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Numerical modeling of pile-subsoil interaction 

Modelisation numerique de I’interaction pieu-sol

K.Gwizdala & A.Tejchman -  Geotechnical Department o f Environmental Eng ineering  Faculty, Technical University o f Gdahsk, Poland

ABSTRACT: Interaction analysis of a pile and layered subsoil using load-transfer functions of q-z and t-z type is presented. Function q-z 

describes a relationship between unit base resistance and pile’s settlement, whereas function t-z corresponds to relationship between unit 

skin resistance and pile’s settlement. The parameters describing the functions are evaluated on the basis of physical and mechanical 

properties of soil determined from in situ investigations.

Numerical calculation method proposed allows a construction of complete load-settlement curve of pile, evaluation of unit base and 

skin resistance, determination of load distribution along pile’s shaft and shortening of pile. A comparison of calculation results obtained 

with pile loading test results for large diameter bored piles and steel tubular piles shows good agreement.

RESUME: Analyse de l’interaction d'un pieu dans un sol stratifie est presentee a partir des courbes de transfert q-z et t-z. La fonction q-z 

decrit une relation entre la resistance de base unitaire et le tassement d’un pieu, tandis que la fonction t-z correspond a la relation entre le 

frottement unitaire et le tassement d’un pieu. Les parametres introduits dans les fonctions du transfert sont etablies sous la base de la 

reconnaissance in-situ des parametres physiques et mecanique du sol.

La methode numerique des calculs proposee permet une construction d’une courbe chargement-tassement complete pour un pieu, une 

evaluation des valeurs unitaires pour la resistance de base et le frottement lateral, une determination de la distribution de la charge dans le 

pieu et de son raccourcissement. La bonne concordance est trouvee entre les resultats de chargement des pieux moules a grand diametre et 

des pieux tubulaires en acier et les resultats de calcules.

1. INTRODUCTION

Behaviour of loaded piles in a subsoil is normally described in 

terms of settlement curve which shows a relationship between 

load applied and settlement. Full data regarding a transmission of 

loads should contain values of load transmitted by base of pile 

and distribution of loads along its length. The reliable magnitudes 

and relations can be obtained from loading tests performed in 

field investigations. However, such experiments are very 

expensive and much time consuming. So, there is a need for 

simpler and easier in situ methods together with development of 

reliable analytical methods.

In practical analyses a wide acceptance gained an application of 

load-transfer functions of t-z and q-z type. This problem has been 

comprehensively analysed and discussed by various authors (see 

Coyle and Reese (1979), Fleming (1992), Gwizdala (1993), 

Gwizdala and Jacobsen (1990), Kraft, Ray and Kagawa (1981), 

Randolph and Wroth (1978), Vijayvergiya (1977).

Application of load-transfer functions for shaft and base of pile 

allows to obtain in simple way complete evaluation of a value of 

loading transmitted on a subsoil. The detailed analysis of the 

problem is presented by Gwizdala (1996).

2. PREDICTION OF PILE LOAD-SETTLEMENT CURVE

In the paper quoted above the method of load-transfer functions 

of shaft resistance (t-z) and bearing capacity of base (q-z) was 

employed, following Coyle and Reese (1979). A pile is divided 

into a defined number of elastic elements. Soil response on the 

contact with pile is expressed by non-linear functions q-z and t-z, 

describing relationships between base or shaft resistance and set

tlement of the considered pile point, respectively. A solution 

consists in the iterative search of the relation between axial force 

in a pile at any depth and settlement at this depth. The calcula

tions are made using numerical code PALOS. The calculations

procedure provides with a possibility of a choice of almost 19 

types of t-z and 13 types of q-z functions. Numerical code has 

been verified on experimental data from piles loading tests.

The accuracy of the results being calculated by PALOS 

depends mostly on the following factors:

- the correct prediction of ultimate unit shaft and base resistance 

t and q, respectively,

- a determination of reliable non-linear stiffness functions for 
particular depths and soil layers,

- calculation or assumption of limit settlements, at which both 

t and q resistance reach their maximum values, denoted as zv 

for shaft (for given point of pile) and zf  for base.

Load-transfer functions method enables the evaluation of entire 

range of settlement curves using the results of geotechnical 

investigations performed in natural subsoil. It also allows the 

modelling of pile-subsoil interaction in a very wide range. 

Finally, it helps in the solution of real practical problems with an 

analysis of the influence of any pile’s parameter.

3. TYPICAL CALCULATION RESULTS

The method presented in previous chapter was verified, for 

example, on the basis of the results from the loading tests of large 

diameter bored piles. For that case load-transfer functions were 

determined by implementing power relationships in the following 

way (see Fig.l):

- non-cohesive soils:
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- cohesive soils:
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Figure 1. a) Calculation model of single elastic pile,

b) General transfer function t-z,

c) General transfer function q-z.
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The above shapes of functions and coefficients were determined 

in terms of calculations series of various t-z and q-z functions. 

The selection was based on searching for minimum coefficient of 

variation and conformity coefficient close to unity. Ultimate unit 

shaft resistance fmax and resistance qj under a base were being 

assumed with regard to type of pile and type of soil, according to 

Polish Code (1983), see Gwizdala and Jacobsen (1992).

For piles in non-cohesive soils the verification analysis has 

regarded the results of investigations of over 30 piles of the 

diameter ranging from 0.88 m to 1.5 m and lengths from 5.0 m to

20.3 m. In the case of cohesive soils the analysis has included the 

results over 40 piles of the diameter from 0.70 m to 1.62 m and 

the length varying from 5.0 m to 22 m.

The verification analysis has included measuring points corre

sponding to the values of loading and settlements which created 

real settlement curves plotted from the measurements during 

loading tests.

As a criterion of calculations correctness a ratio of values of the 

calculated loadings to the measured values has been assumed 

(conformity coefficient):

n = - (5)

where P and Q denote the values of calculated and measured 

load, respectively and index i refers to subsequent real values of 

settlement. The values of r| coefficient less then unity show that 

theoretical settlement curve runs below real curve, what means 

that the calculation results are on the safe side.

a)
n = 303 

t ) = 0.924  

ct  = 0.250

b)
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r| for s = 10 mm

Figure 2. Histogram of conformity and standard deviation 

coefficients (non-cohesive soils).
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Whole set of calculation results including 303 and 207 test 

points for non-cohesive and cohesive soils respectively has been 

presented in the histogram form in Figs. 2 and 3. In Fig. 2a are 

shown calculation results for all test points. The results are pre

sented in terms of the following curve: total load applied on the 

head of pile-settlement. Fig. 2b regards the results for chosen 

settlement equal to 10 mm in this case. Mean conformity coef

ficients t| amounted 0.924 and 0.994 whereas standard deviation 

was equal to 0.250 and 0.238 respectively.

In Fig. 3, the results are presented which regard piles in cohe

sive soils. Conformity coefficients and standard deviations are 

equal to 0.987, 0.976 and 0.285, 0.205 respectively.
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Figure 3. Histogram of conformity and standard deviation 

coefficients (cohesive soils).

Presented values of conformity coefficient show that the set

tlement curves were approximated with satisfactory accuracy, and 

standard deviation was sufficient from the engineering point of 

view.

On the basis of calculations described some recommendations 

regarding an evaluation of the deformations of pile itself 

(e.g. shortening of pile) can be determined. Shortening of the pile 

ss can be easily calculated, when a magnitude and distribution of 

friction along the shaft is known (Vesic, 1975):

* , = ( & + p a } ^ - .  (6)

where: Qb and Qs - load applied on base and shaft of pile, 

respectively 

L - length of pile,

E, - Young modulus of a material of pile,

P - a coefficient depending on the later resistance distri

bution along shaft of pile.

In Fig. 4 values of P coefficient for large diameter bored piles 

in either cohesive or non-cohesive soils are presented. Fig. 4a 

contains values of P coefficient for whole settlement curves plot

ted on the basis of 15 test points for each pile analysed. In Fig. 4b

ri for s = 10 mm

are presented values of P referring to a load equal to 50% of its 

ultimate value. It can be seen, that values of P range from 0.4 to 

0.6 at mean value equal to 0.5 and are independent of either the 

load or length of pile. The results presented refer to the typical 

practical cases of use of large diameter bored piles application.
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Figure 4a. Values of p - coefficient in depends in pile length.
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Figure 4b. Values of p - coefficient in depends on L for V2 Qmax-

A possibility of the evaluation of pile behaviour in terms of 

load-transfer functions and PALOS numerical code has been also 

verified on the basis of detailed investigations of steel pile, see 

Gwizdala, Tejchman, Klos (1975). The pile tested was driven in 

very complex layered subsoil, see Fig. 5. Natural water depth was

7.7 m in this case. Under a seabed was a stratum of sandy-clayey 

soil with low consistency index. Below it occurred medium dense 

and dense sand of different grain sizes. As a last, hard clayey 

complex was found.

The pile has been driven to the depth of 22.3 m (Figs. 5). The 

diameter of pile analysed was equal to 720 mm, and wall 

thickness 12 mm. At the level of dense sand layer the 

cross-section of pile has been enlarged by welding on two half 

T-bars 500 mm, 4 meters long (Fig. 5).

In Figs. 6, and 7 the distributions of calculated and measured 

loading have been drawn. The comparison of the measured and 

calculated values of loading show very good agreement between 

those values. This agreement regards both the distribution of 

loading between shaft and base of pile as well as distribution of 

loading along its length. Shortening of pile results directly from 

the iterative calculations.

4. SUMMARY

Application of load-transfer functions of t-z and q-z type in the 

analysis of pile behaviour leads to simple and sufficiently accu

rate description of the load which is transmitted onto a subsoil.
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0 m a.s.I. (sea level)

Figure 5. Soil profile and open-end tubular pile.

a) load Q [kN]

load Q [kN]

Figure 6. Comparison between load tests results and calculation 

results:

a) load-settlement curve, b) load-distibution curve.

Figure 7. Comparison between load tests results and calculation 

results - base and shaft resistance.

The load-transfer functions have been applied in the numerical 

code PALOS, where different types of such functions have been 

implemented. Verification analyses were performed for either 

large diameter and steel pipe piles. Effectiveness of the method 

proposed was confirmed by field tests analysing 74 piles. Statis

tics of the results of investigations enables the reliable determina

tion of the parameters describing sufficiently accurate way of 

application of load-transfer functions.

The method proposed can be applied in engineering practice for 

evaluation of bearing capacity. It fully fulfils the requirements 

regarding determination of the full relationship between loading 

and settlement and evaluation of the loading distribution under 

the base and along the length of pile. It also makes possible to 

calculate of pile shortening. These requirements are recom

mended by EUROCODE 7 (1994).
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