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ABSTRACT

It is becoming increasingly more common that thigioal structure of a building fails to meet newesfications in
structural earthquake resistance and other behavidwe to construction deficiency. In terms of m@icdment and
repair of deflection, deformation, and frame joints the frame structure, however, no clear requieats are
specified in China’s technical specifications faissnic strengthening of buildings. Given the deficy in the
existing techniques, a repair and reinforcementhoét based on a high-rise building in Xi'an, is posed for
reinforced concrete beam-column joints. Sequergiaps were taken as follows: First, a bowl-coupbeacket
around the concrete frame columns under repair ®&tup, and then a jacking support was mountedherbtacket
to restore the beams from deflection. Then, acb&uok was utilized to pull the deformed cap of aarete frame
column against the deformation to eliminate it. Ahilld, the cavities at frame column-beam jointgeniled with
composite grout layer by layer to repair them. Hipacarbon fiber material was pasted on the coteréame
beams and columns to repair cracks on the surfages all defects of the frame beams and columngewe
completely repaired. With this method, the concstength at the beam-column joints reached C44 #re
centerlines of the concrete columns were defledtech the original design axes for 1.5mm, meeting th
specifications for design and construction standaitherefore, the results that were achieved caodnsidered as
reference for follow-up repair and reinforcementeafsting reinforced concrete beam-column joints.
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INTRODUCTION

In Technical Specifications for Seismic StrengtheihBuildings(JGJ116-2009) published in our country, seismic
strengthening of frame beams and columns are $p@cifut no clear requirements about strengthewimtgflection,
deformation, and frame joints in the frame struetare defined!. Traditional reinforcement methods for reinforced
concrete beams and columns mainly incllfde enlarging sections, steel-bondedand steel-ertticsaforcements,
adding support, epoxy glue sealing, and pastingpararfiber. Huang Binhuf® studied the reinforcement and
reconstruction design for multistory buildings. Hkscussed the main technical problems and solutions
reinforcement projects for masonry and concretendrastructures, and put emphasis on the adjustmént o
computational models of reinforcement and choicesray the different methods in practical projectspétts at
home and abroad have added immense knowledge fieinresearcf™ of the assessment of seismic behavior and
reinforcement of buildings. Yu Jiangtao, et'3l.have conducted experiments to test the seismiavieh of
earthquake-damaged concrete frame joints afteforeement using basalt fiber reinforcement and|ssézeve
reinforcement methods. During their experimentffeint degrees of earthquake pre-damage, crackngpuand
other factors affected the strengthening measutasChenyu™ put forward his seismic reinforcement design
based on a number of reconstruction works of oaigibuildings. His work mainly emphasizes seismic
reinforcement by reconstructing old elements ardirgdnew elements, connecting the new elementsetold, and
strengthening the joints between elements in aecwe with the new specifications, through which riemctions

of old buildings can be created. It's also very awon for reinforced concrete beam-column jointseéalamaged by
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improperly adding construction load on concreteoleethe concrete reaches its design strength. @ouat of the
inadequacy and defects in existing techniques, ghjger aims to present a repair and reinforcemethad for
concrete columns in existing building frames.

1 Project Overview

A building in Xi'an with 31 stories above-groundda2 stories underground was researched in thisysitsl
platform is a 2-story underground garage with aghieof 4500mm. As for the concrete frame structofehe
plarform, the concrete column section dimensiors60*600mm and their strength is rated at C40. ddrerete
pouring for its top plate was finished on April ZW12, and during the process of pouring, big éippeared due
to the excessively concentrated steel rebar atdherete beam-column joints. By April 23, 2012, toscrete top
plate was covered with 2100mm of soil transferrgdldrge-scale mechanical equipment. Before the redac
strength reached the design requirement, and loattbdhe large-scale equipment, the joint areasevaamaged.
For the columns, each cap was deflected from is @&mm, and horizontal cracks approximately 03¥0n wide
appeared in many locations within the range ofableimn height. Moreover, the beam bottoms connetietie
columns also suffered different degrees of cracking

2 Traditional Repair and Reinforcement Methods

With the recognition of the significance of envimental protection and sustainable developmentelaogle
demolition and construction are no longer harmosiwith the current trend, and more old buildings being
renovated for reuse. The design of structural ceggment and renovation is more complex than thia new
building’s structures. The design has to consitierdtate of original building and the existing sfieations, and
reduce materials and costs as much as possiblené\the traditional repair methods for reinforcetiaete frame
beams and columns, the method of steel-enclosedoreement is mainly used in cases where damagbeo
concrete columns is not extensive (i.e. no defaonatccurs)and the repairs are concentrated orebreklges and
corners of beams and columns. However, it is npt@wiate to repair damaged concrete beam-columisjor the
restoration of deformed or deflected concrete bealumn joints. The epoxy glue sealing method, nyaurtllized
when a relatively high fire-resistance rating iquieed, is not applicable to restore deformed ceteccolumns and
beams. Moreover, the large weight of epoxy glue easily induce secondary damage to the repairaghtd.
Another method of pasting carbon fiber sheets itgisie for ordinary low-load structures and elersebut it can't
substantially improve the overall strength of aicture or element.

In conclusion, the methods mentioned above arepatda of solving such problems as the occurrenclargke
cavities at joints between reinforced concrete molucapitals and frame beams, deformation and defreof
concrete column caps, and multiple cracks on beard<olumns.

3 The Design Proposal
In view of the inadequacy and defects in exist@ghhiques, this paper aims to propose a repairenfbrcement
method for existing building’s concrete frame cohenThe detailed steps are as follows:

(1) Erect a work platform around a concrete colushrihe existing building at the height of 3/4 colurheight.

Design a bowl-coupler steel bracket for the platfon accordance with related requirements of teelstupport.
The distance between adjacent steel pipes fornhi@dtacket should be 600mm and determined by thghteeof

the beam and column to be repaired,both verticaiig horizontally. Then lay two layers of U-steeldan the

platform. (See Fig. 1).

(2) On the platform, use the jacking supports adaiine concrete frame column to support the fousaidhe beam
intersecting with the upper column perpendicularly;

(3) Remove the external loads on the frame colunthikeeam;

(4) Arrange two underpinned jacks at both sidethefbottom jacking support under each beam enddothe four
ends of the beam at a synchronized pace. Wheretma bottoms are lifted to the location of 3mm kigtihan the
original design height, the jacks should be remoaad replaced by steel spacers. (A schematic diagfathe

jacking system is shown in Figure 2.)

(5) Use a chain block to pull the deformed caphefdtoncrete frame column in the direction agatsstiéformation
until the lateral deformation is eliminated,;

(6) Clear away the unconsolidated and broken comertethe joint between each column cap and beamveil the

solid, new structural surface;

(7) Fill the cavities at the frame column-beam f{sjnlayer by layer, with a composite grout with Hignsile

strength. Then use fast-setting and -hardening oegreut to further fill and close the cavities.dfethe grouting
material wet during grouting. Maintain the repaicathcrete frame columns for 2-3 days.

(8) Paste carbon fiber sheets onto the cracksepdhcrete beams and columns. A 300mm-wide caiben $trap
should be added onto the caps of the concrete fcanenns to strengthen them; Place a 100mm-wideocefiber
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strap for horizontal cracks on the middle parthaf tolumns with an interval of 200mm (See Figure 3)
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Fig.1. Schematic diagram of bowl-coupler steel bracket layout
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Fig.2. Schematic diagram of beam support & jacking system for restoring beam bottoms
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Fig.3. Schematic diagram of carbon fiber reinforcement
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(9) Maintain the carbon fiber-reinforced concretenie beams and columns for 7 days, and then ditenta
platform and jacking support system.

4 Effects of the New Method

In response to the problems in the existing bugdiepair and reinforcement were carried out onbiem-column
joints in the building’s concrete frame in accorcarmwith the new technical proposal and design plith this
method, the concrete strength of beam-column ja@iresnow rated C45, which is one grade higher tharoriginal
strength of the beams and columns. Furthermorecémerlines of concrete columns were deflectednftbeir
original design axes 1.5mm, meeting the requiremeftdesign and construction acceptance speciitstiThe
beams have also been restored to their originagjddscations, and no secondary damage to beanmrojaints
has occurred.

CONCLUSION

In this paper, it is recommended that the workfptat be erected around the concrete frame columdsrurepair,
and appropriate layout of steel brackets for thekwaatform should be made so that the work platf@an share
the load on the frame joints in a scientific anié&fve way. The jacking supports should be arrdrigesupport the
beams above the concrete frame columns and thepinded jacks should be fit to jack and restorelib#oms of
the beams.

When the top of the beam is elevated to the hggtgight, the cap of the concrete frame column Ishbe pulled
against the deformation so as to remove the defpranid restore the column to a sound conditiorlingiland
repair layer by layer should be implemented foritees in the concrete frame beam-column joints.

In the last stage, reinforcement and repair wittb@a fiber should be carried out for cracks onc¢hacrete frame
beams and columns until an overall repair of deféstaccomplished. A good example has been achibyed
applying this method to an existing building in &' to repair its problems, and it also providegfarence for
follow-up repair and reinforcement of concrete cofis in existing building frame structures.
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