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Fig. 1 Diagram of reinforced foundation model
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Tab.1 Test plan
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2 5.0B 2 0.3B 526 85
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6 5.0B 4 0.4B 526 95
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Tab.2 Physical and mechanical parameters of foundation soil

TRSHE, FOKAS W BRI NEE S

% % (gem”) kPa /) BiE/MPa %K
85 8 1.55 1853 2075 1452 0.043
95 8 175 3057 2417 2115  0.002
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Tab.3 Parameters of reinforcements
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Tab.4 Scaling laws adopted for model tests

SR KE O OWE BRI NEEM EMEE RUE

M UN 1 1N 1 1UN? 1/N?

1.4 mMESENER

ﬁﬂﬁ*ﬁﬁﬁﬁﬁ"\fﬂﬂ 396 mmx>90 mm A NI AR , fif
A A T Fr TSt - TS a8 2 ) i e A
FEJIAE I , T2 B0 2L, nzdece & an el 2 o

TEIMZAR P A% A1 4541 & 1D A28 100 mm )
22 B AL AL JRA | DI i HEly v O TR L 7 i e
TR b B B 7 1) A 4 > R 0 50 mm A A7 RS £% 1k
i, DA I b 3% AT ASTE o 76 IR L6 1T 140 mm TR B
Ab, B BEA OB T A RE D ) A 4 RO
13 (B A 10 mm, £ 72 500 kPa) , FF W iR 56 5 72
HOIAARTT 5 ] - e AR Ak 2 I R A O &
PRONTE R - s T 78 AR B8 S M/ N 1 TR 18
T LAl — O 5 3 A 4 R AH BRI, KR TR R
45 mm, 55 3 .4 2R 7KE [ BE R 90 mm . I &
TCIFAEFEAE N AR b R 1 s SR — IR -

2 MEERE
Fig.2 Loading apparatus

1.5 iXIgidiE

o3 b AR TR A R FR AN PR 3 R < 1) ZEAR A
PBE LRI ML AR LAY S LA 5 B 22 (8] (4 BERHL T 5 2)
O3 )2 EFUHIE B2 R 50 mm , SR R SEARIET T
S, I KRR 5 3) B 22 400 mm B, HEK 4- J
TR E F R WIS 5 10 mm 408D LER I o01F;4) 2
TR g 2 A O AL S A M O A R
— M EER R, IS M AL E 5 AL B
%Eﬁﬂﬁ%ﬁfk 7::152 6) %% ﬂﬁﬁ%ﬁﬂﬁ SIZA40

() i B R
B3 g EAs R e ie

Fig.3 Building process of reinforced foundation
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Fig.4 Failure modes of unreinforced and reinforced foundations
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Fig. 5 Distribution curves of vertical earth pressures under re-
inforced zones during wetting
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Fig.6 Influences of various factors on earth pressure distri-
butions at the 8th wetting
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Physical Model Tests on Reinforced Loess Foundation Model Under Wetting and Loading
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Abstract:

Objective Reinforcement method is utilized to treat the collapsible loess foundation in this study. The reinforced loess foundation is constructed
by excavating a portion of the collapsible loess, laying geosynthetic reinforcement layers at specific spacing, and then backfilling and compacting
the excavated soil. This study evaluates the improvement effect of geogrid reinforcements on the differential settlement of the collapsible loess
foundation.

Methods Physical model tests were conducted on reinforced loess foundations under wetting and loading to examine the influence of the compac-
tion degree of backfill and the stiffness, number, and spacing of reinforcement layers on the earth pressures and deformation of reinforced loess foun-
dations. The width (B) of the strip footing above the foundation is 90 mm. The model foundation has a length of 900 mm (10.0B), a height of 550 mm,
and a width of 400 mm. The length of the model reinforcement layer is 450 mm (5.08). The uppermost reinforcement layer is 27 mm (0.3B) away
from the surface of the foundation. Loess from Yan’an was selected for the foundation soil, and biaxial geogrids with different stiffnesses were used
as model reinforcements. Linear variable differential transformers were installed above the foundation surface to measure the settlements of the foun-
dation. Earth pressure sensors were installed below the reinforced zone. The load was applied gradually. When the load reached 120 kPa, the defor-
mation was wetted gradually under this load. Finite element numerical simulations were conducted to model the physical tests and analyze the opti-
mal parameters and arrangements of reinforcement layers for reinforced loess foundations.

Results and Discussions The results showed that, compared to the pure loess foundation, the inclusion of geogrids within the collapsible loess foun-
dation significantly improves the stress diffusion effect of the foundation and thus reduces the internal earth pressures and surface settlements within
the width of the footing. After reinforcement with geogrids, the failure mode of the composite foundation shifts from the punching shear failure of
the pure loess foundation to overall shear failure. During the process of wetting and loading, longitudinal cracks develop from the foundation surface
into the internal soil on both sides of the reinforced zone. When the foundation was damaged, the crack depth equaled the depth of the entire rein-
forced zone, and the maximum crack width reached 2.5 cm. The occurrence of these cracks resulted from the inability of the soil adjacent to the rein-
forced zone to deform in coordination with it due to the large difference in deformation modulus between the two parts. The internal earth pressures
of the reinforced loess foundation decrease with the increase in compaction degree of the backfill, the stiffness, and the number of reinforcements,

whereas they increase with greater reinforcement spacing. The increased compaction degree of the backfill enhances the deformation modulus and
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the friction between the reinforcements and soil, which improves the stress diffusion effect and thus reduces the earth pressures below the reinforced
zone. The greater the reinforcement stiffness, the higher the load borne by the reinforcements and the smaller the load transferred to the soil below
the reinforced zone. The maximum earth pressures below reinforced foundations with reinforcement stiffnesses of 252 and 526 kN/m decreased by
14% and 29%, respectively, compared to the pure foundation. As the number of reinforcement layers increases, the proportion of the load carried by
the reinforcements also increases, resulting in reduced load transmission to the soil beneath the reinforcement zone. In addition, increasing the num-
ber of reinforcement layers enhances the friction between the reinforcement and soil, which increases the stress diffusion effect and thus decreases
the earth pressure within the width of the footing. As the vertical spacing between reinforcement layers increases, the restraint of the reinforcements
on backfill deformation decreases, leading to a weakened stress diffusion effect of the foundation. Therefore, the earth pressures below the reinforced
zone increased and became more unevenly distributed. Increasing the number of reinforcement layers proved most effective in reducing soil pres-
sure, achieving a maximum reduction of 50% compared to the pure loess foundation. The reinforced loess foundation primarily relied on the bearing
capacity and stress diffusion effect of the reinforcement layers within a specific depth range below the surface to reduce settlement, indicating the
presence of an effectively reinforced depth. Altering reinforcement parameters beyond this depth does not affect reducing the differential settlement
of the foundation. The effectively reinforced depth was approximately 0.5 times the width of the footing (0.58). The optimal length and stiffness of
the reinforcement layers were 3.08 and 500~700 kN/m, respectively.

Conclusions Reinforced loess foundation represents an economical and environmentally friendly method for treating collapsible loess founda-
tions. This study confirms that placing geosynthetic reinforcements in loess can effectively reduce the uneven settlement of collapsible loess foun-
dations and the earth pressure beneath the footing. The reinforced loess foundation is suitable for treating collapsible foundations in engineering
projects such as roads and oil and gas drilling platforms in the northwest loess region. It can also be applied to reduce the load above underground
structures, including comprehensive pipe galleries. However, the longitudinal cracks observed on both sides of the reinforced zone constitute a
disadvantageous factor during the working process of the reinforced loess foundation. Future research can consider overlapping geotextiles at
both ends of the geogrids to reduce the modulus difference between the reinforced zone and the pure soil, enhancing the coordinated deformation
ability of the reinforced and unreinforced zones. Therefore, the formation of cracks can be eliminated.

Key words: collapsible loess; reinforced foundation; physical model test; wetting and loading
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