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(a) 

     
(b) 

Figure A.1 Close-up images of stylus tip after scratching on Khao Khad argillaceous 

limestone with  = 0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.2 Close-up images of stylus tip after scratching on Khao Khad argillaceous 

limestone with  = 45°,  = 90° (a) and their corresponding groove images 

(b). 
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(a) 

     
(b) 

Figure A.3 Close-up images of stylus tip after scratching on Khao Khad argillaceous 

limestone with  = 90°,  = 0° (a) and their corresponding groove images 

(b). 

                            

   
(a) 

     
(b) 

Figure A.4 Close-up images of stylus tip after scratching on Khao Khad argillaceous 

limestone with  = 90°,  = 45° (a) and their corresponding groove images 

(b). 
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(a) 

     
(b) 

Figure A.5 Close-up images of stylus tip after scratching on Khao Khad argillaceous 

limestone with  = 90°,  = 90° (a) and their corresponding groove images 

(b). 

                            

   
(a) 

     
(b) 

Figure A.6 Close-up images of stylus tip after scratching on Khao Khad argillaceous 

limestone with  = 135°,  = 90° (a) and their corresponding groove images 

(b). 
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(a) 

     
(b) 

Figure A.7 Close-up images of stylus tip after scratching on Khao Khad bedded 

limestone with  = 0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.8 Close-up images of stylus tip after scratching on Khao Khad bedded 

limestone with  = 45°,  = 90° (a) and their corresponding groove images 

(b). 
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(a) 

     
(b) 

Figure A.9 Close-up images of stylus tip after scratching on Khao Khad bedded 

limestone with  = 90°,  = 0° (a) and their corresponding groove images 

(b). 

                            

   
(a) 

     
(b) 

Figure A.10 Close-up images of stylus tip after scratching on Khao Khad bedded 

limestone with  = 90°,  = 45° (a) and their corresponding groove images 

(b). 
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(a) 

     
(b) 

Figure A.11 Close-up images of stylus tip after scratching on Khao Khad bedded 

limestone with  = 90°,  = 90° (a) and their corresponding groove images 

(b). 

                            

   
(a) 

     
(b) 

Figure A.12 Close-up images of stylus tip after scratching on Khao Khad bedded 

limestone with  = 135°,  = 90° (a) and their corresponding groove images 

(b). 
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(a) 

     
(b) 

Figure A.13 Close-up images of stylus tip after scratching on Phu Kadueng sandstone 

with  = 0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.14 Close-up images of stylus tip after scratching on Phu Kadueng sandstone 

with  = 45°,  = 90° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.15 Close-up images of stylus tip after scratching on Phu Kadueng sandstone 

with  = 90°,  = 0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.16 Close-up images of stylus tip after scratching on Phu Kadueng sandstone 

with  = 90°,  = 45° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.17 Close-up images of stylus tip after scratching on Phu Kadueng sandstone 

with  = 90°,  = 90° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.18 Close-up images of stylus tip after scratching on Phu Kadueng sandstone 

with  = 135°,  = 90° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.19 Close-up images of stylus tip after scratching on Phu Phan sandstone with 

 = 0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.20 Close-up images of stylus tip after scratching on Phu Phan sandstone with 

 = 45°,  = 90° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.21 Close-up images of stylus tip after scratching on Phu Phan sandstone with 

 = 90°,  = 0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.22 Close-up images of stylus tip after scratching on Phu Phan sandstone with 

 = 90°,  = 45° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.23 Close-up images of stylus tip after scratching on Phu Phan sandstone with 

 = 90°,  = 90° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.24 Close-up images of stylus tip after scratching on Phu Phan sandstone with 

 = 135°,  = 90° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.25 Close-up images of stylus tip after scratching on Tak Fa gypsum with  = 

0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.26 Close-up images of stylus tip after scratching on Tak Fa gypsum with  = 

45°,  = 90° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.27 Close-up images of stylus tip after scratching on Tak Fa gypsum with  = 

90°,  = 0° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.28 Close-up images of stylus tip after scratching on Tak Fa gypsum with  = 

90°,  = 45° (a) and their corresponding groove images (b). 
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(a) 

     
(b) 

Figure A.29 Close-up images of stylus tip after scratching on Tak Fa gypsum with  = 

90°,  = 90° (a) and their corresponding groove images (b). 

                            

   
(a) 

     
(b) 

Figure A.30 Close-up images of stylus tip after scratching on Tak Fa gypsum with  = 

135°,  = 90° (a) and their corresponding groove images (b). 
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Table B.1 Measurement results of stylus tip wear at four directions on Khao Khad      

argillaceous limestone. 

 

(degrees) 
 

(degrees) Lines 
d (mm) 

Front Left Right Back Average SD 

0 - 

1st 0.211 0.211 0.211 0.211 0.211 0.000 
2nd 0.233 0.201 0.195 0.230 0.215 0.017 
3rd 0.244 0.229 0.233 0.244 0.238 0.007 
4th 0.257 0.193 0.227 0.244 0.230 0.024 
5th 0.218 0.218 0.218 0.218 0.218 0.000 

45 90 

1st 0.183 0.150 0.150 0.180 0.166 0.016 
2nd 0.175 0.150 0.152 0.165 0.161 0.010 
3rd 0.168 0.162 0.159 0.162 0.163 0.003 
4th 0.171 0.163 0.149 0.169 0.163 0.009 
5th 0.175 0.155 0.152 0.171 0.163 0.010 

90 0 

1st 0.149 0.125 0.135 0.148 0.139 0.010 
2nd 0.148 0.128 0.135 0.148 0.140 0.009 
3rd 0.142 0.142 0.140 0.142 0.142 0.001 
4th 0.143 0.141 0.140 0.142 0.142 0.001 
5th 0.149 0.138 0.136 0.145 0.142 0.005 

90 45 

1st 0.169 0.146 0.146 0.160 0.155 0.010 
2nd 0.162 0.160 0.141 0.162 0.156 0.009 
3rd 0.156 0.141 0.156 0.156 0.152 0.006 
4th 0.162 0.149 0.155 0.155 0.155 0.005 
5th 0.163 0.149 0.149 0.156 0.154 0.006 

90 90 

1st 0.186 0.175 0.163 0.181 0.176 0.009 
2nd 0.183 0.166 0.144 0.178 0.168 0.015 
3rd 0.186 0.165 0.169 0.180 0.175 0.008 
4th 0.193 0.143 0.181 0.192 0.177 0.020 
5th 0.201 0.180 0.137 0.189 0.177 0.024 

135 90 

1st 0.193 0.193 0.193 0.193 0.193 0.000 
2nd 0.212 0.189 0.163 0.204 0.192 0.019 
3rd 0.194 0.193 0.192 0.194 0.193 0.001 
4th 0.195 0.192 0.191 0.192 0.193 0.002 
5th 0.194 0.192 0.192 0.194 0.193 0.001 
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Table B.2 Measurement results of stylus tip wear at four directions on Khao Khad         

bedded limestone. 

 

(degrees) 
 

(degrees) Lines 
d (mm) 

Front Left Right Back Average SD 

0 - 

1st 0.105 0.102 0.103 0.103 0.103 0.001 
2nd 0.107 0.105 0.094 0.106 0.103 0.005 
3rd 0.105 0.096 0.100 0.105 0.102 0.004 
4th 0.106 0.097 0.099 0.105 0.102 0.004 
5th 0.105 0.102 0.094 0.105 0.102 0.005 

45 90 

1st 0.108 0.104 0.104 0.105 0.105 0.002 
2nd 0.105 0.105 0.105 0.105 0.105 0.000 
3rd 0.108 0.106 0.105 0.107 0.107 0.001 
4th 0.106 0.103 0.103 0.105 0.104 0.001 
5th 0.105 0.105 0.105 0.105 0.105 0.000 

90 0 

1st 0.104 0.080 0.095 0.095 0.094 0.009 
2nd 0.110 0.091 0.083 0.095 0.095 0.010 
3rd 0.110 0.086 0.079 0.095 0.093 0.012 
4th 0.105 0.095 0.077 0.100 0.094 0.011 
5th 0.110 0.071 0.086 0.107 0.094 0.016 

90 45 

1st 0.100 0.086 0.097 0.100 0.096 0.006 
2nd 0.100 0.092 0.094 0.100 0.097 0.004 
3rd 0.101 0.092 0.097 0.098 0.097 0.003 
4th 0.097 0.097 0.097 0.097 0.097 0.000 
5th 0.097 0.097 0.097 0.097 0.097 0.000 

90 90 

1st 0.111 0.111 0.111 0.111 0.111 0.000 
2nd 0.111 0.111 0.111 0.111 0.111 0.000 
3rd 0.111 0.105 0.111 0.111 0.110 0.003 
4th 0.110 0.110 0.110 0.110 0.110 0.000 
5th 0.112 0.109 0.109 0.110 0.110 0.001 

135 90 

1st 0.119 0.111 0.111 0.111 0.113 0.003 
2nd 0.114 0.105 0.110 0.111 0.110 0.003 
3rd 0.116 0.104 0.116 0.116 0.113 0.005 
4th 0.117 0.104 0.115 0.115 0.113 0.005 
5th 0.116 0.105 0.102 0.116 0.110 0.006 
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Table B.3 Measurement results of stylus tip wear at four directions on Phu Kadueng 

sandstone. 

 

(degrees) 
 

(degrees) Lines 
d (mm) 

Front Left Right Back Average SD 

0 - 

1st 0.168 0.162 0.165 0.165 0.165 0.002 
2nd 0.170 0.166 0.166 0.168 0.168 0.002 
3rd 0.170 0.162 0.160 0.170 0.166 0.005 
4th 0.172 0.165 0.162 0.170 0.167 0.004 
5th 0.172 0.153 0.168 0.170 0.166 0.007 

45 90 

1st 0.138 0.111 0.122 0.122 0.123 0.010 
2nd 0.134 0.120 0.110 0.129 0.123 0.009 
3rd 0.129 0.114 0.117 0.125 0.121 0.006 
4th 0.123 0.120 0.118 0.123 0.121 0.002 
5th 0.123 0.122 0.120 0.123 0.122 0.001 

90 0 

1st 0.125 0.082 0.082 0.116 0.101 0.020 
2nd 0.105 0.098 0.097 0.103 0.101 0.003 
3rd 0.116 0.094 0.092 0.104 0.102 0.010 
4th 0.110 0.092 0.100 0.110 0.103 0.008 
5th 0.105 0.098 0.105 0.103 0.103 0.003 

90 45 

1st 0.123 0.110 0.110 0.123 0.117 0.007 
2nd 0.129 0.113 0.103 0.123 0.117 0.010 
3rd 0.128 0.091 0.107 0.128 0.114 0.016 
4th 0.128 0.110 0.107 0.110 0.114 0.008 
5th 0.134 0.110 0.110 0.110 0.116 0.010 

90 90 

1st 0.149 0.108 0.146 0.147 0.138 0.017 
2nd 0.137 0.137 0.137 0.137 0.137 0.000 
3rd 0.147 0.137 0.111 0.143 0.135 0.014 
4th 0.147 0.125 0.132 0.135 0.135 0.008 
5th 0.144 0.132 0.122 0.141 0.135 0.009 

135 90 

1st 0.149 0.140 0.138 0.142 0.142 0.004 
2nd 0.145 0.139 0.140 0.143 0.142 0.002 
3rd 0.147 0.143 0.142 0.145 0.144 0.002 
4th 0.145 0.138 0.142 0.145 0.143 0.003 
5th 0.145 0.140 0.138 0.143 0.142 0.003 
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Table B.4 Measurement results of stylus tip wear at four directions on Phu Phan 

sandstone. 

 

(degrees) 
 

(degrees) Lines 
d (mm) 

Front Left Right Back Average SD 

0 - 

1st 0.159 0.105 0.156 0.150 0.143 0.022 
2nd 0.156 0.143 0.126 0.152 0.144 0.012 
3rd 0.169 0.110 0.131 0.157 0.142 0.023 
4th 0.150 0.129 0.138 0.150 0.142 0.009 
5th 0.152 0.137 0.128 0.149 0.142 0.010 

45 90 

1st 0.101 0.101 0.097 0.101 0.100 0.002 
2nd 0.101 0.098 0.097 0.100 0.099 0.002 
3rd 0.101 0.098 0.101 0.101 0.100 0.001 
4th 0.101 0.098 0.097 0.101 0.099 0.002 
5th 0.101 0.101 0.101 0.101 0.101 0.000 

90 0 

1st 0.085 0.082 0.082 0.082 0.083 0.001 
2nd 0.082 0.082 0.082 0.082 0.082 0.000 
3rd 0.088 0.077 0.076 0.088 0.082 0.006 
4th 0.086 0.077 0.077 0.086 0.082 0.005 
5th 0.086 0.077 0.077 0.077 0.079 0.004 

90 45 

1st 0.092 0.089 0.089 0.092 0.091 0.002 
2nd 0.096 0.084 0.084 0.096 0.090 0.006 
3rd 0.091 0.091 0.088 0.091 0.090 0.001 
4th 0.094 0.094 0.091 0.091 0.093 0.002 
5th 0.094 0.091 0.080 0.091 0.089 0.005 

90 90 

1st 0.108 0.105 0.098 0.105 0.104 0.004 
2nd 0.114 0.091 0.108 0.108 0.105 0.009 
3rd 0.107 0.098 0.104 0.107 0.104 0.004 
4th 0.113 0.098 0.095 0.113 0.105 0.008 
5th 0.108 0.103 0.103 0.108 0.106 0.003 

135 90 

1st 0.111 0.101 0.111 0.111 0.109 0.004 
2nd 0.110 0.106 0.107 0.108 0.108 0.001 
3rd 0.111 0.106 0.111 0.111 0.110 0.002 
4th 0.113 0.100 0.108 0.111 0.108 0.005 
5th 0.110 0.100 0.108 0.108 0.107 0.004 
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Table B.5 Measurement results of stylus tip wear at four directions on Tak Fa gypsum. 

 

(degrees) 
 

(degrees) Lines 
d (mm) 

Front Left Right Back Average SD 

0 - 

1st 0.037 0.032 0.034 0.036 0.035 0.002 
2nd 0.040 0.036 0.024 0.038 0.035 0.006 
3rd 0.039 0.030 0.030 0.039 0.035 0.005 
4th 0.040 0.030 0.032 0.036 0.035 0.004 
5th 0.039 0.025 0.035 0.038 0.034 0.006 

45 90 

1st 0.040 0.040 0.033 0.040 0.038 0.003 
2nd 0.040 0.030 0.040 0.040 0.038 0.004 
3rd 0.039 0.034 0.033 0.036 0.036 0.002 
4th 0.040 0.033 0.036 0.037 0.037 0.003 
5th 0.040 0.039 0.037 0.039 0.039 0.001 

90 0 

1st 0.030 0.025 0.024 0.025 0.026 0.002 
2nd 0.035 0.025 0.024 0.025 0.027 0.004 
3rd 0.025 0.025 0.021 0.025 0.024 0.002 
4th 0.025 0.022 0.022 0.025 0.024 0.002 
5th 0.025 0.025 0.025 0.025 0.025 0.000 

90 45 

1st 0.033 0.031 0.031 0.031 0.032 0.001 
2nd 0.037 0.031 0.030 0.036 0.034 0.003 
3rd 0.028 0.028 0.028 0.028 0.028 0.000 
4th 0.033 0.028 0.030 0.033 0.031 0.002 
5th 0.040 0.025 0.028 0.033 0.032 0.006 

90 90 

1st 0.040 0.040 0.040 0.040 0.040 0.000 
2nd 0.040 0.040 0.040 0.040 0.040 0.000 
3rd 0.040 0.040 0.040 0.040 0.040 0.000 
4th 0.040 0.040 0.040 0.040 0.040 0.000 
5th 0.040 0.037 0.039 0.040 0.039 0.001 

135 90 

1st 0.051 0.045 0.043 0.046 0.046 0.003 
2nd 0.062 0.037 0.042 0.052 0.048 0.010 
3rd 0.046 0.033 0.042 0.042 0.041 0.005 
4th 0.042 0.040 0.040 0.042 0.041 0.001 
5th 0.042 0.041 0.041 0.042 0.042 0.001 
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Figure C.1 Scratching forces (F) as a function of scratching displacement (ds) for Khao 

Khad argillaceous limestone. Dash line represents each groove. Solid lines 

are their average. 
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Figure C.2 Scratching forces (F) as a function of scratching displacement (ds) for Khao 

Khad bedded limestone. Dash line represents each groove. Solid lines are 

their average. 
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Figure C.3 Scratching forces (F) as a function of scratching displacement (ds) for Phu 

Kadueng sandstone. Dash line represents each groove. Solid lines are their 

average. 
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Figure C.4 Scratching forces (F) as a function of scratching displacement (ds) for Phu 

Phan sandstone. Dash line represents each groove. Solid lines are their 

average. 
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Figure C.5 Scratching forces (F) as a function of scratching displacement (ds) for Tak 

Fa gypsum. Dash line represents each groove. Solid lines are their average. 
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Figure D.1 Groove volume after CERCHAR testing on Khao Khad argillaceous limestone 

specimens vary bedding plane orientations and scratching directions.  
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Figure D.2 Groove volume after CERCHAR testing on Khao Khad bedded limestone 

specimens vary bedding plane orientations and scratching directions.  
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Figure D.3 Groove volume after CERCHAR testing on Phu Kadueng sandstone 

specimens vary bedding plane orientations and scratching directions.  
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Figure D.4 Groove volume after CERCHAR testing on Phu Phan sandstone specimens 

vary bedding plane orientations and scratching directions.  
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Figure D.5 Groove volume after CERCHAR testing on Tak Fa gypsum specimens 

vary bedding plane orientations and scratching directions.
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