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The paper reviews the existing designs of nominally strip (continuous) foundations that are offered in foundation engineer-

ing, that due to their shape (configuration) of contact with the base enable more rationally to design foundations for continu-

ous structures of buildings and facilities. The advantages and disadvantages of continuous  foundations different types are 

shown, and some calculation methods and methodologies when calculating these foundations in interaction with soil bases 

are given.) 
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Проаналізовано існуючі конструкції умовно стрічкових (протяжних) фундаментів, які за рахунок своєї форми (кон-

фігурації) контакту з основою дозволяють більш раціонально проектувати фундаменти протяжних конструкцій буді-

вель і споруд. Показано переваги та недоліки різних типів протяжних фундаментів, а також наведені деякі методи й 

методики розрахунку таких фундаментів при взаємодії з грунтовими основами. Встановлено, що розробка нових 

конструктивних рішень умовно стрічкових фундаментів та удосконалення методик їх розрахунку враховує тільки 

вертикальні навантаження на фундаменти. Однак, існує клас споруд, типа масивних підпірних стін, що сприймають 

значні моментні навантаження по підошві, які потребують розробки ефективної конструкції фундаментної частини із 

забезпеченням розрахункового опору грунту основи. Запропоновано запатентовану комбіновану конструкцію стріч-

кового фундамент з поздовжнім вирізом по підошві, що складається з фундаментної частини шириною (2b+a) та ви-

різу шириною а і висотою Δ, що заповнюється низькомодульним матеріалом, наприклад, пінопластом. З одного бо-

ку, така конструкція фундаменту ефективно сприймає ексцентричні навантаження у порівнянні з суцільною формою 

підошвою з дотриманням нормативних вимог за крайовими тисками на основу. З другого боку, конструкція дозволяє  

збільшити розрахунковий опір грунту основи фундаменту з вирізом за рахунок заповнення порожнини вирізу низь-

комодульним матеріалом, за рахунок чого відбувається «сприятливий» перерозподіл напружень в основі фундаменту 

з вирізом у порівнянні із суцільним фундаментом при прийнятті будь-якого критерію розвитку зон граничної рівно-

ваги під фундаментом. Тому, розрахунковий опір грунту запропонованого стрічкового фундаменту може бути до 2-х 

разів більше у порівнянні із суцільним фундаментом шириною 2b. 
 

Ключові слова: ґрунтова основа, фундамент, умовно стрічковий, форма підошви, поздовжній виріз, ефективність 
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Introduction. Increasing the economic efficiency of 

foundation construction, which cost can in some cases 

amount to 40% of buildings construction total cost, is 

currently a priority area. Cast in-situ and precast strip 

foundations for walls are the most common type of 

shallow foundations, which is used in residential con-

struction, although types of nominally strip (continu-

ous) foundations with various shapes of bottoms in 

contact with the base have been provided recently. Us-

ing other shapes of continuous foundations bottoms 

alters favourably the stress-strain state of the soil base, 

that is, from the plane to the space (“plane-space”) 

state; hence, they are more rational than strip founda-

tion classical shape. 

Review of recent research and publications.  

A number of researchers such as V. Alekseev, 

L. Anshin, D. Arkhipov, B. Barykin, V. Ermashov, 

M. Fidarov, R. Furunzhiev, E. Livshits, F. Lyalin, 

E. Sorochan, P. Poyta, R. Mangushev, A. Pilyagin, 

E. Neiburg, A. Razoryonov, V. Solomin, V. Tarshish, 

E. Vinokurov, G. Skibin, S.Yevtushenko, V. Pankov, 

T. Krakhmalny, Yu. Tugayenko, N. Kiselev and many 

others have devoted their work to developing methods 

of calculation and designing non-conventional con-

tinuous foundations (discontinuous strip foundations, 

adjacent foundations, etc.), and optimizing foundation 

designs on the whole. Designs of nominally strip (con-

tinuous) foundations have been intensively improved 

and investigated up to the present time, as evidenced 

by recent theses defended abroad [1, 2, 26-30].  

Currently, using discontinuous strip foundations en-

ables, under otherwise equal conditions, to increase 

the allowable pressure on the soil base up to 1.3 times 

due to the change of the stress-strain state from the 

plane to the space state, which was introduced back in 

SNiP 2.02.01-83* «Buildings and structures» founda-

tion has been implented in force according to date in 

the national standards DBN [3]. 

Uninvestigated parts of general matters defining. 
Development of new design solutions for nominally 

strip foundations, experimental and theoretical re-

search of their combined behaviour with soil bases, 

and improvement of their calculation and designing 

methods are an area of current interest in soil mechan-

ics and foundation engineering. 

Research objective is to analize nominally strip 

(continuous) foundations design solutions . 

Main content and findings. In the Research 

Institute of Bases and Underground Structures named 

after N.M. Gersevanov, the first attempt has been 

made to change the traditional way of transferring 

load in a way that substantially improves the service 

behaviour of the foundation and the base itself. It has 

been experimentally confirmed that the ultimate load 

on base soils increases 1.5 times. Therefore, it is 

possible to transfer more load on a discontinuous 

foundation, under otherwise equal conditions, or, 

using the principle of calculation from the second 

limit state, reduce the area of the foundation bottom 

and hence its materials intensity. This principle  

was implemented in 1954 under the guidance of 

E. Sorochan [4] when developing precast disconti-

nuous strip foundations (Fig. 1) which were first used 

in Moscow. 

Experimentally, the behaviour of discontinuous strip 

foundations started to be studied for the first time by 

E. Sorochan [4], however, studies dealt with the linear 

phase of base behaviour . The limit stress state of dis-

continuous strip foundations base soil was particularly 

covered by studies of M. Fidarov [5]. The proposed 

theory of discontinuous foundations and bases com-

bined behaviour studied by M. Fidarov is based on the 

solutions to soil limit stress-strain state and soils pres-

sure over the roofs of underground mining have been 

studied by M. Protodiakonov. This theory considers 

the emergence of an arching effect in the soil between 

the pad blocks, due to them foundation bottom can be 

considered as continuous. In his doctoral thesis, 

P.Poyta [6] provides considerable theoretical and ex-

perimental studies on  the combined behaviour of base 

soils and discontinuous foundations, involving the 

theory of arching effect occurrence, thus, the  simple 

formula can be derived to determine the space be-

tween the slabs in a discontinuous foundation  

(see Fig. 1): 

       а = b sinφ.                                                        (1) 

 

 
 

Figure 1 – Precast discontinuous foundation 

 

To date, the current DBN [3] standardize the use of 

structures of discontinuous strip foundations, includ-

ing those with angular cut-outs, which enables, under 

otherwise equal conditions, to increase the allowable 

pressure (design resistance R) on the soil base up to 

1.3 times, which was already introduced in the Soviet 

regulatory documents. 

The design solution close to discontinuous founda-

tions in terms of the behaviour peculiarities with the 

base is sleeper foundations (Fig. 2), which were con-

sidered in depth in the works by Yu. Tugayenko and 

S. Kushchak [7], P. Poyta [6] and V. Pankov [8]. 

Later on, strip foundations structures improvement 

was aimed at developing pad blocks with rectangular 

cut-outs in the corners, thus, pad blocks area is 12% 

smaller than typical blocks area (see Fig. 3). 
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Figure 2 – Sleeper foundation 

 

 

 
 

Figure 3 – Foundation pad block  

with angular cut-outs 

 

The work of V. Ermashov [9] is devoted to studying 

foundation slabs with angular cut-outs shape influence 

ontheir bases stress-strain state. The research was ex-

perimental in a sand tray measuring 6.0 by 5.0 m in 

size with a height of 5.5 m. The variables included 

foundation stiffness, contact surface relative size, and 

reinforcement percentage. Consequently, it was found 

that the arrangement of angular cut-outs in slabs re-

sults in the formation of limit state local zones  in the 

soil through concentrating the contact stresses in the 

central part of foundation  bottom. It enables to reduce 

the bending moment in slab critical section and foun-

dation materials intensity. Based on the conducted re-

search, reinforced concrete slabs for strip foundations 

with a rational contour of the contact surface were de-

veloped, which use reduces the concrete consumption 

to 18 to 20% and steel consumption to 15 to 18% 

compared with solid slabs. 

A number of researchers from South Russian State 

Technical University (Novocherkassk Polytechnic  

Institute) (Novocherkassk Polytechnic Institute)  

including G. Skibin, S.Yevtushenko, D. Arkhipov,  

T. Krakhmalny [1, 10-13] and others are deeply in-

volved in developing continuous foundations for walls 

and retaining structures with various options of mov-

ing apart and turning pad blocks, and the broken con-

tour of the base slab boundary zone (see Fig. 4). 

 

а)       

 

 

b) 

 

 

c) 

 

 

Figure 4 –  Layouts of continuous foundations: 

a) with blocks moved apart in the transverse direction; 

b) with blocks turned at the angle α; 

c) with the broken contour of the boundary zone. 

 

The work of T.A. Krakhmalny [1], based on numer-

ous laboratory experimental studies, provides founda-

tions various layouts comparative analysis (Fig. 4) and 

dependence evaluation of base bearing capacity on 

bottom shape change. It is furthermore concluded that 

with increase of foundation model perimeter ratio to 

its area (ξ), the critical load ΔP to the base and its 

bearing capacity increase. Figure 5 shows the graph of 

change in model bearing capacity (ΔP) against foun-

dation  perimeter ratio to its area (ξ). 

 

 

 
 

Figure 5 – The graph of change in bearing  

capacity of the model against foundation perime-

ter ratio to its contact area 
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According to the graph, change in the perimeter at ξ 

< 5 results in a greater increase in the bearing capacity 

ΔP1 than the increase in the perimeter at 5 < ξ < 10, 

which gives an increase in the bearing capacity by the 

value ΔP2 . 

Other conclusions of the authors have been consid-

ered, related to calculation methods peculiarities for 

bases of such foundations (see Fig. 4): 

- performed calculations show the possibility of de-

termining the design resistance of strip foundations 

base with the rotation of square and rectangular sup-

porting blocks and base slabs broken contour accord-

ing to SNiP (DBN) [3; 14]; 

- the design resistance of sandy soil R is 4.0 to  

5.0 times lower than the actual range of the linear de-

pendence of the foundation settlement on the load. 

Hence, the regulations [3, 14] greatly reduce the al-

lowable load. To determine foundation size on a sandy 

base it is more appropriate to perform calculation from 

the first limit state using base ultimate resistance Nu, 

which more closely corresponds to the limit of sand 

base linear deformability than the value R does.  

The same conclusion was made in the works by  

V.A. Ilichev , A.B. Fadeev, and V.A. Lukin [15, 16], 

where calculation methods resilts are compared with 

Eurocode 7 [17]. 

Concepts for adjustable distribution of reaction pres-

sure were developed in the works by E.A. Sorochan 

[18, 19], who suggested accumulating the contact 

stresses under the centre of strip foundations by ar-

ranging nonuniform stiffness in the centre by means of 

concrete, and along the perimeter by means of sand. 

Thus, foundation behaviour relative to base changes 

considerably: on the one hand, the bending moments 

in the overhanging lengths of slab decrease, on the 

other hand, the bearing capacity of base soil increases 

due to “closure” of plastic shear zones under the cen-

tre. It is possible to adjust the distribution of contact 

stresses in other ways: by laying plastic foam inserts 

under strip foundation edge or by producing precast 

blocks with concrete protrusions under centre  

and unsupported console overhangs (Fig. 6, a).  

Such approaches to adjusting reaction pressure under 

the foundations are intensively developed by  

Ya.O. Pronozin and N.Yu. Kiselev [2] when develop-

ing and studying the behaviour of slab foundations 

with a compensatory layer. 

M.S. Gritsuk [20] has theoretically and experi-

mentally proved the efficiency of strip foundations 

from precast slabs with convex curvilinear or trape-

zium-shaped bottoms (Fig. 6, b), which provides para-

bolic distribution of reaction pressures with zero val-

ues near the edges. V.F. Bai and A.N. Kraev [21] have 

investigated strip foundations of compressed curvilin-

ear sand masses reinforced along the contour (Fig. 6, 

c). 

 

 

а) 

 
 

b) 

 
 

c) 

 
 

Figure 6 –  The influence of the shape of a founda-

tion on reaction pressures and settlements:  

a) аoundation with an intermediate bed; 

 b) аoundation with a convex bottom;  

c) аoundation with  a curvilinear sand bed 

 

 

A new development in the field of foundation  

engineering is new designs of strip foundations with 

longitudinal cut-outs on the bottom, which are high-

lighted in the works by I.Ya. Luchkovsky and  

O.V. Samorodov [22 – 24], where the authors offer 

the optimum shapes of eccentrically loaded strip foun-

dations with a longitudinal cut-out bottoms, which can 

also be used for massive retaining walls (Fig. 7). 
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Figure 7 -- Eccentrically loaded strip foundations of retaining walls  

with asymmetrical cut-outs on the bottom 

 

Foundations with longitudinal asymmetrical or 

symmetrical cut-outs on the bottom enable to make 

full use of soil base strength properties, while observ-

ing the regulatory edge constraints (Fig. 7), and the 

optimum geometric parameters of foundation bottom 

at given efforts N and M = Nе, and at base soil design 

resistance R are equal to: 

- for the design with limiting edge pressures on the 

base pmax≤1.2R and pmin≥0 (Fig. 7, a): 

 

















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


2

m495,0+e

m

5

1
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where  

  .1N3355,1+1804,0=а 



  ; 

  RN=m / ;  

  bRN5=N / , 

and for the case of а centrally located cut-out at с=d: 
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3

1
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where  

3

N
1=

b

a
=a   ; 

- for the design with limiting the edge pressures on the 

base pmax≤1.2R and pmin/pmax≥0.25 (Fig. 7, b): 

 
54,1

m2m33,1+e+m33,1+e
=b

22 
,                    (4) 

where  

29,0N45,078,1=а  , 

and for the case of a centrally located cut-out at с=d: 

 
0,6

m213,0m0,4+e+m0,4+e
=b

22 
,                 (5) 

where  

75,3

N
1=

b

a
=a  . 

 

However, preliminary calculations show that in the 

case of an empty space inside cut-out cavity а soil 

 design resistance decreases sharply compared to the 

continuous bottom; therefore, there is provided a pat-

ented design of strip foundation with longitudinal cut-

out (Fig. 8) [22] that consists of foundation part 1 of 

(2b + a) in width and cut-out of a in width and Δ in 

height, filled with low-modulus material 2 such as 

foamed plastic. Furthermore, it is possible to signifi-

cantly simplify the technology of such foundations ar-

rangement due to “low-modulus insert” location in the 

concrete bed 3 with thickness Δ under the foundation 

(see Fig. 8). 

 

 
 

Figure 8 – Mass retaining wall with a longitudinal 

centrally located cut-out on the bottom 

 

In this case, in order to determine soil design resis-

tance R, it is suggested  considering the calculation 

model of interaction between the foundation and the 

soil base, which is given in Fig. 9, where pressure 

equal to natural pressure 1dγ  outside foundation is 

transferred within the width of cut-out а when loading 

the foundation. 
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Figure 9 – Calculation model of interaction between foundation and soil base 

 

The pressure inside the longitudinal cut-out of Δ in 

height is transferred by filling the cavity with a low-

modulus material, such as foamed plastic, with a 

modulus of elasticity E, which is equal to 

1dγ
s

Δ
=E ,                                                              (6) 

where s is forecasted settlement of foundation, m; 

Δ is the height of the cut-out, m; 

γ is soil specific gravity above foundation bottom, 

kN/m
3
; 

d1 is foundation laying debth, m, 

or, alternatively, by performing a cut-out of а in width 

and Δ in height, which is equal to 

s
dγ

E
=Δ

1

.                                                               (7) 

In this case, foundation soil design resistance with 

the cut-out R2b+a of (2b+a) in width is equal to: 

dba+b2 kR=R  ,                                                       (8) 

where Rb is foundation base soil design resistance of b 

in width to be determined according to the standard 

formula E.1 [3], subject to taking any criterion for 

boundary equilibrium zones development under the 

foundation; 

kd is the coefficient to be determined according to the 

graphs in Fig. 10 and obtained based on our analytical 

studies in the work [25].  

 

1

1,05

1,1

1,15

1,2

1,25

1,3

1,35

1,4

1,45

1,5

1,55

1,6

1,65

1,7

1,75

1,8

1,85

1,9

1,95

2

2,05

2,1

2,15

2,2

2,25

2,3

2,35

2,4

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2

a/b

kd 

 
 

Figure 10 – Graphs of the coefficient kd against the relative width of the cut-out а/b 

 

 

Conclusions. The analysis has been performed of 

the existing non-conventional nominally strip founda-

tions such as discontinuous foundations, adjacent 

foundations, foundations with pad blocks turned at an 

angle, foundations with cut-outs, foundations with 

moving apart on the bottom and others that are more 

rational than the classical shape of a strip foundation, 

which enables to designefficient foundations for con-

tinuous structures of buildings and facilities. 
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