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View unless otherwise stated
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The exact solution may be complicated P(y)
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. FUERE Numerical analysis
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(Example: discretizing member into a mesh)

Such analysis methods will be
covered in more detail later in
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MBI DIEE - Material response
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Need to understand stress and strains in
order to perform numerical simulations
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Isotropic/Anisoptropic Material

Isotropic Anisotropic
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Mechanical properties are the same in all directions Mechanical properties depend on direction
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Homogeneous * Heterogeneous Material

Homogeneous Heterogeneous
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Stress-strain relationship is identical throughout material Nonuniform material composition throughout material
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We will focus on ISOTROPIC,
HOMOGENEOUS and LINEAR ELASTIC
materials
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FEBEOT & - Normal Strain

I/v

IRYAlEE 3]
IZEE

Stress is
perpendicular to
surface
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HABTU 9 A - Shear Strain
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Stress is parallel
to surface Shear strain is the change in angle from a right angle
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%) BI3RTTE - Tension load example

Original length
TTORS
L,=1.0m

If additional N, is applied, bar

elongates further
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Length under A,
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L,=1.01m

NN~ K B O AL ?
What is the strain under N N?
a) 0.02
b) 0.0198
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T 09 4 - Engineering strain
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BT & * True strain
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Engineering and true strain
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Force N causes longitudinal strain (g,) along y
N IN axis.
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O3 AT —< - Strain Gauge
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Strains can be measured using strain gauges
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If surface that strain gauge is attached to elongates, the
wire length increases and its cross sectional area
decreases.
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This causes the resistance of the gauge to increase
1AR
“=% R
AR -#EH1Z L E - Change in resistance
R - #) DIEHT - Initial resistance value
K -7 — 3 (~2.0) * gauge factor (~ 2.0)

VRSB FCRIZ T ZSFT - Tokyo Measuring Instruments Laboratory Co., Ltd
https://tml.jp/knowledge/strain_gauge/about.ntml
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Gauge components' Use in testing
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Various types of strain gauges'
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O3 AT —< - Strain Gauge

EIDZE L. Wheatstone Bridge CircutD ANWEBE (E) & HAEE (e)
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Change in resistance can be measured by comparing the input voltage (E)

and output voltage (e) of a Wheatstone Bridge Circuit:

_ RiR3—RyR,4 -
(R +R)Rs + R ¥

e

This is NOT Young’s
Modulus!!!

R,— U9 &7 —RFDIEFLE - strain gauge resistance
R,-R, — EIE HEHTDIEHTIE - resistors resistance

R~R,DIEIEFEERE L. DT HY — Y OEFEEAAARKEE L1 & T
% If the initial resistance of R,~R, is R, and a change in resistance of the

strain gauge of AR occurs:
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DT HRIFHEABEDEICL > TRETHIENTED
Thus, strain can be determined by a change in output voltage

VRSB FCRIZ T ZSFT - Tokyo Measuring Instruments Laboratory Co., Ltd
https://tml.jp/knowledge/strain_gauge/about.ntml
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Wheatstone bridge Circuit’
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