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Abstract
The construction of the Sitinjau Lauik Flyover represents a strategic solution to address accident-prone segments in an area characterized by extreme topography. However, its safety performance must be validated at the planning stage. This study aims to evaluate the geometric safety of the proposed flyover in accordance with the latest Indonesian Highway Geometric Design Guideline (PDGJ 2021) using an ex-ante approach. In addition, the study seeks to identify critical segments with limited safety margins that may require additional safety treatments before operation. The evaluated parameters include horizontal alignment, vertical alignment, and stopping sight distance (SSD) at a design speed of 40 km/h. The quantitative analysis indicates that all geometric parameters comply with the minimum requirements of PDGJ 2021, with curve radii ranging from 97 m to 2800 m (R_min = 57 m), superelevation values between 2.10% and 5.20%, SSD between 43 m and 54 m, and vertical grades from −1.00% to 13.00%. Although the design satisfies the prescribed standards, critical safety margins were identified at segments with radii ≤110 m and grades ≥12%, where SSD values approach the minimum threshold. The novelty of this study lies in the early-stage risk identification during the design phase in mountainous terrain. It is concluded that ex-ante evaluation is essential for determining the need for additional safety measures at locations with limited safety margins to mitigate accident risks before operation.
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1. Introduction
Road safety remains a major concern in the global transportation system, with a high number of traffic accidents and fatalities reported annually [1]. Infrastructure-related factors, particularly geometric road design, significantly contribute to crash risk by influencing driver behavior and vehicle dynamics [2][3]. Parameters such as horizontal curve radius, stopping sight distance (SSD), superelevation, and longitudinal grade directly affect vehicle stability and the driver’s ability to anticipate potential traffic conflicts [2][4].
The concept of design consistency emphasizes the importance of harmonization among geometric elements to maintain stable operating speeds and minimize abrupt maneuvers [5][6]. Design inconsistencies have been shown to correlate with increased crash risk, particularly at locations where horizontal and vertical alignments interact on two-lane roads [7][8]. Studies on driving performance along horizontal curves also indicate that the combination of small radii and suboptimal superelevation can reduce operational safety levels [9]. Furthermore, the relationship between geometric characteristics and crash frequency has been examined through various statistical crash prediction models [10], reinforcing the critical role of geometric design evaluation in road safety analysis.
Preventive approaches in road safety have evolved through the concept of road safety audit, which enables the identification of potential hazards at the planning stage [11][12]. Safety evaluation conducted during the design phase, commonly referred to as the ex-ante Approach, is considered more effective and cost-efficient than interventions implemented after infrastructure becomes operational (ex-post) [13][14]. This Approach focuses on risk prevention before actual crashes occur and has become an integral component of international road safety practices [3].
In Indonesia, geometric road design is guided by the 2021 Highway Geometric Design Guideline (PDGJ 2021) as the most recent national standard [15]. The guideline provides technical requirements for horizontal alignment, vertical alignment, sight distance, and other safety-related parameters. However, studies specifically assessing design compliance with PDGJ 2021 through an ex-ante approach in infrastructure projects characterized by extreme topography remain limited. Most previous research has primarily focused on crash analysis or on design consistency evaluation of existing roads [16][8][10], with limited integration of evaluations based on the latest national standard at the planning stage.
This limitation is particularly relevant in the context of the planned Sitinjau Lauik Flyover, which is intended to improve safety and traffic performance along a segment characterized by steep grades and sharp curves. Given the geometric complexity and potential risks associated with alignment transitions [17], a comprehensive evaluation of the design parameters is necessary before construction.
Accordingly, this study is confined to the evaluation of geometric parameters of the proposed Sitinjau Lauik Flyover based on the designated design speed, including curve radius, superelevation, stopping sight distance (SSD), longitudinal grade, and vertical curve parameters in accordance with PDGJ 2021 [15]. The assessment is conducted using an ex ante approach, without relying on actual crash data.
In general, numerous studies have been conducted on road safety evaluation; however, most have focused on ex-post analysis or post-crash assessments [18][19]. Several previous studies evaluating geometric design in mountainous terrain have typically relied on older design standards [20], which may not fully address the safety performance of modern vehicles operating under extreme grade conditions [21][22]. Therefore, although the construction of the Sitinjau Lauik Flyover is projected as a technical solution to accident-prone segments along the corridor, preventive safety evaluation (ex-ante) based on PDGJ 2021 remains limited. 
This study addresses the identified research gap by verifying compliance with minimum design standards and analyzing the adequacy of safety margins at critical design locations. The novelty of this research lies in integrating an ex-ante approach into the geometric evaluation of a flyover structure in extreme topographic conditions, ensuring that safety considerations are systematically incorporated before construction.
Based on the aforementioned background, this study aims to: (1) assess the level of compliance of the proposed geometric parameters with PDGJ 2021; (2) identify potential safety risks arising from geometric inconsistencies based on design consistency principles [5][7]; and (3) demonstrate the effectiveness of the ex-ante Approach as a safety evaluation instrument at the planning stage [11][14].

2. Materials and Methods
2.1 	Time and Location of the Study
This study, conducted in 2025, focuses on the geometric design plan for the Sitinjau Lauik Flyover in Padang City, West Sumatra Province, Indonesia. The project has an approximate length of 2.781 km, beginning at STA 0+000 (X = 667391.948; Y = 9895070.441) and ending at STA 2+829 (X = 668315.443; Y = 9894931.762).
The alignment is situated along a national road corridor characterized by undulating to steep topography, dominated by horizontal curves and significant longitudinal grades. Such conditions necessitate a thorough evaluation of geometric parameters, particularly curve radius, superelevation, stopping sight distance (SSD), and longitudinal grade. The assessment was conducted based on the design documents before construction; therefore, the analysis adopts a preventive ex-ante approach.


[image: ]Figure 1. Location Map of the Proposed Sitinjau Lauik Flyover
Source: Final Report, Detailed Engineering Design (DED) of the Design–Build Project for the Construction of Panorama 1 Flyover (Sitinjau Lauik 1).

2.2 	Research Materials
The research materials consist of secondary data derived from the design documents, including:
1. Horizontal alignment data (curve radius, curve length, and superelevation);
2. Vertical alignment data (longitudinal grade, vertical curve length, and K-value);
3. Design speed specifications;
4. The 2021 Highway Geometric Design Guideline (PDGJ 2021) is the evaluation standard [15].
This study does not involve laboratory experimentation; instead, it employs a technical analysis based on the geometric design documentation.

2.3 	Evaluation Approach
This study employs an evaluative-comparative ex-ante approach, defined as a safety assessment conducted at the planning stage before infrastructure operation. This Approach aligns with the principles of international road safety audits [11][3], and has been demonstrated to be effective in identifying potential risks during the design phase [14][23].
Planning-stage evaluation is considered more effective than ex-post approaches, as it enables risk prevention before crashes occur [14][23]. Furthermore, risk-based infrastructure assessment has increasingly gained prominence in contemporary road safety studies [7].

2.4 	Geometric Evaluation Parameters
The evaluated parameters were selected based on empirical evidence indicating that horizontal and vertical alignment elements significantly influence operational road safety [7][8][9]. The analyzed parameters include design speed, stopping sight distance, curve radius, inner radius, curve length, lane width, outer shoulder width, curve direction, available width, lateral clearance, and curve widening.
Previous studies have demonstrated that inconsistencies between the curve radius and the actual operating speed are correlated with increased crash risk [7][24]. Moreover, the interaction between horizontal and vertical alignment affects vehicle stability and crash probability [8][24].
The relationship between geometric characteristics and crash frequency has been modeled using various statistical approaches [10], underscoring the importance of geometric design evaluation in road safety.
2.5 	Analysis Procedure
The secondary data, consisting of geometric design documents, was obtained from the relevant authority. These documents include horizontal and vertical alignment drawings, tables of geometric design parameters, and information on the designated design speed. Data validation was conducted through cross-checking consistency among design documents, verifying units and parameter values against PDGJ 2021 [15], and examining the conformity of stationing (STA) and coordinate data to ensure the absence of numerical inconsistencies before analysis.
The analysis is carried out through the following stages :
1. Identification of Design Parameters
Inventorying all geometric parameters from the design documentation.
2. Determination of Reference Standards
Establishing the minimum and maximum allowable values based on PDGJ 2021 [15].
3. Comparative Analysis
Comparing the design values with the prescribed standards to determine compliance status.
4. Risk Interpretation
Parameters that do not comply with or approach the prescribed limits were analyzed for their safety implications using design consistency principles [7][24] and design-based safety evaluation approaches [8][25].
This Approach does not rely on actual crash data but instead focuses on potential design-related risks (design-based safety assessment), as recommended for planning-stage safety evaluations  [14][23]. The overall research workflow is systematically illustrated in Figure 2.
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Figure 2. Flowchart of the ex-ante geometric safety evaluation process
2.6 	Ex-Ante Evaluation Framework
The ex-ante evaluation framework applied in this study consists of three main stages:
1. Technical Compliance Evaluation	
A quantitative assessment of the conformity of geometric parameters with the prescribed standards [15].
2. Design Consistency Evaluation
An analysis of the relationship between geometric parameters and potential variations in operating speed based on the design consistency concept [7][26].
3. Identification of Potential Risk
Determination of segments with higher risk potential based on combinations of parameters approaching or deviating from prescribed limits, in accordance with a risk-based infrastructure safety management approach [7][23].
This framework enables a systematic assessment of geometric design before construction and can be replicated in other infrastructure projects characterized by complex topographical conditions.

3. Results and Discussion
3.1 	Horizontal Alignment Evaluation
Computation of the SCS curve components at PI-2
- 	Determination of tangent distances (A-PI) and (PI-B)
	Point A coordinates →	x 	= 	667866.499
   		y	= 	9895097.505
	PI coordinates →   	x  	=	667199.829
		y  	=   9894740.345
	Point B coordinates  →  	x   	=   666896.631
                      	y   =   9894640.485
 

 

· Calculation of Spiral–Circle–Spiral (SCS) Curve Components
Rc	= 500 m
∆ 	= 9.950°
LSmin	= = = 21 m  
A spiral transition length (Ls) of 30 m was applied in the calculation.
Xs 	= =  = 30 m 
Ys 	= = = 0.3 m 
s	=  =  = 1.789 m 
p 	=== 0.075 m 
k	=  = 30  = 15.000 m 
Ts	=  (Rc + p) tan ½ ∆ + k =  (500 +0.075) tan (½ x 9.950°) + 15.000 = 58.531 m 
Es	=  (Rc + p) sec ½ ∆ - Rc =  (500 +0.075) sec (½ x 9.950°) – 500 = 1.966 m 
Lc	=   x π x Rc =   x π x 500 = 56.830  m 
Ltot 	= Lc + 2 Ls = 56.830 + (2 x 30) = 116.830 m 
· Determination of Key Curve Point Positions
Sta STP1	 = 0+319.011
Sta TS	= (Sta A+dA-PI–TsPI1)–TsPI2  = (0+319.011+756.315–468.864) – 8.531 
		= 547.931	= 0+547.931
Sta SC	= Sta TS + Ls = 0+547.931 + 30
	= 577.931	= 0+577.931
Sta CS	= Sta SC + Lc = 0+577.931 + 56.830
	= 634.761	= 0+634.761	
Sta ST        	=  Sta CS + Ls = 0+634.761 + 30 
	= 664.761	= 0+664.761
The summarized results of the horizontal alignment design calculations are shown in Table 1.

The evaluation results indicate that the proposed Sitinjau Lauik Flyover consists of 10 points of intersection (PIs), with curve radii ranging from 97 m to 2800 m at a design speed of 40 km/h. According to PDGJ 2021, the minimum required radius for this design speed is m. The comparative analysis shows that 100% of the curves satisfy the minimum radius requirement. Approximately 20% of the curves (2 out of 10 PIs, with radii of 97 m and 110 m) are relatively close to the minimum threshold, with R/R_min ratios of 1.70 and 1.93, respectively, and no curve falls below the prescribed standard. The smallest radius is observed at PI-1 (97 m), followed by PI-4 (110 m), while the remaining radii—150 m, 235 m, 250 m, 400 m, 500 m, and 2800 m—provide larger geometric margins.
Although all curves comply with the standard requirements, segments with radii ≤110 m exhibit the smallest safety margins and may increase centrifugal forces and reliance on lateral tire friction. Under operational conditions, particularly on descending sections, this configuration may elevate the risk of loss of control for heavy vehicles.
In addition to curve radius, superelevation (e) values range from 2.10% to 5.20%, specifically 2.10%, 2.50%, 3.50%, 4.40%, 5.00%, and 5.20%. All values remain below the general maximum limit of 8% for a design speed of 40 km/h, thereby meeting the standard requirements. However, at curves with smaller radii—particularly 97 m and 110 m—the combination of near-minimum radius and non-maximum superelevation may reduce the stability margin compared to curves with larger radii. Overall, the horizontal geometric parameters meet the minimum requirements of PDGJ 2021, with primary attention given to the smaller-radius segments that exhibit the lowest radius-to-standard ratios.

3.2 	Stopping Sight Distance (SSD) Evaluation
Curve Widening at PI-1 Main Road, STA 0+475.322
- 	Data and Design Specifications:
Design speed (V_R) 	= 40 km/h
Lane width 	= 3.50 m
Outer shoulder width 	= 2.00 m
Curve radius 	= 97 m
Curve length 	= 312.55 m
Transition curve length 	= 50 m
Longitudinal grade 	= 3%
· Determination of Stopping Sight Distance (SSD)
For the normal direction (increasing STA) with an ascending grade of 3%, the adopted stopping sight distance (SSD) is 43 m.
For the opposite direction (decreasing STA direction) with a descending grade of 3%, the adopted SSD is 49 m.
· Determination of Required Lateral Clearance
Calculation of the inner radius for the normal direction:
R =  Curve radius +½ (lane width) + ½ (pavement marking width) = 97 + 1.75 + 0.06 = 98.81 m
Calculation of the inner radius for the opposite direction:
R = Curve radius - ½ (lane width) - ½ (pavement marking width) = 97 -1.75-0.06 = 95.19 m
Calculation of lateral clearance for the normal direction:
M = R {1 – cos }= 98.81 {1 – cos } = 2.33 m
Calculation of lateral clearance for the opposite direction:
M = R {1 – cos }= 95.19 {1 – cos } = 3.14 m

The required lateral clearance at STA 0+475.322 with a curve radius of 97 m is therefore 3.14 m measured from the roadway centerline. Given that the available width is 1.75 m, the required curve widening is 1.61 m, which is rounded up to 2.00 m for practical implementation. The summary results of the curve widening analysis are presented in Tables 2 and 3.
The stopping sight distance (SSD) was calculated from the reaction and braking distances at a design speed of 40 km/h. According to PDGJ 2021, the minimum required SSD for this speed is approximately 40–45 m. The evaluation results indicate that the SSD values along the Sitinjau Lauik Flyover alignment range from 43 m to 54 m, thereby generally satisfying the minimum requirement. The lowest value, 43 m, remains within the minimum safety threshold, while the highest value, 54 m, provides a greater visibility margin.
However, at several locations characterized by relatively small curve radii (97 m and 110 m) combined with significant longitudinal grade variations, the effective SSD approaches the minimum prescribed limit. This condition may reduce driver reaction time in emergencies, particularly on descending segments where operating speeds may exceed the design speed. Therefore, although all segments numerically comply with the SSD requirement, certain locations exhibit relatively narrow visual safety margins due to interactions between horizontal curvature and variations in vertical alignment.

3.3 Vertical Alignment Evaluation
- 	Main Road (sag vertical curve)
Design Data and Specifications
Design speed (VR )  		= 40 km/h
Maximum Grade 		= 4 % 
Perception-reaction time (a)	= 2,5 seconds
Deceleration rate (a)		= 3.4 m/s2
Calculation of SSD for Ascending Grade
  = 44.076  ≈ 45 m
JPH calculation decreases
  = 42.551 ≈ 43 m
Calculation of the Design Grade
G1 	= 4.00%
G2 	= 8.00 %
A = |4.00 - 8.00| = 4.00 %
Calculation of Vertical Curve Length (L) Based on the Minimum Design Control Value (K) for Comfort Criteria
a	= 0,05g m/s
g	= 9,8 m/s2
 =  2.520
L  =  K x A = 2.520 x 4.00 = 10.08 m
Calculation of Vertical Curve Length (L) Based on the Design Control Value (K) for Stopping Sight Distance
For S < L

h1  = (driver eye height for a passenger car)
h2   = 0.1 meter (height of a stationary object on the roadway)
 = 9.65
[bookmark: _Hlk198807678]L  =  K x A = 9.65 x 4.00 = 38.615 meter     Not compliant
For S > L
= 14.910
L  =  K x A = 14.910 x 4.0  = 59.641 meter  Does not meet the requirements
Calculation of vertical curve length (L) based on tabulated design control values (K) for stopping sight distance:
L  =  K x A =   9.0 x 4 = 36 m
Based on the comfort criterion: L = 10.08 m
Based on the tabulated K-value:= 36  m   
Considering economic and design practicality, the adopted vertical curve length is: L = 100 m
Calculation of external distance:
 = 0.005 m

- 	Main Road (Crest Vertical Curve)
Design Data and Specifications (PVI-9, Main Road, STA 2+453.387)
Design speed (VR )  	= 40 Km/Jam 
Maximum Grade 	= 4 % 
Perception–reaction time (t)  	= 2,5 s
Deceleration rate (a)	= 3.4 m/s2
JPH calculations are on the rise
 = 42.551 ≈ 43 m
JPH calculation decreases
= 43.86≈ 44 m
Crest Vertical Curve Calculation
Determination of Design Grade
g1 	= 8.0 %
g2 	= -4.5 %
A = |8.0 – (4.5)| = 3.5 %
L  =  K x A =  4 x 3.5 =  14 m
Based on K-Value (Passing Sight Distance Criterion) 
L  =  K x A =  23 x 3.5 = 80.5m
Based on Drainage Requirement
L < 51 A , L < 51 x 3.5 = 178.5 m
Based on Passenger Comfort Criterion
L > 0.6 V, L > 0.6 x 40 = 24 m
Adopted Vertical Curve Length
Based on the graphical criterion (S = L) :	L = 30 m
Based on K-value (Stopping Sight Distance):	L = 24m
Based on K-value (Passing Sight Distance):	L = 80.5 m
Based on drainage requirement:	L < 178.5 m
Based on passenger comfort:	sL > 24 m           
     Considering economic and practical design aspects, the adopted value is :L = 60 m
= 0.00263 m
The summary results of the vertical alignment design calculations are presented in Table 4.

The summary of the vertical alignment evaluation indicates that the Sitinjau Lauik Flyover alignment consists of 14 vertical curve points with a uniform design speed of 40 km/h. Elevation increases from 379.211 m at STA 0+000.000 to 553.188 m at STA 2+899.299, resulting in an overall elevation difference of approximately 174 m along the alignment. Longitudinal grades (g₁ and g₂) vary between −1.00% and 13.00%, with maximum grades of 13.00% at STA 2+708.079 and 12.00% at STA 2+774.152. The algebraic grade difference (A) ranges from 0.000 to 0.0900, while vertical curve lengths (L_v) vary between 36 m and 100 m, and external distances (E_v) range from 0.000 m to 0.005 m. The K-values range from 4.000 to 200.000, with the highest value recorded at STA 0+911.492 and the lowest at STA 0+425.000.
From a normative standpoint, most vertical curve configurations satisfy the requirements for a design speed of 40 km/h. However, the presence of grades up to 13% has significant technical implications for heavy vehicle performance. In a 13% downgrade, the component of the gravitational force acting parallel to the roadway surface increases proportionally with vehicle weight. For heavy vehicles such as fully loaded trucks, this condition necessitates continuous braking effort to maintain the intended operating speed. Prolonged brake application on extended downgrades may increase brake system temperature, reduce the friction coefficient of the brake linings, and potentially trigger brake fade. This reduction in braking effectiveness may lead to actual stopping distances exceeding the design SSD, particularly when combined with relatively small-radius horizontal curves.
Furthermore, the combination of 12–13% grades and horizontal curves along several segments increases the vehicle’s kinetic energy before entering the curve. From an operational perspective, heavy vehicle drivers tend to apply more intense braking before negotiating curves, thereby increasing the thermal load on the braking system. When the vertical curve length is relatively short (L_v = 36–50 m) and associated with low K-values (e.g., K = 4.000), the grade transition becomes sharper, resulting in greater dynamic loading on the vehicle. This condition may amplify the risk of loss of control, particularly when the horizontal geometric margin at the same location is also limited.
Therefore, although the vertical alignment parameters meet the minimum requirements of PDGJ 2021, the presence of extreme grades up to 13% within the Sitinjau Lauik topographic context indicates that safety evaluation should not rely solely on compliance with standards. Instead, it should consider the interaction among grade magnitude, downgrade length, dominant vehicle types, and horizontal curvature within the same segment.
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Table 1. Summary of Horizontal Alignment Design Results for the Proposed Sitinjau Lauik Flyover
	Beginning of the Project
	No. PI
	PI-1
	PI-2
	PI-3
	PI-4
	PI-5
	PI-6
	PI-7
	PI-8
	PI-9
	PI-10

	X
	667391.9
	V (km/jam)
	40
	40
	40
	40
	40
	40
	40
	40
	40
	40

	Y
	9895070
	Type
	SCS
	SCS
	SCS
	SCS
	SCS
	SCS
	SCS
	SCS
	FC
	FC

	Sta
	0+000.00
	A
	155°05’04”
	95°07’01”
	58°11’10”
	108°43’25”
	39°01’49”
	14°51’38”
	31°26’11”
	17°40’50”
	0°37’20”
	9°33’49”

	
	
	R (m)
	97
	500
	150
	110
	400
	250
	235
	250
	2800
	400

	
	
	A1
	A2
	69.64
	69.64
	122.4
	122.4
	86.60
	86.603
	74.162
	74.162
	118.32
	118.32
	93.54
	93.54
	96.95
	96.95
	100.0
	100.0
	-
	-
	-
	-

	
	
	Ts1 (m)
	Ts2 (m)
	468.8
	468.8
	58.53
	58.53
	108.8
	108.8
	179.7
	179.7
	159.3
	159.3
	50.12
	50.12
	86.21
	86.21
	58.91
	58.91
	-
	-
	-
	-

	
	
	Lc (m)
	212.553
	56.832
	102.331
	158.734
	237.483
	29.842
	88.937
	37.145
	30.407
	66.767

	
	
	Ls1 (m)
	Ls2 (m)
	50.00
	50.00
	30.00
	30.00
	50.00
	50.00
	50.00
	50.00
	35.00
	35.00
	35.00
	35.00
	40.00
	40.00
	40.00
	40.00
	-
	-
	(mengikuti eksisting)

	
	
	LT (m)
	312.553
	116.832
	202.331
	258.734
	307.483
	99.842
	168.937
	117.145
	-
	-

	
	
	e max (%)
	5.20
	2.10
	4.40
	5.00
	2.50
	3.50
	3.50
	3.50
	En
	(mengikuti eksisting)

	
	
	PI
	X
	667866.499
	667199.829
	666896.631
	666861.985
	667223.759
	667677.505
	667841.961
	668123.370
	668237.403
	668298.885

	
	
	
	Y
	9895097.505
	9894740.345
	9894640.485
	9894321.635
	9894357.985
	9894798.762
	9894891.083
	9894880.629
	9894912.366
	9894930.200

	
	
	
	Sta
	0+475.322
	0+606.463
	0+925.451
	1+238.153
	1+543.281
	2+164.733
	2+352.917
	2+631.035
	2+748.709
	2+812.725

	
	
	TS/SS
	X
	667398.396
	667251.423
	666999.997
	666861.794
	667065.089
	667641.549
	667766.785
	668064.492
	-
	-

	
	
	
	Y
	9895070.809
	9894767.985
	9894674.529
	9894496.313
	9894343.715
	9894763.834
	9894848.881
	9894882.816
	-
	-

	
	
	
	Sta
	0+006.459
	0+547.931
	0+816.623
	1+058.447
	1+383.971
	2+114.605
	2+266.706
	2+572.116
	-
	-

	
	
	SC/TC/CC
	X
	667448.228
	667224.840
	666953.506
	666853.779
	667099.896
	667667.211
	667802.195
	668104.479
	668222.755
	668266.748

	
	
	
	Y
	9895069.368
	9894754.084
	9894656.298
	9894447.076
	9894347.357
	9894787.623
	9894867.458
	9894882.397
	9894908.287
	9894920.873

	
	
	
	Sta
	0+056.459
	0+577.931
	0+866.623
	1+108.447
	1+418.971
	2+149.605
	2+306.706
	2+612.116
	2+733.505
	2+779.264

	
	
	CS/CT/CC
	X
	667494.972
	667172.633
	666885.476
	666948.688
	667312.574
	667691.111
	667888.126
	668141.335
	668252.005
	668332.123

	
	
	
	Y
	9894903.314
	9894731.703
	9894582.517
	9894337.035
	9894444.973
	9894805.463
	9894888.233
	9894886.736
	9894916.602
	9894934.052

	
	
	
	Sta
	0+269.012
	0+634.763
	0+968.954
	1+267.182
	1+656.454
	2+179.447
	2+395.642
	2+649.262
	2+763.913
	2+846.031

	
	
	ST/SS
	X
	667453.209
	667144.236
	666871.070
	666998.568
	667338.030
	667721.216
	667928.112
	668180.132
	-
	-

	
	
	
	Y
	9894876.090
	9894722.035
	9894534.702
	9894337.732
	9894468.899
	9894823.300
	9894887.883
	9894896.427
	-
	-

	
	
	
	Sta
	0+319.012
	0+664.763
	1+018.954
	1+317.182
	1+691.454
	2+214.447
	2+435.642
	2+689.262
	-
	-

	 
	 
	Azimuth
	86°44'09"
	241°49'13"
	251°46'14"
	193°35'04"
	84°51'39"
	45°49'50"
	60°41'28"
	92°07'39"
	74°26'49"
	73°49'29"


Source: Final Report, DED of the Panorama 1 (Sitinjau Lauik 1) Flyover Project.






Table 2. Summary of Curve Widening Results for the Proposed Sitinjau Lauik Flyover
(STA 0+475.322 to 1+541.328)
	GEOMETRIC PARAMETERS
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE

	
	STA 0+475.322
	STA 0+606.378
	STA 0+919.870
	STA 1+205.221
	STA 1+541.328

	Design Speed (Vr)
	40
	40
	40
	40
	40
	40
	40
	40
	40
	40

	Stopping Sight Distance (JPH/SS)
	43
	49
	44
	52
	44
	52
	45
	51
	43
	54

	Curve Radius (R)
	97
	97
	500
	500
	150
	150
	110
	110
	400
	400

	Inner Radius (Ri)
	98,81
	95,19
	501,75
	494,75
	144,75
	151,75
	108,19
	111,81
	394,75
	401,75

	Curve Length (Lc)
	312,55
	312,55
	116,83
	116,83
	202,33
	202,33
	258,73
	258,73
	307,48
	307,48

	Lane width
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5

	Outer Shoulder Width
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Curve Direction
	Right
	Left
	Right
	Left
	Left
	Right
	Right
	Left
	Left
	Right

	Available width (m)
	3,75
	1,75
	3,75
	1,75
	1,75
	3,75
	1,75
	3,75
	1,75
	3,75

	Lateral Clearance (M)
	2,33
	3,14
	0,48
	0,68
	1,67
	2,22
	2,33
	3,01
	0,59
	0,91

	Curve Widening (m)
	none
	1,61
	none
	none
	none
	none
	0,58
	none
	none
	none


Source: Final Report, DED of the Panorama 1 (Sitinjau Lauik 1) Flyover Project.


Table 3. Summary Results of the Sitinjau Lauik Flyover Planned Bend Widening
(STA 2+164.544 s.d 2+812.722)
	GEOMETRIC PARAMETERS
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE
	NORMAL
	OPPOSITE

	
	STA 2+164.544
	STA 2+351.713
	STA 2+630.723
	STA 2+748.709
	STA 2+812.722

	Design Speed (Vr)
	40
	40
	40
	40
	40
	40
	40
	40
	40
	40

	topping Sight Distance (JPH/SS)
	43
	54
	43
	54
	43
	54
	43
	54
	43
	54

	Curve Radius (R)
	250
	250
	235
	235
	250
	250
	2800
	2800
	400
	400

	Inner Radius (Ri)
	251,75
	244,75
	236,75
	229,75
	244,75
	251,75
	2794,75
	2801,75
	401,81
	398,19

	Curve Length (Lc)
	99,84
	99,84
	168,94
	168,94
	117,14
	117,14
	30,41
	30,41
	66,68
	66,68

	Lane width
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5
	3,5

	Outer Shoulder Width
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Curve Direction
	Right
	Left
	Right
	Left
	Left
	Right
	Left
	Right
	Right
	Left

	Available width (m)
	3,75
	1,75
	3,75
	1,75
	1,75
	3,75
	1,75
	3,75
	1,75
	3,75

	Lateral Clearance (M)
	0,92
	1,49
	0,98
	1,58
	0,94
	1,45
	0,08
	0,13
	0,58
	0,92

	Curve Widening (m)
	none
	none
	none
	none
	none
	none
	none
	none
	none
	none


Source: Final Report, DED of the Panorama 1 (Sitinjau Lauik 1) Flyover Project.


Table 4. Summary of Vertical Alignment Design Results for the Proposed Sitinjau Lauik Flyover
	TITIK
	STATION
	 ELEVASI 
	STATIONING
	ELEVASI
	V
	g1%
	g2%
	A
	LV
	EV
	JENIS
	K

	PPV
	PPV
	 (m) 
	PLV
	PTV
	PLV
	PTV
	(km/Jam)
	
	
	(m)
	()
	(m)
	LENGKUNG
	

	1
	0+000.000
	379.211
	-0+025.000
	0+025.000
	379.204
	379.219
	40
	3.00%
	3.00%
	0.0000
	
	0.000
	CEKUNG
	

	2
	0+219.769
	385.804
	0+201.769
	0+237.769
	385.799
	385.818
	40
	3.00%
	8.00%
	0.050
	50
	0.003
	CEKUNG
	10.00

	3
	0+425.000
	402.222
	0+375.000
	0+475.000
	402.182
	402.217
	40
	8.00%
	-1.00%
	0.0900
	36
	0.004
	CEMBUNG
	4.000

	3
	0+504.974
	401.422
	0+474.974
	0+534.974
	402.425
	402.436
	40
	-1.00%
	4.50%
	0.0550
	60
	0.003
	CEKUNG
	10.909

	4
	0+911.492
	419.716
	0+881.492
	0+941.492
	419.703
	419.731
	40
	4.50%
	5.00%
	0.0050
	100
	0.001
	CEKUNG
	200.000

	5
	1+239.742
	436.128
	1+189.742
	1+289.742
	436.103
	436.148
	40
	5.00%
	4.00%
	0.0100
	60
	0.001
	CEMBUNG
	60.000

	6
	1+393.741
	442.288
	1+343.741
	1+443.741
	442.268
	442.328
	40
	4.00%
	8.00%
	0.0400
	100
	0.005
	CEKUNG
	25.000

	7
	1+687.625
	465.799
	1+637.625
	1+737.625
	465.759
	465.824
	40
	8.00%
	5.00%
	0.0300
	100
	0.004
	CEMBUNG
	33.333

	8
	2+144.314
	488.633
	2+114.314
	2+174.314
	488.618
	488.657
	40
	5.00%
	8.00%
	0.0300
	100
	0.004
	CEKUNG
	33.333

	9
	2+453.387
	513.359
	2+415.137
	2+491.637
	513.328
	513.376
	40
	8.00%
	4.50%
	0.0350
	60
	0.003
	CEMBUNG
	17.143

	10
	2+604.426
	520.156
	2+584.426
	2+624.426
	520.147
	520.182
	40
	4.50%
	13.00%
	0.0850
	76.5
	0.008
	CEKUNG
	9.000

	11
	2+708.079
	533.631
	2+708.079
	2+708.079
	533.631
	533.631
	40
	13.00%
	12.00%
	0.0100
	40
	0.001
	CEMBUNG
	40.000

	12
	2+774.152
	541.560
	2+754.152
	2+794.152
	541.536
	541.584
	40
	12.00%
	12.00%
	0.0000
	
	0.000
	CEKUNG
	

	13
	2+829.695
	548.225
	2+829.695
	2+829.695
	548.560
	548.560
	40
	12.00%
	7.13%
	0.0487
	40
	0.002
	CEMBUNG
	8.215

	14
	2+899.299
	553.188
	2+899.299
	2+899.299
	553.188
	553.188
	40
	7.13%
	 
	 
	 
	 
	 
	 


Source: Final Report, DED of the Panorama 1 (Sitinjau Lauik 1) Flyover Project.




3.4. 	Ex-Ante Evaluation Synthesis
Based on the overall evaluation of horizontal alignment, vertical alignment, and stopping sight distance, it is quantitatively determined that 100% of the primary geometric parameters comply with the minimum requirements of PDGJ 2021 for a design speed of 40 km/h. No curve radius is smaller than the prescribed minimum m. All superelevation values range from 2.10% to 5.20%, remaining below the maximum allowable limit of 8%, while SSD values range from 43 m to 54 m, satisfying the minimum requirement. Similarly, for vertical alignment, the vertical curve lengths (Lv), K-values, and both sag and crest configurations remain within the permissible design parameters.
However, approximately 20% of the curved segments (with radii of 97 m and 110 m) exhibit the smallest geometric margins, with R/R_min ratios of 1.70 and 1.93, respectively, placing them relatively close to the minimum threshold compared to other curves. In addition, several segments exhibit grade variations of up to ±13% and SSD values at the lower bound (43 m), which may reduce operational safety margins, particularly during extended downgrades and at locations with horizontal curvature.
The ex-ante Approach adopted in this study enables early identification of segments with higher potential risk, particularly where small radii, steep grades, and near-minimum SSD values occur simultaneously. The findings indicate that although the design complies with technical standards on a normative basis, variations in safety margins across segments warrant attention, especially in relation to heavy vehicle operations and the extreme topographic conditions of Sitinjau Lauik.
These findings underscore that geometric safety evaluation at the planning stage should not be limited to verifying minimum standard compliance but should also assess the adequacy of safety margins to anticipate risks arising from the interaction of geometric elements along alignments traversing complex terrain.

4. Conclusion
The ex-ante geometric safety evaluation of the proposed Sitinjau Lauik Flyover demonstrates that the planned alignment generally complies with the minimum requirements of PDGJ 2021 for a design speed of 40 km/h. The horizontal alignment analysis indicates that all curve radii, ranging from 97 m to 2800 m, exceed the minimum required radius, while the applied superelevation values (2.10%–5.20%) and stopping sight distances (43–54 m) satisfy the prescribed standards. Similarly, the vertical alignment evaluation shows that longitudinal grades, vertical curve lengths, and K-values remain within the acceptable design criteria. Nevertheless, the assessment reveals that several locations possess relatively limited safety margins, particularly at segments characterized by small curve radii (97 m and 110 m), steep grades approaching 13%, and stopping sight distances close to the minimum threshold. The interaction of these geometric elements may influence operational safety, especially for heavy vehicles travelling on prolonged downgrade sections. Therefore, although the flyover design fulfills the normative requirements of PDGJ 2021, the findings highlight the importance of considering safety margin adequacy in addition to standard compliance. Furthermore, the ex-ante Approach applied in this study has proven effective in identifying potential safety risks during the planning stage, thereby supporting the implementation of preventive safety measures before construction and operation. 
Future studies are recommended to incorporate vehicle dynamic simulation, operating speed analysis, and heavy-vehicle performance assessment to further validate the operational safety of the proposed flyover under actual traffic conditions.
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