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Introduction 

 

Contour Crafting (CC) is the technology of 

fabricating structures by automation using 

additive manufacturing principles. In Contour 

Crafting, concrete is printed layer by layer on 

top of each other until the full-scale structure is 

achieved. It solves conventional construction 

issues such as the process takes a lot of time, 

low labor efficiency and high costs. As the 

speed of construction by Contour Crafting is 

very high compared to the conventional 

construction, scheduling of construction 

activities would require special provisions to 

incorporate the rate of concrete gaining strength 

over time. Accordingly, we have developed an 

approach to determine the strength of structures 

built by CC as a function of time, given: a) the 

characteristics of construction material, b) 

design specification of the building, and c) 

vertical loading and wind loading. An 

automated scheduling system can be linked to 

our analysis model to receive the earliest 

allowable time to start each automated 

construction phase for the building. This paper 

investigates the affect of extrusion rate and layer 

thickness on interlayer adhesion through 

mechanical testing. Moreover, a finite element 

model of the overall strength of the full-scale 

structures fabricated by CC has been simulated 

in Abaqus.  

 
Additive Manufacturing  

The major manufacturing approaches include 1) 

manufacturing by material removal such as 

lathing, 2) manufacturing by forming the 

material such as forging and 3) manufacturing 

by adding material such as casting. Additive 

Manufacturing (AM), which fits in the third 

approach, is a Computer Aided Manufacturing 

(CAM) process. Figure 1 shows the process of 

the AM. There are three steps; 1) CAD model is 

made, 2) The CAD model is sliced and 3) The 

part is made layer by layer. AM has some 

advantages and disadvantages over conventional 

manufacturing approaches such as the ability of 

manufacturing complex parts, complexity does 

not add to the cost of fabrication, low setup time 

and having no or minimum waste. 

 
Contour Crafting  

Contour Crafting is a layered fabrication method 

that can be used in the fabrication of complete 

structures.  

The fabrication of structures using automation 

has been very slow. This is mainly due the 

reason that the current fabrication technologies 

are not suitable for building structures, the ratio 

of production quantity/type is small and there 

are always material and managerial issues. The 

conventional fabrication approaches are facing 

problems such as low labor efficiency, high rate 

of accident, low quality and lack of control. 

Among the current fabrication approaches, only 

additive manufacturing (the layer-by-layer 

fabrication method) has opened up a new 

opportunity for bringing automation in  

 

 
Figure 1. Additive manufacturing process 
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Figure 2. Contour Crafting process and samples 

construction. CC utilizes computer control to 

create complex forms and uses trowelling to 

create smooth surfaces.  Figure 2 shows the CC 

process and samples fabricated by CC. 

 

Experiment  

 

To study the effect of the layer thickness and 

extrusion rate on the adhesion of the layers, a 

serious of experiments were designed. An 

optimized extrusion system places concrete in a 

constant rate and does not impact the interface 

of the layers.  The strength of contour crafted 

structures for different fabrication regime to 

quantify the weakness at interface due to timing 

sequence was studied.  

 
Finite Element Analysis 
The numerical analysis and engineering of 

Contour Crafting structures to compare the 

strengths of an unreinforced layered shear wall 

with an unreinforced poured shear wall. Abaqus, 

as a commercially available FEA program, has 

been used in this study. Concrete damage 

plasticity model has been selected to incorporate 

the elasto-plasticity to the material. 120 one-

inch layers create the model of the wall. The 

length of the wall was 14 ft., and the thickness 

of each layer was 6 inches. Shear walls under 

the load of wind was simulated in this work. 

According to the 100 ft. wind data that is the 

typical residential-scale wind speed, 40 mph is 

reported to be the fastest wind in this scale that 

blows in the United States approximately which 

approximately around 0.5 psi according to 

conversion tables. Considering a typical factor 

of safety of 6 for concrete structure, there is 

pressure on the wall would be 0.6 psi. The 

bottom of the wall is fixed in the ground where 

all the degrees of freedom are restricted. 

Likewise, the top and sides of the wall also 

treated fixed as they are connected to the other 

walls where the degrees of freedom are 

restricted. However, the top part of the wall is 

left unrestricted to better study and compare the 

overall deflection. Figure 3 shows the wall 

models developed for this work.  

 

 
 
Figure 3. The wall effect is highlighted in the interface 

of large aggregates and cement particle 

 

Results and Discussion 
 

FEA Models 
Two FEA models were developed for the full-

scale wall. The first one was the model of a 

conventional shear wall (Case 1). Hence, it was 

modeled as a rigid casted wall with no layer 

interaction with the geometry boundary and 

loading conditions stated in the previous 

section. The second model simulated a layered 

wall consisting of 120 layers (Case 2). Figure 4 

shows the stress and strain distribution model 

for the casted wall. The maximum stress in case 

1 happens in top left and right corners of the 

wall with the magnitude of 2.09 MPa while the 
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maximum deflection happens in the top center 

of the wall, which is 0.93 mm. Table 1 shows 

the deflection of casted wall in different wall 

heights.  

Figure 5 shows the stress and strain distribution 

model for the layered wall. It can be seen that in 

the case of layered, the stress distribution has 

gone toward the two sides of the wall. 

Moreover, each layer has shifted compared to 

the bottom layer.  

 

 
(a) 

 
(b) 

 
Figure 4. The Stress and strain distribution in the 

casted wall 

 

 
Table 1. Deflection of different height of casted wall 

 

Wall Height (m) Deflection (mm) 

0.30 0.0434 

0.61 0.1392 

0.91 0.2574 

1.22 0.3788 

1.52 0.4930 

1.83 0.5957 

2.13 0.6862 

2.44 0.7670 

2.74 0.8430 

3.05 0.9353 

 

 

 
(a) 

 
(b) 

 
Figure 5. Stress and strain distribution in the layered 

wall 

 

The maximum stress in case 2 occurs at the two 

sides of the wall, which is 2.4 Mpa. This has 

increased approximately %15 compared to the 

case 1.  The shift of each layer compared to the 

bottom layer for the first 20 layers is shown in 

Table 2 and Figure 6. It can be seen that the 

major shift of the layers that happen are in the 

first 10 layers. The maximum deflection of wall 

happens in the top part of the wall, which is 1.44 

mm. The shift of the layers increases the overall 

deflection of the wall by approximately 50%. 

This implies that the bonding strength of the 

first 20 layers of Case 2 should be increased to 

make the overall strength of the wall 

comparable to conventional construction 

methods.  The comparison of the deflection in 

case 1 and 2 in different wall heights is also 

shown in Figure 7. According to the Figure 7, 

the deflection in the casted case happens 

gradually toward the height of the wall. 

However, the deflection sharply increases in the 

layered case in the first 0.32 M (1ft).  
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Conclusion  

 

In this work, the model of the layered shear has 

been developed and compared to a casted wall 

with the same geometry, boundary and loading 

conditions. The maximum stress on layered 

walls increased by 15%, which led to the 

deboning and shift of the bottom layers. This 

shift caused the over wall to deflect %50 more 

than the similar casted wall. The modeling tool 

presented in this paper may be an integrated part 

of a construction scheduling system that may be 

in a Building Information Modeling (BIM) 

package. This is an early-stage development. In 

our future effort we plan to work on the 

interface of our analysis module with a 

scheduling system. 

 
Table 2. Layer shift 

 

Layer Number Layer Shift (mm) 
2 0.434 

3 0.308 

4 0.215 

5 0.149 

6 0.103 

7 0.071 

8 0.049 

9 0.034 

10 0.023 

11 0.016 

12 0.011 

13 0.007 

14 0.003 

15 0.001 

16 0.001 

17 0.000 

18 0.000 

19 0.000 

20 0.001 

 

 
Figure 6. Layer shift  

 

 
Figure 7. Comparison of maximum deflection in case 1 

and case 2.  
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