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Pipe Desig



1910 - 1917

Anson Marston developed load theory.
Defined the 4 traditional beddings A, B, C & D.

19200S & 300s

Spangler and Marston developed rational method for
concrete pipe design which is still currently used today.
The 3EB 0.01-inch crack was established as a standard
test.

1951
ACPA publishes first design handbook.

1970

ACPA publishes Concrete Pipe Design Manual.
Embarks on long-range research program.



1970 - 85

Heger & McGrath developed finite element analysis
- SPIDA. Soil Pipe Interaction Design and Analysis
Identified conservatism in earlier research.
Developed 4 distinct Standard Installations.

1985 - 90

Trial installations in Ohio with instrumentation
confirms SPIDA.
Modern SIDD program is developed.

1993

DD 40, CP Technology Handbook & ASCE 15-93
are published

1996

AASHTO accents into Standard Snec for Hiahwav



SAMM vs. Standard Installations

SAMM-ci rca 0630

. Zero active lateral
pressure for trench
installations

> ; Marston assumes a
uniform bedding support

R Type and compaction of
bedding materials is not
guantified

* Spangler & Marston Method

Standard Installationsi 6 9 3

¢ Active lateral pressure is
present

. Heger pressure dist.
assumes voids in the
haunches

. Type and compaction of
bedding materials as per
USCS & AASHTO



SAMM vs. Standard Installations

SAMM - circa 1930 *

¢ Limited choices
available to design
pipe

. Conservative bedding
factors represent

technology available at
that time

Standard installations -
1993

. Pipe can be designed to

known field conditions

. Bedding factors
represent
technology and
construction practices

t
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Define the loads on the pipe

. Highway

. Rallroad

. Alrcraft

. Construction Equipment
. Material stockpiles & silos
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4-40 CONCRETE PIPE HANDBOOK

Table 4.11. Impact Factors for Traffic Loads.

Height of Cover Impact Factor
0’-0"" to 1-0” 30%
1-1" to 2'-0” 20%
21" to 2-11" 10%
3'-0"" and Greater 0

Note: Impact factors recommended by the American Association of State High-

way and Transportation Officials in ““Standard Specifications for Highway
Bridges”, Twelfth Edition.

Table 4.12. Critical Loading Configurations.

H, feet P, pounds ALL. Square Feet
H<1.33 16,000 (0.83 + 1.75H) (1.67 + 1.75H)
(See Fig. 4.26)
1.33<H<4.10| 32,000 (0.83 + 1.75H) (5.67 + 1.75H)
{See Fig. 4.27)
410<H 48,000 (4.83 + 1.75H) (5.67 + 1.75H)
(See Fig. 4.28)

Wheel Load Area

Distributed Load Area

Figure 4.26. Distributed Load Area—Single Dual Wheel.

HS-20
Loading

AASHTO
17th Edition sec. 3.7 &
6.4

AEIDELBERGCEMENT Group



Cooper E-

80
Loading

S ggomseccss gsse gass

S 068 6568 S 6668 ©88 6
OO0 NANNNOC OO NN N

S 2R OO T sxox mum.nmlmft

£ L) YO OO QOO0 O OQ

8’555'9'565'8' 8'555'9'5655'

Figure 4.30. Spacing of Wheel Loads Per Axle for a 11

Cooper E 80 Design Loading. Hal‘lson

AEIDELBERGCEMENT Group



VNG = MAXIMUM VERTICAL NOSE GEAR GROUND LOAD AT MOST FORWARD CENTER OF GRAVITY
VMG = MAXIMUM VERTICAL MAIN GEAR GROUND LOAD AT MOST AFT CENTER OF GRAVITY
H = MAXIMUM HORIZONTAL GROUND LOAD FROM BRAKING

NOTE: ALL LOADS CALCULATED USING AIRPLANE MAXIMUM DESIGN TAXI WEIGHT

Vg PER
NG STRUT (4) HPER STRUT (4)
MAX STATIC STATIC + MAX STEADY AT

AIRPLANE | UNITS DESIGN AT BRAKING LOAD AT BRAKING INSTANTANEOUS
MODEL TAXI MOST 10 FT/SEC2 STATIC 10 FT/SEC2 BRAKING
WEIGHT FWDC.G. DECEL AFTC.G. DECEL (m=0.8)
747-400 LB 803,000 93,300 138,200 191,500 62,300 153,200
KG 364,250 42,350 62,700 86,850 28,300 69,500
747-400% LB 803,000 85,900 110,800 191,500 62,300 153,200
KG 364,250 29,900 50,250 86,850 28,300 69,500
747400 LB 836,000 93,000 139,900 197,300 64,900 157,800
KG 379,200 42,200 83,450 89,500 29,450 71,600
747-400* LB 836,000 68,100 114,800 197,300 64,900 157,800
KG 379,200 30,850 52,100 89,500 29450 71,600
747-400 LB 853,000 92,200 139,900 200,300 66,200 160,200
KG 386,900 41,800 63,450 90,850 30,050 72,650
747-400 LB 853,000 68,600 116,300 200,300 66,200 160,200
KG 386,900 31,100 52,750 90,850 30,050 72,650
747-400 LB 873,000 68,800 117,700 204,500 67,800 163,600
KG 396,000 31,200 53,400 92,750 30,750 74,200
747-400 LB 877,000 64,000 114,000 204,600 68,100 163,700
KG 397,800 29,000 51,700 92,800 30,900 74,250
747-400F LB 873,000 80,100 116,200 204,500 67,800 163,600
KG 396,000 36,350 52,700 92,750 30,750 74,200
T47-400F L8 873,000 67,400 116,200 204,500 67,800 163,600
KG 396,000 30,550 52,700 92,750 30,750 74,200
747-400F LB 877,000 76,500 127,900 204,600 68,100 163,700
KG 397,800 34,700 58,000 92,800 30,900 74,250
TA7-400F* LB 877,000 67,400 118,800 204,600 68,100 163,700
KG 397,800 30,550 53,900 92,800 30,900 74,250
747-400D LB 603,000 70,100 103,800 145,200 46,800 116,200
KG 273,500 31,800 47,100 65,900 21,250 52,700
7474000 LB 613,500 71,300 105,800 147,800 47,600 118,200
KG 278,300 32,350 47,900 67,050 21,600 63,600

* AIRPLANE WITH TAIL TANK FUEL

NOTE: 747-400F ALSO AVAILABLE AT ALL LOWER 747-400 GROSS WEIGHTS.

7.3. MAXIMUM PAVEMENT LOADS
MODEL 747-400

Alrcra
Loading

78 FT 11.5 IN
10_FT 1 N
(24.07 W) —,'l' |?3.o7 W'

ele

V.QQ.—L_________,_._,__._S%_F_T_u_r;._
G::} j— 11,00 M
©91")

NOT TO SCALE e

| b

(TYPICAL)

UNITS 747-400F
MAXIMUM DESIGN TAXI LB 803,000 | 836,000 TO 853,000 | 873,000 TO 877,000
WEIGHT KG 364,250 | 379,200 TO 386,900 | 396,000 TO 397,800
PERCENT OF WEIGHT
ON MAIN GEAR % SEE SECTION 7.4
NOSE GEAR TIRE SIZE IN. H49 X 19.0- 22 32PR
NOSE GEAR TIRE PSI 175
PRESSURE KGICM2 1230
MAIN GEAR N H49 X 19.0-22,
TIRE SIZE s 32PR
MAIN GEAR TIRE PSI 190 195 200
PRESSURE (1) keiem2 | 1336 137 14.06

(1) COLD, LOADED PRESSURES SHOWN. TOLERANCE = +5/-0 PSI,

7.2.2 LANDING GEAR FOOTPRINT
MODEL 747-400F
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Construction
Loading



Stockpile
Loading



Rigid Pipe

Final Backfill
Haunching
Bedding
Slide 23 - ...Hanson
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3 - Edge Bearing In Situ
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Three-Edge-Bearing Applied Load

Test Specimen

Support H
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600 AS-TH CIl ass

Dy o1 = 2000
Dy.7= 3000

Total Load = {(Pipe ID) / 12} X (8) X
(Pipe Class)

Total Load Required:
D, o; = (60/12)(8)(2000)
= 80,000 Ibs.
Dy, = (60/12)(8)(3000)
= 120,000 Ibs.

Siide 27 - Hanson
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Tension

Tension Tension

Tension
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Double Circular Single Circular
... Circular Plus Elliptical Single Elliptical  **=paoacon
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BOX CULVERTS
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Multi bbl Culvert
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- Reinforcing
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Concrete Cover to Reinforchg to be 1 (23mw) typ. Except 2° (30mm) at Outslde Face of Top Slab | 3 !-nGh £ max
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FIG. 5 Detailed Reinforcement Arrangement
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Reinforcing

AS1
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Reinforcing

AS6(LONG)
AS5(LONG)
AS7
AS?2
AS1
AS4
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Loading Conditions Figure
Load pressure distributions are shown here for each of the load cases in BOXCAR.

See Loading Conditions Table and index for additional information.

(il

- mERR
1. Culvert Welght 4. Internal Fluld Load

RN

8. Approaching Truck or Traln

2. Vertical Earth Load

6. Uniform HS-Serles Truck
or Cooper E~Serles Train

7. Uniform Interstate Truck

9. Vertical Surcharge Load

3. Min. Lateral Soll Load

5. Max. Lateral Soll Load

10. Lateral Surcharge Load 11~21, Moving HS~Serles Truck Wheel Loads
22-32. Moving Interstate Truck Wheel Loads
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