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� ��W�e��
��Y»x�Ws�§��~�©±U�x�§����s���§�§h���Y�x�Ws�Y���fÃ��Y�[c[�§�©±U�x�UW�}�ix[�¨UW�§�§h��¿ÃU�[�
�Æ£g»W�Y»»��[f��§�ª�U�x[l���©¯gx[��¬°U���¿�f����¶±�§��sUW�©±U�w�±�s[�¶ix[l���]
�U�»»�ÃU�[���[�§Ã�Y�Wxn�§�Y���l�§�©±U�x�§Ã��Y�i�lx�§�©±U�x�§��gWUx��§��iWU���§��¼����§�©±U�xW
�©ipU»x��¬°U»��Ã�Y»�]�£�¿ÃU»»�[���]��©¯gx[��Y�fU������U�£Ã��sU����~�¿�p�[�§����¡�nW
�Y»»���~i[�§�Y�±U`[�§��Y�~U�]�§��Y����x[�§�Ysn��U��¶±�§��sUW��©g�g`�ª�U�x[l§�U�W�ªi�t

� ���������½U���§�Ãi[��ªUsc�Ã�½U���§���¥�Y~Ur¥
� ������S���W�YaY�¦�¨°S�v�¦�{�gvY�����

� �¶±�§��sUW�©±U�w���~�s�lW�§�U������W� •
� ��Ï�YWi[�§����¼�|W���W��§�bsl£�}��|[���w���h����s[�U��;UW�U{Ã� •

�¶±�§�Z»c[��»»�§i�w�·U»n��Å��ÁUl��§�Y�Ã§j��Y`�[��Mn���Åh�§�º§i��§���� •
� �� ��Á²Uf���½U��£����gx[��Âi�|��Ã£���»l���ÁU�£�¡§�l

�Å±§i»c�§�ÀU»t��§��»»��¡j`��¶±�§�YWi[�¿U�x[l§����Å±§ic�§�±�t���§���Ã� •
� ��Ð���W���

�¹U»�[��§�·Ãi»n��»�~�i»»~§�[[�¶±�§��sU»W��~���W��Y�U������x�§����§���� •
�Y»�cÃi�§Ã�Y�»»l���§Ã�Y�¯U��§�³U��§�ªU`UcW���[Ã�¯Up[��§Ã�¿U�»`�§Ã�Y�U»[��§Ã
�ª§¯g»c��¿»t��»»~Ã�¿SUl��§��lcMWÃ�©i~�[��§�ªU�U���§�¯Ãgc��~��Y�wU�[`�§Ã

� ��\cUW�§��Yl§±g�§���¥�¨i��§����}�ix[�§�§h�Ã �Ys�c��§�YS�W�§Ã�ÁU���§
�
�
�
�
�
�
�

�
                                            

� Golany,1983,p4��Ï�
� (http://www.greenbuilder.com/sourcebook,p2)��Ð�
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� ��W�v�Uq�W�}�d
�U�»»W���[c[�¶±�§��sUW��~�U�[��W�±��s�§Ã�¿W�ªU�§��c�§Ã�ª§inc�§����i�]����W[������

� ��©±§ic�§�Y`±¯�©gn����Ã£�Ä���§�ªU�§��c�§�msW����¡§�l�Yx�Ws�§�©�l����
�}»c§Ãj�§�Ã�V�U»x]�§Ã�U�»»w§��£�v��`W�¶±§���§�±�c`���°���w�Y�]��§�i�n£���Ã�����
�Z»���[�U»����¡§i»»cp�§�ªU�§��c����U�i�{Ã��wU~�§�¹§��£�qxWÃ�o�iW�W£Ã�¡UWic�U�
�¿»»c��§�¹§��£�qxWÃ�¿���§���¥�Y~Ur¥�¶±�§��sUW��~�©U�c�§�v��V�U�x�§Ã�¨±U�x�§�qxW
�¿»��¿»»f§g��§�¯gx[Ã�U�[i]�Ã�½U���§��WUn[~���h��¿t�UW�Á§��c���±�c`�§�b�l[Ã�i�WUWg�§Ã
�Y»`±¯��»��¿»»��[���U[�UWÃ�Y���[�§���w�gwUl[�Y��f§¯�Y�S§���ª§±U�[���f���w�gwUl����°
�¿»���§Ã�g»»�f�§�½U��£��~�U���Y���[�§�¶i|W��Y�csl�§�½U���§�Á��[�U��;UW�U{�\�c�©±§ic�§
�½±U»c�§����i�§�bsl�§���w�©¯ÃiW�§Ã�©±§ic�§�ªU`±¯���W�¸�c���§�¼�[f�§���¥���°�Ä¯£Ã
���w�¡§icp�§��~�¶±§���§�±�c`��~�©°�fM��§�ªUlU���§�Z�¯�g�Ã��¶±�§�Zc[��[�§���[Ã
��»»�¥�¿p��Åh�§�����§�Y�U��Ã�ic`�§�Yc[~���W�Y��S��Y`±¯��ÑÓ����w�g�j��©±§ic�§��~�½i~
��»»~�Á§��c���Y���£�©j�����h��½U���§Ã�¿f§g��§�¯gx[�~���h����Ï�¶±�§�Zc[��l��ÓÎ����w

� ��Ô½ Ï�Ï��¿U�n£�isf�§�ª�Uc
�

� ��(Marmots)��¶��g��¦�Â¢�«Âg��¦�§��
�U»��i�£Ã�Y��U�»n�§�U»��i�£�s»»l§Ã£��~�Y�Wnx�§��r§±�§���w�©i�W��ª§i�x[l���~�m�x[
�ªU»S��U��Ã��¶±�§�Zc[�ª§i[������©gx��;U�U�c£�g[�[�©g�x��Y�Wn�U�±�c`�¿�n[Ã��Y�W��`�§
�U�»�sW[�Y�»l�Si�§�©i»»`c�§����Z�W�§�Á��[�Ã��±U[�£�Y]�]��c��U��U�w£�sl�[�Ã��¿f§g��§
� ��W�½U���§�Âh���~�Á§��c�§�Ájf�Ã��Y�����[�§�ªU�U���§Ã�ªU{§i��§�qxWÃ��Y�wU��§�mSUnc�§
���i�»»n£�Ô��c��i�[l��ªUWl��~�V�h[�\�c��¡U[n�§��l����¡§h|��m��§�����`��ÑÎ½ ÐÎ
��Y»��S�ÍÕ½ ÍÓ��»»�W�U���[±§ic�Y`±¯�¿p[Ã�ª�r��§�¬§if¥�Ã£�ÀUxs���Ä�l�����¬if[
�gwU»»l�Ã��©¯ÃiW�§�Y`±¯�¿�[�\�c�}�p�§�¿p~��~�U���¥�¿�[�[�Y�csl�;U�U��£�U�rxW���W[Ã
�g»�[x��§h»��©¡U»r�§�Ä�[»»l��¿���U���W��Y���[�§����VlU���±g��i�~�[���w�¿f§g��§�¯gx[

� �Y����§��n�§�YlUc���w���ic[��~�Á§��c�§
�À�»WÃ���wU»~�§�¹§�»�£�q»»xW�¿]��Á§��c�§�§h��±�c`�Äif�§�ªU�§��c�§�qxW�Àgf[l[

� ��(Frisch,K.,1975,p263)���ÐÖÏµ�Á§��c�§�Yw�l����±�c`�§

                                            

� �ÑÓµ�Á§��c�§�Yw�l����ÀU��±U~��Ï�
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�i»c`�§�slÃ�§�br�����(Marmots)�¶±�§��sUW��~�¶±§���§�±�c`�gc��©±�p���Ñ�Ð�Ï��Ï�¿�n
�i»����Ð��Y�»»l�Si�§�©i`c�§��Ï�Á§��c������p�ic`���~�±Ul��§���¥�¿�n�§�U���W��Á§��c���Å�[n�§Ã��S§g�§

� (Frisch,K.,1975,p263)�����[
�

� ��(Mole)�e�d�¦
�U�»l§±�Ã£Ã�U»W±ÃM����U»»x�§����©g�gw��sU����~�m�x��ª§inc�§����¢����Åg]�Á§��c���
�\»�c�À�ÒÎ½ �ÑÎ��»»�W�­Ã§i[[�Y�s����~�¶±�§��sUW��~�m�x�����[��i��§Ã�ÁUWU��§Ã
��»�¥�¿p�Ã��l�ÑÎ���¥�ÏÎ���W�­Ã§i[����w���wÃ��lÐÎ�is�W�½U���UW�Y�s���§�Âh��R�[�[
�Y»Wi[�§��»��ªU»»����¿�n��~�bsl�§���w�i�c�§�ªU��f��i�t[Ã��¡U[n�§��l§����~��lÔÎ
��Y���»l�§�½U»»���§��~�¡§���§���ic[Ã�g�g`[��¡§���}�����¿�x[�Y���[���½U��£���h��U���f[[
�©i»`c�§Ã��¡§h»|�§��»�jf[��ª§i»»`cÃ�����[�§�½U��£����Yw��`�������h��Z�W�§�Á��[�Ã
�v»��`��»~�½U»���§�U�»���Vx»n[[Ã��Y����iW�£�Zc[�;UW�U{�Á��[��[�§Ã��mx�§��Y�l�Si�§
�Ys»l§�W��»»��is���¥�g�f�§�Åg[��Ã��Y���[��Ã�isf�§�g�w�¨Ãi����ÁU�£�ip�x��ªU�U`[�§
�¿�»l�UW�U��»»`U[c���Ã�Æ§g`���[i�|p�����w�Á£�\�c����gW���w�©¯�`���Y�±Uxn[l§�³§�c

� ���;UW�i�[�©¡Ur�§�À§gx���Æ§it�
�
�
�
�
�
�
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��ÀU�»�±U~���g�f�§�Á§��c��½U��£�Yw��`����Ò��Ï�¿�n
� �ÐÐ×�µ��Á§��c�§�Yw�l��

��Y»���x�§�Y»»����§��~�Y���[�§�½U��£���Ó��Ï�¿�n
� (Frisch,K.,1975,p249)�¡§�����}�����¿�x[

�
�
�
�
�
�
�

�©iS§g�§�¿]�[�U���W�ÀU�i�§�¿�[�¿]�[�¡§¯�l�§�s���§���g�f�§�Á§��c��½U��£�Yw��`�����~£�s�l����Ô��Ï�¿�n
� (Frisch,K.,1975,p249)�Y�l�Si�§�Y~i|�§

�
� ��(Beavers)�²e���§

�±U�»��§Ã�¿Ã§g»`�§�¼U»»�r���w�m�x��g�`�¡U�W���Ã��¶±§���§�¹§��£�iW�£�³g���§�iW[x�
�Å±U»»`��§�Âh��¼U�r���w��[�W���W�Ã��U�l£Ã�Y��U�n�§�U��i�£Ã�UW±Ã£��~��YWhx�§�ª§i�cW�§Ã
�©i»»`c�§��]�ÀUxs�§�©i`c�������¡U��§�Zc[�;U��~g��;U�S§¯�Á����¿fg�����Z�W�§�Á��[�Ã�Y�SU��§
��»»��K[��Y`�[����s�§Ã�¨Unf�§�qxWW�}�l�§���wg[���¥�³g���§�¬U[c��g���i]�£�Ã£�Y�l�Si�§
�b»»Wp[��[c�;U�U�[�}�l�§���w��[M��g��Åh�§�Ã���W�l���¹U�[±§Ã�¡U��§�ic��VWlW����l�Y��Ã
�"Lodge"�¨�¼i»»x[��[�§Ã���s�§Ã�Vnf�§����Y����§�Âh��¿f§¯�¿�U��UW�Y�l�Si�§�Y~i|�§

� ��ÏÎ½ Õ�Ï�¿U�n£
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�¡U��§�ic��¿gx���;UxW[�U���n�±�s[Ã�³g���§�Á§��c��Z�W��Y������ÏÎ�×�Ö�Õ��Ï�¿�n
� (Frisch,K.,1975,p269¾ 277)

� ��(Ants & Termites)�o�U�¦�¾���¦Â�¾���¦
�¿»���§�ª§i�x[»l��Y»pUf��¶±�§�Z»»c[�¡U�W�§��~�Æ§±�s[�ªU�§��c�§�i]�§����¿���§�gx�
�U��§i[»l£�Ã�U»W±Ã£��»»~�"Red Wood Ants"�i�c�§�Vnf�§�¿���ª��W�¾U��~��q�W�§
�¶±�§�½�»~�Y»»����U���i�t[�g�Ã�¶±�§�Zc[�Y��U[�§�iW��p�§�±U`n£�±Ãh`��~�Á��[Ã
��©i»nUW��§�±U»s��§��»»��Y�U�c�¿�n[Ã��YWi[�§�i�c�ªU��f�����Á��[[�©i�x[l����¯§g[�U�
�ª§i»`c�U�»��[�Y»»���w�ªUw¯�[l�����©i�x[l��§�Á��[[�Ã��©i�x[l����Y���[�ÀUt��¿�n[Ã

� ��ÏÐ�ÏÏ�Ï�¿U�n£���ªU�Urc�§��q�W�§�ª§i`c��]�Yn�x��§
�
�
�
�
�
� �

�¿»���§�ªU����gc£��~�¹Us����ÏÏ��Ï�¿�n
�Y»Wi[�Ñ��i»�c�§�_[U»»��¿�i�§�Ð��ÀU�i�§�Ï
�©i`»»»»n�¹h»»»»`�Ò��m»»»»x�§

� (Frisch,K.,1975,p98)

��¿»���ª§i�x[»»l��gc��Åg�i`[��l±���ÏÐ��Ï�¿�n
��»»���§�U���W���SgW��mw�±Ul��§���¥�Y��§i[l�§�Vnf�§
�ª§i»`c�Ñ��Y»»n�x��§�ª§i`c�Ð��ªUw¯�[l��Ï��Àg�£

� (Frisch,K.,1975,p106)��k���[�§
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�Z»c[�¡U»�W�§��»~�Æ§g»»�i~�;U`°����U���i~£Ã�U��§i[l£��~�q�W�§�¿���§�ª§i�x[l��iW[x[�U��
��Y»��[f��§�ªU`�Ux��§Ã�Y���[�§Ã�¡Un��§�V��Ul£Ã�¿�n��~�Y�¯Ã�ÀUt������W�v[�[[�U���¶±�§

� ��ÏÓ½ ÏÑ�Ï�¿U�n£
�
�
�
�
�
�
�

�g»c£��»»~�q�W�§�¿���§�ª§i�x[l���©±�p���ÎÐ��Î�¾�l
�½i»»n�ÂU`[§�U��~�iW��§�v�r�§��`§��Ã��Y��§i[l�§�¿��l�§
�g»»c��»»»�¯£��»�¥��»l�n�§�¨U»l[��§�¿»���[��¨i»{

� (Frisch,K.,1975,p131)

��¿»»���§�ª§i�x[l��gc£���ÎÑ��Î�¾�l
��»f§g��U��~�i�t[Ã��U�W��]£��~�q�W�§

� (Frisch,K.,1975,p134�Y���[�§

�

�
�
�

�
�

��©g�{Ã£��~��¨���¬Ux�§�¿cUl��~���£���q�W�§�¿���§�ª��WW�Y���[�§�½U�������f[��l±����ÏÓ��Ï�¿�n
� �Abdin,Ph.D.,1982�

� �
��Ð��U��U�»l�¯g»»w�²ÃU`[�Ã��±U[�£�YxW±£Ã�Y]�]���W�q�W�§�¿���§�¿�[�¹U�[±§�­Ã§i[��g���

� �Á����
���f»l[��»[��\»»�c��;U�SU��[�Y���[�§�ÀUt��¿�x��¬Ux�§�¿cUlW�¿���§�¿�[�¬°�����~���£������
��Äi»»f�§�¿���§�ªUsUn�Ã�i�f[�§�Y���w�Ysl§�W��Y�`��l�§��Y�is��§�}�ÃU`[�§��~�¡§���§
�¿»f§¯�±U»»c�§�¡§���§�±U�[��s|r�§�½i~�Ysl§�W��W���c[�§��[�Ã��fUl�§�¡§���§�gxp��\�c
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��»[���¡§��»»�§�g�g`[��[��\�c����W����Y����U����§�YSi�§��¼§�c�§���w��csl�§�½U���§�ÀUt�
��»[�§Ã��»�jf[�§�Y»»�W�£��~�Y�S§���ª§±U�[�g����U����¼§�c�§�Âh�W�Â±Ãi��¡U�]£�¡§���§�g�iW[
�Y»�S§���§�ªU»{§i��§��»»�is��w�mx�§���¥�¡§���§�¯�x��¾U�����Ã�����l������ÀUt��YWU]�W

� ����w£���¥��fUl�§�¡§���§�v~g[���W�Ys�c��§
��»~�o���g`�����£��¥��ªU{§i��§�Yx�²�[�k���g`§�[[�§g�{ÃMW�¿���§�¿�[��¬°�����~��¨���
��»�is��»w�¡§��»»�§�Y�ic��[[�\�c��Y��f§g�§�Y���[�§�½U��£�Ã�Y�`±Uf�§�¯Ãgc�§���W�ÀU�i�§
��»�W��§�Y»»W���~�YslW���}�ÃU`[���¥�½U��£�iWw���w£���¥�mx�§��~��fUl�§�¡§���§�¯�xp
��»�w�Y���»l�§��»»�jf[�§�Y�W�£�b[�[Ã���fUl�§�¡§���§�¬ÃifW�b�l[�Y��Ul���sS§�cW�©Us|�
�m»x�§�Y»»�r±£�Á£�U����Y���l�§�}�ÃU`[�§Ã�mx�§����YW�i��Yr�iw�ª§����Ysl§�W�¬±Uf�§

� �Y���l�§�Y�W��§����¯±UW�§�¡§���§�g�g`[Ã�¿�f[W�­U�l���Y��Ul�
�

� ��(Trap-Door Spider)�°�aj��¦�§SU�¦�©�U��u
�Y»�SU��Y~�n���¶±£��~��[�W�i�c�Ã��U��§i[lM��Y�S§�[l�§��WnÃ�Y�S§�[l�§��sU���§��~�m�x�
�U��»l����»»]�¨Ux��§Ã�YWi[�§�ªUS�j`����s��fW��[i�c��sW����¡U��UW�t�[c[���U��£�\�c��
�g»r�§g»�`��²U»w�ªU�Ws�§�Âh��¿�n[�\�c��¿fg��§�¨i��YpUf�i�ic�§�·��f����Y�WsW
�¨i»»l[�Àgx��¿���§�ÀU�c¥�ÁU�r��¿�n�§��sÃif��¨UW�U~���h���Y�`±Uf�§�YW�si�§�±¯Up�
�b»»[~�Y�Uc��~�Y�p����¿�x[�Y�i�ic�·��fW�·�Wi����Ã��¡�r�§��[c�Ã£�¿f§g�§���¥�¡U��§

� ��ÏÕ�ÏÔ�Ï�¿U�n£��¨UW�§
�
�
�
�
�
�
�
�

�¶±�§��sUW��~��[�W���W����Ã��Y�S§�[l�§�V�U�x�§�gc£��±�cl��§�¨UW�§�ª�W��w���ÏÕ�ÏÔ��Ï�¿�n
� �(Frisch,K.,1975,p35,38)���ÏÔµ��Á§��c�§�Yw�l����ÀU��±U~�

�
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� ��(Bees)�¾a��¦
�¹§�»��§�Y»pUf���Ï�;U»[��W�Y»��W`�§�ªU���`[�§Ã�¶±�§��sUW����¿c��§�¹§��£�qxW�hf[[
��Halictus (Mining Bees)�±U»�c�§�¿c��§�U���Ã���ªUwU�`��~�m�x[����[�§���©¯i����§
�Y»��f§g�§�¼i»|�§�s»S§�c�¿j»»xW�À���Ã��Y���s�§�YWi[�§��~��[�W�¿c��§����¹���§�§h��i�c�
�Âh»��¿�»c�Y»»�S§���ªU{§i~�i�c���¥�Y~Ur¥��YW�si���Y�²Uw�Y�Ws�¿�n[�Y�x�n�ª§²§i~PW
��»�W�s»»|r�§�½i~�Y`�[��±§i�[lUW�¡§���§�¯g`[��U���W�;U�±§ic�;�jw�¿�n[�(Gaps)�¼i|�§

� ��ÏÖ�Ï�¿�n��¬if��§Ã�¿fg��§��[c[~
�±�»fp�§Ã�±U`c�§�¿r�����Ã�(Mason Bees)�¡U�W�§�¿c��§���h��g�c��§�¿c��§�¹§��£���Ã
�Åi»fp�§�±UW|�§����©i�|p�ª§i���w�©±UWw�U��f�§����Yw��`�����Á��[��Åh�§��[�W�¡U�W�
��»�|W�À�»»�[��]��©gc§Ã�Yr�WÃ�¿lx�§����Y������w�Å�[c[�Y��f�ÏÐ���¥�¿p[�g���¨Ux��§Ã

� ���Ï×�Ï�¿�n��·���§����Y�WsW�U�[�s|[Ã�U���W�U��~�ªU{§i��§
� �
�
�
�
�
�
�

�g»»c����g�Ux[�����l£±���wUs����ÎÕ��Î�¾�l
� (Frisch,K.,1975,p68)±U�c�§�¿c��§�ª��W

�� ¿c��§�ª��W�gc£��~�Y�i`c�U��f���ÎÖ��Î�¾�l
� (Frisch,K.,1975,p71)�¡U�W�§

�
��»»�Ã�(The Stone Bumble Bees)�ÁU�s�§�±U`c�§�¿c�W�¼ix��if¢�;Uw���¾U���Á£�U��
�ªU»���`[�§�Ã£�Á§iS��§�±�c`��~�Y�r±£�´Unw£���W����Ã�UW±Ã£����©g�gw�¡§j`£��~�in[��
��»���Æ§g»»�`�;�²Uw�YWi[�§�¿�n[Ã��YW�si�§�¿jx��v�n�§����Y�²Uw�Y�WsW�U��sW���Y�ifp�§

� ��ÐÎ�Ï�¿�n��¡U[n�§��l����~�g�`[�§�isf�ªU�i��§
�
�

                                            

� �ÔÖ��Y�¢�¿c��§�©±�l��Ï�
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�
� ��(Wasps)�g�USUe�¦

�Äi»f�§�ª§inc�§����U�[�U�c��¶±�§��sUW��~�U�nw���W[�i�WUWg�§�¹§��£�qxW���h��g`�[
� ���ÐÏ�Ï�¿�n��inUW��i�{�¿�nW�mx�§���¥�¿fg��§�Å¯N�Ã

�
�
�
�
�

�±�»c`�§�¿»c���´U»»nw�§�gc£���ÏÍ��Î�¾�l
�q»»»»»�W�§�k»»»�~�¡U»»»�]£�ÁU»»»�s�§

� (Frisch,K.,1975,p79)

���sU»W��»~�i�WU»»Wg�§�gc��mw���ÏÎ��Î�¾�l
�  (Frisch,K.,1975,p63)�¶±�§

�
� ��²��Y�U�¦�WqU

�

� ���ÏÏ��Î�¾�l

��»��Y�»l�l��»~�R»W[f[�³��[�W�§�YsW��ic`
�©i�»cW�§�Ã£�¿Ãg»`�§��»��£g»W[�©g�x��§�±�c`�§
� �ÐÏÕµ��Á§��c�§�Yw�l����ÀU��±U~����U��§i[l§�

�
�
�
�
�
�
�
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�
� ��W�d�°SY�W�}�d���Î�Î�

��»»����i�c��£gW~�U����UlW�Z�Ur�Á£�Z]W��U���[�§�Y�x�Ws�§�¼����§�¿Ã�§�ÁUl��§���l�����
�g»c��~�i�c���U~g��gxW�U��~�ZcWp£��[�§Ã�Y��gx��§�¿[��§�qxWW�Âi�»c�¡U�]£�Àgsp����l��W
�½U»»��£�ªg`Ã�\�c��`U���§�©±U�w���Ã�¶±�§��sUW�©±U�w����Äif£�Y�ci��£gW[����U�[§°
��»��©i�]����U�£��~Ã�ip���Y��in�§�¡§icp�§��~�¶±�§��sUW��~�©±��c��V�h����`U��Ã

� ���Ux�§
��sU»W��»»~�©±��c��§�±U]�§�V�{£�g`��§h��¡U�W�§Ã�©���UW�¶±�§��sUW�©±U�w�ZsW[±§�����
��»~���»��s£��»»~�Äi��U���¯��]��©���UW�ª²U[�§��[�§���������Á�§��[c�Y��UW�§Ã�¶±�§
�g»xW�\»xW�§Ã�©i»f�§�©U»�c�§��~�g�[x[�Z�U���[�§����§�Ã£��Y�Wix�§�©i�j`�UW�b�Up��S§g�
��¿W�»»l��W£Ã��ÅicW�§�i�g�U�����gWUx��qxWÃ���iWU���Á£�\�c�¡U�g��§����ip��U��ª���§

� �U����¡j`�Ã£�¶±�§��sUW��~�©±��c��U�g`�
�

� ��»����¦�¨°S�u� �Î�Î�Î�
� �������U����~�¼����§�g`§�[[

� ����l�§�i����w�Y�ifp�§�¼Ãi`�§�v��¬§���§��s�[����Mn�[�\�c�Rs§�n�§���w��
���
��»»~Ã��±�fp�§�iWw�YWWp[��§�Y�l���§�ÂU���§����Mn�[��[�§�Y�l���§��r§±�§��~�Y��f§¯�
���

� �������������U�iWw�Åi`[�¿Ã§g`Ã�ª§i�cW�V�¯§il�§�Âh�����i�]�
��»»~�³Ul�U�±£����¡§j`£Ã�U��Us�iW��~��CHEDDAR����Ux�§��~�¼����§�i�n£���Ã������
�¨�»�`�§�Ã�¨��`�§Ã�Ul�i~��~���h����Ï�U�~�l�`������Y��f§g�§��sU���§Ã��©gc[��§�ªU����§
�j�»�[[Ã�¡U»»r�W�§�¼����UW�¼ix[Ã�Å±U��§�®U���§�\�c�U�±�[�~�YxsU��W�U��§i[l����in�§
�g»�Ã�Y»���[�§Ã�©±U»����Y»»���w�ªUc[~Ã�Y�i`c�ªU�Uw¯�U�sl�[[�g�Ã��t[���i�{�¿�nW

� ��ÐÔ½ ÐÑ�Ï��¿U�n£�±�px�§�i����w�©g�gw�¶§i{£��~�Z�gf[l§
�
�
�
�

                                            

� �ÑÖµ�Á§��c�§�Yw�l����ÀU��±U~��Ï�
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�v»`i��Ul�i�W�}����~�¹Us����ÏÐ��Î�¾�l
��¯�»»»���§�¿»»W��Y�»»l�ÏÎÎÎÎ��»»�¥

� �ÐÒµ�Ï××Ö��©i�w�

��g»c���»l£±�¹U»»s�Ã���~£�s�l����ÏÑ��Î�¾�l
� ��Golany,1983,p41��Y��§i[l�§�¼����§

�

� �

�
�
�

���������������������������������������������������������������������������������������������������������������������
�

� ��
�
�
�

��~�Y�i`c�§�ªU�Uwg�§Ã�Y���x�§�Y���[�§�ªUc[~�U�W�i�t[Ã�U��§i[lMW�¡Ur�W�§�¼����§���ÏÓ�ÏÒ��Î�¾�l
���Golany,1983,p41���}p[���§

�
�z»�W[�\»�c����»�s����»»lUW�¼ix�Ã���U»x�§��~�}���iW�£�ÁU�w�Y�s�l��~�g`��Ã�����
�Á�»»���ÐÎ��[cUl��z�W[Ã��p��§�½in�§��~�¾���§i�l�}»���������ÑÀ�Á����ÑÎÎ��[cUl�



�
� ��Wººº�}�d�� W�YaY�¦�¨°S�v�¦���¾Â�¦�§SU�¦���W�YaY�¦�¨°S�v�¦

 

���¡

�¼��»��©g»w�g»`�[��»»�h����Ï�Ur�£�ÁU�w�Y�s�l��~���Ã��`�§�k�`��}��������Ã��ÑÀ
�Æ§i»t��Å±�»�W�§�i»p��§�}�»»��U�i�n£���Ã��Y�¯�xl�§�Y�Wix�§�Y�����UW�¡U��g�§�¡§icpW
��»��Á�»�[�Ã��ÐÖ�ÐÕ�Ï�¿�»»n�¿U[l�i��§��Wn[��[�§Ã����l����Y��g[��§�Y�l���§�ªU����[��
�¡j»`�§��»~Ã���Ð×�Ï�¿�»»n�Y��W�¡§ic�±U{Ã�±�]�±U{���h���Åi�`�§�i`c�§����ªU�Ws
��»~Ã��ÑÎ�Ï�¿�»»n���Us��§�Ãj|�§�gr�Á��W���§�U���¥�M`���[�§Ã�U�W��������in�§��W��`�§
�Åj�»�`��§Ã��l�i��§�m�`�§�U��gf[l§��[�§Ã��s���§�¿W`� �ª§±U|�� �¼����ªg`Ã�ip�
���U»»�£��~�ª§±U|��§�qxWÃ��ªU�Ã�§�qxW��~�g�`���ªU��]�Ã�Yc�l�§���jf[��Åip��§Ã

� �ip��g�xp����Y�i�[�
�
�
�

� ���
�
�

�i»p��§�}�»��¿»»f§g��gc£���ÏÔ��Î�¾�l
� (Sudicaves.com)��Y�¯�xl�UW�Å±��W�§

��©¡U»r�§�ªU»c[~�g»c��©±�p���ÏÕ��Î�¾�l
� ���WUl�§�±gp��§��Å±��W�§�ip��UW�Y���[�§Ã

�
�  

�
�
�
�

� Y��W�k�W���W£�¿W`W�¡§ic�±U{���ÏÖ��Î�¾�l
� ��Y��Ãg�§�Y�Wn�§���Y�i���§

�
�
�

��¨�»�`�§��»»~�Y�x�Ws�§�¼����§���ÐÍ��Î�¾�l
� ��±U[f��§�i�w����~���U�W������in�§

                                            

� �ÀÏ×××�Ò�×��À§i��§��Ï�
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�
�

� �gUS���¦�¨°S�u� �Ï�Î�Î�
�©U»»�c�§��~�g�[x[��[�§�ª§±Urc�§���[�YpUfÃ�±�W������[§±U�xW�©g�gw�ª§±Urc�ªj��[�����
�g��»»n[W���U�[�§����i]�£��[iW�����[±U�xW��[�§���rxW�Á£��[c��ª���§�gxW�\xW�§Ã�Äif�§
��»�±�W��Z»��WÃ�Z»»��~�g����±�p�Ã���±Ã¯�Á£�g`�~�Y��g��§�Y�ip��§�©±Urc�U���Âip�
��»��§�ÄÃM»��§��»��¿U»W`�§�Z�U»�Ã����[g��xW���g��§�Åip��§�¯U�[w§�®�l±���w�Æ§g�Un
� Á§�lMW�Y�ifp�§�iWU���§Ã��ip��UW�¾����§�Å¯§Ã�iWU��Ã�U����UW��lc���W�iWU��~����¯Ul`�

� ���°���w�Y�]��§�¿r~£���
�©i»»�j`�§��~�Y�ifp�§�iWU���§�ªi�t�g�~��Ãhc�§�§h��§hc������gcÃ�Á��ip��§�k��Ã�����
�Y~U»l���»»�w�v�[Ã��b�Up��S§g�����°���w�©i��n�§�Y�]��§���Ã�ÁU������i]�£��~�Y�Wix�§
� \�U]�§�Ái��§���¥�¯�x[Ã��i`c�§��»lUW�Á¢i��§��~�U�i»�°�¡U`�g�Ã���x�§�Y��g��¿U�n���ÏÓ
���¿U»]��§�¿�W»l��»�w��»»�h�����ÑÐ�ÑÏ�Ï��¿U�n£�Á¯±�UW�¡§i[W�§�Y��g�Ã��Ï�¯����§�¿W�
�Á§i»»�¥�Ã���W¯��~�¶±�§��sUW��~�©±��c��§Ã�Y��W`�§�iWU�����©¯gx[��¬°U���ªi�t�ipc�§
��WU»�£�Y�i�W�Y��g��Y���l�©i�x[l����Ã�Y���pW�ª§���§�Y��g�Ã��ÑÒ�ÑÑ�Ï��¿U�n£�U����±£Ã
��»[�Ã���s»l��§�±�»»px�§��~���l���¥�Z��c[��]��¯����§�¿W���~§g���Z�gf[l§�Y���pW

� ���ÑÓ�Ï�¿�n�Y��f§¯�Y�����ª§i���Ysl§�W�U���W�¿U�[��§
�
�
�
�
�
�
�

�¡§i»��§�iWU»���g»»c£���ÐÎ��Î�¾�l
���b�U»p��»»S§g�W�ifp�§��~�Y[�c���§
  Saudi���Y�¯�x»l�§�Y»»�Wix�§�Y�����UW

���Á¯±�U»W�¡§i[»W�§�Y»»��g�W�ip��§�b�ir���ÐÏ��Î�¾�l
� �Y��Ãg�§�Y�Wn�§�

                                            

� �¡§ixn�§�©±�l�ÏÒ×�Y�¢�������±U~�U[��W�¿UW`�§����Á�[c�[Ã������~�:§�¿U���Ï�
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� �Arabian Antiquities, 1975.p88)

�
�

� ��ÐÐ��Î�¾�l

�iWU»»»���§�g»c£��New Grange Tomb�
��»�W¯�����¨i��UW�¶±�§��sUW��~�©±��c��§

���������À�½��ÑÏÎÎ��Y�»»»»l��»»�¥�v»»`i[Ã
� ��Roth, 1993, P. 151�

�
�
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�
�

�©±�»�c��§�iWU���§�����Yw��`����ÐÑ��Î�¾�l
� ��Y��Ãg�§�Y�Wn�§���U����±MW�ifp�§��~

���Y»���pW�ª§�»��§�©i�x[»»l����ÐÒ��Î�¾�l
� �Y��Ãg�§�Y�Wn�§�

�©±U»»�x�§��~�©Ã±h�§�Z|�W�U���U»�iWU��W�¶±�§��sUW�©±U�w��~�©Ã±h�§�Z|�W�ip��Á£��¥
�¿Ã�§��[�»l�©iW»»���U�i�n£Ã�ip��UW�¾����§�Å¯§Ã��~���iWU���g`�~��½�s�§��`Ã���w
�Á§�»»lMW�Y�ifp�§�iWU���§Ã���Ñ×�Ï�¿�n�U����UW��lc���W�iWU��Ã���ÑÖ½ ÑÔ��Ï��¿U�n£
�¬±g»»[��ksU{�¿fg�����UW�U{�iWU���§�Âh��}�M[[Ã���ÒÏ�ÒÎ�Ï�¿�n���°���w�g�Un�i�f
�ªU»{§i~�U�s»l�[[�¿�»l���»�w£��»»��V�lU���§�Y`±g[��U�Wl��Y���s�ª§i������[�g�Un
�i]»�£���w�©iW���§�Å�[c[�g�Ã���~g�§�Y»~i{���¥�U���Ã�©g�w�§�ª�Up���¥�U�¯��[�Y�i�rc[
�Y»��U��i�»»{�Y�W���;UW�U{�}�l�§Ã��¹�r�§��t[����wUW±�¿�n�ª§°�ªU{§i��§���Y~i{���
�U»»���i]�£�Ã£�Y»��]��U�W±Ã�YxWi��;U�Wl���©i�W��§�ªU»{§i��§��~�©g�w£�U�sl�[[��©±§g[l�§
�i»`c�§��»��U�»�£�\»»�c�U���w��li�§�¿�l���·���§����Y�WsW�©Us|����Ã���lc���W��~

� ���Åi�`�§
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� ��ÐÓ��Î�¾�l
�iWU»���§�g»»c£���Ã�¿Ã�§��[�l�©iW���¿fg�
�Å¯§Ã��~�¿»�����Y�Wi|�§�Y�r�§���w�Y�ifp�§
� (Fletcher,1924,p23)�ip��UW�¾��»��§
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�

� ��������������������������������������������������������������������������������������������������
�
�
�

� ��ÐÔ��Î�¾�l
�©iW»���§���»l�[�b»r���©iW���U»»W�Å±�t���¹Us�
��Ï××Ñ��iW»`����ÀÏÓÐ��»»�¥�¿p����xW�U�¯§g[�§Ã

� �©±U�x�§�e�±U[�ª§irUc�
�
�
�

� (Fletcher,1924,p23)��©iW�������~£�s�l����ÐÕ��Î�¾�l
�
�

�iWU»»������¡j`�br�[�©±�p���ÐÖ��Î�¾�l
�©iW»����Ñ×���»»r[�Yw��`����Ã��lc���W
�Y��i»n�§�Y»�r�§��»»�w�¿[�}p[����~�Z[c�
��»[�§Ã�i»»p���~��[���§�©±U�w�¼�fW�¿����
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� �Architecture,p52
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�ª§°����U»��§��»~�Y»»pUf�¿U�n�§�Vl�£����¼ic���§��Wn�gx��U���W��©±§ic�§�¨Ul[�§�Ã£
�bs»l��iW»»�£���c��\�cÃ����W��§����¯iW£�YWi[�§�©±§ic�Y`±¯�Á��[�\�c�Å±U��§�®U���§
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� ±g����¥�Y~Ur�UW�vlÃ£�U�¤±�¿U`����c��Y��~�§�YWl��§�Ã°�¿�s[l��§�¿�n�§�À§gf[lU~�Y��t��§
��»��YcU»l��§�k»»��W�Y�±U����l�n�§�¹Uxn���¨Ul[��§����±g��¿�£�v��©¡Ur�§����iW�£
��»~�YW{i�§���w�}��[��U�[`�Ux��¨��l£Ã�ªUc[��§�¿�����h����ÐÎ�Ð�¿�n�Äif�§�¿U�n�§
�Y»»�¯��w�Á��[�\�cW�Y�SU��Y�`§Ã�À§gf[l§������Y�SU��§�bsl�§���~�©±§ic�§�¨Ul[�§�Ã£�g�~
�¨U»l[����Y�»l£±�Y�`§Ã�v��¿SU����f§¯�}�l�À§gf[l§�Ã£��k�n�§�Yxn£�·��l�Y�Ã§²���w
�ªU»c[~�Àgf[l��Y��~�§�bsl�§��~Ã��Å±§ic�§�¨Ul[��§�¿���[��¿���§�ÂU`[§�k�wÃ��Å±§ic�§
�¿»���[��¿�t¥�¿SUlÃÃ�Y�l£±�ªUc[~�Àgf[l��U���W��Å±§ic�§�¨Ul[����Y��~£�YWl��ª§°�Y���w
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� ��Based on:�Golany,1983,p123� �Y�`±Uf�§�ªUc[��§�Y���W�Y�S�W�§�ª§±UW[w�§�i]M[���Î�Ï�Ï�¾Âe^
�� ¨g�[��©SaY|� W�����©SaY|
� U�¤i�§��Ï��`±Uf�§�s�c��UW�inUW��¿Up[§�  •

�
�µ�p��§�gr����M[���¥�¬U[c[�  •

�¡U»r�r�§Ã�±U»W|���;U»rix[�i]�£�  •

� «��[�§Ã
� Y�p�pf�¿�£�  •

�s»�c��§�v»»��;�wU�[Ã�UcU[��§�i]�£�  •

� �`±Uf�§

�±�x»»n��`±Uf�§�s�c��UW�¯Ãgc��¿Up[§�  •

� ����r�§UW
� ¿�£����M[�§���¥�Y`Uc�§�  •

��`±Uf�§�s�c��§�ª§i�]M[��;Urix[�¿�£�  •

�
� Y�p�pf�i]�£�  •

� ¬±Uf�������¿f§g�§���w�Æ§j��i[�i]�£�  •

� Y�x�Ws�§�©¡Ur�§�Ð� ©i]�W�©i~�[�Ã�Y�cp�  •

��k�»n�§�Y»�ic�v»»��;�wU�[�i]�£�  •

� �Z���UW�³Ulc�§��
� �  •

� ¨�{i��§�±g��UW�©i~�[�Ã�©inUW��i�{�  •

�Z���§�v��;�wU�[�¿�£�  •

�
� �S�r�±U�W¥�g`�����  •

� �l�n�§�¹Uxn�§��Ñ��cp�  •

� ;US~¯�i]�£�  •

� k�n�§�Y�ic�v��;�wU�[�i]�£�  •

� �  •

� �  •

� Z���UW�³Ulc�§�¹U�r�  •

� Y���[�§��Ò� ©¯g`[�Ã�©i�~Ã�Y���[�  •

� k�s�§�v��;�wU�[�i]�£�  •

� ;UpUf�;U�Ut��V�s[[Ã�©¯Ãgc��Y���[�§�  •

� �k�s�§�ªUW��[��Yriw�¿�£�  •

� Äif£�ª§±UW[w§���� À���§�Y�ic�v��;�wU�[�i]�£�  •

�²j»»x[Ã�Y�jx�§Ã�YWK��UW�±�xn�§�¿��[�  •

� �`±Uf�§�s�c��§�v��¿wU�[�§

� Y�p�pf�§��~�©¯U�²�  •

���`±U»»f�§�s»�c��§��»w�Y»�jw�i]»�£�  •

� � �«��[�§��¡Ur�r�§��
� ���

�Y»�`±Uf�§�YS�W�§�¿�Un����w�V�|[������p[�§�ipU�w���£�gc£���f§g�§�¡U���§�À§gf[l§�gx�Ã����
�v»Wi��§�¿�n�§����±�n�§Ã�³i��§�Àgf[l§�g�Ã�Å±U��§�®U���§�ª§°��sU���§��~�YpUfÃ���W���
�¿�»n�§�À§gf[»»lUW�sl�[��§�icW�§�®U���v��VlU�[�����i{�§�Â±�s��]����W��§�}p[����~

� ��ÐÑ�Ð��¿�n�� ��[�s|[W�ÁU�Ãi�§�ÀU���]�¿�s[l��§
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��Golany,1983,p115��� �
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� ������W�Sq�¦�©¦°SUYu¦�����Ñ�Ñ�Ð�Ð�
 (Passive Solar Ventelation,�Y»���[�§Ã���f»l[�§Ã�g�iW»[���YW�U»l�§�¿SU»l��§�g»x[Ã�����
�¿»f§¯�Y»»�±§ic�§�Yc§i�§����c[��±UW[w�§��~�U�hf£�V`��Y�lUl£�¿�§�w�heating,&cooling ) 

� �;U�S�W����v~§g�§�Á����U��;UW�U{�\�c�¶±�§�Zc[�¡U�W�§�Y�Uc��~�U�[���£�¯§¯j[Ã���W��§
��Ã�Y»x�p��§�Y»»�Us���±gp����w�g�[x[����[�§�¿SUl��§�U��MW�YW�Ul�§�¿SUl��§�¼ix[Ã�����
�Á§g»�~�¿SU»lÃ��»»�w�g�[x[�¿W���l�S±�¿�nW�Y����U���Ãi���ª§gx��Ã£�ª�¢�U��~�Àgf[l[
�V�U»»l�§���fl[���©g�gw�¿SUlÃ�¾U��Ã��­U�i�§Ã�k�n�U��©inUW��§�Y�x�Ws�§�Y�Us�§�¨Ul[�§Ã
���Trombe Wall Å±§i»c�§��»»�jf[�§�sS§�c�� Direct  GaininUW��§�¨Ul[��§�@�U�i�n£���
�¡§��»�§�}�����@�g�iW[�����h�Ã���>�Rock Beds�Y�ifp�§�gSUl��§���Sun space �l�n�§�º§i��§
�g�iW»[�§���Internal Courts �Y»»��f§g�§�Y��~�§� �Night Ventilation�Y�����§�Y���[�§�� Wind  Tower

�Ys»l§�W�V�si[»�§�Ã�Å±§i»»c�§�¿jx�§���Radiant Cooling  Y�S§���§�¿�c�§�ª§±U�[�Ysl§�W
�qxW�Àgf[l[�g�Ã��> Evaporative Cooling�i�fW[�UW�g�iW[�§���h�� �Earth Sheltered�YWi[�§�¼�{
�Ð�¿�»n�YWi[�§�¼�{�Ysl§�W�¿jx�§Ã�Å±§ic�§���jf[�§�sS§�c��;U`Ã¯j��;U�§gf[l§�¿SUl��§
�Âh»��j�»�[[��Å±U»»��§�®U���§�ª§°����U��§��~�YpUf�¿SUl��§�Âh����¥�Y`Uc�§�²iW[�Ã���ÐÔ
��»~�U��§gf[»l§��»���Ã�g»�xW�§�Äg��§���w�Y���[�¿�£�U��£�U���YS�W�§�«��[���U��MW�¿SUl��§

� ��Y�g���[�§�Y�Us�§�±¯Up��U��~�±g�[��[�§��sU���§

�
� ���David, Passive Cooling,p7� �g�iW[�§Ã���fl[���YW�Ul�§�¿SUl��§�qxW���ÏÓ�Ï�¾�l
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� �WUgY�¦�»�y�Wqj¦�U�¾hv�¦���I;Ñ���
�U»»����Å±U��§�®U���§�ª§°��sU���§��~�YpUfÃ�©±§ic���Æ§g�`�;�²Uw�YWi[�§�¼�{�iW[x��\�c�
�¿j»x�§�Ä�[»»l���~���c[�Ã��©±§ic�§�Y`±¯�}�s�[��~���h����Ul��U�W�YW�si�§�Ä�[l��Á£
�¼�»»|�§�Àgf[l§���£�\�c�����l�§�Z�W�YS~g[�Y��l�����§gf[l§���w�Y�]��§���Ã��Å±§ic�§
�bs»l�¿»�£��»»��c[�Ã�¬��]�§���§i[�v��Ã�­U�i�§�Z�[n[��ÅÃi���Wn�¿�n��~�YWi[����`�]�§
�Y��»»l������l�§�Y�i�§�Á§��c�¡§i�W���f§g�§�bsl�§��s|�Ã��Ys�c��§�YS�W�§�v�������k��[
��»W�W�£�¿fg�Ã�©gSUl�§�­U�i�§�ÂU`[§�k�w�Y���w�Y���[�Yc[~�g`�[Ã��Å±§ic�§�¿jx���©gwUl�
��»��U»»�[�s����~�YpUfÃ�;Uw��n�i]��§�Á£��¥���ÐÖ�ÐÕ�Ð�¿�n�­U�i�§�ÂU`[§�k�w�¿��s
�Ã£�Y»Wi[�§�¼�»{�À§gf[»»l§��~�Åg���[�§�U���nW�¡§�l��g�iW[�Y��l���YWi[�§�¼�{�À§gf[l§
�±U»W[w�§��»~�U»�hf£�V»»`��¿�§�w�¾U��Ã��©inUW���Ð×�Ð�¿�n�©i�[W��V��Ul£�i��s[W

� �Å±§ic�§�¿jx�§�©¡U�����lc[�
� ��� �Y�ifp��Y���s��Y�W�l±��Y���±��Y��{±���YWi[�§�Y�w����Ï

�V»�`[��Y»�~�`�§�ÂU»»���§�¨�l���½�~�¡U�W�§�Á����Á£��w§i�Ã�Y�~�`�§�ÂU���§�¨�l�����Ð
� �¿jx�§�Y���[Ã���W��§���¥�ÂU���§�¨il[Ã�br��§�¿�Un�

� �Åi�n�§Ã�Å��l�§�YWi[�§�YW�s±�Ä�[l����Ñ
� �YWi[�§�bsl��~�©¯�`���§�¹Ãgp�§Ã�®Ãin�§��Ò

� �¿²�j���U�[�ÃU��Ã�YWi[�§�Y�lUlc�Äg���Ó
� �YW�i��¹Ãgp�Ã£��`U���Ã£�¼����¯�`Ã��Ô

� �Y�`±Uf�§�Y�ix[�§�¿U�n£��Õ
��Y»»�[UW���Y�`����`��YW�p��ªU������´U���§��¯g�[��YW�s±���©±§ic��YWi[�§�oSUpf��Ö

� ��e�§�� �Y�`����`��Y��§��c
�

� ���Arnion,1953,p252Ë�����f§g�§�º§i����©±�pÃ�����l�§�Z�W��|�¸Sq����ÏÕ�ÏÔ�Ï�¾�l
�
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� ���David, Passive Cooling,p7���YWi[�§�¼�{�Ysl§�W�¡§���§�g�iW[��YW�Ul�§�¿SUl��§�qxW���ÏÖ�Ï�¾�l
�

��»�h�Ã�U�»�~�i»�c���Y»»Wi[�§�¹§��£�Vl�£�����Y���s�§�YWi[�U���Y�����§�YWi[�§�gx[Ã�����
�i�»»{�Á��[�U��£��¥��¿�s£�©g��YW�si�UW�t�[c[�U��£�U���Y�lU�[��U�[UW�Wc�Á£�\�c�Yw§±j��
� Y���i�§�YWi[�U�� �Y�����§�YWi[�§�gx[�U���W�¿�W���§�gc�§��w�U����SU��§�Ä�[c��§�©¯U�jW�YWlU��

� �YW�si�UW�t�[c[���U��£�\�c�Yw§±j���U��§gf[l§�Ã£�U��~�i�c���Y�S���¿�£
�Y»»`±¯Ã�¨��s��§�¿jx�§�Ä�[l��YWi[�§�bsl�Y`�Ux��¨��l£Ã���W��§���w���h��¯gc�Ã�����
�Y»`±¯�i]M»[[�ÉÑ��»»�w��[c���£�YWi`[�UW�g`Ã�g�~��¶±�§�Zc[���W����Y��f§g�§�©±§ic�§
�ÉÒÎ�ÉÑÎ��»�W�½U»�w�§�i]M»»[[�U���W��¡§���§�©±§ic�Y`±g�������§�ªÃU�[�UW�YWi[�§�©±§ic
�i�»»|[�§�¿gx��Á����YWi[�§�bsl�Zc[�Àg��ÉÏÎ���w�¿x~ �©±§ic�§�ªU`±g��Å��l�§�¯¯i[�UW
�ªU»`±¯�¯§¯j»[Ã���}Í�Ï�»»w�g�j����ÉÑÎ���w���w�U���W�}ÍÔ��Ã£��©±§ic�§�Y`±¯��~
�ªh»f£��[�§�ªUlU���UW�g`Ã�U����¶±�§��sUW�©±§icW�Æ§i]M[�ÉÑÎ��w���x�§�¯§²�U����©±§ic�§
��»��Y»»��[f����U�£Ã��ÑÎ�Ð�¿�n�¿�S§ilPW�Å±U��§�®U���§�ª§°�Y�Ã§icp�§����U��§�gc£��~
�\»�c��ÑÒ½ �ÑÏ�Ð�¿U�n£�;U��p�is���R~§¯�Æ§¡U[n�_�]��¯±UW�®U��W�²U[�[�©gc[��§�ªU����§
�iW»�£�½U»»�w£���w���U]�§Ã�Y�csl�§�©±§ic�§�ªU`±g��Åi�n�§�¯¯i[�§�¿Ã�§�¿�n�§�br��
�ªU»`±g��Å��»»l�§Ã��w�Wl�§�¯¯i[�§�vW§i�§Ã�\�U]�§�Á��n�§�br���U���W�(Illinois)�YxsU��W

� �©gc[��§�ªU����UW�(Minnesota) �YxsU��W�Y��[f��½U�w£���w�©±§ic�§
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����(YDQV��0���+RXVLQJ��&OLPDWH�DQG�&RPIRUW��+DOVWHG�3UHVV�

1HZ�<RUN�������
����)LWFK��-���$PHULFDQ�%XLOGLQJ��+RXJKWRQ�0LIIOLQ�&RPSDQ\�

86$���������
����)OHWFKHU��%���+LVWRU\�RI�$UFKLWHFWXUH��%�7��%DWVIRUG��/WG��

+LJK�+ROERUQ��/RQGRQ�������
����� )ULVK��.���$QLPDO��$UFKLWHFWXUH��+XWFKLQVRQ�	�FR

�3XEOLVKHUV��/WG���/RQGRQ������
����� *DUDJRQQH�$���7KH�7H[DV�5DQJHUV��1RWHV�IURP�DQ

$UFKLWHFWXUDO�8QGHUJURXQG��&DPEULGJH��0DVV��0�,�7��3UHVV�
/RQGRQ�������

����� *LGHRQ�6��*RODQ\��HGLWRU��'HVLJQ�IRU�DULG�UHJLRQV���1HZ
<RUN���9DQ�1RVWUDQG�5HLQKROG�������
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����� *LYRQL��%���&OLPDWH�&RQVLGHUDWLRQV�LQ�%XLOGLQJ�DQG
8UEDQ�'HVLJQ��$�'LYLVLRQ�RI�,QWHUQDWLRQDO�7KRPVRQ
3XEOLVKLQJ�,QF���1HZ�<RUN�������

����� *ROODQ\��*���(DUWK��6KHOWHUHG�+DELWDW��9DQ�1RVWUDQG
5HLQROG�&RPSDQ\�,QN��86$�������

����� *UHHQ��2���8QGHUJURXQG�$UW��7UDQVSRUWV��/RQGRQ�
/DXUHQFH�.LQJ�3XEOLVKLQJ������

����� +RVQL��6���&OLPDWH�	�$UFKLWHFWXUH��$�5DWLRQDO�(YDOXDWLRQ
DERXW�(J\SW��8QLYHUVLW\�3XEOLVKLQJ�+RXVH���%HLUXW�
/HEDQRQ������

����� /DQGHU��+���1LHUPDQQ��0���/(+0��$UFKLWHNWXU�LQ�6SDQLHQ
XQG�$ILND��������

����� /RXLV��-���(J\SW��%HQHGLNW�7DVFKHQ��/RQGRQ�������
����� 0DOORU\��.�DQG�2WWDU��$���7KH�$UFKLWHFWXUH�RI�:DU�

3DQWKHRQ�%RRNV�$�'LYLVLRQ�RI�5DQGRP�+RXVH��1HZ�<RUN�
�����

����� 0FKDUJ��,���'HVLJQ�ZLWK�1DWXUH��-RKQ�:LOH\�	�6RQV�,QN�
1HZ�<RUN�������

����� 0LQLVWU\�RI�(GXFDWLRQ���.LQJGRP�RI�6DXGL�$UDELD��6DXGL
$UDELDQ�$QWLTXLWLHV�������

����� 2OJ\D\��9���'HVLJQ�ZLWK�&OLPDWH��3ULQFHWRQ�8QLYHUVLW\
3UHVV��3ULQFHWRQ��1HZ�<RUN�������

����� 5XGRIVN\�%���$UFKLWHFWXUH�:LWKRXW�$UFKLWHFWV�
'RXEOHGD\�	�&RPSDQ\��,QN���*DUGHQ�&LW\��1HZ�<RUN������

����� 5RPHUR��2��	�/DUNLQ��'���$GREH�%XLOGLQJ�DQG�/LYLQJ
ZLWK�(DUWK��+RXJKWRQ�0LIIOLQ�&RPSDQ\��%RVWRQ�1HZ�<RUN�
�����
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����� 5RWK��/���8QGHUVWDQGLQJ�$UFKLWHFWXUH��,FRQ�HGLWLRQV�
+DUSHU��86$��������

����� 6PLWK�5���(OHPHQWV�RI�(FRORJ\��+DUSHU&ROOLQV�3XEOLVKHUV
,QF��WKLUG�HGLWLRQ������

����� 6WUDKOHU��$��	�6WUDKOHU��+���,QWURGXFWLRQ�WR�(QYLURQPHQW
6FLQFH��+DPOLWRQ�3XEOLVKLQJ�&RPSDQ\��6DQWD�%XUEDUD�
&DOLIRUQLD�������

����� 7XUDQ��0���9HUQDFXODU�$UFKLWHFWXUH��%LOOLQJ�	�6RQV�/WG��
,QN���:RUFHVWHU��*��%ULWDLQ��������

����� 8QLYHUVLW\�RI�0LQQHVRWD��7KH�8QGHUJURXQG�6SDFH�&HQWHU�
(DUWK�6KHOWHUHG�+RXVLQJ�'HVLJQ��8QLYHUVLW\�RI�0LQQHVRWD�
86$������

�
7KHVHV�	�6HDUFKHV�
 �����$EGLQ��$���%LRFOLPDWLF�$SSURDFK�WR�+RXVLQJ�'HVLJQ�LQ�+RW
$ULG�&OLPDWHV��3K�'���6WUDWKFO\GH�8QLYHUVLW\��*ODVJRZ��8.��
�����

 �����$ILI\��0���3DVVLYHO\�,QWHJUDWHG�+HDWLQJ�	�&RROLQJ
6\VWHPV��3K�'���&DLUR�8QLYHUVLW\�������

 �����(O�.KDZDV�,���$SSURDFK�WR�$�&OLPDWLF�'HVLJQ�&ULWHULD��
7KHVHV��$OH[��8QLYHUVLW\�������

 �����6KDDEDQ��6���(QYLURQPHQWDO�6WXGLHV�LQ�$UFKLWHFWXUH�
3K�'���$OH[��8QLYHUVLW\�������

 �����6KD]O\�(���DQG�RWKHUV��%DKDU\�2DVLV��&HQWHU�RI�&RQVWUXFWLRQ
5HVHDUFK��&DLUR����

(GLWLRQV�	�2WKHUV�
 �����$UFKLWHFWXUDO�5HYLHZ��$XJXVW�������
 �����+RUXV��-DQXDU\��0DUFK�������
 �����+RUXV��2FWREHU���'HFHPEHU�������
 �����&DPSEHOO��5���:LONLQV��%���('����QG��1DWLRQDO�3DVVLYH�6RODU
&RQIHUHQFH�3URFHHGLQJV���:DVKLQJWRQ��$SULO������������
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�����The Underground (or Subterranean) Architecture is not a new style in

Architecture Science and not extinct too. There are many underground buildings

built for various purposes. It started with living in the existing and excavated

caves in the ancient eras, as an example: the White Caves in Austria, the Organic

caves in England, Caves in France & Gulf countries. Also, It had been used as

Temples and Tombs in many ancient civilizations such as Pharaohnic Tombs in

the Valley of the Kings & Queens, Temple of Abu Simbel, Hatshepsut Temple in

Luxor, Egypt. City of The Dead in Sicily , Indian, Chinese, Turkish and other

civilizations. It had been used also for the early Christian monasteries, such as

the secret tunnels under the old churches in Old Egypt, Monastery Cave in

Drunka, Asiut, Egypt, and Oratory & home of Simon the Stylite in Goreme

Valley, Cappadocia, Turkey. They have other uses as Defense constructions as

well, that has been used in Goreme super-fortress in Turkey, and Igloos citadel in

Malta. Old tombs and underground Temples had also been used as shelters &

storage areas during wars.

     The Underground usage for housing purposes has been considered the most

Common especially in harsh climates and relatively among the poor class of

people in order to save the land surface for other purposes, or more protection

from the harsh climate and for the security reasons. There are many vernacular

samples in China, Turkey, Iran, and North Africa, and many others. Generally,

they have been classified into two major categories: (1) Subterranean, which is

completely excavated under the ground, surface level, and the activities, are

usually arranged around open court, and usually used in flat topography. (2) Semi

subterranean, which uses the side elevations for lighting and ventilation, and may

has an earth-sheltered extension or an additional part with open court, which had

been used usually in the sloped land.

   The modern samples of underground architecture started with more

functionally purposes & depend on electromechanical tools for lighting &
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ventilation, such as garages, warehouses, shelters, military constructions, slightly

the environmental considerations. Such as The Midwest storehouse in Kansas,

USA, Bill gates storehouse in Benselvania, USA, Defense construction points in

Maginot line between France - Germany, Atlantic Wall in Europe, Brilmont line

in Belgium, Barleaf line on Sewis Canal in Egypt.

     The Modern Underground Architecture developed later to include other uses,

especially housing. The main objective to use this style is saving energy by the

isolation of earth cover & other environmental passive solar cooling -or heating -,

passive ventilation systems & the study of the previous experience. The modern

samples use the same concepts in the traditional, vernacular architecture but with

more development & technology. Such as the houses in Spain, Armington &

 There are many other problems couldn't be solved without Underground

Architecture. So there are many uses appear as modern samples, such as

underground Metro stations, tunnels to solve traffic problems in the crowded

regions, "Moscow, England, France, Cairo", or as an extension to an important

monument, like the extension of Louver Museum. Sometimes we need a new

tourist's style for more attention, creativity & entertainment, so the underground

presents a good alternative, such as Kurhouse Healthy Center in south Germany.

In addition to the ordinary uses such as Garages, Bedrooms,

     To optimize the Underground Architecture use we must follow some Design

considerations to build underground, which classified to two major categories &

other additional considerations:

1- Urban considerations: they include the Site selection - Physiography,

Climate, Soil, Hydrology, Environmental quality, Accessibility &

proximity to resources, Utilities -, Shape of Urban Cells - Distribution,
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Composition, Direction relation to the sun & wind -, Uses Distribution

- Classified, Separation, Direction -, Vegetation - positions, kinds-.

2- Architectural considerations: included Zoning program- Distribution,

Direction Priority of various spaces -, Entrance Design & it's relation

to the surface, Environmental considerations - planning, walls, roof

shape, Direction, Optimum opening areas-. Energy Considerations -

earth coating isolating, frequency of soil temperature, passive solar

tools & it's suitability -, Visual & Sound considerations - Visual

Privacy, Visual Contact with outside, Noise Isolation -, Construction

considerations - Soil bearing, Water content, materials, walls, roof

shapes -.

3- Other considerations: Socially, Physiology - like direct visual contact

with outside to prevent claustrophobia feeling, but with Privacy

considerations. Security, Healthy, Economical - Constructional,

Energy, Duration Cost, codes & legality considerations.

      The Underground Architecture has some especial Basic Characters  (its

Classification, Appropriate of use, Advantage & disadvantages)

 1- Classification: There are deferent classifications of Underground

Architecture depending on many characters (Use or Purpose -

Construction System - Relation to the Surface - Opening Relation

with Surface.

 2- Appropriate of Use: is important for successful design & to examine

the basic characteristics of underground space. By determining the

appropriate of some important characters, considerations (Benefits,

Limitation of Underground Space - Occupancy Levels - Economical,

Construction factors) related to the previous studying functions

(uses).

 3- Advantages & Disadvantages: treat most of the direct & indirect

Advantages & Disadvantages, which we can avoid with good design.
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This research treat as well a Field Analyses Study through various selected

samples of Underground Architecture in Egypt (Traditional, Vernacular, and

Modern), by documentation, measurements, analysis, evaluations then results &

recommendations to build underground in hot regions & Egypt as a special case.

     Finally we can optimize the benefits of the underground Architecture by

following the previous mentioned considerations in design to present a good

environmental solution for many Purposes in our life.
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