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In the expansive field of civil and geodetic engineering, the technical documentation and pedagogical approaches 

developed by Venancio I. Besavilla Jr.have become foundational pillars for both students and practicing

professionals. Surveying, the science of determining the relative positions of points on or beneath the surface of the

earth, requires a rigorous blend of mathematical precision, instrument proficiency, and an understanding of

physical environmental variables. This article provides an in-depth exploration of the core tenets of surveying,

highway engineering, and transportation mechanics as established in the Besavilla literature, specifically targeting

the complexities found in licensure examinations and real-world infrastructure projects.

The Theoretical Framework of Surveying in Civil Engineering

Surveying serves as the primary stage of any engineering project. It provides the spatial data necessary for the 

design, construction, and maintenance of structures. At its core, surveying is categorized into two major types: 

Plane Surveying, which neglects the earth's curvature for localized projects, and Geodetic Surveying, which

accounts for the ellipsoidal shape of the earth for large-scale measurements. The Besavilla methodologies focus

heavily on the mathematical rigor required to transition between these two frameworks, particularly in the context of

high-accuracy board examination problems.

The Physics of Linear Measurement

Linear measurement is rarely a matter of simply laying a tape on the ground. In technical surveying, various 

environmental and physical factors introduce errors that must be systematically corrected. A common problem 

encountered in the Surveying by Besavilla lectures involves the use of steel tapes. For instance, a standard 30-

meter steel tape is calibrated under specific conditions of temperature and tension. When field conditions deviate

from these standards, corrections must be applied.

•  Temperature Correction: Steel expands and contracts with thermal changes. The formula applied is Ct = CL(T 

- Ts), where C is the coefficient of thermal expansion, L is the measured length, and T and Ts are the field and 

standard temperatures, respectively.

•  Tension (Pull) Correction: If the pull applied to the tape in the field is greater than the standard pull, the tape 

stretches. The correction Cp = (P - Ps)L / AE accounts for the cross-sectional area (A) and the Modulus of 

Elasticity (E).

•  Sag Correction: When a tape is supported only at its ends, it forms a catenary curve. This measurement is 

always longer than the horizontal distance, requiring a negative correction: Cs = w²L³ / 24P².

Angular Measurements and Traverse Computations

Beyond linear distances, the determination of horizontal and vertical angles is critical. The Traverse is a series of 

interconnected lines whose lengths and directions are measured. Technical analysis of a traverse involves the 

calculation of Latitudes (N-S components) and Departures (E-W components). The closure of a traverse is a 

fundamental test of accuracy, where the sum of latitudes and departures must theoretically equal zero. Any 

discrepancy leads to the calculation of the Linear Error of Closure (LEC) and the subsequent adjustment using 



the Compass Rule or the Transit Rule.

Hydrographic Surveying and Surface Current Analysis

As highlighted in the technical data regarding Surface Current Measurements, hydrographic surveying is

essential for coastal engineering and bridge pier design. Understanding the direction and velocity of currents at all

tidal stages is not merely a geographic exercise but a safety requirement for marine navigation and structural

integrity.

Mechanics of Current Velocity Determination

Current measurements are often conducted using floats or electronic current meters. The methodology involves

timing the passage of a float over a known distance or measuring the revolutions of a submerged propeller. The

technical data suggests that engineering problems in this niche require high-resolution temporal data to account for

the ebb and flow of tides. Engineers utilize the following parameters:

•  Vector Analysis: Currents are treated as vectors where both magnitude (speed in knots or m/s) and direction 

(bearing) are recorded simultaneously.

•  Tidal Datum Correlation: Measurements must be referenced to a specific vertical datum, such as Mean Lower 

Low Water (MLLW), to ensure consistency across different survey periods.

Transportation and Highway Engineering: The Mass Diagram

A significant portion of Besavilla’s work intersects with Transportation Engineering, specifically regarding 

earthwork and the Mass Diagram. The mass diagram is a graphical representation of the cumulative volume of

earthwork along the centerline of a highway or railway. It is an indispensable tool for determining the most

economical haulage of excavated material.

Core Components of Earthwork Analysis

The mass diagram helps engineers visualize the balance between "cut" (excavation) and "fill" (embankment). Key

technical terms include:

•  Haul: The product of the volume of material and the distance it is moved.

•  Free Haul Distance (FHD): The distance within which the cost of hauling is included in the unit price of 

excavation.

•  Overhaul: The authorized hauling of excavated material beyond the Free Haul Distance.

•  Limit of Economic Haul (LEH): The distance at which the cost of hauling equals the cost of wasting the 

material and borrowing from another site.

Table 1: Comparison of Earthwork Calculation Methods



Method Formula / Principle Accuracy Level Best Application

Average End Area V = L * (A1 + A2) / 2 Moderate General highway cross-
sections with gradual 
changes.

Prismoidal Formula V = L * (A1 + 4Am + A2) / 6 High Non-uniform terrain or 
transition zones between 
cut and fill.

Pyramidal Method V = (1/3) * Area * Height Low/Specific Isolated peaks or 
depressions.

Geodetic Engineering and Licensure Preparation

For those preparing for the Geodetic and Civil Engineering Licensure Exams, the Besavilla Geodetic Engineers 

Manualprovides a systematic approach to solving complex board problems. These problems often synthesize

multiple disciplines, such as combining trigonometry with error theory.

The Role of Solution Manuals in Technical Mastery

Technical solution manuals serve as more than just an answer key; they provide a Procedural Framework. By 

deconstructing "recent board problems," candidates learn to identify patterns in problem statements. For example, 

a problem involving a 30-meter steel tape supported at endsrequires the immediate recognition of the Sag

Correction formula and the identification of whether the tape was "too long" or "too short" relative to the standard,

which dictates whether the correction is added or subtracted from the recorded measurement.

Step-by-Step Procedure for Accurate Field Taping

1.  Calibration: Verify the tape's accuracy against a baseline of known length under standard tension and 

temperature.

2.  Alignment: Use a transit or theodolite to ensure the tape follows the intended horizontal or vertical path 

without lateral deviation.

3.  Environmental Recording: Measure the ambient temperature using a thermometer attached to the tape or 

nearby.

4.  Tension Application: Use a spring scale to apply the exact standard pull (e.g., 5kg or 10kg) to the tape.

5.  Multi-point Measurement: Take multiple readings (forward and backward) to calculate the mean and identify 

accidental errors.

6.  Calculation of Corrections: Apply Ct, Cp, and Cs systematically to the raw data.

Case Study: Analyzing Failure in Surveying Data Integration

In a hypothetical infrastructure project—such as a 5-kilometer highway extension—errors in surveying can lead to 

catastrophic financial and structural outcomes. Consider a scenario where the Coefficient of Expansionwas

ignored in a tropical climate with a 15-degree variance from the standard 20°C. Over a 5km stretch, this could

result in a discrepancy of several meters, leading to a failure in the alignment of bridge abutments or drainage

systems.

Troubleshooting Common Operational Errors

•  Systematic Errors: These are constant and follow physical laws (e.g., the tape being 0.01m too long). 

Solution: Calibration and mathematical correction.



•  Accidental Errors: These are random and follow the laws of probability (e.g., small variations in reading the 

graduations). Solution: Increase the number of observations and use the Method of Least Squares.

•  Blunders (Gross Errors): These are human mistakes (e.g., reading 26.5 as 25.6). Solution: Strict field 

protocols, independent verification, and data redundancy.

The Evolution of Surveying Technology

While the Besavilla manuals provide the rigorous manual calculations required for foundational understanding, the 

industry has transitioned toward Total Stations, GNSS (Global Navigation Satellite Systems), and LiDAR (Light 

Detection and Ranging). However, the underlying principles of the Mass Diagram and Tidal Current Analysis 

remain unchanged. Even with a GPS, an engineer must understand the Geoid Model and Datum transformations

 to ensure the digital data aligns with physical reality.

Comparison: Traditional vs. Modern Surveying Tools



Feature Manual Taping / Transit Electronic Total Station 
(ETS)

GNSS / GPS Surveying

Speed Slow, labor-intensive Fast Very Fast

Precision Subject to human error High (mm accuracy) High (sub-cm with RTK)

Line of Sight Required Required Not required (requires 
satellites)

Data Output Handwritten field notes Digital memory / CSV Cloud-integrated GIS data

The transition from manual to digital does not negate the need for the technical depth found in 2010 Besavilla 

manuals. A modern engineer using a Total Station still needs to perform Stadia Intercept calculations or Vertical 

Curvealignments when the automated software produces anomalous results. The "Besavilla Method" ensures that

the engineer understands the "why" behind the software's "what."

Synthesizing Technical Proficiency and Professional Ethics

The study of surveying is ultimately a study of precision and responsibility. Whether calculating the velocity of

surface currents for a port authority or balancing a mass diagram for a national highway, the technical writer and

engineer must maintain a commitment to accuracy that transcends simple computation. The legacy of Venancio I.

Besavilla Jr. in the Philippines and abroad is a testament to the importance of structured, rigorous engineering

education. By mastering the formulas for steel tape corrections, the complexities of hydrographic tides, and the

economics of earthwork, the next generation of civil and geodetic engineers can ensure the safety and efficiency of

the built environment.

As infrastructure projects grow in scale and complexity, the integration of classical surveying principles with modern

computational power will be the hallmark of successful engineering. The methodologies discussed—ranging from

the precise correction of linear measurements to the strategic analysis of mass diagrams—form the bedrock of this

professional journey. For the licensure candidate, these concepts are the key to passing the exam; for the

professional engineer, they are the key to a successful career in constructing the future.
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