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SIMPLIFIED ANALYSISMETHOO FOR TOWESSOF R
SPAN SUSPENSION BRIOGES

Dong-Ho Choi and Sun Gil Gwon, Hanseg Unnersss
Karea.

In this study, a simplified anaiysis methcd for towers of four-
span suspension bridges under siaiic fve 1o3ds (s propossd

using an equivalent model. The miads! is i of towers

parabolic configuration of the cabie. Dead and live loads
acting on the girders of each span are replaced with
horizontal and vertical forces acting on the top of each tower.
Then, the equations of the load-displacement relationships
of the towers are derived for structural analysis of the
equivalent model. Finally, an example bridge model with
main span length of 3,000m is used for verification and the
resultant values such as horizontal displacements of the
towers are compared by using the proposed method and
finite element analysis.
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LARGE-AMPLITUDE VORTEX-INDUCED VIBRATION
OBSERVED AT LONG-SPAN CABLE-STAYED BRIDGE
ANDITS AERODYNAMIC COUNTERMEASURE

Hiroshi Katsuchi, Yokohama National University, Japan.
Masatsugu Nagai, Nagaoka University of Technology,
Japan.

Taishi Yamamoto, Fushiki-toyama Port Office, Ministry of
Land, Infrastructure, Transport and Tourism, Japan.

Vortex-induced vibration with large amplitude in the vertical
direction often took place at a long-span cable-stayed bridge
with the center span of 360 m after the center-span deck
closure. The maximum amplitude up to 35cm was observed.
A typical wind condition was a 10-min. average wind speed of
10-14 m/s with an almost normal direction to the bridge axis.
After the report of vortex-induced vibration, field
measurement of the vibration was carried out. In addition, a
vibration test was also conducted to identify natural
frequency and structural damping. As-a result, it was
suspected that structural damping (0.014 in log. decrement)
lower than the design value (0.02) and a very smooth wind
flow might increase the amplitude of vortex-induced
vibration. A wind-tunnel test investigation for its
countermeasure was carried out. Since aerodynamic
countermeasures were preferred to mechanical dampers
such as a tuned mass damper, optimum shape and location of
flaps was investigated. After trial and error tests, a final
solution of flaps was identified to suppress the vibration
completely. Field measurement conducted before and after
theflap installation proved the efficiency of flaps.
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BETROFITTING OF BUMIMINANG HOTEL BUILDING IN
PADANG

Febrin Anas Ismail, Teddy Boen, Fauzan, Abdul Hakam, and
Zaidir.

Disaster Study Center of Andalas University

During the September 30, 2009 West Sumatera earthquake,
many engineered-buildings in Padang were damaged and
some even collapsed. According to USGS, the epicenter of this
earthquake is at 0.789S, 99.960E with 80 km depth and the
magnitude is 7.6 Mw. The epicenter is 47 km WNW (292) of
Padang, West Sumatera. Many of the damaged buildings were
demolished to be subsequently built new ones, while in fact
many of them could be retrofitted.

Bumiminang Hotel, an 8-stories r.c. building with r.c. walls as
core and masonry walls as partition, is one of the engineered
buildings that was damaged and the owners decided to
retrofit instead of demolishing. For the purpose, a numerical
3D model was created implementing of the details geometry
of the structures. The main analysis was performed by linear-
elastic approach and the result is good enough to explain the
damages that occured in Bumiminang Hotel.

This paper discusses the structural retrofitting of
Bumiminang Hotel which was completed within April 2011 -
February 2012.
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DISASTER MANAGEMERNT FOR RIVER FLOODS
G.L.Asawa

IIT Roorkee, Roorkee, INDIA

GLA University, Mathura, INDIA

There is no nation in the world which may have never
experienced a disaster. Any disaster, in its wake, leaves
behind colossal tragedy in terms of loss of life and property.
One cannot prevent occurrence of natural disasters. Man-
made disasters can, however, be prevented or, at least, the
losses minimized. Objectives of any nation or people in this
regard should be to be able to forecast (if possible) the
occurrence of disaster sufficiently in advance and take all
measures to minimize the loss of life and property and
restore normalcy, post-disaster, at the earliest. Flood
disasters, like other disasters, occur frequently in many parts
of the world because of erratic distribution (both spatially
and temporally) of rainfall and human beings settling down in
flood plains or in the vicinity of river because of their water
needs and non-availability of space at higher elevations due
to huge population. For river flood disaster management,
both structural as well as non-structural measures need to be
adopted. This paper gives recommendations with regard to
these measures for short-term as well as long-term. These
recommendations should help in mitigating the losses
following the river floods.
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RETROFITTING OF BUMIMINANG HOTEL BUILDING IN PADANG

Febrin Anas Ismail', Teddy Boen', Fauzan', Abdul Hakam', Zaidir'
! Disaster Study Center of Andalas University

ABSTRACT

During the September 30, 2009 West Sumatera earthquake, many engineered-buildings in Padang were
damaged and some even collapsed. According to USGS, the epicenter of this earthquake is at 0.789°S,
99.960°E with 80 km depth and the magnitude is 7.6 Mw. The epicenter is 47 km WNW (292°) of
Padang, West Sumatera. Many of the damaged buildings were demolished to be subsequently built new
ones, while in fact many of them could be retrofitted.

Bumiminang Hotel, an 8-stories r.c. building with r.c. walls as core and masonry walls as partition, is one
of the engineered buildings that was damaged and the owners decided to retrofit instead of demolishing.
For the purpose, a numerical 3D model was created implementing of the details geometry of the
structures. The main analysis was performed by linear-elastic approach and the result is good enough to
explain the damages that occured in Bumiminang Hotel.

This paper discusses the structural retrofitting of Bumiminang Hotel which was completed within April
2011 - February 2012.

Keywords: Earthquake, damage, retrofitting

INTRODUCTION

On September 30, 2009 at 17.16 local time, a strong earthquake shook Padang and its surroundings.
According to USGS (United States Geological Survey), the epicenter of this earthquake is at 0.789°S,
99.960°E with 80 km depth and the magnitude is 7.6 Mw. The epicenter is 47 km WNW (292°) of
Padang, West Sumatera. Many engineered buildings suffered damage or even collapsed. Bumiminang
Hotel is one of the engineered buildings that was heavily damaged. The building consists of 7 floors plus
a presidential suite in the middle part of the building with a typical “Gonjong” roof. The structure is r.c.
frame with masonry infill walls. The “core™ area consists of r.c. thin columns resembling shear walls. The
roof consists of traditional Minangkabau “Gonjong” steel construction.

Left Stair
Shaft

\ [T S
Y

Fig. 1: Typical plan of Bumiminang Hotel

RETROFITTING OF BUILDINGS

After that earthquake, many damaged engineered buildings were demolished based on advices from
consultants, government officers, foreign “experts”, while in fact those buildings could be retrofitted
(Fauzan 2010, Zaidir 2012). Advising to demolish buildings is a relatively easy decision, however, in
reality many such decisions are not supported by sufficient data. In Indonesia the sophistication required
for undertaking retrofitting has not been adequately articulated. Therefore, it is very clear that these
individuals / firms / “experts” have no expertise for such undertaking. Retrofitting requires considerable
expertise and technical knowhow where the objective is to achieve a better life safety performance (Arya
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& Boen 1986, Boen 1992, 1995, 2000, 2003, 2005, 2006, 2008, 2009, 2012). In Indonesia, it is very
urgent to develop consensus document on seismic assessment of existing buildings, buildings damaged
after an earthquake and criteria for seismic retrofitting. The main advantage of retrofitting, particularly for
developing countries, is that it can save cost and shorten the interuption time.

DAMAGE DUE TO THE SEPTEMBER 30, 2009 EARTHQUAKE

Assessment of Bumiminang Hotel building damage was conducted right after the earthquake in October
2009 and was published in 2011 (Febrin, et al 2011).

Direct damages due to earthquake shaking

From site survey and analysis results, the following was observed:

e Based on the actual condition and the analysis results, apart from the core area, there were
relatively few direct columns and beams damage. The damage of columns and beams were not
patterned and sporadic. The damage of columns and beams were mostly spalling of concrete at
supports, however main reinforcing bars were not deformed.

e The core area was seriously damaged, thin columns failed due to flexure.and shear. The use of
many thin r.c. columns for the”core™ area was not appropriate. That area became overly rigid
compared to the surrounding areas and took a large portion of the earthquake load. Apart from
that, from the ground floor up, those thin columns reinforcement used diameter 16 mm and 22
mm. While the basement wall underneath used diameter 13 mm and the thin columns were not
properly anchored to the basement wall. This caused crushing failure of the thin columns at the
ground floor level, and caused a settlement of approximately 70 cm.

e In general, if the quality of concrete, detailing of reinforcement were properly supervised, the main
structure apart from the core area could withstand the loads including earthquake. However, the
structure system could have been designed more appropriate to withstand earthquakes. There were
relatively very few main columns and beams that were damaged by the shaking. The observed
damage of those columns and beams was due to the lack of confinement or bad detailing of
reinfo; nt or poor concrete quality.

Fig. 2 : Main column failure, Fig. 3 :Thin column Fig. 4 :Beam
reinforcing bars undeformed.  failure at the "core" area  failure, reinforcing
bars not deformed

e  The masonry columns between two r.c. columns along the perimeter of the building were only
esthetical and were not properly anchored to the main structure. During the shaking, almost all
masonry columns were heavily damaged. The masonry walls adjacent to those columns
suffered substencial damage.

Most walls on the ground floor were seriously damaged.

There were two emergency stair shafts at both ends of the building. Many beams were
damaged due to lack of confinement and improper detailing and poor concreting. Many of the
masonry walls in the emergency stair shafts were also damaged.

TS10-48
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Fig. 6 : Beam damage at left-side stair shaft due to poor detailing
and poor concreting

In-direct damages (concrete beams and masonry walls) due to settliement
of the thin columns

e As mentioned, the thin columns were crushed at the ground floor and caused settlement of
approximately 70 cm. Beams and slabs connected to the thin columns were forced to deform
causing overstress at the other end of the slabs and beams. However, only a few beam main
reinforcement was yielded.

e Masonry walls between rooms suffered minor damage except the walls adjacent to the thin
columns where the beams joining the core area were forced to deform.

Fig. 7 :Indirect damag

METHOD AND RESULT OF ANALYSIS

To analyze this building, a numerical 3D model was created implementing all the geometry of the
structures. Wall panels were also modelled. The main analysis was performed by linear elastic response
spectrum approach and the result was able to predict the existing damage quite adequately. The
earthquake used for the analysis was larger than the September 30, 2009 earthquake. The response
spectrum was taken from the Indonesian earthquake map of 2010 with peak ground acceleration (PGA)
for Padang area 0.5g and return periods of 500 and 2500 years. The estimated PGA of the September 30,
2009 earthquake was 0.3g. The importance factor was 1.25.

The purpose of the analysis is not to simulate the actual behavior, but to get reliable information that there
is a correlation between the observed damages and the results of the analysis. The correlation is not
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perfect, but it is good enough to get a good idea to build appropriate buildings that can withstand
earthquakes.

G ==

Fig. 8 : Bumiminang Hotel before retrofitting (left); 3D model
analysis using ETABS NL v9.7 (right)

Fig. 9 : Retrofitting of walls using wire mesh (a); retrofitted walls, stresses in bricks
2
did not exceed the allowable stress (-0.35 ~ 0.133 N/mm ) (b); 512:resses in plasters did
not exceed the allowable stress(-1.3 s/d 3 N/mm ) (c)

IMPLEMENTATION OF RETROFITTING

The implementation works include retrofitting the core area; stair shafts, both, left and right side of the
building; damaged concrete columns and beams outside core area; installing practical columns replacing
masonry esthetics columns and repair damaged walls using wire mesh.
The area that suffered serious damage was the middle part of the building where the thin columns were
located, close to the elevators (core area). There were two alternatives for implementing the retrofitting of
the core area as follows:
Alternative 1
The area surrounding the thin columns will be reinforced with steel frames and subsequently all the
core area will be jacked up to the original level. To do such alternative there was a need of at least
30 jacks with capacity of 200 tons each. However, such construction equipments needed was not
available in Indonesia. Therefore alternative 1 was considered not feasible and changed into
alternative 2.
Alternative 2
Since alternative 1 is not feasible, the other option left is to demolish all the core area and rebuild it.
For that purpose there was a need to temporarily support all the beams and the slabs connecting to
the core area from the ground floor up to the machine room. H steel profiles were used for the
purpose. Before demolishing the core area, all beams and slabs were separated from the core. To
speed up the retrofitting, it was decided to rebuild the core area with steel frames and light weight
blocks as walls.
After the steel frame construction of the core is completed, the beams and slabs connecting to the
core must be re-connected. 10 ton car jacks were used to restore the levels of the deformed beams
and slabs.
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Fig. 10 : Temporary support Fig. 11 : Demolishing Fig. 12 : Disconnecting
using H profiles core area concrete slab from the

corc arca

Fig. 13 : Erection of steel Fig. 14 : Slab at core area Fig. 15: Jacking of
construction in the core area concrete beams at the
perimeter of core area
to restore the original
level

F
Fig. 16 : Connecting concrete Fig. 17 : Construction of
beams into steel beams/columns walls at core area

at core area

Most of the direct damage of beams and columns were due to overstress causing spalling of concrete. The
damaged part was chipped and additional confinement was installed. For beams connected to the core
area, where the main reinforcement was deformed, additional splices were provided apart from the
additional confinement. For the reconcreting, Sikament LN was added to the concrete. The masonry walls
along the perimeter of the building were reinforced with wire mesh on both sides of the wall and each r.c.
window framing was installed. The masonry columns between two main r.c. columns along the perimeter
of the building were replaced by r.c. columns embedded in the walls. The masonry walls between rooms
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.were reinforced using diagonal wire mesh strips on both sides of the wall. Sikament LN was added for the
mortar. To fill wide cracks, Sikagrout 215 was applied. Smaller cracks were filled with Sikadur 752 RT.
The structure retrofitting was completed within 10 months.

@ %

Fig. 18 : Retrofitting of damaged column outside core
area - damaged column (a); additional confinement (b).

&) ® ©

Fig. 19: Retrofitting of damaged beam — damaged beam (a); additional confinement (b);
re-concreting (c).

Fig. 20 : Replacing masonry column with practical column (a);
installation of practical column (b).
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@

Fig. 21 : Retrofitting of masonry walls between rooms using diagonal wire
mesh strips on both sides of the wall: peeling off wall plaster (a); thin bed mortar
for wire mesh (b); wire mesh installation (¢); re-plastering (d).

(@) (b) (c)

(a) (b) (©

Fig. 23 : Core area - before retrofitting (a); after retrofitting (b); after repainted (c).
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