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Adams, Henry, 39
Addis, William, 70
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148, 151-6, 1635
airships, rigid, 40
Alexander, Christopher, 2—3, 9
American Railroad Journal and Mechan-
ics’ Magazine, 131
American Society of Civil Engineers,
9, 146
Ammann, Othmar H., 14656, 157,
158
anchorage, of suspension bridge, 139—
40
Anglesey, Isle of, 99, 107
apartment buildings, explosions in, 26~8
Apollo, temple of, 17, 20
arch bridge; 102, 103, 149
cast-iron, 103, 104, 106, 108
architraves, transportation of, 16, 17,
19, 20, 20

Aristotle, 29-30, 37

artificial intelligence, 7, 11, 31. See also
computers; expert systems

Association for Computing Machinery, 4

augers, and scale effect, 32

axles, 18, 19, 223

Baker, Benjamin, 170
Barlow, Peter, 105
beam, 13, 36, 55, 66—76, 162

box, 58, 6o, 61, 61

cast-iron, 85-8, 112

theory, 71-6

See also cantilever; girder; truss
Beckett, Derrick, 118
Belidor, Bernard Forest de, 71
Bell, Trudy, s, 62
bending axis, 73—4. See also beam
Benvenuto, Eduardo, 70
Bhopal (India), industrial accident at, 5
Billah, K. Y, 82, 177
Billington, David P., 123, 146, 151,
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Bishop, Richard, 58
Le Blanc (bridge builder), 760
Blockley, D. L, 6, 7
bones, and scale effect, 37-8, 38
bridge building
introduction of iron into, 102-6
styles, 106, 117, 1267, 145
bridges, see entries under various materi-
als, names, and types of bridges
Brighton Chain Pier, 126, 127, 128,
160, 161
Britannia Bridge, 41, 55, 99—102, 700,
107~120, 113, 114, 126, 163
conditions inside, 118-19
cost of, 115-17
design of, 13, 108-13
experiments for, 111-12, 115-16
rebuilt as arch, 114
success and failure of, 114—20
Bronx-Whitestone Bridge, 144, 146,
161, 162, 163, 164
Brooklyn Bridge, 13, 47, 123, 125, 136,
13841, 141, 142, 144, 145, 147,
163, 175
Brown, Samuel, 160
Browne, Malcom W, 3
Bruneau, M., 171
Brunel, Isambard Kingdom, 39, 92,
100, 116, 126, 132
Brunel, Marc Isambard, 132—3
buckling, see instability, and bridge
failures
building codes, 26, 60
Burford, A., 18
Byrd, Ty, 172

cables, 171
Brooklyn Bridge, 138—¢
see also cable-stayed bridges; chains;
suspension bridges
cable-stayed bridges, 169, 171-8, 173,
174, 175, 179
development of, 172—4, 175

Callias, 32—4, 170
Campbell, Robert, 44
cantilever, 52, 95
beam, 36, 55, 6576, 78. See also
Galileo
bridge, 41, 95, 113, 148, 149, 169,
169, 174
carts, used in antiquity, 18
case histories, value to design, 6, 10—
14, 28, 81-2, 96, 120, 1223, 142—
3, 165, 180—2
cathedrals, 31, 185
catwalk, 1401, 141
chains, 114, 1313
wrought-iron, 103, 104—5, 126, 127,
145
see also Britannia Bridge; cables; sus-
pension bridges
Challenger (space shuttle), 62, 81, 82
checking, in design, 8-9, 49, 61, 177
Chernoby! nuclear accident, 5
Chersiphron, 18-19, 21
Chester and Holyhead Railway, g9,
106, 107, 120
Clark, Edwin, 101, 109, 110, 126
Coalbrookdale, 102. See also Iron
Bridge
codes, see building codes
column, marble, 36, 47, 49-55, 49, 62—
3
failure of, 51—4
transportation of, 16, 17, 18-19
see also Galileo; obelisk
composite materials, 170
computers, 4, 5, 8, 93, 184
use of, in design, 7, 31, 121-2, 182
see also artificial intelligence; expert
systems; models
Conway Tubular Bridge, 55, 114, 715
Coulton, J. J., 18, 23
Cowin, S. C,, 78
cracks, 40, 43, 52
in steel ships, 40, 56, 57
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cranes, 32, 101
Cronquist, D., 78-9
Crystal Palace, 41

dams, failure of, 8
Dana, Allston, 154, 158
Darby, Abraham, III, 102
Dartford Bridge, see Queen Elizabeth
II Bridge
Dee Bridge, 8393, 95, 97, 106, 163
design of, 839, 87, 89, 91
failure of, 13, 89—93, 92, 103, 107,
168, 169, 169
Deer Isle Bridge, 146, 162
de Havilland Comet (airplane), 77
Delaware River Suspension Bridge,
154
Descartes, 70, 73
design, 74-5, 76, 77
changes, 16, 24, 49-50, 51, 57, 58—
62
climate, 13, 54, 83, 14465, 166
computer-aided, 10, 31, 93, 182
conceptual, 9, 11, 15-16, 21, 24,
30
constraints on, 1o, 84, 122
errors, 8, 11, 28, 30, 81. See also
failure(s); human error
evolution in, 12, 16, 166—7
factors driving, 22, 170-1
faulty logic in, 1, 9, 137
logic, 1o, 27, 81, 97, 160, 182
normal, 94-5, 967
process, 1-2, 9, 10, 15-16, 30, 31,
49-50, 81—3, 110, 120, 162, 167,
178, 180, 185; timelessness of| 11,
17, 81-2, 120, 182
and redesign, 17, 52, 54
see also aesthetics; economics; fail-
ure(s)
Dialogues Concerning Two New Sciences

(Galileo)7 12, 34_8’ 355 49, 51, 55

See also Galileo

Diana, temple of, 18

Dibner, Bern, 49

Diognetus, 32—4, 170

Drake, Stillman, 70, 73

Dryburgh Abbey Suspension Bridge,
160

Diisseldorf, cable-stayed bridges for,

174

East River Bridge, see Brooklyn Bridge
economics
and design, 16, 101, 171, 176
in suspension bridge design, 146,
148-56
see also Britannia Bridge
Eiffel Tower, 44
Ellet, Charles, Jr., 136, 160
Emmerson, George S., 39
engineering
branches of, 2, 4, 5, 182—3
method, 11, 8o, 183—4
normal, 70, 165
in Renaissance, 12, 30-1, 65
science, 30, 34, 64, 76, 77, 93
see also design; history of engineer-
ing
Engineering News-Record, 43, 161
Ephesus, 18, 23
error, see human error
experiments, see Britannia Bridge;
models
expert systems, 7, I1, 31
eye-bars, 104

factor of safety, 1, 31, 70, 73, 76, 83,
99, 93, 155, 159, 166, 171, 174,
178, 184

values of, 60, 75, 85, 86-8, 91, 105,
138, 139, 151
failure(s), 1, 10, 100~1, 1212
analysis, 23-6, 51, 78-80, 82, go—3,
184; proactive, 1, 3, 122, 145,
165, 184
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anticipation of, 7, 47, 49-50, 94
avoidance, 52—4, 165

of bridges, 5, 14, 97, 118, 760, 166—
9, 175-8, 169
litigation and, 10, 11
modes, 31, 36’ 52,53, 57» 641 67—701
75, 83, 95, 110-12, 122, 137, 144,
158, 159, 162, 165, 174
patterns in, 14, 46, 166—9, 769
rates of, 7, 9, 169, 176-8
structural, 8-9, 12, 43-7, 58
and success, 31, 70, 76, 79, 83, 94,
97, 98, 138, 144-5, 147, 165, 166-
7, 186
see also entries under specific failures
Fairbairn, William, 85
and Britannia Bridge, 101, 110, 111,
112, 112, 120
an iron ships, 55, 56
falsework, 108, 171
Farquharson, F. B., 156-61, 162
fatigue, metal, 42, 77, 171, 172
Ferguson, Eugene S., 11, 15, 21
Finley, James, 127
Firth of Forth Bridge, see Forth
Bridge
Firth of Tay Bridge, see Tay Bridge
Fisher, J. W., 31, 40, 43
FitzSimons, Neal, 6
Fontana, 48
footbridge, 170. See also catwalk
form and function, 152
Forth Bridge, 41, 42, 44, 95, 118, 148,
163, 174
Fowler, D., 170
fracture, 36, 65, 67-9, 71
brittle, 40, 567, 57, 68, 91
of pencil points, 78-9, So
Fykesesund Suspension Bridge, 162

Galileo, 1213, 31, 47, 184
on cantilever beam, 36, 64, 65-77,
66, 68, 71, 72, 78

and marble column, 49-55, 56, 57,
61, 62—3
on scale effect, 31, 34-8, 47, 76
and strength of materials, 12, 13, 31,
34-5, 36-8, 54, 64, 65, 66, 76
geometry, limitations of, in analysis,
65, 66, 76
George Washington Bridge, 41, 118,
144-56, 150, 156, 158, 175
girder, 118
box, 113, 769, 179. See also Britan-
nia Bridge; Hyatt Regency Hotel
cast-iron, 87, 106, 110. See also Dee
Bridge
plate, 162
trussed, 84, 85, 88—9, 89, 92—3, 169,
169. See also Dee Bridge
tubular, 713, 126. See also Britannia
Bridge
Glegg, G. L., 1
Golden Gate Bridge, 144, 146, 162
Gordon, J. E., 40
granite, in bridge anchorage, 139—40
Great Britain Department of the Envi-
ronment, 26
Great Britain Navy Department, 40
Great Eastern (steamship), 39
Great Western Railway, 92

Hancock Building (Chicago), 44

Hancock Tower (Boston), 44

Han River (Korea), collapse of bridge
over, 175-6

Hartford Civic Center (Connecticut),
77

Hegel, 124

helepolis, 32, 33—4

Hersey, John, 178

history of engineering, 146, 157, 161,
183-6

Hodgkinson, Eaton, 85-6, 111

Holyhead (Wales), 99

Hooke’s law, 70
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Hoover, Herbert, 3
Hudson River, 147-9
proposals for bridging, 148-51, 50,
151. See also George Washington
Bridge
human error, 69, 10, 11, 12, 63, 76,
83, 178, 181, 182, 183
in design process, 2, 15, 64
see also design, errors; failure(s); en-
tries under specific fatlures
Humber Bridge, 136
Hunt, Robert, 106
Hyatt Regency Hotel (Kansas City), 2,
59, 6o
accident, 58-62, 62, 81
walkways design, 58-61, 59, 61

Ingles, O. G, 6
instability, and bridge failures, go—-1,
93, 95, 169, 177, 179
Institute of Electrical and Electronics
Engineers, 5
Institution of Civil Engineers, 130,
131
Institution of Mechanical Engineers,
185
iron
in bridge building, 13, 85, 102-6
cast versus wrought, 102—3
price of, 105-6
in shipbuilding, 38, 39, 101
Iron Bridge, 8s, 102, 703, 104

Journal of the Structural Division
(ASCE), 146
judgment, 8, 121-3, 13943, 182, 183~
4, 185, 186
and failure, 120, 135

Kansas City Hyatt Regency Hotel, see
Hyatt Regency Hotel

Keefer, Samuel, 160

Koerte, Arnold, 118

Kuesel, T. R., 171
Kuhn, Thomas S., 70, 94

Leibniz, Gottfried Wilhelm, 71

Leonardo, 76

Leonhardt, Fritz, 1

Liberty ships, 40, 56, 57

Lindenthal, Gustav, 112, 149

Lloyd’s (of London), 55, 58

Lossen and Wolf (bridge designers),
160

Lucas, John, 100

Machinae Novae (Veranzio), 133
Mainstone, Roland, 10
Manbhattan Bridge, 154
Mariotte, Edmé, 712, 74
Mark, Hans, 62
Marlin, William, 44
Marshall, R. D., 58
materials, 7, 367, 76, 95—6, 102, 106.
See also composite materials; iron;
steel
Maunsell, G., & Partners (bridge
building firm), 170
McCullough, David, 123, 124
Mechanical Problems (Aristotle), 29, 36
Menai Strait, 41, 99, 104, 108, 114,
118, 145
problem of bridging, 13, 99—100,
101, 107, 108-10, 113, 11§, 120
Menai Strait Suspension Bridge, 47,
104~5, 105, 130, 145, 152-3, 160,
161
flexibility of roadway, 106, 107, 126,
131, 135, 145
Metagenes, 19, 23—4
Mianus River Bridge, 2
Milford Haven, bridge failure at, 168,
169
missiles, failure of, 31
models, 164
analytical, 9, 46, 64, 121, 184
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computer, 11, 46, 77-8
deceptive, 33, 68-9, 7/
limitations of, 25, 34, 43, 77
physical, 24-5, 32, 68, 94, 156, 161
scale, 64, 111-12
use of, 24-5, 32, 68, 110-13, 121
Moisseiff, Leon, 154, 160
Montrose Suspension Bridge, 128—30,
160

Nassau Suspension Bridge, 160

National Science Foundation, 4

naval architecture, 40

Navier, Claude Louis M. H., 132, 172,
179

Newcomen Society for the Study of
the History of Technology, 185

New York Bridge Company, 138

Niagara-Clifton Suspension Bridge,
157, 160

Niagara Gorge Suspension Bridge, 13,
117, 117, 118, 125, 127, 133, 135~
6, 135, 137, 145, 157

Niagara-Lewiston Suspension Bridge,
160

Norman, Donald A, 119

North River, see Hudson River

Nowak, A. S., 4, 6, 8

nuclear accident, 5

obelisk, 47-9, 50, 51
Vatican, 48, 49

Ohio River Bridge (Cincinnati), 117,
125

O’Neill, B., 172

optimization, 36, 67, 72, 94, 113,
120

O-ring, 62, 63

oscillation, of suspension bridges, 129,
147, 158, 161. See alse suspension
bridges; vibration, of bridges

oxen, use of, in ancient construction,
18-23, 25

Paconius, 12, 16-17, 19~26, 28
Parent, A., 723
Pasco-Kennewick Bridge, 172
Pasley, C. W., 12831, 132
pathology, mechanical, 97-8
Paxton, R. A., 105, 118
Pechter, Kerry, 44
Peck, Ralph B, 8, 123
pencil
as cantilever beam, 68
points, broken-off, 789, 8o
Pericles, 2
Picon, Antoine, 132
piers, bridge, 14950
Podolny, Walter, Jr., 173, 175
Port of New York Authority, 147
Prebble, John, 118
Provis, W. A, 130
Pugsley, Sir Alfred, 10, 127

quality control, 26
Quality in the Constructed Project
(ASCE), 9
Quebec Bridge, 41—2, 42, 44, 163, 174
collapse of, 41-2, 43, 95, 148, 168,
169, 169
second, 42, 45
Queen Elizabeth II Bridge, 172

railway mania, 106-8, 115, 116, 120
Rankine, W. J. M., 45-6
redundancy, in design, 27
reliability, 5, 62, 63, 184

Rendel, J. M,, 130

Rhodes, 32—3
Richards, K. G., 40
risk, 8

riveting, 40, 56

rivets, 116

Roche-Bernard Suspension Bridge, 160

rocket, solid booster, 62, 63

Roebling, John A., 123-8, 125, 1319,
140—1, 145-6
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view of failure, 13, 128, 1312, 136,
142, 165
and suspension bridges, 13, 117,
124—5, 140—2, 153, 157
Roebling, Washington A., 139—42, 141
Rolt, L. T. C,, 39
Ronan Point, collapse of apartments at,
26-8, 27
rope
hemp, 124
wire, 124, 127, 131
Rosenberg, N., 101
Rosenthal, Andrew, 31
Royal Aircraft Establishment (Farnbor-
ough), 77
Royal Albert Bridge, see Saltash Bridge
Royal Commission on the Application
of Iron in Railway Structures, g1
Russell, John Scott, 39, 126, 133, 734

safety, structural, 8. See also factor of
safety
Sagredo (in Two New Sciences), 34,
35-6, 49, 51
Saltash Bridge, 11617, 116, 120
Salviati (in Two New Sciences), 34, 36,
49, 51
Santamarina, J. C., 6, 9
Santayana, 4
scale effect, 2946, 47, 76, 95
in bridges, 414, 88—95 95, I67s
177-8
Galileo on, 31, 34-8, 47, 70, 76
revealed by failure, 31, 43—4, 92—3
in shipbuilding, 38—40
Vitruvius on, 30, 314, 35
screws, driving, 32—3
Sears Tower, 44
seige machine, see helepolis
Selinous, 17, 20, 23
Serrell, Edward, 160
Severn Valley, 102
shear, neglect of, 68, 75, 79

shipbuilding, 12, 3840, 54, 55-57, 58,
75
Renaissance, 30-1, 54, 75
ships, 38, 40, 61
iron, 38-9, 55-6
limits to size, 30-1, 38—40, 54—5
steel, 40, 56-7, 57
Shute, Nevil, 40
Sibly, P. G,, 88, 118, 163, 166—9, 169,
173-8, 179
Simplicio (in Twe New Sciences), 34,
. 4951
size
effect of, see scale effect
limitations to, 33-4, 36, 39
skyscrapers, 44
skywalks, see Hyatt Regency Hotel
sledges, 17, 18
Smith, John and William (bridge de-
signers), 160
software engineering, 4—6
space shuttle, 62, 63, 81. See also
Challenger
Spector, A, 4
Spectrum, IEEE, 5
spool, used by Paconius, 20-3, 22
Squires, A. M., 38, 40
stability, 38. See also instability, of
bridges
state of the art, 8, 41, 45, 76, 81, 118,
131, 148, 154, 161, 183
ancient, 12, 16, 30
Renaissance, 35, 47
stays
on suspension bridges, 133, 734,
136, 153
see also cable~-stayed bridges
steel, 43
heavy sections of, 31, 43
use of, in bridges, 70, 151, 155
in shipbuilding, 40
Steinman, David B., 123, 124, 135
Stephenson, George, 107-8
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Stephenson, Robert, 3, 92, 100, 127,
179
and Britannia Bridge, 100, 101, 106—
7, 108-13, 116, 118, 119, 120,
126, 145
and case histories of failure, 13, 97
and Dee Bridge, 84, 84, &8s, 86, 88,

91-3, 1067
Stewart, M. G., ¢
stone, 102

ancient transportation of, 17, 1826
see also granite, in bridge anchorage
Straub, Hans, 71
strength of materials, 12, 78. See also
Galileo
structural mechanics, 56
success, see failure(s), and success
successful design, see, failure(s)
Sullivan, Walter, 40
suspension bridges, 40, 41, 95, 104-5,
117-18, 124—41, 14462, 165, 170,
173
behavior in wind, 126, 12835, 128,
129, 141, 144, 153-6, 158, 160,
162, 169, 179, 184—3
flexibility of, 41, 105, 108—9, 126,
130, 1534
longest existing spans, 136, 150
maximum span, 150—1, 170
see also cable-stayed bridges

Tacoma Narrows Bridge, 13-14, 83,
95, 144, 154, 15662, 158, 160,
162

failure of, 14, 41, 82, 118, 136, 144,

146, 159, 165, 168, 169, 169, 177,
179, 185

Takena, K., 171

Tay Bridge, 118, 150, 163, 168, 169, 169

Telford, Thomas, 104—5, 106, 108,
115, 126, 130-1, 145, 153, 160

temples, ancient, construction of; 16,
19-21

The Ten Books on Architecture (Vitru-
vius), 16, 32
tension test, 65-6, 66, 74
theory, 45, 154
and practice, 45-6, 76, 93
Thomson, George H., 97-8
Thousand Islands Suspension Bridge,
162
Three Mile Island (nuclear plant), 5
Timoshenko, Stephen P., 72
Titan III (rocket), 62, 63
Titanic (ocean liner), 39—40
Todhunter, Isaac, 72
towers, suspension bridge, 1545
Transactions of the American Society of
Civil Engineers, 147
Transactions of the Institution of Civil
Engineers, 128
Trasportatione dell’ Obelisco (Fontana),
48
Treatise on Iron Shipbuilding (Fair-
bairn), 55
Trenton (New Jersey), 124
truss, 43, 118, 136, 169
stiffening, 131, 141, 151, 152—4, 158,
161, 162, 164
see also suspension bridges
tubes, see Britannia Bridge
tubular bridges, see Britannia Bridge;
Conway Tubular Bridge; Victoria
Bridge
Tuchman, Janice L., 43
Two New Sciences, see Dialogues Con-
cerning Two New Sciences

Union Suspension Bridge, r60
University of Washington, 156

U.S. House of Representatives, 7
U.S. Presidential Commission, 62, 82

Varignon, P., 71
Vasa (ship), 38
Vaughan, Adrian, 39
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Veranzio, Fauston, 773
Versailles, 71
vibration, of bridges, 126, 129-30, 133,
134, 141. See also oscillation, of
suspension bridges; suspension
bridges
Victoria Bridge, 119
Vignoles, Charles Blacker, 88, 8¢
Vincenti, Walter G., 101, 186
Vitruvius, 184
on moving large pieces of stone, 12,
1626
on scale effect, 30, 31—4, 35, 170

wagons, ancient, 18

Walker, A. C., 167-69

Walker, Jearl, 79

walkways, collapse of, see Hyatt Re-
gency Hotel

Ware (England), bridge at, 109-10,
109, 112

Watson, J. G., 98

welding, 40, 567

Wheeling Suspension Bridge, 136-8,
160

Whyte, R. R., 13, 97

Williams, E., 76

Williamsburg Bridge, 147

wind, see oscillation, of suspension
bridges; suspension bridges; vibra-
tion, of bridges

wire, see chains; rope; stays; wrought

iron
World War 11, 40, 56, 77, 172
wrench, 33
wrought iron, 138. See also chains,
iron

Yangtze River, 1789

Zetlin, L., Associates, 78
Zetlin, Lev, 3
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