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276 PLASTIC EQUILffRIUM IN SOIL

argement (Fig. 35.11). Inasmuch as the value of F
determned in ths maer refers to only one tral surace,
the calculations must be repeated for other suraces until
the mium value of F is found. Computer program
are avaiable to expete the caculatons. However, to
ensur that the results are reasonable and tht no untenable
assumption has been incorporated into the routine, a man-
ua check by mea of the foregoing prour is
advisable.

For most practical pr6blems involving a noncircular
surace of sliding, th assumption that A.T,. is equal to
zero lead to suffciently accure results. If the 'crss
setion of the sudace of sliding depar significantly from
a circular shae, the use of Eq. 35.29 with AT,. = 0 is
preferable to the assumption of a cirular cross-setion

and the use of Eq. 35.22. However, if greater refinement
is justifed, values of ATn may be inserted in Eq. 35.29
and the factor of saety recaculate. The caculatons ar
laborious and hadly praticable without a computer.

Because the interslice forces T and E depend on the
deformation and tbe stress-dfonntion charteritics of

the sliding mass, they cannot be evaluate by limit-equi-
librium procedur, but values must be assigned to them

aritrary. Any set of values T,. satsfying Eqs. 35.30

and 35.36 wil ensur compliance with all conditions for

i-
.---
n

1

2

n

1 2 3 4 Ii 6 7 8 9 10 11' 12 13 16

18 19 20 21 22

----------- -i.
b ø x f a ta a c ta' c: ub W. W. aT, W. + w. + aTn (14) - u\ (15) taii. (Q) +

1--------------
2

(17) . a W.. + W. (19)' x ul tan.' (21) - cb (22) taii a Fi ~~) (14) + (25) (26)' J fn..

~(20) ..
"~(29)F - -2 - 1:(20) - 1:(30)

, Repeat steps 24 to 80 incl.

14

equibrium of the slide as a whole and for th
and vertca equilibrium of each slice. However,

such sets nf values are reasonable or possible. Fore
pIe, the values of T~ must not excee the sheag str
of the soil along the vertcal boundar of the corr
ing slice",nder the infuence of the normal fore

Moreover, tensile stresses should not occur across
nificant portion of any vertcal bounda between
These requirements form one basis for judging the r
ableness of a computer solution.

If the subsoil conta one or mor thin exceptio.
wea strta, the surce of sliding is liely to consi
thèe or more sections that do not merge smoothy
into another. In stailty computons' such a s
canot be replaced by a continuous cure without

intruction of an error on, the unsafe side.

Figure 35.12 represent a slope underlain by a(
layer of very soft clay with undraied shea stren '
If such a slope fails, the slip occurs along some com
suraCe abed. In the right -hand par of the sliding
reprented by the ar abf, active faiure mu
expected, because the ear stretches honzontay
the infuence of its own weight The central par
moves to the left under the influence of the active p
on bf. The left-hand par of the sliding mass ed. ex

15

~ 23 24 25 26 27 28

1:(29) ~ =

1:(30) =

::

Fire 35.11 Tabular form for calculatig fàctor of saety of slope by method of slice, if
suiface of sliding is not circular.
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¡go 35.12 ,Failur of slop underlai by thn laye~ of ver
1ft clay.

iCes passive faiur due to the tht of the advancing

intr par beef.

The fit step in investigatng th conditons for the

iibilty of the 'slope is to compute the passive ear
essur Pp of the soil located on the left side of a tenta-
,ely selectêd vertcal setion ec loced nea the toe of
e 'slope. It is consrvative to assu that Pp acts in
e horionta diection. The next step is to estimate the
isition of the right-hand bounda b of the horionta
rt cb of the potential sUDac of slidig and to compute
~active ear presurePA on a vertcal sectîon.f though
The tendency for the mas beef to move to the left is
iiste by the pasive ea prss Pp an the to
dred shea stngt C along be. If the slop is stle,
~ sum of these resistig forces must be grter than the

tive ear ~ur ~, which is assumed to act in a '

rionta dirtion. Th factor of sa agst slidig
equal to the, ratio between the suin of -the resistig
'ces and the forc PA. The investigation must be repeate
~ dierent pÖsitions of th poin e an,b unti th

face of leat' resistace to slidig is found that corrs-
ods to the leat factor of safety.

I)blems

t. A wide cut wa mad in a str of soft clay that ha
ivel surac. Th sid, of th cut ro at 30" to th horzota.
lrk was loc at a depth of 12 m below the origial

und sUDac. Whn the cut rehe a dept of 7.5 m, faiur

urred. If th unt weight of the clay was 19.2 kN 1m3, what

; its mobilze undred shea strngt? What was the

rater of th suac of slidig? At what distace frm the

t of the slop did' th surac of slidig intet the bom
he excavaton?

Ana. 24 kPa; midpoint cirle; 5.25 m.
~ Th rok surac ~ferr to in prlem i was locatd at
:pth of 9 ,m below th or gr su. Wht were
mobilze undred shear. strngth of th clay and the
racter of the surac of sliding?
Ana. 22 kPa; to cile.

. A cut is to be excavate in soft clay to a deth of 9 m.
materi has a unt weight of 18.3 kN 1m3 and a SU (UC)

i4 kP A ba layer unrles th soft layer at a deth of
n below the orgi grd su. What is th slope angle

,hich failur is likely to ocur?
Ana. ß = 69°.
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4. A trnch' with side rising at 80" to the horizonta is
excavated in a soft clay which weighs 19.2 kN 1m3 and has an
undred shear strngt of 12 kPa. To what depth can the

excavation be cared befor the side cave in? At what distace

frm the upper edge of the slope wi)) the surace of sliding
intersect the ground surac?

Ms. ,2.75 m; 2.46 m.
S. A be nf clay consists of thee horizonta strata each 4.5

m thick. Thé values for Su for the, upper, middle, and lower
stta ar, respetively, 30, 20, and 140 kP The unt weight
is 18.4 kN 1m3. A cut is excavat with side slops of 1 (vertcal)

to 3 (horizonta) to a depth of 6 m. What is the factor of safety
of the slope agaist faiure?

Ans. 1.3. , .
6. To what depth ca the trnch in problem 4 be excavate

without braing if the soil is locat above water tale, and
ba a cohesion interpt c of 12 kPa an an angle of internal
frction of 20" ,

Ans. 4.25 m. '
7. To what depth ca a pennnt trh in prlem 4 be

excavated without bmcig if th clay be is completely sub-

merged and the effective'cohion intercept c' is 4 kPa and the
angle of internal frction is 20"1

An. 2.96 m:
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36.1 'Critica States for Deign
Th facor of saety of an ea da with repet to a
slope or foundatin failur depends to a lare extent on t
the porewate pressures. In a da of given crss-section
on a given foundàtion.. th intensty and distrbution of

theporeater preurs var with tie betwéen wide
limts. For puises of design it is convenient to distin-
guish amnl th porewater preur conditions corres-
ponding to thre stges: durg constrction, and
espeialy imedately Afer constrction has ben com-

plet; afer, the rervoir has be full long enough to
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~c;
y == total unit weight of soil

Yw == unit weight of water

c' == cohesion intercept

~' == friction angle

ru == pore pressure ratio == u/yH

u == pore, pressure at depth H

Steps:

1. Determine ru from measured pore
pressure or formulas at right.

2. Determine A and B from charts

below.
tan fe'3. Calculate F == A - + B-
tanß yH
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CD. The bar indicates that Ñ is the resultant of the
effective stresses.

3. The resultant of the shear stresses around the

boundary. The shear stresses on the vertical side
of the element must cancel each other, leaving only
the resultant T of the shear stresses on CD. Since
the pore water can carry no shear, Tmust be carried
entirely by the mineral skeleton.

4. The resultant of the boundary pore pressures. Since
there is no seepage, this force is buoyancy (as proved
in Chapter 17), which is the volume of the element
times the unit weight of the water.

Some readers may be puzzled by the fact that the
resultant of the boundary pore pressures is vertical even
when the top and bottom of the unit element are not
horizontaL. Figure 24.2 shows the actual boundary pore
pressures and proves that the resultant is indeed verticaL.
Note that the pressures vary along the top and bottom of
the element as well as along the sides of the element, and
that the resultants against the two vertical sides are not
equal. (In other words, buoyancy acts upward regardless

of the shape of the submerged mass.)
Because the resultant of the boundary pore pressures

is vertical, the final result of the analysis is the same as in

'\

t

4-
i (a)

Total weight
= ad'Yi

Net boundary

I a water force

I ~ =ad'YwI~1
ri;:;~r'c -i
D' iX

(b)

By analysis of Fig. 13.33,

R = adYb così

T = adYb sin i
ii = Ybd cos2 i

T = Ybd cos i sin i ..

If full resistance is mobilized so that T = ii tan ~, then

i = ~
Fig. 24.1 Analysis of submerged infinite slope. (a) Sub-
merged slope. (b) Analysis of equilibrium.
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Fig. 13.33 except that the buoyant unit weight replaces

the total unit weight. The final result is that the slope is
stable for i :: ;P, i.e., the maximum value of i is the
strength angle ;p in terms of effective stresses. Thus the
maximum stable slope angle is the same for a given sand
whether the slope is completely dry or completely

submerged under water.

Seepage Parallel to Slope

Figure 24.3 shows the case of a slope with seepage

parallel to the slope. The flow net consists of straight
lines with the flow lines parallel to the slope and the
equipotential lines perpendicular to the slope. Such a
condition is often reached in the lower portions of
natural slopes, as noted in Fig. 24.4.

atani

(z + ~ + a tan i)'Ywd

(b)
Sum of horizontal forces:

() ( ) .a a.' a. a..
z + - tani Yw-.smi - z + d + - tan,¡ Y'i~sm ¡2 cos ¡ 2 cos ¡

+ (z + ~ + atani) 

Ywd - (z + ~)Ywd

d a '. d' 0- Yw ~ sm ¡ + ayùi tan ¡ =
cos ¡

Sum of vertical forces:

(z + ~ tan i)Yw ~ cos i - (z + d + ~ tan 

i) Yw ~coSi2 cos ¡ 2 cos ¡
= adyw

Fig. 24.2 Resultant boundary pore pressure for submerged

slope. (a) Boundary pore pressures. (b) Resultants of bound-
ary pore pressures.


	G60095742_4C_1-Cell 2 NW Section Stage 1 Case 1
	G60095742_4C_2-Cell 2 NW Section Stage 1 Case 2
	G60095742_4C_3-Cell 2 NW Section Stage 1 Case 2 Circular
	G60095742_4C_4-Cell 2 NW Section Stage 2 Case 1
	G60095742_4C_5-Cell 2 NW Section Stage 2 Case 2
	G60095742_4C_6-Cell 2 NW Section Stage 2 Case 2 Circular
	G60095742_4C_7-CELL 2 NW SECTION STAGE 3 POST FAILURE CASE1
	G60095742_4C_8CELL 2 NW SECTION STAGE 3 POST FAILURECASE2
	G60095742_4C_9-CELL 2 NW SECTION STAGE 3 PRE FAILURE CASE1
	G60095742_4C-10-CELL 2 NW SECTION STAGE 3 PRE FAILURE  CASE2
	G60095742_4C_11-CELL 2 NW SECTION STAGE 3 PRE FAILURE CIRCULAR
	G60095742_4C_12-Cell 2 NW Section Stage 4
	G60095742_4C_13-Cell 2 SW Section Case 1
	G60095742_4C_14-Cell 2 SW Section Case 2
	G60095742_4C_15-Phase 1 East Section Case 1
	G60095742_4C_16-Phase 1 East Section Case 2
	G60095742_4C_-CELL 2 NW SECTION INDEX
	G60095742-4C_19-SLOPE-J-J
	G60095742-4C_20-SLOPE-SECTION-H-H
	G60095742-4C_21-SLOPE-SECTION-K-K-



