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Abstract. The durability of textile reinforced concrete (TR@pplied in innovative
lightweight sandwich elements has been investigatete framework of EC supported FP7
project, H-House (Healthier Life with Eco-innovativ Components for Housing
Constructions). This paper presents the experirheesalts from two studies related to the
effects of accelerated ageing on selected texibeids and on the composite form of TRC.
Firstly, the durability related to the alkali-resisce of three commercially available textile
fabrics of carbon, basalt and alkali-resistant glé8R-glass) was studied by means of
accelerated aging and direct tensile tests basetsOn10406-1 and alternative boundary
conditions. Furthermore, it was also of interesbbserve if the tested basalt and AR-glass
textile fabrics would have differing material ded@éion when faced with accelerated testing
while being embedded in a concrete matrix. Accalyinthin rectangular TRC panels
reinforced by basalt and AR-glass were aged iretlliferent conditions for approximately
30 days (i.e. 20°C, 40°C and 60°C in water) andediiféer underwent uniaxial tensile testing.
The external appearance of the textile reinforcearsamples was examined before and after
immersion, for comparison of colour, surface canditand change in shape. To characterize
the change in mechanical properties, direct terai uniaxial tensile tests were performed
on both unaged and aged textile reinforcement aR@ Famples, respectively. The main
conclusions from this study are that the testebaratextile samples appear to have superior
alkali resistance, which indicate promising long¥tedurability of the reinforcement in a
concrete matrix. Also, the coating applied duriegtite production is a governing factor
affecting the degradation of textile reinforcemeémtan alkaline environment particularly
related to the tested AR-glass and basalt prodlist&s found challenging to specify one test
method for different types of textile materials dagheir differing degradation processes.

Introduction

The H-House (Healthier Life with Eco-innovative Cooments for Housing Constructions)
project, funded by European Commission, aims teligva number of new building systems
suited to a society where environmental awarenedsaahigh degree of living comfort are
both required [1]. The concept of the project isd@velop new building components for
external and internal walls for new buildings aedavation. Within the project framework,
an innovative lightweight sandwich element for nesnstruction has been developed using
textile reinforced concrete (TRC) combined with ementitious based insulating material.
TRC acts as both a facing and load bearing layérinvthe sandwich element. As such, a
TRC facing layer is exposed to the outdoor envirentnthereby making it important to
understand the durability performance of this cositeanaterial.

The durability of fiber-based reinforcement matestisuch as fiber reinforced polymer
(FRP) rods and textile reinforcement, is typicallysessed by means of accelerated ageing.



Accelerated ageing related to the alkali resistatyggcally consists of immersing the
reinforcement sample in a simulated or actual catecpore solution while being exposed to
high temperature [2, 3]. To determine the effecth&f accelerated ageing, mechanical tests
such as tensile tests can be conducted on fibredb@énforcement samples before and after
ageing. For textile reinforcement cast in concretamples can be exposed to varying
temperatures or moisture conditions in a climatendber followed by the quantification of
loss of tensile strength and bond through varioashmanical tests [4, 5]. Despite the fact that
there are a number of existing studies made ondthmability performance of fibre-based
reinforcment materials for concrete, these resales often non-comparable due to e.qg.
differences in material composition and testingapaeters.

The purpose of this paper is to present experirhegesalts related to the durability of the
materials being incorporated in the developed cait@@lements. In this study, the durability
of TRC in terms of alkali-resistance was investgiabn the material and composite levels. It
is to say that on the material level, the suitabibf using selected textile reinforcement
materials readily available on the market, i.e. enaficarbon, basalt and AR-glass fibres, was
investigated through accelerated aging and dimwile tests based on ISO 10406-1 [6]. As
for the composite level, these tested textiles veenbedded in a concrete matrix, exposed to
given accelerated ageing conditions and thereadtded under uniaxial testing as per the
recommendation of RILEM TC 232-TDT [7]. Overallistof key interest to determine which
type of textile reinforcement would present the tmm®mising long-term durability whilst
being exposed to an alkaline environment.

Experimental Investigation

Within this scope of work, experiments were conddcto investigate the durability of
selected textile reinforcement products on bothemmt and composite levels. The two
experimental investigations can be specified asgoghgt 1) accelerated ageing on material
level and 2) accelerated ageing on composite level.

Study 1 — Accelerated ageing on material levelhe materials studied consisted of AR-
glass, basalt and carbon textile reinforcementsgwtiich were primarily selected based on
the current availability of commercial productsféreto [8] for more product information).
The durability related to the alkali-resistance wasestigated for these products by means of
accelerated testing. Accelerated testing was basel®O 10406-1 [6], which specifies that
the given specimen should be immersed in an akadiolution (pH > 13) while being
exposed to a temperature of (60 £ 3) °C for 30 dAyternative boundary conditions were
also studied due to the fact that the upper boynctamdition prescribed by the standard was
found to be too harsh for some of the tested extibducts. All test parameters included in
this study are summarized in Table 1.



Table 1. Overview of test matrix for Study 1.

Case Exposure conditions Temperatupel Time |Specimens
[°C] value |[days] Carbon/Basalt | AR-
[] glass
Reference Room temperature | 20 - 0 (6{0) BO AO
1 High temperature +|60 14 5 Cl-5 |B1-5 |Al-5
hi
igh pH 10
(ISO 10406-1)
20
30
2 High temperature +|60 7 30 Cc2 B2 A2
neutral pH
3 Low temperature + |20 14 10 C3 B3 A3
high pH
4 Low temperature + |20 7 10 C4 B4 A4
neutral pH

- Performed ageing only

Performed ageing + tensile test
Not tested

The external appearance of the textile reinforcémspacimens was examined before and
after immersion, for comparison of colour, surfaocadition and change in shape. Moreover,
the mechanical strength of the specimens was aiaotidjed using direct tensile tests on both
non-aged and aged samples based on ISO 10406-Erfgh this test, the tensile strength,
ultimate strain and tensile rigidity can be detered for each specimen type. The test setup
applied in this work is exemplified in Figure 1 aaddetailed description of the specimen
preparations and test specifications is providg@]in

e | —Metal cross-pins

-] Specimen

Specimen
Backlight panel

Hydraulic grip

Video extensometer (camera)

Figure 1. Direct tensile test setup applied in $tudfrom [8]).



Study 2 — Accelerated ageing on composite levdlhe effect of accelerated ageing on the
composite level was investigated for TRC. TRC negtdar panels (700 x 100 x 20 mm)
reinforced by two layers of either basalt or ARsgldextile reinforcement were cast in a fine-
grained concrete matrix developed in this projébie TRC specimens were cured for 28-30
days under three different conditions: 1) 20 °Qvater (reference), 2) 40 °C in water and 3)
60 °C in water. It was of further interest to obseif basalt and AR-glass textiles tested in
Study 1 would have differing material degradatiohew faced with so-called accelerated
testing while being embedded in a concrete maitmixeality, the pH level of the pore solution
found in the matrix is not as elevated as thatifipdcby the ISO 10406-1 [6]; therefore, it
was thought that accelerated ageing of the congositld represent more realistic conditions.
It should be noted that carbon textile reinforcetneas excluded from Study 2 as it was
observed in Study 1 that this given product wasegaly inert when exposed to extreme
alkaline conditions and high temperature.

After sample curing, the tensile load bearing béhavof the TRC specimens was
characterized using uniaxial tensile tests accgrdmmthe Recommendation of RILEM TC
232-TDT [7]. The specimen configuration and tengl&t setup are depicted in Figure 2. The
ends of the specimens were clamped between tWatadl plates, which transfer the load to
the specimen by friction. The applied clamp pressurd contact area were chosen to prevent
slippage between the clamp and specimen. Additidmal neoprene rubber sheets were
placed in the contact areas to avoid local stressentrations. Moreover, the tests were
carried out in an electro-mechanical universaingstSintech 20D). The tests were conducted
as displacement controlled, whereas the load archima displacement were recorded in a
data acquisition system (sampling rate of 10 Hhe $pecimens and clamping devices were
aligned in a frame to ensure centric loading arddlamps were hinged connected to the test
machine.
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Figure 2. Panel dimensions and clamp detail (lafiyl test setup for uniaxial tensile test
(right).

Experimental Result Summary

Results from Study 1.The experimental results from Study 1 were analysecording to
changes in visual observations and mechanical piepdefore and after accelerated ageing.



Visual Observations.For the tested carbon textile reinforcement sample significant
visible change of colour, surface structure oruexivas observed for all exposure cases.

However, colour change was apparent on the basatiples aged according to the
conditions related to Cases 1 and 2 (B1, B2). Tdwese of colour change could have been
caused by the lifting of the textile coating to theface. Also, the samples were unable to be
tested mechanically as they broke during the agpmgess, apart from B1-5 and B2. For
Cases 3 and 4 (B3, B4), the coating appearedikd iy at the cross-points along with minor
colour change on the surface. The stiffness of 88pdes appeared to be weaker however as
these could be ruptured by a minimal pulling foatéhe cross-points.

As for the AR-glass reinforcement samples expose@dses 1 and 2 (Al, A2), these
generally lost stiffness and cross-threads. Speawnexposed to Cases 3 and 4 (A3, A4)
remained in tact after immersion, while samplesosggd to Case 3 (A3) were marked by a
wavy structure.

Tensile Test Results.Direct tensile tests were performed on both unaged aged
samples based on ISO 10406-1 [6]. The applied M&dus strain of the tested textile
reinforcement samples are shown in Figure 3. Itagecases, it was not possible to quantify
the tensile strength of a given sample due to xtené of material degradation (see Table 1).
The direct output of the tensile tests included dlisnate tensile capacityy, and ultimate
strain,eu. The tensile rigidityEa, can be calculated from the load-strain curve ass#oant
modulus (see [8]).
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Figure 3. Results from the direct tensile testsbaa textile (a), basalt textile (b) and AR-
glass textile (c). For visualization, the initidtan was shifted 0.3%-units relative to each
previous case.

In Figure 3, the tensile behaviour is marked bynedr relationship which terminates by
means of a brittle failure upon reaching the ultenatress of the textile reinforcement
material. To further analyse the results, the tertsipacity retention rat&er, being the ratio
between the ultimate tensile capacities of agedpmnersus unaged sample, was applied to
measure the relative mechanical degradation oagfeel samples. A summary &+ values
for the tested samples is provided in Table 2. Aardetailed account of these results can be
found in [8].



Table 2. Summary of tensile capacity retention fategested samples (standard deviation in
parentheses).

Case Exposure condition§emperature pH Time |Tensile capacity retention
[°C] value |[days] rate,Ret [%]
[ Carbon | Basalt | AR-
glass
Reference Room temperature| 20 - 0 - - -
1 High temperature +60 14 5 - 3(2) 33(7)
high pH 10

(ISO 10406-1)

20

30 125 (2)
2 High temperature + 60 7 30 114 (11) 62 (2) 35 (7)
neutral pH
3 Low temperature + 20 14 10 - 52 (3) |65 (3)
high pH
4 Low temperature + 20 7 10 - 90 (8) |97 (10)
neutral pH

Performed ageing only

Performed ageing + tensile test
Not tested

From the results presented in Table 2, it is diffito state the significance of the retention
rates and how much the degradation is relatedadeimperature or the alkalinity. As such,
the tensile capacity retention rates were stadiffyicevaluated in [8] to gain a further
understanding of the data scatter and confidentkeofesults. The outcome of this statistical
evaluation is only summarized in this paper.

The observed increase in tensile capacity for carteatile reinforcement samples was
found to have a significant increase in tensileacéty only for Case 1. This increase is
thought to be caused by the stiffening of the textbating occurring at high temperatures.
According to these observations, the tested carddile is highly resistant to a high alkaline
environment and high temperature.

The basalt and AR-glass samples aged according@se € were only measurable after 5
days of exposure. Besides, the greatest amoumineflé¢ capacity loss (35 %) was observed
for AR-glass under Case 2, while it was the casddsalt (52 %) under Case 3. Moreover, it
is thought that the difference between the tersleacity retention of AR-glass (65 %) and
basalt (52 %) under exposure Case 3 could be d reéfsthe additionally applied alkali-
resistant coating on the AR-glass samples. As ghehapplied coating is likely a governing
factor affecting the degradation of textile reid®ment in an alkaline environment. This
factor could be verified using e.g. microscopy teasure the surface degradation. Lastly, for
Case 4, the significance of the loss of tensilecayp for basalt is uncertain, while that of AR-
glass is insignificant.



Results from Study 2.Uniaxial tensile tests according to the recommeaondaif RILEM TC
232-TDT [7] were performed on TRC specimens reirtddrby the same AR-glass and basalt
textiles tested on the material level in Study &siting from these tests, load versus global
deformation curves are presented in Figure 4, wthiemain test results are also summarized
in Table 3. Four specimens were originally testadefach condition, however the test results
were only considered valid if the failure of theespnen took place within the measured
gauge length. In some cases, particularly pertgitonspecimens cured according to Cases 2
and 3, failure took place in the end anchoragetlesgch that these results were not further
considered as representative of the true behavi@uimpede such a failure from occurring in
the end anchorage length, the specimens can b&oaddly reinforced in these areas by
means of additional reinforcement or epoxy coating.

Table 3. Mean uniaxial tensile test results (stashdaviation in parentheses).

Case Curing condition®Rkeinforcemen No. 18 crack Max.
t type cracks displacement
Pcr,l Ocr,1 Omax
[KN] [MPa] |[mm]
1 20°C, water, 28 d Basalt 1-2 17.2(0.6) 3.5(0.4) 2.8 (0.9)
(Reference) AR-glass | 1-2  6.5(0.4) 3.1(0.1) 1.6 (0.2)
2 40°C, water, 30 d Basalt 1 9.0 (0.8)4 (0.4) 2.1 (0.2)
AR-glass 1-2 8.6(2.3) 4.1 (1.0) 1.9 (0.4)
3 60°C, water, 30 d Basalt 1-2 19.2(0.2) 4.4 (0.1) 1.5 (0.3)
AR-glass 1-2 |7.0(2.2) 3.4 (1.0) 1.8 (0.0)

"Some cracks formed in the end anchorage locatitshvare not representative of the true
tensile behaviour.
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Figure 4. Results from the uniaxial tensile ted@salt TRC panels (a) and AR-glass TRC
panels (b).
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From the presented uniaxial tensile tests on TR€an be generally concluded that first
cracking strength of the concrete matrix, i.e. lergtrength, increased due to the temperature
increase during curing for all cases. A ratherdaggviation in the results pertaining to the



aged AR-glass specimens was noted. The maximunalgiiéplacement is nearly unaffected
for AR-glass but decreases for basalt due to a@atelt ageing. This behaviour is indicative
of a more brittle behaviour and could be caused.gya reduction of the bond in the case of
basalt TRC. The reinforcement ratio in all specimén too low to induce further crack
development. In future tests, the reinforcemeniorahould be increased to firstly yield
superior tensile behaviour for the reference caAsewell, pull-out tests in combination with
microscopy can be further applied to understanddégradation in bond properties due to
accelerated ageing and effects of matrix densiéinat

Conclusions

In this study, the long-term durability in terms alkali resistance was investigated for
three types of textile reinforcement products maflearbon, basalt and AR-glass fibres.
Investigations were conducted by means of expotrtle reinforcement (material level)
and TRC (composite level) samples to accelerateginggconditions. In relation to the
material level, the tensile behaviour of the se&ldctextile reinforcement products was
investigated under accelerated ageing conditioqea$SO 10406-1. It was observed that the
tested carbon textile reinforcement has a supati@li and temperature resistance, while the
standard conditions were found to be too aggreskivethe tested basalt and AR-glass
products causing them to have nearly unmeasurapkecity after ageing.

As for the composite level, after undergoing aaegésl ageing and uniaxial tensile testing
according to RILEM TC 232-TDT, the maximum glob&macement was nearly unaffected
for AR-glass but decreased for basalt TRC samples.loss of ductility could be a sign of a
reduction in bond properties between the reinfoe@nand the matrix. It was also noted that
the exposure to high temperatures caused thecfaisking load to be on average higher after
accelerated ageing.

On the whole, the coating applied to the reinforeetmproducts was found to be a
governing parameter regarding the durability proesr In addition, since the tested fibres
have differing degradation processes, the relatedbdity properties could likely be better
determined using adapted test methods. Furthernestucbuld involve investigation by
microscopy and real-time exposure conditions.
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