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Abstract

Recently, the research and development of ductile-fiber-reinforced cementitious composites (DFRCCs) that are superior to
existing ones has been actively conducted. DFRCC is a cementitious composite material reinforced with fibers, and it exhibits
crack dispersing properties under tensile, flexural or compressive stress. Consequently, DFRCC is a material with high
ductility under flexural, tensile or compressive failure. The use of DFRCC as an energy absorbing material will be one of the
applications to reduce the seismic response of a structure. Using DFRCC instead of concrete will also enhance the durability
of reinforced concrete (RC) structures, To apply DFRCC to RC structures, it is needed to clarify the material properties (such
as shrinkage, creep, and strength development) of DFRCC. In order to evaluate the material properties of DFRCC, shrinkage,
creep, strength development, and cyclic loading tests were carried out. This paper presents the conclusions that the equation
proposed in this study can be used to estimate the strength development of DFRCC, and the present hysteresis model is
applicable to predicting the hysteresis of DFRCC under cyclic stresses.
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Fig. 1 Crack pattern observed after the test
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Table 1 Mix proportions of DFRCC
(a) Mix proportions

Water- | Sand- Fiber
Mame of | cement | cement | volume
mixing fratio W/C| ratio S/C| fraction

Mass per unit volume (kg/m’)

(wi.%) | (wi.%) | (vol.%) | Water | Cement| Sand | Fiber
SVFRM 55.0 34.5 504 916 316 26
NVFREM | 60.0 191 2.0 334 556 1062 26
LVFRM 40.0 234 335 837 196 26

(b) Materials

Name of | & ent Sand Fiber
mixing
Vinylon  fiber  (Diameter:
ili 0.04mm,  Length 12mm,
SVERM Slllca.sand ‘ . g ;
(Maximun size: 0. 2mm) [Young's modulus: 40kN/mm®,
Ordinary Tensile strength: 1600N/mm?)

portland fpiy cand

NVERM | cement (Maximun size: 2.5mm)
Anrtificial light weight
LVFRM sand

(Maximum size: 5.0mm)

Vinylon  fiber  (Diameter:
0.1lmm,  Length: 24mm,
Young's modulus; 25kN/mm’,
Tensile strength: 1 100N/mm?)
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NVFRM : 56 H, LVFRM : 15 » HT#® 5.
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Table 2 Loading program

Loading | Specimen Target strain ()
- | svrrM 0,-3000,-5000.-10000,-20000
“;{‘)‘;‘.’”'“ NVFRM 0,-2000,-5000,-10000,-20000
ing
LVERM 0,-3000,-5000,-10000,-20000
] SVFRM 0,4+1500,+15000
Tensile = 21000042000
loading | NVFRM +10000,+20000
LVERM 0,410000,+20000
o SVERM 0,41000,£2000,+3000,10000,£20000
C
m: dh':g NVFRM 0,4£1000,+2000,£ 1000020000
LVFRM 0,42000,+3000,%10000,:20000

Universal testing : _
instrument
(2000kN) Glass fiber sheet

/ Specimen

Fig. 2 Cyclic loading setup

Table 3 Strength test results

Compressive Sphtt.mg ;
tensile Young's modulus
strength
Name of ; strength
e Curing 3 . )
mixing N/mm®) {N/mm"*) (kN/mm")
7 28 1 91 28 7 28 | 91
days | days | days days days | days | days
— Alr 234]31.8]339 2.15 887 105] 109
Standard | 23,1 | 33.6 | 394 = 105 129] 13.8
NVFRM Air 1941273306 251 11.8] 146 157
Standard | 20.7 | 32.0 | 36.3 = 1411170 184
LVFRM Air 36.5| 3821407 2.17 1011975 103
Standard | 36.9 | 39.3 | 42.6 = 11.8]125] 133




=
ol e
=3
[

b3
(=3

50

2.
2.

S
(=3

30 [

£ :
3 Z
‘én f;nzo -
§ 20 O  Test SYVFRM A Test NVERM g - ) O Test SVFRM A Test NVFRM
2 X Test LVFRM wwsseers JSCE SVERM g X Test LVFRM
élo wes e JSCE NVFRM # = »JSCELVFRM & e JSCENVFRM
3 MCY0SVFRM - ———MC9 NVFRM ER ——— MCYOSVFRM = ——MC% NVFRM
....... MC90 LVERM s-ee-- - MCS0 LVFRM
0 ~ ‘ . 0 :
0 20 40 60 80 100 0 20 40 60 80 100
Age (day) Age (day)
(a) Air curing (b) Standard curing
Fig. 3 Compressive strength development
20 20
’ﬁ‘~,J_ bt o oy e oy o T T . —'_‘_ﬂ-——
g A g ’A/, i
E15 7 i e mi S A E15 2
é é S S
g O Test SVFRM A Test NVFRM g U Test SVFRM 4 Test NVFRM
& X Test LVFRM s JSCE SVERM X X Test LVFRM > < JSCE SVFRM
gs s+ JSCE NVFRM w = «ISCELVFRM g5 = = JSCE NVFRM *JSCELVFRM
= MOY SVERM = — — — MC90 NVFRM = ———MC9SVERM - ——~MC% NVFRM
....... MC90 LVERM ] <------ MC9 LVFRM
0 0 i ]
0 20 40 60 80 100 0 20 40 60 80 100
Age (day) Age (day)
(a) Air curing (b) Standard curing
Fig. 4 Young’s modulus development
M ER R B % Table 3 127”7 Table 4 Material constants of equation (1) to (4)
DFRCC DO##h t BT 2 EMRE (f0)B LUV v 7R Name of Curing Material constant
EOEEET B2, tA¥Eay 7 ) — MEHTREE(HL mixing o B y s
1 (BLF, JSCE) 3 X TF CEB-FIP Model Code 1990' (L4 SVFRM |—21 0.9022 3.0039 1856.7 02811
T, MC90) =% EhTng %K@*X*J'ﬁf%(‘:OU\T, DFRCC Standard 0.7986 5.0309 2201.2 0.3708
. N - Air 0.8471 4.0827 2770.2 0.3289
DRERIE % LEPT SEEEDD. NVERM Standard |  0.8284 4.9511 3046.2 0.4127
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Fig. 12 Determination of tension softening behavior
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