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June 2022 Denpasar represents a town with the amount of most residents in Bali and
has a tendency will increase. This of course will be followed by accelerating the
development of various sectors. This condition will be creating various urban problems,
among the other problem is the jam of traffic, which is caused by the existence of
unbalanced growth of very fast vehicles (14%) compared to with accretion of new streets
which only reaching 3,6% a year. To overcome the problem one of the efforts able to be
conducted is by improving the quality of street service which have there, especially at
critical joint streets and intersection streets, like Gatot Subroto - Cokroaminoto intersection
roads. However progressively is fast accretion amount of vehicle, this method will not give
optimal service, so that requires another way of problemsolving. Another Arrangement
Alternative to solve this jam is with an intersection street is not at a piece of, such as which
have been applied at Simpang Dewa Ruci. In general, the type of construction is fly over
and underpass, but under experience at Simpang Dewa Ruci, from the social and cultural
aspects happened deduction of fly over type. So that the study is limited to underpass type.
According to the result of soil investigation at that location, the election of cheap type is
boring pile construction with 60 cm diameter, reinforcement 14D22, U-40 steel and K-350
concrete, strung up with secant pile (bore pile without reinforcement and strength of
concrete K175). While the beam of the bridge is from reinforced concrete plate K-350
strength, 40 cm thick, reinforcement equal to 21,92 cm2, attached reinforcement

by D22-15 (interesting side) and D22-30 (stressing side). Keywords: bore
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Jaya, Department of Civil Engineering Bali State Polytechnic, Indonesia. Email address:
imadejaya2969@gmail.com 1 Introduction Denpasar is the capital city of Bali
Province, which since January 15, 1992, has been designated as Denpasar City with
various potentials, especially in the field of tourism and creative industries. Therefore, the
population tends to continue to increase and is accompanied by an increase in the pace of
development in various sectors which ultimately causes various urban problems, including
traffic congestion problems. Traffic congestion is caused by an imbalance between the
very rapid growth of vehicles and the addition of new roads (Ministry of Public Works,
1997). Currently, vehicle growth per year has reached 14% while the length of the road is
only 3.6% per year (Regional Regulation No. 16 of 2009 concerning the Spatial Plan for
the Province of Bali). On the other hand, limited land makes it impossible to add new roads
easily. Therefore, one of the efforts that can be done is to improve the quality of existing
road services, especially on critical road sections and intersection points such as the Gatot
Subroto - Cokroaminoto intersection - roads. To overcome this, the Denpasar City
Transportation Service has planned to build a traffic control device through the 2013

budget allocation at four intersections, including at the intersection of Jalan Gatot Subroto -



Cokroaminoto and Jalan Maruti - Cokroaminoto. However, considering that the delays at
the two intersections are relatively high, especially at the Gatot Subroto - Cokroaminoto
intersection, a study is needed to determine the best, effective and efficient alternative
treatment for the long term both technically and economically without ignoring
environmental and socio-cultural aspects (Chen et al., 2009; Jin et al., 2020). The Gatot
Subroto - Cokroaminoto intersection is a four-arm intersection regulated by APILL 4 (four)
phases. Long queues, especially during peak hours. The intersection arrangement with
APILL seems to no longer be able to serve the high volume of traffic which is increasing
every year. It is estimated that there will be very severe traffic jams in the next few years.
When the intersection arrangement with APILL is no longer able to provide optimal service,
another alternative arrangement is with a non-level intersection (Kister et al., 2007; Lam et
al., 2015). A non-level intersection is an intersection where two or more road segments
meet each other not in one plane but one segment is above or below another road
segment (Aditya Raharjo, 2012). In general, the type of non-level crossing construction that
can be built is a fly-over or underpass (Aditya Raharjo, 2012). However, based on
experience in the planning of the Dewa Ruci intersection, from the socio-cultural aspect,
there was a rejection of the flyover type. So the study is limited to the Underpass type. 2
Materials and Methods An underpass is a transverse road under another road or a
non-level crossing by making a tunnel under the ground, (Aditya Raharjo, 2012). The main
structure of the underpass includes two important parts, namely the open wall which
functions as a retaining wall/sheet pile (cantilever plaster wall), and the closed wall which is
planned to be an integral part of the bridge floor slab. Structural studies on these two
things are based on primary data obtained from survey results in the field, both in the form
of soil testing data and traffic data. In the planning of the Gatot Subroto (Gatsu)
Underpass, the retaining wall is planned to use a reinforced concrete type bore pile
concrete pile combined with a secant pile (bore pile without reinforcement with a non-
structural quality concrete mix that functions as a filler between the bore pile structure).
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Type of bore pile retaining wall The selection of this system is carried out with the
consideration that in its implementation it will be easier to work because it does not require
the installation of formwork and further soil excavation can be carried out after the bore pile
concrete is of sufficient age. Pile loading due to soil pressure is calculated based on the
value of soil properties obtained from the results of soil investigations (Shavadze et al.,
2022). Broadly speaking, the bridge construction consists of two main components, namely
the superstructure (upper structure) and the substructure (substructure) (Ministry of Public
Works, 1987). The superstructure is the part of the bridge that receives the direct load from
the people and vehicles that pass through it. The superstructure consists of the main
components, namely the bridge floor, main frame, girders, diaphragms and supports. In
addition, there are also supporting components, namely sidewalks, rallying, drainage,
lighting and parapets. The substructure is the part of the bridge that receives the load from
the superstructure plus the soil pressure and impact forces from the crossing under the
bridge. The substructure includes the pier, the abutment and the foundation (Pacheco-
Torgal & Jalali, 2011; Ortiz et al., 2009; Lim et al., 2012). In the preparation of the
Feasibility Study (FS.) The underpass Gatsu bridge is designed using a plate system
(without the use of girders), this was chosen because the length of the bridge is not too
large. In the absence of beams, the net height requirement of the bridge under the bridge
can be minimized so that it will reduce the volume of excavation. The bridge plate is then
designed to be integrated with the pillars of the retaining sheet pile so that in this position
the sheet pile will receive the load from the side soil pressure and will also receive and
transmit the load from the bridge slab plate (Brehme et al., 2021; Jiang et al., 2022;
Wysocki et al., 2022). Calculation of internal forces until the reinforcement design is
obtained for both the sheet pile construction and the superstructure and substructure of the
bridge will be carried out using SAP 2000 v.14 software. Figure 2. Construction of bridge
slabs and retaining walls
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drill pile anchorage length (h') The forces on the bore pile walls are caused by soil
pressure and pressure due to uniform loads on the soil surface [4]. While the influence of
groundwater pressure is ignored because based on ground investigations the water table
is in a position far below the ground surface (£ 10m). Ground pressure coefficient: Soil
shear angle @ = 300 [7] ka = tg2 (45 - @ /2) = 0.33 kp = tg2 (45 +0 /2) = 3.00 Loads:
Uniform load on the vehicle floor q = 1617 kg/m' The load due to the weight of the soil
volume t = 1693 kg/m3 Figure 3. Soil pressure on pile walls for calculation of
bore pile length Assuming the drill pile depth up to point O is h'. With several trials used h'
= 4.3595 m, Forces acting on a wall 1 m wide: (Ali Zakariya, 2012) P1 =q. kp . h'=21.15
tons P2 =1/2.t. kp . h'2=48.26 tons P3=1/2 . t. you . (5.5 + h")2 = 27.40 tons P4 = q. you
.(6.5+h")=5.31 tons Equilibrium moments about point O: £ Mo =0 P1 *h'/2 + P2 * h'/3 -
P3*(5.5+h")/3-P4*(5.5+h"/2=046.10 + 70.14 - (90.06) - (26.17) = 0.004 ~ 0
(OK) So the depth of the bore pile from the base elevation of the underpass is 435.95 cm,
but to further ensure that the bore pile which is used as a wall has a completely wedged
behaviour on the ground, the driving depth is taken to be 2 times the part of the bore pile
that is not driven (Aditya Raharjo, 2012). So the total length of the bore pile =3 x 5.5 m =
16.5m
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of retaining wall reinforcement (bore pile) The bore pile size used is @60 cm, with 2 types:
1) Bore pile with reinforcement, compressive strength concrete K-350 kg/cm2 2) Bore pile
without reinforcement (secant pile), compressive strength concrete K-175
kg/cm2 Reinforcement design is based on the retaining wall section with a maximum
elevation (5.50m depth), assuming that the bore pile is in a pinched state. The load that is
calculated to work is the result of active earth pressure and the uniform load due to the

vehicle floor. For reinforcement, a 1 pc bore pile is taken with a horizontal load of 90 cm



wide. Forces acting: P1=1/2 . ytka. 0,9. 552 =7674.31 kg P2 =yq.ka.5.5.0,9

2665.39 kg Figure 4. Soil Pressure on Pile Walls for Bore Pile
Reinforcement. Moments that occur in the wedged bore pile: M = P1 x 5.5/3 + P2 x
5.5/2 =21399.38 kg.m From the calculation of reinforcement using SAP. 2000 v14
requires the installation of reinforcement with an area of 46,471 cm2, (number of
reinforcements in 1 bore pile = 14D22). Figure 5. Data Analysis SAP 2000 for Bore Pile
Reinforcement
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slabs) Assumptions are taken in bridge design: 1) Bridge span = 8.5m 2) The bridge floor
plate is made of reinforced concrete with a thickness of 40 cm, K-350 concrete, and U-39
steel. 3) The bridge slab is analyzed as a flat beam concrete measuring 90/40 cm. The
ends of the bridge floor plates are joined to the bore pile columns of the retaining
wall. Figure 6. Loading of the Bridge Structure. Forces acting on the abutment
walls: P1 =1/2 . ytka. 0,9. 5.52 = 7674.31 kg P2 =yq. ka . 5.5.0,9 =2665.39 kg The
loading on the bridge plate is the result of: own weight of 40 cm thick concrete slab asphalt
cover weightt =5 cm D Load divided : 917 kg/m' D line load : 5002 kg Figure
7. SAP Data Analysis. 2000 Bridge Structure
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Figure 7. Forces in Bridge Structure The results of the study of the Gatsu underpass
structure are presented in Figure 9 as follows: Figure 8. Gatsu - Cokroaminoto
Underpass Structure 4 Conclusion From the results of the SAP calculation, it was found
that the maximum area of beam reinforcement - bridge plate is 21.92 cm2, D22-15 (tensile
side) and D22-30 (tensile side) reinforcement are installed on the abutment wall (bore pile)

as a support for the bridge plate beam. requires a smaller reinforcement area than the bore



pile in the open area
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is the same as the open bore pile. (14D22). The maximum axial force that occurs on the
bore pile is 30.6 tons, while according to the results of soil investigations and referring to
the equations for calculating the pile bearing capacity (Bowles, 1993), the bearing capacity
of a single drill pile foundation is obtained at a depth of 5 meters, with diameters between
0.3 — 0.6 meters ranging from 83.2 tons to 172.5 tons (Soilindo, 2013). This means that the
use of bored piles with a diameter of 60 cm and driven to a depth of 16.5 m from the
ground (11 m from the underpass) has guaranteed safe construction. Conflict of interest
statement The authors declared that they have no competing interests. Statement of
authorship The authors have a responsibility for the conception and design of the study.
The authors have approved the final article. Acknowledgements We are grateful to two
anonymous reviewers for their valuable comments on the earlier version of this

paper.

(1 ISSN: 2454-2261 IRJEIS Vol. 8 No. 4, July 2022, pages: 96-104 104 References
Aditya Raharjo. (2012). Analysis of Stability and Deformation of Underpass Excavations in
the Kuta- Bali Intersection Area, Universitas Pendidikan Indonesia. Ali Zakariya. (2012).
Calculation of the Structural Wall Pile, alizaka.blogspot.com. December 21, 2012, Bowles,
J.E., (1993). Analysis and Design of Foundations Volume 2, Erlangga, Jakarta. Brehme, C.
S., Tracey, J. A., Ewing, B. A., Hobbs, M. T., Launer, A. E., Matsuda, T. A., ... & Fisher, R.
N. (2021). Responses of migratory amphibians to barrier fencing inform the spacing of
road underpasses: A case study with California tiger salamanders (Ambystoma
californiense) in Stanford, CA, USA. Global Ecology and Conservation, 31, e01857.

https://doi.org/10.1016/j.gecco.2021.e01857 Chen, J. H., Yang, L. R., & Su, M. C. (2009).



Comparison of SOM-based optimization and particle swarm optimization for minimizing the
construction time of a secant pile wall. Automation in Construction, 18(6), 844848.
https://doi.org/10.1016/j.autcon.2009.03.008 Jiang, F., Ma, L., Broyd, T., Chen, K., & Luo,
H. (2022). Underpass clearance checking in highway widening projects using digital
twins. Automation in Construction, 141, 104406.
https://doi.org/10.1016/j.autcon.2022.104406 Jin, D, Li, X,, Yang, Y., Su, W., & Wang, X.
(2020). Stochastic analysis of secant piles failure induced by random imperfections.
Computers and Geotechnics, 124, 103640.
https://doi.org/10.1016/j.compgeo.2020.103640 Kister, G., Winter, D., Gebremichael,
Y. M., Leighton, J., Badcock, R. A., Tester, P. D., ... & Fernando, G. F. (2007).
Methodology and integrity monitoring of foundation concrete piles using Bragg grating
optical fibre sensors. Engineering Structures, 29(9), 2048-2055.
https://doi.org/10.1016/j.engstruct.2006.10.021 Lam, C., Jefferis, S. A., Suckling, T. P., &
Troughton, V. M. (2015). ! Effects of polymer and bentonite support fluids on the
performance of bored piles. Soils and Foundations, 55(6), 1487-1500.
https://doi.org/10.1016/j.sandf.2015.10.013 Lim, S., Buswell, R. A., Le, T. T., Austin, S. A.,
Gibb, A. G., & Thorpe, T. (2012). Developments in constructionscale additive
manufacturing processes. Automation in construction, 21, 262-268.
https://doi.org/10.1016/j.autcon.2011.06.010 Ministry of Public Works. (1987). Guidelines
for Highway Bridge Planning, SKBI — 1.3.28.1987. Ministry of Public Works. (1997).
Indonesian Road Capacity Manual (MKJI). Ortiz, O., Castells, F., & Sonnemann, G. H
(2009). Sustainability in the construction industry: A review of recent developments based
on LCA. Construction and building materials, 23(1), 28-39.
https://doi.org/10.1016/j.conbuildmat.2007.11.012 Pacheco-Torgal, F., & Jalali, S.
(2011). Nanotechnology: Advantages and drawbacks in the field of construction and
building materials. Construction and building materials, 25(2), 582-590.
https://doi.org/10.1016/j.conbuildmat.2010.07.009 Regional Regulation No. 16 of 2009

concerning the Spatial Plan for the Province of Bali. Shavadze, L., Kevlishvili, M.,



Gagolishvili, M., & Shildelashvili, I. (2022). Medern methods of Phylloxera-resistant
Rootstock Vine growth and formation. International Research Journal of Engineering, IT &
Scientific Research, 8(3), 49-56. https://doi.org/10.21744/irjeis.v8n3.2086 Soilindo. (2013).
Land Investigation Report of FS Underpass Gatsu, Denpasar. Wysocki, O., Hoegner, L., &
Stilla, U. (2022). ! Refinement of semantic 3D building models by reconstructing
underpasses from MLS point clouds. International Journal of Applied Earth Observation

and Geoinformation, 111, 102841. https://doi.org/10.1016/j.jag.2022.102841



Sources

10

11

https://pdfs.semanticscholar.org/8711/66d1457b498...

1%

https://www.usgs.gov/centers/werc/news/research...

1%

https://link.springer.com/article/10.1007/s11709-020-0581-z

1%

https://pubag.nal.usda.gov/catalog/7793811/citation

1%

https://bircu-journal.com/index.php/birci/article/download/3119/pdf

1%
https://www.scirp.org/reference/ReferencesPapers.aspx?ReferencelD=1754101
1%
https://www.scirp.org/reference/ReferencesPapers.aspx?ReferencelD=1313909
1%

https://www.sciencedirect.com/science/article/pii/S0038080615001717

<1%

https://www.tandfonline.com/doi/pdf/10.1016/j.fiae.2017.01.001

<1%

https://scholar.google.com/citations?user=Gie4|DOAAAA)

<1%

https://erepo.unud.ac.id/id/eprint/4235/1/df30e56e...

<1%


https://pdfs.semanticscholar.org/8711/66d1457b498...
https://www.usgs.gov/centers/werc/news/research...
https://link.springer.com/article/10.1007/s11709-020-0581-z
https://pubag.nal.usda.gov/catalog/7793811/citation
https://bircu-journal.com/index.php/birci/article/download/3119/pdf
https://www.scirp.org/reference/ReferencesPapers.aspx?ReferenceID=1754101
https://www.scirp.org/reference/ReferencesPapers.aspx?ReferenceID=1313909
https://www.sciencedirect.com/science/article/pii/S0038080615001717
https://www.tandfonline.com/doi/pdf/10.1016/j.fiae.2017.01.001
https://scholar.google.com/citations?user=Gie4lD0AAAAJ
https://erepo.unud.ac.id/id/eprint/4235/1/df30e56e...

