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CONCLUSION 

A new West Portal structure was required for a new lead track to / from the reconfigured LIRR 

Atlantic Yard as part of the overall project that involved the construction of Barclays Center as 

well as the development of the air rights over the rail yard.  With the reconfigured yard, LIRR 

operations will now see the benefit of added flexibility as they will now have two points of 

access into the existing 2 track tunnel.   

The existing LIRR rail tunnel brings in 25,500 daily passengers (Mass Transit Authority 2010).  

A traditional approach for a new portal into the yard involved replacing the entire existing tunnel 

roof and would have resulted in significant impacts to LIRR operations, vehicular / pedestrian 

traffic on Atlantic Avenue, and the community. 

The design team developed an innovative approach by using a structural system that would 

involve two main load carrying systems.  The use of a new 160 foot-long built up steel main 

girder along with a series of steel transverse frames that have cantilever roof members, each 

assisting in carrying the roof load of the south end of the existing LIRR tunnel roof framing, 

allowed for the existing tunnel to remain mostly intact during construction.   

To perform the structural design of the West Portal, a complex 3D STAAD model was produced 

of the new structure. This model took into account the relative stiffness contributions from all the 

major steel components of the structure.  Structural members were sized based on the loading 

that was captured from the model.  Where required, permanent tie downs were used for global 

stability. 

Our innovative solution meant that from the existing tunnel structure, less than 230� of the 

existing south wall of the LIRR tunnel would have to be demolished to allow for the new West 

Portal structure connection.  Although there were impacts even with this extremely innovative 

solution, the impacts with a traditional approach would have been orders of magnitude more 

severe.  More of Atlantic Avenue would have been closed off to vehicular and pedestrian traffic 

for a longer construction period which would also have meant more utility impacts and of course 

more costs.  Additionally, the LIRR would have seen a significant amount of track outages with 

a more traditional approach.  Ultimately the West Portal structure will be completed in the end of 

June in 2017 and will result in a new structure with significant benefits to LIRR and with 

minimized impacts to Atlantic Avenue and the community. 
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Abstract 

 

A repair technique for severely damaged cast-in-place and precast concrete bridge columns has 

been developed that utilizes a carbon fiber-reinforced polymer shell and epoxy anchored headed 

steel bars to relocate the column plastic hinge. This shell encloses the headed steel bars and is 

filled with non-shrink concrete to a certain height to form a repair �donut�. The repair also 

employs a steel collar with steel studs that is attached to the column to increase the bond between 

the column and repair concrete. Three columns were repaired using the repair method described. 

The repair successfully relocated the plastic hinge at a section adjacent to the �donut� and was 

capable of restoring the load and displacement capacity. The steel collar combined with the 

�donut� were effective in making the repair system work in a composite manner. The method is 

rapid and could be classified as an accelerated bridge construction technique.  

 

Keywords: ABAQUS; Bridge; Earthquake; Fiber reinforced polymer composites; Finite 

Element Analysis; Plastic hinge relocation; Repair. 

 

INTRODUCTION 
 

Based on current seismic bridge design methodology, damage is to occur at the ends of bridge 

columns to avoid other types of failure.  Seismic repair of damaged columns is preferable to 

replacement; benefits include rapid construction and decreased interruption of regular service in 

addition to cost-savings (Parks et al. 2016). Significant research efforts have been made to study 

seismic repair and retrofit of Reinforced Concrete (RC) bridge columns. Many alternatives have 

been studied for the repair of damaged columns; rapid repair methods include  the use of carbon 

fiber-reinforced polymer (CFRP) shells (Parks et al. 2016) and prestressed steel jackets 

(Fakharifar et al. 2016). CFRP composites are used because of their high-strength, light weight 

and resistance to corrosion. A CFRP shell also serves as a stay-in-place concrete form and 

provides continuous confinement to the column concrete and corrosion protection for the steel 

reinforcement.   

Recently, grouted splice sleeves (GSS) have been studied (Ameli et al. 2015) to be used 

in moderate to high seismic regions, consistent with accelerated bridge construction (ABC). A 

practical and successful post-earthquake repair method has been developed to relocate the plastic 

hinge region for columns with GSS (Parks et al. 2016). 

There is little research regarding the repair of severely damaged RC Cast-in-Place (CIP) 

bridge columns, common in existing bridges; after strong earthquakes, the longitudinal 

reinforcement may experience severe yielding, leading to buckling or fracture. A rapid repair 

method utilizing a CFRP shell and epoxy anchored headed steel bars to relocate the column 
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plastic hinge is developed for CIP bridge columns. The CFRP shell encloses the headed steel 

bars and is filled with non-shrink concrete to a certain height to form a repair �CFRP donut�. The 

method developed in this paper has been designed and applied on two severely damaged CIP 

specimens, a cap beam-to-column connection and a footing-to-column connection. The repair 

method is found to be practical and efficient for seismic repair of severely damaged CIP bridges. 

The repair is relatively fast to construct and implement compared to traditional techniques and 

thus it could be classified as a rapid repair technique. 

 

EXPERIMENTAL INVESTIGATION OF ORIGINAL SPECIMENS 
 

Original specimens 

Three specimens, referred to as CB-CIP-O, F-CIP-O and CB-PC-O, respectively were designed 

based on current seismic bridge design standards(AASHTO 2011). Notation CB stands for Cap 

Beam-to-Column connection and F represents a Footing-to-Column connection; letter O stands 

for original and R for repair test. The corresponding repaired specimens are referred as CB-CIP-

R, F-CIP-R and CB-PC-R.  

The geometry and reinforcement of the original specimens, including a load stub, column 

and footing is shown in Figure 1. The column is 8.5 ft (2.59 m) high with a 21 in. (533 mm) wide 

octagonal cross section and an effective column height of 96 in. (2438 mm) measured from the 

top of the cap beam/footing to the centerline of the load stub, which represents the inflection 

point of the column. The longitudinal reinforcement consists of six No. 8 (25 mm) bars arranged 

in a circular pattern. A No. 4 (13 mm) Grade 60 (414 MPa) spiral at a 2.5 in. (64 mm) pitch is 

provided for transverse column reinforcement. The footing is 6 ft (1.82 m) long, 2 ft (610 mm) 

deep, and 3 ft (914 mm) wide. The pier cap beam is 9 ft (2.74 m) long, 2 ft (610 mm) deep, and 2 

ft (610 mm) wide. The concrete compressive strength measured on the date of testing was 6.7 ksi 

(46 MPa). The measured yield strength of the longitudinal and transverse reinforcement was 68 

ksi (469 MPa) and 63 ksi (434 MPa), respectively. The measured ultimate strength of the 

longitudinal and transverse reinforcement was 93 ksi (641 MPa) and 103 ksi (710 MPa), 

respectively. 

Original specimen results 

The original test results are summarized in Table 1 in terms of maximum lateral load, ultimate 

drift ratio and failure mode. The failure mode of CB-CIP-O and F-CIP-O was fracture of the two 

extreme longitudinal bars. The CB-CIP-O and F-CIP-O were tested to drift ratio 10.4% and 9.7%, 

respectively; CB-PC-O was tested to a 5.9% drift ratio.  Figure 2 shows the original column 

damage where extensive spalling and cracking occurred in the plastic hinge region; flexural 

cracking extended to 16 in. (406 mm) away from the interface.  

Five-level damage states (DS) were used to evaluate damage of the original specimens 

(Vosooghi and Saiidi 2010). DS-5 is the start of core damage indicating imminent column failure. 

The original specimens had reached a damage state designation of DS-5 since fracture and 

buckling of the reinforcing bars had occurred, leading to significant reduction of the lateral load-

carrying capacity of the columns. It is difficult to repair structural components with a damage 

level of DS-5; this requires removal of crushed concrete, and replacement of the buckled and 

fractured steel bars. The method proposed in this paper is a feasible repair option for severely 

damaged as-built CIP columns with minimal intervention. 
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