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Analytical solution of consolidation of multi-layered ground with vertical drain

Saga University SM.JSCE Xiao-Wu TANG
Saga University M.JSCE Katustada ONITSUKA

INTROUCTION

The closed-form solution of consolidation of double-layered ground with vertical drain has been obtained by Tang (1997).
Vertical drains are usually installed in subsoil consisting of several layers. A closed-form solution for multi-layered
ground with vertical drain is presented. { 1 1 I 1%
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SOLUTION OF SYSTEM
The solutions of ), u; and u, are:
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In oder (o obtain the coefficients of above equations, the three-layered system with impervious base is as an expamplc.
Substituting Eq.(5) ~ (7) into continuous conditions, and changing to matric form:

Key word: consolidation, vertical drain, stratification, preloading
Department of Civil Engineering, Saga University, Honjo-machi 1, Saga 840-8502, Tel:0952-288690, Fax:0952-288699

526



AR FHTHS (ERL0ME10A)

SX" = ) O™ LU
_ _ ——— Present solution
S Sz S5 Siy Sis Sy 0 0 Three-layered
S,y Sy, Sy Sy S, S, O 0 | Pervious bas?
o = =80, 5=
S Sa Sw Sw Swo S 009 1= T onoue (1988 hn g'z:{dwha 0.75H
S S S S S S 0 0 | —— Onoue 1=0.25H , hy=0.75H |
S= 61 62 430 T4 TS e 12) 0.5 Double-layered p———
Ss3 Ss4 Sss Sss S5y Ssg - |mervious base e Kenk
0 0 sg Sq Ses Se Se S _ \ e et
63 64 65 66 67 68 n=5, H/d,=40 , my;=myz , =1\ _ _
0 0 s s s s s s | w N\ Kva=Hna » Knz=4Kn1 {
0 S1 Sps Si Sy So hi=05H, kyzknt ek N 26000k,
~hwT N
| 0 0 sy Sz Sgs Sy Sy Sy 1 { y=25000kys + kia=dkny N .
— N N -2 -1 (4}
X - {1 Lml amz me {/mZ dmZ bm3 de] (13) 10 1 O 1 O
Average Th
s, = sin(4 s, = sinh _—
H (1) n = sinh(5,.0,) Fig. 2 Comparison of overall average consolidation
s = -sin(d,,p)) 8,4 =—cos(4,,0) degree for whole soil layer
§,s = —sinh(4,, ) 83 =—cosh(£,, ) S21 = MiS1y S22 = Sz
535 = Mu2S13» S24 = MwaSas S35 = CraS1s 826 = 6m2S16
$3 = A €08(4,, ) S = E COS(S,, ) 853 = —4,, 8i0(4,, ) S34 = =4,y €08(4,,0),
§35 = =5, Sinh(S,, o)) S36 = =6, COSh(S,,01) 84 = k,17,,85 S =Ky TS5,
Sy = K308 Suq = Kua TS5y S4s = K,20,083s Si6 = K2CunSss
853 = sin(4,,0,) S5 = €08(4,,0,) $s5 = sinh(¢,,0,) $s6 = cosh(Z,,0,)
S5, = "COS[/lms(] — P )] Ssg = _COSh[§m3 (I-p, )] S¢s = Nm2Sss S64 = Mu2Ss4»
Ses = GunSss Ses = GnSse S¢1 = M3Ssy> Ses = GnaSss
S35 = A, sin(4,, 0,) S3q = Ayp C08(4,,0,) S35 = & SINO(S,, 0,) $16 = & cOSh(E,, 0,)
S37= = Aoy Sm[’%a(1 = )] S35 = Eus Smh{éma(l - pz)] Su3 = Koy NS Ses = K208 74
Sgs = K02 0835 S16 = K208 Sg7 = K\370,38 9 Sgs = K388 p=h/H

In order to get unequal zero solutions of X, ordering S = 0,0, 5 is obtained. nd then, substituting [ into Eq.(11),
and X is obtained.
By the virtue of orthogonality of system, we get:
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The average consolidation degree at any depth is:
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The overall average consolidation degree for whole soil layer is defined as pore pressure and settlement, respectively:
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COMPARING WITH NUMERICAL SOLUTIONS

In Fig.2, double-layered system with impervious base can be regarded as three-layered system with pervious base and

symmetry with respect to the middle of whole soil layer.

CONCLUSIONS
1). The analytical solution for multi-layered ground with vertical drains is obtained.
2). The difference between the results by the present analytical solution and by numerical solutions is small.
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