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ABSTRACT

Low bearing capacity of weak soil under shallow footings represents one of construction problems.
Kaolin with water content converges to liquid limit used to represent the weak soil under shallow
footing prototype. On the other hand, cement dust, which can be defined as undesirable industrial waste
material come from cement industry, was used to improve the bearing capacity of the soft soil
considered in this research. The soft soil was prepared in steel box (36x36x25) cm and shallow square
footing prototype (6x6) cm were used .Group of physical and chemical tests were conducted on kaolin
and cement dust. The improvement were performed by making trench under the footing filled with
compacted cement dust (at its optimum moisture content) at three depths (D=B, D=2B, D=3B), the
trench had the same footing Dimensions, note that (B) represent the footing width. Pressure-settlement
curves were used to predict the ultimate bearing capacity. The improvement ratio in bearing capacity
was calculated by comparing the ultimate bearing capacity value when testing the kaolin alone with its
value of kaolin improved with compacted cement dust at the same value of eccentricity. It is important
to note that eccentricity values were chosen according to the rule of middle third of footing
base(i.e.,e<B/6). The improvement ratio was about (197%) in average value, that represent a good ratio
of improvement.

Lanal

Lsh) osinar CplgslSl A5 Caaniinl Lo i) JSUia abl (e Aaall (V1 Jinsl ddgmaal) ill A3kl Josill 4006 Jics
Glaliall Vge (o Ay Ciandl Hle Bale Jleatin) 3 LS daiiall ula) 7 35 i) Admacall 450 JAT Al gpnll 2 (e )
8alay Abieal) gl Aol et AL a8 Lellexind a3 550 LSy CiiansY] delin Llee (o it A Lo linal)
e oY Z3sal g ans(25%36%36 )alaly 2paad) e Gsaia Jala Al pdiat ancua) s 8 gyladl ol sl
O Greentl) Alee iy Cianll 5l 33lag cpl SLSH 5L A SLialls ALl a smdl) (e Ao sama Capal L an(6X6) e
skl (syine vic) 4 Ciand) jlie Bale Jas o5 bl Giases Job Guding daall Gl 35l Jiual (33 Jue P
Joenill pasmd e desane cipa L olllT (mye J56 B o) Wale (D=B,D=2B,D=3B) 4ahix lac! L3Nl (S

4417



M J. Aziz Al-M osawe Bearing Capacity Of Shallow Footing On Soft
B.S. Albusoda Clay Improved By Compacted Cement Dust
A. S. Yaseen

SHE<BIB) () Y 520l B i acE lied) [l 3aY) e (5555 (53S0 Jaenlys Cpmanill 3ays J Dol e

(&S Jpeail

a4l ggaaill Jaaill daglia slagY (el 3 dhalall Jsagll ae Gl o Lalisd) Jaiall (g A8 Caniin]

Janil o slie A3ylie LA o Joanil Laglia 8 Cpaaaill dpass ilatial a3 L aseadll £ 153) J<1g Aalusall Jlaa) il

U Jpenil) Ailise Guiily i) L abe goe Gl s3LSH Al paml) Janill daglia po Ladytay ol 53LSH 4l guadl

P ERIPRPY W (%197)‘;\ M\MJMJMJ cua#ﬂ;uluj\ CJ_"\.\J\ M@gﬁ&huﬁd‘.&aa&éﬂ: Sl e,

Jaaill A glia Al 3ais Gaead A

KEYWARDS: bearing capacity, improvement of soft clay, cement dust, shallow footing,
eccentric loading

INTRODUCTION

Many researchers studied the improvement and stabilization of soft soil using different methods and
procedures.

Khdhair (1997) used one type of stabilization which was carried out on Nasriyia sand dunes by cement
dust, he made an experimental set up consisting of a wind tunnel that was designed and manufactured,
and tests were performed to check the suitability of this material. Three different suspensions were
prepared at a constant concentration with different mix ratios of cement dust and Portland cement.

The satisfactory results were obtained from using cement in a ratio of (90% cement dust + 10%
portland cement) suspended in water in concentration of 0.33kg of this material for each liter of water
applied to sand at 10¢/m? rate

Chakrabrti and Bhandri (2004) worked on improvement of settlement behavior and vertical stress
dispersion of soft clay using compacted pulverized fuel Ash. They showed in most of cases the ground
improvement becomes expensive, increasing the total project cost. Pulverized fuel Ash (PFA) is waste
material from thermal power plants and creates problems during its disposal. The research was
conducted using normally consolidated commercial kaolin (soft clay) in a test tank and the transfer of
load to the soft clay was arranged through a model footing. It was revealed from the results that the
improvement of load carrying capacity could be remarkably increased, using compacted PFA layer on
soft clay. The percentage of improvement of bearing capacity has been revealed in two ways. The first
by increase of diameter wells with the depth of compacted PFA, though the improvement is more in
case of increment of depth (Z) of PFA bed, rather than increment of diameter (D). The percentage of
improvement of bearing capacity, for different depths and diameter of compacted PFA varies from 12
to 390. The stress dispersion was also improved for different depths and diameters of compacted PFA
bed.

Deschamps (1998) used FBC and stoker Ashes as roadway fill. It was noticed that approximately

100,000 m*®of atmospheric fluidized bed combustion (FBC) ash and stoker ash were used as structural
fill in the construction of a large roadway embankment. The embankment is ~ 200 m long and 10m
high, and it supports an extension of a street across a gravel quarry in waste Lafayette, Ind. An over
view of the project and construction operation is described, and the results of geotechnical laboratory
tests and field monitoring presented. Instruments used in the monitoring of fill behavior include
settlement plates, vertical and horizontal inclinometers, seismic cross-hole tests, and preconstruction
standard penetration tests.

Consequently, the cement dust material was used in stabilization but not used in improvement of soft
clay, therefore; an idea was started to use this material in improving the bearing capacity of shallow
footing on soft clay.
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MATERIAL PROPERTIES

Kaolin
The kaolin clay used in this research was of commercial grade. It was from North of Hussainiat, AL-

Anbar Governorate, Iraq.
Physical properties of kaolin, shear strength and compressibility parameters could be shown in Table 1

Table 1 Physical properties, shear strength and compressibility parameters of kaolin

Property Value Type of test Standard
LL% 44%
Atterberge limits ASTM 4318
Pl 25%
Specific gravity
Gs 2.77 of solids ASTM D854
€o 0.819
Standard
n 045 Consolidation test ASTM D2435
Cc 0.34
¢u 0 Unconfined
compression test ASTM 2166
Cu 13 kPa
w1 -8 Standard
C, 5.608*10° /s | L s | ASTM D2435

It was obvious from results shown in Table 1 that the clay was classified as low plasticity clay (CL)

according to the Unified soil classification system.
Chemical tests were carried out on kaolin with assistance of the state of geologic surveying and mining

and the chemical composition of kaolin can be shown in Table 2

Table 2 Chemical composition of kaolin

Chemical composition
L.O.l.* TiOz FEQOg SiOg A|203
13.4-15.1% 1.4-2.96% 0.5-1.96% 38-45% 35.5-41.4%
*L.0.I: Loss of Ignition
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White kaolin which selected was provided by (The state of geologic surveying and mining) from
Dewielca lies in the west of Iraqg.

Cement Dust

The cement dust provided from cement factory of Al-Kuffa, Najaf Governorate, Irag. Specific gravity
test, standard Proctor and direct shear test were conducted on cement dust. The results are shown in
Table 3

Table 3 Results of physical, standard Proctor and direct shear test for cement dust

Material Prope rties Value Type of test standard
LL 28%
Atterberge limits ASTM 4318
PL NP
Gs 2.66 Specific gravity ASTM D854
Yd max 18.5 kN/m3
Standard Procter test ASTM D698
(O 25%
Direct shear test ASTM D3080
¢u at a)opt. 29°

Chemical tests were conducted for cement dust with the assistance of NCCLR. The results could be
shown in Table 4

Table 4 Results of chemical tests for cement dust

SO3% 4.11
Organic matter % 0.22
CaCoz % 49

Cl % 0.04

pH 7.22

EXPERIMENTAL WORK

In order to simulate the behavior of shallow footing on weak soil, special techniques were used to
achieve this purpose. These techniques include the manufacturing of steel box having the dimensions
(36x36x25) cm.This box was filled with kaolin prepared at water content near its liquid limit. Also,a
steel plate of (6x6 x 0.5)cm was used to simulate the shallow footing. A trench was made under the

4420



Number 4 Volume 15 December 2009 Journal of Engineering

footing that resting on soft kaolin. The trench had the same dimensions of footing and excavated at
different depths (D=B, D=2B, D=3B), where B represents footing width. Then, the trench filled with
compacted cement dust (at its optimum moisture content) to the desired depth. Fig. 1 shows a simple
section in model loading test and the detail of footing and cement dust column which support fit.

O

Sectinn at A-A

Compacted
Soft clay soil

— ws —

Fig.1 Rectangular footing on C.C.D., note that: width of compacted cement column C.C.D. =W,
width of footing = B, W=B

Then, the footing is loaded at the beginning of the test until failure is reached. The settlement at centre
and edge of the footing is recorded with the use of video camera.

Compacted cement dust (C.C.D.)

The cement dust was prepared at optimum moisture content ((Mept.=25%) three depths of C.C.D.
(H=6,H=12,H=18cm) were used. The sample of soft soil was prepared by putting the first layer of
kaolin .Then; scaled steel mold was put and centered in length and width of steel box at the desirable
depth which worked on. Then the trench under the footing was filled with compacted cement dust at its
maximum dry density and optimum water content. It is compacted to the desired depth.

Results of load —settlement tests

Typical load (kN) vs. foundation settlements at edge and centre of foundation diagrams were obtained
from loading tests as shown in Fig.2 to Fig.4. The ultimate bearing capacity is defined as the point
where a maximum value of q,is clearly arrived, or where slope As/Aq becomes maximum and the load

vs. settlement not remains practically linear thereafter Vesic (1973).
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Fig.2 Pressure-settlement ratio curve for kaolin

Fig.3 Pressure-settlement ratio curve for kaolin with
with cement dust (H/B=1), concentric loading

cement dust (H/B=2), concentric loading
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Fig.4 Pressure-settlement ratio curve for kaolin with cement dust (H/B=3), concentric loading
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Effect of (H/B) ratio on Bearing Capacity
In general, the ultimate bearing capacity incrased as H/B ratio increased. This behavoir was expected
due to the increase in strength of soil under the footing as the (H/B) ratio, of the cement dust used for
improvement, increased . In addtion, the ratio of improvement increased as the (H/B) ratio increased .
The largset ratio of improvement getten for soil improved by cemnent dust at H/B=3,see Fig.5 and
the shear strength prameters, where the
cohesion and angle of internal friction of cement dust were (50 kPa, 29°) respectively.

Table 4 . This behavoir may be explained

accoring to

160
140
120
== kaolin +cement dust
~ 100 e=0
EZ 30 ——kaolin +cement dust
e
= e=0.3cm
o 60 '
kaolin +cement dust
40 e=0.5cm
20 =kaolin +cement dust
e=lcm
0 >
1 2 3 4
H/B

Fig.5 Ultimate bearing capacity — H/B ratio relation
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Table 4 Type of the tests and the ultimate bearing capacity values

percent of
Type of material used Qu(kPa) H/B | e(cm) improvement Test
ratio% No.
kaolin 82 0 0 0 1
kaolin +cement dust 99 1 0 21 2
kaolin +cement dust 107 2 0 30 3
kaolin +cement dust 142 3 0 73 4
kaolin 84 0 0.3 0 5
kaolin +cement dust 100 1 0.3 19 6
kaolin +cement dust 108 2 0.3 29 7
kaolin +cement dust 149 3 0.3 77 8
kaolin 57 0 0.5 0 9
kaolin +cement dust 50 1 0.5 -12 10
kaolin +cement dust 80 2 0.5 40 11
kaolin +cement dust 131 3 0.5 130 12
kaolin 24 0 1 0 13
kaolin +cement dust 46 1 1 92 14
kaolin +cement dust 98 2 1 308 15
kaolin +cement dust 111 3 1 363 16

Effect of Eccentricity on Bearing Capacity

The eccentricity has large effect on ultimate bearing capacity. Generaly the ultimate bearing capacity
decreased as the eccenricity increased as shown in figure Fig.5 .This behavior may be attributed to the
reduction in effictive area as eccentrisity increased.

Improvement ratio in the ultimate bearing capacity

Foundation was reaching to failure if the settlement would be greater than (10%) from footing width,
ASTM (D1194-94) so the bearing capacity at this ratio was equal to the ultimate bearing capacity.
Fig.6 shows the variation of improvement ratio with eccentricity at different (H/B) ratios. It is
important to know that the improvement ratio is defined as:-

Qimproved o Qwithout improvement

Ratio of improvement (r) %= *100 %

Qwithout improvement
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Fig.6 Ratio of improvement and eccentricity relationship at different values of H/B, “kaolin-cement
dust”
Fig.7 gave the clear effect of (C.C.D.) depth on the ultimate bearing capacity. The maximum

improvement ratios were appeared at (H/B) ratio equal to (3).
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Fig.7 Ratio of improvement and eccentricity relationship at different values of H/B ratio, “kaolin
improved by cement dust”
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Equations obtained from experimental results

Ratio of improvement in bearing capacity for cement dust used in improvement at different values of
eccentricity were varied with the change in H/B ratio ,see Fig.8. In general, acceptable equations were
obtained that simulate the incrase in r % with incrase of the H/B ratio for different values of
eccentricity.

450
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100 S _ -
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0 i = >
-50

H/B
Fig.8 Ratio of improvement and H/B relationship at different values of eccentricity, “kaolin improved
by cement dust
Table 5 shows the all equations can be use to predict the improvement ratio for any (H/B) ratio given,
allequations was linear and have acceptable values of (R?) (difference between the experimental
results and the fitting equation results).

Table 5 Predicted equations for estimating improvement ratio from depth ratio

Type of material and test Equations R?
Kaolin+ cement dust , e=0 r %= 24(H/B) -5 0.895
Kaolin+ cement dust, e=0.05B r %= 24(H/B) -5 0.895
Kaolin+ cement dust, e=0.85B r %= 44(H/B) -27 0.788
Kaolin+ cement dust, e=0.167B r %= 130(H/B) -5 0.954

CONCLUSIONS

Number of laboratory loading tests of shallow square footing supported by (C.C.D.) columns made in
soft clay have been presented, based on the these results the following conclusions can be drawn:-
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e There are acceptable improvement ratios for square footing prototype can be obtained (370%) in
maximum Vvalue and (119%) in minimum value of improvement ratio(r %).

e Bearing capacity of soft soils under the shallow footing can be increased by making square
trench under the footing with the same dimensions of it and for different depths. This trench is
filled with compacted cement dust at optimum water content.

e The maximum improvement ratios in ultimate bearing capacity was appeared at maximum
values of the (H/B) ratio which equal to (3).

e More acceptable ratios can be used for (H/B) ratios less than (3).

e Many fitting equations were obtained to estimate the improvement ratio from H/B ratio,all
equation are linear and have acceptable values of (R?).
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NOTATIONS

Symbol Meaning

C.C.D. Compacted cement dust

C, Undrained shear strength

H/B Ratio between the depth of cement dust column to the
footing width

L.O.l Loss Of Ignition

NCCLR National Centre of Construction Laboratories

PFA Pulverized fuel Ash

Qu Ultimate bearing capacity

R? difference  between the experimental data and fitting
equation

r % Improvement ratio in ultimate bearing capacity
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