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SYNOPSIS

The GAPEC SYSTEM is a new aseismic system of the shock-absor-
bing-soft-story type experimented at the Centre National de la Recherche
Scientifique, (C.N.R.S.) in Marseille, France. With this system, a
building is standing on energy-absorption isolators set between the first
story and the basement. In addition, tall buildings have to be fitted with
wind-stabilizers located at the same level as the isolators. Experiments
performed on a shaking-table and dynamic designs of typical buildings
show that using the GAPEC SYSTEM divides the acceleration response,
shears and overturning moments by a factor of 5 to 8.

INTRODUCTION

A new trend for earthquake-resistant structures has developed for
several years, which intends to confine the seismic energy in a limited
region of the structure acting as a shock absorber. In the 1930's, Martel,
Green and Jacobsen presented some aspects of a flexible first story and
Fintel and Khan (1968) wrote about a shock-absorbing soft story concept
[1]. These authors observed that the upper stories of many buildings
submitted to strong earthquakes had suffered but small damage when the
first story was flexible enough to accomodate large distorsions. In the
Fintel and Khan's method, the entire building should remain within the
elastic range, except the soft story which undergoes elasto-plastic beha-
viour. The GAPEC SYSTEM presented in this paper belongs to the same
class of soft-story systems but represents a further step in the sense
that the soft story is perfecly elastic and the whole building remains
within the elastic range during an earthquake.

FUNDAMENTALS OF THE GAPEC SYSTEM

The GAPEC SYSTEM is a new aseismic system experimented at the
"Centre National de la Recherche Scientifique!'(C.N. R. S.) in Marseille,
France, since 1973. With the GAPEC SYSTEM a building is standing on
energy absorption devices called isolators and located between the first
floor and the basement (Fig.1). These devices consist of a laminated
rubber-and-steel sandwich manufactured with a new and special design.
Their main feature is a relatively high stiffness in the vertical plan and
about the two horizontal principal axes of the building and a low stiffness
in the horizontal plan and about the vertical axis. Transverse stiffness of
the isclators is currently a hundred times less than the vertical one and
two hundred times less than that of the concrete columns of the first
story. They constitute a very soft and short story. Isolators have a gene-
ral nonlinear elastic behaviour ; the Fig. 2 shows typical stress-strain
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compression curves which seem to agree well with the following equation:

o Gsa(az'-3a+3)/(1 -oz)2 (1)

where s = 1+0.103 (a/e)? 2)
G is the shear-modulus of rubber, a the side or diameter of the cross-
section of rubber and e the thickness of a rubber-layer,

For tall buildings, the transverse flexibility of the isolators can
introduce some discomfort to the occupants under wind action. For this
reason simple mechanical devices called wind-stabilizers inserted at
the same level as the isolators are designed to fix the building against
ordinary wind loads. When the base shear reaches a minimum designed
value, the wind-stabilizers are automatically disconnected from the
structure which becomes free on the isolators. After the earthquake, the
wind-~stabilizers are easily re-connected to the building.

HIGH EFFICIENCY OF THE GAPEC SYSTEM.

The GAPEC SYSTEM allows engineers to control three essential
parameters of the behaviour of a building submitted to an earthquake
shock, which are the lateral, vertical and torsional responses,

LATERAL RESPONSE~ Due to their low stiffness, the isolators act

mainly in the horizontal plane as low-pass filters by increasing the natu-
ral periods of the building. As we know, the maximum response of a struc-
ture to a ground acceleration a(t) can be found by response spectrum
analysis ; thus the maximum absolute-acceleration-vector is written as :

X(t) = T y. x. Saj (3)
j J

where Saj w, | f; a(t) exp. [ ﬁj W, (t-7)] sin wj(t-r) dr lmax (4)
represents the spectral acceleration in the jth mode x, and y., w. and
g. are respectively the modal participation factor, the hatural’ circhlar
frequency and the equivalent viscous damping ratio of the jth mode. A
typical acceleration-response spectrum is shown on the Fig,3 and we can
see that increasing the patural period above 2s results in a large decrea-
se of the horizontal response acceleration. Numerous experiments were
performed on the shaking-table of the Laboratory of Mechanics and Acous-
tics of the C. N, R.S. in Marseille with a 20-story scale model measuring
1.20 m x 0.68 m in plan ; height is 3. 10 m and weight 9 380 N ; it is exci-
ted by the 1952 Taft California earthquake, N21 E component, normally '
to the longer side with a maximum ground acceleration of 0.1 g. The
table 1 shows the maximum measured values with and without isolators ;
“we can see that using the GAPEC SYSTEM in the scale model divides the:
elerations, shears and overturning moments by a factor of more than
dition, some typical buildings were designed using the normal
d with a complete history of the response and the design values
rm well the excellence of the new system. For example, the
e designed values of the Enaluf Building in Managua, Nica-
‘badly damaged by the earthquake of December 23, 1972;
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the design was performed with and without the GAPEC SYSTEM and we
can see on the Fig. 4 that (a) the first predominant mode shape of the buil-
ding fitted with G. S, is practically a straight line almost parallel to the
undeflected vertical axis (Fig.4 a) ; this means, in fact, that the building
moves on the isolators like a quasi-rigid body with a very small overall-
bending (b) the acceleration response, shears and overturning moments
are reduced by a factor of 5 at least when using G.S. (Fig.4b, c, d);

let us emphasize right now that a so large decrease of the overturnlng
moments (Fig.4 d) will increase the foundation stability proportionally, In
this case, the first natural period has grown from 0. 86s without G.S. to
3.1s with G.S., The design shows obviously that the Enaluf Building would
have withstood the December 23, 1972 earthquake shock with light damage
only if it had been fitted with the GAPEC SYSTEM, Similar conclusions
arise from the design of other building types. The table 2 shows the maxi-
mum design values of a typical 20-story building measuring 23,60 m x
23.60 m in plan excited by the 1940 El1 Centro California earthquake, N-S
component ; we see that, in this case, using the GAPEC SYSTEM divides
the acceleration response, shears and overturning moments by more than
8. The fundamental period has grown in this case from 1,15 s without
G.S. to 5s with G. S.

VERTICAL RESPONSE~ In the vertical plane the isolators act mainly as
dampers with a loss factor of 0.1, Their relatively high vertical stiffness
involves a large decrease of the P - A effect in the structure and explains

the lateral quasi-rigid motion that we mentioned above,

TORSIONAL RESPONSE- The torsional stiffness of the isolators is
currently 2,000 times less than that of the concrete columns of the first
story. Consequently the buildings fitted with G.S. also have a'very low
torsional response acceleration, A

THE MAIN ADVANTAGES OF THE GAPEC SYSTEM

Examining the current aseismic technics, we can see that the GAPEC
SYSTEM has four main advantages related to the foundation stability,
safety of the structural and non-structural elements and building coast.
We shall discuss these points successively.

FOUNDATION STABILITY- The large overturning moments induced by
strong earthquakes in classical aseismic buildings involve an important
rocking of the base with high compression stresses in the soil foundation
and sometimes alternative states of tension and compression, Large irre-
gular settling can occur resulting in big damage for the structure. As we
‘have seen in the last section, the GAPEC SYSTEM strongly reduces the
shears and overturning moments and consequently decreases the base
rocking proportionally, The soil foundation remains reasonably strained
durlng the earthquake and no or little settling is observed. G.S. confers
in fact to the building what is certainly the most important parameter of
safety, e.g. the base stability.

SAFETY OF STRUCTURAL ELEMENTS- It is well known [2] that the
current aseismic designs are based upon the concept that a structure
must be able to resist moderate earthquakes with minor structural and
some non-structural damage and resist major catastrophe earthquakes
without collapse, but with permissible major structural and non-structu-
ral damage. In the best case, this means much expensive repairs and
often a complete demolition of the building. The conditions are obviously

1137



quite different if the structure is fitted with G.S. Indeed, the large decrea-
se of the seismic forces -involves that the structural elements undergo
moderate strain only and the building suffers no or minor easily repaired
structural damage when undergoing a large earthquake. Moreover, in case
of successive shocks, due to the elastic properties of isolators, the buil-
ding fitted with G.S. perfectly recovers its initial position after each shock
and remains quite able to resist the next one.

SAFETY OF NON-STRUCTURAL EIEMENTS- Overall-bending and rela=-
tive displacements between adjacent floors of classical aseismic buildings
are important during strong earthquakes. The non-structural elements
are generally unable to accommodate these differential motions and suffer
damage usually beyond repair. We have seen in the first section that a
building fitted with G.S. behaves nearly like a rigid body ;.as a consequen-
ce overall-bending and relative displacements between adjacent floors are
reduced to a degree more easily accommodated by non-structural ele-
ments which suffer no or small damage., If, as stated in [3], the skele-
ton in tall buildings is only 20 % of the total coast, the high safety given
by G.S. to the non-structural elements represents very large savings of

money,

BUILDING COAST- The general decrease of shears and overturning
moments of a building fitted with G.S. results in substantial savings in
thesize of the structural elements, chiefly in foundation. These savings
balance the coast of the devices of G.S. for a protection against moderate
earthquakes, For strong earthquakes, the use of G.S. can introduce a few
additionnal per-cents on the coast of the classical aseismic building,
depending on the type of building and the country where it is located.
However, in view of the fact that, after an earthquake, the building
remains in use without important repairs, G.S. is undoubtedly much
cheaper than any of the present classical aseismic systems.

CONCLUSION- The GAPEC SYSTEM corresponds to a new active trend
in earthquake engineering. It represents presently the most efficient way
to protect the buildings against earthquake risk,
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MAX.
Overturning

1570 180 8.3 1383«108 | 161x105 | 8.6

|moment.

ve scale-model. Accelerations, Table 2_Maximum design values

s and overturning moments of a typical 20_ story
d with and without 6.5 building with and without GS.

1140



DISCUSSION

Hernandez; A. (Nicaragqua)

Having considered the three very important parameters
of the behaviour of a building subjected to an earthquake
shock and being a new approach to be started for protecting
and improving buildings against earthquake risks, after the
5 WCEE the GAPEC System of M. Gilles Delfosse from the C.N.
R.S. of France was patented in Nicaragua to be applied for
the first time in the reconstruction of Managua.

This system was considered under the emergency code
{Codigo para las construcciones en el area del Distrlto
Nacional) .

Skinner R. Ivan (New Zealand)

Could the author give some information on the earth-
quake induced relative displacements which occur between
the upper and lower ends of the isolators for the various
cases investigated ? This infoxmation is essential for the
design of the isolators and the service connections to the
buildings, and for the selection of appropriate seismic
gaps around the building. The research done by discussor
and group in this field has indicated a need to install
dampers to limit isolator deformations to practical yalues
during severe earthquakes.(e.g. R.I. Skinner et al., A
practical system for isolating structures from earthquake
atta?h, Int. Jour. Earthqg. Engg. Struct. Dyn. 3, 297-309,
1975).

Author's Closgure

Not received.
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