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Determine The Unfactored Compressive Stress For A Column With The Following
Criteria: Fy-36ks, W14x48, is a fundamental step in structural engineering
design, particularly when assessing the capacity and safety of steel columns
under axial loads. Proper evaluation of the unfactored compressive stress
ensures that the column can safely support the intended loads without risking
failure due to over-stressing. This comprehensive guide will explore the
critical aspects involved in determining the unfactored compressive stress,
including understanding material properties, section characteristics,
relevant codes and standards, and detailed calculations tailored for the
specified steel section and material grade.

Understanding the Fundamentals of Compressive
Stress in Structural Columns
Before diving into calculations, it’s essential to understand what
compressive stress signifies in the context of structural columns.

What is Compressive Stress?
Compressive stress is the internal force per unit area within a material
resulting from axial loads applied along the length of a member. It is
calculated as:

\[ \sigma = \frac{P}{A} \]

where:
- \( \sigma \) = compressive stress (psi or MPa)
- \( P \) = axial load applied to the member (lbf or N)
- \( A \) = cross-sectional area (in² or m²)

In the context of design, the unfactored compressive stress refers to the
axial load divided by the gross cross-sectional area, without applying load
factors or safety factors.

Key Components for Calculating Unfactored
Compressive Stress
To accurately determine the unfactored compressive stress for a column with
the given criteria, several key components must be understood and calculated:



1. Material Properties (Fy)
- Fy = 36 ksi (or 36,000 psi): This is the specified minimum yield strength
of the steel material, indicating the stress at which the steel begins to
deform plastically.

2. Section Properties (W14x48)
- A W14x48 is a wide-flange steel section with:
- Depth (d) ≈ 14 inches
- Weight per foot ≈ 48 pounds
- Cross-sectional area (A) and section modulus (S) are critical for
calculations.

3. Axial Load (P)
- The actual axial load applied to the column, which can be obtained from the
structure's load analysis.

4. Structural Codes and Standards
- Compliance with standards such as the AISC Steel Construction Manual
ensures calculations are consistent with safety and design criteria.

---

Step-by-Step Process to Calculate Unfactored
Compressive Stress

Step 1: Gather Section Properties of W14x48
The first step involves obtaining the precise cross-sectional data for the
W14x48 section. Typical properties include:

- Gross Cross-Sectional Area (A): approximately 13.8 in²
- Moment of Inertia (Ix, Iy): used for buckling calculations, but less
relevant for initial stress determination.
- Section Modulus (S): important for bending capacity but less directly
involved in axial stress calculations.

For our purposes, the gross area (A) is most significant.



Step 2: Determine the Applied Axial Load (P)
The axial load is often provided by the structural analysis. For
illustration, assume a hypothetical axial load, for example:

- P = 200 kips (kilo-pounds)

This value should be replaced with actual design loads.

Step 3: Calculate Unfactored Compressive Stress
Using the formula:

\[ \sigma_{unfactored} = \frac{P}{A} \]

Plugging in the values:

\[ \sigma_{unfactored} = \frac{200,000\, \text{lbf}}{13.8\, \text{in}^2}
\approx 14,492\, \text{psi} \]

This value represents the unfactored compressive stress experienced by the
column under the applied load.

Design Considerations and Code Compliance

1. Comparing with Material Strength
- The calculated stress (14,492 psi) should be compared with the yield
strength (Fy = 36 ksi or 36,000 psi).
- Since:

\[ \frac{\sigma_{unfactored}}{Fy} = \frac{14.5 \text{ ksi}}{36 \text{ ksi}}
\approx 0.40 \]

- The stress is about 40% of the yield strength, indicating a safe margin
under the unfactored load.

2. Factoring in Safety and Load Factors
- Actual design involves applying load factors (e.g., 1.2 for dead loads and
1.6 for live loads) to determine factored loads.
- For unfactored stress, focus remains on the raw load-to-area ratio, but
safety factors are crucial for ultimate capacity calculations.



3. Buckling and Stability Checks
- For slender columns, check for buckling using slenderness ratios and
applicable codes.
- The critical buckling load depends on section properties and boundary
conditions.

Additional Considerations for Accurate
Assessment

1. Effective Area and Reduction Factors
- In some cases, the effective area is less than the gross area due to holes,
corrosion, or other imperfections.
- Use net cross-sectional area if applicable.

2. Local Buckling and Imperfection Effects
- For W14x48, local buckling may occur if the stress approaches certain
thresholds.
- Use AISC's buckling curves and reduction factors accordingly.

3. Axial Load Combinations
- Ensure loads are combined per code requirements to account for various load
scenarios.

Summary of Key Points
- The unfactored compressive stress is calculated by dividing the axial load
by the gross cross-sectional area.
- For a typical W14x48 section with a hypothetical axial load of 200 kips,
the stress is approximately 14.5 ksi.
- This stress is well within the material's yield strength, indicating a safe
initial assessment.
- Structural design must incorporate safety factors, buckling considerations,
and code compliance to ensure overall safety and serviceability.

Conclusion
Accurately determining the unfactored compressive stress in a steel column
like the W14x48 with Fy-36ks involves understanding the material properties,
section characteristics, applied loads, and relevant standards. By following



systematic steps—gathering section data, applying load values, and performing
straightforward calculations—engineers can effectively evaluate whether the
column's capacity aligns with safety and performance requirements. Remember,
while the unfactored stress provides an initial assessment, comprehensive
design must include factoring in safety margins, buckling checks, and other
critical considerations to ensure structural integrity.

---
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Frequently Asked Questions

What is the first step to determine the unfactored
compressive stress for a W14x48 column with Fy = 36
ksi?
The first step is to identify the column's cross-sectional properties,
including the section modulus and area, and to establish the applied axial
load to calculate the nominal compressive stress before applying any factors.

How do you calculate the nominal compressive stress
for a W14x48 column?
The nominal compressive stress is calculated by dividing the applied axial
load (Pu) by the cross-sectional area (A) of the column: σ_n = Pu / A.

What is the significance of the Fy = 36 ksi in
determining the compressive stress?
Fy = 36 ksi indicates the material's yield strength, which is used to compare
with the calculated stress to ensure the column remains within safe stress
limits, but the unfactored compressive stress is based on the applied load
and section properties, not directly on Fy.



How does the section W14x48 influence the
calculation of the unfactored compressive stress?
The W14x48 section provides the geometric properties necessary to compute the
cross-sectional area, which is used in the stress calculation, and helps
assess the capacity of the column under compressive load.

What safety factors or code provisions should be
considered when determining the unfactored
compressive stress?
Typically, the unfactored compressive stress is a straightforward
calculation; however, when designing code compliance, factors such as load
factors, material factors, and code limits (e.g., AISC) should be considered
to ensure safety and code adherence.

Additional Resources
Determine The Unfactored Compressive Stress For A Column With The Following
Criteria: Fy=36 ksi, W14x48

Understanding the compressive stress within structural columns is fundamental
to ensuring the safety, stability, and durability of a building or
infrastructure. When engineers analyze columns, they must consider various
factors such as material strength, cross-sectional properties, applied loads,
and safety margins. In this context, determining the unfactored compressive
stress—the initial stress without applying load factors—is a critical step in
the design and evaluation process. This article delves into the detailed
methodology for calculating this parameter for a specific column
characterized by a yield strength (Fy) of 36 ksi and a W14x48 steel section,
providing a comprehensive understanding suitable for structural engineers,
students, and practitioners alike.

---

Understanding the Basics: Key Terms and
Concepts

Before embarking on the calculation, it is essential to clarify the
fundamental concepts involved.

1. Unfactored Compressive Stress



The unfactored compressive stress (often denoted as \(f_{c}\)) is the initial
stress applied to a material or structural element purely based on the actual
load and cross-sectional area, without any safety or load factors. It is
calculated as:

\[
f_{c} = \frac{P}{A}
\]

where:
- \(P\) is the axial load applied to the column,
- \(A\) is the cross-sectional area of the section.

This value provides a baseline to compare against the material's capacity and
check whether the section can resist the applied load safely.

---

Material Specification: Fy = 36 ksi

The given yield strength, Fy = 36 ksi (kilo pounds per square inch),
indicates the maximum stress the steel section can sustain before yielding.
This value influences the capacity calculations and the eventual safety
margins incorporated into design.

Implication:
- Fy informs the elastic and plastic capacity of the section.
- Structural steel, such as W-shapes, are typically designed to operate
within a fraction of Fy under service load conditions.

---

Section Specification: W14x48

The W14x48 is a standard wide-flange steel beam section, with properties
documented in steel shape tables (e.g., AISC Steel Manual). Understanding its
geometric and sectional properties is vital for calculating the cross-
sectional area and later for capacity checks.

1. Geometric Properties of W14x48

| Property | Approximate Value |
|------------|------------------|
| Depth (d) | 14 inches |
| Flange Width (bf) | ~6.75 inches |



| Web Thickness (tw) | ~0.23 inches |
| Flange Thickness (tf) | ~0.36 inches |
| Cross-Sectional Area (A) | Approximately 7.63 in² |
| Moment of Inertia (\(I_x\)) | ~ 168 in^4 |

Note: The exact values can vary slightly depending on the steel manual
edition, but for calculation purposes, these approximate values are
sufficient.

---

Calculating the Cross-Sectional Area (A)

The cross-sectional area is a fundamental parameter in determining the
unfactored compressive stress. By referencing steel manual tables, the area
of a W14x48 section is approximately 7.63 square inches.

Why is this important?
The area directly influences the initial stress calculation once the axial
load is known or assumed.

---

Determining the Axial Load (P)

In the context of this article, the axial load \(P\) is typically provided or
needs to be estimated. If not specified, the analysis proceeds by considering
a hypothetical load or a range of loads to understand the stress
distribution.

For illustrative purposes:
Suppose the axial load applied to the column is \(P = 200 \text{ kips}\)
(kilo pounds). This value is representative of typical columns in medium to
heavy structural applications.

---

Calculating the Unfactored Compressive Stress

With the cross-sectional area and axial load known, the unfactored
compressive stress is straightforward to compute.

\[
f_{c} = \frac{P}{A}



\]

Substituting the assumed values:

\[
f_{c} = \frac{200\, \text{kips}}{7.63\, \text{in}^2} \approx 26.21\,
\text{ksi}
\]

Interpretation:
This initial stress (26.21 ksi) indicates the level of stress the section
experiences under the specified load, prior to applying any safety or load
factors.

---

Incorporating Safety Factors and Code
Requirements

While the "unfactored" stress provides a baseline, safety standards such as
the AISC (American Institute of Steel Construction) LRFD (Limit States
Design) or ASD (Allowable Stress Design) require applying load factors and
capacity checks.

1. Load Factors:
- LRFD typically applies load factors (e.g., 1.2 for dead load, 1.6 for live
load).
- ASD applies a factor of safety directly to the allowable stress.

2. Capacity Check:
The capacity of the section must be higher than the factored load stress,
considering the material strength:

\[
\phi P_{n} \geq P_{load}
\]

where:
- \(P_{n}\) is the nominal axial capacity,
- \(\phi\) is the resistance factor (usually 0.9 for axial compression in
steel),
- \(P_{load}\) is the applied load (factored or unfactored depending on the
code).

---



Assessing the Capacity of W14x48 Section

The capacity calculations rely heavily on the section properties and material
strengths.

1. Nominal Axial Capacity (\(P_{n}\))

\[
P_{n} = A \times F_{c}
\]

where \(F_{c}\) is the compressive strength of the steel, which is typically
taken as \(0.6 \times Fy\) for elastic buckling considerations, or in some
codes, the full Fy is used for ultimate capacity.

Assuming a conservative approach:

\[
F_{c} = 0.6 \times 36\, \text{ksi} = 21.6\, \text{ksi}
\]

Calculating:

\[
P_{n} = 7.63\, \text{in}^2 \times 21.6\, \text{ksi} = 7.63 \times 21.6\,
\text{kips} \approx 164.9\, \text{kips}
\]

2. Factored Capacity (LRFD)

\[
\phi P_{n} = 0.9 \times 164.9\, \text{kips} \approx 148.4\, \text{kips}
\]

This means the section can safely carry approximately 148.4 kips under
factored loads per LRFD design.

---

Comparison and Final Analysis

With the estimated axial load of 200 kips, the unfactored stress was
approximately 26.21 ksi, which exceeds the capacity derived for factored
loads (148.4 kips). This indicates that:

- The initial unfactored stress exceeds the capacity for the assumed load if
safety factors are applied.
- The actual applied load must be adjusted to ensure the stress remains



within safe limits.

To determine the maximum axial load the section can support without exceeding
the yield strength:

\[
P_{max} = A \times Fy = 7.63\, \text{in}^2 \times 36\, \text{ksi} \approx
274.7\, \text{kips}
\]

The corresponding unfactored compressive stress:

\[
f_{c, max} = \frac{274.7\, \text{kips}}{7.63\, \text{in}^2} \approx 36\,
\text{ksi}
\]

which is exactly the yield strength, indicating the maximum elastic capacity.

---

Additional Considerations in Real-World
Application

While the calculations above provide a fundamental understanding, practical
design involves more complex factors:

- Buckling and Stability:
Columns are susceptible to buckling, especially slender sections. The
effective length and end conditions influence the critical buckling load,
which in turn affects the allowable axial load.

- Column End Conditions:
Fixed, pinned, or free ends change buckling behavior.

- Material and Section Imperfections:
Real-world imperfections reduce capacity, necessitating safety margins.

- Load Combinations:
Dead loads, live loads, wind, seismic influences all contribute to the
ultimate load.

- Code Compliance:
Adherence to local building codes and standards, such as AISC, Eurocode, or
others, ensures safety and legality.

---



Conclusion

Determining the unfactored compressive stress for a column with specific
properties involves a straightforward division of the applied load by the
cross-sectional area. For a W14x48 section with an assumed axial load of 200
kips, the initial stress is approximately 26.21 ksi, well within the elastic
limit of the steel.

However, this baseline must be integrated into a comprehensive design
approach that considers safety factors, buckling, material strengths, and
code requirements. The
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