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Variation of Shearing Characteristics
of Loess Soil after Irrigation
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Abstract: At Heifangtai terrace in China, farmland reclamation and settlement started in 1960’s
and irrigation farming began in 1968. Following to the irrigation, ground subsidence and land-
slides have occurred. The ground subsidence was due to collapse of loess soil caused by applying
irrigation water. However, the effect of the collapse and the wetting on shear characteristics are
still not clear. In order to investigate changes in the shear characteristics of loess soil when wet-
ted, direct shear box test using the undisturbed and remolded samples of Malan loess soil was
conducted. The results of the undisturbed soil showed decrease in both cohesion and internal fric-
tion angle occurred by wetting, while little change in the strength parameters was observed for
the remolded soil. For the undisturbed soil, the cementating material is considered effective to
the unsaturated cohesion, which disappears in the saturated state. The irrigated soil showed the
different unsaturated strength parameters from the non-irrigated soil. Nevertheless, the may be
strongly affected by the soil water content.
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0 Introduction
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fangtai is also the collapsible soil and accumulates

¢ f the Yellow R 40~50 m in thickness at surface layer 11,
Heifangtai is a river terrace of the Yellow Riv- .
crang On the other hand, changes in the shear char-

er located about 60 km west of Lanzhou, the cap- L.
acteristics when wetted and collapsed, are necessa-

ital of G rovince, China. It belongs to a tem- .. . . .
tal ol Lransu p ’ & ry for the slope stability analysis at Heifangtai.

erate arid/semi-arid climate zone, where precipi- . . . .
p ’ precip However, little is known about it. In this paper,

tation is 316. 3 mm/year, evaporation is 1 689 X ..
/years p ) . changes in the shear characteristics of the Malan
mm/year and average temperature is 8. 4 C. In

loess soil by wetting are studied by using direct
1960, about 2 000 people migrated to the Heifang-

shear box test.

Materials and Methods

1.1 Soil sample

tai from constructing the Liujiaxia hydro power
station. Then, the Chinese government carried out 1
the farmland reclamation and settlement for the

immigrants. Irrigation began in 1968, but since

Two soils were sampled at Heifangtai, One

then , many ground subsidence in the farmlands was sampled at farmland that has been already col-

and landslides at the edge of the terrace have hap- lapsed by the irrigation water(hereafter called ‘irri-

pened. It was a serious problem for farmland con- gated soil’). Another was sampled at unused land

ervation and disaster prevention since the groun X c . .
serva saster prevention s e ground that doesn’t have both irrigation and collapse histo-

subsidence and landslide have broken the irrigation ry except for the collapse by rainwater ( hereafter

canals and farmers’ residence. called non-irrigated soil’). Undisturbed sample and

Collapse of the loess soil by applying the irri- remolded sample were prepared. Some of physical

ation water is consider r nsible for th . . . .
g er 1s sidered responsible f ¢ properties of two soils are shown in Fig. 1. The

round subsidence at 1 tai. 11 - . .
ground subs e at Heifangtai. Collapse settle physical properties were almost same between the

ment was caused by increate in soil water content two

which could weaken the bonding force between soil 1.2 One-dimensional response-to-wetting test

particles. Collapsible soils are often described as

loose granular soils with large void ratio and the

soil structure temporary held with clays or some

cementating materialst®!, Malan loess soil in Hei-
100

In order to investigate the collapsibility of the
Malan loess soil, one-dimensional response-to-wet-

ting test was conducted by using an oedometer.

~~—~-O~—— Non-irrigated soil

P |

— — A — — Imigated soil

2 -
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=
g physical properties iriged  Imigated
g soil classification silt silt
" soil particle density /[g.cm*] 2.76 275
i optimum water content / % 21.0 22.5
i maximum dry density /[g.cm™] 1.66 1.55
" plasticity index / % NP NP
0 H iiiddii i N W R R Pi i
0.001 0.01 0.1 1
grain size/mm
Fig. 1 Physical propertics of the Malan loess soil,
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Remolded specimen of the non-irrigated soil of 30
mm in height and 75 mm in diameter was used for
the test. The soil was compacted with mass water
content of 5% (=w) with a rammer. Compaction
energy was 552 kJ/m?®. Loading pressure of 50. 2,
101, 202, 404, 808 kN/m* were applied and col-
lapse upon wetting was measured under each load-
ing pressure. The procedure was as follows;

(1) After the specimen was set in the ring,
the first loading pressure (50. 2 kN/m?) was ap-
plied.

(2) Compression under unsaturated state with
each loading pressure was repeated with compres-
sion period of 3 hours. After compression under a
certain loading pressure level was completed, dis-
tilled water was introduced into the specimen from
the lower end through the porous plate, and the
collapse settlement was caused. Water percolation
was continued for 24 hours to attain complete satu-
ration, at the same time, the vertical displacement
of collapse settlement was recorded.

(3) After the wetting for 24 hours, consolida-
tion was stared under the following loading pres-
sure. The consolidation was repeated until the last
loading pressure(808 kN/m?) was applied.

1.3 Direct shear box test

Direct shear box test was performed for the
remolded specimen of the non-irrigated soil and the
undisturbed specimen of both the irrigated soil and
non-irrigated soil. For both undisturbed and re-
molded specimen, the unsaturated shear strength
and the saturated shear strength after wetting was
measured. Compaction energy for the remolded
sample and the specimen size were the same as the
ones for the one-dimensional response-to-wetting
test. Shearing rate was 0. 173 mm/min and the
specimen was sheared until the horizontal displace-
ment reached 8. 75 mm. Space between upper and
lower shear box was 0.3 mm.

1.3.1

In unsaturated state , the specimen was com-

Unsaturated direct shear box test

pressed under the applied confining stress for 12
hours, and then sheared.
1. 3.2 Saturated direct shear box test(CD-test)

The specimen was compressed for 12 hours
under the confining stress, and then, in order to
attain complete saturation, CQO, gas was permea-
ted through the specimen for 20 minutes under the
inlet air pressure of 5. 0 Pa prior to water satura-
tion. Following to CO, gas treatment, distilled
water was supplied from the lower end of the spec-
imen, which caused the collapse settlement. The
percolation of the water was continued for 24
hours. After the water percolation, tensiometer
was inserted into the specimen to measure pore wa-
ter pressure. The shearing rate was slow enough
to satisfy the drained condition, which could be
checked by the change in the pore water pressure

at the shearing process.

2 Results and discussion

2.1 One-dimensional response-to-wetting test

Fig. 2 is the result of the one-dimensional re-
sponse-to-wetting test using the remolded speci-
men of the non-irrigated soil, and it shows the col-
lapse settlement upon wetting under the various
loading pressure. p, in Fig. 2 is the loading pres-
sure applied when the soil was wetted. The coeffi-
cient of collapsibility &, is used as the index of the
collapsibility?*], The equation for the coefficient is
as follows

5 = h, —F,
* h,

Where h, is the sample height under a loading
pressure, k', is the sample height under a loading
pressure in saturated state, and h, is the original
sample height. Normally, the coefficient is applied
for only undisturbed soil. If the coefficient is larger
than 0. 015, the soil is distinguished into collapsi-
ble soil. In this one-dimensional response-to-wet-
ting test, the coefficient was from 0. 023 to 0. 153.
Therefore, the remolded specimen of the non-irri-
gated soil is considered to have the great collaps-
ibility.

The compression yielding stress p,for ‘no-wet-
ting” curve was p, = 205 kN/m®. The degree of
collapse settlement was large around the compres-

sion yielding stress. The all compression curves af-
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Fig.2 e-logp curves for the one-dimensional response-to-wetting

test using the remolded specimen of the non-irrigated soil.

ter wetting approximately traced the same curve

and no yielding stress was observed in the curves

after wetting. This is considered the typical behav-

ior of the Malan loess soilf*},

2.2 Direct shear box test

2.2.1
Fig.3(a) and Fig. 3(b) are the results of the

undisturbed specimen of the non-irrigated soil.

Undisturbed shear strength

The mass water content in unsaturated state corre-
sponds to the natural water content, which is 1%
~6%(=w,), and the value in saturated state af-
ter wetting was 23%~27%(=w). In unsaturated
state without wetting (Fig. 3 (a)), the shear
stress-horizontal displacement curves had the peak
strength with the confining stress of 100, 300 kN/
m?, Under these confining stresses, the vertical
displacement had been kept around zero until the
residual strength was achieved. In saturated state
after wetting (Fig. 3(b)), no peak point existed
and all shear stress curves showed slightly plastic
hardening. The residual strength in saturated state
was smaller in comparison with the one in unsatu-
rated state. The disappearance of the large peak
strength by comparison the unsaturated soil with
the saturated soil was the remarkable change in the
shear stress-horizontal displacement curve. The

peak shear strength isn’t considered due to the

effect of overconsolidation because the confining
stress was in normally consolidated region. On the
other hand, the Malan loess soil includes much cal-
cium carbonate, which can affects the shear
strength as cementating material, Therefore, the
peak strength under unsaturated state considered
due to the effect of the cementation.

Fig. 4 is the result of the undisturbed speci-
men of the unsaturated irrigated soil with the natu-
ral mass soil water content of 15% ~16% (=w,).
The behaviors of shear stress and dilatancy were »
almost same to the ones of the saturated non-irri-
gated soil, which was plastic hardening. In addi-
tion, no peak strength such as the unsaturated
non-irrigated soil was observed.

In Fig. 3(a), (b)and Fig. 4, only the unsatu-
rated non-irrigated soil had the large peak
strength. The peak shear strength is considered
due to the effect of the cementation as mentioned
above. The cementating effect on shear strength is
thought to disappear by attaining water satura-
tion, because the peak strength wasn't observed for
the saturated non-irrigated soil and the unsaturated
irrigated soil. The saturated non-irrigated soil was
artificially wetted before shearing ,and the unsatu-
rated irrigated soil had been already wetted by ap-

plying the irrigation water for many years. Hence,
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(a) in unsaturated state (w=1~6%) (b) in saturated state (w=23~27%)
Fig. 3 Shear stress-vertical displacement-horizontal displacement curve
for the undisturbed specimen of the non-irrigated soil .
before wettting (in unsaturated state) these two soils had lost the effective cementation
300 : . .
' —e— —O— g =100 kN/m on shear strength by wetting before shearing.
—A— —4— g=200 kNjm’ ] ) .
3 —8— —0— 0'~300 KN/m Fig. 5 shows the Coulomb's failure lines by the
—e— —O— 0 =400 kN/m’ . R .
direct shear box test for the undisturbed specimen
g200} of the non-irrigated soil and the irrigated soil. For
% the non-irrigated soil, the line of the peak strength
:g'? had larger cohesion than the residual strength by
5100 20.1 kN/m?, while the internal friction angle was
<~

similar between the peak strength and the residual

strength. Therefore, the cementating effect con-

tributes to only the cohesion of the peak strength

in unsaturated state. In saturated state after wet-

horizontal displacement /mm
H
t

ting, both the cohesion and the internal friction an-

gle got smaller than the ones before wetting (in

unsaturated state).

-
(=]
¥

In comparison the unsaturated non-irrigated

soil with the unsaturated irrigated soil(Fig. 5), the

vertical displacement /mm

2.0 4
Fig.4 Shear stress-vertical displacement-horizontal

internal friction angle of the irrigated soil was
displacement curve for the undisturbed smaller, while the cohesion was similar between
specimen of the irrigated soil in unsaturated the two soils. However, the value of nature water

state(w=15%~16%). content was different (the mass water content of
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the irrigated soil was higher than the non-irrigated The results of the direct shear box test for the
soil by 10% ~ 15%), so the difference of water remolded specimen of the non-irrigated soil are
content may affects the cohesion. For the Malan Fig. 6(a), 6(b) and 7. In Fig. 6(a) and 6(b), the
loess soil, the strength parameters are significantly shear strength under saturated state was smaller
affected by water content!], than the unsaturated strength. Nevertheless, the
2.2.2 Remolded shear strength behavior in the shear stress-horrizontal displace-

300

@ peak strength before wetting ( w,=1~6%)

} — — —© — = residual strength before wetting ( w,=1~6%) | Non-imigated soil e ”
—— —( — peak strength after wetting w=23~27%) -
H P
—— — A— — lrrigated soil in unsaturated state ( we=15~16%) . e A

é €=20.1 kPa, ¢ =30.6 P
< 1 ; :
I : l
£ c=21.7kPa, $=23.9°
@
g
£ 1004

i i i
100 200 300 400 500
confining stress O /[kN-m‘z]
Fig.5 Coulombs failure lines for the undisturbed specimen of the non-irrigated soil and the irrigated soil.
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Fig. 6 Shear stress-vertical displacement-horizontal displacement curve

for the remolded specimen of the non-irrigated soils.
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Fig, 7 Coulombs failure lines for the remolded specimen of the non-irrigated soil .

ment curves of both the saturated soil and the un-
saturated soil was similar, and there was no note-
worthy difference between the two condition about

the strength parameters(Fig. 7).
3 Conclusion

For the undisturbed Malan loess soil, changes
in the shear characteristics by wetting are ob-
served,

(1) Both the cohesion and the internal friction
angle of the unsaturated soil are larger than the
two of the saturated soil,

(2) The remarkable peak strength exists in
unsaturated state, which is considered due to the
cementating material in the Malan loess soil and it
contributes to only the cohesion. This cementating
effect disappears by wetting.

(3) The internal friction angle of the unsatu-
rated irrigated soil was smaller compared with the
unsaturated non-irrigated soil, while the cohesion
was similar. However, there is the difference of
natural water content between the two, and it may

affect the strength parameters.

From these conclusion, the value of the

strength parameters is considered capable of de-
creasing by attaining water saturation such as ap-

plying irrigation water.
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