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ABSTRACT

Project Code: RDG5830008

Project Title: Study of Seismic Resistance of Precast Concrete Structures
and Seismic Retrofit of RC Structures by Natural Fibers

Investigators: Amorn Pimanmas?, Punchet Thammarak?, and Ekkachai
Yooprasertchai®
Kasetsart University', Asian Institute of Technology?, and
Rajamangala University of Technology Thanyaburi’

Project Duration: August 2558 to February 2018

The project entitled “Study of Seismic Resistance of Precast Concrete Structures and
Seismic Retrofit of RC Structures by Natural Fibers” is divided into three sub-projects: 1)
Experimental study of beam-column sub-assemblage of Typical precast concrete structures
in Thailand under seismic load, 2) Study of seismic resistance of precast load bearing wall

system, and 3) Study of seismic retrofitting of RC structures by natural fiber composites.

First sub-project

This sub-project research study in the behavior of precast reinforced concrete beam-
column joint under the effects from earthquake force covers the studies in three major
aspects. First, the survey of the precast system usage, in the ongoing construction of reinforced
concrete structures, was carried out over Bangkok and its uptown areas, and two major precast
systems, namely precast bearing wall and precast beam-column systems are used. In general,
the precast bearing wall system is exploited in large-scale construction projects such as
housing estates whereas the precast beam-column is deployed mostly in small to medium
size construction such as town home and shop house. The survey result indicates that precast
systems are used widely nowadays due to their competitive construction costs. The second
part of this research focuses on the experiments on beam-column sub-assemblages under
lateral cyclic loads which simulate structural responses under the earthquake force. Due to
the poor-quality control of precast element joinery, found during the survey, the test

specimens were designed to cover from the worst to the best case scenario of beam-column

Vii



joinery. In brief, the connection is made by welding steel reinforcements to transfer tensile
force from one member to another by the technique, Shielded Metal Arc Welding (SMAW).
The concrete will be filled into the joint area after the welding process. The control specimens
which represent the cast-in-place reinforced concrete structures were tested for performance
comparison with precast specimens. The improvements on ductility of beam-column joint in
precast concrete structures against lateral loadings by adding steel fiber into the mortar for
joint filling were also experimented. A significant ductility improvement was observed in fiber-
reinforced joints. The last part of this research is on the nonlinear time history analysis of a
precast beam-column concrete shop house structure under earthquake ground motions in
Bangkok area and in the North of Thailand. The analysis results show that precast concrete
structure experienced small to mild damage under earthquake ground motion in Bangkok
area. However, subjected to ground motions in the Northern part of Thailand, a precast
concrete structure will suffer from severe damage to the collapse level by joint damages and

a soft-story mechanism.

Second sub-project

The main objectives of this sub-project are to determine the seismic behavior of
precast concrete bearing wall buildings constructed in Thailand with emphasis on wall-
foundation connections which are most critical joints in the buildings. Most of them were not
designed for seismic loadings. According to a survey of these buildings conducted by us, there
are three main connection types: 1) welded reinforcing bars, 2) welded steel angles, and 3)
reinforcing bars embedded into grouted ducts. The research works are divided into two parts:
1) a series of quasi-static cyclic loading tests on scaled down physical models, and 2) a
numerical study for these models using PERFROM-3D finite element analysis software.

Seven wall specimens were tested including 1) three welded rebar connection
specimens (WR00 WR25 WR50 and WR25-2), 2) two welded angle connection specimens, and
3) one grouted corrugate duct connection specimen (GR25). These specimens cover the effects
of 1) connection types, 2) axial load ratio, and 3) shear span ratio. The test results show that
the deformation shape of the wall is mostly governed by rocking behavior: uplift on one side
but remain in contact on the other side at their wall-foundation connections. When the wall
specimens are subjected to high rocking deformation, it possibly causes a shear slip
deformation occurring at the base. When the walls subjected to higher axial load ratio, shear

resistance and stiffness increase but a ductility decreases.
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Due to unsymmetrical configuration of the connection which could create an eccentric
load, the specimen using welded steel angle failed in a brittle manner (a ductility of 1). It was
observed that the specimen deformed in out-of-plane at high lateral drift and lose stability.
The specimen using welded rebar could laterally deform up to a ductility of 3.92. The
specimen with grouted corrugate duct demonstrates a better performance with a ductility of
6.16. When the height of the wall specimen increases, it was observed that a flexural
deformation in the panel increases and rocking deformation at the base reduces.

ACI ITG-5.1M-07 providing acceptance criteria for special precast structural walls
(seismic response modification factor of 6) was adopted to investigate seismic performance of
the specimens. It was found that only the wall specimen using grouted corrugate ducts could
meet the criteria.

The numerical model was developed using PERFORM3D to predict seismic
performance and was validated with the test results. Base on the analysis, it was found that
the model could predict the importance characteristics of the wall, for example, rocking
deformation, force-deformation relations, etc. The developed model could be extended to
the whole building to evaluate seismic performance of the precast concrete wall building in
the future study.

In summary, it is recommended that the grouted corrugate duct shall be used as the
wall-foundation and/or panel-panel connections in the seismic hazard areas because this
connection demonstrates a good behavior in terms of strength, stiffness, and ductility.
However, because the wall connection is weaker than its panel, rocking deformation develops
at the wall base. It might develop an undesirable behavior. The wall should be designed as
ordinary structural wall using the low seismic response modification factor to obtain a large
seismic demand at the connection as well as the panel. The rocking deformation should be

limited or controlled.

Third sub-project

The main objectives of this sub-project are to use natural fibers such as sisal, hemp,
and jute available in Thailand as an alternative in seismic retrofit of low-rise, residential
building. A survey of the target building was first conducted. The experimental program was
based on the target building. A series of compressive and bending tests of concrete specimen
reinforced with the natural fibers was carried out. Based on the compressive test results, it

was found that the strength and ductility could significantly increase by a confinement. In
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addition, the natural fiber could provide tensile force at the bottom of the bending specimen.
For the column specimen subjected to axial loads, the performance of the fibers depends on
the number of layers and section. The confinement effect of the circular section is better than
that of the square and rectangular section. The natural fiber also increases the strength and
ductility in the plain concrete beams. It could roughly state that the natural fiber can be used
for strengthening RC structures.

The performance of reinforced concrete beams strengthened by the natural fibers is
also carried out by four-point bending test. The beams represent the members in the
prototype building. It was found that the behavior of the strengthened beams for both low
and high reinforcement ratios depends on the number of layers and bonding between the
fibers and the concrete surface.

Finally, the seismic performance of RC columns retrofitted with the natural fibers was
investigated using a quasi-static reversed cyclic loading test. Twelve column specimens were
tested and were divided into two groups. Six specimens were governed by flexural behavior
(long column); while the remaining specimens were controlled by shear deformation (short
column). Each group consists of control section, two- and four-round wrapped sisal fibers,
two- and four-round wrapped jute fibers, and two-round carbon fiber reinforced polymer
(CFRP) sheet. It was found that the natural fibers for both sisal and jute fibers were very
effective in seismic retrofit of the tested columns and were comparable to CFRP. The
confinement effect provided by the natural fiber could prevent or delay buckling of
longitudinal rebars. In addition, the shear strength of the retrofitted columns is increased. The
failure mode changed to slip of the reinforcement. To sum up, the natural fiber can be
replaced using of CFRP sheets for retrofitting columns in low-rise residential reinforced
concrete building. A cost study shows that a cost of material using sisal and jute fibers

(including epoxy resin) for seismic retrofitting is cheaper than using CFRP sheets.

Keyword: Precast concrete beam-column systems, Load-bearing walls, Quasi-static cyclic

loading test, Seismic retrofit, Carbon fiber reinforced polymers, Natural fibers
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