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ABSTRACT:. One of the three recently completed new HSR stations is located at the area suffering the most severe ground 
subsidence in Taiwan.  There are three major geotechnical challenges in designing and construction of this HSR station.  They are 
(1) the differential settlement between HSR mainline and station platform, (2) additional settlement of mainline viaduct structure due 
to ground disturbances caused by the new station construction, and (3) the angular displacement of piers in longitudinal direction 
along the mainline resulted from the combined effect of regional ground subsidence and surcharge loading from station.  Our focus 
is therefore to minimize the adjacent construction effect on the mainline structure.  The minimum distance that is required between 
the piles of mainline and station was defined first so that there is no adjacent effect.  Such parameter was then incorporated in the 
design and verified before the full scale of pile construction started. The two-year-long monitoring data taken after substantial 
completion of the station structure indicates although the differential settlement between the mainline and station platform is quite 
insignificant, it is inevitable that the combined effect of regional ground subsidence and surcharge loading from station will likely 
cause settlement afterward.  It will be necessary to adjust pot-bearing elevation and rail in order to maintain rider comfort of HSR in 
the future. 

RÉSUMÉ : L'une des trois nouvelles stations HSR récemment achevées est située dans la zone qui souffre de la zone d'af
faissement du sol la plus sévère à Taiwan. Les principaux défis géotechniques pour la conception et la construction de cett
e station HSR sont la localisation différentielle sur la ligne principale de HSR et sur la plate-forme de la station. L'impact
 causé par la construction d'une nouvelle station sur la ligne principale existante adjacente et le déplacement angulaire des 
quais sur la ligne principale est aussi bien à la plate-forme de la station résultant de l'affaissement du sol régional. Nos eff
orts ont donc porté sur la minimisation des impacts causés par les défis susmentionnés en phase de conception et pendant 
la période de construction. La distance minimale entre les piles de la ligne principale et la station exempte d'effet adjacent
 a été définie à l'avance, incorporée dans la conception et vérifiée avant la construction du tas à pleine vitesse. Les donné
es de surveillance de deux ans qui ont été prises après l'achèvement substantiel indiquent que le règlement différentiel entr
e la plate-forme principale et la plate-forme de station est très insignifiant, mais le règlement résiduel dû à l'effet combiné 
est inévitable. L'ajustement de l'élévation du palier de pot et du rail pour maintenir le confort du conducteur du HSR peut
 être nécessaire à l'avenir. 
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1  INTRODUCTION  

Taiwan, like many other countries, has been suffering from land 
subsidence problems resulting from the over-extraction of 
groundwater over the last four decades.  Around 40 km of the 
Taiwan High Speed Rail (HSR) crosses over the areas with the 
most severe ground subsidence by viaducts supported with pile 
foundations (Yang and Heish 2005).  Monitoring records have 
shown an annual regional ground subsidence of 5–7 cm owing 
to the drawdown of the groundwater level, with 2003 showing 
the maximum subsidence of ~15 cm owing to a drought.  
Generally, the observed settlements of the viaduct structure 
match those of the ground.  Bowl shaped of pier settlement 
profile have been observed for the 40 KM HSR alignment 
connecting Chuoshui River in north and Bekong River in south.  
The maximum accumulated pier settlement since 2003 is 88 cm 
(ITRI 2016).  The annual subsidence at the new HSR station 
site is 4~8 cm.  The major concerns for the design and 
construction of new HSR station are the differential settlement 
between piers mainline and station platform caused by the 
regional ground subsidence, construction effects, and surcharge 

loadings. This paper will first briefly introduce the 
characteristics of site conditions, including ground water, soil 
stratum, and regional ground subsidence.  The investigation 
results of the distance free from the effects of piling/fill 
construction will be discussed.  In the end, the results of field 
verification prior to construction and validation after 
construction will be followed. 
 
2  SITE CONDITIONS 
 
The new built station site is located at the toe of the southern 
Chuoshui River Alluvial Fan (CRAF).  The sediments in 
CRAF contain unconsolidated sand, gravel, silt, and clay, with 
a total depth of over 2 km.  The aquifers near the head of 
CRAF mainly contain gravel and coarse sand that become finer 
toward the toe of CRAF. The aquifers in the toe of the southern 
CRAF contain highly compressible granular material with 
loosely scattered clay.  Figure 1 shows the interlayer of these 
heterogeneous deposits across the station site. 
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Figure 1 Soil profile across station in S-N 

2 .1  Soil and ground water  

Borehole investigation data indicates that the top xx m of soil 
consists of three major layers, as described below. 
(1) 0–11.8 m: layer of loose to dense silty sand. 
(2) 11.8–48.8 m: soft to medium/stiff to hard silty/clayey soils 
inter-bedded with silty sands. 
(3) 48.8–75.0 m: medium to very dense silty sands with sandy 
gravels. 
Soils between 75 and 150 m below ground surface mainly 
consist of sands and gravels.   
 
The groundwater table at the site was 2–4 m below the ground 
surface.  In the sandy layer at 50–160 m depth, called the 
“Second Aquifer,” a lower piezometric head was observed 
owing to the over-extraction of groundwater from this aquifer.  
Figure 2 presents a higher piezometric head annually in the wet 
season from April to November.  In the dry season, the 
groundwater pressure head declines by ~6 m. 

 
Figure 2 Seasonal ground water head variations  

2.2 Pier settlement in station site 

420 meters along station platform cover 14 piers with a span 
length 30 meters.  The maximum accumulated settlement is 40 
cm at the TK217+496 since 2003.  The accumulated angular 
displacement prior to construction is 0.3 only.  

2.3 Adjacent construction effects on the existing pile foundation 

To study the adjacent construction including fill work and 
piling, a full-scale field test were conducted and the effects of 

nearby construction activities to the existing HSR pile structure 
have been monitored, documented and analyzed (Sino 
Geotechnology 2007).  It was concluded that pile installation 
can deeply affect the adjacent existing piles, particularly for the 
site located in alluvial plain, mainly due to the disturbances and 
followed densification of sandy silt by the construction with full 
casing method. Figure 3 presents the ground deformation 
measured by extensometer during pile installation with full 
casing method at approximately 5 meters away from the 
existing HSR pile (Yang 2013).  Furthermore, adjacent 
construction from pile installation by RCD and full-casing 
methods were studied and compared from prospect of soil 
stratum displacements, pore water generation and dissipation, 
and strength reduction.  It was found that ground disturbances 
caused by pile installation is more significant in sand than in 
clay or plastic silt. Pore water pressure generation and 
afterwards densification is much more significant by Full-
casing than by RCD (Reverse Circulation Drilling) piling 
method. The distance free from pile installation effect is 6 
meters and 1.4 meters for full casing and RCD respectively (Ho 
and Yang 2007). 

 
 
Figure 3 Ground deformation during pile installation with 
full casing method 
 
Fill work adjacent to the HSR viaduct structure could cause 
long term settlement in ground subsidence area mainly due to 
the combined effect from surcharge loading from fill and 
ground water cyclic lowering acting on contractive stratum.  
Site monitoring data prove that additional pile annual settlement 
has been caused by a combined effect of surcharge load from 
adjacent earth-fill and cyclic groundwater lowering.  (Yang 
2015) 

3  MEASURES TAKEN TO OVERCOME THE 
GEOTECHNICAL CHALLENGES  

Pile installation for the platform of new station and fill work 
may cause additional pile settlement during construction for 
new HSR station in ground subsidence area due to down-drag 
force resulted from relative movement between piles and 
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  surrounding soil. The distance free from the impact of piling 
and replacement of the fill is the key parameter in design that  
should be defined in advance and incorporated in station 
structure design. Surcharge loading from grading work should 
be minimized.  
 
Referring to the previous studies on adjacent construction 
effects and regional ground subsidence, the pile length for 
platform is selected the same depth as the foundation for 
mainline so that differential regional ground subsidence effects 
can be eliminated.  In addition, 4.5 meters is selected as the 
minimum distance between the new piles for platform to the 
nearest pile for mainline in order to minimize the pile 
installation effect to the existing piles.  To confirm the 
adequacy of these parameters for pile design, one 
comprehensive investigation program was implemented prior to 
the pile construction for platform.  
     

 
 
Figure 4 Layout of testing piles and existing piles for mainline 
 
 
 

 
 
Figure 5 Layout of instrumentation for the studies of ground 
disturbances 
 
3.1 Investigation of ground disturbances due to pile installation 
 
Two working piles constructed by RCD were selected as the 
testing pile to study the effects on existing pile for mainline and 
the ground disturbances surrounding the testing piles.  Figure 
4 is the layout showing the relative location between testing pile 
and existing piles.  Figure 5 demonstrates the layout of 

monitoring devices including inclinometers, piezometers, 
extensometers, and settlement marks on ground.   
 
Monitoring data show that obvious responses occurred at the 
sand layer at GL.-35 M. But, the quantities are still insignificant 
and remaining at the same level after completion of pile 
construction.  The measured responses demonstrate that the 
pile installation by RCD methods induced very minor 
disturbances on ground particularly on the stratum of sand and 
silt. Figure 7, Figure 8, and Figure 9 are the responses of the 
pore water pressure, ground compression, and ground 
settlement during pile drilling and pouring concrete respectively. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 6 Pore water pressure variations during pile installation 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 7 Stratum compressions during pile installation & 
construction 
 

 
 
Figure 8 Ground settlement during pile installation & 
construction 
 
Figure 9 presents the data of SPT measured at the distance of 
four meters from the testing pile P1.  The data of SPT-N 
variation prove that the ground strength remains and no 
weakening effect caused by ground disturbance due to pile 
construction.  
 
The data measured on the existing pier structure for mainline 
shows the 10” tilting and less than 1 mm settlement during the 
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 pile construction which are insignificant and still within 
measurement tolerance 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 Variation of ground strength (SPT N) after pile 
construction 
 
In conclusion, the minimum distance of 4.5 meters between 
new piles for platform structure and existing piles for mainline 
viaduct structure adopted for design is adequate to eliminate the 
adjacent construction effects.  

4  GEOTECHNICAL PERFORMANCE OF NEW BUILT 
HSR STATION 

The differential settlement between piers in longitudinal 
direction and the differential settlement between mainline and 
platform in transverse direction are the two key concerns for the 
new built station in severe ground subsidence area.  The new 
station built in severe ground subsidence area was substantial 
completed in late of 2015.  The pile settlement of the mainline 
viaduct structure during construction is insignificant.  
However, the surcharge loading from auxiliary structures 
during revenue operation combined with the effect from 
regional ground subsidence still cause significant afterwards 
settlement on both the mainline and platform structures.  The 
trend of the structure settlement is aligning with the settlement 
due to regional ground subsidence.    Figure 10 and Figure 11 
are the observed settlement profiles for both the main and the 
platform structures on east-side (north bound) and west-side 
(south bound) respectively.   

5  CONCLUSIONS 

This paper presents the case history of a recent completed HSR 
station built in severe ground subsidence area from the 
prospective of geotechnical engineering.  The major 
geotechnical challenges for the design and construction of this 
HSR station are the differential settlement in longitudinal 
direction between piers in mainline and in transverse direction 
with the platform.  A thorough investigation and studied were 
made to define the distance without causing adverse impacts on 
the existing piles for the HSR mainline due to the adjacent 
construction for new piles.  The pile foundations for platform 
structure were constructed by RCD method maintaining a 
minimum distance 4.5 meters to the nearest piles for mainline. 

Monitoring data proved that the ground settlement associated 
with the disturbances during the drilling for pile installation is 
minor and insignificant. However, the settlement caused by the 
combined effect due to the surcharge loading from auxiliary 
structures during revenue operation and regional ground 
subsidence is inevitable.  The differential settlement will be 
slowly and constantly accumulated as long as the regional 
ground subsidence due to ground water over exploitation from 
2nd aquifer is continuous. Adjustment of pot bearing elevation 
of the viaduct structure and rail to maintain rider comfort of 
HSR may be needed in the future. 
 

 
Figure 10 Settlement profiles for mainline and platform 
structures in east-side 
 

 
Figure 11 Settlement profiles for mainline and platform 
structures in west-side 
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