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Fig. 1 Schematic diagrams of the variable-stiffness wedge (VSW) anchorages
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Tab.1 Construction parameters for the first-generation and second-generation anchorages
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Fig. 2 Load-displacement curves of resin cast bodies
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Tab.2 Compressive test results of the resin modified by

the chopped basalt fibers and carbon fibers
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tendons
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Tab.4 Experimental and calculated values of tensile properties of three types of FRP tendons

T CESREO
eS| T EAR/mm A /mm
F/kN 0,/MPa E,/GPa Ji/MPa
¢TBFRP 7.1 250 65(1.5%) 1694(1.5%) 60(2.2%) 1652
#10BFRP 9.7 300 127(2.9%) 1720(2.9%) 58(1.4%) 1637
#10CFRP 9.6 300 196(1.8%) 2703(1.8%) 175(2.1%) 2623
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Fig. 8 Fabrication of the FRP tendon—-VSW anchorage assembly
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Tab.5 Testing results for the static anchoring behavior of the FRP tendon—-anchorage assemblies
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Study on Static Behavior of FRP Tendon—Variable Stiffness Wedge Anchorage
ZHOU Jingyang', WANG Xin'", DING Lining’, ZHANG Xiaofei', LI Yuangi', WU Zhishen'

(1.Key Laboratory of C & PC Structures Ministry of Education, National and Local Unified Engineering Research Center for Basalt Fiber Production and
Application Technology, Southeast University, Nanjing 211189, China;
2.School of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China)
Abstract:

Objective The fiber-reinforced polymer (FRP) tendon possesses high specific strength, good corrosion resistance, and high creep rupture stress,
making it an ideal material to resolve the critical issues of excessive weight and corrosion in prestressed steel bars or strands. However, develop-
ing a novel anchorage with high connection efficiency is essential due to the anchoring challenges associated with anisotropic FRP tendons. The
second-generation variable-stiffness wedge (VSW) anchorage, referred to as the second-generation anchorage, is developed to address the limita-
tions of the first-generation VSW anchorage, including size, assembly complexity, cost, and wedge follow-up, while maintaining comparable an-
choring performance. The development cycle of new anchorages can be significantly shortened by verifying the universal applicability of the
second-generation VSW anchorage to various FRP tendons, enhancing engineering practicality and cost-effectiveness.

Methods Firstly, three types of epoxy resin cast bodies modified with quartz sand, basalt fiber, and carbon fiber, respectively, were prepared to
evaluate their compressive behavior. The failure mode and load-displacement curve of the cast bodies were analyzed, and the compressive str-
ength and elastic modulus were calculated based on the testing standards. Secondly, the VSWs were manufactured using the molding method.
Composite layers consisting of chopped fibers impregnated with vinyl resin and bidirectional fiber cloth were alternately stacked to enhance struc-
tural integrity. The layered materials were compression-molded at 120 °C for 20 minutes using a hydraulic press. Post-machining involved angu-
lar cutting of high-modulus segments followed by surface roughening to improve interfacial bonding. A dual-material system (quartz-modified
resin and epoxy resin) was cast in a split mold for ambient curing. A 0.03 mm stainless steel foil was epoxy-bonded to the collet surface to reduce
friction and enhance wedging synchronization with FRP tendons. Thirdly, the end-splitting and surface sandblasting anchoring methods were uti-
lized to investigate the tensile properties of BFRP and CFRP tendons. Fourthly, an auxiliary set of steel wedges was installed at the end of the
VSW anchorages to achieve synchronous wedging action of multiple wedges. Three types of anchorages were compared: the first-generation an-
chorage, the second-generation anchorage, and the stainless steel wedge anchorage. The static anchoring performance of these anchorages was
evaluated through static tensile tests.

Results and Discussions The findings indicated that the displacement corresponding to the maximum load of the quartz sand-modified resin de-
creased with the increasing mass fraction of quartz sand compared to pure resin. This behavior was attributed to the resin matrix’s dominant con-
tribution to deformation, where reduced resin content diminished the matrix’s deformation capacity. In contrast to both pure resin and quartz sand-
modified resin, the chopped fiber-modified resin exhibited superior load-bearing capacity and enhanced post-peak load retention. This improve-
ment primarily resulted from the inherent high strength of the fibers and the effective constraint on transverse deformation and crack propagation
achieved through the randomly distributed chopped fibers, which collectively improved the modified resins’ strength and modulus. The compres-
sive strength and elastic modulus of the pure resin were measured as 106.6 MPa and 3.1 GPa, respectively. For the quartz sand-modified resin, the
compressive strength initially decreased and then increased with rising sand content, rather than exhibiting a monotonic growth trend. When main-
taining identical preparation processes and reinforcement materials, the accuracy of the compressive strength was influenced by void defects and
size effects. Subsequent optimization was achieved through vacuum degassing to mitigate these interfacial imperfections. The processes of end
splitting and surface sandblasting were beneficial for enhancing the interfacial bonding capacity between the FRP tendons and resin. The small
steel wedge anchorage with a limiting action effectively addressed the issue of asynchronous sliding among multiple VSWs, and the stainless
steel sheet attached to the outer surface of the VSWs contributed to improving their sliding capability with the FRP tendons. The variable-stiffness
design was advantageous in mitigating stress concentration in the FRP tendons within the anchoring area. The anchoring efficiency (7,) for round
#7 BFRP tendons, round ¢10 BFRP tendons, and round ¢10 CFRP tendons using the second-generation anchorages was recorded as 88%, 86%,
and 99%, respectively. When BFRP tendons were anchored, the anchoring efficiency of the second-generation anchorages significantly surpassed

that of the steel wedge anchorages (17, = 78%) and approached that of the first-generation anchorages with larger anchorage size (17, = 91%).
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When CFRP tendons were anchored, the anchoring efficiency achieved by the second-generation anchorages remained comparable to that at-
tained by the stainless steel wedge anchorage (17, =107%).

Conclusions For the second-generation anchorage, the VSW consists of three segments with varying elastic moduli: a low-elastic-modulus seg-
ment made of epoxy resin, a medium-elastic-modulus segment composed of quartz sand-modified epoxy resin (with a quartz sand to resin mass
ratio of 100%), and a high-elastic-modulus segment incorporating vinyl resin-impregnated chopped fibers and bidirectional fiber fabric. The end
splitting combined with surface sandblasting effectively enhances the bond strength between smooth FRP tendons and resin. The auxiliary steel
wedge anchorage resolves the asynchronous wedging problem of multiple VSWs, while externally bonded stainless-steel thin sheets improve the
synchronous wedging capability of VSWs with FRP tendons. The variable-stiffness design significantly mitigates stress concentration in FRP bars
within the anchorage zone. For BFRP tendons, the second-generation anchorage achieves substantially higher efficiency than stainless-steel
wedge anchors while approaching the performance of larger first-generation anchors. For CFRP tendons, the efficiency not only exceeds the code-
specified requirement of 90% but also matches that of stainless-steel wedge anchorages. Future work will focus on continuous optimization of
variable-stiffness wedge dimensions and materials, as well as refining manufacturing processes to reduce production costs. Further investigation
of the impact performance of FRP tendon-VSW anchorages will also enhance their engineering applicability.

Key words: bridge engineering; BFRP tendon; CFRP tendon; variable-stiffness wedge anchorage; anchoring efficiency
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