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B—F MHhE
Chapter 1 Mechanics of Materials

F—F Hit
Section 1 Introduction

* B4 /1% mechanics of materials #1451¥  homogeneity

Hjf§ structural member, & EEHE  isotropy

* | AF  strength . /NEEFS  small deformation

* Wi rigidity W5 internal force

BEHE stability 4hF1  external force

E2 TV weapon industry * Z h#{§ two force member
LEAERE  vehicle and road —J1¥F two force bar

A EE deformation solid * AR FRIRE  ultimate strength
HAMBE fundamental assumption * Wik rigid body

E&HE  continuity FEEKE free body diagram

8 Strength — Capacity to resist rupture or overly plastic deformation under external loads.
EE HRENSFEATREARESSEBETHOERS.
B8 Rigidity — Capacity to resist elastic deformation’ under external loads.
Wi —— MRTEAN R R A T IR RN .
58 Stability — Capacity to remain original state of balance under external loads.
BElE — MREARFERATRFLERFERENES.
8% Continuity — Substances fill up a body without any interspace.
EEl — YRESH R R ESE L EXER,
3 Homogeneity — Everywhere in a body, the mechanical properties are the same,
B — BN B AR EERT2ER .
¥ Isotropy — Hypothetically, the mechanical properties of the material of a body are the same in all
directions at a point. The material that the mechanical properties are the same is called isotropy
material, The material that the mechanical properties are different in all directions at a point is called

anisotropy material.
£ I8 [ 7 1B 3% — 4B B ik O T & 7 1] B 0 S b B 52 2 IR GROBE B9 R 0 4% 1 R i 44
BB 1 B H SRR R R AR R 9 & 1 SRR D

B3 Small deformation Assumption — The deformation for a solid deformable body caused by external
forces are very small compared with the dimensions of the body. Thus when we study the equilibrium
and motion of the solid deformable body, the deformation of the body may be neglected.

/J\’}'E}Ifﬂﬁiﬁ ﬁ*—'}j]_ 2R MM AR B ER TRER SR H R BN, 8O 4 £
Fhaprat ] R HEE.
BN AP ThIESE
Section 2 Axial Tension and Compression

* B brfd  axial tension * B /1 axial force
* BB K48 axial compression #77 @ diagram of axial force
HH  tensile force £ concentrate load
AH1  internal force ' Mf]  stress

#EBE  method of section * NS average stress



AL — R BR

£R 71 whole stress

FE hypothesis of plane section
HL R Sy
fERRE
fElE & critical point

XHR R Saint-Venant principle
* W fJfEH  stress concentration

* SREEV TN
BA%IBE  check the strength
it  section design
# &M permissible load
##R A inclined section

SR HEN  failure criteria
B4  shearing

tensile stress
critical section

criterion of strength design

* JEM f1  normal stress
* QIR f1  shearing stress
WA linear strain

By A  shearing strain
3771 shearing force

AEFR constitutive relations

HATES Hook laws

* BIE{R  element

Z2WBWF factor of safety

F-HIBIRS]  average shearing stress

* MY AFRE  elastic strain energy

BEMM statically determinate problem

B AERM statically indeterminate problem

¥HHB  equilibrium equations

TEMEASTE  compatibility equation of deform-
ation

Y1 H B physical equation

/AL S assemble stress

MRS initial stress

BEN S temperature stress
#FHF B  complementary equation

* 1% ¥R mechanical properties
Wi % testing conditions

BT static load

¥R Y standard specimen

TR B universal testing machine
{R##M low carbon steel

* lLBIHBR  proportional limit
* BEEARFR  elastic limit

* JERREFR  yield limit
MM EL  ductile material
WL  sliding lines

* REIRER  strength limit
HIFEH offloading theorem
¥ {EW# 4k cold hardening
4  necking

FEfEE  extensibility

Al &S
* ffifE  brittleness
* B ductility
2 SCIE RRE
&4 castiron
#E1#M  connecting member
Wom
BB IR
PERER
% LB S
BEmBR

section shrinkage

nominal yield stress

shearing plane
shearing failure
extrusion failure

nominal shearing force
extrusion area

P8 Strength condition of extrusion axial tension — Deformation of the rod is axial elongation and lateral

shortening,

HEfM — FHEREMmMK B0%E.
8 Axial compression — Deformation of the rod is axial shortening and lateral enlargement.

FrEQAETE B Bl 1 45 40 . B 1 R L

B 1 R 45

B Internal force — The internal force is the resultant of internal forces, which is acting mutually
between two adjacent parts inside the body, caused by external forces,

W

A A EFMAS AN RS,

TEESDEREIEN WENEESBIZEITANROERE A,

@ Axial force — Internal force of the rod in axial tension or compression,designated by N,

& Hypothesis of plane section — Cross sections which are planes before deformation remain planes

during and after deformation too. The deformation of longitudinal fibers are of the same.

FHEER

AT EHNHBRAERREN V&, JEFEERER.

it Critical section — The section in which internal force is maximum and dimension is smallest.

BREE — AHBANE. RERTBMIE.
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Critical point — the point whose stress is maximum
fERR — RARKHA.

Saint-Venant Principle — Distribution and magnitude of the stress remote from the point of
application of the load are not affected by the acting forr“n of external loads.
ZHEMIRH BB ERL—EER . NAOSHESRADARZIBHERFNNE RN,

B Connecting member — The structural member that connects one member to another is called

connecting member, such as bolts, rivets, keys, etc. The connecting member is small,but it plays a
role of load transmission.

EES WA ERLEEEEROTE 0088 9. 85 SR8/ AREEERHT
HYER.
= \m
Section 3 Torsion

8 shaft ing;‘stress
* % torsion WEEF S  thin cylinder
* H ¥4 torsion angle * H15;  axial force
* BfW 3 shearing strain MIAFBE S HESFE  strain energy and energy intensity
* 55 torque FEEEHEME closecoiled helical springs
4 E torque diagram 3E@ﬁﬁ%ﬁﬁ noncircular shaft
* W AHEEFEM reciprocal theorem of shear- ‘
B Shaft — In engineering the structural member whose main deformation is torsion, such as

transmission shaft in machines, drill pipe in oil well rigs; ete.
HM— IERPUHEIEETENHE. 0. N8P OESI M. AlSI P RNETE.
Torsion — The resultant of external forces is a force couple and its acting plane is perpendicular to
the axis of the bar. Under this case, the deformation of the rod is torsion deformation,
HEE SHMERI—-HB.EAENERAESEFNHREE FRENTEIHEEE.

EB Torsion angle — The angular displacement which is caused by two random sections revolving around

a fixed axis.

WA EERBESEMRHIMRAENRBLE,
Shearing strain — the change of a right angle

B R AR HANUER.

|
Torque — The moment of internal forces acting in arbitrary section of the structural member in

torsion, designated by“T”.
HE — HWEZHN, BRE LRI BE,IBET,

G2 Torque diagram — the diagram which is used to describe the change regularities of the torque.
s FRBFHHRERRE L EETAARNELR.

Bl Reciprocal theorem of shearing stress — It indicates that shearing stresses inevitably exist on
mutually perpendicular planes and occur in equal and opposite pairs, and both, perpendicularly, are
either toward or away from the line of intersection-of the planes.

WA ESER HEEEY AR TR T T E L 362 AR B, B A
HE.FEBEATHTEORL L RNEREASERTEZLLK.
FOY TehAD
Chapter 4 Internal Forces in Bending
* %Bﬂ bending I é{é be\am




LB — R BOR

FEZH plane bending * Zai 1 internal force in bending

* BB E fixed hinged support % bending moment

* Bl B4 FME  movable hinged support W A1 5 internal force equation

BEH fixed end * BT fJE shearing force diagram

* R simply supported beam Z4 A  bending moment diagram

* BF B cantilever beam * A4 distributed load

* SpBE overhanging beam A density of the distributed load
B #F crank lever * B theorem of superposition

* ERER  statically determinate beam SEHE RIS planar rigid frame

FBEER statically indeterminate beam

B8 Bending — The action of the force or external couple vector perpendicular to the axis makes the axis
change into curve from original straight line. This deformation is called bending.
ey W2 EEFHRANININBINBERGERN SRR T HER XHEBRISH.

#8 Beam — The structural member whose main deformation is bending is generally called beam.

7 PRI ENHEEERIE,
B2 Plane bending — After curving deformation, the axis is still in the same plane with the external
forces.

TESH — FEESHERE R DAMNHER —-FEA.
B3 Superposition Principle — Internal forces in the structure due to simultaneous action of many forces
are equal to algebraic sum of the internal forces due to separate action of each force.

& F EABHRANERTEHTMSIENRNAIETES MR TLBERTEUMIIENAN
B A5,
Chapter 5 Bending Stress
B neutral layer &BAFZ  beam of constant strength
* PR neutral axis EHER  principal axis of inertia
* P HREBER  bending resistant section mod- gL bending center
ulus ’ * B E tectangular section

* B FH 42 radius of curvature IERM A4 distribution of normal stress
* TFEMNMA I-section BiERT cross section
¥4 flange ' { BFSIXFE  static relation,
B web YK E physical relation
R#RE circular section ) > bending center
* HEER IR thin-walled cirque > centroid
14  channel steel W HRMEBBE section of double symmetry:
ZRER  beam of variable cross-section * @il pure bending

¥ Pure bending — The deformation of some portion of the beam in which there- are only bending
moments and no shearing stress is called pure bending.
a4l BEEPHANRESESEN N . ZBRENEERAMLTH.

X Neutral layer — A layer at a certain height inside the beam in which. the longitudinal fibers are neither
to be elongated nor to be shortened, neither subject to tension nor compression is called the neutral

layer.
hHE — BH-BEAERAMEOAREE . BRFERNZRLDMEN . WEA ERFEE.
3 Neutral axis — the intersection of the neutral layer with any cross section.

F e FHESHBEENZL.
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Chapter 6 Deformation in Bending

* $5f  deflection

* %6 angle of rotation
* $EfliEk  deflection curve
* B2 R 4 2

equation of deflection curve

approximate differential

* B elastic curve
WM HFBA S integral of the differential -
equation

¥ B &4 boundary conditions of displace-

ment

crum
HEZ% &M continuity conditions

KW &MH  sliding conditions

o # B integral constant

HHB  superposition of loads

1 ARI® civil engineering

EHFRX B superposition of structural forms

ZENI{L#E  method of rigidization segment by
segment
WA ¥ A permissible angle of rotation

strain energy in bending

FEMB LM displacement conditions of ful- * 25 i 17 7F Bk

B3 Study field:the calculation of the displacement of the straight beam with equal section in symmetric
bending.
BE9T i - & B IR TE XY AR 25 B (L BB MO 36

@8 Study purpose:DCheck rigidity for the beam;@Solve problems about statically indeterminate
beams(complementary equations are supplied by the geometric conditions of deformation of the
beam).
HRE O XMRERERE; © BEHEREEILAFEREHTETE .

3 Deflection — The displacement of the centroid of a section in a direction perpendicular to the axis of

the beam, designated “V”. It is positive if its direction is the same as “f”, conversely, is negative.

733 BMBEFCHEEETHKRTANZEE, A #5. 5C RANE.RZHRA.

ER Angle of rotation — The angle caused by cross sections revolving arouind the neutral axis, designated

by the letter “q”. It is positive if the angle of rotation rotates clockwise, conversely is riegative.

L BHESEF RSN AE M o R R E SN IE. R2Z R T

BB Approximate differential equation of deflection curve — After deformation, the axis was transformed

into sliding curve. The curve is called deflection curve, Its equation is v= f(z).

e Ml 28 3T oL 3 43 R TR R TR NBME  ZMERRIEHEHFER 0= f(2),
BV LKA FRBILIT
Chapter 7 Stress State and Strength Theories
* — BRI JIIRA  stress state at a point H I IRA complex stress state

* JAIE B IG{K  original element LR AE  volumetric strain

* EHI5/K  principal element R f14r B stress components

+ M principal plane * BHRI N S axial stress

F WS principal stress * A S hoop stress

* = [H R STIRA  three dimensional state of stress W HE} inside compressive force

* [ S1IRE  plane state of stress RIAFREEE  strain-energy density

* B J1RZS  unidirectional state of stress R KA EEFEHF  strain-energy density corre-
A S1 extreme values of stress sponding to the distortion

Ki#y: graphical method * SR FEFEIL  theories of strength

* [ 77
XM SIHELL  principal stress trajectory
* SE N HRE

* KBNS (B —IRE R

mum tensile stress(first strength)

WA

stress circle theory of maxi-

spatial stress state criterion of rupture



HLE— R R A

BEHEN  strength criterion . * BRI /1 limit stress circle
BARMEKLMAFE _BE)HEL  theory of | MM limit curve

maximum tensile strain(second strength) WERN R4  envelope curve of ultimate
BAKWMNHCGE=]E) IE 5  theory of maxi- stress circle

mum shearing stress (third strength) ERl 4,  approximate envelope curve
*JEREFLLEE(ENIRE) L theory of R/RIBE L  Mohr’s Strength Theory

maximum torsional (shearing) strain energy YN A equivalent stress

(fourth strength)

[E# Stress state at a point — There are countless sections through a point. An aggregation of stresses in

all sections is called stress state at this point.

— R R SRS B—RARENBE, X~ EHENMRE LN BROES XS
RE&.
Principal element — The element in which the shearing stresses from all sides are zero.
FHITHk HWE LR AR ATE,
£8 Principal plane — the plane in which the shearing stresses are totally absent
*m| TR ABHBRE.
@ Principal stress — Normal stresses which act in the principal plane.
E )] EBEMENS.
Ell Three Dimensional State of Stress — state of stress which all the three principal stresses are not zero.
=ZEBARE EANERABRHEHNARE,
g8 Plane State of Stress — State of stress which one principal stress is zero,
:lﬁlﬁ_\iﬁﬁﬁ BL A1 BB STRE

i Linear State of Stress — State of stress which one principal stress is not zero,

$I‘] Bz A1 R —AEB AR RE R SRS

B Strength Theory — the assumptions about the catse of the failure of materials.

BEMER REFMUUBRERERREHR” BRI,
Theory of maximum tensile stress(first strength) — This theory considers that the main cause of
rupture is the maximum tensile stress. The structural member ruptures as the maximum stress

reaches the strength limit in one-way tension.

BOAHLR A B —3R D) Mip AR BT RER B B R BRI 512 49 B KRBT 735 Bl s iy
P 58 BEAR BR A, AR BRI T

i Theory of maximum tensile strain(second strength) — This theory considers that the main cause of
rupture is the maximum tensile strain. The structural member ruptures as the maximum strain

reaches the strain limit in one-way tension.
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Theory of maximum shearing stress(third strength) — This theory considers that the main cause of
rupture is the maximum shearing stress, The structural member ruptures as the maximum stress

reaches the stress limit in one-way tension.
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Theory of maximum torsional (shearing)strain energy (fourth strength) — This theory considers
that the main cause of yield is the maximum torsional strain energy., The structural member ruptures
as the maximum torsional strain energy reaches the torsional strain energy of yield in axial tension.
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