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Uplift behaviour of shaft foundations in loess
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Abstract: Based on the field uplift load test results of the shaft foundations in loess, the uplift load-displacement behaviour and
mechanism of the straight-sided and belled shaft foundations in flat and sloped loess ground is presented. In general, their
load-displacement curves approximately exhibit the same three-region "slow change" characteristics. The Li-L> method can be
successfully used to interpret the uplift resistances and may reflect the sectors of an initial linear, a curvilinear transition, and a
final linear region of the load-displacement curves. The uplift resistance of the straight-sided shaft foundation is provided by the
friction resistance between the shaft and the surrounding soil. However, the belled shaft foundation presents the gradual process
of the soil of the enlarged bottom being compressed and compacted with the subsequent elastic deformation, the formation,
development and penetration of the plastic zone of the soil around the bell, and the finally overall shear failure of the soil. The
ultimate uplift resistance is composed of the self-weight of the foundation, the shear resistance of the sliding surface and the
weight of the soil within the sliding surface. There are two failure modes of shallow and deep foundations for the belled shaft
foundations in horizontal loess ground. The vertical displacements of the shaft head and sloping ground surface on the lower
slope side is greater than those of the upper one for both straight-sided and belled shaft foundations in sloped loess ground. The
failure surface is not symmetric and developed mainly on the lower slope side. The shaft head rotates slightly in the loading
direction when the shaft foundation is axially uplift-loaded. The enlarged base and additional embedment can be used to
increase the uplift bearing capacity of foundations in sloped loess.
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Fig. 1 Comparison of uplift load-displacement curves for

straight-sided and belled shaft foundations in flat loess ground
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Fig. 2 Characteristics of uplift load-displacement response and
determination of uplift resistance of shaft foundations in loess
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Fig. 3 Comparison of normalized uplift load-displacement curves

of straight-sided and belled shaft foundations in flat loess ground
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Table 1 Definitions of representative uplift interpretation criteria
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Fig. 4 Uplift mechanism of straight-sided shaft foundations in flat

loess ground
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Fig. 5 Uplift mechanism of belled shaft foundations in shallow

failure mode on flat loess ground
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Fig. 6 Uplift mechanism of belled shaft foundation in deep failure

mode on flat loess ground

BT RHRER A M BE

DAH 7 78 T 2 5 - R TR R il o 514, 1K
T 207, H 3 ANREG SR, b SR B
fit SP1, EALY EELA BP1 A1 BP2, FERHLEH R ] &
FETRAL A% A BE b3 B 7 B

2400
(b=1.0m,B=20m, D=7.5m)
2100 |
BP2
1800
. (b=1.0m,B=2.0m, D=50m)
& 1500 |
= b I b I 20°
2 1200 7
%ﬁ ﬂ% 7
900 9\-/ o e
600 r_’—‘51)1 <3 /"O\
(b=1.0m, D=5.0m)
300 —B—
. EAEEERN  §REERY .
0 20 40 60 80 100 120
A R /mm

B 7 BAERHERIGE MR Bk - (s
Fig. 7 Foundation structure and corresponding uplift
load-displacement curves on sloped loess ground
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