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STRUCTURAL PORTLAND CEMENT CONCRETE.
(REV 7-14-21)

SUB ARTICLE 346-2.3 is deleted and the following substituted:

346-2.3 Supplementary Cementitious Materials: Supplementary cementitious
materials are required to produce binary or ternary concrete mixes in all classes of concrete
specified in Table 346-3, except for the following when used in slightly aggressive
environments: Elasst-Class [ (Pavement), and Class IL

The quantity of portland cement replaced with supplementary cementitious
materials must be on an equal weight replacement basis of the total cementitious materials in
accordance with Table 346-2.

346-2.3.1 Highly Reactive Pozzolans: Materials that have a very high degree of
pozzolanic reactivity due to their very fine particle sizes, including silica fume, metakaolin and
ultrafine fly ash.

346-2.3.2 Binary Concrete Mixes: Concrete mixes containing portland cement
and one supplementary cementitious material.

346-2.3.3 Ternary Concrete Mixes: Concrete mixes containing portland cement
and any two of supplementary cementitious materials, either fly ash, slag, or highly reactive
pozzolans.

ARTICLE 346-3.1 is deleted and the following substituted:

346-3.1 General: The classifications of concrete are designated as Elass+-Class [
(Pavement), Class II, Class II (Bridge Deck), Class III, Class III (Seal), Class IV, Class IV
(Drilled Shaft), Class V, Class V (Special), Class VI, and Class VII. The 28-day specified
minimum compressive strength, maximum water to cementitious materials ratio and target slump
of each class are detailed in Table 346-3. The required air content for all classes of concrete is
less than or equal to 6.0%.

For purposes of this Specification the concrete is further classified as follows:

1. Conventional Concrete: The target slump is described in Table 346-3
with a tolerance of + 1.5 inches.

2. Increased Slump Concrete: The maximum target slump is 7 inches with
a tolerance of £ 1.5 inches when a Type F, G, I or II admixture is used.

3. Slip-form Concrete: The target slump is 1.5 inches with a tolerance of =
1.5 inches.

4. Flowing Concrete: Use flowing concrete only in the manufacturing of
precast and prestressed products. Request Engineer’s authorization to use flowing concrete for
cast-in-place applications. The target slump is 9 inches with a tolerance of = 1.5 inches. Meet the
requirements of Section 8.6 Volume II of the Materials Manual.
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5. Self-Consolidating Concrete (SCC): Use SCC only in the
manufacturing of precast and prestressed products. The minimum target slump flow is 22.5
inches with a tolerance of + 2.5 inches. Meet the requirements of Section 8.4 Volume II of the
Materials Manual.

ARTICLE 346-3.3 is deleted and the following substituted:

346-3.3 Master Proportion Table: Proportion the materials to produce the classes of
concrete in accordance with Table 346-3.
The calculation of the water to cementitious materials ratio (w/cm) is based on the
total cementitious materials including portland cement and any supplementary cementitious
materials used in the mix.

Table 346-3
Master Proportion Table
28-day Specified | Maximum Water to
Class of Concrete Minimum Cementitious Target Slump Value
Compressive Strength|  Materials Ratio (inches)
(fc) (psi) (pounds per pounds)
L 2864 8.52 3-2)
I (Pavement) 3,000 0.50 1.50r3®
Imo 3,400 0.53 3@
11 (Bridge Deck) 4,500 0.44 3@
1 @ 5,000 0.44 3@
I1I (Seal) 3,000 0.53 8
1Y% 5,500 0.419 3@
IV (Drilled Shaft) 4,000 0.41 8.5
V (Special) 6,000 0.37% 3@
\% 6,500 0.37% 3@
VI 8,500 0.37% 3@
VII 10,000 0.37% 3@

INotes:

(1) For precast three-sided culverts, box culverts, endwalls, inlets, manholes and junction boxes, the target slump value and air
content will not apply. The maximum allowable slump is 6 inches, except as noted in (2). The Contractor is permitted to use
concrete meeting the requirements of ASTM C478 (4,000 psi) in lieu of the specified Elasste#Class II concrete for precast
endwalls, inlets, manholes and junction boxes.

(2) Increased slump and slip form concrete as defined in 346-3.1

(3) Meet the requirements of Section 350.

(4) When silica fume or metakaolin is required, the maximum water to cementitious material ratio will be 0.35. When ultrafine
fly ash is used, the maximum water to cementitious material ratio will be 0.30.
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/— CHANGED TO: Class Il

cither Grade 40 or 60.

3. Endwalls may be cast in place or precast concrete. (Additional reinforcement
necessary for handling precast units will be determined by the Contractor
or the supplier).

4. Chamfer all exposed edges and corners to 3"

5. Endwall dimensions, locations and positions are for round and elliptical
concrete pipe and for round and pipe-arch corrugated metal pipe. Round
concrete pipe shown.

6. On outfall ditches with side slopes flatter than 1:1.5 provide 20’
transitions from the endwall to the flatter side slopes, right of
way permitting.

7. Construct front slope and ditch transitions in accordance with Index 430-001.

8. Quantities shown are for estimating purposes only.

TABLE OF CONTENTS:
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1 General Notes and Contents
2 Concrete Endwall Details
3 Concrete and Metal Pipe Tables
4 Spacing For Multiple Pipes
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ROUND CONCRETE AND CORRUGATED METAL PIPE ;
. ; . C —EtassT Concaete (CY)
2| pia. Opening Area (SF) Dimensions Ndmber Of Pipe And Skéw Angle OF Pipe () Dia.
| b Number Of Pipes A g c E £ G y X Single Double ((, A/ L . ..., Driple Quadruple D
1 2 3 4 0° 15° 30° 45° 0° 0° 15° 30° 1/ 45° ° 15° 30° 45° 0° 15° 30° 45°
15" 1.23 2.46 3.69 4.92 I'-11"| 1'-2" 4'-0" | 1'-10" | 1'-2" 0'-6" 2'-7" 2'-7" 2'-8" 3'-0" 3'-8" 1.23 1.59 1.60 1.6 174 1.94 1.96 2.05 2.23 2.30 2.34 2.47 274 15"
18" 1.77 3.54 5.31 7.08 2'-2" 1'-3" 4'-6" | 1'-11"| 1I'-3" 1'-0" | 2-10" | 2’-10" | 2'-11" | 3'-3" 4'-0" 1.56 1.99 2.01 }ﬁ6 2.17 2.43 2.46 2.56 2.79 2.86 291 3.06 3.40 18"
21" 241 4.82 7.23 9.64 2'-5" 1'-4" 5'-0" 2'-0" 1'-4" 1'-6" 3-2" 3-2" 3-3" 3'-8" 4'-6" 1.97 ,/ 21"
L1 24| 314 6.28 9.42 1256 | 2'-8" 1'-4" 5'-6" 2'-0" 1'-4" 2'-0" 3'-5" 3'-5" 3-6" | 3-11" | 4'-10" 2.24 2.82 2,8/ 291 3.06 3.39 3.43 3.57 3.87 3.97 4.03 4.24 4.69 | 24"
2l 27| 398 7.96 1194 | 1592 | 2-11"| 1'-5" 6'-0" 2'-1" 1'-5" 2'-6" | 3-10" | 3'-10" | 4'-0" 4'-5" 5'-5" 273 / 27"
%J 30" 4.91 9.82 14.73 | 19.64 | 3-2" 1'-6" 6'-6" 2'-2" 1'-6" 3'-0" 4'-3" 4'-3" 4'-5" | 4'-11" | 6'-0" 3.26 4.13 )/ 4.16 4.26 4.49 4.98 5.04 5.25 5.69 5.84 5.93 6.24 6.91 30"
o 36" 7.07 14.14 | 21.21 | 28.28 | 3'-8" 1'-8" 7'-6" 2'-4" 1'-8" 4'-0" 5-1" 5-1" 5'-3" | 5'-10" | 7'-2" 4.53 5.7)?/ 577 592 6.23 6.92 7.00 7.29 7.91 8.13 8.26 8.69 9.62 | 36"
42" | 9.62 19.24 | 28.86 | 38.48 | 4'-2" | 1'-10" | 8-6" 2'-6" 2'-0" 5'-0" 6'-0" 6'-0" 6'-3" | 6'-11"| 8-6" 6.33 ,8./]] 8.17 8.39 8.85 9.90 10.02 | 1045 | 11.38 | 11.68 | 11.87 | 1251 | 13.89 | 42"
48" | 12.57 | 25.14 | 37.71 | 50.28 | 4'-8" 2'-1" 9'-6" 2'-9" 2'-0" 6'-0" 6'-9" 6'-9" 7'-0" | 7'-10" | 9'-7" 8.15 ,/10.40 1048 | 10.75 | 11.33 | 12.64 | 12.80 | 13.34 | 1450 | 14.89 | 15.13 | 1593 | 17.68 | 48"
54" 1 1590 | 31.80 | 47.70 | 63.60 | 5-2" 2'-6" | 10'-6" | 3'-2" 2'-3" 7'-0" 7'-8" /7'-8" | 7'-11"| 8-10" |10'-10" ]1.7}/ 1523 | 1535 | 1578 | 16.69 | 18.77 | 19.02 | 19.86 | 21.69 | 22.29 | 22.66 | 23.93 | 26.67 | 54"
15" 1.23 2.46 3.69 4.92 I'-11"| 1'-2" 4'-0" | 1'-10" | 1'-2" 0'-6" 2'-7" 2'-7" 2'-8" 3'-0" 3'-8" 124 1.62 1.63 1.68 1.78 1.99 2.02 2.11 2.30 2.37 241 2.75 2.84 15"
= 18" 1.77 3.54 5.31 7.08 2'-2" 1'-3" 4'-6" | 1I'-11"| 1'-3" r-o0" | 2-10" | 2’-10" | 2'-11" | 3'-3" 4'-0" //1.59 2.04 2.06 2.11 2.23 2.51 2.54 2.65 2.89 2.96 3.01 3.17 3.53 18"
o | 21" 241 4.82 7.23 9.64 2'-5" 1'-4" 5'-0" 2'-0" 1'-4" . 4'-6" A 21"
=27 3.14 6.28 9.42 1256 | 2-8" 1'-4" 5'-6" 2'-0" 1'-4" CHANGED TO ClaSS ” 4-T 2.29 291 2.93 3.01 3.17 3.52 3.56 3.71 4.03 4.14 4.20 4.43 491 24"
Tl 27| 398 7.96 1194 | 1592 | 2-11"| 1'-5" 6'-0" 2'-1" 1'-5" Z-0" | 3-10" | 3-10" | 4-U" 4-5" 5'-5" \\ 27"
g 30" 4.91 9.82 14.73 | 19.64 | 3-2" 1'-6" 6'-6" 2'-2" 1'-6" 3'-0" 4'-3" 4'-3" 4'-5" | 4'-11"| 6'-0" \i34 4.28 4.31 4.43 4.67 5.20 5.27 5.49 5.97 6.13 6.23 6.56 7.29 | 30"
3 36" 7.07 14.14 | 21.21 | 28.28 | 3'-8" 1'-8" 7'-6" 2'-4" 1'-8" 4'-0" 5-1" 5-1" 5-3" | 5-10"| 7'-2" 4.5( 5.95 6.00 6.15 6.49 7.25 7.34 7.65 8.33 8.57 8.71 9.18 10.20 | 36"
5142 | 962 19.24 | 2886 | 38.48 | 4'-2" | 1'-10" | 8-6" 2'-6" 2'-0" 5'-0" 6'-0" 6'-0" 6'-3" | 6'-11"| 8-6" 6.49 8.43 8.50 8.73 9.23 10.38 | 10.52 | 1098 | 11.99 | 1232 | 1252 | 13.22 | 1473 | 42"
O 48" | 1257 | 25.14 | 37.71 | 50.28 | 4'-8" 2'-1" 9'-6" 2'-9" 2'-0" 6'-0" 6'-9" 6'-9" 7'-0" | 7'-10" | 9'-7" 8.38 085 | 1094 | 11.23 | 11.87 | 13.34 | 13.51 | 14.11 | 1539 | 1582 | 16.08 | 16.97 | 18.90 | 48"
54" 1 1590 | 31.80 | 47.70 | 63.60 | 5-2" 2'-6" | 10'-6" | 3'-2" 2'-3" 7'-0" 7'-8" 7'-8" | 7'-11"| 8-10" | 10'-10" 11.77 1525 1548 | 1590 | 16.83 | 1893 | 19.18 | 20.04 | 21.89 | 22.51 | 22.89 | 24.17 | 26.96 | 54"
ELLIPTICAL CONCRETE AND CORRUGATED METAL PIPE A CH&
: ; . C —€tass Concdete (CY)
@ | Rise|span Opening Area (SF) Dimensions Number OF Pipe And Skeéw Angle OF Pipe (o) Rise |Span Agprpx.
| R s Number Of Pipes 2 5 c £ £ G v X Single Double "~ =" riple Quadruple R S Rgg,%
1 2 3 4 0° 15° 30° 45° 0° 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45°
2" | 18" 1.3 2.6 3.9 5.2 1'-8" 1-2" 3-9" | 1'-10" | 1'-2" o-3" | 2-10"| 2-10" | 2'-11" | 3'-3" 4'-0" 1.09 1.45 1.46 1.51 1.60 1.80 1.82 1.91 2.09 2.16 2.20 2.33 2.60 2" | 18" 15"
14" | 23" 1.8 3.6 5.4 7.2 I'-10" I'-3" | 42" | 1'-11" 1'-3" 8%" 3'-5" 3'-5" 3-6" | 3-11"| 4'-10" 1.36 1.82 1.84 1.89 2.01 2.29 2.32 243 2.68 2.75 2.80 2.97 3.33 14" | 23" 18"
19" | 30" 33 6.6 9.9 13.2 2'-3" I'-4" [ 5-1p%"] 2'-0" I'-4" [ 1'-7%" | 4-2" 4'-2" 4'-4" | 4'-10" | 5'-11" 1.89 2.55 2.57 2.65 2.82 3.22 3.27 3.43 3.77 3.88 3.95 4.19 4.70 19" | 30" 24"
o 24" | 38" 5.1 10.2 15.3 20.4 2'-8" I'-5" 6'-3" 2'-1" I'-5" 2'-9" 5-2" 5-2" 5'-4" 6'-0" 7'-4" 2.64 3.55 3.58 3.69 3.93 4.48 4.54 4.77 5.24 5.39 5.49 5.82 6.53 24" | 38" 30"
T 29" | 45" 7.4 14.8 22.2 29.6 3-1" 1'-6" 7'-0" 2'-2" 1'-6" 3'-6" 6'-0" 6'-0" 6'-3" | 6'-11"| 8-6" 3.32 4.48 4.52 4.66 4.96 5.64 572 6.00 6.60 6.80 6.92 7.34 8.24 | 29" | 45" 36"
S| 34| 53 10.2 20.4 30.6 40.8 3'-6" r-7" |7-11%"] 2'-3" I'-7" [ 4-5%"] 7'-1" 7'-1" 7'-4" 8-2" | 10'-0" 4.24 5.76 5.81 6.00 6.39 7.29 7.40 7.76 8.55 8.81 8.97 9.52 10.70 | 34" | 53" 42"
§ 38" | 60" 12.9 25.8 38.7 516 | 3-10" 1'-8" 8-9" 2'-4" 1'-8" 5-3" |\ 7-11"|7-11"| 8-2" g-2" | 11'-2" 5.22 7.16 7.23 7.46 7.96 9.10 9.24 9.70 1071 | 11.05 | 11.25 | 11.95 | 13.46 | 38" | 60" 48"
43" | 68" 16.6 33.2 49.8 66.4 4-3" | 1'-10" | 9-8%" | 2-6" | I'-10" | 6'-2}" | 8-10"| 8-10"| 9-2" | 10'-2" | 12'-6" 6.63 9.01 9.09 9.38 10.00 | 11.39 | 11.56 | 12,13 | 13.36 | 13.77 | 14.02 | 1488 | 16.73 | 43" | 68" 54"
48" | 76" | 20.5 41.0 61.5 82.0 4'-8" 2'-1" | 10'-8" | 2'-9" 2'-0" 7'-2" 9'-9" 9-9" | 10-1" | 11'-3" | 13'-9" 8.66 11.74 | 11.85 | 1222 | 13.02 | 1482 | 15.04 | 1577 | 17.37 | 17.91 | 1823 | 19.34 | 21.74 | 48" | 76" 60"
53" [ 83" | 248 49.6 74.4 99.2 5-1" 2'-6" | 11'-7" | 3-2" 2'-6" g-1" | 10-7" | 10'-7" | 10'-11"| 12'-3" | 15'-0" 12.50 1698 | 16.98 | 17.67 | 1883 | 21.47 | 21.78 | 22.86 | 25.18 | 25.97 | 26.44 | 28.06 | 31.55 | 53" | 83" 66"
58" | 91" | 29.5 59.0 88.5 118.0 | 5-6" | 2-10" |12-6¥"| 3-6" | 2-10" | 9'-0%" | 11'-4" | 1I'-4" | 11'-9" | 13'-1"| 16'-0" 16.46 22.26 | 22.46 | 23.16 | 24.66 | 28.05 | 28.46 | 29.85 | 32.85 | 33.85 | 34.46 | 36.55 | 41.05 | 58" | 91" 72"
37 1.1 2.2 3.3 4.4 1'-9" I'-2" | 3-10" | 1'-10" 1'-2" 0-4" 2'-6" 2'-6" 2'-7" | 2-11"| 3'-6" 1.16 1.47 1.48 1.52 1.60 1.78 1.80 1.88 2.04 2.09 2.12 2.23 2.48 13" 17" 15"
S5 | 21 1.6 3.2 4.8 6.4 I-11"| 1'-2" 4'-3" | 1'-10" | 1'-2" o-9" | 2-10"| 2'-10" | 2'-11" | 3'-3" 4'-0" 1.33 1.69 1.70 1.75 1.84 2.04 2.06 2.15 2.33 2.40 2.44 2.57 2.84 15" [ 21" 18"
§ 20" | 28" 2.8 5.6 8.4 11.2 2'-4" 1'-3" 52" 1 1'-11" | 1'-3" 1'-8" 3'-5" 3'-5" 3-6" | 3-11"| 4'-10" 1.78 2.31 2.33 2.39 2.53 2.83 2.87 2.99 3.26 3.36 3.42 3.60 4.01 20" | 28" 24"
< | 24" | 35" 4.3 8.6 12.9 17.2 2'-8" I'-4" |5'-11%" 2'-0" I'-4" | 2-5" | 4'-0" 4'-0" 4'-2" 4'-7" 5'-8" 2.34 3.03 3.05 3.14 3.32 3.72 3.77 3.93 4.29 4.40 4.47 4.72 525 | 24" | 35" 30"
% 29" | 42" 5.9 11.8 17.7 23.6 3-1" I'-5" |6'-10%"] 2'-1" I'-5" [ 3-4¥%" | 4'-9" 4'-9" | 4'-11"| 5-6" 6'-9" 3.13 4.06 4.09 4.20 4.45 4.99 5.06 5.28 576 5.93 6.03 6.36 7.09 | 29" | 42" 36"
) 33" | 49" 8.4 16.8 25.2 33.6 3-5" 1'-6" 7'-8" 2'-2" 1'-6" 4'-2" 5'-6" 5'-6" 5'-8" 6'-4" 7'-9" 3.83 5.00 5.04 5.18 5.48 6.16 6.24 6.52 7.12 7.32 7.44 7.86 876 | 33" | 49" 42"
= 38" | 57" 10.6 21.2 31.8 42.4 | 3-10"| 1'-7" |8-7¥%"| 2-3" I-7" | 5-1%"] 6'-4" 6'-4" 6'-7" 7'-4" | 8-11" 4.87 6.31 6.36 6.53 6.91 7.74 7.84 8.18 8.93 9.18 9.33 9.85 10.96 | 38" | 57" 48"
S 43" | 64" 13.2 26.4 39.6 52.8 4'-3" 1'-8" | 9-6%"| 2-4" 1-8" |6-0%"| 7-1" 7'-1" 7'-4" 8-2" | 10'-0" 5.88 7.64 7.70 7.91 8.37 9.40 9.52 9.94 1086 | 11.15 | 11.33 | 11.97 | 13.33 | 43" | 64" 54"
47" | 71" 16.9 33.8 50.7 67.6 4'-7" | 1'-10" | 10'-4" | 2'-6" 2'-0" | 6'-10" | 7'-10" | 7'-10" | 8'-1" 9'-1" | 11'-1" 7.80 10.15 | 10.23 | 10.51 | 11.12 | 1249 | 12.65 | 13.22 | 1443 | 14.85 | 15.10 | 1594 | 17.77 | 47" | 71" 60"
NOTES:
1. Dimension X is calculated as: X = S*SEC a.
2. Select tabular quantities using skew values as follows:
End Skew to Pipe Use Tabulated Value
0° to 5° 0°
11/01/21 6° to 15° 15°
16° to 30° 30°
31° or Over 45°
CONCRETE AND METAL PIPE TABLES
LART =| DESCRIPTION:
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GENERAL NOTES:

1.

2.

Use Class II concrete.

Reinforcing steel is either Grade 40 or 60.

. Endwalls may be cast in place or precast concrete. (Additional reinforcement

necessary for handling precast units will be determined by the Contractor
or the supplier).

. Chamfer all exposed edges and corners to 3"

. Endwall dimensions, locations and positions are for round and elliptical

concrete pipe and for round and pipe-arch corrugated metal pipe. Round
concrete pipe shown.

. On outfall ditches with side slopes flatter than 1:1.5 provide 20’

transitions from the endwall to the flatter side slopes, right of
way permitting.

. Construct front slope and ditch transitions in accordance with Index 430-001.

. Quantities shown are for estimating purposes only.

TABLE OF CONTENTS:

Sheet | Description
1 General Notes and Contents
2 Concrete Endwall Details
3 Concrete and Metal Pipe Tables
4 Spacing For Multiple Pipes
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ROUND CONCRETE AND CORRUGATED METAL PIPE
. . . Class II Concrete (CY)
2| Dia. Opening Area (SF) Dimensions Number Of Pipe And Skew Angle Of Pipe (a) Dia.
a| D Number Of Pipes A B c E E G v X Single Double Triple Quadruple D
1 2 3 4 0° 15° 30° 45° 0° 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45°
15" | 1.23 2.46 3.69 492 (r-11"| 1'-2" | 4-o0" | 1'-10" | 1'-2" | 0'-6" | 2'-7" | 2'-7" | 2’-8" | 3'-0" | 3'-8" 1.23 1.59 1.60 1.65 1.74 1.94 1.96 2.05 2.23 2.30 2.34 2.47 274 [ 15"
18" | 1.77 3.54 5.31 7.08 2'-2" -3 | 4-6" | 1'-11"| I'-3" r-o" | 2-10" | 2-10" | 2'-11" | 3'-3" | 4'-0" 1.56 1.99 2.01 2.06 2.17 2.43 2.46 2.56 2.79 2.86 291 3.06 3.40 | 18"
21" | 241 4.82 7.23 9.64 2'-5" I'-4" | 5-0" | 2'-0" 1'-4" r-e" | 3-2" | 32" | 33" | 3-8 | 4-6" 1.97 21"
L1 24| 314 6.28 9.42 | 1256 | 2-8" I'-4" | 5-6" | 2-0" I'-4q" | 2-0" | 3-5" | 3-5" | 3-6" | 3-11"| 4-10" 2.24 2.82 2.84 291 3.06 3.39 3.43 3.57 3.87 3.97 4.03 4.24 4.69 | 24"
212771 398 796 | 11.94 | 1592 | 2-11"| 1I'-5" | 6'-0" | 2'-1" r-5" | 2-6" | 3-10" | 3'-10" | 4'-0" | 4'-5" | 5'-5" 2.73 27"
%J 30" | 4.91 9.82 | 14.73 | 19.64 | 3-2" r-e" | 6-6" | 2-2" I'-6" | 3-0" | 4'-3" | 4-3" | 4-5" | 4-11"| 6'-0" 3.26 4.13 4.16 4.26 4.49 4.98 5.04 5.25 5.69 5.84 5.93 6.24 6.91 | 30"
QG| 36" | 7.07 | 14.14 | 21.21 | 28.28 | 3'-8" -8 | 7-6" | 2'-¢4" -8 | 4-0" | 5-1" | 5-1" | 5-3" | 5-10"| 7'-2" 4.53 573 5.77 5.92 6.23 6.92 7.00 7.29 7.91 8.13 8.26 8.69 9.62 | 36"
42" | 9.62 | 19.24 | 28.86 | 38.48 | 4'-2" | I'-10" | &-6" | 2'-6" | 2'-0" | 5'-0" | 6'-0" | 6'-0" | 6'-3" | 6'-11" | 8-6" 6.33 8.11 8.17 8.39 8.85 9.90 | 10.02 | 1045 | 11.38 | 11.68 | 11.87 | 12.51 | 13.89 | 42"
48" | 1257 | 25.14 | 37.71 | 50.28 | 4'-8" 2'-1" 9'-6" 2'-9" 2'-0" 6'-0" 6'-9" 6'-9" 7'-0" | 7'-10" | 9'-7" 8.15 10.40 | 10.48 | 10.75 | 11.33 | 12.64 | 1280 | 13.34 | 14.50 | 14.89 | 15.13 | 1593 | 17.68 | 48"
54" | 1590 | 31.80 | 47.70 | 63.60 | 5-2" | 2-6" | 10'-6" | 3-2" | 2’-3" | 7'-0" | 7'-8" | 7'-8" | 7'-11"| 8&-10"|10'-10"| 11.71 1523 | 1535 | 15.78 | 16.69 | 18.77 | 19.02 | 19.86 | 21.69 | 22.29 | 22.66 | 23.93 | 26.67 | 54"
15" ] 1.23 2.46 3.69 492 [ 1-11"| 1'-2" | 4'-0" | 1I'-10" | 1I'-2" | O0'-6" | 2'-7" | 2'-7" | 2’-8" | 3-0" | 3-8" 1.24 1.62 1.63 1.68 1.78 1.99 2.02 2.11 2.30 2.37 241 2.75 2.84 | 15"
< 18| 1.77 3.54 5.31 7.08 2'-2" -3 | 4-6" | 1'-11"| I'-3" r-o" | 2-10" | 2-10" | 2'-11" | 3-3" | 4'-0" 1.59 2.04 2.06 2.11 2.23 2.51 2.54 2.65 2.89 2.96 3.01 3.17 3.53 | 18"
| 21" | 2.41 4.82 7.23 9.64 2'-5" 1'-4" | 5-0" | 2'-0" 1-4" r-e" | 3-2" | 3-2" | 3-3" | 3-8 | 4-6" 21"
=27 3.14 6.28 9.42 1256 | 2-8" 1'-4" 5'-6" 2'-0" 1'-4" 2'-0" 3'-5" 3'-5" 3-6" | 3-11"| 4'-10" 2.29 291 2.93 3.01 3.17 3.52 3.56 3.71 4.03 4.14 4.20 4.43 491 24"
Tl 277 398 796 | 11.94 | 1592 | 2-11"| 1I'-5" | 6'-0" | 2'-1" I'-5" | 2-6" | 3-10" | 3'-10" | 4'-0" | 4'-5" | 5'-5" 27"
‘g 30" | 4.91 9.82 | 14.73 | 19.64 | 3-2" r-e" | 6-6" | 2-2" I'-6" | 3-0" | 4-3" | 4-3" | 4-5" | 4-11"| 6'-0" 3.34 4.28 4.31 4.43 4.67 5.20 5.27 5.49 5.97 6.13 6.23 6.56 7.29 | 30"
3 36" 7.07 14.14 | 21.21 | 28.28 | 3'-8" 1'-8" 7'-6" 2'-4" 1'-8" 4'-0" 5'-1" 5-1" 5'-3" | 5'-10" | 7'-2" 4.64 5.95 6.00 6.15 6.49 7.25 7.34 7.65 8.33 8.57 8.71 9.18 10.20 | 36"
5|42 | 962 | 19.24 | 28.86 | 38.48 | 4-2" | I'-10" | &-6" | 2'-6" | 2-0" | 5-0" | 6'-0" | 6'-0" | 6'-3" | 6'-11" | 8-6" 6.49 8.43 8.50 8.73 9.23 | 10.38 | 10.52 | 10.98 | 11.99 | 12.32 | 12.52 | 13.22 | 14.73 | 42"
O 48" | 1257 | 25.14 | 37.71 | 50.28 | 4'-8" 2'-1" 9'-6" 2'-9" 2'-0" 6'-0" 6'-9" 6'-9" 7'-0" | 7'-10" | 9'-7" 8.38 1085 | 1094 | 11.23 | 11.87 | 13.34 | 13.51 | 14.11 | 1539 | 1582 | 16.08 | 16.97 | 18.90 | 48"
54" | 1590 | 31.80 | 47.70 | 63.60 | 5-2" | 2-6" | 10'-6" | 3-2" | 2-3" | 7'-0" | 7'-8" | 7'-8" | 7'-11"| 8-10" |10'-10"| 11.77 1535 | 1548 | 1590 | 16.83 ]| 18.93 | 19.18 | 20.04 | 21.89 | 22.51 | 22.89 | 24.17 | 26.96 | 54"
ELLIPTICAL CONCRETE AND CORRUGATED METAL PIPE ARCH
. . . Class II _Concrete (CY)
@ | Rise|span Opening Area (SF) Dimensions Number OF Pipe And Skew Angle OF Pipe (o) Rise |Span Agprpx.
a| R S Number Of Pipes A B c E F G y X Single Double Triple Quadruple R S Rgg,%
1 2 3 4 0° 15° 30° 45° 0° 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45°
12" [ 18" 1.3 2.6 3.9 52 1'-8" -2 | 3-9" | 1'-10"| 1'-2" | 0'-3" | 2'-10" | 2’-10" | 2'-11" | 3'-3" | 4'-0" 1.09 1.45 1.46 1.51 1.60 1.80 1.82 1.91 2.09 2.16 2.20 2.33 260 | 12" ] 18" 15"
14" | 23" 1.8 3.6 5.4 7.2 I'-10" | 1'-3" | 4-2¥% | 1-11" | 1'-3" 8%" 3'-5" 3'-5" 3-6" | 3-11"| 4'-10" 1.36 1.82 1.84 1.89 2.01 2.29 2.32 243 2.68 2.75 2.80 2.97 3.33 14" | 23" 18"
19" [ 30" 3.3 6.6 9.9 13.2 2'-3" I'-4" | 5-1%"| 2'-0" -4 | 1-7%" | 4-2" | 4-2" | 4-4" | 4-10" | 5'-11" 1.89 2.55 2.57 2.65 2.82 3.22 3.27 3.43 3.77 3.88 3.95 4.19 4.70 | 19" | 30" 24"
o 24" | 38" 5.1 10.2 15.3 20.4 2'-8" I'-5" 6'-3" 2'-1" I'-5" 2'-9" 5-2" 5'-2" 5'-4" 6'-0" 7'-4" 2.64 3.55 3.58 3.69 3.93 4.48 4.54 4.77 5.24 5.39 5.49 5.82 6.53 24" | 38" 30"
| 29" | 45" 7.4 14.8 22.2 29.6 3-1" 1-6" | 7'-0" | 2-2" I'-6" | 3-6" | 6-0" | 6'-0" | 6'-3" | 6'-11"| 8-6" 3.32 4.48 4.52 4.66 4.96 5.64 5.72 6.00 6.60 6.80 6.92 7.34 8.24 | 29" | 45" 36"
S| 34 [ 53] 102 20.4 30.6 40.8 3'-6" -7 |7-11%" 2'-3" r-7" | 4-5%"| 7-1" | 7-1" | 7'-4" | 8-2" | 10'-0" 4.24 5.76 5.81 6.00 6.39 7.29 7.40 7.76 8.55 8.81 8.97 9.52 | 10.70 | 34" | 53" 42"
§ 38" | 60" 12.9 25.8 38.7 516 | 3-10"| I1'-8" 8-9" 2'-4" 1'-8" 5-3" | 7-11"|7-11"| 8-2" g-2" | 11'-2" 5.22 7.16 7.23 7.46 7.96 9.10 9.24 9.70 1071 | 11.05 | 11.25 | 11.95 | 13.46 | 38" | 60" 48"
43" |1 68" | 16.6 33.2 49.8 66.4 4'-3" | 1'-10" [ 9-8%" | 2-6" | I'-10" | 6'-2%" | 8-10"| 8-10" | 9'-2" | 10'-2" | 12'-6" 6.63 9.01 9.09 9.38 | 10.00 | 11.39 | 11.56 | 12.13 | 13.36 | 13.77 | 14.02 | 14.88 | 16.73 | 43" | 68" 54"
48" | 76" | 20.5 41.0 61.5 82.0 4-8" | 2-1" | 10'-8" | 2'-9" | 2'-0" | 7'-2" | 9'-9" | 9'-9" | 10'-1"| 1I'-3" | 13'-9" 8.66 11.74 | 11.85 | 12,22 | 13.02 | 1482 | 1504 | 1577 | 17.37 | 17.91 | 1823 | 19.34 | 21.74 | 48" | 76" 60"
53" 1 83" | 24.8 49.6 74.4 99.2 5-1" | 2-6" | 11'-7" | 3-2" | 2'-6" | &-1" | 10'-7"| 10'-7" |10'-11"| 12'-3" | 15'-0" 12.50 1698 | 16.98 | 17.67 | 18.83 | 21.47 | 21.78 | 22.86 | 25.18 | 25.97 | 26.44 | 28.06 | 31.55 | 53" | 83" 66"
58" 1 91" | 29.5 59.0 88.5 | 118.0 | 5-6" | 2-10" [12'-6%"] 3-6" | 2'-10" | 9-0%" | 11'-4" | 11I'-4" | 11'-9" | 13-1"| 16'-0" 16.46 22.26 | 22.46 | 23.16 | 24.66 | 28.05 | 28.46 | 29.85 | 32.85 | 33.85 | 34.46 | 36.55 | 41.05 | 58" | 91" 72"
37 1.1 2.2 3.3 4.4 1'-9" 1'-2" | 3-10" | 1'-10" | 1'-2" 0-4" 2'-6" 2'-6" 2-7" | 2-11"| 3'-6" 1.16 1.47 1.48 1.52 1.60 1.78 1.80 1.88 2.04 2.09 2.12 2.23 2.48 13" 17" 15"
N EE 1.6 3.2 4.8 6.4 r-11"| 1'-2" | 4-3" | 1'-10" | 1'-2" | 0'-9" | 2-10" | 2'-10" | 2'-11" | 3'-3" | 4'-0" 1.33 1.69 1.70 1.75 1.84 2.04 2.06 2.15 2.33 2.40 2.44 2.57 284 | 15" | 21" 18"
§ 20" | 28" 2.8 5.6 8.4 11.2 2'-4" 1'-3" | 5-2" | 1'-11" ] 1'-3" I-8" | 3-5" | 3-5" | 3-6" | 3-11"| 4'-10" 1.78 2.31 2.33 2.39 2.53 2.83 2.87 2.99 3.26 3.36 3.42 3.60 4.01 | 20" | 28" 24"
= | 24" | 35" 4.3 8.6 12.9 17.2 2'-8" I'-q" |5'-11%" 2'-0" I'-q" | 2-5%"| 4'-0" | 4-0" | 4-2" | 4-7" | 5-8" 2.34 3.03 3.05 3.14 3.32 3.72 3.77 3.93 4.29 4.40 4.47 4.72 525 | 24" | 35" 30"
% 29" | 42" 5.9 11.8 17.7 23.6 3-1" I'-5" |6'-10%"| 2'-1" 1'-5" | 3-4¥%"| 4-9" | 4-9" | 4-11"| 5-6" | 6'-9" 3.13 4.06 4.09 4.20 4.45 4.99 5.06 5.28 5.76 5.93 6.03 6.36 7.09 [ 29" ] 42" 36"
) 33" | 49" 8.4 16.8 25.2 33.6 3'-5" 1-6" | 7'-8" | 2-2" I'-6" | 4-2" | 5'-6" | 5'-6" | 5-8" | 6'-4" | 7'-9" 3.83 5.00 5.04 5.18 5.48 6.16 6.24 6.52 7.12 7.32 7.44 7.86 8.76 | 33" | 49" 42"
|38 [ 57" ] 10.6 21.2 31.8 42.4 | 3-10"| 1'-7" | 8-7%"| 2-3" -7 | 5-1%"| 6-4" | 6-4" | 6-7" | 7'-4" | 8-11" 4.87 6.31 6.36 6.53 6.91 7.74 7.84 8.18 8.93 9.18 9.33 9.85 | 10.96 | 38" | 57" 48"
S|43 | 64" 132 26.4 39.6 52.8 4'-3" 1'-8" | 9-6%"| 2'-4" -8 |6-0%"| 7-1" | 7-1" | 7-4" | &-2" | 10'-0" 5.88 7.64 7.70 7.91 8.37 9.40 9.52 9.94 | 1086 | 11.15 | 11.33 | 11.97 | 13.33 | 43" | 64" 54"
47" 1 71" | 16.9 33.8 50.7 67.6 4'-7" | 1'-10" | 10'-4" | 2'-6" | 2'-0" | 6'-10" | 7'-10"| 7'-10"| &-1" | 9-1" | 11'-1" 7.80 10.15 | 10.23 | 10.51 | 11.12 | 1249 | 12.65 | 13.22 | 1443 | 14.85 | 15.10 | 1594 | 17.77 | 47" | 71" 60"
NOTES:
1. Dimension X is calculated as: X = S*SEC a.
2. Select tabular quantities using skew values as follows:
End Skew to Pipe Use Tabulated Value
0° to 5° 0°
6° to 15° 15°
16° to 30° 30°
31° or Over 45°
CONCRETE AND METAL PIPE TABLES
LAST =| DESCRIPTION:
RevIsIon |3 FDOT Fy 2022-23 STRAIGHT CONCRETE ENDWALLS INDEX SHEET
11/01/21 |3 —= " STANDARD PLANS SINGLE AND MULTIPLE PIPE 430-030| 3 of 4
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