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Special Provision for Concrete Box Culverts with Skews > 30 Degrees and Design Fills ≤ 5 Feet

April 15, 2016
This special provision was developed by the Bureau of Bridges and Structures as a result of the implementation of AASHTO Load and Resistance Factor Design (LRFD) for precast and cast-in-place concrete box culverts.

This special provision has been revised as a result of changes to ASTM C 1577.  Seven additional box sizes have been added to the ASTM and therefore corresponding sizes have been included in this revision.
This special provision should be inserted into contracts with precast concrete or cast-in-place box culverts having a skew > 30 degrees and a design fill ≤ 5 feet.
The districts should include the BDE Check Sheet marked with the applicable special provisions for the July 29, 2016 and subsequent lettings.  The Project Development and Implementation Section will include a copy in the contract.

This special provision will be available on the transfer directory April 15, 2016.

80293m

Concrete Box Culverts with Skews > 30 Degrees and Design Fills ≤ 5 Feet (bde)
Effective:  April 1, 2012
Revised:  July 1, 2016
Revise the second paragraph of Article 540.04 of the Standard Specifications to read:
“
Unless otherwise noted on the plans, the Contractor shall have the option, when a cast-in-place concrete box culvert is specified, of constructing the box culvert using precast box culvert sections when the design cover is 6 in. (150 mm) minimum.  The precast box culvert sections shall be designed for the same design cover shown on the plans for cast-in-place box culvert; shall be of equal or larger size opening, and shall satisfy the design requirements of ASTM C 1577.”
Add the following after the seventh paragraph of Article 540.06 of the Standard Specifications:
“
Precast concrete box culverts with skews greater than 30 degrees and having design covers less than or equal to 5 ft are not covered by the standard design table shown in ASTM C 1577.  The design table provided herein is provided to address this design range.  The same notes, reinforcement configurations, clearances, and requirements of ASTM C 1577 apply to this special design table.  A box designated 7 x 6 x 8 indicates a span of 7 ft, a rise of 6 ft, and top slab, bottom slab, walls and haunches of 8 in. unless otherwise noted on the tables.

	3 ft x 2 ft x 4 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.17
	1.10
	0.30
	0.10
	0.28
	0.17
	0.92
	0.14
	

	2<3
	0.14
	0.18
	0.19
	0.10
	
	
	
	
	31

	3-5
	0.10
	0.12
	0.12
	0.10
	
	
	
	
	29


*top slab 7.0 in., bottom slab 6.0 in.

	3 ft x 3 ft x 4 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.17
	1.17
	0.33
	0.10
	0.31
	0.17
	0.92
	0.14
	

	2<3
	0.10
	0.22
	0.22
	0.10
	
	
	
	
	31

	3-5
	0.10
	0.14
	0.14
	0.10
	
	
	
	
	31


*top slab 7.0 in., bottom slab 6.0 in.

	4 ft x 2 ft x 5 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.21
	0.88
	0.26
	0.12
	0.28
	0.18
	0.89
	0.14
	

	2<3
	0.20
	0.21
	0.20
	0.12
	
	
	
	
	33

	3-5
	0.13
	0.13
	0.14
	0.12
	
	
	
	
	32


*top slab 7.5 in., bottom slab 6.0 in.

	4 ft x 3 ft x 5 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.18
	1.02
	0.31
	0.12
	0.32
	0.18
	0.87
	0.14
	

	2<3
	0.16
	0.25
	0.24
	0.12
	
	
	
	
	38

	3-5
	0.12
	0.16
	0.17
	0.12
	
	
	
	
	34


*top slab 7.5 in., bottom slab 6.0 in.

	4 ft x 4 ft x 5 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.18
	1.08
	0.34
	0.12
	0.34
	0.18
	0.86
	0.14
	

	2<3
	0.13
	0.28
	0.27
	0.12
	
	
	
	
	38

	3-5
	0.12
	0.18
	0.19
	0.12
	
	
	
	
	38


*top slab 7.5 in., bottom slab 6.0 in.

	5 ft x 2 ft x 6 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.27
	0.63
	0.23
	0.14
	0.24
	0.19
	0.19
	0.17
	

	2<3
	0.25
	0.22
	0.20
	0.14
	
	
	
	
	37

	3-5
	0.17
	0.15
	0.15
	0.14
	
	
	
	
	35


*top slab 8.0 in., bottom slab 7.0 in.

	5 ft x 3 ft x 6 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.20
	0.72
	0.27
	0.14
	0.29
	0.19
	.0.71
	0.17
	

	2<3
	0.21
	0.26
	0.25
	0.14
	
	
	
	
	37

	3-5
	0.14
	0.18
	0.18
	0.14
	
	
	
	
	35


*top slab 8.0 in., bottom slab 7.0 in.

	5 ft x 4 ft x 6 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.19
	0.78
	0.30
	0.14
	0.31
	0.19
	0.70
	0.17
	

	2<3
	0.18
	0.30
	0.28
	0.14
	
	
	
	
	45

	3-5
	0.14
	0.20
	0.21
	0.14
	
	
	
	
	40


*top slab 8.0 in., bottom slab 7.0 in.

	5 ft x 5 ft x 6 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.19
	0.82
	0.33
	0.14
	0.34
	0.19
	0.69
	0.17
	

	2<3
	0.16
	0.33
	0.32
	0.14
	
	
	
	
	45

	3-5
	0.14
	0.22
	0.23
	0.14
	
	
	
	
	45


*top slab 8.0 in., bottom slab 7.0 in.

	6 ft x 2 ft x 7 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.33
	0.51
	0.21
	0.17
	0.23
	0.19
	0.61
	0.17
	

	2<3
	0.31
	0.22
	0.22
	0.17
	
	
	
	
	42

	3-5
	0.22
	0.17
	0.17
	0.17
	
	
	
	
	41


*top slab 8.0 in.

	6 ft x 3 ft x 7 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.27
	0.58
	0.26
	0.17
	0.27
	0.19
	0.58
	0.17
	

	2<3
	0.26
	0.27
	0.27
	0.17
	
	
	
	
	41

	3-5
	0.18
	0.19
	0.20
	0.17
	
	
	
	
	39


*top slab 8.0 in.

	6 ft x 4 ft x 7 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.25
	0.64
	0.30
	0.17
	0.30
	0.19
	0.57
	0.17
	

	2<3
	0.23
	0.31
	0.31
	0.17
	
	
	
	
	42

	3-5
	0.17
	0.22
	0.23
	0.17
	
	
	
	
	41


*top slab 8.0 in.

	6 ft x 5 ft x 7 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in. / ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.23
	0.68
	0.33
	0.17
	0.32
	0.19
	0.56
	0.17
	

	2<3
	0.20
	0.34
	0.35
	0.17
	
	
	
	
	52

	3-5
	0.17
	0.24
	0.25
	0.17
	
	
	
	
	48


*top slab 8.0 in.

	6 ft x 6 ft x 7 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2*
	0.21
	0.72
	0.37
	0.17
	0.34
	0.19
	0.55
	0.17
	

	2<3
	0.18
	0.37
	0.38
	0.17
	
	
	
	
	52

	3-5
	0.17
	0.26
	0.28
	0.17
	
	
	
	
	52


*top slab 8.0 in.

	7 ft x 2 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.38
	0.60
	0.26
	0.19
	0.22
	0.19
	0.75
	0.19
	

	2<3
	0.38
	0.24
	0.24
	0.19
	
	
	
	
	46

	3-5
	0.27
	0.19
	0.19
	0.19
	
	
	
	
	44


	7 ft x 3 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.36
	0.57
	0.32
	0.19
	0.25
	0.19
	0.71
	0.19
	

	2<3
	0.33
	0.29
	0.30
	0.19
	
	
	
	
	44

	3-5
	0.23
	0.21
	0.21
	0.19
	
	
	
	
	42


	7 ft x 4 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.34
	0.61
	0.37
	0.19
	0.27
	0.19
	0.70
	0.19
	

	2<3
	0.29
	0.34
	0.34
	0.19
	
	
	
	
	44

	3-5
	0.21
	0.24
	0.25
	0.19
	
	
	
	
	42


	7 ft x 5 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.32
	0.65
	0.42
	0.19
	0.30
	0.19
	0.69
	0.19
	

	2<3
	0.26
	0.37
	0.38
	0.19
	
	
	
	
	49

	3-5
	0.19
	0.27
	0.28
	0.19
	
	
	
	
	46


	7 ft x 6 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.29
	0.69
	0.46
	0.19
	0.32
	0.19
	0.67
	0.19
	

	2<3
	0.23
	0.40
	0.42
	0.19
	
	
	
	
	59

	3-5
	0.19
	0.29
	0.30
	0.19
	
	
	
	
	55


	7 ft x 7 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.27
	0.73
	0.50
	0.19
	0.34
	0.19
	0.65
	0.19
	

	2<3
	0.21
	0.43
	0.45
	0.19
	
	
	
	
	59

	3-5
	0.19
	0.31
	0.33
	0.19
	
	
	
	
	59


	8 ft x 2 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.47
	0.50
	0.29
	0.19
	0.23
	0.19
	0.61
	0.19
	

	2<3
	0.51
	0.30
	0.31
	0.19
	
	
	
	
	50

	3-5
	0.36
	0.22
	0.22
	0.19
	
	
	
	
	48


	8 ft x 3 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.43
	0.49
	0.35
	0.19
	0.26
	0.19
	0.58
	0.19
	

	2<3
	0.45
	0.36
	0.37
	0.19
	
	
	
	
	48

	3-5
	0.32
	0.26
	0.27
	0.19
	
	
	
	
	45


	8 ft x 4 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.40
	0.52
	0.40
	0.19
	0.29
	0.19
	0.57
	0.19
	

	2<3
	0.40
	0.42
	0.43
	0.19
	
	
	
	
	45

	3-5
	0.28
	0.30
	0.31
	0.19
	
	
	
	
	45


	8 ft x 5 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.37
	0.56
	0.45
	0.19
	0.31
	0.19
	0.56
	0.19
	

	2<3
	0.36
	0.46
	0.47
	0.19
	
	
	
	
	48

	3-5
	0.26
	0.33
	0.34
	0.19
	
	
	
	
	45


	8 ft x 6 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.34
	0.61
	0.49
	0.19
	0.33
	0.19
	0.56
	0.19
	

	2<3
	0.33
	0.50
	0.52
	0.19
	
	
	
	
	56

	3-5
	0.24
	0.36
	0.37
	0.19
	
	
	
	
	50


	8 ft x 7 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.32
	0.65
	0.53
	0.19
	0.35
	0.19
	0.56
	0.19
	

	2<3
	0.30
	0.53
	0.56
	0.19
	
	
	
	
	65

	3-5
	0.22
	0.38
	0.40
	0.19
	
	
	
	
	61


	8 ft x 8 ft x 8 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.30
	0.69
	0.57
	0.19
	0.36
	0.19
	0.55
	0.19
	

	2<3
	0.28
	0.56
	0.59
	0.19
	
	
	
	
	65

	3-5
	0.20
	0.40
	0.43
	0.19
	
	
	
	
	65


	9 ft x 2 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.46
	0.35
	0.26
	0.22
	0.22
	0.22
	0.47
	0.22
	

	2<3
	0.58
	0.32
	0.32
	0.22
	
	
	
	
	55

	3-5
	0.41
	0.23
	0.23
	0.22
	
	
	
	
	52


	9 ft x 3 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.42
	0.35
	0.32
	0.22
	0.23
	0.22
	0.47
	0.22
	

	2<3
	0.52
	0.38
	0.39
	0.22
	
	
	
	
	52

	3-5
	0.37
	0.27
	0.28
	0.22
	
	
	
	
	49


	9 ft x 4 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.38
	0.38
	0.36
	0.22
	0.25
	0.22
	0.47
	0.22
	

	2<3
	0.47
	0.44
	0.45
	0.22
	
	
	
	
	52

	3-5
	0.33
	0.31
	0.32
	0.22
	
	
	
	
	49


	9 ft x 5 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.35
	0.41
	0.41
	0.22
	0.28
	0.22
	0.47
	0.22
	

	2<3
	0.43
	0.49
	0.50
	0.22
	
	
	
	
	49

	3-5
	0.30
	0.35
	0.36
	0.22
	
	
	
	
	49


	9 ft x 6 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in. / ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.32
	0.44
	0.44
	0.22
	0.29
	0.22
	0.47
	0.22
	

	2<3
	0.39
	0.53
	0.54
	0.22
	
	
	
	
	55

	3-5
	0.28
	0.38
	0.39
	0.22
	
	
	
	
	52


	9 ft x 7 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in. / ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.30
	0.46
	0.48
	0.22
	0.31
	0.22
	0.45
	0.22
	

	2<3
	0.36
	0.56
	0.59
	0.22
	
	
	
	
	64

	3-5
	0.26
	0.40
	0.42
	0.22
	
	
	
	
	58


	9 ft x 8 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.28
	0.49
	0.52
	0.22
	0.33
	0.22
	0.45
	0.22
	

	2<3
	0.33
	0.60
	0.63
	0.22
	
	
	
	
	72

	3-5
	0.24
	0.43
	0.45
	0.22
	
	
	
	
	72


	9 ft x 9 ft x 9 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.27
	0.51
	0.55
	0.22
	0.34
	0.22
	0.45
	0.22
	

	2<3
	0.31
	0.63
	0.66
	0.22
	
	
	
	
	72

	3-5
	0.23
	0.45
	0.48
	0.22
	
	
	
	
	72


	10 ft x 2 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.46
	0.29
	0.24
	0.24
	0.24
	0.24
	0.34
	0.24
	

	2<3
	0.66
	0.33
	0.34
	0.24
	
	
	
	
	59

	3-5
	0.46
	0.24
	0.24
	0.24
	
	
	
	
	59


	10 ft x 3 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.44
	0.33
	0.30
	0.24
	0.24
	0.24
	0.24
	0.24
	

	2<3
	0.59
	0.40
	0.41
	0.24
	
	
	
	
	59

	3-5
	0.42
	0.29
	0.29
	0.24
	
	
	
	
	56


	10 ft x 4 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.40
	0.36
	0.35
	0.24
	0.24
	0.24
	0.24
	0.24
	

	2<3
	0.54
	0.46
	0.47
	0.24
	
	
	
	
	56

	3-5
	0.38
	0.33
	0.34
	0.24
	
	
	
	
	52


	10 ft x 5 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.37
	0.39
	0.39
	0.24
	0.26
	0.24
	0.24
	0.24
	

	2<3
	0.49
	0.51
	0.52
	0.24
	
	
	
	
	52

	3-5
	0.35
	0.36
	0.38
	0.24
	
	
	
	
	52


	10 ft x 6 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.34
	0.42
	0.43
	0.24
	0.28
	0.24
	0.42
	0.24
	

	2<3
	0.45
	0.55
	0.57
	0.24
	
	
	
	
	56

	3-5
	0.33
	0.40
	0.41
	0.24
	
	
	
	
	52


	10 ft x 7 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.32
	0.44
	0.46
	0.24
	0.30
	0.24
	0.24
	0.24
	

	2<3
	0.42
	0.59
	0.62
	0.24
	
	
	
	
	59

	3-5
	0.31
	0.42
	0.45
	0.24
	
	
	
	
	56


	10 ft x 8 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in. / ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.30
	0.47
	0.50
	0.24
	0.31
	0.24
	0.24
	0.24
	

	2<3
	0.39
	0.63
	0.66
	0.24
	
	
	
	
	75

	3-5
	0.29
	0.45
	0.48
	0.24
	
	
	
	
	66


	10 ft x 9 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.28
	0.49
	0.53
	0.24
	0.33
	0.24
	0.24
	0.24
	

	2<3
	0.37
	0.66
	0.70
	0.24
	
	
	
	
	79

	3-5
	0.27
	0.47
	0.51
	0.24
	
	
	
	
	79


	10 ft x 10 ft x 10 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.27
	0.51
	0.56
	0.24
	0.34
	0.24
	0.24
	0.24
	

	2<3
	0.35
	0.69
	0.74
	0.24
	
	
	
	
	79

	3-5
	0.26
	0.50
	0.54
	0.24
	
	
	
	
	79


	11 ft x 2 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.50
	0.27
	0.26
	0.26
	0.26
	0.26
	0.26
	0.26
	

	2<3
	0.73
	0.35
	0.35
	0.26
	
	
	
	
	67

	3-5
	0.52
	0.26
	0.26
	0.26
	
	
	
	
	63


	11 ft x 3 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.45
	0.31
	0.29
	0.26
	0.26
	0.26
	0.26
	0.26
	

	2<3
	0.67
	0.42
	0.43
	0.26
	
	
	
	
	63

	3-5
	0.47
	0.30
	0.31
	0.26
	
	
	
	
	60


	11 ft x 4 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.41
	0.34
	0.33
	0.26
	0.26
	0.26
	0.26
	0.26
	

	2<3
	0.61
	0.48
	0.49
	0.26
	
	
	
	
	60

	3-5
	0.43
	0.35
	0.35
	0.26
	
	
	
	
	56


	11 ft x 5 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.38
	0.37
	0.37
	0.26
	0.26
	0.26
	0.26
	0.26
	

	2<3
	0.56
	0.53
	0.54
	0.26
	
	
	
	
	56

	3-5
	0.40
	0.38
	0.39
	0.26
	
	
	
	
	56


	11 ft x 6 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.35
	0.40
	0.40
	0.26
	0.26
	0.26
	0.26
	0.26
	

	2<3
	0.52
	0.58
	0.60
	0.26
	
	
	
	
	56

	3-5
	0.37
	0.42
	0.43
	0.26
	
	
	
	
	56


	11 ft x 7 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.33
	0.42
	0.43
	0.26
	0.28
	0.26
	0.26
	0.26
	

	2<3
	0.48
	0.62
	0.64
	0.26
	
	
	
	
	60

	3-5
	0.35
	0.44
	0.47
	0.26
	
	
	
	
	56


	11 ft x 8 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.31
	0.45
	0.47
	0.26
	0.30
	0.26
	0.26
	0.26
	

	2<3
	0.45
	0.66
	0.69
	0.26
	
	
	
	
	67

	3-5
	0.33
	0.47
	0.50
	0.26
	
	
	
	
	63


	11 ft x 9 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.30
	0.47
	0.50
	0.26
	0.31
	0.26
	0.26
	0.26
	

	2<3
	0.43
	0.69
	0.73
	0.26
	
	
	
	
	85

	3-5
	0.31
	0.49
	0.53
	0.26
	
	
	
	
	70


	11 ft x 10 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.28
	0.49
	0.53
	0.26
	0.33
	0.26
	0.26
	0.26
	

	2<3
	0.41
	0.73
	0.77
	0.26
	
	
	
	
	86

	3-5
	0.30
	0.52
	0.56
	0.26
	
	
	
	
	86


	11 ft x 11 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.27
	0.51
	0.56
	0.26
	0.34
	0.26
	0.26
	0.26
	

	2<3
	0.39
	0.76
	0.81
	0.26
	
	
	
	
	86

	3-5
	0.29
	0.55
	0.59
	0.26
	
	
	
	
	86


	12 ft x 2 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.51
	0.29
	0.29
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.81
	0.37
	0.37
	0.29
	
	
	
	
	71

	3-5
	0.57
	0.29
	0.29
	0.29
	
	
	
	
	68


	12 ft x 3 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.46
	0.29
	0.29
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.74
	0.44
	0.44
	0.29
	
	
	
	
	68

	3-5
	0.53
	0.32
	0.32
	0.29
	
	
	
	
	64


	12 ft x 4 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.42
	0.33
	0.31
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.68
	0.50
	0.51
	0.29
	
	
	
	
	64

	3-5
	0.49
	0.36
	0.37
	0.29
	
	
	
	
	60


	12 ft x 5 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.39
	0.35
	0.34
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.63
	0.55
	0.56
	0.29
	
	
	
	
	64

	3-5
	0.45
	0.40
	0.41
	0.29
	
	
	
	
	60


	12 ft x 6 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.36
	0.38
	0.38
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.59
	0.60
	0.62
	0.29
	
	
	
	
	60

	3-5
	0.42
	0.44
	0.45
	0.29
	
	
	
	
	56


	12 ft x 7 ft x 11 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.34
	0.41
	0.42
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.55
	0.65
	0.67
	0.29
	
	
	
	
	60

	3-5
	0.40
	0.47
	0.49
	0.29
	
	
	
	
	60


	12 ft x 8 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.32
	0.43
	0.45
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.52
	0.69
	0.72
	0.29
	
	
	
	
	67

	3-5
	0.38
	0.50
	0.52
	0.29
	
	
	
	
	64


	12 ft x 9 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.30
	0.45
	0.47
	0.29
	0.29
	0.29
	0.29
	0.29
	

	2<3
	0.49
	0.73
	0.76
	0.29
	
	
	
	
	75

	3-5
	0.36
	0.52
	0.56
	0.29
	
	
	
	
	68


	12 ft x 10 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.29
	0.48
	0.50
	0.29
	0.30
	0.29
	0.29
	0.29
	

	2<3
	0.46
	0.76
	0.80
	0.29
	
	
	
	
	93

	3-5
	0.34
	0.55
	0.59
	0.29
	
	
	
	
	79


	12 ft x 11 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.29
	0.50
	0.53
	0.29
	0.32
	0.29
	0.29
	0.29
	

	2<3
	0.44
	0.79
	0.85
	0.29
	
	
	
	
	91

	3-5
	0.33
	0.57
	0.62
	0.29
	
	
	
	
	79


	12 ft x 12 ft x 12 in.

	Design

Earth

Cover, ft
	Circumferential Reinforcement Areas, sq in./ ft

	
	As1
	As2
	As3
	As4
	As5
	As6
	As7
	As8
	“M”, in.

	0<2
	0.29
	0.52
	0.56
	0.29
	0.33
	0.29
	0.29
	0.29
	

	2<3
	0.43
	0.83
	0.89
	0.29
	
	
	
	
	93

	3-5
	0.32
	0.60
	0.65
	0.29
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