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Analysis of consolidation of layered ground with vertical drain
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Guangzhou 510730, China; 3. Research Institue of Geotechnical Engineering, Hohai University, Nanjing 210098, China)

Abstract: In engineering practice, the subsoil with vertical drains is often composed of multi-layer strata and the subsoil is partially
penetrated by vertical drain wells. Based on the assumptions that the section with vertical drains satisfies equal strain condition and
the section without vertical drains satisfies Terzaghi’s one dimensional consolidation theory, the existing simplified consolidation
theory of ground with partially penetrated vertical drain wells is developed so that multi-layer subsoil can be take into account. The
orthogonal relation of the system is obtained using the boundary conditions and continuity conditions in vertical direction. The
consolidation solutions of the system is presented. The solution has comprehensive applicability. The existing consolidation solutions
of simplified ground with partially penetrated vertical drain wells can be obtained by changing the number of the stratum of the
section with vertical drain wells and the section without it. The solution has been coded into a program and a case is analyzed using it.
Analysis shows that the average degree of consolidation of the system defined by pore pressure is different from that defined by
settlement. It also shows that existence of crust can accelerate the consolidation of the stratum.
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Table 1 Geotechnical data of the layered system
T2 ky K K ny h
iy 10°m-s" /10°m-s" /10°m-s"  /MPa’ /m
=1 1 2 1 0.133 4 5
=2 2 4 2 0.667 0 15
=1 2 4 2 0.3335 10

HAETHEGL, WT,=Cyyt/fd] K225 0 1A
5, UL TONREARKER, FLE TR S5 A P bR . ]
2 T AL E UK R G 45 i s
SUHRGET3 [ 45 P BB Bl o A5 LI 3 LI
P85 5 P L R ST S48 = A
], AN KE. X (260 FX 27) Wi T
— B, BT & LR RBURS R e e, AR
ARAE AR I PR 2 SRS [ 45 A 3. 45
VIR BE, 457870 52 SR EI8 [ 458 K T4 LR %
SURPPS TR 51, 1005 M Mo BT . X R
AT Ay iy S0 1] &85 LA - [ DX P 1 J= 20 32, T [ 4
S PR SE AR ZEBOR,  Ja IR A,
&2 fior. B3 T %2 E S5

%
B 0.3 o B HE U4 4
£ o4 - FAIBSE TS
0.3
0.2
0.1

0 L " " L i r 1 J
0 50 100 150 200 250 300 350 400 450
SHONTMFE T,

B2 $%FLE R SONIEARTY e SCHIF 3 I 45 1% LR
Fig.2 Comparison of average degree between defined by
pore pressure and defined by deformation

£ P T Y
b y — BJHTRRAE 20
B 04 / - TFHE

0.3 //

021 S

0.1t/ P

0 bmamemi™” N

0 5 10 15 20 25 30 35 40 45 50
ZHUN ]2 T,
B3 BEBEPESE

Fig.3 Average consolidation degree of each layer

FHFER AR, B 1 )2 DR ARRUE
A0 A HS 5 2 R AR AR S A RO, 18] 4
W T A TR 2 I 8 2P BB T 45 X LEAR O A
AT DA M R A AR 2T LU % 12 i 4

P |

o o — BT 1), (52), 0000 )
g 06 A RS 22 (BRI )
= 05 "4 -+ FEPE (RESELHTM )
Foale 7 o BIHTRKE 1 (Lliz i)
B f o BFETRIXE 22 (LESE RSN )

0.3 /A o PR (REFELATL )

02 b M _r.,.—o—"

0.1 r_,,—r“

08 cae " " ]

0 5 10 15 20 25 30 35 40 45 50
ZHLIN M EL T,

B4 FERERRN&LRPYESE
Fig. 4 Average consolidation degrees of each layer with
and without crust

5 4 B

SEBR TREA, R0 A T W B R
P, BEIRBEIT LR RS DU INAT R A AL
FEIAT RO [ 25 B LA L, X R ARAT 5
LG LLHEAT TS, /13 TIZ ARSI IEAZ R R,
[l 25 Y T BRSO . AR B A
JRZRBE AN, AT RN N MR Z A 0 —
JZ» BT SRAGEUAT ] BAR AT 25 B S F R 1) [ 5 A 5
AR RY], B TR F AU 8 R 1 ] 25 5
5 HAR I 58 SR 2 45 B — RO PRI, A
Fifs LR ARBUR 4R R B R, A5 RA 2.
RS2 A AE 2 LR R I [ 45

2 % 3 MR

[1] Barron R A. Consolidation of fine grained soils by drain
wells[J]. Transactions of American Society of Civil
Engineers, 1948, 113: 718—742.

[2] Horne M R. The consolidation of a stratified soil with
vertical and horizontal drainage[J]. International
Journal of Mechanical Science, 1964, (6): 187—197.

(3] RAUENA. DI I 7 45 50 A - AT Ak 5 9 0 S 0]
5B TR, 1991, 13(4): 51—58.

ZHAO Wei-bing. Improved semi-analytical method for
consolidation of foundation with sand drain[J]. Chinese
Journal of Geotechnical Engineering, 1991, 13(4): 51

—358.



1252 =R SO B 2005 4F

[4] UEEAT. SRR AR IR BAR T bl O ] 45 BRAR [T, penetrating sand drains[J]. Journal of Soil mechanics
WL R 22244, 1995, 29(5): 529—1539. and Foundation Division, Proceedings of American
XIE Kang-he. Consolidation theory of double-layered Society of Civil Engineers, 1958, 84(smu): 1 812—
ground with vertical ideal drains under equal strain 1 815.
condition[J]. Journal of Zhejiang University (Natural [8] Zeng G X, Xie K H. New development of the vertical
Science), 1995, 29(5): 529—539. drain theories[A]. Proceedings of 12th International

[5] EG. ERRMAURGTE R0 - I 11 [ 45 28 T 40 M [7]. Conference on Soil Mechanics and Foundation
TARTRESAR, 1997, 30(5): 49— 56. Engineering[M], Rio de Jane. Brazil: Balkema A A, 1989.
FANG Ying-guang. Analysis of consolidation deformation 1435—1438.
of saturated clay with sand drains[J]. China Civil [9] Tang X W, Onitsuka K. Consolidation of ground with
Engineering Journal, 1997, 30(5): 49—56. partially penetrated vertical drains[A]. Geotechnical

[6] Tang X W, Katsutada Onitsuka K. Consolidation of Engineering Journal[M], Rio de Jane. Brazil: Balkema A
double-layered  ground  with  vertical  drains[J]. A, 1998, 29(2): 209—231.

International Journal for Numerical and Analytical [10] Runesson K, Hansbo S, Wiberg N E. The efficiency of
Methods in Geomechanics, 2001, 25: 1 449—1 465. partially penetrated vertical drains[J]. Geotechnique,

[71 Hart E G Kondner R I, Boyer W C.Analysis for partially 1985, 35(4): 511—516.

B 1246 T

[3] Adams M T, Collin J G, Member. Large model spread slope[J]. Geotextiles and Geomembranes, 2001, 19(5):
footing load tests on geosynthetic reinforced soil 279—298.
foundations[J]. Journal of Geotechnical and Geoenvi- [8] Bathurst R J, FaiE4x. il ssAe3s g # /8 H T ik
ronmental Engineering. 1997, 123(1): 66—73. FRARERETII]. &L TR, 2004, 26(2): 194—197.

[4] Selvadurai A P S, Gnanendran C T. An experimental Bathurst R J, TAO Lian-jin. Study on ultimate bearing
study of a footing located on a sloped fill: influence of a capacity of reinforced slopes with full-scale model test[J].
soil reinforcement layer[J]. Canadian Geotechnical Chinese Journal of Geotechnical Engineering, 2004,
Journal, 1989, 26(3): 467—473. 26(2): 194—197.

[5] Huang C C, Tatsuoka F, Sato Y. Failure mechanisms of [9] Koerner R M. Designing with geosynthetics[M]. New
reinforced sand slopes loaded with a footing[J]. Soils and Jersy: Prentice-Hall Inc., Englewood Cliffs, 1990.
Foundations. 1994, 34: 27— 40, (10]  ChTHRF R TN T i 52 s, £ T

[6] Lee K M, Manjunath V R. Experimental and numerical PEORET AR CR RO, b5t ST
studies of geosynthetic-reinforced sand slopes loaded with i AL, 2000. 218—222.

a footing[J]. Canadian Geotechnical Journal, 2000, (1] b2, M R e b LEWIIACR TSR]
37(dy: 828—842. 5B TR, 1997, 19(2): 49— 55.
XU Shao-man, LIN Rui-liang. Way to improve the effects

[71 Yoo C. Laboratory investigation of bearing capacity

behavior of strip footing on geogrid-reinforced sand

of geotextile reinforcement[J]. Chinese Journal of

Geotechnical Engineering, 1997, 19(2): 49—55.



