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Abstract—Integral portal frame bridges have become an
effective alternative to conventional bridges because they
eliminate expansion joints and bearings, thereby
reducing maintenance costs and improving durability.
This study investigates the influence of varying pier
heights on the structural behaviour and economy of a
four-bay semi-integral portal frame bridge. Numerical
modelling was carried out using STAAD.Pro Connect
Edition for deck spans of 10 m and 12 m with pier heights
varying from 5 m to 9 m. The bridge was analysed under
IRC load combinations including dead load,
superimposed dead load, wearing coat, temperature
effects, creep, shrinkage, seismic loads, water current
force, braking force, and IRC 70R/Class AA live loads.
The results indicate that the temperature-dominant load
combination produces the highest bending moments.
Increasing pier height significantly reduces bending
moments in both the piers and deck slab, leading to
improved structural efficiency and economy. The study
demonstrates that selecting an optimum aspect ratio can
reduce structural demand, enhance durability, and
minimize construction and maintenance costs.

[. INTRODUCTION

Conventional bridges require expansion joints and
bearings to accommodate thermal movement and load
transfer. These components are prone to deterioration
due to water infiltration, corrosion, and environmental
effects, resulting in high maintenance costs. Integral
bridges eliminate these components by providing a
monolithic connection between the superstructure and
substructure, improving  durability, structural
continuity, and seismic performance. This study
evaluates the structural and economical behaviour of
semi-integral portal frame bridges by varying pier
heights while maintaining constant deck spans.

1.1 Objective
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e To determine the economical pier height for each
span length of deck slab in order to ensure
structural integrity and stability.

e To evaluate the structural performance of the
integral bridge under different pier heights and span
lengths by considering various loads.

e To analyze the feasibility and constructability of
the integral bridge design with different pier
heights.

1.2 Scope of Work

e Four bay Semi integral bridge were considered
where expansion joint provided near abutment.

e Deck slab of 10m, 12m were considered with pier
height varying from 5m to 9m.

e Load combinations were made from table of
ultimate strength given in IRC 6.

e Load combination in which temperature load is
leading dominates.

e Since expansion joint is provided near abutment it
is not a part of our project. Only pier height is
considered and hence foundation is also not a part.
The integrity of the foundation and abutment is
ensured and does not impact the results.

1.3 Methodology

1. Designed a four-bay portal frame semi-integral
bridge with spans of 10 meters and 12 meters, and
pier heights ranging from 5 meters to 9 meters,
using consistent material throughout the study.

2. Modeled a 10-meter deck slab and applied load
combinations: self-weight, superimposed load,
wearing coat loads, temperature effects (rise and
fall), creep, shrinkage, water current, seismic loads
(longitudinal and transverse), afflux, and live load.

3. Investigated the impact of varying pier heights on
structural behaviour by systematically altering pier
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heights from 5 meters to 9 meters while keeping all
other parameters constant.

4. Analysed resulting bending moments on the piers
under the applied load combinations to identify the
height that exhibits the minimum bending moment,
which is crucial for reducing internal stresses,
enhancing durability and safety, and achieving 100 §
material savings and cost-efficiency. o

5. Determined the optimal pier height for efficient - = ,,ic,,,zzm(m, = i
bridge performance under various loading mLosdcomb | BLondcomb2 Oloadeomh’  Glosdconmbd
conditions, providing valuable insights into the
design and construction of semi-integral bridges,
contributing to the development of more resilient
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Figure no 1. Bending Moment for 12m deck vs Pier
Height for pier section 1
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Figure no 3. Live load Stats with Single Pier for Pier Section 1
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Figure no 4. Live Load for pier section 1- Induced Bending Moment vs. Pier Height for 12m deck
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Figure no 5. Live load Bending Stats for 12m Deck- Section 2 Pier
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Figure no 6. Live Load for pier section 2- Induced
Bending Moment vs. Pier Height for 12m deck

II1. CONCLUSION

Critical Load Combination Identification: The load
combination where temperature load was the
leading factor was found to be the most critical in
terms of inducing maximum bending moments in
the deck slab.

Effect of Pier Height on Bending Moment: As the
height of the pier increases, the bending moment
resisted by the pier decreases. This was observed
for pier heights ranging from 5 meters to 9 meters.
Shorter piers (5 meters) experience higher bending
moments compared to taller piers (9 meters),
indicating that taller piers are more effective in
counteracting bending moments.

Live Load Analysis Consistency: The trend of
decreasing bending moments with increasing pier
height was consistent under live load conditions for
both 70R and Class AA loading scenarios.
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Design Implications: The study provides valuable
insights for civil engineers and bridge designers,
emphasizing the need to carefully consider pier
height during the design phase. Optimizing pier
height can lead to better structural integrity and
longevity of the bridge, ensuring it can effectively
withstand various loading conditions.
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