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 Abstract ： The   Taipinghu   Bridge  is an  im portantpro ject ， and  the  safety of rock  m asses  ofits  foundation 
 is very crucial.  This  article  analyzes  the  pot  ential  causes  of  the  deform ation  of  the  rock  m a  sses  of  the 

 bridge  foundation ， and  uses  the  Fast  Lagrangian   Analysis of   Continua  to  analyze  the  geologic  m odel.

 The  sim ulating  process  shows that no  m ater  in  t  he  excavating  process  or  in  the  loading  proces  s the  rock 

 m asses  are suitfor  the  engineering.  The  m odel  ing  and  analyzing  process  can  be  used  for  refer  ence.
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； Num erical sim ulation ； Engineering ； Bridge  foundation 

 CLC  num  ber ：P642　　　 Doucm  ent code ：A

　　 The   Taiping  lake  bridge  is  located  in   Taipin  ghu 

 town ， which  is in   Huangshan  city  of  Anhuiprovince.
 The  span  ofthe  bridge  is over 330 m and  the  bridg  e ＇ sa-

 butm ents  are situated  in  the   Tongling  bank  and  the 
 Tangkou  bank.  Because  of  the  huge  span  of  the 

 bridge ， the  diversity  of  the  rock  m asses  in  the  abut-

 m ents and  the  abundant  structural  planes ， it is  very 

 im portantto study  com  prehensively  on  the  eng  ineering 

 geological  condition  of the  bridge  and  to  esti  m ate  the 

 engineer security  ofthe  rock  m asses  in  the  abu  tm ents.
 This article  uses  the   FLAC 3D  to  analyze  the  de-

 form ation  of the  rock  m asses  in  the  excavating  process 

 and  in  the  loading  process ， and  estim ates  the  engineer 

 security.

1　 The  geolo gic al settin g 

 The  strata in   Tangkou  bank  are m ostly m ade  up  of 
 the  pelitic siltstone  and  the  sandy  shale ， and  the  prin-

 cipal  factor  ofrock  m asses  is thatthe  incom  pe  tentbeds 

 interbedded  w ith  the  com  petent beds.  In this a  rea  the 

 NW  direction ＇ s structuralplanes  are abundan t， and  in-

 cise  the  rock  m asses  into  sheet  structures.  Be  cause 

 there are m any  pelitic bands ， it ＇ s easy  to see  som  e lay-

 ers of earth  that are changed  from  the  pelitic  b  ands  by 
 the  weathering.  W iped  off the  layer of earth ， the  bed-

 rock  thatis m ade  up  of the  strong  or  the  whole  di  m or-

 phism  siltstone  is  shown.

 The  landform  is  gentleness.  Because  the  rock 

 m asses  contain  m any  argillaceous elem  ents ， the  w eath-

 ering  is  strong  relatively.  In  the   Tangkou  ban k， the 
 strong  aerated  layer ＇ s depth  is  10  ～20 m ， the  average 

 depth  is  15 m ； the  m oderate  aerated  layer ＇ s depth  is  10 

～20 m ， the  average  thickness  is  13 m ； the  weak  aera-

 ted  layer ＇ s depth  is  about 25 m .  As a rule ， the  rocks 

 containing  m ore  argillaceous  elem  ents  or  in  t  he  low 
 grounds  are weathered  seriously ， otherwise  the  weathe-

 ring  function  is w eak  relatively.

 The  slope  gradient in  the  skewback  is under  10 ，

 therefore the  free  faces are am  biguous.  Becau  se  the  re-

 lieving  cleft ＇ s  dip  angle  is  sm  all ， the  depth  of  the 
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 stress- releasing  strap  is  thin.  The  depth  of  t  he  strong 

 stress- releasing  strap  is about 5 m ， and  the  weak  stress-

 releasing  strap  is about 10 m .

 Though  the  com  petent beds  interbedded  w ith  th e

 incom  petent ones  and  the  structural  planes （ specially 

 the  horizontaldirection ） are abundant ， the  deform ation 

 of the  rock  m asses  is  not  serious  because  there  is  no 

 free  face  in  the  abutm ent.

2　 Com  putin g  m odel 

 The   FLAC  is  the  abbreviation  of  the  Fast  La-

 grangian   Analysis of Continua.  The   FLAC  is a fam  ous 

 m echanics  technique.  Its nam  e com  es  from  the  h  ydro-

 kinem  atics ， which  studies  the  liquid  particle ＇ s m ove-

 m ent along  w ith  the  tim e ＇ s change.  The   Fast  Lagrang-

 ian   Analysis of   Continua  divided  the  com puting  areas 

 into som  e m esh  regions ， and  the  m esh  regions ＇ deform -

 ation  can  be  changed  along  w ith  the  m aterial ＇ s  change.

 This algorithm  is  the   Lagrangian  algorithm .  T  he  algo-

 rithm  can  sim ulate  the  m aterial ＇ s deform atio n， plastic 

 flow ， intenerate  and  vast  deform ation.  This  algori  thm 

 has  special dom  inance  in  m aterial ＇ s elastic  a  nd  plasti-

 c analysis ， vast  deform ation  analysis  and  sim ulating 

 the  construct  process.  Therefore using  the   FL  AC  algo-

 rithm  to analyze  the  geologic process  in  this a  rea  is ap-

 propriate.

2.1　 The  scope of the m odel 

 To m ake  certain the  three  dim ension  m odel ＇ s sc  ope 

 should  follow  tw o  principles ： firstly ， in  order  to  give 

 prom  inence  to  the  researching  area ， the  scope  of  the 

 m odel should  not  be  too  wide ； secondly ， the  m odel ＇ s 

 scope  is large  enough  to elim inate the  boundar  y effect.

 According  to  the  two principles ， the  m odel of the 

 Tangkou  bank  is  w ide   250.6   m along  the  parallel  ing 

 direction  of the  lake （ Z- axis  direction ）； the  w idth  is 

222   m along  vertical  direction  of the  lake （ X- axis di-

 rection ）； the  m axim al  height  of  the  m odel  is  156   m 

（ Y- axis direction ）.  The  bottom   ＇ s heightabove  sea  lev-

 el is  50   m （ fig. 1 ）.

2.2　 The param  eters  of the rock  m asses 

 After  the  m odelhas  been  created ， to m ake  certain 

 the  determ ination  ofthe  param  eters of the  roc  k should 

 follow  the  physicaldifferences  of the  rock  ma  sses  and 

 Fig. 1　 The m odel of the rock  m ass in  Tangkou  ban k

 geological  fram  ew ork.  According  to this prin  ciple ， the 

 rock  m asses  in   Tangkou  bank  are divided  into  pe  litic 

 siltstone ， sandy  shale  and  fault zone.  The  pelitic  silt-

 stone  is  divided  into  the  strong  weathered  pel  itic  silt-

 stone ①， the  m oderate  weathered  pelitic  siltstone ②
 and  the  weak  w eathered  pelitic siltstone ③  according  to 

 the  w eathering  condition.  The  sandy  shale  is  a  lso  di-

 vided  into the  m oderate one ④  and  the  weak  w eathered 

 one ⑤.  The  fault zone  has  the  low est  param  eter  value s

 because  of its weak  geological condition.  The  data  are 

 show ed  in   Table 1.

2.3　 Boundary  condition 

 In the  evolvem  ent of the  slope ， it is believed  that 

 there w as  no  horizontalm ovem ent.  Therefore t  he   X - ax-

 is and  the   Z- axis are constrained.  Other bound  aries  are 

 free ， and  the  only  load  is the  weight of the  rock  m as-

 ses.

3　 The  engin eerin g  fe asib ility  analy sis 

3.1　 The  deform  ation  character  of  the  w all and 

 the underside in  the excavating  process 

 In order to analyze  the  deform ation  ofthe  wall  and 

 the  underside ， the  excavating  process  is divided  into  3 

 steps ：

 Firstly ： excavating  the  strong  weathered  zone  in 

 the  abutm ent ；
 Secondly ： excavating  som  e  m oderate  w eathered 

 zone  in  the  abutm ent ；
 Finally ：  excavating  the  m oderate  w eathered 

 zone  in  the  abutm ent  to the  supporting  course.

 The  results show  thatdeform ations in  the   Tang  kou 

 bank  have  som  e regularity.
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 Table  1  the param  eters  of the rock  m asses  in  Tan  gkou  bank 

 Group   E （ MPa ） μ
C

（ MPa ）

f

（°）

γ

（ MN  / m 3
）

T

（ MPa ）

K

（ MPa ）

G

（ MPa ）

① 7000  0.30  0.1  35  0.025  0.2  2692  5833 

② 10000  0.26  0.6  40  0.026  0.7  3968  6944 

③ 16000  0.23  1.3  43  0.026  1.5  6504  9876 

④ 6500  0.29  0.05  37  0.055  0.05  2519  5158 

⑤ 6000  0.31  0.02  34  0.025  0.02  1908  4325 

⑥ 3000  0.33  0.01  31  0.022  0.01  1129  2941 

　　（1）  The  rock  m asses ＇ deform ation  near  the  foun-

 dation  bed  m ostly  is  the  rebounding  of  the  unlo  ading 

（ Fig.2 ）.  After  the  new  excavating  process ， the  new 

 deform ation  appears near  the  new  excavating  a  reas.

 Fig.2　 The deform  ation  of the rock  m asses  afte  r excavating 

（2）  During  the  excavating  process ， the  deform a-

 tion  of the   Y - axis is largest ， and  its direction  is verti-

 cality ； the   X - axis deform ation  is m oderate ； the   Z- axis 

 deform ation  is m inim al.

（3）  After  the  excavating  process ， the   X  －  axis ＇ 

 deform ation ＇ s num erical  value  of  is  0.35   m m .  T  he   Z-

 axis ＇ deform ation  occurs in  the  m iddle  and  top  w all ，

 and  its m axim al  value  is  0.2   m m .  The   Y  － axis ＇ de-

 form ation  appeared  in  the  bottom  of  the  abutm e  nt and 

 the  under  part of  the  w all ， and  its  m axim al  value  is 

0.5   m m .  Therefore the  m ost unam  biguous  deform  ation 

 is the  rebounding  of the  unloading  in  the  botto m， and 

 the  deform ation  ofthe  w all is in  the  nextplace .

（4）  The  range  of  the  deform ation  locates  on  the 

 excavation  area  nearby.  In relation  to  the  who  le  area ，
 the  influence  of the  excavation  is not obvious .

 In order to know  the  values  ofthe  deform ation  a c-

 curately ， we traced  som  e rock  m asses  in  som  e im por-

 tantplaces.

 The  data in  the  table  2  are the  deform ation  valu es

 of som  e places  on  the  w all in  different altitud  es.  As a 

 whole ， ifexcavation ＇ s depth  is larger ， the  value  of the 

 deform ation  is bigger.  Butthe  totalvalue  is v  ery sm  all.

 Table  2　 the m ovem  ent value of som  e points 

 Locat ion 

 X  － axis 

 m ovem ent 

（mm）

 Y  － axis 

 m ovem ent 

（m m）

 Z  － ax is 

 movement 

（m m）
 Bottom ofthe abutment   0.1  0.43  0.05 

 Lowerpartof the wall （93 m ） 0.2  0.2  0.04 

 Middle partofthe wall （96.5 m ） 0.1  0.15  0.07 

3 ．2　 The  deform  ation  character  of  the  w all and 

 the underside after  loading 

 From  the  engineering  point of view ， the  m ost im -

 portantquestion  is that after  the  building  of  the  bridge 

 the  rock  m asses  are whether  safe  or  not  and  the  d e-

 form ation  of  the  rock  m asses  is  sm  all enough  to  bear 

 the  loading.  Therefore we use  the   FLAC 3D  to  analyze 

 the  deform ation  character  ofthe  walland  the  u  nderside 

 after  loading.

 The  loads load  on  the  bottom  ofthe  underside  an d

 w all directly  to sim ulate  the  w eightofbridge  piers and 

 the  force  that  are passed  by  the  piers.  The  data of

 loads are shown on  table  3.

 Table  3　 loads on  rock  m asses 

 Place 
 Attitude 

（m）

 Load on 

 X - axis 

（ MPa ）

 Load on 

 Y - axis 

（ MPa ）

 Load on 

 Z- axis 

（ MPa ）
 Bottom   92  0 1 0 

 W all 

92  ～93  －0.49  0 0.326 

93  ～96.5  －0.48  0 0.316 

96.5  ～102  －0.44  0 0.276 

102  ～104  －0.39  0 0.226 

104  ～106  －0.37  0 0.206 

 After  loading ， the  deform ation  of   Y- axis  in  the 

 siltstone  is less  than   0.5 m m .  The  m axim al  defo  rm ation 
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 appears in  the  m iddle  of the  abutm ent ， which  stratum 

 is m ade  up  of  the  sandy  shale ， and  is  a com  pression 

 deform ation.  The  m axim al  value  of the  deform a  tion  is 

 about 3 m m .  Because  the  sandy  shale  has  a poor  be  ar-

 ing  capacity ， the  sam  e load  can  m ake  m ore deform a-

 tion  than  the  load  m akes  on  the  pelitic siltsto  ne.

 The  fig. 3  shows the  totaldeform ations ofthe  r  ock 

 m asses  after  loading.  The  loading  process  inf  luences 

 only the  rock  m asses  near  the  excavating  area.

 Fig.3　 The  totaldeform  ation  after  loading 

4　 Conclu sio n 

 In the  excavating  process ， the  deform ations of the 

 rock  m asses  are the  rebounding  because  of  the  u  nloa-

 ding ， and  the  range  ofthe  deform ation  is near  the  new 

 w orking  face.  As a whole ， the   Y- axis ＇ deform ation  is 

 m ost unam  biguous.  After  loading ， the  range  of the  de-

 form ation  is near  the  loading  area ， and  the  deform ation 

 is  a com  pression  deform ation.  The  influence  o  f the 

 loading  is  not  obvious.  The  m axim al  deform ati  on  ap-

 peared  in  the  incom petentbeds of the  bottom  of  the  a-

 butm ent.  The  deform ation  in   Z- axis  is  not  obvi  ous.

 Tracing  som  e points ＇ m ovem  ent ， we find  that  the  sys-

 tem  of rock  m asses  is safe even  after  loading.

 Therefore ， in   Tangkou  bank ， the  m oderate w eath-

 ered  rock  m asses ＇ bearing  capacity  can  take  th  e w eight 

 of  the  bridge  and  the  loading  that  is  passed  by  t he

 bridge ， and  the  rock  m asses  have  the  condition  to  fit 

 the  pro ject.
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