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Comments on Draft Final Report (circulated in Jun 211)

Comments from DH(P&S)

No.

Comments

Response to Comments

1

site control problems to ensure that the nailspaoperly inclined
as designed. Also, if the no. of sub-horizontdlsns less thal
40% to 50% of the total no. of nails, is the vetimail or
embedded concrete footing needed? If so, will dtter if the
division boundary of the sub-horizontal nails ateeply inclined
nails are different in different sections of theps?

The use of a hybrid system is supported. Howeyreen the useAs the proposed hybrid nail arrangement requirels @& the upper
of 2 types of soil nails with different inclinatisnthere could bgpart of the slope to be shallowly inclined, andsat the lower part @

nwould be unlikely for the two nail sets to intertegach other,

—

the slope to be steeply inclined (see Figure 4.@{chhe report), it

Hence, normal site control should be able to ensails of the hybrid
arrangement are constructed in accordance witdekign intent. In
fact, the use of steeply inclined nails at oneimation would require
more stringent site control as any deviations a rihil orientation
would impose an unbalanced force on the grillagecsire.

The designer may adjust the nail arrangement toragwdate site
constraints. However, if the nail arrangement degidrom the
recommended ratio of sub-horizontal nails to steemlined nails, or
different arrangements adopted for different sestiof the slope, the
designer should demonstrate the effectivenessanginess of the
proposed nail arrangement using numerical analysesttical nails of
embedded concrete footing generally haegy little contribution to th
robustness of hybrid nails arrangement, and maynoded.

area. Could the total opening size be increaséabwi the nee
to carry out FLAC or other numerical analyses?

The total size of the openings is about 50%hef averall planA simple upper bound estimate of the limiting egthssure that the

=

dgrillage facing could sustain is given in SectioA.4 If the designe)
opts to increase the total opening size to over,50% upper boun
estimate could be used to justify whether squeepnigof the fill
material is a concern. If external structural edets, such a
geo-synthetics, are employed to increase the hignigarth pressurs
numerical analyses would be required to demonsth&eadequacy d
the proposed design.
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Comments from CGE/ME

No.

Comments

Response to Comments

3.

Section 6, Item (a): We support the recommendat encourag

interpretation of results. Although TGN 7 has listaut the testin
for loose fills, however, testing on fill samplextrreved from U

still commonly found.

the use of site specific laboratory test resultss idesirable todesign shear strength parameters of loose fill Ishbe derived from
provide relevant guidance in particular on samplitegting andtriaxial tests on remoulded fill specimens obtaifredn representativ

tubes of which soil could have been densified dusampling, i$

BAs soil samples retrieved from U tubes are lialedénsification

(1%}

pbulk samples in accordance with TGN 7.

D

Section 6, Item (b): We support the recommendatd adopt i
more robust nail arrangement, it may be desirablassess an
illustrate other possible hybrid nail arrangementsaaddition to
the one shown in Case C in Figure 4.2, for the tfiraers to
consider / select (e.g. staggered nail pattererradtive rows
columns at sub-horizontal and perpendicular tcstbpe face?).

aThe hybrid nail arrangement shown in Figure 4.2¢cgonsidered t(
tbe the more practical nail arrangement that wouldlifate load
redistribution, enhance the system robustness, aatdr for the
uncertainties in the failure mechanisms and inréative stiffness of
the different components of the ground-nail-facaygtem. It is no\t
the intention of this study to assess the feasldind effectiveness of
all the possible combinations of hybrid nail arramgnts. The
designer may adjust the nail arrangement to accadateo site
constraints. However, if the nail arrangement degiafrom the
recommended hybrid nail arrangement or the ratisuld-horizonta|
nails to steeply inclined nails is outside the 4ad®0 % limit, the
designer should demonstrate the effectiveness amagsiness of the
proposed nail arrangement using numerical analyses.

O

A paragraph has been added to Section 5.4 to addhes issue
whereby alternative nail arrangement is proposeatt@mmodate site
constraints.

It is suggested to run some pilot projects ftieent conditions

of the study.

in order to review the performance based on themnatendationsupgraded on the basis of the proposed recommendatie beyond

Pilot projects for reviewing the performance ofdedill slopes

the scope of this study. These may be considerédure studies.




Comments from CGE/MW

No. |[Comments Response to Comments
6. |[(1) Section 3.2 and Figure 2.1: The term “ibdily line” | The term “collapse line” or “collapse surface” has different
(which is called by Chu et al (2003)) does notewflthe physica| meaning according to Sladen et al (1985). The apaié line” is
behaviour of loose soil. It is suggested that aem@mmmonly| defined as the line joining the peak strength dedsteady state (or
used term “collapse line”, which better describles triggering| critical state) shear strength on the projectiothef p-q plane. This
mechanism of liquefaction should be used. Besitles,term| is different from the “instability line” which issged to represent the
“collapse line” is consistent with many other terthat are used mobilised friction angle at the peak shear strength
in various parts of the report, such as “collapgaées, “undrained
collapse”, “collapse of a saturated soil microdsinue” and| There is a comment suggesting that use of the timstability line”
“collapse behaviour”. might generate confusion as it relates to microtraacal
explanation of the observed stress-strain behawbthe soil. In the
revised report, the term “mobilised friction angie the onset of
liquefaction” is used to replace “instability line”
The symbol @, has been replaced bygho,’ (to be consistent
with the original HKIE-GD report, 2003).
7. |(2) Section 4.2.2, line 3. Please chang€ t2030” to “10° to | The text has been amended in accordance withubgestion.
20™; this would tie in with the results of other stas.
8. |(3) Sections 4.1, 4.2 and Figure 4.2. Figur2 ghows that As shown in Figure 4.2, the total nail length fobe tsteeply inclined

different nail lengths are used in the FLAC anayfer different
nail arrangements.
total length of the top three nail is 23.2m. Hoe hybrid nail
arrangement, the total length of the top three sngit
sub-horizontal inclination) is 33.3m, about 43% edhan the
steeply inclined nail arrangement. It also appdaosn the
figures presented in Appendix B that if comparethwie steeply
inclined nail arrangements, longer nails are useithé numerica
analyses for the hybrid nail arrangements. With shgnificant
difference in nail lengths adopted in the numericaldels, it is
difficult to compare the results of the analysid assess thg
influence of nail inclination on stabilizing mechem. In any

For the steeply inclined nadrayement, the

nail arrangement is 79.5m, whilst that for the Iybmail
> arrangement is 89.6m. This represents a percertdigeence of
12.7%. As discussed in Section 5.4, the increasexdt can be
partially compensated by the omission of the valinails.

The merit of the hybrid nail arrangement is theasded robustness
of the system, especially when the failure modelcca@omprise a
sliding type. If only steeply inclined nails aresed, the slope
deformation could be large if a sliding failure o The large
movement is caused by the limited structural =gt along the
e potential sliding direction, which could not be anbed by
increasing the lengths of the steeply inclinedsadiherefore, even if

case, it is apparent that when compared with sgaaplined nail

the top three soil nails in the steeply inclined maarangement are
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arrangement, larger nail lengths are usually reguifor the
hybrid nail arrangement in order for the nails wné into the
competent insitu materials.

increased to the same as those in the hybrid nahgement, the
performance of the steeply nail arrangement woolkdoe improved
much in terms of slope movement. This is evideamfrFigure 4.6
(a) which shows that the mobilised nail forceshe top 3 steeply
inclined nails are far below the design capacity.

(4) Figure 4.9. The mobilized tensile nail racreases with
depth for the top three nails (with small inclirex) but it reduces
sharply to almost zero (and even negative) athdhen it
increases again with depth in the bottom threesnail
Furthermore, the structural displacement vectoesnst® indicate
that the whole grillage facing is rotating clockevisbout nail 4
with the top half of the facing moving into the g#oand the
bottom half moving out. Similar observations ispect of nalil
forces and structural displacements can also badfguother
hybrid cases presented in Appendix B, e.g. FigBt26, B.21,
B23 and B25. This suggests that the hybrid nagliregement
may not be a particularly efficient solution as gomails at about
mid-slope height (e.g. nail no. 4) are ineffeciivesupporting the
grillage facing. Furthermore, large bending moraenay also
be induced in the grillage facing near nail nond ¢his bending
load needs to be accounted for in the design.

Under interface liquefaction, the unbalanced epréssure acting on
the slope cover (i.e. grillage facing) is much meztli Hence, this
renders steeply inclined nails ineffective in rfailce mobilisation.
This is particularly the case for the upper rowsais in the steeply
inclined nail arrangement (see Figure 4.6(a)). ther hybrid nail
arrangement, tensile forces are fully mobilizedhe top three rows
of sub-horizontal nails. However, tensile forces aot mobilized
in the fourth row of steeply inclined nails immetgig below the
sub-horizontal nails (see Figures 4.9, B20, B213 Bid B25.
The results of the FLAC analyses indicate thatphesence of the
sub-horizontal nails significantly reduces the slogeformation
(262mm in Figure 4.6(a) vs 164mm in Figure 4.9(a)).

The hybrid nail arrangement is not only effectimerésisting sliding
failure (i.e. interface liquefaction), but also exffive in resisting
complete liquefaction failure. Under complete litastion mode,
nail forces are effectively mobilised in all thalsmils as shown in
Figure 4.8(a).

For the hybrid nail arrangement under completeéligction, the
induced bending moment in the grillage is not digant. The
bending moment induced in the grillage beam nedrN&a4 is only
31 kNm/m according to the FLAC analysis. The maxmioending
moment of 78 kNm/m occurs at the location betweail No. 6 and
Nail No. 7. For interface liquefaction, the berglimoment in the
grillage is even smaller.

10.

(5) Design of the nailing system is usuallyriear out using the

limit equilibrium method. This method can hardlynalate the

The findings of the study indicate that two diffierdailure modes
(i.,e. complete liquefaction and interface liqueiaa} should be
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rapid changes in nail forces in the hybrid nailaagement, as
discussed in point (4) above.

consideredn the design of soil nails for upgrading loosé dibpes.
The main limitation of the limit equilibrium analgss its inability to
predict the mobilized nail forces in the slope undidferent failure
modes. The FLAC analyses undertaken in this steafirms that
the nail forces mobilized under complete liquefactare similar to
the stabiligng nail forces predicted by the limit equilibriummalysis.
However, under interface liquefaction, FLAC anab/sedicate that
only very low magnitude of forces could be mobilise the upper
rows of soil nails of the steeply inclined nailaargement, and larg
soil and structural deformations were induced (Sgere 4.6). On
the other hand, forces were effectively mobilisedhe upper rows
of soil nails of the hybrid nail arrangement, ahd induced soil and
structural deformations were much smaller thanstieeply inclined
nail arrangement (see Figure 4.9). This is précige underlying
reason of introducing sub-horizontal nails at tipper part of the
slope such that sufficient nail forces could be iinsdad when sliding
failure occurs.

WD

11.

(6) For the steeply inclined nail arrangemaiitthe nail forces
act more or less in the same direction of the ufifce and so
they are efficient in resisting such force. Howewethe case of
hybrid nail arrangement, about 40% to 50% of thisrame placed
at small inclinations and the direction of thes# fwgices deviates
substantially from the direction of the uplift fescas such the
nails are not efficient to resist the force. Thygbrid nalil
arrangement would require more and longer nails tha steeply
inclined nail arrangement for resisting the sameuwamh of uplift
load.

The challenge of designing soil nails in loose Silbpes is that twa
different failure modes — complete liquefaction amterface
liquefaction — should be considered.

Under complete liquefaction, large earth pressargenerated and
exerted on the grillage. Undoubtedly steeply iredimails would be
very efficient in resisting such uplift force. Howes, if liquefaction
is confined in a thin layer and causes a slidintyria mechanism,
steeply inclined nail would become inefficient esisting the sliding
motion.

The hybrid nail arrangement is a robust solutiontdokle both
failure mechanisms.

12.

(7) In examining the effect of toe fixity usittge FLAC analysis

it appears that the vertical soil nail at the sltgpe is modeled as relatively large horizontal spacing between thdsnai comparison

“cable element”, like the other soil nails on thedal slope. It

The vertical nails are very slender structural eets, and due to th

WD

to the nail’'s diameter, the effective bending resise of the row of
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is probable that the tensile stresses mobilizetthenvertical nails
are relatively small and there is more structuegdacity to resist
bending/shear. If the vertical nails are modeled aa “pile
element”, the structural displacement of the facimguld be
substantially reduced. In any case, structurahelds (e.g. stee

channel) with larger bending stiffness than steetlmay be used analyses (Figures B.4 and B.18) indicated thavérdcal nails were

in the *“vertical nails” for reducing the amount efructural
displacements. Furthermore, as the maximum ufdifte is

exerted at the toe of the slope, the vertical nadlgse an added convention of the structural forces in the numér@aalyses has

advantage of helping to hold the grillage facingvdo

vertical nails at the slope toe is rather insiguaifit.
The use of a strong structural element at the slopds a possible
option to enhance the structural stiffness of thiére@ system along
| the potential sliding direction. The results ofe timumerical

in compression instead of tension under complepeefaction and
interface liquefaction due to the self weight of fiacing. The sign

been added in the figures in Appendix B.

13.

(8) Based on the discussions in points (4Bjabove, it appears The results of the study indicate that the hybad arrangement is

that the hybrid nail arrangement is not particyl@perior to the
steeply inclined nail arrangement (with toe fixity)in certain
aspects, the hybrid nail arrangement is less efficithan the
steeply inclined nail arrangement. Therefore, dhegre

reservations with regard to the statement “desgysbould adopt The limited structural stiffness of the steeplylimed nails along the

a hybrid nail arrangement as far as possible” (&ecb.4).
Perhaps, the report should be tuned in such a kadybbth hybrid
nail arrangement and steeply inclined nail arrareggngwith toe
fixity) are workable options, and that a desigrterwdd adopt the

option that best suits the specific site conditionSor example, a hybrid nail arrangement is a more robust systenthasoverall

slope with thick tapered fill and dense/strong tingnaterials at
shallow depths below the slope toe, steeply indlinaail
arrangement would be a more preferred option becafik it
requires shorter soil nails at the upper portiothefslope; and (ii
only short vertical nails (probably at close spggiwould need to
be installed into the insitu soil.

capable of tackling both the complete liquefactieamd interface
liguefaction failure mechanisms. The use of steaptlined nail
arrangement is a consequence of designing the gojpearily
against the earth pressure generated from thefikeguéoose fill.

potential sliding direction renders the system kgaeliant on the
toe fixity to resist sliding failure and to limitverall deformation.
This significantly reduces the system redundancycope with
deviations of actual ground conditions from desaggumptions. The

stiffness of the ground-nail-facing system along plotential sliding
direction is enhanced. The need for toe fixitalso eliminated by
the presence of sub-horizontal nails in the system.




Comments from CGE/LPM1

No.

Comments

Response to Comments

14.

The reasons given in Section 3.3 for excludggdata points
below Gdp'pea= 0.2 still seems not too convincing. |
understand that the test samples were collectsladibw
depths. The samples were remoulded and then sedbjeca
minimum confining pressure of 20kPa in the triaxiall. In the
process of consolidation, | would expect a loosésample to
densify. The void ratio of the test specimen wdwgdyoverned
by the confining pressure in the triaxial cell ethkhan its insitu
void ratio. The argument of mismatch between thid vatio and
the stress level of the test specimen seems vague.

The review of the laboratory test data reveals kbasely compacte
CGD exhibits very stiff response during isotropmnsolidation with
very little change in void ratio (Figure A.5 in thlieport). Also, th
isotropic consolidation line is not unique, butependent on the initi
void ratio. If a soil sample taken from a very shallow deptt
remoulded at the is#u void ratio and tested at a higher stress Jai
is likely that the test specimen is looser (i.eadfigher void ratio) the
the soil in the field corresponding to the samesstievel (i.e. depth).

Comments from CGE/LPM2

No.

Comments

Response to Comments

15.

In Section 5.3, it is mentioned that fill aegter depth has a lowgfigure 5.1 has been added to Section 5.3 to iltestnow the zone of

chance of undergoing liquefaction. It is suggested a worked
example be given to elaborate on how to delindasezbne.

loose fill which has a lower likelihood of underggiliquefaction can
be delineated.

Comments from CGE/HD

No. |[Comments Response to Comments
16. |On p. 29 — ‘Dsiaplcement’ under item (b) of .H¢ should readlhe typos have been corrected accordingly.
‘Displacement’; and ‘assuemd’ in the Note shouldadie
‘assumed’.
17. |Onp. 35 lines 11-13 and on p.37 para. 4 ih6s- If the zone gfAlthough the fill at great depth is unlikely to werdo liquefaction du

failure surface should be allowed in determining tbquired na
lengths.

non-liquefiable fill is delineated on this basise tbond strength ofo the low mobilised stress ratio, the fill in tHdeep” zone may stil
the soil nail embedded in the non-liquefiable Zitine beyond theexhibit volumetric contraction at the soil-nail entace when the naji

T — (D

Iforce is being mobilised. Volumetric contractionlobse fill at depth
may cause arching which may lead to very low eiffectonfining
stress along the bond length of the nail. Duééouncertainties with
regard to the development of bond strength in Ididisat depth, it is
recommended not to rely on the bond strength of sb# nail




=2

embedded in any loose fill irrespective of the Heipt the course g
determining the required nail lengths.

18.

On p. 35 para. 2, the assumption that slop#s avihin fill layer|
(e.g. <1m) ...
reduced likelihood of liquefaction, may need furthestification.

It would be useful if further researches are cotetlicand/or

further parametric / numerical analyses are peréormand
presented in this report to substantiate this apsam

would not undergo undrained collapsehas aundrained collapse is based on the following:

The assumption that very thin (e.g. <1m) fill layesuld not undergo

(i) due to the low effective stress in a thin fdlyer, the soil would
exhibit dilative behaviour instead of contractivehaviour, which
is one of the necessary conditions for the filelao liquefy;

(i) the short drainage path of thin fill layer fhttes dissipation of
excess pore water pressure generated during spedrihe loose
fill.

Comments from Victor Li & Associates

No.

Comments

Response to Comments

19.

Figure 2.1 refers. The instability line usualigfers to theln the revised report, the term “mobilised frictiangle at the onset

demarcation line separating the zone of instabdityl zone

stability under undrained triaxial conditions farlly saturatedhas been replaced bygo
soils. For a slope subjected to rain infiltratitime soils may natHKIE-GD report, 2003).

be fully saturated when static liquefaction occuree onset
liguefaction under the stress path in Figure 2.1y nmeot
necessarily coincide with the instability line farlly saturated

soils and in fact there may be an instability zeather than anjquefaction is triggered, etc. The mbbid friction angle derived fro
instability line for nearly saturated soils. Figi&rd may thereforgy series of isotropically consolidated undrainethxial tests i

be misleading.

liuefaction” is used to replace “instability line” The symbol ¢,
(to be consistent with the origir

The onset of liquefaction is affected by many fagtsuch as tf
degree of saturation of the soil, the effectivesdrpath through whij

normally a conservative measure of the actual steemditions 4
which liquefaction is triggered by rainfall infiition. Discussion o
this point has been added to Section 3.2.

20.

Some guidelines on how to relateto some directly calculab
quantifies will be useful to designers.

& The concernedelationship implies that the mean effective stiie;
the slope can be estimated from the vertical affedtress by 'p=
0.670',. This implies a K value of 0.5 whicltan be considered a




I. In the footnote of p.19, it is suggested that=0.13
o'y. Is this relationship applicable as a general?ule

ii. Can we approximate', by y z, wherey = unit weight

and z is the design depth of liquefiable fill?

The follow-up questions to (ii) are:

- What z should be used? The mid-depth or
depth of the body of liquefiable fill correspondi
to a particular slip surface?

- As o', increases with depth, should we
increasing value of css with depth or a constay
for the entire fill body? Which option is mo
correct and/or conservative?

Should we use the bulk density instead of subme

unit weight fory when correlatinggwith o',?

Although 1 believe that the designer should mak&/hr own
judgment, some recommendations in the Report méy did
potential arguments between designers and checkers.

general rule unless a more representative estiofidhe Ky value is
available.

ii. The vertical effective stress, can be estimated by z, wherey =
effective unit weight and z is the depth below gmbisurface ¢

fullwhich @'y is calculated.

ng

li. z is defined as the depth below ground surfatevhicha'y is

use calculated. In other words, it is a variable witthe loose fill. If &

it ¢ particular slip surface is considered, z would he depth of th

re fill above the potential slip surface, and wouldyalong the slij
surface. Since’, increases with depthgsgncreases with depth

rgedwell. Assuming a constantsvalue within the entire fill bodis a
gross simplification agsompared to adopting a depth increa
Css profile, andcould either be too conservative or too aggre!
depending on the adopted valu€he approach of using
undrained shear strength that increases with depdiscussed |
the HKIE-GD report (2003) (Section 7.3).

iv. When correlating £ with o'y, the effective unit weighy should by
used.

Some discussion on the estimation ¢f foom the vertical effectiv
stress has been added to Section 5.1.

21.

Steeply inclined soil nails are recommended tloe hybrid
arrangement. What formula should be used for cafityg the
pull out resistance of steeply inclined soil nailG2oguide
recommends that the inclination of soil nails skdonbt excee
20°. Aformula is also given in Geoguide 7 thaate$ the pulloy
resistance of soil nails to vertical effective duenden pressure
Will the same formula also be applicable to sulitval soil nails
if not, what other formula is recommended?

As part of a series of soil nail studies for thgelepment of Geoguid
7, a review of the design methods for estimatiopufout resistanc

7of soil nails was conducted by GEO and the resaréspresented i

ICheung and Shum (2009). The review compared overtloousanc

emeasured pullout resistance is generally highen tth@ theoretica
value given by the effective stress method (i.e. tiethod describe
in Section 5.6.3 of Geoguide 7 which relates pullesistance of so

tpullout test data collected from LPM sites and toded that the

= n — >S5 0o

nails to vertical effective overburden pressurefhdugh the review
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covered mainly sub-horizontal nails at an inclioatof 10°-20°, the
data set contained 38 pullout tests in which thlensals were inclineg
at 30°-50°. Therefore, as described in Sectiom8Geoguide 7, th
allowable capacity and pullout resistance of sailsnin loose fill
slopes can be determined in accordance with théagae given in
Section 5.6.3 (2) of Geoguide 7.

As stipulated in Section 5.6.3 (6) of Geoguide hew steeply
inclined nails are used, considerations should beengto the)
effectiveness of the soil nails and the amountlopes deformation

been investigated in this study by FLAC analyselsiciv concluded
that when steeply inclined nails are used in aidytail arrangement
the earth pressure generated on the grillage heaower portion of
the slopes would facilitate mobilisation of soillrfarces.

Reference:
Cheung, W.M. & Shum, K.W. (2009). Review of the aggzh for
estimation of pullout resistance of soil nails. Aeical Note
TN1/2009. Standard and Testing Division, Geotediningineering

Office.

22.

The report seems to suggest that the soil mailt be anchored |Please refer to our response to tffecBmment by CGE/HD.
the weathered soils. As discussed in the repoet,ptitential of
soil liquefaction is low for fill at deep levels #se stress state |is
away from the instability line. Will it be acceptalio anchor th
soil nails in fill at deep levels when dealing wilopes with @
thick layer of fill?

D

1554

Comments from Halcrow China Limited

D

required to mobilise the design soil-nail forcesie3e aspects have

No.

Comments Response to Comments

23.

Possibly the two most important and welcomeaimizal changesThis comment is noted.

are the reduction in necessary thickness, (buregath), of the
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grillage and the possibility of reducing the ingliton of at least

some of the soil nails.

24,

From a landscaping point of view, somewhatgpsantingly, the
requirement for the grillage to cover 50% of thapsg! remains.

In the draft of new GEO Technical Publication prbrg
guidelines for landscaping slopes, we have sugdeittat the

position of soil nail grillages around trees shobtladjusted orhave to be adjusted and the size of the grillagenioig increase
sites to avoid surface and near surface tree rddiis. suggestdocally. The presence of these existing trees saye to reduce th
that either the buried depth of the grillage adpd® trees islikelihood of local instability through the grillag opening upor

reduced and/or the grillage members are moved fhendesigne
position to provide necessary space. The lattethe$e option

means that over a certain area, which may be daige whereprovided that the overall performance of the ggdlaas a monolithi

trees are clustered, the coverage of the grillagey nbe
significantly less than 50%. On site this is somes addresse

by closing up adjacent grillage member spacinghsd dver thewould not adversely affect the likelihood of squaegzout in the
total slope area, 50% coverage is provided. Thosiie up thenadjacent grillage panels; therefore the size of abening of the
restricts opportunities for planting in the redusgrhce betweegradjacent grillage member could remain at 50%.

grillage members and in some cases where this dws done, i
have given rise to adverse comment from some p
commentators.

The need to limit the size of the grillage openisgnainly to avoid
local squeezing out of the liquefied loose fill almdensure that th
grillage has sufficient structural capacity to widnd the eart
pressure generated from the liquefied loose filh order to preserv
existing trees, in some cases, the locations ofjtilege beams migh

diquefaction of the underlying fill. Therefore thgze of grillage
sopenings where existing trees are present coultbdadly increaseq

structure to withstand the earth pressure fromithefied loose fill is
dot compromised. On the other hand, the presehdbese tree

t
ublic

(DLJ-r—o-('Dj(D

)

)
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25.

It would be useful for designers if some gumann this practic
is provided i.e. the need to provide an overall 59serage fo
fill slopes where there is an extensive tree cayerar whethe
the 50% should only apply to the area outside otrehthe
adjustment for trees have been made.

eSome guidance on the need to provide 50% grillayerage wher
rthere is extensive tree coverage has been addettmn 5.6.
r

26.

It is understood that the 50% coverage is basedill bodies
basically at Relative Density of around 75%. It nadgo be usefu
if there was some thoughts on necessary grillagerage for fill
bodies at say 80%, 85% and 90% of Relative Dengtycould

the percentage coverage be reduced as densityaseself atest data as discussed in the HKIE-GD 2003 remae @lso Figur

reduction could be made this would be a great hel
development opportunities for planting on the slope

As discussed in Section 4.4, the minimum coverdgbe grillage is
Irelated to the undrained shear strength of theeldils One would
expect the undrained shear strength to increask thi¢ relative
compaction, however, such correlation is not obs@ifvom the actus

h5.11 in HKIE(2003)).

1

D
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Comments from Professor Matthew Coop (CityU)

No.

Comments

Response to Comments

27.

There is an assumption in the report that €litState Lines ar
straight in the e:Inpplane. They generally are at high pressu
but many coarse grained soils show a curvature horeontal
asymptote at lower stress levels, as in the atthgbaper
Equation A3 is only valid if the Critical State lans straight
Incidentally, in Equation A2, the interceptis normally used wit
a specific volume axis not void ratio.

hconstant.

& he purpose of the discussion in Section A.1 isdimt out that if the
tesation of the critical state line is unique, spective of its shape, th
undrained shear strength of a soil would be unigredhted to its voic
ratio before undrained shearing. If the criticaltstline is a curve
Equation A.3 is still valid ifA is made a function of' pnstead of &

We agree thall is normally used with a specific volume axis ard
void ratio. Its use with void ratio followed therogention adopted i
the HKIE-GD 2003 report (HKIE, 2003). This has nbeen revise
in this report.

e
!

n

-

28.

| agreed very much with your criticism of Fid.2that the This comment is noted.
instability line is not a unique line of constamadient. Many
researchers have found that it depends on void eatd stress

level. As you have said about Fig. 3.1 it is commdaund that
at higher stresses the value of yogicol increases. As you w
see from the attached paper, my own view is thad ot the
stress level per se that is important, but the gbhaof the void
ratio that accompanies compression to a highess{see Fig.1
of Carrera et al.). Because of the lower void r#tie undraine
stress path takes the soil to a lower point orCitiical State Ling
in the e:Inp plane. If the Critical State Line is curved, ag
initial void ratio reduces, for the loosest possismple ther
will be a much smaller decrease of'lbp reach that Critical Stal
and so a much reduced degree of strain softening.

29.

Personally | am not an adherent to the stetatg $heresy” an

dThe term “steady state” was used in the HKIE-GD2(¥port (HKIE,

cannot see why we need that term and cannot jestriigal state

22003). In this report, the critical state framewaskintroduced tq
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consistently. | always thought that this was a meding of soil explain the observed behaviour of loose fill matistilt is assumed in
mechanics. Isn’'t the implication of referring teaty states othe report that “steady state” and “critical stedeg identical.
undrained tests and critical states for drainettti@soil in som

way knows whether it is drained or undrained? hkhihat th

demonstration that it is illogical as a terminolagya test that i

carried out drained but under constant volume d¢mndi. If the

soil is saturated and we believe in effective stré® test must

give the same behaviour as the undrained testwould th

failure state then be a critical state or a steatie? If w

believed that the state we reached at ultimatariaidiepended gn

the stress path we took to get there, and thatthe@season for

the different terms, then we would of course neednéinity of

different names for all the possible failure statsesched by all th

different possible drained paths, of which the tamisvolum

path is just one.

30.

| did not really agree with the statement ofh #ht when the soiWWe agree that it is not necessary to invoke miceaimnica
state reacheg/col there is a “collapse of the soil microstructurexplanation for the observed undrained strain softg behaviour of
| think that Mike Jefferies showed that was incotreome timeloose fill materials. This explanation has no irogtions whatsoever
ago. As in the attached paper, for loose samplasrach theon the recommended usage and design of soil malit®se fill slopes
curved part of the Critical State Line under undedi loading, weThe statement on P.12 has been modified.

would expect a very large reduction 6fgmd so there must be a

large degree of strain softening. There is theeefoo need t
invoke any micro-mechanical explanation for thisg as Jefferie
showed, there is no special feature of the stsdssin behaviour
for such tests that that might indicate some mmezhanic
collapse. Of course the engineering implicationseaiching this
state can be dramatic, but there are plenty ofr stbiés that straif
soften, so | am not sure why we suddenly adoptbisibulary o
“collapse” or “instability” for coarse grained saill therefore
would have referred tag col as something else.

D5

31.

Similarly 1 am personally not that keen on refg to|The term “liquefaction” has been used widely in liteal geotechnica
liquefaction for soils that simply have a peakheit stress: straircommunity to refer to the undrained strain softgnrehaviour. This
behaviour (P14). This is a common usage of the,tbunl would definition is given in Section 2.1 in the report.
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reserve it for those cases whereapd so the strength actua
reduce to zero, i.e. the soil really becomes aidiqwhich by
definition will occur when the initial state is al®the horizontg
asymptote of the Critical State Line, as in thadted paper.
might be worth emphasising in the report that youndt see suc
cases here and you are able to define a minimumevaf
css/ppeak because you are testing soils at the typicsitu void
ratios, which are not loose enough for this to eccu

lly
It has been established in the HKIE-GD 2003 regdKIE, 2003)

[that local loose fill materials would not undergaofhplete
fiquefaction” whereby the effective mean stress ahdar strengt
ldrop to zero. In fact, the use of soil nails indedill slopes hinges 0
the residual shear strength of the loose fill ufimuefaction”.

5 2D

32.

On P12 there is an assumption that the effetctany naturalPrevious laboratory test results, as well as phbtisresults in th

structure of a CDG/CDV would be positive, i.e. @&sing the
strength and stiffness. | am not sure that thislbeen proven.
suspect it is probably correct, but it is not neeedy true. Therg
are some soils in the literature that have nega#iffects of
structure, so that they are weaker and/or softéneir intact stat
than when reconstituted or remoulded. These naegafiects are
generally related to fabric, and | am not sure whbb this might
play for residual soils like these. | guess thateriparticle
bonding is important in residual soils, which Irtkican only hav
a positive effect.

W

sliterature, suggest that natural structure has tigesieffects on
ICDG/CDV probably because of bonding. Therefore, ame of the
popinion that this is a reasonable assumption.

WD

(D

33.

On P17 you might emphasise that the lack ohigue Critical
State Line in the e:lrpplane probably has two origins, a)
natural differences that would occur in the locatid the Critica

State Line in the e:lriplane because of variations of their naf@&composed soil. There are experimental resultghwhiiggest that

(grading, mineralogy), which always have a muchatge effeci
than in the gp’ plane, and b) the fact that some of them may
be transitional so even for a single soil the CaitiState Line i

non-unique. It is this non-uniqueness of the GaltBtate Line in\We have amended the text to include the influeric®ib grading and

the e:Inp plane that | suppose is the main source of thee
scatter of values of cssfjeak on Fig.3.2.

We agree that the lack of a unique Critical Stateelin the e:lnp
lidane may be attributed to the two factors: (i)}dgng, mineralogy, and
(i) possible transitional behaviour exhibited bgnege completely

CDG in Hong Kong does not exhibit transitional bebar (i.e. Yan &
4ls02011). In fact, decomposed soils cover a velngewrange of
sbehaviour depending on the particle size distrdsuand mineralogy.

vidneralogy on the location of the Critical Statend. instead of
attributing the non-uniqueness of the Critical &taine solely to
transitional soil behaviour.

Yan, W.M. & Li, X.S (2011). Stress-strain respomsea recompacted
medium-fine-grained completely decomposed gramitelong Kong,

Engineering Geology [In press].

14



34.

On P44/45 1 would refer to transitional soilhbeiour asWe agree that the word “robust” better describesshil fabric. The

indicating that the soil fabric is robust, i.e. redsily changedtext has been amended accordingly.

rather than stiff. Whether it is stiff or not issaparate question

really.

35.

The effects of saturation of the strength efghbil on a slope mayour comments are noted. We highlight the inflleen€ soil suction
not simply be related to the loss of suction andrekse ofon the location of the Critical State Line, as fhex discussion in th
effective stress as implied by Fig.2.1 and the yam®a in theoriginal HKIE-GD report (HKIE, 2003). Soil suctiaihoes not play
part in the interpretation of the laboratory testadin this review as all

report. As shown by Lee & Coop (1995) and Coop & (£995)

an effect of saturating a decomposed granite carthbe thethe reported tests were conducted on saturated inspes

location of the Ciritical State Line can changehe e:Inp plane
because of the changing strength of the soil pestidhis woulg
cause the soil to become significantly more congipés in its|
behaviour i.e. more “collapsible”.

Nonetheless, it is obvious that further researchraguired to
investigate the influence of soil suction on stresate at which

liquefaction is triggered and the resulting shesistance.

e

o
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