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GROUND REMEDIATION—
VIBRO STONE COLUMNS
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Ground Remediation using the
Vibro-Replacement Method

Most extensively used ground remediation
method in the United States

Mechanics of densification?

Design Applications
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Formation of stone columns provides more effective transmission of vibration to
densify soil and also provides means for radial drainage.
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VIBRO-REPLACEMENT (STONE COLUMNS)
(FROM HAYWARD BAKER SEMINAR NOTES, 1992)
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Figure 5. Results of Penetration resistance following stone column installation at Monterey site
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(a) Initial Stresses (b) Cyclic Loading
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STONE COLUMN ARRAY
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ELEVATION IN FEET
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Fig. 2.2 - Typical Cross Section of Pilot Study Area at the Downstream Toe of the Pinopolis
West Dam (Salley et al., 1987). (1 ft=0.3m.)
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Grain-size Distribution Curves of Split-Barrel Samples Taken from the Loose Sand at
the Pinopolis West Dam (Salley et al., 1987).
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- 2.+ Average Corrected SPT Blow Count from Pilot Study Site Treated by Compaction
Grouting at the Pinopolis West Dam (Salley et al., 1987). Before and After SPT
Profiles are Plotted with the Improvement Shaded. (1 ft =0.3 m.)
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PILE FOUNDATION RETROFIT—LATERAL
SPREAD DISPLACEMENT DEMAND
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Sketch showing structural details of the new Magsaysay Bridge.
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Figure 10 Cross Section AA at Landing Road Bridge showing the estimated liquefied
strata. Cross Section BB is generally similar, with the loose sand layer slightly thicker.

Figure 11 Substructure collapse mechanism.
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EARTHQUAKE INDUCED MOVEMENTS
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66 EARTHQUAKE INDUCED MOVEMENTS
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Design Example Problem for Earthquake Liquefaction Mitigation by Stone Columns and
Vibro-Concrete columns

Suppose we have the following soil profile and parameters for a Clean Sand at a depth of 4.5 m:

Total stress, 6, = 85.2 kPa

Effective Stress, 6/, =52.4 kPa

Permeability, k = 1.0 x 10” cm/sec

Coeff. of Vol. Compressibility, m, = 1.4 x 10°sf/lb =2.9 x 10° KN/m?
Corrected Penetration Resistance, (N,),, = 15

Relative Density, Dr = 60%

Shear Modulus, Gs = 99.7 MPa

Depth Factor, r, = 0.97

1.2m
BAVAR 2 _
3m Clayey Silt
4.6m
X
3m -Y g WellGraded Clean Sand
Y.

Earthquake parameters:

Earthquake Magnitude, Ms = 7.5
Number of Representative Cycles, N =15
Duration, t = 40 sec

Peak Ground Acceleration, a__=03g

dmax Oo

2 0—,)‘4 =031

Therefore, the computed cyclic stress ratio, CSR = OL, =0.65
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Summary of Results from Design Example of Liquefaction Mitigation

Well graded sand.
Spacing (meters)
Criterion Stone Column Vibro-Concrete Column
d=0.76 m d=0.65m
Densification 2.7m 23 m
Drainage 1.5m N/A
Stress Concentration 10m 1.4m
Densification + Drainage 33m . N/A
Densification + Stress 32m 30m
Concentration
Densification + Drainage + 34m N/A
Stress Concentration :

Silty (35%) sand:
Spacing (meters)
Criterion Stone Column Vibro-Concrete Column
d=0.76 m : d=0.65m
Stress Concentration 20m 2.8 m

Return to Table of Contents




NOLLOAS SSOYD IIVNOHLYVH VLA-d VINOT 6861 Hdd
JIVHM LHHALS HLL - ANV TIVO J0 Ld0d
8 AYO.LSIH dSVO

NOILDNYLSNOD “IVNIOIMO — NOWDI3S JRIVHM TVOIdAL

o
+—
c
Q
+—
=
]
O
Y—
o
Q@
o)
@®©
=
]
+—
c
S
=)
+—
()
0 d

=

(€ ONV 9C SHIY¥38 1v .0v-
GC HLY38 Lv S(-

Hld30

39Q3¥0

=

‘dAl
S3Ud INOD &
N1

N 5S4 os 9
A /\\\ SIHVA AI1I_ONVS

I ) WUV 40 601~
i

|

!

A\NY
,/, i
W\ 'l
\\\ 1y
W I

—— e =
=

——— e e e e e ——

! |
[ |
| |
[ i
| |
| |
| |
| !
] |
| |
|
g ¥IONIS ! ! _
| |
I/ f_ |
1
-l

/

b e — —— — ———

& T\
! /.» o _Rc.—ﬂ //IT 7
| | " St W h TU3_ONVS ONY
(NN1I¥Q ONYINYO 40 130d) M NS W %508 NOGNVY
0-.0 13 I A\ s3ug on0d i
Sd 05 .91 A
/ dvi-diy — | I
(13A7 v3S NV3N) | ! z \ A= 3
0z¢ M3 -
o || .
! AL B L..J L

AN

; - i 1 l L1 X T -
——a pe—
%+ _ 3401S
| ' | |
ovir 13 201 < _ : v/1 0-.St+ 13 ¥OL
|\ _ 3134INOD 1IVHASY _ - ’

$/€ 0-.v1+ 13 ¥OL vy
INVHD | LINGNOD INOHJ313L OGNV TvDI¥10313 ! INVYO

vy | |

Seismic Design of Highway Bridge Foundations - Training Course
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