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Tabel-tabel Korelasi N-SPT dan Parameter Plaxis 2D
1. Nilai Eref (Modulus Young) dan v (Poisson ratio)

218 Prinsip-pringp Rekavass Geotekna

Tabel 7.5. IFaktor Pengaruh untuk Pondasi
| Persamaan (7.48)]

1 1,12 0,56 0,88

1.5 1,36 0,68 107

2 1,53 0,77 1,21

3 1,78 0,89 1,42

5 2,10 1,05 1,70

10 2,54 127 2,10

20 2,99 1,48 2,46
50 3,57 L5 3,0

100 4,01 2,0 3,43

rungan untuk mengurangi besarnya penurunan pondasi, p,. Tetapl, apabila Persamaan (7.47)
digunakan untuk menghitung penurunan, persamaan tersebut akan memberikan hasil yang
konservatif (sangat aman)

736 e — = 3 ——

Penurunan Pondas: Total

Penurunan total suatu pondasi dapat diberikan sebagai berikut:
Sie=S5+ 8§, +p (7.49)

di mana:

Sr= penurunan total

S = penurunan akibat konsolidasi primer
Sy = penurunan akibat konsolidasi sekunder
p¢ = penurunan segera.

Bilamana pondasi dibangun di atas lempung yang sangat mampumampat (very compressible),
maka penurunan konsolidasi akan beberapa kali lebih besar daripada penurunan segera (p;)

Tabel 7.6, Harga-harga Modulus Young

Lempung lembek 250 - 500 1380 - 3450

Lempung Keras 850 - 2000 5865 - '13.800
Pasir lepus 1500 - 4000 10,350 - 27.600
Pasir pudat 5000 - 10,000 34,500 — 69.000

* 1 psi® 6,9 kN/m?

Kemampumampatan Tanah 219

Tabel 7.7. Hurga-harga Angka Poisson.

Pasir lepas 0.2-04
Paslr agak padot 025-04
Pusiy padat 0,3-0,45
Pasit berlanau 0,2-0.4
Lempung lembek 0,15-0,28
Lempung agak kaku 0.2-0.5
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3. Nilai Dilatancy Angle

BoLTon, M. D. (1986). Géotechnique 36, No. 1, 65-78

The strength and dilatancy of sands

M. D. BOLTON*

Extensive data of the strength and dilatancy of 17 sands
in uxisymmetric or plane strain at different densities and
confining pressures are collated. The critical state angle
of shearing resistance of soil which is shearing at con-
stant is principally a function of logy and
can readily be determined experimentally within a
margin of about 1°, being roughly 33° for quartz and
40° for feldspar. The extra angle of shearing of ‘dense’
soil is corrclated 1o its rate of dilation and thence 1o its
relative density and mean effective stress, combined in a
new relative dilatancy index. The data of ¢, — ¢,,, in
triaxial or plane strain are separately fitted within a
typical margin of about 2°, though the strength of
certain sands is underpredicted in the 1000-10000
kN/m? range owing to the continued dilation of their
crush-resistant grains, The practical consequences of
these new correlations are assessed, with regard to both
laboratory and field testing procedures.

L'auteur analyse de nombreuses données concernant la
résistance et la dilatance de 17 sables sous déformation
plane ou axisymétrique pour différentes densités et
pressions d'étreinte. L'angle de résistance au cis-
aillement dans I'état critique d'un sol soumis au
cisaillement 4 volume constant est principalement une
fonction de la minéralogie et peut se déterminer facile-
ment & |1° prés, comme ayant une valeur d'environ 33°
pour le quartz et 40° pour le feldspath. L'angle supplé-
mentaire de cisaillement d'un sol dense dépend & sa
vitesse de dilation donc de sa densité relative et de la
contrainte effective moyenne, combinées dans un nouvel
indice de dilatance relative. Les données de ¢, — ..,
en déformation plane ou triaxiale sont separées par une
marge de 2° approximativement, bien que la résistance
de certains sables soit sousestimée dans une fourchette
de 1000-10000 kN/m? en raison de la poursuite de la
provoquée par l'écrasement de leurs grains résistants.
L'article évalue les conséquences pratiques de ces nou-
velles corrélations en ce qui concerne les méthodes
d'essai en laboratoire et in-situ.

KEYWORDS: friction; sands; shear tests; soil proper-
ties; statistical analysis.

INTRODUCTION

Following the early work of D. W. Taylor, the
strength and dilatancy of soils received a great
deal of attention in the 1960s. Several schools of
thought developed, the differences between which

Discussion on this Paper closes on | July 1986. For
further details see inside back cover.
* Cambridge University Engineering Department.
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were more accentuated than the points in
common. There has followed a growing agree-
ment amongst those researching the strength of
soil

(@) that secant, rather than tangent, ¢' values
should be the basis for discussion

(b) that dilatancy towards critical states is central
to an understanding of soil behaviour

(c) that both effective stress and soil density affect
the rate of dilatancy of soils and thereby their
strength parameters.

That this understanding has failed to permeate
more widely into practice can partly be blamed
on the structure of the historic argument, which
revolved around the theoretical relationship
between strength and dilatancy. Since practition-
ers would usually be in the position either of mea-
suring both or guessing both, this aspect of the
dispute must have seemed sterile.

The failure to bridge the gap between rescarch
and practice has many serious consequences,
however. Engineers often do not appreciate

(a) that a secant ¢’ value derived from a single
triaxial test on a single specimen can offer a
conservative parameter for design if the
testing conditions are carefully chosen

(b) that the full range of soil strengths can be
expressed in terms of the variation of (secant)
¢’ with density and stress

(c) that the conventional tangent parameters (¢’
¢') can only describe the full range of soil
strengths if hoth are allowed to vary with
density and stress

(d) that ignorance of the foregoing can lead to
significant errors in predicting ultimate
bearing stresses, for example.

The objectives of this Paper are as follows:
firstly, to clarify the concepts of friction and dilat-
ancy in relation to the selection of strength
parameters for design; secondly, to introduce a
new relative dilatancy index and to demonstrate
its use in the prediction of the behaviour of sands
at failure in relation to the available published
data; thirdly to consider the implications of the
new correlations to the procedures of laboratory
and field testing.

Most of the concepts which are to be discussed
can be applied with equal force to clays as to
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Fig. 1. Stress—strain behaviour of dense sand in plane compression (a)
at low stress and (b) at high stress (Barden et al., 1969)

sands. In particular, the explanation of ‘true cohe-
sion’ as a by-product of dilatancy in over-
consolidated clays is particularly fruitful (Rowe,
Oates & Skermer, 1963). The present Paper is
restricted in data, however, to those granular
materials for which ‘relative density' is a relevant
and measurable parameter. Accordingly, the
undrained strength problem has been set aside,
and the discussion is focused on fully drained
behaviour in terms of eflective soil stresses.

ANGLES OF SHEARING AND DILATION

Data of a typical drained, planc strain, com-
pression test (Barden, Ismail & Tong, 1969) on a
dense, rectangular sample with frictionless ends is
shown in Fig. I(a). Strains were inferred from
boundary displacements and volume changes,
and they therefore underestimate the strains in
the rupture zone which developed between points
P and C. The achievement and accurate determi-
nation of the ultimate conditions at C are con-
siderably hampered by the non-uniformity of the
sample and the uncertainty regarding membrane
correction following the formation of a rupture
plane. Nevertheless such evidence as exists
(Roscoe, 1970) suggests that soil in rupture zones

will dilate fully to achieve a critical state, at which
shear deformation can continue in the absence of
a volume change.

The point of peak strength, P, is usually associ-
ated with the maximum rate of dilation defined as
(—de,/de,),. Where ¢, is the volumetric strain
and ¢, is the major principal strain (both defined
positive in compression). The Mohr circles of
effective stress, and differential strain, pertaining
at peak P are shown in Fig. 2(a). The peak angles
of shearing resistance ¢,,,, and dilation y,, are
defined therein and given by

) T (0,03 )us — 1
SN Gnar [(a,' - a,‘)/Z:L (0,103 ) + |

(n

S

: de, (de,/dey) s + 1

SN Yo = =) = ———— 2
( dvu), 02/ =1

S W = 147

It should particularly be noted that ¢’ herein
refers to the ‘secant’ angle of shearing obtained by
dropping a tangent from the origin on to a single
Mohr circle of elfective stress.
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Fig. 2. Mohr circles of stress and strain increments of dense sand at maximum
stress ratio in Fig. 1 (u) ut low stress and (b) at high stress

A similar plane strain test on dense sand under
extreme stresses mimics the normal behaviour of
very loose sand and appears in Fig. 1(b), with the
data for point C at &, = 8% presented in Mohr
circles in Fig. 2(b). The peak phenomenon is effec-
tively suppressed while the sample volume con-
tracts rather than dilates. The end state of the
whole sample at C is analogous to that which can
be observed in the thin rupture zones of the dilat-
ant sample, tending towards a critical state

Gern = 35°
Ven =0

The mechanical significance of the angle of
dilation in a plane strain deformation can best be
appreciated by assuming that the Mohr circle of
plane strain increments in Fig. 2(a) can be applied
to the case of direct shear shown in Fig. 3. If rigid
blocks of non-failing soil are assumed to bound
the thin uniformly straining rupture zone ZZ, this
must mean that for compatibility ZZ must be a
zero extension line so that

de. =0 (3) Fig. 3. Angle of dilation ¥ in plane shear

(D)

a
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ABSTRAK
Permssalobon yang sering teggadi dalam komstruksi persbusgunan jalan adalab kondisi tsah dasar

poda permisknnn tanah yong lunak. Apabils tidak dilakukan peebaikan tanah terlebib dshulu pada penis
mw.mhmhmﬁumxﬂlmlmmnymrdm(h- mhdmupaintsm-

yang dilakukan paca tanah lumak akan 5 lisdasi
fenomenn dulum mekuniks tanah ynng sering k lal kndk yang terfadi pada
wubwmhmmhﬂmum&dd:h&—ﬂmmmm“ymﬁhmhehnmﬂ
percepat proses didasi demi akhir. Studi iml bertujuun anfuk
hail p & it aknmmﬂuhTeuml mumPF.M(Mheektmlmhdk
dun mewode Assoka, laby bandingkan hasil dark didis ketiga metode deagan

MAWmm_memﬁmmlmmhwm

pennrinan aktoal. Pada prediksi penurunan tanah dengan FEM, analisis ferchadap penueunan dan

wirktu sangat bergantung serhadap parmmeter, sehmggn metode ini tdak memberikan hasil yang cukup

M\J&nd&khﬂhﬂtﬁumummﬁum F_m-uuhnnld-d/\udulhntllpmldu

mlnl penuranan akhir yang lehih aktual | Nilsi p inl diperoleh
Pt [} Mlldl'_ uhhag-hllnmuﬂuhmkbm-ew

Kuta kunci: Penuranan konsolidas, teort Terzaght, finite element method, toork Assoka
1. PENDAHULUAN

Tanuh scalah himpanan miocral, baban organik, dun endapun-endapan yang relatif lepus, yaog terfetwk di aas
bustian dosar. Ikatan untors butiran yong relatif lemah depat disebabkan oleh Karbonal, 2at organik, atay okssda-
nknhmgmpnhphnmmkﬂwdblm.ymbanw,duumkdww-wn
tanah dasar dalam K Jalun han yung sering terjadi, terfebih poda
permukaan tanah lunak. Apabila tidak dilakukan perbaikon tinsh terlebib dabulu poda jerds tansh ink, oaka julan
Wldhumﬁwmphuﬂmmdmlhemp-hmdm maka dari ity penimbunan yong
dilakukan pada tanah lunak akan P

Komolid dalam mekanika mnab yaay sering I} yung
terfudi pacda wakin yang lama. Konsolidast terjadi ukibat beek volume atan berk ranggs poet dan
mmymgwhmmwummmymum.ummwnam
alr pont keluar dan rongga tanabnys. Maka dart it diperiakan
pahuun tanah ma;nn dclulmhn mmmnn "won qrnjnMrnml Verticwl Drain) yang diben beban untuk

percepat proses b 9

Jika lagrinan tansh mengubami pembebanan maka lapisan tinah akan Jami ataw R
yang tesjadi dalam tansh & nhbhn nlnh berubahinyi susunan lannh oleh pu\gunngm tongga poevait didalam
tanal. Jumlab duri g jang Iquun I ¥ akibat
hdunduldl;umllhwmldun segen 1l dan [ Hidasi ( el

settlement).
Studi purameter tanah
Analisis parmmeter tanah yaay dilakukan adalah dengan mengelompokan tanab sesuas karak ik tanah,

pummumhulmhcbmp-dunlmmdcmnmkmlm;wmrnmhmuu«kmm

L)
Studi  Kasus  Perh Analisis Py Akibat Fachry Iorubim, et ul.
Tlnmnul.lemux.th
Korelasi purameter tunuh

Berat volume tanah jenub didapatkan berdasarkun ailal N-SPT denyun merujuk pada Tabed | dun berat volume
tanah kering dengan menfuk padi Tabel 2.

Tabel 1. Korelast Emgiris Antara Nilai N-SPT dan Berat Volume Tansh Jenuh (7., vtk Tanah Kobesil (Lambe &
Whitmsn 969, dan Terzaghi & Peck 1948)

N-SPT  Konsistemst g, (ANm') i (Vi)

<2 Very Soft <25 16-19
2.4 Saft 1550 16-19
4.8 Medium 50100 17-20
815 Stift 100 - 200 9-22
1530 Very Stff 200 - 400 9.2
=30 Hard > 400 9-22
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