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Environment-Friendly Ductile Fiber Reinforced Cementitious Composite
- Fundamental Study on DFRCC Using Recycled Fine Aggregate -

Ken WATANABE"!

Abstract

Recently, research and development of ductile fiber reinforced cementitious composites (DFRCC) superior to existing ones

are actively conducted. DFRCC is a cementitious composite material reinforced with fibers, and it represents crack dispersing

properties under tensile, flexural or compressive stress. In this study, fiber reinforced mortar specimens using recycled fine

aggregate were tested under compressive, split tensile, and 3-point flexural loading. To investigate applicability of DFRCC to

precast piles, the experiments and finite element analyses of precast piles were also conducted. The results suggest that the use

of DFRCC for the pile-tip protection of precast piles improves the bearing ductility of the tip of precast piles. The present

finite element analysis was able to simulate the effect of the use of DFRCC for the pile-tip protection of precast piles.
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Table 1 Outline of specimens

Speci Mortar t Sand Water-cement ratio Sand-cement ratio Fiber volume fraction Mixing proportion
peetmen orarype an (Wt.%) (W.%) (Vol.%) of fiber
HRM35-VFQ 0 —
HRM35-VF3-V10 35 50 va0)
HRM35-VF3-V7-S3 3 V(N+S(3)
HRM35-VF3-V5-S5 V(5)+S(5)
HRM40-VF0Q 0 —
HRM40-VF2-V10 40 60 2 V(10)
HRM40-VF2-V7-S3 V(N+S(3)
HRMS50-VF0O 0 —
HRMS50-VF2-V10 V(o)
HRM350-VF2-V7-S3 HRM Recycle H 50 30 2 V()S3)
HRMS50-VFE3-V10 V(10)
HRMS50-VF3-V7-S3 3 V(1)+S(3)
HRMS50-VF3-V5-S5 V(5)+S(5)
HRM60-VFO 0 —
HRM60-VF2-V10 > Vv(0)
HRM60-VF2-V7-S3 60 100 V(N+S(3)
HRM60-VF3-V10 3 va0)
HRM60-VF3-V7-S3 V(7)+S(3)
MRM40-VFQ 0 —
MRM40-VF3-V10 40 60 3 Vv(10)
MRM40-VF3-V7-S3 V(N+S(3)
MRM50-VF0 MRM Recycle M 50 30 0 —
MRMS50-VF3-V10 3 V(10)
MRM60-VFOQ 60 100 0 —
MRM60-VF3-V10 3 V(10)
NM40-VF0 40 60 0 —
NM40-VFE3-V10 3 V(10)
NMS50-VFQ 0 —
NMS50-VE3-V10 NM Natural 50 80 3 V(10)
NM60-VFQ 0 —
NM60-VE3-V10 60 100 3 V(0)

Fine aggregate Recycle H :Recycled fine aggregate (Percentage of absorption :3.25%, Maximum size :2.5mm)
Recycle M :Recycled fine aggregate (Percentage of absorption :4.30%, Maximum size :5.0mm)

Natural :Crushed sand (Percentage of absorption :1.36%, Maximum size :5.0mm)
Natural :Pit sand (Percentage of absorption :2.66%, Maximum size :1.2mm)

The mixing proportion of crushed sand and pit sand are 7:3.
Cement :Ordinary Portland cement

Fiber V :Vinylon fiber (Diameter :0.20mm, Length :24mm, Young's modulus :29kN/mm?, Tensile strength :975N/mm2)
S :Steel fiber (Diameter :0.60mm, Length :30mm, Young's modulus :210kN/1nm2, Tensile strength :IOOON/mmz)
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Displacement
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Fig. 1 3-point loading system
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Fig. 2 Young’s modulus, compressive strength and split tensile strength of plain mortar
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Fig. 3 Young’s modulus, compressive strength and split tensile strength of fiber reinforced mortar
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Fig. 4 Flexural strength, number of crack and flexural toughness of fiber reinforced mortar
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Fig. 6 Load-displacement relationship of fiber reinforced mortar
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Fig. 9 Precast pile and pile tip protection

Table 2 Outline of specimens

o Pile tip protection specimen Strength test
Pile tip A - -
. Shape . Vertical strain at . S Split
protection o - o PR TR a Compressive compressive Young's | Poisson’s tensile
; iameter o . . iameter of pile tip| Height of pile tip .| Teflon :
specimen strength modulus ratio
pile: DI Height of pile protection: D2 protection: H Name of mix sheet ¢ strength strength
No. (mm) (mm) (mm) (mm) (N/mm?) (™) (kN/mm?) (N/mm?)
L 150 NM 349 4225 16.0 0.213 2.61
2 200
3 150
7 100 50 200 150 NMDFRCC O 27.0 4723 10.9 0.203 2.42
5 150
MRMDFRCC 26.1 4609 11.3 0.206 2.51
6 200
Table 3 Mix proportions
) No. 0fp1¥e tp Water-cement ratio] Sand-cement ratio Fiber volime fraction Mass per unit volume (kg/ms) Admixture
Name of mix protection
specimen W/C (wt.%) S/C (wt.%) (Vol.%) w C S1 S2 (Cwt.x%)
NM 1,2 97.8 0.0 441 802 549 235 0.0
NMDFRCC 34 55.0 60.0 30 470 855 359 154 1.5
MRMDFRCC 5,6 ) ] 465 846 254 254 1.5

C: Ordinary Portland cement (Density: 3.16g/cm3)

S1: Crushed sand (Density: 2A64g/cm3, Percentage of absorption: 1.46%, Fineness modulus: 3.03, Maximum size: 5.0mm) for NM and NMDFRCC,
Coarse recycled fine aggregate (Density: 2.51g/cm3, Percentage of absorption: 4.71%, Fineness modulus: 3.18, Maximum size: 5.0mm) for MRMDFRCC
S2 : Pit sand (Density: 2.56g/cm3, Percentage of absorption: 1.78%, Fineness modulus: 1.79, Maximum size: 5.0mm) for NM and NMDFRCC,

Medium recycled fine aggregate (Density: 2447g/cm3, Percentage of absorption: 5.03%, Fineness modulus: 2.34, Maximum size: 5.0mm) for MRMDFRCC
The mixing proportion of S1 and S2 are 7:3 for NM and NMDFRCC, 5:5 for MRMDFRCC.

Admixture: Reducing segregation admixture
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Fig. 12 Finite element division

Table 4 Outline of Analysis

. . Pile tip protection . o
Analytical model Specimen to be analyzed - - - Compressive yield criterion
Diameter (mm) | Height (mm) Fiber Type of aggregate
NM150VM Von-Mi
No. 1 (teflon) 150 on- ses
NM150DR Drucker-Prager
NM200VM ) Natural Von-Mi
No. 2 (teflon) 200 S
NM200DR Drucker-Prager
NMDFRCC150VM No. 3 (teflon) 150 Von-Mises
NMDFRCC150DR Drucker-Prager
NMDFRCC200VM 130 Natural Von-Mi
No. 4 (teflon) 200 o5
NMDFRCC200DR o Drucker-Prager
MRMDFRCCI150VM No. 5 (teflon) 150 Von-Mises
MRMDFRCC150DR Recycled Drucker-Prager
MRMDFRCC200VM No. 6 (teflon) 200 Von-Mises
MRMDFRCC200DR Drucker-Prager
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A7V UHE 020 EF%EL . WEDIITIE, Table 2 IZRTH
BhEfe 5 2. BRI, ERREE TEERBIED 13 2
PNEEd2 2HBRETI, JEMMBELREZ Fig. 13()IIRT,
32 HiOFRICK DB SNAEMKIEEE E Uz, EMRILE
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RN, ZOEDMEH T, BROTHALUREEKROT H & FIH
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FEREM 0B FE%EIL, Von Mises (LATF, VM) 721X
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Fig. 13 Softening curve
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