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3" 4" 6" 8" 10" 12" 14" 16" 18" 20" 24" 30" 36" 42"

11.25 1 2 2 3 4 4 5 6 7 7 9 11 13 15

22.5 3 3 5 6 8 9 10 12 13 15 17 21 25 29

30 4 4 6 8 10 12 14 16 18 20 23 29 34 40

45 6 7 10 13 16 19 22 25 28 31 36 45 53 61

60 8 10 14 18 22 26 30 34 39 43 51 62 74 85

90 14 17 24 31 38 46 53 60 67 74 88 108 128 148

124 151 217 284 349 415 481 547 613 679 811 1,005 1,203 1,398

152 185 268 354 437 523 611 699 789 879 1,064 1,344 1,639 1,939

Assumptions: Cover = 6.0 feet  = Not Permitted (for 60 , use two 30  bends; for 90 , use two 45  bends)

Design Pressure = 150 psi
Safety Factor = 1.5
Laying Condition = Type 3
Soil Designation = Clay 1
Non-Polywrapped Pipe

TABLE 23.6.5.A

B
E

N
D

 A
N
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L

E
S

  
  

  
(d

eg
re

es
)

Unit Frictional Force (ft/lbs)

Unit Bearing Resistance (ft/lbs)

* Data Table acquired from the Ductile Iron Pipe Research Association (DIPRA)

DUCTILE IRON WATER MAIN PIPE
THRUST RESTRAINT LENGTH FOR HORIZONTAL BENDS

PIPE DIAMETER (inches)

3" 4" 6" 8" 10" 12" 14" 16" 18" 20" 24" 30" 36" 42"

11.25 1 2 2 3 4 4 5 6 7 7 9 11 13 15

22.5 3 3 5 6 8 9 10 12 13 15 17 21 25 29

30 4 4 6 8 10 12 14 16 18 20 23 29 34 40

45 6 7 10 13 16 19 22 25 28 31 36 45 53 61

60 8 10 14 18 22 26 30 34 39 43 51 62 74 85

90 14 17 24 31 38 46 53 60 67 74 88 108 128 148

124 151 217 284 349 415 481 547 613 679 811 1,005 1,203 1,398

152 185 268 354 437 523 611 699 789 879 1,064 1,344 1,639 1,939

Assumptions: Cover = 6.0 feet  = Not Permitted (for 60 , use two 30  bends; for 90 , use two 45  bends)

Design Pressure = 150 psi
Safety Factor = 1.5
Laying Condition = Type 3
Soil Designation = Clay 1
Non-Polywrapped Pipe

TABLE 23.6.5.B

B
E

N
D

 A
N

G
L

E
S

  
  

  
(d

eg
re

es
)

Unit Frictional Force (ft/lbs)

Unit Bearing Resistance (ft/lbs)

* Data Table acquired from the Ductile Iron Pipe Research Association (DIPRA)

DUCTILE IRON WATER MAIN PIPE
THRUST RESTRAINT LENGTH FOR VERTICAL UP BENDS

PIPE DIAMETER (inches)

3" 4" 6" 8" 10" 12" 14" 16" 18" 20" 24" 30" 36" 42"

11.25 2 3 4 5 6 7 8 10 11 12 14 18 21 25

22.5 4 5 8 10 12 15 17 19 22 24 29 36 43 50

30 6 7 10 14 17 20 23 26 29 33 39 48 58 67

45 9 11 16 21 26 31 36 41 45 50 60 75 89 104

60 13 16 22 29 36 43 50 57 63 70 84 104 124 145

90 22 27 39 51 62 74 86 98 110 122 145 180 215 250

124 151 217 284 349 415 481 547 613 679 811 1,005 1,203 1,398

152 185 268 354 437 523 611 699 789 879 1,064 1,344 1,639 1,939

Assumptions: Cover = 6.0 feet  = Not Permitted (for 60 , use two 30  bends; for 90 , use two 45  bends)

Design Pressure = 150 psi
Safety Factor = 1.5
Laying Condition = Type 3
Soil Designation = Clay 1
Non-Polywrapped Pipe

TABLE 23.6.5.C

B
E

N
D

 A
N

G
L

E
S

 
(d
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)

Unit Frictional Force (ft/lbs)

Unit Bearing Resistance (ft/lbs)

* Data Table acquired from the Ductile Iron Pipe Research Association (DIPRA)

DUCTILE IRON WATER MAIN PIPE
THRUST RESTRAINT LENGTH FOR VERTICAL DOWN BENDS

PIPE DIAMETER (inches)

3" 4" 6" 8" 10" 12" 14" 16" 18" 20" 24" 30" 36" 42"
3" 8 7 6 4 2 1 0 0 0 0 0 0 0 0
4" 10 9 8 6 5 3 2 0 0 0 0 0 0
6" 16 15 14 13 12 11 10 9 7 4 1 0
8" 22 22 21 20 19 19 18 16 14 11 8
10" 28 27 27 26 26 25 24 22 19 17
12" 34 33 33 32 32 31 29 27 25
14" 40 39 39 38 37 36 35 33
16" 46 45 45 44 43 41 40
18" 52 51 51 49 48 47
20" 58 57 56 55 54
24" 69 68 68 67
30" 87 86 85
36" 104 104
42" 122

249 302 434 569 697 829 961 1,093 1,225 1,357 1,621 2,011 2,406 2,796

152 185 268 354 437 523 611 699 789 879 1,064 1,344 1,639 1,939

Assumptions: Cover = 6.0 feet  = Not Applicable
Design Pressure = 150 psi
Safety Factor = 1.5
Laying Condition = Type 3
Soil Designation = Clay 1
Non-Polywrapped Pipe

TABLE 23.6.5.D

Unit Frictional Force (ft/lbs)

Unit Bearing Resistance (ft/lbs)
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* Data Table acquired from the Ductile Iron Pipe Research Association (DIPRA)

DUCTILE IRON WATER MAIN PIPE
THRUST RESTRAINT LENGTH FOR TEES

PIPE DIAMETER OF MAIN PIPE RUN (inches)

3" 4" 6" 8" 10" 12" 14" 16" 18" 20" 24" 30" 36" 42"
3" 4 13 21 27 34 40 46 53 59 71 89 107 124
4" 10 18 25 32 39 45 52 58 70 88 106 124
6" 11 19 27 34 41 48 55 67 86 104 122
8" 11 20 29 37 45 50 64 83 102 120
10" 11 20 29 37 45 59 79 99 117
12" 11 21 30 38 54 75 95 114
14" 11 21 30 47 69 91 110
16" 11 21 40 63 85 106
18" 11 31 57 80 101
20" 22 49 73 96
24" 31 59 83
30" 33 60
36" 32
42"

302 434 569 697 829 961 1,093 1,225 1,357 1,621 2,011 2,406 2,796

Assumptions: Cover = 6.0 feet  = Not Applicable
Design Pressure = 150 psi
Safety Factor = 1.5  = Not Probable
Laying Condition = Type 3
Soil Designation = Clay 1
Non-Polywrapped Pipe

D
IA
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Unit Frictional Force (ft/lbs)

* Data Table acquired from the Ductile Iron Pipe Research Association (DIPRA)

TABLE 23.6.5.E
DUCTILE IRON WATER MAIN PIPE

THRUST RESTRAINT LENGTH FOR REDUCERS
DIAMETER OF LARGER PIPE (inches)

3" 4" 6" 8" 10" 12" 14" 16" 18" 20" 24" 30" 36" 42"
11 14 19 25 31 37 43 49 55 61 73 90 108 125
249 302 434 569 697 829 961 1,093 1,225 1,357 1,621 2,011 2,406 2,796

Assumptions: Cover = 6.0 feet
Design Pressure = 150 psi
Safety Factor = 1.5
Laying Condition = Type 3
Soil Designation = Clay 1
Non-Polywrapped Pipe * Data Table acquired from the Ductile Iron Pipe Research Association (DIPRA)

DUCTILE IRON WATER MAIN PIPE
THRUST RESTRAINT LENGTH FOR DEAD ENDS

TABLE 23.6.5.F

Unit Frictional Force (ft/lbs)

Pipe Diameter (inches)
Restraint Length (feet)
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