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ABSTRACT: Geotechnical engineering always deals with the field or compacted condition using shear
strength or deformation behavior. Khon Kaen loess soil can be classified as a moderate to moderately severe
in collapse index. With long term infiltration, its cohesion is almost completely gone. Therefore, this research
is aimed to study the behaviors of the bearing capacity and settlement of the compacted Khon Kaen loess soil
with and without cement. The testing results from the laboratory and from the field can be shown that the soil
and soil-cement stabilization are improved by 95% for modified compaction. This is due to the effects of initial
density, initial water content, %cement added, curing time duration and the size of the plate on the bearing
capacity and deformation behavior. The results also show that the increasing in water content has the greatest
influence to reduce in the bearing capacity but increase in compressibility of the specimens. However, for
testing with the same energy of compaction but lower water content, less settlement at any pressures in the
unsoaked condition with the more collapse settlement can be found. On the other hand, the 95% modified
compaction improvement, the collapse potential/ collapse index are almost negligible. Finally, with more
cement added, less settlement with the more bearing capacity can be achieved.
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1. INTRODUCTION

Design and construction in geotechnical
engineering, i.e. considering in slope area, foundation
or excavation and compaction on ground, always
deals with the unsaturated soil condition using the
shear strength and deformation behavior.

Unfortunately, the strength is sharply reduced and
the large settlement is occurred when water content
increased. Especially collapsible soil i.e. Khon Kaen
loess, in situ condition, the dry density is relatively
low which is approximately 1.4-1.6 t/m? but the shear
strength is quite high [1]. As a result, when the
moisture content increased, its major bearing capacity
is reduced and large settlement is occurred. This is the
major reason of buildings damage in Khon Kaen loess
particularly damaging from differential settlement
under soaking.

As in situ condition, Khon Kaen loess can be
classified as moderate to moderately severe in
collapsible index [2]. Therefore, many researchers [3-
8] have been studying its behavior and trying to
eliminate those problems by compaction and
stabilizing soil with cement. Similarly, this research
studies the behaviors of bearing capacity and
settlement on improved Khon Kaen loess soil in
laboratory and in the field testing. In addition, the
effects of initial density, initial moisture
content, %cement added, curing time and the size of
plate on bearing capacity and deformation behavior
are presented.

2. METHODOLOGY

A disturbed red loess sample was collected at a
depth of 1.5-2.0m below ground surface in Khon
Kaen University, Thailand. Some of its index and
engineering properties are shown in Table 1.

Table 1 Properties of soil

Property Khon Kaen loess soil
Specific gravity (Gs) 2.59
%Passing #4 100
%Passing #200 35.5
Liquid limit (LL) 19.0%
Plastic limit (PL) 12.5%
USCS SC
OMC (Mod. Proctor) 8.27%
pdmax (Mod. Proctor) 2.11t/m?
Natural water content 7.71%

Pd field 144 Ym?

To study bearing capacity and compressibility
behaviors, a double oedometer test and an unconfined
compression test are performed in laboratory. While
in the field, a standard penetration test (SPT) and a
plate load test are utilized.

3. DOUBLE OEDOMETER TEST

For the double oedometer test, unsoaked as re-
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compacted condition and soaked with water over the
specimens are usually used to identify the collapse
potential and collapse index. The collapse potential
(Cp) for any vertical pressure [9-10] is defined as

cpz( ae xlOOj:AHxloo (1)
l+e, H,
where
Ae is the differential void ratio due to the
collapse,
g, is the initial void ratio,

AH is the vertical settlement of the soil sample,
and Ho is an initial thickness of the soil sample.

With the definition of the [11], the collapse index
(Ie) which based on different vertical strain between
the soaked and unsoaked condition at a vertical
pressure of 200 kPa can then be defined. However, for
differential vertical strain under a given pressure, the
potential of soil collapse (I¢) can be indicated.

In addition, the collapsibility which referred on the
collapse potential is shown in Table 2. This collapse
index is used to classify the degree of collapse
according to Table 3.

Table 2 The potential collapsibility of soil from
collapse potential [9-10]

Cp (%) Collapsibility

0-1

1-5
5-10
10-20

>20

No collapse problem

Moderately collapse problem

Trouble (weak settlement)

Severe trouble (Medium settlement

Very severe problem (marked settlement)

Table 3 Classification of Collapse Index, I [11]

le (%) Degree of Collapse
0 None
0.1t02.0 Slight
2.11t06.0 Moderate
6.1t0 10.0 Moderately severe
>10 Severe

As using disturbed samples, they were prepared in
‘identical’ fashion by controlling initial water content,
initial dry density and content of cement as shown in
Table 4. This can be done by using hydraulic jack to
slowly press the samples into the oedometer ring of
61.2 mm in diameter and 25.4 mm in height, as shown
in Fig.1. For curing the soil-cement specimens, the zip
lock plastic bag is also required.

In Fig.2 are the results of the re-compacted
specimens from the field condition. It is illustrated
that the deformation with pressure of an unsoaked
sample is less than that of a soaked sample due to
collapsibility. In addition, the collapse potential is
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Table 4 Scope of Double Oedometer Test

Type of Re-compacted  Testing Curing time
material condition condition  (days)
Soil #As field condition Unsoaked -
*95% @wet side  and soaked
©95% @dry side
Soil-5% 95% @ wet side Unsoaked 17 28
cement of OMC and soaked '’

Fig.1 Preparation of Oedometer specimen
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Fig.2 Double Oedometer testing results on as field
condition of soil
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Fig.3 Double Oedometer testing results on 95%
modified compacted soil

about 1-4.5 (as shown in Fig.6) which classified to
moderately collapse problem. However, when the soil
and soil-cement specimens are improved by 95%
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modified compaction with both dry and wet side of
optimum moisture content, the e-log p curve presents
the same trend for all condition including soaked and
unsoaked case as shown in Figs.3 and 4. When the
deformation is compared between that of the field
condition and that of 95% compaction (as shown in
Fig.5), it shows much less compressibility on
compacted soil with less collapsibility (as shown in
Fig.6 and Table 5) for collapse potential and collapse
index, respectively. This means that the collapsibility
on this soil can be eliminated by high compaction.

0.3
o 028 T >
=] - . .3 o
= wee® | |
$on |
S

0.24

0.22

10 100 1000

Pressure (kPa)

o= SC 1 day (soaked) = 4 = SC 1 day (unsoaked)
——tr— SC 7 days (soaked)

SC 28 days (soaked)

— # = SC 7 days (unsoaked)
SC 28 days (unsoaked)

Fig.4 Double Oedometer testing results on 95%
modified compacted soil-cement
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Fig.5 Comparison of Double Oedometer testing
results on no improved soil, improved soil and
improved soil-cement

4. UNCONFINED COMPRESSION TEST

The admixture and testing program are shown in
Table 6. The amount of mixture was pressed statically
into a 50 mm in diameter and 10 mm in height mold
as shown in Fig.7. A zip lock plastic bag is still used
to cure the soil-cement specimens. The speed of
testing was 1 mm/min and the testing results are
shown in Table 7.

Collapsibility
(_x,__x———x-\x
4

/ Moderate
3 / trouble
2

x 4—
Negligible
0 ﬁ

10 100 1000
Pressure (kPa)

——SC 7 days
= As field cond.
—0— Soil @wet side

Collapse potential, 1 (%)

—o—SC 1 day
—a—SC 28 days
== Soil @dry side

Fig.6 Relationship between Collapse Potential, 1., and
pressure

Table 5 Collapse Index (I,) and degree of collapse

Re-compaction Curing Collapse Degree

S:C Condition Time Index, le of
(day) (%) Collapse
AS f|eld_ 4.36 Moderate
recompaction
1000 9505 @ dryside - 037  Slight
95% @ wet side - 0.06 Slight

95% @ wet side 1 0.52 Slight
95:5 95% @ wet side 7 0.43 Slight
95% @ wet side 28 0.26 Slight

Table 6 Scope of Unconfined Compression Test

et icomant o
¢As field condition
. ¢100%mod.@OMC
Soil «95%mod.@wet side i i
©95%mod.@dry side

Material

Soil-  95%mod.@ wet side

0,
cement of OMC 3,5, 7%

1,7,28

Fig.7 Mold and two-step tamper
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Table 7 The results of Unconfined Compression Test

Mfit- %Comp.. Avg. % Ctlilr';']:g Avgqu Avg.
erial %min Cement (UCS). %ms
_ (day)
s foMEd gg . . 1m1 76
S 95 6.5 - - 2119 6.3
S 100 8.7 - - 863 8.6
S 95 10.9 - 499 109
S-C 95 115 3 1 4594 110
S-C 95 11.7 3 7 79.46 11.2
S-C 95 11.7 3 28 11552 109
S-C 95 10.7 5 1 61.45 10.1
S-C 95 10.8 5 7 146.7 9.8
S-C 95 10.5 5 28 17260 9.8
S-C 95 11.0 7 1 7147 10.7
S-C 95 10.9 7 7 200.69 10.3
S-C 95 11.0 7 28 300.27 8.4

For the compacted soil with the same energy, the
unconfined compression strength (UCS) in Fig.8
illustrates a good relationship in term of power
function but unlike to the result of re-compacted for
the field condition with different energy compaction.
Nevertheless, as the wet side of OMC produces less
of UCS, soil cement mixed is considered at only 95%
modified compaction with wet side of OMC. Then,
the effects of % cement content and curing time on
UCS can be shown in Figs.9 and 10, respectively. It
can be seen that by increasing %cement content
results in higher USC and cost. In addition, according
to the Standard no. DH-S. 204-2556 from Department
of Highway (DOH) in Thailand, the UCS obtained
from soil cement stabilization for base or subbase
should not be less than 250 psi or 175.8 t/m? after 2
hours soaked at 7 days curing. In this case, Khon Kaen
loess soil should be mixed with more than 6% cement
to meet this requirement. Figure 10 illustrates the
effect of curing time on the strengths of soil cement.
It can be seen that the strength increasing rate for the
first week is higher than that of the rest of the curing

time.
25 |
Dry side of OMC
20 - !
o y = 2746.3x°265
g_ 15 \‘\R2 =0.9862
% w0 |
> gl O'V'Cl ﬂ\vv'iside of OMC
= 5
o i Re-compacted as
0 field-condition

»

8 10 12
Moisture content, %

Fig.8 The relationship of UCS on the different
conditions of compacted soil.
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Fig.9 Effect of %cement on UCS of 95% modified
compacted soil on wet side of OMC.
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Fig.10 Effect of curing time on UCS of 95% modified
compacted soil on wet side of OMC.

5. FIELD TEST

The first state is for natural in situ condition which
is the test for SPT and field density. The result of the
boring test is shown in Table 8. The second state is for
95% modified compaction in wet side of OMC with
and without 5% cement stabilization (as the minimum
requirement of DOH). Each test pits is W5 x L15 x
H2 m. as shown in Figs.11 and 12. The last state is the
plate load test which is still the soil cement stabilized
ground. A 0.1 x 0.1 m plate with 25mm thick is mainly
used in this research. Piles are also applied as gravity
load. Four dial gauges are set at the corner of the plate
via the reference beam to record the settlement values
as shown in Fig.13. The test program is provided in
Table 9. For each loading steps, the settlement was
measured at 1, 2, 4, 8, 15, and 30 minutes and after
that for every one-hour interval until 0.2 mm/hour rate
of settlement can be achieved [12]. Noted that the load
was increasing until the total settlement of 25 mm had
reached.

The test results on compacted soil and soil cement
at 95% modified proctor with wet side of optimum
moisture content show that all failure mode is the
local shear as shown in Figs. 14 to 16. The ultimate
bearing capacity is defined as the pressure
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corresponding to that break point on the graph (qu o))
[13] or the corresponding pressure at 25 mm of
settlement (qu 2s)) [14]. The summary of the plate load
test result and SPT are provided in Table 10.

Table 8 The result of boring test in natural ground
condition

Pocket
Depth o va | Penetro-
(m.) Sample Type | N | %6m (t/m?3) |[meter test
(ksc)
0.0-0.74 |Medium dense| 11| 7.25| 1.51 3.1
0.74-1.2 |silty Sand(SM)| 14| 7.00 | 1.55| 2.9
1.2-15 16671 |165| 3.8 Fig.13 Plate load test installation
1.5-2.0 151 6.25|1.61 35
2.0-25 |Medium dense| 16 | 6.28 | 1.64 35 Table 9 Scope of plate load test
2.5-3.2 clayey 171 6.15| 1.64 35 c T Pl s o
o4, sand(SC) _ _ _ ; ompacte ate size uring
3.2-4.0 22| 7.02 177 4.2 Material condition (m) time (days)
4.0'4.5 21 7.22 1.75 4.2 i 95 % 0.1X0.1
45-5.0 241633]168| 4.0 Soil @wetside  0.3x0.3
Soil-Cement of OMC 0.1x0.1 7
5055 | DeNSeClayey | 4ol 60| 150 | >45
Sand(SC)
0 20 ton/m?
-5
_ 15m R . .10
T4 g + Boring Test E
T 1 S 23.4 ton/m?
e & & % | |5m @ 5andConeTest S 20
i | IS
;-—-———==—--—=-—-———-—-———-r=-———-—-———==i % PFlate Load Test 2.5
| @ * O r IS m and/or SFT » 30 \
e d 35
7 Compacted soil 40
i__ i Compacted soil-cement 0 10 20 30

Pressure, ton/m?

Fig.11 Layout of field test

Fig.14 Pressure-settlement curve on compacted
ground with 0.1x0.1 m of plate
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£ -10 )
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c
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2 -25
2 -30 \

-35
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. . . Fig.15 Pressure-settlement curve on compacted
Fig.12 Compacted ground with and without cement ground with 0.3x0.3 m of plate

stabilization
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Fig.16 Pressure-settlement curve on compacted soil-
cement with 0.1x0.1 m of plate

Table 10 The results of plate load test and SPT

Properties Soil Soil-cement
P 0.1x0.1m 0.3x0.3m @7days

%m 8.11 10.01 7.51
Dry Density, 5007 1.8 2,00
t/m® ' : :

% Compaction 96.1 93.8 94.9
Ques) (Ym?) 23.4 18.2 162
Qu) (Ym?) 20 12.7 118
SPT@0.1m 8 6 32

The results show that at around 4 mm of settlement,
the ultimate bearing capacity at the break point (qQug))
on load settlement curve can be realized. The ultimate
bearing capacity from the cement stabilized ground at
7 days curing is 6-7 times higher than that of the
compacted Khon Kaen loess with similar compaction
condition. From the result of natural ground [15],
quees) is about 3.7 t/m? (36 kPa) for 0.3x0.3 m plate.
This means that the extra ques) is about 5 times only
from the 95% maodified compaction on the ground.
Also from the SPT, [13] modifies an approximate
50% increase in allowable bearing capacity (ga) as
shown in Eq.(2). Similarly, from [16-17], the
distribution equations for computing gqa for 25 mm
settlement can be found. However, in [9] an estimated
ga of cohesionless soil from SPT values in Eq.(3) can
be expressed as

ga(kPa) = N5K43/0.05 ;B<12m (2)
where Kgq = 1+ 0.33(D¢/B) < 1.33 [18]
B = width of foundation in m
D+ = depth of foundation in m
da(kPa) = 30Ng 3)

where  Ng = average value of Nss from D¢ to 0.75B

2
162 ton/m

All of the results to estimate the bearing capacity
are illustrated in Table 11. They show that the bearing
capacity obtained from the plate load test is higher
than that from the unconfined compression test and
that from the SPT estimation via Bowles and Parry
equation from Eq.(2) and Eq.(3), respectively. One of
the reason that q,(UCS) is less, is the 2 hours soaking
condition before UC testing especially on only soil
specimen. This causes the strength drop. In case of
cement-soil blends permeability decreases and
strength characteristics increases due to cementation
products as well as reducing the effect on decreasing
the strength drop from soaking. Finally, in the case of
predicting values from SPT, Khon Kaen loess can be
classified as clayey sand (SC) that may gain extra
bearing capacity from cohesion. This is difference
from both equations established by testing on
cohesionless soil.

Table 11 Comparison in bearing capacity

. . Soil-cement

Type of material Soil @7 day

UC Test

e (u(UCS) 4.99 146.70

SPT 8 32

e (a(Bowles) 10.3 55.1

° qa(Parry) 15.0 80.1

Plate Load Test

® (ues) 23.4 162

* Qui 20.0 120
*unit in t/m?

6. CONCLUSIONS

The main problem when using Khon Kaen loess
as the foundation of building or base of highway is
bearing capacity loss and high collapsibility. In which
Table 11 is a comparison in bearing capacity
settlement due to an increasing in moisture content.
For settlement problem, it can be eliminated only by
highly compacting ground to change the moderate
trouble to negligible collapsibility. However, in term
of bearing capacity on Khon Kaen loess when soaking,
only the compaction modification fails to meet the
requirement even for base of highway. When the
ground were compacted with 95% modified proctor at
further OMC value, soil cement stabilization with
above 6% amount of cement by weight are used to
achieve the requirement. Also in the field test, the
bearing capacity of the loess ground from compaction
modification alone is not enough to meet the
requirement. Therefore, cement should be added. For
comparison of the result from laboratory and in situ
test, the bearing capacity obtained from plate load test
found a good relationship with the bearing capacity
achieved from UC testing with less the effect of
additional water. Laboratory test is rapidly emerging
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as a possible alternative to predict the bearing capacity
and settlement.
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