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Understanding Vertical Curves in Highway Design

Vertical curves are essential elements in highway and roadway design, providing smooth transitions between
different gradients or slopes. They enhance safety, comfort, and the overall aesthetic of the roadway by
eliminating abrupt changes in grade. When engineers design vertical curves, they consider several parameters,
such as the length of the curve, the tangent grades, and the station and elevation of the Point of Vertical
Intersection (PVI).

In this article, we explore how to determine the station and elevation of the PVI given the curve length and
grades, using the example where a vertical curve has a length of 800 feet, with initial grade G1 = +6% and
final grade G2 = -8%.

---

Key Concepts in Vertical Curve Design

Vertical Curve Length (L)
- The length of the vertical curve (L) is the distance along the roadway over which the grade changes from G1
to G2.
- It influences the smoothness of the transition; longer curves provide gentler transitions.

Grades (G1 and G2)
- G1: Initial or starting grade (expressed as a percentage).
- G2: Final or ending grade.
- Sign conventions: positive for uphill, negative for downhill.

Point of Vertical Intersection (PVI)
- The point where the two tangent grades intersect if extended.
- It serves as a reference point for designing the curve.

Curve Parameters to Determine
- Station of PVI: the location along the roadway measured from a baseline point.
- Elevation of PVI: the height at the PVI point.

---



Calculating the Station and Elevation of the PVI

Given:
- Length of the vertical curve, L = 800 ft
- Grade G1 = +6% (= 0.06)
- Grade G2 = -8% (= -0.08)

The goal is to find:
- Station of PVI
- Elevation of PVI

---

Step 1: Understanding the Geometry

The vertical curve is symmetric about the PVI in most design methods, meaning the PVI is located at the midpoint
of the curve length unless specified otherwise.

- The station of PVI (SPVI) is usually found relative to the curve's start point.
- The elevation at the PVI (EPVI) can be derived once the station and the elevations at the curve's endpoints
are known.

---

Step 2: Establishing Reference Points

Let's assume:
- The beginning of the vertical curve is at station Sbegin with elevation Ebegin.
- The end of the vertical curve is at station Send with elevation Eend.

The station of the PVI (SPVI) can be expressed as:

SPVI = Sbegin + D

where D is the distance from the start of the curve to the PVI.

In many cases, the PVI is located at the midpoint of the curve:

D = L / 2 = 800 ft / 2 = 400 ft

Thus,

SPVI = Sbegin + 400 ft

---

Step 3: Calculating the Elevation at the PVI

The elevation at the PVI (EPVI) can be calculated using the following formula:

EPVI = Ebegin + G1 × D + (G2 - G1) × (D^2) / (2 × L)



This formula accounts for the change in grade over the curve and the curvature's geometry.

Alternatively, if the elevations at the start and end points are known, the elevation at PVI can be found by:

EPVI = (Ebegin + Eend) / 2

but since we are not given start or end elevations, we rely on the first formula and the known grades.

---

Practical Calculation Example

Suppose:
- The elevation at the start of the curve (Ebegin) is 500 ft.
- The station of the start of the curve (Sbegin) is 1000 ft.

Step 1: Find station of PVI:

SPVI = 1000 ft + 400 ft = 1400 ft

Step 2: Calculate elevation at PVI:

EPVI = Ebegin + G1 × D + [(G2 - G1) × D^2] / (2 × L)

Plugging in the numbers:

EPVI = 500 ft + 0.06 × 400 ft + [(-0.08 - 0.06) × (400)^2] / (2 × 800)

Calculations:

- G1 × D = 0.06 × 400 = 24 ft
- G2 - G1 = -0.14
- D^2 = 160,000
- Numerator: -0.14 × 160,000 = -22,400
- Denominator: 2 × 800 = 1,600

EPVI = 500 + 24 + (-22,400 / 1,600) = 524 - 14 = 510 ft

Final results:

- Station of PVI: 1400 ft
- Elevation of PVI: 510 ft

---

Additional Considerations in Vertical Curve Design

Design Speed and Curve Length
- The length of the vertical curve often depends on the design speed, ensuring safety and comfort.
- Longer curves are preferable at higher speeds to provide smoother transitions.



Type of Vertical Curve
- Crest Curve: Used where the roadway peaks.
- Sag Curve: Used where the roadway dips.

Safety and Visibility
- Properly designed vertical curves improve sight distances and reduce accidents.

Standards and Guidelines
- Check local and national standards, such as AASHTO guidelines, for specific design procedures and minimum
curve lengths.

---

Conclusion

Determining the station and elevation of the PVI for a vertical curve involves understanding the geometric
relationships between grades, curve length, and elevations. By applying the appropriate formulas and
considering the curve's symmetry, engineers can accurately locate the PVI to ensure a smooth and safe
transition between grades. In our example, with a curve length of 800 ft, initial grade of +6%, and final grade
of -8%, the station of the PVI is typically at the midpoint (e.g., 1400 ft from the starting point), and the
elevation can be calculated based on known elevations and grades.

Proper application of these principles ensures effective vertical curve design, contributing to the overall
safety, comfort, and efficiency of the roadway infrastructure.

Frequently Asked Questions

How do you calculate the station and elevation of the PVI for a vertical
curve with given parameters?

To find the station and elevation of the PVI, use the formulas: Station of PVI = Station of PC + (L/2), where
L is the length of the vertical curve. Elevation of PVI = Elevation of PC + (G1 × L/2), assuming the elevations
at PC are known or can be calculated based on existing data.

What is the significance of the PVI in a vertical curve design?

The PVI (Point of Vertical Intersection) is the point where the two grade lines intersect, serving as the
midpoint of the vertical curve. It is crucial for determining the curve's station, elevation, and for ensuring
smooth transitions between grades.

Given a vertical curve length of 800 ft, G1 = +6%, and G2 = -8%, how do
you determine the station of the PVI?

The station of the PVI is located at the midpoint of the curve, so it is at Station of PC + (L/2). If the PC
station is known, add 400 ft (half of 800 ft) to find the PVI station. The exact station depends on the PC's
location.



How can the elevation at the PVI be calculated with the given grades and
length?

Calculate the elevation at PC first, then add the change in grade over half the curve length: Elevation of PVI
= Elevation at PC + (G1 × L/2). This provides the elevation at the midpoint where the grades intersect.

Why is understanding the station and elevation of the PVI important in
highway design?

Knowing the station and elevation of the PVI ensures proper placement of vertical curves for smooth grade
transitions, improving driver comfort and safety, and facilitating proper drainage and roadway geometry.

Additional Resources
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this specific scenario is a fundamental example in highway and civil engineering design, illustrating how vertical
curves are used to transition smoothly between different grades. Understanding how to determine the station
and elevation of the Point of Vertical Intersection (PVI) is crucial for engineers designing highway alignments,
ensuring safety, comfort, and proper drainage. In this guide, we'll explore the key concepts involved in solving
this problem, step-by-step, to help you master the calculations and principles behind vertical curve design.

---

Understanding Vertical Curves in Highway Design

Vertical curves are essential components in highway alignment, providing gradual transitions between different
grades to ensure passenger comfort and vehicle safety. They are typically parabolic curves that connect a
tangent grade (either ascending or descending) to another, with the transition point at the PVI.

Key Terminology

- PVI (Point of Vertical Intersection): The point where the two tangent grades intersect if extended infinitely.
It’s the midpoint of the vertical curve.
- G1: Initial grade (expressed as a percentage).
- G2: Final grade (expressed as a percentage).
- L: Length of the vertical curve.
- Station: The position along the roadway, typically measured in feet from a designated starting point.
- Elevation: The elevation of the roadway at a specific station.

---

The Scenario: Given Data and Objective

In our case, the given data includes:

- Vertical Curve Length (L): 800 ft
- Initial Grade (G1): +6%
- Final Grade (G2): -8%

Objective: Determine the station and elevation of the PVI.

---

Step 1: Recognize the Role of the PVI in Vertical Curves

The PVI is a critical reference point in vertical curve design:



- It marks the point where the two grades intersect if extended.
- The curve is symmetric about the PVI; the length from the PVI to either end is L/2.
- The station and elevation at the PVI help in positioning the curve correctly along the roadway.

---

Step 2: Establish the Mathematical Framework

To find the station and elevation of the PVI, we need:

- The station of the PVI (denoted as S_PVI).
- The elevation at PVI (denoted as E_PVI).

Since the curve length (L) is known, and the grades are given, the following relationships will be useful:

a) Horizontal relationship:

- The station of the PVI relative to the curve’s start point can be found using the formula:

S_PVI = S_start + (L/2)

b) Vertical (elevation) relationship:

- The elevation at any station along the curve can be expressed as:

E = E_start + G1 (S - S_start) + (A (S - S_start)^2)

where:

- A is the quadratic coefficient of the parabola, related to the curve length and grades.

---

Step 3: Determine the Parabola’s Parameters

a) Calculate the change in grade:

- Grade change = G2 - G1 = -8% - (+6%) = -14%

b) Find the algebraic difference:

- Since the grade transitions from +6% to -8%, the parabola's shape is symmetric about the PVI, and the
maximum or minimum occurs at the PVI.

c) Calculate the quadratic coefficient (A):

The general equation of a vertical curve:

E = E_start + G1 (S - S_start) + (A (S - S_start)^2)

The value of A is given by:

A = (G2 - G1) / (2 L)

Expressed as a decimal:

- G1 = 0.06
- G2 = -0.08
- L = 800 ft



Calculating A:

A = (-0.08 - 0.06) / (2 800) = (-0.14) / 1600 = -0.0000875 per ft

---

Step 4: Find the Station of the PVI

Since the PVI is at the midpoint of the curve:

S_PVI = S_start + (L/2) = S_start + 400 ft

But to find the station of the PVI relative to the starting point, we need a reference. Usually, in practice, the
starting station is given; if not, we can assign S_start = 0 for simplicity.

Thus,

S_PVI = 0 + 400 ft = 400 ft

This is the station of the PVI relative to the start of the curve.

---

Step 5: Calculate the Elevation at the PVI

To find the elevation at the PVI, we need the elevation at the start of the curve (E_start). If not provided, it
can be assumed or calculated based on existing data. For illustration, assume:

E_start = E0 (some initial elevation)

The elevation at the PVI is:

E_PVI = E_start + G1 (S_PVI - S_start) + A (S_PVI - S_start)^2

Plugging in the known values:

- S_PVI - S_start = 400 ft
- G1 = 0.06
- A = -0.0000875

So,

E_PVI = E_start + 0.06 400 + (-0.0000875) (400)^2

Calculate:

- 0.06 400 = 24 ft
- (400)^2 = 160,000
- (-0.0000875) 160,000 = -14 ft

Therefore,

E_PVI = E_start + 24 - 14 = E_start + 10 ft

This means the elevation at the PVI is 10 ft higher than the starting elevation E_start.

---

Summary of Results



| Parameter | Value/Expression |
|-------------|------------------|
| Station of PVI | 400 ft from the start point |
| Elevation of PVI | E_start + 10 ft |

Note: To get actual numerical elevation, the initial elevation E_start must be known.

---

Practical Considerations in Vertical Curve Design

Designing vertical curves involves multiple factors beyond just calculations:

- Minimum curve length: Ensures smooth transitions and compliance with standards.
- Sight distance: Vertical curves should provide adequate stopping sight distance.
- Drainage: Proper location and shape of curves facilitate drainage.
- Safety: Transition points should be positioned for optimal driver visibility and comfort.

---

Additional Tips for Engineers

- Always verify the assumptions about the initial elevation.
- Use CAD or civil design software for more complex profiles.
- Remember that the PVI is the point where the grades intersect; it is not necessarily on the roadway surface at
the same elevation.
- Adjust the start point or elevation as needed based on existing terrain or project requirements.

---

Conclusion

Understanding A Vertical Curve Has A Length Of 800 Ft, G1 = +6%, G2 = -8%. The Station And Elevation
Of The PVI Is a fundamental skill in civil and highway engineering. By methodically calculating the parabola’s
parameters, identifying the station and elevation of the PVI becomes straightforward. Mastering these
calculations ensures that vertical curves are designed for safety, comfort, and functionality, ultimately
leading to more efficient and reliable roadway projects.

---
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Remember: Always check your calculations with local standards and project-specific parameters to ensure
compliance and safety.
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