628.15 STEp 4th ed.

Index

Note: f- indicates a figure; ¢. indicates a table.

Air entrainment and removal, 43

Air-Release, Air/Vacuum, and Combination
Air Valves (M51), 133

Air-release valves, 133, 135f.

Air/vacuum valves, 133, 135f.

American Gas Association, 145

American Petroleum Institute, 145

Anchor blocks, 71f.

Anchor rings, 132, 197, 197f,, 198t

Anchors, 168

Annealing, 5

Aqueducts, 42

ASTM A370, 25

Atmospheric corrosion, 147

AWWA C200, 25, 111, 121, 131

AWWA C203, 153

AWWA C205, 153

AWWA C206, 112, 116, 164

AWWA C207, 115, 132

AWWA C208, 121, 133, 135, 136

AWWA C209, 154

AWWA C210, 154

AWWA C213, 154

AWWA C214, 154

AWWA C215, 154-155

AWWA C216, 155

AWWA C217, 155

AWWA C218, 155

AWWA C221, 117

AWWA C222, 155

AWWA C224, 155

AWWA C225, 155

AWWA C512, 134

AWWA C602, 156

Barlow formula, 46
Bedding and backfill, 171
backfill above pipe zone, 172
densification, 171
hydraulic consolidation, 171-172
interior bracing of pipe, 172
mechanical compaction, 171
See also Pipe-laying schedule, Trenching
Bell-and-spigot joints with rubber gaskets,
111, 112f, 165
Biochemical corrosion, 143, 144-138
Blowoff connections, 133-134
design, 202, 211f,
Bolted sleeve-type couplings, 113, 114f.
pipe layout, 113
Bolts
hole position, 130
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installation, 165-166
torque requirements, 166—167, 169¢., 170¢.
torque sequence (in gasket installation),
168-169, 166f.
torque values, 169
Boussinesq equations, 65
Brittle fracture, 13—-15
Charpy V-notch impact test, 16-17, 17f.
conditions causing, 15-16
and steel selection, 17
Buckling
allowable buckling pressure, 63—-64
failure (Stewart formula), 49
and normal pipe installations, 64

Casing spacers, 134-135
Cathodic protection, 147-149
current required, 148
design of systems, 148
galvanic anodes, 148, 149f.
joint bonding, 148, 149f.
rectifiers, 147, 148f.
Cement—mortar linings and coatings, 149,
154
and hydrostatic field test, 172
Charpy V-notch impact test, 16—17, 17f.
Check analysis, 24-25
Circumferential fillet welds, 218-220
Coal-tar coatings and linings, 153
Cold working, 13
Collapse-resistance formula, 4849
Collars, 179-180
multiplier (M-factor), 180
plate design, 180-181
reinforcement type, 180
Concentration cells, 137
Concrete anchors, 100
Concrete piers, 99-100
Constrained soil modulus, 63
Controlled finishing-temperature rolling, 6
Controlled rolling, 5-6
Corrosion, 137
atmospheric, 147
biochemical, 137, 143—144
concentration cells, 137
crevice, 144
electrochemical cells, 137
electrolytic, 137, 143, 143f., 145f.
electrolytic cells, 137
fatigue, 144
galvanic, 137-140, 139f., 139¢., 140f, 141f.,
142f.
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STEEL PIPE

galvanic cells, 137, 138f.
internal (in steel pipe), 146—147
severity of, 146
soil, 145, 145f., 146t
stress, 144
surveys, 149
tuberculation, 146

Corrosion allowance, 48

Corrosion control, 146
cathodic protection, 146148, 148f., 149/,
galvanic anodes, 147, 148f.
inhibitive coatings, 147
joint bonding, 148, 149f.
protective coatings, 147. See also

Protective coatings and linings

rectifiers, 147, 148f.

Crevice corrosion, 144

Crosses, 129

Crotch plates. See Wye branches

Darcy-Weisbach formula, 39
Depolarization, 138
Diameter, economical, 42—43
Discharge, 33
Distribution systems, 42
Double submerged arc weld process, 23f.
Ductility, 6-7
and cold-forming operations, 13
importance in design, 12-13
Ductility transition temperature, 17

EFW. See Electric fusion welding
Elasticity, modulus of, 61
Elbows, 122-125
angle computation method and formulas,
125, 126f.-130f.
recommended dimensions, 123f.—124f.
tangent-type layout, 125£
wall thickness calculation, 122-125
Electric fusion welding (EFW), 21, 24f.
Electric resistance welding, 21, 22f., 23f.
Electrochemical cells, 137
Electrolytic cells, 137
Electrolytic corrosion, 137, 143, 143f., 144f.
stray currents, 143
Entrance head loss, 33
ERW. See Electric resistance welding
Expansion joints, 71f., 100, 102
aboveground, 116-117, 1177, 118f.
underground, 116
External loads, 59
buckling, 63-64
computer programs, 68
constrained soil modulus, 63
extreme conditions, 6567, 66t., 67f.
formula, 59-60
influence coefficients for rectangular
areas, 66t,
Towa deflection formula, 60—61, 67
live-load effect, 61, 63t.

Marston theory, 59—60

modulus of elasticity, 61
modulus of soil reaction, 61, 62¢.
normal pipe installations, 64
unified soil classification, 62t.

Fabricated pipe bend, 176, 177f.
Fatigue corrosion, 144
Field-welded joints, 112, 164—-165
Fillet welds, 220-222
Fittings, 121, 135
bolt hole position, 130
collars, 179-181
connecting dissimilar pipe materials, 131
crosses, 129
designaton of, 121-122
elbows, 122-125, 123f.-124f., 125f.,
126£,127f.-131f.
flow through, 3942, 40f., 41f.
and frictional resistance between soil and
pipe, 130
laterals, 129
miter end cuts, 122, 123f.
recommended dimensions, 122f
reducers, 129, 131
reinforcement of, 176-180, 179., 179¢.
tees, 129
testing, 130
and unbalanced thrust forces, 130
wrappers, 179, 182-183
wye branches, 129, 183-191
Flanges, 113
connections, 131
gaskets, 115
pressure ratings, 115
steel ring, 115
Flow
equivalents, 35¢.
through fittings and valves, 39-42, 40f., 41f.
through pipe, 31-33
Fracture transition temperature, 17
Freezing in pipelines, 204-206
conduction heat-transfer values, 214, 216t¢.
emissivity factors, 214, 2172
exposed pipes, 213-218
heat balance, 213, 214f., 215t¢.
heat loss, 213-214, 215¢., 216t.
underground pipes, 212f., 213
wind velocity factors, 214, 217t
Friction head loss, 33
Fusion-bonded epoxy coating, 154

Galvanic cells, 137, 138f,, 146
with dissimilar electrolytes, 1402f.
on embedded pipe without protective
coating, 140f.
pitting action, 140f.
Galvanic corrosion, 137, 139, 139f.
caused by cinders, 141£,
caused by differential aeration of soil, 142f.



caused by dissimilar metals, 141f.
caused by dissimilar metals in contact on
buried pipe, 141f.
caused by dissimilar soils, 142f.
caused by dissimilarity of surface
conditions, 142f.
caused by mixture of different soils, 142f.
depolarization, 138
and dissimilar electrolytes, 140f.
on embedded pipe without protective
coating, 140f.
galvanic series of metals and alloys, 139:.
pitting action, 140f
polarization, 139
Gaskets
for bell-and-spigot joints, 111, 112f, 165
bolt torque sequence, 166-167, 166f.
for flanges, 115
installation procedure, 165-167, 166f.
Gradient of support elevations to prevent
pocketing, 76
Grooved-and-shouldered couplings, 115, 116f.
Ground friction, 117-118

Harnessed joints, 195, 196f.
lugs, 197, 203t., 205f.
tie bolts, 197, 199¢.-202¢., 203¢., 204¢.
Hazen-Williams formula, 29
graphical solution, 28f.
multiplying factors, 28¢.
Head, for different pressures, 37t¢.
Head loss
entrance, 33
for fittings and valves, 39—42, 40f.
friction, 33
minor, 33
velocity, 33
Hencky—-Mises theory of failure, 77
equivalent stress diagram, 79, 80f.
Hooke’s law, 6, 9
Hoop stress, 45, 48
and saddle supports, 69
Hydraulics, 27
Darcy-Weisbach formula, 39
entrance head loss, 33
flow equivalents, 35¢.
flow through fittings and valves, 39—42,
40f., 411
flow through pipe, 31-33
friction head loss, 33
Hazen-Williams formula, 28f, 28t., 29
head for pressures, 37¢.
Manning formula, 31, 32f., 32¢t.
minor head loss, 33
pressure, 31-33
pressure equivalents, 38t¢.
pressure for heads, 36¢., 38¢.
Scobey formula, 29-31, 30f., 30¢.
slope conversions, 34t.
symbols, 27
total head, 31-33

INDEX

velocity head loss, 33
Hydrostatic field test, 172
air venting, 172
allowable leakage, 173
bulkheads, 172
field testing cement—-mortar-lined pipe,
172
Hydrostatic test, 25

Insulating joints, 132
Towa deflection formula, 60—-61, 67

Joints, 111, 118

bell-and-spigot with rubber gasket, 111,
1121, 167

bolted sleeve-type couplings, 113, 114f.

expansion (aboveground), 116-117, 117f.,
118f.

expansion (underground), 116

field coating, 171

flanges, 113-115

grooved-and-shouldered couplings, 115,
116f.

insulating, 134

welded, 112, 112f.

Ladle analysis, 24
Laterals, 125f., 130

Line tension, 117-118
Liquid epoxy coating, 154

Mains
checklist for pumping, 5455
tapping, 202, 212f.
Manbholes, 132
design, 202, 210f.
Manning formula, 31
graphical solution, 32f.
multiplying factors, 32¢.
Manufacture
double submerged arc weld process, 23f.
electric fusion welding (EFW), 21, 24f.
electric resistance welding (ERW), 21,
22f., 23f.
spiral-seam pipe, 21, 24f.
straight-seam pipe (plate pipe), 21, 24f.
Marston theory, 59—-60
Minor head loss, 33
Miter end cuts, 120, 121f£.
Modulus of elasticity, 61
Modulus of soil reaction, 61, 62¢.

National Bureau of Standards (NBS), 145

National Institute for Science and
Technology. See National Bureau of
Standards (NBS)

Normalizing, 5

Nozzle outlets, 130-131

PDV. See Pressure-diameter value (PDV)
Penstocks, 42
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Pipe deflection as beam, 73-75
calculating deflection, 75-76
Pipe installation
assembly, 163-164
bell-and-spigot rubber-gasket joints, 167
bolts, 167-168, 169¢., 170¢.
field-welded joints, 164-165
flanged joints, 165
gasket installation, 165-167, 166f.
handling and laying, 163
Pipe joints. See Joints
Pipe wall thickness
Barlow formula, 46
collapse-resistance formula, 48-49
corrosion allowance, 48
determining (working pressures for
allowable unit stress), 224¢.-232¢.
and external pressures, 48-49
factors affecting, 45
and hoop stress, 45, 48
and internal pressure, 45-46, 46f
minimum-thickness formulas, 50
pressure limits, 48
Stewart formula (buckling failure), 49
and tension stress, 4648, 47¢.
and yield strength, 4648
See also Buckling, External loads,
Water hammer
Pipe-laying schedule, 178, 180t¢.
Pipelines
freezing in, 202-204
freezing in exposed pipes, 213-218, 214f,
215¢., 216¢., 217t.
freezing in underground pipes, 212f., 213
layout, 175-176
standards, 153-156
submarine, 220-222, 222f.
Pocketing, prevention of, 76
Poisson’s ratio, 63, 73, 99
Polarization, 138
Polyamid coating (two-layer nylon-11-
based), 155
Polyolefin coatings, 154-156
Polyurethane coatings, 155
Pressure, 31-33
equivalents, 38¢.
for heads, 36t., 38t.
Pressure surge. See Water hammer
Pressure-diameter value (PDV), 177, 180,
182, 183
Protective coatings and linings, 151, 156
cement-mortar, 153, 156
coal-tar, 153
coating application, 156
coating selection, 152
cold-applied petrolatum tape and
petroleum wax tape, 155
cold-applied tape, 154
epoxy-based polymer concrete, 156
for exterior of aboveground pipe, 155

extruded polyolefin, 154-155

fused polyolefin, 155

fusion-bonded epoxy, 154

heat-shrinkable cross-linked
polyolefin, 155

lining selection, 152153

liquid epoxy, 154

polyurethane, 155

requirements, 151

special sections, connections, and
fittings, 156

standards, 153-156

tape, 154

testing procedures, 151-152

two-layer nylon-11-based polyamid, 155

Quenching and tempering, 5

Reducers, 129, 131
Relief-valve manifolds, 202, 211f.
Restrained joints, 194-196, 195f.
Ring girders, 69, 71£, 79
assembling pipe, 102
bending stress resulting from ring
restraint, 79, 81£.
concrete anchors, 100
concrete footings, 101
concrete piers, 99-100
construction for low-pressure pipe,
100-101, 101f.
design example, 82-99
distance calculations, 86-87
equivalent stress diagram, 79, 80f.
expansion joints, 102
installation of spans, 101-102, 102f.
moments and moment calculations, 84-86,
84f., 85t.
stiffener ring calculations, 87-92
stiffener ring coefficients (equal and
opposite couples), 81f.
stiffener ring coefficients (radial load
supported by two reactions), 811,
stiffener ring coefficients (transverse
earthquake), 81£.
stiffener ring stresses for half-full
condition, 92-99, 94f, 100¢.
stress summary, 79, 82f.
stresses at support rings, 90¢.
Rubber gaskets, 111, 112£, 115

Saddle supports, 69—72, 70f.
and hoop stress, 69
safe spans for pipe in 120° contact saddles,
73, 74t.
and stress formulas, 72-73
Scobey formula, 29-31
graphical solution, 30f.
multiplying factors, 30¢.
Slope conversions, 34t.



Soil
frictional resistance between soil and pipe,
130
and galvanic corrosion, 142f
standard density tests, 163t.
unified classification, 62¢.
See also Bedding and backfill, Trenching

Soil corrosion, 145

corrosion rate in various soils, 145

and soil resistivity, 146t¢.

soils in order of corrosive action on steel,
146¢.

tests, 145

Soil modulus, constrained, 63

Soil reaction, modulus of, 61, 62¢.

Spangler’s formula, 67

Specials, 176, 177f.

connections, 202, 206f., 207t., 208t.
Spiral-seam pipe, 21, 24f.
stress evaluation, 18, 18f.

Spiral-welded pipe, 18, 18f.

Standard for Air Release, Air/ Vacuum, and
Combination Air Valves for
Waterworks Service, 133

Standard for Cement—Mortar Lining of Water
Pipelines—4 In. (100 mm) and Larger
in Place, 156

Standard for Cement-Mortar Protective
Lining and Coating for Steel Water
Pipe—4 In. (100 mm) and Larger—
Shop Applied, 153

Standard for Coal-Tar Protective Coatings
and Linings for Steel Water
Pipelines—Enamel and Tape—Hot-
Applied, 153

Standard for Coating the Exterior of
Aboveground Steel Water Pipelines
and Fittings, 155

Standard for Cold-Applied Tape Coatings for
the Exteriors of Special Sections,
Connections, and Fittings for Steel
Water Pipelines, 154

Standard for Dimensions for Fabricated Steel
Water Pipe Fittings, 119

Standard for Extruded Polyolefin Coatings
for the Exterior of Steel Water
Pipelines, 154-155

Standard for Field Welding of Steel Water
Pipe, 112, 164

Standard for Fused Polyolefin Coating
Systems for the Exterior of Steel Water
Pipelines, 155-156

Standard for Fusion-Bonded Epoxy Coating
for the Interior and Exterior of Steel
Water Pipelines, 154

Standard for Heat-Shrinkable Cross-Linked
Polyolefin Coatings for the Exterior of
Special Sections, Connections, and
Fittings for Steel Water Pipelines, 155

INDEX

Standard for Liquid Epoxy Coating Systems
for the Interior and Exterior of Steel
Water Pipelines, 154

Standard for Polyurethane Coatings for the
Interior and Exterior of Steel Water
Pipe and Fittings, 155

Standard for Steel Pipe Flanges for
Waterworks Service—Sizes 4 in.
Through 144 in. (100 mm Through
3,600 mm), 113

Standard for Steel Water Pipe 6 In. (150 mm)
and Larger, 25, 121

Standard for Tape Coating Systems for the
Exterior of Steel Water Pipelines, 154

Standard for Two-Layer Nylon-11-Based
Polyamid Coating System for the
Interior and Exterior of Steel Water
Pipe, Connections, Fittings, and
Special Sections, 155

Steel, 2

annealing, 5
casting, 4
chemical composition, 3—4
controlled finishing-temperature rolling, 6
controlled rolling, 5-6
effects of alloying elements, 3¢.
heat-treated, 3, 5-6
hot-rolled, 3, 4, 56
killed, 4-5
normalizing, 5
quenching and tempering, 5
semikilled, 4-5
stress relieving, 5
Steel pipe
calculation of angle of fabricated pipe bend,
176, 177f.
economical diameter, 42
expansion and contraction, 116
in filtration plant gallery, 2f.
history, 1-2
installation. See Pipe installation
moment of inertia values, 103¢.—109¢.
section modulus values, 103z.—-109¢.
specials, 176, 177f., 202, 206f., 207t.
transportation and handling of coated
pipe, 159-160
uses, 2-3
Stewart formula (buckling failure), 49
Stiffener rings, 71f.
coefficients, 78f.
Straight-seam pipe (plate pipe), 21, 24f.
Strain, 7
analysis based on, 11, 12f., 12¢.
importance in design, 9-11, 17-18

Strain aging, 13, 14f.

Strain hardening, 13, 14f.

Stray currents, 143, 143f., 144f.

Stress, 7

actual, 9, 10f.
actual and apparent, 9, 10f.
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calculated vs. measured, 9-10
calculating for pipe with saddle
supports, 72-73
change in longitudinal stress due to
temperature change, 118
design considerations, 17
evaluation in spiral-welded pipe, 18, 18f
and span length, 76-77
Stress corrosion, 144
Stress relieving, 5
Stress—strain diagrams, 7-9
for carbon steel, 97,
and cold-forming operations, 13
plastic and elastic strains, 9f.
for steel, 8f.
true curve for steel, 8.
Submarine pipelines, 220
lay barges, 222
pipe laying, 220
pipe pulling, 220-221, 221f., 222f.
Supports, 69
anchor blocks, 71f.
brackets, 69
concave rollers, 69
concrete anchors, 100
concrete piers, 99~100
and expansion joints, 71f., 100, 102
gradient of support elevations to prevent
pocketing, 76
hangers, 69
moment of inertia values, 103¢.—109¢.
pipe deflection as beam, 73-76
ring girders, 69, 71f.,, 79-103
saddles, 69-73, 70f, 74t.
section modulus values, 103:.—109z.
span lengths and stresses, 76-77
stiffener rings, 71f., 78f.
Surge. See Water hammer

Tape coatings, 154
Tees, 131
Tension stress, 46-48, 47¢.
Testing
check analysis, 24-25
of chemical properties, 24-25
of dimensional properties, 25
hydrostatic test of straight pipe, 25
ladle analysis, 24
of physical properties, 25
Thrust blocks, 168, 191
calculation of size, 194
horizontal bends, 192f.
typical configurations, 194
vertical bends, 193f.

Thrust forces, 130, 191, 192f.
formula, 191

Thrust restraint, 191
harnessed joints, 196, 196f.
restrained joints, 194-196, 195f.
thrust blecks, 191-194, 192f, 193f., 195f,,
196f.
welded joints, 196, 196f.
Total head, 31-33
Transient pressure. See Water hammer
Transportation and handling, 159-160
Trenching. See also Bedding and backfill,
Pipelaying schedule
bottom preparation, 161
depth, 160
overexcavation, 161, 162f.
regulations, 161
standard density tests, 163
subgrade densification, 161, 162f.
width, 160
Tuberculation, 146

Unified soil classification, 62¢.

Valves
air-release, 132, 134f.
air/vacuum, 133, 134f.
connections, 131
flow through, 3942, 40f., 41f.
relief-valve manifolds, 202, 211f
Vaults, 202, 2097, 210f.
Velocity head loss, 33

Water hammer, 51
allowance for, 56
checklist for pumping mains, 54-55
pressure rise calculations, 56
surge studies at design stage, 55-56
surge-wave theory, 51-54, 53f., 53¢.
Welded joints, 112, 112f., 196, 196f.
circumferential fillet welds, 218-220
Wrappers, 179
multiplier (M-factor), 182
plate design, 182-183
reinforcement type, 182
Wye branches, 129, 184f.
N factor curves, 187f,
nomograph use in design of, 183-191,
186f., 1871,
plan and layout, 189f.
@ factor curves, 187f.
three-plate design, 190-191
top depth, 188f.
wye depth and plate thickness, 185

Yield strength, 6-7, 8f.
and cold-forming operations, 13
and pipe wall thickness, 4648
Young’s modulus, 54, 63





