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Abstract. The Beijing plain area has suffered from severe land subsidence owing to groundwater overdraft.
A major example is the Wenyu River alluvial fan in the Beijing plain area. This area has experienced as much
as 10 m of land subsidence through 2000s. An integrated subsidence-monitoring program, including borehole
extensometer and multilayer monitoring of groundwater, has been designed to meet the needs of monitoring
land subsidence in this region. This work has allowed us to characterize land subsidence and understand the
mechanical properties of the strata. The analysis results show the development of the land subsidence in this
area is consistent with water-level change. The major strata contributing to compression deformation are Mid-
Pleistocene stratum which contributed around 70 % of total subsidence. The shallow stratum and deep stratum
show elastic mechanical behavior the intermediate stratum exhibit elastic-plastic mechanical behavior.

1 Introduction

Land subsidence, as a hon-compensable loss of environment
and resources, is regional geological disaster caused by the
damage of geological environment system. It can induce a
series of other environmental hazards to form disaster chains
(Bawden et al., 2001). China also suffers serious land subsi-
dence. A long sequences of land subsidence monitoring data
was used to analyze the deformation behaviour of soil in
Shanghai (Zhang et al., 2006), Tianjin (Dong et al., 2008),
Suzhou, Xi’an and Changzhou (Shi et al., 2006), China.
The deformation behavior of compression layer is also anal-
ysed at the rapidly development stage in Beijing (Tian et
al., 2012), and, the study of the relationship between land
subsidence and groundwater is also carried out at the same
time (Yang et al., 2013). The previous research is insuffi-
ciency in some respects such as the different layer charac-
ters of land subsidence and the relationship between land
subsidence and the groundwater level change with the same
monitoring data in the same area, and the reason of the com-
pression characteristic emerged through multiple factors and
multi-angle analysis. However, it is critical for the regulation

of land subsidence and the optimization planning of ground-
water pumping.

The paper takes Wenyu Alluvial Fan as the study area,
which contains the Baxianzhuang subsidence region. It has
complicated compression types and varied influence factors,
and acts as one of the most serious and representative subsi-
dence regions in Beijing currently.

2 Development characteristics of land subsidence

2.1 Delamination development characteristics

Since 2004, seven land subsidence monitoring station has
been built to obtain the compression in different layers and
the groundwater level change in Beijing plain area. The
groundwater level monitoring wells and borehole extensome-
ter can provide the compression of aquifer system and the
change of pore pressure, which is useful for understanding
the hydrology and mechanics characteristics of the hydroge-
ological unit in different depth. There are ten borehole ex-
tensometer wells in Baxianzhuang monitoring station. The
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Table 1. Monitoring land subsidence list in Baxianzhuang.

1D Layer (m)

D4-1 304-333
D4-2 259-278
D4-3 211-235
D4-4 147-195
D4-5 60-107

D4-6 13.5-23

F4-1 below 304
F4-2 262.00 ~ 304
F4-3 235.00 ~ 262
F4-4 197.00 ~ 235
F4-5 144.00 ~ 197
F4-6 108.00 ~ 144
F4-7 83.00 ~ 108
F4-8 59.00 ~ 83
F4-9 24.00 ~ 59
F4-10 2.00~ 24

Table 2. Stratums compaction of different geologic age.

Stratigraphic The depth  Compression

age of bottom proportion
boundary

Holocene, Late Pleistocene 37 <1%

Middle Pleistocene 135 70 %

Early Pleistocene 350 29%

monitoring layers of borehole extensometer and groundwa-
ter level are showed in Table 1.

The borehole extensometer result showed that the major
compression layer is the Middle Pleistocene strata, which ac-
counts for about 70 %. The most dominant compression layer
has a depth of 108-144 m, which can account for 34.62 % of
the total, followed by the depth of 24-59, 59-83, 83-108,
144-197, and 197-235 m with 12.40, 7.66, 15.31, 14.52, and
11.02 % compression amount respectively. The compression
of other strata is only 2 %.

Different geological age has great impact on the Sedi-
mentary thickness and consolidation status. According the
Paleomagnetic, pollen and C!* of engineering geology
hole in Baxianzhuang, the interface of Quaternary chronos-
tratigraphic can be determined. Combined with the mea-
sured subsidence of different layer, the bottom boundary of
Holocene and Late Pleistocene has a depth of 37 m below
the surface, whose contribution is small for the subsidence.
The bottom boundary of Middle Pleistocene has a depth of
135m, and it is the major contribution layer to the subsidence
which can account for about 70 %. The bottom boundary of
Early Pleistocene has a depth of 350 m, and the subsidence
can account for about 29 %.
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2.2 Groundwater withdrawal and land subsidence

There are five aquifer groups in the Quaternary aquifer sys-
tem of the study area (Liu et al., 2007). Due to the low-quality
of groundwater, the groundwater withdrawal of first aquifer
group is small and the groundwater level drops slowly, and
in some areas the groundwater level even rises. The second
aquifer group has a large exploitation quantity due to the
agricultural irrigation, and the groundwater level shows sea-
sonal changes. The water of third aquifer group is mainly
used as domestic and industrial water, and the groundwater
level drops quickly owing to the large amount of groundwa-
ter exploitation. The forth pumping is mainly for domestic
water and partly for industrial water. There is little ground-
water pumping in the fifth group.

The main pumping strata is the third layer, which can ac-
count for 75 %, and the corresponding compression is 50 %
of the total. The second layer accounts for 21.64 % of the to-
tal pumping, and the compression of this strata is 35.36 %.
Therefore, groundwater exploitation is an important factor
for land subsidence. In the same area, large water pumping
in the different layer can cause large land subsidence, how-
ever, they are not directly related. There are other factors will
certainly influence the compression volume and compression
character.

2.3 Groundwater regime and land subsidence

Long-term over-exploitation of groundwater can cause sig-
nificant decline of groundwater level, then lead to the decline
of the pore-pressure of the overlaying soil. As a result, the
water loss, consolidation and compression of soil would hap-
pen. At the same time, soil particles of aquifer layer become
more closely aligned to form land subsidence.

With long series land subsidence monitoring, the ground-
water level change of aquifer in different layers is compared
with the trend of land subsidence of different strata. The re-
sult shows that the groundwater level is consistent with de-
velopment of land subsidence. The land subsidence has an
increasing state when the groundwater level has a cyclical
variation. The rate of subsidence repeating is in accordance
with the seasonal change of groundwater level. The accu-
mulative subsidence is increasing fast when the groundwater
level drops, and it has a delay and the rate is slow down when
the groundwater level rises (shown in Fig. 1).

3 Deformation characteristics of soil water release

Based on the monitoring of the groundwater level and bore-
hole extensometer, the stress-strain map is used to analyze
the character of compression in different layer. It can be used
to select appropriate constitutive equation and provide a sci-
entific basis for land subsidence prediction (Burbey, 2001).
The result shows that the strata in different depth has dis-
parate compression and deformation character of soil. The
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Figure 1. Relation of land subsidence and groundwater level in
monitoring station.

compression of soil has elastic and elastic-plastic character-
istics.

3.1 Elastic deformation
3.1.1 Deformation characteristics of shallow strata

The monitoring data of Baxianzhuang station shows that the
compression of shallow strata (0-24 m) is small. From 2009
to 2013, the deformation is from —1 to 1 mm and the ground-
water level is rising (Fig. 2). The result is that the level is
rising slowly and there is no compression in this layer.

3.1.2 Deep strata

The compression of strata below 235m is small in Baxi-
anzhuang which accounts for 3.6 % of the total land sub-
sidence. The monitoring result shows that the deformation
of this strata is well consistent with the groundwater level
change. Along with cyclical fluctuations in the water table,
the deformation also shows seasonal deformation character-
istics. Since 2009, the groundwater level shows significantly
periodic characteristics, and the compression period of soil
also shows almost the same trend.

The confined water show a circular and cyclic quality in
such depth. However, the rise value is usually less than the
decline value in each cycle, which cause the continuous dec-
lination of groundwater level (Fig. 3a). Accordingly, the soil
is also suffered from repeated loading and unloading effect.
The stress increased is greater than the stress reduction, and
the effective stress of the overall soil continued to increase.
When the water level drops, the compression amount is rel-
atively large. When the water level rises, the compression
amount slowed a significantly decreasing tendency, and a
slight rebound phenomenon (Fig. 3b). The stress-strain anal-
ysis indicates that there is smaller hysteresis loop appeared
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Figure 2. Soil deformation and water level of F4-10.

within the repeated loading-unloading process (Fig. 3c). The
strata shows significant elastic deformation characteristics.

3.2 Elastic-plasticity deformation

The middle-deep strata (24 ~ 235 m) is the main layers stud-
ied for groundwater exploitation, the groundwater level of
the aquifer system at such strata has overall decline trend.
The groundwater level has significant seasonal fluctuation
with the maximum amplitude up to 4 m. At the same time,
the strata is the major layer contributes to the formation of
surface deformation, whose compression amount accounts
for more than 95 % of the total compression amount. Since
2009, the groundwater level periodically reciprocating move-
ments, in each cycle, the water level declined more than rise
and showed an overall decline trend. It means that the ef-
fective stress of soil continues to increase, and the soil sus-
tained to compress (Fig. 4a). Whenever the water level rises,
soil compression slows down. The residual compression is
greater than the rebound, and the soil shows a sustained com-
press trend (Fig. 4b). Stress-strain analysis showed (Fig. 4c),
the water level overall continued to decline with dynamic
changes, but still higher than the lowest level. There are six
borehole extensometers at the depth within 24-235m in the
Immortals village land subsidence monitoring station With
the analysis of layered subsidence and the corresponding
water level monitoring, each layer has basically the same
stress—strain characteristics, which is elastic-plastic deforma-
tion that dominants by the plasticity characteristics.

For normally consolidated or unconsolidated formations,
its deformation mechanism can be explained on the basis
of the principle of effective stress. It can be described as
that drawdown increases, the pore pressure decreases, the ef-
fective stress of soil skeleton increases and land subsidence
occurs. For over-consolidated formations, the driving condi-
tions of ground subsidence is the key to study its deforma-
tion mechanism. In over-consolidated formations, the occur-
rence of land subsidence needs a driver such as a initial ad-
ditional stress more than the over-consolidation stress, or a
initial drawdown greater than the of the critical water level.
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Figure 3. Soil deformation and water level of F4-2.
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Figure 4. Soil deformation and water level of F4-6.

4 Conclusion

This paper focuses on the land subsidence of Baxianzhuang,
and analyzes the compression characteristics of different
strata and the influence factors with monitoring data of differ-
ent layers. According to the geotechnical test, the deforma-
tion characteristics of aquifer system when releasing water
can be acquired. The results are obtained as below.

The borehole extensometer result showed that the major
compression layer is the Middle pleistocene strata, which ac-
counts for about 70 %.

The compression of early Pleistocene strata is low, and
the compression of strata below 200 m can account for 29 %
of the total land subsidence. Most soil is at normal consol-
idated or under-consolidated state and the thickness of clay
is small. With the same exploitation amount, the compres-
sion of this strata is small. Therefore, it is the priority layer
to pump groundwater in order to regulate land subsidence.
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