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“ut tensio, sic v!”

-Robe" Hooke, 1678



constitutive relation 

derived from stress-strain plot

σ = Eε

hooke’s law



young’s modulus

E =

σ

ε

material
Young’s modulus 

(109 N/m2)

structural steel 200

aluminum 70

glass 65

high-strength concrete 30

Douglas Fir 13

Polystyrene 3



stress vs. strain
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ductility

ductility =
Ao − Af
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ultimate tensile strengths

Material
tension
(MPa)

compression
(MPa)

Structural Steel
ASTM-A36

400 ~400

4.5%C Cast Iron
ASTM-A48

170 655

Douglas Fir 100 50

Concrete
small, 
variable

40

Marble 20 240
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reinforced

concrete



anisotropic

materials



experimental

setup



tension testing



inside a load cell



strain gauges

© wikipedia



hardness testing

resistance to deformation



rockwell hardness testing



indenters



common rockwell scales

scale materials indenter major load

b
soft 
metals

hardened 
steel ball

100 kgf

c
hard 
metals

brale 150 kgf


