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Effects of groundwater on building foundations in Beijing area

Influences des eaux souterraines sur les fondations des bâtiments dans la region de Beijing

Zaiming Zhang, Baowei Sun & Hongsheng Xu -  Beijing Geotechnicai institute, P.R.China

ABSTRACT: According to the research results on the groundwater distribution patterns and its seepage characteristics, 

Beijing area was zoned into 3 districts and ulteriorly 7 subareas. The main factors effecting the dynamic regime o f  

groundwater in different subareas were discussed and the influences o f  groundwater on foundation design were presented 

through a case study.

RESUME: Selon les résultats des recherches sur la forme des distributions des eaux souterraines et leurs caractéristiques des 

flots d’infiltration,la région de Beijing est distribuée en 3 districts et ultérieurement en 7 sub-aires. Les principaux facteures 

qui influencent le régime dynamique des eaux souterraines dans différentes sub-aires sont discutés et les influences des eaux 

souterraines sur le dessin de fondation sont présentées par un cas d ’étude.

1 FOREWORD

In the recent years, more and more attention had been 

paid to the effects o f  groundwater distribution patterns and its 

seepage characteristics on the designing and construction of 

building foundations as large numbers o f  high-rises being built 

in different cities o f  China. The problems encountered are as 

follows:

(1) It is very common for high-rises that the bury depth 

o f foundations exceeding 10 to 15 meters. Some foundation even 

buried at a depth as deep as 23 to 35 meters in Beijing area. 

Additionally most o f  the towers are connected all around with 

underground garages in their plane layouts. Underground plazas 

with very low pressures acting on the bearing ground were also 

built in traffic and commercial centers. H ow to decide the 

designing up-lifting force and the water pressure distribution 

patterns along the sides o f  basement walls became the key issues 

in foundation design as well as the checking computations o f  the 

bearing capacity o f  the outer walls o f  the basements.

The variation o f  groundwater table should originally be 

a random process but the very strong artificial influences 

especially that in the major metropolitans have unfortunately 

made the forecasting o f  the water table an extremely tough task.

(2) Besides much deeper bury depth, foundations o f

Fig. 1 Sketch Map o f GW Distribution Zonation of 

Beijing City

high-rises usually possess much larger planar scales and carry 

much higher loading comparing with multi-story buildings. And 

the Influencing Depths in terms o f  engineering analysis are in 

tem tens o f  times as the later. Three or even more layers o f  

groundwater o f  different types may be encountered in such a 

depth in some areas o f  Beijing. The groundwater regime and 

seepage patterns may vary from one area to another, and the 

distribution features o f  the pore pressure fields in different parts 

are accordingly with diversification characteristics. It is very 

important to take this situation into account when dealing with 

the settlement analysis, the evaluation o f bearing capacity as 

well as the stability o f  the foundations.

(3) Groundwater controlling (usually dewatering) and 

deciding o f  the lateral force acting upon the shoring structure for 

deep construction pits are problems also obviously related to the 

situations aforementioned.

To solving the problem BGI established a groundwater 

inspection network in Beijing municipality area with 214 groups 

o f  observation wells to measure the water tables or water 

pressure at different depths continuously and inputs daily the 

data into a data bank namely Beijing Groundwater Information 

System. A  series o f  research work has been done based upon the 

geology background and the data acquired.

Tablet Zonation o f  Beijing City According to 

Groundwater Distribution Patterns

Areas
Sub-are

as
Groundwater Distribution Patterns

I

4 2~4 layers o f  GW, Terrace Phreatic 

GW, Inter-Strata Phreatic GW, 

Artesian.

h Same as Area Ia, except Terrace 

Phreatic GW is in a discontinuous 

distribution pattern.

h Same as Area /„, except that effected by 

the ancient river GW flow  directions 

are different.

II
I k Perched GW near surface, and Phreatic 

or Artesian underlies.

I h Only Phreatic or Artesian distributed.

III
¡Ila Perched GW near surface and Artesian 

under the Qing-He River Terrace.

U h Only Artesian GW distributed.
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2 MICRO ZONATION OF GROUNDW ATER  

DISTRIBUTION OF BEIJING CITY

Mountains in the west, north and northeast surround 

Beijing urban district. The eastern, southern and southeastern 

parts o f  the city are wide plain areas, geom orphologically termed 

as the Beijing Plain. From the piedmont area at west to the plain 

area at east, the geom orphologic units alter from 

proluvial-alluvial fan to an alluvial plain. The corresponding 

ground components change from a formation predominantly o f  

gravels and sands to that predominantly o f  inter-bedded clayey 

and silty soils.

Based on the geology background and according to the 

groundwater distribution patterns, Beijing municipality district 

with 1,046km2 in area was divided into 3 areas and ulteriorly 7 

sub-areas as briefly listed in Table 1 and schematically shown in 

Figure 1.

The perched water, phreatic water and the inter-strata 

phreatic water listed in Table 1 are usually distributed within or 

slightly beneath the bury depth o f  the high-rise foundations. 

Therefor their existences the seepage amongst them will impose 

direct influences on the engineering analysis o f  foundations. 

Although the artesian, and in som e parts also the phreatic water 

are aurally buried much lower than that o f  foundation depth, 

research showed that their fluctuation will strongly influence the 

water tables o f  water layers lying above, and thus impose 

indirect influences on the engineering solutions.

3 DYNAM IC REGULATIONS OF GROUNDW ATER

(1) The annually average recharge o f  the groundwater 

from atmospheric precipitation has been around 550 million  

cubic meters with slight variation (Fig. 2). The perched water 

has fluctuated slightly around the statistical mean level 

corresponding to the variation o f  the precipitation. Good 

regularity is featured by the prompt rise o f  the water level 

towards the peak between the rainy June and September and its 

fall-down to a stable state in other months o f  less rain falls. The 

fluctuation o f  the perched water has varied in general from 1.0 m 

to 2.5m.

(2) Our studies on the groundwater in Beijing area have 

proved that there exist apparent correlation between the levels o f  

the inter-strata phreatic water and the artesian water. The 

fluctuating regularity o f  the former can be deduced from the 

study and prediction o f  the behavior o f  the latter. A s can be seen 

in Figure 3, the fluctuation o f  the regional inter-strata phreatic 

water and artesian water in the last four decades indicates that 

the variation types o f  both did not correspond with that o f  the 

atmospheric precipitation.

(3) Comparing the variation o f  the groundwater

extraction in recent decades (Figure 4) with Figure 3, it is seen 

that the levels o f  the inter-strata phreatic water and the artesian 

water have had fallen dramatically with the increase o f  the 

groundwater extraction since the year o f  1960. And then 

re-hoisted was inspected from mid 8 0 ’s when governmental 

groundwater extraction controlling police being enforced.

The discharge o f  the water stored in Guanting Reservoir 

since October o f  1995 led to dramatic rise o f  the groundwater 

levels in the western part o f  Beijing City. Consequently the 

variation o f  groundwater levels have been affected additionally 

by the amount and manner o f  the discharge o f  the reservoir. The 

direct hydraulic connection o f  the aquifers facilitates eventually 

gaining rapid recharge o f  the artesian water from the 

reservoir-discharged water infiltrating through the bed o f  the 

Yongding River and thus affects the fluctuation o f  the water 

levels.

Using the same principles, the recharges o f  groundwater 

from the Water-Supply from South China Project under 

consideration and the Underground Reservoir to be established 

in the western pah o f  Beijing w ill also be crucial influencing

Year

Fig. 2 Variation of the Recharge of the Groundwater in Beijing 

Area

factors o f  the artesian water in Beijing area.

The above analyses indicate that the fluctuation o f  the 

inter-strata phreatic and artesian water is primarily affected by 

artificial factors.

Based upon the above analysis, a math model was 

developed to predicting the highest water levels o f  different 

water layers, which could be readily em ployed as the boundary 

conditions for FEM in engineering analysis (F ig 5).

Fig.3 Fluctuation of the regional inter-strata phreatic and Fig 4 variation of annual extraction of groundwater in

artesian water tables recent four decades
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Fig.5 Procedures for determination o f boundary conditions

4 APPLICATION OF GIS

In order to manage efficiently the data o f  soil profiles at 

the sites where our observation wells were installed and the huge 

number o f  the water table records obtained regularly from the 

wells, We developed a Geography Information System covering 

the entire Beijing City border. The GIS was built up o f  mainly 

six modules, namely inputting, graphical editing, database 

managing, spatial analyzing, and outputting. The spatial database 

o f  the GIS was based upon the maps o f  Beijing area in a scale o f  

1/50,000. Layers such as regionalism, topography, water bodies, 

hydrological zoning, and distribution o f  bore holes and their logs 

we had completed in our former jobs were included in the 

system.

In addition o f  the positional data, the topology data were 

also saved in to the specialized layers. A s an example, Figure 6 

shows the bore hole locations in one o f  the districts o f  Beijing 

City. By making use o f  the DTM technology, more precise 

boundary conditions could be automatically deduced for the 

engineering analyses for any sites interested.

parts o f  the layout plane. The foundation bury depth was 11 

meters beneath the ground level. The terrace phreatic water table 

was encountered in a depth o f  1.5m, and the inter-strata phreatic 

water table located about 22m from the ground surface. Both 

saturated and unsaturated soil layers were distributed within the 

soil profile shown in Fig.7. If the multi-layered groundwater type 

and its effects on seepage fields had not been taken into account, 

the uplift force, according to the classical calculation would be 

92kPa and the costly measures had to be taken to balance the 

up-lifting force.

Ground Leve l

5 EFFECT OF THE SEEPAGE FIELDS ON  

ENGINEERING ANALYSIS

A case history was taken as an example. The project was 

located in Sub-area la, and the soil profile is shown in Fig.7. 

There were only underground garages arranged within most

Fig.6 Position of bore holes

_ -----------------------------------------------------20 23irr-2i 2Rm
GWL©21.57m

Gravel

Fig. 7 Soil profile o f the Project

As described above, after the conditions o f  a steady state 

being proved to be satisfied and the highest groundwater levels 

being predicted according the procedures shown in figure 5, a

2-D  saturated-unsaturated seepage analyses was carried out (Fig.

8 ). The analytical result showed that the downward vertical 

seepage vectors were the predominant components in this special 

case and effected by the seepage fields, the uplifting force acting 

upon the underside o f  the foundation was remarkably lower than 

that calculated em ploying the classical method (Fig.9). Therefore 

the measures taken to balance the floating force should actually 

not necessary to be concerned.

The analysis had also shown that the pore pressure fields 

imposing as important effects on the settlements, bearing 

capacity analysis o f  the foundation as that on the uplifting force.

.....-47-..

GW L-044.47

‘ MSTFïrr

Fine Sand

Î45  67m~ 47 47m i 

42 07rrr~ -45 11 m

19 17m— 41 06m 

16 17m—-18 17m

815



6  A SIMPLE CONCLUSION Fig 9 Distribution of Water Pressure

The descending o f  groundwater caused by exceedingly  

extraction not only induced environmental problems such as 

territorial ground settlements but also posed more complex 

groundwater distribution pattern as described in this paper.

Engineering problems yielded by this issue has to be earnestly 

concerned.
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