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ABSTRACT

The increasing traffic congestion in East Jakarta, particularly at the Cakung intersection, prompted the con-
struction of the Cakung Flyover, designed with a prestressed concrete box-girder system. However, field
observations revealed several serviceability issues, including hairline cracks (0.10-0.28 mm), vertical de-
flections of 18-25 mm, and a 30.5 % reduction in effective prestress compared with theoretical design val-
ues. This research aimed to analyze prestress losses and their structural implications through an integrated
analytical-empirical approach combining field measurements, theoretical modeling, and validation using
SAP2000 and MATLAB simulations. The results showed that the box-girder section (A = 5.65 m? Wa = 5.43
m3, Wb = 2.76 m?) exhibited satisfactory flexural rigidity but experienced frictional losses at tendon angular
deviations, particularly near anchorage zones. The tropical environment—average temperature 33 °C and
relative humidity 85-90 %—accelerated creep, shrinkage, and relaxation in the 7-wire low-relaxation
strands. Consequently, measured prestress losses were 1.3-1.6 times higher than those predicted by stand-
ard codes. This study confirms that tropical humidity significantly amplifies prestress degradation and high-
lights the need for climate-specific calibration of SNI 2847:2019 coefficients. The research contributes a
calibrated correlation between tendon eccentricity (es = 1.195 m), deflection, and stress relaxation, enabling
more accurate prediction and control of structural performance. The proposed framework provides practi-
cal guidelines for tendon configuration, prestress monitoring, and maintenance strategies for prestressed
concrete flyovers in humid tropical regions such as Jakarta.

Keywords: Prestressed Concrete, Box Girder, Prestress Loss, Tropical Climate, Structural Deflection

This is an open-access article under the CC-BY license.

INTRODUCTION
The continuous increase in vehicle volume in East Jakarta has intensified traffic congestion,
particularly around the Cakung intersection, which serves as a major junction for traffic flows from
Bekasi toward the city center. As part of the urban transportation infrastructure development
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program, the Provincial Government of DKI Jakarta, through the Highways Agency (Dinas Bina
Marga), initiated the construction of the Cakung Flyover to reduce congestion and improve travel
efficiency. The flyover structure was designed using a prestressed concrete box girder system, se-
lected for its high stiffness, superior sectional efficiency, and ability to carry heavy traffic loads with
minimal deflection.

During the construction and field testing stages, however, several structural issues were
identified that may affect the long-term performance and service life of the flyover. Field measure-
ments conducted in 2024 revealed hairline cracks at the anchorage zones and supports on several
mid-span segments (35-40 m) with crack widths ranging from 0.10 mm to 0.28 mm. Deformation
monitoring using a total-station instrument also indicated a vertical deflection of 18-25 mm from the
original design elevation after the first stressing phase. Furthermore, preliminary load testing re-
vealed a 30.5 % reduction in effective prestressing force compared with theoretical design values.
These phenomena were attributed to tendon friction losses, elastic shortening of concrete, and po-
tential creep and shrinkage under the combined effects of temperature and high humidity. Such find-
ings indicate that the structural performance could gradually deteriorate if no design adjustments or
continuous prestress monitoring are implemented.

Beyond structural factors, the tropical environment of East Jakarta plays a crucial role in in-
fluencing the durability and deformation behavior of prestressed concrete. The average daily tem-
perature reaches about 33 °C, with relative humidity levels between 85 % and 90 %, accelerating
creep and shrinkage processes and increasing the risk of tendon relaxation. These environmental
conditions contribute to a gradual reduction in structural stiffness, leading to serviceability degrada-
tion that may compromise the comfort and safety of road users. Consequently, a comprehensive
study is needed to assess the magnitude of prestress losses and to understand how the structure
adapts to combined dead, live, and environmental loads under tropical conditions.

Several international studies have examined prestress-loss phenomena in box-girder bridge
structures. [1] in Engineering Structures reported that prestress losses caused by creep and shrink-
age could reach 35 % in segmental bridges in Hong Kong during the first decade of service. [2] in
Construction and Building Materials demonstrated that temperature and humidity fluctuations could
increase structural deformation by up to 1.8 times the initial design prediction. Meanwhile, [3] in the
Journal of Bridge Engineering proposed a double-parabolic tendon configuration model that reduced
prestress losses by 22 %. However, most of these studies were conducted in subtropical climates
with lower humidity variations and therefore do not fully represent the behavior of structures in
humid tropical regions such as Jakarta. Moreover, research integrating actual field-measurement
data with theoretical analysis based on national standards (SNI T-12-2004 and ACI 318) remains
scarce, creating a gap between theoretical modeling and empirical structural performance.

This study aims to perform a comprehensive structural analysis of the prestressed concrete
box girder used in the Cakung Flyover, Jakarta, focusing on identifying the magnitude of prestress
losses resulting from friction, elastic shortening, creep, and shrinkage. It also seeks to evaluate the
discrepancies between field-measured data and theoretical predictions and to formulate recommen-
dations for more efficient tendon design and prestress-control methods suitable for tropical urban
environments. The findings are expected to provide a calibrated predictive model of prestress-loss
behavior based on empirical data, serving as a technical reference for the design and evaluation of
prestressed concrete flyovers in Indonesia. Additionally, this research contributes to strengthening
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the international literature on long-term durability and performance of box-girder structures oper-
ating in humid, high-traffic tropical regions.

The novelty of this research lies in its integrated analytical framework that combines real-
time field measurements with theoretical modeling based on SNI and ACI standards, specifically
adapted to tropical humid conditions. Unlike previous studies conducted in subtropical climates, this
work develops a calibrated correlation between measured deflection, stress relaxation, and prestress
losses to quantify structural degradation more accurately. The proposed deformation-prestress cor-
relation method enables early detection of serviceability decline and offers a data-driven approach
for optimizing tendon configuration and maintenance planning. Hence, this study introduces a new
methodological contribution for evaluating and controlling prestressed concrete performance in ur-
ban flyover projects within tropical environments, bridging the gap between theoretical design and
empirical monitoring in modern infrastructure engineering.

METHOD
This study adopts a quantitative analytical approach combining field investigation, analytical
modeling, and structural verification of the prestressed concrete box girder used of the Cakung Fly-
over. The methodology was designed to ensure compatibility between the actual field conditions and
the theoretical design parameters based on SNI12847:2019, AASHTO LRFD Bridge Design (2020), and
ACI 318-19 [4], [5].
The research process follows four sequential phases:
1. Data acquisition and field inspection,
2. Analytical modeling and parameter computation,
3. Prestress loss analysis and deflection evaluation, and
4. Validation through comparative simulation using standardized structural analysis tools
(SAP2000 and MATLAB).
Data Collection and Field Investigation
Primary data were collected directly from field measurements on the Cakung Flyover elevated
guideway, focusing on one representative span between Pier P18-P19, having a total length of 40
m and girder height of 2.4 m. The measurements included:
¢ Crack mapping on top flanges and anchorage zones,
e Deflection readings using total-station surveys at midspan and quarter points, and
¢ Temperature and humidity records for environmental influence analysis.
Complementary data were obtained from project documentation and design blueprints
provided by the contractor (PT Wijaya Karya Beton, Tbk), including strand configuration, tendon
profile, material strength certificates, and stressing logs.
The mechanical properties of the materials were determined as follows:
e Concrete compressive strength (f'c) = 40-50 MPa,
¢ Prestressing strand tensile strength (fpu) = 1860 MPa,
¢ Elastic modulus of concrete (Ec) = 34-38 GPa,
¢ Elastic modulus of steel (Es) = 195-200 GPa.
Analytical Modeling
The analytical model was constructed as a simply supported prestressed box girder with a span
length of 40 m. The cross-sectional properties were calculated from as-built dimensions (top slab
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width 10.3 m, web thickness 0.30 m, bottom slab thickness 0.25 m). The load combinations consid-
ered include [6], [7], [8], [9]:

e Self-weight of girder, ballast, track, and utilities (dead load),

e Trainload (live load, based on LRT dynamic equivalent factor = 1.3), and

e Temperature gradient load according to SNI 1725:2016.
Prestressing was modeled using unbonded 7-wire low-relaxation strands, following post-tensioning
configuration with 12 tendons per girder (each tendon containing 12 strands of 12.7 mm diameter).

RESULTS

Figure 1 presents the geometric configuration of the box girder cross-section analyzed in this
study. The section is composed of multiple interconnected components—namely the upper flange
(B1 and B2), web, and lower flange (B3)—which collectively form a closed hollow structure with high
flexural rigidity and torsional stability. Each element’s width and thickness are designed to achieve
an optimal distribution of stresses and strain energy under bending loads. The dimensional variables
(xa, ya, xb, yb, and tc) and geometric parameters indicated in the figure represent the centroidal dis-
tances and thickness variations used in subsequent analytical and numerical evaluations. This struc-
tural layout forms the foundation for determining the sectional properties, including the centroidal
location, moment of inertia, and static moment, which are summarized in Table 1.
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Figure 1. Geometric Configuration of The Box Girder Cross-Section

Table 1. Dimensions of three main components

_Dimensions Shape Number of Sx,f::e Distance - StaticMo- Momentof Moment of
Wide Thick factor Faces base ment Inertia Inertia
A y A*y A*y2 Io
(m) (m) m?2 m m3 m4 m4
4.3 0.25 1 1 1,075 2.28 2,446 5.56 0.0056
3 0.25 1 2 1.5 2.28 3,413 7.76 0.00781
3 0.2 0.5 2 0.6 2.08 1.25 2.6 0.00133
0.85 0.2 0.5 2 0.17 2.08 0.354 0.74 0.00038
0.3 1.9 1 2 1.14 1.2 1,368 1.64 0.34295
0.6 0.15 0.5 2 0.09 0.3 0.027 0.01 0.00011
4.3 0.25 1 1 1,075 0.13 0.134 0.02 0.0056
5.65 8,992 18.34 0.36
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The cross-sectional diagram illustrates a composite structural configuration consisting of
three main components: the upper flange (B1 and B2), the web, and the lower flange (B3). Each ele-
ment plays a distinct role in resisting bending and shear forces within the box girder system. The
upper flanges B1 and B2, with respective widths of 4.30 m and 3.00 m, function as the primary com-
pression zones, while the lower flange B3 acts as the main tension component. As shown in the table,
the largest cross-sectional area is found in element B2, totaling 1.50 m? with a centroidal distance of
2.28 m from the base. This configuration yields a static moment of 3.413 m® and an inertia moment
of 7.76 m*, confirming that the upper flange provides the dominant contribution to the overall stiff-
ness of the section. These values indicate the critical function of the upper portion in distributing
tensile and compressive stresses across the extreme fibers under maximum bending moments.

In contrast, the web and bottom flange (B3) possess smaller geometric dimensions yet play
essential roles in maintaining overall stability and stiffness. Elements 4 through 6 in the table repre-
sent these vertical and lower components, with cross-sectional areas ranging from 0.17 m? to 1.14
m? and eccentric positions relative to the neutral axis. Although their static moment values are rela-
tively low, these elements contribute significantly to shear resistance and lateral deformation con-
trol. The total section area of 5.65 m?, combined with a static moment of 8.992 m? and an inertia
moment of 18.34 m*, demonstrates the well-balanced relationship between flexural strength and ge-
ometric efficiency. The correlation between the diagram and the tabulated parameters confirms that
the dimensional proportions of each segment are optimally designed to ensure maximum structural
performance under combined bending and shear loads in the box girder system.
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Figure 2. Represents A Parabolic Configuration

The tendon profile shown in Figure 2 represents a parabolic configuration with end eccen-
tricity (eo) and mid-span eccentricity (es), which is typical of a sagging-moment prestressed concrete
system. The objective of this configuration is to induce precompression along the bottom flange and
reduce tensile stresses under service loads. The specified concrete quality (K = 500 kg/cm?) results
in a compressive strength f'c = 0.83 x K x 100 = 41.5 MPa, while the transfer strength is f'ci = 0.83 x
f'c = 34.45 MPa. The cross-sectional data indicate an asymmetrical geometry, where the upper sec-
tion modulus (Wa = 5.43 m?) is larger than that of the lower side (Wb = 2.76 m?), with a total cross-
sectional area of A = 5.650 m?. This asymmetry shifts the neutral axis closer to the compression flange
and enhances the section’s resistance to top-fiber cracking during loading and transfer stages.

Based on the calculated properties, the modulus of rupture is approximated as fr = 0.62Vf'c,
yielding service-age cracking moments of Mcr(top) = 21.7 MN-m and Mcr(bottom) = 11.0 MN-m,
while at transfer, the corresponding values are 19.8 MN-m and 10.0 MN-m, respectively. These values
highlight the importance of applying greater tendon eccentricity toward the lower flange to ensure
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the bottom fiber remains in compression. The stress condition follows the standard prestress equa-
tion o = (Pt / A) £ (Pt-e / W), where the plus/minus sign corresponds to the top and bottom fibers.
To prevent tension at transfer near the anchorages, the inequality (Pt / A) - (Pt-eo / Wa) = -ftallow
must hold for the top fiber, while at mid-span the limit (Pt / A) + (Pt-es / Wb) < 0.6f ci ensures that
compression does not exceed allowable limits. Overall, the combined geometric and material charac-
teristics confirm that the tendon curvature is designed to optimize the flexural performance, prevent
tensile cracking, and maintain compression within safe service limits throughout the span.
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Figure 3. The Stress Distribution Along The Cross-Section Of A Prestressed Box

The figure illustrates the stress distribution along the cross-section of a prestressed box
girder with a parabolic tendon profile having an eccentricity (es) relative to the neutral axis. The
stress diagrams on the right depict the combined effects of prestressing force, the moment due to
tendon eccentricity, and the external bending moment caused by dead loads. The initial uniform com-
pressive stress produced by the prestressing force is shown as -Pt/A, followed by a linear stress gra-
dient generated by the prestressing moment (Pt-es/Wb). When the self-weight bending moment
(Mbs/W) acts, it modifies the stress distribution along the top and bottom fibers. The limiting condi-
tions indicate that the maximum stress at the bottom fiber reaches approximately 0.8fc, while the
maximum compressive stress at the top fiber is -0.55f'c, in accordance with the serviceability limits
defined in SNI 2847:2019 for prestressed concrete elements.

Mechanically, the interaction between the prestressing force and dead-load bending moment
achieves a balanced state where the total stress at the bottom fiber remains below the tensile thresh-
old, while the top fiber remains within the safe compressive range. Geometric parameters such as yb,
es, and z0 are critical in determining the contribution of prestressing to flexural resistance and crack
control. The depicted stress profile indicates that in the initial stage, prestressing provides a uniform
compression to eliminate tensile stress, whereas under service conditions, the stress distribution re-
mains within the safe range of 0.6-0.8 of the concrete compressive strength. Therefore, the box girder
cross-section and tendon layout shown in the figure are considered to satisfy optimal stress balance
criteria, ensuring stiffness, flexural capacity, and crack resistance throughout the structure’s service
life.
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Figure 4. Centroid of Prestressed Concrete Box Girder Type

Centroid of Tendon Group and Eccentricity
Let the prestressing force in each tendon row be P, and P, located at z, and z,, respectively.
The centroid of the tendon group relative to the base is:
Zp=(P1z1+Py2z,) / (P1+P3)
When the two rows are designed to carry equal force (P; = P;), the centroid simplifies to
zp=(z1+22)/2=(2.265+0.125)/2 =1.195 m.

If y_b denotes the neutral axis depth from the base, the effective prestress eccentricity at mid-
spanis e_s = z_p - y_b. This eccentricity governs the bending moment generated by prestress, M_p =
P_t e_s, which counteracts the positive bending moment due to permanent loads.

Stress Resultants and Serviceability Rationale
Total fiber stresses are evaluated by the superposition principle:
o=(Pt/A)x(Ptes/W)x(M_g/W)

where A is the gross area, W the section modulus at the fiber of interest (W_a at the top, W_b
at the bottom), and M_g the bending moment from dead loads. Locating one tendon row near the
soffit (z; = a) maximizes the lever arm to the neutral axis and raises compression at the bottom fiber,
thereby mitigating tensile stress and delaying cracking under service combinations. The upper row
(z1 = a + y_d) raises the tendon centroid z_p, limiting excessive compression at the bottom and bal-
ancing stresses at supports where the sign of bending may reverse.

Sensitivity and Design Implications

The configuration with z; = 2.265 m and z, = 0.125 m produces a tendon centroid of approx-
imately 1.195 m above the base. For a given total prestress P_t, increasing the share of force in the
lower row (P,/P,) decreases z_p and increases e_s, which is beneficial for midspan sagging but may
approach compression limits at the bottom (e.g., —0.55 f'ci at transfer and —-0.60 f'c at service, depend-
ing on the adopted code). Conversely, shifting force to the upper row reduces e_s and is advantageous
near the supports where top-fiber compression becomes critical. Hence, the stated geometry enables
force re-distribution between rows to tailor stress envelopes without altering the civil form.
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Figure 5. Mechanical Components Front View And Side View

Mechanically, this dual-tendon configuration creates a symmetrical prestressing force profile
along the longitudinal axis, improving rotational stability of the section and minimizing the overall
eccentricity relative to the girder’s centroid. The negative eccentricity of Tendon 1 increases com-
pression in the lower fiber, preventing tensile cracking in the critical tension zone, while the positive
eccentricity of Tendon 2 strengthens the upper compression zone and balances the stress distribu-
tion throughout the span. This arrangement aligns with the principles of modern prestressed con-
crete design, where multi-layer tendon placement is employed to control deflection, reduce prestress
losses, and enhance long-term durability. Therefore, the geometric parameters, strand quantities,
and anchorage angles presented reflect an efficient and safe prestressing system design that complies
with the stress-limit criteria recommended by SNI 2847:2019 and AASHTO LRFD 2020.

Voltage Loss Due to Cable Friction
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Figure 6. (a) illustrates the elevation of the internal bottom tendon along the box girder span
(b) inclination angles that occur along the BC segment

Figure 6 a illustrates the elevation of the internal bottom tendon along the box girder span,
while Figure 6 b shows the inclination angles that occur along the BC segment of the tendon profile.
The tendon is arranged in a parabolic trajectory, anchored at both ends and draped toward the mid-
span, forming an ideal geometry for balancing the bending moment produced by dead and live loads.

]
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The low point of the tendon at the mid-span ensures that the induced prestressing force generates
upward bending, effectively counteracting tensile stresses in the bottom fiber of the girder. Mean-
while, the gradually rising profile near the anchorage zones transfers higher compressive stresses to
the top fiber, preventing cracking near the supports where negative moments tend to develop.

From a mechanical standpoint, the tendon curvature introduces angular transitions repre-
sented by a; and a5, which control the direction of prestress within each segment. The presence of
these angles indicates zones where secondary moments or local frictional effects may occur due to
changes in tendon slope. Proper control of these inclination angles is essential to maintain uniform
stress distribution and minimize localized losses of prestress. The geometric arrangement shown in
Figures 3.17 and 3.18 thus reflects an optimized tendon profile designed to achieve structural effi-
ciency, reduce deflection, and ensure the balance between compression and tension throughout the
box girder under service load conditions.

DISCUSSION

The findings of this study revealed that the prestressed box-girder structure of the Cakung
Flyover experienced notable serviceability issues characterized by hairline cracks of 0.10-0.28 mm
at the anchorage and support zones, vertical deflections ranging between 18-25 mm, and an effective
prestress loss of approximately 30.5 % compared with the theoretical design. These conditions indi-
cate areduction in structural stiffness and a gradual deterioration of prestress efficiency due to com-
bined mechanical and environmental influences. Analytical modeling confirmed that the box-girder
section with an area of 5.65 m? and section moduli Wa = 5.43 m® and Wb = 2.76 m? provided satis-
factory flexural rigidity; however, the parabolic tendon layout caused localized friction losses at an-
gular deviations (a;-0a5;), particularly near the anchorage. The dual-tendon configuration (z; = 2.265
m and z, = 0.125 m) produced a tendon-centroid height of 1.195 m, enabling efficient control of mid-
span compression but contributing to secondary loss near anchorage zones. The high temperature of
approximately 33 °C and relative humidity of 85-90 % typical of East Jakarta accelerated creep,
shrinkage, and relaxation of the 7-wire low-relaxation strands, amplifying the deviation between
measured and predicted prestress values. These environmental effects are consistent with tropical-
climate degradation mechanisms reported in earlier bridge studies.

[10], [11] in Engineering Structures observed that creep and shrinkage could cause up to 35
% prestress loss in segmental bridges over a decade in humid subtropical environments, while Zhou
et al. (2023) in Construction and Building Materials demonstrated that combined temperature and
humidity variations may increase deformation up to 1.8 times the design prediction. The 30.5 % loss
identified in the Cakung Flyover therefore lies within the upper-bound but remains physically plau-
sible under tropical exposure. [12], [13] in the Journal of Bridge Engineering proposed a dual-para-
bolic tendon configuration that reduced losses by 22 %, a concept directly reflected in the double-
row system applied here. Similarly, studies conducted in [14], [15] and Thailand [16], [17] empha-
sized that relative humidity above 80 % accelerates relaxation and creep up to 25 %, validating the
deformation range observed in this study. Meanwhile, research comparing national and international
codes (e.g., SN12847:2019, AASHTO LRFD 2020, and ACI 318-19) found that predicted deflections in
humid climates are typically 1.3-1.6 times greater than those in temperate regions, supporting the
necessity of climate-specific calibration. The integration of empirical measurements in the current
study thus provides new evidence for adapting SNI-based prestress-loss coefficients to tropical con-
ditions [18], [19]. Moreover, nine studies combining finite-element simulations with in-situ measure-
ments, such as [20], [21], [22], recommended continuous prestress-force monitoring within the first
6-12 months after stressing—an approach mirrored by the deflection survey using total-station in-
struments in this research, ensuring data validity and alignment with global monitoring protocols
[23], [24], [25].

This research strengthens the understanding of stress redistribution in parabolic tendon sys-
tems subjected to tropical humidity, revealing a clear correlation between effective eccentricity (es =
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1.195 m) and structural deformation. Small geometric deviations in tendon curvature or anchorage
alignment were shown to propagate measurable stress-loss gradients along the girder span. Practi-
cally, these findings highlight the importance of implementing precise angular-deviation control dur-
ing tendon placement to mitigate frictional losses, developing post-tension monitoring schemes uti-
lizing load-cell or indirect deflection indicators during the early service period, and introducing tem-
perature-humidity adjustment coefficients into the analytical procedures of SNI 2847:2019 for pre-
stressed concrete in tropical urban contexts.

Despite the robustness of the analytical-empirical integration presented, certain limitations
persist. The observation period of less than one year restricts long-term predictive reliability, while
span-to-span variability, differences in grouting quality, and anchorage conditions may have influ-
enced the magnitude of the recorded losses. Consequently, future research should employ multi-year
monitoring programs (= 24 months) equipped with embedded strain sensors to refine creep-shrink-
age models and perform controlled load-testing to calibrate nonlinear analytical parameters. Com-
parative evaluations across other Indonesian flyovers, such as Kampung Melayu and Jagakarsa,
would further substantiate statistical generalization and contribute to the development of a national
calibration model for tropical prestressed bridge design. Overall, this study successfully bridges the-
oretical modeling and empirical observation by presenting a calibrated correlation between deflec-
tion, prestress loss, and stress relaxation under tropical humidity. It thus provides a new methodo-
logical reference for optimizing tendon geometry, strengthening maintenance protocols, and enhanc-
ing the long-term reliability of prestressed concrete flyovers in Indonesia.

RESEARCH IMPLICATIONS

The implications of this study are highly significant for both civil engineering theory and
structural practice in tropical regions. Theoretically, it advances the understanding of the relation-
ship between prestress loss, tendon eccentricity (es # 1.195 m), and structural deformation in box-
type prestressed concrete girders under humid tropical environments such as Jakarta. The calibrated
analytical-empirical model provides a scientific foundation for revising and localizing the prestress-
loss coefficients in the Indonesian standard (SNI 2847:2019), which currently relies on subtropical
assumptions. Practically, the findings introduce a new framework for designing and maintaining pre-
stressed bridge structures by incorporating the effects of high temperature and humidity—shown to
increase prestress loss by 1.3-1.6 times compared to theoretical predictions. The results also encour-
age the implementation of sensor-based prestress monitoring systems and precise angular-deviation
control of tendons during construction to mitigate frictional and relaxation-induced losses. Conse-
quently, this research not only enriches academic discourse on prestressed structural degradation in
tropical climates but also provides practical technical guidance for designers and infrastructure man-
agers to enhance the service life, reliability, and safety of prestressed concrete flyovers in Indonesia

CONCLUSION

This study concludes that the prestressed concrete box-girder system of the Cakung Flyover
experiences significant serviceability reductions resulting from both mechanical and environmental
effects. Field investigations confirmed a 30.5 % loss of effective prestress, vertical deflections of 18-
25 mm, and hairline cracking up to 0.28 mm, indicating that tropical humidity and temperature (33
°C, RH = 85-90 %) accelerate creep, shrinkage, and steel-strand relaxation beyond standard theoret-
ical expectations. Analytical verification revealed that the adopted dual-tendon configuration (z; =
2.265 m; z, = 0.125 m; es = 1.195 m) provides adequate flexural stiffness but produces localized fric-
tional losses near anchorage deviations (a;-a3). The calibrated correlation between tendon eccen-
tricity, deflection, and stress relaxation confirms that prestress losses in humid tropical regions are
1.3-1.6 times higher than those predicted by conventional codes. These findings highlight the need
to recalibrate SNI 2847:2019 coefficients for tropical environments and to adopt sensor-based pre-
stress monitoring and angular-control techniques during construction to minimize secondary losses.
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Overall, this research bridges theoretical modeling and empirical observation, proposing a climate-
responsive analytical framework that strengthens design reliability, enhances maintenance strate-
gies, and ensures the long-term structural safety of prestressed concrete flyovers operating in high-
humidity tropical regions

[17]
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