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Preface to the USTC Alumni's SeriesPrefacel Introduction 1.1 Brief introduction of experimental observations
1.2 An overview of strain gradient plasticity theory 1.3 Micro-polar theory2 Micro-scale experiments 2.1
Torsion experiments on copper wires 2.2 Micro-meter thin-beam bending 2.3 Micro-meter particle reinforced
metal matrix composite 2.4 Micro and nano-indentation3 Theories proposed by Fleck and Hutchinson 3.1
Couple stress theory (CS) 3.2 Strain gradient (SG) theory proposed by Fleck and Hutchinson (1997) 3.3
Torsion of thin wires 3.4 Bending of thin beams 3.5 Micro-indentation hardness 3.6 Size effects in particle
reinforced metal matrix composites4 MSG and TNT theories 4.1 A law for strain gradient plasticity 4.2
Deformation theory of MSG 4.3 Bending of thin beams 4.4 Torsion of thin wires 4.5 Micro-indentation
hardness 4.6 Size effects in the particle-reinforced metal matrix composit 4.7 Taylor-based non-local theory of
plasticity (TNT)5 C-W strain gradient plasticity theory 5.1 A hardening law for strain gradient plasticity theory
5.2 C-W couple-stress strain gradient plasticity theory 5.3 Verification of C-W couple-stress strain gradient
plasticity theory 5.4 C-W strain gradient plasticity theory 5.5 Thin wire torsion and ultra-thin beam bend 5.6
Micro-indentation hardness 5.7 Size effects in particle reinforced metal-matrix composites6 Strain curl theory
6.1 The continuum theory of dislocation 6.2 Plastic strain curl theory 6.3 Finite element simulation of
micro-indentation tests7 Strain gradient theory based on energy non-local model 7.1 Classical non-local theory
of elasticity 7.2 A new framework of non-local theory 7.3 Constitutive equations of strain gradient theory 7.4
Thin wire torsion and ultra-thin beam bend 7.5 Analysis of micro-indentation8 Cleavage fracture near crack tip
8.1 Steady-state crack growth and work of fracture for solids characterized by strain gradient plasticity 8.2
Fracture in MSG plasticity 8.3 Application of C-W strain gradient plasticity on the cleavage fracture of crack tip
8.4 Prediction of strain-curl theory on plane-strain crack tip field
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00 O O [0 1994[7 , the tension tests were performedon a 50 mm gauge length of copper wire, using a conventional
screwdriven test machine and a specially designed sensitive load cell. The loadcell consisted of a 0.5 mm thick
cantilever beam of rectangular section~ itwas loaded transversely at its free end by the copper wire. Strain
gaugeswere placed near the built-in end of the beam and were used to detect theload on the copper wire.The
torsion tests were performed using a specially designed screwdriven torsion machine sketched in Figure 2.1. The
bottom end of thecopper wire specimen [ of gauge length2 mm[ was glued to a lower grip, and thetop end to a
60 mm long glass filament~ theglass filament acted as a torsional load cell. The free end of the glass filament
wastwisted using a gear drive train and electricmotor. The twist along the length of theglass filament was measured
by two needlepointers and protractors, and gave ameasure of the torque. Calibration of theglass filament load
cell was carried outseparately using a dead weight and pulleyarrangement. The torsional strength of the copper
wires roughly scaleswith diameter to the third power, to maximize sensitivity of the torsionalload cell glass filaments
were used of diameter in the range 55 -250micrometers. The relative twist of the two ends of the copper wire was
measuredby the needle pointer attached to the top end of the wire [J the other endwas fixed to the lower grip of the
test machine which could translate butnot rotate[] . During a test the wire was elongated by a few percent,causing
the glass filament to bow. This was corrected for by translatingthe lower grip of the test machine via a gear drive.
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