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SUMMARY

For structures in regions with strong seismic activity it is of main
importance to guarantee the global and local stability. The calculated area
of separation between base mat and soil depends largely on the solution pro-
cedure that is used to investigate the global overturning safety. The same is
true with the size of the vertical loads (dead load and inertia loads) that
have to be transmitted from the lifted part of the structure (longitudinal
wall) to the supported part on the soil by the lateral walls. In the presen-—
ted paper the differences between the conventional quasistatic analysis and a
more realistic dynamic analysis of the turnover of a structure are shown.

INTRODUCTION

In static design the global stability (turnover, frictional resistance,
soil pressure) and local stability (integrity and load bearing capacity of
structural parts) must be guaranteed. Buildings in regions of stronger seis—
mic activity may partially uplift for a short time. This is mainly true for
long, boxlike buildings of nuclear power plants during lateral excitation for
the load case safe shutdown earthquake (SSE). If the building is stiffened by
outer walls only (Fig. 1), the additional vertical forces that must be trans—
mitted by these walls during uplift may be of the same size like the horizon-—
tal forces. Furthermore the uplifted longitudinal wall must transmit the to-
tal loads of the building to the lateral walls without direct support. In the
past the inherent cross—sectional forces — starting from the results of a
linear, dynamic analysis - have been calculated by simple, quasistatic analy-
sis. This method resulted in a considerable amount of additional reinforce-
ment.

In the following the possible procedures to calculate the global and local
stability are described and the results compared. For clarity only horizontal
excitation is considered. The earthquake excitation is described by a time
history, matched to the USNRC-spectrum. The amplitude of acceleration is
chosen so that an uplift of the building is evident.
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CONVENTIONAL ANALYSIS

Global Safety Against Turnover

The maximum edge pressure and the area of separation may be calculated
in a simple way by the assumption of constant soil stiffness and a rigid base
mat (Fig. 2). The maximum base moment, that operates due to linear dynamic
analysis for only a short time, is taken as effective static turnover moment.
The stability is guaranteed, if Geqge < Omax 2nd Lcoptact > /2. If Leontact
< &/2, a more realistic assumption for the distribution of soil stiffness is
necessary. If Oedge > %max & realistic analysis of soil failure is necessary.

As a more realistic model (for stiff buildings) the soil stiffness may
be distributed in accordance with the theory of a rigid base on an homogeneous,
elastic half space. This theory states that the rocking stiffness ky, referred
to the longitudinal axis of a rectangular base mat, is about three times lar-
ger than k¢ by the assumption of a constant distribution of the resulting ver-
tical soil stiffness k,. This is in accordance with the concentration of the
vertical springs at the edges of the base mat. In Fig. 3 the large influence
of the assumed distribution of the soil springs on the resulting amount of
uplift is shown. For the most favourable case it may be shown that the base
mat and soil don't separate even by static analysis if Mpgy < M1ipit =
(Ge2)/2. If Mygx > M1imit, it will be only possible by nonlinear dynamic ana-
lysis to demonstrate the safety against turnover.

Local Stability

The state of art is the design of the joint between the longitudinal and
lateral walls for the supporting forces that are active during the time of
uplift. The equality between soil pressure and dead load is usually not taken
into account for the longitudinal walls. These forces are only considered in
the design of the base slab. The maximum lateral forces in the uplifted longi-
tudinal wall are calculated by superposition of the inertia forces - calcula-
ted with the maximum vertical acceleration at the edge of the building - as
additional loads to the dead load (Fig. U4). This is a rather comservative cal-
culation because the inertia forces may be directed opposite to the dead load
and the maximum vertical acceleration may not coincide with the time of uplift.

REALISTIC ANALYSIS

An analysis with consideration of gaping between base mat and soil, i.e.
nonlinear dynamic analysis, will be necessary, if the mentioned quasistatic
analysis don't result in acceptable design criteria. Because the scope of this
paper is not the analysis of a real building with given exc1tatlon, a simple
plane model is chosen to idealize the vibration in lateral direction. This
model is sufficient to demonstrate the phenomenons of vibration with separa-
tion of base mat and soil. :

Method of Analysis

Vibration model: The vibration model (Fig. 5) represents the stiffness -of
the lateral walls and assumes the longitudinal walls to be rigid. Dimensions,
masses and stiffnesses are matched to a real nuclear power plant building. The
soil is modelled by springs and dashpots. The global stiffnesses ky and kg of
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the springs are determined by use of the theory of elastic half space and are
distributed according to the influence area of the nodal points (ky proportio—
nal to the area and ky proportional to the circumference). Two cases of soil
stiffness are examined. In Fig. 6 the controlling natural modes for horizontal
vibration are shown together with the most important parameters.

Scope of analysis: The following topics of vibration behaviour are inve-
stigated in detail:
- vibration characteristic in general
- global turnover moment
- separation of base mat and soil
- working direction of inertia forces
- supporting forces of longitudinal wall

} global stability
} local stability

To value the influence of partial uplift, two models are investigated.
The first that will be called linear (L-) model in the following, is based on
the assumption that the vertical springs transmit compression as well as
tension. For the second nonlinear (NL-) model only the transmission of pressure
forces is possible by the vertical springs.

Calculation method: Time history modal analysis is used for the L-model
while the controlling quantities are calculated by direct integration for the
NL-model. The coefficients of Rayleigh—damping in the NL-model are matched as
well as possible to the modal dampings of the L-model. The vertical springs
in the NL-model are assumed to be linear elastic in compression (F < 0) and
fail in tension (F = 0). The frictional, horizontal springs are assumed to be
linear elastic in all cases. as simplification for the presented investigations.

Results

Vibration characteristics: The time histories of vertical displacements
and accelerations of the corner node no. 1 (Fig. T and 8) show only for case
2 (stiff soil) an evident difference in shape and amplitude between L~ und NL-
model. The NL-model results in considerable larger accelerations, however only
during a short time interval.
It is obvious to sée from the displacement of the building during first uplift
(Fig. 9), that in the NL-model the building is forced to global, vertical
vibrations, caused by the shift of the center of active spring stiffness
during the loss of one spring.

Global stability: In Fig. 10 and 11 the course of global turnover moment
and inherent contact area during the phase of uplift are shown. The moments
are compared to. the maximum possible turnover moments by conventional quasi-
static analysis (compare Fig. -3).

The NL-model results in a turnover moment that may be larger than the
maximum static turnover moment because the produced inertia forces without
failure of global stability, i.e. the safety against turnover is guaranteed
despite a safety factor v < 1. The largest amount ‘of uplift and the maximum
moment appear at different times in consequence of the global, vertical inertia
forces. that contribute widely to the turnover moments.

Local stability: It is shown in Fig. 12 for case 1 that vertical dis-
placement and acceleration are usually in opposite direction, i.e. the inertia
forces of the longitudinal wall are opposed to the dead loads at the uplifted
side: A more closely look at the beginning of uplift (Fig. 13), however, shows
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that the acceleration may also be positive for a short time interval (L0 ms)
so that the inertia forces act in addition to the dead load.

If a more general, 3D-model is used, the supporting forces of the longi-
tudinal wall at the side of uplift as well as contact can be computed automa-
tically by the vibration model for the mutual action of inertia forces (+ dead
load) and soil pressure. For the used global model the supporting forces have
to be calculated by use of equality conditions for inertia forces (+ dead load)
and spring forces. In Fig. 14 and 15 the resulting supporting forces in the
uplifted wall will be compared with the lateral forces of the longitudinal
wall, if the maximum acceleration is used for their calculatlon instead the
actual accelerations dquring uplift.

CONCLUSION

The investigations indicate that a realistic estimation of the safety
against turnover during seismic excitation is first of all influenced by rea-—
listic assumptions for the distribution of vertical soil stiffness. If it is
not possible to guarantee the safety against turnover by quasistatic analysis
it may be possible to show the global stability by a nonlinear dynamic analy-
sis even for stronger excitations. The convential quasistatic analysis re-
sults in considerable overestimations of the danger of turnover.

It is proposed to calculate the supporting forces of the uplifted, longi-
tudinal wall either directly in the vibration model, or, by use of a global
model, with the actual accelerations during uplift. The use of maximum accele-
rations results in unrealistic high supporting forces.
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