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There are two types of Standard Installations for horizontal elliptical and arch concrete pipe, each with its own soil and compaction requirements. Type 2 bedding provides better support
using well compacted granular material, while Type 3 provides for less support allowing the use of silts. These choices provide flexibility and versatility for the designer and contractor, as well
as performance and economy for the owner that are not available with other types of pipe.  

The soil and compaction requirements are provided in Table 1. Table 2 shows the equivalent soil designations per the Unified Soil Classification System (USCS) and AASHTO.

To facilitate your selection of the proper reinforced concrete pipe using the most beneficial Standard Installation for the conditions at the site, fill height tables are provided on the following
pages. The required 0.01 inch crack D-Loads in units of lbs per linear foot per foot of span are provided numerically and the class of pipe per ASTM C506 (AASHTO M 206) or ASTM C507
(AASHTO M 207) meeting this requirement is designated by color of the cell.

Standard Trench/Embankment Installation
Concrete pipe should be installed in accordance with the AASHTO LRFD Bridge Construction Specifications,

Section 27 or ASTM C1479. Figure 1 shows the basic pipe and soil terminology.
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 Table 4: Reinforced Pipe Classes for 0.01 inch 
Crack Per ASTM C 507 (lbs/ft/ft)

 Table 3: Reinforced Pipe Classes for 0.01 inch 
Crack Per ASTM C 506 (lbs/ft/ft)
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 Table 1: Standard Installation Soils and Minimum Compaction Requirements 

Installation 
Type 

Bedding 
Thickness 

Haunch and 
Outer Bedding  

 Table 2: Equivalent USCS and AASHTO Soil Classifications
 for Standard Installation Soil Designations 

Representative Soil Types Percent Compaction

USCS

A1, A3 100
95
90
85
80
61

100 
95 
90 
85 
80 
49 

100 
95 
90 
85 
80 
45 

100 
95 
90 
45 

Type 3 

Class HE-A
Class HE-I
Class HE-II
Class HE-III
Class HE-IV

Special Design

Class A-II
Class A-III
Class A-IV

Special Design

≤ 600
≤ 800

≤ 1000
≤ 1350
≤ 2000
> 2000

≤ 1000
≤ 1350
≤ 2000
> 2000

Gravelly
Sand
(Category I) 

Sandy 
Silt 
(Category II) 

Silty 
Clay 
(Category III) 

GM, SM, ML, 
Also GC, SC 

with less than 
20% passing 
#200 sieve 

CL, MH, 
GC, SC 

CH 
Not allowed 

for haunch or 
bedding 

A2, A4 

A5, A6 

A7 

Reference: AASHTO LRFD Bridge Construction Specifications, Section 27

Reference: AASHTO LRFD Bridge Construction Specifications, Section 27

NOTES:
1. Compaction and soil symbols – i.e. “95% Category I” refers to Category I soil material with a minimum 

Standard Proctor compaction of 95%. See Table 2 for equivalent Modified Proctor values. 
2. Soil in the outer bedding, haunch, and lower side zones shall be compacted to at least the same 

compaction as the majority of soil in the overfill zone.

Type 2 D   /24 minimum, not less
than 3” (75 mm), If rock
foundation, use D   /12
minimum, not less than 6”
(150 mm) 

o

o

 Lower
Side

D   /24 minimum, not less
than 3” (75 mm), If rock
foundation, use D   /12
minimum, not less than 6”
(150 mm) 

o

o

90% Category I
or

95% Category II

85% Category I
90% Category II

or
95% Category III

85% Category I
90% Category II

or
95% Category III

85% Category I
90% Category II

or
95% Category III

SW, SP,
GW, GP 

Standard
  Proctor

Modified
  ProctorAASHTOSIDD

95
90
85
80
75
59

95
90
85
80
75
46
90
85
80
75
70
40
90
85
80
40
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Horizontal Elliptical Pipe
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Class HE-A
Class HE-I
Class HE-II 

 
 
 

Class HE-III
Class HE-IV
Special Design

D-Load (lb/ft/ft) for Type 2 InstallationFill Height Tables are based on:
1. γₛ= 120 pcf
2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ratio of 0.9.

The following Fill Height Tables have been developed by the American Concrete Pipe Association (ACPA) using the indirect design method in accordance with Section
12.10.4.3 of the AASHTO LRFD Bridge Design Specification, 10th Edition, 2024.
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Horizontal Elliptical Pipe
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Class HE-A
Class HE-I
Class HE-II 

 
 
 

Class HE-III
Class HE-IV
Special Design

Fill Height Tables are based on:
1. = 120 pcf
2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ratio of 0.9.

γₛ
D-Load (lb/ft/ft) for Type 2 Installation
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Fill Height Tables are based on:
γₛ1. = 120 pcf

2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ratio of 0.5.

Horizontal Elliptical Pipe

© 2026 American Concrete Pipe Association, all rights reserved. 

D-Load (lb/ft/ft) for Type 3 Installation
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Class HE-A
Class HE-I
Class HE-II 

 
 
 

Class HE-III
Class HE-IV
Special Design

Horizontal Elliptical Pipe
Fill Height Tables are based on:
1. γₛ= 120 pcf
2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ratio of 0.5.

© 2026 American Concrete Pipe Association, all rights reserved. 

D-Load (lb/ft/ft) for Type 3 Installation
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Arch Pipe
Class A
Class I
Class II 

 
 
 

Class III
Class IV
Special Design

Fill Height Tables are based on:
1. γₛ= 120 pcf
2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ratio of 0.9.

© 2026 American Concrete Pipe Association, all rights reserved. 

D-Load (lb/ft/ft) for Type 2 Installation
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Arch Pipe
Class A
Class I
Class II 

 
 
 

Class III
Class IV
Special Design

Fill Height Tables are based on:
1. γₛ= 120 pcf
2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ratio of 0.9.

© 2026 American Concrete Pipe Association, all rights reserved. 

D-Load (lb/ft/ft) for Type 2 Installation
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Arch Pipe Class A
Class I
Class II 

 
 
 

Class III
Class IV
Special Design

Fill Height Tables are based on:
1. γₛ= 120 pcf
2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ratio of 0.9.

© 2026 American Concrete Pipe Association, all rights reserved. 

D-Load (lb/ft/ft) for Type 3 Installation
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Arch Pipe
Class A
Class I
Class II 

 
 
 

Class III
Class IV
Special Design

Fill Height Tables are based on:
1. γₛ= 120 pcf
2. AASHTO HL-93 live load
3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions
4. A projection ration of 0.5.

D-Load (lb/ft/ft) for Type 3 Installation
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Dimensions of Elliptical Concrete Pipe - Imperial Units

The preceding fill height tables are based on a concrete pipe installed in a
positive projecting embankment installation with a soil unit weight of 120
lbs/ft³ and HL-93 live load per the AASHTO LRFD Bridge Design
Specifications at the surface. The required classes of pipe do not account
for construction loads or any other load induced on the pipe prior to its
completed installation, or live load in excess of HL-93.

CPDPGN034-2 (Revised 04/26).
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Dimensions of Arch Concrete Pipe - Metric Units
Normal 

Equivalent 
Round 

size

Minor 
Rise, 
mm 

Major 
Span, 
mm 

Minimum 
Wall 

Thick-
ness, mm

Water- Approximate 
Way Area, Mass kg/m

m²

375
450
525
600
750
900

1050
1200
1350
1500
1800
2100
2250
2400
2700
3000
3300

57
63
69
75
88

100
113
125
138
150
175
200
213
225
250
275
250
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Dimensions of Arch Concrete Pipe - Imperial Units
The preceding fill height tables are based on a concrete pipe installed in a
positive projecting embankment installation with a soil unit weight of 120
lbs/ft³ and HL-93 live load per the AASHTO LRFD Bridge Design
Specifications at the surface. The required classes of pipe do not account
for construction loads or any other load induced on the pipe prior to its
completed installation, or live load in excess of HL-93.

280
345
395
460
570
675
795
915

1015
1145
1370
1575
1830
1960
2215
2460
2705

460
560
660
725
920

1110
1300
1485
1650
1855
2235
2590
2920
3100
3505
3910
4285

0.1
0.15
0.2

0.26
0.41
0.59
0.82
1.06
1.33
1.64
2.38
3.21
4.13
4.8

6.13
7.6

9.21

187
252
321
390
570
778

1021
1296
1582
1935
2710
3585
4310
4874
6122
7499
7365

CPDPGN034-2 (Revised 04/26).



 © 2026 American Concrete Pipe Association, all rights reserved. 

E-mail: acpa@concretepipe.org
www.concretepipe.org

CPDPGN034-2 (Revised 04/26).



E-mail: info@concrete-pipe.org
www.concrete-pipe.org
Resource # 16-202 (10/13) 


	LRFD FILL HEIGHT TABLES
	FOR HORIZONTAL ELLIPTICAL AND ARCH CONCRETE PIPE

	Standard Trench/Embankment Installation Concrete pipe should be installed in accordance with the AASHTO LRFD Bridge Construction Specifications, Section 27 or ASTM C1479. Figure 1 shows the basic pipe and soil terminology.
	There are two types of Standard Installations for horizontal elliptical and arch concrete pipe, each with its own soil and compaction requirements. Type 2 bedding provides better support using well compacted granular material, while Type 3 provides for less support allowing the use of silts. These choices provide flexibility and versatility for the designer and contractor, as well as performance and economy for the owner that are not available with other types of pipe.
	The soil and compaction requirements are provided in Table 1. Table 2 shows the equivalent soil designations per the Unified Soil Classification System (USCS) and AASHTO.
	To facilitate your selection of the proper reinforced concrete pipe using the most beneficial Standard Installation for the conditions at the site, fill height tables are provided on the following pages. The required 0.01 inch crack D-Loads in units of lbs per linear foot per foot of span are provided numerically and the class of pipe per ASTM C506 (AASHTO M 206) or ASTM C507 (AASHTO M 207) meeting this requirement is designated by color of the cell.
	Table 1: Standard Installation Soils and Minimum Compaction Requirements
	Installation  Type
	Bedding  Thickness
	Haunch and  Outer Bedding
	Lower Side
	Type 2
	D   /24 minimum, not less than 3” (75 mm), If rock foundation, use D   /12 minimum, not less than 6” (150 mm)
	90% Category I or 95% Category II
	85% Category I 90% Category II or 95% Category III
	Type 3
	D   /24 minimum, not less than 3” (75 mm), If rock foundation, use D   /12 minimum, not less than 6” (150 mm)
	85% Category I 90% Category II or 95% Category III
	85% Category I 90% Category II or 95% Category III
	Reference: AASHTO LRFD Bridge Construction Specifications, Section 27


	Table 2: Equivalent USCS and AASHTO Soil Classifications
	for Standard Installation Soil Designations
	Representative Soil Types
	Percent Compaction


	SIDD
	USCS
	AASHTO
	Standard   Proctor
	Modified   Proctor
	Gravelly Sand (Category I)
	Sandy  Silt  (Category II)
	Silty  Clay  (Category III)

	SW, SP, GW, GP
	GM, SM, ML,  Also GC, SC  with less than  20% passing  #200 sieve

	CL, MH,  GC, SC
	CH  Not allowed  for haunch or  bedding

	A1, A3
	A2, A4
	A5, A6
	A7
	100 95 90 85 80 61 100  95  90  85  80  49  100  95  90  85  80  45  100  95  90  45
	95 90 85 80 75 59 95 90 85 80 75 46 90 85 80 75 70 40 90 85 80 40
	Reference: AASHTO LRFD Bridge Construction Specifications, Section 27

	Crack Per ASTM C 506 (lbs/ft/ft)
	Table 3: Reinforced Pipe Classes for 0.01 inch
	Class A-II Class A-III Class A-IV Special Design
	≤ 1000 ≤ 1350 ≤ 2000 > 2000

	Crack Per ASTM C 507 (lbs/ft/ft)
	Table 4: Reinforced Pipe Classes for 0.01 inch
	Class HE-A Class HE-I Class HE-II Class HE-III Class HE-IV Special Design
	≤ 600 ≤ 800 ≤ 1000 ≤ 1350 ≤ 2000 > 2000
	NOTES: 1. Compaction and soil symbols – i.e. “95% Category I” refers to Category I soil material with a minimum
	Standard Proctor compaction of 95%. See Table 2 for equivalent Modified Proctor values.
	2. Soil in the outer bedding, haunch, and lower side zones shall be compacted to at least the same
	compaction as the majority of soil in the overfill zone.




	Horizontal Elliptical Pipe
	The following Fill Height Tables have been developed by the American Concrete Pipe Association (ACPA) using the indirect design method in accordance with Section 12.10.4.3 of the AASHTO LRFD Bridge Design Specification, 10th Edition, 2024.
	D-Load (lb/ft/ft) for Type 2 Installation
	Class HE-A Class HE-I Class HE-II
	Class HE-III Class HE-IV Special Design
	Fill Height Tables are based on: 1.
	γₛ
	= 120 pcf
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ratio of 0.9.
	© 2026



	Horizontal Elliptical Pipe
	Fill Height Tables are based on: 1.
	γₛ
	= 120 pcf

	D-Load (lb/ft/ft) for Type 2 Installation
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ratio of 0.9.
	Class HE-A Class HE-I Class HE-II
	Class HE-III Class HE-IV Special Design


	Horizontal Elliptical Pipe
	Fill Height Tables are based on:
	D-Load (lb/ft/ft) for Type 3 Installation
	γₛ
	1.
	= 120 pcf
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ratio of 0.5.


	Horizontal Elliptical Pipe
	Class HE-A Class HE-I Class HE-II
	Class HE-III Class HE-IV Special Design
	Fill Height Tables are based on: 1.
	γₛ
	D-Load (lb/ft/ft) for Type 3 Installation
	= 120 pcf
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ratio of 0.5.


	Arch Pipe
	Fill Height Tables are based on: 1.
	γₛ
	D-Load (lb/ft/ft) for Type 2 Installation
	= 120 pcf
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ratio of 0.9.
	Class A Class I Class II
	Class III Class IV Special Design


	Arch Pipe
	Fill Height Tables are based on: 1.
	D-Load (lb/ft/ft) for Type 2 Installation
	= 120 pcf
	γₛ
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ratio of 0.9.
	Class A Class I Class II
	Class III Class IV Special Design


	Arch Pipe
	Fill Height Tables are based on: 1.
	γₛ
	D-Load (lb/ft/ft) for Type 3 Installation
	= 120 pcf
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ratio of 0.9.
	Class A Class I Class II
	Class III Class IV Special Design


	Arch Pipe
	Fill Height Tables are based on: 1.
	γₛ
	D-Load (lb/ft/ft) for Type 3 Installation
	= 120 pcf
	2. AASHTO HL-93 live load 3. Positive Projecting Embankment Condition - this gives conservative results in comparison to trench conditions 4. A projection ration of 0.5.
	Class A Class I Class II
	Class III Class IV Special Design

	The preceding fill height tables are based on a concrete pipe installed in a positive projecting embankment installation with a soil unit weight of 120 lbs/ft³ and HL-93 live load per the AASHTO LRFD Bridge Design Specifications at the surface. The required classes of pipe do not account for construction loads or any other load induced on the pipe prior to its completed installation, or live load in excess of HL-93.

	Dimensions of Elliptical Concrete Pipe - Imperial Units
	The preceding fill height tables are based on a concrete pipe installed in a positive projecting embankment installation with a soil unit weight of 120 lbs/ft³ and HL-93 live load per the AASHTO LRFD Bridge Design Specifications at the surface. The required classes of pipe do not account for construction loads or any other load induced on the pipe prior to its completed installation, or live load in excess of HL-93.
	Dimensions of Arch Concrete Pipe - Metric Units
	Normal  Equivalent  Round  size

	375 450 525 600 750 900 1050 1200 1350 1500 1800 2100 2250 2400 2700 3000 3300
	Minor  Rise,  mm

	280 345 395 460 570 675 795 915 1015 1145 1370 1575 1830 1960 2215 2460 2705
	Major  Span,  mm

	460 560 660 725 920 1110 1300 1485 1650 1855 2235 2590 2920 3100 3505 3910 4285
	Minimum  Wall  Thick- ness, mm

	57 63 69 75 88 100 113 125 138 150 175 200 213 225 250 275 250
	Water-
	Way Area,
	m²

	0.1 0.15 0.2 0.26 0.41 0.59 0.82 1.06 1.33 1.64 2.38 3.21 4.13 4.8 6.13 7.6 9.21
	Approximate
	Mass kg/m

	187 252 321 390 570 778 1021 1296 1582 1935 2710 3585 4310 4874 6122 7499 7365
	Dimensions of Arch Concrete Pipe - Imperial Units
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