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                                   ABSTRACT

   The  applicability  of  a binary logit model  to stability evaluation  of river Ievees was  investigated and

models  for both middlefsmall  and  large-scale levees were  formulated. AIthough  only  three  or  four of

the previously determined eleven  factors which  couJd  infiuence levee collapse  were  adopted  in the  for-

mulated  logit mode]s,  thc predictability and  transferability of  these models  are  suraciently  good  to make
them  usefu1  teols with  which  to evaluate  river levee stability.

                               1. INTRODUCTION

    Evaluation of  the stability  of  river  levees is particularly necessary  in Japan, where  the river
density is high in the narrow  plains and  where  regional  ground  space  is rapidly  being transfered
from  agricultural  use  to bui]ding use.  In this study,  however, we  are  concerned  not  only  with

levee incidents involving fiooding but also  those which  occur  without  overflow.  For  example,

breaching of  levees without  overflow  teok  place on  the left-side levee of  the Tama  River at  Sabae
in Tokyo  (September, 1974), on  the right-side  leyee of  the Nagara  River at Anpachi  in Gifu (Sep-
tember,  1976), and  at the levee on  the Kokai  River, a  branch of  the Tone  in north  Tokyo  (August,
1981).

    Levee failures are  classified  into three types : the overfiow  type, the toe erosion  type, and  the

seepage  failure type. The  studies  done so  far on  a  mechanical  basis have not  been suMcient  to

produce  a  definitive evaluation  system  for river  levees because many  characteristic  factors have
not  been estimated  quantitatively, owing  to the compound  mechanisrns  produced by faults and
such  factors as  complex  slope  surfaces,  the  structure  of  waterproof  countermeasures,  and  the

effect  of  paving  the top  surface  of  levees.

    We  do not  know  on  the basis of  actual  breachings what  factors affect  the damage  type, even
though  up  to now  this kind of  research  has been done  by quantitative methods  or  statistical ana-

lyses of  data from actual  breaches, These approaches  have made  clear  the importance of  selecting

factors that actually  affect the stability  of  levees, but no  definitive procedure could  be chosen

because the results  could  not  be expressed  such  that the theoretical probability of  levee collapse
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accurately  refiected  the empirical  data. We  here provide  a logit model  [1, 2, 3] which  expresses

the probability of  the col]apse  og  or  damage  type oL  a  Ievee, and  examine  it based on  the data
from  actual  levee breaches,

    The  uses  of  the probability of  collapse  obtained  from  our  ]ogit model  follow.

2. STABILITY  AND  SAFETY

    
"Safety"

 is an  important conception  in that it expresses  both safety  and  stability. The
former is the protection of  human  life and  property from  disasters, and  the latter strength of

structure  against  failure. Therefore,  
"safety"

 is composed  of  two  different conceptions:  
"social

safety"  and  
"mechanical

 stability"  [4],
    Assume  that the probability of  damage  can  be estimated  as  the 

"inechanical
 stability"  and

that the amount  of  damage  produced by a  certain  type  of  collapsc  can  also  be calculated.  The
damage expectation  expressed  as cost  can  be calculated  by  multiplying  the  damage  cost  by its

probability:

          Et  
=:=

 \  CwP,d
               j

or

           P,] --  Z  CI,P,,
               i

in which  Ele is the damage expectation  of  the i-th levee, Pw  is probability of  it being damaged  by
thei-th type of  collapse,  Cij is the supposed  damage  at  the i-th levee from the J'-th type of  collapse,

and  P? is the damage expectation  in the JLth type of  collapse.

    Using this information and  calculating  the construction  costs  for improvement  of  levees at
certain  positions against  various  types Qf  collapse,  we  can  decrease the probability of  collapse  by
cost-effective  countermeasures.  We  do not  present an  economic  evaluatiQn  here, but do make  a
stability  evaluation  with  the logit model  [5].

3. BINARY  LOGIT  MODEL  AND  CHARACTERISTIC

         VARIABLES  FOR  A  RIVER  LEVEE

3.1. Bina,ly Logit Model

    We  formulated a  binary logit model  by estimating  and  examining  parameters in the utility

function (we call  it damage potential in this paper) after  first determining the functional form  of

darnage potential by the maximum  likelihood estimation  methed  and  then  calculating  the co-

variance  matrix  of  the parameters, taking  into account  the t-value and  likelihood. The  choice

probability, Pt., that the model  selects  the choice  branch 1 (damaged or  collapsed)  and  the choice

probability, P2., that corresponds  to branch 2 (non-damaged or  non-collapsed)  are  expressed  as

                      1

          
Pin ===  1 +exp[m(K.)]

          P2n=1-Pin

in which  Pt. is the choice  probability that the n-th  ievee chooses  branch 1. The  utility function
P'l. is recognjzed  as  the damage  potential and  is given  in the linear equation

           VLn=eo+eiX}ni+e2JY}n2-'e3X2ns+･････････+eteJY}nte

in which  the suffix i is the choice  branch number  1 or  2.

3.2. Selection of Clharaeteristic Fariables ofa Levee

    Of  the many  possible variables,  we  have selected  eleyen  as  characteristic:  the width  of  the
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Ievee top, the outside  and  inside heights of  the levee and  gradient of  its slopes,  the outside  and

inside banquettes, the soil strength  parameters, the structure  of  the bank  pretection, the kind of

pavement  on  the levee top, the fiow capacity  of  the river  and  the flood discharge used  in planning
the levee system  (henceforth simply  called  

"flood

 discharge"), the kind of  riverbed  and  the circum-

stances  (accompanying structures)  of  the levee, the existence  of  seepage  water  around  the inside
toe of  the levee, and  rainfa11.  The standards  for selection  are:

(1) variables  which  are easily ebtained,

(2) variables  which  can  be individually selected  from the others  with  multicollinearity,

(3) variables  which  are  clearly  knewn  in mechanics,  and

(4) variables  of  the numerical  type  are  preferable to dummy  ones.

   Based on  the above,  eleven  variables  are  possible:
a. Width  of  the top surface  (IK) and
b. Inside height of  the levee (Xh)
   These are  easily  obtained  and  are  important factors that express  the  scale  of  the  Ievee, as does
the next  factor:
c. Area  of  the levee section  (IYIi)
   This value  is a  function of  the width,  IYI,, the gradient of  the slope,  and  the height of  the Ievee.

There is a strong  interrelation between them,  but this still is regarded  as  an  important resistance
factor against  external  force.
d. Soil strength  parameter  (JVI; stability  number)

   The  stability  number  in the slope  stability  analysis  is an  important resistance  factor necessary
for stability  evaluation.  In determining this factor we  have used  the data shown  in Table 4,
four types of  soils being converted  to a  continuous  variable  in the form of  the stability  number.

e. Ratio  of  the flow capacity  of  the river  to the flood discharge (Xli)
   This  is a  variable  that expresses  the magnitude  of  the force acting  on  a  leyee.
f. Outside  slope  protection (X4)
   In this paper the dummy  variable  JVk=1  is used  for a  permeable structure  such  as  bare soil,
a  planted grass surface,  or  piled-up stones  or  concrete  blocks. X6==O  is used  for other,  imper-
meable  structures.

g. Kind  of  pavement  on  the levee tep (X÷)
   This is given the same  classification  standard  as  the outside  slope  protection, i,e. as to whether

the pavement  is permeable or  impermeable.
h. Seepage water  through  a  levee (Xk)

   This dummy  variable  is derived from  important infbrmat{on obtained  from  inspection and

must  be taken into account  for the evaluation  because a  levee that shows  seepage  is thought  to

be threatened with  seepage  failure.
i. State of  the river  channel  (Xl), JYio, JYIi)

   The  meanderings  of  the river  course  and  the existence  of  accompanying  structures  are  ex-

pressed by these variables  : concave  fbrm, JYb ; convex  form, Xio; and  the existence  of  accempanying

structures  upstream  or  downstream, ;\ILi,

4. TYPES  OF  COLLAPSE  AND  THE  DISCRIMINATING

      PATTERN  FOR  LOGIT  MODEL  ANALYSIS

   Four  types of  damage are  shown  in Fig, 1 : the complete  breakage of  the levee section,  outside

slope  failure, inside slope  failure, and  slight  or  no  failure. More  than  five hundred records  of

damage  to levees of  the middle  and  small  types have been collected  in Japan  [6] (Table 1), These
data can  be placed  into two  classifications,  overfiow  and  no  overfiow.  There  is much  less data
available  for large levees, but damage  data fbr 36 cases  along  the Nagara  River are  shown  in
Table 1.

NII-Electronic  Mbrary  
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   In order  to apply  not  the multinomial  but binary logit model  fbr the sake  of  analytical  sim-

plicity, the original  data classified  into afbrementioned  four types of  damage  are  rearranged  into
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Fig. 1Four  types of  levee collapse.

 Table1 Correspondence of  damaged  Ievee data to four

       discriminating model  patterns.
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two categories  in three different ways  fbr middle!small  and  one  fOr Iarge scale  levees as  shown  in
Table 1. The  pessibility of  discriminat{on between failure and  no  failure is examined  in four
patterns, as  showm  also  in Table 1. Model  1 is intended to discrlminate cemplete  breakage from
other  types of  breakage; model  2 is intended to discriminate a  complete  break from  small-scale

failure excluding  the slight or  no  darnage type. Model  1 is, therefore, regarded  as  evaluating

the risk  of  complete  breakage and  model  2 is for judging whether  or  not  leyees come  to sufTer

complete  breakage, being confined  to only  darnaged levees as  the population.  These medels

correspond  to the overfiow  type. In contrast,  model  3 is intended to discriminate a  complete

break from  srnall-scale  failure, and  model  3 is an  evaluation  model  for the same  confined  discrimi-
nation  purpose  as  model  2, corresponding  to the no  overflow  type. For a large river  levee, model
4 is intended to discriminate more  than  small-scale  of  failure from  slight  or  no  failure because
these are  fewer in number  than  small-scale  failures. Model  4, therefore, evaluates  the risk  of

complete  break of  large levees with  no  overflow.

    For  any  statistical  analyses,  the more  data the better. For example,  there is a  report  that

about  3oo-500 samples  are  suMcient  fbr the stable  estimation  of  5 variable  binary logit model.
Due to the limited availability  of  samples,  however, the model  variables  are  chosen  and  estimated

here so  that the t-value  of  each  parameter  be greater than  1,96, which  indicates that the adopted

variable  influences the risk  of  damage with  the confidence  higher than  95 %  probability, It should
be noted  that the models  2 and  3 are  confined  te evaluate  the conditional  probability of  complete

breakage of  damaged levees excluding  slight  or  no  failure. Therefore, if we  intend to evaluate

the probability of  complete  breakage of  a  given  levee without  overfiow,  for example,  we  have to
multiply  the probability calculated  from model  4 by the probability calculated from model  3 (see
Table 1), based on  the idea of  nested  Iogit model  which  is one  ofmodified  multinomia!  logit model.

5. ESTIMATION  RESULTS

5.1. Results

    The  results  for these four cases  of  model  analysis  are  ordered  for the estimation  of  the para-
meters  in the utility  function (damage potential), and  the t-value presented is given in parentheses
under  the parameters in Table 2, The  likeliheod ratio  and  %  right  (hit ratio)  of  each  model  are

also  shown  in Table  2. In each  medel  three or  four variables  are  adopted  along  with  an  alter-

native  specific  dummy  constant,  eo.

5.2. Cbnsicleration of the IJkeetors (7keriables) Adopted

    Table 2 shows  that the lst variable,  the width  of  the levee top; the  2nd, the inside height of
the levee; the 3rd, the area  of  the levee section;  the 4th, the levee's soil; the 5th, the ratio  of  the

fiow capacity  to the fiood discharge; the 8th, the recognized  seepage  of  water;  and  the 10th, the

state  of  the river  channel  can  be discriminated. Concerning the effects of  the adopted  factors:
(a) the width  of  the ievee top (XZ)
    The  width  of  the Ieyee top is a  strongly  resistant  factor used  in models  1 and  2, but is omitted
in models  3 and  4. This variable  has strong  interrelation with  the inside height of  the levee and
the area  of  the levee section, which  is why  the width  of  levee tep is used  in mode]s  1 and  2 and  why

the 2nd  and  3rd variables  are  not.  This is thought  to owe  much  to the theory  that a  logit model
chooses  one  variable  among  severa]  with  multicollinearity.

(b) the inside height of  the levee (l\le) and  the area  of  the levee section  (JYli)
    The  2nd  and  3rd factors are  used  in models  3 and  4, but the plus or  minus  sign  is reversed
because model  3 is used  to discriminate a  complete  break from  the other  types of  collapse  while

exeluding  cases  of  slight  or  no  damage, whereas  model  4 is to discrlminate failure from  slight  or  no

failure,(c)
 the soil strength  parameter (X4)
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Analytical results  fOr the four logit models.

Notation

eo

el

e2

03

04

es

06

Characteristic factors (variables)

Alternative specific  dummy
constant

Width  of  levee top
(m)Inside

 height of  levee from
inlancl surface  (m)

Model1Model2Model3Model  4

2s156(4.199) 4.538(5,298)  1.962(l,967)-3,502
 (2.637)

-O.439

 (3.713)-O.628 (4,275)
1 f

l/1/
1 -O.839

 (2.165)
O.742(2,328)

Area of  levee section
(M2) }1

1

Soil strength  parameter
(Stability number  ) [O]

l]F-L919

 (3,O08)-3,094 (3,591)

 O.037
 (2.014)-2.195

 (2.044)

-O,O14

 (2.425)1

Ratio of  flow capacity  to flood
discharge [O]

lLPermeable
 structure  of  outside

slope  protection (X6== 1)

eT

0s

PeTmeab]e  pavement of  top
surface  of  ]evec (X7=1)

Recognized  seepage  of  water
through the levee and  its
foundation (Xs ==  1 )

State of  river  channel  :

concave  levee line (Xg=l)

! f -L201

 (2.608)
f

f 1 / /

09

010

  f

1.590(2.784)

/

!

/

f

  f

 1.443(2.643)

/x

/

  1

2.429(2.177)

f !

State of  river  channel  :

convex  levee line (Xio='= 1)

eal

1IO.981(1,967) f f

State of  river  channel  :
existence  of  aocompanying

structures  (Xn=1)

1 1 / /

%  right  (Hit ratio)of  model iO.699 O,868 O.755 O.732

   Likelihood of  model                                          O.185 O.455 O.241 O.223

    This  factor is adopted  jn every  model  but 4, which  indicates that it has a  strong  effect  on

failure, as expected  in geotechnical  engineering.  The  reason  why  it is omitted  from  model  4 is
because soil strength  data for large levees must  be judged visually  from  the state  of  the levee
surface.

(d) ratio  ef  the fiow capacity  to the  flood discharge (JYk)
    This quantity expresses  the scale  of  the river  discharge, but in itself is a resistant  factor of

the levee because it is defined as  being greater when  the capacity  is greater than the discharge
during fioods. This factor is used  only  in model  3, which  discrim{nates a  complete  break from
small-scale  failures when  there is no  oyerflow,  It is omitted  in model  4, for large levees, this
type  of  levee being thought  te be strengly  enough  made  to be stable  for this factor.

(e) structure  of  the outside  slope  protection  and  the kind of  pavement  on  the levee tep

    These parameters are  omitted  in every  model,  which  indicates that there is little efTect  on

the structure  from the seepage  of  rainfall  and  of  floods. We  consider  that the structure  of  the

outside  slope  and  the pave:nent  on  the Ievee top do not  significantly  afTect the stability  and  that

the construction  work  is standardized;  therefore these factors have little ellect.

(f) recognized  seepage  water  through  a  levee (JYk)
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    This facter is regarded  as  effective  because it is used  in models1  and  4. Why  is it not  used

in models  2 and  3? Both  these models  exclude  cases  ofslight  or  no  failure; therefore, information
on  the recognition  of  seepage  water  effectively  discriminates between failure and  no  failure.
(g) state  of  the river  channel  (Xlo)
    The  reason  why  the convex  case  alone  is included, and  then  onty  in models  1 and  2, is because
breaking of  the levee by overflow  occurs  when  water  which  has escaped  from  the river  through  a

breach at  another  point  ffows back into the river,

5,3. thetor E7asticity Analysis

    The  extent  of  the effects  of  various  facters on  the estimated  probabilities of  collapse  differs
markedly.  The  relations  between estimated  probabilities and  seme  factors are  shown  in Fig. 2,
and  the elasticity  of  the variables  [71 in each  model  is calculated  in Table 3, which  gives the mag-

nitude  of  the infiuence of  a  variable  on  the probability, the factor elasticity  being defined as the

proportional rate  of  change  of  the estimated  collapse  probabiiity defined by the proportional  rate

of  change  of  the associated  factor. For  example,  in mode}  1, facter 1 (the width  of  levee top) is

:.a

£

IDO

50

Ca)ts

 --

 .ts,.S

  
.t.S

   -e  -"

  bt.pO!
 e   .A-bi

 -

e
 ; 'L:I 4di 

.l

 
'

 '

IA/e 
'l

 ?, 
:
 

"i .g..
        m

aa

o

o

orf

.  Lgvee  breakage

  Fai･ lure of'A
  outs!.  de slope

  F'ailure of
u

  insidE s]cpe

  Sli･ght/non-
o

  damaged

  g
 ugAAeenm

c        s

Li/tdth
 
of

 
leveE

 
toP

 
XI

 (M)

1[]

100

Rt.t
  SIEL

(b)

 S.k.-
-"  :- 

.

      
i ti

     
O.

 g e. e

 zaoe  
-

eq .:."3X'
e

 .'.D-xeO

   
a"

 e
   o--

      
.Ag

  eg'apAPe

     :eo

    B

    o
  --.

  --

  o

  -e

    A--:

  .
  --eOg

 
e.

  t:e-oo

za

..,..

 te.

 th.

 .

 oo

･A

.:-

R
 zao-ob

e

.

.  [.evee  breEkage

 Failure  af
A

 outside  slope
 FeUure  of
[

 inside  slDpe
 SliGht!nen-
e
 duffiilgeo

th
 

-e

o

o     D.)stfi.bility

 rumber  
X4

1.Z

{r}

tr/ss'benEix･,tt8.:gis･or

Tixe)
 LsPL,g

 iegs

  sgs/tt

plx"S,

 IDhi::S

 ]s

20

lr  fY)-asttlre-/lieliBsu/

Ti L4k?

:t, 
lfi

2ttt

T,:x--11

 10xotv,

  ISk,o:g.ll

 2o

brtsakage

09cx)

Fig, 2 Effbct of  factors on  the probability ofcollapse;  model  1. (a) Width of  the Ievee top  (jYl),
      (b) Soil strength  parameter; stability number  (JYZ), (c) Recognized  seepage  water  (;Yl), and
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 Table 3 Factor  elasticities for eollapse  probability.

i Characteristic factors (variables)

o

1

2

Alternative specific dumrny
constant

Width of  levee top
(m),

 Inside height of  levee from

i inland surface  (m)
l
  Area of  levee section
  (mP)

Model1Model  2Model3Model  4

1 1 1 f

-O.530 -O.424 1 1

1 1 -1.549 4.144

3 rlt1 / O,680 -2.503

4'l  Soil strength  parameter
I (Stability number)  [O]

i -0247 -O.210

lt1･

-O.384

5   Ratio of  flow capacity  to fiood
J discharge [O]

6

/

7

8

9

f /

Permeable  structure  of  outside
slope  protection

-1.188 /

Perrneable pavement  of  top

surface  of  levee

Recognircd  seepage  of  water

through  the levee and  its
foundation

{ State ofriver  channel:
  concave  levee line

10

11

State of  river  channel:

convex  levee line

f / 1 1

1 x 1 1

O.340 1 / O.586

/ / 1 f

i･ 9.249
i "'

O.174 1 1

State of  river  channel  :

existence  of  accompanying

structures

i/ 1 1 1

the strongest,  the next  strongest  being recognized  seepage  water,  followed by the state  of  the

river  channel;  the weakest  one  being the soil strength  factor, in middle  and  small  levees with

overflow.

    It is clear  that when  a  flood  fiows over  a  levee, the width  of  the levee top is an  important

resistance  factor. Striking{y, the 8th factor, recognized  seepage  water,  plays a  major  role  in the

discrimination.

    The  dependence of  the continuous,  numerical  factor (abscissa) on  the calculated  probability

(ordinate) are  shown  in Figs, 2(a) and  (b). The  relation  between the cumuiative  frequency ef

the alternative  dummy  variable  (ordinate) and  the calculated  probability (abscissa) is shown  jn
Figs. 2(c) and  (d). The  data for the specific  dummy  variable  is distributed over  the greater part
of  the calculated  values  of  Pi.･

    The  ordinate  in Fig. 3(a) shows  the cumulat'ive  number  of  breakage (continuous line) and

of  nonbreakage  cases  (dotted line) for levees in model  1 at five percent jntervals of  the calculated

probability of  collapse  (abscissa). The  ratio  of  the cumulative  number  of  broken levees to the

total is shown  in Fig. 3(b). It represents  a  linear relation  between the cumulative  frequency

and  calculated  probability of  collapse;  i.e., the equality  between them.  Thus,  the estimated

probability of  Ievee collapse  is interpreted as the rate  of  levee collapse  that  has been  calculated

as  the probability of  Pt..

    To  make  clear  the prediction ability  of  the rnodelling  procedure, we  have drawn the calcu-
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(b) Relations of  the actual  probability, Pm,  defined by the rate  ofdamaged

levees, to the caleulated  probability.

lated probability of  collapse  for both damaged  and  nQndamaged  levees (Fig. 4), which  shows  a

good  fit in model  1. The  calculated  probability of  collapse,  however, remains  small  in models  3
and  4 as  a  whele  because of  the many  undamaged  cases  compared  to the number  of  damaged

cases.  This tendency often  appears  in Iogit model  analysis,  and  in model  2 high probabilities
are  calculated  because of  the large number  of  damaged  cases,

6. RELIABILITY  OF  THE  ESTIMATED  PROBABILITY
             AND  TRANSFERABILITY

6.1. Reliability of the Model  Analysis

   The  expressions  shown  in Fig. 3 for model  1 are  adjusted  in Fig, 5 (model 2), Fig. 6 (model
3), and  Fig. 7 (model 4), Also, the adjustrnents of  the factor analysis  shown  in Fig. 2 (model 1)
are  presented in Fig, 8 (model 2), Fig. 9 (model 3), and  Fig. 10 (model 4), Model  3 contains  no

alternative  dummy  variable,  only  four yariables  (factors) of  the numerical  and  continuous  types;

consequently,  the collinearity  ef  the relation  between the actual  mean  probability P.  and  the

calculated  Pi.  is the best among  the fbur models  (see Figs, 3, 5, 6, and  7). This shows  that nu-

merical  and  continuous  variables  are  preferable for logit model  formation, as  stated  in section
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Fig. 4Prediction  ability  of  the  Iogit models.

(a) Model  1, (b) Model  2, (c) Model  3, (d) Model 4,
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3.2.

    In contrast,  the bias of  the frequency of  data shown  in each  part (a) of  Figs. 3, 5, 6, and  7
depends on  the bias of  the colTected  data. According to  Table t, model  1 contains  120 broken
and  76 unbroken  levees. Model  2 has more  instanoes (120) of  breaks than  of  slope  failures (31),
whereas  model  3 has fewer instances of  breaks (47) than  of  slope  failures (137), and  model  4 has
about

 
half

 as  many  incidents of  damage  (36) as  of  slight  or  no  damage  (87). As  stated  before,
the bjas of  the data affects  the prediction ability  accuracy  of  the logit model  shown  in Fig. 4,
which  yields comparatively  high probabilities in model  2 and  comparatively  low probabilities
in models  3 and  4. The  typical differences in the logit models  by data are  shown  in the frequency
distribution in Figs. 3(a), 5(a), 6(a), and  7(a).

   Let us  transfor, or  apply,  model  3 to the data of  model  4. According to Table 1, model  3
excludes  slight  or  no  damage cases,  so  that we  must  consider  the discrimination of  one  broken
levee from 35 samples  of  outside  or  inside slope  fajlure in the data of  model  4. Also, the logit
models  shown  so far are  

"disaggregate"

 models,  whereas  the data for rnode]  4 is really  
"aggre-

gate" 
data

 I7, 8]. Therefbre, we  must  adjust  the alternative  specific  dummy  constant,  eo, by B
in the utility function (damage potential) as  follows [8].

   The  sharing  rate  of  choosing  one  broken levee among  the  tetai number  of  samples  (36) is
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    Table4 Soilparameters.

@@@@Sandy soil

SandClayey
 soil

Sand  and  gravel

 9.84.919.6

 O,98

L

'

17,617.617.617.6

                    1 1

          
Sz

 
==

 
'I
 gexp(- K.) 

="3'6-

and

           K.t=e,+e,Xh+esXb+e,JYI-I-esXk+B

in which  the e's are  the parameters obtained  from  model  3 (e,= 1.961, e2=-O.839,  e3=-O.037,

e4=-2.195,  es=-1.201)  and  Xle is the average  of  each  factor used  in rnodel  4. This gives

Bp-4.718  and  a low  %  right  of  38.9%  in the case  of  direct transfer (B=O), whereas  for adjusted

transfer (e ==  -4,718)  we  get a  better % right  of  86.1 %. Therefore, the prediction ability  of  the

logit model  can  be improved by estirnating  the appropriate  value  of  B.

    In  fact, a  river  levee is mainly  built of  soils found along  the river  and  is very  long se  as  not

to be broken at any  section;  thus the  probability according  to a  model  that a  levee will suder
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(a) Width  of  the levee
; and  (c) State of  the

damage at a  given section  should  be very  slight. Otherwise, the model  is badly formulated.
We  have estimated  here the probability by logit model  using  the data of  actually  damaged Ievees,
and  in general such  adjustments  as  these aboye  will  be necessary  when  applyjng  the Qbtained

models  to other  river  levees.

6.2. 7}'anliderabiitty ofModel4 to a  Di,t7lerent Levee

    Model  4 is formulated fOr a large-scale levee on  the Nagara  River. We  also  collected  data
on  the levee of  the ljira River (a branch of  the Nagara  River) for the same  disaster period  as  when

the data for model  4 were  sampled.  This is based on  the considerati'on  that the rainfa11  effect

on  these levees should  be nearly  equiyalent  because the collection  positions for the two  sets  of
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data were  only  a  few kilometers apart.  In the ijira Riyer we  investigated and  collected  data for

30 sections  at intervals of  400 m.  This  data contains  9 samples  of  outside  or  inside slope  failure

and  21 samples  of no  failure, the sharing  rate  of  collapse  being 9130==O.30. The  sharing  rate

in the data for rnodel  4 is 361123==:O.29 (Table 1). Although there is little difTerence between
the sharing  rates,  we  inyestigated the direct transferability of  model  4 to the Ijira River  levee.

The  estimated  results  shown  in Fig. 11 indicate that there is yery  good  agreement  between the

actual  positions of  slope  failure and  sections  that  had more  than  a  50 %  estimated  probability of

collapse.  The  logit model  therefore proyides a  useful  method  for evaluating  the possibility of

levee cellapse.

                               7. CONCLUSIONS

    We  made  a trial application  of  a  binary logit model  to a  stability  evaluation  of  river  levees and

formulated models  for middlefsmall and  1arge-scale levees. Although  there is still the problem
of  whether  our  eleyen  se]ected  characteristic  factors (variables) are  the best, the predictability
and  tramsferability of  the logit model  were  suMciently  good  to show  a  high possibility of  making
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stability  evaluations  for river  Ieyees in Japan.
    For  the Iogit mode]  to shew  its characteristic  utility,  it is important to judge which  and  how
many  characteristic  factors (variables) afTect  the stability  evaluation.  Three or  four factors were
adopted  as  a  result  of  our  binary  logit model  analy$is,  which  seems  to be similar  to the field of
transportation  analysis.  Alternative dummy  variables  (e,g., water  seeping  through  the levee
and  its foundation) which  are  considered  important factors on  empirical  grounds can  have  an

important functien in the stability  evaluation.
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    The  great merit  of  using  a  logit rnodel  is that stability  is simply  expressed  by the probability
of  collapse,  in accordance  with  the purpose of  discriminating cases  of  collapse  from  those of  no

collapse.
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