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Development of a Strengthening System Using Post-tension Tendon with an
Internal Anchorage of Existing Concrete Members

FrEmCRE R

K 4 MIMOTO Tatsuhiko

Reinforcing materials are generally arranged outside of existing concrete members. Adequate workspaces
are often required for this strengthening work. In addition, new and old concrete jointed members are
generally constructed as reinforced concrete structures, so steel corrosion may occur at the joint.
Conventional strengthening systems are influenced by environmental conditions.

To mitigate the environmental impact and workspace issues, a new strengthening method for existing
concrete members has been developed. The strengthening system uses a post-tensioned prestressing
tendon embedded into a wedge-shaped internal anchorage of existing concrete member.

The machineries used in the strengthening work are compact and it can locally strengthen concrete
members by embedding prestressing tendons at various points. Hence, the system can be used in
relatively narrow work spaces such as the foundations. The post-tensioning system enables the addition of
new conctete members to existing concrete structures, Whereas conventional RC jointed members are
vulnerable to steel corrosion at the joints of the new and old concrete, the developed prestressing system
may increase the durability of the jointed structure.

This study reports the results of fundamental tests conducted on structures containing prestressing tendon
23 mm in diameter to examine its deformation behavior under the design load. A push-out test using
full-scale concrete specimens embedding the wedge-shaped anchorage was conducted to evaluate the
anchor performance. The focus of the test was to determine the dimensions of the anchorage for a pull-out
test using full-scale concrete specimens. To examine the load-bearing capacity and long-term behavior of
strengthened concrete, a pull-out test of prestressing tendons was also performed using full-scale concrete
specimens. In addition, full-scale reinforced concrete beams were connected by the developed method. To
confirm the improved structural performance and durability, flexural loading test was conducted using the
jointed structures.

The thesis consists of 6 chapters, and contents of each chapter are shown below:

Chapter 1 “Introduction” describes current maintenance techniques of concrete structures, and shows
examples of application of strengthening system with prestressing tendons. In this chapter, the purpose of
this study and the outline of the thesis are presented.

Chapter 2 “Characteristics of the developed strengthening method with internal prestressing”
describes the strengthening system using post-tension tendon with an internal anchorage of existing
concrete membets. This chapter summarizes advantages of the system and targeted applications. Also, the
chapter shows the construction procedure of the method. Applicable ranges and concerns of the
strengthening system are also summarized in the chapter.

Chapter 3 “Experimental investigation on the internal anchorage” shows the push-off test of the
prestressing tendon. The test was conducted using full-size specimens to examine the anchorage effect.
The experimental parameters were dimensions of concrete member and wedge-shaped hole for
embedding a tendon as well as filling materials. The result shows that high-strength mortar filler was
suitable material for anchoring the tendon, and that the minimum size of concrete was 400 mm. Based on
the test result, details of strengthening system were determined.




Chapter 4 “Pull-out tests for the post-tensioned tendon” reports the pull-out test of the prestressing
tendon fixed with high strength mortar using full-size specimens having a member dimension of 400 mm.
The pull-out test was conducted to examine the load-bearing capacity and the long-term anchoring
performance. The test results revealed that the anchor has sufficient anchoring performance even under
higher force than the designed tensile load (449 kN) of the prestressing tendon. The observed slips of the
tendon were 0.24 mm for the pull-out test and 0.1 mm for the sustained loading test. These slips are
negligible for practical use. The test results confirm that the fixed anchor can maintain sufficient
anchoring performance against tensile force.

Chapter 5 “Experimental investigations on jointed concrete members” focused on the test of jointed
concrete members using the developed method. The strengthening effect of the system was examined in a
loading test on jointed full-scale concrete members. Saltwater permeability at the joint was also
examined. The flexural properties of the jointed members were compared to those of concrete beams
jointed with conventional post-installed adhesive anchors. The concrete beams jointed by the proposed
system exhibited superior crack-resistance and load-carrying capacity, and their joints were strongly
water-impermeable.

Chapter 6 “Summary” presents the remarkable conclusions of this study, and describes future problems
at the end of the thesis.
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