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Figure 4-42- Load-Displacement curves from SAP2000 2D model with linear-elastic material

properties
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Figure 4-43- Load-Displacement curves from SAP2000 model developed using shell elements with

linear-elastic material
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Figure 4-44 is the load-displacement curves from SAP2000 model developed using
shell elements with non-linear material properties. Figure 4-45 shows the comparison of
the ABAQUS results in which the soil has not been incorporated in the model, the
SAP2000 model results with shell elements and the springs modeled using spring

elements and also the actual results obtained from the experiment.
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Figure 4-44- Load-Displacement curves from SAP2000 model developed using shell elements with

non-linear material properties
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Figure 4-45- The comparison of the ABAQUS results in which the soil was not incorporated in the
model, the SAP2000-shell element results in which the soil was modeled using spring

elements, and also the actual experiment results
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Chapter 5.
Development of Design Provisions;
Seamless Bridge System with Jointed or

Flexible Roadway Pavement

5.1. Scope

Analysis, design and construction of a seamless bridge and approach slab system are
to the most part very similar to any other bridge structure. There are some new
components involved in the system that are not typically seen in other bridge systems.
The new components include transition slab, secondary slab, small piles, and the
connection of the small piles to the transition concrete slabs (Figure 5-1). This chapter

explains the recommended design methods for these new components.
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Transitio” zore

Approac”
B\’-\dge 'Abutment

>

Figure 5-1- General configuration of the seamless bridge system used with JPCP

5.2. Introduction

The design of a seamless bridge and roadway system, like any other structure,
consists of analysis of the structure and design of the structure’s components for the

demand. The design process is an iterative process in which the initial design (system
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configuration) will be determined. With the initial design (system configuration)
finalized and the demand in all components determined through the analysis, various
parts of the system will be designed according to AASHTO LRFD bridge design
Specifications (2010). The new system components specific to the seamless bridge are
the transition slab, the small piles, the secondary slab, and the geomaterial used to fill the

space between the small piles.

Relevant pavement design loadings are the longitudinal strains (thermal effects,
creep and shrinkage) and the out-of-plane effects (due to traffic wheel loads, settlement

of approach embankments and rotational effects transferred from the bridge deck).

5.3. Analysis

The seamless bridge has to be analyzed as a whole system with all other system
components. In other words, all of the system components such as the bridge structure,
the approach slab, the transition slab, the small piles, the geomaterial around the small

piles, and the secondary slab have to be incorporated in the analysis (Figure 5-2).

Bridge Approach  Transition slab

m
Small piles and soil modeled using springs

Figure 5-2- A SAP2000 model of the seamless bridge system

5.3.1. Uniform temperature change

In order to account for the effect of temperature changes in design of the transition
region of the seamless bridge system, only the effect of uniform temperature change may

be considered.

The calculation of uniform temperature changes should be in accordance to Article
3.12.2 of AASHTO LRFD Bridge Design Specifications (2010). In those specifications,
two procedures are recommended: Procedure A and Procedure B. Both procedures may
be used for concrete deck bridges having concrete or steel girders. For all other types of

bridges, Procedure A should be employed.
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Procedure A

Table 5-1 presents the temperature ranges to calculate the design thermal
movements. The difference between these values and the base construction temperature

should be used to calculate thermal movements.

Table 5-1 Procedure A Temperature Changes (Table 3.12.2.1-1 of AASHTO)

Climate Steel or Aluminum Concrete Wood
Moderate 0to 120 °F 10 to 80 °F 10 to 75 °F
Cold -30 to 120 °F 0to 80 °F 0to75°F

Procedure B

The range of temperature change is the difference between maximum design temperature
and minimum design temperature. In concrete girder bridges with concrete decks, the maximum
design temperature is given in Figure 5-3 and the minimum design temperature is given in
Figure 5-4. In the case of steel girder bridges, the maximum and minimum design temperatures

are given in Figures Figure 5-5 and Figure 5-6, respectively.

Irmallizimi Duin i
W T D Tompumwres . |
Intzrier amd Marih Shape |

e
.-': / a Poions
e d 4L

1

For Hawaii use 100°F |

Figure 5-3- Maximum design temperature for concrete girder bridges. (figure 3.12.2.2-1 from

AASHTO)
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Figure 5-4- Minimum design temperature for concrete girder bridges. (figure 3.12.2.2-2 from
AASHTO)
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Figure 5-5- Maximum design temperature for steel girder bridges. (figure 3.12.2.2-3 from AASHTO)
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Figure 5-6- Minimum design temperature for steel girder bridges. (figure 3.12.2.2-4 from AASHTO)

5.3.2. Bridge movements

Bridges expand and contract because of daily and annual temperature changes and
time-dependent volume changes associated with concrete creep and shrinkage. The
important movement here is the maximum total thermal movement at each end resulting
from the total effective temperature range. A coefficient of thermal expansion for

concrete is typically assumed to be 5.5 to 6.0 millionths/°F.

5.3.3. Soil-structure interaction

Soil-structure interaction using p-y curves shall be considered in the analysis and
design of the small piles (Federal Highway Administration (FHWA 2005) and also
American Petroleum Institute (API 1993)).

Soil-structure interaction analysis of piles can be carried out using available software
(LPILE, COM®624P, FB-MultiPier) utilize this approach. Further information on this
topic is provided in Article 10.7 of AASHTO LRFD Bridge Design Specifications
(2010).

The interaction between the soil and the small piles can be modeled in the structural
analysis using springs. Some representative values for the effective spring stiffness per

unit length of the pile, ky, are given in Table 5-2. It should be noted that spring stiffness



