Durability and mcrostructure of gass fiber
Reinforced concretes produced by premixing
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Table 1 Physical properties of fine and coarse aggregate

Table 2 Properties of glass fiber strands

Spec. Gravity | Absorption{%) | F.M. | Gmag(mm) Glass Fiber A | Glass Fiber B
Sand 7.64 1.26 236 Diemeter(zm) 13 20
Gravel 2.62 2.20 6.21 15 Number of Filaments 100 160
Specific Gravity 2.78 278
Tensile Strength(kgf/cm?) 25000 25000
Young’s Modulus(kgf/cm*) 7.5x10° 75%10°
Length(mm) 24 25
Table3 Mix proportion of GFR concretes
Stamp | Air | W/C | s/a Unit Content(kg/m>) v, Type of
{cm) | (%) __1(%) [Watez | Cement | Sand [ Gravel | (%) Fiber Used
10 51| 0.65 | 65 207 309 1103 594 0

10 5411 0.65 | 85 333 512

753 406 1.0 Glass Fiber A

5 5+1] 0.65 | 65 186 286

1154 | 618 0

A

5 5+1 ] 0.65 | 65 358 550

692 369 1.5 | Glass Fiber A or B
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Fig.l Changes in flexural strength of GFR concretes stored in
various conditions.
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Fig.2 Load-deflection curves of GFR concretes stored in :
{a) water {b) wet atmosphere.

Table4 Conparison of values of L.O.P. and M.O.R.
(V/=1%)

Storage

Water

Age (months) 1 3 6 12
T.0.P(kgfJcm?) | 50.7 | 39.0 | 49.0 | 51.0
M.O.R(kgf/cm?) | 64.5 | 50.3 | 49.6 | 53.9
M.G.R-LO.P 113811131 061 29
T.0.P(kgi/cm?) | 50.7 | 57.0 | 54.8 | 55.8
"M.0.R(kgf/cm?) | 64.5 | 60.6 | 55.0 | 56.9
MOR-LOP {13836 [ 0271
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Fig.3 Effect of aging in various conditions on the toughness of
GFR concretes.
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Table5 Effect of aging in various conditionds on the energy
absorbed in the specimens during impact loading.

(kgf-m)
Vy:07% ‘Age (Months)
1 3 [ 1236 | 60

Water 95 89 |78
Wet Atmosphere 95 176

Ty am et 87 {78

Weathering 100 | 83

V1%

wa.ter 116 {100 96 [9.0]9.1 |86
Wet Atmosphere 100 [ 10.3 9.1 19.0 { 84
ry and Wet 100 | 9.9 {88 9.0 81
Weathering 104 {10.1[8.7[88 |84
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Fig.4 Flexural strength of GFR concretes at varioues ages in
water and dry atmosphere storage.
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Fig.s Toughness of GFR concretes at various ages in water
and dry atmosphere storage.
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Table6 Energy absorbed in GFR concrete speciments stored
in water and dry atmosphere (kg{-m)

V0% Age (Months)
3 [ 12 | 36 60
Waiter 8.3 8.3 ] 8.3 |9.3[10.0] 9.1
Dry Atmosphere 83| 85 [76] 99 | 838
V;1.5%
ater 104 192} 9.8 [85]10.0] 9.4
Dry Atmosphere 9.8 111.0 9.6 11.2]10.1
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Fig.6 Changes in splitting tensile strength of GFR concretes
with time.
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Photo1l Fracture surface of GFR concrete.
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Fig.7 Comparison of flexural strength beween GFR concretes
with glass fiber A and B.
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Fig.8 Comparison of toughness between GFR concretes with
glass fiber A and B.
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Fig.9 Conparison of splitting tensile strength between GFR
concretes with glass fiber A and B.

Table 7 The energy absorbed during impact loading in
specimens with glass fiber A and B (kgf-m)
Vy1.5% Age (Months

1 3 6 12 36 | 60
104 ] 9.2 [9.8] 85 [10.0]9.4
11.5{105]9.0{10.2 ] 9.8 |9.2

o

he

[ Water{Fiber A)
[ Water(Fiber B)

Photo2 Fracture surface of GFR concrete at the age of 28
days ; {a) less hydration products on the surface of a

filament (b) deposition of Ca(OH)..
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Fracture surface of GFR concrete aged 3 months in
water ; (a) much hydration products on the surface of
a filament (b) growth of Ca(QH), at the interface.

Photo 3

Photo4 Fracture surface of 3 months old GFR concrete in a
dry atmosphere.
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Photod Fracture surfaces of GFR concretes at the age of 1
year ; (a) in water {b) in wet atmosphere (c)
weathering (d) in the cycle of wetting and drying.
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Mirror Zone - Huckle Zone
A

Fig.10 Schematic illustration for mirror zone.

Photo7 Fracture surface of 1 year old specimens stored in
water ; (a) smooth surfaces of glass filaments (b)
dephsition of Ca{OH); at the interface.
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Table8 Effect of aging mechanisms on reduction in mechanic-
al propertics of GFRC (after Bentur®)

Effect of Aging Mechanism
Type of Aging on Reduction in Mechanical
Fiber Period properties
Chemical Growth of
Degradation Hydration
of Fibers Products
E-Glass Short Very Mildly
(<1 year) Effective Effective
Short Not Not
(<1 year) Effective Effective
AR-Glass Medium Mildly Very
(5-40 years) Effective Effective
Long Effective | Very Eftective
(>30-50 years)
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DURABILITY AND MICROSTRUCTURE OF GLASS FIBER REINFORCED CON-
CRETES PRODUCED BY PREMIXING

Shinich IGARASHI and Mitsunori KAWAMURA

Glass fiber reinforced concrete (GFR concrete) were produced by premixing method.
Changes in mechanical properties of GFR concrete have been investigated up to the
age of 5 years. Reductions in strength and toughness were observed at relatively early
ages, compared to GRC produced by spray method. Differences in time-dependent
changes in mechanical properties between specimens stored in various conditions were
not clear. These tendency may result from the dispersion of strands into individual fila-
ments and/or loosening of strands. Loosening of strands enables hydration products to
deposit easily at the interfacial zone and within spaces among filaments. Therefore,
effects of aging mechanisms on the reduction in mechanical properties GFR concretes
produced by premixing do not appear at the same age as in those by spray method.




