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where ¢, = coefficient of consolidation in a horizontal . i : J dr
(radial) direction Vertical drain ————— = s
¢, = coefficient of consolidation in a vertical 1d; 2hg
direction d; r
r = radial distance Smear zone —F}-
1w = pore water pressure at a distance of r ‘x ' .
1 = average pore water pressure ) 1 -
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where u, = initial excess pore water pressure
u, = remaining excess pore water pressure at time ¢

U,=1-(1-U)1-U)

where U,, = overall degree of consolidation
U, = degree of consolidation in a vertical
direction
U, =degree of consolidation in a radial
direction
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hy. = longest drainage distance due to vertical flow
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where N, = diameter ratio of smeared zone to hy, = longest drainage distance due to ver-
vertical drain (i.e., N, =d,/d ) tical flow
d, = diameter of smeared zone Q. = discharge capacity of a vertical
k, =radial permeability of undisturbed drain, which can be expressed as fol-
surrounding soil lows:
k, = radial permeability of smeared soil 0 =k n_d?
z = depth in the ground at which the de- <Ny
gree of consolidation is computed
1 .
d, = (1.5 t0 3.0)d, k. Jally A = 254
4 & a .- . . [N
W LS 4 4> o3 b Taw givo s 4 40 B

where 1,(z) = initial pore water pressure at depth z
u,(z) = pore water pressure at depth z and
time ¢
1,(z) = vacuum pressure at depth z
u, = vacuum pressure applied (typically
80kPa)
If u, =0, the above equations can be used
for fill preloading.

S
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Drain Type Installation Drain Typical Maximum
Method Diameter (m)  Spacing (m) Length (m)
Sand drain Driven or vibratory closed-end mandrel 0.15-0.60 1.0-5.0 <30
(displacement type)
Hollow-stem continuous flight auger 0.30-0.50 2.0-5.0 <35
(small displacement)
Jetted (nondisplacement) 0.20-0.30 2.0-5.0 <30
Prefabricated Driven or vibratory closed-end mandrel; 0.06-0.15 1.04.0 <30
sand drain flight auger; rotary wash boring
(displacement or nondisplacement)
Prefabricated band- Driven or vibratory closed-end mandrel 0.05-0.10 1.0-3.5 <60
shaped drain (displacement or small displacement) (equivalent
(“wick drain” diameter)
or “strip drain”)
sq% & . = 2 5 - o ‘r R
P,
B S SR ) 5ol g Aol 1 21 ,b Ol RES

o o O—I- ! D
. A i

(b)

d, = 1.13s for a square pattern

d, = 1.06s for a triangular pattern

where d, = equivalent influence diameter
s = spacing between two adjacent verti-
cal drains
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where d,. = equivalent diameter of a PVD
b = width of the PVD
1, = thickness of the PVD
a, = correction factor, typically 0.9-1.0

b+t Federal Highway Administration Prefabricated Vertical
d. = 8 Drains Engineering Guidelines
@ 2 (Rixner et al., 1986)

45 b it 8 S 52 5 (5139 3 9 590 AR ) L b
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RIS

bl LIS 1y 515 5l 3,50 (29

Q. > 7.85FS - k,h;,

where Q. = required discharge capacity of a PVD
FS = factor of safety (typically 4-6)
k. = radial permeability of soil
hy, = maximum drainage distance of PVD
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- where k.. = equivalent vertical permeability
Z.Shi k’_ hg, = maximum drainage distance of vertical
— drains
dg kp F,, (Np) = same as the one proposed by Hansbo
(1981)
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hgr = drainage length of PVD (= h)
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o 4b St
p = allowable pressure for preloading
q,. = ultimate bearing capacity
N, = bearing capacity factor (5.14 for uniform
soft soil)
¢, = undrained shear strength of soft soil
FS = factor of safety (typically ranging from 1.1
to 1.5)
3 5 - . & - . [
Jbomw&b)gwﬁwslu
CH
CREL
¢, = undrained shear strength of saturated co-

hesive soil

X = 0.22 £ 0.03 for homogeneous sedimentary
clays (above A-line) or y,= 0.25 & 0.05
for silts and organic clays (below A-line)

OCR = overconsolidation ratio
A= 088(1-C,J/C,)
C, = recompression index
C. = compression index
o) = effective consolidation stress
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Ac, = xf(OCR)"Aa; = ,yf(OCR)" UAo,
Ac, = strength gain
Ao! = additional effective vertical consolidation
stress induced by preloading
Ao, = additional total vertical consolidation
stress induced by preloading
U, = degree of consolidation at time ¢ (calcu-
lated from the previous step)
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