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INTRODUCTION:

In studying the mechanics of materials for construction of structures, Stress
and Strain become the two key factors to take into consideration. Stress can be
defined as the force (or load) acting on the surface per unit cross sectional
area. Strain can be defined as the change in length per unit original length.
When deciding on materials to use it’s important to consider the Stress-Strain
curves of the specimens that help us analyze whether the materials are
suitable to bear the load of the building. The stress-strain curves also help us
identify the ductility and brittleness of the specimen under testing and also
analyze failure under a certain force.

Formulas Used:

Stress, 0 = P/A

P = Force applied (in Newton)

A = Cross sectional area of Specimen

Strain, € = §/L

6 = deformation due to stress

L = original length before deformation

Reduction in Area = [(Original Area-Area of Failure)/Original Area] x 100

Elongation = [(Final length-Original Length)/Original Length] x 100

True Failure Stress = Failure Load/Area of Failure




PART 1: TENSILE TESTS

Measured | Unit Mild Steel Cast Iron Timber
Value Load // to grain Load 1 to grain
Pre-testing | mm | 81.8889786599791 84.71015 54.0392823621146 | 45.7400964457943
dimensions ~81.89 ~84.71 ~54.04 ~45.74
Pre-testing | mm? 78.53981634 78.53981634 119 119
X-sectional ~78.54 ~78.54
area
Load at kN 25.93195508 21.66849414 6.863 1.035
elastic limit ~25.93 ~21.67 ~6.86 ~1.04
Maximum kN 36.90749609375 24.23926 17.26002 1.495786
Load ~36.91 ~24.24 ~17.26 ~1.50
Failure kN 25.8547 19.74604296875 4.143299 1.48756
load ~25.85 ~19.75 ~4.14 ~1.49
Reduction % 68.64 34.39
in area
Areaof | mm? 24.63 51.53
failure
Elongation % 59.89 26.95
at failure
Property Unit Mild Steel Cast Iron Timber
Load //to | Load 1 to
grain grain
Elastic limit MPa 326.75923 | 279.6889423 57.6722 8.6975
(oryield) ~326.76 ~279.69 ~57.67 ~8.70
stress
Maximum MPa 469.9013838 | 308.4140297 145.042 12.504
Stress ~469.90 ~308.41 ~145.04 ~12.504
Failure MPa 329.1914848 | 251.4138397 34.815 12.504
Stress ~329.19 ~251.41 ~34.82 ~12.504
True Failure MPa 1049.723914 | 383.1950896
Stress ~1049.72 ~383.20




1. METALS: TENSION

Load-Displacement Graph for Mild Steel
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Stress-Strain Graph for Mild Steel
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Load-Displacement Graph for Cast Iron
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OBSERVATIONS AND CONCLUSION:

While comparing the Stress-Strain curves for Mild Steel and Cast Iron, it can be observed
that the yield stress of Mild Steel is greater than that of Cast Iron which indicates that Mild
Steel remains within the elastic region for much larger stresses than cast iron before going
into the plastic range. This also reveals the fact that mild steel has higher ultimate tensile
strength (max. stress a material can bare without failing). This fact is also supported by the
observation that the true failure stress of mild steel is greater than that of cast iron.

Analyzing the diagrams of specimen failure, it is observed that mild steel undergoes necking
(phenomenon of reduction of cross-sectional area on application of tensile stress) which
shows its ductility. The fact that there is less reduction in area in cast iron than in mild steel
shows that it is brittle while mild steel is ductile.

It is also noteworthy that at failure cast iron fails without giving much warning and reveals
smooth broken surfaces while mild steel fails after significant necking.




2. TIMBER: TENSION

Load-Displacement Graph for Timber
(Load Parallel to Grain)
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Load-Displacement Graph for Timber
(Load Perpendicular to Grain)
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OBSERVATIONS AND CONCLUSION:

While comparing the Stress-Strain curves for Timber in parallel and in perpendicular, it is
essential to define the term anisotropy. Anisotropy is the phenomenon wherein a specimen
exhibits different properties along different directions, in the case of wood this property is
strength. Wood reacts differently to stress when its applied parallel to its grains and
perpendicular to its grains.

From the table we can note that the load at elastic limit for parallel is almost 7 times as that
for perpendicular and the maximum load for parallel is almost 17 times that for
perpendicular. These facts indicate that the strength of grains parallel to the force is much
more than when the grains are perpendicular to the force. Also, the stress at failure for
parallel is much greater than the stress at failure for perpendicular which indicates that
timber grains parallel to force can bear higher values of stress before failing as compared to
perpendicular.

Looking at the diagrams for failure, it can be observed that when the grains are parallel to
load the cracked surface looks rough because of breakage along grains. However, in

perpendicular, on failure there is a smooth cracked surface because of breakage in between
grains




PART 2: COMPRESSION TESTS

Measure Unit Concrete Timber
Value Cylinder Cube Load // to Load L to
grain grain
Pre-testing mm 200 100 174.09 197.44
dimensions
Pre-testing mm? 7853.981634 10000 2500 2500
X-sectional ~7853.98
area
Maximum kN 93.396 602.167 87.09254 8.5176
load ~93.40 ~602.17 ~87.09 ~8.52
Failure load kN 82.813 578.659 39.0053 7.1144
(if any) ~82.81 ~578.66 ~39.01 ~7.11
Property Unit Concrete Timber
Cylinder Cube Load // to Load 1 to
grain grain
Maximum MPa 11.892 60.217 34.837 3.407
Stress ~11.89 ~60.22 ~34.84 ~3.41
Failure MPa 10.5441 57.8658 15.602 2.8458
Stress (if ~10.54 ~57.87 ~15.60 ~2.85
any)




1. CONCRETE: COMPRESSION

Load-Displacement Graph for Concrete
Cylinder
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Load-Displacement Graph for Concrete
Cube
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OBSERVATIONS AND CONCLUSION:

Here specimens of the same type and nature but different shapes are observed- a concrete
cube and cylinder. It can be noted that the maximum load for cube is nearly 7 times that of
the cylinder and also the failure load for cube is nearly 7.5 times that of the cylinder. This
indicates that concrete is much more capable of bearing larger loads in a cube form than in
the cylindrical form.

The ratio of cylinder to cube strength (is obtained by taking the ratios of their maximum

11

stresses) = ﬁ =0.19744271 ~ 0.197

According to British standards, the strength of a concrete cylinder is 0.8 times that of a
concrete cube (ref. bibliography 3). The discrepancies in the values may be due to
microcracks within the specimen, its preparation quality and curing time of the concrete.

From the diagrams of failure, it is clearly visible how in both the specimens the failure causes
cracking at approximately 45°. Multiple cracks, mainly vertical are observed on failure and a
typical failure pattern is observed.




2. TIMBER: COMPRESSION
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Load-Displacement Graph for Timber
(Load Perpendicular to Grain)
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OBSERVATIONS AND CONCLUSION:

While comparing the Stress-Strain curves for Timber in parallel and in perpendicular, it is
essential to define the term anisotropy. Anisotropy is the phenomenon wherein a specimen
exhibits different properties along different directions, in the case of wood this property is
strength. Wood reacts differently to stress when its applied parallel to its grains and
perpendicular to its grains.

The maximum stress for parallel is nearly 10 times that for perpendicular and the failure
stress for parallel is nearly 5 times as that for perpendicular. This indicates that wood is
much stronger when the grains are parallel to the direction of force tan when they are
perpendicular.

Also, in diagrams of failure of the specimens it is observed that when the grains are parallel
to the force there is either a cracking between the grains and a slight recovery or there is
buckling of grains at either end of the specimen. In the case of perpendicular, there is slight
recovery of specimen when unloading followed by loading to failure.
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