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CHAPTER 1 

1 INTRODUCTION 

INTRODUCTION 
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1.3 Topography 
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Figure 1.6 
(�'8%�-"�� $�%&'�(%+./�"�'"4�

�
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1.4 Climate  
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CHAPTER 2

2 BACKGROUND INFORMATION ON ROCKFALL 
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2.1.1 Rockfall Triggering Mechanism 
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2.1.2 Modes of Motion of Falling Rocks 
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2.2 Rockfall Models 
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2.2.1 Empirical Models 
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2.2.2 Process-based Models 
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2.2.3 GIS-based Models 
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2.4 Rockfall Remediation and Mitigation Methods 
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2.4.1 Remediation Methods 
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2.4.2 Mitigation Methods 
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CHAPTER 3 

3 FIELD AND LABORATORY STUDIES 
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Figure 3.31 �&'�(%+./�"�'"�(& C)02�%&'�� %'0%)"#�� 8:$"##�( +�8'(4

3.2 Laboratory Studies  
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Figure 3.32 
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3.2.1 Effective Porosity and Unit Weights 
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C')2&%� $�%&'�"0.'()%'4  

Table 3.1 �&'�'$$'8%)!'�� � ()%/�"0.�+0)%�C')2&%�!"#+'(� $�%&'�"0.'()%'4

Samples No
Effective 

Porosity 

(%)

Unit 

Weight 

(kN/m3)

Unit Weight 

(kN/m3)

(Saturated)

Engineering 

Classification 

(ANON, 1979)
��� �4@�� ��4B� �B4�@� �'.)+-�
��� @4�A� ��4�P� ��4Q�� �'.)+-�
�B� A4Q�� ��4�� ��4@�� �'.)+-�
�O� �4��� ��4�O� ��4�B� �'.)+-�
�P� Q4A�� ��4�@� �B4�B� �'.)+-�
�A� @4�A� ��4�P� ��4@A� �'.)+-�
��� Q4@� ��4B�� �B4��� �'.)+-�
�@� A4�Q� ��4�Q� ��4�A� �'.)+-�
�Q� �4��� ��4��� ��4O@� �'.)+-�
���� ��4�@� ��4BQ� ��4BQ� �'.)+-�
���� �4B� ��4�B� ��4@O� �'.)+-�
���� �4OB� ��4�@� ��4@�� �'.)+-�
��B� ��4@A� �B4�Q� �O4@P� �'.)+-�
��O� Q4@P� ��4�O� �B4�� �'.)+-�
��P� @4BQ� ��4�@� �B4��� �'.)+-�
��A� A4@@� ��4��� ��4@O� �'.)+-�
���� A4@Q� ��4�� ��4�@� �'.)+-�
��@� A4QA� ��4PP� �B4�B� �'.)+-�

Average 8.2 22.2 23.01 Medium
Standard 

Deviation
1.31 0.45 0.51
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3.2.2 Water Absorption under Atmospheric Pressure 
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Table 3.2 N"%'��",( ��%) 0�!"#+'(� $�%&'�"0.'()%'�,/�C')2&%�"0.�! #+-'4

Samples No Water Absorption by 

Weight(%)

Water Absorption by 

Volume (%)

��� B4��� �4�Q�

��� B4A@� @4�@�

�B� �4@�� A4B��

�O� B4��� A4���

�P� O4��� Q4BO�

�A� B4A�� @4���

��� O4�P� Q4OB�

�@� B4��� A4�Q�

�Q� B4P�� �4�@�

���� O4AQ� ��4�B�

���� B4��� �4�B�

���� B4BO� �4OQ�

��B� O4��� Q4PP�

��O� O4�� Q4P��

��P� B4OP� �4@�

��A� B4�O� A4@��

���� �4QA� A4AA�

��@� �4@�� A4OO�

Average 3.5 7.88

Standard Deviation 0.55 1.20

3.2.3 Uniaxial Compressive Strength (UCS) 
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3.2.4 Sonic Velocity Test 
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(ANON, 1979)�
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Saturated 
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3.2.5 Direct Shear Test Along Saw-Cut Samples 
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CHAPTER 4 

4 SLOPE STABILITY ANALYSIS 

�)0'-"%)8�"0"#/()(3�#)-)%�'1+)#),�)+-�"0"#/()(3�"0.����"0.�B��� 8:$"##�"0"#/('(�C'�'�
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4.1 Kinematic Analyses 
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4.2 Limit Equilibrium Analyses 
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4.3 Rockfall Analyses 
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4.3.2 3D Analysis 
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CHAPTER 5 

5 DISCUSSION AND REMEDIAL MEASURES 

 

 

 

5.1 Field Study and Analyses of Rockfall 
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5.2 Comparison of the Rockfall Models 
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5.2.1 Restriction in the Rockfall Models 
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5.2.2 Algorithms Utilized on Softwares 
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5.2.3 Parameters Used in 2D and 3D Rockfall Analyses 
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5.3 Comparision of Rockfall Source Areas  
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5.4 Remedial Measures for Rockfall Danger 
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CHAPTER 6 

6 CONCLUSIONS AND RECOMMENDATIONS 
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APPENDIX A 

SUMMARY OF FIELD DATA FOR 21 STOPS 

Table A1 �+--"�/�%",#'� $�.)(8 0%)0+)%)'(�."%"�%":'0�"%����(% �(4

�# �'�
� -)0"0%�
('%���

� -)0"0%�
('%���

� -)0"0%�('%�
B�

� -)0"0%�
('%�O�

�% �(� �)��.)�'8%) 0(X�)��"- +0%(�)0�.'2�''(�
�� B��X@�� �QPX��� �A�X�B� �BBX��� �QOX�Q�
�� B�PX@�� B@�XP� �O�X@�� ���X@B� �Q@X�A�
B� B�PXPA� B�PX@� ���X@P� �BPX�P� �OAXAQ�

O�
���XA�3�
BBAX�A� BB�X�B� ��BX�A� ���XA�� ���X���

P� BO�X@O� B�OX�@� �OAX��� ���X�P� ���XA��
A� B�AX�O� �QPXOO� �B�X�P� �Q�X�O� B�OXPO�
�� BP�X@�� �A�X�O� B�AXPB� ��AXAO� ��@X@��
@� �POX@B� �A�XAO� ��OX@�� BBPXPO� ��PX�P�
Q� ���X@Q� B��X@Q� B�A<��� ��PX@B� ��OX�Q�
��� BB�XAB� BBPX�O� �Q�X@Q� ��QX��� ��AX�A�
��� �B�X@P� �QOX��� BO�X@�� B�PX�O� ��AX�A�
��� B�PXOQ� ���X�P� �OQX@�� ��BXOP� �O�X�O�
�B� BOPX@�� ��QX��� ���X@Q� �OOX@B� B�QX���
�O� @AXBO�� BP�X�@� �APXPP� BBPXOO� �A�XPO�
�P� BB�X@O� �Q�X�Q� B�PX@P� ���XA�� <�
�A� BOPX@@� �@�X@@� ���XAP� ��AXO�� ��PXP��
��� �B�X��� �O�XBO� �QPX@�� ���X@�� BBPX�A�
�@� ��QX��� �O�XBP� �QAX@�� BBAX�A� ���X@��
�Q� ���XPP� ��PXAB� ���X�O� B�PX��� �QPXB��
��� ��PX�P� ��PXBQ� �B�XAO� ��PX�O� BP�X@@�
��� ��PX@�� �Q�XB�� ��X@�� �QPX@�� �Q�XQ��
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APPENDIX B 

2D ROCKFALL ANALYSES’S RESULTS

Table B.1 �&'��'(+#%(� $����� 8:$"##�"0"#/()(4�

Profiles 
No Weight (kg) Runout 

Distance (m)
Kinetic 

Energy (kJ)
Max. Bounce 
Height (m)

�<�V�

�P�� ���4@O� A�4Q@� A4BQ�
P��� �B�4�@� ��Q4��� �4���
�P�� ��O4�A� �@B4@�� �4BB�
�@��� ���4O�� O��4��� �4Q��

�<�V4��

�P�� ���4@�� �B4P@� �4���
P��� Q�4A�� O�4A@� �4@B�
�P�� ���4Q@� �@4�B� �4�@�
�@��� ���4@�� �@P4O@� �4QQ�

�<�V�

�P�� ��Q4QQ� P@4QB� P4AA�
P��� ��B4PQ� ���4PB� O4@A�
�P�� ��A4�Q� ���4QB� O4�P�
�@��� ��B4PQ� O��4��� O4QA�

�<�V4��

�P�� @�4PQ� B4��� �4BB�
P��� �@4BQ� A4��� �4O��
�P�� Q�4�Q� �O4A�� �4P@�
�@��� Q�4�Q� B�4Q�� �4�@�

B<BV�

�P�� ��O4AO� �O4Q�� �4QQ�
P��� ��O4A�� B�4QO� �4���
�P�� ��O4AO� OA4A�� �4���
�@��� ��O4AO� ��A4OO� �4�O�
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Table B.1�R� 0%)0+'.S��&'��'(+#%(� $����� 8:$"##�"0"#/()(4�

Profiles 
No

Weight 
(kg)

Runout 
Distance (m)

Kinetic 
Energy (kJ)

Max. Bounce Height 
(m)

O<OV�

�P�� Q�4P�� B@4��� O4@A�
P��� QO4P�� �Q4B�� O4�A�
�P�� Q�4P�� ���4OQ� O4OQ�
�@��� QO4P�� ���4��� O4QQ�

P<PV�

�P�� ��P4P�� BB4�P� O4AO�
P��� ���4Q�� AQ4AP� B4@��
�P�� ��P4P�� ���4@�� O4���
�@��� ���4Q�� �O�4��� O4�Q�

A<AV�

�P�� ��B4Q�� �P4�A� �4QA�
P��� ��O4�A� P�4�P� �4�P�
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Kinetic Energy 

(kJ)
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Q<QV�

�P�� ��Q4A�� @4�B� �4B@�
P��� ��Q4A�� �B4PO� �4O��
�P�� ��Q4A�� BA4�Q� �4PB�
�@��� ��Q4A�� Q�4PO� �4A��

Q<QV4��

�P�� ��B4��� ��4A�� �4@��
P��� ��A4P@� PO4��� �4QB�
�P�� ���4�A� �O4OB� �4�Q�
�@��� ���4�A� �Q@4��� �4�O�

Q<QV4��

�P�� �B�4OA� A@4P�� P4@A�
P��� �O�4QO� ���4�Q� Q4���
�P�� �OO4O�� �A�4A�� @4O��
�@��� �O�4QO� PQ�4�B� @4�@�

��<��V�

�P�� ��P4PB� �@4��� ��4O��
P��� �AA4@�� �A�4Q@� @4@��
�P�� �AA4@�� �OP4P�� @4AA�
�@��� �AA4@�� P�Q4AA� ��4�@�

��<��V�

�P�� �PB4AQ� PA4P�� P4A��
P��� �A�4A�� �PB4B�� @4P��
�P�� �A�4�P� �@@4�@� A4AA�
�@��� �A�4�P� OB�4�O� A4P��

��<��V�

�P�� �PA4��� BB4@O� �4P��
P��� �PA4��� AO4BQ� �4AQ�
�P�� �PA4��� ��@4QP� B4BO�
�@��� �PA4��� ��Q4��� �4QP�

��<��V4��

�P�� �@�4��� ��O4��� �Q4@P�
P��� �@�4A�� �O�4�B� ��4Q��
�P�� �@�4��� BO�4AB� ��4�O�
�@��� �Q�4O�� @P�4OA� �@4A��
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�B<�BV�

�P�� �AA4PO� A�4�P� O4B��
P��� �A�4�Q� ��B4�Q� �4P��
�P�� ���4Q@� ���4OB� P4�A�
�@��� �PB4��� BAQ4OO� B4@P�

�O<�OV�

�P�� �B�4�P� ��4PP� �4B��
P��� �B�4�P� BA4��� �4���
�P�� �B�4�P� PO4O�� �4�O�
�@��� �B�4�P� �B�4QA� �4�O�

�O<�OV4��

�P�� �B�4�P� �A4�P� �4PQ�
P��� �B�4�P� BB4O�� �4A@�
�P�� �B�4�P� P�4BO� �4���
�@��� �B�4�P� ���4PP� �4@A�

�P<�PV�

�P�� B�4�A� �@4@@� �4Q@�
P��� B�4�A� BO4��� �4�A�
�P�� B�4�A� PP4��� �4�O�
�@��� B�4�A� ���4�O� �4O��

�P<�PV4��

�P�� ��A4BP� �@4B�� �4�A�
P��� ��A4BP� BO4�P� �4���
�P�� ��A4BP� PB4QO� �4PA�
�@��� ���4O�� ���4��� �4A��
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�P�� Q�4��� ��4�A� �4OO�
P��� AB4@�� B@4B�� �4O��
�P�� @P4@�� P�4@P� �4B��
�@��� AB4@�� ��A4OP� �4OQ�

�A<�AV4��

�P�� �OQ4�O� A4�A� �4P��
P��� �P�4A@� �B4P�� �4���
�P�� �OQ4�O� ��4�@� �4���
�@��� �OQ4�O� OA4@�� �4�B�
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