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Fig. 1. Tests for assessments of rheological properties of the
mix designs
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composition SiO2 AI203 Fe203 CaO0O MgO SO3 CL K20 Na20 LOI
% % % % % % % % % %
dosage 21.19  5.09 394 63.04 147 235 0.029 0.72 051 217
Table 1. Properties of used cement
St Y Olge ol b LY - L YVLY Jpder
Name C G S LS MS w PP SP WI/(C+MS) Vp/Vt
(Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) (Kg/m3) % %

VIW1P0 405 740 850 299.5 45 144 0 15 0.32 0.4
V1W2P0 405 740 850 250 45 162 0 13 0.36 0.44
V1W3PO0 405 740 850 200.5 45 180 0 1 0.40 0.48
V2W1P0 442 691 793 3325 49.2 157 0 15 0.32 0.4
V2W2P0 442 691 793 277.5 49.2 177 0 12 0.36 0.44
V2W3P0 442 691 793 223.87 49.2 196.5 0 09 0.40 0.48
V3W1P0 486 636 729 357.7 54 173 0 11 0.32 0.4
V3W2P0 486 636 729 300 54 194 0 08 0.36 0.44
V3W3P0 486 636 729 239.5 54 216 0 0.6 0.40 0.48
VI1W1P1 405 740 850 299.5 45 144 01 15 0.32 0.4
VI1W2P1 405 740 850 250 45 162 01 13 0.36 0.44
V1W3P1 405 740 850 200.5 45 180 01 1 0.40 0.48
V2W1P1 442 691 793 3325 49.2 157 01 15 0.32 0.4
V2W2P1 442 691 793 277.5 49.2 177 01 1.2 0.36 0.44
V2W3P1 442 691 793 223.87 49.2 1965 01 0.9 0.40 0.48
V3W1P1 486 636 729 357.7 54 173 01 11 0.32 0.4
V3W2P1 486 636 729 300 54 194 01 0.8 0.36 0.44
V3W3P1 486 636 729 239.5 54 216 01 06 0.40 0.48
VIW1P2 405 740 850 299.5 45 144 01 15 0.32 0.4
V1W2pP2 405 740 850 250 45 162 02 13 0.36 0.44
V1W3P2 405 740 850 200.5 45 180 02 1 0.40 0.48
V2W1P2 442 691 793 332.5 49.2 157 02 15 0.32 0.4
V2W2P2 442 691 793 2775 49.2 177 02 1.2 0.36 0.44
V2W3P2 442 691 793 223.87 49.2 1965 02 09 0.40 0.48
V3W1P2 486 636 729 357.7 54 173 02 11 0.32 0.4
V3W2P2 486 636 729 300 54 194 0.2 0.8 0.36 0.44
V3W3p2 486 636 729 239.5 54 216 0.2 0.6 0.40 0.48

Table 2. The 27 mix designs as repair layer
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Fig. 2. Failure mode of specimens in pull-off test after
freezing and thawing cycles
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Slum V- Compressive  Tensile Modulus . Bond

P 150  L-Box P f  Shrinkage strength

Name flow (sec)  (mm/mm) funnel strength strength elasticity ~ (x10%6)  (pull-off)

(mm) (sec) (MPa) (MPa) (GPa) (Mpa)
V1W1P0 670 5.30 1 12.22 56.1 4.86 343 470 347
V1W2P0 630 3.85 1 11.20 55.2 4.77 33.12 600 3.27
V1W3P0 600 3.67 1 7.89 53.4 442 31.8 690 3.03
V2WI1P0 730 35 1 8.05 535 4.67 334 520 3.27
V2W2P0 680 3.24 1 6.54 52 453 32.6 620 2.97
V2W3P0 650  2.86 1 4.65 47.3 4.02 30.7 760 2.63
V3WIP0O 670  3.03 1 5.31 49.1 415 32.7 590 297
V3W2P0 550  2.67 1 3.87 46.2 3.93 314 740 243
V3W3P0 520 4.99 1 2.98 38.9 3.38 29.9 850 2.03
VIWIP1 650 5.80 1 13.40 57.9 547 37.7 450 4.60
VIW2P1 600 4.20 1 12.10 56.4 5.30 36.3 570 433
VIW3P1 560 4 1 8.66 52.8 5.04 34.8 660 3.87
V2W1P1 710 410 0.95 9 54.7 5.33 36.8 500 4.30
V2W2P1 660 4 0.90 7.63 51.4 511 35.5 595 413
V2W3P1 620 2.99 0.90 5.78 48.7 4.60 339 735 3.87
V3W1P1 660 3.60 0.85 6 495 4.76 35.6 560 420
V3W2P1 540 298 0.85 4.20 454 443 34.8 700 3.13
V3W3P1 500 8 0.70 3.30 37.2 4.20 31.9 790 2.87
VIWI1P2 640 6 0.95 15 56 511 37.8 455 3.73
VIW2P2 570 45 0.95 14.10 54.8 5.04 35.4 580 3.63
VIW3P2 540 430 0.90 10.20 53 4.87 34.3 675 3.3.
V2W1P2 680  4.60 0.85 10.60 52.8 514 36.3 515 3.67
V2W2P2 640 440 0.80 9.80 52.3 494 34.7 615 413
V2W3P2 600 3.26 0.80 6.90 46.6 4.32 33.1 750 3.70
V3W1P2 630 4.10 0.70 7.23 495 4.42 34.9 570 3.43
V3W2P2 530 35 0.70 5.10 457 4.13 334 710 2.87
V3W3P2 480  8.32 0.65 3.98 38.3 3.58 30.7 820 2.33

Table 3.Result of rheological and hardened properties of the 27 mix designs
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Number of Cycles

Name Rate Qf
21 42 63 84 93 102 111 120 129 138 debonding Average
index
VIWIPO 343 340 333 317 273 183 117 053 023 - 0.081
VIW2PO 320 313 3 277 233 160 1 040 013 - 0.076
VIW3PO 290 280 260 220 167 107 053 027 -— - 0.076
V2W1P0 310 3 287 260 217 133 0.67 037 017 -— 0.076 0.075
V2W2P0 2.80 260 233 183 120 073 027 007 -— - 0.074
V2W3P0 240 2.03 163 107 063 027 007 -— -— - 0.071
V3WI1P0 270 243 203 167 120 063 0.33 007 -— - 0.074
V3W2P0 217 1.73 130 077 037 007 -— — — @ —— 0.072
V3W3P0 1.67 1.20 070 023 -— —— —— @ —— @ 0.073
VIWIP1 45 427 373 317 233 15 073 033 007 -— 0.107
VIW2P1 4 363 323 267 203 13 060 013 -— —— 0.108
VIW3P1 343 3.03 270 230 167 103 037 013 — — 0.097 0.102
V2W1P1 4 347 3 247 173 097 033 007 — — 0.108
V2W2P1 3.87 337 280 223 160 1 040 013 — — 0.103
V3W1P1 380 333 280 227 167 ‘AT 047 013 — — 0.105
V3W2P1 273 257 183 127 043 007 — — — — 0.092 Average
V3W3P1 240 180 117 057 013 — -— — — —— 0.092
VIW1P2 35 323 280 217 140 067 027 003 — —- 0.093
V1W2pP2 3.8 3.40 253 1.80 1.03 040 013 — —- 0.091
V1W3P2 3 253 203 1.43 097 037 007 -— -— — 0.089
V2WIP2 340 327 253 197 133 060 010 -— -— - 0.099 0.098
V2W2P2 373 340 287 233 163 080 020 — — — 0.112
V2W3P2 337 290 237 167 1.03 040 007 — — - 0.100
V3W1P2 303 277 223 160 097 023 -— -— -— —— 0.101
V3W2P2 240 217 153 103 047 013 — — — —— 0.084
V3W3P2 170 130 037 — -— — — — — 0.111

Table 4. Bond strength of the 27 mix designs under freezing and thawing cycles (in MPa)
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Fig. 3. Bond strength of repair layer without fibers to substrate concrete under freezing and thawing cycles
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Fig. 4. Bond strength of repair layer containing 0.1% fibers to substrate concrete under freezing and thawing cycles
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Fig 5- Bond strength of repair layer containing 0.2% fibers to substrate concrete under freezing and thawing cycles
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Abstract

Self-compacting concrete as a type of concrete that has no need to vibration can use for complicated
frameworks and in conditions that compaction is hard. So this concrete is an excellent choice for repair and
retrofitting of many kinds of concrete structures such as marine structures, bridges and so on. These concrete
structures may be under aggressive environmental conditions and harmful agents. One of the most important
damages of concrete structures is because of freezing and thawing cycles especially in exposed ones, like
bridge’s decks. So, study of effect of different parameters on quality of self-compacting repair layer, its
bonding to substrate and its durability under chemical and physical attacks is very important. In this study,
effect of paste volume, water to cementitious materials and polypropylene fiber dosages in mix design on
rheological, hardened properties and bonding of repair fiber-reinforced self-compacting concrete (FRSCC) to
concrete substrate and its durability for freezing and thawing cycles has been assessed. Bonding between
FRSCC as a repair layer and concrete substrate had been evaluate using pull-off test. The tests that failed
exactly from the bond surface considered as a successful ones, and all tests that failure had been occurred in
repair layer or concrete substrate is eliminated from the results. Freezing and thawing test was conducted
according to ASTM C666. Both freezing and thawing processes were made in water. To assessment of
bonding of FRSCC as a repair layer to concrete substrate, we made 15 cm cubes of substrate layer with
compressive strength more than 50 MPa to ensure that the failure doesn’t occur in this layer while pull-off
test. After six months (to have concrete substrate without shrinkage),we saw the cubes divided them to 3
pieces. With analyzing of effects of fiber dosages on rheological properties of the mix designs, we found that
an increase in fiber percentage that leads to smaller diameter in slump flow test, higher flow time in T50 test,
higher time in V-Funnel test, and lower ratio in L-Box test. Also, while compressive strength had no
significant changes, tensile strength and modulus of elasticity experienced a big increase through adding
polypropylene fibers. Shrinkage of repair layer had a great decrease after adding polypropylene fibers. The
optimum dosage of polypropylene fibers for hardened properties of the mix designs was found 0.1% by
volume. We can see that because of the positive effect of fibers on decreasing of shrinkage and increasing of
tensile strength of repair layers, bonding between the repair layer and concrete substrate increased greatly
especially by adding 0.1% polypropylene fibers (by volume). Also, increase of paste volume and water to
cementitious materials (summation of cement and micro silica) had negative effect on bonding of repair
layer to substrate. That is because of increase of shrinkage of repair layer. Although, adding polypropylene
fibers improved bonding of repair layer and substrate in freezing and thawing cycles, we see smaller results
for bonding. We defined debonding index (DI) that presents the rate of debonding during freezing and
thawing cycles. Higher DI, higher rate of debonding. As we can see, for mixes that containing polypropylene
fibers, DI is bigger in comparison with the ones without them.

Key word: repair fiber-reinforced self-compacting concrete, bonding, freezing and thawing cycles, paste
volume, water to cementitious materials

139


mailto:alisadrmomtazi@yahoo.com

