Soil-Structure Interaction of a Reinforced Concrete Arch Culvert

Gerald R. Frederick, Member
University of Nevada, Las Vegas
jfred@ceunlv.edu

INTRODUCTION

Culvert structures may be used to convey waterways beneath roadways when the span
lengths are short. There are severd choices for materid and shape of aculvert; in this
investigation a cagt-in-place reinforced concrete culvert with an arched top and
monalithic floor d&b is congdered.

In thisinvegtigation, the provisions of the American Association of State Highway and
Transportation Officids (AASHTO) are followed. The live load consdered was
AASHTO HS 20. The depth of the earth fill over the crown of the culvert was taken to
be three feet. A two span continuous structure with clear spans of 20 feet and aclear rise
of 10 feet was conddered; al eements of the Structure were consdered to have equa
thicknesses of 12 inches.

ANALYSIS

The andlyses and design were executed congdering a unit wide strip of the structure. The
live load supported by this strip was determined as specified in AASHTO for adab with
main reinforcement pardld to traffic. The loads considered were

deed load of the structure

deed load of earth fill above the Structure

lateral earth pressure

vehiculer live load
The soil adjacent to the Structure was assumed to be granular with a unit weight of 120
Ib/ft® and an angle of internd friction of 30 degrees. Additiondly, the concrete srength
was taken to be 4,000 ps and the yidd srength of the reinforcing sted to be 60,000 ps.

The arch had radius of 40 feet in the centrd portion and radii of 4 feet & itsends, for a10
foot clear rise, the verticd wals are gpproximately 4.5 feet tdl. Primary flexurd
reinforcing was parale to the span of the arches, shrinkage and temperature
(digribution) reinforcing was normal to the primary flexurd reinforcing. Two mats of
reinforcement were used in al eements of the structure,

It was assumed that the soil adjacent to the Structure was placed in lifts and compacted
with hand-operated equipment until the earth fill was 2 feet above the crowns of the
arches. It was further assumed that this compaction resulted in the soil adjacent to the
dructure being in the at-rest state. Then, asthe Sdewdls deflect into the adjacent sail, the
s0il moves toward the passive Sate. The associated latera earth pressure distribution is
dependent upon the magnitude of the wall deflection into the sail.



The culvert Sructure was assumed to be supported on an dastic subgrade and modedlled
using linear orings a nodesin the finite dement idedlization. The vertical modulus of
subgrade reaction was taken to be 250 Ib/i n°. This idealizes the bottom dab as abeam on
an dadtic foundation.

RESULTS

The bending moments and shear forces a critica locations were determined. Then, the
flexura reinforcing was calculated and the shear check to determine whether shear
reinforcing was necessary. The live load deflection was checked with the AASHTO
deflection criterion. Additiondly, the crack control provisons as well asthe fatigue
congderations of AASHTO were checked.

Findly, the AASHTO optiond procedure for checking internd forces associated with
active and passive laterd earth pressures was compared to the soil-gructure interaction
approach.
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