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In the world of civil engineering, precision and reliability hinge on a solid grasp of the equations that govern
everything from the bending of a bridge beam to the flow of water through a stormwater system. Whether you're a
seasoned professional, a graduate student, or a curious enthusiast, understanding all civil engineering equations
is essential for designing safe, efficient, and sustainable structures. This guide takes you on a comprehensive
journey through the most critical formulas used across the discipline, organized by functional area. We'll explore the
mathematical foundations that underpin structural analysis, geotechnical design, hydraulics, transportation
planning, and environmental considerations, providing clear explanations, practical examples, and handy tables to
help you apply these equations in real-world projects.

Structural Engineering Equations

Beam Bending, Shear, and Deflection

Beams are the workhorses of most civil structures. The following equations describe how they respond to loads:

¢ Bending Moment: \(M = \frac{wL"2}{8}\) for a simply supported beam with uniform load \(w\) and span \(L\).
For point loads, use \(M = \frac{PLK4}\) where \(P\) is the load at the center.

e Shear Force: \(V = \frac{wL}2}\) at the midspan for a uniform load; \(V = \frac{P}{2}\) for a central point load.

e Deflection (Cantilever): \(\delta = \frac{PL"3H{3EI}\), where \(E\) is the modulus of elasticity and \(I\) is the
moment of inertia.

 Deflection (Simply Supported): \(\delta = \frac{5SwL"4}{384EI}\) for uniform load; \(\delta = \frac{PL"3H{48EI}\)
for a center point load.

These formulas allow engineers to verify that a beam will not only carry the required loads but also remain within
acceptable deflection limits.

Stress and Strain Relationships

Stress and strain govern the material behavior under loading. The primary equations are:

* Hooke’s Law: \(\sigma = E \varepsilon\), where \(\sigma\) is stress, \(\varepsilon\) is strain, and \(E\) is the
modulus of elasticity.

e Shear Stress in a Beam: \(\tau = \frac{VQXIt}\), with \(Q\) being the first moment of area, \(I\) the moment of
inertia, and \(t\) the distance from the neutral axis.

e Compressive Stress in Concrete: \(\sigma_c = \frac{PH{A}\), where \(P\) is the axial load and \(A\) the cross-
sectional area.

Reinforced Concrete Design

Designing reinforced concrete members involves ensuring that the concrete can resist compressive forces while
the steel reinforcement handles tensile stresses. Key equations include:

« Effective Depth: \(d = h - \frac{a}{2}\), where \(h\) is the overall depth and \(a\) the depth of the equivalent
rectangular stress block.

¢ Reinforcement Ratio: \(\rho = \frac{A_sHb d}\), with \(A_s\) the area of steel, \(b\) the member width, and \(d\)
the effective depth.

¢ Maximum Moment Capacity: \(M_n =\phi A_s f_y (d - \frac{a}{2})\), where \(\phi\) is the strength reduction



factor and \(f_y\) the yield strength of steel.
e Cracking Moment: \(M_{cr} = \frac{f_{cr} b d*"2}{6}\), with \(f_{cr}\) the cracking strength of concrete.
Steel Design Equations
Steel structural members are analyzed using the following key relationships:
¢ Yield Strength Check: \(\sigma = \frac{PHA} \leq 0.55 f_y\).
e Flexural Capacity: \(M_n = \phi R_n\), where \(R_n\) is the nominal moment capacity and \(\phi\) the partial
safety factor.

e Shear Capacity: \(V_n = \phi V_n\), with \(V_n\) calculated from the shear stress diagram.
¢ Deflection Limit: \(\delta \leq \frac{L}{360}\) for normal usage, ensuring serviceability.

These equations provide the foundation for safe and economical steel structure design.

Geotechnical Engineering Equations

Bearing Capacity of Foundations

Determining how much load a soil can support is critical for foundation design. The Terzaghi bearing capacity
equation is widely used:

e Terzaghi's Equation: \(g_{ult} =c N_c + q N_qg + 0.5 \gamma B N_\gamma\), where:

\(c\) = soil cohesion

¢ \(q\) = surcharge pressure at depth

¢ \(\gamma)) = unit weight of sail

« \(B\) = footing width

¢ \(N_c, N_g, N_\gamma\) = bearing capacity factors based on soil angle of internal friction \(\phi\).
Effective Stress and Consolidation
Effective stress controls the strength and deformation characteristics of soils:

e Effective Stress Principle: \(\sigma' = \sigma - u\), where \(\sigma'\) is effective stress, \(\sigma\) total stress,
and \(u\) pore water pressure.

e Oedometric Compression: \(e = e_0 - \frac{C_c}{1+e_O}In\frac{\sigma'}{\sigma'_0}\), with \(e\) void ratio and
\(C_c\) compression index.
Slope Stability Analysis
Assessing the safety of slopes involves calculating the factor of safety (FS) against failure:

« Infinite Slope Model: \(FS = \frac{c + (\sigma - u)\tan\phi}{\tau}\), where \(\tau\) is the shear stress acting on
the slope plane.

e Limit Equilibrium Methods (e.g., Bishop, Janbu): provide more accurate FS by considering pore pressures and
geometry.
Earth Pressure Equations
When designing retaining structures, earth pressure calculations are essential:

e Rankine’s Theory (Passive): \(P = 0.5 \gamma H"2 K_p\), with \(K_p = \frac{1+\sin\phi}{1-\sin\phi}\).

¢ Rankine’s Theory (Active): \(A = 0.5 \gamma H"2 K_a\), with \(K_a = \frac{1-\sin\phi}{1+\sin\phi}\).

e Coulomb’s Theory: \(P = \gamma H \tan(\theta + \phi) \tan(\theta - \phi)\), where \(\theta\) is the wall inclination.

Hydraulic & Hydrologic Engineering Equations



Continuity and Bernoulli’'s Equation
Fluid flow fundamentals rely on mass conservation and energy principles:

e Continuity: \(A_1V_1=A 2V_2\), where \(A)) is cross-sectional area and \(V\) velocity.

e Bernoulli's Equation: \(P + \rho g h + 0.5 \rho V"2 = \text{constant}\), linking pressure, elevation, and velocity.
Pipe Flow — Darcy—Weisbach and Hazen-Williams
Two commonly used formulas for head loss in pipe systems:

e Darcy—Weisbach: \(h_f = f \frac{L{D}\frac{V*2H{2g}\), where \(}\) is the friction factor, \(L\) pipe length, \(D\)
diameter, \(V\) velocity, and \(g\) gravity.

¢ Hazen-Williams (for water at 20-25 /°C): \(h_f = 10.67 L D*{-1.852} V~{1.852} C*{-1.852}\), with \(C\) the
Hazen—Williams roughness coefficient.
Open Channel Flow — Manning’s Equation
For natural streams and engineered channels:

e Manning’s Equation: \(Q = \frac{1}{n} A R™2/3} SM1/2}\), where \(Q\) is discharge, \(n\) Manning’s roughness,
\(A\) cross-sectional area, \(R\) hydraulic radius, and \(S\) channel slope.

« Critical Flow: \(Q_c = \frac{A¥{\sqrt{3}} \sqrt{g}\), used to determine the critical depth.
Flood Hydrographs and Rational Method
Predicting peak runoff for small catchments:

» Rational Method: \(Q_p = C i A\), where \(Q_p\) is peak discharge (cfs), \(C\) runoff coefficient, \(i\) rainfall

intensity (in/hr), and \(A\) catchment area (acres).
* Hydrograph Construction uses time area methods to plot the rise and recession of flood peaks.

Transportation Engineering Equations

Traffic Flow and Capacity

Modeling vehicular movement on roads involves several key relationships:
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