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A B S T R A C T 

One of the methods intensively employed in many practical projects to estimate the 
immediate (elastic) settlement of shallow foundations is the Schmertmann-Hartman-

Brown method (1978). In the method, two approaches are given as a function of type 

of the shallow foundation either a square/circular (axisymmetric condition) or a 

strip (plain strain condition) foundation. Thus, two sets of equations are provided to 

estimate the settlements for these types of shallow foundations. If a shallow founda-

tion has a shape of rectangular, some approximations are suggested in the technical 
literature to estimate the elastic settlement of rectangular based shallow founda-

tions. These approximations are tedious and time consuming. In this study, the 

Schmertmann – Hartman – Brown method (1978) is modified and only one set of 

equations used for any type (square, circular, rectangular, and strip) of shallow foun-

dations is introduced. The modified method estimates the immediate settlement as 

precise as the original form of the method that is more complicated. Also, some hy-

pothetical cases are considered to figure out the effect of width and length/width ra-

tios of foundations on elastic settlement. 
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1. Introduction 

It has been a very important issue to estimate the set-
tlement of foundations for civil engineers. Thus, many 
researchers have studied the problem to get a reliable 
solution of it. Terzaghi and Peck (1948) proposed an 
empirical relationship between the settlement (Se) of a 
prototype foundation measuring B×B in plan and the 
settlement of a test plate. Bjerrum and Eggestad (1963) 
provided the results of 14 sets of load settlement tests. 
Bazaraa (1967) also provided several field tests results. 
Both gave correlations of settlements between width 
(size) of plate used in the tests and size of foundation 
that would be designed. Jeyapalan and Boehm (1986) 
and Papadopoulos (1992) summarized the case histo-
ries of 79 foundations. DeBeer and Martens (1957) and 
DeBeer (1965) proposed another formula to estimate 
the elastic settlement of a foundation. Burland and Bur-
bidge (1985) proposed a method for calculating the 
elastic settlement of sandy soil using the field standard 

penetration number N60. The methods in estimation of 
elastic settlements were summarized (Das et al. 2009) 

The Schmertmann-Hartman-Brown method (1978) is 
commonly used for the estimation of elastic (immediate) 
settlement of shallow foundations. In the procedure on 
the estimation of immediate settlement, two approaches 
are used. One for axisymmetric (square and circular 
foundations) cases, and the other is for plane strain 
(strip foundations) condition as seen in Fig. 1. In case of 
rectangular foundations, there is an approximation in 
the method by using both axisymmetric and plane strain 
conditions.  

 

2. Schmertmann-Hartman-Brown Method (1978) 

In this method, immediate (or elastic) settlement (Se) 
of shallow foundations is calculated by Eq. (1) as seen 
below. 
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𝑆𝑒 = 𝐶1𝐶2𝐶3(𝑞 − 𝜎′𝑧𝐷) ∑
∆𝑧𝑖 𝐼𝑧𝑖

𝐸𝑠𝑖

𝑛
𝑖=1  (1) 

where 

𝐶1 = 1 − 0.5 (
𝜎′𝑧𝐷

𝑞−𝜎′𝑧𝐷
) (2) 

Correction for strain relief due to excavation, 

𝐶2 = 1 + 0.2 (
𝑡

0.1
) (3) 

Correction for creep, 

𝐶3 = 1.03 − 0.03 (
𝐿

𝐵
) ≥ 0.73 (4) 

where q is the gross contact pressure of footing; 𝜎′𝑧𝐷 is 
the effective stress at the base level of footing before the 
construction; ∆𝑧𝑖  is the thickness of soil layer i; 𝐼𝑧𝑖  is the 
strain influence factor of layer i; 𝐸𝑠𝑖  is the modulus of 
elasticity of layer i; B is the width of foundation; L is the 
length of foundation. 

 

Fig. 1. Variation of stress influence factors for 
square/circular based (axisymmetric) and strip (plain 

strain) foundations (Schmertmann et al. 1978). 

According to Fig. 1, the exact value of 𝐼𝑧𝑖  at any depth 
can be determined as follows; for square and circular 
footings (L/B=1): 

𝐼𝑧 = 0.1 +
𝑧

𝐵
(2𝐼𝑧𝑝 − 0.2)          (0 ≤ 𝑧 ≤

𝐵

𝑧
) (5) 

𝐼𝑧 = 0.667𝐼𝑧𝑝 + (2 −
𝑧

𝐵
)          (

𝐵

𝑧
≤ 𝑧 ≤ 2𝐵) (6) 

For strip (continuous) footings 𝐿/𝐵 ≥ 10: 

𝐼𝑧 = 0.2 +
𝑧

𝐵
(𝐼𝑧𝑝 − 0.2)          (0 ≤ 𝑧 ≤ 𝐵) (7) 

𝐼𝑧 = 0.333𝐼𝑧𝑝 (4 −
𝑧

𝐵
)          (𝐵 ≤ 𝑧 ≤ 4𝐵) (8) 

For rectangular footings in which the length is greater 
than ten times of the width, the plane strain approach is 
used. In other words, the foundation is considered as a 
strip foundation. For rectangular foundations in which 
the length is less than or equal to ten times the width, a 
linear interpolation between the axisymmetric and 
plane strain cases is performed, dependent on the length 
to width ratio. For the rectangular foundations (1 <
𝐿/𝐵 ≤ 10): 

𝐼𝑧 = 𝐼𝑧𝑝 + 0.111(𝐼𝑧𝑐 − 𝐼𝑧𝑠) (
𝐿

𝐵
− 1) (9) 

where Izp is the strain influence factor at the depth of 𝑧𝑝 
(peak value); Izc is the strain influence factor for strip 
footing that has a width of B; Izs is the strain influence fac-
tor for square footing that has a width of B, this value 
must be at least zero or larger. 

As it is seen above, the calculations of strain influence 
factors are complicated and time consuming. To avoid 
these problems, the method is modified and a new pro-
cedure much simpler than the original Schmertmann et 
al. (1978) method is introduced in this paper.   
 

3. Modification of the Schmertmann-Hartman-
Brown (1978) Method 

In this paper, the Schmertmann-Hartman-Brown 
(1978) method is modified by considering boundary 
conditions of the square/circular (L/B = 1) and strip 
(L/B > 10) foundations. Equations on the calculation of 
strain influence factors for any type of shallow founda-
tion such as rectangular, square, circular, strip in Eq. (1) 
have been re-driven. Thus, the following procedure has 
been prepared to estimate immediate settlements of any 
type of shallow foundations. In the modified method, the 
assumed variation of the strain influence factor is seen 
in Fig. 2. The user should not be worried about the prob-
lem whether it is an axisymmetric or plane strain prob-
lem. The data that are needed to be used in the modified 
method are the size, depth of foundation, load (or bear-
ing pressure), unit weight of soil, number and thickness 
of soil layers and their modulus of elasticity values under 
the foundation within the depth of 2B or maximum 4B. 
The author suggests to users that consider the layers 
only within the depth of zmax that can be calculated by Eq. 
(18) from the base of foundation as seen in Fig.2.  

 

3.1. Calculation steps of the modified method for any 
type of shallow foundations: 

1. Calculate the followings: 

a) Total bearing pressure (contact pressure): 

𝑞 =
𝑃+𝑊𝑓

𝐴
 (10) 

where P is the column load; Wf  is the weight of footing; 
A is the base area of footing (B·L). 
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Fig. 2. Variation of the strain influence factor for any 
type (square, circular, rectangular or strip) of shallow 

foundations in the modified method. 

b) Effective overburden pressure at the base level of 
foundation before the construction of foundation:  

𝜎′𝑧𝐷 = 𝛾𝐷𝑓 − 𝑢𝐷 (11) 

c) Net bearing pressure 

𝑞𝑛𝑒𝑡 = 𝑞 − 𝜎′𝑧𝐷 (12) 

where uD is the pore water pressure at the base level of 
footing;  is the unit weight of soil above the base-level 
of foundation; 𝐷𝑓 is the depth of foundation from the 
ground surface. 

Up to this point, all the procedure and calculations are 
same as the original method. After this point, the modifi-
cations would take place. 

 

d) Depth of zp at which the peak of the strain influence 
factor (Izp) occurs (see Fig. 2). Its value must be B/2 and 
B for square/circular based footings and strip footings, 
respectively. The following equation can be used for any 
type of shallow foundations to get the depth at which 
peak strain influence factor occurs.  

𝑧𝑝 = (
𝐿

𝐵
− 1)

𝐵

18
+

𝐵

2
          

𝐵

2
≤ 𝑧𝑝 ≤ 𝐵 (13) 

As an alternative, Fig. 3 can be used to get 𝑧𝑝value as 
follows.  

𝑧𝑝 = 𝐵 · 𝐶𝑝 (14) 

where Cp is a coefficient that can be taken from Fig. 3.

 

Fig. 3. Cp-coefficient as a function of L/B ratio.

Effective overburden pressure at the depth of 𝑧𝑝  at 
which peak of strain influence factor takes place:  

𝜎′𝑧𝑝 = 𝜎′𝑧𝐷 + 𝑧𝑝 𝛾′ (15) 

where 𝛾′ is the submerged unit weight of soil if there is 
ground water otherwise, bulk unit weight of soil. 

 

e) The strain influence factor, 𝐼𝑧𝑜  (seen in Fig. 2 at the 
base of any shape of a shallow foundation) can be calcu-
lated by Eq. (16). Its value must be between 0.1 and 0.2 
(Fig. 4).  
 

𝐼𝑧𝑜 =
8

90
+

1

90
(

𝐿

𝐵
)          ( 

𝐿

𝐵
≤ 10)  

(if 
𝐿

𝐵
> 10, take 

𝐿

𝐵
= 10)  (16) 

As an alternative, 𝐼𝑧𝑜  can be taken from Fig. 4 as a 
function of L/B ratio. 

 
f) The peak value of strain influence factor same as 
Schmertmann et al. (1978) method: 

𝐼𝑧𝑝 = 0.5 + 0.1√
𝑞𝑛𝑒𝑡

𝜎′𝑧𝑝
 (17) 
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g) Depth 𝑧𝑚𝑎𝑥  at which the strain influence factor would 
be reduced to zero. 

𝑧max =
2

9
𝐿 +

16

9
𝐵          (2𝐵 ≤ 𝑧max ≤ 4𝐵)  

(if 𝑧max > 4𝐵, take 𝑧max = 4𝐵)  (18) 

As an alternative, Fig. 5 can be used to get 𝑧𝑚𝑎𝑥  value 
by Eq. (19). 

𝑧max = 𝐵 · 𝐶𝑚 (19) 

where Cm is a coefficient that can be taken from Fig. 5.

 

Fig. 4. Variation of 𝐼𝑧𝑜 as a function of L/B ratio. 

 

Fig. 5. Coefficient of Cm as a function of L/B ratio.

h) Calculation of 𝐼𝑧𝑖  values on U-line in Fig. 2 by Eq. (20). 

𝐼𝑧𝑖 = 𝐼𝑧𝑜 + (
𝐼𝑧𝑝−𝐼𝑧𝑜

𝑧𝑝
) 𝑧𝑖       (0 ≤ 𝑧𝑖 ≤ 𝑧𝑝) (20) 

i) Calculation of 𝐼𝑧𝑖  values on L-line in Fig. 2 by Eq. (21). 

𝐼𝑧𝑖 = 𝐼𝑧𝑝 − (
𝐼𝑧𝑝

𝑧𝑚𝑎𝑥−𝑧𝑝
) (𝑧𝑖 − 𝑧𝑝)      (𝑧𝑝 ≤ 𝑧𝑖 ≤ 𝑧𝑚𝑎𝑥) (21) 

2. Modulus of elasticity is estimated by tip resistance, qc, 
of Cone Penetration Test, CPT, if Es values are not known 
Eq. (22). 

𝐸𝑠 = 𝑞𝑐 (2.389 + 0.111
𝐿

𝐵
)         (

𝐿

𝐵
≤ 10) (22) 

Terzaghi et al. (1996) suggests using the following 
equation.  

 

𝐸
𝑠(

𝐿
𝐵)

𝐸
𝑠(

𝐿
𝐵

=1)

= 1 + 0.4          log [
𝐿

𝐵
] ≤ 1.4 (23) 

where 𝐸𝑠(𝐿/𝐵=1) = 3.5𝑞𝑐 and 𝑞𝑐 is the cone resistance in 
CPT (Cone Penetration Test). 
 
Note: If the modulus of elasticity of soil layers are known, 
no need the estimation by Eqs. (22) or (23).  
 
3. Elastic (immediate) settlement is calculated by Eq. (1), 
the Schmertmann et al. (1978) method. 
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4. Hypothetical Cases 

Once modification of Schmertmann-Hartman-Brown 
method was completed, the calculations of the elastic 
(immediate) settlements became very simple with a sim-
ple computer code prepared. Then, the effect of L/B 
(length/width ratio) and B (width) on elastic settlement 
is investigated. For the hypothetical cases, the founda-
tion and soil profile seen in Fig. 6 are employed. 

 
Fig. 6. Soil profile and foundation in hypothetical cases. 

The variation of settlements with L/B starting from 1 to 
12 (1, 2, 3, 6, 8, 10, 12) for B =1, 3, 5 meters have been esti-
mated by the code and plots are given in Fig. 7. As it is seen 
in Fig. 7, when L/B is increased, settlement increases too 
until L/B=10. Then, there is no change on the settlement. 
Similarly, when B is increased, settlement increases too. 

However, once the settlements are normalized as 
(𝑆𝑒/𝐵), it has been seen that when L/B increased (𝑆𝑒/𝐵) 
increases, and when B is increased, (𝑆𝑒/𝐵) ratios are de-
creased as seen in Figs. 8 and 9. 

 

5. Conclusions 

From the investigation, following points have been 
drawn. 
 The Schmertmann-Hartman-Brown (1978) method is 

modified, and a more convenient approach is pro-
posed, so that there would be no worries about the 
foundation whether it is an axisymmetric problem or 
a plain strain problem. Also, only two equations 
would be employed to calculate the strain influence 
values in place of five equations in the original 
method. 

 The settlements increase from L/B = 1 to 10, after that 
(L/B > 10) no more settlement would occur. 

 It has been seen that the settlement/width ratio de-
creases while the width of footing is increased. In 
other words, settlement increment is not linear   This 
result shows that angular distortion of footings with 
larger width (B) would be less than the angular dis-
tortion of footings with smaller B.

 

Fig. 7. Settlement/Width ratio versus L/B ratios. 

 
Fig. 8. Settlement/Width ratio versus L/B ratios. 



62 Aytekin / Challenge Journal of Structural Mechanics 8 (2) (2022) 57–62  

 

 

Fig. 9. Settlement/Width ratio versus width (B) of foundation.

Acknowledgements 

None declared.  
 

Funding 

The author received no financial support for the re-
search, authorship, and/or publication of this manu-
script.  

 

Conflict of Interest 

The author declared no potential conflicts of interest 
with respect to the research, authorship, and/or publica-
tion of this manuscript.  

 

REFERENCES 
 

Bazaraa ARSS (1967). Use of the Standard Penetration Test for Esti-
mating Settlements of Shallow Foundations on Sand. Ph.D. Thesis, 

University of Illinois, Champaign-Urbana, Illinois. 

Bjerrum L, Eggestad A (1963). Interpretation of load test on sand. Eu-
ropean Conference on Soil Mechanics and Foundation Engineering, 

Weisbaden, West Germany, 1, 199. 

Burland JB, Burbidge MC (1985). Settlement of foundations on sand 
and gravel. Institution of Civil Engineers, 78(1), 1325-1381. 

Das BM, Atalar C, Shin FC (2009). Developments in elastic settlement 

estimation procedures for shallow foundations on granular soil. 
2nd International Conference on New Developments in Soil Mechan-

ics and Geotechnical Engineering, Near East University, Nicosia, 

North Cyprus, 9-41. 
DeBeer EE (1965). Bearing capacity and settlement of shallow founda-

tions on sand. Symposium on Bearing Capacity Settlement of Foun-

dations, Duke University, Durham, NC, 15-33. 
DeBeer E, Martens A (1957). Method of computation of an upper limit 

for the influence of heterogeneity of sand layers in the settlement 

of bridges. 4th International Conference on Soil Mechanics and Foun-
dation Engineering, London, 1, 275-281. 

Jeyapalan JK, Boehm R (1986). Procedures for predicting settlements 

in sands. In W.O. Martin (ed.), Settlements of Shallow Foundations 
on Cohesionless Soils: Design and Performance, ASCE, Seattle, 1-22. 

Papadopoulos BP (1992). Settlements of shallow foundations on cohe-

sionless soils. Journal of Geotechnical Engineering, ASCE, 118(3), 
377-393. 

Schmertmann JH, Hartman JP, Brown PR (1978). Improved strain in-

fluence factor diagrams. Journal of Geotechnical Engineering Divi-
sion, ASCE, 104(8), 1131-1135. 

Terzaghi K, Peck RB (1948). Soil Mechanics in Engineering Practice. 1st 

Edition, John Wiley and Sons, New York. 
Terzaghi K, Peck RB, Mesri G (1996). Soil Mechanics in Engineering 

Practice. 3rd Edition, John Wiley & Sons, New York. 




