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Relative Density

Is the ratio of the actual density to the maximum possible density of the
soil. The term relative density is commonly used to indicate the in situ
denseness or looseness of granular soil. It is expressed in terms of void
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where D, = relative density, usually given as a percentage
e = in situ void ratio of the soil
e = void ratio of the soil in the loosest state
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e_. = void ratio of the soil in the densest state
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The relationships for relative density can also be defined in terms of
porosity
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where Nma and npi, = porosity of the soil in the loosest and densest
conditions, respectively.
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By using the definition of dry unit weight, we can express relative density
in terms of maximum and minimum dry unit weights. Thus,
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where Y mim = dry unit weight in the loosest condition (at a void ratio of e
Yz = in situ dry unit weight (at a void ratio of e)
Yamaxy = dry unit weight in the densest condition (at a void ratio of e_;,)
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By using the definition of density, we can express relative density in
terms of density. Thus,

Pa — Pd{min Pd( max
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The values of D, may vary from a minimum of 0% for very loose soil to a
maximum of 100% for very dense soils. Soils engineers qualitatively
describe the granular soil deposits according to their relative densities, as
shown in Table 3.3. In-place soils seldom have relative densities less than
20 to 30%. Compacting a granular soil to a relative density greater than
about 85% is difficult.

Table 3.3 Qualitative Description of Granular Soil Deposits

Relative density (%0) Description of soil deposit
0-15 Very loose
15-50 Loose
50-70 Medium
70-85 Dense
85-100 Very dense

The relative density of a soil in its densest possible state (e = eny) is 1 (or
100%) and the Relative Density in its loosest possible state (e = emax) 1S O.

Lousest State Inteimedqle & Densest State
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Example 1: for a granular soil, given,yg, = 17.3 % relative density = 82%,
w = 8% and G, = 2.65. If e,,;, = 0.44. what would be e, 7 what would

be the dry unit weight in the loosest state?

_ Gshw
Va 1+e
173 — 2.615-:‘2.81
e=0.53
e .. — €
Dr _ mm-._
€ max €min
e e
D, == + 100

082 = fmax 03 04
e — 044
e, = 0.94
i ) G, 265
at loosest) = ——— y,, = —————— %
Vary T+e, ¥ 140094

= 13.65 kN/m?

Example 2: a granular soil is compacted to moist unit weight of 20.45 kN /m?
at moisture content of 18% . What is relative density of the compacted soil?
Given, e = 0.85,¢ein = 042 and G, = 2.657

_Gs (1+ w)yw
1+e
2.65(14+0.18)
20.45 = x 10
1+e
e=0.52
D, =—mx " ° 100

€max — €min

— 2857052, 100 = 76.74%
0.85-0.42
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Example 3: A dry sample of soil having the following
properties, L.L. = 52%, P.L. = 30%, G,= 2.7, e= 0.53. Find:
Shrinkage limit, dry density, dry unit weight.

Dry sample ——— €dry = Eshrinkage = 0.53

#S.eg) = Gy, ——== 17053 =27 *S.L

S.L=19.6%
.
w
w 5
A
=
~
v,
Ve 5 ! :
V, Solid : Semisoild ' Plastic : Liquid
sL PL L
Water content
Gg 2.7 gm
= — = 1=1.764 —
Pary = T7¢ Pw Pary = 13053 cm3

“ Vary = Pary * g = 1.764 %10 = 17.64 kN/m>
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Example 4: A saturated soil sample has a volume of 20 ¢m? at its L.L. Given
LIL=42% ,PL.=30%.,SLE17%, G; = 2.74. Find the min. volume the soil
can attain.
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20 cm
v,
o o I I sl

>

5.L P.L L.L

The minimum volume occurs at S.L. or at dry state.
Ve = VU, + U
v IS constant along all state.

AtL.L.
S.e = Gs.w,

l#e=2.74 *0.42
% 20 — v

e =

v =
Vg Vs

= 1.1508
s~ v =93 cm’

AtS.L
S.e — G_;__; '(US.L.
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[* ey, = 2.74%0.17
es. = 0.4658

V,¢; = 0.465 9.3 = 4.33 cm?®
Ve = Uy + U

= 4.33+9.3=13.63 cm®
Example 5

| % I vl Al
’)q SamPle OP Sail LdaS'Pla\C:d n & Contawily vr

diameter 1o Cm and height I5 cm . The Sofl Fillefcj
ﬂwe Conkainer , and. the volume _of’ the Soil selids
Qas Paund Lo be €gual o 5203 Cm l?e’cermine the
V@id; vakio and the poraeit) of the Sail

' m - Ccm
Soly. Vs= 5203 G, Dl & H,leS "

R RrA Di He= I_(_'ﬁ)—-z w15 = VT = 11EE
= y

Ve = VT - Vs = IF8.1 - 62'0;3;>=a,>\/>'v _ 457.8 ™

j em

L _6 = -\IV_ = 6‘_5__-;’ 8__, = C= "2 8
_ Vs e
) & B 1.26 —3 N= 0.558
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