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 CHAGART DOMRUNGKEART : THE EFFICIENCY IN REDUCING HEAT GAIN BY 
USING EARTH TUBE SYSTEM. CASE STUDY SAYAMBOROMRAJAKUMARI LIBRARY 
WAT CHANSEN NAKORNSAWAN PROVINCE. THESIS ADVISOR : ASST. PROF. PANTUDA 
PUTHIPIROJ, Arch.D. 139 pp. 

        The purpose of this research is to study the efficiency in reducing heat gain by using 
earth tube system. The soil temperatures, at about 27–29 °C, are lower than that of the air 
temperatures and soil temperatures vary slightly year round. This leads to the design concept 
in reducing heat gain by allowing the outside air to pass through the underground duct to 
lessen its temperature before entering the indoor space. In Thailand such a concept was 
introduced in building design for a long time. However, it was not evaluated how well it can 
reduce the outside air temperatures passing through the earth tube system.  
 Sayamboromrajakumari Library in Wat Chansen is one of the project that has 
employed the earth tube system since 1998. The building size is of 8.5 x 14 m. The earth tube 
system consists of 5 concrete ducts of 80 x 80 cm. and each with 8 meters long, They were 
buried in parallel under the building 1.8 meters deep. At both end of each tube was connected 
with a PVC pipe of 6 inches diameter for inflow and outflow air. The dehumidifying chamber, 
70 x 70 cm, was installed at the end of the outlet. The outflow air will pass through this 
chamber before entering the building. �

 This study was divided into 3 experiments. First assessment is to find problems of 
earth tubes, which were trapped water and clogged in the tube systems, low level of air inlet, 
plants blocking air inlet. It was found that there was no air flow in the tube�and no effect to the 
building temperature. Above problem was fixed in second experiment by removing water 
inside the ducts and charcoal in earth tube system, removing plants around the air inlets, 
raising the level of air inlets, and installed ventilation fan. After this improvement outside air 
can flow through the duct and outflow temperatures changed in relation to the outside air 
temperatures. It was found that the outside air temperatures passing through the earth tubes 
would reduce about 2.2-2.6 °C by average during 7.30 a.m. to 9.30 p.m. However, during 
9.30 p.m. to 7.30 a.m. it would be higher about 1 °C. In the third experiment, after six month 
later, it was found that inside the earth tubes were flooded with water again because of the 
tube leakage. The efficiency of earth tubes was low, which was similar to the first experiment. 
 This study showed that to reduce heat gain by using earth tubes effectively, it is 
necessary to use fan to increase the airflow speed inside the duct. The major considerations 
of this system are to prevent water leakage and require good maintenance regularly. The 
system must provide an access for checking and cleaning tubes easily in order that it can 
work properly as a designer expects.  
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 "/� "+ + ,,-� �!.!�.,,�  2�  /0#�  /0"�  /0 �  /0��  /0/� 333333�  102�  10/�  102� !,0 �  /0�� !!0!�
 "2� "+ + ,,-� �!."1.,,�  2�  /0"�  /0!�  /0!�  /0��  /0/� 333333�  /�  10/�  102� !,0"�  /� !!0#�
 "-� "+ + ,,-� �".,�.,,�  2�  /0"�  /0!�  /0 �  /0��  /0/� 333333�  10-�  10/�  102� !,0/�  /0�� !!0#�
 #,� "+ + ,,-� �".�1.,,�  2�  /01�  /0!�  /0!�  /0��  /01� 333333�  102�  102�  102� !,0"�  /� !!0/�
 #�� "+ + ,,-� �".!�.,,�  /0-�  /0#�  /0!�  /0!�  /0��  /01� 333333�  102�  10/�  102� !,01�  /� !!0/�
 # � "+ + ,,-� �"."1.,,�  2�  /0"�  /0 �  /0 �  /0��  /0/� 333333�  10-�  10/�  102� !,01�  /0�� !!01�
 #!� "+ + ,,-� �#.,�.,,�  /0-�  /0#�  /0 �  /0 �  /0��  /01� 333333�  102�  10/�  102� !,0-�  /� !!0#�
 #"� "+ + ,,-� �#.�1.,,�  2�  /0#�  /0!�  /0��  /0��  /01� 333333�  10-�  10/�  10-� !,02�  /� !!01�
 ##� "+ + ,,-� �#.!�.,,�  /0-�  /0#�  /0!�  /0 �  /0��  /0"� 333333�  10/�  101�  102� !,0#�  /� !!0#�
 #1� "+ + ,,-� �#."1.,,�  /0-�  /0#�  /0 �  /0 �  /0��  /01� 333333�  10-�  10/�  102� !,02�  /0�� !!0"�
 #/� "+ + ,,-� �1.,�.,,�  2�  /0#�  /0!�  /0 �  /0��  /01� 333333�  102�  10/�  10/� !,02�  /0�� !!0!�
 #2� "+ + ,,-� �1.�1.,,�  2�  /01�  /0!�  /0 �  /0��  /0#� 333333�  10-�  10/�  102� !,01�  /0�� !!0!�
 #-� "+ + ,,-� �1.!�.,,�  2�  /0#�  /0!�  /0 �  /0��  /01� 333333�  102�  10/�  102� !,0-�  /� !!�
 1,� "+ + ,,-� �1."1.,,�  2�  /0#�  /0 �  /0 �  /0��  /0/� 333333�  /�  102�  102� !,02�  /� ! 02�
 1�� "+ + ,,-� �/.,�.,,�  2�  /01�  /0!�  /0 �  /0��  /01� 333333�  /�  102�  102� !,0/�  /0�� ! 0/�
 1 � "+ + ,,-� �/.�1.,,�  2�  /0#�  /0!�  /0 �  /0��  /0/� 333333�  /�  102�  102� !,02�  /0�� ! 0"�
 1!� "+ + ,,-� �/.!�.,,�  2�  /0#�  /0!�  /0!�  /0��  /01� 333333�  10-�  102�  102� !,0/�  /� ! 0��
 1"� "+ + ,,-� �/."1.,,�  2�  /01�  /0"�  /0 �  /0��  /01� 333333�  /�  10-�  102� !,0#�  /� !�0-�
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��  1+ + ,,-� � .,,.,,�  20/�  20!�  /0-�  /02�  /01� !�01� !�0"� !�� !,0-� !�� ! 01� ! 0"�  /0��
 �  1+ + ,,-� � .�#.,,�  20-�  20 �  /0/�  /02�  /0/� ! 0�� !�01� !,02� !,01� !,02� ! 0/� !!02�  /0��
!�  1+ + ,,-� � .!,.,,�  20#�  2�  2�  /01�  /0/� ! 0�� !�0/� !�0#� !�0 � !�0#� ! 01� !"0 �  /0��
"�  1+ + ,,-� � ."#.,,�  202�  /02�  20��  /02�  /0/� ! 0 � ! 0�� !�02� !�01� !�02� ! 01� !"0"�  /0��
#�  1+ + ,,-� �!.,,.,,�  202�  20��  /0/�  /02�  /01� ! 0"� ! � ! � !�0#� !�0!� ! 01� !"0"�  /0��
1�  1+ + ,,-� �!.�#.,,�  20/�  20!�  /0-�  /02�  /0/� ! 0"� ! 0�� !�02� !�0"� !�01� ! 01� !"0"�  /0��
/�  1+ + ,,-� �!.!,.,,�  20/�  2�  /0-�  /02�  /01� ! � !�0#� !�0"� !�0 � !�0!� ! 01� !"0"�  /0��
2�  1+ + ,,-� �!."#.,,�  201�  2�  2�  /0/�  /0/� !�02� !�0!� !�0 � !�0"� !�0�� ! 0/� !"0#�  /�
-�  1+ + ,,-� �".,,.,,�  20/�  20��  /0-�  /02�  /0/� ! � !�01� !�0#� !�0�� !�0"� ! 0/� !"0"�  /�
�,�  1+ + ,,-� �".�#.,,�  201�  2�  /0-�  /02�  /0/� ! 0�� !�01� !�0 � !�0 � !�0�� ! 0/� !"0#�  /�
���  1+ + ,,-� �".!,.,,�  20/�  20 �  20��  /02�  /0/� ! 0!� !�02� !�0/� !�0!� !�01� ! 02� !"0!�  /0��
� �  1+ + ,,-� �"."#.,,�  201�  20��  2�  /0-�  /0/� ! 0!� !�02� !�0#� !�0!� !�0"� ! 0-� !!01�  /0��
�!�  1+ + ,,-� �#.,,.,,�  201�  2�  /0-�  /02�  /0/� ! 0 � !�0/� !�0/� !�0"� !�01� ! 0-� !!0 �  /�
�"�  1+ + ,,-� �#.�#.,,�  201�  2�  /0-�  /02�  /0/� ! 0"� !�02� !�01� !�0 � !�0#� ! 0-� !!�  /0��
�#�  1+ + ,,-� �#.!,.,,�  201�  20 �  2�  /02�  /01� ! 01� ! 0�� !�0 � !�0�� !�0�� ! 0-� ! 02�  /�
�1�  1+ + ,,-� �#."#.,,�  201�  2�  /0-�  /02�  /01� ! 0#� !�02� !�0/� !�0"� !�01� ! 0-� ! 01�  /�
�/�  1+ + ,,-� �1.,,.,,�  20/�  20!�  20��  /02�  /01� ! 02� ! � !�� !�0 � !�� ! 0-� ! 0"�  /0��
�2�  1+ + ,,-� �1.�#.,,�  20/�  2�  /0-�  /02�  /0/� ! 0!� !�0-� !�0/� !�0"� !�0#� ! 0-� ! 0 �  /0��
�-�  1+ + ,,-� �1.!,.,,�  20/�  20 �  2�  /0-�  /0/� ! 0"� !�0-� !�01� !�0 � !�0#� ! 0-� ! �  /0��
 ,�  1+ + ,,-� �1."#.,,�  202�  20��  2�  /0-�  /0/� ! 0#� ! � !�0/� !�0!� !�01� ! 0-� !�0/�  /0��
 ��  1+ + ,,-� �/.,,.,,�  201�  20��  /0-�  /02�  /01� ! 0"� !�02� !�0/� !�0"� !�01� ! 0-� !�0#�  /0��
  �  1+ + ,,-� �/.�#.,,�  20/�  20��  2�  /0-�  /0/� ! 0!� !�0-� !�01� !�0"� !�0#� ! 0-� !�0 �  /0��
 !�  1+ + ,,-� �/.!,.,,�  20/�  20��  /0-�  /02�  /0/� ! 0"� !�0-� !�0#� !�0 � !�0"� ! 02� !,02�  /0 �
 "�  1+ + ,,-� �/."#.,,�  20/�  20��  2�  /02�  /0/� ! 0�� !�0/� !�0"� !�0�� !�0!� ! 02� !,0/�  /0��
 #�  1+ + ,,-� �2.,,.,,�  20/�  20��  /0-�  /0-�  /0/� ! 0�� !�0/� !�0�� !�0!� !�� ! 02� !,0#�  /0 �
 1�  1+ + ,,-� �2.�#.,,�  201�  2�  /0-�  /0-�  /0/� !�0/� !�0!� !,01� !,01� !,0#� ! 0/� !,0!�  /0��
 /�  1+ + ,,-� �2.!,.,,�  201�  20��  /0-�  /0-�  /0/� !,0-� !,02� !,0/� !,01� !,01� ! 0/� !,0��  /0��
 2�  1+ + ,,-� �2."#.,,�  20/�  2�  2�  /0-�  /01� !�0�� !,0"� !,0#� !,0!� !,0!� ! 01�  -0-�  /0��
 -�  1+ + ,,-� �-.,,.,,�  20/�  20��  2�  /0-�  /0/� !�0 � !,02� !,0"� !,� !,0!� ! 0#�  -0/�  /0��
!,�  1+ + ,,-� �-.�#.,,�  20/�  20��  2�  /0-�  /0/� !�0 � !,0#� !,0 � !,� !,0�� ! 0"�  -0/�  /0��
!��  1+ + ,,-� �-.!,.,,�  20/�  20��  /0-�  /0-�  /0/�  -02�  -01� !,0�� !,� !,0�� ! 0"�  -0/�  /0��
! �  1+ + ,,-� �-."#.,,�  20/�  2�  /0-�  /0-�  /0/� !,0-�  -0/�  -0-�  -0-�  -02� ! 0"�  -0/�  /�
!!�  1+ + ,,-�  ,.,,.,,�  20/�  20��  2�  /0-�  /0/� !�0�� !,0 �  -02�  -0"�  -02� ! 0!�  -01�  /�
!"�  1+ + ,,-�  ,.�#.,,�  202�  20��  /0-�  /0-�  /0/� !�0 � !,0 �  -02�  -0"�  -02� ! 0!�  -0"�  /�
!#�  1+ + ,,-�  ,.!,.,,�  20-�  20��  2�  /0-�  /0/�  -0�� !��  -0/�  -0/�  -0/� ! 0 �  -0!�  /�
!1�  1+ + ,,-�  ,."#.,,�  202�  20 �  2�  /0-�  /01� !,0#� !,01� !,�  -02� !,� ! 0 �  -0 �  /0��
!/�  1+ + ,,-�  �.,,.,,�  201�  20��  /0-�  /0-�  /01� !,0/�  -0-�  -0#�  -02�  -0"� ! 0 �  -0��  /�
!2�  1+ + ,,-�  �.�#.,,�  201�  20��  2�  /0-�  /01�  20-�  -0 �  -0!�  -0#�  -0 � ! 0��  202�  /0��
!-�  1+ + ,,-�  �.!,.,,�  20/�  20 �  2�  /0-�  /01�  -0��  -0!�  -�  -0��  -� ! �  201�  /0��
",�  1+ + ,,-�  �."#.,,�  20/�  20 �  2�  /0-�  /0/�  -0"�  -0!�  201�  20/�  201� !�0-�  20#�  /�
"��  1+ + ,,-�   .,,.,,�  201�  20��  2�  /0-�  /01�  20/�  20"�  20"�  201�  20"� !�02�  20 �  /0��
" �  1+ + ,,-�   .�#.,,�  20/�  20��  2�  /0-�  /0/�  -0/�  -0"�  -0"�  -0!�  -0!� !�01�  /0-�  /0��
"!�  1+ + ,,-�   .!,.,,�  201�  2�  /0-�  /0-�  /0/�  20-�  -0��  20/�  20/�  20#� !�0#�  /0/�  /0��
""�  1+ + ,,-�   ."#.,,�  20/�  20 �  2�  /0-�  /01�  20#�  2�  20 �  -0��  2� !�0"�  /0"�  /0��
"#�  1+ + ,,-�  !.,,.,,�  201�  20 �  2�  /0-�  /0/�  20#�  /02�  /0-�  -0��  /02� !�0!�  /0"�  /0��
"1�  1+ + ,,-�  !.�#.,,�  201�  20��  2�  /0-�  /0/�  20"�  /0/�  /02�  20 �  /0/� !�0!�  /0!�  /0��
"/�  1+ + ,,-�  !.!,.,,�  20/�  20��  /0-�  /0-�  /02�  20 �  /0#�  /0/�  /0/�  /0/� !�0��  /0��  /0��
"2�  1+ + ,,-�  !."#.,,�  20/�  20 �  /0-�  /0-�  /0/�  20��  /0#�  /01�  /01�  /0"� !��  /�  /0��
"-�  /+ + ,,-� ,.,,.,,�  201�  20��  /0-�  /0-�  /0/�  2�  /0#�  /01�  /01�  /0"� !��  10-�  /0��
#,�  /+ + ,,-� ,.�#.,,�  201�  2�  /0-�  /0-�  /0/�  2�  /0/�  /0/�  /02�  /01� !,02�  101�  /0 �
#��  /+ + ,,-� ,.!,.,,�  20/�  20 �  2�  /0-�  /0/�  20��  /0"�  /0#�  /0#�  /0"� !,0/�  10"�  /0 �
# �  /+ + ,,-� ,."#.,,�  201�  20 �  /0-�  /0-�  /0/�  20 �  /0/�  /0#�  /0#�  /0!� !,0/�  10#�  /0��
#!�  /+ + ,,-� �.,,.,,�  201�  20��  2�  /0-�  /0/�  /02�  /0"�  /0!�  /0"�  /0!� !,0/�  10#�  /0��
#"�  /+ + ,,-� �.�#.,,�  201�  2�  2�  /0-�  /0/�  /02�  /0"�  /0"�  /0#�  /0 � !,0/�  101�  /0 �
##�  /+ + ,,-� �.!,.,,�  20/�  20��  2�  2�  /02�  /0/�  /0!�  /0"�  /0"�  /0 � !,0/�  10#�  /0 �
#1�  /+ + ,,-� �."#.,,�  20/�  20 �  /0-�  /0-�  /0/�  /0-�  /0!�  /0"�  /0#�  /0 � !,01�  10!�  /0 �
#/�  /+ + ,,-�  .,,.,,�  201�  20 �  2�  /0-�  /02�  /0-�  /0"�  /0!�  /0"�  /0�� !,0#�  10!�  /0��
#2�  /+ + ,,-�  .�#.,,�  201�  20 �  2�  /0-�  /02�  /02�  /0"�  /0"�  /0!�  /0 � !,01�  10!�  /0��
#-�  /+ + ,,-�  .!,.,,�  201�  20��  /0-�  /0-�  /0/�  20��  /01�  /0"�  /0!�  /0!� !,0#�  10 �  /0 �
1,�  /+ + ,,-�  ."#.,,�  202�  20!�  2�  2�  /02�  2�  /0"�  /0!�  /0!�  /0 � !,0#�  10��  /0 �
1��  /+ + ,,-� !.,,.,,�  201�  20��  /0-�  /02�  /02�  20!�  /01�  /0"�  /0!�  /0!� !,0#�  1�  /0��
1 �  /+ + ,,-� !.�#.,,�  201�  20��  2�  /0-�  /02�  2�  /0#�  /0"�  /0!�  /0!� !,0"�  10��  /0��
1!�  /+ + ,,-� !.!,.,,�  201�  20��  2�  /0-�  /02�  /0!�  /0#�  /0!�  /0 �  /0!� !,0"�  10��  /0��
1"�  /+ + ,,-� !."#.,,�  201�  20��  /0-�  /0-�  /02�  2�  /0"�  /0!�  /0 �  /0!� !,0"�  10��  /0��
1#�  /+ + ,,-� ".,,.,,�  201�  20��  /0-�  /0-�  /0/�  2�  /0#�  /0!�  /0 �  /0!� !,0"�  10��  /0��
11�  /+ + ,,-� ".�#.,,�  201�  20��  /0-�  /02�  /0/�  2�  /01�  /0"�  /0!�  /0!� !,0!�  1�  /0 �
1/�  /+ + ,,-� ".!,.,,�  201�  20��  /0-�  /0-�  /0/�  2�  /0#�  /0!�  /0!�  /0 � !,0!�  #0-�  /0 �
12�  /+ + ,,-� "."#.,,�  20#�  20��  2�  /0-�  /0/�  2�  /0-�  /0#�  /0!�  /0"� !,0 �  #02�  /0��
1-�  /+ + ,,-� #.,,.,,�  20#�  20��  /0-�  /0-�  /02�  20��  /01�  /0!�  /0!�  /0 � !,0 �  #02�  /0 �
/,�  /+ + ,,-� #.�#.,,�  20#�  20��  2�  /0-�  /02�  /02�  /0#�  /0#�  /0!�  /0!� !,0��  #02�  /0��
/��  /+ + ,,-� #.!,.,,�  201�  20��  /0-�  /0-�  /02�  20��  /01�  /0!�  /0 �  /0 � !,0��  #02�  /0��
/ �  /+ + ,,-� #."#.,,�  20#�  2�  /0-�  /0-�  /02�  /0-�  /0"�  /0 �  /0 �  /0 � !,0��  #02�  /0 �
/!�  /+ + ,,-� 1.,,.,,�  201�  20��  2�  /0-�  /02�  2�  /0#�  /0!�  /0 �  /0 � !,0��  #02�  /0 �
/"�  /+ + ,,-� 1.�#.,,�  20"�  2�  /0-�  /0-�  /02�  /0-�  /0#�  /0!�  /0!�  /0 � !,�  1�  /0 �
/#�  /+ + ,,-� 1.!,.,,�  20"�  20��  /0-�  /0-�  /02�  /0-�  /0"�  /0!�  /0!�  /0 � !,0��  10!�  /0��
/1�  /+ + ,,-� 1."#.,,�  201�  20��  /0-�  /0-�  /02�  /0-�  /0"�  /0!�  /0!�  /0�� !,0��  10/�  /�
//�  /+ + ,,-� /.,,.,,�  201�  20��  2�  2�  /02�  2�  /0#�  /0 �  /0 �  /0�� !,0��  /�  /�
/2�  /+ + ,,-� /.�#.,,�  201�  20��  2�  /0-�  /02�  2�  /0"�  /0!�  /0 �  /0 � !,0 �  /0"�  /0��
/-�  /+ + ,,-� /.!,.,,�  20#�  20��  /0-�  /02�  /02�  /0-�  /0#�  /0"�  /0!�  /0!� !,0!�  /0/�  /0��
2,�  /+ + ,,-� /."#.,,�  201�  20��  /0-�  /0-�  /0/�  20 �  2�  /01�  /01�  /0#� !,0!�  2�  /0��
2��  /+ + ,,-� 2.,,.,,�  20#�  2�  /0-�  /0-�  /02�  20"�  201�  /02�  /02�  /0/� !,0"�  20"�  /0��
2 �  /+ + ,,-� 2.�#.,,�  20#�  2�  /0-�  /0-�  /02�  /0-�  20"�  20 �  20!�  20�� !,0"�  201�  /0��
2!�  /+ + ,,-� 2.!,.,,�  201�  20��  2�  /0-�  /02�  20-�  -0!�  20��  /0-�  20�� !,0#�  20-�  /�
2"�  /+ + ,,-� 2."#.,,�  201�  20��  2�  /02�  /02�  20/�  -0 �  -�  201�  202� !,0/�  -0#�  /�
2#�  /+ + ,,-� -.,,.,,�  201�  20��  /0-�  /02�  /02�  20-�  -0!�  -0��  -0��  -� !,02� !,0"�  /0��
21�  /+ + ,,-� -.�#.,,�  201�  20��  20��  /0-�  /02�  -0 � !,0!�  -0 �  -0��  -� !�� !,0"�  /0��
2/�  /+ + ,,-� -.!,.,,�  201�  20��  /0-�  /0-�  /02�  -01� !,0"�  -01�  201�  -0"� !�0 � !,0"�  /�
22�  /+ + ,,-� -."#.,,�  201�  20��  2�  /02�  /02�  -0/� !,01� !,�  -0�� !,� !�0!� !,01�  /0��
2-�  /+ + ,,-� �,.,,.,,�  201�  20 �  2�  /0-�  /02�  -0#� !,0/�  -0"�  -0 �  -0"� !�0#� !�0��  /�
-,�  /+ + ,,-� �,.�#.,,�  201�  20 �  2�  /0-�  /02� !,0�� !,0-� !,�  -0#�  -02� !�0#� !�0"�  /0��
-��  /+ + ,,-� �,.!,.,,�  201�  20��  2�  /0-�  /02�  -0!� !,0-� !,0!�  -0/� !,� !�0#� !�01�  /�
- �  /+ + ,,-� �,."#.,,�  201�  20 �  2�  /02�  /02� !�0�� !�0�� !,02�  -01� !,0-� !�0#� ! �  /0��
-!�  /+ + ,,-� ��.,,.,,�  201�  20 �  2�  /0-�  /0/�  -02� !�0!� !,0/� !,0"� !,0#� !�01� ! 0 �  /�
-"�  /+ + ,,-� ��.�#.,,�  201�  20 �  /0-�  /02�  /02� !,0-� !�0 � !,0#� !,0�� !,0"� !�0/� ! 0"�  /0��
-#�  /+ + ,,-� ��.!,.,,�  20/�  20 �  2�  /02�  /02� !�0!� !�0!� !�� !,0!� !,02� ! � ! 01�  /�
-1�  /+ + ,,-� ��."#.,,�  201�  20��  /0-�  /0-�  /02� !,02� !�� !,0-� !,02� !,0/� ! 0 � !!�  /�
-/�  /+ + ,,-� � .,,.,,�  20/�  20!�  /0-�  /02�  /02� !�0-� !�0/� !�0"� !,0!� !�0 � ! 0�� !!0 �  /�
-2�  /+ + ,,-� � .�#.,,�  -01�  20!�  /0-�  /02�  /01�  20 �  2�  /02�  /0#�  /01� ! 0�� !!0!�  /0��
--�  /+ + ,,-� � .!,.,,�  -0/�  20"�  2�  /0-�  /0/�  20��  /02�  /01�  /0!�  /0#� ! 0�� !!0!�  /�
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�,1�  /+ + ,,-� �".�#.,,�  -0-�  20!�  20��  2�  /0/�  20!�  /0-�  /0/�  /0"�  /0#� ! 0#� !!01�  /�
�,/�  /+ + ,,-� �".!,.,,�  -0-�  20!�  20��  2�  /0/�  20#�  20��  /02�  /0#�  /01� ! 01� !!0#�  /0��
�,2�  /+ + ,,-� �"."#.,,� !,0!�  20!�  20��  2�  /0/�  20"�  20��  /0-�  /01�  /0/� ! 01� !!0"�  /0��
�,-�  /+ + ,,-� �#.,,.,,� !,0!�  20"�  20��  /0-�  /0/�  20#�  2�  /0/�  /0#�  /0#� ! 01� !!0!�  /0��
��,�  /+ + ,,-� �#.�#.,,� !,0!�  20#�  2�  2�  /0/�  20"�  2�  /02�  /0#�  /01� ! 01� !!0!�  /�
����  /+ + ,,-� �#.!,.,,� !,0 �  20#�  20��  /0-�  /0/�  20"�  /0-�  /0-�  /0#�  /0/� ! 01� !!�  /�
�� �  /+ + ,,-� �#."#.,,� !,0"�  20#�  20��  2�  /02�  20!�  /0-�  /02�  /0#�  /0/� ! 01� ! 02�  /0��
��!�  /+ + ,,-� �1.,,.,,� !,0 �  20!�  2�  2�  /02�  20!�  /0-�  /02�  /0#�  /0/� ! 01� ! 0/�  /0��
��"�  /+ + ,,-� �1.�#.,,� !,0"�  20 �  2�  2�  /0-�  20#�  2�  /02�  /0"�  /0/� !!� ! 0"�  /�
��#�  /+ + ,,-� �1.!,.,,� !,0#�  20!�  20��  2�  /02�  201�  20��  /02�  /0#�  /0/� ! 0/� ! 0��  /0��
��1�  /+ + ,,-� �1."#.,,� !,0"�  20"�  20��  2�  /0-�  20"�  2�  /02�  /0#�  /0/� ! 01� !�0-�  /�
��/�  /+ + ,,-� �/.,,.,,� !,0"�  20!�  2�  2�  /02�  20#�  20��  /02�  /0#�  /0/� ! 0#� !�0#�  /0��
��2�  /+ + ,,-� �/.�#.,,� !,0!�  20"�  20��  2�  /02�  20"�  2�  /0/�  /0#�  /0#� ! 0#� !�0 �  /0��
��-�  /+ + ,,-� �/.!,.,,� !,0"�  20!�  2�  2�  /02�  20#�  2�  /02�  /0#�  /01� ! 0"� !,0-�  /�
� ,�  /+ + ,,-� �/."#.,,� !,0"�  20!�  20��  2�  /02�  20"�  2�  /0/�  /0"�  /0#� ! 0"� !,01�  /0��
� ��  /+ + ,,-� �2.,,.,,� !,0"�  20!�  20��  2�  /0-�  20#�  20��  /0-�  /0#�  /0/� ! 0"� !,01�  /�
�  �  /+ + ,,-� �2.�#.,,� !,0!�  20!�  20��  2�  /02�  20#�  20��  /02�  /0#�  /0/� ! 0#� !,0"�  /0��
� !�  /+ + ,,-� �2.!,.,,� !,0"�  20"�  20��  2�  /02�  20"�  2�  /02�  /0#�  /0/� ! 0#� !,0 �  /�
� "�  /+ + ,,-� �2."#.,,� !,0!�  20!�  20��  /0-�  /0-�  20"�  2�  /02�  /0#�  /0/� ! 0#� !,�  /�
� #�  /+ + ,,-� �-.,,.,,� !,0!�  20"�  20��  2�  /02�  20#�  20��  /0-�  /0#�  /0/� ! 0#� !,�  /0��
� 1�  /+ + ,,-� �-.�#.,,� !,0"�  20!�  20��  2�  /02�  20#�  20��  /02�  /0#�  /0/� ! 0"�  -0-�  /�
� /�  /+ + ,,-� �-.!,.,,� !,0"�  20!�  20��  2�  /02�  20"�  2�  /02�  /0"�  /0/� ! 0"�  -0-�  /�
� 2�  /+ + ,,-� �-."#.,,� !,0"�  20!�  20��  2�  /0-�  20#�  2�  /0/�  /0#�  /01� ! 0"�  -02�  /0��
� -�  /+ + ,,-�  ,.,,.,,� !,0 �  20!�  20��  2�  /02�  20"�  2�  /0/�  /0"�  /01� ! 0!�  -0/�  /�
�!,�  /+ + ,,-�  ,.�#.,,� !,0!�  20!�  2�  2�  /02�  20!�  2�  /0/�  /0"�  /01� ! 0!�  -0#�  /0��
�!��  /+ + ,,-�  ,.!,.,,� !,0 �  20!�  20��  2�  /02�  20"�  2�  /02�  /0"�  /0/� ! 0 �  -0!�  /�
�! �  /+ + ,,-�  ,."#.,,� !,0 �  20!�  20��  /0-�  /02�  20!�  /0-�  /02�  /0"�  /0/� ! 0��  -�  /0��
�!!�  /+ + ,,-�  �.,,.,,� !,0!�  20!�  20��  20��  /0-�  20!�  2�  /02�  /0#�  /01� ! �  20/�  /0��
�!"�  /+ + ,,-�  �.�#.,,�  -0-�  20!�  20��  /0-�  /0-�  20!�  /0-�  /02�  /0"�  /01� ! �  20!�  /0��
�!#�  /+ + ,,-�  �.!,.,,� !,�  20 �  2�  2�  /0-�  20!�  /0-�  /02�  /0#�  /01� !�02�  2�  /0��
�!1�  /+ + ,,-�  �."#.,,� !,0��  20 �  20��  2�  /0-�  20 �  /02�  /0/�  /0"�  /01� !�0/�  /02�  /0��
�!/�  /+ + ,,-�   .,,.,,� !,0 �  20 �  2�  2�  /0-�  20 �  /02�  /0/�  /0#�  /01� !�01�  /01�  /0��
�!2�  /+ + ,,-�   .�#.,,� !,0��  20 �  20��  2�  /0-�  2�  /02�  /01�  /0!�  /0"� !�0#�  /0"�  /0 �
�!-�  /+ + ,,-�   .!,.,,� !,0��  20��  2�  20��  /02�  20��  /02�  /01�  /0"�  /0"� !�0!�  /0!�  /0��
�",�  /+ + ,,-�   ."#.,,� !,0��  20��  2�  2�  /02�  2�  /0/�  /0#�  /0!�  /0"� !�0 �  /0��  /0��
�"��  /+ + ,,-�  !.,,.,,�  -0-�  20 �  20��  20��  /02�  2�  /0/�  /01�  /0!�  /0"� !�0��  /�  /0��
�" �  /+ + ,,-�  !.�#.,,�  -02�  20��  2�  2�  /0/�  /02�  /01�  /0#�  /0 �  /0!� !��  10-�  /0 �
�"!�  /+ + ,,-�  !.!,.,,� !,0!�  20��  2�  2�  /02�  2�  /01�  /0#�  /0!�  /0!� !��  10-�  /0 �
�""�  /+ + ,,-�  !."#.,,� !,0 �  20��  2�  2�  /0-�  2�  /01�  /0#�  /0!�  /0!� !��  /�  /0 �
�"#�  2+ + ,,-� ,.,,.,,� !,0!�  20��  2�  2�  /02�  /0-�  /01�  /0"�  /0!�  /0!� !��  /0��  /0��
�"1�  2+ + ,,-� ,.�#.,,� !,0!�  20��  2�  2�  /0-�  /0-�  /0#�  /0"�  /0 �  /0!� !��  /�  /0��
�"/�  2+ + ,,-� ,.!,.,,� !,0!�  20��  2�  2�  /02�  /0-�  /0#�  /0"�  /0!�  /0!� !��  10-�  /0��
�"2�  2+ + ,,-� ,."#.,,� !,0 �  2�  2�  2�  /02�  /0-�  /01�  /0"�  /0!�  /0!� !��  10-�  /0��
�"-�  2+ + ,,-� �.,,.,,� !,0 �  20��  2�  2�  /02�  /02�  /01�  /0#�  /0 �  /0"� !��  102�  /0��
�#,�  2+ + ,,-� �.�#.,,� !,0��  2�  /0-�  /0-�  /0/�  /0-�  /01�  /01�  /0!�  /0#� !,0-�  10/�  /0��
�#��  2+ + ,,-� �.!,.,,� !,0 �  2�  2�  2�  /02�  /02�  /01�  /0"�  /0 �  /0!� !,0-�  101�  /0 �
�# �  2+ + ,,-� �."#.,,� !,0��  2�  2�  2�  /02�  /0-�  /01�  /0"�  /0!�  /0!� !,02�  10#�  /0 �
�#!�  2+ + ,,-�  .,,.,,� !,0��  2�  2�  2�  /02�  /0-�  /01�  /0#�  /0 �  /0"� !,02�  10#�  /0 �
�#"�  2+ + ,,-�  .�#.,,� !,0 �  2�  2�  2�  /02�  /02�  /0#�  /0"�  /0 �  /0"� !,0/�  10"�  /0��
�##�  2+ + ,,-�  .!,.,,� !,0��  20��  20��  20��  /02�  /02�  /01�  /0#�  /0!�  /0#� !,0/�  10"�  /0 �
�#1�  2+ + ,,-�  ."#.,,� !,�  2�  2�  2�  /02�  /02�  /0#�  /0"�  /0 �  /0!� !,01�  10!�  /0 �
�#/�  2+ + ,,-� !.,,.,,� !,0��  2�  2�  2�  /02�  /0/�  /0#�  /0"�  /0 �  /0!� !,01�  10!�  /0 �
�#2�  2+ + ,,-� !.�#.,,� !,0��  2�  2�  2�  /02�  /0/�  /0"�  /0"�  /0 �  /0!� !,0#�  10 �  /0 �
�#-�  2+ + ,,-� !.!,.,,� !,0��  2�  2�  2�  /02�  /0/�  /0#�  /0"�  /0 �  /0!� !,0#�  10��  /0 �
�1,�  2+ + ,,-� !."#.,,� !,0��  20��  2�  2�  /02�  /02�  /0"�  /0!�  /0 �  /0 � !,0#�  10��  /0��
�1��  2+ + ,,-� ".,,.,,� !,0��  2�  2�  2�  /02�  /01�  /0"�  /0!�  /0 �  /0 � !,0"�  10 �  /0��
�1 �  2+ + ,,-� ".�#.,,� !,0��  2�  2�  2�  /0-�  /0/�  /0#�  /0!�  /0 �  /0 � !,0"�  10��  /0 �
�1!�  2+ + ,,-� ".!,.,,� !,0��  2�  2�  2�  /02�  /01�  /0"�  /0!�  /0 �  /0 � !,0!�  10��  /0 �
�1"�  2+ + ,,-� "."#.,,� !,0��  2�  2�  2�  /02�  /0/�  /0"�  /0!�  /0 �  /0 � !,0!�  1�  /0 �
�1#�  2+ + ,,-� #.,,.,,�  -0-�  2�  2�  2�  /02�  /01�  /0#�  /0"�  /0 �  /0!� !,0!�  1�  /0!�
�11�  2+ + ,,-� #.�#.,,� !,0��  2�  2�  2�  /0-�  /0/�  /0"�  /0!�  /0 �  /0 � !,0 �  1�  /0 �
�1/�  2+ + ,,-� #.!,.,,� !,�  2�  2�  2�  /0-�  /01�  /0"�  /0!�  /0 �  /0 � !,0 �  10��  /0 �
�12�  2+ + ,,-� #."#.,,� !,�  2�  2�  2�  /02�  /01�  /0"�  /0 �  /0 �  /0�� !,0 �  10��  /0��
�1-�  2+ + ,,-� 1.,,.,,� !,�  2�  2�  2�  /0-�  /01�  /0"�  /0!�  /0 �  /0!� !,0��  10 �  /0��
�/,�  2+ + ,,-� 1.�#.,,� !,�  2�  2�  2�  /0-�  /01�  /0!�  /0 �  /0��  /0 � !,0��  10"�  /0��
�/��  2+ + ,,-� 1.!,.,,�  -0-�  /0-�  2�  2�  /0-�  /01�  /0"�  /0!�  /0 �  /0 � !,0��  101�  /0��
�/ �  2+ + ,,-� 1."#.,,�  -0-�  2�  2�  2�  /02�  /01�  /0"�  /0!�  /0 �  /0 � !,0��  10/�  /0 �
�/!�  2+ + ,,-� /.,,.,,�  -02�  /0-�  2�  2�  /02�  /01�  /0"�  /0!�  /0 �  /0 � !,0��  /�  /0 �
�/"�  2+ + ,,-� /.�#.,,�  -02�  /0-�  2�  2�  /0-�  /01�  /0#�  /0!�  /0 �  /0 � !,0��  /0"�  /0 �
�/#�  2+ + ,,-� /.!,.,,�  -0-�  /0-�  /0-�  2�  /0-�  /0/�  /0#�  /0!�  /0 �  /0 � !,0��  /0/�  /0 �
�/1�  2+ + ,,-� /."#.,,�  -0-�  2�  2�  2�  /02�  /01�  /0"�  /0!�  /0 �  /0 � !,0 �  2�  /0 �
�//�  2+ + ,,-� 2.,,.,,� !,�  2�  /0-�  2�  /02�  /0/�  /0#�  /0"�  /0 �  /0!� !,0 �  20"�  /0 �
�/2�  2+ + ,,-� 2.�#.,,�  -0-�  2�  2�  2�  /0-�  /0/�  /0#�  /0"�  /0 �  /0!� !,0!�  20/�  /0��
�/-�  2+ + ,,-� 2.!,.,,�  -02�  2�  2�  2�  /0/�  /02�  /0#�  /0"�  /0!�  /0!� !,0!�  -0��  /0��
�2,�  2+ + ,,-� 2."#.,,� !,�  2�  2�  2�  /0-�  /02�  /0#�  /0#�  /0 �  /0"� !,0#�  -02�  /0 �
�2��  2+ + ,,-� -.,,.,,� !,0��  2�  20��  2�  /0-�  /0-�  /01�  /0#�  /0!�  /0"� !,0/� !,�  /0 �
�2 �  2+ + ,,-� -.�#.,,� !,�  20��  20��  20��  20!�  /02�  /0#�  /0#�  /0"�  /0"� !,02� !,0#�  /0 �
�2!�  2+ + ,,-� -.!,.,,�  -0"�  20��  20��  /0-�  20��  /0-�  /0#�  /0#�  /0"�  /0"� !,0-� !,0/�  /0 �
�2"�  2+ + ,,-� -."#.,,�  -01�  20��  20��  2�  2�  /02�  /0#�  /0#�  /0!�  /0"� !�� !��  /0 �
�2#�  2+ + ,,-� �,.,,.,,�  -0/�  20��  20��  2�  2�  /02�  /01�  /0#�  /0!�  /0"� !�0�� !�0#�  /0 �
�21�  2+ + ,,-� �,.�#.,,� !,�  20 �  20��  2�  2�  /0-�  /01�  /01�  /0!�  /0#� !�0!� !�01�  /0 �
�2/�  2+ + ,,-� �,.!,.,,�  -0-�  20��  2�  2�  2�  /0-�  /01�  /0#�  /0!�  /0"� !�0"� !�0-�  /0��
�22�  2+ + ,,-� �,."#.,,�  -02�  20��  20��  /0-�  2�  2�  /0/�  /01�  /0"�  /0#� !�0#� ! 0��  /0��
�2-�  2+ + ,,-� ��.,,.,,� !,�  20 �  20��  2�  2�  2�  /0/�  /01�  /0!�  /0#� !�01� ! 0#�  /0 �
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