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ABSTRACT: A new design of a combined raft pile foundation, which is devoid of the shortcomings of similar existing 

design solutions and installation methods, and an engineering method for determining its main parameters, are proposed. 

This technical solution has been implemented at one of the construction sites in Kharkiv (Ukraine). The proposed design 

makes it possible to efficiently use the load-bearing capacity of the soil base by involving the raft part in response to the 

loading in a controlled manner with the transfer of up to 50% of the total load to this without going beyond the allowable 

strains of the soil base. The remaining 50% of the load is taken up by piles. After determining the multiplicity of the pile 

spacing and their parameters costs can be reduced by up to 35% in comparison with other design solutions for combined raft 

pile foundations. The results of field surveys of the initial settlements of the piles as part of a combined raft pile foundation 

(CRPF) are presented, which is not in contact with the raft that settles during the construction of a multi-story building. 

Based on the field investigations, a qualitatively new dependency of the pile deformation on the effect of additional loading 

forces of soil friction was found, which shows the upward sliding effect of the pile because forces of friction are higher than 

the resistance forces on the lateral surface of the pile with the manifestation of reverse (elastic) deformations of the soil base 

of the pile, which indicates the need to consider this phenomenon when setting the size of the gap between the raft and the 

piles in the designs of similar CRPF. 
 

RÉSUMÉ: Une nouvelle conception d'une fondation combinée sur pieux sur radier, dépourvue des inconvénients des 

solutions de conception et des méthodes d'installation existantes similaires, ainsi qu'une méthode d'ingénierie pour 

déterminer ses principaux paramètres, sont proposées. Cette solution technique a été mise en œuvre sur l'un des chantiers de 
construction à Kharkiv (Ukraine). La conception proposée permet d'utiliser efficacement la capacité portante de la base du 

sol en impliquant la partie radier dans la réponse à la charge de manière contrôlée avec transfert jusqu'à 50 % de la charge 

totale vers celle-ci sans dépasser la déformations admissibles de la base du sol. Les 50 % restants de la charge sont repris 

par des pieux. Après avoir déterminé la multiplicité de l'espacement des pieux et leurs paramètres, les coûts peuvent être 

réduits jusqu'à 35 % par rapport à d'autres solutions de conception pour les fondations sur pieux combinés. Les résultats 

d'enquêtes sur le terrain des tassements initiaux des pieux dans le cadre d'une fondation sur pieux à radeau combiné (CRPF) 

sont présentés, qui n'est pas en contact avec le radier qui se tasse lors de la construction d'un bâtiment à plusieurs étages. Sur 

la base des enquêtes sur le terrain, une dépendance qualitativement nouvelle de la déformation du pieu à l'effet des forces de 

chargement supplémentaires dues au frottement du sol a été trouvée, ce qui montre l'effet de glissement vers le haut du pieu 

dû au fait que les forces de frottement sont supérieures aux forces de résistance. Sur la surface latérale du pieu avec 

manifestation de déformations inverses (élastiques) de la base du sol du pieu, ce qui indique la nécessité de prendre en 

compte ce phénomène lors de la définition de la taille de l'espace entre le radier et les pieux dans les conceptions similaires 

CRPF. 
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A – New developments on structural design 

1 INTRODUCTION 

In the construction of multi-storey and high-rise 

buildings in the last twenty years in the world practice, 

one of the advanced developments has been a 

combined raft pile foundation (CRPF), where the loads 

from the building are distributed between the piles and 

the raft, allowing up to 50% of the structural load being 

taken by the raft. (Katzenbach et al. 2016). 

The choice of effective solutions for such 

foundations depends on many factors, such as the 

features of soil conditions, the parameters and spacing 

of piles, the rigidity of the raft, the model of the base 

and the nature of the interaction between the piles, raft 

and soil, and others. Therefore, the design of the “base 
– foundation – structure” system is possible only with 
the help of numerical methods implemented in 

powerful computer systems such as WinTUBE 

(SOFISTIK), Plaxis etc. taking various individual 

approaches to modeling such systems with a 

significant number of assumptions which, as a rule, do 

not have a full-scale experimental base in terms of the 

actual resistance of the soil base under the raft. 

Thus, the development of a new design of a 

combined raft pile foundation and a method for 

determining its main parameters is a relevant 

objective. 

2 NEW DESIGN OF A COMBINED RAFT 

PILE FOUNDATION 

A new design of a combined raft pile foundation 

(Utility model patent, 2020) is proposed, which is 

devoid of the shortcomings of similar existing design 

solutions and methods of arrangement, and 

engineering methods for determining its rational 

parameters are proposed (Samorodov, 2017 and 

Samorodov et al., 2022). A combined raft pile 

foundation (as shown in Figures. 1, 2) consists of the 

raft 1 and the piles 2 with the diameter d, with the gap 

3 of the height Δ provided between the raft and the 

piles. Moreover, for technological convenience to 

ensure the absence of contact between the raft and the 

pile heads within the concrete bed 4 installation under 

the raft, the gap can be filled with a low-modulus 

material such as foamed plastic. Soil base shown 5. 

Further, it is proposed to consider the development 

of an engineering method for designing a raft pile 

foundation proceeding from the maximum allowable 

settlement of a structure su (DBN V.2.1-10:2018, 

2018), considering the design model for the interaction 

between a nominally solid foundation and a linearly 

deformed soil mass (see Figure 2). 

 

 
Figure 1. A combined raft pile foundation (CRPF). 

 

 
Figure 2. Design model for the interaction between a com-

bined raft pile foundation and the soil mass. 

 

A special feature of the methodology for 

determining the main parameters of the CRPF is the 

determination of the raft settlement 𝑠𝑝𝑙  and the initial 

settlement of the piles 𝑆𝑝𝑖𝑙𝑒𝑃𝑛  to adjust the gap height Δ: 

3 FIELD INVESTIGATIONS 

The object of observation is a 9-storey residential 

building with a technical floor and a basement located 

at 5, Myra Street in Kharkiv, Ukraine (see Figure 3). 

The project organization and general contractor is 

PrJSC TRUST ZHYTLOBUD-1 (Kharkiv). The 

height of the building is 35 m (measured from the top 

of the foundation). The structural scheme of the 

building is frameless with longitudinal and transverse 

walls and precast floor slabs. The load-bearing walls 

of the building are made of silicate brick with a 

thickness of 510 mm and 380 mm. The floor slabs are 

hollow-core reinforced concrete slabs with a thickness 

of 220 mm. The basement walls are precast of concrete 

blocks of various thicknesses from 400 mm to 800 mm. 
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Figure 3. View of the building. 
 

The cast in-situ combined raft pile foundation is 

composed of a raft measuring in plan 26.2 m by 27.0 

m, with a thickness of 800 mm, with a linear 

arrangement under the load-bearing walls of bored 

piles with a diameter of d=500 mm and a length of 

L=10.0 m ≈  𝐻𝑝𝑝𝑙, which are not connected to the raft 

(see Figures 4, 5, 6). 
 

 
Figure 4. A schematic plan showing the arrangement of test 

piles and survey marks. 
 

For the combined foundation (see Figs. 2, 5, 6) the 

distribution of resistance between the raft and the piles 

was taken to be 70/30, i.e. 70% is taken up by the raft 

(ppl=119kPa) and 30% by the piles (pN=48kPa); 

therefore, the design gap between the raft and the piles 

is taken to be Δ=5cm according to the method 

(Samorodov, 2017 and Samorodov et al., 2022). The 

accepted gap value Δ=5cm also guaranteed that the 

over-standard tilt of the building would be prevented 

in the event of a possible emergency local soaking of 

the Layer-2 subsiding soils under the raft during the 

construction process; however, this did not occur. 
 

а)  

b)  

Figure 5. A schematic drawing of a CRPF: (a) in the 

engineering geological section; (b) raft-pile junction. 

 

 

 

 

 
a) 

 
b) 

 
c) 

Figure 6. Installing a CRPF and devices for surveying the initial settlements of piles: (a) Laying a low-modulus material 

(polystyrene foam) above the pile heads; (b) A rebar protruding from the pile in a protective sleeve (tube); (c) Axonometric 

diagram. 
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The vertical settlements 𝑆𝑝𝑖𝑙𝑒𝑃𝑛  of six piles and the 

settlement of the building spl (equal to the settlement 

of the raft) have been investigated in parallel since July 

2020 as part of the scientific and technical support to 

the construction object (geodetic work performed by 

Ass. Prof., PhD T.A. Nalyvayko). 

The settlements spl of the building were surveyed 

during construction and operation using high-

precision Class 2 leveling methods. Survey marks 

M.1, M.2, M.3, and M.4, which were laid at the level 

of the basement floor of the building (see Figure 4). 

The settlements of the piles (see Figure 7) at each 

stage of the investigation were determined by the 

formula:  

 

where spl is the settlement of the raft (building), 

mm; upile is the deformation of the pile relative to 

the raft, mm, determined by a caliper according to 

the diagram in Figure 7a. 

 

 

 

 
 a) 

 
 b) 

Figure 7. Determining the pile deformation upile: (a) schematic of deformations; (b) determining upile using a caliper. 

 

3.1 Research results 

Figure 8 schematically shows the values of the 

settlements of the survey marks (M.1, M.2, M.3, and 

M.4) and the deformations of six separate piles in plan 

for each stage as visual diagrams according to the 

schematic plan in Figure 4. 

Table 1 gives the values of the average settlements 

of the raft spl and the initial settlements of the piles 𝑆𝑝𝑖𝑙𝑒𝑃𝑛  (based on the statistical processing of data for six  

piles) owing to the actual controlled pressure under the 

raft ppl (only the deadweight of the erected structures 

without the use of increasing factors was taken into 

account) for each stage of the investigation, and Figure 

9 shows the corresponding dependency graphs. 

 

 

 

 

Table 1. The average settlements for the CRPF insert. 

Date of meas-
urement 

Number 
of stories 

Average pressure 
under the bottom of 

the raft 

Average settle-
ment of the raft 

(building) 

Average initial 
settlement for the piles 

based on data 
statistical processing 

Compressible 
mass of the 

base of the raft 
(theoretical 

value) 

Month.Year n ppl, kPa spl, mm 𝑆𝑝𝑖𝑙𝑒𝑃𝑛 , mm 𝐻𝑝𝑝𝑙, m 

07.2020 Basement 0.00 (conditionally) 0.00 0.00 0 

09.2020 3 60.6 -3.33 -2.28 6.7 

11.2020 6 85.1 -4.58 -1.91 8.5 

03.2021 9 109.6 -13.18 -8.54 10.1 

07.2021 10 ≈119 -13.53 -6.86 10.7 
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Figure 8. The settlement of the raft spl and the relative deformations of the piles upile at each stage of the investigation. 

 

 
Figure 9. The dependency graphs of the average settlements of the raft spl and the initial settlements of the piles 𝑆𝑝𝑖𝑙𝑒𝑃𝑛 on the 

average pressure under the raft ppl and their ratio.

As can be seen from the graph of the absolute 

settlements of the piles in Figure 9, there is an upward 

sliding effect of the piles at different pressures under 

the bottom of the raft, which is explained by the fact 

that the loading forces of friction are higher than the 

resistance forces on the lateral surface of the piles with 

the manifestation of reverse (elastic) deformations of 

their soil base. It should be noted that this behavior is 

observed for all six piles in different places in plan (see 

Figure 4) and is not related to the statistical processing 

of the experimental results. 

803 Proceedings of the XVIII ECSMGE 2024



A – New developments on structural design 

4 CONCLUSIONS 

(1) A new design of a combined raft pile foundation 

has been developed, which is able to distribute in a real 

and controlled manner the resistance between the raft 

and the piles by arranging a gap between them, where 

the raft and then the piles are fully involved in the 

response to the loading from the building.  

(2) The impact of loading forces of friction along 

the lateral surface of the piles on their settlement was 

confirmed, which was also observed by other 

researchers. In this case, it can be stated that when the 

pressure under the bottom of the raft is up to 

ppl≈119kPa, the ratio of the stabilized settlement of the 

piles to the settlement of the raft in the large-size 

foundation is: 𝑆𝑝𝑖𝑙𝑒𝑃𝑛 /spl ≥1/2. 
(3) For the first time, a qualitatively new 

dependency of the deformation of piles on the action 

of loading forces of soil friction was found, which 

shows the upward sliding effect of piles because the 

forces of friction are higher than the resistance forces 

on the lateral surface of the piles with the 

manifestation of reverse (elastic) deformations of the 

soil base of the piles. 
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