
MODELLING THE STRUCTURAL BEHAVIOUR 

OF THE FOLD-AWAY SHELTER 


A thesis submitted for the degree of Master in Engineering (Research) 

University of Technology, Sydney 


Thomas Rolan E. Rondero 

March 2006 




CERTIFICATE OF AUTHORSHIP/ORIGINALITY 

I certify that the work in this thesis has not previously been submitted for a 
degree nor has it been submitted as part of requirements for a degree except as 
fully acknowledged within the text. 

I also certify that the thesis has been written by me. Any help that I have 
received in my research work and the preparation of the thesis itself has been 
acknowledged. In addition, I certify that all information sources and literature 
used are indicated in the thesis. 

Signature of Candidate 

Production Note:

Signature removed prior to publication.



ACKNOWLEDGEMENTS 

The research reported in this thesis was made possible through an Australian Academic 

International Development (AusAID) grant from 2000 to 2003. 

I am grateful to Dr Florentino O. Tesoro and Dr Florence P. Soriano, past and present Directors 

of the Forest Products Research and Development Institute (FPRDI), Department of Science 

and Technology, for allowing me to undertake this study on study leave. 

Or Keith Cre'NS, Associate Professor and Deputy Director of the Centre for Built Infrastructure 

Research of the University of Technology, Sydney (UTS), supervised this research. Dr Crews' 

diligence, enthusiasm for research and trust served as encouragement throughout the project. 

Or Ali Sal eh, Senior Lecturer of the Infrastructure and the Environment Group of the Faculty of 

Engineering of UTS, co-supervised this research. Dr Sal eh's patience and diligence in 

personally teaching me finite element modelling was of great help throughout the project. 

Professor Bijan Samali, Director of the UTS Centre for Built Infrastructure Research and Head 

of the I nfrastructure and the Environment Group of the Faculty of Engineering of UTS, provided 

an invaluable contribution to the completion of the project. I am very grateful for his assistance. 

Mr Mario Benitez, Manager of the Structures Laboratory, advised and assisted me in all my 

experiments. I am very grateful. 

To the staff of the Structures Laboratory, namely, Messrs Laurence Stonard for being always 

available for my instrumentation requirements, David Hooper for providing me with the materials 

needed for the experiments, and Warwick Hawse and Wolfgang Stengl for assisting me with my 

experimental set-up and testing, I am very grateful. 

! thank my wife, Rose, for being always there; for her prayers, love and patience. 

I also thank my son, Theodore Ransel, for believing in me. 

Finally, praises and thanks to Jesus Christ, the Servant King, to whom all honour and glory are 

due. 



ABSTRACT 

The F-shelter underwent non-destructive monotonic load tests and destructive shake table test. 

The timber-framed shear walls with different sheathings; namely wood wool cement boards 

(wwcb) and F11 structural plywood were tested under uniaxial loading. Furthermore, finite 

element models (FEM) supplemented the experimental work. An FEM of the corner metal 

bracket and a 2-dimensional FEM for the timber-framed shear wall were generated and verified 

from the experimental work. 

Behavioural responses from unidirectional lateral loading of the wall were obtained. For the 

dynamic test, the Kobe earthquake and Zone IV earthquake were simulated to determine the 

dynamic response of the F-shelter. Excitation was limited to 70% full scale displacement record 

of Kobe and 80% of Zone IV, due to the 100mm limitation in the allowable displacement on both 

sides of the shaker table. The shake table test showed that the F-shelter can withstand the 

simulated earthquakes. 

FEMs were developed using ANSYS 7.2, a general finite element software. A requisite input 

data for the timber-framed shear wall FEM in lieu of a hinge connection corner joint for the 

timber-framed shear wall were generated through experimental work on the corner metal 

brackets and verified with the generated FEM. The results of the FEM of the Dipterocarpus 

grandiflorus Blanco (Apitong) timber-framed sheathed with wwcb were 5% to 9% higher than 

the average values for maximum deflections and maximum load capacity. The FEM results of 

the Radiata pine sheathed with F11 plywood, however, were 25% to 14% lower than the 

average values for maximum deflections and maximum load capacity. 

This thesis has demonstrated the process of generating FEMs that can be used as a tool to 

improve and modify the F-shelter. The structural reliability of design and construction of the first 

F-shelter prototype was verified from the whole house test and structural modeling of the wall 

usingFEM. 
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average 
e. 	 WNcb versus FEM 
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Wall test with plywood sheathing 

1. 	 Test results in Excel file 
2. 	 Summary of test results 

a. 	 Wwcb and Plywood load-deflection curves 
b. 	 P1 versus FEM 

F-shelter test 

i. 	 quasi-static test without metal plates 
a. 	 2, 3 , 4 and 5kN test results in Excel file 
b. 	 Summary for 5kN with and without metal plates 

2. 	 quasi-static test with metal plates 
a. 	 1.5, 3 and 4kN test results in Excel file 
b. 	 LC1-LVDT11 
c. 	 LC2-LVDT3 
d. 	 side with opening 
e. 	 side without opening 

3. 	 dynamic test without metal plates 
a. 	 20, 50 70% of full excitation of Kobe earthquake 

I. 	 Acceleration at top corner on loaded side; 
50% Kobe (without reinforcements) 

11. 	 Acceleration at top corner on oPPosite side; 
50% Kobe (without reinforcements) 

b. 	 50% of full excitation of Zone IV 

4. 	 dynamic test with metal plates 
a. 	 5, 15, 3D, 40 and 50% of full excitation of Kobe 

earthquake 
I. 	 Acceleration at top corner on loaded side; 

50% Kobe (with reinforcements) 
11. 	 Acceleration at top corner on opposite side; 

50% Kobe (with reinforcements) 
b. 50 and 80% of full excitation of Zone IV 

ANSYSfiles 

1. 	 Apitong wall frame 
a. 	 Deformed shape at Pmax 
b. 	 Nodal solutions 

2. Radiata Pine wall frame 
a. Deformed shape at Pmax 
b.' Nodal solutions 

3. 	 Wwcb sheathed wall 
a. 	 Deformed shape at Pmax 
b. 	 Nodal stresses at x and y directions 
c. 	 Nodal solutions 

4. Plywood sheathed wall 
a. 	 Deformed shape at Pmax 
b. 	 Nodal stresses at x and y directions 
c. 	 Nodal solutions 
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