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Research on the behavior of large-area thick raft foundation 

Recherche sur la performance de fondation de radeau épais et de grande aire

X.Yuan, J.F.Gong & X.L.Huang -  China Academy of Building Research, Beijing, P.R. China

ABSTRACT: The cubic spline B function is adopted for the analysis o f  large-area thick raft slab in this paper. A series o f  large-scale 

simulation tests about the interaction o f  high-rise building, raft slab and soil was carried out. The computation and test results confirm 

that the load o f  high-rise building can be attenuated outwards around the tower building through the raft slab. The superposition 

priniple is employed in the analysis o f  large-area thick raft foundation to provide simplistic and reliable results.

RESUME: Dans ce papier, l'analyse des fondations de grandes dimensions en forme de radeau épais en béton armé par fonction de 

“ Spline Cubique” a é té  étudié. Une série d'essai par simulation en grande échelle a é té  conduite sur le problème de l'interaction 

entre le bâtiment de grande hauteur, la dalle en forme de radeau épais avec le sol de fondation. Les résultats d'après le calcul s'accord 

bien avec ceux d'essais ainsi que les poids du bâtiments de grande hauteur peut être atténués au dehors du contour du bâtiment à 

travers de sa fondation de radeau épais. Le principe de superposition peut être em ployé dans l'analyse de fondation en radeau épais 

pour donner des résultats simples et surs que l'on peut bien se fier.

1 INTRODUCTION

China is in the course o f  rapid city development. High-rise 

buildings are keeping the paces with the development. Records 

o f  storeys o f  high-rise buildings have been incessantly broken 

over years. Up to now, more than fourteen high-rise buildings 

have exceeded 200m .The altitude o f  JINMAO Plaza (421m , 88  

storeys) in Shanghai is the third highest building in the world. 

The Shanghai World-Trade Center (460m , 94 storeys, in 

construction) will be the highest building in the world. With the 

increasing o f  heights o f  buildings, the planes and patterns o f  

high-rise buildings are also expanding.

For high-rise buildings, the thick raft foundation is the 

commonly used form o f  foundation in china. Based on the 

research and practice o f  many years in china, experts finished 

the trade standard «Technical Code for Tall Building Box 

Foundations and Raft Foundations» JGJ 6-99. There is a 

special chapter for raft foundation design in the revising 

national code «D esign Code for Building Foundation)) GB 

5007. The rigidity method and elasticity method are normally 

used for the design o f  raft foundation in these codes.

New  architectural forms o f  high-rise buildings bring new  

problems o f  raft design. At present it has been often witnessed  

that several neighbouring high-rise buildings share the large- 

area thick raft foundation with low-storeyed podiums between 

them. Because o f  the great differences o f  rigidity and loading, 

the entire raft foundation exhibits the deformation 

characteristics o f  an irregular flexible plate. The rigidity method 

and the elasticity method sometimes are not recommended to be

Figure 1. Iso-settlement and iso-pressure line diagram around

the main building cantilevered out for one span.

used in the computation o f  the raft foundation. The object o f  

this paper is to present a simplified computation method. This 

method considers the interaction between the superstructure, 

the foundation and the subgrade.

The systematic simulation tests for a large-area thick raft 

foundation under several high-rise buildings have been 

performed to validate the new method, as well as the 

deformation characteristics and reaction distribution o f  the 

large-area thick raft foundation under several high-rise 

buildings are analysed through the tests.

2 SIMPLIFIED COM PUTATION METHOD

2.1 Establishment o f  computation model

Studies show that the effect o f  a concentrated load on the plate 

very quickly attenuates outwards. For a large-area thick raft 

foundation under several high-rise buildings, it may be simply 

considered as a macroscopic view  in the form o f  a plate under 

several concentrated loads.

The basic assumption o f  the computation method in this 

paper is that the deformation o f  the thick raft foundation slab is 

continuous under the action o f  different vertical loads; the 

above mentioned zone is influenced by the interaction between 

the superstructure, the thick raft foundation and the subgrade. 

For large-area thick raft foundation under several high-rise 

buildings, the principle o f  superposition is used in the 

computation.

Through the process o f  the interaction analysis, the high-rise 

tower can have its rigidity equivalently simplified by 

deformation control; the framed structure o f  the basement is 

discretized by use o f  the finite element method; the foundation 

raft slab is analyzed by use o f  the spline function with the 

subgrade model using the finite compression layer.

The substructure approach is often used for the analysis o f  

the superstructure. But, as far as the high-rise building with 

more storeys and complicated structure is concerned, the 

operation o f  the substructure approach is rather tedious. A lot o f  

engineering measurement data show that the relative bending 

deformation o f  the high-rise building itself is exceedingly small, 

being generally within the range o f  0 .2~0 .5% o. In order to
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simplify the computation o f  raft slab further, this paper does not 

use the complicate substructure approach, and the high-rise 

building has its rigidity equivalently simplified by the 

deformation control. The rigidity o f  high-rise building above 

the basement is immense, the deflecting angle o f  the beam- 

column joint at the connecting joint o f  the main tower and the 

basement is restricted and the load o f  the main tower acts on the 

restricted joints respectively according to the principle o f  

equivalent simplification.

The foundation raft slab is analyzed by using spline function 

semi-analytical method, and the continuous displacement curve 

o f  the raft slab deformation is simulated with the cubic spline B 

function to constitute the displacement field function. The cubic 

spline B is a sectional polynomial and has continuous second 

order derivative, and the coefficient to be determined in the 

spline function is determined by use o f  the variational principle 

through constituting the spline interpolation function as the 

displacement field function for the raft slab so that the digital 

solution o f  the problem is obtained. Mindlin's thick plate theory 

is used in the analysis to consider bending and shearing 

deformations o f  the raft slab. With remoulding o f  the linear 

combination for the cubic spline B function, the parameters o f  

the spline joint possess definite geometric significance, and 

express the vertical displacement and deflecting angle at the 

spline joint.

The displacement o f  the raft slab is simulated by using the 

cubic spline function, and therefore the parameters o f  the spline 

joint have definite geometric meanings and express the vertical 

displacement and deflecting angle at the spline joint. The 

displacement o f  the joint at the connection o f  structural column 

with the raft slab may be correspondingly coupled with the 

spline joint o f  the raft slab. The rigidity matrix Ks o f  the 

superstructure in accordance with connecting joints is 

correspondingly superposed onto the rigidity matrix KB o f  the 

raft slab, and the expression is written as follows:

(Ks + K ( 1)

Because there is no continuity o f  deflecting angle between 

the subgrade surface and the foundation bottom, the shearing 

deformation angles o f  raft are taken as internal degrees o f  

freedom. The matrix o f  the foundation and superstructure 

rigidity is superposed onto the matrix KD o f  the subgrade 

rigidity through the process o f  coagulation. After the spline 

joint deflections o f  the foundation raft slab are solved, and thus 

the other unknown quantities can be found.

2.2 Analysis o f  calculated results

For the assurance o f  comparability o f  the digital calculated 

results with the simulation test, the dimensions o f  the model 

selected for computation and the basic dimensions o f  the model 

for simulation test are similar on the whole. This paper has 

carried out analysis by using the above-mentioned computation 

method, and their results are shown in Figures 1 ~ 3 .

Figure 3. Iso-settlement and iso-pressure line diagram around 

the main building cantilevered out for three spans.

The above-mentioned curves explain that within the scope 

o f  the main building, the iso-settlement line and the iso

pressure line approximately exhibit the square distribution, and 

the deformation o f  the main building itself has the characteristic 

o f  the rigid structure; when the column span number toward the 

podium around the tower is one span, the subgrade reactions 

under the entire raft slab within a certain loading range exhibit 

uniform distribution; along with the increase o f  the podium 

column spans, the iso-settlement and iso-pressure lines 

gradually transit from square to circular form, and their values 

with the tower as the center attenuate through the raft slab 

radially outwards and the entire raft foundation changes from 

rigid to flexible. This illustrates that the thick raft foundation 

can disperse the load o f  the main building, but because o f  the 

limited rigidity, its dispersive capacity o f  the main building load 

and the dispersion range are limited.

3 ANALYSIS OF SIMULATION TEST RESULTS

For further probing into the working mechanism o f  the large- 

area thick raft foundation under the action o f  the high-rise 

building as well as the degree o f  mutual influence between 

several towers on the same thick raft foundation, this paper has 

carried out a series o f  large-scale simulation tests and 

systematically studied the deformation characteristic .o f the raft
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foundation and the distribution law o f  the subgrade reaction. 

Figure 4. Schematic diagram o f  test for three-span podium.

Figure 2. Iso-settlement and iso-pressure line diagram around

the main building cantilevered out for two spans.

Figure 5. Schematic diagram o f model test for non-parallel

arranged duel towers.
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Selected standard dimensions for the high-rise building are: 

frame column grid 8 ><8 m , beam dimensions 500><750mm, 

frame column dimensions 800m m x800m m  . slab thickness 

between storeys 200mm, basement top slab thickness 400mm  

and storey height 3.6m. The ratio o f  the geometric dimensions 

o f  the selected model to the prototype is 1:14. The design 

thickness for the model raft slab is 220mm. The simulation for 

the tower part uses the cast-in-situ reinforced concrete block to 

simulate the main building rigidity. The simulation tests have 

carried out for cases where the podiums at two ends o f  the 

single tower building are cantilevered out for one, two and three 

spans, as well as dual towers set out diagonally on the two- 

storeyed basement frame thick raft foundation respectively. 

Figures 4 ~  5 are schematic diagrams o f  the models for 

simulation tests respectively.

3.1 Simulation test for single tower

The purpose o f  the simulation test o f  single tower exploits the 

dispersion range and characteristics o f  the main building load. 

Figures 6 ~ 1 0  are deformation and reaction curves o f  the raft 

slab when the podiums at two ends o f  the main building are o f  

one, two and three spans respectively. These curves show that 

when the column span number at two ends o f  the tower is one 

span, the subgrade reactions under the entire raft slab within a 

certain range o f  loading are uniformly distributed; along with 

the increase o f  the podium column span number, the foundation 

bottom reactions gradually decrease from the main building 

edge side to the podium far end; when the column span number 

o f  the podium is three spans, the reaction at the podium edge 

side is already very small. In pace with the increase o f  the 

podium column span number, the deformation characteristic o f  

the entire foundation raft slab under the action o f  the main 

building gradually transforms from rigidity to flexibility.

Figure 6 . Settlement curve o f  raft slab for one-span Dodium.

4 0

S(mm)

1.One-span podium, 2.Two-span podium, 3.Three-span 

podium, 4.N o podium.

Figure 11. Curves o f  various model loads-maximum settlement 

measured values.

The curve relationship in Figure 11 explains that under the 

same condition o f  loading, the tower with podiums at its two 

ends, compared with the tower without podiums at its two ends, 

has the maximum foundation settlement obviously decreased, 

and this explains that when the main building is integrally 

connected with the podium, the bearing area o f  foundation 

bottom is increased and the pressure under the foundation is 

reduced so that the absolute settlement o f  the building is 

decreased. In other words, the frame thick raft slab disperse the 

load o f  main building. When the load is within certain range, 

the increase o f  the podium column span number has little 

influence upon the maximum settlement o f  the foundation; only 

when the load exceeds a certain value, its maximum settlement 

just shows difference. This condition explains that the 

dispersion through the thick raft foundation for the main tower 

load is limited to a certain extent.

3 .2 Simulation test o f  dual towers

The purpose o f  the simulation test o f  dual towers is for the 

understanding o f  the degree o f  mutual influence between each 

o f  the towers on the same thick raft foundation with the probing 

into the feasibility for application o f  the superposition principle, 

which is shown in Figure 5.
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Figure 12 Iso-settlement line diagram o f  foundation for test.
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Figure lO.Reaction o f subgrade for three-span podium.

Figure 13 Iso-settlement line diagram o f recompressed

foundation after rebounce for test.
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Figure 9.Reaction distribution o f  subgrade for two-span podium

Figure 7.Reaction distribution o f  subgrade for one-span podium
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Figure 8 . Settlement curve o f  raft slab for two-span podium.
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Figure 12 is the iso-settlement line diagram for the thick raft 

foundation under the condition o f  the simulation test o f  dual 

towers when the load o f  two towers A and B is 800kN each. 

The diagram displays that the subgrade deformation is 

respectively with the zone in the certain range under the two 

towers A and B as the centers, radially attenuates outwards and 

is formed by mutual superposition. Figure 13 is the iso

settlement line diagram o f  the foundation when the tower A is 

singularly loaded to 1800kN after unloading. It can be seen that 

the raft slab deformation is with the zone in the certain range 

under the tower A as the center and attenuates radially outwards 

until the deformation value attenuates to zero at a certain 

distance from the center. This explains that the deformation 

range o f  subgrade and foundation under the action o f  a single 

tower is only limited to within the neighboring zone with 

towers as centers.

Figure 14.Iso-pressure diagram o f  raft slab bottom reactions.

Figure 15 Iso- pressure line diagram o f  simulation test rebounce 

recompression foundation bottom reactions.

Figure 14 gives the iso-pressure line diagram for the 

reactions o f  foundation bottom in the simulation test when the 

two towers are simultaneously loaded to 800kN. The curve 

relationship in the diagram shows that the foundation bottom 

reactions under the raft slab are produced by the independent 

actions o f  tower A and tower B through the zones within certain 

range under towers as centers. The pressure individually 

attenuates along radial direction toward the periphery and 

superposited mutually in their common influence ranges.

Figure 15 is the iso-pressure line diagram for the foundation 

bottom reactions when the tower A is singularly loaded to 

800kN. The curve in the diagram shows that the main tower 

load with a certain zone under the tower A as the center, 

disperses through the podium foundation along the radial 

direction toward the periphery, and the dispersion o f  load has a 

certain range, being limited to within the podium foundation 

range neighboring to the main building.

Results o f  the above-mentioned tests show that for a large- 

area thick raft foundation, the deformation o f  the raft slab is 

related to the arrangement o f  the high-rise building and the 

magnitude o f  its loading. Generally, the deformation o f  the

thick raft foundation has the irregular deformation characteristic 

under various high-rise buildings as centers o f  deformation, and 

the mutual influence between high-rise buildings is relevant 

with the load progress. The load o f  high-rise building could be 

dispersed through the frame thick raft structure. The raft slab 

under the high-rise building together with its dispersion part is 

an integral bent plane, its influential range is limited, and this 

provides requisite for the reaction superposition.

Results o f  simulation tests show that the basic assumptions 

dopted by the computation method in this paper completely 

conform to the working mechanism o f  the large-area thick raft 

foundation under several towers, and can be used for the design 

computation o f  the large-area thick raft foundation under 

several towers.

4 CONCLUSION

1. For a large-area raft foundation under the interaction 

between high-rise building, foundation and subgrade, there 

exists an effective interaction range with the tower as the center. 

The deformation o f  the raft slab is relevant to the arrangement 

o f  high-rise building and the magnitude o f  loading. In general, 

the deformation o f  the raft slab has the irregular deformation 

characteristic under various high-rise buildings as centers o f  

deformation with the entire raft slab forming several settlement 

zones. The deformation o f  the high-rise building itse lf still has 

the characteristic o f  rigid structure, the subgrade reaction under 

the high-rise building possesses the characteristic o f  linear 

distribution, and the deformation o f  the high-rise building itself 

together with the raft slab within its load dispersion range is an 

integral bent plane.

2. The deformation characteristic o f  the large-area thick raft 

foundation under several high-rise buildings is: the deformation 

effect produced by the independent actions o f  various towers 

through the zone within certain range under various towers as 

the settlement centers, individually attenuates along radial 

direction toward the periphery due to mutual superposition in 

its common influence ranges. The distribution law o f  subgrade 

reactions o f  the large-area thick raft foundation under several 

high-rise buildings is: various main tower loads with certain 

zone under its tower as the center through the podium  

foundation around individual tower, disperse along radial 

direction toward the periphery, and in the common load 

dispersion range, the subgrade reactions are mutually 

superposed.

3. The computation method presented in this paper for the 

large-area thick raft foundation under actions o f  several towers 

is carried out through computation under single tower and that 

o f  the neighboring podium. Then consideration is given to the 

mutual effect o f  several towers by application o f  the 

superposition principle. The analytic computation o f  the large- 

area thick raft foundation under the action o f  several towers is 

then simplified and revised for accuracy.
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