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ABSTRACT

The paper presents graphical interpretation of non-linear time
dependant interaction between elastic structure and high
flexible non-homogeneous (layered) soil. The use of program
has been shown on space reinforced concrete frame structure on
a layered halfspace.

Time dependant displacements were evaluated successively by
computer as to load path and the consolidation process in soil
of viscous unequal thickness clay layers on a rock basis. The
program uses deterministic analysis on a theoretical Kelvin’s
rheological model. An incremental iterative method is used:
skeleton structure is presented by linear finite elements but
the soil is described using analytical function defining
non-linear and time dependant relations. Rheological soil
characteristics were determined with slow, drained triaxial
tests and monotonoucsly increasing (decreasing) load.

A graphic simulation of structural displacements during the
construction and after it has been built up enables better,
faster, more economical design and higher safety in everyday
engineering practice.
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SOMMAIRE

L article présente 17interprétation graphique de 1 interaction
non-lindaire dépendant du temps entre une construction
€lastigue et un sol non-homogéne (avec des couches) de haute
flexibilité. L“applicabilité du programme est démontrée sur
une construction 3-dimensionelle & squelette en béton armé
fondée sur des couches demi espace. Les déplacements dépendant
du temps ont €té successivement évalués a l7aide de 1l ordina-
teur; il s”agit du chemin de la charge et du procés de la
consolidation dans le sol consistant des couches dargile
visqueuse d“épaisseur inégale reposant sur une base rocheuse.
Le programme utilise 1“analyse déterministe suivant le modéle
théorique et rhéologique de Kelvin. Une méthode incrémentale
et itérative est employée: la construction a squelette est
presentée au moyen des éléments finis linfaires, mais le sol
est décrit par la fonction analytique qui définit les réla-
tions non-lindaires et dépendantes du temps. Les caracté-
ristiques rhéologiques du sol ont été déterminées par des
épreuves 3-axiales sur des échantillons chargés d“une manigre
monotone croissante et décroissante. Ces expériments sont
lents et drainés.

La conception informatisée des‘déplacements de la construction
pendant la constructioﬁ et aprés celle-1l3 nous permet de

mieux projeter et en méme temps de projeter d“une maniére

plgs rapide, plus siire, et plus économigue. Tout cela est

trés important en pratique quotidienne des ingénieurs.

INTRODUCTION

We are dealing with several practical cases of structure-soil
interaction where a dependence between structure and soil can
be given with uneven loading on the structure and with non-li-
near rheological soil characteristics. A numerical solution is
given by levelling layered soil and structural foundation dis-

placements3:

dpy = A, d0, = I d0,, =S5, (aP,. - dOQ,) (1)

where Ar represents a soil flexibility matrix, I is a unit ma-
trix, Sr is a structure flexibility matrix and er duor' dpr,
dPr represents vectors of increments of unknown foundation

contact pressure, translation and rotation of foundation contact
surface, foundation relative displacements, and structure loads
respectively.

A stress-strain relationship is in general non-linear but in
addition a wviscous flow has to be taken into account at unchan-

ged stress state. Previous studiesB_5 determined rheological de-
pendencies for coherent soils on the basis of slow, drained
triaxial test with monotonuously increasing load.

A non—-linear and time dependant relationship for soils in the
range of secondary consolidation branches is given by analyti-
cal expressions in a form of elastic-viscoplastic model. This
solution enables sufficiently exact analytical determination of
stress-strain state for practical engineering problems, i.e.
where primary hidrodynamic effects can be neglected.

The paper presents calculation and graphic interpretation of

the non-linear time dependant interaction between elastic struc-
ture (skeleton) and highly flexibile layered soils. The incre-
mental concept has been taken into account with monotonously
changing load and experimentally determined rheological rela-

tions for soils in the form of a non-linear Kelvins model2 and
well-know Hook “s model for structure.

Rheological relationships for soils

On the basis of slow, drained and monotonously loaded and un-
loaded triaxial tests, one can determine volumetric dilatation
t(E}, axial strain gy and their corresponding elastic compo-
(e) (e) ; .. . wlke) e (e) o
e El . Strains ok 51 By and 1 can be divided
into spheric, distortional and viscous components, which are

nents €

expressed amalyticaly4 by stress invariants:

217



= o —{ - g- 31/2 e

p= 011/3; q—i{3/2)SijSij} ' Sij Uij %jckk (2) ,(3),(4)
where 0£j means effective stress tensor and ¢,. is Kronecker
symbol. Subtracting corresponding elastic (C[E)) and viscous

(E(v)

) components from Ev an € one can get plastic strains:

lf
Eép) and EEP}.

In general the strain tensor consists of 36 constants, deter-
mined experimentally. Due to the elimination of some constants
the solution can rapidly deduce’ to Sekiguchi (1977), Shibata
(1963) or Roscoe (1963) models.

The stress and displacement increments calculation

If a contact pressure dQ_ is continuous and smooth and applied
on polygonally shaped foundation contact surface Sk (k being a

number of discrete surface) to a non-homogeneous soil halfspace
with known stress and time depandant spheric (Kr} and distor-

tion (Gr) deformational modul at each point i then stress and
displacement can be determined at these points using the fol-

lowing equations4:

= ff (ep) (ep)
(ddmn}r 5, fﬂ(x,y,z,er,Kr ¥ Gr yds (5)
(@uy) . = (@®®) + (@l _ (6)

lep)y - sir (ep) (ep)
(dum )r m Sy fu(xfy,z,er,Kr r G ) dmds (7)
'[dUR(‘V))r - 1."; fu*(xeY:err_l:qr_l tP ey K;_V) ’ GlEV))dmdt (8)

where pr=dpr/dtr and qr:dqr/dtr are velocities of stress inva-

riants Py and ¢ at a relative time ti.
L L

An iterative calculation on incremental basis

AL L=l LiCIell€uiail slep usinyg Auowi ioad (d;’}_; alid Lille A )

inarements we can evalnate load P at relativa time +* . TF wa
. L : o

suppouse Lhal load veluciiy Fp eyuals siress velucity v, at ail

joints i of a halfspace we get the following:
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P . =dp /jdt =0Q =p =gq (9)

The calculation is performed in two successive iteration 100p54:
in the first loop we solve elastic and plastic relations between
structure and soil while in the second a viscous (i.e. time de-
pendant) relation of soil consolidation is evaluated.

The iteration loop is repeated using equations (1), where matrix
AL and incremental vector of foundation relative displacement

dpr are changing, until the following conditions are satisfied:

40, = dQ, 5 =40, 4., *+ 5Q, (10)

where 6= 1,2,3, ..., n represents iteration cyclus and 6Qr takes

desirable small value.

After the iteration the following wvalues are known: do_, Kr and

G, (or Ar). Substituting these values into Egq. (5) or (8),
using Eq. (9) we get at first the stress increments (dar), dis-

placements (du ) and finally we find stress-displacement state
using:

[ = O +do u_=u
r-1 < b il 4

- ytdu., Q=0 _,+d0.  (11),(12),(13)

;o =1

NUMERICAL EXAMPLE

The computer program was written by M. Jeler on the basis of
the above equations. The test was performed on the example
shown in Fig. 1, Fig. 2, Table I. and Table II. Triaxial Tests
of constituents were performed in the laboratory (See Ref, 3
and 4).

The space frame structure of reinforced concrete with rectan-
gular shaped foundation is founded Im under the ground level.
The load Pr is continunous at the upper level of the structure
and time increasing to the final value within 18.5 monts. (The
program allows also any non-continuous load as applied in
practice}.

Fig. 3 shows few sensitive results of the numerical analysis:
foundation settlements and frame displacements.

. r . . » o . N "
Piowira D Lodat LY UG Lue ARGt Y e Sl ik sk sasak s AoA i
i - - . P B ’ . § o) W i . .
Ldlile dep@idaliit Cllib Lo vued Ve Ldwo  ywindill Lo waue g sedihe b oo
| S I R 1A e eamees Jus zcil halfopac
Eility and oon hsmogconzous goil halfspasc).
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The paper presents joint solution of structure-scil interaction
given by a numerical method for structure and analytical functi-
ons (based on experiments) for soil,which in practice design is
sufficiently exact and economical.The given solution is
straightforwardly applicable for the determination of founda-
tion settlements and stress-deformation state of structure.
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Table I. Time dependant loading data for skeleton structure

Relative Increments of Total
time time load load

Ex (days) dt_ (days) dp_ (kN) P, (kN)
*

5 3 at, 36 ap, 200 Py 4
*

2] 36 at, 102 ap, 200 Py 200
*

2 138 dt, 204  dp, 200 Py 800
*

3 442 at, 213 dp, 200 ¥y 600

t; 555 P, 800
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Table II. Basic physical soil characteristics.

a
Clay Characteristics 5ymbolb
W Wy, 5 Ty ; - g, k af $r
()  (3)  (3) (kN/m”) (3) (%) {cm/s) kpa (%)
CI 29 39 21 27 20 80 96 3x10_g 36 18
CH 60 60 35 17 18 100 100 2x10~° 0o 21
2 AC classification.
ISSMFE classification.
dFp=200 kN
T 3t
Ip=2.13%10 “m 1.0
E =const. =3.15x10'kPa
{SID / 1-5
Y
1.5
1 Ip P_____________—F,,._—-———""'—
8 1.0

\
0.25
: ——— —\::
e 0.25

Fig. 1 Geometrical (See Fig. 2), physical and loading data
for skeleton structure.
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Fig. 2 Stratigraphical data and basic physical characteristics

of non-homogenous soil halfspace (See Table II.).

Fig. 3 Time (t*r) and load (Pr) dependant (See Table I.)

displacements and settlements
skeleton structure.
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ABSTRACT

As of late 1983 the Energy Research Group has been a participant in
Task VIII of the International Energy Agency's (IEA) Solar Heating and
Cooling Program. The objective of Task VIII is to accelerate the
development and use of Passive and Hybrid Solar Low Energy Buildings.
With this objective in mind, the authors have been both evaluating, and
performing parametric studies with, thermal simulation computer models.
The major part of this work has involved the two computer programs
MICROPAS and SERI-RES, although some work has been carried out on DEROB
V1.0 - IUA. While working with these programs, we have paid particular
attention to the completeness of the documentation, and the ease of
understanding of the input requirements. Similarities and differences
between these programs are documented, and the thermal performance of
buildings as predicted by these programs are compared. From the point
of view of a New Zealand user, MICROPAS is inadequate, predominantly
due to the fact that it can only use imperial units. The input
requirements of DEROB are relatively complicated, due to the graphics
facilities available. SERI-RES appeared to be the most user-friendly
program of the three.
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