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Steel PVA - . . ) L
Specimen ID Series Type of Fiber  fiber R R LSl ! ‘5"“1’
curing regime o
(%) (%) Cewlodd &1, (V)
RPC/P/H Hot water -
Plain curing b OUl Sole Sl poart ) s
RPC/P/S STD curing j - S oty S yam ] 09
Hot water - Tesile Elastic
RPC/ST1/H ST 1% curing 1 Density  Strength ~ Modulus Asp.ect Length Type of
ratio (mm)  fibers
RPC/ST2/H ST20 ~ Hotwater - (MPa) (GPa)
curing 7.8 1140 200 35 25 Steel
RPC/ST3/H Hotwater 4 - 13 966 255 526 6  PVA
ST 3% curing
RPC/ST3/S STD curing 3 - Table 1. Properties of fibers
RPC/HYO.75/H  HY 0.75% Hgfj;’i"r?éer 075 0%
Hot water 0.5 G SN oY LIl e eslanad gla GUI s Y IS8
0, " T
RPC/HYO5/H  HY 0.5% uring 05
RPCIHYO25/H HY 0250  Hotwater 4,0 0.75
curing
RPC/IPVAO.25/H PVAO0.250 Hotwater 025
curing
RPCIPVAOS/H PVA OS5y, Hotwater 05
curing
RPC/PVAO.75/H Hot water 0.75
PVA 0.75% ___curing
RPC/PVAO.75/S STD curing - 0.75

*Mix design (kg/m®): Cement=925, Silica fume=222, Quartz
sand= 879, Quartz powder= 77.7, Super Plasticizer=29.6,
water=204.,

Table 2. Information of RPC specimens
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Fig. 3. Heat regime employed for curing of RPC specimens

Golid bl b s €gas 5 oo 5l oled it IS8

Fig. 4. View of device and specimen under test
Lol Olojde 5 sl Lol L 5 ¥ J g

Time Action Duration of
(min) each step
(min)

00:00- Homogenize all dry 2
02:00 powders
02:00- Adding of water and 1
03:00 superplasticizer
03:00- Time required for mixture 4
07:00 acquiring a plastic

consistency
07:00- Adding fiber(s) 2-3
09:00
09:00- Time required for
11:00 distribution of fibers 2-3

throughout the mixture

Table 3. Mixing procedure of reactive powder concrete
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Fig 2. Placement of RPCAspe‘cimens ]

Compressive strength

Strain at peak stress

Tangent modulus Secant modulus

Specimen ID RI (MPa) (GPa) (GPa)
RPC/P/H 0 121.74 0.00288 46.48 43.78
RPC/P/S 0 115.32 0.00277 50.10 46.21

RPC/STL/H 0.357 133.93 0.0034 49.78 46.44

RPC/ST2/H 0.714 130.49 0.0031 50.63 49.23

RPC/ST3/H 1.071 124.25 0.003 52.08 50.81

RPC/ST3/S 1.071 109.86 0.00271 52.01 50.03
RPC/HYO.75/H 1.584 120.75 0.0032 47.83 44.99
RPC/HYO.5/H 2.810 118.01 0.00305 46.43 43.18
RPC/HYO.25/H 4.037 117.25 0.0029 44.69 42.00
RPC/PVAO.25/H 1.316 113.00 0.00291 49.05 45.07
RPC/PVAO.5/H 2.632 107.41 0.00276 48.81 43.87
RPC/PVAO.75/H 3.947 105.59 0.00269 45.32 42.28
RPC/PVAO.75/S 3.947 104.02 0.00265 47.57 4341

Table 4. Experimental results of compressive test
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a) steel fiber b) PVA fiber c) hybridization of fibers
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Fig. 6. Compressive strength of heat-treated RPC specimens containing a) steel fiber b) PVA fiber c) hybridization of fibers
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Fig 7. Compressive strength vs. tensile strength for heat-treated RPC specimens
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Fig 8. Strain at peak stress of heat-treated RPC specimens containing a) steel fiber b) PVA fiber c) hybridization of fibers
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Fig. 10. The empirical equations of the strain at peak stress of heat-treated RPC specimens containing a) steel fiber b) PVA fiber c) hybridization of fibers
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Fig. 11. Secant and tangent modulus of elasticity of heat-treated RPC specimens containing a) steel fiber b) PVA fiber c) hybridization of fibers
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Abstract:

Reactive powder concrete (RPC) represents a new generation of cement-based materials composed of
cement, reactive ultrafine powders, siliceous fine aggregates, super plasticizers and fibers. Due to its
microstructural properties, this concrete demonstrates specific properties including high compressive and
flexural strength, superb durability. Since this is a novel type of concrete, a single design code containing
multiple experimental results of high quality, together with reliable stress-strain models for the nonlinear
analysis of the structural members made of this concrete type is lacking. Although some experimental
equations to predict the strength of the RPC members can be found in the literature, note that there are
shortcomings in the information provided specifically regarding the RPC containing synthetic and hybrid
fibers. Hence, in this study, ten different mix designs of RPC, containing steel fibers at the volume fractions
of 1, 2, and 3%, polyvinyl alcohol fibers at the volume fractions of 0.25, 0.5, and 0.75%, together with
hybridizations of the two fiber types at the total fiber volume fraction of 1% were prepared, and then tested
to obtain accurate and applicable equations as well as the compressive stress-strain curve with the purpose of
estimating the mechanical properties and better predicting the behavior of this type of concrete. Then, the
effect of the type and volume fraction of fibers, together with curing regime on the properties of RPC
including the compressive strength, strain at peak stress, modulus of elasticity, and the shape of stress-strain
curve was investigated. The obtained results indicate that as the volume fraction of steel and polyvinyl
alcohol fibers increases, the compressive strength and strain at peak stress of the RPC specimens decreases; a
trend which is also observed as the volume fraction of synthetic fibers in the concrete mix containing hybrid
fibers increases.. The trend which is observed for the strain at peak stress in the RPC is very close to that for
its compressive strength. The secant and tangential modulus of elasticity values of the RPC also demonstrate
trends similar to each other, and the tangential modulus of elasticity in all the specimens has values higher
than the corresponding secant modulus of elasticity. The RPC containing high volume fractions of steel
fibers shows high modulus of elasticity values, due to the crimped shape of fibers as well as the strong
cohesion they provide in the concrete. Heat treatment has a positive effect on the compressive strength and
strain at peak stress of the RPC specimens, due to the acceleration of the hydration process of cementitious
materials at high temperatures as well as the formation of a dense matrix. By using the nonlinear regression
analysis of the data, experimental equations were developed for the parameters affecting the stress-strain
curve of RPC. Finally, based on the experimental parameters obtained for all the RPC specimens, a model
was proposed to predict the compressive stress-strain curve. By comparing the proposed model with the
experimental results of the stress-strain curve of RPC, it can be said that the proposed model is capable of
predicting the experimental results with a very good accuracy.

Keywords: Reactive Powder Concrete, Stress-strain relationship, Fibers, Heat Treatment.
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