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SUITABLE NO. OF CLAY LAYER SUB
DIVISIONS TO ESTIMATE MAXIMUM
CONSOLIDATION SETTLEMENT

Mohammed Shaker Al-Shakerchy
fngincering College | University of Kifu
Abstract

The consolidation settlement of (the soil Is one of the important seitlement
components, which are included mnmediate, consolidation, and secondary settlement.
The consolidation settlenment, depending on time, has sienificant eficets on the stalnlity
ol srnetures,

The aceuracy in calealations of consolidation settlement affects the who'e
anzlvars and design of strtictures founded on clavey sotls that in the cordition of VOry
slow wvater dissipation (low permeability). The accurney  inereases {increasing in
corsnlidanon settlementy with dividing the clay laver into small sub divisions then 1he
camsehidation ocatenlated for cach sub diviston separately, the total final settlement is
cinal to the sumnmuation of setlement of the sub divisions,

This vescarch presents a study about selecting the suitable number of clay fver
subdivistons, for different clay laver parameters and loading valnes, o estinute the
nurcnnon consedidation settlement.
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I-Introduction

Foundation settlement must be assessed as aceurately as possible for most
streetures meluding buildings. bridges. towers, power plants, ete. it is often NeCessar 1o
ot an indications of the probable magnitude of settlement for other structires sueh
s Ll dams, braced sheeting, and retainine walls,

Generaliy. the settlement of foundation may he regarded as consisting of three
componeits ol setlement. giving: -

S=81+H8e -8 )y |3
Where:
S - total settlement,
S immediate settdement, or those which take place as soon {0 10 less than about 7
davsias the foad is applied.
Se= consolidation settlement (which is time - dependent).
Ss= secondury settlement or creep (which is also time - dependent).
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Flimmediate settlement analyses are appropriate {or all fine - grained soils {.silrs
and cluys) with a degree of saturation less™than about 90 %. All soils with a lavge
coetticient o permeability (rapid draining under @ hvdraulic gradient) inciudi ne all
cohesienfess soils undergo immediate settloment™

“Consolidation settlement analyses are appropriate. for ai satusated, or warly
sutvrated, fine - grained soil deposits (K on the order of 10" e ar Jesst,
Consolidation sefitement analyvses are actually a2 modified o ot chasticin
compurtations. They are done in the alternative form. however. heeaise it e
development of the "elaste constant” Ce. one also obtains a time - rate constant {1
coctlicient of consolidation Cv) so that one obtains estimatcs of both amount o
settlenment and time duration™

The scttlement at the end of construction is sometimes taken s homg canat o the
mitial settlement (immediare) but, even it the construction pericd s shors this wil
vichide some part of the primary consalidation settlement.

secondary settlement also, considered to be the settlenent eocirTing aller clungees
i cllective stress have taken place, will also develap during the primary mnw]uuuu\l
period s the pore - waier pressure dissipates and the cffective stresses,
2- Caleulations Of Consolidation Settlement

The reduction m volume per unit volume of elay:
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Vigure (1} Consolidation Settlement Caleulations
H
Jm y Ao’ xdz L (6)
0

It (m, ) and (Ac”) assumed constant with depth, then: -
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Sc=mg *Ag’#[] AT

Or S, H (8)

There is other cquation depending on jdealiz: ton of fe-oh) diagram by the fe-loo
o'y diagrant, then: -

Or S - ¢ f(.};?'l . N A

Where:
(",'E- e (",_z} -+ "'\{'_T' {IUJ

e 099 was considerad to estimate the consolidation settlement nr this PP

3- Load And Soil Specifications
Fie (2% shows the examined sarl profile and the variables used inresedeh,
Table (1) shows the studied cases i the research with variahle properties ol ol

sorloTable (23 shows the constan propertics used o inves strealion,
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Table (2): Constant Properties of Soil.

o . o V' Sawnd Layer
|1 Clay Unit Sand Uit e

i e |  Compresston
- : Vo orge s o, sThickness (1s | - |
Weicht, kN | T¥eight, EN/m! I‘ HERIESS (125), n:i Index (C¢)

| 20 '| 18 !\ 5 0.3

3-Presentiation of Resulls

3-1 Total Clay Laver Thickness = Fhin

P (3 shows the results for clov Taver thickness (50 m ] and for Jifrerent valiens
e 1111 stress and ditterent vold mtm\

Fio. Gad the B stress = 0 kN, shows o hich diflerence bebseen vahie ot
setiletment calculated from \\hulu, ﬁ.l e laver and the value ol setidenweni Lt cabentlaned
by dividing the clay Tayer into (23 Tavers tor dilterent vard ratios. The resulls show o
amall tnerease in values ol seitlenent, for difterent void rtios, atier ncreasing of
L.nuiul lavers more thon two. This fact 15 obviotsh repeated tor 114 stress (130 & 200)

KINART, Pl () & (50) ) respectivedy.

2 Votal Clay Layver FThickness = =15 m

Fiee (1) shows the resulis for clay laver tiehness (15w tor disterent velues
ol TTH stress and different vold ml]m

i (b, the Il stress - 10 LN, shows a bieh difference hetween vaue of
settlenient calenlated fron whole Lim Ler and e value of settlement ol vnleiiagd
by diviing the clay baver mto (<h) favers for Jditferent void ratios, The resalis :-me\ i
aonall inerease in values ot setdement, for difterent vaid o, alter dncreaag ol
divided Tvers sore thai Toue. This Taet s cbrviotigy repeated Tor alisie e It & i

W Pl (1) & Cloy respectvely,

3-3 Total Chy Layer Thickness = 23 m

i, (57 shows the esults Tor ¢ L Lyer thickness (25 aend Loedilvrent valaes
o T stre numl difterent void rativs.

i, (3a), the i stress = THU L shows o e ditterenee belsovn vaite v
cottlenent caleulated frens whobe cloyv Jayer and the velhue of seitiement that caleulated
By dividhimg the clay Laver into (0) Lvers for disTerent void ratios, T resuli show @
sl Tnerease in vahws of settfement. for diiterent void ralios, aiter incrensing ol
d:\]dui Lyers more than six. This faet is obyviotuslv repeated Tor T stress (150 & 20U
kNS, Flgs, (5b) & (A¢) respeetively.
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Figure (3): Relationship Between The Nolof Layers (Divisions) and
Settlement For Clay Laver Thickness Lqualto (10 m).




o

- o S S L
f.0 s b oonct /e ninel Jawmin sned 4 th fozia cae

il
T
oo
E 4_.\)
E -
]
[=
[ERCETa R
E
= *
b |
A
d——t e—p T T T TTTOTT 7 T T oTOTTN T o T

Mer of Layers

) il Stress = 100 LN

EJ':J'.’J 1
e A
/"-
/ om-———E-— & ——— &
o’/'
u ek A A — A
e
s
//
A
AU = 1 p T or e aTEOT T Ty rmeTr 1
i t i Il 1
kg af Layers
0 Fll Stress - TR0 RNA
1
] * L — o — >— *»
i o~
£ i S — R —u
3 J =
2 L
%
E o k-— — A — Ak _
R A - o
& ' ~®e-es UH |
il - —h—ean=11 :
LIelv] T T T T T T =TT T T
¥ 2 i“ f3 & 13 2 i

Ho. of Layers
o) Fill Stress = 200 KN

Figure (4): Relationship between the No. of Layers (Divisions) and
Settlement for Clay Layer Thickness Equal to (15 m).
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Figure (5): Relationship between the No. of Layers (Diy i1sionsy and
Settlement for Clay I.J\ cr Thickness Equal to (25 m).
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4- Regression Analysis

As a result from previous de l[d g, (6} shows the estimated number of
for cach clay laver thickness (10, 130 and 25 m), a repression analysiz was made 1o
imvestivate an eguation correlates ilm \'Llriublus . (11) correlates the nuniber of
Jivisions with clay layer thickness with R2=0.993¢6. \a in Fig. (6), the equation gives

divisions

cood arreement with estimated data,
N o= 3463 *lnflic)-3.9226 0 411

where:
N=No. ol divisions
[Te - Clay faver thickness
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Figure (6): Relationship between the Clay Laver Thickness and No.of
Divisions

Conclusions
rom the results, ote can state the tollowings: -

- For elay laver thickness 100 the resalts siow g soall tnerease i values ol

r\c[lﬁun«;nl, For ditTerent T stresses and dillerent veid tatios, aller neressing ot
e sub divided favers maore than tyo, and the sciable tunther of sub diveaons
ffo eIve N veim and ceonontie consulidition seittement.

oo bor elay laver thickness - 150 the resulls Jhow small terease inovadues ol
settlentent, for different (11 stress and difterent vord ratios. ate ncreasing ol
he sub divided lavers more than four, and the suitable puntber ot suby divistons

8.

3- For clay layer thickness 250 the results show o simall merease inovalues ol
settlement. for difterent (1] stress and different void ratios,
after increasing of the sub divided Luyers more than six. and the suitable aumber
ol sub divisions ~ 1t

4- A eood agreement data obtained from L. (117 with that ostimated frony rescareh

Recommendations
For the future such work, we recomimended the totlowing: -
I- investigate the ctlect of other soil parameters, such as unit weight, wawer table,
and compression index (Ce), on the selection of suitable clay laver divistons to
cstimate the maximum consolidation settlement,

2- Investigate the effect of other types of additional loading. such as square, cicular.

and strip footing, to achieve the certain purpose.
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