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Tegangan Efektif

Beberapa hal yang perlu diketahui :

parameter tanah (v , ysat,Gs,e,w)
Hubungan antara parameter

Kondisi permukaan air tanah
Tegangan Total ( ot )

Tekanan Air Pori (u)

+ Tegangan Efektif (o’ =ot-u )

TEGANGAN EFFEKTIF

(Tanpa Muka Air Tanah)

Pv = y.h = Teg. Tot = Teg. Eff
v

Py = Teg. Akibat berat sendiri tanah arah vertikal

TEGANGAN EFFEKTIF
(Dengan Muka Air Tanah)

TATTTRTTTTTTTIONNAWWWWW/ /1] 7 TATR VATV VTRV Z77777 TRV

| ] ov = y.h1 + ysath2 = Teg. Tot

o =Teg. Total
U =yw.h2
o' =y.h1+ysath2 —ywh2
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PERMEBILITAS DAN REMBESAN
(HIDRAULIC CONDUCTIVITY AND SEEPAGE)

Soils have interconnected voids through which water can flow from points of high energy
to points of low energy. The study of the flow of water through porous soil media is
important in soil mechanics. It is necessary for estimating the quantity of underground
seepage under various hydraulic conditions, for investigating problems involving the
pumping of water for underground construction. and for making stability analyses of
earth dams and earth-retaining structures that are subject (o seepage forees.

HYDRAULIC CONDUCTIVITY

Bernoulli’'s Equation

From fluid mechanics we know that, according to Bernoullis equation, the total
head at a point in water under motion can be given by the sum of the pressure.
velocity, and elevation heads, or

2
u 15 = &
h= — = * Z (5.1)
Yw =g
T T ]
Prossure  Vekwity  Elevation

head head head

where

h = total head

W = pressure

v = velocity
g = acceleration due to gravity
vo = unil weight of water

]

Note that the elevation head, Z, is the vertical distance of a given point above or below
a datum plane. The pressure head is the water pressure, u, at that point divided by the
unit weight of water, v,.
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If Bernoullis equation is applied to the flow of water through a porous soil
medium. the term containing the velocity head can be neglected because the seep-
age velocity is small. Then the total head at any point can be adequalely repre-
sented by

h=—+2Z h (52)

Yw

Figure 5.1 shows the relationship among the pressure, elevation, and total heads
for the flow of water through soil. Open standpipes called piezometers arc installed at
points A and B. The levels to which water rises in the piezometer tubes situated at
points A and B are known as the piezometric levels of points A and B. respectively.
The pressure head at a point is the height of the vertical column of water in the
piezometer installed at that point.

The loss of head between two points, A and B. can be given by

Al = i — By = (';—M zﬁ)~($+zﬂ) (5.3)

L]

The head loss, Ak, can be expressed in a nondimensional form as

=— 54
i (54)

|4I-=
P
E

7y

| |

Figure 5.1 Pressure, clevation, and total heads for flow of water through soil

Darcy’s Law

In 1856, Henri Philibert Gaspard Darcy published a simple empirical equation for the
discharge velocity of water through saturated soils. This equation was based primarily

on Darcy'’s abservations about the flow of water through clean sands and is given as

v =ki (3.6)
where
v = discharge velocity, which is the quantity of water flowing in unit time through

a unil gross cross-sectional area of soil at right angles to the direction of low
& = hydraulic conductivity (otherwise known as the coefficient of permeability)
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q= vA = AV, (5.7)

where
v, = seepage velocity
A, = area of void in the cross section of the specimen

However,
A=A+ A, (5.8)

where A, = area of soil solids in the cross section of the spccifnen. Combining Eqgs.
(5.7) and (3.8) gives

i wA, + A) = Ay

Arca of
soil
specimen = A

Arca of void
in the cross
section = A,

Arca of soil
solids in the
cross section
= ."'

Fgure 5.3 Derivation of Eq. (5.10)

Hydraulic Conductivity

The hydraulic conductivity of soils depends on several factors: fluid viscosity. pore-
size distribution, grain-size distribution. void ratio. roughness of mineral particles,
and degree of soil saturation. In clayey soils, structure *plays an important role in
hydraulic conductivity. Other major factors that affect the hydraulic conductivity of
clays are the ionic concentration and the thickness of layers of water held to the clay
particles.

The value of hydraulic conductivity, k. varies widely for different soils.
Some typical values for saturated soils are given in Table 5.1. The hydraulic
conductivity of unsaturated soils is lower and increases rapidly with the degree of
saturation.

Table 5.1 Typical values of hydraulic conductivity
for saturated soils

Soil type k lem /sec)
Clean gravel 100-1
Coarse sand 1.0-0.01
Fine sand 0.01-0.001
Silty clay 0.001-0.00001
Clay <0.000001
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The hydraulic conductivity of a soil is also related to the properties of the fluid
flowing through it hy the following equation:

P o g (5.11)
n

where
v, = unit weight of water
n = viscosity of water
K = absolute permeability

The absolute permeability. K. is expressed in units of length squared (that is. em’).

Laboratory Determination of H ydraulic Conductivity

Two standard laboratory tests are used (o determine the hvdraulic conductivity of
soil: the constant head test and the falling head test. The constant head Lest is used
primarily for coarse-grained soils. For fine-grained soils, however, the flow rates
through the soil are (oo small and. therefore. falling head tests are preferred. A brict
description of each follows.

Constant Head Test
A typical arrangement of the constant head permeability test is shown in Figure 5.4.
In this type of laboratory setup, the water supply at the inlet is adjusted in such a way
that the difference of head between the inlet and the outlet remains constant during
the test period. After a constant flow rate is established. water is collected in a grad-
uated flask for a known duration.

The total volume of water, Q. collected may be expressed as

O = Avt = A(ki)t (

th
—
[E¥]
—

where

A = area of cross section of the soil specimen
¢ = duration of water collection

Also. because

j =— (5.13
1 T )

where I. = length of the specimen, Eq. (5.13) can be substituted into Eq. (3.12) 10
yield
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Figure 5.4 Constant head permeahility test

Q= A(k%)r
or
_QoL
T A
Falling Head Test

A typical arrange
Water from astandpipe
[ = 0 is recorded. and water is allowed to

ment of the falling head permeability test is shown in Figure
flows through the soil. The initial head difference. iy, al time
flow through the soil specimen such thal

(5.14)

{5.15)

33.

the final head difference at time { = {3 iS /.
h the specimen at any lime ( can be given

The rate of flow of the water, ¢, throug

by
h
qg=
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Figure 5.5
Falling head permeability test

where
a = cross-sectional area of the standpipe
A = cross-sectional area of the soil specimen

Rearranging Eq. (5.16) gives

dt = i(ﬂ) (5.17)
AR\ h

Integration of the left side of Eq. (5.17) with limits of time from ¢ to f and the right
side with limits of head difference from A, to h; gives

or

1 & (5.18'
0 b i P
gu:uh1 )
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Equivalent Hydraulic Conductivity in Stratified Soil

Depending on the nature of soil deposit, the hydraulic conductivity of a given layer
of soil may vary with the direction of flow. In a stratified soil deposit where the
hydraulic conductivity for flow in different directions changes from layer to layer, an
equivalent hydraulic conductivity determination becomes necessary to simplify cal-
culations. The following derivations relate to the equivalent hydraulic conductivity
for flow in vertical and horizontal directions through multilayered soils with hori-
zonlal stratification. )

Figure 5.11 shows n layers of soil with flow in the horizontal direction. Lel us
consider a cross-section of unit length passing through the a layer and perpendicu-
lar to the direction of flow. The total flow through the cross-section in unit time can
be written as

q=y*1+H
- 1-‘1' 1 'f‘f] + "1‘1'}!2 = Ir']-l 5 }!3 + -4 1‘"' l . f!n (5.29‘]
where
v = average discharge velocity
ProVa. V1 ... . Vg = discharge velocities of flow in layers denoted by the subscripts.
1 V2 ) ) )
IR 97 [T ST Ky, are the hydraulic conductivity of the individual layers

in the horizontal direction, and Ky, 1S the equivalent hydraulic conductivity in the
horizontal direction, then from Darcy’s law

V= k”u_cq:jcql ¥ = kull'g: W = kulfj: Vi = ku)f}l e VA= k”.f,,
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Figure 5.11 Equivalent hydraulic conductivity determination—horizontal low in
stratified soil

Substitution of the preceding relations for velocities in Eq. (5.29) and noting

f¢q=f| =fh=i= ‘--f,rcsullsin
1 -
kH{cq:n = Tf[kH]'HI : kHllfl + kujfflt i Gieacin k;;_ff,."_l (3.30)

Figure 5.12 shows n layers of soil with flow in the vertical direction. In this case.
the velocity of flow through all the layers is the same. However, the total head loss,
h.is equal to the sum of the head loss in each layer. Thus

p==h=n=-=V, (531)
and
h=h +h+h+ -+ 0y (5.32)
Using Darcy's law, Eq. (5.31) can be rewritten as
kvw% = kyjy = kyjr = kyja == kv (5.33)
where Ky, kyz Ky - - 2 Ky are the hydraulic conductivities of the individual

layers in the vertical direction and Ky,oq, is the equivalent hydraulic conductivity.
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Figure 5.12 Equivalent hydraulic conduct vity determination—vertical flow in stratificd soil

Again, from Eq. (532)
I o= Hyiy + Haiz + Haiy + -+ + Hyly (5.34)
Solution of Egs. (5.33) and (5.34) gives
H

Eviiey = ;
b (&) . (1) : (1&) P (&)
kV! k\": klr'\ kV.

O
s
h
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Penentuan Koefisien Rembesan dengan Pumping Test

|+—n
% .

Waler tabé
before pumping

i\

S

)

Draw-down curve
during pumpeng
- Observatson
Test well ; wells
Impermeable
layer

Figure 5.13 Pumping Lest from o well in an uaconfined permeahle laver underlain by
an impermeable stratum

unconfined and underlain by an impermeable layer. During the test. waler is pumped
oul at a constant rate from a test well that has a perforated casing. Several obscrvation
wells at various radial distances are made around the test well. Continuous observations
of the water kevel in the test well and in the observation wells are made after the start of
pumping. until a steady state is reached. The steady state is established when the water
fevel in the Lest and observation wells becomes constant. The expression for the rate of
flow of groundwater. g. into the well, which is equal to the rale of discharge from pump-
ing. can be wrillen as

o x(ﬂ)zm (5.36)
dr
or
fry L3
ar (——2”) [ hdh
s 4 q k‘i
Thus.
2303q 10,;..,(%‘)
AR LR A5 T 8 (537
#(h; — h3)

From field measurements. if g, ry. ra. /iy, and by are known, then the hydraulic con-
ductivity can be caleulated from the simple relationship presented in Eq. (337).
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The average hydraulic conductivity for a confined aquilcr can also he determined
by conducting a pumping lest from a well with-a perforated casing that penctrites the
full depth of the aquifer and by ohserving the piczometric level in a number of obser-
vation wells at various radial distances (Figure 5.14). Pumping is conlinued at a untform
rate g until a steady state is reached.

Because water can enter the test well only from the aquifer of thickness H. the
steady state of discharge is

dh\ . g
q= k(—)EmH {3318
dr
or

ndr  (M2wkH
LA ] dh
r e q

L&

“

This gives the hydraulic conductivity in the direction of Now as

| ("
q 19810 e

k= ——e——e— 5.39
3727 H(hy - hy) 69
L8
Pieromelric bevel |
before pumping
Piezometnic kevel
during pumpeng
Test well - Observation
wells
Impermesble
layer
Confimed
1 agquifer
Impermeable
tayer

Figure 5.14 Pumping Lest from a well penetrating the full depth in a confined aquifer
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SEEPAGE

In the preceding sections of this chapter. we considered some simple cases for which
direct application of Darcy’s law was required to calculate the flow of water through soil.
In many instances, the flow of water through soil is not in one direction only. and it is not
uniform over the entire area perpendicular Lo the flow. In such cases. the groundwater
flow is generally calculated by the use of graphs referred 1o as flow nets. The concept of
the flow net is based on Laplace’s equation of continuity. which governs the steady flow
condition for a given point in the soil mass. The following sections explain the derva-
lion of Laplace’s equation of continuity and its application to drawing flow nets.

Laplace’s Equation of Continuity

To derive the Laplace differential equation of continuity, we consider a single row of
sheet piles that have been driven into a permeable soil kayer, as shown in Figure 5.15a.
The row of sheet piles is assumed 10 be impervious. The steady-stale flow of water
from the upstream Lo the downstream side through the permeable laver is a two-di-
mensional flow. For flow at a point A, we consider an elemental soil block. The block
has dimensions dx, dy. and dz (length dy is perpendicular to the plane of the paper).
it is shown in an enlarged scale in Figure 5.15b. Let v and v, be the components of
the discharge velocity in the horizontal and verlical directions, respectively. The rate
of flow of water into the elemental block in the horizontal direction is equal to v, dz
dy, and in the vertical direction it is v, dx dy. The rates of outflow from the block in
the horizontal and vertical directions are

o
(r, + —dx )d: dy
X
and
o, .
(r‘. + _—‘dz)d: dy
i

respectively. Assuming that water is incompressible and that no volume change in
the soil mass occurs, we know that the total rate of inflow should cqual the total rate
of outflow. Thus,

r (‘ﬂ-‘. ’1"": .
{ v, ¥ Jidx Jdzdy + | v + —5dz Jdx dy| - [v,dzdy + v dxdy] = 0
X az 5 M . '

or
v, iy
— 4+ —=10 (5.40)
X 14

With Darcy’s law, the discharge velocities can be expressed as

v, =k, = k,( = ﬂ) (541)
Ax

§ e e e
Vaver

valy

[R5 T
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and

)
v. =k, = k:(“%,l) (5.42)

where k, and k_ are the hydraulic conductivities in the vertical and horizontal direc-
tions, respectively.
From Eqs. (5.40), (541). and (5.42). we gan wrile

#h @h
k. —+k,—=0 543
T 0 -

If the soil is isotropic with respect to the hydraulic conductivity—that is,
ky = k.— the preceding continuity equation for two-dimensional flow simplifies to

o
St = 544
ax’ oz 0 { )

Flow Nets

The continuity equation [Eq. (5.44)] in an isotropic medium represents (wo orthogo-
nal families of curves: the flow lines and the equipotential lines. A flow line is a line
along which a water particle will travel from the upstream Lo the downstream side in
the permeable soil medium. An equipotential line is a line along which the potential
head at all points is equal. Thus, if piezometers are placed at different points along an
equipotential line, the water level will rise to the same elevation in all of them. Figure
3.16a demonstrates the definition of flow and equipotential lines for flow in the per-
meable soil layer around the row of sheet piles shown in Figure 515 (fork, = k, = k).

A combination of a number of flow lines and equipotential lines is called a flow
net. Flow nets are constructed to calculate groundwater flow in the media. To com-
plete the graphic construction of a flow net, one must draw the flow and equipoten-
tial lines in such a way that the equipotential lines intersect the flow lines at right
angles and the flow elements formed are approximate squares.

Figure 5.16b shows an example of a completed flow net. Another example of a
flow net in an isotropic permeable layer is shown in Figure 5.17. In these figures. Ny
is the number of flow channels in the flow net, and Ny is the number of potential
drops (defined later in this chapter).

Drawing a flow net takes several trials. While constructing the flow net. keep
the houndary conditions in mind. For the flow net shown in Figure 3.16b. the fol-
lowing four boundary conditions apply:

1. The upstream and downstream surfaces of the permeable layer (lines ab and
de) are equipotential lines.

2. Because ab and de are equipotential lines. all the flow lines intersect them at
right angles.
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hd

Impervious
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(b)

Figure 5.16 (a) Dcfinition of low lines and equipotential lines: (b) completed flow net

3. The boundary of the impervious layer—that is, line fg—is a flow line. and so is
the surface of the impervious sheet pile, line acd.
4. The equipotential lines intersect acd and fg at right angles.
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Figure 5.17 Flow net under a dam with toe filter

Seepage Calculation from a How Net

In any flow net, the strip between any two adjacent flow lines is called a flow channel,
Figure 5.18 shows a flow channel with the cquipotential lines forming square ¢lements
Let by ha b, by, .. By be the piezometric levels corresponding to the eguipotential
lines. The rate of scepage through the flow channel per unit length {perpendicular to
the vertical section through the permeable layer) can be calculated as lollows: Because

there is no flow across the flow hnes,

Aqy = Agy= Ags = = Aq {3.45)

From Darcy’s law. the flow rate is equal to kid. Thus, Eq. (5.45) can be writlen as

fl]‘h; hg_’il h;"’h -
Ag =k L=kl ——)a=kl—— =" {5.46)
I; ‘1 'r'i

Figure 5.18 Scepape through a flow channel with square chemients
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Modul Soil Mechanics -1

Equation (5.46) shows that if the flow elements are drawn as approximate squares,
then the drop in the piczometric level hetween any two adjace nt equipotential lines
15 Lhe same. This is called the potential drop. Thus.

h,—h,=h;-h1=h]—h.=---=?; (3.47)
and
H .
Ag= k-N—‘ (3.48)
where

H = head dilference between the upstream and downstream sides
Ny = number of potential drops

In Figure 5.16h, for any Now channcl. H = H, — H, and N; = 6.
If the number of low channels in a flow net is equal to N the total rate of Now
through all the channels per unit length can be given by

H N;
Ng
Although drawing square clements for a flow net is convenient, it is not always
neoessary. Alterpatively, one can draw a rectangular mesh for a llow channel, as
shown in Figure 5.19, provided that the width-t&-length ratios {or all the rectangular
clements in the flow net arc the same. In this case, Eq. (3.46) for rate of flow through
the channe! can be modified to

h, — hy hy — I, hy — Ay’
Ag =k by =k by =k )e;:---
4 I h

If b;l’lfl = byq: — b]”} =
{3.49) can be modified:

g=k {3.49)

{35

-- = n (i.c., the clemeats are not square). Egs. (5.48) and

n
Ag = kH(—) (3.51)
Ng
\.‘\ h]
¥ -
. e M
J-.l-i-]' e ! b'l )'f 2 ks
B P j ! ';-fi )’) --___f'“ ___.'_ . hy
( /-/ “ by . -
.,_\_\..x'__,.- - s v ! by i
k. } s ] -
s % 'I -y 15 I" — ) -
e i N Figure 5.19 S
— i re 5.19 Seepape
o S .. SR 'IJ_ —t 4 through a fow channel
h h kL ! with rectunpular clements
or

—
A
L
9]
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Figure 5.20 shows a flow net for seepage around a single row of sheet piles.
Note that flow channels 1 and 2 have square elements. Hence. the rate of flow
through these two channels can be obtained from Eq. (5.48):

H H H
Aq+AG;=k— + k—=2k—

However. flow channel 3 has rectangular elements. These elements have a width-to-
length ratio of about 0.38: hence. from Eq. (3.51), we have

038
Ath = kH| —
Agr =k f( N,;)

So. the total rate of seepage can be given as

kH
q=Aq + Agy + Agy = 238——
Ny

Impervious
layer

Figure 5.20 Flow net for scepage around a single row of sheet piles
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PEMADATAN TANAH (SOIL COMPACTION)

SOIL COMPACTION

Tujuannya :

+ Mencapai kepadatan yang lebih tinggi
« Angka pori yang lebih rendah

+ Rembesan yang lebih kecil

« Kuat geser yang lebih tinggi

+ Daya dukung yang lebih tinggi

* Stabilitas yang baik

Soil Compaction

Sebuah proses dimana partikel-partikel tanah
tersusun secara lebih rapat dengan berkurangnya
volume pori, sebagai hasil dari pemakaian beban
seperti rolling (gilas), tamping (menumbuk) atau
getaran. Proses ini meliputi keluarnya udara dari
pori tanpa perubahan yang signifikan terhadap
kadar air.

COMPACTION CURVE

20————————T 1%
[ Deqrecof  60% 180%  100% for p, = 2.70 Mg/m’
] asturation:
“Zera bit 120
19 4 7 wvolds’

Line of

s LN
E aptimums =
» s 3
H 2
K z
i Z
F 18) Moditied ff m
2 Proctor >
> &
o

106
(A} Standard

Proctor

el

Water content w (%)

Fig. 51 and fied Proctor ction curves for
Crosby B Ul
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Diameter =
I.._— 1143 mm -—-|

(=) Weight of

hammer = 244 N
(Mass = 2.5 kg)

(b}
Figure 4.2 Standard Proctor lest equipment: (a) mold; (b) hammer

-

For each test, the moisture content of the compacted soil is determined in the
laboratory. With known moisture content. the dry unit weight y, can be calcu-

lated as
Y
=
Yd 1 w (%) 5 (+2)
100
- Gy
v l +e
where
Y = ZET0-air-void unit weight
v« = unit weight of water
¢ = void ratio
G, = specific gravity of soil solids
For 100% saturation. € = wG,, s0
ST GYe __ Yo
1+ w6y % 1

5

where w = moisture content.
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Effect of Compaction Effort

The compaction energy per unit volume, E,
described in Section 4.2 can be given as

used for the standard Proctor test

number number weight height of
of blows | X of X of % | drop of
r layer layers hammer hammer
PELC Y e 47

volume of mold

Type A A Type B
Iell shaped One and one-halfl peaks
o
5 )
u o
| ] ®
E el
_S =2
£ 5

Maoisture coment Metsure conlent

3]

lal

Type C A Type 12
Double peak Ohidd shaped

Dy unit welght

Iy o we ghe

Moisure content
€]

Figure 4.5 Various types of compaction curves encountered in soils
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Figure 4.7 Hammer used for the modified Proctor test. (Courtesy of ELE
International)

Figure 4.8 Comparision of standard (left) and modified (right) Proctor hammers {Courtesy
of Braja Das)
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Table 4.2 Specifications [or standard Proctor test (Based on ASTM Test Designation 698)

Item Method A Method B Method C
Diameter of mold 1016 mm 101.6 mm 1524 mm
Volume of mald 9433 cm’ 9433 cm’ 214 em’
Weight of hammer 44N 244N 44N
Height of hammer drop 4.8 mm 348 mm 3(H.8 mm
Number of hammer blows 25 25 56
per layer of soil
Number of layers of 3 3 3
compaction

SOLAKN-m/m?
Portion passing

501 3 kN-m/m’
Partion passing

Encrgy of compaction
Sotl 1o be used

5913 kN-m/m’
Portion passing

No. 4 (4.57 mm)
sieve. May he

used if 20'% or

less by weight of
malerial is retained
on No. 4 sicve,

4 5-mm sieve
May be used if
soil retained on
No. 4 sicve is

more than 209,

and X%, or lesy
by weight is
retained on
0.5-mm sicve

|Y-mm sicve.
May be used of
more than 20,
by weight of
malcrial is
retained on
0.5-mm sicve.
and fess than
M. by weight
is retained on
1Y-mm sieve.

Table 4.3 Specifications for modificd Proctor test (Based on ASTM Test Designation 1557)

Item Method A Method B Method C
Diameter of mold 101.6 mm 101.6 mm 1524 mm
Valume of mald 9433 cm® 9433 cm? 2124 o’
Weight of hammer H5N 445N 45N
Height of hammer drop 4572 mm 4572 mm 457.2 mm
Number of hammer blows 25 25 56

per laver of sail
Number of luyers of 3 5 5

compaction
Encrgy of compaction 2696 kN-m/m’ 2696 kN-m /'m’ 2696 kN-m/m’

Sonil 10 be used

Modul Soil Mechanics =1

Portion passing
No. 4 (4.57 mm)
sicve. May be
uscd if 200 or
less by weight
of material is
retained on
Na. 4 sieve.

Portion passing
9.5-mm sieve.
May be used if
soil retained on
Nao. 4 sieve 15
more than 20,
and 20% or less
by weight 1s
retamned on
9.5-mm sicve.

by : ldrus Muhammad Alatas Ir M.Sc

Portion passing
1Y-mm sicve.
May be used if
more than 20,
by weight of
matcrial is
retained on
0.5-mm sicve.
and less than
1% by weight
is retained on
19-mm sicve.
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Field Compaction

Figure 4.11 Smocth-wheel rofler (Courtesy of Ingram Compaction, LLC)

Figure 4.13 Sheopsfoot rofler ( Courtesy of David A Carroll, Austin. Texas)
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00 Cotid ) s

PENGARUH PENAMBAHAN
ENERGI PEMADATAN

Unsoaxed CER (%)
g

25

» Kepadatan semakin tinggi
» Kadar air optimum semakin

kecil.
»  Semakin tinggi daya dukung
CBR

Dy density (161717

0 15 20 s
Water content (%)
Logend
T 65 blows par layer

O3 26 blows per layer
B0 12 blows per layer
ey, B Blows per layer

MNote: 10 ib hammer, 18" dron
tmodified Proctor]

Fig. 5.8 Swengih .-Qn.”u!nd by the CRR and the dry density veisus
walar far vy impact [+ fafter Turnbull and Fos-
tar, 1958).

PENGARUH FREKWENSI GETAR TERHADAP KEPADATAN

Symbal  Roller wt, Symbol Roller wt.
S——y 7,500 b Ty 8,600 Ib
Cr— 7,500 > 5,800
1 17,000 * %X 3.600
150 v T ] v T T T T T 2.40
| | | erel-nr:g-clav
Cohesive sandy grave! __L“ ::‘nl(ll o
140 ___EE; i e /s | ———— 1224
L =5 ___v_./ %ﬂsmg
-_D.-—DT_‘W i o
[s] -
& = |— . [ f-_ Gravel sand-clay 2.08 o
T -
‘_5 = Gravelly sand Gravelly sand 5
g 120 —— ————Sandy clay —&- --Sandv wnl - 1.82 E.:
‘&
5| ’Jf’ﬂl\m S U
& [
Heavy clay "
110 o == O :‘%’-‘ —K"",l —1.76 a
rd E‘iayu-v soil
bkt o
100 %—T:KTLT\' 1.60
Umiorm sand | [ Heavy clay
‘ Heavy clay %
90 i | | i | 1.44
1000 3000 :
Vibration ffeuuenc\r {ecpm}
Fig. 5.17 Variation with frequency of i th-crum vibra-

by
tory rollers (atter several sources as ciled by Selig and Yoo, 1977).
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PENGARUH KECEPATAN LINTAS PEMADAT TERHADAP KEPADATAN

110 T T 1.76
1.64
100 Ty
1.52
a0
{a) Heavy clay 1.40 -
=N {moisture = 21%) E
z w0 128 £
E =
=
§ 200 §
"é 130 E
g 1.80
120 -
-{1.80
(b} Well.graded sand
e (moisture = 7.5%) 1.70
1.60
100 L 1 1 1
o 4 8 12 iCd 20

Roller coverages

t compaction with 7700
. 5.18 Eftfect of roller travel speed on amount o
:.:(1? 000 Ib) towed vibratory rofler (after Parsons, et al,, 1962, as cited
by Selig and Yoo, 1977).

DYNAMIC COMPACTION PADA TANAH GRANULAR

Fig. 5.21 Dynamic compaction mt a site in Bangladesh. The 100 lon crans
i=s dropping a 1

& maetric ton walght 30 m (courtesy of S. Varaksin.
Tachniques Louls Méenard, Longjiumeau, France).
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FIELD DENSITY BY SAND CONE TEST

Glass jar with 20-30 Ottawa
/(or similar) sand

(a) Sand cone

FIELD DENSITY BY RUBBER BALLOON TEST

Balloon (partially pushed into
excavated hole)

(b} Balloon

Modul Soil Mechanics—1 by : Idrus Muhammad Alatas Ir M.5c
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FIELD DENSITY TEST BY OIL METHODE

A e

Polyethylene sheet
for granular soils

{c) Oil (or water) method

CALIFORNIA BEARING RATIO

California
Bearing
Ratio
(CBR)

. Test umt stress
CB

R = *100
Standard unit stress

CBR General Rating Uses

0-3 Very poor Sub-grade

3-7 Poor to fair Sub-grade
7-20 Fair Sub-hase
20-50 Good Base of sub-base
> 50 Excellent Base
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1
L.LOAD 02 ™
CBR (0,1”) = { LOAD 0,1 % / 2 x 1500 Ibs } x 100 %

— " CBR (0,2”) = { LOAD 0,2 “ / 3 x 1500 lbs } x 100 %
w LOAD(C
o)
-
8
Q
o

0 0,1 0,2 0,3 0,4 0,5

( PENETRATION INCHES)

CBR VALUE

« Nilai CBR ditentukan dengan membandingkan
CBR (0,1”) dengan CBR (0,2”)

« Jika CBR (0,1”) > CBR (0,2”), maka CBR yang
diambil CBR (0,1”)

« Jika CBR (0,1”) < CBR (0,2”), maka uji CBR
diulang.

« Jika hasil uji ulang CBR (0,1”) > CBR {0,2"),
maka CBR yang diambil CBR (0,1")

« Jika hasil uji ulang CBR (0,1”) < CBR (0,2"),
maka CBR yang diambil CBR (0,2")
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! CORECTION CBR CURVE

LOADO0,2 “

ORIGINAL CURVE

CBR (0,1”) = { LOAD 0,1 ¢ / 2 x 1500 Ibs } x 100 %
LOAD 0,1 ,_
—_ CBR (0,2”) = { LOAD 0,2 / 3 x 1500 Ibs } x 100 %
2
-
!
v
a /
o Tl :’
A CORECTION CURVE

! 1y

i. I

\ (# ;o 0,p 0,3 0,4 0,5 CORECTION

0o o1 0,2 0,3 0,4 0,5

(PENETRATION INCHES)

CBR DESIGN BY ASSHTO METHODE

COI\IP:‘\CFION With CBR UﬂSO{lkEd ( 3 CBR Soaked ( 3
ASTM Standard B or D Moulds) in Upper Moulds) in Lower
(Standard or Modified Layer Layer
Proctor , 6 Moulds). \ .-
Finds Dry Density Max ' [M(Llit?:; o
and Optimum Warter
Content 3 Layes
l DISC SPACER
Soaked 4 days for CBR DESIGN in
) 3 Moulds, with 95% Dry Density
jﬁlf‘;‘gg' ?‘;‘é";ﬂm swelling Max. With 2 (twg)
110,25 & i measurement

/ Layer in Optimum curve. Compaction

with swellin ; ] i
Wiater Content (3 (1 - dg i Gurveand CBR v
Moulds) Pt THEAc, £k Dry Density
: dial reading)
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CBR DESIGN BY ASSHTO METHODE

yd max

k!

Sy

=y

&

[

D 1

A W Opt "

g SOAKED CBR VALUE ~ &BR
Water Content (%) DESIGN
7,6%
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