
















 

 

89 

Figure 6.1 shows an image of the model. Note that only the corner bracing that is put 

into tension when the panel is loaded has been included. In the real ModCell panels 

the bracing is fixed in such a way that it cannot be loaded in compression. 

 

 
Figure 6.1 Basic two dimensional model in Robot 

 

Details of how the model was constructed within the Robot millennium modelling 

software are shown in Table 6.1. As the model is two dimensional the cross sectional 

areas of the reinforcement and render have been combined from both faces and 

applied on one plane. All the nodes and elements in the model are set along the 

centroids of the elements in the real panel. The panel is supported continuously along 

its base. Only the corner braced panels were modelled as this type of bracing was 

considered most suitable for load-bearing panels following the structural testing. 

 



 

 

90 

Table 6.1 Computer model construction 

 Element type Cross section Material properties 

Timber frame Simple bar 490mm deep x 

100mm high 

Eparallel = 11000 N/mm2 

Shear Modulus, G=690 N/mm2 

Bending strength = 24.0 N/mm2 

Axial tension = 14.0 N/mm2 

Transverse tension = 0.5 N/mm2 

Axial compression = 21.0 N/mm2 

Transverse compression = 2.5 

N/mm2 

Shear = 2.5 N/mm2 

 

Corner 

bracing 

Simple bar Area equivalent 

to two 12 mm 

diameter bars 

E = 200000 N/mm2 

Poisson ratio, ν = 0.3 

Shear modulus, G=76923 N/mm2 

Calculation strength=200 N/mm2 

 

Vertical 

reinforcement 

Simple bar Area equivalent 

to two 10 mm 

diameter bars 

 

As corner bracing 

Lime render Panel - FE 

mesh using 

Coons 

method with 

4 node 

quadrilaterals 

 

60 mm thick E = 5000 N/mm2 

Shear modulus, G = 2000 N/mm2 

Calculation compressive strength 

= 2.0 N/mm2 (from laboratory 

testing) 

 

Shrinkage 

gap 

Simple bar  E = 0.01 N/mm2 

Poisson ratio, ν = 0 

Shear modulus, G = 0.01 N/mm2 

Calculation strength = 500 N/mm2 

 

Both the rotational stiffness and vertical stiffness of the joints in the frame were derived 

from the laboratory testing discussed in Section 4 of this thesis. The screw connected 

joints were used. Figure 6.2 and Figure 6.3 show the stiffness information input into 

Robot in order to model the joints. 
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Figure 6.2 Robot model rotation joint stiffness data 

 

 
Figure 6.3 Robot model vertical joint stiffness data 

 

The model is linear elastic and does not allow for material failure. Therefore it can only 

be used to predict the structural behaviour of the panel prior to material failure. This is 

not a limitation as the controlling factor in the design of load-bearing ModCell panels is 

the deflection under serviceability loading. From the panel racking shear tests in 
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Section 5.3 of this report it has been shown that at the serviceability deflection limit of 

h/500 there is no material failure. It may be necessary to develop a model which allows 

for the failure of materials, but this is a complex issue and is beyond the scope of this 

investigation. 

 

Initially the model did not have the elements to represent the gap between the render 

and the timber, but this caused problems. Because the model does not have any failure 

criteria in it, only the material stiffness’, when the panel was loaded the timber frame 

instantly loaded the very stiff render. This caused the whole panel to be over 100 times 

stiffer than the real panels. Therefore the gap was introduced into the model. 

 

After the model has been run with set loads applied the following results can easily be 

obtained from it: 

 

• Deflections 

• Stresses in elements (timber frame, reinforcement, bracing) 

• Stresses in render surface 

 

Therefore it is possible to manually check the stresses in elements in order to establish 

if they are nearing failure. 

 

6.3 Validation of the computer model 
 

Once the basic models of the two bale and three bale corner braced panels were 

constructed they were validated and refined against the laboratory test results for the 

same panels. It was not possible to validate the generic design of the model against 

other laboratory tests carried out by Lawrence et al. (2009a) as the global rotation of 

the panels was not measured in these tests and therefore the results could not be 

corrected for this rotation. 

 

For the validation of the models the load was applied in the model to the top corner of 

the panel as in the laboratory based racking shear tests. However in the model this 

loads both the top and side frame elements at the same time unlike in the laboratory 

based testing where only the top element is loaded and the load is transferred through 

the joint. In the model the load was applied in increments of 10 kN from 0 kN up to 60 

kN. This load range is similar to the range that was applied during laboratory testing.  
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Figure 6.4 shows the results from the computer models of the two and three bale 

corner braced panels. Also included in Figure 6.4 are the results for the same panels 

from the laboratory testing. The graph plots load in kN/m against horizontal 

displacement at the top corner of the panel opposite to where the load is being applied. 

 

 
Figure 6.4 Validation of Computer models against laboratory test results 

 

From Figure 6.4 it can be seen that the models predictions match the actual laboratory 

results well. The three bale panel model predicts the performance of the panels well up 

to the serviceability deflection limit of h/500. Beyond this point the stiffness of the actual 

panel begins to decrease before the first crack in the render at a displacement of 

h/280, while the stiffness of the model remains constant. This is due to the reasons 

mentioned in Section 6.2 of this report relating to the linear elastic nature of the model 

and the fact that the materials do not include non-linearity or failure criteria. 

 

As with the three bale panel the two bale panel model predicts the performance of the 

two bale panel well up to displacements of around h/300. Following this the stiffness of 

the panel starts to decrease, as the render cracked at h/220, and the results from the 

laboratory testing and the model drift apart. However unlike the three bale model the 
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two bale model predicts a change in stiffness at a load of 12.5 kN/m. There is also 

another very slight change in stiffness at a load of 15.7 kN/m. These changes in 

stiffness are due to the bilinear rotational and vertical stiffness’ of the joints in the 

model. Because of this the model predicts the performance of the two bale panel well 

over the entire load range, slightly over predicting its strength at around 8 to 12 kN/m 

and under predicting at the end of the load range. 

 

The three bale model did not exhibit these changes in stiffness as the panel is much 

stiffer overall and therefore the joints do not reach the required rotation of 0.02 radians 

for the stiffness to change (see Figure 6.2). However in the actual panels it is not only 

the change joint stiffness that causes the changes in stiffness of the whole panel. This 

is largely due to the render crushing and cracking. Therefore even though the two bale 

model appears to predict the performance well across the entire load range it is in fact 

doing this solely based on the changing joint stiffness. 

 

Within the serviceability displacement range both models are sufficiently accurate and 

therefore very useful to this investigation and the future development of load-bearing 

ModCell panels. It would have been preferable to validate the models against further 

laboratory tests, but that was not possible within the remit of this investigation. Further 

laboratory tests will be under taken in the continuing development of ModCell panels, 

so it may be possible to utilise the results from those to further validate the models 

following the conclusion of this investigation. 

 

6.4 Parametric Analysis 
 

A parametric analysis was carried out on the three bale panel model in order to see the 

effects on the structural performance when certain elements were changed. During this 

the following were changed and analysed one at a time: 

 

• frame thickness 

• render thickness 

• layout of vertical reinforcement 

• layout of bracing 

• fixity of the joints 
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6.4.1 Frame Thickness 
 

Currently ModCell panels have 100 mm thick laminated timber frames. The model was 

run with frame thicknesses of 80, 100, 120 and 140 mm. The model was also run with 

the top element of the frame 160 mm thick with the sides and base kept at 100 mm. 

This is because White Design and Integral Structural Design are currently designing a 

building with ModCell panels with these frame dimensions. The horizontal 

displacement results from these analyses are shown in Figure 6.5. 

 

 
Figure 6.5 Results when frame thickness changed 

 

From Figure 6.5 it can be seen that changing the thickness of the timber frame does 

make some difference to the stiffness of the panel. Table 6.2 shows the load carried by 

each panel at a displacement of h/500. 
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Table 6.2 Load at h/500 and stiffness with different frame thicknesses 

Frame Thickness (mm) Load at h/500 (kN/m) Stiffness (kN/mm) 

80 10.19 6.17 

100 10.54 6.41 

120 10.80 6.58 

140 11.01 6.71 

160 (top element only) 10.89 6.62 

  

These results are as one would expect with the stiffness increasing as the thickness of 

the timber frame increases. However the stiffness of the panels is not solely derived 

from the timber frame. With a 40% increase in frame cross sectional area only a 5% 

increase in panel stiffness is achieved. By thickening the top of the frame to 160 mm 

the stiffness increases by 3%. This will be largely due to the way that the corner braced 

panel transfers its load through the bracing and frame, utilising the stiffness of the 

timber. This was previously discussed in Section 5.2.2 of this report. 

6.4.2 Render Thickness 
 

The thickness of render currently used on ModCell panels is 30 mm. For the next stage 

in the parametric analysis the render thickness was changed to 0, 10, 20, 30 and 40 

mm and the model was re-run for each case. All of the other elements in the model 

were kept the standard ModCell construction. Figure 6.6 shows the horizontal 

displacement from these tests and Table 6.3 shows the load at h/500 and the stiffness. 

 

Table 6.3 Load at h/500 and stiffness with different render thicknesses 

Render Thickness 

(mm) 

Load at h/500 (kN/m) Stiffness (kN/mm) 

0 0.71 0.43 

10 6.57 4.00 

20 8.85 5.37 

30 10.54 6.41 

40 11.92 7.25 
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Figure 6.6 Results when render thickness changed 

 

The changes in render thickness cause a larger change in the stiffness of the panel 

than when the frame thickness is changed. Lawrence et al. (2009a) observed that 

when a 30 mm render was applied to the panels they tested, their stiffness increased 

by 3.5 times. However the results from the modelling show that the stiffness increases 

15 times when 30 mm of render are added. This is likely to be a result of the straw not 

being modelled, and therefore any stiffness gain from the straw within the un-rendered 

frame will not be present in the results. When there is no render the straw does add 

some stiffness to the panels as it fixed to the timber frame with timber stakes and 

therefore offers some resistance to shear. Once the render is added it is so much stiffer 

than the straw, that the effects of the straw become insignificant.  

 

The other results in Figure 6.6 and Table 6.3 show that as the render thickness 

increases the stiffness of the panel increases. Comparing the results in Table 6.2 and 

Table 6.3 the addition of 10 mm of render to each face increases the stiffness of the 

panel more than when 40 mm is added to the thickness of the timber frame. The 

stiffnesses with 40 mm thick render and with 140 mm thick timber are 7.25 kN/mm and 
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6.71 kN/mm respectively. These results imply that thickening the render by 10 mm is 

solution for stiffening the panels. However both the timber frame and the render are 

costly elements in ModCell panels accounting for roughly a third of the total price each. 

Therefore, commercially, the additional stiffness offered by either may not be worth the 

increased cost. Another point to consider is the increased panel weight when 40% 

extra timber or 33% extra render is added. This would have implications on 

manufacture and transportation of the panels. 

 

6.4.3 Reinforcement Layout 
 

The computer model was run with the panel having zero, one, two and three vertical 

reinforcing bars in each face. Currently three bale ModCell panels have two vertical 

reinforcing bars in each face. In all of the models the bars were arranged evenly across 

the face of the panel. Figure 6.7 and Table 6.4 show the results. 

 

 
Figure 6.7 Results when reinforcement layout changed 
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Table 6.4 Load at h/500 and stiffness with different numbers of reinforcing bars 

No. of reinforcing bars Load at h/500 (kN/m) Stiffness (kN/mm) 

0 2.13 1.30 

1 2.95 1.80 

2 10.54 6.41 

3 NA* 13.16 

* At 60 kN load the deflection remained below h/500 

 

From Figure 6.7 it is clear that the number of reinforcing bars seem to have a large 

effect on the stiffness of the panel with the panel with three bars being twice as stiff as 

the panel with only two bars. The more vertical reinforcing bars there are within a panel 

the stiffer it should be as they provide some tensile reinforcement to the render and 

resist uplift of the top frame element. The results shown here suggest a large 

improvement in stiffness which may be an anomaly due to the way in which the 

computer model works. In the real ModCell panels a small strip of fibre mesh is placed 

over the reinforcing bars prior to rendering. This reduces the amount of adhesion 

between the render and the bars. The model does not allow for this and therefore the 

bars act as a composite together. Therefore these results should not be considered as 

definitive proof that adding a third vertical reinforcing bar will improve the stiffness of 

the panel by over 200%. Further computer modelling where the render and 

reinforcement are separated may provide further answers. Additionally full scale 

laboratory testing will confirm the effects of the reinforcing bars. 

 

6.4.4 Bracing 
 

The only change made to the bracing was to remove it in order to see what contribution 

it made to the stiffness of the panel. Lawrence et al. (2009a) tested individual joints 

with and without bracing and showed that bracing greatly increased the rotational 

stiffness of the joint in opening. Figure 6.8 and Table 6.5 show the results from 

modelling the panel with and without bracing. 
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Figure 6.8 Results when bracing changed 

 

Table 6.5 Load at h/500 and stiffness with and without bracing 

Bracing Load at h/500 (kN/m) Stiffness (kN/mm) 

With bracing 10.54 6.41 

Without bracing 6.11 3.73 

 

From these results it can be seen that the panel with bracing is stiffer, as one would 

expect. As previously mentioned Lawrence et al. (2009a) observed that bracing 

increased the stiffness of the joints they tested significantly. The effects of this can be 

seen here in these results with the braced panels having nearly twice the stiffness of 

the panel without bracing. Therefore corner bracing should be used in all load-bearing 

ModCell panels as it increases the stiffness at minimal cost and effort. 

 

 

 



 

 

101 

6.4.5 Joints 
 

The three bale panel was modelled with fully fixed joints, pinned joints and ‘normal’ 

joints (joints with the stiffness’s detailed in Section 6.2 of this report). While it is almost 

impossible to construct fully fixed joints and purely pinned joints, therefore meaning 

they would never be used on a real panel, it is interesting to see their affect on the 

stiffness of the panel. Figure 6.9 and Table 6.6 show the results from this modelling. 

 

 
Figure 6.9 Results when joints changed 

 

Table 6.6 Load at h/500 and stiffness with different joints 

Joint Load at h/500 (kN/m) Stiffness (kN/mm) 

Fixed 16.04 9.80 

Pinned 10.39 6.29 

‘Normal’ 10.54 6.41 

 

Figure 6.9 and Table 6.6 show that fixed joints increase the stiffness of the panel by 

roughly 50%. This is a greater increase in stiffness than when the frame and the render 
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were increased in thickness. The pinned joint only reduced the stiffness of the frame by 

a very small amount when compared to the actual joints. This is because the pinned 

joint is pinned both rotationally and vertically. Therefore while it has no rotational 

stiffness it does have infinite vertical stiffness. The actual joint is semi-rigid and has 

some rotational stiffness and some vertical stiffness. As a result the pinned joint is 

rotating more under load than the normal joint, but it is not pulling apart vertically and 

therefore the results for both panels are very similar. 

 

6.4.6 Further investigation of Joints 
 

Richards (2009) investigated the rotational stiffness of ModCell panel joints as part of a 

final year undergraduate dissertation project. Three joint types were tested; a screw 

connected joint using washer head screws; a glued joint using standard head screws 

with glue between the joining surfaces; and a gusset plate joint using standard head 

screws and triangular plywood gusset plates across the joint. Details of the joints are 

shown in Figure 6.10. The joints were tested using the same method set out in Section 

3.4.2 of this report. The results from the testing undertaken by Richards (2009) are 

shown in Figure 6.11 and Figure 6.12. 

 

Richards (2009) comments that the gusset plate joints are considerably stiffer than the 

screw connected joints, but that failure is brittle and is likely to cause premature failure 

of the render when the gusset plate buckles. Also noted is the fact that the other joints 

have an ultimate strength limit between 5-6 kN in opening and 2-3 kN in closing, but 

that the glued joints are initially stiffer than the screw connected joints. 

 

The stiffness data from the glued and gusset plate joint tests was used in the three bale 

panel computer model to assess the effects the different joint designs might have on 

the overall performance of the panel. As none of the joints were tested in vertical pull 

out the vertical stiffness of the joints in the model were kept as per the ‘normal’ joint 

(see Figure 6.3). The stiffness profiles for the glued and gusset plate joints used for 

modelling are shown in Figure 6.13. 
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Figure 6.10 Joints tested by Richards (2009), Washer head screw (top), glued (middle), 

gusset plate (bottom) 
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Figure 6.11 Results from testing by Richards (2009) 

 

 
Figure 6.12 Results from testing by Richards (2009) 
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Figure 6.13 Glued joint opening stiffness profile 

 

The model was run for each joint using the same loads as used previously. The model 

was also run using the gusset plate joint, but without any corner bracing in order to 

establish if it may be feasible to use the gusset plate as a replacement for the corner 

bracing. The results from this are shown in Figure 6.14 and Table 6.7. 

 

Table 6.7 Load at h/500 and stiffness with Richards (2009) joints 

Joint Load at h/500 (kN/m) Stiffness (kN/mm) 

‘Normal’ 10.54 6.41 

Glued 10.72 6.54 

Gusset with bracing 11.61 7.04 

Gusset without bracing 6.37 3.89 

Fixed 16.04 9.80 
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Figure 6.14 Results from simulations using Richards (2009) data 

 

Figure 6.14 and Table 6.7 show some interesting results as generally the joints appear 

to have little effect on the stiffness of the panel. Only the fixed joint and the gusset plate 

without bracing caused any significant change to the stiffness. The rotational stiffness 

of the joints has little affect on the overall stiffness of the three bale corner braced 

panel as when loaded the joints do not rotate very much (previously discussed, see 

Figure 5.26). Therefore the stiffness of the corner bracing, timber frame and lime 

render has more effect. This is shown in the results from the panel with gusset plate 

joints, but no bracing. This panel only has 55% of the stiffness of the panel with gusset 

plate joints and bracing. This result also rules out the idea of utilising the extra stiffness 

of the gusset plate joint to allow the bracing to be removed as the panel will not be stiff 

enough to resist the required racking shear loads within the serviceability deflection 

limit. 

 

Having previously mentioned that the joint stiffness has little impact on the panel 

stiffness, the theoretical fully fixed joints contradict this. This is because they are so 

much stiffer than any of the actual joints. However fully fixed joints are not possible to 
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design or construct in reality when using timber with screw fixings and therefore should 

not be considered for use on load-bearing ModCell panels. 

 

6.4.7 Summary of Parametric Analysis 
 

From the parametric analysis it can be concluded that increasing the frame thickness 

or the render thickness increases the stiffness of the ModCell panel. The influence of 

the vertical reinforcement is slightly less clear as the increase in stiffness when using 

three reinforcing bars appears to have been exaggerated. However, it can reasonably 

be suggested that using three bars instead of two would increase the stiffness of the 

panel as the extra bar will further reinforce the render and increase the resistance to 

uplift of the top of the frame. The corner bracing adds greatly to the stiffness of the 

panel, but the corner joints do not. 

 

From the results of this analysis a panel has been designed that incorporates the most 

suitable elements from the parametric analysis to create a stronger panel. Details of 

the panel design are below: 

 

• 100 mm thick frame with 160 mm thick top 

• 40 mm thick render 

• Two vertical reinforcing bars 

• Corner bracing 

• Gusset plate joints 

 

The majority of the frame has been kept at 100 mm as increasing this adds a lot of 

extra material to the panel. The top of the frame has been increased to 160 mm as this 

is a newly developed detail for ModCell panels and allows the first floor to be supported 

directly from the top of the panels. As shown in the analysis above it also adds some 

stiffness to the panel. The render thickness has been increase to 40 mm as this alone 

increases the stiffness by 13%. Two vertical reinforcing bars have been used as the 

results from this analysis were dubious; therefore they have been disregarded for this 

exercise. The corner bracing has been maintained as it adds significantly to the 

stiffness of the panels. Finally a gusset plate joint has been used as it increases the 

stiffness of the panels by nearly 10%. This panel was modelled Robot and the analysis 

run. The results are shown in Figure 6.15 along with the test results for the actual three 

bale corner braced panel and the model results for the same panel. 
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Figure 6.15 Results from model for improved panel design 

 

The improved panel is 20% stiffer than the normal ModCell panel and it is able to resist 

over 2 kN/m additional load at the serviceability displacement limit of h/500. This is the 

type of application the Robot computer model has been developed for. It has shown 

favourable results for this panel design, and therefore it might now be considered for 

full scale laboratory testing. This however is beyond the scope of this investigation. 

 

6.5 ModCell building at Bath 
 

A full scale test building is being planned as part of a current ModCell research project 

at the University of Bath. At the time of writing the building is still being built. The 

building has been modelled using the Robot model previously discussed as it is a good 

opportunity to investigate how the model predicts the performance of entire wall panels 

and whole buildings in three dimensions. It is also a good opportunity to investigate 

how joining panels together affects their racking stiffness. The ground floor plan and an 

elevation for the proposed building are shown in Figure 6.16 and Figure 6.17. 
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Figure 6.16 Ground floor plan of ModCell building at Bath 

 

 
Figure 6.17 West elevation of ModCell building at Bath 

 

Initially one elevation of the building was modelled and then from this the whole 

building has been modelled in three dimensions. The models are shown in Figure 6.18 

and Figure 6.19. In a ModCell building the panels are joined together using plywood 

strips screwed across the joint between the panels. This provides an almost continuous 

connection along the panel edges. Therefore in the model the panels have been 

modelled fully fixed together. The three dimensional model is simplified as it does not 

include the first floor structure, but it is hoped it will be a good basis for future use of the 

model as a development tool. 
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Figure 6.18 ModCell building model elevation 

 

 
Figure 6.19 ModCell building three dimensional model 

 

The elevation and the three dimensional model were loaded with the serviceability 

wind. For a building of this size the total wind load is in the order of 35kN. In the 

building this load will be carried by the two walls parallel to the direction of the wind. 

Therefore for the elevation the loading was halved to 17.5 kN applied as two loads of 

8.75 kN, one at first floor level and one at roof level. For the three dimensional model 

the same load was applied to two walls parallel to one another bringing the total load 

up to 35 kN. The models were run and the results are shown in Table 6.8. Average 

deflections are shown for both first floor level and for roof level. 
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Table 6.8 Deflection and stiffness results from ModCell building model 

Model 

Average deflection at serviceability load 

(mm) 

First Floor Roof 

Elevation 2.18 4.61 

3D loaded in x direction 1.94 3.52 

3D loaded in y direction 1.92 4.04 

 

The serviceability deflection limits of h/500 for the first floor and the roof are 5.23 mm 

and 10.46 mm respectively. From Table 6.8 all of the deflections are well within these 

limits. The difference in the deflections in the x and y directions on the three 

dimensional model are due to different layouts of panels on each elevation. In the three 

dimensional model only the panels themselves were modelled. In the planned building, 

and also within other ModCell buildings, there are floors and internal walls which can 

be designed as shear walls. For example the shear walls can be constructed from solid 

timber or rammed earth and the effects on the buildings structural performance using 

these two materials will vary. However, all internal shear walls will stiffen the building 

and therefore the results displayed here are likely to be un-conservative.  

 

The construction and then running of these models shows it is possible to develop the 

basic two dimensional model into more complex elevations and entire buildings. Ideally 

these results would be verified against testing of the actual structures. Unfortunately 

due to the scale this was not feasible during this investigation.  

 

6.6 Future use of the model 
 

The computer models have been developed in order to further understand load-bearing 

ModCell panels, but also to allow further development of ModCell panels. It is hoped 

that the model will be used by ModCell in their own development programme and also 

by future researchers working within the University of Bath who may potentially want to 

develop the model further as well as the panels. It is hoped that the model will allow for 

fast and more cost effective research and development as ideas can be trialled using 

the model and then if they produce promising results more costly laboratory testing can 

be undertaken. 
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6.7 Conclusions 
 

Computer models of the two and three bale corner braced panels have been 

developed and successfully validated against laboratory test results for the same 

panels and therefore it can be said that the models are a success. However further 

validation against future laboratory testing would be useful in allowing further 

refinement of the models. 

 

Parametric analysis has been carried out on the three bale panel model. This has 

shown that increasing the frame thickness or render thickness increases the stiffness 

of the panel. It has also shown that the corner joints have little effect on the stiffness of 

the panel, but that corner bracing does significantly enhance it. The parametric analysis 

has not shown the true effect of the vertical reinforcement on panel stiffness due to the 

way that the model was designed. 

 

The models have proved useful in showing the potential increase in panel stiffness 

when the joints, render thickness and the thickness of the top of the frame are 

changed. The modelling of this panel design has shown the potential for a 20% 

increase in stiffness. Further investigation of this in the laboratory may now be 

considered, but it is beyond the scope of this investigation. 

 

The modelling of both a wall elevation and entire three dimensional model of a future 

ModCell building has shown that the basic two dimensional model can be adapted and 

used to create more complex models. 
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7 Conclusions and Recommendations 

7.1 Conclusions 
 

Overall this research into the structural performance of load-bearing ModCell panels 

has been successful and provided some valuable results. The structural testing has 

proven the potential for ModCell panels to be used in load-bearing construction. 

Computer modelling has been carried out for the first time and has improved the 

understanding of how the panels behave structurally. 
 

Before this investigation load-bearing ModCell panels had only been used once in a 

temporary building. Through this investigation it has been shown that it is possible for 

ModCell panels to be used in up to three storey load-bearing structures. 

 

This investigation has built on the work by Lawrence et al. (2009a) where it was 

observed that the joints did not provide sufficient resistance alone to racking shear 

forces and that corner bracing greatly increased their stiffness. The parametric analysis 

of the computer model in this investigation has built on these findings by examining the 

effects of these and other elements of the panels to the overall stiffness of the panels. 

 

Long term testing of the lime render strength has raised some interesting questions 

which currently remain unanswered. This is the first time long term testing has been 

carried out with this render and has shown the strength peaks at 28 days. Following 

this the strength drops off. The reasons for this are not yet fully understood and should 

be investigated further. 

 

Joint testing had allowed the development of a suitable corner joint that does not fail 

during racking shear tests. The testing of other types of joint has proven that screw 

connected joints are the most suitable. Further testing on the screw connected joints 

has shown that both the screws in shear and in tension have an equal role in providing 

strength in the joint. This investigation has also shown that the screw connected joint 

strength can be calculated using Eurocode 5 by comparison of calculated and test 

derived strengths. Additionally the rotational stiffness of the screw connected joint has 

been found which has allowed the development of a computer model.  

 

The panels from the Grand Designs Live house showed that transportation should be 

kept to a minimum in order to avoid excessive damage to the render. Testing of the 
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panels showed how important build quality is to the structural strength of ModCell 

panels which is particularly important if they are to be used in load-bearing 

construction. The controlled demolition of the panels following testing showed the 

extent of water ingress into the straw and the damage this had caused. The damage 

occurred in a short space of time and therefore it is vital that ModCell panels are kept 

dry and covered before installation into a building. 

 

Racking shear testing of four further ModCell panels has proven that the joints are now 

adequate and do not fail during racking shear. These tests also showed that using 

cross bracing does not offer any structural advantage over corner bracing. From the 

results of these racking shear tests alone the ModCell panels tested are stiff enough to 

be used in load-bearing construction at two and three storeys. These tests should 

however be repeated in order to verify the results. 

 

The vertical compression test showed that the straw and render is strong enough to 

withstand loads of over 50 kN/m and vertical displacements of over 10 mm. This has 

proven that some deflection of the top element of the frames will be acceptable when 

loaded by a floor and therefore it is not necessary to use extra beams above the panels 

to support the floor. Additionally the results are comparable with those of Faine and 

Zhang (2002). 

 

Developing a computer model of ModCell panels has already proven useful in 

determining the potential effect of changing the joint stiffness. It is hoped that the model 

will be developed further in the future and that it will allow a better understanding of 

how ModCell panels behave structurally. 

 

A computer model of load-bearing ModCell panels has been developed and verified 

against the laboratory test results for the two and three bale corner braced panels. The 

model is accurate within the linear elastic ranges of the panels only as it does not allow 

for material failure. It is hoped that the model will aid future development of ModCell 

panels. This investigation has also shown that these basic two and three bale models 

can easily be compiled into entire elevations or buildings made from ModCell panels in 

order that analysis can take place in three dimensions. 

 

Parametric analysis using the computer model of the three bale computer corner 

braced panel has shown the effects on structural performance of changing certain 

elements within the panel. It has shown that all elements within the panels have an 



 

 

115 

effect on the stiffness of the panels, but that some have more effect than others. 

Interestingly it has shown, with the use of some work by Richards (2009), that the 

rotational stiffness of the joints has very little effect on overall panel stiffness. It has 

also been shown that by combining several changes the stiffness of the panel can be 

increased by 20%. 

 

This investigation set out with the aims of improving the ModCell panels so that they 

could be used in two or three storey load-bearing construction and developing an 

accurate computer model that could predict their structural performance. Both of these 

aims have been achieved and have also raised some new questions that need to be 

answered. However, the future of load-bearing ModCell panels looks promising. 

 

7.2 Recommendations for Further Work 
 

All laboratory testing and investigation tends to answer many questions, but also raise 

many other questions and this investigation has been no exception. While full size 

racking shear testing has been completed on four panels, they were all of different 

designs. Therefore further testing on identical panels is recommended in order to fully 

verify the results. More test results will also help in further validating and refining the 

computer models. 

 

The panels that have been tested have all been designed as load-bearing panels. They 

have not been tested for vertical load as it is known from design calculations following 

Eurocode 5 that they are sufficient. However the effect of vertical load on the racking 

performance has not been considered. This should be considered in further testing 

work as in a building there will always be some vertical load applied to the top of the 

panels. The effects of this upon racking shear resistance are unknown. It will reduce 

the uplift of the top element of the frame and therefore could reduce the displacements 

under racking loads, but additionally once the panel begins to rack there will be an 

eccentric vertical load which will have a tendency to increase the horizontal 

displacements. 

 

Only single panels have been tested to date. Within a building the panels will be 

connected to their neighbours. This may have an effect on the stiffness of the panels 

and is therefore something that should be considered during further work. Other 

elements that are present in completed buildings and were not considered during 

testing are the first and second floors and internal walls. In current ModCell building 
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design these are both solid timber panels and hence may offer considerable stiffness. 

This should be considered during further work. 

 

Dynamic testing could also be considered during further work. Often the loadings 

structures are put under during their use are short term and dynamic. The racking 

shear loads applied to panels during this investigation are representative of wind 

loading which is very short term due to the sudden gusts of the wind. The effects of 

sudden loading and unloading should be investigated as if the deflections of the 

structure are too large then the occupants will feel the structure swaying which is 

undesirable and can be very disconcerting. 

 

There are a couple of pieces of further work that could be undertaken on the computer 

models, although it is hoped that these will generally be used to further the 

development of the panels. Firstly they could be developed to include render failure. 

Even though the behaviour of the panels post render failure is not the most critical 

criteria in their design it would allow for investigation of this. Secondly the three 

dimensional model of the ModCell building could be further developed to include a first 

floor and internal walls. This would allow the effects of these to be further investigated. 

 

Finally the effects of long term exposure of ModCell panels should be considered 

during future research. The Grand Designs panels tested during this thesis had been 

exposed to the weather when unprotected and had straw moisture contents above 25 

% H2O. Such high moisture contents are not likely to affect the short term strength of 

ModCell panels, however in the long term the straw will begin to decompose which will 

affect the bond with the render. The effects of long term exposure and its 

consequences should be investigated and measures put in place to minimise the 

potential for the panels to be subjected to the weather before they are installed in a 

building. 
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