ON THE STABILITY OF A WALL-CHECKED EMBANKEMENT SUBJECTED TO EARTHQUAKE
.M1GLIORE 1)
SYNOPSTS

The three-spherical model of soil we refer to is represented in fig.l.
It is fully explained in the paper presented by Professor V. Franciosi.

Now we want to verify the theoretical results as regards to the stabi-
lity of a wall-checked embankement subjected to earthquake.

1) Let us consider a three-spherical model under an earthquake impulse,
given in fig. 1 by the motion

A v, adqsen.q)Pt

of the sphere with center C whereas the two spheres centered A and B are
fixed.

The field of relative motion, associated with seismic loads charging
differently the set of the upper spheres and of the lower ones ; is conside-
red. Each disgregation is conditioned by a gradient of the seismic impulse
in perpendicular direction to the seismic loads. As the model is homogeneous
and uniform the set spheres-loads is sketched in fig. 1 where the given di-
rection of the seismic impulse coincides with the axis z.

Considering the motions of small amplitude we have the components 3

LA of the displacement of C and the extention A\ = AC - AC'= R@,?—,ﬁzr’o_o_ZSCPZ)
| e = R (- +0.86c?)
1.1) W = R(4.332 P+ 0.5 P Jemaenipt

,Z? = C - E ( C = cynetic energy ; E = potential total energy) , negle-
cting the terms of higher order , can be written

1.2) L= GE = mfy (4R + Arfteoltcot gt + 4.32 R) Wi peosut)+
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Hamilton's equation gives
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for m = '§7,\]23, k= oeR N=4R*c , T= GRS
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. 2 1,3.becomes
(‘F*w o= oL dmuwpet+b Cosq)|o1‘+ol

where

w?s ]-%1 (0433 xc - 04130~ 0.239 2)

(I) Ricercatore presso L'Istituto di Scienza delle Costruzioni della Facoltid
di Ingegneria di Napoli ( Italy ).
II) Where m = mass of the sphere centered C

K = rigidity of the elasto-plastic brace sketching the cohesion.
From which KA1l = strain in the elasto-plastic brace associated

with the deformation energy 1,5 K l{z R
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The initial conditions being t = 0 Lf- 0, C{D -0,
the general integer of the 1.3'' ) s
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We calculate the amplitude bonds CF and the characteristic periods T,

with the conditions t = T, /6 —e p =0 and we have ‘

1.7) a e wTe/, ~cost, Toly )= b o din to Te J —wp~wm:u},”}‘l/q)4
- Ci-&J 437L1L’];/Q9:;C3

2 ) Referring to fig. 1 we write the equilibrium equation to the rota-
tion round B .

2.1) N.Q./}'y)i}é con/60%p| - *M?\*;;:)M(éo’»& ‘-f)'f"
( ) ( LP.).. (:Ae sen (6 0°- $fy) = ©

Congidering the motions of small amplitude and neglecting the terms of
higher order, the 2.1 ) becomes

2.2 ) 0.866 + O.S o + O,
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With no motion and having ‘-?=C.€:({> = 0 the 2.2 ) becomes

or

22') 2= oty —%’ 4.209 R &%

> ota3c® + X 4.209RWIAM dem wWpt
8- —g: ] 'Y) P

where 5? is the corner of inside friction with no motion and ¢f&4j is the
seismic acceleration. Fixingcg= 0 there is no cohesion, as being Dl1=0
there is mo traction load in the elasto-plastic brace. With no seismic im-
pulse the 2.2" ) identifies with the well-known Coulomb's bilatera.

3 ) If we want to verify a wall-checked embankement according to Felle-
nius we must determine the rupture surface in order to calculate the smal-
lest load multiplier K , which leads to

3.1)
Mrib = Mres
where Mrib is the overturning bending and Mres is the resisting bending cal-

culated referring to the center C of Fellenius ' curve.

The load multiplier loading to 3.1 ) is given by

3.2 )K‘z Mgé—(OJ + Meeg COJ o

LA (°I-Mu_'b(1) +DA 2es (O) - DPAzes

and M are calculated for K=0and K =1 .M . and M are:
res rib re

where M .
ri s

b
3.3 ) _Maes = Z ?,,f)v Ro
Lrss S(yh+ KP)a-d

where the refer to all the stripes dividing the embankement.
Mres and its corresponding value 23, were calculated considering the

real surface of rupture ( tangent to Fellenius' curve ).
6y 13®-c

3.4 = .
) S 4+ Tgd m2(2>+21'8"§ i fs

where

oy = -(yh+ KP)

the 3.4 ) of the limit tangential tension ; where éE is the friction cornex
and C the cohesion of the soil, is obtained oply if : a ) the plane of ruptu-
re is tangent to Fellenius' curve ( bent of ) ; b) the tensionsUand 2
acting on the plane of rupture belong to Coulomb's bilatera ; c) the point
representing the status of tension belongs to Mohr's curve tangent to Coulomb's
bilatera.

The earthquake changes the mechanic characteristics of the soil and un-
der certain circumstances the cohesion my be zero.
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If (P# O for the 2.2 ) we have

i 0.5~ 0.866p
3.5 ) _é:wz,c:tg_ Co6e - OSp

/
smaller thané? 30° for CP = 0,

The earthquake praduwvg a decreasing of the resisting bending M and
of the load pultiplier K res

In order to d@tarmmn@ K* let oX , ¢, R, %{ indicate the phy~
sical and mechaniec characteristics of the soil characteristics of the
seismic loads are the direction ( F5) , the ampi;tudg of the gradient { xﬂn?)
the pulsation p .

Referring to fig. 2 ; with Mohr's curve ( fig. 3 ) with no earthquake ,
the values of <7 and 2 are calculated on the plane, for the point
of Fellenius' curve, parallelfo the direction of the earthquake.

Then the values of the ampiitude bonds of the stripes are calculated as
well as the charactar;stxc periods T from the 1.5 ) or 1.6 )} for t = T A b

Let us verify q%_, where ﬂf% s the amplitude bond of the %iﬂﬁt&*p{&*
stic brace.

The values of Cfé and Q§% substituted in 2.2 ) give a new value of &
which substituted in 1.7 ) and 1.8 ) gives in second approximation new va-
lues of b and T .

Consequently %e obtain the values of the corner of inside friction and
of the cohesion from

0,5 - 08664,
0.866 + O. 5 Po

3.6 ) 5?’:.: amt‘g_
<'= &*~O’+§§‘ (I)

Substituting these values in 3.4 )} we have Zﬁ,” on the plane tangent to

the rupture surface-used to determine Mrag .

(1) ¢' - cohesion in the presence of earthquake - is ;&-0 if %dc@
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