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 NO.1 

The  2008  Wenchuan  ea r thquake  wi th  a  su r face  w ave  magn i tude  o f  8 . 0  
occur red  a t  Yingx iu  Coun t y in  Lon gm enshan  th rus t  f au l t  be l t ,  sou thwes t  China ,  
hav ing  t r igger e d  a  huge  amount  o f  s lope  f a i lu res .  Thi s  ca ta s t roph ic  ea r thquake  
induced  va r ious  d i sas t rous  consequences  and  took  more  than  80 ,000  l ives ,  
wh ich  one  t h i rd  was  a t t r ibu ted  to  s lope  f a i lu re s .  In  o rde r  to  s tud y on  the  
d i s t r ibu t ion  r egu la r i t y  o f  s lope  f a i lu res  r e l a t ed  wi th  se i smic  pa ramete r s ,  an d  the  
in f luen t i a l  f ac to r s  on  s lope  s t ab i l i t y  and  l ands l ide  mob i l i t y,  f i e ld  inves t iga t ion ,  
s t a t i s t i ca l  a na l ys i s ,  theore t i ca l  de r iva t ion  and  f in i t e  e l ement  s imula t ion  were  
used .  The  resea rch  aspec t s  i nc lude d  gene ra l  v i ewpoin t  and  loca l  v i ewpoin t ,  
qua l i t a t ive  ana l ys i s  and  quant i t a t ive  ana l ys i s .  The  r esea r ch  p rocedure  obe yed  a  
p rocess  o f  a  s lope  f rom s t ab i l i t y  to  in s t ab i l i t y,  f rom the  es t imat ion  o f  
mobil ization abi l i ty  o f  s l iding  debris  t o  t he  p red ic t ion  o f  i t s  t r ave l  d i s tance ,  
and  then  inves t iga t ed  the  se i smic  pe r fo rmance  o f  s lope  r e in fo rcemen t s  so  a s  t o  
t ake  e ffec t ive  coun te rmeasure  to  p ro tec t  na tu ra l  s lope  f r om fa i lu re  in  the  
fu tu re .  

F i r s t l y,  chap te r  1  in t roduced  the  background  o f  th i s  r e sea rch ,  wh ich  b r i e f l y  
de l inea ted  the  causes  and  re su l t s  o f  Wenchuan  ea r t hquake ,  and  rev iewed  
p rev ious  r e sea r ches  on  s lope  fa i lu re  d i s t r ibu t ion  r e l a t ed  wi th  ea r thquake  
pa ramete r s ,  a l so  r ev iewed  p rev ious  s tud ies  abou t  in f luen t i a l  f ac to r s  on  s lope 
s t ab i l i t y  and  i t s  d ynamics  r e sponses ,  l ands l i de  mobi l i t y  and  i t s  t r ave l  d i s t ance  
p red ic t ion .  

In  chap te r  2 ,  f rom  the  who le  v iewpoi n t  o f  Wenchuan  ea r thquake ,  a  de ta i l ed  
invento r y wi th  more  than  190 ,000  s lope  f a i lu re s  and  s t rong ground  mot ion  
r eco rds  o f  187  se i smic  s t a t ion s  wer e  used  to  ana l yze  the  qua l i t a t ive  and  
quan t i t a t ive  r e l a t ion s  be tween  s lope  f a i lu re  d i s t r ibu t ion  and  se i smic  grou nd 
mot ion  in  Wenchuan ea r thquake  whol ly a ff ec ted  a rea .  The  re su l t s  r evea l ed  tha t  
s lope  f a i lu re  d i s t r ibut ion  ex ponent i a l l y dec reased  wi th  the  inc rement  o f  
ep i cen t ra l  d i s t ance  and  d i s t ance  f rom su r face  f au l t  ruptu re ;  se i smic  acce l e ra t i on  
a t t enua t ion  and  s t a t i s t i ca l  ana l ys i s  o f  s lope  f a i lu re  d i s t r ibu t ion  g ave  s o l id  
ev idences  t o  t he  ex i s t ence  o f  hangin g - foo t  wa l l  e ffec t ,  because  peak  gro und 
acce l e r a t ion  ( PGA)  on  the  hangin g  wa l l  s ide  was  apparen t l y l a rge r  t han  tha t  on 
foo twa l l  s ide ,  r e s u l t ing  in  s lope  f a i lu re s  on  the  hanging  wa l l  s ide  was  
p redominan t l y mor e  than  th a t  on  foo twa l l  s ide .  Linea r  co r re l a t ion  be tween  
s lope  f a i lu re  d i s t r ibu t ion  and  PGA w as  demons t ra t ed  b y r egress ive  ana l ys i s ,  
wh ich  p roposed  tha t  0 .18 0 .21g hor i zon ta l  PGA was  the  th resho ld  va lue  o f  
s lope  fa i lu re  occu r rence .  Fu r the rmore ,  an  empi r i ca l  mode l  f o r  s lope  f a i lu re  
d i s t r ibu t ion  a t t enua t ion  was  d i scuss ed  in  Chap te r  2 .  

Th i rd l y,  t h ree  k inds  o f  me thodo logie s  were  used  to  an a l yz e  the  numerou s  
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i n f luen t i a l  f ac to r s  on  s lope  s t ab i l i t y  and  i t s  d ynamic  r esponses  in  chap te r  3 .  In  
sec t ion  3 .2 ,  a  case  s tud y o f  l an ds l ide  d i s t r ibut ion  and  s lope  s t ab i l i t y  r e l a t ed  
wi th  f ive  in f luen t i a l  f ac to r s  was  implemen ted  based  on  f i e ld  inves t iga t ion  o f  
119  l ands l ides  in  Wenchuan  Coun t y.  T he  e ff ec t iveness  o f  each  in f luen t i a l  f ac to r  
on  s lope  s t ab i l i t y  was  s tudied  b y mul t iva r i ab l e  an a l ys i s  and  demons t ra t ed  tha t  
s lope  he i gh t ,  ho r i zon ta l  peak  g round  acce le ra t ion  and  geo logica l  s t ruc tu re  had  
s t ronger  e f fec t  on  the  s l i d ing  source  a rea  and  vo lume  than  s lope  angle  and  r ock  
t ype .  In  o rde r  to  ana l yze  mor e  in f luen t i a l  f ac to r s  on  s lope  d ynamic  r e spon ses ,  
t heore t i ca l  de r iva t ion  was  conduc ted  t o  s tud y th e  in f luence s  o f  geomech an ica l  
pa ramete r s  and  se i smic  wave  p aramet e r s  i n  sec t ion  3 .2 .  The  ana l yt i ca l  r esu l t s  
r evea l ed  tha t  t he  shape  o f  con tour  p lo t  o f  d i sp l acement  ampl i f i ca t ion  ra t io  was  
de te rmined  b y s e i smic  wav e  f r equency;  w i th  the  inc rem en t  o f  f r equ enc y,  t he  
con tour  p lo t  chan ge d  f rom pa r a l l e l  t o  s lope  su r face  to  r h ythm d i s t r i bu t ion  wi th  
mul t ip l e  peak  va lues ;  l ower  f r equenc y induce d  more  dan gerous  d ynamic  
r e sponses ;  t he  max imum d i sp lacemen t  ampl i f i ca t ion  r a t io  r e l i e d  on  Po is son’s  
r a t io ,  i npu t  angle  o f  se i smic  wave  and  s lope  angle ;  mass  dens i t y ha d  sma l l e r  
e ffec t  on  s lope  dyn amic  r e sponses  than  Young’s  modu lus ;  the  th i ckness  o f  
sa l i en t l y  a ff ec ted  reg ion  b y ea r thquake  become  l a rge r  wi th  the  inc remen t  o f  
Young’s  modu lus  and  se i smic  wave  inpu t  angle ,  and  wi th  the  dec r ea s e  o f  
se i smic  wave  f r equ enc y.  As  a  supp lemen ta r y o f  s ec t ion  3 .2  and  3 .3 ,  s ec t ion  3 .4  
con t inued  to  ana l yze  the  e ffec t  o f  t o pograph y on  s lope  d ynamic  r e sponse s  b y 
f in i t e  e l emen t  s imula t ion .  F ive  s impl i f i ed  s lopes  wi th  d i ffe ren t  shapes  w ere  
ana l yz ed  under  th ree  t yp ica l  se i smic  waves ,  the  r e su l t s  r evea l ed  tha t  se i smic  
acce l e r a t ion  was  genera l l y  ampl i f i ed  wi th  the  inc remen t  o f  s lope  e l eva t ion ,  
e spec ia l l y,  a t  t he  s t eep  sec t ion  and  ground  su r f ac e  cu r va tu re  sha rp  ch ang ing  
sec t ion ;  s lopes  wi th  convex  and  S - l ike  shape  w ere  much  more  uns tab le  t han  
o the r  th ree  s lope  t ypes  dur ing  ea r thquake s ;  s t ep - l ike  s lope  ha d  r e l a t ive l y  
h ighes t  s t ab i l i t y;  concave  s lope  and  inver se  S - l ike  s lope  ha d  med ium s t ab i l i t y.  

High  mobi l i t y  l an ds l ide  was  a  sever e  ha rza rd  to  endanger  t he  a rea  a lon g 
t r ave l  pa th  due  to  t ime  l imi t a t ion  o f  evacua t ion .  I t  i s  e s sen t i a l  t o  eva lua t e  t he  
e ffec t s  o f  numerous  in f luen t i a l  f ac to r s  on  l ands l ide  mobi l i t y,  so  a s  to  be t t e r  
under s t and  the  movement  o f  l ands l ide .  Hence ,  chap te r  4  qua l i t a t ive l y s tu d ied  
the  re l a t i ons  be tween  the  equiva l en t  coe ff i cen t  o f  f r i c t i on  (μ=Hm a x /Lm a x )  and  
o the r  6  pa ramete r s  o f  46  l ands l ides ,  such  as  topograph i ca l  f ac to r s ,  l ands l ide  
vo lume ,  ho r izon ta l  PGA and  rock  t ype ,  b y means  o f  s impl i f i ed  p lo t s .  The 
e ffec t iveness  o f  each  fac to r  on  l ands l ide  mobi l i t y  (1 /μ )  and  i t s  t r ave l  d i s t ance  
was  revea l ed  b y  m u ltiva r i a b le  a n a lys i s  a n d  p ro p o s e d  t h a t  ro c k  ty p e ,  la n ds l i de  
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vo lu m e ,  s lo p e  tra n s i ti on  a n gle  a n d  s lo p e  he i gh t  h a d  p re do m i n a n t  e f fe ct  o n  

la n ds l i de  m o b i l i ty  a n d  i ts  trave l  di s ta n ce .  F u r t h e r m o re ,  tw o  s t a t i s t i ca l  mode l s  
fo r  p red ic t ing  eq u iva l ent  coe ff i cen t  o f  f r i c t i on  and  t r ave l  d i s t ance  were  
deve loped ,  r espec t ive l y,  i n t end ing  to  se rve  r e loca t ion  an d  r ehab i l i t a t ion ;  t he i r  
va l id i t i e s  were  ve r i f i ed  b y s a t i s f ac to ry agreemen t  be tw een  observ a t ions  and  
p red ic t ions ,  and  fu r the r  compared  wi th  p rev ious  s t a t i s t i ca l  mode l s .  

In  o rd er  to  l ea rn  f r om se ismic  damage  and  t ake  e ffec t ive  coun te rmeasures  to  
en fo rce  s lope  s t ab i l i t y,  chap te r  5  r epor t ed  the  f i e ld  su rvey abou t  se i smic  
pe r fo rmance  o f  f our  s lope  re in fo r cement s  a long Na t iona l  Road  213  and  
Duj i an gyan Wenchuan  ex presswa y,  t ha t  i s ,  anchor  cab le ,  f r ame  beam,  so i l  
na i l i ng  w al l  and  shotc re t e  wi th  bo l t s .  The  r esu l t  o f  damage  compar i s on  
sugges t ed  tha t  an chor  c ab le ,  f r ame  beam and  so i l  na i l ing  w al l  had  good 
an t i - se i smic  p roper t y,  however,  shotc re t e  wi th  bo l t s  had  l imi t ed  ab i l i t y  to  
enhance  s lope  s t ab i l i t y  dur in g  ea r thqu ake .  

F ina l l y,  t he  chap te r  6  summar ized  the  f indings  in  th i s  r esea rch  and  d i scuss ed  
the  fu tu re  r e sea r ch  topics .  
 



  

 



  

 

  


