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<\_^_gb_ 
<� :jZ[kdhc� J_kim[ebd_� ?]bi_l� bkihevah\Zgb_�

a_feyguo�iehlbg�^ey�ij_^hl\jZs_gby�jbkdZ�aZlhi�

e_gby� y\ey_lky� ih\k_f_klguf�� LZdZy� dhgkljmdpby  

ijb�g_\ukhdhc� klhbfhklb kem`bl� j_a_j\mZjhf�^ey�

\h^guo�fZkk��ij_^hl\jZsZy�bkiZj_gb_�b� ijb�g_h[�

oh^bfhklb� iha\heyy� ^Zevg_cr__� bkihevah\Zgb_�

\h^u��gZdZieb\Zxs_cky�\�l_e_�iehlbgu��iml_f�[m�

j_gby�kd\Z`bg�beb�kljhbl_evkl\Z�^j_gZ`guo�hl\h�

^h\�\�l_e_�iehlbgu��DZd�ijZ\beh��a_feygu_�iehlbgu�

\�:J?�kljhylky�ba�h^ghjh^gh]h�f_klgh]h�fZl_jbZeZ�

�i_khd��b�g_�bf_xl�k_j^_qgbdZ��Z�lZd`_�nbevljh\�b�

keb\guo�ahg��Ijb�ih^t_f_�mjh\gy�\h^u�ijhbkoh^bl�

nbevljZpby� \� l_eh� iehlbgu, b� h[jZam_lky� bkdmk�

kl\_gguc�\h^hghkguc�]hjbahgl. Bamq_gb_�mkeh\bc�b�

iZjZf_ljh\�nbevljZpbb \h^u�q_j_a�gZkuigu_ ̂ Zf[u 

iehlbg�\h^hojZgbebs \�g_klZpbhgZjguo�]jZgbqguo�

mkeh\byo� �lh� _klv� \�bkdmkkl\_ggh� kha^Zgguo� \h^h�

ghkguo�]hjbahglZo�kh�ki_pbnbq_kdbfb�]jZgbqgufb�

mkeh\byfb� kZfh�ih�k_[_�y\ey_lky�k_jvzaghc�]b^jh�

]_heh]bq_kdhc�aZ^Zq_c�� 

NbevljZpby q_j_a� gZkuigmx� ^Zf[m�� hkgh\Zgb_� b�

ijbfudZxsb_�[hjlZ�^hebgu�oZjZdl_jgZ�^ey�\k_o�a_f�

eyguo�iehlbg��?_�dhgljhev�g_h[oh^bf�^ey�ij_^hl\jZ�

s_gby�ba[ulhqgh]h�^Z\e_gby��hkuiZgby�kdehgZ�\�gb`�

g_f�[v_n_��ijhkZ^db�gZkuib�b�hkgh\Zgby��Z�lZd`_�wjh�

abb�fZl_jbZeZ�b�ihl_jv�\ hldjulu_�lj_sbgu�\�hkgh\Z�

gbb�b�mklhyo�>1]. 

Djhf_�lh]h��jZkkfhlj_gb_ wlhc�aZ^Zqb�ij_^klZ\�

ey_l� bgl_j_k�b� ^ey� j_r_gby�fgh]bo ^jm]bo khiml�

kl\mxsbo� ]b^jheh]bq_kdbo� b� ]_hwdheh]bq_kdbo�

ijh[e_f��lZdbo�dZd�j_]mebjh\Zgb_�h[t_fh\�b�obfb�

q_kdh]h�khklZ\Z� klhdZ�ih^a_fguo�\h^�� h[_ki_q_gb_�

mklhcqb\hklb a_feyguo�iehlbg�b kdehgh\�\h^hojZ�

gbebs�ijb�\ukhdhc�wjhabhgghklb�i_kdh\�b�baf_gy�

xsboky�mjh\gyo�\h^u�\ gbo, hp_gdZ�]b^jh]_h^bgZ�

fbq_kdh]h� b� ]b^jh]_hobfbq_kdh]h� \aZbfh^_ckl\by 

ih\_joghklguo�b�ih^a_fguo�\h^�ijb�j_]mebjh\Zgbb 

\h^guo�j_kmjkh\��aZ]jyag_gb_�ih^a_fguo�b�ih\_jo�

ghklguo \h^��Z�lZd`_�\ebygb_�\hafh`guo�bgljmabc 

fhjkdhc�\h^u�\�\h^hghkgu_�]hjbahglu�\�ijb[j_`�

guo�jZchgZo�[2] b�^j� 

P_ev�^Zgghc�jZ[hlu�± h[hkgh\Zlv�\hafh`ghklv�bk�

ihevah\Zgby�ijh]jZffgh]h�kj_^kl\Z�=-6RLO�\_jkbb������

^ey�qbke_ggh]h�fh^_ebjh\Zgby�nbevljZpbb�q_j_a�i_k�

qZgmx�iehlbgm� 

<�jZfdZo�jZ[hlu�j_rZebkv�ke_^mxsb_�aZ^Zqb� 

1. Kha^Zgb_� wdki_jbf_glZevghc� fh^_eb� lbibqghc�

i_kqZghc�iehlbgu�k�\hafh`ghklvx�nbdkZpbb�mjh\g_c�

\h^u�\�l_e_�iehlbgu� 

2. HibkZgb_� kljh_gby� b jZaf_jh\� wdki_jbf_glZev�

ghc�fh^_eb�k�ihfhsvx�ijh]jZffgh]h�kj_^kl\Z�=-Soil 

\_jkbb������ 

3. Ijh\_^_gb_�fh^_evguo� wdki_jbf_glh\� ih�ih^t�

_fm�mjh\gy�\h^u�\�\_jog_f�[v_n_�k�j_]bkljZpb_c�ih�

eh`_gby�nbevljZpbhgghc�ih\_joghklb�\�l_e_�iehlbgu�

k�ihfhsvx����iv_ahf_ljh\� 

4. HibkZgb_� wdki_jbf_glZ� qbke_ggufb� f_lh^Zfb�

kj_^kl\Zfb�=-6RLO������b�dZeb[jh\dZ�fh^_eb�iml_f�kh�

ihklZ\e_gby qbke_gguo�b�wdki_jbf_glZevguo�^Zgguo� 

5. Ijbf_g_gb_� ijh]jZffgh]h� kj_^kl\Z� =-6RLO� \_j�

kbb����� ^ey�fh^_ebjh\Zgby�g_klZpbhgZjghc�nbevljZ�

pbb�q_j_a�i_kqZgmx�iehlbgm�k�baf_g_gb_f�iZjZf_ljh\�

iehlbgu� Hp_gdZ�\u\h^h\� 

 

F_lh^bdZ 

GZmqguc� aZ^_e. Kha^Z\Zlv� qbke_ggu_� fh^_eb� j_�

Zevguo� h[t_dlh\�^h\hevgh� keh`gh�ba-aZ�jZaghjh^gh�

klb� ijbjh^guo� ]jmglh\� b� baf_gqb\hklb� ]jZgbqguo�

mkeh\bc� >3]. Eb� b� ^j� [4@�ijhZgZebabjh\Zgh� \ebygb_�

pbdeh\� aZkmo-gZ\h^g_gbc� gZ�nbevljZpbx� \� a_feyghc�

^Zf[_�wdki_jbf_glZevgh�b�f_lh^hf�dhg_qguo�we_f_g�

lh\�ijb�g_klZpbhgZjghf�j_`bf_��IhdZaZgh��qlh�^he]h�

kjhqgZy� aZkmoZ�\uau\Z_l�]em[hdb_� lj_sbgu�b�j_adh_�

m\_ebq_gb_�\kZku\Zxs_]h ^Z\e_gby��l�_��lj_sbgu�klZ�

gml� dZgZeZfb� bgnbevljZpbb� Zlfhkn_jguo� hkZ^dh\� \�

iehlbgm��m\_ebqb\Zy�ihl_gpbZe�^ey�\gmlj_gg_c�wjhabb�

b�kgb`Zy�klZ[bevghklv�iehlbgu� 

L_klbjh\Zgb_ b� \_jbnbdZpby h^bghqghc b� bgl_�

]jZevghc fh^_eb� BGK� �bkdmkkl\_gghc� g_cjhgghc�

k_lb�� iv_ahf_ljbq_kdbo� gZihjh\� gZ� ijbf_j_� y^jZ�

gZkuighc�iehlbgu�KZllZjoZg�\�BjZg_�ijh^_fhgkljb�

jh\Zeb ohjhrmx�koh^bfhklv�f_`^m�\uqbke_ggufb�b�

gZ[ex^Z_fufb� mjh\gyfb� \h^u [5]. :gZeba h^ghf_j�

ghc klZpbhgZjghc�fh^_eb nbevljZpbb� \� g_gZkus_g�

guo�]jmglZo�\�\Zdmmf_ ihdZaZe��qlh�gZebqb_�\ZdmmfZ�

agZqbl_evgh�ih\urZ_l�^j_gbjmxsmx�kihkh[ghklv�g_�

gZkus_ggh]h� ]jmglZ� aZ� kq_l�m\_ebq_gby� ]b^jZ\ebq_�

kdh]h�]jZ^b_glZ [6]. J_amevlZlu�ZgZebaZ�klZpbhgZjghc�

b�g_klZpbhgZjghc�nbevljZpbb�b�klZ[bevghklb� a_fey�

ghc�iehlbgu�k�bkihevah\Zgb_f�f_lh^Z�dhg_qguo�we_�

f_glh\ ihdZaZeb��qlh�m\_ebq_gb_�fh^mey�Xg]Z�y^jZ�b�

l_eZ�iehlbgu�ijb\_eh�d�mf_gvr_gbx�fZdkbfZevgh]h�

kf_s_gby� ]j_[gy��Z�baf_g_gb_�m]eZ� \gmlj_gg_]h� lj_�

gby�b]jZ_l�\Z`gmx�jhev�\�\uiheg_gbb�lj_[h\Zgbc�h[�

s_c�mklhcqb\hklb [3].  

>ey�hibkZgby�b�wdki_jbf_glZevghc�ijh\_jdb�ijh�

p_kkZ�nbevljZpbb�Xgv-N_gv�b�̂ j��>2@�ij_^eh`beb�qbk�

e_ggmx�fh^_ev�g_mklZgh\b\r_]hky�nbevljZpbhggh]h�

ihlhdZ�q_j_a�iehlbgm��k�i_j_f_ggufb�kl_i_gvx�gZku�

s_gby b�mjh\g_f��IhdZaZgZ�\hafh`ghklv�ijbf_g_gby 

qbke_gguo�f_lh^h\ jZkq_lZ�^_ij_kkbhgghc�djb\hc�q_�

j_a�hibkZgb_� kl_i_gb� gZkus_gby� >`Zf_ev�b� ^j�� >7] 

bkihevah\Zeb ijh]jZffgh_�kj_^kl\h SEEP/W ^ey�jZa�

jZ[hldb�wfibjbq_kdh]h�mjZ\g_gby� k�p_evx�hij_^_e_�

gby� \_ebqbgu� nbevljZpbb� q_j_a� h^ghjh^gmx� a_fey�

gmx�iehlbgm��<_jbnbdZpby�j_amevlZlh\�ihdZaZeZ��qlh 

ij_^eh`_ggh_�mjZ\g_gb_�^Z_l�hrb[dm�2±3���Ijb�wlhf�
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j_r_gb_�>xixb�^Z_l�hrb[dm�[he__�q_f������Z j_r_�

gb_�DZkZ]jZg^_�± [he__�q_f����� 

Ijb�bamq_gbb�ijh[e_fu�nbevljZpbb bf_xl�agZq_�

gb_� ke_^mxsb_� oZjZdl_jbklbdb� hkgh\Zgb_� a_feyghc�

iehlbgu�� M<;� �mjh\_gv� \_jog_]h� [v_nZ���MG;� �mjh�

\_gv� gb`g_]h� [v_nZ��� k\h[h^gZy� ih\_joghklv� \h^u� \�

a_feyghc�iehlbg_��jZaghklv�MG;�b�k\h[h^ghc�ih\_jo�

ghklb�\�gb`g_f�[v_n_�iehlbgu��nbevljZpbhggZy�ih�

\_joghklv� b� jZkoh^� ^\mf_jgh]h� ihlhdZ� q_j_a� ijhba�

\hevgh_�ihi_j_qgh_�k_q_gb_�a_feyghc�iehlbgu [8]. 

<�:J?�rbjhdh� ijbf_gyxlky� iehlbgu� k� i_kqZgh-

a_feyguf�aZiheg_gb_f��Wlhl�lbi�iehlbgu�oZjZdl_jb�

am_lky�gbadhc�klhbfhklvx�\ke_^kl\b_ e_]dhc�^hklmi�

ghklb�ijbjh^guo�fZl_jbZeh\��Z�lZd`_�[ukljhlu�b�ijh�

klhlu� kljhbl_evkl\Z. LZdb_�iehlbgu bkihevamxlky \ 

jZaebqguo�p_eyo��lZdbo�dZd�aZsblZ�hl�gZ\h^g_gbc [4], 

^h[uqZ�ihe_aguo�bkdhiZ_fuo (\�dZq_kl\_�o\hklhojZ�

gbebsZ) [9] b�\j_f_ggh_ khhjm`_gb_ \hdjm]� mqZkldZ 

kljhbl_evkl\Z�� qlh[u�ij_^hl\jZlblv� ihiZ^Zgb_� \h^u�

gZ�wlhl�mqZklhd�^h�aZ\_jr_gby�jZ[hl. JZaebqgu_�iZjZ�

f_lju��\ebyxsb_� gZ�ijhp_kk�nbevljZpbb� q_j_a�ieh�

lbgm�b�\b^�nbevljZpbhgghc�ih\_joghklb \gmljb�ieh�

lbgu�� Z�lZd`_�^he]hkjhqgu_�fh^_eb  ^_nhjfZpbb h[-

km`^Zxlky�\�jZ[hlZo [10, 11]. 

Ijb� ijh_dlbjh\Zgbb� b� kljhbl_evkl\_� iehlbg�

g_h[oh^bfh� h[jZsZlv \gbfZgb_� gZ� wdheh]bq_kdmx�

khklZ\eyxsmx�� \� qZklghklb�� ijh\h^blv� hp_gdm� ]_h�

wdheh]bq_kdbo� jbkdh\� b� ihke_^kl\bc l_ogh]_ggh]h�

baf_g_gby� eZg^rZnlh\� >���� ��@��WlZ�ijh[e_fZ��[_a�

mkeh\gh�� y\ey_lky� ZdlmZevghc� b� ^ey�:J?�� ]^_� mkeh�

\byo�Zjb^gh]h�debfZlZ�ijb�kljhbl_evkl\_�ih^h[guo�

h[t_dlh\� ijhbkoh^yl� hkh[_ggh� aZf_lgu_�baf_g_gby�

_kl_kl\_ggh]h ]b^jheh]bq_kdh]h� b� ]b^jh]_heh]bq_�

kdh]h j_`bfh\. 

Wdki_jbf_glZevgZy�fh^_ev. P_ev�kha^Zgby�wdki_�

jbf_glZevghc�fh^_eb�± ijh\_jdZ�ijb]h^ghklb�qbke_g�

ghc�fh^_eb�Z-Soil ^ey�fh^_ebjh\Zgby�^\mf_jghc� aZ�

^Zqb�kh�keh`gufb�]jZgbqgufb�mkeh\byfb��<�eZ[hjZ�

lhjguo�mkeh\byo�[ueZ�kha^ZgZ�fh^_ev�i_kqZghc�ieh�

lbgu��gZb[he__�qZklh�ijbf_gy_fhc�^ey�j_]mebjh\Zgby�

j_qgh]h�klhdZ�\�:J?��\�qZklghklb��gZ�KbgZckdhf�ihem�

hkljh\_� 

JZ[hlZ� ijh\h^beZkv� \�EZ[hjZlhjbb� ]b^jZ\ebdb� b�

f_oZgbdb�nexb^h\�nZdmevl_lZ�Bg`bgbjbg]Z��mgb\_j�

kbl_lZ� ]�� AZ]Zab]�� ?]bi_l�� Ko_fZ� wdki_jbf_glZevghc�

mklZgh\db�b�__�jZaf_ju�ihdZaZgu�gZ�jbk���� 

 

   
Z       b 

Jbk���� Kljh_gb_��Z��b�jZaf_ju��b��wdki_jbf_glZevghc�fh^_eb�iehlbgu��ihi_j_qguc�jZaj_a�iehlbgu��\^hev�ihlhdZ�� 

[Fig. 1. Structure (a) and dimensions (b) of the experimental dam model (cross section of the dam, along the stream).] 

 

 

>ey� kha^Zgby� fh^_eb� bkihevah\Zeky� h^bg� lbi�

]jmglZ� ± i_khd�� ]jZgmehf_ljbq_kdbc� khklZ\�dhlhjh]h�

ij_^klZ\e_g�gZ�jbk�����Dhwnnbpb_gl�ihjbklhklb�hp_�

gb\Z_lky�\�������Dhwnnbpb_gl�nbevljZpbb�\�ahg_�gZku�

s_gby� hij_^_e_g� \� mkeh\byo� klZpbhgZjghc� nbevljZ�

pbb��K �������-4 f�k��hdheh��� f�kml�� 

Qbke_ggZy fh^_ev. <� gZklhys_c� jZ[hl_�f_lh^hf�

dhg_qguo�we_f_glh\�j_rZ_lky�aZ^ZqZ�nbevljZpbb�q_�

j_a�iehlbgm�k�bkihevah\Zgb_f�ijh]jZffu�=-6RLO�\_j�

kbb�������Hibku\ZeZkv�kha^ZggZy�wdki_jbf_glZevgZy�

fh^_ev� 

GZ�jbk�� ��ihdZaZgZ� jZ[hqZy�h[eZklv� ijh]jZffu�b�

ijyfhm]hevgZy�k_ldZ�k�aZ^Zgb_f�nbevljZpbhgguo�iZ�

jZf_ljh\�b�k\hckl\�]jmglh\�^ey�\k_o�we_f_glh\�k_ldb� 

Jbk���� =jZgmehf_ljbq_kdbc�khklZ\�i_kdZ� 

[Fig. 2. Granulometric composition of sand.] 
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Jbk. 3. AZ^Zgb_�k_ldb�b�bgl_jn_ck�jZ[hq_c�h[eZklb�ijh]jZffu� 

[Fig. 3. Grid setting and the interface of the software workspace.] 

 

    

Z       b 

Jbk���� <uoh^gu_�^Zggu_��Z ± jZkij_^_e_gb_�^Z\e_gby�ihjh\hc�\h^u��b ± jZkij_^_e_gb_�gZihjh\� 

[Fig. 4. Output data: a ± pore water pressure distribution; b ± head distribution.] 

 

BamqZ_fuc� h[t_dl� ij_^klZ\ey_l� kh[hc� mijhs_g�

gmx�fh^_ev� lbibqghc� i_kqZghc� iehlbgu��>ey� i_kdZ�

bkihevah\Zgu�ke_^mxsb_�iZjZf_lju��fh^mev�mijm]h�

klb� �?�� ���4 d]�f2��dhwnnbpb_gl�ImZkkhgZ� �#) = 0.3; 

iehlghklv�i_kdZ����� ���������d]�f3. 

GZ�jbk�� ��ihdZaZgu� \uoh^gu_�^Zggu_� ± ^Z\e_gb_�

ihjh\hc� \h^u� �Z�� b� jZkij_^_e_gb_� ]b^jZ\ebq_kdh]h�

gZihjZ��b��\�\b^_�p\_lguo�dZjl� 

Oh^�wdki_jbf_glZ. <�gZqZevguo mkeh\byo�\�\_jo�

g_f�[v_n_�\h^Z�hlkmlkl\m_l��AZl_f�mjh\_gv�\h^u�ih^�

gbf_lky�hl���^h��.���f�aZ���q��>Z\e_gb_�\�dZ`^hc�lhqd_�

iv_ahf_ljZ �jbk����[� j_]bkljbjh\Zehkv k�bgl_j\Zehf�\�

���fbg��\�l_q_gb_�i_j\h]h qZkZ b����fbg��\�hklZevgu_�� 

qZkZ��Iheh`_gb_�nbevljZpbhgghc�ih\_joghklb� j_]b�

kljbjh\Zehkv�q_j_a�l_�`_�bgl_j\Zeu. 

KjZ\g_gb_ wdki_jbf_glZevguo� b� qbke_gguo� ^Zg�

guo�ihdZaZgh gZ�jbk. 5��<ukhlZ�iehlbgu� �G�  � �.3 f� 

[ueZ bkihevah\ZgZ \�dZq_kl\_�j_n_jZlb\ghc�lhqdb. GZ�

jbk. �Z�ihdZaZgh�iheh`_gb_�nbevljZpbhgghc�ih\_jo�

ghklb�\�jZaj_a_�q_j_a�mdZaZggu_�bgl_j\Zeu�\j_f_gb�± 

���fbg������fbg����.��q���.��q�b���q��djZkgufb�lhqdZfb�± 

wdki_jbf_glZevgu_� j_amevlZlu�� q_jghc� ebgb_c� ± j_�

amevlZlu�qbke_ggh]h�fh^_ebjh\Zgby�� Jbkmghd��[�ih�

dZau\Z_l�jZkij_^_e_gb_�mjh\g_c�\h^u�\�iehlbg_�\�jZa�

guo�lhqdZo�iv_ahf_ljZ�������������������������������� Dj_�

klbdZfb� ihdZaZgu� wdki_jbf_glZevgu_� j_amevlZlu��

q_jgufb�ebgbyfb�± j_amevlZlu�qbke_ggh]h�fh^_ebjh- 

\Zgby� DZd�\b^gh�gZ�jbkmgd_��qbke_ggu_�j_r_gby�oh�

jhrh� kh]eZkmxlky� k� wdki_jbf_glZevgh� ihemq_ggufb�

^Zggufb��Wlh�ihdZau\Z_l��qlh�qbke_ggZy�fh^_ev�fh�

`_l�[ulv�bkihevah\ZgZ�^ey�bkke_^h\Zgby�nbevljZpb�

hgghc� ih\_joghklb� ijb� g_mklZgh\b\r_cky� nbevljZ�

pbb�q_j_a�iehlbgm� 

 

H[km`^_gb_�j_amevlZlh\ 

DZd�ihdZaZgh�gZ�jbk�����j_amevlZlu�qbke_ggh]h�fh�

^_ebjh\Zgby� k�ihfhsvx�ijh]jZffu�Z_SOIL ohjhrh�

kh]eZkmxlky� k� wdki_jbf_glZevgufb� ^Zggufb�� WlZ�

ijh]jZffZ�fh`_l�bkihevah\Zlvky�^ey�jZkq_lZ�g_mklZ�

gh\b\r_]hky�mjh\gy�b�bkke_^h\Zgby�nbevljZpbhgghc�

ih\_joghklb�ijb�nbevljZpbb�q_j_a�a_feygmx�iehlbgm� 

Bkke_^h\Zgb_� g_klZpbhgZjgh]h� ihlhdZ� q_j_a� a_f�

eygmx� iehlbgm� \dexqZ_l� ihkljh_gb_� ^_ij_kkbhgghc�

djb\hc��Fh`gh�baf_gylv�g_dhlhju_�iZjZf_lju��\eby�

xsb_�gZ�]jZ^b_gl�nbevljZpbhggh]h�ihlhdZ��lZdb_�dZd�

rbjbgZ�]j_[gy� �C���\ukhlZ�hkgh\Zgby� �<���hlghr_gb_�

]hjbahglZevguo�b�\_jlbdZevguo�dhwnnbpb_glh\�nbev�

ljZpbb� hkgh\Zgby� b� gZkuib� �kx/ky��� Z� aZl_f� kjZ\gblv�

gZihju� gZ� dZ`^hf� iv_ahf_lj_� k� wdki_jbf_glZevghc�

fh^_evx��l�_��K� ����kf, B  ����kf, kx/ky  ����>ey�mijh�

s_gby�bkihevah\Zebkv�mkj_^g_ggu_ ^Zggu_����iv_ah�

f_ljh\��ij_^klZ\eyxsb_�lZd`_�khk_^gb_�lhqdb��\k_]h�

bf_ehkv����iv_ahf_ljh\�� 
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Z      b 

Jbk���� KjZ\g_gb_�j_amevlZlh\�qbke_ggh]h�b�wdki_jbf_glZevgh]h�fh^_ebjh\Zgby��GZ�jbk���Z�djZkgufb�lhqdZfb�ihdZaZgu�wdk�
i_jbf_glZevgu_�j_amevlZlu��q_jghc�ebgb_c�± j_amevlZlu�qbke_ggh]h�fh^_ebjh\Zgby��GZ�jbk���b dj_klbdZfb�ihdZaZgu�wdki_jbf_g�

lZevgu_�j_amevlZlu��q_jgufb�ebgbyfb�± j_amevlZlu�qbke_ggh]h�fh^_ebjh\Zgby��G ± \ukhlZ iehlbgu, h ± fhsghklv nbevljZpbhg�

gh]h ihlhdZ. 

[Fig. 5. Comparison of numerical and experimental modeling results. Figure 5a shows experimental results (with red dots) and numerical 

simulation results (with a black line). Figure 5b shows experimental results with crosses, and numerical simulation results with black lines. H 

is the height of the dam, h is the height of the groundwater flow.] 

 

   
 Z                   b 

Jbk���� KjZ\g_gb_�gZihjh\�gZ�jZagu_�fhf_glu�\j_f_gb��Z��b�k�jZaebqghc�rbjbghc�]j_[gy�C (b). 

[Fig. 6. Comparison of heads at different time points (a) and with different crest widths C (b).] 

 

<� i_j\hf� wdki_jbf_gl_� baf_gyeZkv� rbjbgZ�

]j_[gy��C���ijbgbfZebkv�agZq_gby����kf����kf����kf�b�

��kf�k�ihklhyggufb�\ukhlhc�hkgh\Zgby��B��b�hlgh�

r_gb_f�]hjbahglZevguo�b�\_jlbdZevguo�dhwnnbpb�

_glh\� nbevljZpbb� hkgh\Zgby� b� gZkuib� �kx/ky) 

�jbk� 6). 

<h� \lhjhf� wdki_jbf_gl_� \ukhlZ� hkgh\Zgby� �<) 

ijbgbfZeZkv����kf�����kf�b����kf�k�ihklhygghc�rb�

jbghc� ]j_[gy� �K��� hlghr_gb_f� ]hjbahglZevguo� b�

\_jlbdZevguo� dhwnnbpb_glh\� nbevljZpbb� hkgh\Z�

gby�b�gZkuib��kx/ky��dhlhjh_��dZd�b�\�i_j\hf�kemqZ_��

[ueh�jZ\gh����GZ[ex^Zehkv�baf_g_gb_�gZihjZ�\h^u�

ih�^ebg_�iehlbgu�L b�\h�\j_f_gb�t. 

<�lj_lv_f�wdki_jbf_gl_�baf_gyebkv�hlghr_gby�]hjb�

ahglZevgh]h� b� \_jlbdZevgh]h� dhwnnbpb_glh\�nbev�

ljZpbb�hkgh\Zgby��kx/ky) ± ������������������ijb�ihklhyg�

guo�rbjbg_�]j_[gy��K���\ukhl_�hkgh\Zgby��<��b�hlgh- 

 r_gbb�]hjbahglZevgh]h�b�\_jlbdZevgh]h�dhwnnbpb�

_glh\�nbevljZpbb�gZkuib��kx/ky���GZ[ex^Zehkv�baf_�

g_gb_�gZihjZ�\h^u�ih�rbjbg_�iehlbgu�L �\^hev�ih�

lhdZ��b�\h�\j_f_gb�t. 

<� q_l\_jlhf� wdki_jbf_gl_� baf_gyebkv� hlghr_�

gby�]hjbahglZevgh]h�b�\_jlbdZevgh]h�dhwnnbpb_g�

lh\�nbevljZpbb�gZkuib��kx/ky) ± �������������������ijb�

wlhf�khojZgyebkv�ihklhyggufb�rbjbgZ�]j_[gy� �K), 

\ukhlZ�hkgh\Zgby��<��b�hlghr_gby�]hjbahglZevgh]h�

b� \_jlbdZevgh]h� dhwnnbpb_glh\�nbevljZpbb� hkgh�

\Zgby� �kx/ky��� jZ\gu_� ��� dZd� \� bkoh^ghc� fh^_eb�� b�

gZ[ex^Zehkv�baf_g_gb_�gZihjZ�\h^u�ih�^ebg_�ieh�

lbgu�L b�\h�\j_f_gb�t. 

<k_�q_luj_� wdki_jbf_glZ�ihdZaZeb��qlh ]jZ^b�

_gl�nbevljZpbhggh]h�ihlhdZ�m\_ebqb\Z_lky�kh�\j_�

f_g_f�b�ih^t_fhf�mjh\gy� \h^u� �jbk�� �Z���FZdkb�

fZevgh_�baf_g_gb_�gZ[ex^Zehkv�m�\_jog_]h�[v_nZ� 
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(0.003; ������������������������khhl\_lkl\_ggh���>Ze__�ih�

ihlhdm q_j_a�iehlbgm�fhsghklv�nbevljZpbhggh]h�ih�

lhdZ��h�G��mf_gvrZeZkv�b�klZgh\beZkv�fbgbfZevghc�\�

ihke_^g_c�q_l\_jlb�iehlbgu��ebgbb�lhdZ�koh^bebkv��b�

baf_g_gb_� gZihjZ� \h� \j_f_gb� mf_gvrZehkv� ^h�gmey��

Wdki_jbf_glZfb� [ueh� mklZgh\e_gh�� qlh� m\_ebq_gb_�

rbjbgu� ]j_[gy��\ukhlu�hkgh\Zgby��hlghr_gby� ]hjb�

ahglZevgh]h�b�\_jlbdZevgh]h�dhwnnbpb_glh\�nbevljZ�

pbb� dZd� hkgh\Zgby�� lZd� b� gZkuib� �kx/ky��� mf_gvrZxl�

gZihj�q_j_a�iehlbgm��>ey�\lhjh]h�b�q_l\_jlh]h�wdki_�

jbf_glh\� \�k_j_^bg_� ]jZnbdZ�� Z�^ey� lj_lv_]h� ± \�ih�

ke_^g_c�q_l\_jlb�]jZnbdZ�wlZ�aZ\bkbfhklv�ljZgknhj�

fbjm_lky�\�h[jZlgmx��qlh�fh`_l�[ulv�k\yaZgh�k�m\_eb�

q_gb_f�iehsZ^b�nbevljZpbhgghc�ih\_joghklb� 

Ihemq_ggu_� j_amevlZlu� ohjhrh� kh]eZkmxlky� k�

ijZdlbdhc� kljhbl_evkl\Z� b� wdkiemZlZpbb� i_kqZguo�

iehlbg [2, 9, 14, 15, 16, 17], ihwlhfm�qbke_ggZy�fh^_ev�

Z-SOIL fh`_l�[ulv�bkihevah\ZgZ�^ey�ijh_dlbjh\Zgby�

b�kljhbl_evkl\Z� 

 

<u\h^u 

Bkihevamy� kl_i_gv� gZkus_gby� ]hjguo� ihjh^ b�

gZihju gZ�\_jog_f�[v_n_�\h^hojZgbebsZ�\�dZq_kl\_�i_�

j_f_gguo��fh^_ev�Z-SOIL iha\hey_l fh^_ebjh\Zlv�g_�

mklZgh\b\rmxky�nbevljZpbx q_j_a�a_feygmx�iehlbgm��

KjZ\g_gb_�qbke_gguo j_r_gbc k wdki_jbf_glZevgufb�

j_amevlZlZfb�ihdZau\Z_l��qlh�hibkZgguc�kihkh[�fh^_�

ebjh\Zgby iha\hey_l ^h\hevgh� lhqgh�bfblbjh\Zlv� ba�

f_g_gby� mjh\_gghc ih\_joghklb� \gmljb� iehlbgu�

�gZkuighc�^Zf[u��\h \j_f_gb \�j_Zevguo mkeh\byo. 

Ba�ZgZebaZ�ihemq_gguo�j_amevlZlh\ fh`gh�k^_eZlv�

ke_^mxsb_�\u\h^u: 

1. >hdZaZgh��qlh�qbke_ggZy�fh^_ev�Z-SOIL k�\ukh�

dhc� kl_i_gvx� lhqghklb� iha\hey_l� fh^_ebjh\Zlv� g_�

mklZgh\b\rmxky� nbevljZpbx� q_j_a� a_feygmx� ieh�

lbgm� 

2. Ih�j_amevlZlZf�qbke_ggh]h�fh^_ebjh\Zgby�m\_�

ebq_gb_�rbjbgu�]j_[gy�b�\ukhlu�hkgh\Zgby�iehlbgu, 

Z�lZd`_�m\_ebq_gb_�hlghr_gby�]hjbahglZevgh]h�b�\_j�

lbdZevgh]h� dhwnnbpb_glh\� nbevljZpbb� hkgh\Zgby� b�

gZkuib� �kx/ky��iehlbgu agZqbl_evgh�mf_gvrZxl�kj_^�

gxx�\_ebqbgm�]jZ^b_glZ�gZihjZ�ih^a_fguo�\h^�\�l_e_�

iehlbgu��Ijb�wlhf�\�kemqZ_�g_klZpbhgZjghc�nbevljZ�

pbb�kdhjhklb�baf_g_gby�gZihjh\�nbevljmxsboky�\h^�

mf_gvrZxlky� ih�^ebg_�imlb�nbevljZpbb�� l�_��fZdkb�

fZevgu_�baf_g_gby�gZ[ex^Zxlky�\�\_jog_f�[v_n_� 

3. >Zggu_�\u\h^u�ohjhrh�kh]eZkmxlky�k�ijZdlb�

dhc�wdkiemZlZpbb�i_kqZguo�iehlbg�b�iha\heyxl�hkm�

s_kl\blv�ij_^\Zjbl_evgmx� hp_gdm�nbevljZpbb�q_j_a�

iehlbgm�b�ih^[hj�iZjZf_ljh\�ijb�kljhbl_evkl\_� 

Dhgnebdl�bgl_j_kh\��:\lhju�^_deZjbjmxl�hlkml�

kl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_kh\��

k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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