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Glass-fiber-reinforced polymer (GFRP) bars offer corrosion resistance and low mass but
have an elastic modulus on the order of 30-50 GPa, far below that of steel. When used alone as
longitudinal reinforcement, the low stiffness often leads to large crack widths and excessive deflec-
tion under service loads. This brief review examines a composite solution in which GFRP bars are
combined with externally post-tensioned steel tendons. The post-tension introduces precompres-
sion to counter tensile stresses, while the GFRP bars provide durable tensile capacity after cracking.
We summarize material roles, core design rationale for selecting tendon force levels and profiles,
essential detailing at anchor zones and deviators, and long-term effects relevant to effective prestress
retention. The review frames a compact workflow for practice and research: define serviceability
targets, choose an external post-tension profile and force consistent with anchorage and compres-
sion checks, and verify crack width and deflection under sustained and variable loading. The combined
system directly addresses the crack-control limitation of GFRP-only beams and provides a pragmatic
path to improved service performance in aggressive environments.

Keywords: GFRP bars, external post-tensioning, concrete beams, crack control, serviceability,
durability, tendon profile.
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CmepxHU u3 cmekaonaacmukosoli apmamypsi (GFRP) o6aadarom 8bICOKOU KOppo3UOHHOU
cmolikocmoeto u manoli maccoll, 00HAKO ux Modysb yripyaocmu cocmasndem rnopAadka 30-50 ITla,
Ymo 3HaYUMenbHO HUMe nokazameseli cmanu. lpu ucrnone3osaHuu GFRP 8 Kayecmase eOuHCmMeeH-
Holi npodonabHOlU apmamypsl HU3KASA HEeCMKOCMb Yacmo rnpusooum K 3Ha4yumesnbHol WupuHe
PACKpbIMUA MpewuH u Ype3mepHoIM npo2ubam nod delicmeuem 3KCrayamayuoHHbIX HO2PY3O0K.
B 0aHHOM KpamKom o630pe paccmampusaemcs KOMOUHUPOBAHHOE peweHUE, 8 KOMOPOM CMEPXHU
GFRP couemaromcsa ¢ 8HeWHUM Mocaedyrouum HamaxeHuemMm cmasbHbIx KaHamos (ry4kos). lNpeo-
s8apumenbHoe HamsaxceHuUe co3oaem Cxcumaroujue HanpsaxceHua 0a8 npomusodelicmeus pacms-
HeHUo, 8 Mo s8pems Kak cmepxHU GFRP obecnevusarom 0071208€4HY0 HeCyuyto crnocobHocme
Ha pacmsaxceHue nocse obpa3osaHus mpeuwuH. B pabome ob6obuweHsl poau mamepuanos, 0CHO8-
Hble MPUHYUbl MPOeKmMupo8aHUs rnpu eblbope ycunuli HamaxceHUa u npoguneli KAHamMos, ocobeH-
HOCMU KOHCMPYUPOBAHUS 30H QHKEPOBKU U OMKsa0HUMesel, a makice 00/120Cpo4HbIe 3ghcheKmel,
gnuAOUWUE HO COXpaHeHue aghchekmusHO20 npedsapumensHo20 HanpaxceHua. 063op gopmupyem
AIAKOHUYHbIU an20pumm 045 NPAKMUKU U ucciedosaHuli: onpedesneHue yenesbix nokazamenel
3KCrAyamayuoHHol npu2odHocmu, 86i60p NPoguas U ycunusa eHeWHe20 HaOMAXeHUs 8 coomeem-
CMeuu € nNposepKamMu aGHKePOBKU U CHAMUS, 0 MAKHE KOHMPOb WUPUHbLI PACKPbIMUSA MPeujuH
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u npoaubos npu 0aumMesbHbIX U NepemeHHbIX Haepy3Kax. KombuHUposaHHAA cucmema HanpAmMyto
ycmpaHaem oz2paHu4deHua 6an0K ¢ apmuposaHuem mosasko GFRP 8 yacmu KOHMpoasa mpeuwuHo-
0bpa3osaHuA u npedsaazaem nPA2Mmamu4HolIl Nyme K Mo8bIWEHUI 3KCMAYAMAyUOHHbIX XAPaK-
mepuCMuUK 8 a2peccusHbiX cpedax.

Knrouyesble cnoea: cmeknonaacmukosas apmamypa (GFRP), eHewHee rocaedyrouee Hams-
HeHue, bemoHHsle 6asaKU, KOHMPOAb MpPeuwuHoobpPAa308aHUA, SKCMAYAMAYUOHHAA MPU200HOCMS,
00s1208€4YHOCMb, NPOPUIL APMAMYPHO20 KOHAMA.

Introduction

Fiber-reinforced polymer bars have been introduced as internal longitudinal reinforcement
to improve durability where corrosion is critical. For GFRP, the elastic modulus is typically about
30-50 Gpa, close to that of concrete and much lower than that of steel, which makes control of
crack width and deflection the governing serviceability challenge in many beams [1].

A practical remedy is to combine GFRP longitudinal bars with externally post-tensioned
steel tendons. External tendons are anchored outside the section and, when profiled with deviators,
apply a controllable precompression and balancing moment that reduce service-load tensile
stresses and crack opening. Design guidance and case histories show that such systems can
achieve significant improvements in crack control and stiffness provided that anchorage bearing,
deviator pressures, and long-term prestress losses are explicitly verified [2]. This paper offers
a concise review of materials, design logic, and detailing for this composite arrangement and out-
lines the performance measures needed for rapid experimental and field deployment.

Main body

1.1 Material differences and role allocation

GFRP bars provide high tensile strength, low density, and corrosion resistance, but their
elastic modulus (typically on the order of 30-50 GPa) is far lower than steel, so pre-cracking stiff-
ness is limited and service-load crack-width/deflection control is poor; in the composite arrange-
ment considered here, GFRP mainly contributes durable tensile capacity after cracking, while
externally post-tensioned steel tendons, anchored outside the section, deliver high stiffness and
controllable precompression before service loading to suppress tensile demand and crack opening
(see Table 1) [1; 3].

Table 1. — System roles

Component Before cracking (service) After cracking Notes
Concrete Compression block; Compression block; Check extreme-fiber compression
section cover and durability shear transfer and local bearing at hardware
GFRP Minor stiffness . . .
s L Durable tensile capacity; Detail end zones to prevent
longitudinal contribution residual strength debonding/splittin
bars due to low E & &/sp g
External steel Precompression and Share tension Verify anchorage/deviator bearing
tendons balancing moment via eccentricity and losses

1.2 Design rationale: prestress level and tendon profile
In practice, the effective tendon force is selected within a workable band that balances ser-
viceability gains and detailing demands; a lower-to-medium level is appropriate when crack-width
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control with ductility reserve is the priority, while a medium-to-higher level achieves stronger re-
ductions in midspan crack width and deflection provided anchorage bearing, local crushing, global
compression, and deviator pressures are explicitly verified; a straight profile minimizes losses,
whereas a draped (parabolic) profile with one or two deviators increases midspan eccentricity for
more effective service-load balancing (see Table 2) [4; 5].

Table 2. — Prestress—profile selection

Effecti
Target ective Tendon profile Must-check items
level (=fou)
Crack control with 0.30-0.45 Straight or Anchorage bearing; extreme-fiber
ductility reserve ’ ' mild drape compression; expected losses
Strong crack/deflection 0.45-0.65 Draped, Anchor/deviator bearing; local crushing;
suppression ' ' 1-2 deviators curvature radius; friction losses

1.3 Detailing and long-term effects

Anchor zones should use bearing plates and closed transverse reinforcement to prevent
bursting and local crushing, and deviators must be proportioned for local bearing pressure and
minimum curvature radius; for the GFRP termination in the tensile zone, mechanical end-clamps
or U-wraps are recommended to mitigate end debonding and splitting; design and evaluation
must also account for shrinkage, creep, temperature effects, and strand relaxation through an
explicit loss model and monitoring plan (e.g., tendon force at lock-off and during service, crack
width in the constant-moment region, and midspan deflection), with provisions for re-tensioning
where significant losses are anticipated [6; 7].

Conclusion

This brief review addresses the central limitation of GFRP longitudinal reinforcement in
concrete beams, namely low elastic modulus and the resulting difficulty in controlling crack width
and deflection under service loads. Combining GFRP bars with externally post-tensioned steel ten-
dons provides a practical path to restore service stiffness while preserving the durability advantages
of GFRP. Within this composite arrangement, two effective prestress windows are recommended.
A lower to medium level, approximately 0.30-0.45 fpu, is suited to applications that prioritize
crack control with reserve ductility and comfortable margins in anchorage and compression checks.
A medium to higher level, approximately 0.45-0.65 fpu, can further suppress crack growth and
midspan deflection provided that anchorage bearing, local crushing, global compression, and deviator
pressures are explicitly verified. Profile selection should follow the demand envelope: straight
tendons minimize losses and simplify execution, while a draped layout with one or two deviators
increases eccentricity where it is most needed for service-load balancing. Reliable performance
depends on careful detailing of anchor zones and deviators, adequate end anchorage for GFRP to
mitigate debonding and splitting, and explicit management of long-term losses from shrinkage,
creep, temperature variation, and strand relaxation, with provision for re-tensioning where war-
ranted. Taken together, these measures form a compact workflow that is immediately transferable
to parametric testing and field deployment: define service targets, choose the prestress level and
profile consistent with detailing and compression checks, and verify crack width and deflection
with instrumentation over time.
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