IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

H . . - Cost Impact Analysis on the
Intelligent Transportation System: Traffic Load Guideling and implemening Rules on

Earthquake Recording Instrumentation for

Monitoring and Remote Sensing Structural Health Private Buidings using Mult-Critria

Decision Analysis—AnaIy_ tical Hi_erarchy _
Monitoring of Critical Bridges in Metro Manila V-G Alforso. M. B. Bagei, 3. D. Reyes
. . . etal
using Multi Modal Analysis

- Hazard Experiences and Risk Reduction
and Mitigation Initiatives of Residents in

To cite this article: K M Montes et al 2020 /OP Conf. Ser.: Mater. Sci. Eng. 739 012013 Saranday 813 — Zone 92 In Pandacan.

T. J. L. Cipriano and E. B. Garcia

- Sustaining Esturial Creeks: Water
Caorridors in Mitigating Flooding in Manila

View the article online for updates and enhancements. Philippines
Arlen A. Ancheta

@ N =L DISCOVER
i = how sustainability

The - : intersects with
Electrochemical

Society

Advancing solid state &
electrochemical science & technology

[ & 8l

This content was downloaded from IP address 18.223.111.118 on 13/05/2024 at 03:08



https://doi.org/10.1088/1757-899X/739/1/012013
https://iopscience.iop.org/article/10.1088/1757-899X/739/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/739/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/739/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/739/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/739/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/739/1/012005
https://iopscience.iop.org/article/10.1088/1755-1315/338/1/012001
https://iopscience.iop.org/article/10.1088/1755-1315/338/1/012001
https://iopscience.iop.org/article/10.1088/1755-1315/338/1/012001
https://iopscience.iop.org/article/10.1088/1755-1315/338/1/012001
https://iopscience.iop.org/article/10.1088/1755-1315/799/1/012004
https://iopscience.iop.org/article/10.1088/1755-1315/799/1/012004
https://iopscience.iop.org/article/10.1088/1755-1315/799/1/012004
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstkfEp8qjD6DOYqH2XmpU3M93dDI2lvpCpqbD8R2k9kXb2-WL8UcNPNN_65nAyNFZzTvTEQfiLZorQCrOe17EZaEShphUtaD3hA5M7lWah3twBMdsOgTBY9NMzLcnvII9In8s6btoEH8gMPLgiU0re3Yb8aB20Ut1e1M0Thi_CtYmczpkxpTo3iSfshyc5rPNPVu2C3LM0BE3AFeE6e4GtmVmRGX7vLhj_Gk-8XomAOlDF9zAyhw2LCAIgrbRp760J0o9QFerX9CrAgU8wGaHvX-JUu9O6q1x1pPn7drsktAMNVeHuDFrXeFQ0EWTDEoGBJfaxpTdrajeA8YJg59_52EdvKGA&sig=Cg0ArKJSzKCf60Sz0WoT&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

6th AMMSE 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 739 (2020) 012013 doi:10.1088/1757-899X/739/1/012013

Intelligent Transportation System: Traffic Load Monitoring
and Remote Sensing Structural Health Monitoring of Critical
Bridges in Metro Manila using Multi Modal Analysis

K M Montes', K A Embalzado', A J Sayno’, L C Tani’, I Marquez’, F A A Uy’

'Science Research Specialist 11, PhilSIMS, Mapua University, Intramuros, Manila,
Philippines

?Science Research Specialist I, DEIMS, Mapua University, Intramuros, Manila,
Philippines

*Project Assistant, PhilSIMS, Mapua University, Intramuros, Manila, Philippines

“Senior Science Research Specialist II, PhilSIMS, Mapua University, Intramuros,
Manila, Philippines

*Dean, School of Civil Engineering, Geosciences, Environmental Engineering, Mapua
University, Intramuros, Manila, Philippines

katrinamaesmontes@yahoo.com

Abstract. Bridge load limit monitoring is a major problem in the Philippines. Since this was
not implemented strictly, the structural integrity of the bridges was affected hence it resulted to
frequent maintenance, retrofitting of strucutral members and collapse. The integrity of the
bridge continously decreases through time once the maximum load limit was experienced by
the structure. Therefore, this study aims to emphasize the importance of traffic load monitoring
in conducting structural health assessment of bridges aside from earthquake and mass loads.
The 7.7% increase in the flexure stress of the bridge deck indicates that truck loading has a
significant effect on the bridge. In addition for this, variation on the truck volume for peak
hours and non peak hours will correlate to the reading of the smart sensor attached on the
bridge for structural health monitoring.

1. Introduction
One of a pre stress concrete bridge in metro manila was closed due to a visible major cracks on the
bridge deck and deformation on girders. The bridge was constructed 50 years ago and included on the
list of critical bridges to be retrofitted by the governent agency two years ago, but due to expected
traffic the repair was delayed. Also, the bridge load limit was not strictly supervised and 6,000 trucks
passes daily. Fourty more bridges in Metro Manila, considered as critical bridges are scheduled to be
retrofitted. [1]

Numerous incidents of bridge failure due to overloading happens just like in Davao city, a bridge in
Calinan riverside fails because of a 10 tons truck pass despite of the 5 tons bridge load limit.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



6th AMMSE 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 739 (2020) 012013 doi:10.1088/1757-899X/739/1/012013

Considering those incidents, it is really importat to consider the traffic loads in assessing the structural
integrity of a bridge.

This study focused on the significance of traffic load monitoring for structural health monitoring of
a certain bridge in Navotas, Philippines. Through the use of accelerometer for the monitoring of the
frequency of the bridge with influence of the truck loads for traffic load monitoring. Theoretical model
and values of the stresses are included in this paper, but the actual reading of the sensor will not be
disclosed at this moment. [4,5]

g

Figure 2. Actual Bridge Footage Figure 3. DPWH Bridge Inventory

The figure above shows the actual bridge footage and the properties came from the dpwh bridge
inventory. The actual load limit of the bridge is 15 Tons, and the main vehicles passing are
cargotrucks because it is near the port area.

According to the Map given by the Philippine Vulcanology and Seismology, the bridge is located
in the part of Metro Manila which has high susceptibility of liquefaction but this paper does not
include the analysis of the foundation and scouring. The bridge was located near the port area and the
foundations of the piers are submerged in a river. This will open to a series of studies which will
include multi hazards analysis affecting this bridge. [2]
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Figure 4. Liquefaction Susceptability Map by PhiVOLCS.

2. Methodology

The bridge consist of three lanes and three span concrete deck, two pier and one column each, and the
abutments are integral at the support. The bridge model was done using STAAD bentley structural
software. The supports are roller at the supports while pin at the piers. The load cases considered are
dead load, lane load, and truck load. Single and Double HS 20-44 are considered and enveloped by 1
meter increment. [3]
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Figure 5. Bridge Model.
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Figure 6. Supports at the Piers Figure 7. Support at the Abutment Figure 8. Loads and Definitions
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Figure 9. AASHTO HS 20-44 Truck Loading

3. Results and Discussion

e ——

Figure 10. Forces and Stresses with Truck Loadings

The maximum bending moment, 705 KN-m occurs at the first span wherein the truck’s front axle is
located 0.3 meter near the first pier. While the maximum bending moment without considering the
truck loading is 653 KN-m. There’s an increase of 7.7% in the moment experienced by the bridge.
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Figure 11. Moment Diagram with Truck Load Figure 12. Bending Moment Diagram with Dead
Load

4. Conclusion
The increase by 7.7% in the maximum bending moment significantly evaluates the importance of
considering the truck loading in analyzing the structural health monitoring of a bridge. Aside from
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earthquake loadings, live load overloading affects the integrity of the bridge in the the long run. The
load limit must be strictly followed to avoid bridge failures and unexpected repairs. CCTV will be
installed on the approach of the bridge and traffic calculation will be done. The installation and
readings of the accelerograph will be the continuation of this study. The different data analysis in peak
hours and non peak hours will also be considered.

Acknowledgements

The authors would like to acknowledge the Dpeartment of Public Works and Highways, Mapua
University, and Department of Science and Technology- PCIEERD for the funding of this research
project.

References

[1] Department of Public Works and Highways Bridge Inventory

http://www.dpwh.gov.ph/DPWH/gis/

[2] Philippine Volcanology and Seismology, Susceptibility Map of Metropolitan Manila

https://gisweb.phivolcs.dost.gov.ph/phivolcs _hazardmaps/

[3] AASHTO 2002 Standard Specifications for Highway Bridges 14" ed (Washington: Association
General Office) p 412

[4] Gavina J R, Uy F A, Carreon J P D 2017 Wireless Smart Sensor Network System Using
SmartBridge Sensor Nodes for Structural Health Monitoring of Existing Concrete Bridges. IOP
Conf. Series: Mater. Sci. Eng. 216.

[5S] Payawal J M G, et al. 2017 Data Calibration of the Actual versus the Theoretical Micro Electro
Mechanical Systems (MEMS) Based Accelerometer Reading through Remote Monitoring of
Padre Jacinto Zamora Flyover, IEEE Conference on Technologies for Sustainability.



