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SYNOPSIS:-Soil-structure interaction in framed buildings influences both column load and settlement distribution, as it

has been shown in previous works by theoretical models and parametrical relationships. This paper analyses the mechanism

of interaction based on settlement readings at seven multi-story buildings, taken periodically as the buildings

were

raised. The results allow to evaluate the effect of construction sequency on the interaction and then behavior of the

buildings.

INTRODUCTION

Buildings are composed of upper-structure,
infra-structure and foundation ground in a

general manner.
controlled by

Behavior of the buildings is
interaction among these three

parts which consists on a mechanism named
soil-structure interaction (SSI). Although
relevant, interaction is not considered in the

most part of building design nearly everywhere.

Some authors have analysed the effects of this
mechanism such as 1load redistribution with
columns and trend for settlement uniformity
(Chamecki, 1956; Goshy, 1978; Lopes & Gusmio,
1991) . However most of the works are restricted
to parametrical analysis making use of
sophisticated models. They also assume that the
structural system is complete before any
loading occurs, although loads are applied
progressively during the construction of the
building. Quite a4 few works make a more
complete analysis (Brown and Yu, 1984).

This paper discusses the results of settlement
readings in seven reinforced-concrete framed
buildings of 17 stories which column
settlements were measured every 15 days during
their construction time of 18 months. The
results allow to evaluate the effects of SSI in
the behavior of buildings specially during the
period of their construction.

SOME ASPECTS OF SOIL-STRUCTURE INTERACTION

The column bases of buildings are assumed to
have no displacement in conventional structural
design. Computation of both 1loads at the
foundation and dimensions of structural bars
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are based on this simple hypothesis. On the
other hand the design of the foundation is
usually made taking into account the above
mentioned conventional loads at the bases and
the properties of the ground system. So there
is a gap between the ground system and the
structural system when the SSI efects are not
considered. These effects are produced by both
the settlements and structural stiffness.

Oone of these effects is the redistribution of
load in the structural bars that can crack
beams and slabs or crush columns. Other
important effect is the restriction to relative

movements of bars and bases caused by the
structure stiffness, making the differential
settlements to be less than those

conventionally calculated. All these effects
can make allowable settlements that otherwise
would be damageable.

As a matter of fact the increase of stiffness
makes the deflection surface of the settlement
distribution to be less curved. Heavier columns
tend to settle less and ligher columns more
than estimated. This tendency to settlement
evenness results in redistribution of loads at
the columns with load transference from columns
that should settle more to columns that tend to
settle less (Figure 1).

EVALUATION OF THE SSI EFFECTS

Many published papers (Chamecki, 1956; Poulos,
1975) show that the soil-structure relative
stiffness has influence on the value of the

settlements. The differential settlements are
strongly influenced by the relative stiffness
while the average settlement 1is pratically
independent.
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In the case of framed buildings there is one
settlement distribution corresponding to the
predicted settlements and another corresponding

to the measured settlements. Although
settlements are not random variables, curves of
settlement frequency can be similarly
associated to these settlement distributions
(Figure 2). Then the behavior of these

buildings can be analysed taking into account
two different models: one representing the
stress-strain behavior of the ground and the
other representing the soil-structure
interaction (Gusmao, 1990).

It can be assumed that the average settlement

is a function of both the structure 1loads and
the ground strain properties. So the difference
between the average values of predicted and

measured settlements can be associated to the
accuracy of the stress-strain model adopted. On
the other hand, the SSI influences the shape of
the settlement distribution making a new
distribution of 1load although the average
settlement is pratically the same.

The SSI model can be associated to the scatter
of the frequency curves of predicted and
measured settlements. Scatter is given by the
coefficient of variation CV which is the ratio
between the standard deviation and the average

value. Difference between predicted and
measured values of CV can be associated to the
accuracy of the SSI model. As a consequence,
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Fig.2 - Settlement frequency curves for

different structures.
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the conventionally predicted value of CV must
be always 1lower than the measured one, no
matter what is the accuracy of strain-stress
model adopted to the ground (Figure 3).

In order to evaluate the effect of 1load
redistribution at the columns, it 1is defined
the factor of settlement AR equal to the ratio
between the settlement of a given column and
the average settlement of the building. The SSI
makes the load redistribution taking some load
out of the heavier columns to surcharge the
less loaded columns. This mechanism can be
expressed by the AR values. In the case of
columns with the conventionally predicted
factor AR higher than 1 (point B in Fig.3), the
corresponding value of measured factor AR tends

to be lower, meaning load release. In the
opposite case of columns with the predicted
factor AR lower than 1 (point A in Fig.3),

there is a tendency to get their measured AR
values higher, meaning load increase.
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Fig.3 - Effect of the SSI in settlements.

DESCRIPTION OF THE CASES

The seven multi-story buildings studied in this
paper are part of a housing program in Recife,
Brazil, consisting of identical and separate
blocks named A to G. They are
reinforced-concrete framed with 18 slabs and 30
columns having 20 x 35m in plan. Columns loads
vary between 570 to 6700kN.

Subsoil profile is showed in Figure 4. Precast
concrete piles were driven 30 to 42m deep
depending on the depth of the resistent sandy
layer. Settlement plugs were installed in all
columns. Levelling readings were taken each 15
days during the construction of the buildings
that lasted 18 months. Table 1 summarizes the
results that were obtained.

Figure 5 shows the evolution of the average
settlement in each building in function of the
construction sequency. Some piles resulted
short resting on soft clay at some blocks due

to defective construction procedures what
explains the different behavior of these
blocks. Settlements pratically ceased in all

seven buildings once the total 1load of the
construction was achieved.



Table 1 - Total settlements in 18 months.

BUILDING ======= == oo e e e e e e e e e
MAXIMUM  MINIMUM  MEAN cv

A 33.o0 10.0 23.73 0.293
B 43.0 18.0 34.27 0.165
c 29.0 2.0 16.43 0.479
D 31.0 6.0 19.03 0.406
E 36.0 4.0 23.20 0.374
F 47.0 14.0 34.43 0.249
G 33.0 14.0 25.50 0.225
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Fig.4 - Typical soil profile.

EFFECT OF THE CONSTRUCTION SEQUENCY

Most of the works on the soil-structure
interaction in framed buildings assumes a
theoretical model by which no loading happens
before the frame is complete. As the stiffness
is influenced by the height of the building,
the construction sequency plays an important
hole on the mechanism of SSI.

During the building construction, the column
loads increase as well as the settlements. The
structure stiffness also increases with a
crescent tendency to settlement evenness and
load redistribution as the building raises
(Figure 6). It means that increase of load
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produces increase of the average total
settlement while increase of stiffness gives
reduction in the coefficient of variation cv.
In the same way the value of maximum AR

decreases while that of minimum AR increases
resulting in a less curved settlement
distribution.

Figure 7 shows the variation of ARmax and ARmin
versus time of construction of block A. The
effect of load redistribution 1is <clearly
observed. This same trend is obtained in all
seven blocks.
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Fig.7 - Variation of AR with time of
construction of block A.

The curves of Figure 7 mean the envoltories of
maximum and minimum settlements that are
normalized to the average settlement (AR
values). Distance between the curves gives the
range D(AR) of these settlement variation along
the time construction. It can be seen that the
range reduces with time, i.e., when the
stiffness increases and it remains pratically
constant after a certain value. This means that
the influence of structure on the settlement
distribution has a 1limit stiffness. Once
reached this limit, named effective stiffness,
settlement distribution is only function of the
load. Table 2 shows the reduction of range
D(AR) that was achieved at the seven buildings.
It varies between 60 and 27%.



Table 2 - Reduction of the normalized
settlements at the end of
construction.

BUILDING ====m=mmmmmmme—e————mm————m———mm e mmm
INITIAL FINAL REDUCTION (%)
A 2.41 0.97 60
B 1.62 0.73 55
c 2.41 1.64 32
D 2.10 1.31 37
E 1.88 1.38 27
F 1.79 0.96 46
G 1.82 0.75 59

Figure 8 shows the coefficient of variation cv
versus time of construction of block A. The
reduction in the value of CV indicates the same
tendency to even the settlements due to the
growing of stiffness with time. It is observed
that 60% of the total reduction on the CV value
is due to the first six stories. One can
conclude that the effective stiffness to be
considered to interaction purposes does not
increase proportionally to the number of
stories. The first stories have a larger
influence than all others. This same trend is
obtained in all seven blocks.
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Fig.8 - Variation of cv with time of

construction of block A.

This experimental result had been announced

elsewhere based on theoretical analysis of
parametrical relationships. Furthermore it is
confirmed in practice since damage due to
settlement have 1less intensity upwards and
seldom it reaches more than five stories
(Goschy, 1978).

Figure 9 shows the variation of CV as a

function of the number of stories. The CV value
reduces as the number of stories increases in
all seven buildings. One can notice the larger
influence of the initial stories since 40 to
80% of the total reduction on the CV value is
due to the first six stories, depending on the
building. In conclusion, an average reduction
of 60% in CV value can be considered.
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CONCLUSION

Soil-structure interaction has a large
influence on the behavior of buildings although
it is frequently not considered in design.
Results of monitoring of seven 17-stories
buildings during their construction showed some
relevant features of this interaction, such as
column load redistribution and the tendency to
even settlements. The results demonstrate the
larger influence of the first stories in the
mechanism of interaction which are responsable
by the effective stiffness that controls the
process. The first six stories contribute to an
average of 60% in the final reduction of the
settlement’s coefficient of variation due to
this stiffness. A reduction of at least 27% in
the parameter that controls the differential
settlements were achieved in consequence of the

gain of stiffness during the building

construction.
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