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Design Of Reinforced Concrete Shells And Folded Plates P Cracking the Code Designing Reinforced
Concrete Shells and Folded Plates Reinforced concrete shells and folded plates are architectural
marvels offering elegance strength and spans previously unimaginable But their design is far from
simple This blog post will demystify the process guiding you through the key considerations
practical examples and common pitfalls to avoid Well focus on providing a solid understanding
suitable for both students and practicing engineers What are Shells and Folded Plates Lets start with
the basics Think of a shell as a threedimensional curved surface like a dome or a hyperbolic
paraboloid These structures are incredibly strong because they distribute loads efficiently across their
entire surface area Think of an eggshell surprisingly resilient despite its thinness Folded plates on
the other hand consist of a series of flat relatively thin plates joined together to form a
threedimensional structure They are often used for roofs and can achieve impressive spans with
comparatively less material compared to traditional flat slabs Imagine a series of inclined planes
cleverly interlocked to create a strong yet lightweight roof Design Considerations The Big Picture
Designing reinforced concrete shells and folded plates requires a multifaceted approach Heres a
breakdown of crucial elements Geometry The shape is paramount The curved surface of a shell or
the angles of a folded plate dictate how loads are transferred This requires sophisticated analysis
using software like SAP2000 ETABS or specialized shell analysis programs Incorrect geometry can
lead to significant stress concentrations and failure Material Properties The strength of the concrete
and reinforcement is crucial Accurate material testing and consideration of longterm effects like
creep and shrinkage are vital for predicting longterm performance Loading This goes beyond simple
dead loads selfweight and live loads occupancy Wind 2 loads snow loads seismic forces and even
temperature variations can significantly impact the structural behavior Accurate load estimation is
crucial for a safe design Analysis Methods Traditional hand calculations are often inadequate for these
complex geometries Finite Element Analysis FEA is the preferred method allowing for accurate
modeling of the complex stress distributions Software capable of handling shell elements is essential
Reinforcement Detailing The placement and amount of reinforcement are critical This often
involves intricate detailing to resist tensile stresses and cracks Proper anchorage and detailing around
openings are crucial A Practical Example Folded Plate Roof Imagine a folded plate roof for a small
factory The roof consists of five plates each inclined at 30 degrees The total span is 20 meters Using
FEA software wed model the plates their connections and apply the relevant loads dead load live
load snow load and wind load The software would then analyze the stresses and deformations
enabling us to determine the required reinforcement for each plate Wed pay special attention to the
areas around the supports and where plates intersect as these are highstress regions Howto A
Simplified Approach to Preliminary Design While full analysis necessitates specialized software a
simplified approach can provide initial estimates For a preliminary assessment of a folded plate
structure 1 Determine the geometry Define the number of plates their angles and the span 2
Estimate the loads Use standard codes to estimate dead live snow and wind loads 3 Approximate the
reactions Using simple statics calculate the approximate support reactions 4 Estimate the bending
moments Employ simplified beam theory to estimate the bending moments in each plate This is a
rough approximation but helpful for initial sizing 5 Determine reinforcement Based on the estimated
moments calculate the required reinforcement using relevant design codes ACI 318 Eurocode 2 etc
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depicting a simple folded plate and a third illustrating reinforcement detailing in a shell element
Common Pitfalls to Avoid Ignoring creep and shrinkage These longterm effects can lead to
significant deflections and 3 cracking Insufficient detailing of reinforcement Improper detailing can
result in cracking and premature failure Oversimplifying the analysis Using simplified methods for
complex geometries can lead to unsafe designs Neglecting edge effects The edges of shells and folded
plates are often subjected to high stresses Summary of Key Points Shells and folded plates offer
elegant and efficient structural solutions for large spans Design requires advanced analysis techniques
like Finite Element Analysis FEA Accurate modeling of geometry material properties and loads is
crucial Proper reinforcement detailing is vital for ensuring structural integrity Simplified methods
can provide preliminary estimates but should not replace comprehensive analysis FAQs 1 What
software is needed for designing reinforced concrete shells and folded plates Specialized FEA
software like SAP2000 ETABS ABAQUS or RFEM is recommended 2 How do I account for creep
and shrinkage in the design Most FEA software allows for the inclusion of material nonlinearities
including creep and shrinkage Consult relevant design codes for appropriate models and parameters
3 What are the common failure modes of shell and folded plate structures Common failure modes
include cracking due to tensile stresses buckling and shear failure 4 How do I detail the
reinforcement effectively Consult relevant design codes ACI 318 Eurocode 2 etc for guidance on
reinforcement detailing Careful consideration of stress concentrations is necessary 5 Can I use
simplified methods for smaller structures Simplified methods can provide preliminary estimates but
their accuracy diminishes with increasing complexity For critical structures full FEA is essential
This blog post provided a general overview Designing reinforced concrete shells and folded plates is
a complex process demanding specialized knowledge and advanced software Always consult with
experienced structural engineers for any realworld projects This information is for educational

purposes only and should not be considered professional engineering advice 4
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shell type structures can be found almost everywhere they appear in natural forms but also as man
made load bearing components in diverse engineering systems mankind has struggled to replicate
nature s optimization of such structures but using modern computational tools it is now possible to
analyse design and optimise them systematically analysis and optimization of prismatic and
axisymmetric shell structures features comprehensive coverage of the background theory of shell
structures development and implementation of reliable creative and efficient computational tools for
static and free vibration analysis and structural optimization of variable thickness shells and folded
plate structures integrated computer aided curve and surface modelling tools and automatic mesh
generation structural analysis sensitivity analysis and mathematical programming methods well
documented downloadable fortran software for these techniques using finite element and finite strip
simulations which can be readily adapted by the reader for the solution of practical problems or for
use within a teaching or research environment written by leading experts in finite element and
finite strip methods analysis and optimization of prismatic and axisymmetric shell structures will be
of great interest to researchers in structural mechanics and in automotive aerospace and civil
engineering as well as to designers from all fields using shell structures for their strength per unit

mass advantages
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