UNIVERSITY OF THE
WEST of SCOTLAND

OPEN ACCESS

UWS Academic Portal

Effects of nitinol on the ductile performance of ultra high ductility fibre reinforced
cementitious composite

Ayim-Mensah, Gideon; Radosavljevic, Milan

Published in:
Case Studies in Construction Materials

DOI:
10.1016/j.cscm.2021.e00582

Published: 31/12/2021

Document Version
Publisher's PDF, also known as Version of record

Link to publication on the UWS Academic Portal

Citation for published version (APA):

Ayim-Mensah, G., & Radosavljevic, M. (2021). Effects of nitinol on the ductile performance of ultra high ductility
fibre reinforced cementitious composite. Case Studies in Construction Materials, 15, [e00582].
https://doi.org/10.1016/j.cscm.2021.e00582

General rights

Copyright and moral rights for the publications made accessible in the UWS Academic Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

Take down policy
If you believe that this document breaches copyright please contact pure@uws.ac.uk providing details, and we will remove access to the
work immediately and investigate your claim.

Download date: 27 Nov 2022


https://doi.org/10.1016/j.cscm.2021.e00582
https://uws.pure.elsevier.com/en/publications/7337fc58-dada-4fb8-90bd-74f3f385f017
https://doi.org/10.1016/j.cscm.2021.e00582

Case Studies in Construction Materials 15 (2021) e00582

Contents lists available at ScienceDirect

CASE STUDIES IN
CONSTRUCTION
MATERIALS

Case Studies in Construction Materials

= : S
ELSEVIER journal homepage: www.elsevier.com/locate/cscm

Case study :.)

Check for

Effects of nitinol on the ductile performance of ultra high ductility =t
fibre reinforced cementitious composite

Ayim-Mensah Gideon ™, Radosavljevic Milan "

@ School of Computing, Engineering and Physical Science, The University of the West of Scotland, High Street, PA1 2BE, UK
b School of Computing, Engineering and Physical Science, The University of the West of Scotland, High Street, PA1 2BE, UK

ARTICLE INFO ABSTRACT
Keywords: The effects of nitinol on the ductile performance of fibre reinforced cementitious composites were
Nitinol fibres investigated in this study. Nitinol fibres with two different diameters of 1 mm and 0.5 mm and

Nitinol powder
Ductility
Cementitious composite

nitinol powder of diameter 70 nm were used as micro-reinforcement and reactive powders
respectively. The test results showed that nitinol powder accelerates the hydration of cement and
promotes the nucleation of TiO, onto C-S-H leading to increased flexural and compressive
strength. The nitinol fibre cementitious composite achieved ductilities of 7.3 % and 7.8 % with 1
mm and 0.5 mm nitinol fibres respectively at 28 days of curing. However, the nitinol fibres
reinforced cementitious composites were unable to sustain ductilities after 90-days of curing
losing nearly half of their ductile potency. On the other hand, nitinol powder achieved ductilities
of 2.8 % and 5.6 % at 28 and 90 days of curing, respectively. Nitinol powder showed a potential
as a ductile cementitious composite without the use of fibres.

1. Introduction

Conventional concrete is prone to cracking because it possesses low tensile and flexural strength [1]. After the formation of cracks,
the capacity of the concrete to withstand further stresses is significantly reduced resulting in reduced strength, stiffness, and durability
[2,3]. To prevent cracks and enhance the durability of concrete, short discontinuous steel fibres have been used as micro-reinforcement
in cement mortars. Steel fibre reinforced cement composite can achieve improved post-crack flexural tensile capacities compared to
conventional reinforced concrete [4]. However, cement composites made with steel fibres are relatively brittle with reduced tensile
strain capacities even though higher compressive strengths may be achieved [4-6]. The use of more than 2 % steel fibres in the cement
paste leads to balling effects which results in uneven dispersion of fibres in the cement paste [7]. Moreover, when steel fibre-cement
paste is exposed to acidic environment, it leads to corrosion of the steel and deterioration of the cement matrix [2].

Due to the shortcoming with the use of steel fibres, polymeric fibres are used as alternative micro-reinforcement in the cement
composite. The most widely used polymeric fibres are PVA, PP and PE [8-10]. PVA fibres possess poor cement particle retention
capacity and poor bond with within the cement matrix [11]. PVA-cement paste decreases the ductility of the composite by adsorbing
water molecules to form a weaker hydrogen bond with the hydration product instead of a stronger covalent bond [12-14]. Poly-
propylene fibres on the other hand, promotes micro crack initiation in the cement matrix because they have low elastic modulus
compared to the cement paste [15]. The bond strength between PP fibres and the cement matrix is low and causes the enhancement of
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strain-softening and reduced tensile strain capacity of the cement composite [16]. PE fibres are three times less ductile compared to PP
fibres [17] and though they have been extensively used in Ultra High Ductile Cementitious Composites, their ductility capacity is
significantly reduced with compressive strengths higher than 150 MPa [18-20].

The increasing demand of structural use of concrete requires concrete to possess not only ductile behaviour but also the ability to
absorb energy under extreme loading. Under cyclic loading, fibre reinforced cementitious composites members absorb more energy
than standard reinforced concrete members [20,21]. Therefore, in order to extend the durability and the service life of concrete
structures under extreme cyclic loading, it is vital to use as reinforcement a fibre that can undergo large deformation and retain whilst
maintain a ductile behaviour. Polymeric fibres currently used as micro-reinforcement in cement matrix such as PVA, PP, and PE fibres
undergo permanent deformation under cyclic loading and lose their capacity to absorb energy and unable to maintain their original
form [20].

The type of fibre with the potential of self-centering after undergoing deformation whilst showing a ductile behaviour is Nitinol
(Nickel-Titanium) alloy. Nitinol has two basic properties: shape memory effect and super-elasticity. The shape memory effect is the
phenomenon whereby a material returns to its predetermined shape after unloading or heating [22] whereas the super-elasticity is the
ability of a material to undergo large amount of inelastic deformation and recover its shape after loading [23]. These two unique
properties are the result of reversible phase transformations of the crystalline structure of Nitinol — the stronger austenite stable in high
temperatures and the relatively weaker martensitic phase stable in low temperature [22].

Nitinol has been extensively used as rebars or wires in concrete. Nitinol rebars have been used in the plastic hinge regions of RC
beam-column elements to strengthen the weaker and vulnerable joint by dissipate significant amounts of energy with a little defor-
mation and rotation during seismic conditions [23-25].

For instance, Alam et al. [23] performed a nonlinear dynamic time history analysis using ten earthquake records to determine the
seismic performance of NiTi RC structure in terms of base shear and displacement. The results obtained confirmed the ductile response
of RC structures utilizing NiTi as reinforcement. Similarly, Menna et al. [24] provided a comprehensive study on the use of superelastic
NiTi alloy on improving the performance of RC beam- column joints and hybrid solutions involving fibre reinforced polymer (FRP).
They showed that the reduction of the residual drift at the plastic hinge region related to NiTi superelasticity was limited due to
significant slippage of the FRP bar inside the couplers. Moreover, Menna et al. [24] experimentally demonstrated that SMA anchorage
can improve the restoring force characteristics of a column base and can prevent plastic deformation and damage in the column.

The shape memory effect of nitinol wires has been employed to restore structural concrete elements [26]. The results indicated the
use of nitinol wires decreased the mid-span deflection and modified the tensile stresses in the tensile zone to be compressive stress to
close tensile cracks. Moreover, stranded nitinol wires have been used for retrofitting in seismic zones, post-tensioning wires, [22,24,
27-29].

Despite the extensive use of nitinol bars and wires in structural concrete applications, there are very few studies on using short
discontinuous randomly distributed nitinol fibres in cement composite [30]. Randomly distributed nitinol fibres provide
three-dimensional reinforcement which act as resistance against flexural tensile stresses and enhance the ductility of the cement matrix
[20]. The few studies that used short continuous randomly distributed fibres were able to achieve a measure of ductility and
self-centering behaviour of cement composite but at a relatively lower compressive strength. Such compromise on compressive
strength limits the application of fibre reinforced cementitious composites which are perceived to be expensive compared to standard
reinforced concrete. The reduced compressive strength of cement composite produces larger concrete sections and heavy concrete
members making their use in design uneconomical.

This study investigates the ductility performance of nitinol- ultra high ductility cementitious composite at compressive strength of
above 120 MPa. The flexural strength, modulus of rupture, deflection, flexural strain capacity, flexural toughness as well as the
equivalent flexural strength ratio are investigated.

2. Materials and experimental program
2.1. Materials

The materials and composition of the mix design followed that proposed Yu et al. [31] because at the time of this study, they were
the only study that achieved both compressive strength above 120 MPa and ductility above 8 %. Meanwhile, slight modifications were

Table 1

Chemical composition of cement, GGBS and Silica sand.
Composite OPC GGBS Silica Sand
Si0, 21.03 39.66 96.62
CaO 63.63 34.2 0.57
AO3 4.73 12.94 1.54
Fe,03 2.93 1.58 1.02
MgO 2.67 6.94 0.57
NaO 0.3 0.2 -
K0 0.65 1.44 -
S04 3 0.72 -
L.O.I 3.84 1.2 <0.5
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made to the mix design to reflect the objective of this study. For instance, the weight of the superplastisizer of 30 kg/m® was used
instead of 25 kg/m°.

The cement used is Ordinary Portland cement type I. Grade S105 Ground Granulated Blast Furnace Slag (GGBS) of particle size
1-100 pm was used as a secondary binder to replace cement. The GGBS was used in the cement paste due to its pozzolanic nature at
room temperature and its ability to reduce the porosity of the cement matrix [32-34]. In order to maximise the
calcium-silicate-hydrate content of the cement matrix silica fume (SF) of particle size 0.1-1 pm was used as secondary cementitious
material. Fine silica sand of maximum size 180 pm and an average size of 135 pm as used as fine aggregate. A high range
water-reducing polycarboxylic-based admixture, MasterGlenium 315C obtained from BASF was used as a superplasticizer.

The chemical compositions of the cement, SF, GGBS and silica sand are as shown in Table 1. Two nitinol fibres of different aspect
ratios were used since previous studies posited that fibre aspect ratio affects the ductility of cementitious composite [35,36]. The
diameters of the nitinol fibres were 1 mm and 0.5 mm (see Fig. 1b and c¢) whereas the size of the nitinol powder particles was 0.07 pm
(see Fig. 6a) were used as separate nano reinforcement in the cementitious composite. The mechanical composition of the nitinol fibres
and nitinol powder are explained in Table 2.

Moreover, nitinol fibres of diameter 1.0 mm and 0.5 mm as well as nitinol powder were used as micro and nano-reinoforcements
respectively. The mix designs are identified by symbols namely the control mix without fibres (NT00), the mix with 0.5 mm diameter
nitinol fibres (NTO0.5), the mix with 1 mm diameter nitinol fibres, and the mix with nitinol powder (NTpowder). The details of the
design mix composition are shown in Table 3.

A mixing sequence was developed to ensure consistent mixture. All dry materials, (i.e., cement, GGBS and sand were mixed with a
high-speed mixer of 140 rpm for approximately 1 min to achieve homogeneous dry mix. Then, water and superplasticiser (HRWR)
were gradually added and mixed for approximately 5 min with a speed of 140 rpm. The speed was increased to 420 rpm for additional
8 min. After that the mix was put into moulds and compacted using mechanical vibrator. The specimens were kept in the moulds at
room temperature and demoulded after 24 h. Each mould was clearly marked and cured in water for 28 days.

2.2. Experimental methods

The flow ability of the mixture was conducted in accordance BS EN 12350-8 [37]. In this process, the cementitious mixture was
filled into a 100 mm conical frustum shaped specimen in three layers placed on a flow table. The mixture was then firmly compacted
with 25 strokes of a standard 16 mm diameter and 600 mm long round tipped rod. The conical frustum was carefully removed, and the
mix is dropped 15 times within 15 s. Two diameters perpendicular to each other are measured. The test was repeated for two more
times in order to determine the mean of the three tests.

The prismatic specimens were subjected to the flexural strength test in accordance with BS EN 12390-5 [38]. The test was con-
ducted at a loading rate of 0.2 mm/min on a standard 40 mm x 40 mm x 160 mm prisms were used for the test on three samples.

Each half of each 40 mm x 40 mm x 160 mm prism from the three-point bend test was tested for compressive strength in accordance
with BS EN 12390-3 [39]. Each half of the standard prism was subjected to compressive stress at a rate of 250 + 50 kPa/s on a 40 mm x
40 mm area on the two-smooth surfaces in a Universal Hydraulic Testing Machine (UTM) of capacity 2500 K N.

A dog-bone shaped specimen (Fig. 2) was used to perform the direct tensile test of hardened cement mixture in accordance with the
JSCE [40] standards. Threaded steel rods were placed at the sides and bottom of the specimen at length of 225 mm on each side and a
wooden rod of 50 mm diameter and 50 mm length was connected to the steel in the middle for better alignment and to reduce bending
stress [34]. The ends of the specimen were further reinforced with aluminum mesh to ensure failure occurs at the midspan - weakest
portion of the specimen. The dog-bone-shaped specimen was mounted in a 2500 kN capacity UTM machine through the two 19 mm
threaded rods.

The test was conducted in a displacement controlled mode using two external LVDTs at both front and rear of the specimen at a
constant rate of 0.001 mm/s until the peak load is obtained and then gradually increased up to a maximum speed of 0.01 mm/s. Three
specimens were tested in each experiment.

2.2.1. X-ray diffraction (XRD) test
The micro-structure of the cementitious composite was analysed through X-ray Diffraction (XRD). To prepare the cementitious

a — Nitinol Powder b — Imm Nitinol Fibre ¢ — 0.5mm Nitinol Fibre

Fig. 1. a — Nitinol Powder Fig 1b — 1 mm Nitinol Fibre Fig 1c — 0.5 mm Nitinol Fibre.
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Table 2
Mechanical and physical properties of nitinol.
Property Fibre Powder
Density (g/ m®) 6.45 6.45
Diameter (pm) 500/1000 0.07
Elastic Modulus (GPa) 41 41
Tensile Strength (MPa) 895 895
Ductility (%) 38 38
Shape Round spherical
Purity (%) 99.9 99.9
Table 3
Composition of Nitinol Cementitious Mixture (by Weight kg/m®).
Mixture ID Cement GGBS SF Sand Water HRWR NiTi Fibre NiTi Powder
NTOO 820 750 150 500 230 30 - -
NTO.5 800 750 150 500 230 30 20 -
NT1.0 800 750 150 500 230 30 20 -
NTPowder 800 750 150 500 230 30 - 20

100 (3.94)

300 (11.81)
100 G99

0,(1.96)

(961)05-Y

S (ve) 610

b
sttt 14
-l PE

(L8007

Fig. 2. Tensile test (dog-bone-shaped) specimen [41].

composite for the XRD test, specimens cured at 28 days were crushed into pieces and ground in a mortar by means of a pestle until it
turned into powder. A sample of the cementitious composite powder was put in the sample holder and placed into the Siemens D500 X-
ray Diffractometer. The X-ray diffractograms were recorded from each powdered sample over a 260 angle range from 10° to 70° using Fe
filtered Co Ka radiation. Crystal phases in the cementitious matrix were identified using the Joint Committee on Powder Diffraction

Standard powder data file.

2.2.2. Scanning electron microscopy (SEM) test

The morphology of the crystal phases in the cementitious composite was analyzed by means of Scanning Electron Microscopy
(SEM) test. The test involved the preparation of the samples and bonding to the microscope slides. First, the samples were cold cut into
50 x 20 mm size to fit a microscope slide. The samples were then dried to remove excess water resulting from the cold-cutting. After
that air bubbles were removed by sucking air out of the samples and impregnating epoxy resin into the samples by in the impregnation

chamber (see Fig. 3a).

a — Removing air bubbles from sample

b- Samples embedded in resin

Fig. 3. a — Removing air bubbles from sample Fig 3b- Samples embedded in resin.
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The resin was made of two parts epoxy resin part A and two parts epoxy resin part B- hardener obtained from Logitech Limited in
the ratio of 3:1. After 24 h, the samples were fully embedded in the hardened resin (see Fig. 3b) and cold-cut to remove excess resin and
prepare the surface for bonding to the microscope slides. One face of the samples was lapped. Then after, the microscope slides were
lapped to ensure even thickness. The lapped sample face was then bonded to the microscope slide using the mixture of the epoxy resins
used in the impregnation. The unlapped faces of the samples were cold cut to 500 pm thickness. Then the unlapped face of the samples
were lapped in the lapping machine (see Fig. 4) so that the surfaces could reflected light. The bonded samples were then put into the
SEM test machine and adjusted at different sides to provide views of various sites of the test samples.

3. Results
3.1. Flowability test

The influence of nitinol (both fibre and powder) on the flowability of nitinol reinforced cementitious composite can be determined
by the flowability test as manifested in Table 4 and Fig. 5. It can be seen that the average flowability for NT00, NT0.5, NT1.0 and
NTpowder are 161 mm, 123 mm, 142 mm and 161 mm, respectively. The results show that, incorporating nitinol fibres in the
cementitious composite has profound effects on its flowability. The NTOO (without nitinol) and NTpowder, showed higher flowabilities
since without fibres there was no shear resistance against flow [42].

Even though the same volume of fibres was used, NT0.5 showed lower flowability (i.e., 15.5 % decrease) over NT1.0. because
reducing the diameter of the fibre by half results in 4 times increase in the number of fibres in a given volume. Thus, with the same
weight, density and length, the number of individual fibres in a 0.5 mm nitinol fibre will be 4 times higher than that of a 1 mm diameter
nitinol fibre due to higher surface area and more shear resistance.

3.2. Compressive test

The results from the test (see Table 5 and Fig. 6) demonstrate that the average 28-day compressive strength of 136.2 MPa and an
average 90-day compressive strength of 144.8 MPa were achieved with NTpowder. The control sample, NT0OO (i.e., without nitinol
fibre or powder) achieved a 28-day compressive strength of 115.7 MPa whereas NT0.5 achieved a compressive strength of 110.7 MPa.
It can be seen that inclusion of 2 % 0.5 mm and 1 mm diameter nitinol fibre reduced the compressive strength by 4.3 % and 41.3 %
respectively. This may be due to the lack of homogeneity of fibre dispersion in the cementitious composite. Because compressive
strength is highly influenced by the homogeneity [43], congestion of fibres may cause balling effect and weak bonding of fibres with
the cementitious composite, resulting in reduced compressive strength [44]. With the same fibre volume and length, the compressive
strength of NTO5 was 1.6 times higher than NT1.0 (Table 5). This suggests that the compressive strength of nitinol fibre reinforced
cementitious composite may be sensitive to its fibre aspect ratio.

On the other hand, the compressive strength of NTpowder was 17.7 % higher than that of NT0O. The difference may be attributed to
the filling effect of nitinol powder. Due to the larger specific area of nitinol powder compared to nitinol fibres, the powder is able to fill
extra pores in the cementitious composite, resulting in a denser mixture. The reduction of pores and promoting of denser composite
improve the compressive strength [45].

Furthermore, Fig. 6 demonstrates that the 90-day compressive strength of all composites was generally higher than that of the 28-
day compressive strength (i.e., NT00, NT05, NT1.0 and NTpowder increased by 14.6 %, 22 %, 5.4 %, 6.3 % respectively). The sig-
nificant increase in the 90-day compressive strength denotes the continuous hydration of the cement due to low water-to-binder ratio
compared to ordinary concrete [4].

3.3. Flexural test

The effects of the nitinol fibre and powder on the flexural properties of cementitious composite are presented in Table 6. It can be

Fig. 4. — Lapping the face of the specimen.
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Table 4
Results of Flowability Test of Nitinol Reinforced Cementitious composite.
Mixture Samplel (mm) Sample2 Sample 3 (mm) Average STD*
D (mm) (mm)
NTO00 161 161 162 161 0.58
NTO.5 123 124 122 123 1.26
NT1.0 144 142 141 142 1.26
NTpowder 162 161 161 161 0.58
180
161
160
140 123
g0 — |
2100 =
Z =
S =
o | —— |
= 60 ==
40 =
20 =
| —— |
0 =
NTOO NTO.5 NTL.0 NTPowder
Mixture Sample

Fig. 5. Effects of nitinol on the flowability of nitinol reinforced cementitious composite.

160
144.8

140 132.9 135.1 H 28-day 136
< = 90-day
[ 116

120 111
2
=
tn 100
g
2
»n 80 .
o
k=
2 60
2
S
£ 40
3
&}

20

0

NTO00 NTO.5 NT1.0 NTpowder

Mixture sample

Fig. 6. Effects of nitinol on the flowability of nitinol reinforced cementitious composite.

Table 5
Compressive Strength of Nitinol Reinforced Cementitious Composite.
28-day Compressive Strength (MPa) 90-day Compressive Strength (MPa)

SssS Av. Comp. Str. STD* Av. Comp. Str. STD*
NTO00 115.7 8.0 132.9 8.0
NTO.5 110.7 3.6 135.1 11.3
NT1.0 67.9 6.7 71.9 3.9
NTpowder 136.2 5.4 144.8 11.2

observed that, incorporating nitinol (both fibres and powder) in the cementitious composite resulted in increase in the flexural
strength. Despite the addition of nitinol powder, nitinol fibres have been found to significantly improve the flexural strength of
cementitious composite, which is in line with previous studies [46-48].

According to Hussein and Amleh [49], the reason for the enhanced flexural performance is that, after cracking of the matrix, the
fibres in cementitious composites carry the residual load until they lose their interfacial bond between them and the matrix. This
prevents sudden failure and results in an increased load carrying capacity.
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Table 6
Flexural Properties of Nitinol Reinforced Cementitious Composite.
28-Day Flexural Properties 90-Day Flexural Properties

Mixture Max. Load Deflection Stress Strain Max. Load Deflection Stress Strain
D (KN) (mm) (MPa) (%) (KN) (mm) (MPa) (%)
NTO00 6.61 24.00 21.80 0.23 5.81 25.33 12.81 0.24
NTO.5 8.31 21.00 31.14 0.20 10.16 38.00 38.10 0.36
NT1.0 6.86 25.67 26.11 0.23 10.01 32.67 37.55 0.31
NTpowder 9.56 27.33 35.85 0.26 11.81 51.00 44.29 0.48

As shown in Fig. 7a—d, the flexural properties of nitinol reinforced cementitious composite depend not only on the type of fibre but
also the fibre aspect ratio and the matrix-bond characteristics of the fibres. Higher fibre aspect ratio has improved flexural properties
compared to lower fibre aspect ratio. For instance, compared to NT1.0, the flexural strength of NTO.5 increased by 19.3 % and 1.4 % for
28 and 90-day tests, respectively. Furthermore (see Table 6), NTpowder mix with a high specific area achieved the highest flexural
strengths of 27.33 MPa and 44.29 MPa at 28 and 90 days, respectively. The results agree with Yazici et al., [50] which indicates that
fibre aspect ratio or specific area of fibres are critical to enhancing the flexural strength of fibre reinforced cementitious composite.

Furthermore, incorporating nitinol in the composite had little impact on the midspan deflection (see Fig. 7a-d). The deflections
achieved by the samples are 24 mm, 21 mm, 25.67 mm and 27.33 mm for NT00, NT0.5, NT1.0 and NTpowder respectively. Compared
to NT00, NT1.0 and NTpowder achieved an increase in deflection of 7 % and 14 % respectively whereas NT0.5 achieved a 12.5 %
decrease in deflection. The relative decrease in deflection for NTO0.5 is expected due to its relatively low flexural strain capacity at 28
days of curing. Since deflection is directly proportional to the flexural strain capacity [51], a decrease in the flexural strain capacity
results in a corresponding decrease in the deflection.

Findings by Lepech and Li [14] and Xu et al. [52] that hydration has signifcant impact on flexural deflection of fibre reinforced
cementitious composites can be confirmed from the results of the 28-day and 90-day flexural deflection. According to Table 6, the
90-day flexural deflection were higher than the 28-day flexural deflection by 5 %, 81 %, 27 % and 87 % for NT0O, NT0.5, NT1.0 and
NTpowder respectively.

NTpowder showed higher flexural deflection as well as deflection-hardeming behaviour compared to all other mixture composites
(see Table 6 and Fig. 7d). This is because, like strain-hardening behaviour, deflection-hardening depends to a larger extent on the fibre-
matrix bond strength and reduced pore formation in the matrix [4,53]. Nitinol powder has higher specific area and serves as filler in
the matrix. Giovanni and Giovanni [54], reported that, higher specific area of reactive powders promotes. Moreover, the filling ability

8 12
'“7 10
E I3 ——28-Day Test é = 28-Day Test
25 90-Day Test ":E 8 90-day test
Sa \ S e
ER =
5 z 4
53 5
82 25
=N =~
1 /
0
0 0.00 10.00 20.00 30.00 40.00
0 > 1.0 15. 20 5 30 Deflection at midspan (mm)
Deflection at midspan (mm)
a-Load-Deflection curve for NT00 b-Load-Deflection curve for NT1.0
12.00 14.00
20.00 ---28-Day Test 512‘00
% ---90-Day Test <10.00
58.00 <
g S 8.00
gG'OO ' = 600
54.00 Z 400 ---28-Day Test
o
EZ.OO = 2.00 ---90-Day Test
0.00 0.00
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c-Load-Deflection curve for NT0.5 d-Load-Deflection curve for NTpowder

Fig. 7. a - Load-Deflection curve for NTOO Fig. 7b-Load-Deflection curve for NT1.0. Fig. 7c -Load-Deflection curve for NTO.5. Fig. 7d -Load-
Deflection curve for NTpowder.
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of the nitinol powder in the matrix promotes dense and compact composite and also reduce the pores in the matrix [55].

Curing age affected the flexural strain capacities of all mixture samples which is consistent with the results achieved by Wei [56]
and Domski [57]. According to Table 6 and Fig. 8a—d, the flexural strain capacities at 28 days of curing increased compared to that of
90 days of curing. The flexural strain capacities 28 days of curing compared to 90 days of curing increased by 4.3 %, 35 %, 80 %, 85 %
for NT0O, NT1.0, NTO0.5 and NTpowder respectively. Compared to NT0O, the 28-day flexural strain capacities of NTpowder increased
by 13 % whereas NT0.5 achieved a reduction of 13 %. However, there was no significant change in the flexural strain capacity at 28
days of curing.

Moreover, at 90 days of curing, the flexural strain capacity of NTpowder was double that of the control (NT00) whereas NT1.0 and
NTO.5 experienced increases of 50 % and 29.2 % compared to the NT00.

These results seem to suggest that, apart from curing age, fibre aspect aspect ratio or surface area of either fibres or reactive
powders may be important factors which influence the flexural strain capacities of fibre reinforced cementitious composites. Hamdy
et al. (2016) achieved similar results and concluded that higher fibre aspect ratio improves the flexural properties of fibre reinforced
cementitious composites.

Furthermore, the cementitious composites with nitinol fibres and nitinol powder showed flexural strain-hardening behaviour. For
example NT1.0 showed flexural strain-hardening behaviour between strain values of 0.19 % and 0.24 % strains whereas NTpowder
showed significant flexural strain-hardening behaviour between 0.23 % and 0.47 % strains after attaining the ultimate flexural
strength of 43.54 MPa. That flexural strain-hardening was achieved with nitinol powder cementitious composite gives an indication
that, strain-hardening may not only be caused by slipage of fibres [58] but also slipage of metallic powdered particles or formation of
near-metallic bonds in the cementitious composite.

3.4. Tensile test

As expected, the results of the 90 day direct tensile test of all mixtures were higher than the 28-day tests (see Table 7 and Fig. 9a &b)
which confirms similar results achieved by Shajil et al., [20]; Kim et al., [59] and Fakharifar [60].

Compared to the control (i.e., NT00), the 90-day direct tensile strength of NT1.0 and NT0.5 increased by 1.89 and 1.62 times
respectively whereas the NTpowder showed significant change. Moreover, compared to the 28-day strengths, the 90-day tensile
strength of NT00, NT1.0, NT0.5 and NTpowder increased by 0.98 %, 141.94 %, 32.26 % and 80.65 % respectively.

On the other hand, except for NTOO and NTO.5, the tensile strain capacity of all mixtures decreased with increasing curing age.
From Table 7, the 28 day direct tensile strain capacity increased by 2.7 %, 6.9 % for NT1.0 and NTpowder respectively and decreased
by 57.14 % and 8.9 % for NT0O and NTO.5 after 90-days of curing.

The constitutive stress-strain behaviour of Nitinol fibre and Nitinol Powder reinforced cementitious composite under tensile
loading is shown in Fig. 9a and b. From the 28-day stress-strain curve (Fig. 9a) it is observed that for the control mix (NT00), the stress
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Table 7
Tensile Behaviour of Nitinol Reinforced Cementitious Composite.
28-Day Strength 90 -Day Strength
Mixture ID Max Tensile Strength (MPa) Strain (%) Max Tensile Strength (MPa) Strain (%)
NTO00 3.07 0.14 3.10 0.06
NT1.0 5.8 7.30 4.1 7.5
NTO.5 5.0 7.8 6.34 7.1
NTpowder 2.90 2.80 5.6 3.1
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Fig. 9. a -28-Day direct tensile stress-strain relationship of nitinol reinforced cementitious composite. Fig. 9b - 90-Day direct tensile stress-strain
relationship of nitinol reinforced cementitious composite.

increased with increase in strain linearly right up to the yield point. Afterward the stress continued to increase with a corresponding
increase in strain before its sudden failure. The ultimate strain reached is 0.14 %. in contrast. Under tension, NTpowder exhibited
pseudo strain-hardening behaviour and non-linear relationship up to 0.5 % strain. The pseudo-hardening behaviour is due to slipping
of the nitinol ions in the composite under tension [5,6]. Beyond the stress of 1.3 MPa, a sharp rise in tensile stress was accompanied by
a slower increase in the tensile strain. The ultimate strain was achieved at 2.8 % at an ultimate stress of 2.9 MPa. Considering the
28-day behaviour of NT0.5 and NT1.0 under tension, both composite exhibited linear relationship between the stress and strain.
However, the sharp increase in stress was accompanied by an insignificant increase in strain. NT0.5 achieved a yield stress of 5.2 MPa
whereas NT1.0 achieved 1.4 MPa indicating that fibre aspect ratio may have influence on its yield strength. After the yield, both NT0.5
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and NT1.0 exhibit strain-hardening behaviour between 0.2%-7.27% strain and achieved ultimate strengths of 5.8 MPa and 5.0 MPa,
respectively. The ductile behaviour at fracture for NT0.5 and NT1.0 are similar suggesting that fibre aspect ratio may not be a sig-
nificant factor in determining the ultimate strain of fibre reinforced cementitious composite.

On the other hand, the 90-day stress-strain of the composites showed significant change in behaviour compared to the 28-day
stress-strain curve. For instance, the fracture strain of NTOO decreased from 0.14 % to 0.06 % suggesting that the NTOO became
more brittle with age and with increase in compressive strength. This is so because as reported by Wille et al. [4] Duthinh and Starnes
[5] and Naaman and Wille [6], increase in compressive strength of FRC is usually accompanied by reduced ductility. However, this was
not the case with NTpowder which achieved increased strength from 2.8 MPa to 5.6 MPa and increase in ductility from 2.9 % to 3.1 %.
NTO.5 and NT1.0 achieved increased strengths after 90days of curing compared to 28-days of curing. Moreover, NT0.5 and NT1.0
exhibited improved strain hardening behaviour from 0.07 % strain through to at least 6.56 % strain (see Fig. 9b). Furthermore,
whereas the ultimate strength achieved 28-day in NT0.5 and NT1.0 was accompanied by strain-softening their ultimate strength were
achieved at fracture.

Thus NT0O, NTO.5 lost their tensile strain capacities between 28 and 90 days of curing. Lepech and Li, [14] achieved similar results
with PVA fibres instead of nitinol fibres. They concluded that, the tensile strain of PVA fibre reinforced cementitious decreased with
increasing curing age due to weaker fibre-matrix bond. They also attributed the decline in tensile strain with curing age to the hy-
drophilic nature of PVA fibres which absorb water molecules onto its surface and compete with the water meant for hydration. Ac-
cording to Feng et al. [61], nitinol alloy is hydrophilic and like PVA fibres has the potential of absorbing water molecules onto its
surface and impeding the hydration process leading weaker fibre-matrix bond.

However, the decrease in tensile strain for NT0.5 was not significant to conclude that curing age has effect on the tensile strain of
nitinol- fibre reinforced cementitious composite.

Both NT1.0 and NTpowder were not affected by the age of curing.

Table 7 shows that, the 90-day tensile strain capacity doubled over the 28-day tensile strain value. This suggests that nitinol powder
may act as a pozzolanic agent, capable of improving the hydration process. Ma et al. [62] showed that, Titanium Dioxide (Ti03), an
oxidised product of NiTi is responsible for improving the tensile properties of Ti0,-incorporated cementitious composite. Thus, it seems
that the heat of hydration causes the titanium in the nitinol powder to oxidize to form TiOy which further enhances the hydration rate
and improves the tensile strain capacity of the titanium powder cementitious composite.

Furthermore, the nitinol fibre reinforced cementitious composite (i.e., NT0.5 and NT1.0) showed significant strain-hardening
effects indicated in Fig. 9a and b as the “flat’” or “plateau’” part of the diagram. At both 28 and 90 days of testing, the NTpowder
showed brittle behaviour compared to NT1.0 and NTO05.

3.5. X-ray diffraction (XRD)test

Table 8 presents the summary of the main crystal phases identified in the XRD test at 28 days of curing. The highest crystal peak
identified in both NTOO and NTpowder is quartz (SiO2). There was 6 % more quartz (in counts) in NTpowder than in NTOO.
Furthermore, there was a high percentage of unreacted clinkers (C3S + C2S + C3A), nearly twice as much in NT0O than in NTpowder.
There were twice as many clinkers that were consumed in the hydration of NTpowder compared to NT00. This indicates that nitinol
powder may possess pozzolanic properties and acts to accelerate the hydration of the cementitious composite [63,64]. The pozzolanic
activity of nitinol powder led to 12.5 times reactivity of portlandite (CH) in NTpowder compared to NTOO (see Table 8; Fig. 10a and b).
Thus after 28 days, only 2 % of portlandite in NTpowder were left unreacted compared to 19 % of unreacted portlandite in NT0O. The
consumption of more portlandite resulted in the formation of 10 % of C-S-H gel in NTpowder compared to 7 % in NT0O0. Thus, there
was a reduction in the rate of formation of C-S-H gel in NTpowder over NTOO (i.e., only 1.14 times) compared to consumption of CH in
NTpowder over NTOO (i.e., 12.5times).

Comparing Fig. 10a-b, inclusion of nitinol powder in the cementitious composite had no significant effect on the extent of ettringite
formation and resulted in no noticeable peaks for ferrite (C4AF) and anhydrite (CS) in NTpowder. Furthermore, compared to NT0O,

Table 8
Relative Intensities of crystal phases in nitinol powder reinforced cementitious composite.
NTO00 NTpowder
Crystal Intensity (Counts) Relative Intensity (%) Intensity (Counts) Relative Intensity
(%)

C3S + CaS + C3A 589 20% 249 11%
CH 551 19 % 44 2%
CSH 199 7 % 226 10 %
Aft 72 2% 47 2%
Si0y 1090 37 % 1154 50 %
CSH, 129 4% 226 10 %
C4AF 265 9% 0 0%
CcS 43 1% 0 0%
Al,03 39 1% 136 6 %
NiTi 0 0% 60 3%
Ti0y 0 0% 146 6 %
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Fig. 10. a — XRD spectra of nitinol powder reinforced cementitious composite. Fig. 10b — XRD spectra of cementitious composite.

NTpowder showed TiO» and NiTi crystal phases in the cementitious composite. However, no noticeable crystal phase of Ni0 was
observed.

3.6. SEM test

The main purpose of the SEM is to provide the microstructural images, and to determine the chemical composition, surface
morphology, and crystal phases of the cementitious composite. The crystal phases observed for NT0O in the XRD test are similar to
those obtained for NT0.5 and NT1.0. A large number of quartz (Si02) deposits as well as unreacted clinkers were obtained in both
NTO.5 and NT1.0 (see Fig. 11a and b; Fig. 12). The SEM images also showed unreacted portlandite (CH) and C-S-H gel.

Even though all the samples had tiny pores on their surfaces, it can be observed that (see Fig. 11a and b; Fig. 12) NT1.0 had
substantial micro-cracks compared to NT0.5). The larger micro-cracks in NT1.0 is due to the poor fibre-matrix bond of higher diameter

250um

(a) NT0.5 () NT1.0

Fig. 11. — SEM image of (a) NT0.5 (b) NT1.0.
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fibre (i.e., 1 mm) compared to a relatively lower diameter fibre (i.e., 0.5 mm). Naaman et al., [65] demonstrated that the diameter of
fibres plays a crucial role in widening or closing cracks in cementitious composite. Larger diameter fibres have lower specific surface
area compared to smaller diameter fibres [66] and forms a weak bond with the matrix.

As water is absorbed through the hydration process, tensile stresses are induced into the matrix and the weak bond between the
fibres and the cementitious matrix led to cracking of the composite.

Additionally, the SEM image showed different elements, orientation, and morphology in the case of NTpowder. For instance,
Fig. 13(a, c, e, f) show that, in addition to portlandite, C-S-H gel, unoxidized Nickel-Titanium as well as Titanium (IV) oxide (Ti0,) and
Nickel (II) Oxide (NiO were present. The Nickel-Titanium was surrounded by oxygen molecules causing the oxidation of the Nickel into
NiO and Titanium into TiO. Moreover, by superimposing Fig. 13b—f on Fig. 13a, it can be seen that, both TiO3 and NiO are surrounded
by Calcium ions and all engulfed in SiO5 (see Fig. 14).

The area surrounding the Nickel-Titanium was magnified (100 times) and the results are as shown in Fig. 15. Nucleation of the
TiO4, NiO and NiTi appeared on the surface of the C-S-H gel. Similar observations were reported by Han et al. [67] showing that, by
coating Si0, with Ti0, there is nucleation of TiO onto the surface of C-S-H.

4. Effects of nitinol (NiTi), titanium (IV) oxide (TiO2) and nickel (II) oxide (NiO) on the hydration and nucleation of
cementitious composite

During the hydration process, Nitinol powder oxidizes in the presence of water to produce Titanium (IV) oxide (TiO2) and Nickel
(I1) Oxide (NO). The TiO5 and NiO are able to form Ti-O-Si and Ni-O-Si bond respectively [67,68]. This makes TiO, and the NiO more
negatively charged [67] and repel each other in the cementitious solution, preventing agglomeration and enhancing dispersion in the
mixture (see Fig. 16).

In the presence of a pool of SiO; in the cementitious solution (see Fig. 14) the charged TiO, and NiO forms respective bonds with
SiO3 (see Fig. 17). Whereas Titanium has two double bonds with oxygen onto the SiO, surface, NiO has only one double bond with
oxygen onto the SiO; surface (see Fig. 17a and b), and therefore the bond between TiO3 and SiOs is stronger and more stable than that
between NiO and SiOs. Thus, the bond energy between TiO; and SiO; is higher than that between NiO and SiO, as well [69].

Moreover, Ni%* does not hydrolyse readily in the presence of water [70]. Nickel ion reacts with water under heat (i.e., heat of
hydration) to produce NiO and subsequently bonds with SiO,. During the hydration process, the negatively charged Ti-O-Si and
Ni-O-Si react with portlandite (CH) to form TiO2-C-S-H and NiO-C-S-H (see Fig. 18a and b).

According to Xie and Fang [71], nitinol powder is inert and acts to accelerate the hydration of cementitious composite due to
seeding effect. When seeded with cementitious composite, nitinol promotes the growth of C-S-H. The C-S-H formed adheres to the
surface of TiOy as well as the NiO (see Fig. 18a and b) and thus promotes nucleation reaction. This reaction can be described as
pozzolanic reaction as it consumes 12.5 times the amount of CH compared to the mixture without nitinol powder (see Table 8).
Wherefore, the hydration reaction gained more hydration product, promoting denser and compact mixture. Because many of the
hydration product were formed as a result of the nucleation reaction between C-S-H and TiO, as well as the NiO, fewer pure C-S-H gel
was formed. This explains why in both the XRD (see Fig. 10a) and SEM analysis (see Fig. 13) only 10 % pure C-S-H peaks were observed
even though only 2 % of CH was left unreacted.

5. Relationship between microstructure and the mechanical properties of nitinol powder reinforced cementitious
composite

The pozzolanic reaction influences the microstructure of the nitinol reinforced cementitious composite, which in turn affects its
mechanical properties [64,72]. The basic mechanical property affected is the compressive strength [73]. Though the effect of NiO on
the mechanical properties of cementitious composite has been shown to be limited, relevant studies reveal that TiO5 has a significant
effect on the mechanical properties of the composite. Thus, the maximum compressive strength achieved by the nitinol powder
reinforced cementitious composite compared to both fibre and non-fibre reinforced nitinol cementitious composite can be attributed to
the accelerated hydration of the cementitious composite [74], which promotes more compact and denser cementitious composite.
Similar trend of increase in compressive strength as a result of the pozzolanic effect of TiO3 have been achieved by numerous studies
[62,75-77]. However, relevant studies on effects of TiO, in cementitious composites such as Ma et al. [62], Jayapalan [78], Wang et al.
[79], Meng et al. [80] and Janus et al. [81] achieved a compressive strength below 100 MPa. On the other hand, this research which
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Fig. 12. — Legend of SEM images of hydrated cementitious composite.
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Fig. 14. -TiO, and NiO engulfed by calcium.
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Fig. 18. a — Pozzolanic Effects of TiO, cementitious composite. Fig. 18b — Pozzolanic Effects of NiO cementitious composite.

incorporated NiTi powder in the cementitious composite achieved a compressive strength of 136 MPa. Thus, the combined effects of
Ti2* and Ni?* ions contribute to better enhancement of the hydration process of the cementitious composite leading to higher
compressive strength.

On the other hand, nitinol fibre reinforced cementitious composite developed pores and cracks (see Fig. 11a and b) on their surfaces
because of their poor affinity with the cementitious composite. The increased porosity led to reduced compactness of the fibre rein-
forced cementitious composite and decreased compressive strength. Though porosity existed in both nitinol powder as well as nitinol
fibre reinforced cementitious composites, the later achieved lower compressive strength. This trend is consistent with study by Wang
et al. [82] which demonstrate that apart from porosity, the type of fibre reinforcement in the cementitious composite significantly
affects its compressive strength.

The improved mechanical properties of Nitinol powder cementitious composite are also due to good bonding between the Ni%* and
Ti%" ions and the hydration product. Ma et al. [62] implied that metallic ions such as Ni*" and Ti%" act as both adhesive and nodes
which firmly bonds the C-S-H gel to the interfacial transition zone. Li et al. [83] further stated that this kind of bond sets up
three-dimensional interwoven network framework which provides extra resistance to bending and deflection. However, under tension,
the randomly distributed nitinol fibres produce more than three-dimensional network which distribute stresses across many directions
which enhance the tensile stress resistance ability of the cementitious composite. Thus, nitinol fibre reinforced cementitious composite
achieved higher resistance under tensile stress compared to nitinol powder reinforced cementitious composite (see Fig. 9a and b).
Moreover, fibre aspect ratio played a significant role in achieving tensile resistance in the cementitious composite. With the same fibre
length and volume, the finer fibres (i.e., the 0.5 mm instead of the 1 mm diameter) had much higher specific area compared to the 1
mm diameter fibre to form bonds within the matrix and therefore, improved tensile resistance.

6. Relationship between microstructure and the ductility of nitinol reinforced cementitious composite

Since fibres are primarily responsible for resisting tensile stresses in the cementitious composite, the mechanical behaviour of the
fibres plays an important role in determining the ductility of the fibre reinforced composite [5,6]. The chemical bond that exists
between the atoms of nickel-titanium alloy is a metallic bond. Though the ductility of nitinol fibre is 38 % [35]; (see Table 2), only 7 %
ductility was achieved by the nitinol fibre reinforced cementitious composite alone.

The general increase in tensile strength from 28 day to 90days of curing observed in Fig. 9a and b is due to continuous hydration of
the cementitious composite [58]. The change in the tensile performance during ageing comes from the intricate balance among the
properties of the fibre-matrix interface [14]. The NT1.0 with the larger fibre diameter achieved reduced tensile strength because larger
diameter fibres promote cracks in the composite compared to the lower diameter fibres [30]. This explains why the tensile strength of
NT1.0 was reduced from 5.8 MPa to 4.1 MPa after 90 days of hydration.
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The high ductility of nitinol fibres is linked to its intermolecular metallic bonding, but nitinol fibres form covalent bonds with the
main hydration product C-S-H. This reduces the potency of nitinol fibres to confer its high ductility characteristics to the cementitious
composite. By forming a weaker covalent bond, the nitinol fibres lost 82 % of their ductility potency, promoting only 7 % out of the 38
% of their ductility (compare Table 2 and Table 7). However, compared to other fibres, the ductility of nitinol fibres in cementitious
composite outperforms both steel and PVA fibres (see Fig. 19).

The ductility of nitinol fibre reinforced cementitious composite was accompanied by strain hardening both at 28 and 90 days of
curing (see Fig. 9a and b). The long stretch of strain hardening seen in Fig. 9a and b may be attributed to the nature of the nitinol fibre.
The nitinol fibre used in this study was superelastic and has the ability of undergoing large plastic deformation under stress [22,23].
The strain hardening behaviour can also be attributed to the slipping of the metals under loading. This is because, even though nitinol
powder reinforced cementitious composite did not use conventional use of micro fibres, it showed pseudo strain-hardening and
achieved a maximum ductility of 3.1 % (Table7). The mechanism involved in achieving the relatively high ductility without the use of
fibres can be attributed to the kind of bond nitinol powder forms with the C-S-H gel. During hydration of the cementitious composite,
the heat causes the oxidation of Titanium and Nickel to form Titanium (IV) oxide (TiO2) and Nickel (II) Oxide (NiO) respectively [67,
68]. Both TiO; and NiO forms covalent bond with C-S-H gel. Unlike metallic bonds, covalent bonds are relatively brittle leading to
relatively lower ductility of nitinol powder reinforced cementitious composite at 28 days of curing (see Fig. 7a). Even so, the ductility
of nitinol powder in cementitious composite is slightly higher than that of steel fibres [4].

However, due to the low water-to-binder ratio, the nitinol powder cementitious composite was not fully hydrated at 28 days of wet
curing [64,73,84]. Beyond the 28 days, the hydration processes continue at a relatively slower rate [63] and at reduced heat. This leads
to the formation of more C-S-H gel and the consumption of the residual hydroxide (OH™) ions as well as oxygen. As the demand for
hydroxide and oxide ions increases for the hydration process, the TiO2 and NiO underwent reduction reaction to metallic Titanium and
Nickel respectively [85-87]. Nitinol powder acts to accelerate the hydration of cementitious composite and promote the formation or
more C-S-H [71].

The Nickel and Titanium powdered metals form a ductile metallic bond between them and each forms a relatively brittle covalent
bond with the hydration product C-S-H gel. This explains why at 90 days of wet curing, the ductility of nitinol powder cementitious
composite increased from 2.8 % to 5.6 % (Fig. 9b). The larger specific surface area of the nitinol powder enhanced the bonding to the C-
S-H gel, achieving relatively higher ductility at 90 days of curing compared to the composite reinforced with nitinol fibres (see
Table 7).

7. Conclusion

This study considered the combined effects of nitinol powder and fibres on the ductility and the microstructure of cementitious
composite. A series of chemo-mechanical tests were conducted to determine the relationship between the microstructure, ductility,
and other mechanical properties. From the experimental results and discussions, the following has been observed:

1 The use of nitinol fibres as micro reinforcement generally decrease the compressive strength of the composite at 28 days of wet
curing. A relatively higher diameter fibre promotes larger pores in the cemenitious composite leading to reduced compressive
strength

2 Nitinol powder on the other hand, accelerates the hydration process and promotes nucleation of TiO; onto C-S-H leading to
improved compressive and flexural behaviour.
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Fig. 19. Comparison of ductility performance of nitinol reinforced cementitious composite with steel and PVA fibre reinforced cementi-
tious composites.
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3 Nitinol fibre reinforced cementitious composite can achieve ductility of up to 7 % at 28 days of curing, making its ductility higher
than that of steel and PVA fibre-based composite. The lower the diameter of the micro fibres, the higher the ductility of the
cementitious composite.

4 Within 28 days of curing, the nitinol powder oxidizes under the heat of hydration to form TiO2 and NiO. Both TiO3 and NiO form
covalent bonds with the C-S-H producing a less ductile cementitious composite.

5 Beyond 28 days of wet curing, the continuous hydration of the cementitious composite reacts with more hydroxide and oxide ions,
causing a reduction reaction of TiO and NiO into metal Titanium and Nickel ions respectively. The Titanium and Nickel ions form
ductile metalic bond between themselves and brittle ionic bond with the C-S-H gel. After 90 days of curing, the nitinol powder
reinforced cementitious composite can achieve ductility of 5.6 % without the use of fibres.
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Appendix A
APPENDIX 2-RAW DATA FOR NITINOL FIBRE REINFORCED CEMENTITIOUS COMPOSITES TESTS (CHAPTER SIX)

Appendix 2a — Raw Data for Flowability Test for Nitinol Reinforced Cementitious Composite

Perpendicular Diameter (mm) Perpendicular Diameter (mm) Perpendicular Diameter (mm)
Mixture ID dl d2 Average dil d2 Average dl d2 Average
NTOO0 160 162 161 162 160 161 161 163 162
NTO0.5 125 120 123 123 125 124 121 122 122
NT1.0 145 142 144 143 141 142 140 142 141
NTPowder 161 162 162 160 161 161 160 161 161

Appendix 2b — Raw Data for Compressive Test for Nitinol Reinforced Cementitious Composite (Maximum Compressive Load)

28-day Compressive Load (kN) 90-day Compressive Load(kN)
Mixture ID Load 1 Load 2 Av. Load 1 Load 2 Av.
NT001 163.3 193.4 178.3 213.9 215.9 214.9
NTO0O NT002 193.0 195.0 194.0 202.0 205.7 203.9
NTO003 181.0 185.3 183.2 216.9 221.8 219.4
NTO0.51 188.1 169.1 178.6 2159 206.8 211.4
NTO.5 NTO.5 2 175.0 171.0 173.0 205.0 211.0 208.0
NTO0.5 3 194.8 164.8 179.8 233.4 224.5 229.0
NTO.1 1 100.1 115.8 108.0 105.3 115.8 110.6
NT1.0 NTO.1 2 96.4 134.9 115.7 111.2 134.9 123.1
NTO.1 3 104.0 100.8 102.4 115.0 119.0 117.0
NTP1 220.9 227.3 224.1 260.1 228.6 244.3
NTP NTP2 221.0 208.5 214.7 245.5 200.7 223.1
NTP3 208.9 220.5 214.7 220.5 235 227.8

Appendix 2c — Raw Data for Compressive Strengths for Nitinol Reinforced Cementitious Composite (Maximum Compressive Strength)

28- day Compressive 90 -day Compressive

Strength (MPa) Strength (MPa)
Mixture ID Test 1 Test 2 Test 3 Average STD* Test 1 Test 2 Test 3 Average STD*
NTOO 178.3 194.0 183.2 185.2 8.0 214.9 203.9 219.4 212.7 8.0
NTO.5 178.6 173.0 179.8 177.1 3.6 211.4 208.0 229.0 216.1 11.3
NT1.0 108.0 115.7 102.4 108.7 6.7 110.6 117.6 117.0 115.1 3.9
NTP 224.1 214.7 214.7 217.8 5.4 244.3 223.1 227.8 231.7 11.2
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Appendix 2d- 28day 3-Point Bending Test Data for NTO0O-Composite Composite (Average)

Extension Deflection Load Strain Stress
(mm) (mm) (kN) % (MPa)

0 0 0.01 0 0.04 0.14 9.33 2.36 0.09 8.85 0.23 15.56 4.13 0.15 15.50
0.00 0.22 0.16 0.00 0.61 0.14 9.56 2.41 0.09 9.04 0.27 18.00 4.86 0.17 18.23
0.00 0.22 0.11 0.00 0.41 0.14 9.56 2.46 0.09 9.23 0.28 18.33 4.91 0.17 18.41
0.01 0.44 0.16 0.00 0.60 0.15 9.78 2.51 0.09 9.41 0.28 18.33 4.96 0.17 18.60
0.02 1.11 0.21 0.01 0.78 0.15 10.00 2.56 0.09 9.60 0.28 18.67 5.01 0.18 18.79
0.02 1.33 0.26 0.01 0.97 0.15 10.00 2.61 0.09 9.79 0.28 18.67 5.06 0.18 18.98
0.03 1.78 0.31 0.02 1.17 0.15 10.22 2.66 0.10 9.97 0.28 18.67 5.11 0.18 19.16
0.03 2.22 0.36 0.02 1.36 0.15 10.22 2.71 0.10 10.16 0.28 18.67 5.16 0.18 19.35
0.03 2.22 0.41 0.02 1.53 0.16 10.44 2.76 0.10 10.35 0.29 19.00 5.21 0.18 19.54
0.04 2.89 0.46 0.03 1.73 0.16 10.67 2.81 0.10 10.54 0.29 19.00 5.26 0.18 19.73
0.04 2.89 0.51 0.03 1.92 0.16 10.67 2.86 0.10 10.73 0.29 19.33 5.31 0.18 19.91
0.05 3.11 0.56 0.03 2.10 0.16 10.89 291 0.10 10.91 0.29 19.33 5.36 0.18 20.10
0.05 3.56 0.61 0.03 2.29 0.16 10.89 2.96 0.10 11.10 0.29 19.33 5.41 0.18 20.29
0.05 3.56 0.66 0.03 2.47 0.17 11.11 3.01 0.10 11.29 0.29 19.33 5.46 0.18 20.48
0.06 3.78 0.71 0.04 2.66 0.17 11.33 3.06 0.11 11.48 0.29 19.33 5.51 0.18 20.66
0.06 4.22 0.76 0.04 2.85 0.17 11.33 3.11 0.11 11.66 0.30 19.67 5.56 0.18 20.85
0.07 4.44 0.81 0.04 3.04 0.17 11.56 3.16 0.11 11.85 0.30 20.00 5.61 0.19 21.04
0.07 4.44 0.86 0.04 3.22 0.17 11.56 3.21 0.11 12.04 0.30 20.00 5.66 0.19 21.23
0.07 4.67 0.91 0.04 3.42 0.18 11.78 3.26 0.11 12.22 0.30 20.00 5.71 0.19 21.41
0.08 5.11 0.96 0.05 3.60 0.18 12.00 3.31 0.11 12.42 0.30 20.00 5.76 0.19 21.60
0.08 5.11 1.01 0.05 3.79 0.18 12.00 3.36 0.11 12.60 0.30 20.00 5.81 0.19 21.79
0.08 5.33 1.06 0.05 3.98 0.18 12.00 3.41 0.11 12.79 0.31 20.33 5.86 0.19 21.98
0.08 5.56 1.11 0.05 4.17 0.18 12.22 3.46 0.11 12.98 0.31 20.33 5.91 0.19 22.16
0.09 5.78 1.16 0.05 4.36 0.18 12.22 3.51 0.11 13.17 0.31 20.67 5.96 0.19 22.35
0.09 5.78 1.21 0.05 4.54 0.19 12.67 3.56 0.12 13.35 0.32 21.33 4.77 0.20 17.90
0.09 6.00 1.26 0.06 4.73 0.19 12.67 3.61 0.12 13.54 0.32 21.33 6.06 0.20 22.73
0.10 6.44 1.31 0.06 4.91 0.19 12.67 3.66 0.12 13.73 0.32 21.33 6.11 0.20 2291
0.10 6.44 1.36 0.06 5.10 0.19 12.67 3.71 0.12 13.91 0.32 21.33 6.16 0.20 23.10
0.10 6.44 1.41 0.06 5.29 0.19 12.89 3.76 0.12 14.10 0.33 22.00 6.21 0.21 23.28
0.10 6.67 1.46 0.06 5.48 0.20 13.33 3.81 0.13 14.29 0.33 22.00 6.26 0.21 23.48
0.10 6.89 1.51 0.06 5.67 0.20 13.33 3.86 0.13 14.48 0.33 22.00 6.31 0.21 23.67
0.11 7.11 1.56 0.07 5.85 0.20 13.33 3.91 0.13 14.66 0.33 22.00 6.36 0.21 23.85
0.11 7.11 1.61 0.07 6.04 0.20 13.33 3.96 0.13 14.85 0.33 22.00 6.41 0.21 24.04
0.11 7.11 1.66 0.07 6.22 0.20 13.56 4.01 0.13 15.04 0.33 22.00 6.46 0.21 24.23
0.11 7.56 1.71 0.07 6.42 0.20 13.56 4.06 0.13 15.23 0.34 22.67 6.51 0.21 24.41
0.12 7.78 1.76 0.07 6.60 0.21 14.00 4.11 0.13 15.42 0.34 22.67 6.56 0.21 24.60
0.12 7.78 1.81 0.07 6.79 0.21 14.00 4.16 0.13 15.60 0.34 22.67 6.61 0.21 24.79
0.12 7.78 1.86 0.07 6.98 0.21 14.00 4.21 0.13 15.79 0.36 24.00 3.90 0.23 14.64
0.12 8.22 1.91 0.08 7.17 0.21 14.00 4.26 0.13 15.98
0.12 8.22 1.96 0.08 7.35 0.21 14.22 4.31 0.13 16.16
0.13 8.44 2.01 0.08 7.54 0.21 14.22 4.36 0.13 16.35
0.13 8.44 2.06 0.08 7.73 0.22 14.67 4.41 0.14 16.54
0.13 8.67 2.11 0.08 7.91 0.22 14.67 4.46 0.14 16.73
0.13 8.89 2.16 0.08 8.10 0.22 14.67 4.51 0.14 16.92
0.13 8.89 2.21 0.08 8.29 0.22 14.67 4.56 0.14 17.10
0.14 9.11 2.26 0.09 8.48 0.22 14.89 4.61 0.14 17.29

0.23 15.11 4.66 0.14 17.47
0.23 15.33 4.71 0.14 17.66

Appendix 2e- 28day 3-Point Bending Test Data for NT0.5-Composite Composite (Average)

Extension Deflection Load Strain Stress

(mm) (mm) KN) % (MPa)
0.00 0.00 0.00 0.00 0.00 0.12 822 236 0.08 885 0.21 13.78 480 0.13 1799 0.27 1822 7.41 0.17 27.79
0.00 0.00 0.03 0.00 0.11 0.12 822 240 0.08 9.01 0.21 13.78 4.84 0.13 1815 0.27 1822 7.45 0.17 27.93
0.01 0.67 0.07 0.01 0.28 0.13 844 246 0.08 9.22 0.21 13.78 4.88 0.13 1829 0.28 18.67 7.48 0.18 28.07
0.02 1.33 0.13 0.01 049 0.13 844 250 0.08 9.37 0.21 13.78 492 0.13 1844 0.28 18.67 7.54 0.18 28.28
0.02 1.33 0.20 0.01 0.75 0.13 8.44 256 0.08 9.59 0.21 14.00 496 0.13 1862 0.28 1867 7.61 0.18 28.53
0.02 1.56 0.25 0.01 093 0.13 889 261 0.08 979 0.21 14.00 5.01 0.13 1879 0.28 18.67 7.67 0.18 28.77
0.03 2.00 0.32  0.02 1.22 0.14 9.11 266 0.09 998 0.21 14.00 5.08 0.13 19.06 0.28 18.89 7.71 0.18 28.93
0.03 2.22 0.36  0.02 1.35 0.14 9.11 271 0.09 10.18 0.22 14.44 5.11 0.14 19.17 0.28 18.89 7.76 0.18 29.09
0.04 2.44 0.41 0.02 1.54 0.14 933 276 0.09 10.35 0.22 14.44 5.17 0.14 19.38 0.28 18.89 7.81 0.18 29.30
0.04 2.89 0.44  0.03 1.66 0.14 9.33 281 0.09 10.54 0.22 14.44 5.21 0.14 19.54 0.28 18.89 7.87 0.18 29.53
0.05 3.11 0.51 0.03 193 0.14 956 286 0.09 10.74 0.22 14.44 5.27 0.14 19.75 0.29 19.33 6.90 0.18 25.88
0.05 3.11 0.58 0.03 216 0.15 10.00 291 0.09 10.92 0.22 14.44 531 0.14 1991 0.30 19.67 7.91 0.18 29.67
0.05 3.11 0.61 0.03 230 0.15 10.00 296 0.09 11.11 0.22 14.67 5.36 0.14 20.09 0.30 20.00 7.96 0.19 29.85

(continued on next page)
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(continued)

Extension Deflection Load Strain Stress

(mm) (mm) (KN) % (MPa)
0.06 3.78 0.66  0.04 248 0.15 10.00 3.00 0.09 11.25 0.22 1467 540 0.14 20.24 0.30 20.00 8.01 0.19 30.04
0.06 4.00 0.72  0.04 2.68 0.15 10.00 3.06 0.09 11.49 0.22 14.67 5.44 0.14 20.39 0.30 20.00 8.06 0.19 30.23
0.06 4.00 0.77  0.04 2.87 0.15 10.00 3.11 0.09 11.67 0.23 15.11 548 0.14 20.56 0.30 20.00 8.09 0.19 30.34
0.06 4.00 0.82 0.04 3.08 0.15 10.22 3.16 0.10 11.86 0.23 15.11 553 0.14 20.73 0.30 20.00 8.16 0.19 30.60
0.07 4.44 0.86 0.04 3.24 0.15 10.22 3.20 0.10 12.01 0.23 15.11 557 0.14 20.89 0.31 20.33 8.19 0.19 30.71
0.07 4.44 091 0.04 3.40 0.16 10.67 3.26 0.10 12.23 0.23 15.11 5.61 0.14 21.03 0.31 20.33 8.22 0.19 30.83
0.07 4.67 0.96 0.04 3.60 0.16 10.67 3.31 0.10 12.42 0.23 1533 565 0.14 21.18 0.31 20.33 825 0.19 30.94
0.07 4.67 1.01 0.04 3.78 0.16 10.89 3.36 0.10 12.60 0.23 15.33 5.69 0.14 21.33 0.31 20.67 8.28 0.19 31.04
0.07 4.67 1.07 0.04 4.00 0.17 11.11 3.40 0.10 12.76 0.23 15.33 574 0.14 21.54 0.31 20.67 8.31 0.19 31.14
0.08 5.11 1.10 0.05 413 0.17 11.11 3.47 0.10 13.03 0.23 1533 579 0.14 21.70 0.32 21.00 5.25 0.20 19.68
0.08 5.33 1.15  0.05 431 0.17 1111 3.,51 0.10 13.17 0.24 1578 5.83 0.15 21.86
0.08 5.33 1.21  0.05 455 0.17 11.11 3.55 0.10 13.33 0.24 15.78 5.87 0.15 22.01
0.08 5.33 1.26  0.05 472 0.17 11.11 3.59 0.10 13.46 0.24 1578 6.06 0.15 22.73
0.08 5.33 1.32  0.05 494 0.17 1156 3.66 0.11 13.73 0.24 16.00 6.10 0.15 22.88
0.09 6.00 1.36  0.06 5.09 0.17 11.56 3.72 0.11 13.95 0.24 16.00 6.16 0.15 23.10
0.09 6.00 1.41  0.06 528 0.18 11.78 3.77 0.11 14.14 0.24 16.00 6.21 0.15 23.29
0.09 6.00 1.46  0.06 549 0.18 11.78 3.80 0.11 14.24 0.24 16.00 6.26 0.15 23.48
0.09 6.00 1.51  0.06 5,65 0.18 11.78 3.86 0.11 14.48 0.25 16.44 6.31 0.15 23.67
0.09 6.00 1.56  0.06 5.87 0.18 11.78 3.91 0.11 14.67 0.25 16.44 6.36 0.15 23.85
0.09 6.00 1.62 0.06 6.08 0.18 11.78 3.97 0.11 14.88 0.25 16.67 6.42 0.16 24.08
0.10 6.67 1.66 0.06 6.24 0.18 1222 4.01 0.11 15.04 0.25 16.67 6.46 0.16 24.23
0.10 6.67 1.70  0.06 6.39 0.19 1244 4.06 0.12 1523 0.25 16.67 6.51 0.16 24.42
0.10 6.67 1.75 0.06 6.58 0.19 12.44 411 0.12 1542 0.25 16.67 6.56 0.16 24.60
0.10 6.67 1.80 0.06 6.77 0.19 1244 416 0.12 1560 0.25 16.67 6.61 0.16 24.79
0.10 6.89 1.87 0.06 7.01 0.19 1244 4.21 0.12 1579 0.25 16.67 6.66 0.16 24.98
0.10 6.89 1.90 0.06 7.14 0.19 12.44 4.26 0.12 1598 0.26 17.11 6.71 0.16 25.17
0.11 7.33 1.96 0.07 7.36  0.19 1244 431 0.12 16.17 026 17.11 6.76 0.16 25.35
0.11 7.56 2.01 0.07 7.54 0.19 12.44 436 0.12 16.35 0.26 17.11 6.81 0.16 25.54
0.11 7.56 1.73  0.07 6.50 0.20 13.11 4.41 0.12 16.54 0.26 17.33 6.85 0.16 25.70
0.11 7.56 213  0.07 7.98 0.20 13.11 4.46 0.12 16.73 0.26 17.33 6.91 0.16 25.90
0.11 7.56 217  0.07 815 0.20 13.11 4.51 0.12 16.92 0.26 17.33 6.95 0.16 26.07
0.11 7.56 221 0.07 830 0.20 13.11 4.56 0.12 17.10 0.26 17.33 7.06 0.16 26.47
0.12 8.22 2.27 0.08 852 0.20 13.11 4.61 0.12 17.28 0.26 17.56 7.12 0.16 26.69
0.12 8.22 231 0.08 865 0.20 13.11 4.65 0.12 17.44 0.27 18.00 7.19 0.17 26.95

0.20 13.33 470 0.13 17.61 0.27 18.00 7.23 0.17 27.10
0.21 13.78 475 0.13 17.80 0.27 18.00 7.26 0.17 27.24
0.27 18.00 7.32 0.17 27.44
0.27 18.00 7.36 0.17 27.62

Appendix 2f- 28day 3-Point Bending Test Data for NT1.0-Composite Composite (Average)

Extension Deflection Load Strain Stress
(mm) (mm) (KN) % (MPa)

0 0.00 0.01 0.00 0.04 0.17 11.33 2.36 0.11 8.85 0.26 17.56 4.81 0.16 18.04
0.00 0.00 0.20 0.00 0.75 0.17 11.56 2.41 0.11 9.04 0.26 17.56 4.86 0.16 18.23
0.00 0.00 0.11 0.00 0.42 0.17 11.56 2.46 0.11 9.23 0.27 18.22 4.25 0.17 15.94
0.00 0.00 0.16 0.00 0.60 0.18 11.78 2.51 0.11 9.41 0.29 19.00 4.96 0.18 18.60
0.01 0.44 0.21 0.00 0.79 0.18 12.00 2.56 0.11 9.60 0.29 19.33 5.01 0.18 18.79
0.01 0.67 0.26 0.01 0.98 0.18 12.00 2.61 0.11 9.79 0.29 19.33 5.06 0.18 18.98
0.02 1.11 0.31 0.01 1.17 0.18 12.22 2.66 0.11 9.97 0.29 19.33 5.11 0.18 19.16
0.03 1.78 0.36 0.02 1.36 0.19 12.44 2.71 0.12 10.16 0.29 19.33 5.16 0.18 19.35
0.03 1.78 0.41 0.02 1.54 0.19 12.44 2.76 0.12 10.35 0.30 19.67 5.21 0.18 19.54
0.04 2.44 0.46 0.02 1.73 0.19 12.67 2.81 0.12 10.54 0.30 19.67 5.26 0.18 19.73
0.04 2.44 0.51 0.02 1.92 0.19 12.67 2.86 0.12 10.73 0.30 20.00 5.31 0.19 19.91
0.04 2.67 0.56 0.03 2.10 0.19 12.89 291 0.12 10.91 0.30 20.00 5.36 0.19 20.10
0.05 3.11 0.61 0.03 2.29 0.20 13.11 2.96 0.12 11.10 0.30 20.00 5.41 0.19 20.29
0.05 3.11 0.66 0.03 2.47 0.20 13.11 3.01 0.12 11.29 0.30 20.00 5.46 0.19 20.48
0.05 3.56 0.71 0.03 2.66 0.20 13.33 3.06 0.13 11.48 0.30 20.00 5.51 0.19 20.66
0.06 3.78 0.76 0.04 2.85 0.20 13.33 3.11 0.13 11.66 0.31 20.33 5.56 0.19 20.85
0.06 4.22 0.81 0.04 3.04 0.21 13.78 3.16 0.13 11.85 0.31 20.67 5.61 0.19 21.04
0.06 4.22 0.86 0.04 3.23 0.21 13.78 3.21 0.13 12.04 0.31 20.67 5.66 0.19 21.23
0.07 4.67 0.91 0.04 3.42 0.21 13.78 3.26 0.13 12.23 0.31 20.67 5.71 0.19 21.41
0.07 4.89 0.96 0.05 3.61 0.21 14.00 3.31 0.13 12.42 0.31 20.67 5.76 0.19 21.60
0.07 4.89 1.01 0.05 3.79 0.21 14.00 3.36 0.13 12.60 0.31 20.67 5.81 0.19 21.79
0.08 5.33 1.06 0.05 3.98 0.21 14.22 3.41 0.13 12.79 0.32 21.00 5.86 0.20 21.98
0.08 5.33 1.11 0.05 4.17 0.22 14.44 3.46 0.14 12.98 0.32 21.00 5.91 0.20 22.16
0.09 5.78 1.16 0.05 4.36 0.22 14.44 3.51 0.14 13.16 0.32 21.33 5.96 0.20 22.35

(continued on next page)
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(continued)
Extension Deflection Load Strain Stress
(mm) (mm) (KN) % (MPa)
0.09 5.78 1.21 0.05 4.54 0.22 14.67 3.56 0.14 13.35 0.33 22.00 4.77 0.21 17.90
0.09 6.22 1.26 0.06 4.73 0.22 14.67 3.61 0.14 13.54 0.34 22.67 6.06 0.21 22.73
0.10 6.44 1.31 0.06 4.91 0.22 14.89 3.66 0.14 13.73 0.34 22.67 6.11 0.21 2291
0.10 6.67 1.36 0.06 5.10 0.22 14.89 3.71 0.14 13.91 0.34 22.67 6.16 0.21 23.10
0.10 6.67 1.41 0.06 5.29 0.23 15.11 3.76 0.14 14.10 0.34 22.67 6.21 0.21 23.28
0.10 6.89 1.46 0.06 5.48 0.23 15.33 3.81 0.14 14.29 0.35 23.33 6.26 0.22 23.48
0.10 6.44 1.51 0.06 5.67 0.23 15.33 3.86 0.14 14.48 0.35 23.33 6.31 0.22 23.67
0.10 6.44 1.56 0.06 5.85 0.23 15.56 3.91 0.15 14.66 0.35 23.33 6.36 0.22 23.85
0.10 6.44 1.61 0.06 6.04 0.23 15.56 3.96 0.15 14.85 0.35 23.33 6.41 0.22 24.04
0.10 6.67 1.66 0.06 6.23 0.24 15.78 4.01 0.15 15.04 0.35 23.33 6.46 0.22 24.23
0.11 7.11 1.71 0.07 6.41 0.24 15.78 4.06 0.15 15.23 0.36 24.00 6.51 0.23 24.41
0.11 7.11 1.76 0.07 6.60 0.24 16.22 4.11 0.15 15.42 0.36 24.00 6.56 0.23 24.60
0.11 7.33 1.81 0.07 6.78 0.24 16.22 4.16 0.15 15.60 0.36 24.00 6.61 0.23 24.79
0.11 7.33 1.86 0.07 6.98 0.24 16.22 4.21 0.15 15.79 0.36 24.00 3.90 0.23 14.64
0.12 7.78 1.91 0.07 7.16 0.24 16.22 4.26 0.15 15.98
0.12 8.00 1.96 0.08 7.35 0.25 16.44 4.31 0.15 16.16
0.12 8.00 2.01 0.08 7.54 0.25 16.67 4.36 0.16 16.35
0.12 8.00 2.06 0.08 7.73 0.25 16.89 4.41 0.16 16.54
0.12 8.22 2.11 0.08 7.91 0.25 16.89 4.46 0.16 16.73
0.13 8.67 2.16 0.08 8.10 0.25 16.89 4.51 0.16 16.92
0.13 8.67 2.21 0.08 8.29 0.25 16.89 4.56 0.16 17.10
0.13 8.67 2.26 0.08 8.47 0.26 17.33 4.61 0.16 17.29
0.17 11.33 2.31 0.11 8.66 0.26 17.33 4.66 0.16 17.47

0.26 17.56 4.71 0.16 17.66
0.26 17.56 4.76 0.16 17.85

Appendix 2g- 28day 3-Point Bending Test Data for NTpowder-Composite Composite (Average)

Extension Deflection Load Strain Stress

(mm) (mm) (KN) % (MPa)
0.00 0.00 0.01 0.00 0.04 0.13 844 236 0.08 886 021 1378 481 0.13 18.04 0.29 19.33 7.26 0.18 27.23
0.00 0.00 0.10  0.00 0.37 0.13 844 241 0.08 905 021 1378 486 0.13 1823 0.29 19.33 7.31 0.18 27.42
0.00 0.22 0.11  0.00 0.41 0.13 844 246 0.08 9.23 0.21 1378 491 0.13 1842 0.29 19.56 7.36 0.18 27.61
0.00 0.22 0.16  0.00 0.59 0.13 889 251 0.08 942 0.21 1422 496 0.13 1861 0.29 19.56 7.41 0.18 27.79
0.01 0.89 0.21 0.01 0.79 0.14 9.11 256 0.09 961 021 1422 501 0.13 1879 0.30 19.78 7.46 0.19 27.98
0.02 1.11 0.26  0.01 0.98 0.14 9.11 261 0.09 979 0.21 1422 506 0.13 1898 0.30 19.78 7.51 0.19 28.17
0.02 1.56 0.31 0.01 1.17 0.14 911 266 0.09 9.98 0.22 1444 511 0.14 19.17 0.30 19.78 7.56 0.19 28.36
0.03 1.78 0.36  0.02 1.36 0.14 911 271 0.09 10.17 0.22 1444 516 0.14 19.36 0.30 19.78 7.61 0.19 28.54
0.03 2.00 0.41  0.02 1.54 0.14 933 276 0.09 10.36 0.22 1444 521 0.14 19.55 0.30 20.00 7.66 0.19 28.73
0.04 2.44 0.46  0.02 1.73 0.14 956 281 0.09 1054 0.22 14.67 5.26 0.14 19.73 0.30 20.00 7.71 0.19 28.92
0.04 2.67 0.51 0.03 192 0.15 978 286 0.09 1073 0.22 1489 531 0.14 19.92 0.30 20.22 7.76 0.19 29.11
0.04 2.67 0.56  0.03 211 0.15 978 291 0.09 10.92 0.22 1489 536 0.14 20.11 0.31 20.44 7.81 0.19 29.30
0.05 3.11 0.61 0.03 229 015 978 296 0.09 11.11 0.22 14.89 541 0.14 20.29 0.31 20.44 7.86 0.19 29.48
0.05 3.33 0.66 0.03 248 0.15 10.00 3.01 0.09 11.29 0.23 1511 546 0.14 20.48 0.31 20.44 7.91 0.19 29.67
0.05 3.33 0.71  0.03 2.67 0.15 10.00 3.06 0.09 11.48 0.23 1511 551 0.14 20.67 0.31 20.44 7.96 0.19 29.86
0.06 4.00 0.76  0.04 2.86 0.15 10.22 3.11 0.10 11.67 0.23 1533 556 0.14 20.86 0.31 20.44 8.01 0.19 30.05
0.06 4.00 0.81 0.04 3.05 0.15 10.22 3.16 0.10 11.86 0.23 1533 561 0.14 21.04 0.31 20.44 8.06 0.19 30.23
0.06 4.00 0.86 0.04 3.23 0.16 10.44 3.21 0.10 12.04 0.23 1533 566 0.14 21.23 0.31 20.89 8.11 0.20 30.42
0.07 4.44 091 0.04 3.42 0.16 1067 3.26 0.10 1223 0.23 1556 571 0.15 21.42 0.32 21.11 8.16 0.20 30.60
0.07 4.67 0.96 0.04 3.61 0.16 10.67 3.31 0.10 12.42 0.23 1556 576 0.15 21.61 0.32 21.11 8.21 0.20 30.80
0.07 4.67 1.01  0.04 3.80 0.16 1067 3.36 0.10 12.61 0.23 1556 581 0.15 21.80 0.32 21.11 8.26 0.20 30.98
0.07 4.89 1.06  0.05 3.98 0.16 10.89 3.41 0.10 1279 0.24 16.00 586 0.15 21.98 0.32 21.11 8.31 0.20 31.17
0.08 5.11 1.11  0.05 4.17 0.16 10.89 3.46 0.10 1298 0.24 16.00 591 0.15 2217 0.32 21.11 8.36 0.20 31.36
0.08 5.33 1.16  0.05 436 0.17 11.11 3,51 0.10 13.17 0.24 16.00 596 0.15 2236 0.32 21.11 8.41 0.20 31.54
0.08 5.33 1.21  0.05 454 0.17 11.33 356 0.11 13.36 0.24 16.00 6.01 0.15 2254 0.32 21.33 8.46 0.20 31.73
0.08 5.56 1.26  0.05 473 0.17 11.33 3.61 0.11 13.54 0.24 16.00 6.06 0.15 2273 0.32 21.56 8.51 0.20 31.92
0.09 5.78 1.31  0.05 492 0.17 11.33 3.66 0.11 13.73 0.24 16.22 6.11 0.15 2292 0.33 21.78 8.56 0.20 32.11
0.09 5.78 1.36  0.05 511 0.17 11.56 3.71 0.11 13.92 0.24 16.22 6.16 0.15 23.11 0.33 21.33 8.61 0.20 32.29
0.09 6.00 1.41  0.06 530 0.17 11.56 3.76 0.11 1411 0.25 16.67 6.21 0.16 23.30 0.33 22.00 8.66 0.21 32.48
0.09 6.22 1.46  0.06 548 0.17 11.56 3.81 0.11 14.29 0.25 16.67 6.26 0.16 23.48 0.33 22.00 8.71 0.21 32.66
0.09 6.22 1.51  0.06 5.67 0.18 12.00 3.86 0.11 14.48 0.25 16.67 6.31 0.16 23.67 0.33 22.00 8.76 0.21 32.85
0.10 6.44 1.56  0.06 5.85 0.18 12.00 391 0.11 14.67 0.25 16.67 6.36 0.16 23.86 0.34 22.67 8.81 0.21 33.04
0.10 6.44 1.61 0.06 6.04 0.18 12.00 3.96 0.11 14.86 0.25 16.67 6.41 0.16 24.05 0.34 22.67 8.86 0.21 33.23
0.10 6.67 1.66 0.06 6.24 0.18 12.00 4.01 0.11 15.04 0.25 16.89 6.46 0.16 24.23 0.34 22.67 8.91 0.21 3341
0.10 6.89 1.71  0.06 6.42 0.18 1222 4.06 0.11 1523 0.26 17.11 651 0.16 2442 0.35 23.33 8.96 0.22 33.60
0.11 7.11 1.76  0.07 6.61 0.19 1244 411 0.12 1542 0.26 17.11 6.56 0.16 24.60 0.35 23.33 9.01 0.22 33.79
0.11 7.11 1.81 0.07 6.79 0.19 1244 416 0.12 1561 0.26 17.33 6.61 0.16 24.80 0.35 23.33 9.06 0.22 33.98

(continued on next page)
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Extension Deflection Load Strain Stress

(mm) (mm) (KN) % (MPa)
0.11 7.11 1.86 0.07 6.98 0.19 1267 4.21 0.12 15.80 0.26 17.33 6.66 0.16 2498 0.36 24.00 9.11 0.23 34.16
0.11 7.11 191 0.07 7.17 019 1267 426 0.12 1598 0.26 17.33 6.71 0.16 2517 0.36 24.00 9.16 0.23 34.35
0.11 7.56 1.96 0.07 7.35 0.19 1267 431 0.12 16.17 0.26 17.33 6.76 0.16 2536 0.36 24.00 9.21 0.23 34.54
0.12 7.78 2.01 0.07 7.55 0.19 12.67 4.36 0.12 16.36 0.26 17.56 6.81 0.16 2554 0.37 24.67 9.26 0.23 34.73
0.12 7.78 2.06 0.07 7.73 0.20 13.11 4.41 0.12 16.54 0.28 18.67 6.86 0.18 2573 0.37 24.67 9.31 0.23 3491
0.12 7.78 211  0.07 7.92 020 13.11 4.46 0.12 16.73 0.28 18.67 691 0.18 2592 0.37 24.67 9.36 0.23 35.10
0.12 7.78 2.16  0.07 811 0.20 13.11 4.51 0.12 16.92 0.28 18.67 6.96 0.18 26.11 0.37 24.67 9.41 0.23 35.29
0.12 8.00 221 0.08 830 0.20 13.11 4,56 0.12 17.11 0.28 18.89 7.01 0.18 26.29 0.38 25.33 9.45 0.24 35.44
0.13 8.44 2.26  0.08 848 0.20 13.33 4.61 0.13 17.29 0.28 18.89 7.06 0.18 26.48 0.39 26.00 9.51 0.24 35.66
0.13 8.44 2.31 0.08 8.67 0.20 13.33 4.66 0.13 17.48 0.28 18.89 7.11 0.18 26.67 0.40 26.67 9.56 0.25 35.85

0.20 1356 4.71 0.13 17.67 0.29 19.11 7.16 0.18 26.86 0.41 27.33 553 0.26 20.75
0.21 13.78 476 0.13 17.86 0.29 19.11 7.21 0.18 27.04

Appendix 2h- 90day 3-Point Bending Test Data for NTOO-Composite Composite (Average)

Extension Deflection Load Strain Stress
(mm) (mm) (kN) % (MPa)
0.00 0.00 0.01 0.00 0.04 0.16 16.00 2.31 0.15 8.67 0.25 21.78 4.81 0.20 18.04
0.00 5.11 0.07 0.05 0.27 0.16 16.00 2.36 0.15 8.85 0.25 21.78 4.86 0.20 18.23
0.01 5.56 0.11 0.05 0.42 0.16 16.00 2.41 0.15 9.04 0.25 22.00 4.91 0.21 18.41
0.02 6.22 0.16 0.06 0.59 0.17 16.22 2.46 0.15 9.23 0.25 22.00 4.96 0.21 18.60
0.03 6.89 0.21 0.06 0.79 0.17 16.67 2.51 0.16 9.41 0.26 22.22 5.01 0.21 18.79
0.04 7.56 0.26 0.07 0.98 0.17 16.67 2.56 0.16 9.60 0.26 22.44 5.06 0.21 18.97
0.04 7.78 0.31 0.07 1.16 0.17 16.67 2.61 0.16 9.79 0.26 22.44 5.11 0.21 19.17
0.04 8.00 0.36 0.08 1.34 0.17 16.67 2.66 0.16 9.97 0.26 22.44 5.16 0.21 19.35
0.05 8.44 0.41 0.08 1.54 0.18 16.89 2.71 0.16 10.17 0.26 22.44 5.21 0.21 19.54
0.05 8.67 0.46 0.08 1.72 0.18 17.33 2.76 0.16 10.36 0.26 22.67 5.26 0.21 19.73
0.06 9.11 0.51 0.09 1.91 0.18 17.33 2.81 0.16 10.54 0.26 22.67 5.31 0.21 19.91
0.06 9.33 0.56 0.09 2.10 0.18 17.33 2.86 0.16 10.73 0.27 23.11 5.36 0.22 20.10
0.07 9.56 0.61 0.09 2.29 0.18 17.33 2.91 0.16 10.92 0.27 23.11 5.41 0.22 20.29
0.07 10.00 0.66 0.09 2.48 0.19 17.56 2.96 0.16 11.10 0.28 23.56 4.68 0.22 17.57
0.08 10.22 0.71 0.10 2.67 0.19 17.78 3.01 0.17 11.29 0.27 23.33 5.51 0.22 20.66
0.08 10.22 0.76 0.10 2.85 0.19 18.00 3.06 0.17 11.48 0.28 24.00 4.43 0.23 16.61
0.08 10.44 0.81 0.10 3.04 0.19 18.00 3.11 0.17 11.66 0.28 24.00 5.61 0.23 21.05
0.09 10.89 0.86 0.10 3.23 0.19 18.00 3.16 0.17 11.85 0.28 24.00 5.66 0.23 21.23
0.09 10.89 0.91 0.10 3.41 0.20 18.22 3.21 0.17 12.04 0.29 24.67 5.71 0.23 21.42
0.09 11.33 0.96 0.11 3.61 0.20 18.22 3.26 0.17 12.23 0.29 24.67 5.76 0.23 21.61
0.09 11.33 1.01 0.11 3.79 0.20 18.44 3.31 0.17 12.41 0.29 24.67 5.81 0.23 21.80
0.10 11.78 1.06 0.11 3.98 0.20 18.67 3.36 0.18 12.60 0.30 25.33 3.42 0.24 12.81
0.10 11.78 1.11 0.11 4.16 0.20 18.67 3.41 0.18 12.79
0.11 12.22 1.16 0.11 4.36 0.21 18.89 3.46 0.18 12.98
0.11 12.22 1.21 0.11 4.54 0.21 18.89 3.51 0.18 13.16
0.11 12.44 1.26 0.12 4.72 0.21 19.11 3.56 0.18 13.35
0.11 12.67 1.31 0.12 4.92 0.21 19.11 3.61 0.18 13.54
0.12 12.89 1.36 0.12 5.10 0.21 19.33 3.66 0.18 13.73
0.12 13.11 1.41 0.12 5.29 0.21 19.33 3.71 0.18 13.91
0.12 13.33 1.46 0.13 5.48 0.22 19.56 3.76 0.18 14.10
0.12 13.33 1.51 0.13 5.67 0.22 19.56 3.81 0.18 14.29
0.13 13.78 1.56 0.13 5.85 0.22 19.78 3.86 0.19 14.48
0.13 13.78 1.61 0.13 6.04 0.22 19.78 3.91 0.19 14.66
0.13 14.00 1.66 0.13 6.23 0.22 20.00 3.96 0.19 14.85
0.14 14.22 1.71 0.13 6.42 0.23 20.22 4.01 0.19 15.04
0.14 14.44 1.76 0.14 6.60 0.23 20.22 4.06 0.19 15.23
0.14 14.44 1.81 0.14 6.79 0.23 20.22 4.11 0.19 15.41
0.14 14.67 1.86 0.14 6.98 0.23 20.44 4.16 0.19 15.60
0.15 14.89 1.91 0.14 7.17 0.23 20.44 4.21 0.19 15.79
0.15 14.89 1.96 0.14 7.35 0.23 20.44 4.26 0.19 15.97
0.15 15.11 2.01 0.14 7.54 0.24 20.89 4.31 0.20 16.17
0.15 15.33 2.06 0.14 7.72 0.24 20.89 4.36 0.20 16.35
0.15 15.33 2.11 0.14 7.92 0.24 20.89 4.41 0.20 16.54
0.15 15.33 2.16 0.14 8.10 0.24 21.11 4.46 0.20 16.73
0.16 15.56 2.21 0.15 8.29 0.24 21.11 4.51 0.20 16.91
0.16 16.00 2.26 0.15 8.48 0.24 21.11 4.56 0.20 17.10
0.16 16.00 2.31 0.15 8.67 0.24 21.33 4.61 0.20 17.29

0.25 21.56 4.66 0.20 17.48
0.25 21.56 4.71 0.20 17.66
0.25 21.78 4.76 0.20 17.85
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Extension Deflection Load Strain Stress
(mm) (mm) kN) % (MPa)
0.00 0.00 0.01 0.00 0.04 0.20 13.11 236 0.12 8.85 0.29 19.11 481 0.18 18.04 037 2444 7.26 0.23 2722 0.53 35.00 9.71 0.33 36.41
0.00 0.00 0.10 0.00 0.38 0.20 13.33 241 0.13 9.04 0.29 19.11 486 0.18 18.22 0.37 2444 731 0.23 2741 0.53 3500 976 0.33 36.60
0.03 2.22 0.11 0.02 0.40 0.20 13.56 246 0.13 9.22 0.29 1956 491 0.18 18.41 0.37 2444 736 0.23 27.60 0.53 3533 9.81 0.33 36.79
0.04 2.67 0.16 0.03 0.59 0.21 13.78 251 0.13 941 0.30 19.78 496 0.19 18,60 0.37 2444 741 0.23 27.79 053 3533 9.86 033 36.98
0.05 3.11 0.21 0.03 0.78 0.21 13.78 256 0.13 9.60 030 19.78 5.01 0.19 18.79 0.37 2444 7.46 0.23 2797 0.54 36.00 7.80 0.34 29.27
0.05 3.56 0.26 0.03 0.97 0.21 13.78 261 0.13 9.78 030 19.78 5.06 0.19 1897 0.37 2467 751 0.23 2816 0.55 36.67 996 0.34 37.35
0.06 4.22 0.31 0.04 1.17 0.21 14.00 266 013 998 030 19.78 5.11 0.19 19.16 0.37 2467 756 0.23 2835 0.55 36.67 10.01 0.34 37.54
0.07 4.67 0.36 0.04 1.35 0.22 1444 271 0.14 1016 030 19.78 5.16 0.19 19.35 0.38 25.11 7.61 0.24 2854 0.56 37.33 10.06 0.35 37.73
0.08 5.33 0.41 0.05 1.54 0.22 1444 276 0.14 1035 0.30 20.00 5.21 0.19 19.54 0.38 2511 766 0.24 2872 0.56 37.33 10.11 0.35 37.92
0.08 5.56 0.46 0.05 1.73 0.22 1444 281 0.14 1054 0.31 2044 526 0.19 19.72 0.38 2511 771 0.24 2891 0.56 37.33 10.16 0.35 38.10
0.09 5.78 0.51 0.05 1.91 0.22 1444 286 0.14 1073 031 20.44 531 019 1991 0.38 2511 7.76 0.24 29.10 0.57 38.00 588 0.36 22.04
0.09 6.22 0.56 0.06 2.10 0.22 1467 291 0.14 1091 0.31 2044 536 0.19 20.10 0.38 2511 7.81 0.24 29.29
0.10 6.67 0.61 0.06 2.29 0.23 15.11 296 0.14 11.10 0.31 20.44 541 0.19 20.29 0.38 2533 7.86 0.24 29.47
0.10 6.67 0.66 0.06 2.47 0.23 15.11 3.01 0.14 11.29 0.31 2044 546 0.19 20.47 0.38 2533 791 0.24 29.66
0.11 7.11 0.71 0.07 2.66 0.23 15.11 3.06 0.14 11.47 0.31 20.67 5.51 0.19 20.66 0.38 2556 796 0.24 29.85
0.11 7.33 0.76 0.07 2.85 0.23 15.11 3.11 0.14 11.66 031 2089 556 0.20 20.85 0.39 2578 8.01 0.24 30.04
0.11 7.56 0.81 0.07 3.03 0.23 15.11 3.16 0.14 1185 0.32 21.11 561 0.20 21.04 0.39 2578 8.06 0.24 30.22
0.12 8.22 0.86 0.08 3.23 0.24 1578 321 0.15 12.04 032 21.11 566 020 21.22 0.39 2578 811 0.24 30.41
0.12 8.22 0.91 0.08 3.41 0.24 1578 3.26 0.15 1223 0.32 21.11 571 0.20 21.41 0.39 2578 816 0.24 30.60
0.12 8.22 0.96 0.08 3.59 0.24 1578 3.31 0.15 1241 032 21.11 576 0.20 21.60 0.39 26.00 821 0.24 30.79
0.13 8.67 1.01 0.08 3.78 0.24 1578 336 0.15 1260 0.32 21.11 581 0.20 21.79 0.39 26.00 826 0.24 30.97
0.13 8.89 1.06 0.08 3.98 0.24 1578 3.41 0.15 1279 0.32 21.33 586 0.20 21.98 0.39 26.22 831 0.25 31.16
0.14 9.11 1.11 0.09 4.16 0.24 16.22 3.46 0.15 1297 033 21.78 591 0.20 2216 0.40 26.44 836 0.25 31.35
0.14 9.33 1.16 0.09 4.35 0.25 16.44 351 0.15 1316 033 21.78 596 0.20 2235 040 2644 841 0.25 31.54
0.14 9.56 1.21 0.09 4.54 0.25 16.44 356 0.15 1335 0.33 21.78 6.01 0.20 22.54 0.40 26.44 846 0.25 31.72
0.15 9.78 1.26 0.09 4.73 0.25 16.44 3.61 0.15 1354 0.33 21.78 6.06 0.20 2273 0.40 26.44 851 0.25 31.91
0.15 9.78 1.31 0.09 491 0.25 16.44 3.66 0.15 13.72 033 21.78 6.11 0.20 2291 0.40 26.67 856 0.25 32.10
0.15 10.22 1.36 0.10 5.10 0.25 16.44 371 0.15 1391 0.33 22.00 6.16 0.21 2310 040 26.67 861 0.25 32.29
0.15 10.22 1.41 0.10 5.29 0.26 17.11 3.76 0.16 1410 0.33 2222 6.21 0.21 23.29 0.40 26.67 866 0.25 3247
0.16 10.44 1.46 0.10 5.48 0.26 17.11 3.81 0.16 1429 0.34 2244 6.26 0.21 2347 041 2711 871 0.25 32.66
0.16 10.67 1.51 0.10 5.66 0.26 17.11 386 0.16 1447 034 2244 631 0.21 2366 041 2711 876 0.25 32.85
0.16 10.89 1.56 0.10 5.85 0.26 17.11 391 0.16 1466 0.34 2244 6.36 0.21 23.85 0.41 2711 881 0.25 33.04
0.16 10.89 1.61 0.10 6.04 0.26 17.11 396 0.16 1485 0.34 2244 641 0.21 24.04 041 2711 886 0.25 33.23
0.17 11.11 1.66 0.10 6.22 0.26 17.33 4.01 0.16 15.04 0.34 2244 646 0.21 2422 041 2733 891 0.26 3341
0.17 11.33 1.71 0.11 6.41 0.27 17.78 4.06 0.17 15.23 0.34 2267 6.51 0.21 2441 0.41 2733 896 0.26 33.60
0.17 11.56 1.76 0.11 6.60 0.27 17.78 4.11 0.17 1541 0.34 2289 6.56 0.21 2460 0.41 27.33 9.01 0.26 33.79
0.17 11.56 1.81 0.11 6.78 0.27 17.78 4.16 0.17 1560 0.35 23.11 6.61 0.22 2479 042 28.00 7.78 0.26 29.16
0.18 11.78 1.86 0.11 6.97 0.27 17.78 4.21 0.17 1579 035 23.11 6.66 0.22 2497 051 3400 9.11 0.32 34.16
0.18 12.00 1.91 0.11 7.17 0.27 17.78 4.26 0.17 1597 035 23.11 6.71 0.22 2516 051 3400 9.16 0.32 34.35
0.18 12.22 1.96 0.11 7.35 0.27 18.22 431 0.17 16.16 035 2311 6.76 0.22 2535 051 3400 921 0.32 34.54
0.18 12.22 2.01 0.11 7.54 0.28 1844 436 0.17 16.35 035 2333 6.81 0.22 2554 051 3400 926 0.32 34.73
0.19 12.44 2.06 0.12 7.73 0.28 18.44 441 0.17 16.54 035 2333 6.86 0.22 2572 052 3433 931 0.32 34091
0.19 12.44 2.11 0.12 7.91 0.28 18.44 446 0.17 16.72 035 2356 691 0.22 2591 052 3433 936 0.32 35.10
0.19 12.67 2.16 0.12 8.10 0.28 1844 451 0.17 1691 036 2378 696 0.22 26.10 0.52 3467 941 0.33 35.29
0.19 12.89 2.21 0.12 8.28 0.28 18.44 456 0.17 1710 0.36 2378 7.01 0.22 26.29 0.52 3467 946 0.33 35.48
0.20 13.11 2.26 0.12 8.48 0.28 18.89 4.61 0.18 17.29 036 2378 7.06 0.22 26.47 052 3467 951 0.33 35.66
0.20 13.11 2.31 0.12 8.66 0.29 19.11 466 0.18 17.48 036 2378 7.11 0.22 26.66 052 3467 956 0.33 35.85
0.29 19.11 4.71 0.18 17.66 036 24.00 7.16 0.23 26.85 0.52 3467 9.61 0.33 36.04
0.29 19.11 4.76 0.18 17.85 0.36 24.00 7.21 0.23 27.04 053 3500 9.66 0.33 36.23
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Extension Deflection Load Strain Stress
(mm) (mm) KN) % (MPa)
0.00 0.00 0.01 0.00 0.04 0.16 10.89 236 0.10 8.86 0.24 16.00 4.81 0.15 18.05 0.39 26.00 7.26 0.24 27.23 0.46 30.33 9.66 0.28 36.23
0.00 0.00 0.11 0.00 0.40 0.16 10.89 241 0.10 9.04 0.24 16.22 486 0.15 18.23 0.40 26.33 7.31 0.25 27.42 0.46 30.33 9.71 0.28 36.42
0.01 0.44 0.11 0.00 0.42 0.16 10.89 246 0.10 9.23 0.25 16.67 491 0.16 1842 040 26.33 7.36 0.25 27.61 046 30.33 9.76 0.28 36.61
0.01 0.67 0.16 0.01 0.60 0.17 11.33 251 0.11 942 0.25 16.67 496 0.16 1861 040 26.33 7.41 0.25 27.79 047 31.00 7.84 0.29 29.40
0.04 2.44 0.22 0.02 0.83 0.17 11.33 256 0.11 9.60 0.25 16.67 5.01 0.16 18.80 0.40 26.33 7.46 0.25 2798 046 30.67 986 0.29 36.99
0.04 2.89 0.26 0.03 0.98 0.17 11.56 261 0.11 980 0.25 16.67 5.06 0.16 1898 0.40 26.33 7.51 0.25 28.17 0.46 30.67 9.91 0.29 37.17
0.05 3.56 0.31 0.03 1.16 0.17 11.56 266 0.11 998 0.25 16.67 5.11 0.16 19.17 040 2633 7.56 0.25 2836 046 3067 996 0.29 37.36
0.06 3.78 0.36 0.04 1.36 0.17 11.56 271 0.11 10.17 0.25 16.89 516 0.16 19.36 0.40 26.67 7.61 0.25 2854 0.47 31.33 10.01 0.29 37.55
0.06 4.22 0.41 0.04 1.54 0.18 11.78 276 0.11 1036 0.26 17.11 521 0.16 19.55 041 27.00 7.66 0.25 2873 0.49 32.67 585 031 21.92
0.07 4.44 0.46 0.04 1.73 0.18 12,00 281 0.11 1054 0.26 17.11 526 0.16 19.73 041 27.00 7.71 0.25 28.92
0.07 4.67 0.51 0.04 1.92 0.18 12.00 286 0.11 10.73 0.26 17.33 5.31 0.16 1992 0.41 27.00 7.76 0.25 29.11
0.08 5.11 0.56 0.05 2.11 0.18 1222 291 0.11 1092 0.26 17.33 536 0.16 20.11 041 27.00 7.81 0.25 29.30
0.08 5.11 0.61 0.05 2.30 0.18 1222 296 0.11 11.11 0.26 17.33 541 0.16 20.30 041 27.00 7.86 0.25 29.48
0.09 5.78 0.66 0.05 2.48 0.19 1244 3.01 0.12 11.29 0.26 17.33 546 0.16 20.48 041 27.00 791 0.25 29.67
0.09 5.78 0.71 0.05 2.67 0.19 1267 3.06 0.12 11.48 0.26 17.56 551 0.16 20.67 041 27.00 7.96 0.25 29.85
0.09 5.78 0.76 0.05 2.86 0.19 1267 311 0.12 11.67 0.27 17.78 556 0.17 20.86 0.41 27.33 8.01 0.26 30.05
0.09 6.22 0.81 0.06 3.05 0.19 1267 3.16 0.12 11.86 0.27 17.78 561 0.17 21.05 042 27.67 806 0.26 30.23
0.10 6.44 0.86 0.06 3.24 0.19 12.89 3.21 0.12 12.04 0.27 18.00 5.66 0.17 21.23 042 27.67 811 0.26 30.42
0.10 6.44 0.91 0.06 3.42 0.19 1289 326 0.12 1223 0.27 18.00 571 0.17 21.42 042 27.67 816 0.26 30.60
0.10 6.67 0.96 0.06 3.61 0.20 13.11 3.31 0.12 1242 0.27 18.00 576 0.17 21.61 042 27.67 821 0.26 30.79
0.11 7.11 1.01 0.07 3.79 0.20 1333 3.36 0.13 1261 0.27 18.00 5.81 0.17 21.79 042 27.67 826 0.26 30.98
0.11 7.11 1.06 0.07 3.98 0.20 13.33 341 0.13 1280 0.27 1822 586 0.17 21.98 042 27.67 831 0.26 31.17
0.11 7.11 1.11 0.07 4.17 0.20 13.33 3.46 0.13 1298 0.28 1844 591 0.17 2217 042 27.67 836 0.26 31.36
0.11 7.56 1.16 0.07 4.36 0.20 1333 3,51 0.13 13.17 0.28 1844 596 0.17 2235 042 28.00 8.41 0.26 31.54
0.11 7.56 1.21 0.07 4.55 0.20 13.56 356 0.13 13.36 0.28 18.44 6.01 0.17 2254 043 2833 846 0.27 31.73
0.12 7.78 1.26 0.07 4.74 0.21 13.78 361 0.13 1354 0.28 1867 6.06 0.18 2273 0.43 2833 851 0.27 31.92
0.12 7.78 1.31 0.07 4.92 0.21 14.00 366 0.13 13.73 0.28 1867 6.11 0.18 2292 043 2833 856 0.27 3211
0.12 8.22 1.36 0.08 5.11 0.21 14.00 3.71 0.13 1392 0.28 1867 6.16 0.18 2310 0.43 2833 861 0.27 32.29
0.12 8.22 1.41 0.08 5.30 0.21 14.00 3.76 0.13 1410 0.28 1889 6.21 0.18 23.29 043 2833 866 0.27 32.48
0.12 8.22 1.46 0.08 5.48 0.21 14.00 3.81 0.13 1429 0.29 19.11 6.26 0.18 23.48 043 2833 871 0.27 3267
0.13 8.44 1.51 0.08 5.67 0.21 1422 3.8 0.13 1448 0.29 19.11 6.31 0.18 23.67 043 2833 876 0.27 32.86
0.13 8.89 1.56 0.08 5.86 0.22 1444 391 0.14 1467 0.29 19.11 6.36 0.18 23.85 0.44 29.00 8.81 0.27 33.04
0.13 8.89 1.61 0.08 6.04 0.22 1467 396 0.14 1486 0.29 19.11 6.41 0.18 24.05 044 29.00 886 0.27 33.23
0.13 8.89 1.66 0.08 6.23 0.22 14.67 401 0.14 15.05 0.29 19.33 6.46 0.18 2423 044 29.00 891 0.27 33.42
0.13 8.89 1.71 0.08 6.42 0.22 14.67 4.06 0.14 1523 0.29 19.33 6.51 0.18 2442 0.44 29.00 896 0.27 33.61
0.14 9.56 1.76 0.09 6.61 0.22 14.67 411 0.14 1542 0.29 19.56 6.56 0.18 24.60 0.44 29.00 9.01 0.27 33.80
0.14 9.56 1.81 0.09 6.79 0.22 1467 416 0.14 1561 030 19.78 6.61 0.19 2479 044 29.00 9.06 0.27 33.98
0.14 9.56 1.86 0.09 6.98 0.23 15.11 421 0.14 1579 0.30 19.78 6.66 0.19 2498 0.44 29.00 9.11 0.27 34.17
0.14 9.56 1.91 0.09 7.17 0.23 15.33 4.26 0.14 1598 0.30 19.78 6.71 0.19 2517 0.44 29.00 9.16 0.27 34.36
0.14 9.56 1.96 0.09 7.36 0.23 1533 431 0.14 16.17 0.30 19.78 6.76 0.19 2536 0.44 29.33 9.21 0.28 34.55
0.15 10.22 2.01 0.10 7.54 0.23 15.33 436 0.14 16.36 0.30 20.00 6.81 0.19 2554 045 29.67 9.26 0.28 34.73
0.15 10.22 2.06 0.10 7.73 0.23 15.33 441 0.14 16.54 0.30 20.00 6.86 0.19 2573 0.45 29.67 9.31 0.28 34.92
0.15 10.22 2.11 0.10 7.92 0.23 15.33 4.46 0.14 16.73 0.30 20.00 6.91 0.19 2592 045 29.67 9.36 0.28 3511
0.15 10.22 2.16 0.10 8.11 0.23 15,56 451 0.15 1692 0.39 25.67 696 0.24 26.11 045 29.67 941 0.28 35.30
0.15 10.22 2.21 0.10 8.29 0.24 16.00 456 0.15 17.11 0.39 25.67 7.01 0.24 26.29 0.45 29.67 9.46 0.28 35.48
0.16 10.67 2.26 0.10 8.48 0.24 16.00 461 0.15 17.29 0.39 25.67 7.06 0.24 26.48 045 29.67 951 0.28 35.67
0.16 10.89 2.31 0.10 8.67 0.24 16.00 466 0.15 17.48 0.39 25.67 7.11 0.24 26.67 045 29.67 956 0.28 35.86

0.24 16.00 471 0.15 17.67 0.39 25.67 7.16 0.24 26.86 0.45 30.00 9.61 0.28 36.04

0.24 16.00 476 0.15 17.86 0.39 26.00 7.21 0.24 27.05
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Extension Deflection Load Strain Stress
(mm) (mm) KN) % (MPa)

0.00 0.00 0.01 0.00 0.04 0.12 7.67 2.37 0.07 8.90 0.19 12.67 4.82 0.12 18.09 0.26 17.00 7.27 0.16 27.27 0.32 21.33 9.77 0.20 36.65
0.00 0.00 0.13 0.00 0.47 0.12 7.67 242 0.07 9.09 0.19 1267 487 0.12 1827 0.26 1733 7.32 0.16 2746 0.32 21.33 9.82 0.20 36.84
0.00 0.00 0.12 0.00 0.47 0.12 7.67 247 0.07 928 020 13.00 492 0.12 1847 0.26 1733 7.37 0.16 2765 0.32 21.33 9.87 0.20 37.03
0.01 0.33 0.17 0.00 0.65 0.12 767 252 0.07 946 020 13.00 497 0.12 1865 0.27 1767 7.42 0.17 2784 0.33 21.67 992 0.20 37.21
0.01 0.33 0.22 0.00 0.83 0.12 800 257 0.08 965 020 13.00 5.02 0.12 1884 0.27 17.67 7.47 0.17 28.03 0.33 22.00 9.97 0.21 37.40
0.02 1.00 0.28 0.01 1.03 0.12 800 262 0.08 984 020 1333 5.07 0.13 19.02 0.27 1767 7.52 0.17 2821 0.33 22.00 10.02 0.21 37.59
0.02 1.00 0.32 0.01 1.22 0.12 800 267 0.08 10.02 0.20 1333 512 0.13 19.22 0.27 1767 7.57 0.17 2840 0.33 22.00 10.07 0.21 37.78
0.02 1.33 0.37 0.01 1.40 0.13 833 272 0.08 1021 0.20 1333 5.17 0.13 1940 0.27 17.67 7.62 0.17 2859 0.33 22.00 10.12 0.21 37.97
0.03 1.67 0.42 0.02 1.58 0.13 833 277 0.08 1040 0.20 13.33 5.22 0.13 1959 0.27 1767 7.67 0.17 2878 0.33 22.00 10.17 0.21 38.15
0.03 1.67 0.47 0.02 1.78 0.13 833 282 0.08 1059 0.21 1367 527 013 19.77 0.27 18.00 7.72 0.17 2897 0.33 22.00 10.22 0.21 38.34
0.03 2.00 0.52 0.02 1.97 0.13 8.67 287 0.08 10.78 0.21 13.67 532 0.13 1996 0.27 18.00 7.77 0.17 29.15 0.33 22.00 10.27 0.21 38.52
0.04 2.33 0.57 0.02 2.15 0.13 867 292 0.08 1096 0.21 1367 5.37 0.13 20.15 0.28 1833 7.82 0.17 29.34 0.34 2233 1032 0.21 38.72
0.04 2.67 0.63 0.03 2.34 0.13 867 297 0.08 11.15 0.21 13.67 542 0.13 2034 0.28 1833 7.87 0.17 2952 0.34 2267 1037 0.21 38.90
0.04 2.67 0.67 0.03 2.53 0.14 9.00 3.02 0.08 11.34 0.21 1400 547 0.13 2053 0.28 1833 792 0.17 29.72 0.34 2267 1042 0.21 39.09
0.04 2.67 0.72 0.03 2.71 0.14 9.00 3.07 0.08 11.52 0.21 14.00 5.52 0.13 20.71 0.28 1833 7.97 0.17 2990 0.34 2267 10.47 0.21 39.28
0.04 2.67 0.77 0.03 2.90 0.14 933 312 0.09 11.71 0.21 14.00 5.57 0.13 2090 0.28 1833 8.02 0.17 30.09 0.34 2267 1052 0.21 39.46
0.05 3.33 0.82 0.03 3.09 0.14 933 317 0.09 1190 0.22 1433 562 013 21.09 0.28 1867 8.07 0.18 30.28 0.34 2267 10.57 0.21 39.65
0.05 3.33 0.87 0.03 3.28 0.14 9.33 3.22 0.09 12,09 0.22 1433 567 0.13 21.28 0.28 18.67 8.12 0.18 30.47 0.34 22.67 10.62 0.21 39.84
0.05 3.33 0.92 0.03 3.47 0.14 933 327 0.09 1227 0.22 1433 5.72 0.13 2146 0.28 18.67 8.17 0.18 30.65 0.34 2267 10.67 0.21 40.02
0.06 3.67 0.97 0.03 3.65 0.15 967 332 0.09 1246 0.22 1433 5.77 0.13 21.65 0.29 19.00 8.22 0.18 30.84 0.34 2267 1072 0.21 40.21
0.06 4.00 1.02 0.04 3.84 0.15 9.67 3.37 0.09 1265 0.22 14.67 582 0.14 21.83 0.29 19.00 8.27 0.18 31.02 0.35 23.33 10.77 0.22 40.40
0.06 4.00 1.07 0.04 4.03 0.15 10.00 3.42 0.09 12.84 0.22 1467 5.87 0.14 2203 0.29 19.00 8.32 0.18 31.21 0.35 23.33 10.82 0.22 40.59
0.06 4.00 1.12 0.04 4.21 0.15 10.00 3.47 0.09 13.02 0.23 1500 592 0.14 2221 0.29 19.00 8.37 0.18 31.40 0.35 2333 10.87 0.22 40.78
0.07 4.33 1.17 0.04 4.40 0.15 10.00 3.52 0.09 13.22 0.23 15.00 597 0.14 2240 0.29 1933 842 0.18 31.59 0.35 23.33 1092 0.22 40.96
0.07 4.33 1.22 0.04 4.59 0.15 10.00 3.57 0.09 13.40 0.23 1500 6.02 0.14 2259 0.29 19.33 847 0.18 31.77 0.35 23.33 1097 0.22 41.15
0.07 4.67 1.27 0.04 4.78 0.15 10.00 3.62 0.09 13.59 0.23 1500 6.07 0.14 2278 0.29 19.33 852 0.18 3196 0.35 23.33 11.02 0.22 41.34
0.07 4.67 1.32 0.04 4.97 0.16 10.33 3.67 0.10 1377 0.23 1500 6.12 0.14 2296 0.29 19.33 8,57 0.18 3215 0.35 23.33 11.07 0.22 41.53
0.08 5.00 1.37 0.05 5.15 0.16 10.67 3.72 0.10 1396 0.23 15.00 6.17 0.14 23.15 0.29 19.33 8.62 0.18 32.34 0.36 2367 11.12 0.22 41.71
0.08 5.00 1.42 0.05 5.34 0.16 10.67 3.77 0.10 14.15 0.23 1533 6.22 0.14 2333 0.30 19.67 8.67 0.18 3253 0.36 23.67 11.17 0.22 41.90
0.08 5.00 1.47 0.05 5.53 0.16 10.67 3.82 0.10 1434 0.24 1567 6.27 0.15 2353 0.30 19.67 8.72 0.18 3271 0.36 24.00 11.22 0.23 42.09
0.08 5.33 1.52 0.05 5.71 0.16 10.67 3.87 0.10 1452 0.24 1567 6.32 0.15 23.72 0.30 19.67 8.77 0.18 3290 0.36 24.00 11.27 0.23 42.28
0.08 5.33 1.57 0.05 5.90 0.16 10.67 3.92 0.10 1472 0.24 1567 6.37 0.15 2390 0.30 20.00 8.82 0.19 33.09 0.36 24.00 11.32 0.23 4247
0.09 5.67 1.62 0.05 6.09 0.16 10.67 3.97 0.10 1490 0.24 1567 6.42 0.15 24.09 0.30 20.00 8.87 0.19 3328 0.36 24.00 11.37 0.23 42.65
0.09 5.67 1.67 0.05 6.27 0.17 11.33 4.02 0.11 15.09 0.24 1567 6.47 0.15 2428 0.30 20.00 892 0.19 3346 0.36 24.00 11.42 0.23 4284
0.09 5.67 1.72 0.05 6.46 0.17 11.33 4.07 0.11 15.28 0.24 1567 6.52 0.15 2446 0.30 20.00 897 0.19 3365 0.36 24.00 11.47 0.23 43.03
0.09 5.67 1.77 0.05 6.65 0.17 11.33 412 0.11 1546 0.24 1567 6.57 0.15 2465 0.30 20.00 9.02 0.19 33.84 0.37 2433 11.52 0.23 43.21
0.10 6.33 1.82 0.06 6.84 0.17 11.33 417 0.11 1565 0.25 16.33 6.62 0.15 2483 0.31 20.33 9.07 0.19 34.03 0.38 25.00 11.58 0.23 43.43
0.10 6.33 1.87 0.06 7.02 0.17 11.33 4.22 0.11 1584 0.25 16.33 6.67 0.15 25.03 0.31 20.33 9.12 0.19 34.21 0.75 49.67 11.61 0.47 43.54
0.10 6.33 1.92 0.06 7.21 0.17 11.33 427 0.11 16.03 0.25 16.33 6.72 0.15 2521 0.31 20.33 9.17 0.19 3440 0.75 49.67 11.66 0.47 43.73
0.10 6.33 1.97 0.06 7.40 0.18 11.67 432 0.11 16.21 0.25 16.33 6.77 0.15 2540 0.31 20.67 9.22 0.19 3459 0.75 49.67 11.71 0.47 43.92
0.10 6.33 2.02 0.06 7.59 0.18 12.00 437 0.11 1640 025 16.33 6.82 0.15 2559 0.31 20.67 9.27 0.19 3478 0.75 49.67 11.76 0.47 44.10
0.11 7.00 2.07 0.07 7.77 0.18 12.00 4.42 0.11 16.59 0.25 16.33 6.87 0.15 2578 0.31 20.67 9.32 0.19 3496 0.75 49.67 11.81 0.47 44.29
0.11 7.00 2.12 0.07 7.97 0.18 12.00 4.47 0.11 16.78 025 16.33 6.92 0.15 2597 0.31 2067 937 0.19 3515 0.77 51.00 6.91 0.48 25.91

0.11 7.00 2.17 0.07 8.15 0.18 12.00 452 0.11 1696 0.25 16.67 6.97 0.16 26.15 0.31 2067 9.42 0.19 3534

0.11 7.00 2.22 0.07 8.33 0.18 12.00 457 0.11 17.15 0.26 17.00 7.02 0.16 26.33 0.32 21.00 9.47 0.20 35.53

0.11 7.00 2.27 0.07 8.53 0.19 1233 462 0.12 17.34 0.26 1700 7.07 0.16 26.53 0.32 21.00 9.52 0.20 35.71

0.11 7.33 2.32 0.07 8.72 0.19 1233 467 0.12 1752 0.26 1700 7.12 0.16 26.72 032 21.33 9.57 0.20 35.90

0.19 1267 472 0.12 17.72 0.26 17.00 7.17 0.16 2690 0.32 21.33 9.62 0.20 36.09

0.19 1267 477 0.12 1790 0.26 17.00 7.22 0.16 27.09 0.32 21.33 9.67 0.20 36.28

0.32 21.33 9.72 0.20 36.46

(23p.24y) amsoduo) azsoduion-Lopmod N 10f DIDJ 53], Sulpuag ulod-& Abpo6 -3z Xipuaddy

UDIAT Y pup Uoaprd ‘W-V

285002 (IZ0Z) ST SIPLLIDI] UONITLASUOD UL SIIPTIS 2SDD



A.-M. Gideon and R. Milan Case Studies in Construction Materials 15 (2021) e00582

Appendix 21- 28day Direct Tensile Test Data for NTOO-Composite Composite (Average)

Extension Load Strain Stress
(mm) (kN) (%) (MPa)

0.00 0.00 0.00 0.00 0.29 7.79 0.06 1.11
0.00 0.01 0.00 0.00 0.29 8.26 0.06 1.18
0.00 0.00 0.00 0.00 0.30 8.76 0.06 1.25
0.00 0.00 0.00 0.00 0.33 9.26 0.07 1.32
0.00 0.00 0.00 0.00 0.34 9.75 0.07 1.39
0.00 0.00 0.00 0.00 0.33 10.26 0.07 1.47
0.01 0.00 0.00 0.00 0.34 10.76 0.07 1.54
0.01 0.00 0.00 0.00 0.35 11.28 0.07 1.61
0.01 0.00 0.00 0.00 0.38 11.81 0.08 1.69
0.02 0.00 0.00 0.00 0.38 12.34 0.08 1.76
0.02 0.00 0.00 0.00 0.39 12.86 0.08 1.84
0.03 0.00 0.01 0.00 0.40 13.40 0.08 1.91
0.03 0.00 0.01 0.00 0.39 13.90 0.08 1.99
0.03 0.00 0.01 0.00 0.43 14.43 0.09 2.06
0.05 0.01 0.01 0.00 0.43 14.96 0.09 2.14
0.05 0.01 0.01 0.00 0.44 15.47 0.09 2.21
0.05 0.01 0.01 0.00 0.45 15.99 0.09 2.28
0.06 0.02 0.01 0.00 0.45 12.78 0.09 1.83
0.07 0.04 0.01 0.01 0.46 13.38 0.09 1.91
0.07 0.05 0.01 0.01 0.48 13.97 0.10 2.00
0.08 0.09 0.02 0.01 0.49 14.56 0.10 2.08
0.08 0.14 0.02 0.02 0.50 15.14 0.10 2.16
0.09 0.21 0.02 0.03 0.50 15.67 0.10 2.24
0.10 0.29 0.02 0.04 0.51 16.20 0.10 2.31
0.11 0.38 0.02 0.05 0.55 16.68 0.11 2.38
0.11 0.47 0.02 0.07 0.56 17.15 0.11 2.45
0.11 0.58 0.02 0.08 0.55 17.61 0.11 2.52
0.13 0.71 0.03 0.10 0.56 18.09 0.11 2.58
0.13 0.88 0.03 0.13 0.57 18.58 0.11 2.65
0.14 1.07 0.03 0.15 0.57 19.04 0.11 2.72
0.14 1.27 0.03 0.18 0.61 19.51 0.12 2.79
0.16 1.52 0.03 0.22 0.62 19.96 0.12 2.85
0.17 1.81 0.03 0.26 0.63 20.40 0.13 291
0.17 2.14 0.03 0.31 0.62 20.85 0.12 2.98
0.17 2.48 0.03 0.35 0.63 21.25 0.13 3.04
0.18 2.81 0.04 0.40 0.64 21.63 0.13 3.09
0.20 3.15 0.04 0.45 0.68 21.94 0.14 3.13
0.21 3.53 0.04 0.50 0.68 22.10 0.14 3.16
0.21 3.90 0.04 0.56 0.69 21.48 0.14 3.07
0.21 4.28 0.04 0.61

0.23 4.68 0.05 0.67

0.24 5.08 0.05 0.73

0.25 5.49 0.05 0.78

0.25 5.93 0.05 0.85

0.26 6.38 0.05 0.91

0.28 6.84 0.06 0.98

0.28 7.32 0.06 1.05

Appendix 2m- 28day Direct Tensile Test Data for NT0.5-Composite Composite (Average)

Extension Load Strain Stress

(mm) (kN) (%) (MPa)
0.00 0.00 0.00 0.00 0.02 5.67 0.04 0.81 0.04 11.74 0.07 1.68 0.05 16.81 0.10 2.40
0.00 0.02 0.00 0.00 0.02 5.77 0.04 0.82 0.04 11.85 0.07 1.69 0.05 16.88 0.10 2.41
0.00 0.03 0.01 0.00 0.02 5.90 0.04 0.84 0.04 11.97 0.07 1.71 0.05 16.92 0.10 2.42
0.00 0.04 0.01 0.01 0.02 5.95 0.05 0.85 0.04 12.20 0.08 1.74 0.05 17.08 0.10 2.44
0.00 0.06 0.01 0.01 0.02 6.18 0.05 0.88 0.04 12.37 0.08 1.77 0.05 17.19 0.10 2.46
0.00 0.10 0.01 0.01 0.02 6.24 0.05 0.89 0.04 12.42 0.08 1.77 0.05 17.27 0.10 2.47
0.01 0.14 0.01 0.02 0.02 6.41 0.05 0.92 0.04 12.49 0.08 1.78 0.05 17.39 0.11 2.48
0.01 0.17 0.01 0.02 0.02 6.53 0.05 0.93 0.04 12.54 0.08 1.79 0.05 17.44 0.11 2.49
0.01 0.25 0.01 0.04 0.03 6.64 0.05 0.95 0.04 12.66 0.08 1.81 0.05 17.51 0.11 2.50
0.01 0.61 0.01 0.09 0.03 6.70 0.05 0.96 0.04 12.75 0.08 1.82 0.05 17.58 0.11 2.51
0.01 0.76 0.01 0.11 0.03 6.90 0.05 0.99 0.04 12.89 0.08 1.84 0.05 17.66 0.11 2.52
0.01 0.81 0.01 0.12 0.03 6.93 0.05 0.99 0.04 13.06 0.08 1.87 0.06 17.71 0.11 2.53
0.01 1.02 0.01 0.15 0.03 7.10 0.05 1.01 0.04 13.17 0.08 1.88 0.06 17.88 0.11 2.55
0.01 1.09 0.02 0.16 0.03 7.27 0.05 1.04 0.04 12.34 0.08 1.76 0.06 17.91 0.11 2.56

(continued on next page)
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(continued)
Extension Load Strain Stress
(mm) (kN) (%) (MPa)
0.01 1.14 0.02 0.16 0.03 7.33 0.05 1.05 0.04 13.40 0.08 1.91 0.06 18.01 0.11 2.57
0.01 1.20 0.02 0.17 0.03 7.44 0.05 1.06 0.04 13.52 0.08 1.93 0.06 18.28 0.11 2.61
0.01 1.25 0.01 0.18 0.03 7.56 0.06 1.08 0.04 13.63 0.08 1.95 0.06 18.33 0.11 2.62
0.01 1.31 0.02 0.19 0.03 7.67 0.06 1.10 0.04 13.69 0.08 1.96 0.06 18.41 0.11 2.63
0.01 1.43 0.02 0.20 0.03 7.73 0.06 1.10 0.04 13.80 0.08 1.97 0.06 18.55 0.11 2.65
0.01 1.61 0.02 0.23 0.03 7.84 0.06 1.12 0.04 14.01 0.08 2.00 0.06 18.59 0.12 2.66
0.01 1.72 0.02 0.25 0.03 7.92 0.06 1.13 0.04 14.18 0.09 2.03 0.06 18.61 0.12 2.66
0.01 1.83 0.02 0.26 0.03 8.07 0.06 1.15 0.04 14.19 0.09 2.03 0.06 18.65 0.12 2.66
0.01 1.94 0.02 0.28 0.03 8.13 0.06 1.16 0.04 14.25 0.09 2.04 0.06 18.71 0.12 2.67
0.01 2.06 0.02 0.29 0.03 8.30 0.06 1.19 0.04 14.31 0.09 2.04 0.06 18.77 0.12 2.68
0.01 2.44 0.02 0.35 0.03 8.47 0.06 1.21 0.04 14.44 0.08 2.06 0.06 18.91 0.12 2.70
0.01 2.57 0.03 0.37 0.03 8.55 0.06 1.22 0.04 14.51 0.08 2.07 0.06 19.01 0.12 2.72
0.01 2.63 0.03 0.38 0.03 8.70 0.06 1.24 0.04 14.55 0.08 2.08 0.06 19.14 0.12 2.73
0.01 2.80 0.03 0.40 0.03 8.82 0.06 1.26 0.04 14.63 0.08 2.09 0.06 19.22 0.12 2.75
0.01 3.03 0.03 0.43 0.03 8.88 0.06 1.27 0.04 14.67 0.08 2.10 0.06 19.28 0.12 2.75
0.02 2.97 0.03 0.42 0.03 8.93 0.06 1.28 0.04 14.76 0.09 2.11 0.06 19.41 0.12 2.77
0.02 3.31 0.03 0.47 0.03 9.10 0.06 1.30 0.04 14.81 0.09 2.12 0.06 19.55 0.12 2.79
0.02 3.43 0.03 0.49 0.03 9.22 0.06 1.32 0.04 14.93 0.09 2.13 0.06 19.61 0.12 2.80
0.02 3.67 0.03 0.52 0.03 9.33 0.06 1.33 0.04 15.10 0.09 2.16 0.06 19.77 0.12 2.82
0.02 3.72 0.03 0.53 0.03 9.45 0.06 1.35 0.05 15.29 0.09 2.18 0.06 19.83 0.12 2.83
0.02 3.89 0.03 0.56 0.03 9.56 0.06 1.37 0.05 15.41 0.09 2.20 0.06 19.98 0.12 2.85
0.02 4.06 0.03 0.58 0.03 9.74 0.06 1.39 0.05 15.62 0.09 2.23 0.06 20.10 0.12 2.87
0.02 4.24 0.03 0.61 0.03 9.91 0.07 1.42 0.05 15.78 0.09 2.25 0.06 20.29 0.12 2.90
0.02 4.41 0.04 0.63 0.03 10.08 0.07 1.44 0.05 15.84 0.09 2.26 0.06 20.48 0.12 2.93
0.02 4.69 0.04 0.67 0.03 10.31 0.07 1.47 0.05 15.97 0.09 2.28 0.06 20.66 0.13 2.95
0.02 4.81 0.04 0.69 0.03 10.36 0.07 1.48 0.05 16.21 0.09 2.32 0.06 20.85 0.13 2.98
0.02 4.92 0.04 0.70 0.03 10.53 0.07 1.50 0.05 16.27 0.10 2.32 0.06 21.04 0.13 3.01
0.02 5.03 0.04 0.72 0.03 10.77 0.07 1.54 0.05 16.31 0.10 2.33 0.06 21.23 0.13 3.03
0.02 5.10 0.04 0.73 0.03 10.94 0.07 1.56 0.05 16.38 0.10 2.34 0.06 21.41 0.13 3.06
0.02 5.15 0.04 0.74 0.04 11.01 0.07 1.57 0.05 16.49 0.10 2.36 0.06 21.60 0.13 3.09
0.02 5.20 0.04 0.74 0.04 11.17 0.07 1.60 0.05 16.52 0.10 2.36 0.06 21.79 0.13 3.11
0.02 5.38 0.04 0.77 0.04 11.28 0.07 1.61 0.05 16.59 0.10 2.37 0.07 21.98 0.13 3.14
0.02 5.49 0.04 0.78 0.04 11.34 0.07 1.62 0.05 16.63 0.10 2.38 0.07 22.16 0.13 3.17
0.02 5.55 0.04 0.79 0.04 11.45 0.07 1.64 0.05 16.70 0.10 2.39 0.07 22.35 0.13 3.19
0.04 11.68 0.07 1.67 0.05 16.76 0.10 2.39 0.07 22.51 0.13 3.22
0.07 22.73 0.13 3.25 0.08 32.55 0.16 4.65 1.23 40.28 2.47 5.75 3.42 27.11 6.83 3.87
0.07 2291 0.13 3.27 0.08 32.86 0.16 4.69 1.25 40.36 2.50 5.77 3.43 27.01 6.87 3.86
0.07 23.10 0.13 3.30 0.08 33.18 0.16 4.74 1.64 40.54 3.29 5.79 3.45 26.99 6.90 3.86
0.07 23.28 0.13 3.33 0.08 33.23 0.16 4.75 1.67 40.57 3.35 5.80 3.47 26.94 6.93 3.85
0.07 23.48 0.13 3.35 0.08 33.60 0.16 4.80 1.79 40.63 3.58 5.80 3.48 26.87 6.97 3.84
0.07 23.67 0.13 3.38 0.08 33.79 0.16 4.83 1.89 40.71 3.78 5.82 3.50 26.76 7.00 3.82
0.07 23.86 0.13 3.41 0.08 33.98 0.16 4.85 1.91 40.78 3.82 5.83 3.52 26.55 7.03 3.79
0.07 24.04 0.14 3.43 0.08 34.19 0.16 4.88 2.02 40.84 4.04 5.83 3.53 26.53 7.07 3.79
0.07 24.23 0.14 3.46 0.08 34.34 0.16 4.91 2.00 40.91 4.00 5.84 3.55 26.44 7.10 3.78
0.07 24.60 0.14 3.51 0.08 34.56 0.16 4.94 2.23 40.98 4.46 5.85 3.57 26.01 7.13 3.72
0.07 25.17 0.14 3.60 0.08 34.77 0.16 4.97 2.33 41.22 4.66 5.89 3.58 25.88 7.17 3.70
0.07 25.36 0.14 3.62 0.08 34.91 0.16 4.99 2.35 41.28 4.70 5.90 3.60 25.86 7.20 3.69
0.07 24.79 0.14 3.54 0.08 35.10 0.17 5.01 2.41 41.34 4.82 5.91 3.62 25.78 7.23 3.68
0.07 24.98 0.14 3.57 0.08 35.29 0.17 5.04 2.47 40.39 4.94 5.77 3.63 25.65 7.27 3.66
0.07 25.54 0.14 3.65 0.08 35.66 0.17 5.09 2.53 40.01 5.07 5.72 3.65 25.61 7.30 3.66
0.07 25.73 0.14 3.68 0.08 35.88 0.17 5.13 2.58 39.98 5.15 5.71 3.67 25.59 7.33 3.66
0.07 25.92 0.14 3.70 0.09 35.93 0.17 5.13 2.61 39.86 5.22 5.69 3.68 25.41 7.37 3.63
0.07 26.44 0.14 3.78 0.09 36.11 0.17 5.16 2.66 39.57 5.32 5.65 3.70 25.30 7.40 3.61
0.07 26.65 0.14 3.81 0.09 36.23 0.17 5.18 2.72 39.21 5.43 5.60 3.72 25.21 7.43 3.60
0.07 26.84 0.14 3.83 0.09 36.44 0.18 5.21 2.77 39.01 5.54 5.57 3.73 25.01 7.47 3.57
0.07 26.11 0.14 3.73 0.09 36.55 0.18 5.22 2.83 38.91 5.66 5.56 3.75 24.98 7.50 3.57
0.07 26.39 0.15 3.77 0.09 36.71 0.18 5.24 2.89 38.67 5.78 5.52 3.77 24.81 7.53 3.54
0.07 27.01 0.15 3.86 0.09 36.78 0.18 5.25 2.92 38.23 5.84 5.46 3.78 24.78 7.57 3.54
0.07 27.13 0.15 3.88 0.09 36.82 0.18 5.26 2.98 37.89 5.96 5.41 3.80 24.67 7.60 3.52
0.07 27.42 0.15 3.92 0.09 36.86 0.18 5.27 3.00 37.61 6.00 5.37 3.82 24.55 7.63 3.51
0.07 27.61 0.15 3.94 0.09 37.09 0.18 5.30 3.02 37.11 6.03 5.30 3.83 24.43 7.67 3.49
0.07 27.79 0.15 3.97 0.09 37.22 0.19 5.32 3.03 36.54 6.07 5.22 3.85 24.31 7.70 3.47
0.07 28.18 0.15 4.03 0.09 36.89 0.19 5.27 3.05 36.01 6.10 5.14 3.87 24.22 7.73 3.46
0.07 28.26 0.15 4.04 0.09 37.25 0.19 5.32 3.07 35.22 6.13 5.03 3.88 24.15 7.77 3.45
0.08 28.54 0.15 4.08 0.10 36.91 0.19 5.27 3.08 35.02 6.17 5.00
0.08 29.15 0.15 4.16 0.10 37.33 0.19 5.33 3.10 34.78 6.20 4.97
0.08 29.33 0.15 4.19 0.10 37.41 0.19 5.34 3.12 34.38 6.23 4.91
0.08 28.73 0.15 4.10 0.10 37.55 0.20 5.36 3.13 34.13 6.27 4.88
0.08 28.91 0.15 4.13 1.00 37.66 2.00 5.38 3.15 33.21 6.30 4.74
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(continued)

Extension Load Strain Stress

(mm) (kN) (%) (MPa)
0.08 29.44 0.15 4.21 1.02 37.71 2.03 5.39 3.17 33.07 6.33 4.72
0.08 29.87 0.15 4.27 1.02 37.83 2.05 5.40 3.18 32.76 6.37 4.68
0.08 30.08 0.15 4.30 1.03 38.33 2.07 5.48 3.20 32.09 6.40 4.58
0.08 30.23 0.15 4.32 1.05 37.82 2.09 5.40 3.22 31.98 6.43 4.57
0.08 30.60 0.15 4.37 1.05 37.91 2.10 5.42 3.23 31.87 6.47 4.55
0.08 30.45 0.15 4.35 1.07 38.21 2.13 5.46 3.25 31.66 6.50 4.52
0.08 30.87 0.15 4.41 1.08 38.48 2.17 5.50 3.27 31.51 6.53 4.50
0.08 30.97 0.15 4.42 1.10 38.51 2.20 5.50 3.28 31.01 6.57 4.43
0.08 31.18 0.16 4.45 1.12 38.56 2.23 5.51 3.30 29.89 6.60 4.27
0.08 31.37 0.16 4.48 1.13 38.66 2.27 5.52 3.32 29.77 6.63 4.25
0.08 31.63 0.16 4.52 1.15 38.71 2.30 5.53 3.33 29.54 6.67 4.22
0.08 31.77 0.16 4.54 1.17 38.77 2.33 5.54 3.35 29.22 6.70 4.17
0.08 31.98 0.16 4.57 1.18 38.81 2.37 5.54 3.37 28.10 6.73 4.01
0.08 32.13 0.16 4.59 1.20 38.99 2.40 5.57 3.38 27.88 6.77 3.98
0.08 32.42 0.16 4.63 1.22 40.21 2.43 5.74 3.40 27.33 6.80 3.90

Appendix 2p- 28day Direct Tensile Test Data for NT1.0-Composite Composite (Average)

Extension Load Strain Stress
(mm) (kN) (%) (MPa)
0.000 0.00 0.00 0.00 0.024 4.82 0.05 0.69 0.060 9.98 0.12 1.43 0.362 14.29 0.72 2.04
0.000 0.03 0.00 0.00 0.024 4.91 0.05 0.70 0.068 10.07 0.14 1.44 0.365 14.35 0.73 2.05
0.000 0.07 0.00 0.01 0.024 5.01 0.05 0.72 0.072 10.17 0.14 1.45 0.367 14.38 0.73 2.05
0.000 0.13 0.00 0.02 0.024 5.06 0.05 0.72 0.078 10.37 0.16 1.48 0.372 14.52 0.74 2.07
0.000 0.20 0.00 0.03 0.024 5.25 0.05 0.75 0.083 10.51 0.17 1.50 0.375 14.61 0.75 2.09
0.000 0.25 0.00 0.04 0.024 5.30 0.05 0.76 0.085 10.56 0.17 1.51 0.381 14.68 0.76 2.10
0.000 0.32 0.00 0.05 0.024 5.44 0.05 0.78 0.091 10.62 0.18 1.52 0.384 14.78 0.77 2.11
0.000 0.36 0.00 0.05 0.024 5.55 0.05 0.79 0.100 10.66 0.20 1.52 0.387 14.82 0.77 2.12
0.000 0.41 0.00 0.06 0.024 5.64 0.05 0.81 0.116 10.76 0.23 1.54 0.401 14.88 0.80 2.13
0.000 0.44 0.00 0.06 0.024 5.69 0.05 0.81 0.118 10.84 0.24 1.55 0.415 14.94 0.83 2.13
0.000 0.51 0.00 0.07 0.024 5.86 0.05 0.84 0.138 10.96 0.28 1.57 0.418 15.01 0.84 2.14
0.010 0.58 0.02 0.08 0.024 5.89 0.05 0.84 0.141 11.10 0.28 1.59 0.422 15.05 0.84 2.15
0.015 0.61 0.03 0.09 0.024 6.04 0.05 0.86 0.152 11.19 0.30 1.60 0.427 15.20 0.85 2.17
0.020 0.66 0.04 0.09 0.024 6.18 0.05 0.88 0.158 10.49 0.32 1.50 0.430 15.22 0.86 2.17
0.020 0.86 0.04 0.12 0.024 6.23 0.05 0.89 0.164 11.39 0.33 1.63 0.438 15.31 0.88 2.19
0.020 0.90 0.04 0.13 0.024 6.32 0.05 0.90 0.169 11.49 0.34 1.64 0.440 15.54 0.88 2.22
0.020 0.94 0.04 0.13 0.024 6.43 0.05 0.92 0.171 11.59 0.34 1.66 0.443 15.58 0.89 2.23
0.020 0.98 0.04 0.14 0.024 6.52 0.05 0.93 0.173 11.64 0.35 1.66 0.449 15.65 0.90 2.24
0.020 1.07 0.04 0.15 0.024 6.57 0.05 0.94 0.175 11.73 0.35 1.68 0.452 15.77 0.90 2.25
0.021 1.20 0.04 0.17 0.024 6.66 0.05 0.95 0.179 11.91 0.36 1.70 0.458 15.80 0.92 2.26
0.021 1.37 0.04 0.20 0.024 6.73 0.05 0.96 0.180 12.05 0.36 1.72 0.461 15.82 0.92 2.26
0.021 1.46 0.04 0.21 0.024 6.86 0.05 0.98 0.182 12.06 0.36 1.72 0.461 15.85 0.92 2.26
0.021 1.55 0.04 0.22 0.024 6.91 0.05 0.99 0.188 12.11 0.38 1.73 0.462 15.90 0.92 2.27
0.021 1.65 0.04 0.24 0.025 7.06 0.05 1.01 0.213 12.16 0.43 1.74 0.462 15.95 0.92 2.28
0.021 1.95 0.04 0.28 0.025 7.20 0.05 1.03 0.218 12.27 0.44 1.75 0.463 16.07 0.93 2.30
0.022 2.06 0.04 0.29 0.025 7.27 0.05 1.04 0.220 12.33 0.44 1.76 0.464 16.16 0.93 2.31
0.230 2.11 0.46 0.30 0.025 7.40 0.05 1.06 0.224 12.37 0.45 1.77 0.464 16.27 0.93 2.32
0.023 2.24 0.05 0.32 0.025 7.49 0.05 1.07 0.229 12.44 0.46 1.78 0.465 16.34 0.93 2.33
0.023 2.42 0.05 0.35 0.025 7.54 0.05 1.08 0.230 12.47 0.46 1.78 0.466 16.39 0.93 2.34
0.023 2.38 0.05 0.34 0.025 7.59 0.05 1.08 0.241 12.55 0.48 1.79 0.466 16.50 0.93 2.36
0.023 2.82 0.05 0.40 0.025 7.74 0.05 1.11 0.248 12.59 0.50 1.80 0.467 16.62 0.93 2.37
0.023 291 0.05 0.42 0.025 7.84 0.05 1.12 0.251 12.69 0.50 1.81 0.467 16.67 0.93 2.38
0.023 3.12 0.05 0.45 0.025 7.93 0.05 1.13 0.256 12.84 0.51 1.83 0.467 16.80 0.93 2.40
0.023 3.16 0.05 0.45 0.025 8.03 0.05 1.15 0.259 13.00 0.52 1.86 0.468 16.86 0.94 2.41
0.023 3.31 0.05 0.47 0.025 8.13 0.05 1.16 0.300 13.10 0.60 1.87 0.468 16.98 0.94 2.43
0.023 3.45 0.05 0.49 0.025 8.28 0.05 1.18 0.312 13.28 0.62 1.90 0.472 17.09 0.94 2.44
0.023 3.60 0.05 0.51 0.025 8.42 0.05 1.20 0.314 13.41 0.63 1.92 0.474 17.25 0.95 2.46
0.023 3.75 0.05 0.54 0.032 8.57 0.06 1.22 0.318 13.46 0.64 1.92 0.478 17.41 0.96 2.49
0.023 3.99 0.05 0.57 0.032 8.76 0.06 1.25 0.319 13.57 0.64 1.94 0.482 17.56 0.96 2.51
0.023 4.09 0.05 0.58 0.032 8.81 0.06 1.26 0.322 13.78 0.64 1.97 0.488 17.72 0.98 2.53
0.023 4.18 0.05 0.60 0.032 8.95 0.06 1.28 0.324 13.83 0.65 1.98 0.501 17.88 1.00 2.55
0.024 4.28 0.05 0.61 0.032 9.15 0.06 1.31 0.326 13.86 0.65 1.98 0.511 18.05 1.02 2.58
0.024 4.33 0.05 0.62 0.040 9.30 0.08 1.33 0.331 13.92 0.66 1.99 0.518 18.20 1.04 2.60
0.024 4.38 0.05 0.63 0.048 9.36 0.10 1.34 0.338 14.02 0.68 2.00 0.520 18.36 1.04 2.62
0.024 4.42 0.05 0.63 0.055 9.49 0.11 1.36 0.345 14.04 0.69 2.01 0.520 18.52 1.04 2.65
0.024 4.57 0.05 0.65 0.058 9.59 0.12 1.37 0.348 14.10 0.70 2.01 0.520 18.68 1.04 2.67
0.024 4.67 0.05 0.67 0.060 9.64 0.12 1.38 0.353 14.14 0.71 2.02 0.520 18.84 1.04 2.69
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Extension Load Strain Stress

(mm) (kN) (%) (MPa)

0.024 4.72 0.05 0.67 0.060 9.73 0.12 1.39 0.355 14.20 0.71 2.03 0.520 19.00 1.04 271
0.060 9.93 0.12 1.42 0.358 14.25 0.72 2.04 0.520 19.13 1.04 2.73

0.522 19.32 1.04 2.76 0.816 27.67 1.63 3.95 1.600 34.24 3.20 4.89 3.592 23.04 7.18 3.29

0.522 19.47 1.04 2.78 0.816 27.93 1.63 3.99 1.650 34.31 3.30 4.90 3.592 22.96 7.18 3.28

0.522 19.64 1.04 2.81 0.816 28.20 1.63 4.03 1.820 34.46 3.64 4.92 3.592 22.94 7.18 3.28

0.522 19.79 1.04 2.83 0.816 28.25 1.63 4.04 2.080 34.48 4.16 4.93 3.612 22.90 7.22 3.27

0.522 19.96 1.04 2.85 0.816 28.56 1.63 4.08 2.180 34.54 4.36 4.93 3.612 22.84 7.22 3.26

0.522 20.12 1.04 2.87 0.816 28.72 1.63 4.10 2.250 34.60 4.50 4.94 3.612 22.75 7.22 3.25

0.526 20.28 1.05 2.90 0.882 28.88 1.76 4.13 2.350 34.66 4.70 4.95 3.612 22.57 7.22 3.22

0.526 20.43 1.05 2.92 0.882 29.06 1.76 4.15 2.380 34.71 4.76 4.96 3.624 22.55 7.25 3.22

0.526 20.60 1.05 2.94 0.882 29.19 1.76 4.17 2.420 34.77 4.84 4.97 3.624 22.47 7.25 3.21

0.526 20.91 1.05 2.99 0.882 29.38 1.76 4.20 2.460 34.83 4.92 4.98 3.624 22.11 7.25 3.16

0.526 21.39 1.05 3.06 0.882 29.55 1.76 4.22 2.480 35.04 4.96 5.01 3.624 22.00 7.25 3.14

0.526 21.56 1.05 3.08 0.882 29.67 1.76 4.24 2.520 35.09 5.04 5.01 3.626 21.98 7.25 3.14

0.530 21.07 1.06 3.01 0.893 29.84 1.79 4.26 2.760 35.14 5.52 5.02 3.626 21.91 7.25 3.13

0.530 21.23 1.06 3.03 0.893 30.00 1.79 4.29 2.830 34.33 5.66 4.90 3.626 21.80 7.25 3.11

0.530 21.71 1.06 3.10 0.893 30.31 1.79 4.33 2.940 34.01 5.88 4.86 3.626 21.77 7.25 3.11

0.530 21.87 1.06 3.12 0.893 30.50 1.79 4.36 3.200 33.98 6.40 4.85 3.626 21.75 7.25 3.11

0.530 22.03 1.06 3.15 0.893 30.54 1.79 4.36 3.220 33.88 6.44 4.84 3.626 21.60 7.25 3.09

0.530 22.47 1.06 3.21 0.893 30.69 1.79 4.38 3.240 33.63 6.48 4.80 3.628 21.51 7.26 3.07

0.552 22.65 1.10 3.24 0.893 30.80 1.79 4.40 3.260 33.33 6.52 4.76 3.628 21.43 7.26 3.06

0.552 22.81 1.10 3.26 0.912 30.97 1.82 4.42 3.270 33.16 6.54 4.74 3.628 21.26 7.26 3.04

0.552 22.19 1.10 3.17 0.912 31.07 1.82 4.44 3.320 33.07 6.64 4.72 3.628 21.23 7.26 3.03

0.552 22.43 1.10 3.20 0.912 31.20 1.82 4.46 3.340 32.87 6.68 4.70 3.628 21.09 7.26 3.01

0.552 22.96 1.10 3.28 0.912 31.26 1.82 4.47 3.380 32.50 6.76 4.64 3.628 21.06 7.26 3.01

0.552 23.06 1.10 3.29 0.912 31.30 1.82 4.47 3.420 32.21 6.84 4.60 3.631 20.97 7.26 3.00

0.552 23.31 1.10 3.33 1.150 31.33 2.30 4.48 3.450 31.97 6.90 4.57 3.631 20.87 7.26 2.98

0.610 23.47 1.22 3.35 1.150 31.53 2.30 4.50 3.520 31.54 7.04 4.51 3.631 20.77 7.26 2,97

0.610 23.62 1.22 3.37 1.150 31.64 2.30 4.52 3.550 31.06 7.10 4.44 3.635 20.66 7.27 2.95

0.610 23.95 1.22 3.42 1.150 31.36 2.30 4.48 3.570 30.61 7.14 4.37 3.635 20.59 7.27 2.94

0.610 24.02 1.22 3.43 1.150 31.66 2.30 4.52 3.571 29.94 7.14 4.28 3.635 20.53 7.27 2,93

0.610 24.26 1.22 3.47 1.150 31.37 2.30 4.48 3.572 29.77 7.14 4.25

0.610 24.78 1.22 3.54 1.220 31.73 2.44 4.53 3.573 29.56 7.15 4.22

0.610 24.93 1.22 3.56 1.220 31.80 2.44 4.54 3.754 29.22 7.51 4.17

0.660 24.42 1.32 3.49 1.220 31.92 2.44 4.56 3.575 29.01 7.15 4.14

0.660 24.57 1.32 3.51 1.220 32.01 2.44 4.57 3.582 28.23 7.16 4.03

0.660 25.02 1.32 3.57 1.220 32.05 2.44 4.58 3.582 28.11 7.17 4.02

0.660 25.39 1.32 3.63 1.220 32.16 2.44 4.59 3.582 27.85 7.16 3.98

0.660 25.57 1.32 3.65 1.220 32.58 2.44 4.65 3.582 27.28 7.18 3.90

0.660 25.70 1.32 3.67 1.260 32.15 2.52 4.59 3.583 27.18 7.18 3.88

0.680 26.01 1.36 3.72 1.320 32.22 2.64 4.60 3.583 27.09 7.18 3.87

0.680 25.88 1.36 3.70 1.342 32.48 2.68 4.64 3.583 26.91 7.18 3.84

0.680 26.24 1.36 3.75 1.350 32.71 2.70 4.67 3.583 26.78 7.18 3.83

0.680 26.32 1.36 3.76 1.360 32.73 2.72 4.68 3.583 26.36 7.18 3.77

0.680 26.50 1.36 3.79 1.380 32.78 2.76 4.68 3.585 25.41 7.17 3.63

0.680 26.66 1.36 3.81 1.400 32.86 2.80 4.69 3.585 25.30 7.17 3.61

0.712 26.89 1.42 3.84 1.410 32.90 2.82 4.70 3.585 25.11 7.17 3.59

0.712 27.00 1.42 3.86 1.420 32.95 2.84 4.71 3.585 24.84 7.17 3.55

0.712 27.18 1.42 3.88 1.430 32.99 2.86 4.71 3.592 23.89 7.18 3.41

0.712 27.31 1.42 3.90 1.440 33.14 2.88 4.73 3.592 23.70 7.18 3.39

0.712 27.56 1.42 3.94 1.550 34.18 3.10 4.88 3.592 23.23 7.18 3.32

Appendix 2q- 28day Direct Tensile Test Data for NTpowder-Composite Composite (Average)

Extension Load Strain Stress

(mm) (kN) (%) (MPa)
0.00 0.00 0.00 0.00 2.45 0.51 1.02 0.35 10.24 0.93 1.86 1.46 16.45 1.18 2.36 2.35
0.11 0.00 0.00 0.02 2.55 0.52 1.05 0.36 10.26 0.93 1.86 1.47 16.54 1.18 2.37 2.36
0.11 0.00 0.00 0.02 2.61 0.54 1.07 0.37 10.47 0.94 1.88 1.50 16.65 1.19 2.37 2.38
0.18 0.10 0.20 0.03 2.78 0.55 1.10 0.40 10.64 0.95 1.90 1.52 16.77 1.19 2.38 2.40
0.17 0.10 0.20 0.03 2.95 0.56 1.13 0.42 10.62 0.96 1.91 1.52 16.88 1.20 2.39 2.41
0.27 0.11 0.23 0.04 3.07 0.58 1.16 0.44 11.04 0.96 1.93 1.58 17.00 1.20 2.40 2.43
0.17 0.11 0.23 0.02 3.30 0.60 1.20 0.47 11.09 0.97 1.94 1.58 17.11 1.20 2.41 2.44
0.27 0.11 0.23 0.04 3.47 0.62 1.23 0.50 11.20 0.97 1.94 1.60 17.17 1.21 2.41 2.45
0.32 0.11 0.23 0.05 3.58 0.66 1.31 0.51 11.38 0.98 1.96 1.63 17.28 1.21 2.42 2.47
0.38 0.11 0.23 0.05 3.64 0.66 1.31 0.52 11.55 0.99 1.98 1.65 17.38 1.21 2.43 2.48
0.39 0.12 0.23 0.06 3.76 0.66 1.32 0.54 11.78 1.00 1.99 1.68 17.42 1.22 2.43 2.49

(continued on next page)
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(continued)
Extension Load Strain Stress
(mm) (kN) (%) (MPa)

0.44 0.12 0.24 0.06 3.87 0.66 1.32 0.55 12.07 1.01 2.02 1.72 17.57 1.22 2.44 2.51
0.49 0.12 0.24 0.07 4.04 0.66 1.32 0.58 12.24 1.02 2.03 1.75 17.68 1.22 2.45 2.53
0.55 0.20 0.40 0.08 4.10 0.67 1.33 0.59 12.53 1.02 2.04 1.79 17.79 1.23 2.45 2.54
0.67 0.22 0.44 0.10 4.28 0.68 1.35 0.61 12.59 1.03 2.06 1.80 17.91 1.23 2.47 2.56
0.67 0.25 0.50 0.10 4.45 0.68 1.37 0.64 12.81 1.04 2.08 1.83 18.02 1.24 2.47 2.57
0.78 0.26 0.53 0.11 4.56 0.69 1.38 0.65 13.10 1.05 2.10 1.87 18.09 1.24 2.48 2.58
0.84 0.33 0.66 0.12 4.74 0.70 1.39 0.68 13.33 1.06 2.12 1.90 18.26 1.24 2.49 2.61
0.90 0.36 0.72 0.13 4.91 0.71 1.41 0.70 13.61 1.07 2.14 1.94 18.37 1.25 2.50 2.62
0.95 0.38 0.76 0.14 5.02 0.71 1.42 0.72 13.73 1.08 2.15 1.96 18.48 1.25 2.50 2.64
1.01 0.39 0.79 0.14 5.19 0.72 1.44 0.74 13.84 1.08 2.16 1.98 18.60 1.26 2.51 2.66
1.10 0.40 0.79 0.16 5.31 0.72 1.45 0.76 13.90 1.08 2.17 1.99 18.72 1.26 2.52 2.67
1.18 0.31 0.62 0.17 5.42 0.73 1.45 0.77 13.94 1.08 217 1.99 18.77 1.26 2.52 2.68
1.24 0.34 0.67 0.18 5.54 0.73 1.46 0.79 13.96 1.09 2.17 1.99 18.89 1.27 2.53 2.70
1.29 0.35 0.69 0.18 5.76 0.73 1.47 0.82 14.02 1.09 2.18 2.00 19.00 1.27 2.54 2.71
1.24 0.35 0.69 0.18 5.94 0.74 1.48 0.85 14.07 1.09 2.18 2.01 19.06 1.27 2.54 2.72
1.30 0.35 0.70 0.19 6.11 0.76 1.51 0.87 14.19 1.09 2.19 2.03 19.17 1.28 2.55 2.74
1.18 0.36 0.72 0.17 6.28 0.76 1.53 0.90 14.30 1.10 2.20 2.04 19.34 1.28 2.56 2.76
1.24 0.36 0.72 0.18 6.40 0.77 1.54 0.91 14.36 1.10 2.20 2.05 19.40 1.28 2.56 2.77
1.18 0.36 0.72 0.17 6.51 0.77 1.55 0.93 14.47 1.11 2.21 2.07 19.51 1.29 2.57 2.79
1.36 0.36 0.72 0.19 6.68 0.78 1.56 0.95 14.59 1.11 2.22 2.08 19.68 1.29 2.59 2.81
1.41 0.37 0.73 0.20 6.80 0.79 1.57 0.97 14.70 1.11 2.23 2.10 19.86 1.30 2.60 2.84
1.24 0.37 0.74 0.18 6.92 0.79 1.58 0.99 14.82 1.12 2.24 2.12 19.97 1.30 2.61 2.85
1.47 0.38 0.75 0.21 7.03 0.80 1.59 1.00 14.87 1.12 2.24 212 20.06 1.31 2.62 2.87
1.53 0.39 0.77 0.22 7.37 0.81 1.62 1.05 14.99 1.12 2.24 2.14 19.50 1.32 2.63 2.79
1.64 0.40 0.81 0.23 7.54 0.82 1.63 1.08 15.10 1.13 2.26 2.16 19.80 1.32 2.64 2.83
1.70 0.41 0.82 0.24 7.77 0.83 1.65 1.11 15.16 1.13 2.26 217 19.92 1.32 2.64 2.85
1.76 0.42 0.84 0.25 8.06 0.84 1.68 1.15 15.22 1.13 2.27 2.17 19.97 1.32 2.65 2.85
1.81 0.43 0.85 0.26 8.29 0.85 1.69 1.18 15.33 1.14 2.28 2.19 20.09 1.33 2.66 2.87
1.87 0.44 0.87 0.27 8.46 0.85 1.71 1.21 15.42 1.14 2.28 2.20 20.14 1.41 2.82 2.88
1.93 0.44 0.89 0.28 8.69 0.86 1.72 1.24 15.50 1.15 2.29 2.21

1.98 0.45 0.90 0.28 8.80 0.87 1.74 1.26 15.68 1.15 2.30 2.24

2.04 0.46 0.92 0.29 9.03 0.88 1.76 1.29 15.73 1.15 2.31 2.25

2.10 0.47 0.93 0.30 9.14 0.88 1.77 1.31 15.85 1.16 2.31 2.26

2.15 0.47 0.95 0.31 9.32 0.89 1.78 1.33 15.91 1.16 2.32 2.27

2.33 0.50 0.99 0.33 9.43 0.90 1.79 1.35 16.08 1.17 2.33 2.30

2.39 0.51 1.01 0.34 9.55 0.90 1.80 1.36 16.14 1.17 2.34 2.31

9.84 0.91 1.83 1.41 16.25 1.17 2.34 2.32
10.06 0.93 1.85 1.44 16.31 1.17 2.35 2.33

Appendix 2r- 90day Direct Tensile Test Data for NTOO-Composite Composite (Average)

Extension Load Strain Stress
(mm) (kN) (%) (MPa)
0.00 0.00 0.00 0.00 0.24 7.90 0.05 1.13
0.08 0.00 0.02 0.00 0.24 8.36 0.05 1.19
0.08 0.00 0.02 0.00 0.24 8.82 0.05 1.26
0.09 0.00 0.02 0.00 0.25 9.25 0.05 1.32
0.10 0.14 0.02 0.02 0.25 9.71 0.05 1.39
0.11 0.18 0.02 0.03 0.25 10.15 0.05 1.45
0.12 0.20 0.02 0.03 0.25 10.58 0.05 1.51
0.12 0.21 0.02 0.03 0.25 11.02 0.05 1.57
0.13 0.22 0.03 0.03 0.26 11.45 0.05 1.64
0.13 0.22 0.03 0.03 0.26 11.85 0.05 1.69
0.14 0.23 0.03 0.03 0.26 12.26 0.05 1.75
0.14 0.23 0.03 0.03 0.26 12.66 0.05 1.81
0.14 0.23 0.03 0.03 0.26 13.04 0.05 1.86
0.15 0.24 0.03 0.03 0.27 13.42 0.05 1.92
0.15 0.24 0.03 0.03 0.27 13.80 0.05 1.97
0.15 0.24 0.03 0.03 0.27 14.16 0.05 2.02
0.16 0.24 0.03 0.03 0.27 14.50 0.05 2.07
0.16 0.25 0.03 0.04 0.27 14.85 0.05 2.12
0.16 0.25 0.03 0.04 0.27 15.18 0.05 2.17
0.17 0.25 0.03 0.04 0.28 15.50 0.06 2.21
0.17 0.25 0.03 0.04 0.28 15.82 0.06 2.26
0.18 0.26 0.04 0.04 0.28 16.14 0.06 2.31
0.18 0.27 0.04 0.04 0.28 16.45 0.06 2.35
0.18 0.28 0.04 0.04 0.28 16.75 0.06 2.39
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(continued)
Extension Load Strain Stress
(mm) (kN) (%) (MPa)
0.18 0.29 0.04 0.04 0.29 17.06 0.06 2.44
0.19 0.39 0.04 0.06 0.29 17.36 0.06 2.48
0.19 0.55 0.04 0.08 0.29 17.68 0.06 2.53
0.19 0.73 0.04 0.10 0.29 17.99 0.06 2.57
0.20 0.94 0.04 0.13 0.29 18.32 0.06 2.62
0.20 1.16 0.04 0.17 0.29 18.66 0.06 2.67
0.20 1.41 0.04 0.20 0.30 19.02 0.06 2.72
0.21 1.67 0.04 0.24 0.30 19.38 0.06 2.77
0.21 1.96 0.04 0.28 0.30 19.79 0.06 2.83
0.21 2.26 0.04 0.32 0.30 20.22 0.06 2.89
0.21 2.59 0.04 0.37 0.30 20.68 0.06 2.95
0.22 2.92 0.04 0.42 0.30 21.18 0.06 3.03
0.22 3.28 0.04 0.47 0.31 21.72 0.06 3.10
0.22 3.65 0.04 0.52
0.22 4.04 0.04 0.58
0.22 4.44 0.04 0.63
0.23 4.85 0.05 0.69
0.23 5.25 0.05 0.75
0.23 5.69 0.05 0.81
0.23 6.12 0.05 0.87
0.23 6.56 0.05 0.94
0.24 7.02 0.05 1.00
0.24 7.46 0.05 1.07

Appendix 2s- 90day Direct Tensile Test Data for NTO0.5-Composite Composite (Average)

Extension Load Strain Stress

(mm) (kN) (%) (MPa)
0.00 0.000 0.00 0.00 5.55 0.003 001 079 11.71  0.003  0.01 1.67 16.63  0.003 0.01 2.38
0.05 0.000 0.00 0.01 5.68 0.003 001 081 11.79  0.003  0.01 1.68 16.69  0.003 0.01 2.38
0.05 0.001 0.00 0.01 5.78 0.003 001 083 11.93 0.003 0.01 1.70  16.77  0.003 0.01 2.40
0.05 0.001 0.00 0.01 5.93 0.003 001 085 1207 0.003 0.01 1.72  16.84  0.003 0.01 2.41
0.06 0.003 0.01 0.01 5.96 0.003 001 085 1231  0.003 0.01 1.76  17.02  0.003 0.01 2.43
0.10 0.003 0.01 0.01 6.18 0.003 001 088 1249 0.003 0.01 1.78 17.12  0.003 0.01 2.45
0.13 0.003 0.01 0.02 6.23 0.003 001 0.89 1249 0.003 0.01 1.78 17.16  0.003 0.01 2.45
0.17 0.003 0.01 0.02 6.39 0.003 001 091 12.61  0.003  0.01 1.80 17.25  0.004 0.01 2.46
0.25 0.003 0.01 0.04 6.52 0.003 001 093 1264 0.003 0.01 1.81 17.32  0.003 0.01 2.47
0.63 0.003 0.01 0.09 6.64 0.003 001 095 1278  0.003  0.01 1.83 17.40  0.003 0.01 2.49
0.75 0.003 0.01 0.11 6.69 0.003 001 096 1285 0.003 0.01 1.84 1746  0.004 0.01 2.49
0.79 0.003 0.01 0.11 6.89 0.003 001 098 13.01 0.003 0.01 1.86 17.52  0.003 0.01 2.50
1.02 0.003 0.01 0.15 6.92 0.003 001 099 1319 0.003 0.01 1.88  20.17  0.004 0.01 2.88
1.08 0.003 0.01 0.15 7.12 0.003  0.01 1.02 1332 0.003  0.01 1.90 17.88  0.004 0.01 2.55
1.13 0.003 0.01 0.16 7.26 0.003  0.01 1.04 1250 0.003  0.01 1.79 17.91  0.004 0.01 2.56
1.19 0.003 0.01 0.17 7.32 0.003  0.01 1.05 1359  0.003  0.01 1.94 18.01  0.004 0.01 2.57
1.23 0.002 0.00 0.18 7.44 0.003  0.01 1.06 13.72  0.003  0.01 1.96  18.28  0.004 0.01 2.61
1.31 0.003 0.01 0.19 7.57 0.003  0.01 1.08 13.85 0.003  0.01 1.98 1837  0.004 0.01 2.62
1.43 0.003 0.01 0.20 7.67 0.003  0.01 1.10  13.94  0.003  0.01 1.99 1841  0.004 0.01 2.63
1.60 0.002 0.00 0.23 7.73 0.003  0.01 1.10 14.07 0.003 0.01 201 1860  0.004 0.01 2.66
1.72 0.003 0.01 0.25 7.84 0.003  0.01 1.12 1431  0.003 0.01 2.04 1867  0.004 0.01 2.67
1.81 0.002 0.00 0.26 7.94 0.003  0.01 1.13 1447 0.003 0.01 207 1874  0.004 0.01 2.68
1.96 0.002 0.00 0.28 8.04 0.003  0.01 1.15 1449  0.003 0.01 207 1883  0.004 0.01 2.69
2.08 0.003 0.01 0.30 8.13 0.003  0.01 1.16 1457 0.003 0.01 2.08 1895  0.004 0.01 2.71
2.43 0.003 0.01 0.35 8.31 0.003  0.01 1.19 1465 0.003 0.01 2,09 19.06  0.006 0.01 2.72
2.57 0.003 0.01 0.37 8.52 0.003  0.01 1.22 1444  0.003 0.01 206 1917  0.006 0.01 2.74
2.62 0.003 0.01 0.37 8.55 0.003  0.01 1.22 1453  0.003 0.01 2.08 1928  0.006 0.01 2.75
2.81 0.003 0.01 0.40 8.68 0.003  0.01 1.24 1455 0.003 0.01 2.08 1940  0.006 0.01 2.77
3.03 0.003 0.01 0.43 8.79 0.003  0.01 126 1463  0.003 0.01 2.09 1951  0.006 0.01 2.79
2.96 0.003 0.01 0.42 8.91 0.003  0.01 127 1467 0.003 0.01 210 19.62  0.006 0.01 2.80
3.32 0.003 0.01 0.47 8.93 0.003  0.01 1.28 1476  0.003 0.01 211 19.74  0.006 0.01 2.82
3.42 0.003 0.01 0.49 9.10 0.003  0.01 1.30 1481  0.003 0.01 212 19.85  0.006 0.01 2.84
3.64 0.003 0.01 0.52 9.20 0.003  0.01 1.31 1490 0.003 0.01 213 1996  0.006 0.01 2.85
3.71 0.003 0.01 0.53 9.33 0.003  0.01 1.33 1510 0.003 0.01 216 20.07 0.006 0.01 2.87
3.90 0.003 0.01 0.56 9.45 0.003  0.01 1.35 1529  0.003 0.01 218 2019  0.006 0.01 2.88
4.07 0.003 0.01 0.58 9.56 0.003  0.01 1.37 1541  0.003 0.01 220 2030 0.006 0.01 2.90
4.25 0.003 0.01 0.61 9.73 0.003  0.01 1.39 1562 0.003 0.01 223 17.52  0.006 0.01 2.50
4.39 0.003 0.01 0.63 9.91 0.003  0.01 142 1578 0.003 0.01 225 2052  0.007 0.01 2.93
4.71 0.003 0.01 0.67 10.08  0.003  0.01 1.44 1584 0.003 0.01 226 20.64  0.007 0.01 2.95
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(continued)

Extension Load Strain Stress

(mm) (kN) (%) (MPa)
4.80 0.003 0.01 0.69 10.31 0.003 0.01 1.47 15.97 0.003 0.01 2.28 20.75 0.007 0.01 2.96
4.91 0.003 0.01 0.70 10.36 0.003 0.01 1.48 16.21 0.003 0.01 2.32 20.86 0.007 0.01 2.98
5.98 0.003 0.01 0.85 10.53 0.003 0.01 1.50 16.28 0.003 0.01 2.33 20.97 0.007 0.01 3.00
5.05 0.003 0.01 0.72 10.77 0.003 0.01 1.54 16.32 0.003 0.01 2.33 21.09 0.007 0.01 3.01
5.12 0.003 0.01 0.73 10.94 0.003 0.01 1.56 16.40 0.003 0.01 2.34 21.20 0.007 0.01 3.03
5.19 0.003 0.01 0.74 11.01 0.003 0.01 1.57 16.38 0.003 0.01 2.34 21.31 0.007 0.01 3.04
5.36 0.003 0.01 0.77 11.18 0.003 0.01 1.60 16.39 0.003 0.01 2.34 21.42 0.007 0.01 3.06
5.50 0.003 0.01 0.79 11.31 0.003 0.01 1.62 16.41 0.003 0.01 2.34 21.54 0.007 0.01 3.08
11.37 0.003 0.01 1.62 16.47 0.003 0.01 2.35 21.65 0.007 0.01 3.09
11.48 0.003 0.01 1.64 16.58 0.003 0.01 2.37 21.77 0.007 0.01 3.11
21.88 0.007 0.01 3.13 30.71 1.88 3.76 4.39 36.86 2.380 4.76 5.27 43.29 4.410 8.82 6.18
21.99 0.007 0.01 3.14 30.88 1.92 3.84 4.41 36.91 2.390 4.78 5.27 43.56 4.460 8.92 6.22
22.10 0.007 0.01 3.16 30.91 2.01 4.02 4.42 36.98 2.430 4.86 5.28 43.66 4.478 8.96 6.24
22.22 0.007 0.01 3.17 30.98 2.11 4.22 4.43 37.19 2.450 4.90 5.31 43.78 4.489 8.98 6.25
17.58 0.007 0.01 2.51 31.04 2.16 4.32 4.43 37.28 2.460 4.92 5.33 43.89 4.520 9.04 6.27
22.44 0.006 0.01 3.21 31.10 2.18 4.36 4.44 37.33 2.490 4.98 5.33 43.97 4.550 9.10 6.28
22.55 0.006 0.01 3.22 31.22 2.190 4.38 4.46 37.48 2.520 5.04 5.35 44.28 4.580 9.16 6.33
22.67 0.006 0.01 3.24 31.27 2.198 4.40 4.47 37.55 2.531 5.06 5.36 44.34 4.610 9.22 6.33
22.78 0.006 0.01 3.25 31.31 2.200 4.40 4.47 37.67 2.539 5.08 5.38 44.41 4.640 9.28 6.34
22.89 0.006 0.01 3.27 31.44 2.210 4.42 4.49 37.78 2.622 5.24 5.40 44.54 4.650 9.30 6.36
23.24 0.007 0.01 3.32 31.51 2.230 4.46 4.50 37.81 2.640 5.28 5.40 44.67 4.680 9.36 6.38
23.78 0.008 0.02 3.40 31.67 2.240 4.48 4.52 37.96 2.690 5.38 5.42 30.33 4.730 9.46 4.33
23.42 0.008 0.02 3.35 31.77 2.270 4.54 4.54 38.22 2.720 5.44 5.46 30.11 4.790 9.58 4.30
23.96 0.008 0.02 3.42 31.89 2.280 4.56 4.56 38.34 2.790 5.58 5.48 30.01 4.830 9.66 4.29
25.06 0.008 0.02 3.58 31.95 2.290 4.58 4.56 38.41 2.820 5.64 5.49 29.89 4.880 9.76 4.27
25.87 0.009 0.02 3.70 32.18 2.310 4.62 4.60 38.65 2.850 5.70 5.52 29.79 4.890 9.78 4.26
25.63 0.009 0.02 3.66 32.29 2.320 4.64 4.61 38.75 2.910 5.82 5.54 29.68 4.910 9.82 4.24
26.03 0.009 0.02 3.72 32.34 2.334 4.67 4.62 38.89 2.980 5.96 5.56 29.57 4.930 9.86 4.22
26.44 0.010 0.02 3.78 32.41 2.350 4.70 4.63 38.92 3.010 6.02 5.56 29.44 4.970 9.94 4.21
26.67 0.015 0.03 3.81 33.54 2.357 4.71 4.79 39.18 3.110 6.22 5.60 29.33 4.980 9.96 4.19
26.89 0.020 0.04 3.84 33.67 2.360 4.72 4.81 39.38 3.190 6.38 5.63 29.21 5.000 10.00 4.17
26.97 0.030 0.06 3.85 33.78 2.410 4.82 4.83 39.47 3.220 6.44 5.64 29.11 5.010 10.02 4.16
27.13 0.034 0.07 3.88 33.87 2.480 4.96 4.84 39.51 3.290 6.58 5.64 29.01 5.040 10.08 4.14
27.45 0.035 0.07 3.92 33.91 2.510 5.02 4.84 39.67 3.340 6.68 5.67 28.81 5.050 10.10 4.12
27.67 0.040 0.08 3.95 33.98 2.540 5.08 4.85 39.78 3.380 6.76 5.68 28.71 5.055 10.11 4.10
27.87 0.053 0.11 3.98 34.01 2.560 5.12 4.86 39.81 3.410 6.82 5.69 28.68 5.060 10.12 4.10
27.91 0.059 0.12 3.99 34.10 2.570 5.14 4.87 39.88 3.460 6.92 5.70 28.56 5.070 10.14 4.08
28.19 0.072 0.14 4.03 34.28 2.580 5.16 4.90 39.94 3.490 6.98 5.71 28.44 5.080 10.16 4.06
28.26 0.089 0.18 4.04 34.33 2.640 5.28 4.90 40.15 3.520 7.04 5.74 28.41 5.110 10.22 4.06
28.35 0.091 0.18 4.05 34.55 2.710 5.42 4.94 40.37 3.550 7.10 5.77 28.10 5.180 10.36 4.01
28.44 0.130 0.26 4.06 34.67 2.750 5.50 4.95 40.58 3.580 7.16 5.80 27.56 5.200 10.40 3.94
28.61 0.180 0.36 4.09 34.71 2.780 5.56 4.96 40.67 3.620 7.24 5.81 27.44 5.210 10.42 3.92
28.71 0.290 0.58 4.10 34.75 2.810 5.62 4.96 40.78 3.680 7.36 5.83 27.01 5.220 10.44 3.86
28.88 0.350 0.70 4.13 34.81 2.870 5.74 4.97 40.89 3.690 7.38 5.84
28.91 0.400 0.80 4.13 34.96 2.890 5.78 4.99 40.92 3.720 7.44 5.85
29.10 0.560 1.12 4.16 35.10 2.910 5.82 5.01 41.22 3.770 7.54 5.89
29.22 0.780 1.56 4.17 35.22 2.940 5.88 5.03 41.38 3.780 7.56 5.91
29.35 0.810 1.62 4.19 35.25 2.950 5.90 5.04 41.44 3.810 7.62 5.92
29.56 0.880 1.76 4.22 35.37 2.990 5.98 5.05 41.47 3.830 7.66 5.92
29.67 0.920 1.84 4.24 35.45 3.010 6.02 5.06 41.56 3.880 7.76 5.94
29.75 0.990 1.98 4.25 35.55 3.140 6.28 5.08 41.76 3.913 7.83 5.97
29.88 1.100 2.20 4.27 35.67 3.170 6.34 5.10 41.88 3.980 7.96 5.98
29.91 1.150 2.30 4.27 35.78 3.180 6.36 5.11 41.96 4.010 8.02 5.99
30.17 1.320 2.64 4.31 36.03 3.220 6.44 5.15 42.14 4.019 8.04 6.02
30.27 1.330 2.66 4.32 36.19 3.270 6.54 5.17 42.36 4.160 8.32 6.05
30.33 1.35 2.70 4.33 36.33 3.290 6.58 5.19 42.55 4.180 8.36 6.08
30.44 1.56 3.12 4.35 36.55 2.310 4.62 5.22 42.67 4.230 8.46 6.10
30.54 1.68 3.36 4.36 36.61 2.330 4.66 5.23 42.78 4.330 8.66 6.11
30.66 1.79 3.58 4.38 36.72 2.360 4.72 5.25 42.89 4.380 8.76 6.13

Appendix 2t- 90day Direct Tensile Test Data for NT1.0-Composite Composite (Average)

Extension Load Strain Stress

(mm) (kN) (%) (MPa)
0.00 0.00 0.00 0.00 2.40 0.00 0.00 0.34 4.78 0.00 0.00 0.68 7.00 0.00 0.00 1.00
0.07 0.00 0.00 0.01 2.45 0.00 0.00 0.35 4.83 0.00 0.00 0.69 7.04 0.00 0.00 1.01
0.07 0.00 0.00 0.01 2.50 0.00 0.00 0.36 4.87 0.00 0.00 0.70 7.08 0.00 0.00 1.01
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(continued)
Extension Load Strain Stress
(mm) (kN) (%) (MPa)

0.12 0.00 0.00 0.02 2.55 0.00 0.00 0.36 4.92 0.00 0.00 0.70 7.13 0.00 0.00 1.02
0.18 0.00 0.00 0.03 2.60 0.00 0.00 0.37 4.97 0.00 0.00 0.71 7.17 0.00 0.00 1.02
0.23 0.00 0.00 0.03 2.65 0.00 0.00 0.38 5.01 0.00 0.00 0.72 7.21 0.00 0.00 1.03
0.29 0.00 0.00 0.04 2.70 0.00 0.00 0.39 5.06 0.00 0.00 0.72 7.26 0.00 0.00 1.04
0.34 0.00 0.00 0.05 2.75 0.00 0.00 0.39 5.11 0.00 0.00 0.73 7.30 0.00 0.00 1.04
0.39 0.00 0.00 0.06 2.80 0.00 0.00 0.40 5.15 0.00 0.00 0.74 7.34 0.00 0.00 1.05
0.45 0.00 0.00 0.06 2.85 0.00 0.00 0.41 5.20 0.00 0.00 0.74 7.39 0.00 0.00 1.06
0.50 0.00 0.00 0.07 2.90 0.00 0.00 0.41 5.25 0.00 0.00 0.75 7.43 0.00 0.00 1.06
0.55 0.00 0.00 0.08 2.95 0.00 0.00 0.42 5.29 0.00 0.00 0.76 7.47 0.00 0.00 1.07
0.60 0.00 0.00 0.09 3.00 0.00 0.00 0.43 5.34 0.00 0.00 0.76 7.51 0.00 0.00 1.07
0.65 0.00 0.00 0.09 3.05 0.00 0.00 0.44 5.38 0.00 0.00 0.77 7.56 0.00 0.00 1.08
0.71 0.00 0.00 0.10 3.10 0.00 0.00 0.44 5.43 0.00 0.00 0.78 7.60 0.00 0.00 1.09
0.76 0.00 0.00 0.11 3.15 0.00 0.00 0.45 5.48 0.00 0.00 0.78 7.64 0.00 0.00 1.09
0.81 0.00 0.00 0.12 3.20 0.00 0.00 0.46 5.52 0.00 0.00 0.79 7.69 0.00 0.00 1.10
0.87 0.00 0.00 0.12 3.24 0.00 0.00 0.46 5.57 0.00 0.00 0.80 7.73 0.00 0.00 1.10
0.92 0.00 0.00 0.13 3.29 0.00 0.00 0.47 5.61 0.00 0.00 0.80 7.77 0.00 0.00 1.11
0.97 0.00 0.00 0.14 3.34 0.00 0.00 0.48 5.66 0.00 0.00 0.81 7.81 0.00 0.00 1.12
1.02 0.00 0.00 0.15 3.39 0.00 0.00 0.48 5.70 0.00 0.00 0.81 7.85 0.00 0.00 1.12
1.07 0.00 0.00 0.15 3.44 0.00 0.00 0.49 5.75 0.00 0.00 0.82 7.90 0.00 0.00 1.13
1.13 0.00 0.00 0.16 3.49 0.00 0.00 0.50 5.79 0.00 0.00 0.83 7.94 0.00 0.00 1.13
1.18 0.00 0.00 0.17 3.54 0.00 0.00 0.51 5.84 0.00 0.00 0.83 7.98 0.00 0.00 1.14
1.23 0.00 0.00 0.18 3.59 0.00 0.00 0.51 5.89 0.00 0.00 0.84 8.02 0.00 0.00 1.15
1.28 0.00 0.00 0.18 3.63 0.00 0.00 0.52 5.93 0.00 0.00 0.85 8.06 0.00 0.00 1.15
1.33 0.00 0.00 0.19 3.68 0.00 0.00 0.53 5.98 0.00 0.00 0.85 8.11 0.00 0.00 1.16
1.38 0.00 0.00 0.20 3.73 0.00 0.00 0.53 6.02 0.00 0.00 0.86 8.15 0.00 0.00 1.16
1.44 0.00 0.00 0.21 3.78 0.00 0.00 0.54 6.07 0.00 0.00 0.87 8.19 0.00 0.00 1.17
1.49 0.00 0.00 0.21 3.83 0.00 0.00 0.55 6.11 0.00 0.00 0.87 8.23 0.00 0.00 1.18
1.54 0.00 0.00 0.22 3.88 0.00 0.00 0.55 6.16 0.00 0.00 0.88 8.27 0.00 0.00 1.18
1.59 0.00 0.00 0.23 3.93 0.00 0.00 0.56 6.20 0.00 0.00 0.89 8.32 0.00 0.00 1.19
1.64 0.00 0.00 0.23 3.97 0.00 0.00 0.57 6.25 0.00 0.00 0.89 8.36 0.00 0.00 1.19
1.69 0.00 0.00 0.24 4.02 0.00 0.00 0.57 6.29 0.00 0.00 0.90 8.40 0.00 0.00 1.20
1.74 0.00 0.00 0.25 4.07 0.00 0.00 0.58 6.34 0.00 0.00 0.91 8.44 0.00 0.00 1.21
1.79 0.00 0.00 0.26 4.12 0.00 0.00 0.59 6.38 0.00 0.00 0.91 8.48 0.00 0.00 1.21
1.84 0.00 0.00 0.26 4.17 0.00 0.00 0.60 6.42 0.00 0.00 0.92 7.44 0.00 0.01 1.06
1.90 0.00 0.00 0.27 4.21 0.00 0.00 0.60 6.47 0.00 0.00 0.92 8.56 0.00 0.01 1.22
1.95 0.00 0.00 0.28 4.26 0.00 0.00 0.61 6.51 0.00 0.00 0.93 8.60 0.00 0.01 1.23
2.00 0.00 0.00 0.29 4.31 0.00 0.00 0.62 6.56 0.00 0.00 0.94 8.65 0.00 0.01 1.24
2.05 0.00 0.00 0.29 4.35 0.00 0.00 0.62 6.60 0.00 0.00 0.94 8.69 0.00 0.01 1.24
2.10 0.00 0.00 0.30 4.40 0.00 0.00 0.63 6.65 0.00 0.00 0.95 8.73 0.00 0.01 1.25
2.15 0.00 0.00 0.31 4.45 0.00 0.00 0.64 6.69 0.00 0.00 0.96 8.77 0.00 0.01 1.25
2.20 0.00 0.00 0.31 4.50 0.00 0.00 0.64 6.73 0.00 0.00 0.96 8.81 0.00 0.01 1.26
2.25 0.00 0.00 0.32 4.54 0.00 0.00 0.65 6.78 0.00 0.00 0.97 8.85 0.00 0.01 1.26
2.30 0.00 0.00 0.33 4.59 0.00 0.00 0.66 6.82 0.00 0.00 0.97 8.89 0.00 0.01 1.27
2.35 0.00 0.00 0.34 4.64 0.00 0.00 0.66 6.87 0.00 0.00 0.98 8.93 0.00 0.01 1.28

4.69 0.00 0.00 0.67 6.91 0.00 0.00 0.99 8.97 0.00 0.01 1.28

4.73 0.00 0.00 0.68 6.95 0.00 0.00 0.99 9.01 0.00 0.01 1.29
9.05 0.00 0.01 1.29 12.15 0.26 0.51 1.74 14.58 0.65 1.31 2.08 17.12 2.58 5.15 2.45
9.09 0.00 0.01 1.30 12.21 0.26 0.53 1.74 14.60 0.67 1.35 2.09 17.23 2.59 5.18 2.46
9.13 0.00 0.01 1.30 12.23 0.27 0.54 1.75 14.63 0.68 1.37 2.09 17.27 2.76 5.52 2.47
9.17 0.00 0.01 1.31 12.25 0.27 0.54 1.75 14.71 0.69 1.38 2.10 17.32 2.78 5.56 2.47
9.22 0.00 0.01 1.32 12.28 0.29 0.58 1.75 14.75 0.71 1.42 2.11 17.36 2.81 5.63 2.48
9.25 0.00 0.01 1.32 12.30 0.29 0.58 1.76 14.77 0.73 1.47 2.11 17.39 2.88 5.75 2.48
9.29 0.00 0.01 1.33 12.35 0.31 0.63 1.76 14.82 0.74 1.49 2.12 17.51 2.94 5.88 2.50
9.33 0.00 0.01 1.33 12.37 0.32 0.65 1.77 14.85 0.75 1.50 2.12 17.54 2.96 5.91 2.51
9.37 0.00 0.01 1.34 12.38 0.33 0.66 1.77 14.90 0.76 1.52 2.13 17.57 3.01 6.02 2.51
9.41 0.00 0.01 1.34 12.44 0.34 0.67 1.78 14.94 0.76 1.53 213 17.62 3.07 6.13 2.52
9.58 0.00 0.01 1.37 12.46 0.34 0.68 1.78 14.96 0.78 1.56 2.14 17.67 3.09 6.18 2.52
9.64 0.00 0.01 1.38 12.53 0.34 0.69 1.79 15.01 0.78 1.56 2.14 12.00 3.12 6.25 1.71
9.72 0.00 0.01 1.39 12.57 0.35 0.70 1.80 15.12 0.79 1.58 2.16 11.91 3.23 6.46 1.70
9.85 0.00 0.01 1.41 12.61 0.36 0.71 1.80 15.16 0.81 1.62 217 11.87 3.25 6.49 1.70
9.91 0.00 0.01 1.42 12.64 0.36 0.71 1.81 15.19 0.82 1.65 2.17 11.82 3.26 6.51 1.69
10.23 0.00 0.01 1.46 12.73 0.36 0.72 1.82 15.29 0.83 1.66 2.18 11.78 3.26 6.53 1.68
10.14 0.00 0.01 1.45 12.77 0.36 0.72 1.82 15.33 0.83 1.67 2.19 11.74 3.27 6.53 1.68
10.30 0.00 0.01 1.47 12.79 0.37 0.73 1.83 15.38 0.84 1.68 2.20 11.70 3.29 6.58 1.67
10.46 0.00 0.01 1.49 12.82 0.37 0.74 1.83 15.39 0.85 1.69 2.20 11.64 3.29 6.58 1.66
10.55 0.00 0.01 1.51 13.27 0.37 0.74 1.90 15.50 0.85 1.70 2.21 11.60 3.30 6.61 1.66
10.64 0.00 0.01 1.52 13.32 0.38 0.76 1.90 15.58 0.86 1.72 2.23 11.55 3.31 6.63 1.65
10.67 0.01 0.02 1.52 13.36 0.39 0.77 1.91 15.61 0.86 1.72 2.23 11.51 3.33 6.66 1.64
10.73 0.01 0.02 1.53 13.40 0.39 0.78 1.91 15.63 0.87 1.73 2.23 11.47 3.34 6.68 1.64
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(continued)
Extension Load Strain Stress
(mm) (kN) (%) (MPa)
10.86 0.01 0.02 1.55 13.41 0.40 0.80 1.92 15.69 0.87 1.74 2.24 11.40 3.56 7.12 1.63
10.94 0.01 0.02 1.56 13.44 0.41 0.82 1.92 15.73 0.88 1.76 2.25 11.36 3.59 7.18 1.62
11.02 0.01 0.02 1.57 13.45 0.41 0.83 1.92 15.75 0.89 1.79 2.25 11.34 3.62 7.24 1.62
11.04 0.01 0.02 1.58 13.49 0.42 0.84 1.93 15.77 0.91 1.82 2.25 11.30 3.63 7.25 1.61
11.15 0.02 0.04 1.59 13.56 0.43 0.87 1.94 15.80 0.92 1.84 2.26 11.25 3.64 7.28 1.61
11.18 0.02 0.04 1.60 13.58 0.44 0.89 1.94 15.88 0.92 1.84 2.27 11.24 3.69 7.38 1.61
11.21 0.02 0.04 1.60 13.67 0.46 0.91 1.95 15.97 0.93 1.86 2.28 11.11 3.72 7.43 1.59
11.25 0.03 0.06 1.61 13.71 0.46 0.92 1.96 16.05 1.22 2.44 2.29 10.90 3.73 7.46 1.56
11.32 0.03 0.06 1.62 13.73 0.47 0.95 1.96 16.09 1.26 2.51 2.30 10.85 3.74 7.47 1.55
11.36 0.03 0.06 1.62 13.74 0.48 0.96 1.96 16.13 1.35 2.69 2.30 10.68 3.75 7.49 1.53
11.42 0.04 0.08 1.63 13.77 0.48 0.96 1.97 16.17 1.39 2.78 2.31
11.43 0.04 0.09 1.63 13.83 0.49 0.98 1.98 16.19 1.44 2.88 2.31
11.51 0.05 0.10 1.64 13.88 0.50 1.00 1.98 16.30 1.56 3.11 2.33
11.56 0.05 0.10 1.65 13.93 0.52 1.05 1.99 16.37 1.77 3.54 2.34
11.61 0.07 0.14 1.66 13.94 0.55 1.11 1.99 16.39 1.88 3.77 2.34
11.69 0.09 0.18 1.67 13.99 0.57 1.13 2.00 16.40 1.98 3.97 2.34
11.74 0.10 0.20 1.68 14.02 0.57 1.15 2.00 16.44 2.00 4.00 2.35
11.77 0.16 0.32 1.68 14.06 0.58 1.16 2.01 16.52 2.12 4.25 2.36
11.82 0.18 0.35 1.69 14.11 0.59 1.19 2.02 16.56 2.20 4.40 2.37
11.83 0.18 0.36 1.69 14.15 0.60 1.21 2.02 16.60 2.21 4.43 2.37
11.93 0.18 0.36 1.70 14.25 0.62 1.23 2.04 16.67 2.26 4.51 2.38
11.97 0.19 0.39 1.71 14.31 0.62 1.24 2.04 16.75 2.29 4.58 2.39
12.00 0.21 0.42 1.71 14.37 0.63 1.27 2.05 16.83 2.34 4.68 2.40
12.04 0.21 0.43 1.72 14.46 0.64 1.28 2.07 16.88 2.42 4.83 2.41
12.08 0.22 0.45 1.73 14.48 0.64 1.28 2.07 16.92 2.50 5.00 2.42
12.13 0.25 0.50 1.73 14.52 0.65 1.30 2.07 16.96 2.52 5.03 2.42

Appendix 2u- 90day Direct Tensile Test Data for NTpowder-Composite Composite (Average)

Extension Load Strain Stress

(mm) (kN) (%) (MPa)
0.05 0.05 0.10 0.01 051 264 1.01 0.38 0.80 1000 1.61 143 1.06 1572 212 225 132 1897 264 271
0.05 0.17 0.10 0.02 051 274 1.01 039 080 1016 1.61 145 1.08 1577 216 225 132 19.16 264 274
0.05 0.16 0.10 0.02 051 285 1.01 041 0.82 1033 1.65 148 1.08 1582 216 226 132 1936 264 277
0.07 0.21 0.14 0.03 051 29 1.01 042 0.82 1050 1.65 150 110 1587 220 227 132 1959 264 280
0.07 0.25 0.14 0.04 053 3.07 1.05 044 082 1066 1.65 152 1.10 1592 220 227 134 19.82 268 283
0.11 0.30 0.22 0.04 053 319 1.05 046 0.84 1081 1.69 154 110 159 220 228 1.36 20.06 272 287
0.11 0.34 0.22 0.05 053 330 1.05 0.47 0.84 1098 1.69 157 110 16.00 220 229 136 2032 272 290
0.13 0.38 0.26 0.05 055 342 1.09 049 0.84 11.14 169 159 110 16.04 220 229 136 20.60 272 294
0.15 0.41 0.30 0.06 055 355 1.09 0.51 0.84 11.30 1.69 161 110 16.08 220 230 1.36 20.89 272 298
0.15 0.45 0.30 0.06 055 3.67 1.09 0.52 086 1145 173 1.64 112 16.12 224 230 136 21.19 272 3.03
0.17 0.49 0.34 0.07 057 3.80 113 0.54 086 11.61 173 166 112 16.16 224 231 136 21.52 272 3.07
0.19 0.52 0.38 0.07 057 393 113 056 086 11.76 1.73 1.68 114 1619 228 231 136 218 272 312
0.21 0.56 0.42 0.08 057 4.06 113 058 086 1191 173 170 114 16.23 228 232 138 2221 276 3.17
0.21 0.59 0.42 0.08 059 420 117 0.60 0.88 12.06 177 172 114 16.26 228 232 140 2259 280 3.23
0.21 0.62 0.42 0.09 059 433 117 0.62 0.88 1220 1.77 174 114 1629 228 233 140 2298 280 3.28
0.21 0.66 0.42 0.09 0.61 4.47 121 0.64 088 1235 177 176 114 1633 228 233 140 2340 280 3.34
0.25 0.69 0.50 0.10 0.61 461 121 0.66 090 1249 180 178 116 1636 232 234 140 2383 280 3.40
0.25 0.73 0.50 0.10 0.61 476 121 0.68 090 1263 180 180 1.16 1639 232 234 140 2429 280 347
0.25 0.77 0.50 0.11 061 490 121 0.70 090 1277 180 182 116 1642 232 235 140 2477 280 3.54
0.27 0.80 0.54 0.11 0.63 5.05 1.25 0.72 0.90 1291 1.80 1.84 1.18 1645 236 235 140 2526 280 3.61
0.29 0.84 0.58 0.12 0.63 520 125 0.74 092 13.03 184 186 118 1649 236 236 140 2579 280 3.68
0.29 0.88 0.58 0.13 064 536 129 0.77 092 13.17 184 188 118 1652 236 236 144 26.34 287 3.76
0.29 0.92 0.58 0.13 0.64 550 129 0.79 094 1329 188 190 118 16.56 236 237 144 2692 287 3.85
0.31 0.96 0.62 0.14 0.64 566 129 0.81 094 1342 188 192 120 1659 240 237 144 2751 287 3.93
0.31 1.00 0.62 0.14 0.64 582 129 0.83 094 1354 188 193 120 16.63 240 238 1.44 2813 287 4.02
0.33 1.05 0.66 015 064 598 129 085 094 1366 188 195 120 1667 240 238 144 2880 287 411
0.33 1.10 0.66 0.16 0.66 6.14 133 0.88 094 13.78 188 197 120 1671 240 239 144 2948 287 421
0.35 1.15 0.70 0.16 0.68 6.30 137 090 094 1390 188 199 120 16.75 240 239 144 30.19 287 431
0.35 1.20 0.70 0.17 068 6.46 137 092 096 14.01 192 200 122 1680 244 240 1.46 30.92 291 442
0.35 1.25 0.70 0.18 0.68 6.63 137 095 098 1412 196 202 122 1685 244 241 146 31.69 291 453
0.37 1.30 0.73 0.19 0.68 6.79 137 097 098 1423 196 203 122 1690 244 241 148 3251 295 4.64
0.37 1.36 0.73 019 068 696 137 099 098 1433 196 205 124 1695 248 242 148 3334 295 476
0.39 1.42 0.77 020 0.68 7.12 137 1.02 098 1443 196 206 124 1701 248 243 148 3422 295 489
0.39 1.48 0.77 021  0.72 7.29 145 1.04 098 1453 196 208 124 1708 248 244 148 3511 295 5.02
0.39 1.55 0.77 0.22 072 746 145 1.07 098 1462 196 209 124 1715 248 245 148 36.06 295 5.15
0.39 1.62 0.77 023 072 7.63 145 1.09 098 1472 196 210 124 1722 248 246 148 37.04 295 529
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(continued)
Extension Load Strain Stress
(mm) kN) (%) (MPa)
0.43 1.69 0.85 0.24 0.72 7.80 1.45 1.11 1.02 1480 204 211 1.26 17.30 252 247 150 38.05 299 5.44
0.43 1.76 0.85 0.25 0.72 797 145 1.14 1.02 1489 204 213 126 17.38 252 248
0.43 1.83 0.85 0.26 0.72 814 145 1.16 1.02 1497 204 214 126 17.47 252 250
0.43 1.91 0.85 0.27 0.74 831 149 1.19 1.02 1506 204 215 1.28 17.56 256 2.51
0.43 1.99 0.85 0.28 0.76 848 1.53 1.21 1.02 15.13 204 216 1.28 17.67 256 2.52
0.47 2.08 0.93 0.30 0.76 865 1.53 1.24 1.02 1521 204 217 128 17.78 256 2.54
0.47 2.16 0.93 0.31 0.76 882 1.53 1.26 1.02 1528 204 218 128 17.89 256 2.56
0.47 2.25 0.93 0.32 0.76 899 1.53 1.28 1.04 1535 208 219 1.28 18.02 256 2.57
0.47 2.34 0.93 0.33 0.76 9.16 1.53 1.31 1.06 1542 212 220 130 1815 260 259
0.47 2.44 0.93 0.35 0.78 933 157 133 1.06 1549 212 221 130 1830 260 261
0.49 2.54 0.97 0.36 0.78 9.49 1.57 1.36 1.06 1555 212 222 132 1845 264 264
0.80 9.67 1.61 1.38 1.06 1566 212 224 132 18.78 2.64 2.68
0.80 9.83 1.61 1.40
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