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Abstract

This work presents the seismic evaluation and the rehabilitation proposal of
one essential facility, specifically the “Guillermo Luis” hospital of the Moa city in
Holguin. The authors intend to apply, for the first time, a non-conventional
technique used in Cuba to seismic protection of facilities health. This solution
is based on seismic energy dissipation mechanisms, by mean of shear link de-
vice. The Shear Link-Bozzo device, allows the “GIRON” precast concrete sys-
tems to improve the inadequacies of behavior under earthquake lateral load
by avoiding the undesired failure mechanism, such as: weak story and torsion
due to great stiffness and mass asymmetries. All the above mentioned aspects
drive us to take some alternative measures of seismic retrofit for these typical
structures, based on the incorporation of the passive energy dissipation that
allows the system to behave in the elastic range of response. By means of this
solution it is possible to reduce the interference during the rehabilitation
works, and also to reduce the time of break services of the hospital.
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Keywords
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1. Introduction

The international experience has demonstrated that retrofit/rehabilitation tech-

niques that incorporate non-conventional seismic energy dissipation or isolation
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devices are often the only way to achieve the required seismic performance for
certain types of structural systems. In many countries these technologies are
easier to apply in the structural rehabilitation of existing buildings, because of
the owners’ interest in achieving high performance goals for their buildings and
they can afford the cost associated with the design, manufacture and installation
of seismic energy dissipation devices. The special situation of Cuba in this aspect
is given by the high hazard of some areas of the eastern region ground peak ac-
celeration (PGA) from 0.139 to 0.513 g, in combination with a low recurrence of
shaking, this may lead some engineers to think that it is not necessary to take
special measures such as the installation of dissipation devices. As will be shown
below, it is a fact that its use could be very well justified in health facilities pro-
tection and rehabilitation of important buildings in order to control the high
performance required of these structures.

The construction of health facilities using prefabricated GIRON system is very
common in the eastern region of Cuba. It is a structural system developed in
Cuba since the 70’s decade, attending to the state of knowledge of the moment
about the levels of seismic hazard. Because of this, in many regions of our coun-
try, no special requirements of the earthquake design and structural conception
were dictated. Thirty years later, the revision of the conceptual design and the
evaluation of preliminary resistance brings to the light some deficiencies that
still subsist in these structural systems, like: heavy weight, low redundancy, weak
floor, short columns, big torsional problems and little ductile capacity, according
to that, they may prove to be very inefficient to achieve an adequate seismic be-
havior.

This investigation intends as the main objective to contribute with the neces-
sary criteria to demonstrate the feasibility of the incorporation in Cuba, the in-
novative techniques of energy dissipation, which have been successfully utilized
all over the world to improve the performance demanded to the health essential
buildings.

The particular building under study was selected due to the interest of the in-
vestor in knowing the seismic safety of the hospital built with GIRON system in
a zone classified as high seismic risk according to the most recent standard pro-
visions [1].

The building under study is the Clinical-Surgical Hospital “Guillermo Luis”
located in Moa. Figure 1(a) shows the regional location of the Moa city at the
Holguin province of Cuba. Because of its extension the building was fragmented
in parts for its study. Taking advantage of the construction joints that divide the
two blocks of the main building it was divided into two part or blocks, estab-
lishing as priority the assessment and retrofit of the part of the structure corres-
ponding to the building of hospitalized patients, called Block 2, which is shown
in Figure 1(b). The information collected for the initial works proved to be es-
sential in the development of the later stages, related with the computations of
vertical loads and seismic horizontal actions. More than 600 drawing documen-

tation belonging to the original layout (architectural and structural drawings) of
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Figure 1. (a) Regional location of the building at the Moa city, Holguin province, Cuba;
(b) View of the “Guillermo Luis” hospital, Building of Block 2 area in which hospitalized
patients are located.

the Block 2 was consulted. Several visits were made to the site in order to know
the current condition of the structure, its technical state and the modifications
made during its lifetime. Serious difficulties were identified due to the modifica-
tions to the original layout, which included changing the location of medical
equipment, implicating significant changes of weights respect to the original

structure.

2. Motivation of the Research

Necessity of increase the seismic safety of health facilities built with GIRON Sys-
tem according to state of knowledge of the last normative [1], GIRON is a pre-
cast concrete structural system developed without seismic requirements.
Typical layout of GIRON system has been used in other buildings like hospital,
hotel, school located in zones of low, medium to high earthquake hazard of Cuba.
As part of this study, previous retrofit proposals made with the intention of
improving the system’s response were also reviewed, and they were found to be

very intrusive and without a proved cost-benefit impact.

3. Description of the Structural System

The GIRON system is a structure of precast reinforced concrete frames, con-
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formed by unidirectional frames and precast concrete shear walls. The structure
obey to a basic grid of 6.00 m x 6.00 m and 6.00 m x 7.50 m and height between
structural levels of 3.30 m. Shear walls could be placed in both directions since
they were conceived originally to take the horizontal wind and earthquakes
loads. As Figure 2 and Figure 3 illustrates, the existence of a structural first floor
supported only on pedestals (short columns) of 40 cm x 60 cm and, could yield
structural instability due to the great inertial forces generated above this floor

level (weak story mechanism) during earthquakes.
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Figure 2. Typical structural sections of GIRON System. Frames in the beam direction (transverse frame).
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Figure 3. Typical structural sections of GIRON System. Frames in the direction of the double T slab (longitudinal frame).

3.1. GIRON System Characteristics

e Precast Frame-Shear Wall Structure,

e Low ductile capacity,

e One directional, that is, non redundant,

¢ Inadequate mechanism of seismic shear strength transfer of joints,
e Lateral resistance conceived according to the old seismic standard.

The lack of symmetry in the shear walls disposition, characterizes the solu-
tions observed in most of facilities health, conditioned by the requirements of
the architectural drawings.

This violation of the basics conceptions given by the typical layout, originally
intended for this system, causes as a result the weakening of the structure. It is
one of the reasons for its assessment and retrofit become necessary. Figure 4

shows the shear walls disposition in structural drawings, at the level 1 to 5.

3.2. Connections of the Systems

The lacks of stirrups (transverse reinforcement) necessary to achieve the adequate
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Figure 4. Floor plan of block 2, where hospital admissions and surgery units are located.

confinement in the section core of beam-column joint, limit the column shear
capacity at this zone, weakening the connection between members of the system
under lateral forces. From Figure 5(a) and Figure 5(b) it is shown that the con-
nection specifications does not allow to emulate a monolithic structure, making
the system behave like pinned in the beams directions and semi-rigid in the di-
rection of the slabs. It is an additional weakness of the system to resist lateral

forces.

3.3. Floor Diaphragms. Critical Points

The floors diaphragms conformed by prefabricated TT slabs units have disad-
vantages for the adequate seismic response, it is related to the weakness of lon-
gitudinal joints between TT slabs along the edges, which could tend to crack
during the strong seismic shakes. Figure 5(c) gives the details of the joint be-

tween slabs to conform the floor diaphragm.

3.4. Lateral Bracing

The shear wall were detailed with mechanical shear transfer, so this allow a pure
shear behavior to the horizontal actions, by transferring only shear forces to the

beams and axial forces to the columns, like showed in Figure 6(c).

4. Conventional Method Proposed to GIRON Structural
System Rehabilitation

The solutions provided so far to improve the seismic response of the GIRON
structural system have followed the intuitive strategy of strengthening the entire
structure [2]. They have being intended to eliminate weak floor mechanism, in-
creasing section size of structural element of lateral loads resistant system, like
columns, pedestals and foundations. Bracing system measures, to stiffen the su-
perstructure, are added. Another set of measures, such as, reinforcement of ex-
isting foundation elements in the critical areas, combining with the reinforce-
ment of a limited number of columns and introducing deep girders like tie link-
ing pedestals at the first structural level. Some of these structural measures are

displayed in Figure 7. All of these methods involve high costs of interventions,
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Figure 5. Typical details of the joints in the system: (a) Beam-column joint; (b) The TT slab-beam joint; and (c) Longitudinal joint

between TT slabs.
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Figure 6. (a) Dispositions of the inserts on structural elements; (b) Details of the joints between shear walls and walls-frame; (c)
Shear walls behavior in the conceived for the GIRON system.

and entail too invasive strategies at the expense of long disruptions of the health
service. To cite a specific example of this, the rehabilitation of GIRON school
buildings is about 405,084.46$ USD.

Conclusions of Evaluation Proposal of Conventional Methods
of Seismic Retrofit of GIRON

- The same inefficient system of lateral loads transference is retained.

- The intrusiveness and cost of these solutions made them unattractive and
impractical to implement.

- These solutions do not warrantee the compliant with demand/capacity ratio

in all structural members.

5. Evaluation of the Seismic Hazard

The intra-plate bound that separates the Cuban Oriental Block from the rest of
the island could be one the main source of earthquakes hazard for this region,
Chuy et al (2005) [3]. Nevertheless, the greatest hazard comes from the Eastern
Earthquake Zone, in which earthquakes of magnitude 8.0 are probable to occur.
The city of Moa is located within a zone classified as a moderated seismic risk, it
means that the seismic events can cause damages to the structures, and therefore

some earthquake resistant measures have to be taken. This consideration will be

DOI: 10.4236/0alib.1105825

7 Open Access Library Journal


https://doi.org/10.4236/oalib.1105825

V. M. Valdés et al.

| | | | | S
AN /L AN\ A AN AN A AN AN A &
| ) )
| | N
| ole
8|3
) ) ) >
v { T T )
| N
s
g
g 13
] w0 Yo \'% \'% \'% Iy \'% \'% \'Z \'%
6000 “7, 6000 L 6000 6000 6000 J, 6000 6000 J, 6000 J, 6000 L 6000 L 6000 6000 J. 870
7 7 7/ 7 7
30 #t ﬁ,.’w "
126 20 mm
Te10mm
(301) 26 J10
( s:n E 6 x 5360 - ¥
(501126 16 x
(801) 4.25x6800 He10mm
3 = Section 3-3
] u _~ beam bottom beam bottom
I Section 1-1 % Er l KB
\ — (801) 40.25x6800 ~ 2
Y A A A A M W B :
o Y | ] ]
It X ( b | — vs3
H 1@ 150 e | et -~
] ] 870 L0 nol.m 720 |, 870 L
Capacity 600.0 kN.m
\I 1400
s 550
f " ™ 9 1200
7y Ve
\5\ Te10e20mm 1000,
N D e100200mm 05
g ! 1
A Existing A
g N foundation 600
H ¢ 16mm
2 2 400
A S A A
B b Ale =S UL
| \..t 1 ¢10@200mm
4 "/ | L
s 1o e n e 0
—2 —= g
, Lol - Demand/Capacity VS-3 Post-Rehabilitation
$12mm @300
$12mm @300 4 1200
- - V. K
B 2 E 1 b
4 ks | 1000
‘i )
= M L 800
. b 12 4 £
4 A : i
< 5 - 400
b i3 F ) i i 5
I o =
T "L
a eI - » 0
| 8750 mm | Shear Wall Demand/Capacity Post-Rehabilitation
6020 pyg400x400
S — T 2 1
4020
! ! L 200x200116x300 PL 8.380x200
P IS | | hs=9mm
S + N
I NS 7 : PL 8280x200 fo-8mm
| N N = 2 L aoxtzsts | T
N Z 1 1 3 PL 8.280x200
| N L 20.250x230 | A A
! PL 20-110x220 ! - -
| 2 X ~ | \ L 75x75/8
Z N PL 8380x200 i
| " RS | 7’ 7/
| //‘ \\\ '| Section 1-1
T 2z T
] T \.' 3 3 4620 4920
S O S W 4 4020 L 200x200/16x300
L 200x200/16x400

Figure 7. Proposal of conventional methods of seismic retrofit of GIRON system.
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applicable in all the structures as a function of its occupational category, and the
level of seismic protection defined according to the probability of exceeding an
earthquake design.

At the time of seismic performance assessment of the structure the NC
46:2013 standard in force on that date [1] set out maximum horizontal spectral
accelerations values in a range between 0.40 and 0.50 g for short periods (S;) and
from 0.15 to 0.20 g for long periods (S,). In this standard [1] for design of new
structures, had already been set the minimum levels of seismic protection. For
instance, the 4.2.4.2 section of this standard define as a “severe earthquake” the
one which have the probability 5% of been exceeded in 50 years, and it is used
for structural design of “Important” and “Essential” buildings. According to this,
an essential building had the same exceedance probability (earthquake design) as
an important one, the acceptable lateral drift for each one of them, makes the
difference with respect to both seismic protection objectives. The 4.2.4.3 section
define as an “extreme earthquake” the one which have the probability 3% of been
exceeded in 50 years, and it is used for structural design of essential buildings.

The seismic design spectrum generated for soil site D, at Moa city, corres-
ponding to the earthquake design selected according to the seismic protection
level defined by proposal of the Cuban Standard [1] for the essential buildings,
Figure 8.

6. Phase of Analysis of the Structure without Rehabilitation

The handling of the model data of the structure, which includes the processing
of the weights of all the prefabricated elements of the GIRON System, the de-
termination of the weights and masses, the position of the center of masses and
of stiffness, the shear forces and torsional moments by levels and gravitational
loads, were all processed by the Seismic Revision of Structural Systems (REVSE)
program, which was developed by the authors to execute several tasks: 1) to
check structural systems for seismic safety, 2) to export through API to the SAP200
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Figure 8. (a) Earthquake Hazard, oriental zone of Cuba, and Geographical area of the

Moa site where the hospital is located; (b) Earthquake design defined in terms of Elastic
Response Spectrum for the Cuban Seismic Standard, NC 46:2013 for the Moa City.
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software and OpenSees, where the analysis is completed. Some of the interactive
modules of REVSE are shown in Figure 9.

The structural modeling was carried out in the 19 version of the software
SAP2000, in which the main dynamic characteristics of the building were calcu-
lated, by means of a modal analysis. Figure 10 shows the first mode period in
the transverse direction, Ty, is 0.962 s and in the longitudinal direction, Ty, is
0.756 s. These high values of periods yielded for a building with just five levels of
height, evidence the insufficient lateral stiffness in both directions at the struc-
tural first floor (formed only for short columns) and the lack of shear walls in
both directions on the top floors. The masses and stiffness center of the floors

are shown in Table 1.

Table 1. The masses and stiffness center of the floors.

Lr[t e[y 99D (LG

Level Crx (m) Cry (m) Cmx (m) Cmy (m)
1 35.05197 7.43333 38.1043 8.621
2 35.05197 7.43333 40.381 7.8083
3 35.05391 7.40459 39.6733 7.9908
4 34.92901 7.3524 39.7251 8.0713
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Figure 9. Automated processing in the RESVE Software (a) Insertion of slabs, (b) Insertion of beams, (c) Isometric of the
building, (d) Computation of the center of masses and stiffness position per floor.
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Preliminar assesstment of Girdn structure without retrofit
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Figure 10. Preliminary assessment of GIRON structure without retrofit.

The way in which the shear forces were distributed in the structure, and the
location of failed elements before the proposed retrofit measures, demonstrates
the high susceptibility to the formation of a weak floor mechanism, which can be
seen in Figure 11.

6.1. Criteria Followed for Rehabilitation

Due to the limited ductility of the system, low shear capacity of the critical elements

(piers at the first level), the retrofit strategies was focused to three main goals:

1) To increase the global lateral resistance solving in a feasible way the most
important mechanisms of failure detected in the structural system, these are:

a) Weak floor.

b) Brittle failure mechanism controlling the response of the earthquake lateral
load resistant system, that is, shear capacity in shear walls and short columns
(piers at the first level).

2) To take advantage of elastic response in the elements of the main structural
system, canalizing the ductility demands to the energy dissipation devices by
mean of yielding of SLB.

3) Achieve the least intrusion possible during the retrofit activities, in order to
maintain the functioning of that area of the hospital.

Why to use dissipation device?

- The positions of existing shear walls can’t be relocated or removed as these
are adjusted to the functional distribution of the spaces defined in the archi-
tectural drawings, so it is very difficult to avoid torsional sway.

- Minimum level of intrusive activities during interventions is an imperative,
that’s the reason to the addition of new shear walls were disregarded.

Why yielding devices?

- To reduce as much as possible the force-based behavior by looking for the
desirable mechanism based on the fluency of the devices.

- The yielding occurs at low levels of shear strain levels, which is according to

seismic hazard of Cuba.
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Figure 11. Shear strength in the elements of structure without rehabilitation.

- Take advantage of the dual resistance mechanism (Shell-Frame) to install it
in weak areas.

- Being these essentially passive does not require activation power.

6.2. Technical Characteristics of the Dissipation Device SLB

The hysteretic dissipation devices of seismic energy Sher Link-Bozzo (SL-B) [4]
have been largely used with excellent results in different parts of the world.
These kinds of devices, shown in Figure 12, have been used in some countries
with high seismic risk, such as Perd, México and Ecuador.

The specific type of dissipation device selected by us for the seismic rehabilita-
tion, the Shear Link (SL), is suitable for seismic protection because it permit a
significant reduction of the forces induced by a seism of severe intensity, but it
also could yield to lower level of earthquake forces, what permit its use in zones
of low and moderate seismicity. More specifically, the Shear Link-Bozzo device
is based on localized increase of ductility in parts of the building, as the system
concentrates the plastic response in a specific point that can be supervised and
then replaced, unlike another traditional technique of structural retrofit. The
SL-B device guarantees two operating stages: 1) Before yielding of milled areas,
in which it works according to a “shear mode”, 2) After yielding and web buck-
ling “bending mode”. More details about works and the analytical model of
shear link can be found in Nuzzo et al. (2014) [5]-[11].

6.3. Basics Assumption of the Structural Modeling

The Linear Static Equivalent Analysis was used as a first step to find the value of
elastic shear force in order to size the device. The elastic response spectrum was
reduced by a factor R = 1.5, regarding the low ductile capacity of the structural
system and its low number of static indeterminacy. For the analysis, the shear
wall was modeled like a bar impeded to take axial loads, simulating its shear be-
havior. This was carry out by creating a release in the frame element at the top
(axial release) and a shear panel in the bottom. Then following an iterative
process, “try and error” consisting of changing, in several positions the devices
and running the model again, it was possible to avoid the failure mechanism of

weak floor.
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Figure 12. Seismic energy dissipation device type Sher Link-Bozzo (SL-B).

6.4. Dissipative Brace

A final solution that combine various ways of disposal shear-links devices with
different structural elements for the whole building is displayed by axis and le-
vels in Figure 13. This can be explained as fallows. Intended to avoid weak story
mechanism, metallic yielding device SL-B in series with steel elastic brace was
the solution proposed as shown in Figure 14(a). A combination of che-
vron-SL-B in strengthening shear walls capacity is shown in Figure 14(b).

Total number of devices required to eliminate pedestal and shear wall failure

is given in Table 2.

7. Evaluation of the Effectiveness of the Proposal of Seismic
Rehabilitation with Energy Dissipation Using SLB Bozzo

Considering that original condition of structure does not comply with the limit
drifts as indicated by the standard [1], the criteria fallowed for rehabilitation was
aimed at:

e To improve the strength path of the structure at global level.

e To reduce the torsional behavior.

e To eliminate any type of intrusive solution of retrofit.

The location of SL devices fallowed a try and error process until the acceptable
forces in piers and shear-walls were achieved. The displacement control process of
acceptable displacement, for performance, was done by selecting the most ap-
propriate type of combination structural element-device. The new already re-
duced demands on the elements after the readjustment measures are shown in
Figure 15 and Figure 16 which displays longitudinal and transversal direction
of building respectively.
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Figure 13. Selection and position by axis of SL-B dissipators in the structure.
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Figure 14. (a) Solution to strengthening shear walls capacity; (b) Solution to avoid weak-
ness of the structural first floor.

&

Figure 15. Final shear distribution on SLB Bozzo, in the longitudinal of the building.

Table 2. Types and number of device.

Type of Devices Number
SL 10-5 21
SL 10-3 12

SL 15-3 14
SL 5-5 8
SL 5-2 2
Total 57
DOI: 10.4236/0alib.1105825 14 Open Access Library Journal


https://doi.org/10.4236/oalib.1105825

V. M. Valdés et al.

After the rehabilitation with the use of the SLB device the lateral drifts was
reduced to the acceptable values, as pictured in Figure 17. Another parameter
used to evaluation of efficiency was the study of the demand/capacity ratio of the
structural members involved in the seismic response such as: columns and shear
walls. Figure 18 shows how the shear walls [12] demands were below capacity in
all of the cases after retrofit.

Similar results were possible for the case of piers at the first floor, by elimi-
nating the weak floor mechanism, shown in Figure 19. However, the impossibil-
ity of changing the shear wall position, left few alternatives for further modifica-
tions of the building torsional behavior. The use of the stiffening system allowed
an acceptable reduction of the static eccentricity of 43%, 24%, 23% and 17% at
the 1st, 2nd, 3rd and 4th story respectively.

The total cost of the SL-B rehabilitation proposal has been estimated to be
about $19,500.00 to reduce the estimated total losses in the block under analysis
amounting to $746,935.75.

Figure 16. Final shear distribution on SLB Bozzo, in the transverse of the building.
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Figure 17. (a) Lateral drifts of the structure in transverse direction; (b) Lateral drifts of the structure in longitudinal direction.
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Figure 18. (a) Demand\Capacity ratio in shear walls in the critical direction (longitudinal) of structure without rehabilitation; (b)
Demand\Capacity ratio in shear walls in the same direction (longitudinal) of structure after rehabilitation using SL-B devices.
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Figure 19. (a) Demand\Capacity ratio in piers, in the critical direction (transverse) of structure without rehabilitation; (b) De-

mand\Capacity ratio in piers in the critical direction (transverse) of structure after rehabilitation, using SL-B devices.

All these aspects show the efficiency, from several points of view, of the reha-

bilitation technique used with respect to the conventional ones.

8. Conclusions

The proposals of an innovative technique to be applied in the seismic rehabilita-
tion of Guillermo Luis hospital in Moa city, Cuba, could be considered more
feasible comparing to the traditional methods proposed to the date in our coun-
try. From the cost-benefit point of view, it could be less invasive and less expen-
sive than the traditional ones.

As can be shown, the former proposals analyzed had serious limitations due to
the seismic structural conception. The fact is that traditional rehabilitation me-
thods don’t allow to reply the same solution for all the health facilities in the
country because of the high cost involved and the particularities of each struc-
ture, while the proposals of this work give a unique philosophy that makes easier
the appraisal about the number, location and the different ways of installing the
energy dissipation device SL-B in structures subjected to seismic retrofit in the
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regions of moderated and high earthquake hazard of our island.
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