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Introduction

\VUB-Brussels & RWTH Aachen

Project:
Development of Durable Glass Fibre
Reinforced Concrete

macro-scale: |

combination of ! | series of
measurement - experiments
techniques

O
- Modelling of mechanical behaviour

- Modelling durability
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- damage mechanisms
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Goal of experimental program

Durability of Fibre/Textile Reinforced concrete

- experimental setup

- damage mechanisms

Fibres are attacked:
Chemical degradation
Formation of reaction products in flaws

SAMPLE &

IMatrix Is degraded:
Formation of matrix cracks
Chemical attack

Matrix-fibre interface is modified:
Formation of hydration products: embrittlement
Mechanical wear (cyclic load)




Goal of experimental program

Durability of Fibre/Textile Reinforced concrete

- experimental setup

- damage mechanisms

Function of

- IMaterials
- T'emperature

- Humidity.
- Mechanical load
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Goal of experimental program

Durability of Fibre/Textile Reinforced concrete

- experimental setup

- damage mechanisms

Function of
: 1\ Constant environmental loading
- Materials
(elevated RH and T)
- Temperature >
- Humidity. )
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Goal of experimental program

Durability of Fibre/Textile Reinforced concrete

- experimental setup

- damage mechanisms

Eunction of
- T'emperature
- Humidity > Repeated environmental loading
v ereellees (wetting-drying & freezing-thawing)
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Constant environmental load

Materials
-AR-glass fibres and OPC (Ordinary Portland cement, pH = 13,5)

-AR-glass fibres and IPC (Inorganic Phospate Cement)

-E-glass filbres and/ IPC (Inorganic Phospate Cement)

Constant environmental load: Accelerated Ageing

- water, 50°C
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Cyclic environmental load

Materials

-E-glass fibres and IPC (Inorganic
Phosphate Cement, pH = 7)

Series 1: no pre-loading
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Cyclic environmental load: Accelerated Ageing
- Wetting-drying (60 cycles)

- freezing-thawing (60 cycles)
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Cyclic environmental load

Materials

-E-glass fibres and IPC (Inorganic
Phosphate Cement, pH = 7)

Series 1: no pre-loading
Series 2: multiple-cracking zone

0.4 0.6
strain (%)

Cyclic environmental load: Accelerated Ageing
- Wetting-drying (60 cycles)

- freezing-thawing (60 cycles)
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Cyclic environmental load

Materials

-E-glass fibres and IPC (Inorganic
Phosphate Cement, pH = 7)

Series 1: no pre-loading
Series 2: multiple-cracking zone
Series 3: post-cracking zone

04 0,6
strain (%)

Cyclic environmental load: Accelerated Ageing
- Wetting-drying (60 cycles)
- freezing-thawing (60 cycles)
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Experimental program

After environmental loading (constant or cyclic)

+

Matrix cracking: microscope & camera (..
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Experimental program

After environmental loading (constant or cyclic)

IMatrix cracking: microscope & camera

Strength: fibre strength or

: : matrix-fibre iterface qualit

Static loading R
sPost-cracking
stiffiness: fibre quality

*Pre-cracking| stiffiness:
matrix guality
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Experimental program

After environmental loading (constant or cyclic)

IMatrix cracking: microscope & camera

Strength: fibre strength or

Static loading matrix-filre interface quality

sPost-cracking
stiffiness: fibre quality

Pre-cracking stiffiness:
matrix guality

Interpretation cycles: Yy 04 05 0
matrix-fibre interface stain (%)
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Results: constant environmental loading

- tensile strength

Strength of the composite material compared to the reference in %

—— |IPC-AR-glass

Storage conditions: water at 50 °C —&—IPC-E-glass
—-8— OPC-AR-glass

80 100

Time in days
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OPC.
o | oss of strength: fibre
attack

|PC:
o | ess loss ofi strength




Results: constant environmental loading

Monotonic tensile loading: pre-cracking stiffness (E.;)

OPC:

o [ oss of strength: filore
attack

o |Matrix stable
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IPC:
o Less loss ofi strength
o |Matrix stable

time (days)
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Results: constant environmental loading

Monotonic tensile loading: post-cracking stiffiness

OPC.
o L oss of strength: fibre

| —8—OPC/AR-glass | attaCk
-D-'PgAR-Ig'aSS e Matrix stable
—/—|PC/E-glass .

3 3 I ° Ductility lost

\ \ |PC:
40 60 o [ ess loss of strength
time (days) o Matrix stable
 Fibres not attacked
seriously
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Results: constant environmental loading

Monotonic tensile loading: post-cracking stiffness (E,;,)
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Cyclic environmental load

Materials

-E-glass fibres and IPC (Inorganic
Phosphate Cement, pH = 7)

Series 1: no pre-loading
Series 2: multiple-cracking zone
Series 3: post-cracking zone

04 0,6
strain (%)

Cyclic environmental load: Accelerated Ageing
- Wetting-drying (60 cycles)
- freezing-thawing (60 cycles)
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Results: constant environmental loading

Cyclic tensile loading: matrix-fibre interface

—n— 1 w eek accelerated ageing

—O— 2 w eeks accelerated ageing
—— 4 w eeks accelerated ageing
—&— 8 weeks accelerated ageing
—a— 90 days accelerated ageing
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unloading stress (MPa)
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OPC.:

o [ oss of strength: filore
attack

o Matrix stable

o Ductility lost

|PC:

o |Less loss ofi strength

o [Matrix stable

o Fibres not attacked
seriously

« Interface stable




Results: repeated environmental loading

Freezing-thawing

# Cycles (/)

—2A— No pre-loading
—O— pre-loading into multiple cracking zone
—&— pre-loading into post cracking zone
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Results: repeated environmental loading

Freezing-thawing

# Cycles (/)

— %

> o —
0 40 50 60 70
—A— Nno pre-loading
—bO— pre-loading into\multiple cracking zone
—&— pre-loading into post cracking zone
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Results: repeated environmental loading

Freezing-thawing

# Cycles (/)

—4— no pre-loading
—O— pre-loading into multiple cracking zone
—&— pre-loading into post cracking zone
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Pre-loading Into pest-cracking zone: no extra damage mechanism
*No or small pre-loading: damage (matrix cracking?) first cycles
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Results: repeated environmental loading

Freezing-thawing

First cycles: matrix cracking
|_ater: stabilisation

# Cycles (/)
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—A— no pre-loading
—0O— pre-loading into multiple cracking zone
—— pre-loading into post cracking zone

~
@©
ol
9
N—r
(%))
0
Q
c
=
e
(7))
Y
(@)
(7))
(%))
(@]
-l

*Random alignment cracking
*No large internal stresses due to fibres

No loss of strength: no damage to fibres




Results: repeated environmental loading

#Cycles4 é/) Wetting-drying

—a—no pre-loading

Loss of stiffness (Gpa)

—e— pre-loading post cracking zone
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Results: repeated environmental loading

# Cycles4 é/) Wetting-drying

o first cycles matrix cracking
o later other damage mechanism

—a—no pre-loading

Loss of stiffness (Gpa)

—e— pre-loading post cracking zone

7 RN
1= ""III I
ki .I‘L T Wj.

S “f 5‘&% Mﬁﬁ_

[E '-J" [t Ilu-..-lll!""'l LLH

average crack disfance
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Results: repeated environmental loading

# Cycles (/)
20 40

—a—no pre-loading

Loss of stiffness (Gpa)

—e— pre-loading post cracking zone
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Wetting-drying

o first cycles matrix cracking
o |ater other damage mechanism
o cracks aligned and
perpendicular to filres:

Internall stresses due to

presence of filbres




Results: repeated environmental loading

# Cycles (/)

40

—a—10 pre- Ioadlng
—D— pre-loading into multiple cracking zone
-7,0 —e— pre-loading post cracking zone

Loss of stiffness (Gpa)
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o first cycles matrix cracking
o |ater other damage mechanism
o cracks aligned and
perpendicular to fibres:

Internall stresses due to
presence of filbres
N0 evolution strength: fibres
not attacked




Results: repeated environmental loading

# Cycles (/)
0 20 40 60

~ 0,0‘—A—A—A—

o first cycles matrix cracking

22

. —a— no cracking theoretical o later other damage mechanism
—aA— experimental WD1 -

18 —o— full cracking theoretical . CraCkS allgned and

16 —e—experimental WD25 perpendicular to filres:
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Internall stresses due to
presence of filbres
N0 evolution strength: fibres
S y‘l‘ot (MP;’ not attacked
o cyclic loading: matrix-fibre
Interface wear due to cyclis
loading
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Conclusions

Constant environmental loading:

Cyclic envirenmental loading:
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Conclusions

Constant environmental loading:

- pH has considerable influence on fibre strength
- |PC prevents low durability due to chemical attack

Cyclic envirenmental loading:

- Frreezing thawing: filbres prevent early fracture

- Same fibres can provoke damage due to
wetting-drying

- First WD cycles: matrix cracking

- Later: matrix-fibre interface
degradation




