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1. The Schmertmann (1970) Procedure.

In 1970, John H. Schmertmann of the University of Flor ida proposed a new procedure 
for  estimating the elastic, or  initial settlement of a shallow foundations on granular  
soils. Although empir ical, the procedure has a rational basis in the theory of elasticity, 
finite element analyses, and observations from field measurements and laboratory 
model studies. Theoretical analyses indicated that in granular  soils approximately 90% 
of the elastic settlement DDDDHi was confined within a depth equal to twice the footing width 
B.  In addition, the maximum strain contr ibution to the settlement (or strain eeee) was 
observed at a depth of about one half the footing width B and had a maximum value of 
0.6, as shown in Figure 1. Schmertmann suggested the use of a simplifying influence 
factor  I Z der ived from the relation,   E = � / � = [qo / (� /dz)] (I Z)
Or ,                                I Z = (� /dz) (E/qo)

This simplification neglects the strain in the sand at its inter face with the footing, 
which is satisfactory for  medium to dense sands (Figure 2). However , exper ience 
indicates that the settlement immediately beneath the footing may be impor tant in 
loose to medium sands, and an alternate influence factor  distr ibution is proposed in 
Figure 3, which provides a strain of 0.1(E/qo) at the inter face. The computation of the 
settlement in the layered soils involves integration of the strain of each strata to a depth 
of twice the footing width. In addition, two cor rection factors are included: C1 which 
considers the depth of embedment Df to reduce settlement, and C2 to account for  creep 
dur ing a time per iod t, which will increase the settlement.



Figure 1:  Typical strain distr ibution beneath a footing upon granular  soil





The elastic settlement � Hi is thus given by,

2B

� Hi = C1C2 (qo – � Df) � (IZ / E) dz
0

where C1 = 1 - [ (0.5 � Df ) / (qo – � Df ) ]  ³³³³ 0.50
and C2 = 1 + 0.2 log ( tyr / 0.1)  ³³³³ 1.35

The necessity of using the creep correction factor  C2 has not been absolutely 
established. On the one hand, some structures on sand have been observed to settle an 
additional 5% to 25% of the or iginal " initial"  settlement dur ing a per iod of five years. 
On the other  hand, other  structures indicate that settlement occurs only dur ing the 
construction per iod, and is not time dependent. 

To be conservative, the creep factor  may be included as a safety factor  for  compressible 
soil inclusions, such as clay seams, or  related to unidentified loads, such as dynamic 
loads. 

Figure 4 shows the relation of the creep cor rection factor  C2 with respect to time.



Time t  that the foundation has been loaded (in years)

Figure 4.   Creep Correction Factor C2



The determination of the soil elastic modulus E in the field requires equipment which 
is not commonly available. A preliminary estimate can use Table I ,

TABLE I
Correlation of  Cone Resistance qc to Standard Penetration N

Soil Type *qc / N

Silts, sandy silts, slightly cohesive silt-sand mixtures 2.0
Clean fine to medium sands and slightly silty sands             3.5
Coarse sand and sand with little gravel                         5.0
Sandy sands and gravel                                          6.0

*  Estimate with both qc and E in kg/cm2 (1 kg/cm2 = 1 tsf approximately)

Figure 5 on the next slide shows a direct cor relation of computed elastic modulii E and 
standard penetrations N  for  over  60 steel plate load tests. The resulting trend of the 
data indicates an increase of elastic modulii with standard penetration N (with only five 
data points falling outside the line).
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The equivalent Modulus of Elasticity Eeq for three soil layers).

3 3 3
31 2 31 2 3

eq
1 2 3

+ +h h hE E E= [ ]E
+ +h h h

For example, what is the equivalent modulus of three descending soil stratum with modulii of 
50,000 ksf, 125,000 ksf, and 200,000 ksf, and thicknesses 15 ft, 10 ft, and 12 ft respectively?

3 3 3
3

eq
10 125000 + 15 50000 + 12 200000

= ( = 61,220 ksf)E
10+ 15+ 12

NB: I f more than 3 layers need to be considered, combine into groups of three and iterate.



2. Alternate Method of Estimating the Elastic Settlement.

An estimate of the elastic settlement � He is based on an equivalent modulus Eeq,

where q0 is the average footing contact pressure (in ksf), r is the radius of an equivalent circular  
footing of the same area as the rectangular  footing (in feet).

1.5
( 12 )o

e
eq

q r
H x for settlement in inches

E
D =



Estimating the Footing’s Tilt (both Transverse and Longitudinal).

For  example, estimate the hor izontal translation of a point 31 feet above the base of a foundation 
with a transverse moment MT in the direction of dimension L using Eeq soil modulus,

where all units are kip-ft, v = Poisson's Ratio (for  example, 0.25), M = moment, Eeq = equivalent 
modulus and I � = from the Table below.

2
t

2
e

(1- )M I(31x12) = x(31x12)
WL E

qnf

I � =       1.59 2.29         3.03           3.70          4.12          4.38           5.10

For  L/B 0.10         0.20         0.50          1.00           1.50          2.00           4.00

TABLE of VALUES OF I � (from Lee, 1963; Whitman and Richard, 1967)



Example: Determine the elastic settlement of the 3 ft by 3 ft shallow footing shown below after  
five years. The soil is a clean quar tz sand with a � = 110 pcf.

Solution: Notice that the SPTsare so low that this is a loosesand.



The contact pressure qo= Q/B2 = 64 kips /(9')2 = 7.11 ksf, and the STP value indicates a 
loose sand. The modulus E for sand can be found from the relation ES = 10(N+15) ksf. 

� = 0.0086
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Example:  Most of M iami’s aer ial rapid transit system is founded on shallow footings as shown 
below.  Estimate, using the Schmer tmann’s method, a) the settlement of each pier  shown (ignore 
punching shear ), and b) the differential settlement between each pier , and c) is that differential 
acceptable if you use DDDD(DDDD)/span <<<< 1/300 as a cr iter ion?

Step 1:  Lay out the strata depth versus the strain graph.





S = 0.001302

0.0000000.05200,00028

0.0010000.315,000167

0.0003000.415,00046

0.0000020.10125,00025

S = 0.001019

0.0000000.05200,00024

0.0010000.335,000153

0.0000050.57125,00012

0.0000140.30125,00061

IzDDDDZ/Es(ft
3/kips)I zEs (ksf)DDDDZ (feet)Layer

zzfe EIDqCC D-=D 
 )/()(
24

0
021 gStep 2: Use Schmer tmann’s expression for  elastic settlement



Step 3: Calculate the embedment and creep coefficients:

Embedment coeff. C1 = 1- [(0.5gDf)/(qo - gDf)] = 1- [(0.5 x 0.130 x 3)/((1150/12x16)- 0.130 x 3) = 0.965                                           
Creep coefficient C2 = 1.35   (for t=5 years)

Step 4: Calculate the settlements under  piers A and B,

DA = (0.965)(1.35)(5.61)(0.001019)(12) = 0.089 in.
DB = (0.965)(1.35)(5.61)(0.001302)(12) = 0.114 in.

Step 5:  The differential settlement DDDD(DDDDe) is,

D(De) = DB - DA =  (0.114-0.089) =  0.025 in.

Step 6:  Check against cr iter ion that  DDDD ( DDDDe) / span <<<< 1 / 300

0.025 inches / (80 feet x 12 inches/feet) = 1 / 38,400  < 1 / 300       Good



3. Dilatometer Methods.

Schmertmann (1986) descr ibed an  alterative method of computing foundation settlement based on 
the results of dilatometer  (DMT) tests. The procedure is for  one-dimensional compression and uses 
correlations of DMT determined parameters to obtain the constrained (one-dimensional) modulus 
M. Compar ison with the results of a number of full-scale settlement measurements indicates quite 
good predictions. 

Leonard’s and Frost (1988) take a somewhat different approach to the prediction of settlements of 
shallow foundations utilizing the DMT. The advantages of their  method are that the dilatometer  
modulus Ed is used directly and possible prestress effects are taken care of by consider ing the Ed / 
qc ratios for  the deposit. Thus, it is possible to avoid large over-predictions when the possibility of 
prestress is not appropr iately considered.

4. SPT Methods.

As noted by Bellotti et al. (1986), there are significant disadvantages to using the SPT, CPT, or  
DMT because of the differences in modulii as determined for  normally consolidated versus over  
consolidated sands. These devices only are modestly sensitive to stress and the strain history of the 
sands. I t may be better  to refer  to the correlations between some average values of the penetration 
resistance and the settlement of actual foundations rather  than to use direct single correlations 
between individual values of N (STP) and the modulii in granular soils. This was the approach 
taken by Burland and Burbidge (1985), who developed an indirect method based on an extensive 
review of more than 200 case histor ies of the settlement of shallow foundations, tanks, and 
embankments on sands and gravels. Most of the subsur face information was average SPT blow 
counts, but some CPT results were available.



Distortion Settlement and Contact Stress.

Distor tion settlement occurs because of a change in shape of the soil mass. The shape of the deflected 
soil profile depends on whether  the soil is predominantly cohesive or  granular  and whether  the 
loaded area is r igid or  flexible. The possibilities are shown in Figure 5. In the case of r igid 
foundations, the settlements produced are of course uniform, whereas the contact stress 
distr ibutions under  the foundations are very non-uniform.

In the case of cohesive soils, at the outer  edges of a r igid foundation on a per fectly elastic soil, the 
stress is infinite. In actuality, as shown in Figure 5, it is limited by the shear  strength of the soil. With 
r igid footings on granular  mater ials, because the confinement is less at the outer  edges, the stress is 
also less. For  a very wide footing on granular  mater ial, settlement would be fair ly uniform; near  the 
middle of the mat the contact stress also would be quite uniform.

As expected, the contact stress distr ibution for  a flexible loaded area is also uniform, but the 
settlement profiles are quite different, depending on whether  the soil is cohesive or  granular . These 
cases are shown in Figure 5. In the case of cohesive soils, which include saturated clays and many 
rocks, the sur face will deform in a shape that is concave upward.

The shape of the settlement profile on a granular  mater ial is exactly the opposite, concave 
downward, again because the confining stress near  the edges of the footing is lower  than in the 
center . I f the sand is confined, it has a higher  modulus than at the edges, which means that there is 
less settlement in the center  than at the edges. I f the flexible loaded area is very large, then the 
settlements near  the center  of the area are relatively uniform and less at the edge. Contact stress 
distr ibutions are impor tant for  the design of foundations and footings.



Elastic distortion  or  immediate settlement (� Hi).

For  soils that are predominately cohesive, the linear  theory of elasticity is used to estimate the 
magnitude of initial settlements. Soil profiles are typically simplified, although some solutions 
involving multiple layer  theory are available.

Homogeneity and isotropy are implicitly assumed so that only two elastic parameters, the modulus 
of elasticity E and Poisson's ratio � are needed. This approach works reasonably well on clay soils 
if the applied stress level is low; that is, if the factor  of safety is large and we do not have plastic 
yielding in the foundation.

In many foundations on cohesive soils, the immediate or  distor tion settlement is a relatively small 
par t of the total ver tical movement and, thus, rough estimates are acceptable.


