonlin", "LINEAR/MASS/DENSIT", 2100 ) 
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setParameter( "MATERIAL", "concrete_nonlin", "LINEAR/MATURI/MATYOU", [ 0, 77900, 120000, 

2477900 ] ) 

setParameter( "MATERIAL", "concrete_nonlin", "MODTYP/TOTCRK", "ROTATE" ) 

setParameter( "MATERIAL", "concrete_nonlin", "TENSIL/TENCRV", "CONSTA" ) 

setParameter( "MATERIAL", "concrete_nonlin", "TENSIL/TENSTR", 3000 ) 

setParameter( "MATERIAL", "concrete_nonlin", "TENSIL/MATURI/MATTST", "[]" ) 

setParameter( "MATERIAL", "concrete_nonlin", "TENSIL/MATURI/MATTST", [ 0, 3067, 120000, 

132267 ] ) 

setParameter( "MATERIAL", "concrete_nonlin", "COMPRS/COMCRV", "CONSTA" ) 

setParameter( "MATERIAL", "concrete_nonlin", "COMPRS/COMSTR", 6000 ) 

setParameter( "MATERIAL", "concrete_nonlin", "COMPRS/COMSTR", 6000 ) 

setParameter( "MATERIAL", "concrete_nonlin", "COMPRS/MATURI/MATCST", "[]" ) 

setParameter( "MATERIAL", "concrete_nonlin", "COMPRS/MATURI/MATCST", [ 0, 5984, 120000, 

299984 ] ) 

setParameter( "MATERIAL", "concrete_nonlin", "COMPRS/CONFIN/CNFCRV", "VECCHI" ) 

 

addMaterial( "concrete_nonlin2", "CONCR", "TSCR", [ "MATURI" ] ) 

setParameter( "MATERIAL", "concrete_nonlin2", "LINEAR/ELASTI/YOUNG", 18000000 ) 

setParameter( "MATERIAL", "concrete_nonlin2", "LINEAR/ELASTI/POISON", 0.3 ) 

setParameter( "MATERIAL", "concrete_nonlin2", "LINEAR/MASS/DENSIT", 2100 ) 

setParameter( "MATERIAL", "concrete_nonlin2", "LINEAR/MATURI/MATYOU", [ 0, 77900, 120000, 

4911050 ] ) 

setParameter( "MATERIAL", "concrete_nonlin2", "MODTYP/TOTCRK", "ROTATE" ) 

setParameter( "MATERIAL", "concrete_nonlin2", "TENSIL/TENCRV", "CONSTA" ) 

setParameter( "MATERIAL", "concrete_nonlin2", "TENSIL/TENSTR", 3000 ) 

setParameter( "MATERIAL", "concrete_nonlin2", "TENSIL/MATURI/MATTST", "[]" ) 
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setParameter( "MATERIAL", "concrete_nonlin2", "TENSIL/MATURI/MATTST", [ 0, 3067, 120000, 

5998470 ] ) 

setParameter( "MATERIAL", "concrete_nonlin2", "COMPRS/COMCRV", "CONSTA" ) 

setParameter( "MATERIAL", "concrete_nonlin2", "COMPRS/COMSTR", 6000 ) 

setParameter( "MATERIAL", "concrete_nonlin2", "COMPRS/COMSTR", 6000 ) 

setParameter( "MATERIAL", "concrete_nonlin2", "COMPRS/MATURI/MATCST", "[]" ) 

setParameter( "MATERIAL", "concrete_nonlin2", "COMPRS/MATURI/MATCST", [ 0, 5984, 120000, 

60000000 ] ) 

setParameter( "MATERIAL", "concrete_nonlin2", "COMPRS/CONFIN/CNFCRV", "VECCHI" ) 

 

addMaterial( "interf_mat", "INTERF", "ELASTI", [] ) 

setParameter( "MATERIAL", "interf_mat", "LINEAR/IFTYP", "LIN3D" ) 

setParameter( "MATERIAL", "interf_mat", "LINEAR/ELAS4/DSNY", 1e+08 ) 

setParameter( "MATERIAL", "interf_mat", "LINEAR/ELAS4/DSSX", 1e+08 ) 

 

addGeometry( "Thickness", "SHEET", "CURSHL", [] ) 

setParameter( "GEOMET", "Thickness", "THICK", 0.05 ) 

addGeometry( "Element geometry 1", "LINE", "SHLLIF", [] ) 

setParameter( "GEOMET", "Element geometry 1", "THICK", 0.05 ) 

setParameter( "GEOMET", "Element geometry 1", "ZAXIS", [ 0, 0, 1 ] ) 

 

addElementData( "Element data 1" ) 

setParameter( "DATA", "Element data 1", "THINTE", 5 ) 

 

addSet( "GEOMETRYSUPPORTSET", "Support set 1" ) 

createSurfaceSupport( "Support 1", "Support set 1" ) 
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setParameter( "GEOMETRYSUPPORT", "Support 1", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 1", "TRANSL", [ 0, 1, 0 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 1", "ROTATI", [ 0, 0, 0 ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 26", [ [ 0.1147146, 1, 2.5573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 27", [ [ 0.1147146, 1, 2.6573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 28", [ [ 0.1147146, 1, 2.7573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 29", [ [ 0.1147146, 1, 2.8573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 30", [ [ 0.1147146, 1, 2.9573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 21", [ [ 0.1147146, 1, 2.0573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 22", [ [ 0.1147146, 1, 2.1573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 23", [ [ 0.1147146, 1, 2.2573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 24", [ [ 0.1147146, 1, 2.3573573 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 1", "Wall 25", [ [ 0.1147146, 1, 2.4573573 ] ] ) 

 

addSet( "GEOMETRYSUPPORTSET", "Support set 2" ) 

createSurfaceSupport( "Support 2", "Support set 2" ) 

setParameter( "GEOMETRYSUPPORT", "Support 2", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 2", "TRANSL", [ 1, 0, 0 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 2", "ROTATI", [ 0, 0, 0 ] ) 

attach( "GEOMETRYSUPPORT", "Support 2", "Wall 26", [ [ 1.8, 0.1147146, 2.5426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 2", "Wall 27", [ [ 1.8, 0.1147146, 2.6426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 2", "Wall 28", [ [ 1.8, 0.1147146, 2.7426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 2", "Wall 29", [ [ 1.8, 0.1147146, 2.8426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 2", "Wall 30", [ [ 1.8, 0.1147146, 2.9426427 ] ] ) 

createLineSupport( "Support 3", "Support set 2" ) 

setParameter( "GEOMETRYSUPPORT", "Support 3", "AXES", [ 1, 2 ] ) 
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setParameter( "GEOMETRYSUPPORT", "Support 3", "TRANSL", [ 0, 0, 1 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 3", "ROTATI", [ 0, 0, 0 ] ) 

attach( "GEOMETRYSUPPORT", "Support 3", "Wall 26", [ [ 1.2, 0, 2.5 ], [ 1.8, 0.1, 2.5 ], 

[ 1.2, 0.2, 2.5 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 3", "Truss 26", [ [ 1.7, 0.1, 2.5 ], [ 1.5, 0.1, 2.5 ], 

[ 1.3, 0.1, 2.5 ], [ 1.1, 0.1, 2.5 ], [ 0.9, 0.1, 2.5 ], [ 0.7, 0.1, 2.5 ] ] ) 

 

addSet( "GEOMETRYSUPPORTSET", "Support set 3" ) 

createSurfaceSupport( "Support 4", "Support set 3" ) 

setParameter( "GEOMETRYSUPPORT", "Support 4", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 4", "TRANSL", [ 1, 0, 0 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 4", "ROTATI", [ 0, 0, 0 ] ) 

attach( "GEOMETRYSUPPORT", "Support 4", "Wall 1", [ [ 1.8, 0.1147146, 0.0426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 4", "Wall 2", [ [ 1.8, 0.1147146, 0.1426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 4", "Wall 3", [ [ 1.8, 0.1147146, 0.2426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 4", "Wall 4", [ [ 1.8, 0.1147146, 0.3426427 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 4", "Wall 5", [ [ 1.8, 0.1147146, 0.4426427 ] ] ) 

 

createSheet( "Sheet 1", [ [ 0, 0, 0 ], [ 1.8, 0, 0 ], [ 1.8, 0.2, 0 ], [ 0, 0.2, 0 ] ] ) 

createSheet( "Sheet 2", [ [ 0, 0.2, 0 ], [ 0.2, 0.2, 0 ], [ 0.2, 1, 0 ], [ 0, 1, 0 ] ] ) 

healAndSew( [ "Wall 1", "Sheet 1", "Sheet 2" ], 1e-05, {} ) 

 

createSurfaceSupport( "Support 5", "Support set 3" ) 

setParameter( "GEOMETRYSUPPORT", "Support 5", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 5", "TRANSL", [ 1, 1, 1 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 5", "ROTATI", [ 0, 0, 0 ] ) 
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attach( "GEOMETRYSUPPORT", "Support 5", "Wall 1", [ [ 1.0324314, 0.1147146, 0 ], [ 0.1147146, 

0.6588584, 0 ] ] ) 

 

createLineSupport( "Support 6", "Support set 3" ) 

setParameter( "GEOMETRYSUPPORT", "Support 6", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 6", "TRANSL", [ 1, 1, 1 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 6", "ROTATI", [ 0, 0, 0 ] ) 

attach( "GEOMETRYSUPPORT", "Support 6", "Wall 1", [ [ 1.8, 0.1, 0 ], [ 0.9, 0, 0 ], [ 1, 0.2, 

0 ], [ 0, 0.1, 0 ], [ 0, 0.6, 0 ], [ 0.1, 1, 0 ], [ 0.2, 0.6, 0 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 6", "Truss 1", [ [ 0.1, 0.9, 0 ], [ 0.1, 0.7, 0 ], [ 0.1, 

0.5, 0 ], [ 0.1, 0.3, 0 ], [ 0.3, 0.1, 0 ], [ 0.5, 0.1, 0 ], [ 0.7, 0.1, 0 ], [ 0.9, 0.1, 

0 ], [ 1.1, 0.1, 0 ], [ 1.3, 0.1, 0 ], [ 1.5, 0.1, 0 ], [ 1.7, 0.1, 0 ] ] ) 

 

createConnection( "Connection 1", "BOUNDA", "SHAPEEDGE" ) 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "MODE", "CLOSED" ) 

setElementClassType( "GEOMETRYCONNECTION", "Connection 1", "SHLLIF" ) 

assignMaterial( "interf_mat", "GEOMETRYCONNECTION", "Connection 1" ) 

assignGeometry( "Element geometry 1", "GEOMETRYCONNECTION", "Connection 1" ) 

assignElementData( "Element data 1", "GEOMETRYCONNECTION", "Connection 1" ) 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "FLIP", False ) 

attach( "GEOMETRYSUPPORT", "Support 3", "Wall 26", [ [ 1.2, 0, 2.5 ], [ 1.8, 0.1, 2.5 ], 

[ 1.2, 0.2, 2.5 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 3", "Truss 26", [ [ 1.7, 0.1, 2.5 ], [ 1.5, 0.1, 2.5 ], 

[ 1.3, 0.1, 2.5 ], [ 1.1, 0.1, 2.5 ], [ 0.9, 0.1, 2.5 ], [ 0.7, 0.1, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 26", [ [ 1.2, 0, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 26", [ [ 1.8, 0.1, 2.5 ] ] ) 
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attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 26", [ [ 1.2, 0.2, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 26", [ [ 1.7, 0.1, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 26", [ [ 1.5, 0.1, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 26", [ [ 1.3, 0.1, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 26", [ [ 1.1, 0.1, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 26", [ [ 0.9, 0.1, 2.5 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 26", [ [ 0.7, 0.1, 2.5 ] ] ) 

rename( "GEOMETRYCONNECTION", "Connection 1", "Connection 2" ) 

 

createConnection( "Connection 1", "BOUNDA", "SHAPEEDGE" ) 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "MODE", "CLOSED" ) 

setElementClassType( "GEOMETRYCONNECTION", "Connection 1", "SHLLIF" ) 

assignMaterial( "interf_mat", "GEOMETRYCONNECTION", "Connection 1" ) 

assignGeometry( "Element geometry 1", "GEOMETRYCONNECTION", "Connection 1" ) 

assignElementData( "Element data 1", "GEOMETRYCONNECTION", "Connection 1" ) 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "FLIP", False ) 

attach( "GEOMETRYSUPPORT", "Support 6", "Wall 1", [ [ 1, 0.2, 0 ], [ 0.2, 0.6, 0 ], [ 0.1, 1, 

0 ], [ 0, 0.6, 0 ], [ 0, 0.1, 0 ], [ 0.9, 0, 0 ], [ 1.8, 0.1, 0 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 6", "Truss 1", [ [ 1.7, 0.1, 0 ], [ 1.5, 0.1, 0 ], [ 1.3, 

0.1, 0 ], [ 1.1, 0.1, 0 ], [ 0.9, 0.1, 0 ], [ 0.7, 0.1, 0 ], [ 0.5, 0.1, 0 ], [ 0.3, 0.1, 

0 ], [ 0.1, 0.3, 0 ], [ 0.1, 0.5, 0 ], [ 0.1, 0.7, 0 ], [ 0.1, 0.9, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 1, 0.2, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 0.2, 0.6, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 0.1, 1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 0, 0.6, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 0, 0.1, 0 ] ] ) 
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attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 0.9, 0, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 1", [ [ 1.8, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 1.7, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 1.5, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 1.3, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 1.1, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.9, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.7, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.5, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.3, 0.1, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.1, 0.3, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.1, 0.5, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.1, 0.7, 0 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 1", [ [ 0.1, 0.9, 0 ] ] ) 

 

addSet( "GEOMETRYLOADSET", "Load case 1" ) 

createModelLoad( "Global Load 1", "Load case 1" ) 

 

setElementSize( [ "Wall 1", "Truss 1", "Wall 2", "Truss 2", "Wall 3", "Truss 3", "Wall 4", 

"Truss 4", "Wall 5", "Truss 5", "Truss 6", "Truss 7", "Truss 8", "Truss 9", "Truss 10", 

"Truss 11", "Truss 12", "Truss 13", "Truss 14", "Truss 15", "Truss 16", "Truss 17", "Truss 

18", "Truss 19", "Truss 20", "Truss 21", "Truss 22", "Truss 23", "Truss 24", "Truss 25", 

"Wall 26", "Truss 26", "Wall 27", "Truss 27", "Wall 28", "Truss 28", "Wall 29", "Truss 29", 

"Wall 30", "Truss 30", "Wall 6", "Wall 7", "Wall 8", "Wall 9", "Wall 10", "Wall 11", "Wall 

12", "Wall 13", "Wall 14", "Wall 15", "Wall 16", "Wall 17", "Wall 18", "Wall 19", "Wall 20", 

"Wall 21", "Wall 22", "Wall 23", "Wall 24", "Wall 25" ], 0.1, 0.5, True ) 
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clearMesherType( [ "Wall 1", "Truss 1", "Wall 2", "Truss 2", "Wall 3", "Truss 3", "Wall 4", 

"Truss 4", "Wall 5", "Truss 5", "Truss 6", "Truss 7", "Truss 8", "Truss 9", "Truss 10", 

"Truss 11", "Truss 12", "Truss 13", "Truss 14", "Truss 15", "Truss 16", "Truss 17", "Truss 

18", "Truss 19", "Truss 20", "Truss 21", "Truss 22", "Truss 23", "Truss 24", "Truss 25", 

"Wall 26", "Truss 26", "Wall 27", "Truss 27", "Wall 28", "Truss 28", "Wall 29", "Truss 29", 

"Wall 30", "Truss 30", "Wall 6", "Wall 7", "Wall 8", "Wall 9", "Wall 10", "Wall 11", "Wall 

12", "Wall 13", "Wall 14", "Wall 15", "Wall 16", "Wall 17", "Wall 18", "Wall 19", "Wall 20", 

"Wall 21", "Wall 22", "Wall 23", "Wall 24", "Wall 25" ] ) 

clearMidSideNodeLocation( [ "Wall 1", "Truss 1", "Wall 2", "Truss 2", "Wall 3", "Truss 3", 

"Wall 4", "Truss 4", "Wall 5", "Truss 5", "Truss 6", "Truss 7", "Truss 8", "Truss 9", "Truss 

10", "Truss 11", "Truss 12", "Truss 13", "Truss 14", "Truss 15", "Truss 16", "Truss 17", 

"Truss 18", "Truss 19", "Truss 20", "Truss 21", "Truss 22", "Truss 23", "Truss 24", "Truss 

25", "Wall 26", "Truss 26", "Wall 27", "Truss 27", "Wall 28", "Truss 28", "Wall 29", "Truss 

29", "Wall 30", "Truss 30", "Wall 6", "Wall 7", "Wall 8", "Wall 9", "Wall 10", "Wall 11", 

"Wall 12", "Wall 13", "Wall 14", "Wall 15", "Wall 16", "Wall 17", "Wall 18", "Wall 19", "Wall 

20", "Wall 21", "Wall 22", "Wall 23", "Wall 24", "Wall 25" ] ) 

setCurrentShapeSet( "Layer 30" ) 

setElementClassType( "SHAPE", [ "Wall 1", "Truss 1", "Truss 27", "Wall 27", "Truss 11", "Wall 

2", "Truss 7", "Truss 2", "Wall 3", "Truss 3", "Wall 4", "Truss 8", "Wall 5", "Truss 4", 

"Wall 28", "Wall 24", "Truss 5", "Truss 6", "Wall 6", "Truss 21", "Wall 7", "Wall 20", "Wall 

8", "Truss 9", "Wall 9", "Truss 25", "Truss 10", "Wall 22", "Wall 13", "Wall 10", "Wall 23", 

"Wall 11", "Truss 12", "Wall 26", "Wall 12", "Truss 13", "Wall 19", "Wall 16", "Truss 14", 

"Wall 14", "Wall 18", "Truss 15", "Wall 15", "Truss 29", "Truss 23", "Truss 16", "Truss 30", 

"Truss 17", "Truss 19", "Wall 17", "Truss 20", "Truss 18", "Truss 22", "Wall 21", "Truss 24", 

"Wall 25", "Truss 26", "Truss 28", "Wall 29", "Wall 30" ], "CURSHL" ) 
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assignMaterial( "concrete_nonlin", "SHAPE", [ "Wall 1", "Truss 1", "Truss 27", "Wall 27", 

"Truss 11", "Wall 2", "Truss 7", "Truss 2", "Wall 3", "Truss 3", "Wall 4", "Truss 8", "Wall 

5", "Truss 4", "Wall 28", "Wall 24", "Truss 5", "Truss 6", "Wall 6", "Truss 21", "Wall 7", 

"Wall 20", "Wall 8", "Truss 9", "Wall 9", "Truss 25", "Truss 10", "Wall 22", "Wall 13", "Wall 

10", "Wall 23", "Wall 11", "Truss 12", "Wall 26", "Wall 12", "Truss 13", "Wall 19", "Wall 

16", "Truss 14", "Wall 14", "Wall 18", "Truss 15", "Wall 15", "Truss 29", "Truss 23", "Truss 

16", "Truss 30", "Truss 17", "Truss 19", "Wall 17", "Truss 20", "Truss 18", "Truss 22", "Wall 

21", "Truss 24", "Wall 25", "Truss 26", "Truss 28", "Wall 29", "Wall 30" ] ) 

assignGeometry( "Thickness", "SHAPE", [ "Wall 1", "Truss 1", "Truss 27", "Wall 27", "Truss 

11", "Wall 2", "Truss 7", "Truss 2", "Wall 3", "Truss 3", "Wall 4", "Truss 8", "Wall 5", 

"Truss 4", "Wall 28", "Wall 24", "Truss 5", "Truss 6", "Wall 6", "Truss 21", "Wall 7", "Wall 

20", "Wall 8", "Truss 9", "Wall 9", "Truss 25", "Truss 10", "Wall 22", "Wall 13", "Wall 10", 

"Wall 23", "Wall 11", "Truss 12", "Wall 26", "Wall 12", "Truss 13", "Wall 19", "Wall 16", 

"Truss 14", "Wall 14", "Wall 18", "Truss 15", "Wall 15", "Truss 29", "Truss 23", "Truss 16", 

"Truss 30", "Truss 17", "Truss 19", "Wall 17", "Truss 20", "Truss 18", "Truss 22", "Wall 21", 

"Truss 24", "Wall 25", "Truss 26", "Truss 28", "Wall 29", "Wall 30" ] ) 

assignElementData( "Element data 1", "SHAPE", [ "Wall 1", "Truss 1", "Truss 27", "Wall 27", 

"Truss 11", "Wall 2", "Truss 7", "Truss 2", "Wall 3", "Truss 3", "Wall 4", "Truss 8", "Wall 

5", "Truss 4", "Wall 28", "Wall 24", "Truss 5", "Truss 6", "Wall 6", "Truss 21", "Wall 7", 

"Wall 20", "Wall 8", "Truss 9", "Wall 9", "Truss 25", "Truss 10", "Wall 22", "Wall 13", "Wall 

10", "Wall 23", "Wall 11", "Truss 12", "Wall 26", "Wall 12", "Truss 13", "Wall 19", "Wall 

16", "Truss 14", "Wall 14", "Wall 18", "Truss 15", "Wall 15", "Truss 29", "Truss 23", "Truss 

16", "Truss 30", "Truss 17", "Truss 19", "Wall 17", "Truss 20", "Truss 18", "Truss 22", "Wall 

21", "Truss 24", "Wall 25", "Truss 26", "Truss 28", "Wall 29", "Wall 30" ] ) 

 

addAnalysis( "Analysis2" ) 
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addAnalysisCommand( "Analysis2", "PHASE", "Phase" ) 

renameAnalysisCommand( "Analysis2", "Phase", "Phase 1" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 2" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 3" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 4" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 5" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 6" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 7" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 8" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 9" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 10" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 11" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 12" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 13" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 14" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 15" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 16" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 17" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 18" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 19" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 20" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 21" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 22" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 23" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 24" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 25" ], [ "Phase 1" ], False ) 
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setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 26" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 27" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 28" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 29" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 30" ], [ "Phase 1" ], False ) 

addAnalysisCommand( "Analysis2", "NONLIN", "Structural nonlinear" ) 

renameAnalysisCommand( "Analysis2", "Structural nonlinear", "Structural nonlinear 1" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "TYPE/GEOMET" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "TYPE/GEOMET", True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/EXETYP", 

"START" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/STEPS", 

False ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT/EXETYP", "TIME" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

10 ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

10 ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/TIME/STEPS/EXPLIC/SIZES", "3930.00000" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

50 ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/LINESE" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/LINESE", 

True ) 
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setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/SIMULT", True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/DISPLA/NOCONV", "CONTIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/FORCE/NOCONV", "TERMIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/FORCE/NOCONV", "CONTIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/SELTYP", "USER" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/USER" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/USER/DISPLA" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/DISPLA(2)/TOTAL/TRANSL/AXIAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/MATURI(1)/TOTAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/PARAME(1)/YOUNG" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/PARAME(2)/COMSTR" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI/LOCATI", "INTPNT" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI" ) 
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setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI/LOCATI", "INTPNT" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(2)/TOTAL/TRACTI/LOCAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(2)/TOTAL/TRACTI/LOCAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(3)/CRKWDT/GREEN/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(3)/CRKWDT/GREEN/PRINCI/LOCATI", "INTPNT" ) 

setActivePhase( "Analysis2", "Phase 1" ) 

setActivePhase( "Analysis2", "" ) 

setActivePhase( "Analysis2", "Phase 1" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 1" ], 

False ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 1" ], 

False ) 

setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 1" ], 

False ) 

copyAnalysisCommand( "Analysis2", "Phase 1", "Phase 2" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 2" ], [ "Phase 2" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 1", "Structural nonlinear 2" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 2", "EXECUT(1)/START/TIME", 

3930 ) 

copyAnalysisCommand( "Analysis2", "Phase 2", "Phase 3" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 3" ], [ "Phase 3" ], True ) 
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copyAnalysisCommand( "Analysis2", "Structural nonlinear 2", "Structural nonlinear 3" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 3", "EXECUT(1)/START/TIME", 

7860 ) 

copyAnalysisCommand( "Analysis2", "Phase 3", "Phase 4" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 4" ], [ "Phase 4" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 3", "Structural nonlinear 4" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 4", "EXECUT(1)/START/TIME", 

11790 ) 

copyAnalysisCommand( "Analysis2", "Phase 4", "Phase 5" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 5" ], [ "Phase 5" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 4", "Structural nonlinear 5" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 5", "EXECUT(1)/START/TIME", 

15720 ) 

copyAnalysisCommand( "Analysis2", "Phase 5", "Phase 6" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 6" ], [ "Phase 6" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 5", "Structural nonlinear 6" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 6", "EXECUT(1)/START/TIME", 

19650 ) 

copyAnalysisCommand( "Analysis2", "Phase 6", "Phase 7" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 7" ], [ "Phase 7" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 6", "Structural nonlinear 7" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 7", "EXECUT(1)/START/TIME", 

23580 ) 

copyAnalysisCommand( "Analysis2", "Phase 7", "Phase 8" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 8" ], [ "Phase 8" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 7", "Structural nonlinear 8" ) 
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setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 8", "EXECUT(1)/START/TIME", 

27510 ) 

copyAnalysisCommand( "Analysis2", "Phase 8", "Phase 9" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 9" ], [ "Phase 9" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 8", "Structural nonlinear 9" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 9", "EXECUT(1)/START/TIME", 

31440 ) 

copyAnalysisCommand( "Analysis2", "Phase 9", "Phase 10" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 10" ], [ "Phase 10" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 9", "Structural nonlinear 10" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 10", "EXECUT(1)/START/TIME", 

35370 ) 

copyAnalysisCommand( "Analysis2", "Phase 10", "Phase 11" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 11" ], [ "Phase 11" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 10", "Structural nonlinear 11" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 11", "EXECUT(1)/START/TIME", 

39300 ) 

copyAnalysisCommand( "Analysis2", "Phase 11", "Phase 12" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 12" ], [ "Phase 12" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 11", "Structural nonlinear 12" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 12", "EXECUT(1)/START/TIME", 

43230 ) 

copyAnalysisCommand( "Analysis2", "Phase 12", "Phase 13" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 13" ], [ "Phase 13" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 12", "Structural nonlinear 13" ) 
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setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 13", "EXECUT(1)/START/TIME", 

47160 ) 

copyAnalysisCommand( "Analysis2", "Phase 13", "Phase 14" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 14" ], [ "Phase 14" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 13", "Structural nonlinear 14" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 14", "EXECUT(1)/START/TIME", 

51090 ) 

copyAnalysisCommand( "Analysis2", "Phase 14", "Phase 15" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 15" ], [ "Phase 15" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 14", "Structural nonlinear 15" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 15", "EXECUT(1)/START/TIME", 

55020 ) 

copyAnalysisCommand( "Analysis2", "Phase 15", "Phase 16" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 16" ], [ "Phase 16" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 15", "Structural nonlinear 16" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 16", "EXECUT(1)/START/TIME", 

58950 ) 

copyAnalysisCommand( "Analysis2", "Phase 16", "Phase 17" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 17" ], [ "Phase 17" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 16", "Structural nonlinear 17" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 17", "EXECUT(1)/START/TIME", 

62880 ) 

copyAnalysisCommand( "Analysis2", "Phase 17", "Phase 18" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 18" ], [ "Phase 18" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 17", "Structural nonlinear 18" ) 
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setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 18", "EXECUT(1)/START/TIME", 

66810 ) 

copyAnalysisCommand( "Analysis2", "Phase 18", "Phase 19" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 19" ], [ "Phase 19" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 18", "Structural nonlinear 19" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 19", "EXECUT(1)/START/TIME", 

70740 ) 

copyAnalysisCommand( "Analysis2", "Phase 19", "Phase 20" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 20" ], [ "Phase 20" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 19", "Structural nonlinear 20" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 20", "EXECUT(1)/START/TIME", 

74670 ) 

copyAnalysisCommand( "Analysis2", "Phase 20", "Phase 21" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 21" ], [ "Phase 21" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 20", "Structural nonlinear 21" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 21", "EXECUT(1)/START/TIME", 

78600 ) 

copyAnalysisCommand( "Analysis2", "Phase 21", "Phase 22" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 22" ], [ "Phase 22" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 21", "Structural nonlinear 22" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 22", "EXECUT(1)/START/TIME", 

82530 ) 

copyAnalysisCommand( "Analysis2", "Phase 22", "Phase 23" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 23" ], [ "Phase 23" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 22", "Structural nonlinear 23" ) 



129 
 

 794 

 

 795 

 796 

 797 

 798 

 

 799 

 800 

 801 

 802 

 

 803 

 804 

 805 

 806 

 

 807 

 808 

 809 

 810 

 

 811 

 812 

 813 

 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 23", "EXECUT(1)/START/TIME", 

86460 ) 

copyAnalysisCommand( "Analysis2", "Phase 23", "Phase 24" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 24" ], [ "Phase 24" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 23", "Structural nonlinear 24" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 24", "EXECUT(1)/START/TIME", 

90390 ) 

copyAnalysisCommand( "Analysis2", "Phase 24", "Phase 25" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 25" ], [ "Phase 25" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 24", "Structural nonlinear 25" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 25", "EXECUT(1)/START/TIME", 

94320 ) 

copyAnalysisCommand( "Analysis2", "Phase 25", "Phase 26" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 26" ], [ "Phase 26" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 25", "Structural nonlinear 26" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 26", "EXECUT(1)/START/TIME", 

98250 ) 

copyAnalysisCommand( "Analysis2", "Phase 26", "Phase 27" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 27" ], [ "Phase 27" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 26", "Structural nonlinear 27" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 27", "EXECUT(1)/START/TIME", 

102180 ) 

copyAnalysisCommand( "Analysis2", "Phase 27", "Phase 28" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 28" ], [ "Phase 28" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 27", "Structural nonlinear 28" ) 
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setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 28", "EXECUT(1)/START/TIME", 

106110 ) 

copyAnalysisCommand( "Analysis2", "Phase 28", "Phase 29" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 29" ], [ "Phase 29" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 28", "Structural nonlinear 29" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 29", "EXECUT(1)/START/TIME", 

110040 ) 

copyAnalysisCommand( "Analysis2", "Phase 29", "Phase 30" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 30" ], [ "Phase 30" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 29", "Structural nonlinear 30" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 30", "EXECUT(1)/START/TIME", 

113970 ) 

 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(1)/START/LOAD/PREVIO", False ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/LOAD/ADD" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/LOAD/ADD", 

True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(1)/START/LOAD/ADD/LOADNR", 1 ) 

 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 21" ], 

True ) 

setActivePhase( "Analysis2", "Phase 22" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 22" ], 

True ) 
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setActivePhase( "Analysis2", "Phase 23" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 23" ], 

True ) 

setActivePhase( "Analysis2", "Phase 24" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 24" ], 

True ) 

setActivePhase( "Analysis2", "Phase 25" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 25" ], 

True ) 

setActivePhase( "Analysis2", "Phase 26" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 26" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 26" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 26" ], 

True ) 

setActivePhase( "Analysis2", "Phase 27" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 27" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 27" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 27" ], 

True ) 

setActivePhase( "Analysis2", "Phase 28" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 28" ], 

True ) 
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setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 28" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 28" ], 

True ) 

setActivePhase( "Analysis2", "Phase 29" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 29" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 29" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 29" ], 

True ) 

setActivePhase( "Analysis2", "Phase 30" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 30" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 30" ], 

True ) 

setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 30" ], 

True ) 

 

saveAnalysisCommands( "Analysis2", "D:/DIANA/New 1-30 short Analysis2.dcf", 6 ) 

 

exportModel( "D:/DIANA/New 1-30 short wall.dat", 15 ) 

time_per_layer=3930 

n_layers=30 

full_time = time_per_layer*n_layers 

f=open("New 1-30 short wall.dat","a") 
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f.write("       0-"+str(full_time*2)+"("+str(time_per_layer)+")\n") 

for i in range(1,n_layers+1): 

    f.write("/ \"Wall "+str(i)+"\" , \"Truss "+str(i)+"\" /\n") 

    f.write("       0("+str(i)+") "+str(time_per_layer)+"-"+str((full_time*2+time_per_layer)-

i*time_per_layer)+"("+str(time_per_layer)+")\n") 

    f.write("       0("+str(n_layers*2+1)+")\n") 

f.write("'END'\n") 

f.close() 

 

 

 

openProject( "D:/DIANA/Test1 short wall.dpf" ) 

remove( "SHAPESET", [ "Layer 1", "Layer 2", "Layer 3", "Layer 4", "Layer 5", "Layer 6", 

"Layer 7", "Layer 8", "Layer 9", "Layer 10", "Layer 11", "Layer 12", "Layer 13", "Layer 14", 

"Layer 15", "Layer 16", "Layer 17", "Layer 18", "Layer 19", "Layer 20", "Layer 21", "Layer 

22", "Layer 23" ] ) 

setCurrentShapeSet( "Layer 24" ) 

removeAnalysis( "Analysis2" ) 

rename( "SHAPESET", "Layer 24", "Layer 1" ) 

setCurrentShapeSet( "Layer 25" ) 

rename( "SHAPESET", "Layer 25", "Layer 2" ) 

setCurrentShapeSet( "Layer 26" ) 

rename( "SHAPESET", "Layer 26", "Layer 3" ) 

setCurrentShapeSet( "Layer 27" ) 

rename( "SHAPESET", "Layer 27", "Layer 4" ) 

setCurrentShapeSet( "Layer 28" ) 
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rename( "SHAPESET", "Layer 28", "Layer 5" ) 

setCurrentShapeSet( "Layer 29" ) 

rename( "SHAPESET", "Layer 29", "Layer 6" ) 

setCurrentShapeSet( "Layer 30" ) 

rename( "SHAPESET", "Layer 30", "Layer 7" ) 

createSheet( "Sheet 1", [ [ 0, 0, 2.3 ], [ 0.6, 0, 2.3 ], [ 0.6, 0.2, 2.3 ], [ 0, 0.2, 

2.3 ] ] ) 

createSheet( "Sheet 2", [ [ 0, 0.2, 2.3 ], [ 0.2, 0.2, 2.3 ], [ 0.2, 1, 2.3 ], [ 0, 1, 

2.3 ] ] ) 

healAndSew( [ "Sheet 1", "Sheet 2" ], 1e-05, {} ) 

moveToShapeSet( [ "Sheet 1" ], "Layer 1" ) 

setCurrentShapeSet( "Layer 1" ) 

healAndSew( [ "Wall 24", "Sheet 1" ], 1e-05, {} ) 

remove( "GEOMETRYSUPPORT", [ "Support 4" ] ) 

remove( "GEOMETRYSUPPORT", "Support 5" ) 

createSurfaceSupport( "Support 5", "Support set 3" ) 

setParameter( "GEOMETRYSUPPORT", "Support 5", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 5", "TRANSL", [ 1, 1, 1 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 5", "ROTATI", [ 0, 0, 0 ] ) 

attach( "GEOMETRYSUPPORT", "Support 5", "Wall 24", [ [ 0.3441438, 0.1147146, 2.3 ], 

[ 0.1147146, 0.6588584, 2.3 ] ] ) 

remove( "GEOMETRYSUPPORT", "Support 6" ) 

createLineSupport( "Support 6", "Support set 3" ) 

setParameter( "GEOMETRYSUPPORT", "Support 6", "AXES", [ 1, 2 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 6", "TRANSL", [ 1, 1, 1 ] ) 

setParameter( "GEOMETRYSUPPORT", "Support 6", "ROTATI", [ 0, 0, 0 ] ) 
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attach( "GEOMETRYSUPPORT", "Support 6", "Truss 24", [ [ 0.5, 0.1, 2.3 ], [ 0.3, 0.1, 2.3 ], 

[ 0.1, 0.3, 2.3 ], [ 0.1, 0.5, 2.3 ], [ 0.1, 0.7, 2.3 ], [ 0.1, 0.9, 2.3 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 6", "Wall 24", [ [ 0.1, 1, 2.3 ], [ 0, 0.6, 2.3 ], [ 0.2, 

0.6, 2.3 ], [ 0, 0.1, 2.3 ], [ 0.3, 0, 2.3 ], [ 0.4, 0.2, 2.3 ], [ 0.6, 0.1, 2.3 ] ] ) 

rename( "GEOMETRYSUPPORT", "Support 5", "Support 4" ) 

rename( "GEOMETRYSUPPORT", "Support 6", "Support 5" ) 

show( "GEOMETRYCONNECTION", [ "Connection 2" ] ) 

hide( "GEOMETRYCONNECTION", [ "Connection 2" ] ) 

showLocalAxes( "GEOMETRYCONNECTION", True ) 

showLocalAxes( "GEOMETRYCONNECTION", False ) 

createConnection( "Connection 1", "BOUNDA", "SHAPEEDGE" ) 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "MODE", "CLOSED" ) 

setElementClassType( "GEOMETRYCONNECTION", "Connection 1", "SHLLIF" ) 

assignMaterial( "interf_mat", "GEOMETRYCONNECTION", "Connection 1" ) 

assignGeometry( "Element geometry 1", "GEOMETRYCONNECTION", "Connection 1" ) 

assignElementData( "Element data 1", "GEOMETRYCONNECTION", "Connection 1" ) 

setParameter( "GEOMETRYCONNECTION", "Connection 1", "FLIP", False ) 

attach( "GEOMETRYSUPPORT", "Support 5", "Truss 24", [ [ 0.5, 0.1, 2.3 ], [ 0.3, 0.1, 2.3 ], 

[ 0.1, 0.3, 2.3 ], [ 0.1, 0.5, 2.3 ], [ 0.1, 0.7, 2.3 ], [ 0.1, 0.9, 2.3 ] ] ) 

attach( "GEOMETRYSUPPORT", "Support 5", "Wall 24", [ [ 0.3, 0, 2.3 ], [ 0.6, 0.1, 2.3 ], 

[ 0.4, 0.2, 2.3 ], [ 0, 0.1, 2.3 ], [ 0, 0.6, 2.3 ], [ 0.1, 1, 2.3 ], [ 0.2, 0.6, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 24", [ [ 0.5, 0.1, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 24", [ [ 0.3, 0.1, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 24", [ [ 0.1, 0.3, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 24", [ [ 0.1, 0.5, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 24", [ [ 0.1, 0.7, 2.3 ] ] ) 
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attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Truss 24", [ [ 0.1, 0.9, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 24", [ [ 0.3, 0, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 24", [ [ 0.6, 0.1, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 24", [ [ 0.4, 0.2, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 24", [ [ 0, 0.1, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 24", [ [ 0, 0.6, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 24", [ [ 0.1, 1, 2.3 ] ] ) 

attachTo( "GEOMETRYCONNECTION", "Connection 1", "SOURCE", "Wall 24", [ [ 0.2, 0.6, 2.3 ] ] ) 

hide( "GEOMETRYCONNECTION", [ "Connection 1" ] ) 

generateMesh( [] ) 

addAnalysis( "Analysis2" ) 

addAnalysisCommand( "Analysis2", "PHASE", "Phase" ) 

renameAnalysisCommand( "Analysis2", "Phase", "Phase 1" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 2" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 3" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 4" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 5" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 6" ], [ "Phase 1" ], False ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 7" ], [ "Phase 1" ], False ) 

addAnalysisCommand( "Analysis2", "NONLIN", "Structural nonlinear" ) 

renameAnalysisCommand( "Analysis2", "Structural nonlinear", "Structural nonlinear 1" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "TYPE/GEOMET" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "TYPE/GEOMET", True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/EXETYP", 

"START" ) 
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setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/STEPS", 

False ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT/EXETYP", "TIME" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

10 ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

10 ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/TIME/STEPS/EXPLIC/SIZES", "3930.00000" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/MAXITE", 

50 ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/LINESE" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(2)/ITERAT/LINESE", 

True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/SIMULT", True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/DISPLA/NOCONV", "CONTIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/FORCE/NOCONV", "TERMIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(2)/ITERAT/CONVER/FORCE/NOCONV", "CONTIN" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/SELTYP", "USER" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/USER" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "OUTPUT(1)/USER/DISPLA" ) 
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addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/DISPLA(2)/TOTAL/TRANSL/AXIAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/MATURI(1)/TOTAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/PARAME(1)/YOUNG" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/PARAME(2)/COMSTR" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(1)/TOTAL/PIOLAK/PRINCI/LOCATI", "INTPNT" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(1)/TOTAL/GREEN/PRINCI/LOCATI", "INTPNT" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRESS(2)/TOTAL/TRACTI/LOCAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(2)/TOTAL/TRACTI/LOCAL" ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(3)/CRKWDT/GREEN/PRINCI" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"OUTPUT(1)/USER/STRAIN(3)/CRKWDT/GREEN/PRINCI/LOCATI", "INTPNT" ) 

setActivePhase( "Analysis2", "Phase 1" ) 

copyAnalysisCommand( "Analysis2", "Phase 1", "Phase 2" ) 
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setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 2" ], [ "Phase 2" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 1", "Structural nonlinear 2" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 2", "EXECUT(1)/START/TIME", 

3930 ) 

copyAnalysisCommand( "Analysis2", "Phase 2", "Phase 3" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 3" ], [ "Phase 3" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 2", "Structural nonlinear 3" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 3", "EXECUT(1)/START/TIME", 

7860 ) 

copyAnalysisCommand( "Analysis2", "Phase 3", "Phase 4" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 4" ], [ "Phase 4" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 3", "Structural nonlinear 4" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 4", "EXECUT(1)/START/TIME", 

11790 ) 

copyAnalysisCommand( "Analysis2", "Phase 4", "Phase 5" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 5" ], [ "Phase 5" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 4", "Structural nonlinear 5" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 5", "EXECUT(1)/START/TIME", 

15720 ) 

copyAnalysisCommand( "Analysis2", "Phase 5", "Phase 6" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 6" ], [ "Phase 6" ], True ) 

copyAnalysisCommand( "Analysis2", "Structural nonlinear 5", "Structural nonlinear 6" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 6", "EXECUT(1)/START/TIME", 

19650 ) 

copyAnalysisCommand( "Analysis2", "Phase 6", "Phase 7" ) 

setActiveInPhase( "Analysis2", "SHAPESET", [ "Layer 7" ], [ "Phase 7" ], True ) 
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copyAnalysisCommand( "Analysis2", "Structural nonlinear 6", "Structural nonlinear 7" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 7", "EXECUT(1)/START/TIME", 

23580 ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(1)/START/LOAD/PREVIO", False ) 

addAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/LOAD/ADD" ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", "EXECUT(1)/START/LOAD/ADD", 

True ) 

setAnalysisCommandDetail( "Analysis2", "Structural nonlinear 1", 

"EXECUT(1)/START/LOAD/ADD/LOADNR", 1 ) 

setActivePhase( "Analysis2", "" ) 

setActivePhase( "Analysis2", "Phase 1" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 1" ], 

False ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 1" ], 

False ) 

setActivePhase( "Analysis2", "Phase 2" ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 1" ], [ "Phase 2" ], 

False ) 

setActiveInPhase( "Analysis2", "GEOMETRYSUPPORTSET", [ "Support set 2" ], [ "Phase 2" ], 

False ) 

setActivePhase( "Analysis2", "Phase 1" ) 

setActivePhase( "Analysis2", "Phase 2" ) 

setActivePhase( "Analysis2", "Phase 3" ) 

setActivePhase( "Analysis2", "Phase 1" ) 
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setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 1" ], 

False ) 

setActivePhase( "Analysis2", "Phase 2" ) 

setActiveInPhase( "Analysis2", "GEOMETRYCONNECTION", [ "Connection 2" ], [ "Phase 2" ], 

False ) 

setActivePhase( "Analysis2", "Phase 3" ) 

setActivePhase( "Analysis2", "Phase 2" ) 

setActivePhase( "Analysis2", "" ) 

saveAnalysisCommands( "Analysis2", "D:/DIANA/Test1 short wall Analysis2.dcf", 6 ) 

exportModel( "D:/DIANA/Test1 short wall.dat", 15 ) 

closeProject(  ) 
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