
 

1 INTRODUCTION 

It is redundant to emphasize that Landslides are 
Natural Disasters that embody a disproportionate 
combination of HAZARDS (probability of the event 
occurring, localized, within the generalized 
geological tendency to peneplanizations) and of 
RISKS (compounded probabilities of the destructive 
consequences of a given hazard).  The annual 
wordly toll of such disastrous “Acts of God” is 
recognized to be by far the highest, even when 
restricting to no more than Rainfall Infiltration 
Landslides (as herewith decided). The senior Author 
is induced to mention two singularly catastrophic 
landslides of his knowledge that suggest quoting 
Hippocrates (c. 500 B.C.) “Life is short, Art is long, 
Knowledge is elusive, Experience is treacherous. 

Judgment is difficult”: even intense protracted 
monitoring was rebuffed by extreme surprise, and 
retroanalysed judgments suffered from biased 
mental models. Both in the Vajont, Italy, Oct. 9, 
1963, and the Guavio, Colombia, July 28, 1983, 
slides, monitoring (and even some stabilizing 
measures) were being implemented for more than a 
score of months: but the sliding, unimaginably 
instantaneous occurred as a totally unpredictable 
change of behavior. In the Guavio case one was led 
to judge that after 18 months of opening deeper and 
wider cracks, the sliding area behaved as a sponge to 
the intense rain that fell about a day earlier and left 
hundreds of brown scars of “scoop slides” in the 
green hills: the retarded effect to the slide area 
worked as an accumulation of cleft-water pressures 
to the point of the “last straw that breaks the camel’s 
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ABSTRACT: Landslides, even when restricted merely to those caused by rainfall, involve a dwarfing array of 
intervening factors affecting both Hazards and Risks. Above all there is the unpredictability of time and place 
within a regional context of geomorphological peneplanization. This paper is limited to appraising only some 
priority sources of fundamental corrections in  classical geomechanics. The important distinction between 
Soft (independent of deformations) and Hard (generated by deformations) forces is mentioned because its 
delayed recognition forms part of the uperceived mixture of correct, and mostly incorrect, use of pore 
pressures Us in all slope stability computations. One demonstrates the BOUNDARY NEUTRAL 
simplification suggested by Terzaghi (1936) as fundamentally wrong in principle for seepage force vectors 
when transferred to the base, the sliding surface. A historic survey indicates the coincidences whereby 
Bishop’s (1952, 1955) innovative and thorough study opened seductive avenues which, however 
involuntarily, led to the uncritical mixing of correctly applicable “hard” compressibility Us with the incorrect 
“soft” seepage Us, generating an all-pervading “polluting gene”. The contemporary enthusiasms with field 
piezometric data, monitoring, the erroneous monitored construction-period Us of the U.S. Bureau of 
Reclamation rising fills of earth dams, and the eager certainty of using effective stresses and achieving 
validating failures as matched with Factors of Safety F≡1.00, became a marked legacy,  accompanying with 
the first uses of relaxation analyses of mass stress-strains that led to computer solutions of unstoppable 
advances. Thereupon a sequence of “partnerships” of dominant “father” figures passed the baton, with 
attentions by junior collaborators exclusively diverted to compatibilizations of the equations of static 
equilibria. Minimum examples are submitted regarding oblivion of pertinent factors of geotechnical 
behaviors, including the senior author’s tenet calling for calculation via cause-effect change of conditions 
from prior to posterior Fs, and failures dictated via ∆F passing through F≈1. Finally attention is called to the 
generalized erroneous professional practice that inevitably sprouted, of draining slopes to the toe, a 
destabilizing condition for maximizable rain infiltrations: these would compound long term soil strength 
degenerations by slow repetitious “infiltration draw-downs” ultimately followed by an event of high gradient 
vectors. 



back”. On the other hand in the Vajont case, a 
detailed investigation some years after the tragedy 
obviously picked-up major slickensiding in most 
sampling, and diagnosed a “residual friction angle 
case”: one objects that the residual ϕ’ (effective 
stress, drained) in principle develops (in direct shear 
deformations of few decimeters) as an 
asymptotically decelerating creep1, while the 
incredibly dynamic movement could only suggest a 
sudden highly compressive shear movement along 
the clay-filled crack, resulting in stress-controlled 
highly-accelerated skidding. 

In both cases however the sliding area was fully 
defined and accompanied, leading to rightful blame 
on wrong mental models. The trouble is seen to be 
much greater, even when one considers merely the 
five major factors (from surface down) at play in 
such localized events within the generalized 
geomorphological peneplanization: hydrology, 
topography and vegetable cover, geology, and in situ 
stresses. One shall set aside the two surface features 
with a single blunt comment (presumed valid) of 
condonable reproach on the past, alongside with an 
amenable recommendation for the immediate future: 
one must remember the difference between what is 
essentially static or subject to such slow change as to 
permit systematic investigation, and what is 
uncontrollable or very difficult to submit to cause-
effect research. The modern GPS methods permit 
easy mapping, and the conditions and influences of 
vegetations are amenable to controlled 
experimenting: de Mello (1972) suggested 
systematic observations of differentiated trees as 
surface inclinometers. Moreover one emphasizes 
herein the posit, arisen from an instantaneous heavy-
rain mass slide of a 55-year old immobile cut slope 
beside a very important highway, to the effect that 
the growth of sturdy trees (and their roots, generally 
treated as stabilizing) can more often be highly 
destabilizing: in geologies of dipping fractured rocks 
the growing roots work as wedges opening 
triangular cracks for cleft-water pressures and 
instant destabilizations. The problems of hazards 
and risks of rainfill infiltration slides  (for 
subsequent discussion of debris movements and 
containments) include the probabilistic 
unpredictability of impacting position and timing of 
the heavy rain. Of what use is it to conclude (using 
isohyetals) the obvious but not sufficient, that an 
area stormed by heavy rain  suffers landsliding, 
when the slides are localized and depend on point 
rainfall intensity data with varied point infiltrations? 
Rainfall gauging was for other purposes (basin 
balances), while one needs dense arrays of 
hydrographs, if and when warranted by benefit/cost 
ratios. This essay will concentrate on existing wrong 

                                                 
1 A case of biased mental model. 
 

computational models for positions already defined. 
In fact, it is posited that the global topic should 
trifurcate into  (a) treatments of and for conditions of 
noticed incipient destabilizations,  (b) gross 
estimation of probabilities of time and place of mass 
destabilizations, and  (c) considerations of preparing 
for containment of debris flow energies. 

One is restricted to summarizing herein some 
long-standing priority sources of fundamental errors 
in classical geomechanics (soils and fractured rocks) 
under the assumption that in Landslide analyses 
nothing complementary or corrective has been 
incorporated besides geology (which regrettably has 
been generally neglected on the geomechanical side). 

2 SOFT AND HARD LOADS IN FIRST-ORDER 
EQUILIBRIA, AND SECOND-ORDER 
EFFECTS IN IDEALIZED MAXIMIZED 
CONDITIONS. 

The distinction between soft and hard forces, which 
originated with Rock Mechanics with regard to 
reservoir action on gravity dams on fractured rock 
foundations, is of utmost consequence. Soft loads 
are constant and independent of deformations, while 
hard forces are entirely dependent on deformations. 
The reservoir force is unquestioned, and generally 
the uplift in the rock crack is also taken as a soft 
load within the insignificant accepted rigid block 
horizontal deformations. Meanwhile in clayey 
embankments the excess pore pressures generated 
by compressive deformations are hard loads, 
correctly assigned as acting at the position where 
generated, for instance, the sliding surface under 
analysis. Mass force vectors due to seepage 
gradients, iγw, are uncontested soft loads. In the 
following section one shall summarize the case of 
the systematic “corrupting gene” of the so-called 
BOUNDARY NEUTRAL PORE PRESSURES in 
slope stability analyses: the gross analytical error 
pervades generalized across 70 years! 

Herein it behoves one to emphasize two additional 
principles which assume much greater relevance in 
landslides, because of much greater dimensions of 
masses and deformations. Firstly, that either type of 
load can occur either in “masses” or “along 
surfaces”, and for equilibria analyses must, of 
course, be taken at the positions where generated. 
Secondly, that in SECOND-ORDER EFFECTS 
(generally neglected in modest dimensions) both 
types of forces can generate complementary loads of 
the opposite type. Seepage soft loads cause 
deformations and consequent hard-type stresses, or 
tendencies to contractive or dilative deformations. 
Similarly, transient excess pore pressures generated 
as hard loads lead to tendencies to dissipation 
gradients and respective seepage force vectors. (cf. 
Fig. 6, pg. 10). 
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Taylor (1948) Pg. 201 
repeats without reservation, 
and extended. 

For the present focus, landslides, emphasis on two 
cases suffices. As a first important condition, in a 
cracked rock (saturated cracks, clay-filled or even 
clean) under soft load uplifts (presumed constant) 
after a long movement sudden compressive 
tendencies can occur when a supporting impervious 
striction is overcome. Secondly, in deep slides the 
crude transfer of seepage mass force vectors, 
unchanged, down to the sliding surface as Boundary 
Neutral Us grossly magnifies the error in equilibria 
analyses. 

3 THE BOUNDARY NEUTRAL 
SIMPLIFICATION, ORIGINATED BY 
TERZAGHI (1936), IS DEMONSTRATED AS 
FUNDAMENTALLY WRONG IN PRINCIPLE, 
AND IN FIRST-ORDER MAGNITUDE. 

In a contemporaneous paper de Mello et al. (2004a) 
the Authors expatiate on the posit that established, 
for seepage slope destabilizing actions, for a soil 
element between a pair of flowlines and a pair of 
equipotentials, the equivalence between total 
stresses minus boundary neutral pressures, and the 
vectorial composition of the effective stresses of 
gravity (submerged) and of seepage gradients. Fig. 1 
shows the case (herein cut at the centerline) posited 
by Terzaghi for an embankment subjected to rainfall 
infiltration: he accompanied it with the admonition 
“such a system of forces cannot yet be computed, all 
our methods of computation are necessarily based on 
radically simplifying assumptions”. The same posit 
was repeated, without the erstwhile reservations, in 
Terzaghi (1943) and Terzaghi-Peck (1948): its use 
was extended to the rapid drawdown flownet (in 
sandy, incompressible, idealization) for the upstream 
slope of an earth dam. Taylor (1948) (respected for 
his stability charts,  (1937), although directed to 
consolidated-undrained total stresses) uncritically 
reinforced the posit on “The basic  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE . Terzaghi (1943) continues to concentrate on seepage flownet 
destabilizations both for a pervious embankment under rainfall infiltration (pg. 
254 – ‘6) and for the rapid drawdown (RDD) of the US slope of an earth dam 
(pg. 341) consistently using the BOUNDARY NEUTRAL U 
SIMPLIFICATION. 
 
Fig. 1 - Fundamental schematic indication of Terzaghi’s 
(1936) postulation. 
seepage force relationship” (p. 201, Fig. 9.20)       
extending (p. 203)  “The    consideration of a small 
element may easily be extended to a large mass by 
summation of forces for all the elements of volume 
which make up the mass”2. 

One’s starting obligation is to demonstrate the 
serious theoretical error in that extremely important 
simplification regarding seepage and drainage, 
because of its dominance to rainfall infiltrations, and 
because the uncritical thought of “drainage” has 
corrupted the  entire professional practice on 
presumed stabilization. Early practice on drainage 
for stabilization of slopes employed principally 
small mined tunnels excavated below and behind the 
toe of the menaced slope (cf. Fig. 2 (B1)). Such 
practice belonged to the typical construction 
methods and risk avoidances of the time. In the early 
1950s the “Hydrauger” was developed for 
subhorizontal drilling of holes from the toe of the 
slope3. Many important details of this innovative 
practice can be cited on problems and solutions, uses 
and misuses, separating beneficial from aggravating 
cases. Suffice it to mention that the direct 
consequence has been that the drainage was drawn 
to the toe and most geotechnical practitioners find 
themselves satisfied that they have aptly applied 
drainage (i.e. increased flows to the toe, and 
depressed water table) for the desired stabilization4. 
Fig.2(A1)   incorporates schematically the monitored 
satisfying Drainage Illusion, DR.IL., and the highly 
destabilizing invited maximized rainfall infiltration 
vectors. The objective of this section is to 
demonstrate how wrong the Boundary Neutral 
approach can be when seepage vectors are at play in 
different positions, directions, and magnitudes within 
the destabilizable mass. Surface rainfall infiltration 
is a routine destabilizing condition for all slopes, 
natural, fill and cut (even without aggravations by 
upper cracking and cleft-water pressures). Fig. 2A1 
and B1 show the upper part of the mesh used for 
FLAC analyses, firstly of the flownets, and 
subsequently of the soil deformations. Boundary 

                                                 
2 “Summation of forces” should have merited correction to 
“summation of equilibria conditions” . (Authors’ rejoinder). 
3 California; possibly influenced by the apology of drainage of 
boundary neutral pressures by the publications. 
4 How often it is forgotten that field work prefers good weather, 
and subsequent immediate monitoring even “proves 
favourably”. But engineering imposes defending from 
maximized critical episodes, a condition clearly forgotten 

inasfar as seepage force vectors of maximized rainfall 
infiltration are disregarded. 



conditions and internal flownet controlling features 
are shown. For case A1 these features were arranged 
to achieve a maximized destabilizing draining to the 
toe (A2): a hypothetical impervious membrane 
embedded in the soil mass was used to maximize 

gradients towards the toe within a hypothetical 
critical  sliding circle. The computed boundary 
neutral u  diagram is shown in (A2).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 – Comparative errors from different seepages, same boundary Us, and effects of different depths to the sliding 
surfaces, (cf. Table 1). 

 
 
For the second case (Fig. 2 B1) the same toe drain 

was maintained but with three oddly disposed 
impervious internal membranes IM (or imposed 
equivalent flowlines, because no drop of water 
crosses a flowline) the flownet drainage was led to a 
deep internal drain. The purpose of this second case 
was two-fold: firstly, to match on the same critical 
sliding circle exactly the same boundary neutral 

diagram in B2 as in A2; secondly, to achieve that 
goal by maximizing the stabilizing flownet, forcing 
the seepage vectors to move to the right to minimize 
Disturbing forces, and/or establishing vectors 
normal to the critical surface, thereby maximizing 
the Restoring Forces by the friction resistance 
component. After several trial-and-error hand-drawn 
flownets had been tried as to achieve the same 



 

boundary neutral as case A2 (but with a set of 
maximized stabilizing seepage forces draining 
inward and downward) the FLAC analysis was used 
for B2 for confirmation.    

In order to save on very laborious calculations, the 
principle at stake is being demonstrated         
calculating on a single representative vertical slice, 
identical in both cases, Fig. 2 DETAILS 1 and 2. 
The obvious expected results are as given in the 
following Table 1, comparing with the case 
completely computed, de Mello et al (2004a): the 
comparative values of course depend on the 
mobilized c’ and ϕ’, but the trend is unquestionable. 

 
Table 1 .  
Isolated slice H (m) Fs Stabl. Fs Destabl. ∆F 
Skempton Mem. 30 1.30 0.76 0.54 
Present 90 1.95 0.98 0.97 

4 HISTORIC COINCIDENCES THAT 
INVOLUNTARILY CONTRIBUTED TO THE 
UNPERCEIVED INJECTION OF A 
“CORRUPTING GENE” IN THE FORM OF 
UNCRITICALLY GENERALIZED 
APPLICATION OF BOUNDARY NEUTRAL U 
ALONG THE SLIP SURFACE.  

As a start one must note that all the slope Limit 
Equilibrium Theories and ensuing calculations and 
computer software are presently seen to have been 
“genetically polluted” by the Boundary Neutral 
simplifying assumption, a first-order error for 
seepage problems, unquestioned through 67 years, 
while successive intended developments focussed on 
secondary problems of filling-in the unknowns for 
satisfying all the statics/dynamics equations of the 
slices (or blocks) as isolated rigid bodies. An 
examination of the presumed historic reasons for the 
occurrence was undertaken in the contemporaneous 
paper, de Mello et al. (2004a) focussed on earth dam 
upstream slope destabilizations. It was found 
associated with the subsequent authoritative study 
and posit by Bishop (1952)5, (1955), and the curious 
coincidences of the time sprouting with: (1) concern 
on and interest in compressibility pore pressures in 
wet “near-saturated” conditions; (2) contemporary 
campaigns towards monitoring of pore pressures and 
analysing by effective stresses; (3) early 
developments of finite difference analyses inviting 
computer efforts, however clumsy at the time, in 
substitution for cumbersome graphostatics; (4) the 
posited need of “checking in cases where the factor 

                                                 
5 One must note that he did not fail to query (p.51) “It is 
difficult to justify it logically, …” but condoned “As an 
empirical method it has the merit of being slightly simpler” 
(than the cumbersome substituted graphostatics of the time).  
 

of safety is known to be unity. This is probably the 
most impressive test of all”;  (5) the battle of 
foregone victorious outcome favouring effective 
stress vs. total stress analyses at the ASCE Boulder 
Conference (1960). Further, one posited the quirky 
coincidence that Bishop chose to analyze using a 
Factor for Reducing the strength and Restoring 
Force (2, p.7) such that the “procedure … consists of 
finding by trial and error the slip surface for which 
the Disturbing and Restoring forces are in (AT 
LIMIT?, authors’ rejoinder) equilibrium for the 
smallest decrease in strength”: this posit, much 
debated at the European Conference on Stability of 
Earth Slopes, Sept. 1954, fostered the “partnership” 
of the Scandinavians (Bjerrum, and others) with 
Bishop, because many slides of the flat slopes of 
Scandinavian “quick” softening clays were, in back 
analyses, deterministically attributed to established 
pore pressures along the sliding surface: Bishop & 
Bjerrum (1960). 

Finally, the points are that  (a) the use of 
compressibility pore pressures where effectively 
generated (along the sliding surface, BOUNDARY 
Us)  was unquestionably correct (a polluting gene 
unconsciously transferred to seepages also);  (b) the 
yearnings for simplifying computer aids dominated 
and grew;  (c) the Harvard and M.I.T. sanctioning of 
Boundary U for seepage conditions was not queried, 
by uncritical acceptance of certain geotechnical 
concepts laid down by highly respected father 
figures;  (d) a perceptible sequence of “partnerships 
of senior Authors and transient collaborators” left 
the wrong use of Boundary U firmly planted for all 
conditions. 

The above explanatory justification of the 
significant error reported in Figs. 2, calls for prompt 
revisions in design procedures, even though the 
global picture will still be far from covered for 
rainfall infiltration landsliding. Firstly very briefly 
one mentions the posited validation as described in 
de Mello et al. (2004a), by the Scandinavian 
conditions (Bishop & Bjerrum 1960) brought 
forward to distinguish between moderate stability 
F≈1.3 and failure at F≅1.00. Subsequently the entire 
array of methods successively proposed were 
periodically subjected to presumed validating 
comparisons. All such efforts have been “in house” 
by mutual second-order    comparisons, without 
redressing the dominant    simplifying assumption. 
One obviates    attempting to     compare the 
“variations on the theme” regarding the 4n limit 
equilibrium equations for the n slices     (including 
the failure criterion along the slip line for each slice) 
and the 6n – 2 unknowns,        satisfied by      n – 2 
assumptions, in addition to the n     application points 
of the normal force at the slice base (Passalacqua et 
al. 2003). Thus, in marked contrast to Wright et al’s 
(1973) conclusions of “a strong indication that these 
methods give the “right answer” (p. 785) and “it 



may be concluded that none of these procedures 
involves large errors” (p. 790) de Mello (1977) [p. 
333] emphasized that “  although we conclude that 
various methods of analysis give nearly identical 
results, the respective certainty is only of 
equivalence of various computations within a 
presumed model, and not of equivalence of the 
model to reality”. Finally, the “proof positive”  
associated with back analyses presumed to match the 
factor of safety F≈1.00, exactly; the senior author 
has consistently rejected this tenet, positing failure 
as due to the disturbing action causing a ∆F passing 
through 16. De Mello et al. (2004b) add to the 
repeated rejection the further decisive argument of 
Newton’s First and Second Laws regarding the 
static-dynamic dichotomy, clearly deniable to          
destabilizations of not-isolated not-rigid soil masses.  

5 SAMPLE REMINDERS OF JUSTIFIED 
ERSTWHILE SIMPLIFICATIONS PURELY 
GEOTECHNICAL, PRESENTLY AMENABLE 
TO CORRECTIONS. 

Considering the mere exemplifying, one notes 
without any partiality that the analyses were herein 
conducted by FLAC, and hitherto only for geostatic 
constant E soil masses. The parameters used 
throughout are as follows:  
c’ = 65 kPa        ϕ’= 270     γ = 19 kN/m3  
E = 30000 kPa    µ = 0,3  

In principle although the priority purpose focussed 
on failure, since the 1970’s the advances of 
knowledge of behaviors of soil masses pass through 
the analyses of deformations, arriving at failure as 
an ultimate deformation, of serviceable limit, or 
great and incessant. One excuses oneself from not 
attempting to broach other recognized first-order 
intervening geotechnical parameters, such as in situ 
stresses, as discussed in the milestone paper by 
Skempton & Sowa (1963), but still far from 
resolved. Bishop [1, p. 8] quotes Coenen’s (1948) 
algebraic demonstration against generalized use of 
Kotter’s equation (N.B. the senior author queries 
any realistic use of it, at all) and posits “Jaky’s 
analysis is invalid” (in which one would promptly 
concur by concept7) 

                                                 
6 One cannot disrespect two fundamental tenets: of 
geotechnical behaviors depending on historic variations; of 
mathematical tendency for smaller error in obtaining cause-
effect results by the change from a prior to a posterior condition. 
In fact, around a specific slide area (potential, ongoing, or 
occurred) one should also analyze the four contiguous areas 

(right, left, above, below) which did not fail (and generally so 

persist for a long time). 7 Besides simple considerations (e.g. varying ϕ’ values, 
different slope at-rest ϕ’ and real values (e.g. de Mello 1980), 
etc.) one is tempted to mention an aphorism loosely attributed 
to B. Pascal: that the derivation reminds one of the postulated 
donkey that placed at exactly the same distance between two 

5.1 Comparative strength envelopes from 
conventional triaxial stress-strain compression 
tests, and reduced mobilized equations under 
different criteria. 

Erstwhile tests were based on compressions applied 
to specimens starting from an isotropic condition. 
This was natural, both because dominant concerns 
focussed on loading, and because maximized 
deteriorations in stress-strain were anticipated, for 
prudence, for the entire trajectory from isotropic to 
“failure” conditions. For adequate definition of the 
failure condition8 resort was made to strain-control 
tests. Thereupon, the strength equations obey the 
Mohr-Coulomb criterion, as authoritatively 
confirmed by Bishop (1966, 1971) by using the 
maximum effective stress obliquity criterion 
(σ1’/σ3’)max. Fig. 3 presents schematically a typical 
set of test conditions.  

The first caveat arises, however, in many 
conditions, among the worst for landsliding, wherein 
as is well-known beyond a certain shear stress (σ1-
σ3)max the behavior becomes stress-controlled, in 
uncontrollable velocities of stress-strain 
degenerations. The points of (σ1-σ3)max are marked 
on three of the four (p’,q’) test curves: the respective 
“failure” equation digresses from the Mohr-
Coulomb “line”, giving lower mobilizable strengths 
over a significant range of p’. The resort to Mohr-
Coulomb theorization, only achievable in strain-
control tests becomes a dangerous illusion. 
Generally the two criteria only tend to match under 
high stresses, with stress-strain curves approaching 
the Mohr-Coulomb line asymptotically at much 
higher strains. 

Setting aside, temporarily, the necessary 
conceptual reappraisals demanded by the dual failure 
criteria (lines (M) and (N) in the main Fig. 3), the 
starkly visual evidences are pointed out by reference 
to lines (G) and (H) which report to almost 
generalized hypotheses pertaining to stability 
analyses originated for modest-size masses. Line (G) 
corresponds to the almost generalized hypothesis 
used, of “rigid body” sliding at constant percent 
strain throughout (could be substituted by constant 
deformation, with some change): different points, 
under different normal stress, along any critical 
sliding surface, reach “failures” at significantly 
different percent strains, mobilizing first the 
“cohesion intercept”, with very little “friction 

                                                                                       
straw-stacks exactly alike would die of hunger, a fatal at-rest 
result. 
8 And even post-failure behaviors up to “ultimate strains” of 
about 20%, from pragmatic equipment limitations as posited by 
Lowe & Karafiath (1959) (and the U.S.Corps of Engineers’ 
practice, Lowe III 1988). It would embody a queer posture of 
apology and atonement, for conservative reduction of strength, 
even though only “after failure” in unrealistic strain-control 
tests.  



 

contribution” (ds/dp’). The line shown for sufficient 
exemplification is the 1% strain line. Meanwhile line 
(H) is the line corresponding to Bishop’s (1955) use 
of a constant nominal F (e.g. 1.259) for the reduced 
Restoring strength equation: again, it is seen that it 
crosses the different laboratory test curves at widely 
different percent strains, although now without the 
greater brittleness (and “cohesion intercept”) at low 
stresses, as confirmed in field experience of tensile 
cracking.      

                                                 
9 In the collateral paper, de Mello et al. (2004a) show that 
simple arithmetic transforms the F from a reduction on 
Restoring Forces to an F’ of increment in the Disturbing 
Forces, a more frequently faced destabilizing hypothesis: but a 
constant F’ would continue untenable.   
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Fig. 3 – Fundamental recognized geotechnical caveats on strength and stress-strain-speed intervening reappraisals. 
 

In short, the generalized hypotheses incorporated 
in all equilibrium analyses patently call for revisions 
because of incompatibilities even in slopes of 
moderate size: adjustment factors should be 
systematically developed by adequate collateral 
finite difference (or element) analyses of 
deformations.     

The conceptual reappraisals required as a 
complement for the present concern of major-scale 
landsliding by rainfall infiltrations can be 
summarized under three obvious points: (1) the 
increased dimensions aggravate the errors in direct 
use of the routine geotechnical analyses; (2) there is 
an obvious increase in interference of geologic and 
geomorphological factors; (3) since the disturbing 
factor of rainfall infiltrations under focus descends 
from the surface, it is fundamental to inspect surface 
conditions, and to calculate on the basis of changes 
of conditions, from prior to posterior, via the ∆F 
method mentioned, and including likely progressive 
changes under repetitious events.  

5.2 Differences of note comparing conditions for 
geometrically identical slopes of fill and cut.  

The 150 m high 45o slopes of Fig. 2 have been 
analysed, without seepage or pore pressures, for 
first-order differences between the condition 
achieved as a fill, comparatively with that of a cut 
from a flat geostatic surface. The parameters in the 
FLAC runs were identical, excluding ∆u =f(∆V) . 
Sample results are minimally shown in Fig. 4, and 
require no comment. As observable from Skempton 
& Sowa (1963) much bigger differences should arise 
by use of “extension” or unloading tests for cuts.  

It can be seen directly that, as expected, the 
percent strains and stress-paths are quite different 
even using the self-same parameters. Generalized 
academic orientations and professional practice use 
the very same laboratory tests, almost infallibly of 
triaxial compressions, for both cases10. In the case of 
the cut the stress path of Fig. 4C suggests that 
unloading tests should be more representative, 
inevitably leading to further differences between the 
two cases. In short, one sees again that the basics of 
conventional geotechnique have been calling for 
modest checks and revisions for a long time, but the 
computers have been much more seductive, 
diverting a great proportion of attention from real-life 
geotechnics.  

6 POSSIBLE TIME EFFECTS OF REPETITIVE 
TRANSIENT INFILTRATION FLOWNETS 
DETERIORATING STRENGTH 
PARAMETERS, BY DILATIVE BEHAVIORS 
(AS EXAMPLE).   

Conventional geotechnique has rightly focussed 
attention on maximizations in hypotheses for F 
calculations since Nature’s dynamics tends towards 
final equilibria at Fs close to 1 (de Mello 1972). The 
problem arises that due to primordial fears, the 
critical hypotheses for calculations have always been 
based exclusively on saturation and quick undrained 
loading, with compressive deformations instantly 

                                                 
10 Assuming, for benefit of the doubt, the most idealized 
hypothesis of extracting undisturbed block samples in both 
cases.  
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generating the excess pore pressure. Among many complications, one first-order one arises in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 – Minimal highly idealized differences of stresses and strains, cut vs. fill. 
 
 
connection with residual stresses: one accepts (and 
emphasizes11) unquestioned the posit that vertical 
stresses do not delay in adjusting to weights, the 
precompressions remaining imprinted in reduced 
deformabilities, and slower lateral stress dissipation. 
However this important ample problem is herein set 
aside for some quests in a contemporaneous paper 
(de Mello et al. 2004b).  
 Meanwhile, three very significant ones only grew 
to a reasonably knowledgeable condition within the 
past score of years, and have not generated any 
inroad at all, into either academic developments or 

                                                 
11 One must repeat Rankine’s dictum “Stress is a philosophical 
concept; Deformation is a physical reality”, especially since 
many respected papers have posited that driven piles generate a 
persisting point residual stress. The stress-strain hysteresis 
always generates a higher modulus in stress release, 
increasingly so after higher loading stresses.    

recommended professional practice. Summarily they 
are: (1) suction; (2) infiltration flownets from a 
compressible (unsaturated) soil body onto an 
incompressible (hypothesized) pore fluid interface 
(miscible or same fluid); (3) in cohesive soils the 
slow net effects on strength by swelling, leading to 
multiple repetitive dilative deformations resulting in 
the more unfavourable long-term effect.      
 Returning to the commonest misled professional 
practice of using short holes draining towards the toe 
(Fig. 2A1), the satisfying dry-season monitoring 
tends to consist of measuring the decreasing flows 
and lowering piezometric12 elevations (hopefully to 

                                                 
12 By principle applied to gravity flownets the piezometers 
should be favourably substituted by cheaper phreatimeters, 
with long perforated stretches for filtered inflow of 
surrounding water: this maximizes the observable water 



below the eventual critical sliding surface, an 
enigma). Assuming subsequent significant rainfall 
infiltrations, important open problems arise 
regarding possible flownets. The question of 
suctions and effects on descent of the “wetting 
front”, and accompanying strength degenerations 
has been under progressing investigation 
(principally in Hong Kong) but is not yet sufficiently 
resolved and has not entered into convincing 
publications and updated professional 
recommendations: it is herein set aside.  
 One is limited to the briefest introductory mention 
of the problems of so-called “infiltration mound 
flownets”, which have been periodically broached in 
highly specialized publications and Symposia, that 
have remained as “collateral curiosities” to 
conventional geotechnique. The obligation of a 
warning reminder arises because of the greatly  
different first-order results than can ensue in 
comparison with the “near-saturated homogeneous 
mass” maximum      destabilizing flownet generally 
adopted (cf. Fig. 2A2). The two alternative flownets 
possible are shown in Figs. 5 (A), schematic, not 
only somewhat less pessimistic than that of Fig. 2 
(A2), but also leading to different zones and 
manners of more likely    destabilizations and 5(B) 
(obtained by FLAC, with changed bottom 
boundary). In Fig. 5(A) the complementary flownet 
is a more likely transient condition of  “infiltration 
mound ACCRETION” on the same newly adopted 
boundary, and adopting simultaneously a   
noticeably lower soil percent saturation, so that the 
descending fluid is quite compressible while the 
lower one is incompressible. In Fig. 5(B) the 
complementary flownet is a transient condition 
superposed on the   toe-drained flownet’s phreatic 
surface as a ‘BOUNDARY”. Since in both cases the 
adopted “boundary” as the top of the “permanent 
drained flownet” is rather surprising to conventional 
geotechnique, one resorts to quoting from 
authoritative sources, Muskat (1931) (followed by 
Bouwer 1963, and Bear et al. 1968 nearly along  
same lines). 

Quoting Muskat: (p. 136) “These boundaries, it 
should be noted, are not necessarily impermeable 
walls confining the fluid to a given region in space. 
Rather they are, in general, geometrical surfaces at 
all points of which either a fluid velocity or the 
velocity potential, or a given function of both may 
be considered as known”. (p. 137) “it is to be 
observed that every non-steady-state system with 
boundary conditions tending to fixed values will 
ultimately approach, as time progresses, a steady-
state distribution, independent of the initial 
conditions and determined only by the limiting 
values of the boundary conditions”. (p.138)  “any 

                                                                                       
elevations and minimizes the bane of point erraticities of 
piezometers. 

fluid SOURCES OR SINKS… the rate at which the 
effect of the initial conditions disappear and the 
steady-state distribution is established, is essentially 
determined in a given porous medium by the 
effective compressibility of the fluid, the rate 
increasing as the compressibility decreases” … 
 Considering the differentiated flownets, the soft 
load destabilizing vectors of gradients are to be 
considered for the equilibria as posited in the early 
part of the paper. Such first-order effects are 
acceptably considered to be “instantaneous”: but one 
must move on to consider also the secondary



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 – Comparative hypothetical flownets, changed lower boundary. 
 
 
effects13 that vary with time and repetitions. 

Two sequentially obvious geotechnical secondary 
effects of slope “changes of conditions” are 
anticipatable, depending on deformations and time 
effects. Firstly regarding the deformations (derivable 
by FLAC) generated by changes of flownets in a 
saturated (conservative limit) soil mass, the 
conclusion is that along a hypothetical critical 
sliding surface there will be stretches that may result 
either contractive or dilative, changing with speed 
and time. On the other hand, regarding 
compressibility excess pore-pressure “mounds” 
(localized around the sliding surface), there are 
transient gradients of the rheological obligatory 
dissipation tendencies, generating seepage gradient 

                                                 
13 For lack of space the authors obviate entering into 
discussions on a significant array of collateral avenues of slope 
analyses such as plasticity theory Limit Analysis Methods, 
LAM, kinematic admissibilities in movements of contiguous 
blocks (excluding such exaggerated cases as Sultan & Seed, 
and Seed & Sultan 1967), variational calculus, probabilistic 
methods, etc.., all of which reveal a healthy  intellectual 
effervescence of proposals for improving the solving of a 
problem innerly recognized as unsatisfactory. The senior 
author remonstrates that to each of them in separate there are 
restrictions along the concept  that they concentrate in lines of 
theorizations drawn from other materials  or mathematical 
conjectures, progressively distancing geotechnique more from 
real complexities and erraticities of soil behaviors rather 
crudely erstwhile characterized by single parameters on which 
good advances have arisen in bifurcation, meriting 
incorporation. 

vectors, varying analogously. The two cases are 
shown schematically in Figs. 6(A) and (B). 

In de Mello et al (2004a) the case of upstream 
slopes of earth dams was discussed, beginning with 
the discarding of the primordial phantom of a rapid 
full-reservoir drawdown (RDD, maximized as 
instantaneous, in a saturated mass), in favor of 
cumulative partial slow drawdowns SDD within 
operative range of levels. The aim was to warn the 
profession that the really critical sliding surface may 
well result different from that corresponding merely 
to the soft load seepage gradients (Figs. 2 and 5). 
The dilative stretches suffer swelling and strength 
loss, somewhat delayed and cumulative (Fig. 6A). 
And the contractive stretches may, depending on the 
positions of the contractive pore-pressure “mounds”, 
cause  unfavourable seepage vectors, “instant” as 
regards conventional effective stress changes, but 
also with unfavorable stress releases slowly 
increasing void ratios and  decreasing strengths. 
(Fig. 6B). 

The Figs. 6(A) and (B) are schematic, though 
based on possible limiting flownets as per Figs. 5(B) 
and (A). It does not take much effort to visualize 
which stretches would suffer dilations and 
contractions, and in consequence, how in many 
materials, depending on the respective swelling or 
compression parameters at the respective stresses, 
the critical sliding surface would result different, 
frequently shallower, and resulting from repetitive 
rainfall infiltration flows sufficiently slow to permit 
the void ratio changes. The critical instant sliding 
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condition of Fig 2(A2) is not discardable, however, 
as is the full-reservoir RDD assumption: in 
maximized pessimism it would, however, contribute 
with complementary contractive ∆Us. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6B – Instant transient dissipation gradient, secondary 
iγw gradient vector. Noticeable  i  values. 
 
Fig. 6 – Secondary Effects of swelling or compression, 
repetitive cumulative results of eventual consequence. 
 
 

7 CONCLUDING COMMENTS. 

In designing for stabilizing measures of already 
established incipiently unstable slopes, there is, as a 
start, the generalized “polluting gene” to be 
corrected, of the boundary neutral posit, always 
present and inducing a pervading significant error. 
However, the highly pessimistic assumptions of full 
saturation may be found unrealistic almost 
generally. The computer has diverted a great 
proportion of attention from real-life field 
geotechnics: paper is easily generated and imprinted, 
and checking “proof positive” for in-family mental 
models is therein simpler. Laboratory testing and 
recognitions of geotechnical complexities have 
greatly advanced, but are orphaned by the primordial 
single-parameter determinism: they eagerly call for 
attentions as a first step towards seductive and 
exhilarating professional quests, and incorporations 
before software revisions. 
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