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The authors should be congratulated for synthesizing the re
of an interesting experimental investigation on the passive e
pressure on retaining walls. The authors have used these ex
mental results as a guide in developing design procedures.

In their tests, the authors have adopted a sand placing
nique, namely by placing the sand in thin layers and then ap
ing surface compaction on each layer to achieve the required
weight and angle of shearing resistance of the sand. It is evi
that the application of vibratory densification produces an o
consolidation effect in the sand mass. Depending on the lev
energy transferred to a given layer, the in situ stress level in
said layer will increase. The energy transferred depends on
thickness of the placed sand layer, compaction effort applied
the surface of each layer, compaction duration, and the orde
the respective layer~the energy input for a lower layer is the tot
of the energy applied to the said layer plus the energy transfe
to this layer during compaction of the subsequent layers!. The
energy transferred to a given layer reflects on the in situ st
level and accordingly, the value of the overconsolidated r
~OCR! of the said layer~Hanna and Ghaly 1990; Hanna an
Soliman-Saad 2001!. The OCR has a direct and significant effe
on the coefficients of earth pressure~Hanna and Soliman-Saa
2001; Bellotti 1976; Feda 1984; Brooker and Ireland 1965!. The
authors have treated the produced sand beds in the laboratory
they were normally consolidated; i.e., the case of OCR51.

The authors have reported that the experimental test re
agreed well with both Coulomb and Terzaghi theories for the c
of loose sand, while a wide disagreement was noted for the
of dense sand~using the peak angle of shearing resistance of
sand!. In treating this problem, the authors have proposed
adopt the residual-internal angle of friction of the sand, instea
the peak angle of shearing resistance. As expected, by redu
the angle of shearing resistance to the residual value~which is
equivalent to the ultimate value for the case of loose sand! agree-
ment will be achieved with Coulomb and Terzaghi theories.
implementing such assumption the authors have allowed a
movement of about 10–20% of the height of the wall for medi
to dense sand respectively. Such high wall displacement may
be allowed in statically indetermined structures such as brid
Furthermore, beyond the peak angle of shearing resistance,f, the
inter-particles stresses will be the dismantled due the dila
~Hanna 2001!. Thus, the in situ stress level will be reduced a
accordingly the OCR will reach the value for normally conso
dated sand (OCR51). This procedure suggests that sands at
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states will be treated as if it is loose sand, and accordingly Co
lomb and Terzaghi theories may be used to predict the pass
earth pressures on retaining walls. It should be made here h
ever, that this assumption is a conservative one, as passive e
pressure is a resistive force.

The authors have limited the results of their investigation
the case of low values of wall friction angles. (9.8– 14°). Th
assumption or rather the condition of the tests may be regar
for the cases closer to Rankine condition~smooth walls! than
Coulomb condition~rough walls!.

The discusser has recently conducted similar tests, where
in situ stresses in the sand mass were measured and accord
the OCR values were calculated. Similar conclusions were dra
with respect to Rankine, Coulomb, and Terzaghi theories. It
reasonable to assume that both Terzaghi and Coulomb theo
were developed, guided or validated by test results on overc
solidated dense sands. This work is currently under review.
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The experimental data presented by the authors are useful fo
better understanding of the passive earth pressure proble
These data have confirmed that a peak passive resistance
develop when a rigid wall is pushed towards a mass of dense s
and the resistance will subsequently reduce to an ultimate valu
EERING © ASCE / OCTOBER 2003
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a large wall movement. The observations are in consistence w
the stress–strain–dilatancy behavior of sands subjected to a sh

It would be of more interest, however, if the authors presente
their experimental observations on the formation of sliding su
faces in both the cases of dense and loose backfill. The inform
tion can be used to further justify the available theories and a
sumptions. It is known that the widely employed Coulomb theor
assumes that the passive failure mechanism involves the slidi
along a planar surface, whereas the log spiral theory proposed
Terzaghi uses a curved failure surface that is considered to rep
sent a more probable failure mechanism. Previous experimen
investigations, however, seem to indicate that no theory can co
rectly predict the shape and location of the sliding path. For ex
ample, the observations by Rowe and Peaker~1965! on the rup-
ture surfaces in a mass of loose sand subjected to the translat
of a wall indicate that, in the region near the sand surface whe
Rankine passive states are normally assumed to occur, the slo
of the sliding path could be much steeper than that predicted
theory. More complicated patterns of rupture surfaces were r
ported by James and Bransby~1970! for three typical modes of
wall movement. As shown in Fig. 1, when the wall is pushed
towards a mass of dense sand, the sliding surface will first exte
from the toe of the wall, followed by a zone of radial shear grow
ing out from the top of the wall; when the wall rotates about its

Fig. 1. Formation of rupture surfaces in dense sand for three mod
of wall movement~after James and Bransby 1970!
JOURNAL OF GEOTECHNICAL AND G
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top, there will be a single sliding surface extending from the to
of the wall; and when the wall rotates about its toe, a zone o
radial shear will extend from the top of the wall and will grow in
size when the rotation continues.

The shape of the sliding path is believed to be largely depen
dent on the mobilized, rather than the maximum, angle of wa
friction. In addition, the direction of sliding surface may also be
influenced by the mobilization of shearing resistance along th
surface. The mobilization of wall friction is more influential on
the lower, curved part of the sliding path while the effect of shear
ing resistance mobilization in the sand mass could be mo
prominent for the upper, straight part of the sliding path near th
sand surface. In actual cases the formation of sliding surface
more likely to involve a progressive failure mechanism~Fig. 2!,
and it may become especially complex when multiple sliding sur
faces appear. Experimental measurements of quality are to
accumulated in order to improve current understanding of passi
failure mechanisms and the formation of sliding surfaces. I
would thus be helpful to see the authors’ observations in the
tests reported.

In their paper, the authors also made a recommendation on t
design of passive earth pressure problems. The design using
residual, critical state strength, as recommended by the autho
certainly will put the design on the safe side. Though, it should b
mentioned that this design concept suffers from several limita
tions that do not allow it to be, as stated, a reasonable one. Fir

s

Fig. 2. Schematic diagram of progressive failure mechanism

Fig. 3. Typical retaining wall problem in geotechnical applications
EOENVIRONMENTAL ENGINEERING © ASCE / OCTOBER 2003 / 961

ng. 2003.129:962-962.



i
n
re
n
e

a
n

it
0

c

e

a
t

g
i

th
o
r
c

-

c

o

n

O

n
ts

-
-

ng
a

r
-

ll
ll.
e
nt

-

e
g
al
r
e

e

–

e
te

ed
g
is-
he
sed
4
c-
-
e-

ee
ld
al

l
,

ng
t

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 o

n 
04

/3
0/

14
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.
since the critical sate strength of a sand is independent of
density, this design concept treats the case of loose backfill a
the case of dense backfill as the same. In other words, it igno
the advantage of compaction of backfill, which however is ge
erally required in engineering practice. Second, in a typical r
taining wall problem in geotechnical applications~Fig. 3!, the
active and passive states are simultaneously involved such th
large movement of the wall would not be allowed. It has bee
confirmed experimentally that the active state is reached w
very little movement; a small displacement of the order of 5–1
times the mean diameter (D50) of sand particles in the sliding
direction is enough to reduce the mobilized shearing resistan
from peak to residual value~Bolton and Steedman 1985; Yoshida
and Tasuoka 1997!. Therefore, if the wall is proportioned so that
this is equilibrium with the active earth pressures, then the mov
ment of the wall will be small. With this small movement the
mobilized shearing resistance along the sliding surface in the p
sive zone is not possible to reach the ultimate, critical sta
strength.

How to properly account for the dilation and strain softenin
effects in earth pressure problems remains to be a subject of
terest. It is the discusser’s opinion that the single use of either
residual or the peak shear strength in design is not a satisfact
way; rather, the design concept that involves both peak and
sidual strength and meanwhile is displacement or performan
based would be more rational.
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The authors agree with Yang’s comment that experimental ob
servations regarding the formation of rupture surfaces would im
prove current understanding of passive failure mechanism. Fa
et al. ~1994! studied the passive earth pressure acting against
vertical rigid wall, which moved into a mass of dry sand unde
different wall-movement modes. Displacement fields in the back
fill are reported in Fig. 17 of their paper. Fig. 17~a! shows the
displacement vectors of backfill induced by the translational wa
movements. Large displacements occurred in front of the wa
Unfortunately, rupture surfaces determined with both Rankin
and Terzaghi theories are not able to define the backfill moveme
properly. Fang et al.~1994! concluded that backfill displacement
is strongly influenced by the movement mode of the wall as re
ported by James and Bransby~1970!.

It should be noted that to observe the displacement in th
backfill is not an easy task. To simulate a plane-strain testin
condition, the shearing stresses on the intermediate-princip
plane should be equal to zero. In this study, a lubrication laye
was furnished for the earth-pressure experiments to minimize th
friction between the sidewall and backfill. However, unless th
sidewall friction can be totally eliminated, a quantitative soil dis-
placement observation cannot be achieved at the backfill
sidewall interface.

The authors agree with Yang’s and Hanna’s comment that th
design of passive earth pressure problem using the critical sta
strength would be a conservative one. It should be emphasiz
that Fig. 15 provides the upper and lower bounds for estimatin
the passive earth pressure. An overestimation of passive res
tance based on the peak soil strength would put the design on t
unsafe side, and an underestimation of passive resistance ba
on the residual soil strength may be too conservative. Fig. 1
shows the complete variation of lateral earth resistance as a fun
tion of wall movement. When calculating the passive earth pres
sure, it is recommended that one consider the dilation and subs
quent strength reduction of a dense backfill. The authors agr
with Yang’s comment that a more rational design concept shou
be displacement-based and involve both peak and residu
strength.
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of view. It is very timely; it can find application in the area tha
gains significance because of the increasing need of grouting.
following remarks constitute the discusser’s experience and
not to be construed as criticism but rather an enriching inform
tion.

1. In working with class C fly ash~CaO 27%! in Oklahoma
~actually, it was Wyoming coal!, the discusser experimented with
retarders using standard Ottawa sand and fly ash at 50–50 r
~Tohidian 1986!. During the exploratory phase of this effort, a
number of retarders, including sodium hydroxide were tested.
a result, the selection list was narrowed down to aluminum s
fates, sodium fluoride and two other chemicals CA-3 and R-00
For the last two the producers did not release any information

Of these, the most efficient~optimum conditions! were the
aluminum sulfate and the aluminum ammonium sulfate~Tohidian
and Laguros 1987!. This final selection was based on weighing
number of parameters such as density, effect of delayed comp
tion and curing time on unconfined compressive strength, hea
hydration. Additionally x-ray diffraction~XRD! and scanning
electron microscopy~SEM! were employed for mineral identifi-
cation and crystalline formation. That sodium hydroxide did n
give the most desirable results may be due to the fact that
Oklahoma fly ash differs from the Ptolemaida fly ash at least
terms of the CaO content~Oklahoma 27%, Ptolemaida 32%! and
granulometry~for Oklahoma retained on U.S. std. Sieve No. 32
or plus 44mm 13.1%, for Ptolemaida-based on graphical extrap

Table 1. Dry Unconfined Compressive Strength of Specimens~Mpa!

Type of mix
Delay time

~min!

Curing time~days!

1 7 28

Control 0 4.3 9.3 9.8
~50% sand150% fly ash 30 Could not be molded

Mixture
~50% sand150%
fly ash11%

0 5.6 17.4 19.1

Aluminum
ammonium sulfate!

30 5.1 12.6 17.5

30 3.0 7.15 10.2
120 1.5 5.2 6.7
JOURNAL OF GEOTECHNICAL AND GE
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lation from Fig. 1 of the paper less than 5%! Unfortunately,
chemical analysis of the Ptolemaida fly ash is not provided a
therefore, no further comparison can be made.

2. The case of the aluminum ammonium sulfate is presen
in Table 1 and is depicted in Fig. 1. Delayed compaction made
control mixes uncompactable. By adding the sulfate based re
ers to the sand/fly ash mixtures, at the rate of 1% per dry we
of the mix, the unconfined compressive strength increased
specimens cured for various curing times but compacted with
delay. Also, as the delayed time was prolonged, it tended to m
mize the strength increase. At extended delay time, 60 min
longer, it tended to decrease the compressive strength to the
where it attained levels lower than that of the control mix~Tohid-
ian and Laguros 1987!. It should be born in mind that compactio
immediately after mixing is possible in the laboratory but delay
compaction is inevitable in the field.

3. The heat of hydration curves~Tohidian and Laguros 1987!
depicting temperature time relationships~Fig. 2! showed conclu-
sively that the retarders reduced the generation of heat and
res
Fig. 1. Effect of delay in compaction on unconfined compressive strength,uc , of sand/fly ash/1% aluminum ammonium sulfate retarder mixtu
e
eFig. 2. Heat of hydration of sand/fly ash/aluminum ammonium

sulfate mixtures~results with aluminum sulfate were similar!
OENVIRONMENTAL ENGINEERING © ASCE / OCTOBER 2003 / 963
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the drop of temperature with time was far less when retard
were used and that the lowest peak temperature 28.2°C~83°F!
compared to the no retarder mix 31°C~88°F! was associated with
the highest compressive strength.

4. The XRD indicated~Tohidian and Laguros 1987! the for-
mation of tricalcium aluminate (3CaO–Al2O3) that augmented
with time as evidenced when comparing the 1 day a
28 day cured specimens. The formation of ettringi
3CaO•Al2O3•3CaSO4•32H2O was noticeable for the 1 day cure
as was its reduction for the 28 day cure. The depletion of t
sulfate ions or decomposition of ettringite gives rise to a low
hydrate monosulfoaluminate (3CaO•Al2O3•CaSO4•12H2O).
The selection of the cation (NH4

1 , Al31, or Ca21) does not ap-
pear to be as critical as the availability of the sulfate ions havi
an influence on the crystalline compounds formed~Tohidian
1986!. Also, present in all cases was the formation of stratlingi
(Ca2Al2SiO78H2O).

5. The authors present Fig. 8 from which it is difficult to
discern the morphological features such as crystalline formatio
In the discusser’s findings~Tohidian and Laguros 1987! crystal-
line formations of the needle type structures as well as hexago
plate types are abundant but less so when there has occu
prolonged delayed compaction. Delayed compaction with no
tarder causes the skeletal framework formed~fast chemical reac-
tions leading to crystal formations! to break down into smaller
fragments.

6. It would have been interesting to determine the void d
main matrix of the mixes through the use of SEM photomicr
graphs. The technique developed~Zenieris and Laguros 1989!
renders possible the calculation of the degree of propensity
void reduction. It has been applied successfully in assessing
stabilization~Laguros and Hayes 1990!. It appears reasonable to
apply it, too, to the solidification of the grouted fabric. Thes
would have provided additional information on the status
‘‘macropores’’ and help better explain the influence of grouting o
the hydraulic conductivity of the mixes, the development of po
water pressures and, in general, the ‘‘behavior of sands grou
with PFA suspensions.’’
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The authors thank the discusser for his interest in their paper
for his comments. The discusser provided valuable informa
on the utilization of fly ash for soil stabilization and results
experimental investigations on the performance of retarders
cluding sodium hydroxide, when compacting Ottawa sand
ash mixtures. It should be pointed out that sodium hydroxide
used as accelerator and not as retarder in the authors’ rese
Bearing in mind the variability in chemical composition of fl
ashes and the effect that several factors have on their beha
the authors believe that comparable behavior should be expe
only when similar materials are tested. For comparison purpo
the chemical composition of Ptolemaida fly ash is provided
Table 1. The authors agree with the discusser that it is not
sible to make any comments on crystalline formations from
photograph presented in Fig. 8 of the paper. Moreover, the m
nification capacity of the stereoscopic zoom microscope u
was insufficient for such an investigation. However, the purp
of the observations of grouted sand specimens through this
croscope was to evaluate qualitatively the degree of filling of
sand voids with suspension solids and the adhesion capaci
the grout solids on the sand grains. These points are clearly
picted in the photograph~Fig. 8!. The authors have made no a
tempts to quantify the void domain matrix using scanning e
tron microscopy photomicrographs or other techniques.
concept of ‘‘macropores’’ and ‘‘micropores’’ is referred to by th
authors in conjunction with stable suspensions which have b
documented to yield minimum development of macropores.

Table 1. Chemical Composition of Ptolemaida Fly Ash

Oxide Content~%!

SiO2 35

Al2O3 14

Fe2O3 5

CaO 32
MgO 3

SO3 5

Na2O1K2O 0.5

Loss on ignition 3
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