Index

A

abrupt change in slope of the V and M diagram 472

active earth pressure 294
active grain pressure 285
air-supported hall 248
all-round pressure 248, 254
anchor chain 667

angle of internal friction 292
applied mechanics 6

arch 114, 680, 687
Archimedes 266
Archimedes’ Law 266

area of the V diagram 478
area of the load diagram 478
associative property 17
average earth pressure 233

B

Baltimore truss 362
bar 114
bar axis 114

bar support 112,120

basic laws 18

basic unit 9

beam 114
on the ground 571
on three bar supports 550
with parabolic distributed load 547
with triangluar load 545

beam grillage 128

Belgian truss 325

bending 435, 436

bending moment 74, 387, 390, 397, 401, 732
My, acting in the xy plane 400
M., acting in the xz plane 400

bending moment diagram 401, 406, 461
relationship with cable shapes 489, 637

bending symbol 387,417

bends in V and M diagrams 482

bent and compound bar type structures 495

block supported on three bars 155

boiler formula 250, 253

bottom chord member 324

boundary condition 437,452

bracing member 324
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brickwork 687
bridge
for standard traffic 762
railway 762
truss 323, 326
bridge with lower deck 326, 687
bridge with upper deck 326, 687
bulkhead 562

C

cable 114,489,631, 632
replaced by a bar structure 681
subject to its dead weight; catenary 655
with compression bar 638, 680
with distributed load 647
with point load 633
with uniformly distributed load; parabola 650

cable element 648

cable equation 631, 647, 649

cable shape 633, 638

canopy truss 325

cantilever beam 451, 486

Cartesian coordinate system 12

catenary 631, 633

centre
normal 389
of force 389, 631, 674
of pressure 675
of rotation 131, 328
of tension 675
shear 389

centroid 221

change in sign (indicated by prime) 235
characteristic load 209, 217
characteristic strength 217
characteristic value 217
chord member 324
circular cylindrical slide 258
closed force polygon 35
codes 205,210
coefficient K, for active earth pressure 295, 307
coefficient K, for passive earth pressure 302, 308
cohesion 292
cohesive
multiply-cohesive 144
singly-cohesive 143
collar beam 177
collision phenomenon 207
column 114
commutative property 17
compound and associated structures 586
compound structure 136
compound truss 319, 328, 331
compounding coplanar forces analytically 23
compounding coplanar forces graphically 25
compounding forces and couples 64, 88
compounding forces in space 33
compression member 339
concrete beam with a parabolic tendon 670
continuous beam 130
continuous member 363
core of the cross-section 689
corkscrew rule 81
Coulomb 300
couple 512



Index 769

couple arm 58 distributed load 205, 219
cross beam 322,582 dynamic load 205, 207
cross-section 388, 389, 399 dynamics 4
cross-sectional stresses 393
cross-section with rotational symmetry 399 E
curved bottom chord 326
curved top chord 326 earth pressure 285, 288
earthquake 207
D eccentric axial forces 514
end condition 437, 440

damping 208 English truss 325
dead load 210 equilibrium
dead weight 210, 225, 578 of a particle 35
deck 323,326, 687 of arigid body in a plane 71
deformation symbol 387,416 of arigid body in space 93

for bending moments 418 particular cases 76

for shear forces 418 equilibrium equations 73, 93
degree of freedom 112, 122, 137 equilibrium equation for bending 435
degree of static indeterminacy 138 equilibrium equation for extension 434
derived unit 9 Euclid 12
Descartes 12 extension 434,436
design value for strength 217 extreme limits for the horizontal earth pressure 294
design value of the load 218 extreme values of V.and M 467
diagonal members 324
diagonals 324 F
differential equations for equilibrium 431, 432

bending 435 failure state 214

extension 434 falling diagonals 324, 326
dimension 8, 10 field moment 593
dimensionally stable structure 131 fields 436, 451, 582
dimensionally unstable structure 136 Fink truss 325
disc 115 first-order variation 724

displacement method 320 fixed-end moment 125, 488, 731
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fixed joint 116, 118 Gauss 215

fixed support 112, 125 Gauss curve 215

fixed vector 13 general definition of section forces 388, 395
flat slide planes 300 General Moment Theorem 64

flexible cable 631 general procedure for the method of virtual work 752
floating barge 559 generalised force 122

floating tunnel segment 561 generalised motion 121

floor 115 Gerber 162

fluid mechanics 4 Gerber beam 162

footing 233 girder 114

force equilibrium 72, 78,79, 93, 161 gradient of the bending moment diagram 414
force flow in a member 388 grain pressure 286, 291

force polygon 25,56 grain skeleton 285, 286

force transfer 387 graphical check

force vector 82 of the force equilibrium 79, 161

forces and moments in space 80 of the moment equilibrium 79, 161
forces in space 30 graphical composition

formal notation 15 of non-parallel forces 55

frame 128, 129, 140, 602, 604 of parallel forces 56

free body diagram 117 gravitational acceleration 21

free support 125 gravitational field strength 22

free vector 13 gusset plate 322

Frei Otto 250, 693

frequency of the loading 209 H

fully hinged joint 141
half-parabolic truss beam 326

G hammer beam 177
Haringvliet dam 207

gap 733 Hertz 209

garden gate 327 hinged beam 162

gas mechanics 4 hinged joint 112, 116, 117

gas pressure 245, 248, 269 inatruss 321,322

Gaudi 693 fully 141,537



partially 141, 537
hinged support 112, 124
horizontal earth pressure 292
Howe truss 325
hydrostatic pressure 245, 255, 269
hyperstatic 135

I

immovable 130, 131

immovable structure 112

impact factor 212

impact load 207

indirectly loaded beam 582

inertia 18

influence line 743
for a bending moment 745, 749
for a fixed-end moment 753
for a hinged beam 753
for a shear force 746, 751, 754
for a support reaction 744, 748
using equilibrium equation 744
using virtual work 748
working witha 755

instantaneous movement 54

interaction force 112,116, 117, 153, 387, 388, 390

internal degree of freedom 332

International Units System (Systéme International d’Unité) 9

isolating abody 117
isotropic state of stress 245, 256

J

joining condition 437, 440
joining force 387, 388

joint 11
fixed

fully hinged

hinged

rigid

1,321
116,119

141, 537

116, 117
partially hinged

116, 119

joint force 116
joint label as sub-index 327
joist 114

K

141, 537

Index

kinematically admissible virtual displacement 713,716, 725
kinematically (in)determinate
kinematically/statically (in)determinate supported
compound structure 136
rigid structure
kinematic/static (in)determinacy of trusses 328, 332
kinematic/static (in)determinate structure 130

K-truss
L

labelling j

346

131,132

oints 327
labelling members

327

112, 130, 131, 134, 136
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law M
of action and reaction 18, 20
of inertia 18 M diagram 406
of motion 18, 19 main beam 322, 582
of universal gravitation 21 Mansart 177
lean-to subject to dead weight, wind and snow loads 573 mansart roof truss 177
length 9 mass 9
light mast 154 material factor 218
limit state 214 maximum at a field boundary 472
line maximum cable force 644
of action 13 maximum shear stress in a grain skeleton 292
of force 631, 675 mean value 215
of pressure 675 mechanics 1
of tension 675 mechanics of materials 6
line element 111,113,115, 388 mechanics of structures 6
line load 205, 210 mechanism 112, 130, 137
line of action figure 56 member 114, 321
linearly distributed load 219 member axis 388
lintel 545 member number as upper index 327
liveload 210 member properties 388
bridges 212 membrane 115,248
buildings 211 method of joints 320, 351
load 205 method of sections 320, 337
load-displacement diagram 712 metro tunnel 264
load factor 209, 212, 218 minimum cable force 644
load of short duration 207 modelling a structure 126, 321
loads modelling a structural element 115
due to forces 206 modelling load flow 231
due to other influences 206 moment
due to prescribed deformations or displacements 206 of acouple 57,87
due to prestressing 211 of a force about a line 86
loads in mechanics 206 of a force about a point 60, 81

loads in regulations 210



moment equilibrium 72, 78, 79, 93, 161
moment theorems 63

moment vector 82

moveable dam 258

moving load 210

multiply-cohesive 144

N

N diagram 404

natural frequency 209

navigation lock 327

neutral earth pressure 294, 305

neutral grain pressure 286

Newton 18

Newton’s Laws 18

norm of a vector 15

normal distribution 215

normal force 74, 387, 390, 397, 400, 401, 736
normal (force) centre 389

normal force diagram 401, 404, 461

normal force hinge 736

normal stress 233, 235, 287, 394, 395, 397, 400

(0)

oblique roof beam 564

open force polygon 25

orthogonal value of an angle 725, 728
orthonormal coordinate system 13
overpressure 248

Index 773
P

package with three soil layers 290
parabola 413,633
properties 490
parabolic tendon 671
parabolic truss beam 326
parallel truss beam 326
parallelogram rule 11, 14
particle element 111, 113,115
Pascal 248
Pascal’s Law 245, 248
passive earth pressure 294
passive grain pressure 286
periodic load 207, 208
permanent load 211
pile (cantilever beam) 553
planar structure 126
plane trusses and frames 128,319, 321
plate 114
pneu 248
pneumatic structure 248
point load 210, 509
Polonceau truss 325
post 114
post-tensioned cable 671
prefix 10
prestressed beam 557, 671
prestressed concrete 691
principle of superposition 223, 461, 505
principle of virtual work 709, 715, 723, 729
probability 215
probability density function 215
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properties of parabolic M diagrams 490

Q
quantity 8
R

railway bridges 762
railway sleeper 568
regulations 205, 210
reinforced concrete 691
relationship
between cable shape and bending moment diagram 637
between section forces and loading 431
resolving a force
along given lines of action analytically 69
along given lines of action graphically 68
in two given directions analytically 27
in two given directions graphically 29
into its components 31
resonance 209
resultant 23
of a surface load on a plate 227
of the all-round pressure on a body 254
of the water pressure on a partition wall 266
of the water pressure on a circular cylindrical slide 258
of the water pressure on a storm barier 262
resultant couple 73
resultant force 73
retaining wall on piles 157
right orthogonal coordinate system 12
right-hand rule 12, 81

rigid joint 112,116, 118

ring beam 250

rising diagonals 324, 326

roller support 112, 122

rotational symmetry 399

rules for drawing V and M diagrams more quickly 462
rules for drawing the N diagram more quickly 493
rules relating to M and V diagrams 491

S

saw tooth roof 325
scalar 11
scalar component 15
scalar quantity 11
schematisation 7, 508
screw 89
section forces 74, 387, 388, 390
relationship with loading 431
sectional plane 400
self-contained structure 131, 154, 545
self-contained truss 319, 328
serviceability limit state 214, 218
set of loads 755
unfavourable placement 760
settlement in Antarctica 250
shear force 74, 387, 390, 398, 401, 734
Vy in y direction 400
V. in z direction 400
shear force at a support 514
shear (force) centre 398, 399
shear force diagram 401, 406, 461
shear force hinge 727,734



Index 775

shear stress 233, 235, 287, 288, 394, 395, 397, 400 spherical state of stress 245
shear symbol 387,417 spring joint 117
sheet piling in an impermeable layer of clay 297 spring support 125
shell 114 square anchor plate in dry soil 304
shelter 662 stability 6
shore 177 stability investigation 718
shored frame 130 standard deviation 215
shored structure 176 state of failure 214
shored three-hinged frame 178 state of stress 245
shoring 177 isotropic 245, 256
shoring bar 176, 178 spherical 245
sideways-supported mast 593 static equilibrium position 208
sign convention 333, 387, 388, 392, 394 static (in)determinacy of a frame 140
for N, V and M diagrams 420 static load 205, 207
for stresses and section forces 399 statically determinate 112, 132, 134, 137
simple concrete building 231 statically determinate structure 6, 682
simple truss 328 statically equivalent 55
simple truss bridge 322 statically indeterminate 112, 130, 135, 138
single bar tendon 557 statically indeterminate structure 6, 596, 682
singly-cohesive 143 statics 4
slab 115 of a particle 23
slide plane 293 of arigid body 51
sliding support 123 step change in the N diagram 404
sliding vector 13, 54 step change in V and M diagrams 407, 409, 455, 482
slope of the V and M diagram 467 stochastic load 208
small rotation 722, 729 stochastic quantity 215
snow load 225, 581 storm barrier 262
soap membrane model 693 strain energy 709, 712
soil 286 strengthened beam 186
soil mechanics 7, 233, 286 stress 206, 388, 400
solid mechanics 4 stress concept 233
space truss 321 stress definition 395

spatial element 111,113, 115 stress peak 234
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stress vector 234
stresses in the cross-section 392
stresses in soil 286
stringer 323
stringer beam 582
structural element 111,113
structural shape 631
suddenly-applied load 207
supplementary unit 9
support 111,120

action 120

force 120

moment 488, 593

reaction 120, 153, 730
surface element 111,113,114
surface load 205, 209
suspension bridge 662
suspension model 693
Systeme International d’Unité 9

T

tangents to the M diagram 473
taut cable 661
tendon 671
tension member 339
tensor 12
terrain load 305
theoretical mechanics 4
three-hinged
arch 129
frame 78, 129, 168, 682
frame with tie rod 168, 589

portal frame 502, 600, 683
shored frame 586

tie-rod 178

tilting 176

time 9

top chord member 324

torsion 92

torsional moment 387, 398, 400, 401
towers 662

trapezoidal truss beam 326
trough bridge 127
truss 77,319
truss beam 326
truss crane 352
truss with non-parallel top and bottom chord 341
truss with parallel top chord and bottom chord 337
trussed beam 130, 184, 495, 590
with a given bending moment 598
with a given normal force 596
two-force member 76, 120
two-hinged arch 129
two-hinged frame 129, 682

U

ultimate limit state 214, 218
underpressure 252
unfavourable placement
of a set of loads 760
of a uniformly distributed load 761
of loads 758
uniformly distributed load 219, 511, 756
unit 8



unit normal 400
unit normal vector 391

\Y%

V diagram 406
Varignon 64
Varignon’s First Moment Theorem 64
Varignon’s Second Moment Theorem 64
vector 11
vector component 15
vector property 17
vertical earth pressure 288
verticals 324
virtual displacement 715
in a mathematical sense 718
kinematically admissible 713, 716, 725
magnitude of the 727
virtual rotation 727, 727
in a mathematical sense 724
magnitude of the 727
orthogontal value of the 729
virtual work 709
virtual work equation 709
for a particle 713

for arigid body 719

for mechanisms
visual notation 15

725

volume load 205, 209

W

wall 115

water accumulation

water pressure
in soil 287,291
onaflap 256
on a partion wall

on a circular cylindrical slide 238

on a storm barrier
water-retaining slide
water-retaining wall

212

266

262
448
266

wind load 212, 225,578
wooden lock-gate 327

work 709, 710
V4

zero-force member

363, 368

Index

777



Latin capitals

Symbol
A

A

Ap

Am
Ay

C1; G
Ey

Quantity
Name
Work
Area

Horizontal component of the
support reaction at A

Fixed-end moment at A2

Vertical component of the sup-
port reaction at A2

Integration constants
Strain energy

Concentrated force, point
load

Force vector

Force along line of action a3

Horizontal component of the
force F

Vertical component of the
force F

Components of the force F
Prestressing force
Gravitational load

Horizontal component of the
cable force

SI unit
Symbol 1
Nm (J)
m2

N

Nm

z z

Z

z z z z
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Quantity SI unit
Symbol Name Symbol!
M Bending moment Nm
M; Torsional moment Nm
M,y Bending moment in the xy Nm
plane
M, Bending moment in the xz Nm
plane
Normal force N
Resulting force, resultant N
Concentrated couple (external Nm
moment)
T Moment vector of a couple Nm
Ty Moment about the x axis Nm
Ty Moment about the y axis Nm
T Moment about the z axis Nm
1% Shear force N
Vertical component of the N
cable force
Vy Shear force in the xy plane N
Vz Shear force in the xz plane N

1Expressed in the basic units.

2The kernel A refers to the location and could therefore
also be B, C, etc.

3The index a refers to the line of action and could
therefore also be b, c, etc.

Latin lower case letters

Symbol

QU & T & 9

QU

dx;dy;dZ

Quantity
Name
Distance, length
Acceleration
Distance, width
Diameter
Depth

(non-standardised) direction
vector

Components of the direction
vector

Eccentricity

Eccentricity of the prestressing
force

Unit vector
Components of the unit vector

z coordinate of the centre of
force in the cross-section

Distributed permanent load
Gravitational acceleration
Gravitational field strength
Height

Span, length

Mass

Unit normal vector



Symbol

Nx;ny;nz

Dk

p
Px; Py; Pz

LSS

SR

qx

9z

~l

rX;ry;rZ

Quantity
Name

Components of the unit normal
vector

Surface load (pressure, stress)

Rise or sag of the parabola at
midspan

Distance between parabola and
chord at midspan

Stress vector

Components of the stress
vector

Line load
Distributed variable load
Top value of the line load

Distributed load in the x direc-
tion (the direction of the mem-
ber axis)

Distributed load in the z direc-
tion (a direction normal to the
member axis)

Radius
Location vector

Components of the location
vector

Path length

SI unit
Symbol 1

N/m? (Pa)

m

N/m? (Pa)
N/m? (Pa)

N/m
N/m
N/m
N/m

N/m

3

Symbol

Uy Uy Uz

y

Z

A Number of Notations

Quantity
Name
Time

Displacement in the x direc-
tion

Displacement vector

Components of the displace-
ment vector

Velocity

Displacement in the y direction
Displacement in the z direction
Rectangular coordinate
Rectangular coordinate

Rectangular coordinate

]Expressed in the basic units.

Greek letters

Symbol

X R X ™ R

Quantity
Name
Angle
Angle
Angle
Specific weight

Angle, change in angle due to
rotation

(mass) density, specific mass

SI unit
Symbol1
s

m

3

8 B B B B

SI unit
Symbol!
rad

rad

rad
N/m?

rad

kg/m3

Px
Py
%4

Quantity
Name
Stress, normal stress

Stress on a plane with the
normal in the i direction

(i =x,Y,2),and acting in
the j direction (j = x, y, 2);
normal stress when i = j and
shear stress when i # j
Shear stress

Angle, change in angle due to
rotation

Rotation about the x axis
Rotation about the y axis

Rotation about the z axis

lExpressed in basic units.

A
AM
>

S T|B

A
Su
%

BC
Fx

Change, increase
Increase in M

Summation symbol

SI unit
Symbol 1
N/m? (Pa)
N/m? (Pa)

N/m? (Pa)
rad

rad
rad

rad

A number of other signs and sign combinations

Moment sum with respect to point B

Variation symbol
Virtual work
Virtual displacement

Virtual rotation

Force F at A (sub-index) on body BC (upper

index)



