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Abstract

Existing reinforced concrete (RC) columns may be structurally deficient due to vari-
ety of reasons such as improper transverse reinforcement, flaws in structural design,
insufficient load carrying capacity, etc. A poorly confined concrete column behaves
in a brittle manner, leading to sudden and catastrophic failures. Carbon/Glass(G)
Fibre reinforced polymer (FRP) confinement can be effectively used for strengthening

the deficient RC columns.

The effectiveness of FRP wrapping for RC columns mainly depends upon corner ra-
dius of the specimens as well as number of FRP layers used for the confinement.
An attempt has been made hereby to investigate the experimental behaviour of
GFRP wrapped small scale square RC columns with varying corner radii. Exper-
imentally evaluated behaviour of GFRP wrapped RC columns is compared with the
performance observed for non-wrapped RC columns. Experimental behaviour of RC

columns is further compared with analytical results.

27 RC columns having cross-sectional dimensions 125mm x 125mm and length of
1200mm have been cast and tested under axial compression. Three columns are un-
wrapped and have been designated as control specimens. Three columns each with
corner radii equivalent to less than cover (15mm), equal to cover (25mm) and greater
than cover (35mm), are wrapped with one & two layers of GFRP, respectively. To
avoid a premature rupture of the GFRP composite, remaining six columns with cor-

ner radius of 5 mm have been wrapped with one and two layers of GFRP, respectively.

Analysis and design of control RC column has been done according to IS 456:2000
and ACI 318M - 08 provisions, respectively. IS 456:2000 does not cover provisions
pertaining to design of FRP wrapped columns. The FRP wrapped columns are de-

signed using provisions of ACI 440.2R - 08. To maintain adequate correlation, the
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control columns are further designed based on provisions of ACI 318M - 08.

Measurements taken during testing included axial compressive strength, displace-
ment, axial strain, lateral strain, failure modes and crack patterns. Axial load has
been applied from bottom of the column with the help of hydraulic jack. Displacement
and axial strain measured with the help of LVDT and lateral strain measured with
the help of P3 strain indicator and recorder are observed for the columns. Interval is
kept 10 kN constant up to the complete failure of the column specimen. Percentage
increment in ultimate failure load is ranging from 8.10 % to 149.45 % for all wrapped
columns compared to control columns. GFRP wrapped column goes under higher
axial displacement in order to gain higher compressive strength over control column.
Lateral strain is more at the mid side of specimen and then reduces at starting of
curvature to center of curvature for the columns. From the failure of column, it is
clearly shown that the rupture of GFRP sheet transfers from edges (zone 1) to mid

of side face (zone 2) of the specimen.

The results showed that smoothening of the edges of square cross-section play a sig-
nificant role in delaying the rupture of the FRP composite at the edges. Increasing
the number of GFRP layers increases the axial compressive strength of the specimens,
but the strength increase is not in linear relation with the number of GFRP layers.
From results it is interpreted that the corner radius equal to concrete cover gives
better results in terms of ultimate load carrying capacity than the corner radius less

than cover and more than cover.
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Abbreviation, Notation and Nomenclature

R o Corner radius
Lo oo Effective length in respect of the major axis
ley oo Effective length in respect of the minor axis
D Depth in respect of the major axis
D Width of the member
h .......... Long side cross-sectional dimension of rectangular compression member
P o Axial load on the member
fok Characteristic compressive strength of the concrete
PP Specified compressive strength of concrete
A Area of concrete
Ay Gross area of concrete section
fy Characteristic strength of the compression reinforcement
A Area of longitudinal reinforcement for columns
Ag oo Total area of nonprestressed longitudinal reinforcement
PP Strength reduction factor
Pg v Ratio of area of longitudinal steel reinforcement to cross-sectional area of a

FRP-confined concrete compressive strength
P oo Nominal compressive strength of a short concrete column
Pen oo Nominal compressive strength carried by the concrete
P o Longitudinal reinforcing steel bars
D e e Resistance factors for concrete
s e Resistance factors for steel
Ny o Number of layers of FRP
DFrp w e et Resistance factor for the FRP
FIPU v e Ultimate tensile strength of the FRP

L Thickness of the FRP



A Clear cover
CE oo Environment reduction factor
o Ultimate tensile strength
E Rupture strain
£ P confining pressure due to the FRP
0 P Number of plies
0L PP FRP strength reduction factor
B Modulus of elasticity
L Thickness of layer
K Efficiency factor
SORO Control column
SIRO ............. One layer of GFRP sheet for column having 5 mm corner radius
S2RO ...t Two layers of GFRP sheet for column having 5 mm corner radius
SIR1 ............ One layer of GFRP sheet for column having 15 mm corner radius
S2R1 ........... Two layers of GFRP sheet for column having 15 mm corner radius
SIR2 ............ One layer of GFRP sheet for column having 25 mm corner radius
S2R2 ... Two layers of GFRP sheet for column having 25 mm corner radius
SIR3 ............ One layer of GFRP sheet for column having 35 mm corner radius
S2R3 ... Two layers of GFRP sheet for column having 35 mm corner radius
foe o Mean compressive strength of GFRP confined concrete columns

fro oo Mean compressive strength of the unconfined control columns
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Chapter 1

Introduction

1.1 General

Existing reinforced concrete columns may be structurally deficient for several reasons:
substandard seismic design details, improper transverse reinforcement, flaws in struc-
tural design, and insufficient load carrying capacity. Over the last few years, there has
been a worldwide increase in the use of composite materials for the rehabilitation of
deficient reinforced concrete structures. One important application of this composite
retrofitting technology is the use of fibre reinforced polymer (FRP) jackets or sheets
to provide external confinement to reinforced concrete columns when the existing in-
ternal transverse reinforcement is inadequate. Reinforced concrete columns need to
be laterally confined in order to ensure large deformation under load before failure
and to provide an adequate load resistance capacity. In the case of a seismic event,
energy dissipation allowed by a well-confined concrete core can often save lives. On
the contrary, a poorly confined concrete column behaves in a brittle manner, leading

to sudden and catastrophic failures [1].

With the development of technology, the use of high-strength concrete members has

proved most popular in terms of economy, superior strength, stiffness, and durability.
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With the increase of concrete strength, the ultimate strength of the columns increases,
but a relatively more brittle failure occurs. The lack of ductility of high-strength con-
crete results in sudden failure without warning, which is a serious drawback. Previous
studies have shown that addition of compressive reinforcement and confinement will
increase the ductility as well as the strength of materials effectively. Concrete, con-

fined by transverse ties, develops higher strength and to a lesser degree ductility.

In recent years, the composite materials, by their non-corrodibility, high stiffness and
strength-to-weight ratios, have quickly appeared as innovative solutions adapted to
the strengthening and the repair of civil engineering structures. The composite ma-
terials generally used are unidirectional carbon or glass fibre externally retrofitted
to concrete by bonding. The resins used are epoxy. The confinement of concrete
columns is thus an application where external wrapping by glass or carbon fibre
reinforced polymers is particularly effective. This innovative technique is used for
reinforcing old structures in the civil engineering field. Another attractive advantage
of FRP over steel straps as external reinforcement is its easy handling. Thus, min-
imal time and labour are required for implementation. The application of FRP in
the construction industry can eliminate some unwanted properties of high-strength
concrete, such as its brittle behaviour. FRP is a durable material in normal exposure

conditions and is capable of wrapping any shaped concrete sections.

1.2 Behaviour of RC Columns under Axial Com-

pressive Loading

Concrete columns when confined by suitable arrangement of transverse reinforcement
shows significant increase in both strength and ductility. When concrete column is
subjected to compression load, it undergoes volumetric changes with a lateral increase

in dimension due to progressive internal fracturing and bears out against the trans-
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verse reinforcement, which in turn exert a compressive reaction force on the concrete
core. In this state the progress of internal fracturing is prevented, which in turn in-
creases the strength and deformation capacity of concrete and therefore the main act
of the lateral reinforcement is to produce a confined core. But as the confining action
is more at the level of the ties and reduced along the length, entire core of the column
do not remain effective throughout the length, Also the confining action is more at
the region where there is longitudinal steel and reduced as the distance increase at

the same level as shown Figure [1.1. The confinement provided in the form of hoops,

«— Cover

:H\ /F Effectively

‘ 4—;—— Confined __ A
/ \ Core

Figure 1.1: Development of confined core in column

spiral or ties is termed as passive confinement, as the confinement comes in to action
when the concrete start to increase in volume due to progressive internal fracturing

and bears out against the transverse reinforcement.
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1.3 Behaviour of FRP-Confined Concrete under

Axial Compressive Loading

A square column with rounded corners is shown in Figure [1.2] To improve the ef-
fectiveness of FRP confinement, corner rounding is generally recommended. Due to
the presence of internal steel reinforcement, the corner radius R, is generally limited
to small values. Existing studies on steel confined concrete have led to the simple
proposition that the concrete in a square or rectangular section is confined by the
transverse reinforcement through arching actions, and only the concrete contained by
the four second-degree parabolas is fully confined, while the confinement to the rest
is negligible. These parabolas intersect the edges at 45°. While there are differences
between steel and FRP in terms of providing confinement, the observation that only a
part of the section is well confined is also valid in the FRP confinement. The reduced
effectiveness of FRP jacket for a square or rectangular section than for a circular sec-
tion has been confirmed by experimental results. Despite this reduced effectiveness,

an FRP-confined square concrete column generally fails by FRP rupture [7].

Effective | Unconfined

—

FRPwrap —» | Confinement | concrete
darea

Figure 1.2: Effectively confined concrete in a square column
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1.4 Research Significance

The use of externally bonded FRP composite for strengthening and repair can be a
cost-effective alternative for restoring or upgrading the performance of existing con-
crete columns. Even though a lot of research has been directed towards circular
columns, relatively less work has been performed on square and rectangular columns,
to examine the effects of FRP confinement on the structural performance. However,
a vast majority of all columns in buildings are square or rectangular. Therefore their
strength and rehabilitation need to be given attention to preserve the integrity of

building infrastructure.

Up till now a lesser amount of research has been carried out on effect of corner radius
i.e. How much corner radius should be kept in square column, which is less than cover
(< cover ), equal to cover (= cover) or greater than cover ( > cover ). As the more
number of confinement layers increase the material cost, how many confinement layer

should be provide which gives higher value of compressive strength.

1.5 Objectives of Study

The main endeavour of this study is to experimentally scrutinize the effects of up-
grading the load carrying capacity of reinforced concrete square columns subjected
to axial compression by confining with GFRP wraps. The objectives of the study are

as follows:

1) To enhance the load carrying capacity of RC column by Strengthening using GFRP

wrapping.

2) To evaluate axial load, vertical deflection, lateral strain, mode of failure and crack

patterns of RC columns under axial compressive loading experimentally.

3) To evaluate the effect of the corner radius on the performance of GFRP confined
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columns.

4) To study change in behaviour of RC columns when the corner radius is varied as

0 mm, 15 mm, 25 mm & 35 mm, respectively.

5) To study change in the ultimate strength of confined concrete columns when the

number of confinement layers are varied from 1 to 2.

6) To compare experimental results with analytical results for the RC columns.

1.6 Scope of Work

In order to achieve above objectives, the scope of present study is considered as

follows:

e Total twenty seven RC columns are planned to be cast in the laboratory. 3
columns are without wrapping, whereas remaining 24 columns are wrapped
with GFRP composite. All the columns are wrapped in such a manner that
the fibres remain in a hoop direction around the columns. Figure [1.3|shows the

flowchart for variations employed in parameters of the present study.

Sharp edge

column |

1 wrap
Corner radius 1 J
0 ]

- J 2 wrap

. ; i = . | 1 wrap
27rc | oo ms L S
columns I ) 2 wrap
N—— ! —
1 wrap
Corner radius L J
Z5 mm [ .
| 2 wrap
1

i 1 wrap
Corner radius 1 J
25 mm 1

Figure 1.3: Flow chart for variation in parameters
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e Variation in the corner radii has been employed for 18 columns. Corner radii of
column included in present study are less than cover, equal to cover and more

than cover, respectively.

e For each corner radius, the column specimens are to be wrapped by one layer

and two layers of GFRP, respectively.
e Following measurements are planned to be taken during testing of the columns.

a. Ultimate failure load
b. Cracking pattern of wrapped and unwrapped columns
c. Axial stress strain behaviour

d. Maximum deflection

e Average result of three columns is to be considered as final result in terms of

variation in above structural parameter for the columns.

1.7 Organization of Report

There are seven chapters included in this report. The contents of chapters are briefly
described as follows:

Chapter (1| includes introduction, behaviour of RC columns under axial compressive
loading and behaviour of FRP-confined concrete under axial compressive loading.
The research significance, objectives of study and scope of work are also included in

this chapter.

Chapter [2| discusses literature review. Many researchers have worked to improve
capacity of column using FRP material. Investigations conducted on FRP wrapping

and strengthening for deficient RC columns is presented in this chapter.
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Chapter |3| consists of analysis and design of RC column with and without using

GFRP sheet based on relevant codal provisions.

Chapter 4] explains the experimental work conducted in major project. It also high-
lights in detail the GFRP wrapping procedure, testing setup and instrumentation to
be used during the testing of RC columns.

Chapter [5|includes results and discussion of failure load, deflection, and strain for all
the column specimens in tabular form as well as in form of graphical representation.
It also contains details about failure modes tested columns and comparison between

experimental results with analytical results.

Chapter [6] consists of concluding remarks and future scope of work on basis of the

work conducted in the major project.



Chapter 2

Literature Review

2.1 General

A brief review of experimental and analytical work related to RC Column strength-
ened using externally bonded FRP composites reported in literature is presented in

this chapter.

2.2 Experimental Work

Silva [2] performed tests on axially loaded square RC columns, with and without
FRP jackets. Square cross-section was divided into three groups according to corner
sharpness: R1 - sharp edged corner; R2 - corner radius equal to 20 mm; R3 - cor-
ner radius equal to 38 mm. The FRP jackets were made either of CFRP or AFRP
wraps and the geometry of the specimens included square and circular cross-sections.
Comparison of gains of axial strength and ductility were presented and aspects of
the variation of the lateral pressure and rupture of FRP jackets were examined. The
improvement of axial load capacity gained, either from jackets of AFRP, or CFRP
was almost equal for cylindrical columns. CFRP jacketed square column with sharp
corner evidenced neither improvement of capacity, nor ductility. In the case of AFRP

confinement there was improvement of load capacity, but no significant improvement

9
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on ductility.

El-Hacha and Mashrik [3] experimentally evaluated the effectiveness of steel fibre
reinforced polymer (SFRP) sheets to confine small-scale plain concrete circular and
square columns. Different parameters were investigated including: number of SFRP
layers (1, 2, and 3), target concrete compressive strength (25, 30, and 35 MPa), cross-
section of the columns (circular and square), and corner radius for square columns (3,
6, 10, and 25 mm). The experimental investigation was conducted in three phases.
In Phase I, 36 circular specimens (150 mm diameter x 300 mm height) and in Phase
II, 36 square specimens (150 mm side length x 300 mm height) were tested. In
each phase, the specimens were divided into three groups according to concrete com-
pressive strength. In each group, three specimens were tested without wrapping for
comparison purposes, and three specimens for each number of layers. In Phase III,
12 SFRP wrapped (one layer) square specimens with a target concrete compressive
strength of 25 MPa were tested to investigate the effect of varying the corner radii
on the confined compressive strength. Figure (Phase I) and (Phase II) shows
comparison of average axial strength with respect to concrete compressive strengths
and number of SFRP layers. The specimens were tested under monotonic concentric
uni-axial compression load. Results showed that SFRP confinement improved the
performance of both circular and square specimens in terms of axial strength and
ductility; however, the improvement for square specimens was not as prominent as
that for circular specimens. Rounding the corners of the square specimens improves
the situation for square specimens and performance enhances with increasing corner
radius. The confined concrete compressive strength was predicted using equations

available in different codes and models and compared with experimental results.
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=

=1

36.2 MPa 38.5 MPa Unwrapped 1 Layer 2 Layers 3 Layers
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Figure 2.1: Comparison of average axial capacity with respect to concrete compressive
strengths and number of SFRP layers



CHAPTER 2. LITERATURE REVIEW 12

Al-Salloum [4] presented the experimental and analytical results of the study con-
ducted to investigate the influence of the radius of the cross-sectional corners (edges)
on the strength of small scale square concrete column specimens confined with FRP
composite laminates. The experimental part of the study was achieved by testing 20
specimens under uniaxial compression. Depending on the selected radius of the edges,
the section varied from square to circular. Intermediate radii were about 1/6, 1/4,
and 1/3 of the side dimension. The sharpest square specimens had a corner radius of
5 mm to make composite application easier and to avoid a premature rupture of the
composite. The results showed that smoothening the edges of square cross-section
plays a significant role in delaying the rupture of the FRP composite at these edges,
and the efficiency of FRP confinement is directly related to the radius of the cross-
section edges. A modified analytical model was presented to predict the strength
of FRP-confined square as well as circular sections. Figure clearly illustrates the
90

- Cylinder
B
Tin - -
r= 50 mm
60 -
— e T

50
S— Tr=25mm

404

Stress (MPa)

I - r=3%nm
-

20

L] 20y Sy (M) O JCUIL 12000

Axial Strain (Micron)

Figure 2.2: Effect of corner radius on confined square columns

effect of corner radii by comparing the stress-strain curves of square confined columns
with corner radii (r) of 5, 25, 38, and 50 mm, with that of the confined cylinder. It
can be seen that increasing the radius results in changing the behaviour of the con-
fined square column to become gradually similar to that of a confined cylinder. This

behaviour is illustrated in Figure [2.3]
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Figure 2.3: Effect of corner radius on confined concrete in square and cylindrical
columns

Esfahani and Kianoush [5] presented the results of a study on the axial compressive
strength of columns strengthened with FRP wrap. The experimental part of the
study included testing 6 reinforced concrete columns in two series. The first series
comprised three similar circular reinforced concrete columns strengthened with FRP
wrap (Figure . The second series consisted of three similar square columns, two
with sharp corners, and the other with rounded corners (Figure . Axial load and
displacement of columns were recorded during tests using a displacement control test
set up. Test results were compared with the values calculated using CSA (Canadian
Standard Association) Code provisions. It was shown that the FRP wrap increases the
strength and ductility of circular columns, significantly. According to the test results,
the FRP wrap did not increase the strength of square columns with sharp corners.
However, the square column with rounded corners exhibited a higher strength and

ductility compared to those with sharp corners.
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Wang and Hsu [6] proposed a design method and an experimental programme
to evaluate the axial load strength of rectangular and square reinforced compression
members confined with GFRP jackets and steel hoops. Three square and three rect-
angular columns were tested under axial compression up to failure. Figure [2.6| and
Figure shows dimension of columns, corner radius and reinforcement detail. The
test results clearly showed the efficiency of the jackets in enhancing the ultimate strain
and strength of the columns. The design method was calibrated using data from the
tests. Closed-form equations are proposed for calculating the axial load strength of

columns confined with FRP jackets.
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Figure 2.6: Reinforcing details of Square column
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Figure 2.7: Reinforcing details of Rectangular column

Wang and Wu [7] examined how jacketing confines the concrete, and increases the
strength and ductility of the jacketed columns. They suggested that a sharp corner
(i.e., a zero corner radius) offers no confinement. The study was undertaken of com-
pressive testing to investigate the effect of corner radius on the strength and ductility
of FRP-confined concrete columns. A series of tests on 108 CFRP confined short
concrete columns were conducted. The primary variables in the investigation were
the corner radius, transverse jacket stiffness, and concrete grade. Figure 2.8 shows
different location of strain gauges on the surface of specimen for sharp edges as well

as for the specimen having different corner radii.



CHAPTER 2.

LITERATURE REVIEW

M I ol 1
ol - s
I
= - e - o
= ] T2 M2 12
0 Fe 15
M1 T1 K TI
e il
\_ \!—'
[ \ A .
- .
. M Tt
L — 02
T2 N2 T2 hi2
r=45 r= {0

w |
A

Figure 2.8: Strain gauge arrangements

Tl

_e

17

Benzaid et al. [I] analysed experimental results in terms of load-carrying capacity

and strains, obtained from tests on square prismatic concrete column, strengthened

with external glass fibre composite. The parameters considered were the number of

composite layers and the corner radius for a square shape. A total of twenty-one

prisms of size 100 x 100 x 300 mm were tested under strain control rate of loading.

From the test results it was suggested that a larger radius can expand the strong con-

straint zone and diminish the stress concentration. So the reduced confining pressure

in a square section due to the concentration of stresses at the corners is solved by

using a square section with corner radius. Figure [2.9 shows the plot of axial stress

vs. axial strain for different corner radii as well as for the number of layers observed

during the study.
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Figure 2.9: Stress-strain curves

Wu and Wei [8] conducted tests on rectangular columns strengthened with CFRP
wrap. Three series of uniaxial compression tests were conducted on 45 specimens. The
parameters considered were aspect ratio, defined as the depth (longer side) / width
(shorter side) of the cross-section, and the number of CFRP layers. The behavior of
the specimens in the axial and transverse directions was investigated. The test results
clearly demonstrate that the strength gain in the confined concrete columns relative
to the original unconfined columns, f.. = f., decreases as the aspect ratio increases,
until it becomes insignificant when the aspect ratio reaches 2. The test results were
compared with the analytical and significant differences were found, indicating the

need for further model development.

Toutanji et al. [9] focused on axially loaded, large-scale rectangular RC columns
confined with FRP wrapping. Tests were conducted to obtain the stress-strain re-
sponse and ultimate load for three field-size columns having different aspect ratios
and/or corner radii. Effective transverse FRP failure strain and the effect of increas-
ing confining action on the stress-strain behavior were examined. Existing strength
models, the majority of which were developed for small-scale specimens, were applied

to predict the structural response. Since some of them fail to adequately characterize
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the test data and others were complex and require significant calculation, a simple
design-oriented model was developed. The new model was based on the confinement
effectiveness coefficient, an aspect ratio coefficient, and a corner radius coefficient.
It accurately predicts the axial ultimate strength of the large-scale columns at hand
and, when applied to the small-scale columns studied by other investigators, produces

reasonable results.

Luca at el. [10] presented a pilot research that includes laboratory testing of full-
scale square and rectangular RC columns externally confined with glass and basalt-
glass FRP laminates and subjected to pure axial load. Specimens that were represen-
tative of full-scale building columns were designed according to a American Concrete
Institute (ACI) 318 code (i.e., prior to 1970) for gravity loads only. The study was
conducted to investigate how the external confinement affects peak axial strength and
deformation of a prismatic RC column. The results showed that the FRP confine-
ment increases concrete axial strength, but it is more effective in enhancing concrete
strain capacity. The discussions of the results included a comparison with the values
obtained using existing constitutive models. Figure shows plot of axial stress vs.
axial deformation for control specimen and specimen with different wrapping material

for square columns.
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Figure 2.10: Axial stress vs. axial deformation

2.3 Analytical Work

El-Hacha and Mashrik [3] compared experimental results with predicted results
using equations available in different codes and models for evaluated compressive
strength of confined concrete. The maximum FRP-confined concrete compressive
strength, f’. was predicted using the equations from the ACI Committee 440 (ACI
440.2R-08, 2008), CAN/CSA S6-06 Bridge Code, CAN/CSA S806-02 FRP Building
Code, and the model by Spoelstra and Monti. In these predictions, the maximum
FRP confined concrete compressive strength was based on the average measured
unconfined concrete compressive strength f. in the corresponding test. Table [2.1
shows that the ACI model provides the most conservative estimation of the strength

of SFRP confined cylinders.
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Table 2.1: Comparison of predicted ultimate concrete compressive strength of SFRP
confined cylinders

Specimen designation  Experimental [, (MPa)  ACI S40.2R-08 |10]  55-06 Bridge Code [20]  S806-02 FRP Building Code [19]

foMPa) Tl (MPa) Xt f(MPa) % diff.
C34.5W1 80,1 628 204 61 246 911 90
C3EW2 1423 %09 61 94 01 1496 51
C34.5W3 1769 1189 328 1317 255 1976 1.7
C41.1W1 %8 6.1 07 T4 264 1024 26
C41.1W2 1446 972 128 1057 269 1549 11
C41.W3 1835 1252 8 1380 248 2028 106

The S6-06 Bridge Code uses a simple equation,

fee = fe+ 411y (2.1)

where,

fy = yield strength

To determine the lateral confinement stress f; (maximum confinement pressure due
to FRP-jacket), S6-06 Bridge Code uses ff, (design ultimate tensile strength of FRP)
the ultimate tensile strength of FRP as the effective stress level in the FRP at failure,
which was not a rational assumption, since due to non-uniform hoop strain distribu-
tion; FRP ultimate tensile strain and hence FRP ultimate tensile strength may not
be reached at failure. For this reason, the ACI model included the strain efficiency

factor; which given more conservative results compared to the S6-06 Bridge Code.

Wang and Hsu [6] presented nominal concentric compressive strength of a short

concrete column,

P, = P, + Py, (2.2)
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Where,
P.,, = nominal compressive strength carried by the concrete,

Py, = longitudinal reinforcing steel bars

For design purposes it was necessary to reduce the nominal concentric strength given
in Eq. (2.3), to account for variations in the material properties, scatter in the design
equation, bending of the columns, nature and consequences of failure and reduction in
load carrying capacity under long-term loads. This reduction results in a dependable

concentric strength, ¢ P,, for short column given by

¢Pn - ¢cPcn + ¢5Psn (23)

the ACI 318 Building Code requires for columns that the ultimate axial compressive

load found from analysis shall not exceed ¢ P, calculated as,

¢P, = 0.80¢(0.85P,, + P.y) (2.4)

For the axial compression members with transverse hoops, the strength reduction

factor ¢ of 0.7 is adopted.Therefore, Eq. (2.4) becomes

¢P, = 0.476P,,, + 0.56 P, (2.5)

where,

¢. = 0.476 and ¢5 = 0.56

The predicted values resulting from the evaluation method correlate very well with

the experimental results.
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Esfahani and Kianoush [5] evaluated axial compressive strength of concrete columns
without FRP wrap. According to CSA Standard A23.3-94, the axial strength of a

reinforced concrete column is calculated by:

P. = ¢oalfi(Ay — Ay) + b fyAs (2.6)

Where,

o 1=0.85-0.0015f" > 0.67,

Ay = Gross area of section,

A, = Total area of longitudinal reinforcement,
fy = Specified yield strength of reinforcement,

¢. and ¢5 = Resistance factors for concrete and steel (=1 for laboratory conditions).

To calculate the value of confined concrete the following equation has been pre-

sented:

Prc = gbcalféc(Ag - Ast) + ¢sfyAst (27)

Where,
e = Jo (1 + ape wu)
Ww = fifrp | e fo
figrp = 2Noggrp Efrp €grp tyrp(b+h) / (bh)
N, = Number of layers of FRP
€ trp = Resistance factor for the FRP (=1 for laboratory conditions)
frpu = Ultimate tensile strength of the FRP
t#rp = Thickness of the FRP

Proposed equation for FRP wrapped square columns can be used to predict the
axial strength of square columns only if the corners of the columns are rounded

appropriately.



Chapter 3

Analytical Study

3.1 General

Experimental study is conducted on Square RC column of size 125 x 125 x 1200 mm.
Analysis and design of Control RC column has been done according to IS 456:2000 [12]
and ACT 318M-08 [I3] provisions. Analysis and design of RC column strengthened
using GFRP wrapping has been conducted using ACI-440.2R [14] provisions and is
further included in this chapter.

3.2 Design of RC Column as per Indian Standard

Present investigation includes a short column subjected to axial compressive load.
Therefore, the column is designed based on IS 456:2000 [12] provisions to check ul-
timate load carrying capacity of the member. Before evaluating the failure load of
column, a check is made for its slenderness. Figure shows cross section of the

column with dimensions and direction of the application of axial load.

24
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Load

@m

L125mm

1200 mm
125mm

Figure 3.1: RC column with cross section

Parameters of assumed section of RC columns are as given in Table

Table 3.1: Properties of control RC column

Column properties

1 | Length of column 1200 mm

b | Section width 125 mm

d | Section depth 125 mm

les | Effective length of column 1200 mm

C. | Clear cover 25 mm

fer | Characteristic cube compressive strength | 20.57 N /mm?
of concrete [Table IE‘]

f7 | Specified compressive strength of concrete | 16.46 N/mm?
(08 Xf cube) m

fy | Characteristic strength of the compression | 415 N/mm?
reinforcement

e Check for Short Compression Members

A compression member may be considered as a short column, when both the slender-

ness ratios lo, / D and l., / b are less than 12.
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For short axially loaded column,

lez le
Slenderness ratio = oo ?y <12 (3.1)

= 1200/125
=96 < 12

Hence, this column is a short column.

e Short Axially Loaded Members in Compression

The member is designed by the following equation,
P, =04fxA:;+0.67f,As (3.2)

= 0.4 x 20.57 x (15625 - 201.06)+(0.67 x 415 x201.06)
= 182.81 kN

Where,

A, = Area of concrete - A,

A,. = Area of longitudinal reinforcement for columns

(Assuming 4 - 8 mm ¢ bars are used )

e Calculation for Lateral Ties

Pitch of transverse reinforcement shall not be more than the least of the following
dimension:

i) The least lateral dimension of the compression members,

= 125mm

ii) Sixteen times the smallest diameter of the longitudinal reinforcement bar to be
tied,

=16 x 8
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= 128 mm
iii) 300 mm.

Diameter of transverse reinforcement shall be taken as per following recommenda-
tions:

i) The diameter of the lateral ties shall not be less than one fourth of the diameter
of the largest longitudinal bar,

X 8

[N RN

111

ii) In no case less than 6 mm.

Hence provide, 4 Nos. of 8mm ¢ bar as longitudinal reinforcement and 6mm ¢ bar
125mm c/c as transverse reinforcement. Details of test specimen are summarized in

Figure |3.2

125 mm

“WMain reinforcem ent

G=-8mm Dia

1200mm
7

s

ESmma @ 125 mm ofc

Figure 3.2: Reinforcement details of control RC column
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3.3 Design RC Column as per ACI Provisions

IS 456:2000 [12] does not cover any provisions pertaining to design of FRP wrapped
columns. The FRP wrapped columns are designed using provisions of ACI 440.2R -
08 [14]. However to maintain adequate correlation, the control columns are further
designed based on provisions of ACI 318M - 08 [I3]. Parameters of assumed section

of RC columns are as given in Table

For short axially loaded column,
P, =0.80[0.85f.(A, — Ast) + f,Ast] (3.3)

— 0.80 [0.85 x(0.8 x 20.57) x (15625 - 201.06)] + (415 x 201.06)

= 239.34 kN
Where,
A, = Gross area of concrete section

A, = Total area of nonprestressed longitudinal reinforcement

(Assumed 4 - 8mm ¢)

Note: fl= 0.8 X foupe
— 0.8 x 20.57 [Table 4.2]
= 16.46 N/mm?

3.4 Design of RC Column Strengthened with GFRP
Wrapping

It is desired to design an FRP wrapping for RC column of square section, in order to

evaluate increase in load bearing capacity due to the wrapping. Before application
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of the wrapping, in order to avoid concentration of stresses at the corners, they have

been rounded with various radii as shown in Figure |3.3| Following different corner

radii have been considered:

e 0 mm Corner radius (Sharp edges)

e 15 mm Corner radius ( Less than cover of 25 mm )
e 25 mm Corner radius ( Equal to cover of 25 mm )

e 35mm Corner radius ( More than cover of 25 mm )

Load

25mm

125mm

125mm
125mm
125mm

1200 mm

.jéiun£ _125““%. 125

Figure 3.3: RC column with different corner radii

For axial column members with existing steel-tie reinforcement,

= 0.80 x 0.70 [ 0.85 (0.8 x 20.57) x (15625 - 201.06) + 415 x 201.06]
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= 167.55 kN
Where,
¢ = Strength reduction factor

= 0.70 (For members with tie reinforcement)

Properties of GFRP material used for wrapping the RC columns are given in Table
3.2

Table 3.2: Properties of GFRP material

Thickness t;  Ultimate tensile strength f;,* Modulus of Elasticity E; Sﬁ:f;“;",,
(mm) (MPa) (MPa) o
0.324 3400 74500 0.043

e Column with Sharp Edges

Sharp edges of columns are assumed to be having no corner radius. However, to avoid
a premature rupture of the GFRP composite, 5mm corner radius has been provided
and then wrapping is conducted using the GFRP sheet. Table [3.3| shows properties

of RC column with sharp edges.
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P,

Table 3.3: RC Column Properties for Sharp edges

Column Properties
Length of column
Short side dimension of compressionmember

Long side cross-sectional dimension of rectangular
compression member

Radius of edges of a prismatic cross section confined with
FRP
Gross area of concrete section

Total area of longitudinal reinforcement

Ratio of area of longitudinal steel reinforcement to cross-
sectional area of a compression member

Specified compressive strength of concrete

Specified yvield strength of nonprestressed steel
reinforcement

Design axial strength

®Py, (req) | Required % to achieve design axial strength

1200 mm

125 mm

125 mm

5 mm

15604 mm?

201.06 mm?
1.29 %
16.46 N/mm?
415 N/mm?

167.55 kN
21%

31

Design procedure given in ACI 440.2R-08 [14] for GFRP wrapped RC column com-

putes finally number of FRP layers required to achieve particular design strength.

However, in the present case, the number of wrap is to be provided for RC columns

are fixed. Thus, for ¢P, of 167.55 kN and number of GFRP layer to be used for

strengthening RC column is 1. Therefore, from back propagation technique,¢ P, (req)

has been calculated as 21 % for 0 mm radius single wrap RC column.

The calculations for RC column with 5mm corner radius and strengthened using 1

GFRP wrap are as follows:

Step 1: Computation of the FRP material properties

(3.5)
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= 0.75 3400

= 2550 N/mm?

Efu = Cngu *x (36)

= 0.75 x 0.043
= 0.032 mm/mm

where,
Cr = Environment reduction factor 0.75 for GFRP sheet
fru*x = Ultimate tensile strength

€fu* = Rupture strain

Step 2: Determination of required maximum compressive strength of con-

fined concrete f/,

f/ _ 1 <¢Pnreq
“0.85(A; — Ag)  0.80¢

= [yAst) (3.7)

= 23.38 N/mm?
where,
é = 0.65
OPnreq= 202.54 N/mm?

Step 3: Determination of maximum confining pressure due to the FRP

jacket, f;
éc B fc,

ﬁ::mm

(3.8)
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__ 23.38-16.46
T 3.3x0.43

= 4.90 N/mm?

where,

Abo,
ke = A_C(E) (3.9)

= 0.43

[(§)(h=2rc)?+(§) (b—2rc)?]
Ae 1 - . 3Ag : - pg

e 3.10
a5 — (3.10)
= 0.43
Step 4: Determination of number of plies n
b2 + h?
n= fl\/_—+ (3.11)
2Byt yese
=101~1
where,
1y = FRP strength reduction factor 0.95 for fully wrapped sections
FE; = Modulus of elasticity 74500 N/mm?
ty = Thickness of layer 0.324 mm
Efe = kegfu (312)

= 0.0177
k. = Efficiency factor 0.55
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Similar, calculations are made for RC columns with 15 mm, 25 mm and 35 mm corner
radii strengthened with 1 and 2 GFRP wrap, respectively. Results of all RC columns

are summarized in Table [3.4]

Table 3.4: Various column parameters based on different code provisions

SOR0 0 0 15625 182.81 239.34 - - -

S1R0 1 5 15604 182.63 239.12 167.55 21 202.54
S2R0 2 5 15604 182.63 239.12 167.55 49 249.40
SIR1 1 15 15432 181.23 237.20 166.04 32 219.17
S2R1 2 15 15432 181.23 237.20 166.04 71 283.92
S1R2 1 25 15089 178.41 233.306 163.35 41 230.32
S2R2 2 25 15089 178.41 233.36 163.35 89 308.73
SIR3 1 35 14573 174.17 227.61 159.32 48 235.80
S2R3 2 35 14573 174.17 227.61 159.32 102 321.84

Where,

Notation of Specimen:

S = Square column

0 = No wrapping

1 = Single layer of GFRP wrap

2 = Double layers of GFRP wrap
RO = 5 mm corner radius

R1 = 15 mm corner radius

R2 = 25 mm corner radius

R3 = 35 mm corner radius
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The values presented in Table [3.4] of various column parameters will be use full in

comparing analytical results with experimental results and the same has been given

in chapter.



Chapter 4

Experimental Work

4.1 General

This chapter deals with the casting and testing of RC column. Experimental work
related to evaluation of compressive strength has been conducted on the column
specimens. The columns are wrapped with GFRP composites to study the effect of
varying corner radius and changing FRP layers in improvement of the compressive
load carrying capacity of RC columns. RC columns have been tested under axial

loading conditions.

4.2 Material Properties

4.2.1 Concrete

Castings of all columns are conducted by using M15 concrete grade mix. Mix design
of M15 concrete has been made. Concrete mix proportion selected as Water : Cement
: Sand : Coarse Aggregates, 0.60 : 1: 3.25: 5. Proportion of ingredients used for 1m3
concrete mix are shown Table [4.1] Table shows average cube strength of 3 cubes
after 28 day of curing period which was taken at the time of casting of specimens.

Therefore, the average value of cube compressive strength of concrete is 20.57 N /mm?

36
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and also has been used in analytical computations in chapter 3 whenever required.

Table 4.1: Proportions of ingredients used for concrete mix (1m?)

Cement 270 kg/m?
Sand 877.5 kg/m?

10 mm aggregate 945 kg/m?
20 mm aggregate 405 kg/m?
Free water 162 kg/m3
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Table 4.2: Average Cube Strength

] 16/12/2011 13/01/2012 470 20.89
5 18/12/2011 15/01/2012 430 19.11
3 201212011 17/01/2012 500 212
4 30/12/2011 27012012 410 18.22
s 31/12/2011 28/01/2012 510 22,67
p 1/01/2012 29/01/2012 400 17.78
; 2/01/2012 30/01/2012 390 1733
s 3/01/2012 31/01/2012 420 18.66
0 4012012 1/02/2012 465 20.66
10 5/01/2012 2/02/2012 515 22.89
1 6/01/2012 3/02/2012 560 24.89
12 7/01/2012 4/02/2012 555 24 67
13 8/01/2012 05/02/2012 395 17.55

A"“*‘mﬁ&ﬂ‘; 2057

4.2.2 GFRP Sheet

The glass-fiber sheets used in present investigation were a unidirectional wrap. The
properties of GFRP sheet are presented in Table [4.3] The resin system that is used
to bond the glass fabrics over the columns is an epoxy resin made of two-parts, resin

and hardener.
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Table 4.3: GFRP Properties Supplied by Manufacturer

TUltimate

Fiber Sheet Fiber 1 Elastic Ultimate

Weight Width Thickness <tr modulus elongation £fu

Em) (om)  (um) oy OrPa) (%)
900 500 0324 3400 74500 43

Figure (a) shows GFRP sheet which is available in roll form. This form is more
flexible to carry from one place to the other place. Figure (b) defines the direction
of layers of fibers which is more in longitudinal direction as compared to the transverse

direction.

(a) GFRP Sheet roll (b) Unidirectional GFRP
sheet

Figure 4.1: GFRP sheet

4.3 Preparation of RC Column

A total of 27 RC square columns with a 125 mm x 125 mm cross-section and 1200 mm
height with corner radius of 0 mm, 15 mm, 25 mm and 35 mm have been cast. Three

columns were used as control specimens, and the remaining columns were wrapped
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with one and two layer of GFRP Sheet respectively. Concrete is prepared in the con-
crete mixture of % (half) cement bag capacity. Casting of all the columns has been

carried out in 13 different batches.

4.3.1 Steel Reinforcement Cages

Reinforcement cage for columns are prepared as shown in Figure (a) and Figure
(b), respectively. 25 mm size PVC covers are used for providing the cover around

all the sides of the columns.

(a)

Figure 4.2: Reinforcement cage for columns with PVC cover

4.3.2 Formwork

Formwork plays very important role to maintain correct shape of the column and
to achieve proper surface finishing. To avoid the problem of segregation and honey-
combing in concrete, casting of the column is conducted by keeping the specimen in

horizontal direction.
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e Formwork with Sharpe Edges for Square Column

Formwork for the square columns has been prepared using 19 mm waterproof plywood
sheets cut and assembled to provide 90° corners with a plywood formed bottom. The
formwork is cut and assembled very carefully to ensure accurate vertical sides and 90°
verticality for corners. Internal dimension of the formwork is 125 x 125 x 1200 mm.
Figure shows schematic view with dimensions of formwork. Figure 4.4] shows the

competed formwork.

125
|

fudl

125 |

2

| 1200 |
ELEV ATION

Figure 4.3: Schematic view of formwork with sharp edges

Figure 4.4: Completed formwork with sharp edges

e Formwork with Corner Radius for Square Column

In order to round off the corners of the square specimens, wooden patty inserts with
the desired radius are fixed with the help of screw and cello tape at the corners of the
boxes. Figure shows different types of corner wooden patty which is fixed before

the time of casting into the formwork to get the radius on the columns.
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Figure 4.5: Different types of corner wooden patty

42

Figure [4.6] shows the various corner radii in schematic view and the position of corner

patty in the formworks, respectively.

________________________________________ - RIS
: j I
| L=
________________________________________ |
| 1200 | L1253
: R25
Yyl
________________________________________ B! {
| 1200 | 125 |
________________________________________ . @ -[ R35
________________________________________ -
| 1200 I 125
ELEVATION

Figure 4.6: Schematic view of formwork for columns with corner radius 15mm, 25mm
and 35mm
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Figure [.7) (a) and Figure [4.7] (b) show completed formwork for different corner radii
RC columns. Wooden clamps are used at mid portion of the formwork in order to
ensure that the assembled boxes would be able to resist the pressure of freshly cast

concrete.

(a) Plan view (b) ¢/s view

Figure 4.7: Completed formwork with corner radius patty

For getting smooth surface cello tape is applied on the inside surface of the formwork,
which is also giving the protection to the formwork against the water. Figure (a)
and Figure (b) show application of cello tape on the wooden patty and on the

surface of plywood, respectively.

(a) Cello tape on wooden patty (b) Cello tape on plywood

Figure 4.8: Application of cello tape on the surface of wooden patty and plywood
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4.3.3 Casting of Specimens

Although the bottom surface of all the columns is covered by the formwork formed,
the top surface has been finished very carefully using steel trowel to ensure the level
surface. Figure (a) and Figure (b) show the formwork with reinforcement

cages for sharp edges and for different corner radii of the columns.

(a) Formwork for sharp edges

(b) Formwork for different corner radii

Figure 4.9: Formwork with reinforcement cages for RC columns

The concrete mix is slowly poured into the forms to prevent the segregation, and
the vibrator is used to vibrate the concrete carefully, to prevent formation of voids
in concrete. Figure 4.10| shows the columns which are removed from the formwork
after 24 hours of casting. Figure shows columns being cured using gunny bags

arranged on their surface. All columns are given uniform water curing for 28 days.
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Figure 4.11: Curing period of specimens

4.4 Procedure of GFRP Wrapping

GFRP wrapping operation has been performed on concrete columns after 28 days of

curing. The procedure of wrapping is discussed as follows:

4.4.1 Surface Preparation

Surface of the columns on three sides is quite good due to provision of cello tape
on formwork however, the top surface is found uneven. Therefore, using Grinding

process the top surface of the columns has been made smooth. The corner radii has
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already provided with help of wooden patty, Hence there is preparing the corners of

the column is not required. Figure [£.12shows the grinding operation on the column.

Figure 4.12: Grinding of column specimen

After the completion of the grinding, the columns are washed with water in order to

remove loose particle from the concrete surface as shown in Figure 4.13]

Figure 4.13: Removing of dust by washing the specimen
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4.4.2 Application of Primer

Before applying primer on the surface of concrete, care is taken that the columns are
in saturanted surface dry condition. Primer is application the surface of the column
where GFRP is to be added. Primer comprises of two solutions which are curing
agent and base. Mixing of two part of base and one part of curing agent gives primer.
Figure (a) shows primer curing agent and Figure (b) primer base. Figure
4.14] (c) shows mixing base and curing agent. Figure [4.14] (d) shows application of
primer on surface of concrete with the help of brush. Figure [£.14] (e) shows the col-

umn surface after the application of primer.

(a) Primer curing agent (b) Primer Base (¢) Mixing

(d) Applying one coat of primer (e) After application of primer

Figure 4.14: Application of primer to column surface
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4.4.3 Cutting of GFRP Sheet

The Square columns are of size 125 mm x 125 mm cross-section and of 1200 mm
height. the GFRP sheet cutting is carried out. The perimeter of the section for
single layer wrapping and 0 mm corner radius is 575 mm i.e. (125 x 4) + 75 = 575
mm. Overlap is kept 75 mm in column to ensure the development of tensile strength
of full composite. Therefore same for other column 550 mm, 532 mm, 515 mm for
corner radius 0 mm, 15 mm, 25 mm, 35 mm, are respectively. For double layer the
perimeters are same as mention for the single layer but second layer is provided on
first layer. Figure m (a) shows measuring of GFRP sheet for cutting. Figure m
(b) and Figure [.15] (¢) shows cutting of GFRP sheet in transverse and longitudinal

direction.

(a) Measuring of GFRP sheet (b) Cutting of GFRP sheet in (¢) Cutting of GFRP sheet in
transvers direction longitudinal direction

Figure 4.15: Cutting of GFRP sheet

4.4.4 Application of GFRP Sheet with Saturant

After drying of primer from the surface of the column, GFRP wrapping is done using
saturant. Saturant consist of solutions one is curing agent and another is base. After
mixing of one part of curing agent and two parts of base, the solution is applied on
surface of concrete. The GFRP sheets are applied on the layer of saturat with the
help of roller. After applying the GFRP sheet layer, one more coat of saturant is
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applied. For the double layer wrapping, GFRP sheet is applied on second coat of
saturant. After the application of second layer of GFRP sheet surface is saturated by
saturant. Special attention is given to the installers to eliminate any voids between
the GFRP sheet and the concrete surfaces. Figure [.16] (a) shows the container of
Saturant curing agent and Saturant base. Figure [4.16] (b) shows mixing of both the
solution cuing agent and base. Figure m (c) shows application of saturant with
the help of brush. Figure m (d) shows application of GFRP sheet on the saturant
layer. Figure m (e) shows completed GFRP wrapping on the column.
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(c¢) Application of one coat of (d) Application of GFRP sheet
saturant

,}r . 4 i o ', = _
(e) After application of GFRP sheet and saturant

Figure 4.16: Application of GFRP sheet with saturant

20
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4.5 Levelling of Column

Same formwork has been used for casting number of specimen during casting. As the
base is not perpendicular to the height, chances of development of eccentricity are
there during the application of load on the columns. To overcome this, the grinding
is done on top and bottom face of the column. Figure (a) shows out of plumb
face of the column. Figure (b) shows process of grinding for levelling the top
and bottom surface of column. Figure (c) shows plumb exactly matches with

the face of the column.

NI

(a) Before levelling of col- (b) Grinding on the top and (c) After grinding of base
umn bottom

Figure 4.17: Procedure of column levelling

4.6 Test Setup

The specimens are tested on loading frame under axial compressive loading. The
axial load is applied through hydraulic jack of 2000 kN capacity and the capacity
of the frame is 1000 kN. General arrangement of test setup is shown in Figure
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The columns are placed with hinged supports on either side. The load is applied
from the bottom of column through hydraulic jack. Load is transferred from jack to

supporting plate to column and finally on the loading frame through ground.

/

Aluminum Frame

Electrical srtain—" |
gauge o

Figure 4.18: Schematic view of test setup for axial load

4.7 Instrumentation

Load, displacement and lateral strain for column specimens are measured using hy-
draulic jack, LVDT and electrical strain gauge, respectively. Various instruments

used in experimental work are as follows:
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4.7.1 Hydraulic Jack

Hydraulic jack of capacity of 2000 kN is used and is working based on Pascal’s prin-
ciple. Basically, the principle states that the pressure in a closed container is the
same at all points. Pressure is described mathematically by a Force divided by Area.
Therefore if there are two cylinders connected together, a small one & a large one,
and a small force is applied to the small cylinder, this would result in a given pressure.
Figure shows the hydraulic jack which has been used for the application of axial
load.

Figure 4.19: Hydraulic jack

4.7.2 LVDT (Linear Variable Differential Transducer)

The vertical displacement of the specimen was measured by linear variable differential
Transducer (LVDT) with a travel of 50 mm which is mounted onto two aluminium

frames that were fixed at the top and bottom of the specimen 800 mm apart, as

shown in Figure
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(a) LVDT attached with column (b) Digital displacement Indi-
cator

Figure 4.20: LVDT with aluminium setup

4.7.3 Electrical Strain Gauges

The Model P3 Strain Indicator and recorder is used for measuring lateral strain on
the column. Data recorded at auto mode with rate of up to 1 reading per channel
per second as well as manually and is transferred by USB to a computer. Figure

shows P3 strain indicator and recorder.
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Figure 4.21: P3 strain indicator and recorder

Figure (a) shows the circuit diagram for single active gauge and Figure m
(b) shows the connections for making a three-wire quarter bridge connection. Bridge
completion resistors of 120, 350 and 1000 ohms are built in for quarter-bridge oper-

ation. For bridge completion wire of 350 ohms is used for quarter bridge operation.

e
13

(a) Single active gauge in (b) Quarter bridge connection
uniaxial tension or compres-
sion

Figure 4.22: Circuit diagram and connection for Quarter bridge
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e Application of Electrical Strain Gauges

All the columns are instrumented with strain gauges, glued either onto the concrete
surface in the case of the control specimens or onto the outer layer of GFRP in case
of the FRP-confined specimens. The strain gauges are mounted at multiple points at
the mid-height of the columns to measure the strain at different locations. The gauge
length of these electrical strain gauges is 5 mm. Figure shows the locations of
the transverse strain gauges, where M, C, L. and R refer to positions on the side face,
the centre of the corner, and the curvature changing point on the left and right-hand

sides, respectively.

(a) Location of strain gauges on (b) Location of strain gauges on cor-
sharp edges ner radius

(c) Strain gauges onto surface of (d) Strain gages onto surface of
concrete GFRP

Figure 4.23: Location of strain gauge



Chapter 5

Results and Discussion

5.1 General

This chapter deals with reporting of test results like: Axial compressive load, displace-
ment and strain for control and wrapped column with various corner radii. Load is
increased on the column at specific intervals and corresponding to every load dis-
placement and lateral strains are measured for the columns. Comparison of Ultimate
failure load, maximum displacement, lateral strain and axial strain evaluated at dif-
ferent positions for both categories of columns is presented in tabular as well as in
graphical form. These parameters are very essential to understand the behaviour of
control and GFRP wrapped columns. Different parameters discussed in this chapter

for RC columns are as follows:

Ultimate failure load

Load vs. displacement

Axial stress vs. strain

Corner radius effect

Failure modes

57
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e Comparison of experimental and analytical results

5.2 Notations for Columns

Following notations have been used during reporting of all results in this chapter:

SOR0 = Control column

S1R0 = One layer of GFRP sheet for column having 5 mm corner radius
S2R0 = Two layers of GFRP sheet for column having 5 mm corner radius
S1R1 = One layer of GFRP sheet for column having 15 mm corner radius
S2R1 = Two layers of GFRP sheet for column having 15 mm corner radius
S1R2 = One layer of GFRP sheet for column having 25 mm corner radius
S2R2 = Two layers of GFRP sheet for column having 25 mm corner radius
S1R3 = One layer of GFRP sheet for column having 35 mm corner radius
S2R3 = Two layers of GFRP sheet for column having 35 mm corner radius

5.3 Ultimate Failure Load

Interval for load increment is taken as 10 kN. This interval is kept constant up to the
complete failure of the column specimen. Experimental average failure load for all

RC columns are given in Table [5.1]
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Table 5.1: Ultimate failure load for RC columns

Sr. No. | Code Ultimate Average ultimate
Failure Load failure load
(kN) (kN)
1 310
2 SORO 310 303.33
3 290
4 460
5 S1R0O 440 446.67
6 440
7 590
8 S2R0 570 596.67
9 630
10 490
11 S1R1 460 486.67
12 510
13 470
14 S2R1 730 700.00
15 670
16 630
17 S1R2 540 573.33
18 550
19 800
20 S2R2 730 756.67
21 740
22 560
23 S1R3 600 553.33
24 500
25 690
26 S2R3 680 666.67
27 630

29
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Average values are considered for finding percentage variations. Percentage increment
in failure load for all columns is presented in Table [5.2] Higher load carrying capac-
ity has been observed for all wrapped columns as compared to that of unwrapped
columns. Percentage increment in ultimate failure load is ranging from 8.10 % to
149.45 % for all wrapped columns as compared to that of unwrapped columns. As
compared to SORO column increment in ultimate failure load observed of 47.25 %,
96.70 %, 60.44 %, 130.77 %, 89.01 %, 149.45 %, 82.42 % and 119.78 % for columns
S1R0, S2R0, S1R1, S2R1, S1R2, S2R2, SIR3 and S2R3, respectively. Similar type of

comparison can also be evaluated for all columns using Table [5.2]

Table 5.2: Percentage increment in ultimate failure load

| Specimen | SORO | SIRO [ S2R0 | SIR1 | S2R1 | SIR2 | S2R2 | SIR3 | S2R3 |

SORO - 47.25 1 96.70 | 60.44 | 130.77 | 89.01 | 149.45 | 82.42 | 119.78
S1R0 - 33.58 | 896 | 56.72 | 28.36 | 69.40 | 23.88 | 49.25
S2R0 - -18.44 | 17.32 | -3.91 | 26.82 | -7.26 | 11.73
S1R1 - 43.84 | 17.81 | 55.48 | 13.70 | 36.99
S2R1 - -18.10 | 8.10 |-20.95 | -4.76
S1R2 - 31.98 | -3.49 | 16.28
S2R2 - -26.87 | -11.89
S1R3 - 20.48
S2R3 -

Comparison of ultimate failure load keeping corner radius constant

Figure 5.1 to Figure 5.4 show comparison of ultimate failure load for column spec-
imens keeping corner radius constant. Figure [5.1] shows comparison between SORO,
S1R0 and S2R0, respectively. Here the corner keeping RO has been kept constant and
the numbers of FRP layers are varied as to single wrap and double wrap. Increase
in ultimate load carrying capacity of 47.25 % and 96.70 % has been observed for
columns STRO and S2R0 as compared to that for column SORO, respectively.
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Specimen corner radius - RO

Figure 5.1: RO columns with corner radius

Figure [5.2] shows the comparison between S1R1 and S2R1 keeping corner radius R1
constant. Comparing S1R1 to S2R1 the value of ultimate load carrying capacity in-

creased with 43.84 % for specimen S2R1.
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Figure 5.2: R1 columns with corner radius

Figure|5.3|shows the comparison between S1R2 and S2R2 keeping corner radius R2 as
a constant, value of ultimate load carrying capacity of column increase by 31.98 % for
specimen S2R2 as compare with SIR2. Figure shows comparison between S1R3
and S2R3 keeping corner radius R3 as a constant, value of ultimate load carrying

capacity of column increased by 20.48 % for specimen S2R3 as compare with S1R3.
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Ultimate failure load (kN)

Specimen corner radius - R2

Figure 5.3: R2 columns with corner radius

Ultimate failure load (kN)

Specimen corner radius - R3

Figure 5.4: R3 columns with corner radius

63



CHAPTER 5. RESULTS AND DISCUSSION 64

Comparison of ultimate failure load keeping number of layers constant
Figure [5.5] shows that as the numbers of FRP layer increase the load carrying capac-
ity of column is also increased. Comparing as single layer wrapped specimens S1R0,
S1R1, S1R2 and S1R3 the ultimate load carrying capacity increase as shown in Figure
Percentage variation as compare with SIR0 to S1R1, S1R1 to S1IR2 and S1R2
to SIR3 are 8.96 %, 17.81 % and - 3.49 % respectively.

g

<1R2. 57333 51R3, 553.33

2

51RO, 446.67 S51R1, 486.67

2

Ulktimate failure load (kM)
P w
g & 8

2

=]

Single layer

Figure 5.5: Column wrapped with single GFRP layer

For the double layers wrapped column the ultimate load carrying capacity increased
as same manner in single layer wrapped column. Comparing as double layer wrapped
specimens S2R0, S2R1, S2R2 and S2R3 the ultimate load carrying capacity increase
as shown in Figure Percentage variation as compare with S2R0 to S2R1, S2R1
to S2R2 and S2R2 to S2R3 are 17.32 %, 8.10 % and - 11.89 % respectively.
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Figure 5.6: Column wrapped with double GFRP layers

From specimen SOR0 to S2R3 the specimen radii as well as number of layers are in-
crease, therefore in the case of radius variation as the radius increases the confinement
increases which is provided by GFRP layer to the control column as shown in Figure
When the FRP layers provided in more numbers as the first layer gets confine-
ment, the second layer provided further confinement to it. Therefore the strength of

RC column is obtained in increasing manner.

Ideally for all columns ultimate failure load should increase with increase in corner
radius from 0 mm, 15 mm, 25 mm and 35 mm, but in case columns having corner
radius 35 mm shows less ultimate failure load than 25 mm corner radius column. For
specimen having corner radius 35 mm, the specimen clear cover reduced from 25 mm
to 20.51 mm at the corner as shown in Figure Therefore the ultimate failure
of the specimen S1R3 and S2R3 are failing earlier than the column S1R2 and S2R2.

Due to premature failure of the specimen is also a reason for lower value of ultimate
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failure load for 35 mm corner radius specimen.
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Figure 5.7: Variation in clear cover with different corner radius

5.4 Load vs. Displacement

Displacement is measured along the length of the column. The gauge length of col-
umn for measuring the displacement is kept 800 mm. To set the LVDT for measuring
the displacement of column, aluminium frame setup is developed. Displacement of
all the columns is measured at an interval of every 10 kN load till the application of

ultimate load.

Comparison of ultimate failure load vs. displacement keeping corner radius
constant

Table [5.3| shows average displacement at average ultimate failure load for specimen
SORO0. Displacement readings for all the columns are individually shown in tabular

form in Appendix A.
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Table 5.3: Average displacement of specimen SOR0

Specimen SORO0

Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm)
0 0.00 150 0.31
10 0.01 160 0.34
20 0.04 170 0.35
30 0.06 180 0.37
40 0.07 190 0.39
50 0.09 200 0.40
60 0.11 210 0.42
70 0.14 220 0.45
80 0.16 230 0.48
90 0.19 240 0.50
100 0.21 250 0.52
110 0.23 260 0.54
120 0.26 270 0.58
130 0.28 280 0.61
140 0.29 290 0.63

67
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Table shows average displacement at average ultimate failure load for specimen

S1RO.

Table 5.4: Average displacement of specimen S1R0

Specimen S1R0
Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm)
0 0.00 250 0.68
10 0.06 260 0.72
20 0.10 270 0.75
30 0.14 280 0.79
40 0.17 290 0.83
50 0.18 300 0.87
60 0.21 310 0.92
70 0.23 320 0.97
80 0.25 330 1.02
90 0.27 340 1.08
100 0.29 350 1.13
110 0.31 360 1.22
120 0.33 370 1.31
130 0.35 380 1.40
140 0.37 390 1.53
150 0.40 400 1.72
160 0.42 403 2.01
170 0.45 407 2.72
180 0.48 403 2.87
190 0.51 400 3.21
200 0.54 403 3.26
210 0.57 413 4.01
220 0.60 423 4.71
230 0.62 430 5.91
240 0.65
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Table [5.5] shows average displacement at average ultimate failure load for specimen

S2R0.
Table 5.5: Average displacement of specimen S2R0
Specimen S2R0
Load | Deflection | Load | Deflection | Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)
0 0.00 250 0.72 500 2.50 577 ‘ 10.01 ‘
10 0.02 260 0.76 510 2.66
20 0.04 270 0.80 520 2.95
30 0.07 280 0.85 530 3.24
40 0.09 290 0.90 540 3.53
50 0.11 300 0.93 550 3.90
60 0.15 310 0.97 553 4.42
70 0.18 320 1.00 557 4.86
80 0.20 330 1.06 553 5.06
90 0.22 340 1.10 557 5.00
100 0.25 350 1.16 553 5.60
110 0.28 360 1.21 563 5.75
120 0.31 370 1.27 573 6.06
130 0.33 380 1.32 577 6.57
140 0.36 390 1.37 580 7.26
150 0.39 400 1.44 570 7.45
160 0.42 410 1.51 567 7.61
170 0.44 420 1.58 570 7.76
180 0.48 430 1.68 580 7.98
190 0.50 440 1.75 583 8.57
200 0.54 450 1.82 580 8.91
210 0.58 460 1.94 583 9.25
220 0.62 470 2.03 580 9.39
230 0.65 480 2.16 583 9.63
240 0.68 490 2.35 580 9.87
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Figure [5.8| shows the average load vs. average displacement plot for specimen SORO,
S1R0 and S2R0. The displacement value for specimens SIR0 and S2R0 are more com-
pared to specimen SOR0. For SOR0, STR0 and S2R0 the value of average displacement
are 0.63 mm, 5.91 mm and 10.01 mm and average ultimate load corresponding to dis-
placement are 290 kN, 430 kN and 577 kN, respectively. The behaviour of all three

specimens are similar up to 200 kN load.
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Figure 5.8: RO corner radius specimens with single and double layers
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Table [5.6| shows average displacement at average ultimate failure load for specimen

S1R1.

Table 5.6: Average displacement of specimen S1R1

Specimen S1R1
Load | Deflection | Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm) (kN) (mm)

0 0.00 250 1.05 467 5.82
10 0.02 260 1.10 463 6.18
20 0.05 270 1.17
30 0.10 280 1.25
40 0.14 290 1.32
20 0.17 300 1.39
60 0.20 310 1.52
70 0.26 320 1.68
80 0.32 330 1.80
90 0.37 340 1.90

100 0.44 350 2.04
110 0.47 360 2.21
120 0.51 370 2.37
130 0.54 380 2.53
140 0.57 390 2.68
150 0.59 400 2.86
160 0.63 410 3.05
170 0.68 420 3.33
180 0.71 430 3.63
190 0.75 440 3.84
200 0.79 450 4.21
210 0.84 453 4.74
220 0.89 450 4.85
230 0.94 453 2.05
240 0.99 457 5.42
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Table shows average displacement at average ultimate failure load for specimen

S2R1.

Table 5.7: Average displacement of specimen S2R1

Specimen S2R1

Load | Deflection | Load | Deflection | Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)
0 0.00 250 0.72 500 2.88 650 10.09
10 0.04 260 0.76 510 3.09 660 10.25
20 0.09 270 0.80 520 3.28 670 10.43
30 0.13 280 0.85 530 3.52 670 10.74
40 0.15 290 0.89 540 3.80 670 11.11
50 0.17 300 0.93 550 3.98
60 0.20 310 0.98 560 4.24
70 0.22 320 1.03 570 4.63
80 0.24 330 1.09 580 4.99
90 0.27 340 1.13 590 5.22

100 0.30 350 1.19 600 5.65
110 0.32 360 1.26 610 6.39
120 0.35 370 1.34 620 7.01
130 0.37 380 1.39 610 7.14
140 0.40 390 1.47 600 7.21
150 0.42 400 1.56 610 7.41
160 0.45 410 1.62 620 7.55
170 0.48 420 1.74 630 7.74
180 0.50 430 1.84 640 7.99
190 0.53 440 1.93 640 8.27
200 0.56 450 2.03 640 8.90
210 0.59 460 2.23 640 9.18
220 0.63 470 2.37 640 9.50
230 0.66 480 2.51 650 9.71
240 0.69 490 2.64 650 9.99
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Average load vs. average displacement plot for Specimen S1R1 and S2R1 are shown
in Figure 5.9 For SIRI and S2R1 the values of average displacement are 6.18 mm
and 11.11 mm and average ultimate load corresponding to displacement are 463 kN
and 670 kN, respectively. The average displacement at ultimate load of specimen

S2R1 are increased by 80 % compared to specimen S1R1.

Load vs Displacemment
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Figure 5.9: R1 corner radius specimen with single layer and double layers
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Table 5.8 shows average displacement at average ultimate failure load for specimen

S1R2.

Table 5.8: Average displacement of specimen S1R2

Specimen S1R2

Load | Deflection | Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm) (kN) (mm)
0 0.00 190 0.76 380 2.50
10 0.03 200 0.83 390 2.72
20 0.05 210 0.89 400 2.89
30 0.07 220 0.94 410 3.15
40 0.09 230 1.01 420 3.39
50 0.10 240 1.08 430 3.61
60 0.13 250 1.15 440 4.05
70 0.16 260 1.23 450 4.39
80 0.19 270 1.29 460 4.64
90 0.22 280 1.39 470 5.03
100 0.27 290 1.47 480 5.30
110 0.31 300 1.55 490 5.68
120 0.35 310 1.66 500 6.13
130 0.40 320 1.75 510 6.69
140 0.46 330 1.84 520 7.12
150 0.51 340 1.95 530 7.41
160 0.57 350 2.06 540 7.81
170 0.62 360 2.18
180 0.68 370 2.34
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Table 5.9 shows average displacement at average ultimate failure load for specimen

S2R2.

Table 5.9: Average displacement of specimen S2R2

Specimen S2R2
Load | Deflection | Load | Deflection | Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)

0 0.00 200 0.72 400 2.25 600 6.64
10 0.03 210 0.77 410 2.37 610 6.95
20 0.07 220 0.82 420 2.49 620 7.18
30 0.12 230 0.87 430 2.63 630 7.49
40 0.15 240 0.92 440 2.75 640 7.83
50 0.18 250 0.97 450 2.90 650 8.38
60 0.21 260 1.05 460 3.03 660 8.82
70 0.24 270 1.12 470 3.17 670 9.36
80 0.26 280 1.19 480 3.33 680 9.55
90 0.29 290 1.26 490 3.52 690 9.79

100 0.32 300 1.34 500 3.75 700 10.41
110 0.35 310 1.42 510 3.98 697 10.92
120 0.38 320 1.50 520 4.22 687 11.04
130 0.42 330 1.58 530 4.50 690 11.22
140 0.45 340 1.64 540 4.71 700 11.44
150 0.49 350 1.72 550 5.00 710 11.65
160 0.53 360 1.88 560 5.35 720 11.94
170 0.57 370 1.95 570 5.67 730 12.67
180 0.62 380 2.04 580 5.89
190 0.65 390 2.11 590 6.18
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Average load vs. average displacement plot for Specimen S1R2 and S2R2 are shown
in Figure For S1R2 and S2R2 the values of average displacement are 7.81 mm
and 12.67 mm and average ultimate load corresponding to displacement are 540 kN
and 730 kN, respectively. The average displacement at ultimate load of specimen

S2R2 are increased by 62 % compared to specimen S1R2.

Load vs Displacemment
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Figure 5.10: R2 corner radius specimen with single layer and double layers
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Table [5.10| shows average displacement at average ultimate failure load for specimen

S1R3.

Table 5.10: Average displacement of specimen S1R3

Specimen S1R3

Load | Deflection | Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm) (kN) (mm)
0 0.00 170 0.34 340 1.05
10 0.01 180 0.38 350 1.13
20 0.03 190 0.41 360 1.20
30 0.04 200 0.43 370 1.26
40 0.05 210 0.47 380 1.36
50 0.07 220 0.50 390 1.47
60 0.08 230 0.53 400 1.56
70 0.11 240 0.56 410 1.67
80 0.12 250 0.59 420 1.76
90 0.15 260 0.62 430 1.92
100 0.17 270 0.69 440 2.03
110 0.19 280 0.73 450 2.16
120 0.21 290 0.77 460 2.35
130 0.23 300 0.82 470 2.53
140 0.26 310 0.87 480 2.91
150 0.28 320 0.93 490 3.31
160 0.31 330 0.98 500 3.64
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Table shows average displacement at average ultimate failure load for specimen

S2R3.

Table 5.11: Average displacement of specimen S2R3

Specimen S2R3

Load | Deflection | Load | Deflection | Load | Deflection
(kN) (mm) (kN) (mm) (kN) (mm)
0 0.00 230 1.17 460 4.12
10 0.05 240 1.22 470 4.42
20 0.12 250 1.29 480 4.68
30 0.19 260 1.36 490 4.98
40 0.22 270 1.44 500 5.35
50 0.26 280 1.50 510 5.73
60 0.30 290 1.56 520 6.14
70 0.35 300 1.65 530 6.48
80 0.42 310 1.72 540 7.03
90 0.47 320 1.82 550 7.35
100 0.54 330 1.90 560 7.82
110 0.59 340 2.00 570 8.24
120 0.64 350 2.11 580 8.67
130 0.69 360 2.23 590 9.24
140 0.72 370 2.36 600 9.84
150 0.78 380 2.46 603 10.11
160 0.83 390 2.58 607 10.44
170 0.88 400 2.76 617 10.94
180 0.92 410 3.00 627 11.20
190 0.97 420 3.17 637 12.09
200 1.03 430 3.34 647 12.61
210 1.07 440 3.51 657 13.06
220 1.11 450 3.79 660 13.69
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Figure [5.11| shows the average load vs. average displacement plot for specimen S1R3
and S2R3. For S1R3 and S2R3 the values of average displacement are 3.64 mm and
13.69 mm and average ultimate load corresponding to displacement are 500 kN and
660 kN, respectively. The average displacement at ultimate load of specimen S2R3

are increased by 276 % compared to specimen S1R3.
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Figure 5.11: R3 corner radius specimen with single layer and double layers
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Comparison of ultimate failure load vs. displacement keeping number of
layers constant

Comparing specimens S1R0, SIR1, S1R2 and S1R3 keeping wrapping layer same that
is one shown in Figure In this case the average displacement at ultimate load
of specimens SIR0 to S1R1, S1IR1 to SIR2 and S1R2 to S1R3 are vary 5 %, 26 %
and - 53 % respectively. As increasing the radius with one layer of wrapping the
displacement of specimens are more except for specimen S1R3. Specimen S1R3 fails
on lower loads due to premature failure of specimen therefore the displacement value

shows in plot is less than the other specimen.

Load vs Displacement
600
~ 500
Z
-
k. qm e
3 w—51R0
£ 300
& — 5111
€ 200
g s S 1R2
:t lm -
51R3
0
0.00 2.00 4.00 6.00 8.00 10.00
Average Displacememt (mm)

Figure 5.12: Single layer wrapped specimen with different corner radii

Figure [5.13] shows comparing the specimen S2R0, S2R1, S2R2 and S2R3 keeping
wrapping layer same which is two. For specimens S2R0 to S2R1, S2R1 to S2R2 and
S2R2 to S2R3 are varying 11 %, 14 % and 8 % respectively for the average displace-
ment at ultimate load. As the number of layers are two the specimen shows more

displacement than single layer wrapped specimens.
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Load vs Displacement
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Figure 5.13: Double layer wrapped specimen with different corner radii

Figure and Figure shows plot of average ultimate load vs. average displace-
ment which indicate that as the radius increased towards 0 mm to 35 mm radius the
average value of increment of displacement is ranging from 5 to 26 % for single layer

and 8 to 14 % for double layers respectively.

5.5 Axial Stress vs. Strain

Strain is measured in axial direction and lateral direction with the help of LVDT and
electrical strain gauges respectively. For measuring axial strain the gauge length is
for LVDT setup is 800 mm. Strain is measured in lateral direction on mid height
of the column which is 600 mm. As discussed in previous chapter 4, stain gauges

are located at on concrete surface and on FRP surface for different corner radius is
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shown in Figure [4.23] Table 5.12 to Table 5.20 shows the results of average axial
stress, average axial strain and average lateral strain. Axial stress, axial strain and
lateral strain readings for all the columns are individually shown in tabular form in

Appendix A.
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Table 5.12: Average results for SORO0 - axial stress, axial strain and lateral strain

Specimen SOR0
Axial stress | Axial strain lateral Strain
N/mm? Mid | Corner
0.00 0.00000 0.00000 | -0.00001
0.64 0.00002 0.00003 | 0.00001
1.28 0.00005 0.00005 | 0.00002
1.92 0.00007 0.00005 | 0.00003
2.56 0.00009 0.00005 | 0.00002
3.20 0.00011 0.00005 | 0.00002
3.84 0.00013 0.00006 | 0.00003
4.48 0.00017 0.00007 | 0.00004
5.12 0.00020 0.00008 | 0.00004
5.76 0.00023 0.00010 | 0.00005
6.40 0.00026 0.00012 | 0.00005
7.04 0.00029 0.00011 | 0.00006
7.68 0.00032 0.00012 | 0.00007
8.32 0.00035 0.00013 | 0.00008
8.96 0.00037 0.00013 | 0.00010
9.60 0.00039 0.00015 | 0.00012
10.24 0.00042 0.00016 | 0.00013
10.88 0.00044 0.00017 | 0.00015
11.52 0.00046 0.00018 | 0.00017
12.16 0.00049 0.00018 | 0.00019
12.80 0.00050 0.00019 | 0.00023
13.44 0.00053 0.00019 | 0.00024
14.08 0.00056 0.00019 | 0.00028
14.72 0.00060 0.00022 | 0.00031
15.36 0.00062 0.00024 | 0.00034
16.00 0.00065 0.00037 | 0.00038
16.64 0.00068 0.00044 | 0.00042
17.28 0.00073 0.00048 | 0.00044
17.92 0.00076 0.00052 | 0.00007
18.56 0.00079 0.00059 | -0.00004
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Table 5.13: Average results for SIR0 - axial stress, axial strain and lateral strain

Specimen S1R0
Axial stress | Axial strain lateral Strain
N/mm? Mid | Corner
0.00 0.00000 0.00000 | -0.00001
0.64 0.00008 0.00000 | 0.00000
1.28 0.00013 0.00001 | 0.00000
1.92 0.00018 0.00001 | 0.00000
2.56 0.00021 0.00002 | -0.00001
3.20 0.00023 0.00002 | -0.00001
3.85 0.00026 0.00002 | -0.00001
4.49 0.00028 0.00002 | -0.00001
5.13 0.00031 0.00003 | -0.00001
5.77 0.00034 0.00003 | -0.00001
6.41 0.00036 0.00003 | -0.00001
7.05 0.00039 0.00004 | -0.00001
7.69 0.00041 0.00004 | -0.00001
8.33 0.00044 0.00004 | 0.00000
8.97 0.00047 0.00005 | 0.00000
9.61 0.00050 0.00005 | 0.00001
10.25 0.00053 0.00006 | 0.00001
10.89 0.00057 0.00007 | 0.00002
11.54 0.00060 0.00007 | 0.00002
12.18 0.00064 0.00008 | 0.00003
12.82 0.00068 0.00009 | 0.00004
13.46 0.00071 0.00010 | 0.00004
14.10 0.00075 0.00010 | 0.00004
14.74 0.00078 0.00011 | 0.00005
15.38 0.00082 0.00012 | 0.00006
16.02 0.00085 0.00013 | 0.00007
16.66 0.00090 0.00015 | 0.00007
17.30 0.00094 0.00016 | 0.00007
17.94 0.00099 0.00019 | 0.00009
18.58 0.00103 0.00021 | 0.00009
19.23 0.00109 0.00024 | 0.00010
19.87 0.00115 0.00028 | 0.00010
20.51 0.00122 0.00032 | 0.00011
21.15 0.00128 0.00037 | 0.00012
21.79 0.00135 0.00043 | 0.00014
22.43 0.00142 0.00052 | 0.00016
23.07 0.00152 0.00061 | 0.00017
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Specimen S1R0
Axial stress | Axial strain lateral Strain
N/mm? Mid [ Corner
23.71 0.00164 0.00074 | 0.00019
24.35 0.00175 0.00085 | 0.00020
24.99 0.00192 0.00106 | 0.00023
25.63 0.00215 0.00155 | 0.00027
25.85 0.00251 0.00179 | 0.00031
26.06 0.00340 0.00180 | 0.00037
25.85 0.00359 0.00169 | 0.00042
25.63 0.00402 0.00168 | 0.00044
25.85 0.00408 0.00174 | 0.00047
26.49 0.00501 0.00189 | 0.00049
27.13 0.00588 0.00350 | 0.00051
27.56 0.00739 0.00334 | 0.00065
27.34 0.00798 0.00343 | 0.00057
27.13 0.00917 0.00965 | 0.00040
27.34 0.01055 0.00955 | 0.00038
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Table 5.14: Average results for S2R0 - axial stress, axial strain and lateral strain

Specimen S2R0
Axial stress | Axial strain lateral Strain
N/mm? Mid | Corner
0.00 0.00000 0.00000 | -0.00003
0.64 0.00002 -0.00001 | -0.00007
1.28 0.00005 -0.00001 | -0.00007
1.92 0.00009 0.00000 | -0.00009
2.56 0.00012 -0.00001 | -0.00009
3.20 0.00014 0.00000 | -0.00010
3.85 0.00018 -0.00002 | -0.00020
4.49 0.00022 -0.00001 | -0.00021
5.13 0.00025 -0.00003 | -0.00020
5.77 0.00028 -0.00003 | -0.00019
6.41 0.00031 -0.00002 | -0.00018
7.05 0.00035 -0.00002 | -0.00016
7.69 0.00038 -0.00001 | -0.00014
8.33 0.00042 -0.00001 | -0.00007
8.97 0.00045 -0.00003 | -0.00002
9.61 0.00048 -0.00002 | 0.00002
10.25 0.00053 -0.00001 | 0.00008
10.89 0.00055 -0.00001 | 0.00011
11.54 0.00060 -0.00001 | 0.00015
12.18 0.00063 0.00000 | 0.00025
12.82 0.00068 0.00000 | 0.00036
13.46 0.00073 0.00000 | 0.00044
14.10 0.00078 0.00000 | 0.00050
14.74 0.00081 0.00002 | 0.00062
15.38 0.00085 0.00002 | 0.00078
16.02 0.00090 0.00001 | 0.00092
16.66 0.00095 0.00002 | 0.00112
17.30 0.00100 0.00002 | 0.00124
17.94 0.00106 0.00004 | 0.00152
18.58 0.00113 0.00004 | 0.00178
19.23 0.00117 0.00003 | 0.00199
19.87 0.00121 0.00005 | 0.00224
20.51 0.00125 0.00004 | 0.00253
21.15 0.00132 0.00005 | 0.00254
21.79 0.00138 0.00006 | 0.00263
22.43 0.00145 0.00007 | 0.00263
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Specimen S2R0
Axial stress | Axial strain lateral Strain
N/mm? Mid [ Corner
23.07 0.00151 0.00007 | 0.00277
23.71 0.00159 0.00009 | 0.00296
24.35 0.00165 0.00009 | 0.00313
24.99 0.00171 0.00011 | 0.00331
25.63 0.00180 0.00012 | 0.00343
26.28 0.00188 0.00013 | 0.00340
26.92 0.00198 0.00015 | 0.00275
27.56 0.00210 0.00017 | 0.00153
28.20 0.00218 0.00018 | 0.00120
28.84 0.00228 0.00020 | 0.00087
29.48 0.00243 0.00025 | 0.00065
30.12 0.00253 0.00027 | 0.00050
30.76 0.00270 0.00032 | 0.00029
31.40 0.00293 0.00038 | 0.00056
32.04 0.00312 0.00041 | 0.00061
32.68 0.00332 0.00046 | 0.00035
33.32 0.00369 0.00055 | -0.00005
33.97 0.00405 0.00066 | -0.00016
34.61 0.00442 0.00073 | 0.00059
35.25 0.00488 0.00083 | 0.00095
35.46 0.00553 0.00090 | 0.00175
35.67 0.00608 0.00093 | 0.00315
35.46 0.00632 0.00098 | 0.00521
35.67 0.00625 0.00101 | 0.00489
35.46 0.00700 0.00105 | 0.00502
36.10 0.00719 0.00106 | 0.00560
36.74 0.00757 0.00108 | 0.00622
36.96 0.00821 0.00119 | 0.00614
37.17 0.00908 0.00133 | 0.00568
36.53 0.00931 0.00138 | 0.00558
36.32 0.00951 0.00137 | 0.00600
36.53 0.00970 0.00140 | 0.00566
37.17 0.00998 0.00144 | 0.00533
37.38 0.01072 0.00150 | 0.00500
37.17 0.01113 0.00170 | 0.00416
37.38 0.01157 0.00178 | 0.00403
37.17 0.01174 0.00179 | 0.00322
37.38 0.01203 0.00184 | 0.00289
37.17 0.01234 0.00187 | 0.00258
36.96 0.01251 0.00193 | 0.00217
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Table 5.15: Average results for SIR1 - axial stress, axial strain and lateral strain

Specimen S1R1
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left [ Center | Right
0.00 0.00000 -0.00001 | 0.00000 | -0.00001 | 0.00000
0.65 0.00002 -0.00002 | 0.00000 | -0.00001 | -0.00001
1.30 0.00007 -0.00002 | 0.00000 | -0.00001 | -0.00001
1.94 0.00013 -0.00003 | 0.00000 | -0.00002 | -0.00002
2.59 0.00017 -0.00002 | 0.00000 | -0.00001 | -0.00002
3.24 0.00021 -0.00003 | 0.00001 | -0.00001 | -0.00002
3.89 0.00025 -0.00003 | 0.00001 | -0.00002 | -0.00002
4.54 0.00033 -0.00003 | 0.00000 | -0.00002 | -0.00002
5.18 0.00040 -0.00003 | 0.00001 | -0.00002 | -0.00003
5.83 0.00046 -0.00003 | 0.00001 | -0.00003 | -0.00003
6.48 0.00055 -0.00003 | 0.00001 | -0.00003 | -0.00003
7.13 0.00059 -0.00003 | 0.00001 | -0.00004 | -0.00003
7.78 0.00063 -0.00003 | 0.00002 | -0.00004 | -0.00003
8.42 0.00068 -0.00003 | 0.00002 | -0.00005 | -0.00003
9.07 0.00071 -0.00003 | 0.00002 | -0.00005 | -0.00002
9.72 0.00074 -0.00003 | 0.00002 | -0.00005 | -0.00002
10.37 0.00079 -0.00003 | 0.00003 | -0.00005 | -0.00001
11.02 0.00085 -0.00002 | 0.00004 | -0.00005 | 0.00000
11.66 0.00089 -0.00002 | 0.00004 | -0.00004 | 0.00001
12.31 0.00094 -0.00001 | 0.00005 | -0.00005 | 0.00002
12.96 0.00099 -0.00001 | 0.00006 | -0.00004 | 0.00003
13.61 0.00105 -0.00001 | 0.00006 | -0.00005 | 0.00004
14.26 0.00111 -0.00001 | 0.00007 | -0.00005 | 0.00006
14.90 0.00118 0.00000 | 0.00008 | -0.00004 | 0.00007
15.55 0.00124 0.00000 | 0.00008 | -0.00004 | 0.00009
16.20 0.00131 0.00001 | 0.00010 | -0.00004 | 0.00011
16.85 0.00138 0.00001 | 0.00010 | -0.00004 | 0.00013
17.50 0.00147 0.00002 | 0.00012 | -0.00004 | 0.00015
18.14 0.00156 0.00002 | 0.00013 | -0.00004 | 0.00018
18.79 0.00165 0.00003 | 0.00014 | -0.00004 | 0.00020
19.44 0.00174 0.00004 | 0.00016 | -0.00004 | 0.00023
20.09 0.00190 0.00005 | 0.00018 | -0.00004 | 0.00026
20.74 0.00210 0.00007 | 0.00021 | -0.00003 | 0.00030
21.38 0.00225 0.00008 | 0.00024 | -0.00004 | 0.00034
22.03 0.00238 0.00009 | 0.00027 | -0.00003 | 0.00037
22.68 0.00255 0.00012 | 0.00031 | -0.00002 | 0.00044




CHAPTER 5. RESULTS AND DISCUSSION

Specimen S1R1
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left | Center | Right
23.33 0.00276 0.00014 | 0.00035 | -0.00002 | 0.00049
23.98 0.00297 0.00016 | 0.00041 | -0.00001 | 0.00057
24.62 0.00316 0.00020 | 0.00049 | 0.00001 | 0.00067
25.27 0.00335 0.00023 | 0.00056 | 0.00003 | 0.00076
25.92 0.00358 0.00028 | 0.00068 | 0.00007 | 0.00094
26.57 0.00381 0.00032 | 0.00078 | 0.00010 | 0.00106
27.22 0.00416 0.00041 | 0.00089 | 0.00014 | 0.00119
27.86 0.00453 0.00051 | 0.00097 | 0.00017 | 0.00133
28.51 0.00480 0.00060 | 0.00108 | 0.00020 | 0.00141
29.16 0.00526 0.00074 | 0.00128 | 0.00027 | 0.00164
29.38 0.00592 0.00073 | 0.00155 | 0.00038 | 0.00187
29.16 0.00606 0.00073 | 0.00164 | 0.00042 | 0.00184
29.38 0.00631 0.00075 | 0.00181 | 0.00052 | 0.00186
29.59 0.00678 0.00075 | 0.00192 | 0.00062 | 0.00192
30.24 0.00728 0.00081 | 0.00243 | 0.00083 | 0.00224
30.02 0.00772 0.00079 | 0.00256 | 0.00087 | 0.00216
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Table 5.16: Average results for S2R1 - axial stress, axial strain and lateral strain

Specimen S2R1
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left [ Center | Right
0.00 0.00000 -0.00001 | 0.00000 | 0.00001 | -0.00001
0.65 0.00005 0.00000 | 0.00002 | 0.00002 | 0.00000
1.30 0.00011 0.00001 | 0.00003 | 0.00003 | 0.00001
1.94 0.00016 0.00002 | 0.00005 | 0.00004 | 0.00003
2.59 0.00019 0.00003 | 0.00005 | 0.00005 | 0.00004
3.24 0.00021 0.00004 | 0.00007 | 0.00005 | 0.00005
3.89 0.00024 0.00005 | 0.00008 | 0.00006 | 0.00008
4.54 0.00027 0.00005 | 0.00009 | 0.00007 | 0.00012
5.18 0.00030 0.00006 | 0.00010 | 0.00008 | 0.00014
5.83 0.00033 0.00007 | 0.00011 | 0.00009 | 0.00018
6.48 0.00037 0.00008 | 0.00013 | 0.00009 | 0.00026
7.13 0.00039 0.00010 | 0.00014 | 0.00010 | 0.00031
7.78 0.00043 0.00010 | 0.00016 | 0.00011 | 0.00037
8.42 0.00046 0.00011 | 0.00016 | 0.00012 | 0.00042
9.07 0.00049 0.00013 | 0.00018 | 0.00013 | 0.00045
9.72 0.00052 0.00013 | 0.00019 | 0.00013 | 0.00049
10.37 0.00056 0.00014 | 0.00020 | 0.00014 | 0.00054
11.02 0.00059 0.00016 | 0.00021 | 0.00015 | 0.00059
11.66 0.00062 0.00017 | 0.00023 | 0.00016 | 0.00065
12.31 0.00066 0.00018 | 0.00024 | 0.00017 | 0.00069
12.96 0.00070 0.00019 | 0.00026 | 0.00017 | 0.00076
13.61 0.00074 0.00020 | 0.00027 | 0.00018 | 0.00079
14.26 0.00078 0.00021 | 0.00029 | 0.00020 | 0.00080
14.90 0.00082 0.00022 | 0.00030 | 0.00020 | 0.00080
15.55 0.00086 0.00024 | 0.00032 | 0.00021 | 0.00084
16.20 0.00089 0.00025 | 0.00034 | 0.00022 | 0.00088
16.85 0.00095 0.00027 | 0.00035 | 0.00023 | 0.00095
17.50 0.00100 0.00028 | 0.00037 | 0.00024 | 0.00092
18.14 0.00106 0.00031 | 0.00039 | 0.00025 | 0.00091
18.79 0.00111 0.00033 | 0.00042 | 0.00026 | 0.00093
19.44 0.00116 0.00035 | 0.00043 | 0.00027 | 0.00092
20.09 0.00122 0.00037 | 0.00047 | 0.00028 | 0.00076
20.74 0.00129 0.00039 | 0.00050 | 0.00029 | 0.00068
21.38 0.00136 0.00042 | 0.00053 | 0.00031 | 0.00066
22.03 0.00141 0.00045 | 0.00056 | 0.00032 | 0.00067
22.68 0.00148 0.00048 | 0.00060 | 0.00034 | 0.00070
23.33 0.00157 0.00053 | 0.00065 | 0.00036 | 0.00066
23.98 0.00167 0.00057 | 0.00070 | 0.00038 | 0.00052
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Specimen S2R1

Axial stress

Axial strain

lateral Strain

N/mm? Mid | Left [ Center | Right
24.62 0.00174 0.00062 | 0.00075 | 0.00040 | 0.00038
25.27 0.00183 0.00068 | 0.00082 | 0.00043 | 0.00026
25.92 0.00194 0.00076 | 0.00089 | 0.00046 | 0.00016
26.57 0.00203 0.00081 | 0.00094 | 0.00048 | 0.00019
27.22 0.00217 0.00090 | 0.00103 | 0.00052 | 0.00028
27.86 0.00230 0.00097 | 0.00110 | 0.00056 | 0.00043
28.51 0.00241 0.00104 | 0.00118 | 0.00059 | 0.00063
29.16 0.00254 0.00113 | 0.00127 | 0.00063 | 0.00102
29.81 0.00279 0.00131 | 0.00142 | 0.00071 | 0.00176
30.46 0.00296 0.00144 | 0.00154 | 0.00077 | 0.00260
31.10 0.00314 0.00157 | 0.00168 | 0.00084 | 0.00132
31.75 0.00329 0.00166 | 0.00177 | 0.00089 | 0.00108
32.40 0.00359 0.00187 | 0.00196 | 0.00102 | -0.00017
33.05 0.00386 0.00204 | 0.00217 | 0.00113 | -0.00137
33.70 0.00410 0.00222 | 0.00234 | 0.00126 | -0.00293
34.34 0.00440 0.00238 | 0.00251 | 0.00140 | -0.00481
34.99 0.00474 0.00256 | 0.00275 | 0.00156 | -0.00557
35.64 0.00497 0.00268 | 0.00292 | 0.00165 | -0.00553
36.29 0.00529 0.00283 | 0.00308 | 0.00177 | -0.00574
36.94 0.00578 0.00303 | 0.00333 | 0.00198 | -0.00611
37.58 0.00624 0.00323 | 0.00362 | 0.00221 | -0.00619
38.23 0.00652 0.00336 | 0.00374 | 0.00238 | -0.00628
38.88 0.00706 0.00356 | 0.00430 | 0.00265 | -0.00621
39.53 0.00799 -0.00086 | 0.00452 | 0.00315 | -0.00659
40.18 0.00876 -0.00222 | 0.00466 | 0.00356 | -0.00647
39.53 0.00892 0.00286 | 0.00459 | 0.00362 | -0.00639
38.88 0.00901 0.00435 | 0.00456 | 0.00364 | -0.00634
39.53 0.00926 0.00450 | 0.00450 | 0.00375 | -0.00623
40.18 0.00944 0.00466 | 0.00408 | 0.00387 | -0.00593
40.82 0.00967 0.00482 | 0.00464 | 0.00402 | -0.00574
41.47 0.00998 0.00491 | 0.00389 | 0.00422 | -0.00548
41.47 0.01034 0.00278 | 0.00406 | 0.00431 | -0.00516
41.47 0.01112 0.00248 | 0.00443 | 0.00455 | -0.00482
41.47 0.01147 0.00249 | 0.00458 | 0.00463 | -0.00467
41.47 0.01188 0.00526 | 0.00474 | 0.00471 | -0.00450
42.12 0.01214 0.00553 | 0.00517 | 0.00478 | -0.00432
42.12 0.01249 0.00568 | 0.00539 | 0.00490 | -0.00415
42.12 0.01261 0.00581 | 0.00537 | 0.00498 | -0.00401
42.77 0.01281 0.00590 | 0.00547 | 0.00509 | -0.00399
43.42 0.01303 0.00595 | 0.00564 | 0.00526 | -0.00389
43.42 0.01343 0.00605 | 0.00558 | 0.00535 | -0.00380
43.42 0.01389 0.00389 | 0.00552 | 0.00544 | -0.00368

91



CHAPTER 5. RESULTS AND DISCUSSION

92

Table 5.17: Average results for SIR2 - axial stress, axial strain and lateral strain

Specimen S1R2
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left [ Center | Right
0.00 0.00000 -0.00001 | -0.00001 | -0.00002 | -0.00001
0.66 0.00003 -0.00001 | -0.00002 | -0.00003 | 0.00000
1.33 0.00006 -0.00002 | -0.00003 | -0.00003 | 0.00001
1.99 0.00009 -0.00002 | -0.00003 | -0.00002 | 0.00003
2.65 0.00012 -0.00002 | -0.00004 | -0.00002 | 0.00004
3.31 0.00013 -0.00003 | -0.00005 | -0.00001 | 0.00006
3.98 0.00016 -0.00002 | -0.00007 | -0.00002 | 0.00007
4.64 0.00020 -0.00003 | -0.00010 | -0.00001 | 0.00009
5.30 0.00023 -0.00002 | -0.00012 | -0.00001 | 0.00012
5.96 0.00028 -0.00002 | -0.00013 | -0.00001 | 0.00014
6.63 0.00034 -0.00001 | -0.00016 | 0.00001 | 0.00018
7.29 0.00039 -0.00001 | -0.00018 | 0.00002 | 0.00021
7.95 0.00044 0.00000 | -0.00020 | 0.00003 | 0.00022
8.62 0.00050 0.00001 | -0.00021 | 0.00003 | 0.00024
9.28 0.00057 0.00001 | -0.00021 | 0.00005 | 0.00025
9.94 0.00063 0.00002 | -0.00021 | 0.00007 | 0.00026
10.60 0.00071 0.00004 | -0.00021 | 0.00008 | 0.00027
11.27 0.00077 0.00004 | -0.00022 | 0.00010 | 0.00028
11.93 0.00085 0.00005 | -0.00021 | 0.00012 | 0.00029
12.59 0.00095 0.00006 | -0.00020 | 0.00016 | 0.00030
13.25 0.00103 0.00007 | -0.00018 | 0.00020 | 0.00032
13.92 0.00112 0.00008 | -0.00019 | 0.00023 | 0.00034
14.58 0.00118 0.00009 | -0.00018 | 0.00027 | 0.00036
15.24 0.00127 0.00011 | -0.00017 | 0.00031 | 0.00038
15.91 0.00135 0.00013 | -0.00016 | 0.00036 | 0.00041
16.57 0.00143 0.00015 | -0.00015 | 0.00040 | 0.00045
17.23 0.00153 0.00017 | -0.00013 | 0.00044 | 0.00049
17.89 0.00162 0.00020 | -0.00011 | 0.00048 | 0.00052
18.56 0.00174 0.00023 | -0.00003 | 0.00053 | 0.00059
19.22 0.00183 0.00027 | 0.00006 | 0.00056 | 0.00063
19.88 0.00193 0.00031 | 0.00010 | 0.00060 | 0.00070
20.54 0.00208 0.00034 | 0.00014 | 0.00064 | 0.00075
21.21 0.00218 0.00040 | 0.00017 | 0.00069 | 0.00082
21.87 0.00230 0.00046 | 0.00020 | 0.00074 | 0.00092
22.53 0.00243 0.00054 | 0.00025 | 0.00080 | 0.00101
23.20 0.00257 0.00064 | 0.00035 | 0.00086 | 0.00111
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Specimen S1R2
Axial stress | Axial strain lateral Strain
N/mm? Mid [ Left | Center | Right
23.86 0.00273 0.00075 | 0.00035 | 0.00093 | 0.00122
24.52 0.00293 0.00088 | 0.00039 | -0.00004 | 0.00136
25.18 0.00313 0.00100 | 0.00043 | 0.00037 | 0.00148
25.85 0.00340 0.00116 | 0.00043 | 0.00115 | 0.00160
26.51 0.00362 0.00129 | 0.00042 | -0.00038 | 0.00176
27.17 0.00394 0.00146 | -0.00210 | -0.00168 | 0.00189
27.83 0.00424 0.00172 | -0.00209 | -0.00217 | 0.00213
28.50 0.00451 0.00197 | -0.00060 | -0.00126 | 0.00221
29.16 0.00506 0.00252 | -0.00234 | -0.00244 | 0.00285
29.82 0.00548 0.00313 | -0.00672 | -0.00537 | 0.00228
30.49 0.00580 0.00361 | -0.00879 | -0.00705 | 0.00150
31.15 0.00629 0.00436 | -0.01019 | -0.00606 | 0.00105
31.81 0.00662 0.00478 | -0.01060 | -0.00917 | 0.00246
32.47 0.00710 0.00546 | -0.01083 | -0.01557 | 0.00231
33.14 0.00767 0.00618 | -0.01156 | -0.02396 | 0.00284
33.80 0.00837 0.00732 | -0.01254 | -0.01685 | 0.00275
34.46 0.00890 0.00827 | -0.00839 | -0.01469 | 0.00286
35.12 0.00926 0.00740 | 0.00845 | -0.01341 | 0.00304
35.79 0.00976 0.00877 | 0.00861 | -0.00922 | 0.00288
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Table 5.18: Average results for S2R2 - axial stress, axial strain and lateral strain

Specimen S2R2
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left | Center | Right
0.00 0.00000 0.00001 | 0.00000 | 0.00000 | 0.00000
0.66 0.00003 0.00003 | -0.00001 | 0.00001 | 0.00001
1.33 0.00008 0.00004 | 0.00000 | 0.00002 | 0.00001
1.99 0.00015 0.00007 | 0.00001 | 0.00003 | 0.00002
2.65 0.00018 0.00009 | 0.00001 | 0.00003 | 0.00002
3.31 0.00023 0.00012 | 0.00001 | 0.00004 | 0.00002
3.98 0.00027 0.00014 | 0.00000 | 0.00003 | 0.00002
4.64 0.00030 0.00016 | 0.00000 | 0.00004 | 0.00003
5.30 0.00033 0.00017 | 0.00001 | 0.00005 | 0.00003
5.96 0.00036 0.00020 | 0.00001 | 0.00005 | 0.00003
6.63 0.00040 0.00023 | 0.00001 | 0.00005 | 0.00004
7.29 0.00044 0.00026 | 0.00001 | 0.00005 | 0.00004
7.95 0.00048 0.00029 | 0.00001 | 0.00006 | 0.00004
8.62 0.00052 0.00033 | 0.00002 | 0.00007 | 0.00005
9.28 0.00057 0.00036 | 0.00002 | 0.00008 | 0.00005
9.94 0.00062 0.00040 | 0.00002 | 0.00009 | 0.00007
10.60 0.00067 0.00046 | 0.00001 | 0.00011 | 0.00008
11.27 0.00071 0.00050 | 0.00002 | 0.00013 | 0.00008
11.93 0.00077 0.00055 | 0.00003 | 0.00014 | 0.00010
12.59 0.00082 0.00059 | 0.00004 | 0.00015 | 0.00010
13.25 0.00090 0.00065 | 0.00004 | 0.00016 | 0.00012
13.92 0.00096 0.00071 | 0.00003 | 0.00018 | 0.00013
14.58 0.00103 0.00076 | 0.00003 | 0.00019 | 0.00014
15.24 0.00109 0.00084 | 0.00002 | 0.00021 | 0.00017
15.91 0.00115 0.00091 | 0.00002 | 0.00023 | 0.00018
16.57 0.00122 0.00099 | 0.00002 | 0.00025 | 0.00019
17.23 0.00131 0.00110 | 0.00001 | 0.00027 | 0.00021
17.89 0.00140 0.00120 | 0.00001 | 0.00030 | 0.00023
18.56 0.00148 0.00131 | 0.00003 | 0.00033 | 0.00026
19.22 0.00157 0.00146 | 0.00004 | 0.00037 | 0.00029
19.88 0.00167 0.00158 | 0.00007 | 0.00041 | 0.00033
20.54 0.00178 0.00176 | 0.00011 | 0.00046 | 0.00036
21.21 0.00187 0.00192 | 0.00015 | 0.00050 | 0.00039
21.87 0.00197 0.00213 | 0.00023 | 0.00054 | 0.00043
22.53 0.00205 0.00232 | 0.00026 | 0.00058 | 0.00047
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Specimen S2R2
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left | Center | Right
23.20 0.00215 0.00260 | 0.00028 | 0.00063 | 0.00052
23.86 0.00235 0.00301 | 0.00035 | 0.00070 | 0.00057
24.52 0.00244 0.00347 | 0.00043 | 0.00076 | 0.00063
25.18 0.00255 0.00383 | 0.00052 | 0.00081 | 0.00069
25.85 0.00264 0.00421 | 0.00057 | 0.00087 | 0.00074
26.51 0.00281 0.00478 | 0.00067 | 0.00095 | 0.00082
27.17 0.00297 0.00537 | 0.00074 | 0.00101 | 0.00088
27.83 0.00311 0.00580 | 0.00084 | 0.00108 | 0.00095
28.50 0.00328 0.00669 | 0.00096 | 0.00117 | 0.00104
29.16 0.00344 0.00761 | 0.00115 | 0.00129 | 0.00116
29.82 0.00362 0.00830 | 0.00118 | 0.00142 | 0.00130
30.49 0.00379 0.00859 | 0.00120 | 0.00155 | 0.00144
31.15 0.00396 0.00867 | 0.00109 | 0.00164 | 0.00153
31.81 0.00416 0.00892 | 0.00104 | 0.00176 | 0.00165
32.47 0.00440 0.00946 | 0.00107 | 0.00192 | 0.00183
33.14 0.00468 0.01000 | 0.00161 | 0.00208 | 0.00200
33.80 0.00498 0.01087 | 0.00274 | 0.00225 | 0.00212
34.46 0.00527 0.01123 | 0.00323 | 0.00244 | 0.00228
35.12 0.00563 0.01163 | 0.00379 | 0.00264 | 0.00242
35.79 0.00588 0.01286 | 0.00419 | 0.00280 | 0.00260
36.45 0.00625 0.01444 | 0.00465 | 0.00300 | 0.00282
37.11 0.00669 0.01594 | 0.00610 | 0.00324 | 0.00304
37.78 0.00708 0.01647 | 0.00634 | 0.00345 | 0.00326
38.44 0.00736 0.01720 | 0.00756 | 0.00366 | 0.00327
39.10 0.00772 0.01772 | 0.00869 | 0.00386 | 0.00370
39.76 0.00830 0.01799 | 0.01068 | 0.00409 | 0.00341
40.43 0.00868 0.01822 | 0.01055 | 0.00420 | 0.00353
41.09 0.00898 0.01844 | 0.01055 | 0.00430 | 0.00210
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Table 5.19: Average results for SIR3 - axial stress, axial strain and lateral strain

Specimen S1R3
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left [ Center | Right
0.00 0.00000 -0.00001 | 0.00000 | 0.00000 | 0.00002
0.69 0.00002 0.00000 | 0.00001 | 0.00001 | 0.00004
1.37 0.00004 0.00000 | 0.00001 | 0.00001 | 0.00006
2.06 0.00005 0.00000 | 0.00002 | 0.00002 | 0.00010
2.74 0.00007 0.00000 | 0.00002 | 0.00002 | 0.00012
3.43 0.00008 0.00000 | 0.00002 | 0.00002 | 0.00013
4.12 0.00010 -0.00001 | 0.00002 | 0.00002 | 0.00030
4.80 0.00013 -0.00001 | 0.00002 | 0.00002 | 0.00035
5.49 0.00015 -0.00001 | 0.00002 | 0.00003 | 0.00038
6.18 0.00018 -0.00002 | 0.00003 | 0.00002 | 0.00041
6.86 0.00021 -0.00002 | 0.00003 | 0.00003 | 0.00044
7.55 0.00024 -0.00002 | 0.00004 | 0.00003 | 0.00047
8.23 0.00026 -0.00002 | 0.00004 | 0.00004 | 0.00049
8.92 0.00029 -0.00002 | 0.00004 | 0.00004 | 0.00051
9.61 0.00033 -0.00002 | 0.00005 | 0.00005 | 0.00053
10.29 0.00035 -0.00001 | 0.00005 | 0.00006 | 0.00055
10.98 0.00039 -0.00001 | 0.00006 | 0.00006 | 0.00057
11.67 0.00043 -0.00001 | 0.00006 | 0.00006 | 0.00060
12.35 0.00047 -0.00001 | 0.00007 | 0.00007 | 0.00063
13.04 0.00051 -0.00001 | 0.00007 | 0.00007 | 0.00064
13.72 0.00054 0.00000 | 0.00008 | 0.00007 | 0.00067
14.41 0.00058 -0.00001 | 0.00008 | 0.00008 | 0.00070
15.10 0.00062 0.00000 | 0.00009 | 0.00008 | 0.00071
15.78 0.00066 0.00001 | 0.00009 | 0.00009 | 0.00072
16.47 0.00070 0.00001 | 0.00010 | 0.00009 | 0.00074
17.16 0.00073 0.00002 | 0.00010 | 0.00010 | 0.00075
17.84 0.00077 0.00003 | 0.00011 | 0.00010 | 0.00077
18.53 0.00086 0.00004 | 0.00012 | 0.00011 | 0.00078
19.21 0.00091 0.00006 | 0.00013 | 0.00012 | 0.00080
19.90 0.00096 0.00008 | 0.00015 | 0.00012 | 0.00082
20.59 0.00103 0.00011 | 0.00016 | 0.00013 | 0.00085
21.27 0.00109 0.00013 | 0.00018 | 0.00014 | 0.00089
21.96 0.00116 0.00021 | 0.00021 | 0.00015 | 0.00097
22.64 0.00123 0.00021 | 0.00022 | 0.00016 | 0.00099
23.33 0.00132 0.00026 | 0.00024 | 0.00018 | 0.00105
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Specimen S1R3
Axial stress | Axial strain lateral Strain
N/mm? Mid [ Left | Center | Right
24.02 0.00141 0.00030 | 0.00027 | 0.00020 | 0.00112
24.70 0.00150 0.00037 | 0.00031 | 0.00022 | 0.00125
25.39 0.00157 0.00043 | 0.00035 | 0.00024 | 0.00134
26.08 0.00170 0.00051 | 0.00040 | 0.00027 | 0.00151
26.76 0.00184 0.00057 | 0.00045 | 0.00030 | 0.00164
27.45 0.00195 0.00065 | 0.00050 | 0.00034 | 0.00180
28.13 0.00209 0.00080 | 0.00061 | 0.00039 | 0.00212
28.82 0.00220 0.00091 | 0.00069 | 0.00043 | 0.00236
29.51 0.00240 0.00099 | 0.00080 | 0.00049 | 0.00259
30.19 0.00253 0.00110 | 0.00089 | 0.00056 | 0.00282
30.88 0.00270 0.00137 | 0.00113 | 0.00075 | 0.00342
31.57 0.00294 0.00182 | 0.00148 | 0.00105 | 0.00419
32.25 0.00317 0.00215 | 0.00144 | 0.00126 | 0.00474
32.94 0.00364 0.00239 | 0.00161 | 0.00145 | 0.00515
33.62 0.00413 0.00259 | 0.00174 | 0.00167 | 0.00565
34.31 0.00455 0.00296 | 0.00198 | 0.00204 | 0.00633
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Table 5.20: Average results for S2R3 - axial stress, axial strain and lateral strain

Specimen S2R3
Axial stress | Axial strain lateral Strain
N/mm? Mid | Left | Center | Right
0.00 0.00000 0.00000 | 0.00000 | 0.00000 | 0.00000
0.69 0.00006 0.00001 | 0.00000 | -0.00001 | 0.00000
1.37 0.00015 0.00002 | 0.00000 | -0.00001 | 0.00000
2.06 0.00024 0.00003 | 0.00000 | 0.00000 | 0.00001
2.74 0.00028 0.00003 | 0.00000 | 0.00000 | 0.00001
3.43 0.00032 0.00004 | 0.00000 | 0.00000 | 0.00000
4.12 0.00037 0.00004 | 0.00000 | 0.00000 | -0.00001
4.80 0.00044 0.00004 | 0.00000 | -0.00001 | -0.00001
5.49 0.00052 0.00005 | 0.00000 | 0.00000 | -0.00001
6.18 0.00058 0.00006 | 0.00000 | 0.00000 | 0.00000
6.86 0.00067 0.00007 | 0.00001 | 0.00001 | 0.00003
7.55 0.00073 0.00008 | 0.00001 | 0.00001 | 0.00007
8.23 0.00080 0.00009 | 0.00001 | 0.00002 | 0.00012
8.92 0.00086 0.00011 | 0.00002 | 0.00002 | 0.00019
9.61 0.00090 0.00012 | 0.00002 | 0.00002 | 0.00027
10.29 0.00097 0.00013 | 0.00003 | 0.00004 | 0.00039
10.98 0.00104 0.00015 | 0.00003 | 0.00004 | 0.00047
11.67 0.00110 0.00016 | 0.00004 | 0.00006 | 0.00054
12.35 0.00115 0.00018 | 0.00005 | 0.00007 | 0.00062
13.04 0.00121 0.00019 | 0.00005 | 0.00008 | 0.00069
13.72 0.00128 0.00020 | 0.00005 | 0.00010 | 0.00513
14.41 0.00134 0.00021 | 0.00006 | 0.00011 | 0.00532
15.10 0.00138 0.00023 | 0.00006 | 0.00013 | 0.00539
15.78 0.00146 0.00025 | 0.00007 | 0.00014 | 0.00538
16.47 0.00153 0.00027 | 0.00008 | 0.00016 | 0.00539
17.16 0.00161 0.00030 | 0.00010 | 0.00018 | 0.00538
17.84 0.00170 0.00034 | 0.00011 | 0.00020 | 0.00537
18.53 0.00180 0.00038 | 0.00012 | 0.00023 | 0.00535
19.21 0.00187 0.00041 | 0.00014 | 0.00025 | 0.00535
19.90 0.00195 0.00044 | 0.00016 | 0.00027 | 0.00536
20.59 0.00206 0.00048 | 0.00017 | 0.00029 | 0.00539
21.27 0.00215 0.00053 | 0.00019 | 0.00033 | 0.00541
21.96 0.00227 0.00057 | 0.00021 | 0.00036 | 0.00543
22.64 0.00237 0.00064 | 0.00024 | 0.00039 | 0.00547
23.33 0.00250 0.00069 | 0.00027 | 0.00042 | 0.00549
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Specimen S2R3

Axial stress | Axial strain lateral Strain
N/mm? Mid | Left | Center | Right
24.02 0.00264 0.00076 | 0.00029 | 0.00046 | 0.00554
24.70 0.00279 0.00083 | 0.00032 | 0.00050 | 0.00559
25.39 0.00295 0.00090 | 0.00036 | 0.00053 | 0.00565
26.08 0.00307 0.00097 | 0.00039 | 0.00056 | 0.00570
26.76 0.00323 0.00106 | 0.00042 | 0.00061 | 0.00576
27.45 0.00345 0.00118 | 0.00050 | 0.00069 | 0.00588
28.13 0.00375 0.00136 | 0.00060 | 0.00077 | 0.00597
28.82 0.00396 0.00156 | 0.00065 | 0.00083 | 0.00557
29.51 0.00417 0.00172 | 0.00072 | 0.00088 | 0.00585
30.19 0.00439 0.00185 | 0.00079 | 0.00094 | 0.00562
30.88 0.00473 0.00209 | 0.00088 | 0.00102 | 0.00610
31.57 0.00515 0.00237 | 0.00098 | 0.00111 | 0.00621
32.25 0.00552 0.00254 | 0.00100 | 0.00125 | 0.00597
32.94 0.00585 0.00271 | 0.00054 | 0.00135 | 0.00582
33.62 0.00622 0.00287 | 0.00114 | 0.00145 | 0.00576
34.31 0.00669 0.00310 | 0.00097 | 0.00159 | 0.00482
35.00 0.00717 0.00331 | 0.00135 | 0.00175 | 0.00544
35.68 0.00767 0.00342 | 0.00156 | 0.00191 | 0.00597
36.37 0.00810 0.00363 | 0.00175 | 0.00211 | 0.00495
37.05 0.00879 0.00390 | 0.00207 | 0.00239 | 0.00541
37.74 0.00918 0.00409 | 0.00221 | 0.00252 | 0.00470
38.43 0.00978 0.00435 | 0.00255 | 0.00274 | 0.00558
39.11 0.01030 0.00429 | 0.00255 | 0.00292 | 0.00625
39.80 0.01084 0.00425 | -0.00015 | 0.00305 | 0.00623
40.49 0.01155 0.00435 | -0.00010 | 0.00325 | 0.00554
41.17 0.01230 0.00456 | 0.00249 | 0.00346 | 0.00584
41.40 0.01264 0.00465 | 0.00379 | 0.00361 | 0.00560
41.63 0.01305 0.00464 | 0.00387 | 0.00370 | 0.00592
42.32 0.01367 0.00463 | 0.00384 | 0.00385 | 0.00508
43.00 0.01400 0.00464 | 0.00394 | 0.00392 | 0.00494
43.69 0.01511 0.00487 | 0.00418 | 0.00410 | 0.00583
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5.5.1 Axial Stress vs. Axial Strain

Comparing specimen SOR0, SIR0 and S2R0 keeping corner radius same R0 and vary-
ing wrapping layers. Figure |5.14] shows the average axial stress vs. axial strain plot,
SORO, SIR0O and S2R0 are subjected to total stress of 18.56 N/mm?2, 27.34 N/mm?
and 36.96 N/mm? and strain observed are 0.0007, 0.0100 and 0.0125 respectively. Ul-
timate stress observed in SIR0 and S2R0 are 27.34 N/mm? and 36.96 N/mm? which
are 47 % and 99 % higher than SOR0 respectively. From the plot for specimen S1R0

and S2R0, the axial strain is same up to axial stress of 25 N/mm?.

Axial stressvs. axial strain

40.00
)
£
E 30.00
g,
£ 4
E 2000 4 e v ra2E SORO
I = zverage 51RO
= 1000 f =
- ?‘ average 52RO

0.00
000000 000500 001000 001500

Axial strain

Figure 5.14: RO corner radius with one layer and two layers



CHAPTER 5. RESULTS AND DISCUSSION 101

For specimen S1R1 and S2R1 keeping corner radius same R1 and varying wrapping
layer that are one and two. Figure[5.15]shows the average axial stress vs. axial strain
plot, SIR1 and S2R1 are subjected to total stress of 30.02 N/mm? and 43.42 N /mm?
and strain observed are 0.0077 and 0.0138 respectively. Ultimate stress of S2R1 is 45
% higher than S1R1.

Axial stressvs. axial strain

—fverage S51R1

/ Average S2R1

0.000000 0.005000 0.010000 0.015000

Axial strain

Axial stress (Nfmm?
S &
5 8

Figure 5.15: R1 corner radius with one layer and two layers
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Figure [5.16| shows the average axial stress vs. axial strain plot, SIR2 and S2R2 are
subjected to total stress of 35.79 N/mm? and 41.09 N/mm? and strain observed are
0.0097 and 0.0089 respectively. Ultimate stress of S2R2 is 15 % higher than S1R2.
From the plot for specimen S1R2 and S2R2, the axial strain is same up to axial stress

of 13 N/mm?.

Axial stressvs. axial strain
4500
40.00 —
% 3500 //”’______,_.-
£ 3000
Z /‘//'__..-
‘;' 25.00 //
E 2000 // Average 51R2
"]
= 15.00 f e Average 52R2
3 1000 /
5.00
0.00
0.00000 0.00200 0.00400 0.00500 0.00800 0.01000 0.01200
Axial strain

Figure 5.16: R2 corner radius with one layer and two layers
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Figure [5.17] shows the average axial stress vs. axial strain plot, SIR3 and S2R3 are
subjected to total stress of 34.31 N/mm? and 43.69 N/mm? and strain observed
are 0.0045 and 0.0151 respectively. Ultimate stress observed higher than S1R3 for
specimen S2R3 which is 27 %.

Axial stressvs. axial strain

20.00 = fverage S51R3

15.00 Average S52R3

ial stress (MN/mm?
[ R I F R
! [ =L
oo
=T~

0.000000 0.005000 0.010000 0.015000 0020000
Axial strain

Figure 5.17: R3 corner radius with one layer and two layers

Figure shows average axial stress vs. axial strain plot for specimens S1RO,
S1R1, S1R2 and S1R3. For specimen S1IR0, SIR1, SIR2 and S1R3 are subjected to
stress of 27.34 N/mm?, 30.02 N/mm?, 35.79 N/mm? and 34.31 N/mm? and strain
observed are 0.0105, 0.0077, 0.0098 and 0.0045 respectively. Ultimate stress observed
in percentage comparing between S1R0 to S1R1, S1R1 to S1IR2 and S1R2 to S1R3
are 10 %, 19 % and - 4 % varying respectively. Specimens S1IR1 and S1R2 are show

same axial strain up to axial stress of 30 N/mm?.
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Axial stressvs. axial strain
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Figure 5.18: Single layer with different corner radius

Figure [5.19] shows average axial stress vs. axial strain plot for specimens S2RO0,
S2R1, S2R2 and S2R3. For specimen S2R0, S2R1, S2R2 and S2R3 are subjected to
stress of 36.96 N/mm?, 43.42 N/mm?, 41.09 N/mm? and 43.69 N/mm? and strain
observed are 0.0125, 0.0138, 0.0089 and 0.0151 respectively. Ultimate stress observed
in percentage comparing between S2R0 to S2R1, S2R1 to S2R2 and S2R2 to S2R3
are 17 %, - 5 % and 6 % varying respectively. Specimens S2R0 and S2R1 are show

same axial strain up to axial stress of 25 N/mm?.
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Figure 5.19: Double layers with different corner radius

5.5.2 Axial Stress vs. Lateral Strain
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Figure [5.20] shows the plot of axial stress vs. lateral strain for the specimen S2R2.

Lateral strain measured at the mid of side face and left, center and right on corner

radius. Plot shows that strain is more at mid and then in decreasing left, right points

and at the center. Specimen S2R2 is subjected to total stress of 41.09 N/mm? and

strain observed at mid, left, center and right is 0.0045, 0.0029, 0.0017 and 0.0050

respectively. After debonding of FRP at axial stress 30 N/mm? the strain developed

in right is more as shown from the graphical plot. Strain developed in mid is more

from the starting of the axial stress. From the strain results it is clear that strain

developed in Specimen S2R2 at mid is more than left and right points and same left

and right points results are more than the center one, which shows the ideal condition.
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Axial stress vs. lateral strain
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Figure 5.20: Strain at mid, left, Center and Right of S2R2

Figure [5.21] shows a plot of average axial stress vs. lateral strain for specimens S1R0,
S1R1, S1R2 and S1R3. For plotting of graph only mid-point is consider as at mid-
point the value of strain is more than other points. For specimen S1R0, S1R1, SIR2
and S1R3 are subjected to stress of 27.34 N/mm?, 30.02 N/mm?, 35.79 N/mm? and
34.31 N/mm? and strain observed are 0.0105, 0.0077, 0.0097 and 0.0045 respectively.
Ultimate stress observed in percentage comparing between SIR0 to SIR1, S1R1 to
S1R2 and S1R2 to S1R3 are 10 %, 19 % and - 4 % varying respectively.
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Axial stressvs. Lateral strain
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Figure 5.21: Single layer with different corner radius

Figure [5.22] shows a plot of average axial stress vs. lateral strain for specimens S2RO0,
S2R1, S2R2 and S2R3. For specimen S2R0, S2R1, S2R2 and S2R3 are subjected to
stress of 36.96 N/mm?, 43.42 N/mm?, 41.09 N/mm? and 43.69 N/mm? and strain
observed are 0.0125, 0.0138, 0.0089 and 0.0151 respectively. Ultimate stress observed
in percentage comparing between S2R0 to S2R1, S2R1 to S2R2 and S2R2 to S2R3
are 17 %, - 5 % and 6 % varying respectively.
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Axial stressvs. Lateral strain
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Figure 5.22: Double layer with different corner radius

5.6 Corner Radius Effect

Table shows the mean value of the compressive strength of the 3 specimens and

the corresponding strength gain of confined concrete f../f.,. [7]

Where,

f.. = Mean compressive strength of GFRP confined concrete columns

= ultimate load / Area

= (486.67 x 1000) / 15432 From Ta,blefor S1R1

= 31.54 N/mm?
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f., = Mean compressive strength of the unconfined control columns

= 20.57 N/mm? From Table

r = Corner radius

b = Width of section

Maximum values of f../f., for single layer and two layers GFRP confined specimens

1.85 and 2.22 respectively.

Table 5.21: Mean compressive strengths and corresponding f../f.,

o Corner Curuer.rad.ius .

Notation radius b ratio Unconfined Confined f £/ £

2rib fo 1 layer | 2 lavers

S1R0 0 125 0.00 20.57 28.63 - 1.3%
S1R1 15 125 0.24 2057 31.54 - 1.53
S1R2 25 125 0.40 20.57 38.00 - 1.85
S1R3 35 125 0.56 2057 37.97 - 1.85
S2R0 0 125 0.00 2037 - i3.24 1.86
S2R1 15 125 0.24 2057 - 4039 1.96
S2R2 25 125 0.40 2037 - 50.13 2.44
S2R3 35 125 0.56 2057 - 4575 222

Figure [5.23| shows graph of the strength gain of confined concrete f.. / f., versus
corner radius ratio 2r/b. From the graph, it is clearly seen that the strength gain of

the confined specimen is in direct proportion to the corner radius ratio.
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f../f.,vs. corner radius ratio
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Figure 5.23: Strength gain of confined concrete vs. corner radius ratio

5.7 Failure Modes

110

Failure modes for unwrapped and wrapped column specimens are presented in this

section. Cracks propagation, are visible before occurring the crushing of the uncon-

fined RC member. Glass fibre wrapped specimens typically failed by a fracture of

GFRP composite near the corner of the specimens due to the stress concentration in

those regions. During the loading, clicking sounds used to heard, signifying the tear-

ing of the FRP sheet and the cracking of the epoxy resin. The final failure occurred

suddenly with an explosive sound.

Figure m (a) shows the failure of SOR0 specimen from quarter height. Failure oc-

curs between two ties, it means the confinement is lacking at the region therefore the

concrete fails at that region. Figure (b), Figure .24 (c) and Figure (d)

shows the failure of specimen by buckling of the longitudinal steel reinforcing bars.
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Figure 5.24: Control specimen SOR0
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Figure |5.25| shows failure of specimen S1R0, FRP fails at edges which shows that in
sharp edges specimen stress concentration is very high at the edges. At the compressed
side, near the mid height of the specimen, due to vertical shrinkage of the specimen are
visible wrinkles in the FRP confined specimen. This wrinkles features the debonding
of the FRP material from the concrete substrate in the end on this areas came the

failure of the GFRP sheet.

Figure 5.25: Specimens - S1R0
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Figure [5.26| shows the failure of specimen S2R0, failure occurs at corner due to the
stress concentration at the corner. Figure (b), Figure (¢) and Figure

(d) shows evidently the rupture of FRP at the corner of specimen.

Figure 5.26: Specimen - S2R0
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Figure shows failure of specimen S1R1, from these three specimens one specimen

fails due to premature failure which causes lesser ultimate failure load than other two

specimens. Figure (b) shows premature failure of column.

Figure 5.27: Specimen - S1R1
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Figure[5.28 shows the failure of specimen S2R1, all the specimens fails from the center

of column length. Figure (b) shows bend form middle of column which occur

due slenderness.

Figure 5.28: Specimen - S2R1
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Figure [5.29| shows the failure of specimen S1R2, except one column other two are
fails from the center of length. Figure [5.29] (b) shows the premature failure of the
specimen. From Figure [5.29] (b), Figure (c) and Figure [5.29] (d) shows that

rupture zone shifting from corner to mid portion of sides.

Figure 5.29: Specimen - S1R2
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Figure [5.30 shows the failure of specimen S2R2, specimen fails from top due to pre-

mature failure. Figure [5.30] (b) and Figure [5.30] (d) shows the premature failure of

specimen and reinforcement bar can be easily seen in Figure [5.30] (d).

Figure 5.30: Specimen - S2R2
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Figure [5.31] shows failure of specimen S1R3, in these columns also the premature

failure observed. Figure [5.31] (d) shows rupture of FRP from the midpoint on side

which shows ideal condition as the radius of specimen increased.

Figure 5.31: Specimen - S1R3
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Figure [5.32] shows failure of specimen S2R3, specimen observed in this category also
fails with premature failure. Figure [5.32] (b), Figure [5.32 (¢) and Figure [5.32] (d)

shows that rupture zone shifting from corner to mid face side.

Figure 5.32: Specimen - S2R3
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5.8 Experimental and Analytical Results

Percentage variation in experimental result with analytical result for specimens are
SORO0, S1R0, S2R0, S1R1, S2R1, S1R2, S2R2, S1R3 and S2R3 are 26.74 %, 120.53 %,
139.24 %, 122.05 %, 119.54 %, 148.92 %, 145.10 %, 134.66 % and 107.14 % respec-

tively as shown in Table [5.22]

Table 5.22: Comparison for experimental results to analytical results

Notation | Analytical Results | Experimental Results | % Increment w.r.t

ACI code (kN) (kN) Analytical results
SOR0O 239.34 303.33 26.74
S1R0O 202.54 446.67 120.53
S2R0 249.40 596.67 139.24
S1R1 219.17 486.67 122.05
S2R1 283.92 623.33 119.54
S1R2 230.32 573.33 148.92
S2R2 308.73 756.67 145.10
S1R3 235.80 553.33 134.66
S2R3 321.84 666.67 107.14

In Analytical calculation the formula ¢ P, for calculating axial load in confined condi-
tion, contains reduction factor, ¢ = 0.70 that reduce the axial load carrying capacity.

Therefore analytical results are conservative and showing less value than experimental

results.




Chapter 6

Summary and Conclusion

6.1 Summary

A total of 27 RC columns are tested under axial loading. Three columns are un-
wrapped and have been designated as control specimens. Three columns each with
corner radius equivalent to less than cover, equal to cover, greater than cover, are
GFRP wrapped with one and two layers, respectively. The main purpose is to in-
vestigate the effect of corner radius on the effective confinement that is provided by
GFRP sheet for RC columns. The test variables included the different corner radius
and number of GFRP layers. The values of Ultimate failure load, displacement and
lateral strain of columns are recorded. The test results indicate that corner radius is
of great importance in relation to the level of confinement. Experimental test results
are compared with value calculated from the IS 456: 2000, ACI 318M - 08 and ACI
440.2R - 08 code provisions.

6.2 Conclusions

Based on the analysis of experimental results and the performed analytical verifica-

tion, the following conclusions can be drawn:
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e The experimental results clearly demonstrate that GFRP wrapping can enhance
the structural performance of RC columns under axial loading, in terms of both

maximum strength and strain.

e Amongst all retrofitting techniques wrapping technique increasing axial strength

by providing addition confinement without increasing the size.

e Percentage increment in ultimate failure load is ranging from 8.10 % to 149.45

% for all wrapped columns as compared to that of control columns.

e Ultimate load carrying capacity of specimens S1R0, S2R0, S1R1, S2R1, S1R2,
S2R2, S1R3 and S2R3 is increased by 47.25 %, 96.70 %, 60.44 %, 130.77 %,
89.01 %, 149.45 %, 82.42 % and 119.78 %, respectively compared to specimen
SORO.

e The strength gain of confined concrete columns, f../ fe, is in direct proportion

to the corner radius ratio except in case 35> mm corner radius.

e Increasing the number of GFRP layers increases the axial compressive strengths

of specimens, but the strength increase is not in linear relation with the number

of GFRP layers.

e The specimen having corner radius of 25 mm performed best compare to corner

radius of 0 mm, 15 mm and 35 mm.

e GFRP wrapped column goes under higher axial displacement in order to gain

higher compressive strength over control column.

e Lateral strain is more at the mid side of specimen and then reduces at starting

of curvature to center of curvature.

e The axial strength and displacement of specimens are increases with increase

in number of GFRP layers.



CHAPTER 6. SUMMARY AND CONCLUSION 123

e The final failure of GFRP wrapped specimen occurred suddenly with an explo-

sive sound.

e From the failure of specimen it is clearly shown that the rupture of GFRP sheet

transfers from edges (zone 1) to mid of side face (zone 2) of specimen.

6.3 Future Scope

The present study is limited to effect of corner radius and confinement layers on
behaviour of RC column under axial compressive load. The study can be extended

to include following aspects.

e Experimental work can be extended further by selecting different wrapping

patterns of GFRP.

e Similar study can be carried out on column using different wrapping material

and different loading condition.

e Comparative performance of different material like GFRP, CFRP etc. can be
studied.

e Experimental work also can be done on rectangular column with different aspect

ratios.
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Appendix A

Readings in Tabular form

This appendix A includes all readings of 27 columns individually: axial load, dis-
placement, axial stress, axial strain and lateral strain for columns SOR0, SIR0, S2R0,

S1R1, S2R1, S1R2, S2R2, S1R3 and S2R3, respectively.
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APPENDIX A. READINGS IN TABULAR FORM

Table A.1: Displacement of specimen SOR0

Specimen 1 Specimen 2 Specimen 3
Load | Deflection Load | Deflection Load| Deflection
(EN) (mm) (EIN) () (k) (1)

0 0.00 0 0.00 0 0.00
10 001 10 001 10 002
20 0035 20 004 20 006
30 005 30 005 30 008
40 006 40 006 40 0.10
30 008 30 0.07 30 0.11
60 0.10 60 0.0 60 0.13
70 012 70 0.13 70 0.16
20 0.14 20 016 20 018
on 0.16 o0 0.19 o0 021
100 017 100 021 100 0325
110 020 110 023 110 026
120 023 120 026 120 028
130 025 130 027 130 031
140 026 140 027 140 033
130 027 150 029 130 037
160 030 160 031 160 0.40
170 031 170 031 170 044
180 033 180 031 180 047
190 036 190 033 190 048
200 037 200 034 200 0.50
210 038 210 036 210 0.53
220 0.40 220 037 220 057
230 043 230 039 230 061
240 045 240 0.40 240 0.64
250 047 250 041 250 067
260 0.30 260 0.44 260 0.69
270 0.52 270 0.30 270 072
220 056 220 052 220 075
200 058 200 0.54 200 078
300 0.60 300 061
310 0.63 310 0282

127



APPENDIX A. READINGS IN TABULAR FORM

Table A.2: Displacement of specimen S1R0

Specimen 1

Load Deflection | Load| Deflection
(BN} {mm) (EMN) (rm)

0 0.00 320 0.47
10 0.04 330 0.52
20 0.04 340 0.60
30 0.04 330 0.63
40 0.04 360 0.75
30 0.04 370 (.82
&0 0.04 JEOD 092
70 0.04 300 1.02
20 0.04 400 1.10
o0 0.04 410 1.20
100 0035 420 1.73
110 003 410 1.49
120 003 400 1.02
130 0.06 410 1.74
140 007 420 216
130 008 430 2.34
160 0.09 430 346
170 0.10 440 411
180 0.11 430 6.24
190 0.13 440 7.50
200 0.13 430 7.60
210 0.13 420 7.72
220 0.16 420 7.88
230 018 430 796
240 0.20 440 2.08
2350 021 430 226
260 0.23 430 o228
270 026 440 D36
280D 029 430 Q67
290 032 460 Q87
300 037 440 1228
310 041
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Specimen 2

Load| Deflection | Load| Deflection
EN) | () [ N) | (mm)

0 0.00 300 142
10 011 310 150
20 012 320 157
30 016 330 164
40 020 340 1.71
30 0322 330 178
a0 03235 380 1.87
70 028 370 201
ED 031 380 211
ag 033 3900 233
100 038 400 273
110 042 390 347
120 046 380 349
130 050 370 jol
140 054 380 368
130 060 390 376
1a0 064 400 393
170 .60 410 485
180 0.74 420 648
190 080 410 663
200 026 400 6.76
210 0ol 410 687
220 096 420 7.00
230 1.01 400 B33
240 1.07 410 837
250 112 420 251
2al 118 430 270
270 124 440 oa7
280 131 440 13 .66
290 136
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Specimen 3

Load| Deflection | Lgad| Deflection
6| mm) [N (mm)

0 0.00 260 0.74
10 0.04 270 0.76
20 0.14 280 0.78
30 0.23 200 0.80
40 027 300 0.83
50 0.29 310 0.85
60 033 320 0.88
70 036 330 0.90
g0 0.40 340 0.94
o0 042 350 0.97
100 0.44 360 1.03
110 0.46 370 1.10
120 047 380 1.17
130 0.49 390 1.25
140 0.51 400 131
150 0.53 410 1.40
160 0.54 420 204
170 057 430 351
180 058 420 4.04
190 061 410 4129
200 0.64 420 301
210 0.65 430 6.03
220 067 440 7.79
230 0.68 430 g£.40
240 0.69 420 0.01
250 0.72 430 1095
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READINGS IN TABULAR FORM

Table A.3: Displacement of specimen S2R0

Specimen 1
Load| Deflaction | Lpad| Deflection | Load| Deflection
(kN) (mm) (k) (mm) (k1) {mm)
0 0.00 360 1.56 380 833
10 0.04 37 1.63 370 944
20 0.09 380 1.69 360 966
30 0.17 390 1.75 330 974
40 019 400 1.54 560 983
50 0.20 410 1.92 570 998
60 021 420 2.05 380 10.11
70 0.24 430 2.15 390 10.31
80 0.26 440 2.23 380 11.47
80 0.30 430 2.31 570 11.46
100 0.33 460 2.39 360 11.69
110 0.36 470 248 350 11.86
120 0.39 480 1.74 360 11.95
130 042 490 2.80 570 12.29
140 043 500 2.89 380 12.47
150 048 510 108 30 12.69
160 033 520 140
170 0.34 330 173
180 038 340 4.09
190 0.62 550 427
200 0.67 560 5.02
210 0.70 570 393
220 0.74 560 .11
230 0.78 550 519
240 083 340 £.34
250 087 550 £.54
260 0.9z 560 £.69
270 0.96 570 £.93
280 1.02 380 1.27
290 1.12 570 741
100 1.14 560 7.65
110 1.12 550 1.77
320 1.26 560 7.94
330 1.33 570 2.08
340 141 380 g.39
330 1.50 390 8.17
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Spacimen 2
Load| Deflaction | Load| Deflaction | Load | Deflsction
(kM) {mm) (k1) (m) (kM) (mm)
|| 0.0 160 {.7 560 7.8
10 0.0 37 0.7 370 8.3
20 0.0 380 0.8 360 5.6
0 0.0 390 0.8 330 B8
40 0.0 400 0.9
50 0.1 410 0.9
f{ 0.1 420 1.0
70 0.1 430 1.1
20 0.1 440 1.2
a0 0.1 450 1.2
100 0.1 460 13
110 0.1 470 14
120 0.z 480 1.7
130 0.z 490 19
140 0.2 300 2.0
150 0.2 310 22
160 0.z 520 23
170 0.z 530 19
180 0.2 3440 12
190 0.2 350 18
200 0.2z 3440 43
210 03 530 44
220 0.3 320 4z
230 0.3 330 47
240 03 340 48
250 03 550 49
260 0.3 360 35
270 04 350 3.7
180 04 3440 8
190 04 330 39
100 0.3 3440 6.0
110 0.5 350 f.1
320 0.3 360 .3
130 0.6 550 1.5
140 0.6 3440 7.6
130 0.6 330 1.7
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READINGS IN TABULAR FORM

Specimen 3
Load| Deflaction | Load| Deflaction | Load| Deflection
(M) (mm) (k) {mm) (kM) (mm])
{ .00 360 1.38 f00 10.9%
10 (.01 70 1.45 610 11.19
20 (.01 180 1.48 20 11.33
10 (.01 190 1.52 630 11.53
40 .05 400 1.58 620 12.29
50 .09 410 1.69 610 12.38
b .15 420 1.74 620 12.62
70 .18 430 1.80 30 12.92
&0 (.22 440 1.86
a0 .25 430 1.92
100 .29 460 213
110 .34 470 218
120 0.37 480 27
130 141 490 238
140 .44 300 2.57
150 .49 310 275
160 .54 520 193
170 058 330 1.06
180 .63 540 131
120 (.66 550 150
200 .72 360 198
210 {1.79 57 423
220 .85 580 459
230 {1.88 390 515
240 0.92 380 5.65
250 0.97 590 581
260 1.01 500 597
270 1.05 610 7.03
280 1.10 620 B.69
290 1.14 610 9.02
300 1.18 £00 915
310 1.20 610 939
320 1.22 620 267
330 1.29 630 10.16
340 1.30 620 10.74
330 1.35 610 10.83
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READINGS IN TABULAR FORM

Table A.4: Displacement of specimen S1R1

Specmmen 1

Load | Deflection | Load | Deflection

(KN) (mm) (EN) (mm)
0 0.00 360 2.16
10 0.00 370 232
20 0.01 380 252
3 0.04 390 212
40 0.07 400 3.03
50 0.07 410 3.33
60 009 420 3.80
10 0.12 430 431
80 0.17 440 474
20 021 430 5.35
100 0.30 460 6.33
110 33 430 6.42
120 37 440 6.42
130 042 430 6.30
140 047 440 6.57
150 0.51 430 .63
160 0.35 460 6.84
170 0.60 470 T.09
130 0.64 480 8.13
120 0.66 470 8.37
200 0.71 460 8.54
210 0.753 430 8.38
220 0.79 460 8.68
230 0.84 470 8.78
240 0.80 480 883
230 085 490 a.19
260 1.02

270 1.09

280 1.18

290 1.27

300 1.35

310 1.48

320 1.70

33 1.80

340 1.89

350 201
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Specimen 2
Load | Deflaction Load | Deflection
(kN) (mm) (KN) (mm)
0 0.00 360 2.15
10 0.01 370 236
20 0.03 380 2.53
3 0.05 390 2.66
40 0.10 400 2.76
50 0.11 410 280
60 0.16 420 3.02
10 022 430 3.36
80 026 440 344
a0 031 430 3.58
100 036 440 3.89
110 039 430 3.93
120 041 440 417
130 0.43 430 4381
140 042 460 5.00
150 042 430 53.92
160 0 46
170 (.49
180 032
190 034
200 036
210 0.61
220 0.64
230 0.68
240 0.72
230 0.76
260 0.80
270 0.84
280 0.91
280 (.98
300 1.05
310 1.23
320 1.40
33 1.56
340 1.70
350 1.20
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READINGS IN TABULAR FORM

Specimen 3

Load | Deflechon | Lpoad [ Deflection

(EIN) (mm) (EIN) (mm)
0 0.00 360 231
10 0.05 370 244
20 0.12 380 254
3 022 320 267
40 024 400 2.80
50 032 410 242
60 035 420 3.06
10 0.45 430 321
80 0.33 440 3.3
a0 059 450 3.70
100 0.65 460 389
110 0.69 470 419
120 0.74 480 435
13 0.78 490 496
140 0.81 500 380
150 0.85 490 386
160 0.59 480 6.16
170 094 470 6.22
180 0.98 480 6.34
190 1.03 490 6.45
200 1.10 500 6.60
210 1.16 510 6.89
220 123

230 1.30

240 1.33

250 1.42

260 1.48

270 1.59

280 1.63

220 1.70

300 1.78

310 1.86

320 1.94

33 203

340 211

350 2211
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READINGS IN TABULAR FORM

Table A.5: Displacement of specimen S2R1

Specimen 1

Logd | Deflacion | Load | Deflechion

(kN) (mm) (KIN) (mm)
0 0.00 360 5.18
10 020 370 543
20 0.38 380 5.68
3 0.49 380 .86
40 0.58 400 .08
50 0.63 410 6.23
60 0.1 420 6.43
10 0.86 430 6.53
80 0483 440 6.63
20 1.01 450 6.82
100 1.13 440 6.82
110 1.24 430 6.82
120 1.34 440 6.87
130 1.46 450 6.87
140 1.54 460 6.92
150 1.63 470 6.93
160 1.78 450 6.93
170 1.88 440 6.93
180 1.96

190 204

200 218

210 228

220 2.38

230 2.33

240 267

2350 2.87

260 3.09

270 3.30

280 347

280 3.61

300 31

310 400

320 417

33 427

340 464

330 4.82
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Specimen 2
Load | Deflection | Lozd | Deflection | Load | Deflection
GN) | (mm) [GN)| (mm) [GN)|  (mm)
0 0.00 360 124 680 10.13
10 0.00 370 33 620 1043
20 0.02 380 1.38 680 1093
3 0.06 390 143 670 11.03
40 0.08 400 1.54 680 11.16
30 0.10 410 1.61 G20 11.29
60 0.13 420 1.73 700 1.7
10 0.13 430 1.84 10 12.50
80 0.17 440 192 720 12.83
a0 0.19 430 202 730 1343
100 0.23 460 217 720 15.61
110 0.23 470 228 10 13.70
120 0.28 430 242 700 379
130 031 480 238 620 15.98
140 0.33 500 278 700 14.03
150 0.37 510 159 110 1421
160 0.41 520 311 720 1447
170 0.43 330 33 730 1472
180 0.48 540 343
190 0.30 330 .64
200 0.54 360 400
210 0.57 570 445
220 0.61 380 4383
230 0.64 390 in
240 0.67 600 347
230 0.70 610 385
260 0.74 620 6.71
210 0.7% 610 6.81
280 0.84 600 6.80
280 0.58 610 1.4
300 0.82 620 116
310 0.87 630 126
320 1.02 640 738
33 1.08 630 187
340 1.11 660 8.08
350 1.17 670 861
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READINGS IN TABULAR FORM

Specimen 3
Load | Deflaction | Load | Deflection | Load | Deflection
EN) | (mm) (&N (wm) [ EN) | (mm)
0 0.00 360 127 600 §.83
10 0.08 370 154 610 §.99
20 0.16 380 140 620 .03
3 0.20 390 143 630 815
40 0.2 400 157 640 33
50 0.24 410 1.63 630 056
60 0.26 420 1.4 640 9.469
0 0.28 430 1.84 630 872
80 031 440 193 620 .78
30 034 430 204 610 879
100 0.36 460 228 620 842
110 038 470 24 630 10.02
120 0.41 480 260 640 10.11
130 0.43 480 168 630 10.34
140 0.44 500 156 660 10.63
150 0.46 510 3.18 630 10.74
160 0.43 520 345 660 10.30
170 0.30 530 381 670 104
180 0.52 540 416 660 11.22
190 0.33 330 431 630 11.34
200 0.38 360 447
210 0.61 570 430
220 0.64 380 3135
230 0.67 340 id2
240 0.70 600 382
230 0.73 610 6.83
260 0.78 620 131
270 0.81 610 146
280 0.85 600 751
280 0.89 610 111
300 0.84 620 784
310 098 630 §.22
320 1.04 640 §.39
33 109 630 §.67
340 1.13 620 §.72
350 1.20 610 §.75
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READINGS IN TABULAR FORM

Table A.6: Displacement of specimen S1R2

Specmen 1
Load | Deflaction | Losd | Deflection | Load | Deflection
EN) | (mm) (N (mm) (N | (mm)
0 0.00 360 0.64 620 330
10 0.01 370 0.66 610 333
20 0.02 380 0.69 600 337
3 0.03 390 0.71 610 545
40 0.03 400 0.74 620 35l
50 0.04 410 0.76 630 .64
60 0.06 420 0.79 610 6.07
0 0.08 430 0.81 600 6.27
80 0.08 440 0.83
30 0.09 430 0.84
100 0.10 460 0.86
110 0.11 470 0.88
120 0.13 480 081
130 0.16 480 0.54
140 0.18 500 0.86
150 0.19 510 0.98
160 0.20 510 101
170 0.21 530 1.04
180 0.22 540 137
190 0.24 330 1.62
200 0.26 360 213
210 028 350 263
220 0.30 340 267
230 032 530 273
240 034 520 24
230 0.36 530 281
260 0.39 340 284
270 0.41 330 289
280 0.43 360 258
280 0.46 570 3.10
300 0.49 380 325
310 0.31 340 35l
320 0.33 600 350
33 0.33 610 433
340 0.38 620 468
350 .62 630 456
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READINGS IN TABULAR FORM

Specimen 2

Load | Deflection | Lozd | Deflaction

(kN) (mm) (kN) (mm)
0 0.00 360 3.84
10 0.03 370 410
20 0.03 380 442
3 0.07 390 487
40 0.11 400 5.17
50 0.13 410 5.80
60 0.17 420 6.24
10 021 430 6.70
80 027 440 143
20 33 430 8.0
100 0.40 460 249
110 0.46 470 a9
120 032 480 241
130 0.60 480 847
140 0.69 500 10.62
150 0.76 510 11.09
160 0.3% 520 1129
170 0.97 530 11.70
180 1.10 540 12.07
190 127

200 1.40

210 1.54

220 1.63

230 1.77

240 180

250 203

260 2.18

270 230

280 246

280 2.60

300 275

310 3.00

320 314

33 332

340 348

350 3.64
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Specimen 3

Load | Deflection | Lozd | Deflaction

(kN) (mm) (kN) (mm)
0 0.00 360 207
10 0.04 370 227
20 0.07 380 240
3 0.12 390 2.38
40 0.14 400 2.1
50 0.14 410 280
60 0.13 420 314
10 0.18 430 332
80 021 440 3.89
20 023 430 431
100 031 460 4356
110 036 470 512
120 041 480 537
130 043 480 6.12
140 030 500 6.82
150 037 510 8.0
160 0.62 520 803
170 0.67 530 049
180 0.72 540 203
190 0.76 350 1128
200 0.82 540 1142
210 0.86 530 11.47
220 0.80 720 11.31
230 083 530 11.66
240 1.00 540 11.81
250 1.05 550 12.07
260 1.11

270 1.17

280 128

280 134

300 1.40

310 1.48

320 1.57

33 1.66

340 1.78

350 1.42
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READINGS IN TABULAR FORM

Table A.7: Displacement of specimen S2R2

Specimen |
Loagd | Deflection | Logd | Deflecion | Load | Deflection
(kIN) (mm) (kIN) (mm) (kN) (mm)
0 0.00 360 2.10 100 1283
10 0.00 370 2.16 110 1328
20 0.00 380 226 120 3
3 0.01 350 233 130 1400
40 0.01 400 233 740 14.33
50 0.03 410 274 130 1625
60 0.03 420 289 160 17.13
10 0.08 430 3.07 130 17.32
80 0.10 440 311 140 17.66
20 0.13 450 318 730 17.34
100 0.16 460 324 120 1793
110 020 470 3.37 110 1824
120 023 480 3.51 100 1826
130 027 440 3.62 110 18.33
140 031 500 381 120 18.62
150 0.33 510 413 130 18.64
160 040 520 434 140 18.51
170 042 530 474 130 18.96
180 047 540 488 160 19.13
190 0.31 550 5.18 170 1942
200 0.3% 560 5.58 780 19.83
210 0.66 570 5904 180 20.66
220 0.70 580 589 800 21.38
230 0.77 580 6.23
240 0.84 600 6.62
2350 0.80 610 122
260 1.00 620 7158
270 1.06 630 783
280 1.16 640 8.1%
240 1.23 630 8.70
300 33 660 947
310 1.43 670 10.23
320 1.56 630 1042
33 1.67 6%0 10.62
340 1.73 700 11.48
330 1.83 710 12.70
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Specimen 2

Load | Deflacion | Load| Deflecion | Load| Deflection
)| (om) (&) (om) (&) (om)
0 0.00 260 1.30 320 409
10 0.08 210 1.37 330 426
20 0.19 280 1.43 40 448
3 33 290 1.30 330 4717
40 042 300 1.38 360 3.01
30 031 310 1.63 310 .26
60 057 320 1.70 380 345
10 0.61 33 1.7 380 3.8
80 0.66 40 1.80 600 6.46
a0 0.68 350 1.47 610 f.32
100 0.10 360 1.97 620 6.56
110 0.12 30 204 630 6.7]
120 0.73 380 214 640 123
130 0.79 340 21 630 1.8
140 0.82 400 233 660 §.13
150 0.84 410 242 610 §.69
160 087 420 233 680 §.91
170 081 430 162 680 823
180 046 440 2.6 100 242
190 09 430 2891 690 10.11
200 1.06 460 101 680 10.19
210 110 470 313 6%0 10.33
220 115 480 321 100 1043
230 1.17 480 146 10 10.70
240 1.20 500 161 120 10.91
230 123 310 3.89 730 11.18
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Specimen 3

Load| Deflection | [ggd| Deflection | qgad| Deflection
| (om) @] (mw (@] ()

0 0.00 290 104 530 612
10 0.00 300 1.10 390 652
20 0.01 310 1.17 600 6.84
30 0.01 320 124 610 710
40 0.01 330 119 620 741
50 0.01 340 136 630 776
60 0.02 330 143 640 808
70 0.02 360 136 630 §33
20 0.03 370 1.66 660 84
a0 0.06 380 172 670 917
100 0.10 390 1.78 620 032
110 0.13 400 1.26 690 031
120 0.16 410 196 700 097
130 0.19 420 203 690 096
140 023 430 119 620 090
130 029 440 138 670 10.03
160 0.33 430 160 620 10.12
170 038 460 285 690 1025
180 042 470 198 700 1033
190 0.46 480 311 710 103
200 0312 490 348 720 11.01
210 0.33 500 3.66 730 11.11
120 0.61 510 392 740 1139
230 0.67 520 412 730 1142
240 0.72 530 431 720 1144
230 0.77 540 476 710 1133
260 0.84 530 5.03 700 1422
270 094 560 541

180 097 570 5 80
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READINGS IN TABULAR FORM

Table A.8: Displacement of specimen S1R3

Spectmen 1
Load | Displacement | Load | Displacement
(EN) (mm) (KN} (mm )
0 .00 310 0.99
10 0.02 320 1.05
20 0.04 330 1.09
3 0.06 340 1.16
40 0.07 350 1.21
50 0.08 360 125
60 0.09 370 1.29
70 0.11 380 1.36
80 0.12 380 1.41
20 0.14 400 1.47
100 0.16 410 1.52
110 019 420 1.60
120 021 430 1.66
130 023 440 1.75
140 026 4350 1.87
150 028 460 215
160 33 470 233
170 037 480 251
180 0.42 49 2.81
190 0.46 500 2.89
200 0350 510 2482
210 0.33 520 281
220 0.60 330 2.87
230 .64 540 2.57
240 0.67 350 3.28
2350 0.72 260 3.52
260 0.76
27 0.80
280 0.86
280 (.89
300 .93
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Specimen 2

Load | Displacement Load | Displacement
(N (mm ) (KN} (mm)
0 0.00 330 0.77
10 0.02 340 0.81
20 0.04 350 0. 86
30 0.05 360 0.2
40 0.06 370 (.08
50 0.07 380 1.06
o0 0.0 350 1.15
70 0.12 400 124
20 0.14 410 1.36
o0 0.16 420 1.47
100 0.17 430 1.68
110 019 440 1.81
120 021 450 1.0
130 0.23 460 1.97
140 0.2 470 218
150 02 480 233
160 0.3 430 2.66
170 0.32 500 275
120 0.34 510 2.83
120 0.37 520 204
200 039 53 301
210 0.42 540 3.14
220 0.44 550 320
230 0.47 560 339
240 0 40 570 353
250 0.51 380 3.87
260 0.54 500 401
270 0.57 600 435
280 0.61 500 4352
280 0.65 580 474
300 0.67 570 3.07
310 0.70 580 5.48
320 0.73 500 6.58
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Specimen 3

Load | Displacement | Load | Displacement
(kN) (mm) (kN) (mm)
0 0.00 260 0.55
10 0.00 270 0.69
20 0.01 280 0.72
30 0.02 290 0.77
40 0.03 300 0.86
50 0.05 310 0.93
60 0.07 320 1.01
70 0.09 330 1.09
a0 0.11 340 1.19
20 0.14 350 1.31
100 0.17 360 1.42
110 0.19 370 1.51
120 0.21 380 1.67
130 0.23 390 1.85
140 0.26 400 1.97
150 0.28 410 2.13
160 0.31 420 2.20
170 0.34 430 2.42
180 0.37 440 2.52
190 0.39 450 2.72
200 0.41 460 2.94
210 0.43 470 3.09
220 0.46 480 3.90
230 0.48 490 4.45
240 0.51 500 5.29
250 0.53
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READINGS IN TABULAR FORM

Table A.9: Displacement of specimen S2R3

Specimen 1

Load | DMsplacemeant | L oad | DHsplacement
(M) {mm) (M) {mm)
a 3.04 150 143
10 0.02 160 1.52
20 0.02 370 1.62
id .08 180 1.71
40 0.140 i9d 1.81
50 0.11 404 1.95
&0 0.15 414 211
70 .19 424 2.30
20 .25 430 247
a0 0.340 4440 2.60
100 .36 450 2.E5
110 041 460 3.20
120 0.46 474 134
130 048 480 162
1440 0.340 490 3.940
150 0.53 300 4. 18
160 .26 3140 442
170 0,640 520 4 B4
180 .61 330 5.14
190 .66 340 3.31
2040 0.67 350 561
2140 0.68 360 5.87
220 d.69 370 6.08
230 0.73 3E0 6.71
2440 0.75 £00 6.82
230 0.7% 600 7.26
2640 0.84 610 7.53
270 .88 620 T7.87
ZEQ 0.91 630 247
290 0.94 640 E.HE
100 1.01 630 Q.08
1140 1.07 560 9. 80
120 1.15 670 10.32
130 1.24 680 10.76
340 1.32
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Sperimen I
ILoad | DMsplacement | T.oad | DHsplacement
(1) {(mm) (1) {(mm)
{ 0.040 3E0 258
10 0.08 390 270
20 0.240 400 2. 83
30 0.26 410 3.00
40 .2 420 3.12
50 0.33 430 3.22
Bl a.37 440 3.35
70 {0.41 450 3.53
B 0.48 460 3.75
20 .52 470 3.91
100 0.39 4 B0 3.97
1140 0.64 490 4 .17
120 0.649 500 4 44
130 0.74 510 4. 77
140 0.749 520 4 9B
150 0.B6 530 5.22
160 0.92 540 5.59
170 0.95 550 5.BE5
1840 1.02 60 6.25
130 1.05 570 6 68
200 1.13 SEO 7.01
2140 1.19 90 7.69
220 1.24 &00 B.09
230 1.31 610 B.40
240 1.37 6210 9.03
250 1.46 630 261
260 1.55 640 10.04
270 163 630 11.70
2EB0 1.69 6al 12.04
290 1.76 670 12.41
300 1.B6 6EQ 13.14
32140 1.92 670 13 .56
320 Z2.00 6al 13.60
3230 202 630 13 64
340 Zz.11 660 13 ES
350 2.23 6710 14 42
360 Z.34 &6EQ 16.39
370 2.47 6710 17 .64
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Specimen 3
Load | DMsplacement | Load | DHsplacemeant
(kM) {mmm] (L) {mmm)
0 .00 g0 Z2.E3
10 0.04 370 .98
20 0.13 B0 3.08
30 0.23 390 3.24
40 .27 4040 31.51
50 0.323 4140 iRB9
&0 .38 420 4 .05
Ta 0.45 430 4. 32
EQ .52 440 4 59
ag 0.58 450 4 98
100 .66 460 5.40
1140 .71 470 &5.00
120 0.77 480 5.45
130 084 4490 5. B6
140 {0.BB 500 T.44
150 0.94 5140 E.01
160 1.01 520 BE.60
170 1.08 530 13
1EQ 1.13 sS40 14,19
190 1.19 550 10 .58
200 1.28 360 11.34
210 1.34 570 11.97
220 1.39 SEQ 12.30
230 1.46 590 13 22
240 1.54 500 14 18
250 1.62 590 14 40
260 1.70 SEQ 14 .43
270 1.B0 590 14.73
280 1.90 500 14 B9
2390 1.98 510 15 49
300 208 620 1598
310 218 630 16.46
320 2.30 520 17.17
330 2.43 510 17.36
340 2.56 620 17.52
350 2.67 630 17.70
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Table A.10: Lateral strain of specimen SOR0

Load Strain Averags strain
) : Mid | Comer
Midl | Midl | Comerl | Comerl
0 0.00000 | 0.00001 | 0.00000 | -0.00001 | 0.00001| -0.00001
10 | -0.00001 | 0.00022 | -0.00003 { 0.00015 | 0.00011) 0.00003
20 0.00000 | 0.00030|-0.00007  0.00024 | 0.00015) 0.00009
30 0.00000 | 0.00032|-0.00007  0.00025 | 0.00016| 0.00009
40 |-0.00002 | 0.00031|-0.00008 [ 0.00022 | 0.00015] 0.00007
30 0.00001 | 0.00035|-0.00008 [ 0.00026 | 0.00018| 0.00009
60 0.00001 | 0.00038 | -0.00009  0.00030 | 0.00020) 0.00011
10 0.00006 | 0.00043|-0.00009  0.00035 | 0.00025) 0.00013
80 0.00012 | 0.00046 | -0.00010  0.00040 | 0.00029| 0.00013
90 0.00019 | 0.00048 | -0.00010  0.00044 | 0.0003 | 0.00017
100 | 0.00023 |0.00032-0.00010] 0.00049 | 0.00038 [ 0.00020
10 | 0.00025 | 0.00034 | -0.00010 ) 0.00052 | 0.00040 | 0.00021
120 | 0.00027 | 0.00035 | -0.00010 ] 0.00038 | 0.00041 [ 0.00024
130 | 0.00029 | 0.00057 | -0.00010 ] 0.00063 | 0.00043 [ 0.00027
140 | 0.00028 | 0.00039 | -0.00009 | 0.00069 | 0.00044 [ 0.00030
150 | 0.00029 |0.00063 | -0.00007 ] 0.00077 | 0.0004& | 0.00033
160 | 0.00032 | 0.00066 | -0.00004 | 0.00084 | 0.00049( 0.00040
170 | 0.00034 | 0.00069 | -0.00002 ] 0.00089 | 0.00032 [ 0.00044
180 | 0.00036 |0.00074 | 0.00001 | 0.00096 | 0.00035( 0.00049
190 | 0.00033 | 0.00077 | 0.00007 | 0.00104 | 0.00035 [ 0.00036
200 | 0.00030 | 000081 0.00012 [ 0.00112 | 0.00036) 0.00082
210 | 0.00029 | 0.00083 | 0.00017 | 0.00116 | 0.00057| 0.00087
220 | 0.00025 | 0.00083 | 0.00023 [ 0.00125 | 0.00034) 0.00074
230 | 0.00023 | 0.00096 | 0.00028 | 0.00136 | 0.00060| 0.00082
240 | 000022 | 0.00111 | 0.00032 [ 0.00149 | 0.00067| 0.00091
230 | 0.00020 | 0.00186 | 0.00040 [ 0.00134 | 0.00103| 0.00097
260 | 000022 | 0.00222] 0.00049 | 0.00164 | 0.00122) 0.00107
270 | 0.00028 | 0.00234 | 0.00063 | 0.00167 | 0.00131) 0.00116
280 | 000035 | 0.00245] 0.00084 | 0.00165 | 0.00140) 0.00123
290 | 0.00037 | 0.00264 | 0.00133 [ 0.00139 | 0.00161) 0.00146
300 | 0.00072 [ 0.00294 | 0.00206 | 0.00152 | 0.00183( 0.00179
30 | 0.00110 [ 000395 0.00292 | 0.00141 | 0.00333 0.00217
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Load stram Average stram
(kN) 2
Mid 1 Mid2 | Comerl | Comer2
0 0.00001 [ -0.00001 [ 0.00000| 0.00000 | -0.00001| 0.00000
10 0.00001 [ 0.00000 ( 0.00000| 0.00001 | -0.00001( 0.00001
20 0.00001 [ 0.00001 [ -0.00001| 0.00002( 0.00000( 0.00001
30 000000 | 0.00001| 000000 0.00002| 0.00001] 0.00001
40 0.00000 | 0.00001| 000000 0.00001| 0.00001| 0.00001
30 0.00000 | -0.00001| 0.00000| 0.00001| -0.00001| 0.00001
60 0.00000 | -0.00001| 000000 0.00001| -0.00001| 0.00001
10 000001 | 000000 000001 0.00002| 0.00001] 0.00002
80 000002 | 0.00001| 000000 0.00003| 0.00002 | 0.00002
%0 0.00003 | 0.00002| 000000 0.00003| 0.00003| 0.00002
100 000004 | 0.00003| 000000 000003 000004 0.00002
110 000005 | 0.00003| 000001 0.00004| 0.00004 | 0.00003
120 0.00005 | 0.00003| 000001 0.00004| 0.00004 | 0.00003
130 0.00006 | 0.00004 | 000000 0.00005| 0.00005| 0.00003
140 0.00008 | 0.00005| 000000 000006 000007 0.00003
150 000000 | 0.00006| 0.00001| 0.00006| 0.00008 | 0.00004
160 000011 0.00006| 0.00000| 0.00007| 0.00000] 0.00004
170 000012 | 0.00005| 000001 O0.00008| 0.00009| 0.00003
180 0.000

Mid Comer

2| 000006 0.00001| 000008 0.00009] 0.00003
190 0.00014] 0.00006 [ 0.00001] 000009 0.00010 0.00005

l
l
1
200 000015 0.00006 [ 000002 0.00011] 0.00011] 0.00007
l
l
l

210 0.00013 [ 0.00006 | 000003 0.00011| 0.00011[ 0.00007

l
l
20 0.00016| 0.00008 | 000004] 000012| 000012 0.00008
230 0.00018 ] 000010 000004] 0.00014] 0.00014 [ 0.00009
l
l

240 000018 ] 000011 ( 000004] 0.00015] 0.00013( 0.00010

l
230 0.00020 [ 0.00012| 000005 0.00018| 0.00016( 0.00012
260 000022 [ 0.00013| 000004 000022 0.00019[ 0.00013
l
l

270 0.00023] 000016 [ -0.00001] 000026 0.00020| 0.00013
280 000023 ) 000018 [ 0002521 0.00032] 0.00022 [ -0.00110
290 000023 ) 000019 ( -000366] 000035 0.00022( -0.00166
300 000027 000026 -000432] 000041 000027 -0.00206
310 0.00028 ] 000027 -0.00578| 0.00032| 0.00028 | -0.00263
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Load Strain Average strain
o : Mid | Coms
Mid 1 Mid2 | Comer! | Comer
0 000001 0.00000 [ 0.00000] -0.00003| 0.00000] -0.00002
10 0.00001 | 0.00001 [ 0.00000 -0.00003 | 0.00000| -0.00002
20 0.00002 | 0.00000 | -0.00001] -0.00004 | -0.00001| -0.00003
30 0.00002 | 0.00000 | 0.00000| -0.00005| -0.00001| -0.00003
4 000002 0.00000 [ 0.00000] -0.00003 | -0.00001| -0.00003
50 0.00002 | -0.00001 [ 0.00000 | -0.00006 | -0.00002 | -0.00003
60 0.00003 | -0.00002 | 0.00000] -0.00007 | -0.00003 | -0.00004
10 000003 | -0.00003 [ 000001 -0.00009) -0.00003 | -0.00004
80 0.00006 | -0.00006 [ 0.00000 | -0.00009 | -0.00006| -0.00003
%0 0.00006 | -0.00007 [ 0.00000 | -0.00010 | -0.00007| -0.00003
100 0.00006 | -0.00007 | 0.00000| -0.00010| -0.00007 | -0.00003
110 000009 | -0.00012 [ 000001 -0.00011 | -0.00011] -0.00003
120 0.00009 | -0.00012 [ 0.00001| -0.00010| -0.00011| -0.00005
130 0.00008 | -0.00012 [ 0.00000] -0.00010| -0.00010| -0.00003
140 0.00008 | -0.00012| 0.00000| -0.00009 | -0.00010| -0.00003
130 000008 | -0.00012 [ 0.00001] -0.00009) -0.00010| -0.00004
160 0.00008 | -0.00013 [ 0.00000 -0.00009 | -0.00011| -0.00003
170 0.00008 | -0.00013 | 0.00001| -0.00008 | -0.00011| -0.00004
180 0.00007 | -0.00013 | 0.00001| -0.00007| -0.00010| -0.00003
190 000007 -0.00013 [ 0.00001] -0.00006 | -0.00010| -0.00003
200 0.00006 | -0.00013 [ 0.00002] -0.00004 | -0.00010| -0.00001
20 0.00006 | -0.00013 | 0.00003 | -0.00004 | -0.00010| -0.00001
220 0.00003 | -0.00013 | 0.00004 | -0.00003 | -0.00000| 0.00001
230 0.00005 | -0.00013 [ 0.00004 | -0.00001 | -0.00009 | 0.00002
40 0.00004 | -0.00013 [ 0.00004 | 0.00001 | -0.00000 | 0.00003
230 0.00003 | -0.00013 | 0.00005] 0.00004 | -0.00008 | 0.00003
260 000003 | -0.00013 [ 0.00004] 0.00006 | -0.00008 | 0.00003
20 000002 | -0.00013 | -0.00001| 0.00009) -0.00008 | 0.00004
280 0.00000 | -0.00012] -0.00002| 0.00015] -0.00006 | 0.00007
220 0.00002 | 0.00011) -0.00006| 000024 -0.00003 | 0.00009
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Table A.11: Lateral strain of specimen S1R0

Load Btrasz Strain Averams strain
) | A | Namw’ 1 g
nlid Comar
id 1 Nlid 2 Comar 1 | Comer 2
L] 15604 Q.00 Q.00000 | D.0000T | 000003 000001 | 000D 0. 0002
10 15604 .64 0. DD Q00001 | 0 D0DS 0. DD 0.00001 0. 003
2 15604 1.28 0. 00 1 0.00002 | 000010 0.00001 0.00001 0. QDS
3 15804 1.82 0. D000 0.00003 | 000012 0. D000 0. D002 0 Qo5
40 15604 156 0.00001 0.00003 | D.DD15 0. DD 0. 00002 0. Qe
50 15604 3.20 0. DD 0.00003 | 0.0001D 0.00001 0. D002 0. Qeee
&0 15604 3.85 0. DD Q.00003 | 000022 0. DD 0. D002 0,011
70 15804 4.4% 0.00001 0.00003 | 000024 0. DD 0. D002 0. 0012
20 15604 5.13 O DD 0.00003 | -0.D002E 000001 0. D002 0,013
o0 15604 5.77 0.00001 0.00003 | -0.0002R 0. DD 0. D002 000014
100 15604 §.41 0. DD 0.0000 | 000030 0.00001 0. D002 0.0 5
110 15604 7.05 0.00001 0.00004 | 000032 0.00001 000003 0. 0001 G
120 15604 7.6 000001 0.00003 | 00037 000001 0. D002 00001 R
130 15604 2.33 0.00001 0.00003 | -D.00D3R 0. D002 0. D002 00001 E
140 15604 2.87 0.00001 0.00004 | D.00D3R 0. DD 000003 001D
150 15604 .61 0.00001 0.00004 | 000040 0.00001 000003 0. QeleD 20
180 15604 | 10.25 0.00001 0.00005 | 000042 000002 000003 0 DD 20
170 15604 | 10.80 0.00001 QL0000 | 0000042 0. D002 O.00004 | 000D
180 15604 | 11.54 0. D002 QU000 | 000043 0. D002 O.00004 | 000021
120 15604 | 1218 000001 QU0000E | -0.0004 0. D002 0. D05 0. 0021
200 13804 | 12.82 000002 0.0000E | 000045 000002 000005 0. 0232
210 15804 | 13.48 000003 OU0000D | 000045 0.00001 000006 | 000022
220 15604 | 14.10 0. D002 0.00010 | 000046 0.00001 000006 | 000023
230 13804 | 14.74 0. D002 QL0000 | 000047 000003 QU000 | 000022
240 15804 | 15.38 0. D002 000011 | -D.D004T 000003 000007 | 000022
250 15604 | 146.02 000003 000011 | D.00047 0. 00002 000007 | 000023
260 15604 | 146.66 000003 000013 | 000051 000003 Q00008 | 000024
270 15604 | 17.30 0. D000 0.00013 | D055 0. D002 O.00000 | 00027
280 15804 | 17.24 000003 0.00015 | -D.00DSD 0. 00004 000000 | -D.0D02E
280 15604 | 1B.58 000003 Q00017 | 0.D0E1 0. D000 0.00010 | 0.0DRn
300 13804 | 18.23 0. D000 000010 | D.00E3 0. D005 0,001 2 0. Qeep 20
310 15604 | 1987 0. D000 0.00022 | -0.000E4 0. D000 0.00013 0. QD30
320 15604 | 20.51 0. D005 0.00023 | -D.000GS 0. D000 0.00014 | 000031
330 15604 | 21.15 0. D005 0.00026 | -0 D00GE 0. D005 000016 | 000031
340 15804 | 21.79% 0L D00 000028 | -0 000s4 0. D005 000017 | 000030
350 15804 | 2243 0L D00 000031 | D.000E3 0L D00 000010 | 0.0D2D
380 15804 | 23.07 0. D005 0.00036 | -0.000GS 0.0000E 0.00021 0. Qeep 20
70 15804 | 2371 0. DS 0.00040 | D DODSS 0.D000E 00023 0 Qa0 20
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Load Strazz Strain Averama strain
32 | Ama | Nimm? 1 L
Wlid Coms
NWlid 1 Wlid 2 Comer 1 | Comer 1

38D 24.33 0. DD 7 000045 | -0 000G 000008 000027 | 000028
350 2450 0. 00008 0.00043 | -D.0DDEL 0.00010 0.00026 | 000026
400 25.63 0. 00008 000045 | -D.DDD55 000010 000027 | D023
410 26.28 Q.00 10 000050 | -0.0004G Q.00 10 000030 | 000018
420 26,82 0.00010 0.00054 | 000024 0,001 2 0.00032 0. DD
410 26.28 000010 000050 | 000000 0.0 12 000035 0. DD
400 25.63 0.00011 000045 | 000012 0.00011 0. 00020 0. 0012
410 26.28 0.00011 000050 | 000027 0.00011 000031 0.00019
420 26.82 0.00011 000055 | 0.0026 0.00011 0,003 3 000019
430 27.56 000010 000060 | 00032 000010 000040 0.00021
430 27.56 0.00010 000080 | 000059 LRy 0.00045 000034
440 28.20 000010 000062 | 000000 0. D07 0.00036 0. 00008
450 28.84 0.0 12 0.00166 | -0 0000 0. D5 Q.00 | 000044
440 28.20 0,001 2 000157 | 000116 0. D005 0. 00085 00005
430 27.56 0. 00012 000152 | 000143 0. D05 0. 00082 0. D
420 26.97 0.0 12 000156 | -D.0D163 0. D0 000084 | 000072
420 26.82 0. 0012 000167 | 000144 0. DD 7 000000 | -0.000ED
430 27.56 000013 000192 | -D.0D142 0. DD 0.00103 0. 0GR
440 28.20 0. 00012 000244 | 000148 0. DD 000128 | 000071
450 28.84 Q.00 15 000444 | 000305 0. D5 000230 |  D.00150
430 27.56 000016 0.00452 | 000303 0. DD 000234 | 000148
440 28.20 000016 000485 | 000302 0. DD 0.00251 000148
450 28.84 0. D020 000540 | 000275 0. DD 0. 00285 000136
450 2048 000030 000818 | 000217 0. 00004 000424 | 000107
440 28.20 0.00031 0.00822 | 000211 0. 00003 000427 | 000104
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Load Stress Strain Averasa strain
Q) | Area | Nimm® .

Wlid Comar
Nlid 1 NIid 2 Comer 1| Comer 2

1] 15804 0.0 0, [{e(e{el 0, (el | . Delele2 0, 0eele0d 000000 | 0,001
10 15604 0864 L O, Oele(eel | . OeDeleD2 O 0e0eleel | 0 Delele 1 i Oelelei 1
2 15604 1.28 0. 0eeeel O, Oelee | D D00 0. 0elele0 1 0. Oee ool 0. Dele(3
30 15604 1.22 0. 0eeeel O, Oeleeel | 000003 0, (0eee0r 2 0. Oee ool 0. Dele(3
40 15604 2.56 0. 0eeeel O, Oeleeel | 000003 0. 0elele0 1 0. Oee ool 0 Oele(ei 2
50 15604 3.20 0, (e(eeh 0, (el | 0 DDl 0. (e 1 0. (el 0. 3
&0 15604 3.85 O 0e0eleel | D01 | o OeDe0eled 00001 | -0 0D 1 0. Dele(3
T 15604 4 40 0. 0elele0 1 0 0e0ee0] | DL DS 0. 0elele0 1 0. Oee ool 0. Dele(3
] 15604 5.13 0, (0eee 2 O, Oeleeel | D 000D 0, (0eee0r 2 0. 0elele0 1 i, OeDelelnd
ol 15604 377 0. 0elele0 3 O, Oeleeel | D 000D 0. 0elele0 3 0, (0ee0e0r 2 i, OeDelelnd
100 | 15604 .41 L 000001 | O 000G 0 0ele(e(4 0. (e LR
110 | 15604 7.05 0. 0eele0d O OeeD] | O DeDeG 0 0eele0d 0. 0elele0 3 0. Delee 5
120 | 15604 T 0. 0eele0d O 0ee0D] | D007 0. Dele0e0 5 0. 0elele0 3 0. Oelehis
130 | 15604 g.33 0. 0eele0d O 0002 | D00 0. Delelely 7 0. 0elele0 3 0. 0eelDE
140 | 15604 BoT 0. Delele0 5 OO0 | 0. D000 0. DDl 0 Oelele0d i, Oelelelr
150 | 15604 o081 0. Deleleuls O, 0ol | D, DeleleD 0. 00010 0 0elele0d 0. 00010
160 | 15604 10,25 0. DDy O 003 | D00 0. 0e0e ] 2 0. Oelele0 5 0,001 1
170 | 15604 10 82 0. Delelely 7 O, 0ol | D010 00013 0. Doy 0. 001 2
180 | 15604 11.54 0, [0eei 8 00000 | 000010 000015 0, (a5 0,001 3
120 | 15604 1218 0 Oelelelr O, Oeleels | 000011 000017 0. Oelelely 7 000014
200 | 15604 12 82 00001 1 O, Oele(ens | 000012 00012 0 Oeleler 0. 0] 5
210 | 15604 13 45 0. 0e0e ] 2 O, Oeleens | 000013 0.0 18 0 Oeleler 00001 &
220 | 15604 14.10 0,001 3 0. OeleliB | 000013 0,02 1 0. 001 1 0,001 7
230 | 15604 14.74 000D 16 O 000D | 000014 0. (23 0001 3 001D
240 | 15604 1538 0001 & O.0e0D11 | Q0015 0. 024 0. 0] 5 0. O
250 | 15604 16.02 0. D0 O.00012 | .07 0. 0026 0. 0] & i Oele0 2
260 | 15604 16,65 0. 023 O.00014 | 000017 0.0 R 0. 01D 0. Dele0i23
270 | 15604 17.30 0. 0025 O.00017 | O.0D1E 0. D2 0. Oeei 2 0. 024
280 | 15604 17.24 000032 000021 | G002 0. 0032 000027 0. 026
280 | 15604 1858 00003 R O 00028 | D020 0. 054 0. 032 0. D07
30D | 15604 19,23 0. D45 O.0e0p31 | 00021 LRI RED LR ELY 0. Ol 2
310 | 15604 14 87 0, (el 54 000037 | .02 00038 0, 05 0.3 0
320 | 15604 20.51 0. D7 O 00 | D024 0. Dl 0. DS T 0. 03 2
330 | 15604 21.15 0. 0e0e0E 1 0. 0e0eD5E | D025 00, 0ee 2 0. Dl 00034
340 | 15604 21.79 0. DG 0. 000l | D.D0D2T 000044 0. 003 1 0. 003 &
350 | 15604 22.43 000120 O 003D | O.2E 0. 0ele0d 5 0.0 100 0,003 T
380 | 15604 23.07 000147 0,00 | D000 0, (5 0001 22 LRI RS
370 | 15604 23.71 0001 ER 000122 | 00051 0.0l B 000155 i Oelel
3D | 15604 24.35 D021 R 000138 | Q.32 0. Dl D001 TR i Oele0d 1
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Lead Straszz Strain Averags strain
) | Ar=a | Kmm® 5 .
= Mlid Comear
hIid 1 NJid 2 Comer 1| Commer 2

300 | 15604 | 2400 | QODQET | OODIED | OLO0S4 | OUDDDSD | DUDASS . Dol
400 | 15604 | 25.83 D070 [ 05 | OEiS4 | O0dElS4 | O.005635 .04
J0 | 15604 | 2400 | QUODSED | DU0DQ5S | DLDDDS4 | QUDDDSD | DUDD42] O 0D 7
JED | 15604 | 24.33 D0D5E0 | 00231 | D053 DDD5E | D.005%6 [ DOM4E
370 | 15804 | 357 0000 | DoDD1fd | DoEEiS2 0LD0D55 | 0.B0521 0. Dol 3
380 | 15604 | 24.33 0. 0452 0.00104 | 000033 0.00053 | 0.00323 0. 043
300 | 15604 | 2400 | 0.00471 0.005 | OeR0s54 | O0eE05S | 000537 | 0.5
400 | 15604 | 35.63 0. 00525 000220 | D.0DD35 0.00056 | 0.00373 0. D006
410 | 15604 | 2628 | 001021 00635 | OER0SE | O0RD5] | O.0DEIR | 0.5

20 | 15604 | 2600 OL0DERE | DLDDT31 | D43 OLB0DS0 | DLODTLI0 | D51
410 | 15604 | 2628 | Q0D7CD | QDSR4 | O.00043 00061 | 000737 | D52
400 | 15604 | 2563 004503 L] | D042 OLD0E2 | 0002552 . Dee52
410 | 15604 | 2628 | 004414 | Do0DEDS | D003 000063 | 002510 [ D.0DS53
420 | 15604 | 2602 004611 OLDDELT | O3 0006 | 002614 | DLDDDS4
400 | 15604 | 25.63 - 000562 | 00005 0.000 T2 - 0. 00050
410 | 15604 | 2628 - 000550 | O.RdS 00072 - 0. D50

20 | 15604 | 2600 - L0056 | D045 0073 - O D50
430 | 15604 | 27.56 - L0050 | OeiaG | D74 - 0 el
440 | 15604 | 2E2D - 0L00Eds | D00ds | OU0D0RD - {0 Dee3
440 | 15604 | 2E.20 - 0.0e0SE2 | OeRidD |  O.(dsl12 - 0. D25
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Load Strass Strain Averaga strain
o Ama | Nmm 3 Mid | Comer
Mlid 1 Mid 2 | Comer ]l | Comer

0 15604 0.0 0. Celeeely | O OeDeee0 | O Co0eelel | Do DeDeDeed | D OeDeDe0e | D Oe0RDeD
1 15604 .64 0 R0R0R0R | O ORDeDR0Y | D DR0RD | O DeDR0eDRD [ D DDODL | DL D000
20 15604 1.28 L0000 | O OeDe0e0c2 | DL R0RDDS | O OeROeDL [ D Dee0eD2 | D Dee0e02
30 15604 1.2 0L D000 | 0L OOeD03 | DL DRl | D OeDDD2 [ D D003 | DL D003
40 15604 2.56 00002 | Q000 | O.00elels | O.OeDeDeD2 | O.0DeDeD5 | 0. ODelel
510 15604 3.20 0L O0R00 | O OeDe0e0 | DL DR0eDDS | O DeDe0eD2 [ D Dee0eDS | O De0e0eD
&0 15604 .85 0L OR0R00 | O ORDe0R0S | D R0eS | D DeR0RDS [ D Dee0eDeE | D DNR0NDS
T 15604 4.48 0L DR0R00 | O ODeDs | DL DD T | D DeD0eDS [ D DeD0eDd | D D005
B 15804 5.13 0L 00e00S | O OeDeDeDT | D OR0eDNE | O OeDe0eDd [ D DeDsDeDS | D DeDe
o0 15604 577 L0005 | OO0 | D Oe0eDD | D OeDe0eDS [ D DeDe0eME | D DeDe0eD T
10D 15604 §.41 L0005 | 0L ODeD0D | DL DRl | D OeDeDeDG [ D DeDeDeDE | DL DDDeDE
110 15604 T.05 0L D000 | DL ODD LD | DL D01 | O OO0 T [ D OO0 T | O DeDeDe0e
1240 15804 7.0 0L 00e00e | OL0DD1Y | D011 | O OO T [ D DDeDR | OO0
130 15604 2.33 0L 00R00 | OLODD12 | OLD0D1Y | O ODDeDE | D DDDE | DLOD010
140 15604 8.o7 0L D000 | D013 | DLDpD12 | O D00 [ DD | DLO011
150 15604 .61 0L D000S | OL00D14 | D001 | O OD0L0 | O00010 | O.00012
160 15604 10025 | Ou0e00eG | DU00015) 000014 | OU0D0L1 | O.00011 | 0.00013
170 15604 10.80 | OuODG | 000016 00015 | 00012 | O.0011 | 0.00014
180 15604 11.5 OLDORDD T | OLODDL 7| D015 | D D013 | DoDDD12 | DLOD14
180 15604 1218 | O.00DeD7 | CLODD17] Q00017 | 000014 | 000012 | D.000LE
20 15604 12.82 | O.OD00E | D008 OUOD01E | 000016 | O.00013 | 000017
210 15604 13.46 | OODD0R | OU0000) OU0D01E | 00017 | O.00014 | 000018
X0 15604 14,10 | OuOeDDedl | Q00| 000010 | O.0D01R | 0.00015 | 000010
230 15804 14.74 | OO0l | D001 00000 | 000010 | 000015 | O.0002D
240 15604 1538 | 000010 | D022 ) OO0l | O.0D021 | O.00016 | 0000021
250 15604 16,02 | Q0010 | QU025 | QU002 | o000 | Ou0D017 | 0.0l
260 15604 1666 | Q00011 | C.ODD24 ] Q00023 | 000024 | 00001 | 000024
270 15804 17.30 | ©.OD012 | OU002G) 000024 | 000026 | 000010 | 000025
280 15604 17.84 | 00015 | QD00 ) Q00025 | 00051 | O.0D02] | 0.0002d
280 15604 1858 | 00015 | OuO0e) QU005 | 00051 | O.0D02] | O.0002d
300 15604 1023 | 000014 | CLODDS1 | Q00026 | 0000533 | 00025 | 000050
310 15804 1887 | 00015 | 000055 ) 00007 | 000055 | 000034 | 0.00051
320 15604 2051 | 0015 | QU055 ) 00T | 0U0D0ST | 0000 | 0000052
330 15604 21.15 | 00017 | OUDSE) OUO02E | 0L0D040 | 0.0 | 0.00054
340 15604 21,79 | G001 | L0002 ] OU00i2D | 000045 | 000031 | O.000EE
350 15604 22,43 | 00002l | OUDDDS1 ) OU0D0S0 | 000050 | 000056 | 000040
L 15604 23.07 | 00eD02s | OUDDDSE) OUDD0S1 | 0000054 | 000000 | 0000043
30 15604 23,71 | ©000G | QOS5 ) Q00053 | 00005 | 000045 | 000045
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i
i

Strain Avarama strsin

:

E-., ‘|!||_-[ -
) = 3 Mid | Coma
Mid1 | Mid2 | Comer1 | Comar?

0.00030] 0.00071{ 0.00035 | 0.00063 | 0.00051 | 0.00048

380 13604

[N ]
[

ol

380 13604 00 [ 0.00034 | 0.00081) 0.00034 [ 0.00070 | 0.00058 | 0.00052
400 13604 5.6 [ 0.00044 ] 0.00105) 0.00035 | 0.00082 | 0.00075 | 0.00059
410 13604 6.28 [ 0.00030] 0.00121) 0.00036 | 0.00000 [ 0.00086 | 0.00063

410 13604

(=3
v

0.00064 | 0.00162( 0.00038 | 0.00102 | 0.00113 | 0.00070

430 13604 7.6 [ 0.00083 ) 0.00217) 0.00040 | 0.00116 | 0.00151 | 0.00078
20 13604 6.00 | 0.00086 ) 0.00320( 0.0003% [ 0.00117 | 0.00133 ) 0.00078
310 13604 : 0.00086 | 0.00231( 0.00040 | 0.00117 | 0.00134 | 0.00079
20 13604 6.00 [ 0.000%0 ] 0.00231) 0.00041 | 0.00122 [ 0.00161 | 0.00082
430 13604 7.56 [ 0.00107) 0.00257) 0.00045 | 0.00152 | 0.00182 { 0.00080
40 13604 £.20 [ 0.00143 ) 0.00331) 0.00032 | 0.00166 | 0.00247 [ 0.00109

L

430 13604
410 13604
430 13604

0.00148 | 0.00366( 0.00052 | 0.00160 | 0.00257) 0.00111
0.00134 | 0.00374( 0.00052 | 0.00170 | 0.00234 ) 0.00111
0.00142 | 0.00400( 0.00053 | 0.00177 | 0.00271 | 0.00115

[N 8

| S e D O O T N O D O T (Y U R O N TN N D TN O]
¥
[ o)
(=]

[
L ]

L]
i
L=y
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Table A.12: Lateral strain of specimen S2R0

Load Strass Strain Averaps strain
) N/mr" 1

hiid 1 Mid2 | Commer 1| Cormer 2
0.0 0, Qe 0. Deeee O C0e0elel | D015 | O 0e(ele0] | 0Dl T

064 L VE] 0 (eleee} OL el | 0 00D3T | D (el | D OeD1D
1.28 SOl | 0 DD OL00e] | 00D | 0 0eR03 | D QD3]

B
i

Miid Comer

E

E

Lo |wn |uwn

E

15604

15604

15604
30 | 15604 1.0 L VE] 0 (eleee} O] | -0 eDehS] | 0 (eee | D DS
40 | 15604 2.56 . Oeee 1 A0, DeRee 000D | 0LDDDSD | DUDDD0T | 0O
50 | 15604 3.20 O OeDeDel | O (el O] | 0 (RS O OeDeeel | D (DS
&0 | 15604 3.5 L VR | OLOe0eDel | 0 0DDRS | 0 Oe(eR | D D3
T | 15604 4.40 O DeeDS | 00D QU000 | O ODDRE | D (eeDel | 0 Oe
Bl | 15604 5.13 SOl | 0 DD OO | -0 0DDRS | 0 e[S | D el
o0 | 15604 5.77 <O, ODeDe0 | 0 Do 1 000002 | 0L0DDEL | -OUDDDDS | 0 DD
100 | 15604 £.41 O DeeDS | 00D OO0 | 00T | DDl | OIS T
110 | 15604 .05 DD | 0 DD OU 00 | 0 0e(eE] | D (e0eDeld | A OEDS
120 | 15604 .60 SOl | 0 DD DU | 0 0eeDSE | D0DeDS | DL OeD2R
130 | 15604 B.33 SOl | 0 DD O 0003 | 0 0DD2E | 0 eS| D QD]
140 | 15604 go7 SO D010 | 0 D] O3 | 0 D05 | 0 (e | i (D]
150 | 15604 061 D010 | 0 DD 0. (o3 O0DD12 | 0 (eOeeS | o QDR
160 | 15604 | 1025 [ 000006 | 0 OR01 0. (o3 000030 | 0 0o | 00031
170 | 15604 | 108D [ 000003 | -0 0001 0 (ele e 00D | D (el 0 (D20
180 | 15604 | 11.54 [ 000010 | 0 001 OO0 | O DB | D (oS | o (eDeDD
120 | 15604 | 1218 [ 00004 | 0 00001 OO0 | O0D136 | 0 O3 0 Qe T
200 | 15604 | 1282 [ 00004 | 0001 OO0 | 000104 | 0 003 . (el
210 | 15604 | 1546 | 000005 | -0 0001 OO0 | 03T | 0 O3 000121
220 | 15604 | 1410 | 00003 | 0 0001 OO0 | Qe | D (e 000150
230 | 15604 | 1474 | 00002 | 00001 OO0 | O0D3TD | D (e OLODIRT
240 | 15604 | 1538 [ 000003 | 0 O 0 (e 000470 | D O3 003 E
250 | 15604 | 1602 | D.0D005 | 000001 0. Oee0ent | 0LDD552 | D (eDeR0 0. 02 TR
260 | 15604 | 1666 | 000D | 0 001 O | O ] | D (e 0003534
270 | 15604 | 1730 | 0 OD0d | D e 0 (e 000752 | 0 (03 LR ER Y
280 | 15604 | 1704 [ 0000004 | 00001 O 0007 | Q0D | D O3 005 R
200 | 15604 | 1RBSE | OUODDD] | D Oe(ei2 O O0es | OOLIOST | D (e 00532
300 | 15604 | 1923 | 000005 | 0000001 00000 | 001161 | 00003 i0.0D5RS
310 | 15604 | 1087 [ 00005 | -0 0001 O00E | 001207 | 0 (03 (G5 3
320 | 15604 | 2051 [ 00003 | 0001 Q000 | 001444 | 0 O 0. 72T
330 | 15604 | 2115 | OuODDD] | 0 Oeeeid O O0e | 001464 | D O 00737
340 | 15604 | 2170 | 000001 | -0 0001 O 00e | QOI4RD | 0 001 000740
350 | 15604 | 2243 | 00001 | 0 Qe 0010 | 001467 | D OefeR2 00730
360 | 15604 | 2307 | 00001 | 0 001 0. (011 001504 | 0 001 OO TSE
37D | 15604 | 2371 [ -0uODDD1 | -0 001 0. (011 001550 | 0 001 OO TRL
SBD | 15604 | 2433 O ODeDel | 0 e 000014 | 001622 | 0 OR01 OODR1E
300 | 15604 | 2400 O (eee03 0 (eleee} 00014 | 001702 0 (eelc2 O 0DRSE

15604 | 2

Ia
=

O ODeB0] | 0 Qe 0. (e ] 5 001757 O 0Dee(el | 0. 0DARS

£
Lh
[

iy




APPENDIX A. READINGS IN TABULAR FORM 162

Load Strass Strain Averaps strain
' 1

hdid 1 Idid 2 Comnear 1 | Cornear 2
0. De0ele03 {0 Deele0e 00016 001 70D . ee0e2 000363
O DR . Oe{eel 00018 001 566 LR E] 00T
O De0ele T | 0 0o 000018 001470 L RE] 000740
0 Delele 7 {0 Deele0e 0. DeLelr 2 001437 0. {e0e0e04 000720

g
]
=
:

nIid Comer

E

(=]
(o]
[ ==

Ln |Ln LN

S EN
b

E

B | L
=0 L=

E

5 2.

450 56 2.4 000011 0 e 0. (eDei21 0.01542 OUeDeles | DL DMSRD
460 5l D48 0. 06001 5 0. Dee011 0. DeeD2 0.01252 OL0000E | D0GIT
470 56 012 L) A R 0. (eDei23 001230 QLD | D51
450 56 LU 00010 | D.Oe0] 0024 | D.0126R QL0010 | DDsAG
420 56 1.40 0. (Do 3 0. (Do ] 0026 ] 001428 012 0. 72T
S0 56 204 O 02 | D001 0027 ]  0.01397 0013 0.7l
510 56 168 00036 | O ORI 00030 ] 001207 QD010 | DLDDs1D
520 56 3.32 00050 | D003 000034 ] 0LO104E QL0751
530 b 3.87 0. e 73 0. DeDe05 0,003 3 0,016 000050 | D030
340 b 4. 61 0. (DR 0 Qe 5 00031 002142 QL0 | DLDIDRT

50 b 5.25 0000 | DD 00033 002640 QD050 | 001341

0102 O Qe T 000031 003118 0SS 001575
000113 0 Qe 00037 ]  D.D3E33 (D1 001035

E

y |ea
L3

in |in Jin
= L i

=N =]

i in Jin |in [,

E

PRERIEEEEREREEEREEREREEREEERREREEEEEREREREEREEEE

in|ew |in
Lr
iy

Ly
=]
= |l === l= === == = = == = = = == = = = = = = = = = = = = = = = = = = = =

i i ey | laa i e s |l Jlas s |l [las s |las i s |las [ e s |l fias |l | s fles Jies |las [ Jles | las [l Jles [ [ fs [ |k a2 | B2 B2

560 56 2o 000120 | D.Oed11 00047 ] 005135 OUDDs | 002501
550 56 5.25 Q00117 | OoDeeeD 000051 005218 0 (3 02635
340 5 4.61 0.00108 | O.ODelel0 0. 0052 005271 000058 | DLD662
55 5 5.25 000108 | DoDelDR 00050 ] DLDS53T ODOSR | Do0aTod
560 56 5.BD 000107 | DoDelDR 0.5 3 00577 ODDSR |  0.02013
570 56 6.53 000111 0 Qe 00055 005723 OL0DE0 | DLOQERD
SR 56 717 000112 O QD10 0 (eDe2 O.DS 7T (D1 OLO2RRS
570 56 6.53 000117 | D.Oed12 00073 005544 0 S D02 B0
560 56 5.BD 000110 | D.Oed12 O 7S 005416 OUDDeE | DL0AT4AE
550 S 5.25 0.0 15 0.00011 0. D00 T2 0.05304 0. D003 0.02688
560 56 5.BD 000113 O QD10 00T ]  DDS21E 0 a2 002844
570 56 6.53 000108 | DLOD1D 00071 005170 QD050 | DuDAs2]
SR 56 717 000117 | OuOed11 00076 ]  D.D5145 QLD | DUDAS11
S50 5l T.81 0.00118 | 00013 0. D000 ] 005085 0000 | D035 EE
SR 56 717 000128 | D.DED1G 000122 0.04021 T2 02522
570 56 6.53 00125 001 & 0.00116]  O.04BE5 0071 0.02401
560 56 5.BD 000124 | D014 000110 ] D04B52 OO0 | 002481
550 56 5.25 000110 | D.OeD13 O00s ] DU04B1D OUDDE | 00454
560 56 5.BD 000115 000013 O0DDER ]  O.04B03 QLD | D046
570 56 6.53 000115 000013 O0DET]  D04R0D D006 | 002443
500 5l T.17 000115 | 000014 O.00000 ] 0.04BD1 OL0D0GT | D.03446
500 56 TRl 000121 0. (DD 5 O (oo 5 0042811 OLDDOGR | 002453
SR 56 717 00125 001 & 0010 004854 0071 0024 7R
570 56 6.53 000126 | O.OE0IR 000000 ] 005542 0 (T2 002721
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Load Stress Strain Averags strain
()| Arza | Nimnt ! Mid | Commer
hiid 1 Wlid 2 | Comer 1| Corner 2
560 | 15804 | 3580 0.00122 0,001 8 000067 | 0.05116 000070 0.02642
550 | 15804 | 35.25 000112 O.0HLT 000059 0.05128 0.0006E | 002504
580 | 15804 | 3580 000114 00015 0. 005 0.05217 0. (DS 002632
570 | 15804 | 38.53 000112 000016 000D 7 005206 000054 | 002672
580 | 15804 | 37.17 000116 000017 000D 005476 0.000ET | 002763
300 | 15804 | 37.81 0.00120 | ©.0001D 000054 | 0.05855 000070 ] 002055
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Load Strass Strain Averags strain
(20 | Arza | Nimm E Mid | Comer
hiid 1 Wiid 2 | Comer 1 | Comer 2

{0 15604 0.0 O De0e0elel | D (e[eleD] | 0 O] | O O] | 0 O0l] | 0 0ol ]
10 15604 064 O De0e0elel | D (e[eleD] | 0 O] | O O] | 0 O0l] | 0 0ol ]
20 15604 1.28 0 De0elelel | D {e(e(eD 1 O, OeDeDelel | 0 OeDelel] | 0 DeDeDel] | 0 0ol
30 15604 1.82 0 De0elelel | D {e(e(eD 1 O, OeDeDelel | 0 OeDelel] | 0 DeDeDel] | 0 0ol
40 15604 256 0 De0elelel | D {e(e(eD 1 0000l | O (elefel] | 0 OeDeDel] | 0 OeDeRE0
50 15604 3.20 0 0eDee] | 0 OeleleD 1 0000l | O (elefel] | 0 OeDeDel] | 0 OeDeRE0
&0 15604 3.85 0 0ol | 0 OelelelS | 0 (eDelelcd O 0ee0el] | 0 OeDelels | 0 OeDeR01
0 15604 4.4% 0 Oelelel | o Oelelelus | 0 (eDelel2 O 0ee0el] | 0 OeDelels | 0 OeDeR01
20 15604 5.13 0 OeDelel | o Oelelelus | 0 (eDeleD 1 O 0eDe0ele | 0 OeDeDels | 0 OeDeR0 1
o0 15604 5.77 00000 | D DD | O e 000002 | -0 0DDeDs | o0 (]
10 15604 §.41 0003 | 0 (el S 0. Ceeee O 0eDelele | 0 OeDeDeld | 0 Dol
11 15604 T.05 S0 003 | 0 Oelelelun | O 0eDeleD ] O 0eDelele | 0 Oelelels | 0 Do
120 15604 7.6 0003 | 0 (el S 0. (eDele 2 O 00e0eD3 | 0 OeDeDeld | 0 OeDeR3
130 15604 2.33 0003 | 0 (el S 0. (eDele 2 O 00e0eD3 | 0 OeDeDeld | 0 OeDeR3
144 15604 2.o7 000003 | 0 00Dy | 0 Oelee2 OO0 | -0 0eDeDeld | 0 OeR0eD ]
1540 15604 L.81 0 0Dl | D DeDelels | 00D E O, OeDe0elid | 00 DeDeDeld | 0 D002
160 15604 10,25 S0 DDl | D OeDeleld | 00D 1 O 0e0e0eled | 0 CeDele3 | 0 Ol
170 15604 10,88 S0 0Dl | D OeDeleld | 0 (el 2 O 0e0e0eled | 0 CeDele3 | 0 Ol
180 15604 11.54 S0 0D | D DDl | 0013 O.00e0els | 0 CeDelel3 | 0 OelRd
150 15604 1218 S0 0eDee] | 00Dl | 003 O.00e0eD5 | 0 CeDeDe | 0 OeR(d
20 15604 1282 S0 0eDeleh] | D DeDelelk | 0013 O OeDelelts | (0, Celelec | 00 O
210 15604 13,46 S0 0eDeleh] | D DeDelel] | 0012 O OeDelelt | 00 DeDeDe] | 00 OeDeR3
2200 15604 1410 0. Do 1 O 0e0e0elel | 00001 1 O OeDelel T | 00 DeleDel] | 0 Do
230 15604 14.74 0. Do 1 0 e0e0elele | 0. Ce(ee(er O OeDelel T | 0 DeDeDel] | -0 Dol 1
240 15604 1538 OLDe0elelel | O(e0eleD] | 0 (R0 T O0eDeDel T | 0L CeDelel] | o O
250 15604 16,02 OLDe0elelel | Oe0eleD2 | 0 (e O.0De0elE | 0. 0eDeDel] | 0 OeeR01
260 15604 16,66 O De0elelel | Oe(eeD3 | <0 Oe(e0i2 O 0eDelelely | 0 OeDeDelc | 0 O
270 15604 17.30 O De0elelel | O e(e0eD3 0. (eDele 2 O 0eDeDelel | 0L OeDeDe | O O
280 15604 17.84 0. De0ele0 1 0 (e0e0e 5 0. Ce0eelr 000010 | 00Dk | Q0010
280 15604 18.58 0. De0ele0 1 0 (e0e0e 5 000014 000010 | 000Dk | 012
30 15604 19 23 .01 O.OD0T | 0022 Q00011 | O.0DDd | 00017
310 15604 12 87 0. De(eer2 OU0DeDeDE | OL0002R 000012 | O.0DeDehs | 0O
20 156804 | 2051 0. De(eer2 QU010 | O.0D352 000012 | O OeDeDels | 0 Do
330 15804 | 21.15 0. DeLele03 00001 1 0. oDl 1 000012 | O 0DeDelT | Q02T
340 15804 | 21.7% 0. DeLele03 00001 3 0004 8 000013 | O.0DeDekE | 00031
350 15604 | 2243 Q0000 | 000014 | O 00D54 Q00015 | O 0Dl | 00054
360 15804 | 2307 OU0e0elel | OUDe0D16 | O O0DGS 000014 | 000010 | Q053D
370 15804 | 23.71 0. Deleeh 5 QU0DD1E | O.0GS 000014 | 000012 | Q05D
380 15804 | 2435 O De0eleDs | D e(e0i22 0. eDeu5 2 000015 | 000014 | Q053D
380 15804 | 2480 O De0eleDs | D o025 0. eDeu5 2 O.000LS | O.0DD1E | Q053D
A 15604 | 2583 DLl T | Ou(e(eli2l | D (e OU0DDLT | OODD1E | el




APPENDIX A. READINGS IN TABULAR FORM 165

Load Strass Strain Average strain
(kM) | M/mm’* 2
hlid 1 Mhlid 2 | Cormer 1 | Commer 2

B
i@
=,
:

hiid Comer

410 56 §.28 000007 | Q00053 000075 | O.0001L0 | 0000 | 000047
420 56 .82 000008 | 000057 000196 000021 | 000023 [ -0.000EER
430 56 T.56 000000 | 000047 D.00ESS | 000024 | O00D2E [ 000416
440 56 20 000000 | Q00052 00005 | 000026 | 00031 | 000040
450 56 24 000000 | 000061 | 001065 | O.00030 | 0035 [ DL0D51E
460 56 42 000010 | Q00068 001105 | 000035 | 000039 [ 0000535
470 56 12 000010 | 0001 | 001194 000030 | 000046 | 00057
480 56 000011 | Q00100 | 001383 | 000051 | Q0G0 | 000666
420 56 40 000011 | Q00125 001425 ] 000050 | O0DD6E | 000683

000011 | Q00138 001463 | 000066 | 000075 [ 000600
000011 | Q0153 001473 | 00007 | OU0EDED | 0000701
000012 | Q00L7e| 001544 | O.0D0DE4 | O0DDSS | -0.00730
000013 | 000202 0.01R0E | 000006 | 000108 [ -0.0DBSE
0.00016 | 00236 002335 000111 ) 0001321 ( 001112
000021 | 00260 002601 | 000136 | 000141 [ 4001233
000021 | Q00263 | 002600 | 0.00132 | 000142 [ 0.01234
000020 | 000261 002588 0.00120 ) 000141 [ 0.01230

Ln
[

Ln
[

AEL =

[

in|in
K
!

e | i B | = | S | US| e e
!
L=4

Ln
[

[
Ln

[= S O T ]
—

—

[

L=
!

[

o b e e e e e e e e e e e e e e e e e e el e e e

L jLn |Ln |Ln

de g |a s s L
(]

[
[ O]
=]

b = = | = = = = == = = = = = = = = = = = = = = = = = = = = = = = = =

Ly fiag s |les [ias s Jias | lea |las [ |ias |l Jlas Jiss [las s Jas [las |ias fiss |ias | les [las s Jias | les |las [y |ias | JEa D (B B2 B2

2 000020 | Q00250 002303 | 000125 ) 000140 [ 001234
530 56 27 000020 | 00265 002386 | 000128 | 000143 [ 001220
540 56 A1 000021 | Q00274 002568 | 0.00135) O.00148 [ 0.01217
550 56 5.25 000022 | 00270 002335 0.00140 | 000151 [ 001187
560 56 j.BD 000023 | Q.0028E) 002487 000148 | 000156 [ 001170
550 56 5.25 000025 | 0005300 002539 0.0D1T0 | OU0DLET [ 001185
540 56 4.61 000025 | 00511 002463 | 000175 ) O0D16E [ 001145
530 56 3.7 000025 | 00510 002201 | 000173 O0D16E [ 001080
340 56 4.61 000024 | 0005300 D01E2T | O.0D160 | O0D1ET | -0.0DE2D
554 56 5.25 000025 | 00514 D01E51 ] Q00174 Q00170 [ -0.0DB3D
560 56 j.BD 000025 | 00515 D01E50 | 000176 | 000170 [ -0.0DR3T
55 56 5.25 000025 | Q00521 00164 | O.0D1EZ | Q00173 [ 00041
340 56 4.51 000026 | Q005327 001802 | O.0DIRE | Q00177 [ -D.0DE52
554 56 5.25 000020 | 0005330 D017R4 | 000211 ) Q00184 [ 0.00TRT
560 56 j.ED 000027 | 000535 002024 | 000207 | OU0D1EL | 000000
570 56 .53 000028 | 005342 D.0196E | 000216 | O0D1ES [ -D.ODRTE
560 56 j.BD 000028 | Q.005348) 001908 | 0.00225 ) O.0D1EE | -D.ODBET
550 56 5.25 000050 | ©.00558) 002118 ) 0.00245 ) 000194 | 0000857
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Load Stress Strain Averzge strain
(kM) | Area | N/mm? 3 .

hfid Corner
hiid 1 hiid 2 Corner 1| Corner 2

1] 15604 000 D001 DL DDOI2 S0.0DDO1 | <0001 0.DDDO2 | -0 D01

10 15604 0.5 -0.DD001 DL DD S0.DDDOE | -0.DDD01 000001 | -0 DD

20 15604 125 -0.DD001 DL DDOI2 D.0D001 10, DD 0.DDD01 0,001

30 15604 182 0.0 (0L DD -0 DD 10, DD 0.ODDOE | -0 D001
40 15604 2. 56 -0.DD001 DL DDOI2 D.0D001 0.DD0O1 0.DDD01 0,001

S0 15604 3.20 0.DD002 000002 -0.DD001 000001 LI LER ]

&0 15604 3. E5 -0.DD001 DL DDOI2 S0LDDIE | -0 DD 0.0DDOL | -0.DDD1E

70 15604 4.49 0.0 (0L DD S0.DD03E | -0 D02 00000 | -0.DDD1D

B0 15604 .13 -0.DD001 D.DDD03 S0.0D03E | -0.DDD01 000001 | -0.DDD1D

o0 15604 577 -0.DD001 D.DDDOT -0 DO3E 10, DD 0003 -0.DD01S
100 | 15604 5.41 DL DD 0. DDDOE -0.DDO3S 10, DD 0.DDDOE | -0 D20
110 | 15504 7.05 0.0 D.DDDOT -0 D01 0.DD0O1 0.DDDOS | -0 D20
120 | 15604 F.ED 0.3 LI -0, D03 T 0. DDOIE 0.DDDDE | -D.DDOLE
130 | 15604 E.33 (0L DD 0. DDDOE -0 DG 0. OO0 0.0DD0E | -0.DD012
140 | 15504 E.o7F DL DD D.DDDOT S0.DD011 | <002 0.DDDOE | -0 DT
150 | 15604 D61 (0L DD D.DDD0S D.0000T | -0.DDDOE 0.0DDOF | -0.DDD0L
150 | 15604 10.25 (0L DD D.DDO12 000021 | -D.DD011 0.DDDOE 00005
170 | 15604 10. B9 D001 0. DDDOE D.0D02E | -D.DD012 00005 0.DDDOF
180 | 15604 11.54 D.DDD0S D.DDD0S 000027 | -0.0DD13 0.DDDOTF 0.DDDOF
1=0 | 15604 121K LER L 000012 10,033 -0, D013 LER ) LERE LR LE]
200 | 15504 12 B2 0.0 D.0DOL0 000035 | -D0.0DD13 0.DDDOTF 00011
210 | 15504 13 .48 (0L DD D.0DOL0 D.00035 | -D.0DD13 0.DDDOTF 000013
200 | 15604 1410 0.0 D.DDO11 0. D03 -0, D03 T 0.DDDOTF 0.0 3
230 | 15604 14.74 D.DDDOE D.DDO14 0. D03 -0 e 2 00011 0,001
240 | 15504 15.3E D.DDD0S D.DD013 00005 | -D.DDOS1 000011 | -0.DDDO3
250 | 15504 1502 D.DDD0S D.DDO14 000052 | -0.DDO5SS 000010 | -0 DD
250 | 15504 1666 D.DDDOT D.DDOLE D.0D057T | -D.DDDEL 000012 | -0 D02
270 | 15504 17.30 D.DDDOE D.ODOLE 0.0D00E1 | -0.DDOES 000013 =001
20 | 15604 1754 D001l D.ODOLE 0.0D0E2 | -0.DDOER 000015 | -0.DDO13
200 | 15604 1R 58 D001l D.0DOIS D.0DDEE |  -0.DDOES 000015 | -0.DDD10
300 | 15604 1223 0.0D0DS 00000 000074 | -D.DDDEL 000015 | -D.DDDDA
310 | 15504 18 E7 D.DDOI2 D001 000075 | -0.DDO7A 0.DDO17F LI K]
320 | 15504 20.51 D.DDD0S D001 D.0DOEZ | -0.DDDEL 0.0D015 00011
330 | 15504 2115 D.DDOIO D.DD023 D.0D05E | -0.DDOSE 0.DDO17F LI K]
340 | 15504 2178 D.DDOIO DLDDO22 00005 | -0.DDO2E 0.DDO1E LE Rk K]
350 | 15504 22 43 D.DDOI2 D.DD023 00000 | 000005 0.DDO1E 0.DDO1E
350 | 15504 23.07 D.DDOI2 DLDDO2 0. DDOSE D.DD012 0.DDO1E 0003
370 | 15604 2371 0.0D01S 0.0D02S 0.0DOSE 000035 0 D022 0 DD0ED
3IB0 | 15604 24 .35 D001 D.DDO2S 000110 0. DDOSE L0222 0.DDOE3
340 | 15604 24,90 D.DDOIT D.DDO31 0.00114 0. DDORD 0.2 0.DDIeF
400 | 15604 25.563 00001 D.0D031 000116 0. DDOEL 0.DD025 00D LD
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Lo=d Stress Strain Avarage strain
[kM) | Area | M/mm? 3 .

hfid Corner
hiid 1 hiid 2 Corner 1| Corner 2
410 | 15504 2628 D.DDOLE D003 000126 0. DOOSE 000025 000111
420 | 15504 26,92 DLDDOAD D000 D.0012E 0.001131 000025 000120
430 | 15504 27.56 DLDDOAD D.DDO3E 000113 000135 0.DDOZE 000125
440 | 15504 2E.20 D000 D.DD035 10 DDeS D.00132 0.DDO2TF 000111
450 | 15604 2B B4 DLDDOAD D.DD035 0. DDDE3 D.00129 0.DDOZE 0.DDOSE
450 | 15604 28 48 DLDDOZE DLDDOE 2 0. DDO5S D.00125% 0.DD035 0.2
470 | 15504 0.1 DLDDO2S DL DD O 0. DDOES D.0012E 0.DD035 0.DDIeF
480 | 15604 I0.TE DLDDO2T D.DDOLE 0. DDOFTF 0.00135 0.DDO3 T 0.D01DE
490 | 15504 31.40 D.DD03 D.DDOAT 00010 0. D010 0.DD01 000124
SO0 | 15604 3204 000037 00005 000150 0.0014E 0D 0E 0.DD1ED
510 | 15504 32 68 D.DDOIE D.DDO5T 0. DO202 000170 0.DD0AE 0.DDLES
520 | 15504 33.32 DLDD0 3 D.DDDEL 000173 000173 0.DDO52 0.00173
530 | 15504 33.97 D.DDO50 D.DDDET D.DO1LEE D.00172 0.DDO5S 0.0017S
540 | 15604 34 .61 000055 0,007 0.D0233 000159 0055 0.D201
550 | 15504 35.25 D.DDO5S D.DDOED 0.001FF 0.00174 0.DDOT2 0.D01TE
S50 | 15504 15. B9 D.DOOF3 000101 000153 D.DO1TE 0.DDOET 0.DDLES
570 | 15504 36.53 D.DDOFE D.D0131 0.D02ED D.D0O1LEZ 0. DD 000241
SED | 15604 3717 0.DD0ES 000126 000225 0.DD1ERE 0 DD1OE LER Ll
540 | 15604 I7.E1 D.DDIeE 000144 =01, OeDerEsl D.00211 00010 0.DDOS1
SEBD | 15604 3717 D.D010OE 000154 -0 DDeOE<] 000207 000135 0.DDDS2
540 | 15604 I7.E1 D.D010OE D.D016E -0 D050 D.D021E 0.D013E 0.DDOE3
&S00 | 15604 IR 45 D.DD112 000173 000019 000225 0.00143 0.DO122
510 | 15504 30,00 000129 D003 D.DDO32 000245 000171 0.00135
520 | 15504 38.73 D.DD17F1 D.D024E -0.00330 0. D02E0 000210 | -0.DDES
510 | 15504 30,00 DLDDLEZ2 DLDO02 -0.00a13 000253 0.001s2 | -0.DDDTS
&S00 | 15604 IR 45 D.DDLED D.DD1FTF -0, DOASE D.002E1 00017 | -0.DDI1E
510 | 15504 30,00 D.DD1ER 000154 -0.D05E3 000259 000175 | -0.DD1SE
520 | 15504 38.73 DLD0200 000154 -0.DDEE3 000265 OLDDLIER | -0.DD20D
&30 | 15504 | 4037 D.D021S 000173 -0.DOE3L 000274 0.DD1ISE | -0.DD2TE
520 | 15504 38.73 DLD0270 000150 -0.01300 00027 000215 | -0.DD511
510 | 15504 30,00 DLDO2E3 000145 -0.01471 D.DO2ER 0.00214 | -0.DD5S2
&S00 | 15604 IR 45 DLDO2E3 D001 -0.01E01 0. 00309 000203 0. DDELE
510 | 15504 30,00 D.D02o7T D.D0121 00107 D.00311 000202 | -0.DDFARE
520 | 15504 38.73 0.D030 D001 -0.01852 000310 0.00213 -0.DOEZL
&30 | 15504 | 4037 D.D0320 D.DDIeS5 =001 0. 00309 0.D020OE | -0.DDEGS
520 | 15504 38.73 D.D0O3E2 | -DUDDZED -0.02382 0.00314 0.0 7 | -0.0L0359
510 | 15504 30,00 D.DO3E2 | -D.DD452 -0 02500 0.00315 -0.00035 | -0.0L053
520 | 15504 38.73 D.D0353 -0 DDEL =002 549 D.00321 -0.p01E | -0.01114
&30 | 15504 | 40.37 00008 | -D.DDTAE -0.02ETS D.00327 -0.00100 | 001176
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Table A.13: Lateral strain of specimen S1R1

Load | Agsa Strass Strain
330 | mm* | W'mm® 1
hIid L=ttt O omtor Fight
{0 15432 i 0= i {0e0eelel i {0 i {0e0eelel il {00 e
10 15432 .65 0. De0ee el =0, D 1 . DDl 1 . DeDelel 1
20 15432 1.530 0. De0ee el =0, D 1 . DDl 1 . DeDelel 1
3 15432 1.04 i, OeDe0el 1 0 D 1 —i, {Oe0ee 2 —i_ iDe0es 2
S 15432 252 . DDl 1 0, e 2 0, Dee0eel | D D2
S 15432 3.24 . DDl 1 =0, D 1 . DDl 1 —_ {De0ee 2
&0 15432 3.88 0. De0ee el =0, D 1 . DDl 1 . DeDelel 1
T 15432 4 54 i eeeel 0 e 2 0, De0eDeel | D D1
LEH] 15432 5.18 0. De0ee el =0, D 1 . DDl 1 —_ {De0ee 2
o 15432 5.E3 0. De0ee el O Dol | D Do 2 . D=0 3
100 | 154352 S48 0. De0ee el =0, D 1 —, OeDee 2 . D=0 3
110 | 154352 7.13 LR ] 0 D 1 I EE] i (De0ee 5
120 | 15432 T.TR 0. De0ee el =0, D 1 0 el | 0 el
130 | 15432 E.42 0. De0ee el =0, D 1 0 el | 0 el
140 | 15432 o7 0 Deleeel O DDl | D el | D OeeEDS
150 | 15432 o 72 il i0e(ee 1 0 D 1 I EE] i (De0ee 5
1860 | 15432 18,37 il i0e(ee 1 i, iOe0eeh 1 I EE] i (De0ee 5
170 | 15432 1102 0. De{lee 2 i, e 2 0, Dl 3 0, e
1280 | 154352 1166 i i0e(0eelr 2 i, iDe0ee 3 —i, {Oe0ee 2 I EE]
120 | 15432 1251 il 0eee 3 i, iDe0ee 3 —i, {Oe0ee 2 I EE]
200 | 15432 12 08 il 0eee 3 0000 | D Deelei ] —i_ iDe0es 2
210 | 15432 1361 0. Deeled i D 5 . DDl 1 . DeDelel 1
220 | 15452 14 28 il Do i il LR ] il {0 0e e
230 | 15452 14 40 0. iDeeel 5 i, iOsDe0e 7 i i0e(0eelr 2 i i0eeelr 2
240 | 15452 15.55 0 Deeei5 i, iOsDe0e 7 il 0eee 3 i, i0e0ed
250 | 15432 162D i De{eel 7 i, e 1 i e{lee 3 i, (e
260 | 154352 16 _E5 i, DDl B i s 1 il iDeeed i, e 7
270 | 154352 1750 i, DDl B i e 2 0. iDeeel 5 i {0
280 | 15452 1214 i D 10 i el 1 0 Deeei5 i, 001 1
280 | 15432 1872 0. 001 1 0 DD ] 5 i, D0l 7 0. 001 3
300 | 15452 14 44 i, 0] 3 001 B i, DDl B i 0] 5
310 | 15452 200 0.0 ] 5 i D2 1 i, 0l ] 1 001 B
320 | 15432 20,74 0D 1D i, el 7 0. 0012 0. D23
330 | 15432 21.38 0. D2 1 0003 1 0. 001 3 0. D25
340 | 15432 22.03 0. D24 0. 03 5 0. D1 5 LRIV ET Y]
350 | 15432 2268 0. D2 E LIS T 0. D1 T 0. D03 5
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Load | Agsa Strass Strain

i) | mm® | Nemm® 1

Wod Laft Camtar Fight

36D | 15452 23.33 0.3 2 0. 0004 7 0. 00012 0. 0004 1
370 | 15452 13 98 000038 0. 00056 LU E R, 0. D0
380 | 15452 24 .62 0. 000 7 0. OO0 0. 00026 0. 000G
S0 | 15452 25,27 0. 00056 0. 00033 0. 00030 0. 0D 74
400 | 15452 15.92 0. DG 0. 00104 0. 00036 0. 0005
410 | 15452 26.57 0. 00T 000120 0.0l 1 0.00111
420 | 15452 27.22 0. 00100 0001538 0. 00 7 000133
430 | 15452 27.86 000125 000146 0. 00050 000152
440 | 154512 2851 000148 000159 0. 0005 5 000170
450 | 15452 2816 000181 000185 0. 0G5 0. 00230
460 | 15452 19 81 000175 000254 0. 00DER L EELE Y
450 | 15452 2816 000171 000235 0. .00DER 000308
440 | 15452 2851 000165 000254 0. 0007 0. D304
430 | 154512 27.86 000159 0.00232 0. 05 L EELE ]
440 | 15452 28.51 000158 0.00233 0.00DBT 000302
450 | 15452 2816 000162 000237 0. OOED 000308
460 | 15452 10 81 0. 00160 0.0 245 0. (el 2 000319
470 | 15452 30 46 000176 0. 00254 0. 000D 5 0.00332
480 | 154512 31.10 000105 000236 000101 000336
470 | 15452 3046 000192 0. 00280 000101 000333
460 | 15452 19 81 000186 000238 0. 00003 000326
450 | 15451 20,16 000184 000287 0. Ol 7 0. 00324
460 | 15452 19 81 000186 0. 0200 0. 00008 000327
470 | 154512 30 46 0. 0] B0 0. (0202 0. Ol 0. (D320
480 | 15452 31.10 000193 0. 00205 0. D0l 000332
490 | 15457 31.75 0. 0108 0. D302 0. 001 O I EER
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Lo=d Stress Strain
[EM) | Ares M/ mm?2 =
hlid Left Center Right
o 154437 LR Nk L] ~0_ el D e
1 154437 oES ~i0 (el Ak D DeTee e ~0 ey
210 154437 1. 30 ~i0 (el Ak ~0 DDy ~i0_ (Ol
30 154432 1.4 S I EE =0 ey ~i01_ e ~i01_ iDL
20 154437 2. 58 Nk Ak ~0 DDy 0 D3
S 154437 3. 24 ~i0 (el Ak ~0_ el ~i{0_ O]
S0 154437 = ~i0 (el Ak ~0_ el ~i{0_ O]
i 154437 4.5 =0 e 3 ~i0 (e ~0_ el 0 D3
R 154437 S 1E ~i0 (el Ak ~0_ el ~0 S
=i} 154437 S E3 =0 e 3 ~i0 (e ~0_ el ~0 S
1 15432 &.4E =01 (D] =0 (Dm0 ~i01_ e ~01_ i)
130 154437 F.13 ~i0 e ~i0 (e 0 D03 ~i{0_ O]
100D 154437 7. 7E ~i0 e Ak ~0_ el 0 D3
130 154437 B 42 =0 e 3 Ak 0 D03 ~i0_ (Ol
140 154437 D_O7F =0 e 3 Ak 0 D03 ~0 ey
150 154437 D T2 ~i0 e L] 0 D03 D e
150 154437 1D .37 ~i0 e L] 0 D03 I (e S
1D 1543 11,02 R EE LR e b ik —0 (e LER BB L
150 154437 11 &6 ~i0 e L] ~0_ el D e F
1= 154437 12 331 =0 e 3 L] ~0_ el IO eI
21 154437 12 o5 ~i0 (el O D Y ~0_ el [k
2300 154437 13 .61 ~i0 (el O D Y ~0_ el DDl
200 154437 14 26 ~i0 e O D Y 0 D03 DOl S
230 154437 14 =0 =0 e 3 L 0 D03 DOl E
20 1543 15 55 =0 e 3 L 0 D03 D DI 0
2540 154437 1s. 20 ~i0 e L 0 D03 [
2S00 154437 15 ES ~i0 e L ~0_ el DD 2o
270 154437 17.50 =0 e 3 L ~0_ el DDmO3 1
2B 15432 1E. 14 ~i0 (D] LEN ~i0_ e 3 O D03 T
25 154437 IR 7o ~i0 e L 0 D03 D e 3
=] 154437 1= 44 ~i0 e 10 e 3 0 D03 DL DOA-R
310 154437 2. os ~i0 e [ ~0_ D] D055
320 154437 2. 74 ~i0 e [ ~0_ el D DS
330 154437 21 3R =0 e 3 0L D005 ~0_ D] DL DOET
30 154437 22 03 ~i0 e 0L D005 0 D03 [ g
3540 15432 22 SE I 10 e ~i01_ e O DeDORS
350 154437 23 33 ~i0 (el L ~0_ el DL DS
370 154437 23 OR =0 e 3 O DI ~0_ el DDD1 10
=5 154437 24 &2 =0 e 3 Lk e ~0_ el DNl oS
=5t 154437 25 27 =0 e 3 Lk e ~0 DDy D1 3TF
2L 154332 2592 0 el 0L DO 1S O DIl DLDD1ET
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Lo=d Stress Strain

(kM) | Ares M/mm? .

rid Left Center Right

410 15432 26.57 =D D000 DD 0.3 D.DDIRS
420 15432 2722 -0 D001 0L O 0L D05 D.DD1oD
430 15432 27 BS 10 DT 0. DDA S 0. DR DoDD217F
A0 15432 2E. 51 1D DD D031 0. DR DDD212
450 15432 22 18 =D D000 0034 0. DR DD 1E
A0 15432 2E. 51 =0 DD D033 0. DR D.DD1SE
430 15432 27 BS =0 D003 O D3> 0. DR D.DD1E3
A0 15432 2E. 51 =0 DD D033 0. DR D.DD1FF
450 15432 22 18 -0, D03 0. D35 0. DR O.DD1EL
450 15432 2o E1 =0 DD D003 7T 0 DS D.DD1%
450 15432 2218 00012 0. D3R D011 O.D155
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Lo=d Stress Strain
[kM) Aras M/mm? 3
hlid Left Center Right
Lu} 15433 DL =0 OO0 3 10 D0 L] LU ]
10 15432 D65 =01 DD 0. DD =0 D001 =0 D01
20 15433 1.30 =0 D05 0. D03 =0 D01 =0 D01
=} 15433 154 =0 D05 0. D03 =0 D01 =0 D01
15433 2.59 =0 D05 0. D03 =0 D01 =0 D01
S0 15433 3.24 =0 D05 0. DD =0 D01 =0 D01
&0 15433 3. B9 =0 DG 0. DD =0 OO0 =0 D01
FLE] 15433 4.5 =0 DG 0. D05 =003 =0 D01
B0 15433 5.1E =0 DG 0. D05 =0 OO =0 D01
o0 15433 5.E3 =0 DG 0. DS =0 OO =0 D01
1D 15433 5.4E =0 DG 0. DS =0 DS =0 D01
11 15433 F.13 =0 DG 0. DT =0 DS =0 D01
150 15433 F.7E =0 D05 0. DT =0 OO T =0 D01
130 15433 B 42 =0 D05 0. DT =0 OO T =0 D01
140 15433 D07 =0 D05 0. DDDOE =0 DDOE =0 D01
150 15433 DT =0 D05 0. DDDOE =0 DDOE =0 D01
150 15433 10,37 =0 D05 0. DD =0 DDOE =0 D01
170D 15433 1302 =0 D05 0. D01 =0 DDOE LU ]
1RO 15433 11 &5 =00, (e 0. D01 =0 DS LU ]
1S 15433 1231 =00, (e D011 BN k] LU ik
20 15433 12 95 =00, (e D012 BN k] LU ik
210 15433 13.61 =00, (e D013 -0.DD011 LU ik
220 15432 14 26 =0 D3 D.DDO14a -0.DD0O11 10 DD
230 15433 14. 90 =0, (eI 0. D015 -0 DDO1x 10D
240 15433 15 55 =0, (eI D.DD01E -0.0013 10D
250 15433 16.20 =001 D.DDO1LE -0.0013 0. D03
2&0 15433 16.E5 =001 0. DDD1D =001 0. D03
270 15432 17.50 0. 1D LERE i B 000015 0. DeDee]
2B 15433 1E.14 0. D01 0. D023 -0 DDO1E 0. DS
2o 15433 1R 7o L 0. D025 -0 DDO1E 0. DS
= L 15433 19.44 0. D03 0. DDOEE -0 DDO1TF 0. DS
=3 a) 15433 2005 LR 0. D030 -0.DDO1LE 0. DS
= e i) 15433 2074 0. D05 D033 ] 0. DT
330 15433 21 3K 0. D7 0. D03 T BN Rl 0. DR
340 15433 2203 0. DDDOE 0. D01 =001 0. DR
IS0 15433 22 6E 0D 0 0. DS =0 DD 0. DDrs
J&0 15433 23.33 D001 0. D050 =0 DD D011
= i 15433 23 9K 0.DD013 0. DDOSE =0 DD LU ik e
IEO 15433 2462 0.DI1S 0. DDDES =0 DD 0.1
Jo0 15433 2527 0. DDD1E 0. D07 BN Rl D.DDOD1E
L] 15432 25.92 0.DD01F 0. DDOES -0 DDO1T D.DD01S
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Load Stress Strain

[kN) Area | N/mm? 3

hid Left Center Right

410 154332 28.57 00015 0. D] -0.00015 000021
420 15432 2722 0. D23 000 10E -0.00011 0L DDA 5
430 15432 2T EE OLDDOZE 000120 0. DT 0. DDOG
440 15432 2B 51 000032 000133 0. 0003 0. 00033
450 15432 2815 000041 000155 0. DR 0. 000G
460 15432 29 E1 0000 E 000187 0.0D01S 0. D055
470 15432 30.45 10,0052 000225 0.02031 L0022
480 15432 31.10 000051 000276 0. DDDE0 0. DO0TE
450 15432 31.75 0.DD0ES 000310 00001 0. DOOrSE
SO0 15432 32.40 0. DD 0. 00450 000154 0.D0175
4&0 15432 31.75 0. DDOER 0. 00452 0. D01E0 0.DO1EL
4E0 15432 31.10 0L DDOEL 000516 0.D015E 0.001re
470 154332 30.45 0. DDEZ 0.00531 0.D015E 000175
480 15432 31.10 0. DOOES 000520 0.DO15E 0.DOLEZ
480 15432 31.75 OLDDOET 000 ED 000161 0.001ET
SO0 15432 32.40 0. DDered 000502 0001770 LD
10 15432 33.05 00010 000520 0. D01EL 0. 0020
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Table A.14: Lateral strain of specimen S2R1

Load Stress Ztrain
[kM) | Area | M/mm? 1
hlid Left Center Right
LE] 15432 0,00 LER IR LER L ] 0000001 | 000001
10 15432 0.55 0L D2 0. DD S0.DDR01 | -0.DDD01
20 15432 1.30 0.DDDOL 000001 000002 | -0.DDD01
30 15432 124 0L DD 0. 00001 (DL DD 00001
40 15432 2.5 0. D0 0. 0000 LER ] 0. D003
S0 15432 3.24 0. D002 10, 03 -0.00001 | -0.DDD01
&0 15432 3.ED 0. DD00F 10.DD002 -0, 00003 -0.DD001
FLE 15432 4.54 -0.D0011 0. D02 000000 | 000001
B0 15432 5.1E 0.0 0. DD S0.DD00 | -0.DDD01
ol 15432 5.53 =0.D0015 0. DDDDE =0 D003 (AR )
100 15432 .48 -0.DDO3E 0. DDDOE S0.DD00 | -0 D002
110 15432 7.13 0. DD0dD 000010 0. DD0O2 0_DDDO1
120 15432 7.TE -0, 00072 000011 LER LR 00003
130 15432 E. 42 -0.D00s3 0.00014 LER ] 0. D003
140 15432 S.07 0,001z 000017 000001 0 DDOTF
150 15432 0.72 <0001 000021 DL DD L]
160 15432 1037 =0.D010F 000025 LI 0.DD012
170 15432 11.02 0L DDISE 0. 000D 0.5 00014
180 15432 11 &6 =0, DDOES 10,0003 LIRS 0.DDO1E
10 15432 12.31 -0 DDOER 0.0DO3E D.DDDOT LI RELE]
200 15432 12 25 -0.DD0TF 00002 0.DDDOE 0. D023
210 15432 13.61 -0.DD0ET 00005 LER B ) 0 D02T
220 15432 14 26 -0.D0031 000016 000011 0 DD
230 15432 14 .20 -0.D0012 | 000247 00013 0032
240 15432 15.55 -0LDDDOF | -0.01031 D.DDO1E 0.DDO3E
250 15432 1620 0.DDOAD | -D.01559 D.0D01E 0 DD0A0
260 15432 16.BE5 0.DDDEY | -0.021592 D.DDO1S 00O T
270 15432 17 .50 0.DD1D0 | -0.02372 D.0D021 [ER R
ZB0 15432 1E.14 00152 | -0.013RD DL 0.DDOST
250 15432 1B 7D 0211 | -0.00101 0.0D02T 0 DDDES
300 15432 1244 OLD2sn | -0.012e2 000033 LER LR
310 15432 2002 0.DD3ES | -0.02611 0. ODOA0 0_DDOE
320 15432 20.74 0.D3TE| -0.03513 0.0D0d LERE hIn )
330 15432 21 38 0LDDE3E | -0.04357 0.0 5 0.00133
340 15432 2203 0.01332 | -0.07322 0.DDDE2 0.DD1SE
350 15432 22 68 001645 | -0.0E543 DL 00071
360 15432 23 .33 0.0202E | -D.0922E D.DDOES 0 DDOED
FT0 15432 23 2R 0.0235E | -0.02E24 000101 0. DeOeT
IB0 15432 24 62 0.0244% | -0 1D0D5E 000107 000102
350 15432 25.27 O.0ZBET | -0 1002 000124 000114
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READINGS IN TABULAR FORM

Load Stress Strain
[kM) | Arez | N/mm? 1
Mid Left Center Right

F{ICI 15432 25.92 004014 | -0u0e311 000135 0.00124
410 15432 26.57 0.04557 | -0.D2E41 0.00160| ©0.00142
420 15432 2722 004570 -0.10455 0.00153 0.00155
430 15432 27.BE 004501 | -0.10503 000224 |  0.00LRD
440 15432 2851 0.04703 | -0.10545 000240 0Q.00151
450 15432 28.16 00326 | D107 0D02y2| 000212
440 15432 2851 0.03141 | -0.10554 000267 |  0.0020%
430 15432 27.BE 0.03062 | -0.10BF1 000265 0.0020E
440 15432 2851 002574 | -0.11535 000262 0.00213
450 15432 2815 002281 | -0.11621 000262 0.00221
480 15432 25.E1 002204 | -0.1155R | -0.0DOFD| Q.DMMAS
470 15432 30.45 0.02405| -0.02570 | -0.00137| Q.DDS3E
450 15432 28,18 0.02143 | -0024RE | -0.0DZ2E1| QuDDS21
440 15432 28.51 002131 -0.02234 | -0.002B4 ] 0.00519
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Lo=d Stress Strain
[kM) Area | N/mm? .
hlid Left Centar Right
L] 154332 LR ] D DD | OO | OLDDDO1 | QDD
10 154332 065 D.DDDOE | DUDDDDE | Do | OoDDDOD
L i 154332 130 D.D0DDOE | DS | OLDDDOS | O.DDDI2E
30 154332 124 D.DDONS | 0D | DD | D03
40 154332 2. 59 D.DDO0E | O.DDDOS | QDS | OoDDDD3
S0 154332 3. 24 D.DDOOE | OLDDDDT | OLDDDDE | QDD
S0 154332 3_E9 D000 | OLDDDOE | OLDDDOT | O.DDDDE
Pt 154332 4 52 D011 | OLDDOLOD | OLDDDDD | O.DDDDE
Bl 154332 5.1E D013 | OLDDD11 | OLDDDDS | O.DDDIT
=] 154332 5. E3 D001 | OLDDD1Z2 | OLDDDLO | O.DDDOE
1D 154332 5.4E D.0D017F | OLDDD14 | OuDDD11 | Q.oDDDI0
110 154332 ¥.13 D.0D01S | OLDDOLE | OLDDD1Z | QDDD11
100 154332 7. 7B DDA | OLDDDLT | OLDDD1S | Q.DDD11
130 154332 B 42 D022 | OLDDD1E | OLDDD14 | DuDDD13
140 154332 D.O7F D.DD02 | OLDDID | OLDDD1S | DuDDD1d
150 154332 = e D.DDO2S | OLDDIZ] | OLDDDLE | Q.DDD1g
150 154332 1037 D.DDD2T | OLDDI2S | OLDDDLT | Q.DDD1S
170 154332 11 .02 D.DD02S | OLDDI2A | OLDDIDLE | O.DDD1E
1RO 154332 11 &5 D.DDO30 | OLDDIRE | OLDDD1S | Q.DDD1T
150 154332 1231 D032 | OLDDIRE | OLDDD1S | Q.DDD1T
2100 154332 12 95 D003 | OLDDIZE | QuDDID | O.DDD1S
210 154332 13 &1 D035 | OLDDIZS | OuDDIZ1 | Q.DDDIS
220 15432 14 26 D.DDDIT | DUDDI3L | DoDDI2ES | OoDDIGD
230 154332 14 20 D.DDOIE | OLDDD3Z | OLDDIZT | Q.DDDZ1
240 154332 15 55 DDA | OLDDDES | QLD | O.DDD22
250 154332 1620 D.DDOA2 | OLDDOES | OLDDD2S | DuDDDZ3
250 154332 15 ES D.DDOA | OLDDOEE | OLDDI2E | O.DDD2
270 15432 17.50 D.DD0AE | OL0DOIT | D.DD0RT | DD
280 154332 1E 14 D.DDOAS | DLDDDFS | OLDDIZE | O.DDD2S
250 154332 1B TFo D.D0D051 | OLDDD] | OUDDIZS | QLDDD2T
=i 154332 19 44 D.DD0O5S | OLDDDZ2 | OLDDI30D | OLDDDZE
310 154332 2009 D.DD0O5S | OLDDDS | OLDDI31 | O.DDD2S
320 154332 2074 D.DDO5T | OLDDIAE | DLDDI3Z | 0.DDD30
330 154332 21 3E D.DDDED | OLDDIAS | DLDDI3S | Q.DDDIL
340 154332 22 03 D.0D0DES | OLDDIAS | DLDDI3S | D.DDD32
350 154332 22 &B D.DDDES | OLDDDS5Z | OLDDI3S | O.DDD3
350 154332 23.33 D000 | OLDDODSS | OLDDIIT | 0.DDD3S
370 154332 23 9B D.0DOFE | OLDDOSE | OLDDDIE | O.DDD3E
3RO 154332 24 62 D.DDOFE | OLDDDEL | OLDDDIS | O.DDD3S
30 154332 25 27 D.0DOFE | DLDDDEZ | OLDDIA1 | QuDDDA1
00 15432 2592 D.DDOEL] | O.DDDES | ODDDAS | O.DDDA3
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Lo=d Stress Strain
[kM) Area | N/mm? .
hlid Left Centar Right
410 154332 2657 D.DDOET | OLDDDED | OLDDIAS | O.DDDAS
420 15432 2722 D023 | OODOTFS | DDA T | DD T
430 154332 27 BB D.0DOe7T | OLDDOTF | OLDDIAD | QDDD5S0
40 154332 2B 51 D.0O102 | OLDDIE]D | OLDDDS1 | DuDDD53
450 15432 2o 16 D.D0107F | DUDDOES | DUDD053 | DLDDDSE
450 154332 28 E1 D.00117 | OLDDIEZ | OLDDDST | O.DDDSEL
470 154332 30 45 D012 | OLDDIEE | OLDDDED | O.DDDES
480 154332 31 10 D.001259 | DLDDLDZ | OLDDDES | O.DDDES
490 154332 = D.0DI3E | O.DDLDS | OLDDDET | D.DDITI
S0 154332 32 .40 D.0014%9 | OLDD1IIE | OUDDIDFS | QO.DDODED
S0 154332 33.05 D.00150 | OLDDIZE | OLDDI7FS | O.DDOET
520 154332 33. 70 D.D0D16E | OLDD132 | OLDDOES | O.DDDS2
530 154332 34 .34 D.DD1ITI | DUDDIIE | DUDDORES | O.DDISE
S0 154332 s D.0D1ED | OLDD1AS | OLDDIE1 | Q.DDILO2
S50 154332 35.864 D.DDIEE | OLDD15S | OLDDIEE | O.DDLDS
560 154332 35 29 000201 | OLDDLER | OLDDLDSE | Q.DDIZT
=1 154332 35 94 D.00210 | OLDDLIET | OLDD11S | QuDDIS
5B 154332 37.5E D.00205 | OLDD20E | OLDDI3D | Q.DDIAS
5o 154332 IE 23 D.DI20E | OLDD21S | OLDDIIT | Q.DDISS
SO0 154332 IE EE D.D021E | OLDD244 | OLDDIS] | QuDDITS
510 15432 35.53 DD0233 | LODZTE | D.DDLTE | OLDD2O2
520 154332 40.1F D.D02E0 | DLDD32S | QLDDZ12 | QDDA
S10 154332 30 53 D.DI2ES | OLDD33 | QLDDZ1E | QD250
SO0 154332 IE. EE D.D02EE | D.DDIIS | D.DD220 | D.DD253
S10 154332 30 53 D.D02F1 | DLDD343 | QuDDZ2E | Q.DD2ED
520 154332 40.1F D.DD2TFE | DLDD35Z2 | OLDD23Z | Q.DD2ES
530 154332 40 B2 D.D0ZED | DLDD3SS | QLDD2ISE | Q.DD2T2
= L 154332 41 .47 D.DDZEL | DLDD3ES | QuDD2A0 | QuDD2TF
550 15432 42 12 00030 | D0D323 | D.DDR2ED | D030
S50 154332 42 F7F D.0034E | 0.DDS5T | OLDD3I0E | DLDD3E3
&0 154332 43 .42 D.D03ES | OLDDATE | OLDD32S5 | 0.DDIES
&R0 15432 44 05 D.DOIEZ | DUDDAES | DuDDE43 | OLDDAOE
=i 154332 44 71 D.00321 | OLDDAE] | OLDD351 | OLDDEIE
GBED 154332 44 .05 D040 | DLDDAER | DLDDIES | 0.DDA3SE
&0 154332 43 .42 D.D00405 | OLDDAET | OLDDIET | 0.DDA3D
GBED 154332 44 .05 D.0040E | OLDDE] | QLDDIT0 | DLDD43
=i 154332 44 71 D.D0412 | OLDDAES | QLDDIFS | OLDDAAR
LI i 154332 4536 D.00427 | DLDDAEZ | DLDDIED | 0PRSS
T1O 154332 45.01 D002 | DLDDAET | OLDDADD | LDDgS0
T20 154332 46 656 D.D0ASD | DUDDAEE | DUDDA1E | D.DDSDO
T30 15432 47.30 D057 | OLDDAEZ | OLDDA3S | 0.DD521
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Load Stress Strain
(kM) Arez [ N/mm? 2
Mid Left Center | Right

720 15432 45.66 | 000470 | D.OMTE | 000435 | 0.DD52S
710 15432 45.01 | O.00ATD [ DO0QATF2 | 0.DDdAT | DLDDE2T
FLLE 15432 45,35 | 000452 | O.0QAES | 00043 | 0.DD52S
&80 15432 4471 | D.00AET | D.ODAED | O.DDAAA | D.DD530
FLLE 15432 45.35 | 000470 [ D.0DAEL | O.DDMAT | D.DD533
710 15432 45.01 | 000473 | D.DQAEZ | D.DDA5L | 0LDD53T
720 15432 45.65 | 0.00ABD [ D.OMES | O.DDST | 0.DDSAS5
730 15432 4730 | D.00AET | D.0DES | 0.0DAET | 0.DD5S1
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Lasd Stress Strain
(kM) Area | N/mm?3 3
hfid Left Canter Right
L1 15432 000 S0.D00D0ZE | 0D | D000 | -DoDDD0DT
10 15432 085 -0.D00D0ZE | O.DDDIZ | D.0DDDY | -DoDDDDT
20 15432 1.30 -0.0000Y | OLDDDOE | D02 LU
30 15432 124 S0 D000 | ODDI0S | OO0 ELELEIE
40 15432 2.58 -0.0000Y | OLDDDOS | DD 0. D00
S0 15432 3.24 -0.D00D0Y | OLDDDDE | DD LU
&0 15432 3. B9 000001 | OLDDDOT | D.DDDDE L)
FLE] 15432 4 .54 000001 | OLDDDOT | D.DDDDE D.DDD1T
B 15432 5.1E -0.000D0Y | OLDDDIE | DUDDDDE DD 1
ool 15432 5.E3 -0.00D0Y | OLDDOLD | DoDDOT DDDI2E
10 15432 G645 000001 | OUDDO1T | OoDDOOT LI s
110 15432 7.13 D.D0DD0 | OLDDD12 | DLDDDOE D000
10 15432 T.7B D.D0DD0 | OLDDD1g | DoDDDDD D.DDDE2
130 15432 BE.42 D.D0DD0 | OLDDD1g | DoDDDDD LER
140 15432 2,07 D.0000Y | OLDDDLS | D.DDDL0 D.DDOTFE
150 15432 0. 72 D0.D0D0Y | OLDDDLE | D.DDDLD D.DDNES
150 15432 10.37 D.00D0Y | OLDDDLT | DuDDD1Y LU
10 15432 1102 000002 | O.DDDLE | DoDDO1Z LERE ki
1RO 15432 11 &6 D.00D0T | OLDDI2D | D.DDD1E LIk e
10 15432 1231 D000 | DLDDD22 | DuDDD1d LU ik e
21000 15432 12 o9& D0.D0D0 | OLDDD2S | D.DDD1d 00133
210 15432 13.61 D.D0D0S5 | OLDDD2S | DDDDIS 000130
200 15432 14 26 D.DDD0S | OLDDI2E | DDDDLE 000130
230 15432 14 o0 D0.00DDE | O.DDDZE | D.DDDLTF 000130
240 15432 15.55 D.D0DOT | OLDDDE0D | D.DDDLTF D.D0146
250 15432 15.20 D.DDDOE | O.DDD32 | DLDDDLE D.D0153
250 15432 15.B5 D000 | O.DDDE | D.DDD1D D.D01IES
2710 15432 17.50 D000 | O.DDDESE | D.DDD2D D.D0155
2B 15432 1E. 14 000012 | O.DDDIS | DoDDDZY 000156
2000 15432 1E. T3 D.00014 | OLDDO2 | DoDDD2E D.D0155
300 15432 19,44 D.00D1E | 00D | DoDDD2A D.D0155
310 15432 2005 D.D0DIE | O.DDS | DLDDD2E 00123
320 15432 20.74 D000 | D.DDDS5S | DDDD2E DDDIDE
330 15432 21 3R D0.D002T | O.DDDST | DUDDDZE D000
340 15432 2203 D.DD02T | OLDDDEZ | D.DDD30 00101
350 15432 22 &E 000030 | O.DDDET | DDDO32 000105
350 15432 23.33 D.D0035 | O.DDD7FS | DoDDD3A LI L
370 15432 23 OR D000 | DLDDOEZ | DUDDD3E D.DDDES
IR0 15432 24 .52 D.000AT | DLDDOED | DoDDDA0 D.DDO3T
300 15432 2527 D0.0005E | 0LDDL0L | D.DDDAE D.DD011
00 15432 2592 D.00DSE | 000112 | D.0D0AD | -DoDDD1Y
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Lo=d Stress Strain
(kM) Area | N/mm?3 3
hid Left Canter Right
410 15432 26.57 D007 | OLDD11S | D005 | -DoDDDOE
420 15432 2F.22 D.DDOET | DLDD133 | D.DDD5T D.DDDOE
430 15432 27.BE D0.00DoT | 0LDD143 | D.DDDESZ D035
440 15432 2E.51 D.00105 | OLDD15S | DUDDDES D.DDOT3
450 154332 2D 16 000119 | DUDDLEE | DDDOTI 0.DD1AE
460 15432 29 B1 D0.00145 | OLDD1S2 | D.DDDEL DD02e)
470 15432 30,45 D.001S5 | DLDDZ12 | D.DDDE D055
480 15432 31.10 D.DDIES | 0LDD233 | D.DD10 D.D0195
450 15432 31.75 D.00124 | OLDD244 | D011 000143
S0 15432 32.40 D.D0225 | OLDD2TS | DDD13Y | -DDD113
510 15432 33.05 D.D024AE | 0.DD30S | 000147 | -DoDD3EL
520 15432 33.70 D.D02FF | DLDD33E | DDD1E2 | -DDDSTE
530 15432 34 34 000303 | 00036 | DUDD1ed | -DD105E
Sl 15432 34,95 000332 | OO0 | D022 | -SD01215
550 15432 3554 D0.00347 | 0LDDA30D | DDD23E | 00121
550 15432 35.2% 000354 | OLDDIAE | DDD24T | -DUD126E
570 15432 35.54 D.00325 | 0LDDATE | DDD2TS | -D01355
SB0 15432 37.5E 000440 | OLDD52D | DDD312 | -D013ES
500 15432 3E.23 D.00456 | 0LDD533 | DDD3I3E | -DO01410
500 15432 IE.BE 000455 | 0LDDSLS | DDD3ITS | 001416
&10 15432 32.53 -0.00A05 | 0025 | DLDD5T | -DuD152D
520 15432 40 1E -0.00T0S | OLDDE0Z | D092 | -D0153T
510 15432 35.53 D0.00307 | OLDD5ED | DDDSDSE | -DO01S52E
SO0 154332 IE EE 0.DDE03 | DUDDSTS | DUDDSDT | -DoD1530
510 15432 35.53 D.00E29 | 0LDD55E | DDD523 | 001505
520 15432 40 1E D.DDE55 | 0LDDAES | DDD5A2 | -DD1451
530 15432 40 B2 D.DDEES | OLDDSEE | DUDDSEE | -DoO01420
510 15432 41 .47 D.DDESE | OLDD12 | DDDEDT | -D.D1373
530 15432 40 B2 000251 | OLDDALE | DDDEDZ | -D01335
520 15432 40 1E 0.00147 | OLDDA2E | DODEDY | -D0132T
510 15432 35.53 000132 | OLDDA3E | DODEDD | -D0131D
SO0 154332 3B _ERE 0.DDET0 | DUDDAE2 | DUDD5eS | -DUD130E
510 15432 35.53 0.00714 | 0LDD5A3 | DDDEDE | -DUOD12EY
520 15432 40 1E 0.00731 | OLDD5SES | DDDELS | -DOD1265
530 15432 40 B2 D.0075T | OLDDSET | DDDEZE | -DoO01240
510 15432 41 .47 000771 | OLDDE03 | DODEAE | D124
550 15432 42 12 D.00FFE | DLDDE3] | DDDETE | -DUD1225
510 15432 41 .47 D.DOTEZ | DLDDE24 | DDDEEL | -DD1224
530 15432 40 B2 0.00336 | 0LDDELE | DODETR | -DOD1226
520 15432 40.1F 000157 | D.DDE1Z2 | DUDDETE | 001226
510 15432 35.53 D.00053 | 0.DDEDE | D.DDETS | -D01224
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Load Stress Strain
(KN} Area | N/mm? 3
Mid Left | Center| Right

620 15432 4018 000267 | 0.DD5S0 | 0.0DDETE | -0.01230
&30 15432 40,82 -0.00319 | 000552 | 0.0DEES | 001225
&40 15432 41.47 000242 | 000595 | 0.0DESS | -0.01217
650 15432 4212 i0.003E4 | DDD5SSE | O.DOFLE | -0.011E1
&50 15432 4277 000276 | D.0D5ST | 0.DDFA3 | -D.01150
650 15432 4212 -0.00235 | DLDD5YE | 0.007A2 | -0.01132
&0 15432 A2 7T -0.0025% | 0.DD5E5 | 0.DOF5E| -0.010B1
670 15432 43.42 -0.00502 | ©LDD555 | 0.00FE4 | -0.01053
&0 15432 A2 7T -0.01367 | DLDDATE | 0.DOFeS | -0.00591
650 15432 4212 -0.02314 | D.DDASd | 0.DDELE | -0.00556
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Table A.15: Lateral strain of specimen S1R2

Load Stress Ztrain
(kM) Araz MN/mm? 1
hid Left Center Right
Li 150RS 000 000001 | -DDDDD2 | -D.DDD0S | -0.0DD03
10 15089 066 0.DDDDD | -0.00003 | -D.0DD0E | -0, 00005
20 150FS 1.33 000000 | -0.DDDOT | -0.DDDDY | -D.DDDDE
30 150RS 1.59 0.D0DDD | -0.00003 | -D.DDD0Y | -D.DDD0E
40 15089 2685 0.DD001 | -0.00D0 | -DDDD0OE | -0.00005
S0 150FS 3.31 000000 | -0.0DDOT | -0.DDDOE | -D.DDDDE
&0 150RS 3.89E 0.00001 | -0.0D0D0S | -D.0D010 | -D.DDD0E
L 15089 4 64 0.DDD01 | -0.0DD0E | -0.0D011 | -D.DDO1T
Rl 150FS 5.30 000002 | -D.0DDOE | -0.DDD14 | -D.DDD1Y
o0 15089 5.55 000002 | -0.0000T | -0.0D014 | -D.DDO12
100 15089 6.63 000003 | -0.00D0E | -D0D01S | -D.0DO12
110 150FS 7.29 00000 | -D.DDDOT | -0.DDD14 | -DoDDO1Z
120 15089 7.895 0.DD00S | -0.0DD0E | -00D014 | -D.DDO12
130 15089 E.&2 0.DDDDT | -0.0000T | -D.0D014 | -0.0D0L0
140 150FS 0.2B 0.0DOOE | -0.DDDOE | -0.DDD14 | -D.DDD1Y
150 15089 054 0.DDOOE | -0.00007 | -00D013 | <0001
160 15089 10,60 000011 | -0.0DD0OE | -00D01S | -0.0D0L0
170 150FS 1127 000012 | -0.0DDOE | -0.DDD1S | -D.DDOL0
1RO 15089 11.53 000013 | -0.0DD0T | -0.0D013 | -0.0DOL0
1a0 150ED 12,38 000015 | -0.0DD0T | -0.0D01T | -D.DD00S
200 150FS 1325 000017 | -D.DDDOT | -0.DDD12 | -D.DDDIS
210 15089 1352 0.DDO1E | -0.0DD0OE | -0.0D013 | -0.DD00E
220 150ED 14.5E 0.000LE | -0.0DD0T | -0.0D01T | -0.DDDOE
230 150FS 15.24 000021 | -D.DDDOT | -0.DDD12 | -D.DDDOE
240 15089 15.91 0.DD02Y | -0.0DD0T | -D.0D012 | -0.OD00T
230 150ED 18.57 000025 | -0.0DDDE | -0.D0DD12 | -D.DD00S
260 150FS 17.23 0.D0D0ZE | -0.0DDDE | -0.DD0D11 | -D.DDDOY
270 15089 17 .69 0.DDO30 | -0.00005 | -0.00D010 | -0, OO0
280 150ED 1B.36 000032 | -0.0D0D0G | -D.DDD0S | -0.DD002
2e0 150RS 1822 000035 | -0.0D0D03 | -D.DDDOE | -0.0DD001
300 15089 15 EE 0.DD03S | -0.00D02 | -0.0D00T 10D
310 150FS 2054 00000 | -0.DDDDZ | -D.DDDDE 0.DDO01
320 150RS 2121 00004 | -0.00D01 | <0000 10.D0DO3
330 15089 21 B7 0.DD0AS 000001 | -0.D0003 0. DDO0E
340 150FS 22 53 0. D005 002003 | -0.0DDOL 0.DDOOT
350 150RS 23,20 0.DDO55 0. DDO05 LR L 0. DDO0DE
350 15089 23.B& 0.DDO5S 0.DDO0G 0.0 0. DO0E
370 150FS 24 52 0. DDDES 0. DDDOT 00000 0.DDO10
IR0 15089 25.1E 0.DD0ED 000010 0. D00 000012
320 15089 25.B5 0.DDOFE 000013 000012 0.0D0O1E
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Lozd Stress Strain
[kN) Area M/mm? 1
hid Left Center Right

400 15088 26.51 0. DDOET 000014 000015 0.0DO1s
410 150RS 2717 100, CeCeCr 0.0001LE 0.0001e 0. DD 22
420 1508D 27.E3 0. DDIe5 000021 0.00023 0. D025
430 1508D 2E. 50 000101 0.00024 0.0D02E 0. DD02e
440 150RS 2916 0_DDOEL 0.DDOZS 00035 0.DD033
450 1508D 292 D.D0L00 0.00035 0.00041 0.D0037
460 15088 3049 000110 0.00041 0,000 T 000043
470 150RS 31.15 000124 0,000 7 000056 0. 00051
480 1508D 31.E1 000135 0.00055 0. 0DDEE 0.DD05e
450 15088 32.47 000153 0.000E2 0.000Te 0. DD0DES
00 150RS 33.14 LR L] 0.DDOT2 000108 0_DDOES
510 1508D 33.ED D.D01E3 0.000EL 0.00132 0. DG
520 15088 34 .46 OO0 0.00131 000171 000110
530 150RS 35.12 000150 000145 00002 000120
i Vi 150ED 35. 78 000172 000162 0.00254 000123
550 15089 35.45 0. DOLE2 0.001E2 000283 000126
%60 150RS 37.11 0.DD1e7 00020 000333 000131
i 150ED 35.45 000191 000200 0.00360 000131
540 15089 35.7% 0. D0LES 0.001ES 0.00342 000122
530 150RS 35.12 0.DD1EL 000166 000333 0.DD112
520 150ED 34 4& 0.0OLRD 0.00159 000326 00010
530 15089 35.12 0.0017re 0.00154 000317 0. 00104
540 150RS 35. 78 0.DD1EL 000156 000319 000105
550 1508D 35.45 0.DO1ES 000158 000323 0. DOLoF
e 150RS 37.11 0. DOLET 000184 0.00330 000110
570 150RS I7.7B 00014 000172 000342 000115
SRD 150ED IE. 44 0.0 0.001E2 0.0035E 000122
e 150RS 32.10 000211 000201 000352 000137
&S00 150RS I8 TE 0.D0223 000223 0.DDAE 000155
G510 1508D 40.43 000242 000248 000511 0.DOLFF
520 150RS 41.02 0. 00257 000267 0.0056E 0. D205
530 1508D 41 75 0.D02ES 0.00270 0.00585 0.0
520 15088 41.08 000275 000276 0.00533 0.DI22E
510 150RS 40.43 000271 000268 000527 0. D220
00 1508D I8 TE 0. DI2EE 0.00256 0.00E17T 0.0
G510 1508D 40.43 000271 0.00256 0.0DE11 0O.DI22E
520 150RS 41.0%9 0.D0274 000263 0.DDELE 0.D023E
530 1508D 41 75 D.D02EL 0.00274 0.00E533 000245
510 15088 40.43 0.DI2ES 0.002E0 000511 000234
&S00 150RS 38,76 0.DDZEL 000248 000587 000226
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Load Stress Strain
(kM) Ares M/mm? )
hid Left Center Right
i} 150FS 0,00 -0.0D001 | -0.DDDOY | -D.DDDOL | -00DDD0L
10 150FS 0.66 -0. D003 000000 | -0.DDD03T | 000003
20 150FS 133 -0 DDD0S 000000 | -D.0DD0T | -0.DDD0S
30 150RS 159 -0, DDO0DE 00000 | -DDDD0A | -0 DD00S
40 150FS 2.65 -0, DDDOT 000001 | -D.DDD03 | -0.DDD05S
S0 150FS 3.31 -0, DDDOT 000002 | -D.0DD03 | -0.DDDD5S
&0 150FS 3.95 -0, DDDOT 000002 | -D.DDDOY | -00DDDDE
FLE 150FS 4. 64 -0 DDDOE 000002 | -0.DDD05S | -0.DDDOT
R 150FS 5.30 -0, DDDOT 000002 | -0.DDD05S | -0.DDDOT
o 150FS .95 -0, DDDOT 000003 | -D.0DDO5S | -0.DDDOT
100 150RD 5.63 -0, DDO0E 0.DD00 | -0DDD0S | -0.DDOOT
110 150FS 7.29 -0 DDD0E 000003 | -D.0DDO5S | -0.DDDOT
120 150FS 7.95 -0 DDD0E 00000 | -D.DDD0Y | -00DDDOT
130 150FS B .62 -0 DDD0S 000005 | -D.DDDOY | -0.DDDOT
140 150FS 0. 2B =0 DD 0.0D0DS | -0.0DD03 | -0.DDDDE
150 150FS .54 -0. D003 0.0D0DS | -0.DDD0Z | -0.DDDDE
150 150FS 10,60 -0.DDD01 0.0DOOE | -D.DDDOL | -00DDD05S
170 15089 1127 =0 00001 0.0000S | -0.DDD0L | 000005
1E0 150FS 1193 0. D000 000010 | -0.0DDOL | -00DDD0S
190 150FS 12 58 0. DDO0L 000010 | -0.0DDOL | -00DDD0S
200 150FS 13 25 0. DDO0L 000012 000000 | -0.DDD03
210 150FS 13 92 0. D002 000013 000002 | -0.DDD02
20 150FS 14 58 0. D000 000015 000003 | -0.DDD0L
230 150FS 15. 0. DDDDE 0.0D01E 0. DD005 0. DDO00
240 108D 13521 0. DDOOT 0.0DOLE LIRE L LI 00000
250 150FS 16.57 0. DDOOS 000019 0. DDOOS 0. D000
260 150FS 17.23 000011 000022 000011 0.DDODE
270 150FS 17.Bo 000014 000023 000013 0. DDOOE
2B0 150FS 1B .56 0.DDOLT 0.DD02E 0.DDOLE 000011
200 150FS 1922 0. D000 0.0D02S 0.0D01S 000013
300 150FS 19 BE 0.DD024 000032 000023 0.DDOLT
310 150FS 2054 0.DD030 000037 000030 000023
320 150FS 2121 000035 0. DDOA0 000035 0.DD02T
330 150FS 21 B7F 0. D002 0. D00 0,000 000034
340 150FS 22 53 0. DDOALE 0,000 T 000050 00001
350 150RD 2320 0. DDOS5 0.DDOS0 0.DDOSE 0.DDOAT
350 150FS 23 BE 0. DDDES 000051 0.DDDES 0.DDO5T
370 150FS 24 52 0.DDOTE 000055 0.DDOES 000071
IE0 150FS 25.1E 0. DDOSE 00005 0.DDOeE 0. DDOET
350 150FS 25 B5 000120 0,000 T 000105 000104
400 150F9 26.51 0.00140 000043 000115 0.0011E
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Lozd Stress Strain
(kM) Arez | W/mm? 7
Mid Left Center Right

410 15085 2717 0.00175 | -0.0071E | 0.DD132 | Q.0D140
420 15089 27.83 Q.0020E | -0.0D6%4 | 0.0014E | 0.DD1G6L
430 15089 2E.50 Q.D024R | -D.00235| 0.DD162 | 0.DD1B4
440 15089 2016 000331 | -D.OOE3S | 0.DD01 | OQ.DD1SE
450 15085 20 B2 Q00415 | 002167 | 0.D0232 | -0.0ODOLE
450 15085 3045 Q.D0ARG | -D.0268% | 0.D0R26T | -0.0D307
470 15089 31.15 Q00554 | 4002899 | 0.00303 | -D.DOD50R
480 15089 31 81 Q0.DDE3% | -D.03035| 0.D0332 | -0.DDLRS
440 15089 32.47 Q.D0716 | -0.03233 | 000377 | -D.DD3LE
LI 15082 33.14 Q.D0E25 | -0.03366 | 0.0D421 | -0.DD1S1
510 15085 33.80 Q00521 | 4003351 | O0.004G6 | -0.0D0A1
520 15089 34.45 Q.D025E | -0.033%0 | O0.00420 | -0.00013
530 15089 35.12 0.01031 | 4003353 | 0.00551 | O.0DDAS
S0 15082 35.79 0.0102E | -0.03355| 0.DD53IE | -0.0DL0D
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Laad Stress Strain
(kM) Ares M/mm? 3
hid Left Center Right
i} 150RS 0,00 000000 | -0.0DDOL | -0.DDDOYL | DLDDDDD
10 150RS 0.65 00000 | -0.0DD03 00000 | DLDDDOE
20 150RS 133 0.0DD00 | -0.0DD0S 0.0DD0Y | D.DDD13
30 150E9 1.99 -0.00001 | -0.0D00E 0.DD00Y | 000D
40 150RS 265 000001 | -0.DDD10 0.0DD05 | D.DDD23
S0 150RS 3.31 -0.0DD01 | -0.DDD1S 0.0DDOT | DLDDI30
&0 150RS 3.8 000001 | -0.DDD1S 0.0DDOS | DLDDI3S
FLE 150RS 4,64 000001 | -D.DDD2E 000012 | DLDDDAS
R 150RS 5.30 -0.0DD01 | -0.DDD31 000015 | D.DDD53
o 150RS 5.95 000001 | -0.D03S 0.0D01E | D.DDDEL
100 15089 6.63 0.DDOOG | -0 OO 0.DDOZL | O.DDOTL
110 150RS 7.20 0.0DD0O | -0.0DOS1 000024 | DLDDOEL
120 150RS 7.85 0.0DD00 | -0.0DOST 0.DDO2E | DLDDOES
130 150RS BE.62 0.0DD00 | -0.0DDED 0.DDOZE | D.DDIS0
140 150RS D.2E 0.0DD00 | -0.0DDEZ 00003 | D.DDDE3
150 150RS D.od 0.0DD0L | -0.DDDES 000035 | DLDDISE
150 150RS 10,60 0.0DD0L | -0.DDDEL 00000 | DLDDISE
170 15089 11.27 000002 | -0.DDDEE 0,000 | ODDISE
160 150RS 11 23 0.DDD03 -0.DOES 000051 | DuDDLOZ2
190 150RS 12559 0.DDD03 -0.DD0ES 000062 | DLDDLOS
200 150RS 1325 0.0DDOG | -0.0DDED 0.0DOFI | D.DDLOD
210 150RS 13 82 0.0DDOG | -0.0DDEL 0.0DOEL | DLDD112
200 150RS 14 58 0.0DDOE | -0.DDDEL 0.0DOS0 | DLDDL1E
230 150RS 15. 0.0DD0T | -0.DDDEL 000100 | OLDD121
240 150RS 1591 0.0DDOE | -0.0DDE0 0001172 | OLDD12S
250 150RS 16.57 000010 | -D.DDOSE 000123 | OLDD13T
260 150RS 17.23 000013 -0 D05 000133 | DLDD14S5
270 150RS 17. B9 0.0D01E | -D.0DOS0 000142 | D.DD1S3
2RO 150E9 1B.5G5 000021 | -0.DD030 0.00153 | D.DDLSE
200 150RS 15232 000025 | -D.DDDOS 000157 | OLDDLTE
300 150RS 19 ER 000030 0.DD001 000163 | D.DD1S0
310 150RS 2054 000033 0.DDODE 0.DD16E | DUDD201
320 150RS 2121 00000 000011 0.0017E | DLDD21T
330 150RS 21 EF 0.DDOAE 000015 0.DD1EY | DUDD23S
340 150RS 22 53 0.DDDEL 000025 0001591 | DUDD2SS
350 15089 23,20 0.DDOEL 0.DDOAS 000201 | 0.DDETS
350 150RS 23 BE 000101 0,000 T 000211 | DUDDI0Z2
370 150RS 24 52 000121 000055 | -0.0DOSD | DLDD3ZE
IB0 150RS 25 1K 000135 0.DD0EL 0.0DOOT | DUDD3AE
350 150RS 25 E5 000152 0.DDDEE 0.D022ZE | DUDDIEL
400 1508 26.51 000165 0.0D0EE | -0.00244 | D.DD3S0
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Lo=zd Stress Strain
[kM) Araz M/mm? 3
hid Left Center Right

410 15089 2717 000174 0.0DD5E | -0.DDESS | 0.00DE
420 15089 27.E3 000212 00005 | -0LDDEZL | D.DDIS3
430 150E9 2B.50 000242 000031 | -D.DO5TS | 0.00I51
440 15089 28,16 000342 0.0010d | -DDDeET | D.DDEES
450 15089 28 B2 00023 000117 | -0UD1RE3 | O.DDESL
480 150E9 30.49 0.00AET 00000 | -0U0242E | 0.00714
470 15089 31.15 000521 | -D.D020 | -D0021TE | D.DODTF2
AED 15089 31 E1 0.0DESE | -D.D0201 | -003150 | D.DOESE
450 150E9 32.47 000755 | -D.0DOFE | -DU05127 | D.0Dod1
00 15089 33.14 00020 | -0.00173 | -DUOYVTLE | D.DDS5E
510 15089 33.B0 0.01093 | -D.D0A51 | -DU0S652 | D.007R0
520 150E9 3445 001311 000741 | -D.D5D57 | 0.007E2
230 15089 33.12 001032 0.057E4 | -0D4F7FS | O.DDF4E
S0 15089 35.79 0.01362 005811 | -0.0365% | O.00EAD
550 150E9 35.45 0.01376 0.05E75 | -0UD1E36 | 0.01051
40 15089 3378 0.01341 0.05ES0 | -0DOETFZ | O.0L03E
530 15089 35.12 001312 005434 | -0.DD133 | 001010
520 150E9 3. 45 001285 005054 001224 | 001007
230 15089 33.12 0.01271 005534 0.0LEES | D.DISE3
S0 15089 35.79 001270 005955 0.01ERG | D.DISE3
550 150B9 35.45 0.01211 005555 001527 | 0.0101&6
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Table A.16: Lateral strain of specimen S2R2

Lo=d Stress Ztrain
(kM) Area M/mm? 1
hlid Left Cantar Right
i 150RS 000 000001 | -0.DDDDY | -D.0DD0DL | O DDDDD
10 150OES 0.&5 000002 | -0 D000 | -0.0000L | O DDDOD
20 150RS 133 0LODO0T | -0.DDDOZ | D.DDDOL 0. DD
30 150RS 1.e5 0.00D0E | -0.DDDDY | O.0DDDL | O DDDDD
40 150OES 265 000010 | -0.DD00Y | 00D | O DDDDD
0 150RS 3.31 0.ODOL0 | -0.DDDOZ | O.DDD0I | -0.DD001
&0 150RS 3.8 000011 | -0.DD0DS | D001 | -0 DDD01
FLi 150OES 454 000013 | -0 00005 | 00001 | -0 D001
B0 150RS 5.30 000014 | -0.DDD0S | 000001 | -0 D001
i 150ORS 585 000017 | -0 D000 | -0.00L | -0 D000
100 150RS 5.63 000021 | -0 DD0DE | 00001 | -0 DD001
110 150RS 7.29 000022 | -0.DDDOE | 00000 | 00002
120 150ORS 7.85 000025 | -0 DDDOS | -D.0HD0E | <0003
130 150RS B 62 0.0002E | -0 DD0OE | Q.00 | -0 D002
ian 150RS D 2B 0.0DO2S | -D.DDDOE | -0.D0D0Z | -0.0DH02
150 150ORS D.8d 000031 | -0.D0010 | .00 | -0 D001
150 150RS 10050 000033 | 000015 | D2 | -0 D001
170 150RS 1127 0LODO3E | -0.DD01S | O.DDDO | -0.0D001
1RO 150ORS 1153 00002 | 000014 | O.DDDOS | -0 D001
150 130ED 12,39 000045 | -0.D0014 | O.0DD0S | -0.DDD01
200 150RS 1325 0LODOAT | -0.DDD1d | DoDDDO3 0. DD
210 150ORS 1382 000051 | -0.DD00 | O.0DDOS | O DDDDD
220 130ED 14 3E 000051 | -0.DD02Y | Q00005 | 0 DDDDD
230 150RS 15.24 0LODOSE | -0.DDOZE | D.DDDDS 00001
240 150ORS 1591 0.DDOSE | -0.DD033 | O.0DDDS | O DD
230 130ED 158,57 0.00DEL | -0.DD03T | O.0DDDS | QD001
260 150RS 17.23 0LODDES | -0.DDDAZ | D.DDDDE 00001
270 150OES 17.59 0.00DES | -0 D00AS | 00010 | QDD
280 130ED 1836 0.0007FS | <0000 | 000011 | D DDD0
250 150RS 1922 0.0DD7E | -0.DD0A3 | D.0D014 | ODDDDE
300 150ORS 19 EE 0.DD0ES | -0 D000 | 0.0D01LS | O DDDOT
310 150RS 20.54 0.0DI21 | -0.DDOES | DoDDI20 0.DDOOE
320 150RS 2121 0.00Ie5 | -0.DD02T | Q.0DD22 | O.DDO1D
330 150OES 21 B7F 000103 | -0 DD01Y | 0.2 000011
340 150RS 22 53 0L0DIDE | -0.DDDOE | D.DDI24 000013
350 150RS 23,200 000112 | -0 DDDDS (| D.0D02E | 0.0DD13
350 150RS 23.E6 000120 | QDDDOS | 0.0D0ZE | 0.DD013
370 150RS 24 .52 000123 000020 | D.DDDE0 000015
IR0 150ORS 251K 000127 Q.DDO3IE | O.0H03Z2 | Q.DDD1G
320 150ORS 25.85 000132 | QD005 | 0.0D03E | 0.DDD1E
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Lozd Stress Strain
(kM) Args M/mm? 1
hid Left Canter Right

400 150F5 26.51 000141 | Q.0DDET | QLDDOIE | O.DDD1S
410 150R9 2717 000146 | 0.000F2 | Q.O0DDAD [ER el i)
420 1508D 27.E3 0.00153 | Q.DDOEE | 0.0DDAD | D.DDD21
430 15085 2B.50 000161 | D.DD121 | Q.DDDAE | DuDDOZ3
440 150R9 28186 0.001s0 | 000165 | 0.0DDIS [ER el i)
450 1508D 20 B2 000165 | Q0.0D160 | 0.0DDAT | DuDDD22
460 150F5 30.4% 0.D01I6E | 0.DD146 | 0.0DDAS | DDDD23
470 150R9 31.15 000174 | 0.00101 | Q.ODD52 0.2 S
4ED 1508D 31 E1 0.001IRD | Q.DDOTE | Q.DDOSE | D.DDD2T
450 150F5 32.47 0.DDIET | D.DDDEZ2 | D.DDDES 000031
S0 150R9 33.14 000201 | D.DD1S3 0.DDOT2 000034
510 1508D 33.BD 000212 | 0.0D503 | Q.DDDEL | DUDDD14
520 150F5 34.45 000224 | 0.0DE23 | QUDDOEE | OLDDDD1
530 150R9 35.12 000240 | 000770 | Q00101 | -D.DDDDE
S0 15089 35.7% 000248 | Q.DDEES | Q.DDLOE | -D.DDDDE
S50 15085 356.45 000266 | 0.00221 | QODL21 | -0.DDDDE
560 150R9 37.11 0LDOZED | D.01353 0.DD133 | -0.DDD02
570 15089 37.7E 0.D02SF | 0.0143E | Q.DD13IE | Q.DDDDD
SEO 15085 3B.44 0.00311 | Q.017FE | QuDD142 | -0.DDDST
o0 150ED 35.10 0.00322 | Q.02076 | 0.0D1S2 | D.DDDDE
&00 15089 30.TE 0.DD35E | 0.02655 | 0Q.DDLEE | -0.DD13E
510 15085 40.43 000355 | Q0.0260% | Q.ODLITS | -0.DD14E
520 150ED 41.0%8 0.00424 | 0025521 | O.DDLEE | -DDDEZ3
530 15085 41.75 000445 | DUD22EZ | 0.DD1S5 | -DUDOEDS
540 150R9 42.42 0071 | 002049 (| QOD205 | -0.01027
550 150ED 4308 0.D051E | 0.0148D | Q.DDA0DT | -0.0107D
e 15089 43.74 0.0054%2 | 0.01032 | QuDD21T | -0D1434
&0 150R9 4440 00576 | O.DDESE | QDD221 | -D.D01320
RO 150ED 45.07 0.DDSET | O0.DDEDE | 0.DDE2E | -0D1254
500 15085 45.73 0.00507F | D.DISREE | -D.DDDE0 | -D01233
FLL L 150R9 45.38 0LpDEE2 | 0.013%91 | -D.OOVAE | -D.D1129
T10 1508D 4705 000706 | 0.02101 | QuDD144 | -DD10ET
F00 150F5 4638 000711 | QuD226%9 | Q.DD132 | 001119
T10 150R9 47.05 0.p0¥32 | 0.0251E | -D.OD1I1E | -D.01331
F20 1508D 4772 0.00FeS | 0.02E42 | -D.0160D | -DUD14ET
T30 15085 4E 3 0.D0EAS | 003103 | -D.DDS23 | -0UD1ET2
740 150R9 49.0d 0.DOB01L | 0.025934 | -D.01D55 | -D.01523
TS0 1508D 4871 0.00524 | 0.0165% | -0.01474 | -003140
TE0 150F5 50.37 000531 | 0.02108 | 001462 | -0025921
750 1509 48,71 0LD051T | 0.01524 | -D.03217 | -0.0300o
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Lozd Stress Strain
[kN) Arez | N/mm? 1
Mid Left Center | Right

740 15088 49.04 | 000511 | O.01%00 | -D.03406 | -0.03027
730 1508 4838 | 0.ODAS0| 0.01851 | 4003700 | -0.0310D
720 1508 47.72 | 0.0DATD | 0.01745 | -D.D4025 | -0.03278
il 15065 4705 | 0.DD41E| O0.015B3 | -0.04284 | -0.0387E
700 1508 46.35 | 000413 | 0.0156% | -D.0434E | 004021
710 1508 47.05 | 000414 | 0.01551 | -D.D4457 | -0.04030
720 15088 47.72 | 0.0D403 | 0.01441 | -D.D5A10 | -0.04055
730 15088 4838 | 0.0D403 | 0.0138% | -D.DBOZE | -0.0407E
740 1508 49.04 | O.ODA0S| 0.01376 | -D.DBA0T | -0.0A055
750 15088 48.71 | O.DD4OR | 0.01374 | -D.DB5E9 | -0.040E1
760 15088 50.37 | 0.DD41Z2 | 0.01361 | -D.DBSZZ | -0.03573
T 1508 51.03 0.0041E| 001256 | -0.07363 | 40.03E46
TED 1508 51.69 | Q.DDAZ2T| 0.0116E | -D.OOBS | -0.03314
7ol 1508 5236 | Q.DDAOT| 0.01233 | 4007230 | -0.03701
BOO 15088 | 53.02 | 0.00432| 0.00910| -0.05851 | -0.038EE
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Load Stress Strain
[kM} Area | Nfmm?3 .
hid Left Cantar Right

Lu} 150ES 0.0 D DDD00 | OO0 | 000 | OO0
10 15ORS 056 00000 | OLDDD0D | QD0 | -0DD001
20 150ES 133 D.DDDOE | O.DDDOY | 0.0 | -0.00D1
30 150ES 199 D.DDDOS | OLDDDOY | QD01 | <0001
1 SOED 2.65 D.DDDOE | DDDDD2 | QoD | -DDDD0D1
S0 150ES 3.31 D.DDDOT | QDD | QD01 | <0001
150ES 3. 9B D.DDDOE | OO | OO0 | -0 OO
P il 150ES 4. 654 D.DDDIS | OO | OO | -0 D002
] 150ES 5.30 D.DDOL0 | DD | DD | -0 D003
=] 150ES 5.95 D001 | DD | QDD | -0 D003
10 150ES &6.63 D001 | DD | 0.0 | -0 D00
110 150ES .28 D001 | QLDDDOT | D00 | -0 D00
120 1 5ORD 7.85 D.DD01A | DDDDOI | QoD | -0 D005
130 150ES B &2 D.DDOLE | O.DDDOT | 0.0 | -0 D00
140 150ES D 2B D.DDO1T | QDD | O.DDDOL | -0DDD0S
150 150ES =24 D.DDOLE | QD0 | O.DDEOL | -0 D00
160 150ES 10 &0 D.DDOA0 | OO0 | O.DDOL | -0 D00
170 150ES 11 27 D022 | OLDDDOS | OO | -0 D00
1RO 150ES 11 53 DDA | O.DDDDE | O.DDD | -0 D003
190 150ES 12 545 D.DDOZS | O.DDDOT | D.DDDE | -0 D003
2100 1 5ORS 13 25 DDDIEE | D007 | QoDDE0E | -0 D002
210 150ES 13 92 D.DDO30 | O.DDDOE | 0.0 | 000001
200 150ES 14 5K D.DDO32 | O.DDDOD | DD | 00001
230 1 5OED 15.24 D003 | D.DDOLD | O.DDDDS | DDDDD1
240 150ES 1591 D.DDO3T | QD012 | O.DDDDE | O.DDDD1
250 150ES 16 57 D000 | OLDD01T | QDT | OO
260 150ES 1723 D.0DOAS | D01 | O.DDDOE | OO
270 150ES 17 ES D.0DOAT | OLDDO1S | O.DDDOS | D005
280 15ORS 1E.56 0.5 | DDDDIT | QuDDD1l | O.DDDDT
250 150ES 19 23 D.DDO5E | O.DDO1E | O.DDD12 | OLDDDDE
=" ] 150ES 19 ERE D.DDOEL | ODDO2Y | O.DDD14 | OoDDD1Y
310 1 5ORD 2054 D.DDDES | DLDDIZEI | QUDDDLE | DoDDDI2
320 150ES 21 21 D.DDOES | ODD02S | O.DDDLYT | OoDDD1g
330 150ES 21 E7 D.DDOFY | QLDDO2T | O.DDD1S | O.DDD1T
340 150ES 22 53 D.DDOFE | OLDDO2D | O.DDI2ZY | ODDDID
350 150ES 23 20 D.DDOES | D03 | O.DDI23T D23
3650 150ES 23 _ES D.DDOES | O.DDDEE | 0.DDIR2E | OLDDDZE
370 150ES 24 .52 D.DDOed | OLDD0ED | O.DDI2DS | OLDDDI2
3BO 150ES 25 1K D000 | O.DD0AS | O.DDD3Z2 | OLDDDIE
=l 1 5ORD 25 E5 D.D0L05 | DUDDOAT | DUDDD3S | DUDDDA3
00 150OES 2651 D.D112 | O.DDDS51 | O.DDIAD | D051
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Load Stress Strain
(kM) Area | N/mm? 7
hiid Left Center Right
410 150FS 2F 17 DDDLIE | ODDOSS | OUDDDAS | DUDDOSTF
4.0 150D 27 B3 002G | OLDDDEL | OUDDOAE | DUDD0DES
430 150D 2E S0 D003 | OLDDDEE | OLDDDSZ | DUDDDTS
4410 150FS 2916 0.DDIA0 | DDDDFZ | DUDDOSE | DUDDOET
450 150D 20 B2 000145 | OLDDOTS | OoDDDES | DLDDISD
480 15082 30 .49 0.DDLED | D.DDOES | CUDDOTD | D.DD112
470 15082 31.15 000170 | D.DDDE3 | O.DDDFS | D.DD123
480 15082 31.E1 0.00LED | O.DDOSE | O.DDDFS | D.DD133
490 15082 32.47 0000 | D.DDLDT | DLDDOEYT | D.DD1S2
SDD 15082 33.14 000223 | D.DDL1S | QuDDDeT | D.DDLTS
S0 150FS 33 B0 DDD2AY | DLDDI32 | OUDDLOT | DuDDOT
520 150D 34 46 DDI25E | OLDDIAE | OLDDL1T | DUDDR2 35
530 15082 35.12 0.D02ES | D.DDLSS | DLDDLZS | DUDDZSS
S0 150FS 3574 DDDZES | DLDDLGE | OUDD133 | QDUDDRZEZ
S50 150D 3545 00314 | OLDDIES | OLDDI45 | QUDD31E
S&0 150D 3r 11 0.D0EA0 | OLDDADS | OLDD1ISD | DUDDE3E
570 15082 I7.7E O.DDASE | O.DD21T | DLDDLED | D.DD3ED
SEO 150D ik 44 DD03TFE | DLD0D22S | LDDLTE | D.DD353
&0 15082 32,10 Q.DO3SE | O.DD24T | CLUDDLET | O.DD425
&0 15082 38,76 00024 | DDD2EE | DLDDADD | DoDDWEZ
510 15082 40,43 00040 | DUDDZEZ | DLDDLS | DUDMER
820 15082 4109 0.DDASS | DUDDZSE | DLDDLTS | DUDDSDE
&30 15082 4175 00070 | D.DD30 | DLDDLTZ | DUDDEZT
&0 15082 4242 000500 | DDD3ZE | DLDDLST | D.DDEES
S50 150D 43 08 000533 | OLD0D351 | OLDDLES | DuDDELL
S50 150D 43,74 000550 | OLD03SZ2 | OLDD13L | QUDDE2D
&0 150FS 44 .40 DDDSTE | DLDDITE | 0LDDL3D | DUDDEST
SR 150D 45.07 DDOSET | OLDO3ES | 0UDD133 | DUDDESE
=t ] 150D 45.73 DDDED | D032 | OUDDLFS | DuDDER]
FDD 15082 4835 0.DDEZT | D.DOADS | DLDDLTT | DLDDDD
&0 150D 45.73 000G | OLD0ADy | OUDDLES | DuDDAOL
S0 150D 45.07 DDDEAD | OLDDANS | OLDD1AD | DUDDEST
&0 15082 45.73 0.0DEZA | D.DDAOE | D.DDIS2 | D.DDT03
FDD 15082 4638 0.DDEZT | D.DOADS | DLDDLSZ | D.DDF0S
710 150FS 47.05 DDDEIS | DLDDAIS | OUDDIAD | DUDD7FLL
720 15082 4772 0.DDEAT | D.DOALE | DLDDLSE | D.DDTLE
T30 15082 48 3R 0.DDESE | 00020 | OLDD1ISE | QD070

192



APPENDIX A. READINGS IN TABULAR FORM 193

Lo=d Stress Strain
[kM] Ares MSmm? 3
mid Left Center Right
o 150RD DD D.DDDOY | DoDDBO | OO0 | OO0
1 150RD D56 D.DDDOS | DDDDDL | O.DDDDI | D003
20 150RD 1.33 D.DDOOT | DDDDDZ | OUDDDDS | Q.05
30 150RD 129 D.DDO10 | D.DDDDT | OLDDDDSE | O.DDDDE
240 150ED 2.65 D.DDD1 | DLDDDDI | O.DDDOT | ODDDOT
S0 150RD 3.31 D.DDOLE | D.DDDDS | O.DDOE | O.DDDOE
&0 150RD 3. 95 DD | DUDDDO | OUDDDIS | DD
P b 150RD 454 D.DDD2S | DDDDOE | OUDD11 | D011
B 150RD 5.30 D.DDI2T | DDDDDE | O.DDDIS | O.DDD1T
S 150RD 5.95 D.DDI31 | D.DDDDE | OLDDD1S | O.DDD1S
1D 150RD 5.63 D.DDO3E | DDDDDT | O.DD1T | O.DDD1T
110 150RD 7.29 D.DDIG2 | DUDDDOE | OUDDIE | O.DDDLE
100 150ORS 7.85 D0DAER | QL0 | O.DDI2Y | OO
130 150RD B &2 D.DDO5E | D.DDDLD | OuDDD22 | QD22
10 150RD 0. 2B D.DDDEL | DDDD1Y | OLDDD2 | D.DDD23T
150 150RD . 8d D.DDI7FZ | DDDD1Z | OUDDD2T | O.DDIE
150 150RD 1D S0 D.DDOES | DUDDD1S | OUDDDE0 | O.DDIZE
170 150RD 11 27 D.DDIE] | DDDDLS | OUDDD32 | O.DDDE0
1RO 150RD 1153 D.DDLD0 | DDDDLE | O.DDDEE | D.DDRD33
15D 150RD 1254 D.DDLOE | DLDDDLE | OLDDD3T | D035
200 150D 13 25 000121 | DLDDDIS | O.DDDAZ2 | OIS
210 150RD 13 .52 D.DD1I32 | DDDIZY | OLDDDAS | D01
220 150RD 14 5K D.DD145 | DDDI2Z | OLDDOAE | QDD
230 150OED 15.24 D.DD1E2 | DLDDD2A | O.DDDS2 | D.DDDAE
240 150RD 15591 D.DDI7FF | DDDIRE | O.DDDSSE | D050
250 150RD 16.57 D.DDISS5 | D.DDIZS | OLDDDSZ | O.DDD5]
250 150RD 17.23 D.DDEZY | DLDDIED | OLDDDST | O.DDD5SD
20 150RD 17.Bo D.DDEAL | DUDDD3T | O.DDODTFE | D.DDDES
22BN 150RD 1E. 556 D.DDZAEE | D.DDD3S | OLDDDTE | O.DDDEE
25N 150RD 1922 D030 | DUDDD3E | OLDDOES | Q.07
30D 150RD 19 ER D.DD320 | DDDIY | OLDDD2I | O.DDDED
310 150D 21054 D.D0373 | DLDDDAS | O.DDIDZE | D.DDOET
320 150RD 2121 D011 | DDDDAE | D010 | D.DDIE3
330 150RD 21 B7F D.DDAES | DUDDODSZ | QD010 | D.DDLO1
340 150RD 22 53 D051 | DDDDSSE | OUDD130 | O.DD11D
350 150RD 23200 D.DDSES | D.DDDEL | 000141 | O.DD11D
350 150RD 23 BE D.DDESS | DUDDDES | OLDD1SS | O.DD13Y
370 150RD 24 .52 D.DOEZS | DDDDAD | OLDDLED | 0.DD143
IR0 150RD 251K D.DDIe22 | DUDDDTS | OLDDLED | O.DD1S53
350 150ORS 25 B5 001026 | OLDDDTE | OLDDIDT | O.DD1S3
L] 15089 26.51 D.D11LEZ | D.DDOES | 000207 | 000175
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Load Stress Strain
[kM]) Arez | Nfmm? 3
mid Left Center Right
410 150ED 2717 0013496 | OLDDOEER | D.00221 | DLDDLERE
420 150RD 2T.E3 D.01450 | D.DDIE | OLDDZ235 | O.DD1SD
430 150RD 2B .50 001715 | D.DDLOY | OUDD25S | O.DD21S
40 150RD 2016 D.D19E] | DUDDIDE | OUDDZEL | O.DD2g2
450 150RD 20 B2 DO02IFE | DDD11S | OLDD314 | O.DD2EE
4&0 150RD = b DO2ZARE | DLDDIZE | OLDD3A5 | D.DD2SE
470 150RD 31.15 D0225E | DLDD132 | OLDD3SS | O.DD31T
450 150RD 31 .E1 002317 | DLDD13IT | OLDD323 | 0.DD33E
450 150RD 32.47 002447 | DLDD15Z2 | OLDDA2T | D.DDIES
S0 150OED 33.14 D025 AE | DLDD1A0 | D.DDASS | DLDD3ER
510 150RD 33. 80 DOZEDY | DLDDLIEY | OLDDET | D15
520 150FES 34 45 DLOZERS | OLDDGAOL | D.00526 | DDA 7T
530 150RD 35.12 D02e7e | DUDD213 | OLDDSST | O.DDATE
S 150RD 35. 79 003324 | DLDDZ220D | OLDDS2E | 000505
550 150RD 36.45 D.03F53 | DLDDZ220D | OLDDE3SS | D053
S50 150RD 3711 D.DA151 | DDD233 | OLDDEED | O.DDSED
570 150RD 37.7E D.DAZES | DUDDZAE | OLDDF2E | Q.DDEDD
5B 150RD 3E.44 D.0AA72 | DUDDAEZ | OLDDFFE | O.DDELS
5o 150RD 3010 DDASED | DUDDZES | OLDOEXD | O.DDETE
SO0 150RD 3o TE D.DAE1S | DUDDZEZ | OLDOESD | O.DDEST
510 150RD 40.43 D.DA531 | DUDD2TS | OLDDERES | O.DDTLE
520 150RD 41 .09 D.DAESS | DUDDZEL | OUDDE2T | D.DD7AE
&30 150FD 41 75 0DAETE | DLDD2ED | D.DDETL -
S0 150RD 42 42 D.DAESE | DUDD3OE | L0029 -
S5 150RD 43 08 00A7TIT | D035 | D.011A0 -
S50 150RD 43.74 D.DATEL | DDD3ITI | OLD1ILTE -
&0 150RD 44 40 D.ATES5 | DLDD3ES | DLD1242 -
SEDO 150RD 4507 DDAELY | DDDA1S | DLD12TF -
S5 150RD 45.73 DAE3S | DLDDAST | DLD1310 -
Pl i) 150RD 45.32 DDAETYT | DLDDS0 | DLD1350 -
S5 150RD 45.73 DDAETD | DUDD51Y | DLD1I3ED -
SEDO 150RD 4507 DDAETE | DUDD52S | OLD1I3EL -
&0 150RD 44 40 DDAETE | DUDD5SES | OLD13T0 -
SE0 150OED 45.07 DDARRY | DUDDSTE | D.013ED -
S5 150RD 45.73 DDAERS | DUDD5STS | OLD13ED -
P 150FES 456,39 0DAESS | DLDD5E1 | 001405 -
710 150RD 4705 D.04910 | DUDDS1LE | 001454 -
720 150ED 47,72 0L0A20E | DUDDEE] | D.01522 -
730 150RD 4E 3IE D.4957 | DuDDRDZ2 | DLD1S552 -
740 150RD 40 0 D.DA9ES | DUDDT3S | DLDLE1TF -
730 15089 4E.3E D.DA9E2 | DUDDTIT | OLDLE0a -
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Lozd Stress Strain
[kN) Area | N/mm? 3
Mid Left Center | Right
720 150ES 4772 | 0ETE | 000730 | DU015ET -
710 150EG 47.05 | D.04954 ( DLDD7F16 | D.D1550 -
FLLE] 15089 45.38 | 0.04954 | DLDD719 | 001553 -
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Table A.17: Lateral strain of specimen S1R3

Load Stress Strain
[kM) Arga | M/mm? 1
hid Left Canter Right

o 14573 0,00 S00000L | -DDDDDY | 000001 | 0000001
10 14573 0.&5 R LN 10 DD 10 DD 000001
20 14573 1.37 -0 DD LER ik LER R LER )
30 14573 206 R EF 0.DD0OL 000001 10, DD
40 14573 2.74 R LG 0.DD0O1 000001 10, DD
S0 14573 3.43 =0LDD003 LER ik LER L ih LER )
i 14573 412 R LGS 0.DD0OL 000001 10, DD
L 14573 4 B0 =01 05 10 DD 000001 10, DD
B 14573 .45 -0LDD00S5 LER ik 000002 | 000001
o 14573 6.1E R 0.DD0O1 0.DD0OL 000001
100 14573 &.BS =0, DD0E 000001 000002 | -0.DD00L
110 14573 F.55 =0 DD0DOT LER ik 10,002 LER ik
120 14573 E.23 -0 DOE 0.DD0O1 10.DDOO2 10 DD
130 14573 BE.92 =0, DDOE 000001 10,0002 000001
140 14573 .61 =0 DS 0. DDO2 10.DD002 0.DD0O1
150 14573 1029 R 10D 0.DD0D0 | <0001
150 14573 10,28 =0, D0 0. DO0I2 10, DD003 10, DD
170 14573 11.&7 -0.0D010 LER 1L 10,0003 LER )
1RO 14573 1235 =001l 000003 0. DD00 10 DD
150 14573 1304 000011 10,003 0. D00 LER )
LI K] 14573 13.72 =001 2 0.DD00 0. DD00S 0.DD0O1
210 14573 14.41 =0.00013 10 DD00 S 0. DD00S 000001
220 14573 15.10 -0LDD013 LER I E L 0. DDDDE LER )
230 14573 15.7E =001 2 0.DDDDE 0.DDDDE 0.DD0O1
240 14573 1647 =0.00013 0.DDOOT 0.DDOOF 000001
250 14573 17.18 000012 LER iy 0. DDNE LER 1L
250 14573 1764 =001 2 0. DDOIS 0. DD0IS 0. D003
270 14573 15.53 =001 2 000011 0. DD00S 0. DD
2B0 14573 19.21 -0.0D010 000012 000011 LER B i 0
2o 14573 19,90 =000 000013 000011 0. DD005
00 14573 20.589 =01 DS 0.DD014 0DD011 0. DD00E
310 14573 21.27 -0 DDDOE 000015 000013 0. DO
320 14573 21 96 LI L EF 0.DD01T 000013 000010
330 14573 22 64 R LU Er 0.DD01LE 000014 000012
340 14573 23.33 -0LDD00S5 LER B EEL) 0.0001E 0,001
350 14573 2402 =003 0.DO022 0.DD01E 0.D001G
350 14573 24. 70 =000 000025 0.0001s 0.D001S
370 14573 25.359 10,002 0.0D02T LER LB EELE LER L1 B
IR0 14573 26 0E 10 DD F 0.DD030 0.DD023 0. DO T
F20 14573 26. 76 10 DS 000033 000025 000031

196



APPENDIX A.

READINGS IN TABULAR FORM

Load Stress strain
[kN) | Arzz [ N/mm?
Mid Left Center | Right
400 14573 2745 0.00013 | O.0D03E| 000027 ( D.00031
410 14573 2B.13 0.000LE| 0.0003% | OQ.DDD30| D.0DOGA
420 14573 2B.B2 0.00022| 000041 | OQ.0DD3Z| D.ODOIE
430 14573 2051 0.0002E| 000047 | QDDD35S| D000
440 14573 30.1% 0.00036| 0.00053 | OQ.0DOMO| D.0DDMS
450 14573 30.ER 0.00055| O.DDDEE | QUDDDSD|  D.DDDEI
4&0 14573 31.57 0.DDOEE | O.0DOEE | Q.D0DS7 | D.0DOES
470 14573 32.25 0.00107| 0.00104 | OQ.DDDED| D.0DLDE
480 14573 32.54 0.00123| 0.0011E| OQO0DDEL| O0.00L27
4a0 14573 33.62 0.00116| 000112 | OQODDET| D.00147
500 14573 34.31 0.00122 | 000120 Q00102 D.00LEL
510 14573 35.00 0.00135| O0OD12E| QDDIL0| OD.ODLTE
520 14573 35.68 0.00142 | 0.0D133 000114  D.001S0
530 14573 36.37 0.00152 | O0D0D13E| QDDI20| D.0DA04
540 14573 37.05 0.00147 | 0.00132 | Q00120 ( D.00220
550 14573 37.14 0.001531| 000132 | OQDDIZ0| D0.00Z3L
560 14573 3B.43 0.00145| 000124 | Q00116 D.00246
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Load Stress Strain
(kM) Area | N/mm? 7
hid Laft Center Right

o 14573 0.0 =0, 00001 10, DO 0.1 0. DDD0E
10 14573 062 -0, D001 0.DDDD0 [ER ] 0.0DOOS
20 14573 13rF -0, D001 0.DDDD0 | -D0.DDDD1 000013
30 14573 2 D5 -0, D001 0.DDDD0 [ER ] 000021
A0 14573 274 I -0.DD001 | -0.DDDD1 000024
0 14573 3.43 I 0.DDDD0 [ER ] D.0DO2E
14573 4.13 -0, D005 -0.DDD0Z | -0.DDDIE D.0DOFT

FLE 14573 4. B0 -0, D005 -0.DDD0Z | -0.DDDIE 0.0DOED
Bl 14573 .49 -0, DDO0E -0.DDD0Z | -0.DDDIE 0.0DIE5
o 14573 6.1E S0.0000F | -0DDD0Z | 000003 LI EM R
100 14573 & BE -0, DDOOE -0.DDD02 | -DDDDO3 000110
110 14573 7.55 =0.0000OE | -0.DDDOL | -000DD03 000115
120 14573 B 23 -0, DDOOE -0.DD001 | -0.DDDIE 000120
130 14573 E o2 -0, DDOOE 0.DDDD0 | ~0.DDDE LN 0K e
140 14573 D61 -0, DDOOE 0.DDDD0 | -D0.DDDD1 000126
150 14573 1029 0. DDOOF 0.DDDD0 | -D0.DDDD1 000130
150 14573 1098 0. DDOOF 0.DDDD0 | -D0.DDDD1 0.00135
170 14573 11.&7 0. DDOOF 0.DDDD0 | ~0.DDDE 0.00141
1RO 14573 12 35 0. DDOOF 000001 | -0.DDDD1 0.00146
10 14573 13.04 0. DDOOF 000001 [ER ] 000150
200 14573 13.72 -0, DDO0E 000001 | -0.DDDD1 000156
210 14573 14.41 0. DDOOF 000001 | -0.DDDD1 D.001E3
20 14573 15,10 -0 DOD0E 000001 | -0.DDDO1L 000163
230 14573 15.7E 0. DDOOF 000D [ER ] 0.00154
240 14573 1547 =0 D0 000001 | -0.DDDO1 0.DO1EE
250 14573 17186 -0, DDO0E 000D [ER ] D.D01EE
250 14573 17 B4 -0, D005 000D [ER ] 000171
270 14573 1E 53 -0, D005 000D 000001 0.0015S
20 14573 1921 -0, D005 0.DDD03 000001 000170
2o 14573 19 40 =0 D00 0.DDD03 000001 000170
300 14573 20.59 =0 D00 0. DDD0 [ER S 0.00174
310 14573 2127 =0 D00 0.DDD0S [ER S 0.0017FE
320 14573 2195 I 0.DDD0S [ER S 0.D01TE
330 14573 2254 =0 D2 0.DDD0S 10 DeDee0i3 D.DO1EL
340 14573 23.33 I 0.DDDDE 0. D0 D.001ES
350 14573 24102 =0 D001 LR 10 DO 0.DO1S0
350 14573 2470 0. ODODO 0.DDDOE 000005 000153
370 14573 23.39 10, DODO2 0. DODre 10, DD T 000153
IR0 14573 2608 00003 000010 0.ODOOE 000195
320 14573 2E6. 76 0. D00 000011 0.0DOL0 0.D01ED
400 14573 27.45 0. 0DOOT 000013 000012 000120
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Lazd Stress Strain
[kM) | Arez | N/mm? 3
hid Left Center Right
410 14573 28.13 0.0D00s Q00015 | Q.0DO014 | Q.DDLIBRE
420 14573 2B.E2 0.00011 Q.0001%9| Q.O0DOLIF | Q.DD1SD
430 14573 28.51 0.00014 Q00021 | Q.ODO2D | 0.0D154
440 14573 3019 0.00019 0.00025| 0Q.0DOZ25 | 0.0D1S2
450 14573 30.BE 0.0D023 0.0002% | 0.0D032 | 0.00203
440 14573 31.57 0.00025 Q00035 | 0Q.0DDA2Z2 | 0.DD20E
470 14573 32.25 0.0D03E Q0000 | QD005 | QL0020
48D 14573 3224 0,000 5 0.00045 | 0Q.0DDS5 | 0.D0226
440 14573 33.62 0.00054 0.00053 0.0D0OEL | Q.DD2SD
500 14573 34.31 0.0D0ES 000061 | 0.00111 | 0Q.D02ET
510 14573 35.00 0.DD0ES 0.000ET | 000133 0.00263
520 14573 35.58 0.00101 Q00050 | 000155 | Q.DD2TD
530 14573 3537 0.00108 0.00031| 0Q.D0161 | Q.DD2EE
540 14573 37.05 0.00124 0.00013 0.001%4 | Q.DD2S1
550 14573 37. 74 0.00133 00000 | 0.00205 | 0.002E5
560 14573 36.43 000150 000001 | 0.00225| 0.0030E
50 14573 35.11 0.00143 Q00000 | 000237 | 000316
SRD 14573 35.ED 0.00127 | -0.0D0OM | 000257 | 0.DD355
] 14573 40.42 0.00124 | 000019 Q00262 | Q.0D4ES
&00 14573 41.17 0.00131 | -D.ODOLT| Q.OD2%2 | Q.DOFDD
500 14573 40.459 000107 0. D003 0.00275 | D.DOESE
SE0 14573 35. B0 0.00100 | -0.0D001 | Q00254 | Q.DDS5T
¥ 1] 14573 35.11 0.00051 | 00000 | 000252 | Q.O0L02D0
SRD 14573 35.ED 0.00051 | -0.0D003 0.00251 | Q01022
] 14573 40,42 0.00021 | -0.0D0DZ| 0.00255| 0Q.01021
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Lo=d Stress Strain
(kM) Area | Nf/mm? 3
hid Left Center Right
o 14573 LER i) A0, OeDnn | o0 ey | D OeDeOeT |0 (000
10 14573 .52 D.DDDOL | DoDDDOZ | O.DDDIZ | DD
20 14573 137 D.DDDO2 | DDDDOS | D.DDDDE | OLDDDDE
30 14573 2. 05 D.DDOO | DD | OoDDDIG | DD
14573 2. 74 D.DDDOS | DDDDOS | OuDDDDS | OLDDD12
S0 14573 3.43 D.DDDOE | DDDDODE | D.DDDDE | ODDD1T
14573 4.12 D.DDDOS | DDDDOT | O.DDDDE | OLDDD1g
P il 14573 4. B0 D.DDDOE | DDDDOE | O.DDDDTF | OLDDD1T
14573 548 D.DDODOT | DDDDOE | O.DDDOE | (D020
o0 14573 &.1E O OO F | D DD | DLODDOS | DD
10 14573 5. ES D.DDDOE | ODDLD | O.DDDLD | ODDI23
110 14573 7.55 0. DOOOE | DDDOil | Oo0DDIOD | DDDE2S
120 14573 E. 23 D.DDODIS | DDDI1 | OuDDD11 | ODDD2T
130 14573 B 92 D.DDOI0 | DDDIZ | DuDDD1Z2 | OLDDDE0
140 14573 D61 D.DDO11 | DDDDIS | OuDDD1S | D002
150 14573 10 25 D.DDO12 | DDDDIg | OuDDD1d | O3S
160 14573 10 98 D001 | ODDIS | OuDDD1S | OLDDDIT
170 14573 11 &7 D001 | DDDDLE | O.DDD1SE | O.DDDID
1RO 14573 12 35 D.DDO1S | DLDDDIT | OuDDD1T | OLDDDg2
190 14573 13 .04 D.DDOLE | DDDDIE | D017 | OLDDD3
210 14573 13 72 D.DODO1T | DDDDIS | ODDODLE | OLDDDS
210 14573 14 .41 D.DDOLE | DDDDIS | O.DDD1S | O.DDDST
240 14573 15 10 000019 | DDDIAD | DL0DD1S | D.DD0AD
230 14573 15 7B D.DDOZL | DoDDDED | DuDDID | OLDDD51
240 14573 1547 OO | DDl | DI | 0.5
250 14573 17 15 DDA | DoDDDEZ | DuDDDZ1 | OLDDDSE
260 14573 17 B4 D.DDOAE | DoDDDEZ | DuDDDZ1 | O.DDDST
270 14573 1E 53 D.DDO30 | DoDDDES | DuDDDZ2 | OLDDDEL
280 14573 19 21 D.DDO33 | DDDDZS | DuDDID2S | OLDDDES
250 14573 19 o0 D.DDO3S | DDDDZD | DuDDID2S | OLDDODTFL
=" ] 14573 2055 D005 | DDDDI1 | D.DDI2E | OLDDDTFE
310 14573 21 27 D.DDO5L | DDDD3 | DuDDDZT | OLDDOE2
320 14573 21 o5 D.DDOFY | DDDDA2 | DuDDD31 | OLDD10S
330 14573 22 84 O.ODD72 | DS | Do0DD3L | D010
340 14573 23 33 D.DDOES | OLDDAT | DUDDRD3S5 | D017
350 14573 24 02 0O.D0IEeS | DDDDS1 | OUDDDITF | D010
3650 14573 2410 D.0D113 | DDDDEL | O.DDIAY | D001
30 14573 25.39 OLD0125 | DDDDEE | DUDDDAS | DUDDLEE
3BO 14573 25 OB D.00143 | DDDOED | O.DDD5S1 | ODD232
30 14573 26 TG D.DDIST | DoDDID | DUDDD5SS | OLDD2T1
00 14573 27 .45 D.DD1I7E | DLDD1I02 | O.DDDEZ | OLDD3LE
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READINGS IN TABULAR FORM

Load Stress Strain

(kM) Arez | N/mm? 3

Mid Left Center | Right

410 14573 2E.13 | 000214 | QUDD1ZE | O.DDOTF2 | OLDDALT
4.0 14573 2E.E2 | O.00240 ( 000147 | O.DDOED | 0004 TS
430 14573 2851 | D005 | QUDD1T2 | O.0DI9L | .50
440 14573 30.19 | O.00274 | QDD1ES | O.00104 | OLDD5ED
450 14573 J0.BE | 0.00334 | QLDDZ2A2 | 0.00143 | OLDDAEL
450 14573 31.57 | O.00430 | QD020 | O.DD20SE | O.DIeE]
470 14573 32.25 | O.004%9 | DUDDZEE | 0.00245 | O.OL0eT
AEB0 14573 32.84 | O.00550 ( QUDO320 | O.002TF | OLOL1e2
450 14573 33.62 | O.0DSOE | 0UDO3SE | 000323 | OLOL2ET
SO 14573 34.31 | O.0DEST | 000413 | 0.0D32E | 001472
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Table A.18: Lateral strain of specimen S2R3

Load Stress Ztrain
(kM) Arez | M/mm? 1
hid Left Center Right

i 14573 000 000000 | -0.DDD01 LI ] L
10 14573 o.e9 000001 | -0.00D01 10 DO 10 DD
20 14573 137 OLDDDO2 | -0.DDD01 (DL DD LI K]
30 14573 2.05 00000 | -0 D002 D.DD01 L
40 14573 2. 74 00000 | -0 D002 0.DD01 10 DD
S0 14573 3.43 OLDDDOS | -0 DDDO2 D001 LI K]
&0 14573 4.12 00000 | -0.DDD0S5 LI ] L
FLi 14573 4 B0 000003 | -D.0DDODT | -0.DDD0Z | -0.0DD01
B0 14573 249 0.ODD05 | -0.DDDOE S0.DDDO2 | -0.DDD01
o 14573 G.1E 000005 | -0.0DDOE | -00D0D00Z | -0.00D01
1 14573 &.B& 000007 | -0.DDDOE | -000DD0Z | -0.00D01
110 14573 7.55 0.DDDOE | -0.DDDOE S0.DDDO2 | -0.DDD01
120 14573 E.23 000010 | -0.0DD0S | -0.0DD0Y | 000001
130 14573 B o2 000012 | -0.00010 | -000DD01 | -0.0DD01
140 14573 061 000012 | -0.DDO11 S0.DDDO2 | -0.DDD01
150 14573 1029 000013 | -0.0D011 | 00000 | 000001
160 14573 10. 88 000015 | -0.0D012 | 000001 10 DD
170 14573 11 67 000017 | -0.DDO12 (DL DD LI K]
1RO 14573 1235 000019 | -D.0D013 10 DO 10 DD
120 14573 13,04 000020 | -0.D0014 0. D001 0. DD
200 14573 13.72 0.OD01E | -0.DDO1D 0L DD 0L012R3
210 14573 14.41 0.DD01F | -0.DDI20 10 DD 001304
220 14573 15.10 000019 | -0.00D21 0. DO0 S 001302
230 14573 15.7E 0D | -0 D22 D.DDDDE 0.0o12e
240 14573 1647 000024 | <0023 10 DOOF 001283
230 14573 17.16 0.D0027F | -0.DDD2S 0. DOOE 001288
260 14573 17. B4 0LDD033 -0 DG DLDDDIS 0.01239
270 14573 15.53 0.DD03E | -0.DDD2ZE D001l 0.0121E
2B0 14573 15.21 0.DD0A2 | -0, 00030 000012 001204
250 14573 12,20 00007 | -D.DDD31 D000 3 001154
00 14573 20.58 00005 | -D.DD033 0DD01S 001184
310 14573 2127 O.DDDEL | -0.DDD35 D.DDO1T 001174
320 14573 21 86 0.DDDEE | -D.DDD3E D.DDO1S 001158
330 14573 22 64 0.DDORD | -0.DDDIE D021 001163
340 14573 23.33 OLDDOED | -0 D030 0.2 3 0.01153
350 14573 2402 000102 | -D.DDD2 D.DD02T 001145
350 14573 24. 70 000112 | -D.D003 10LDD 30 001145
370 14573 25.3% 000123 =0 DD D032 001148
IR0 14573 26.0E 000135 | -0.0DD5 000035 001145
F20 14573 26. 76 000153 | <0007 0.D00FS 001142

202
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Load Stress Strain
(kM) Arez | N/mm? 1

hid Left Center Right
00 573 27.45 000172 | -DDDoAS DLDO0A 2 001142

410
420
430

<]
a

2E.13 00005 | -D.DDMD 10000 5 0Lo113y
2B B2 000245 | -D.DDD30 100050 0LoL137
29.51 0D02E2 | -D.DDDAD 000052 001138
30.19 000306 | -D.DDDE 0. DD05 0LDL13R
30.EE 000351 | -D.DDDE 0.DDOSE OLoL1a0
31.57 00006 | -D.DDDLE 0.DD0EL 0.oiid2
32.25 00023 | -DuDDDTE 0.DDDER 001144
32.24 000343 | -DUDDZAE D.DDOT 0LOi14R
33.82 D.0DAEE | -D.DDDET D.DDOE2 L1153
34.31 000506 | -D.DD1SD 0.DDOEE 001156
35.00 000337 | -0upD14l 0.0D0E3 001161
i5.8E 000536 | -DDD13L D.DDOST L0155
35.37 00056 | -D0D0123 D.DDL01 oLoi163
37.053 000553 | -DUDD11S D.D0L03 001165

<]
o

<]
o |

450
450
470
480
420

<]
a

<]
u

Ln
ol
L

(ST ]

<]
u

310
520
2330

Ln
ol
L

(ST ]

S50 573 37.74 0.0DEL2 | -DuDDLLE 000105 001165
SE0 573 3E.43 D.0DEAE | -DDDOET D001 0LoL1seT
ShD 573 39.11 000552 | -DDD13T D.DDLOE 0LoL165
2BD 373 398D 000546 | -DUDDEEL D.DD111 OLoi152
Fo0 573 40,42 0.00351 | -DupLpi2 00111 0.0114E
&0 573 41,17 000575 | -D.DD312 D.DD112 0Loi137
510 573 41.E5 0. DD5ES 10, DB 000110 oLoilre
520 373 42.54 0.00562 0.D0LDE 0.DDL0E 0LoL12y
530 573 43,23 0.00533 000145 QL0101 0.01123
&40 573 43,52 000517 D.DD165 D.DDISE oLoi125
&5 573 44,80 0.00539 00020 10, DD 001136
S50 573 45.28 0. 00550 000315 0.DDOTE -

&m0 73 45,88 0.0D557 00075 0.0DDE2 -

2
b L | L e e (e e e e e L e e e [ [ e [ e

80

]
L

45,568 0.0D536 DLODEAT OLOD0ED 0. 18345
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Lo=d Stress Strain
(kM) Arez | N/mm? 7
hiid Left Center Right

i} 14573 0,00 LI ] LI ] 0. DDO00 0. DDO00
10 14573 0.8 000001 OO0 | -0 D003 =0 00002
20 14573 137 00001 00000 | -0, D003 -0.DDD0Z
30 14573 206 00001 00000 | -0, D003 -0 00003
40 14573 2.74 0. OO0 D000 | -0.DDD03 =01 D00
S0 14573 3.43 100D 00000 | -0, D003 -0.0DDOE
&0 14573 4.13 0,003 002001 | -0.DDO0I -0.00010
FLE 14573 4. B0 0,003 002002 | -0.DD0O0I -0.0D011
R 14573 5.4 0. DD 002002 | -0.DD0O0I -0.00013
o 14573 5.1E 0. D005 00002 | -0.DDD03 -0.0D011
100 14573 5.B5 0.DDODE 00002 | -0.DDD03 -0 DD
110 14573 7.55 0.DDODE 002003 (|  -0.DDD03 0.DDODE
120 14573 B 23 0. DOO0T 000003 | -0.DDD03 0.0001s
130 14573 E.o2 0. DDDOE 00000 | -0.DDD03 0.0D03S
140 14573 D.61 L] 002003 (|  -0.DDD03 0.DDO5S
150 14573 10.29 0.0DO1Y 00000 | -0.DDD03 00003
150 14573 10.98 0.DDO12 000005 | -0.DDD03 000114
170 14573 11 &7 000013 002005 | -0.DDO02 000132
1E0 14573 12 35 0.0DO14 0.0D0DE | -0.DDO02 000156
190 14573 13.04 000015 0.0D0DE | -0.DDO02 000172
200 14573 13.72 000017 000007 | -0.DDD01 000217
210 14573 14.41 0.0DO1S 0.0DDOE | -0.DDD0L 000250
20 14573 15.10 LI R ] 0.0DDOE | -0.DDD0L 000252
230 14573 15.7E 000022 000002 | -D.DDD01 000275
240 14573 16.47 000023 000010 | -0.DDO0L 0.DODZEL
250 14573 17.16 000025 000011 0. DDO00 0.DOZEE
260 14573 17.B4 0.DDO2T 000012 0. DDO00 000309
270 14573 1E.53 LI ] 000012 0. DDO00 0.D031E
2B 14573 12.21 000031 000013 0. 00000 0.00324
200 14573 19,90 000033 000015 00001 000333
300 14573 20.58 000035 0.0D01E 00001 000345
310 14573 2127 0.0003E 0.0001T 0. OO0 000352
320 14573 21 95 0. DDOAD 0.0DOLE 100D 000355
330 14573 22 64 0. DD 0.0D01S 0.DDD03 000352
340 14573 23.33 0. DDOE 0.2 0. D00 000371
350 14573 2402 0. DDO5S0 000024 0. D005 0.D03EL
350 14573 2470 0. D005 0.DD02E 0.DDDDE 0.D03EE
370 14573 25.38 0.DDO5SE 0.DD0ZE 0.DDDDE 0003585
IE0 14573 26,08 0.DDDES 000030 0. DDDOE 00003
3o 14573 26.76 0. 0DDES 0.00032 L] 0. D0OE
400 14573 27.45 000071 000035 0. 00010 000417
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Lozd Stress Strain
(kM) Arez | N/mm? .
hlid Left Canter Right
410 14573 2B.13 0.DDOTFG D.DDO3S 0.DDOL2 000414
420 14573 2B.B2 0. DDOE2 0,000 0.00014 0.00275
430 14573 28,51 0.0D0OES 0,000 5 0.00016 0.0033E
440 14573 019 0.DDIe1 0. DDOAE 0.DDOLF 000244
450 14573 3. EE LU ] 000051 00000 0.00356
450 14573 31.57 000110 000057 000023 0.00353
A4TF0 14573 32.25 000121 000052 0.DDI2S 0.D02EE
ARD 14573 32.54 0.D0133 0.DDOGE 0.DDIZE 0.001ED
420 14573 33.62 0.00145 0.00075 0.0D033 0.00170
SO0 14573 34,31 000162 0. DDOES 0. DD0A2 000036
510 14573 35.00 0.DDLE2 0.DD0SE 000055 0. DT
520 14573 5.6 00019 000104 0.DD0EE 0. DDOS5
530 14573 36.37 0.00217 0.00114 0.0DOEL 0.DD0D
540 14573 37.05 0.00245 0.00129 00007 0.0D0E
550 14573 i7.74 0.00270 0.00142 0.00110 000076
SE0 14573 38.43 000253 0.00154 0.00123 -0.0016d
570 14573 30,11 0.00315 000166 0.00136 -0.D003E
SED 14573 30,80 0.00337 0.00177 0.0014E -0.00057
20 14573 40,45 0.003E5 0.00150 0.00161 -0.002322
&00 14573 41.17 0.003ES 0.001SE 0.001E2 0.00017
&10 14573 41.E6 00001 0,000 0.00175 0.0D01E
520 14573 4254 000424 000213 0.DDLES 000130
&30 14573 43.23 000443 000220 000123 -0.00077
&40 14573 43,52 0.0 57 000225 000152 -0.00125
G50 14573 44,60 0.0 ES 0.00238 0.00214 0.00135
50 14573 45.28 00023 0.00241 0.00217F 0.00150
&0 14573 45 98 000500 D.00244 LU R 0.00173
R0 14573 4566 000511 000245 000224 0. D004
&0 14573 45 98 0.DDS0E D.D02AE 0.DI223 0.00174
a0 14573 45.28 000307 0.D024E 0002323 0.00174
G50 14573 44 60 000505 0.D02AR 000223 000142
&50 14573 4529 000507 000249 000224 0.0011E
&0 14573 45 98 000510 000250 000225 000119
&R0 14573 45.66 0.00514 000251 LU B et =030
&0 14573 45 98 000512 000252 LU B et o -0 00012
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Lo=d Stress Strain
[kM) Area | N/mm? 3
hlid Left Centar Right
L] 14573 LR ] D D00 | OO0 | OLDDDDD | OO0
10 14573 &2 D.DDD0Y | OODDDD | Dol | DD
L i 14573 137 D.DDOOZ | OLDDDO] | QD1 | O3
30 14573 2 05 D.DDDOE | OLDDDDZ | OLDDDDZ | O.DDDOS
40 14573 2.74 D.DDDOI | DUODDDZ | Do | O.DDDDE
S0 14573 3.43 D.DDDOE | OLDDDDE | OLDDDDZ | O.DDDIT
S0 14573 412 D.DDD0OS | DD | OLDDDDS | O.DDDOE
Pt 14573 4_BD D.DDOOE | DD | OLDDDO | O.DDDIE
Bl 14573 5.49 D.DDDOT | OLDDDS | OLDDDDS | Q.DDD11
=] 14573 5.1E D.DDOOE | OLDDDDE | DLDDDDE | O.DDD12
1D 14573 5_EE D.DDOOE | OLDDDOE | OLDDDOT | O.DDD1g
110 14573 7.55 D000 | OLDDDES | OLDDDOE | O.DDD1T
120 14573 B 23 D.DDD11 | DUODDLD | DoDDD1L0D | OLDDDLE
130 14573 B 92 D013 | OLDDD1Z2 | OuDDD11 | Q.DDDD
140 14573 D61 D001 | OLDDD1S | OuDDD1Z | Q.DDD22
150 14573 10 29 D015 | OLDDDLS | OLDDD1S | Q.DDD2
150 14573 10 95 D.D0DDIE | OLDDOLT | OLDDDLT | O.DDD2E
170 14573 11 &7 000019 | OLDDD1S | OLDDID | O.DDD2S
1RO 14573 12 35 D.DDDZ21 | OLDDIZY | OuDDIZZ | Q.DDDIL
150 14573 13 .04 D.DDD2E | OLDDI2S | QuDDI24 | QO.DDD3
2100 14573 1372 DDD02E | DODI2S | D.DDOEE | OLDDDIE
210 14573 14 .41 D.DDDZE | OLDDIZS | OuDDI31 | O.DDDA1
220 14573 15 10 D.DD0O30 | OLDDDEZ | OLDDI3S | O.DDDAS
230 14573 15.7E D.DDD32 | D.ODD3S | D.DDD3T | OLDDDAE
240 14573 1547 D.0D035 | OLDDOEE | OLDDD2 | DuDDD53
250 14573 17 16 D.0D0O3S | OLDDS | OLDDIAT | DLDDDSE
250 14573 17 E4 D001 | OLDDOAT | OLDDDS1 | O.DDDE2
270 14573 1R 53 D.DDOAE | OLDDDS5S | OLDDOST | 0.DDDTD
250 14573 19.21 000050 | O0DD5SD | D.DDDE2 | OLDDDTF
250 14573 19 90 D.DD052 | OLDDDES | OLDDDET | O.DDOE2
=i 14573 20.59 D.DD05S | OLDDDED | OLDDIDTFZ | O.DDODES
310 14573 2127 D.DDD5S | DUDDIOTE | DUDDOTD | DDDISE
320 14573 21 95 D.DDDES | OLDDOEZ | OLDDOES | 0.DD1L0S
330 14573 22 &4 D.0DDED | OLDDDE] | OLDDIE] | .DD1I1S
340 14573 23.33 D.0D0TE | OLDDIEE | OLDDLDD | DuDD1Z23
350 14573 2402 D.DDOFF | OLDDL0S | OLDDLIDSE | Q.DD1IS2
350 14573 2470 D.DDOEZ | OLDD11S | OLDD1ldg | QuDDIg2
370 14573 2539 D.DDOEE | 000125 | QLDD122 | OLDD1S3
3RO 14573 25 OB D.DDOe2 | 0LDD132 | QLDD1I2E | DLDD1E3
==l 14573 26. 76 D.DDD2E | DOD142 | DUDD135 | OLDDLTE
00 14573 27 45 D.00111 | DLDDLES | OLDDIS] | O.DD205
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Load Stress Strain
(kM) Arez | N/mm? 3
Mid Left Center | Right
410 14573 2E.13 | 0LDD1ZE | 0LOD1S0 | 0.00174 | D.DD235
420 14573 2EEZ | OLDDI3F | QD20 | QDD1IRS | 0L0025E
430 14573 2951 | 0uDD1AT | 0LDD21S | D.DD1ST | D.DD2TE
440 14573 30.19 | 0LDD1SS | 0LDD23T | 000212 | D.DD30
450 14573 J0.BE | 0LDD17F | DLDOD2EL | D.DD229 | D.DD33S
450 14573 31.57 | 0.DD1S5 | QLDDZES | 000247 | D.DDIES
470 14573 32.25 | L0219 | 000314 | QUDDZEL | 000355
4ED 14573 32.84 | QLDDZ3E | 0LOD34AL | D.DD30Z | D010
420 14573 33.62 | 0LDDZAE | 0LDD3EA | 000320 | D.DDADE
S0 14573 34.31 | 0uDD2E2 | 0.ODA0S | 0.003AE | D.DD253
510 14573 35.00 | 0LO02TS | OLDDAS0 | OLDD3ITE | D.D03T3
520 14573 35,68 | QuDD2E2 | 0.DD42g | 0.DDA10 | 000535
530 14573 35.37 | 0.OD3OE | 0.D0D533 | 0.0DA52 | DLDD2E2
540 14573 37.05 | 0.DD333 | 0LODELD | D.DD51T | D310
S50 14573 37.74 | 0.DD345 | 0LODE3E | 000542 | D.DD320
S50 14573 iE.43 0.00355 | 000657 | 000552 | D.DDET2
SrD 14573 30,11 | OOD3EL | OLDDF3F | 0.DDE31 | D.OOTAT
SEO 14573 35 B0 | 0.DD3S3 | 0LDDTSS | D.DDESS | D.DOTTA
Sa 14573 40,42 | 0LDD3IEE | 0LODFS2 | O.00W02 | D.DOTIT
G000 14573 4117 | 0LODADS | 0.DDESL | 0.D0F5E | D.DDSSS
So0 14573 4049 | QuDOF | O.DDEAS | 0UD0FET | 0.00533
SED 14573 FIS.ED | D.O0A0T | D.DDEAT | DUDDELE | DUDD5S1E
Sa 14573 4042 | 000412 | DLDDTFES | 0.DDESZ | D.DDATE
G000 14573 4117 | 0LDDA1E | 0LDDFeL | O.DDETE | D.DIMEL
G610 14573 4165 | 0.ODA35 | 0LODBEDS | O.DDSZ2T | D.DDLTE
520 14573 42 54 | 0pD452 | DDDELT | QD053 | 0L003E0
&30 14573 43.23 0.00AET | DLDDEAR | OUDDSTFA | D.DDAST
620 14573 4254 | DLDDAEZ | DLDODEZ2 | 0.DOFTE | D.DOA02
G610 14573 41 65 | 0.ODAEA | 0.ODEDI | 0.007AS | D.DDTAS
620 14573 4254 | 0LDDSO2Z | 0.ODESZ | 0.0DELE | D.DOEE
530 14573 43.23 0.00513 | 000701 | OLDD5ED | D005
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