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ABSTRACT

One of the common techniques for enhancing the strength of existing reinforced
concrete bridge beams involves adding reinforcing elements to the lower section of
the beam. In the recent years, the reinforcement of concrete bridge beams is
developing with the installation of precast high performance fiber reinforced cement
composites, in addition to Fiber-Reinforced Polymer (FRP) sheets or strips and
placed rebars near the surface. This study explores both the mechanical properties of
composite cement laminates and how the presence of polymer rebars impacts these
laminates. To create specimens, a total of 45 mixing designs were utilized,
incorporating fibers and consumable materials.  For comparison purposes, the
specimens underwent various tests including four-point bending test with dimensions
measuring 25x125x500 and 25x125x1700 mm, three-point bending test with
dimensions measuring 40x40x160 mm, direct tension test on 8 shaped briquettes and
compressive strength tests on cubic shapes measuring 40 mm. The results indicated
good compliance with both direct tension and bending tests. After evaluation, the most
suitable design was determined to consist of 1.8% micro steel fibers, 0.5% polyvinyl
alcohol fibers, 42 kilograms of quartz powder, 28.6 kilograms calcium carbonate
particles and 482 kilograms of silica fume slurry, per cubic meter of mortar. To
analyze the chosen specimen, we conducted direct tension test on dogbone-shaped
specimen and compressive strength test on cubic specimen measuring 100
millimeters. Adding quartz powder has a positive impact on enhancing the energy
absorption capability of the laminate specimens. The use of two polymer rebars with a
diameter of 8 millimeters lead to 2.3 times increase in the flexural stress tolerance. No
significant difference was observed between the flexural behavior of the precast
laminate under cyclic loading and the monotonic loading.
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3 Prefabricated Mortar Laminate — high performance fiber reinforced cementitious composite
4 Glass fiber reinforced polymer

5 Ground granulated blast-furnace slag
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RMS45-SF0-SPO-FO Hx 390
RMS45-SF0-SP22.5-F0 *rx 350 22.46
SFPW0.27-SP27-FO0 1050 94.5 926.8 352.5 27
SFPWO0.45-SP27-FO0 1050 155 926.8 345 27
SF0-SP12.2-FO 723 1220 246 12.15
SFPWO0.54-SP27-FO 1050 175 926.8 325 27
SFPW0.41-GGBS-FO 1050 132 926.8 243 27
SFPW0.54-SP40-FO 900 175 1020 325 40
SFPW1.05-QP-FO 1034  252.65 183 730 239.85 44
SFPW0.28-MSH1.9 1011 90.9 892 3214 50.5 150
SFPW1.2-MSH1.2 900 218 1066 181 22.9 92
SFPW0.54-MSH2D 1034 172.4 913 320.1 18 157
SFPW0.54-MSH1.5D-mS0.5** 1034 172.4 913 320.1 18 117.75 39.25
SFPW1.05-QP-mS1.5-MSHO0.5 1034 252.65 42 871 239.85 36 39.25 117.75
SFPW1.05-QP-mS1.5-MSH1 1034  252.65 42 871 239.85 32 78.5 117.75
SFPW1.05-QP-mS1-MSH1.5 1034  252.65 42 871 239.85 32 117.75 78.5
SFPW1.1-CC-mS1.5-MSH1 1005 253 28.6 913 229 22 78.5 117.75
SFPW1.1-CC-QP-mS1.5-MSH1 1005 253 28.6 42 871 229 27 78.5 117.75
SFPWO0.54-MSH1.5D-PP0.5** 1034 172.4 913 320.1 18 117.75 4.55
SFPW0.94-CC-MSH1.8-PP0.2 1034 238.9 28.6 913 253.6 22 141.3 1.82
SFPW0.54-MSH1.5D-PVA0.5** 1034 172.4 913 320.1 18 117.75 5.9
SFPW1.1-CC-MFH1.8-PVA0.2 1005 253 28.6 913 229 22 141.3 2.36
SFPW1.1-CC-QP-MSH1.8-PVA0.2 1005 253 28.6 42 871 229 27 141.3 2.36
SFPW1.1-CC-QP-MSC1.8-PVA0.2 1005 253 28.6 42 871 229 27 141.3 2.36
SFPW1.05-mS0.5-MSH1.5-PVA0.5 1034  252.65 42 871 239.85 32 117.75 39.3 5.9
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SFPW1.1-CC-QP mS1.5-MSC1 1005 253 28.6 42 871 229 27 78.5 117.75
RMS45-SFO-mS1 *orx 390 25 78.5
SFPWO0.45-mS2 1034 152.7 913 339.8 26.6 157
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SFO-PP1.5 600 1200 270 11.2 13.65
SFPW0.54-PP2 1050 175 926.8 325 27 18.2
SFPW0.54-PP2-PVA1 1050 175 926.8 325 27 18.2 11.8
SFPW0.54-PP1.5-PVA0.5 1050 175 926.8 325 27 13.65 5.9
SFPW0.72-PVA2 1034 150 913 207 45 23.6
SFPW1.05-QP-MSP1-PVA1 1034  252.65 42 871 239.85 36 11.8 8
SFPW1.05-QP-MSP2 1034  252.65 42 871 239.85 40 16
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