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=OD@= =yuwDU xm CU= u; ẁ[wt u}= p}rO "OwW|t xOy=Wt IF ?}W QO |OvD
IF ?}W 'CUWv V}=Ri= =@ TBU "Ovvm|t ptLD =Q =yVvD R= |QDW}@ syU
p}rOx@ w h=Q]= l =N x@ uwDU R= =yVvD p=kDv= |xOvyOu=Wv xm OwW|t Twmat
'CUWv |xt=O= QO "CU= uwDU OL R= V}@ \=U@v= xH}DvQO w =yxv=OovU |oDiQo
OOHt V}=Q; Cra x@ Ov=wD|t xm CU= x=Qty |Q@ Q=@ V}=Ri= C=v=Uwv =@ |vLvt

[14]"|Qw=vW |ovU uwDU QO |@v=H \=U@v= |xR=Ov= "7 pmW

'|QH; Kr=Yt uOw@ xWwoR}D 'xwqa x@ "O@=} V}=Ri= |Q@ Q=@ C}iQ_ w OyO MQ QDW}@
|@v=H \=U@v= R= |}=tW 7 pmW QO "OW=@ QF-wt h=Q]= l =N uOW Q}oQO QO Ov=wD|t

[14]"CU= xOW xO=O u=Wv QH;xOQN w uW R= xOW xDN=U |ovU uwDU
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Q}=U x@ C@Uv 'QH;xOQN w uD@xOQN R= xOW xDN=U uwDU QO ?}W Vy=m 'OYQO 5
Kr=Yt |DNU uOw@ QDtm x@ u=wD|t =Q ẁ[wt u}= p}rO "CU= QDa} QU =yuwDU
=@ w Q=@ V}=Ri= =@ TBU "OQm u=wva Kr=Yt Q}=U x@ C@Uv 'QH;xOQN w uD@xOQN
l =N w =yuwDU 'OwW|t ?wULt Q}PBh=]av= uwDU '|ovU uwDU xm u}= x@ xHwD
9 pmW QO IF Q=Okt u} QDW}@ [26]"OvwW|t s}rUD x@=Wt VvQm K]U l} QO
|=yuwDU w Q@=Q@ 5 OwOL =D Kr=Yt ẁv l} R= xOW xDN=U |=yuwDU OyO|t u=Wv
?@U �5 VvQm QO Q@=Q@ 2 OwOL =D Kr=Yt ẁv xU =} wO ?}mQD R= xOW xDN=U
|rw@k p@=k |xvt=O IF Q=Okt u}= "Ov=xOW sQv |UQ QDU@ |Q@ Q=@ C}iQ_ V}=Ri=

[35w34]"CU= 6 =D 2 u}@ ,qwtat xm CU=

|OQwt C=ar=]t w =yx} Q_v =@ |y=oW}=tR; pOt |xU}=kt "4"4
|xr}Uw x@ '|ovU uwDU x@ KrUt u}tR |y=oW}=tR; pOt |x} Q_v |Q@ Q=@ C}iQ_
ptLD p@=k Q=Wi u} QDW}@ [36]"OwW|t xOR u}tND IS15284 Om |xO=U p}rLD
%OwW|t x@U=Lt 3 |x]@=Q R= xO=iDU= =@ '|@v=H \=U@v= T=U=Q@|ovU uwDU\UwD

�v = (�0ro + 4cu)kp;col (3)

CU= x}rw= |a=aW QF-wt VvD �0ro = 2ko
0D w kp;col = 1+sin�c1�sin�c
u; QO xm

xm CU= |ovU uwDU Kr=Yt |rN=O l =m]Y= |x} w=R �c "CU= Q@=Q@ u; Q=Okt xm
xOW |Q}oxR=Ov= xHQO 45 =@ Q@=Q@ |ovU uwDU |r=oJ \}=QW QO |vW Kr=Yt |=Q@
=@ "CU= '
0 = 7 2kN=m3; Cu = 4kPa |=Q=O V}=tR; QDU@ l =N "CU=
Q_v QO =@ "CU= �v = 98 5kPa =@ Q@=Q@|ovU uwDU s}rUDVvD 'k0 = 1 ZQi
qsafe = 39 4 kPa R=Ht |Q@ Q=@ C}iQ_ '2 5 =@ Q@=Q@ u=v}t]= ?} Q[ uDiQo
xOWv |WmyR \}=QW QO TQ l =N xm |Q_v |Q@ Q=@ C}iQ_ "O};|t CUO x@
QO 5 14 =@ Q@=Q@ Nc xm CU= Qsafe = CuNc=FS =@ Q@=Q@ Ovm ptLD Ov=wD|t
?} Q[ w Qsafe = 8 22 V}=tR; |=yQDt=Q=B x@ xHwD =@ "CU= xOW xDiQo Q_v
QO |y=oW}=tR; IF =@ xm CU= IFTh = 4 8 =@ Q@=Q@ |Q_v |Q@ Q=@ C}iQ_ Ow@y@

"OQ=O |@ wN Q=}U@ j@=]D 9 pmW
K} QWD |O=a@= |=yp}rLD R= xO=iDU= =@ |Q_v CQwY x@ u=wD|t =Q T=}kt QF=
=@ |m} R}i pOt Q=DiQ uO=O \=@DQ= u=wD|t =Q |O=a@= p}rLD OQ@ Q=m u} QD|rY= "OQm
=@ u=wD|t =Q Q[=L |xar=]t R=?U=vt T=}kt uwv=kl} R= xO=iDU= &CUv=OC}ak=w
|m} R}i |=yQDt=Q=B x@ |oDU@ |ovU uwDU OQmrta [37]"OQm xU}=kt |a}@] |xvwtv
w xv=OnvU l =m]Y= |x} w=R '�L� uwDU `=iDQ= '�d� |ovU uwDU Q]k %pt=W
�KO� l =N |ki= Vv=Q ?} Q[ '��� xv=OovU w l =N XwYNt uRw '(�) l =N

"Ov=sm =L xOwr=W sDU}U Q@ 5 w 4 CqO=at "OQ=O �cu� l =N QDU@ |oOv@UJ w

F (Q;Cu; d; 
; �; L; kO) = 0 (4)

�L� pw] w �Q� wQ}v |va} '|rY= Oa@ wO |=Q=O xm CU= QDt=Q=B 7 pt=W F `@=D
u}=Q@=v@ "CWwv Oa@ uwO@ Q}eDt 5 u=wD|t 'pkDUt QDt=Q=B 7 x@ xHwD =@ TB "CU=
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RQ="|y=oW}=tR; G}=Dv =@ |OQwt C=ar=]t G}=Dv R= |O=OaD |xU}=kt "6 pwOH

C}iQ_ �(n)3 |Q@ Q=@ C}iQ_ T=}kt ?} Q[ |v=O}t V}=tR; pOt Q@ |}=yv Q=@
pOt |Q@ Q=@ |v=O}t (n) �5 |B Q]k CUWv QO

[39]u=y

233(N)

552 (kN) 450 (kN) 800 60 = 13 333 D = 800mm
L=D = 11 25

[40]Tr}r
245 (kN) 266 (kN) 610 60 = 10 167 D = 610mm

L=D = 4 9

p}=tD QDu}}=B j=ta= =D w CU= QDW}@ |vW |xv=OnvU R= xOW xDN=U uwDU x@
j=ta= QO Q=@ QU Q=Wi xm u}= x@ xHwD =@ "OwW|t xOy=Wt |@v=H \=U@v= x@
w xOW Qy=_ j=ta= QO |QDW}@ l =N sw=kt Q=Wi wQ u}= R= 'CU= QDW}@ l =N
|Qw=vW uwDU QO Kr=Yt |DNU u}=Q@=v@ "OQw;|t O}OB |QDW}@ |oOWQwYLt
uwDU |tHL \=U@v= w CU}v |Q@ Q=@ C}iQ_ V}=Ri= QO QF-wt pt=a |}=yvD x@

"OQ=O uwDU |Q@ Q=@ QO |tyt Vkv QDu}}=B j=ta= QO
|xv=OovU R= xOW xDN=U|ovU uwDU |Q@ Q=@C}iQ_ OW xOy=Wt j}kLD u}= QO �
|=yuwDU x@ C@Uv |QDy@ OQmrta |Di=} R=@ Kr=Yt ẁv l} =@ x=Qty |a}@]

"OQ=O |a}@] w |Di=} R=@ Kr=Yt ẁv OvJ ?}mQD R= xOW xDN=U

'=yv; QO xDiQ Q=m x@ Kr=Yt ẁv R= Q_vhQY Qw=vW |ovU |=yuwDU |xty �
|Q@ Q=@ C}iQ_ Q@=Q@ 2 =D pk=OL w Ov=xOW QDU@ |Q@ Q=@ C}iQ_ V}=Ri= ?@U

"CU= xOW xO=O V}=Ri= QDU@
xOW KrUt TQ QDU@ |Q@ Q=@ C}iQ_ xm OyO|t u=Wv COtx=Dwm |Q=PoQ=@ G}=Dv �
uD@xOQN |w=L uwDU w |vW |xv=OovU 'QH;xOQN R= xOW xDN=U |=yuwDU =@
Ow@y@ ?} Q[ Vy=m w V}=Ri= MQv "CU= xOWv KrUt TQ QDU@ Q@=Q@ 5 ,=@} QkD

"CU= u=Um} ,=@} QkD =yuwDU |t=tD QO |Q@ Q=@ C}iQ_
C@Uv |QH;xOQN uwDU QO |tHL \=U@v= 'QH;xOQN Kr=Yt ha[ p}rO x@ �

�References� `@=vt
1. Egan, D. and Slocombe, B. \Demonstrating environmen-

tal bene�ts of ground improvement", Ground Improve-
ment. Proceedings of the Institution of Civil Engineers,
163(1), pp. (2010).

2. Rahman, M.A., Imteaz, M., Arulrajah, A. and et al. Suit-
ability of recycled construction and demolition aggre-
gates as alternative pipe back�lling materials", Journal
of Cleaner Production, 66, pp. 75-84 (2014).

3. Disfani, M.M., Arulrajah, A., Haghighi, H. and et al.
\Flexural beam fatigue strength evaluation of crushed
brick as a supplementary material in cement stabilized
recycled concrete aggregates", Construction and Build-
ing Materials, 68, pp. 667-676 (2014).

4. Santos, E.C., Palmeira, E.M. and Bathurst, R.J. \Be-
haviour of a geogrid reinforced wall built with recycled
construction and demolition waste back�ll on a collapsi-
ble foundation", Geotextiles and Geomembranes, 39, pp.
9-19 (2013).

5. Yeung, A.T., Mok, K.Y., Tham, L.G. and et al. \Use
of inert C&D materials for seawall foundation: A �eld-
scale pilot test", Resources, Conservation and Recycling,
47(4), pp. 375-393 (2006).

6. Arulrajah, A., Piratheepan, J., Bo, M.W., and et al.
\Geotechnical characteristics of recycled crushed brick

blends for pavement sub-base applications", Canadian
Geotechnical Journal, 49(7), pp. 796-811 (2012).

7. Basu, D., Misra, A. and Puppala, A.J. \Sustainabil-
ity and geotechnical engineering: Perspectives and re-
view," Canadian Geotechnical Journal, 52(1), pp. 96-113
(2014).

8. Vieira, C.S. and Pereira, P.M. \Use of recycled con-
struction and demolition materials in geotechnical ap-
plications: A review. Resources", Conservation and Re-
cycling, 103, pp. 192-204 (2015).

9. McKelvey, D., Sivakumar, V., Bell, A. and et al. \Shear
strength of recycled construction materials intended for
use in vibro ground improvement", Proceedings of the In-
stitution of Civil Engineers-Ground Improvement, 6(2),
pp. 59-68 (2002).

10. Serridge, C.J. \Achieving sustainability in vibro stone
column techniques", In Proceedings of the Institution
of Civil Engineers-Engineering Sustainability (Vol. 158,
No. 4, Thomas Telford Ltd, pp. 211-222 (December
2005).

11. Je�erson, I., Gaterell, M., Thomas, A.M. and et al.
\Emissions assessment related to vibro stone columns",
Proceedings of the Institution of Civil Engineers-Ground
Improvement, 163(1), pp. 71-77 (2010).

12. Ayothiraman, R. and Soumya, S. \Model tests on the
use of tyre chips as aggregate in stone columns", Pro-

138



3/
1|

xQ=t
W'

36
�2

|xQ
wO'

�13
99

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

ceedings of the Institution of Civil Engineers-Ground Im-
provement, 168(3), pp. 187-193 (2015).

13. Mazumder, T., Rolaniya, A.K. and Ayothiraman, R.
\Experimental study on behaviour of encased stone col-
umn with tyre chips as aggregates", Geosynthetics In-
ternational, 25(3), pp. 259-270 (2018).

14. Amini, R. Physical Modelling of Vibro Stone Column
Using Recycled Aggregates (Doctoral dissertation, Uni-
versity of Birmingham) (2016).

15. Demir, S., Mokarram, F.R. and Ozener, P., The Sustain-
able Design of Granular Columns Based on Laboratory
Model Tests. In Geo-Chicago, pp. 893-903 (2016)

16. Medeiros-Junior, R.A., Balestra, C.E. and Lima, M.G.
\Applicability of recycled aggregates in concrete piles for
soft soil improvement", Waste Management & Research,
35(1), pp. 56-64 (2017).

17. BRE. Specifying Vibro Stone Columns. K. Watts.
Garston: Building Research Establishment (2000).

18. BSI. \Testing aggregates", Method for determination of
aggregate impact value (AIV). London, UK: BSI Stan-
dards Publication. BS 812-112 (1990).

19. BSI. \Testing aggregates", Methods for determination
of aggregate crushing value (ACV). London, UK: BSI
Standards Publication. BS 812-110 (1990).

20. Wehr, J. \The undrained cohesion of the soil as criterion
for the column installation with a depth vibrator", In
International Symposium on Vibratory Pile Driving and
Deep Soil Vibratory Compaction, TRANSVIB (2006).

21. Standard A. \Standard practice for classi�cation of soils
for engineering purposes (Uni�ed Soil Classi�cation Sys-
tem)", Annu B ASTM Stand (2010).

22. ASTM Committee D-18 on Soil and Rock. \Standard
test methods for maximum index density and unit weight
of soils using a vibratory table", ASTM International
(2006).

23. ASTM Committee D-18 on Soil and Rock. \Standard
test methods for minimum index density and unit weight
of soils and calculation of relative density", ASTM In-
ternational (2006).

24. Dash, S.K. and Bora, M.C. \In
uence of geosynthetic
encasement on the performance of stone columns 
oating
in soft clay", Canadian Geotechnical Journal, 50(7), pp.
754-765 (2013).

25. Hughes, J.M.O., Withers, N.J. and Greenwood, D.A. \A
�eld trial of the reinforcing e�ect of a stone column in
soil", Geotechnique, 25(1), pp. 31-44 (1975).

26. McKelvey, D., Sivakumar, V., Bell, A. and et al. \Mod-
elling vibrated stone columns in soft clay", Proceedings
of the Institution of Civil Engineers-Geotechnical Engi-
neering, 157(3), pp. 137-149 (2004).

27. Black, J.A., Sivakumar, V. and Bell, A. \The settlement
performance of stone column foundations", Geotech-
nique, 61(11), pp. 909-922 (2011).

28. Muir Wood, D., Hu, W., and Nash, D.F.T. \Group
e�ects in stone column foundations: Model tests,"
Geotechnique, 50(6), pp. 689-698 (2000).

29. Selig, E.T. and McKee, K.E. \Static and dynamic be-
havior of small footings", Journal of the Soil Mechanics
and Foundations Division, 87(6), pp. 29-50 (1961).

30. Chummar, A.V. and Vesic, A.S. \Bearing capacity the-
ory from experimental results", Journal of Geotechni-
cal and Geoenvironmental Engineering, 99(sm7), pp.
(1973).

31. Meyerhof, G.G. and Sastry, V.V.R.N. \Bearing capac-
ity of piles in layered soils. Part 2. Sand overlying
clay", Canadian Geotechnical Journal, 15(2), pp. 183-
189 (1978).

32. Malarvizhi, S.N. \Comparative study on the behavior of
encased stone column and conventional stone column",
Soils and Foundations, 47(5), pp. 873-885 (2007).

33. Barksdale, R.D. and Bachus, R.C. \Design and construc-
tion of stone columns volume II, appendixes", Federal
Highway Administration, Washington, DC (1983).

34. Aboshi, H, Ichimoto, E, Harada, K. and et al. \The
composer-A method to improve the characteristics of
soft clays by inclusion of large diameter sand columns",
In Proceedings of the International Conference on Soil
Reinforcement, Paris, pp. 211-216 (March, 1979).

35. Goughnour, R.R. and Bayuk, A.A. \A �eld study of long
term settlements of loads supported by stone columns in
soft ground", In Proceedings of the International Confer-
ence on Soil Reinforcement, Paris pp. 279-285 (March,
1979).

36. Indian Standard, I.S. \Design and construction for
ground improvement-guidelines", Part 1: Stone columns.
IS, 15284, 267-290 (2003).

37. Fakher, A. and Jones, C.J. \Discussion: Bearing capac-
ity of rectangular footings on geogrid-reinforced sand",
Journal of Geotechnical Engineering, 122(4), pp. 326-
327 (1996).

38. Pinto, M.I.M. and Cousens, T.W. \Modelling a
geotextile-reinforced, brick-faced soil retaining wall",
Geosynthetics International, 6(5), pp. 417-447 (1999).

39. Han, J. and Ye, S. \Field study of an oil tank on stone
column ground", International Conference on Case His-
tories in Geotechnical Engineering, 43, pp.1113-1118
(1993).

40. Lillis, C., Lutenegger, A.J. and Adams, M. \Compression
and uplift of rammed aggregate piers in clay", In Geo-
Support 2004: Drilled Shafts, Micropiling, Deep Mixing,
Remedial Methods, and Specialty Foundation Systems
(pp. 497-507).

139




