TABLE 3.1 Roughness Heights, e, for Certain Common Pipe Materials

Pipe Material ¢ (mm) e(ft)
Brass 0.0015 0.00000
Concrete
Steel forms, smooth 0.18 0.0006
Good joints, average 036 0.0012
Rough, visible form marks 0.60 0.002
Copper 0.0015 0000005
Corrugated metal (CMP) 45 0.15
Iron (common in older water lines, except ductile or DIP, which is widely used today)
Asphalt lined 0.12 0.0004
Cast 0.26 0.00085
Ductile; DIP—cement mortar lined 0.12 0.0004
Galvanized 0.15 0.0005
Wrought 0.043 0.00015
Polyvinyl chloride (PVC) 0.0015 0.000003
Polyethylene, high density (HDPE) 0.0015 00000035
Steel
Enamel coated 0.0048 0.000016
Riveted 0.9~9.0 0.003-0.03
Seamless 0.004 0.000013
Commercial 0.045 0.00015

NOTE: Infu)=2.3026log(u)
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TABLE 1.3 Viscosities of Water and Air
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TABLE 3.6 Values of K, for Common Hydraulic Valves

A. Gate va lI\.Ls

Water Air
Kinematic Kinematic
Temperature Viscosity (EZL) Viscosity (v) Viscosity (%) Viscosity (v)
(°C) N-sec/m m*/sec N sec/m m/sec

0 1781 % 1077 1785 x 1078 1717 % 107 139 x 107

5 1518 X 107 1519 x 1076 1741 X 107 1371 X 1079

10 1307 X 107 1306 x 107 1767 X 107 1417 x 1079

15 1139 x 107 1139 x 1076 1793 X 107 1.463 X 1079

2 1.002 X 107 1,003 x 107 1817 X 1079 1.509 X 1079

2 0890 % 107 0.893 X 107 1.840 X 107 1555 X 107

30 0798 X 107° 0.800 x 10°° 1.864 X 107 1.601 X 107

4 0653 % 107 0658 X 107 1910 X 107 1,695 X 107

50 0547 X 107 0553 % 100 1954 X 107 1794 X 107

60 0466 X 107 0474 x 107 2000 X 107 1886 X 107

70 0404 X 107 0413 x 107 2.044 X 107 1.986 X 107

80 0354 % 107 0364 X 107 208X 1070 2087x 107

9 0315 x 107 032 x 107 WBLX 107 2193x% 107

100 0282 % 107 0.294 X 107 2UX107° 230 x 107

TABLE 1.2 Density and Specific Weight of Water
Temperature (°C) Density (p, kg/m’) Specific Weight (y, Nim®)
0° ice) 917 8,996
(° (water) 999 9,800
§ 1,000 9,810
10° 999 9,800
20° 998 9,790
30° 996 9,11
40° 992 9,132
50° 988 9,692
60° 983 9,643
70° 978 9,504
80° 972 9535
90° 965 9467
100° 958 9,398
C. Check valves
Closed

re R

Hinge (swing type)

Swing type: K, = 2.5 (fully open)

Closed
K, = 0.15 (fully open)
Open
B. Globe valves
%] Closed
K, = 10.0 (fully open)
%] Open

Ball type: K, = 70.0 (fully open)
Lifttype: K, = 12.0 (fully open)
Open
D. Rotary valves
NN
(=N Closed
—
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K, = 10.0 (fully open)
Open
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TABLE 3.2 Hazen-Williams Coefficient, Cy,,, for Different Types of Pipes

TABLE 3.3 Manning’s Roughness Coefficient, n, for Pipe Flows

Pipe Malerials Cow Type of Pipe Manning’s n
Brass 130-140 Min. Max.
Cast iron (common in older water lines)
New, unlined 130 Brass 0.009 0.013
10-year-old 107-113 Casl iron 0.011 0.015
20-year-old 89-100 Cement mortar surfaces 0.011 0.015
30-year-old 75-90 Cement rubble surfaces 0.017 0.030
40-year-old 64-83 Clay drainage tile 0.011 0.017
Concrete or concrele lined Concrete, precast 0.011 0.015
Smooth 140 Copper 0.009 0.013
Average 120 Corrugated metal (CMP) 0.020 0.024
Rough' 100 Duectile iron (cement mortar lined) 0.011 0.013
Copper 130-140 Glass 0.009 0.013
Ductile iron (cement mortar lined) 140 High-density polyethylene (HDPE) 0.009 0.011
Glass 140 Polyvinyl chloride (PVC) 0.009 0.011
High-density polyethylene (HDPE) 150 Steel, commercial 0.010 0.012
Plastic 130150 Steel, riveted 0.017 0.020
Polyvinyl chloride (PVC) 150 Vitrified sewer pipe 0.010 0.017
Steel Wrought iron 0.012 0.017
Commercial 140-150
Riveted 90-110
Welded (seamless) 100
Vitrified clay 110
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Figure 3.12 Coefficient K, for pipe entrances
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TABLE 3.5 Values of the Coefficient K_for Sudden Contraction

Velocity in Smaller Sudden Contraction Coefficients, K,
Pipe (m/sec) (Ratio of Smaller to Larger Pipe Diameters, D,/D))

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1 049 049 048 045 042 038 028 0.18 0.07 0.03
2 048 048 047 044 041 037 028 018 0.09 0.04
3 047 046 045 043 040 036 028 018 0.10 0.04
6 044 043 042 040 037 033 027 019 0.1l 005
12 038 036 035 033 031 029 025 020 0.13 0.06

1m=3.281ft 1cm=3.937 x10" in
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TABLE 6.3 Characteristics of Water Surface Profile Curves

Channel Symbol Type Slope Depth Curve
Mild M I Sog >0 Y>>y >y, M-1
Mild M 2 Sog >0 P W M-2
Mild M 3 Sog >0 Yn = Ve =¥ M-3
Critical C | So >0 Y>> Y, = Ve C-1
Critical e 3 So >0 Y=Y > C-3
Steep S 1 So >0 Y vy, S-1
Steep S 2 Sop =0 Ye =V > Yy S-2
Steep S 3 Sop = 0 Vo = Yp > ¥ S-3
Horizontal H 2 So=0 ¥y >y H-2
Horizontal H 3 So =0 Ve >y H-3
Adverse A 2 So <0 Y>> Y A-2
Adverse A 3 So <0 Ve >V A-3




Table 6.1 Cross-Sectional Relationships for Open-Channel Flow

TABLE 6.1 Cross-5ectional Relationships for Open-Channel Flow

Section Type Arca (4) Wetted perimeter (P} Hydraulic Radius (R,) Top Width (T) Hydraulic Depth (1)
Rectangular
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