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The Challenges

A Architectural Design and Structural Engineering
I Bigger, taller, complex forms, but
Lighter, smaller, thinner structural elements

I High performance, but Lower cost

A Architects and Structural Engineers
I Apparent lack of innovativeness
i Difficulties in collaborative working
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Developing a Structural Solution
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The Conceptualizing Phase
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Advise to my fellow Engineers

1. Design is a team effort, and Architect is the lead

2. Everything I s possibl e,
I but it needs innovation, knowledge, skills, tools and,
i of course resources
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Conceptualizing a Solution

A Design a Rectangular A Design the most
Water Tank of efficient and cost
3mx4mx2m effective water tank to

hold 24 cuM of water

I Most engineers will

readily calculate the I Many designs are
wall thickness and possible

required rebars and i Most engineers will
the cost not know how to

start?
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Decisions Support Systems

A Explicit learning from
experience

A Combination of
Rational and Heuristic
thinking

Input Hidden Hidden Output
layer layer layer layer

Input #1 *o . x/.%,'_,
Input #2 - o S
Input #3 —0
Input #4 — \)

A Encapsulating natural
thinking process into
formal decision systems

— Output
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System Design

A Rich Pictures
A Analytical Hierarchy Process (AHP)

A Artificial Neural Networks (ANN)
A Genetic Algorithms (GA)
A Expert Systems (ES)

A Fuzzy Logic
A Deep Thinking
A Big Data and Data Mining
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Rich Picture for Choosing Structural System
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ANN for Tall Buildings

Preliminary
Sizing

Architectural Structural
Layout Response

A Number of story A Column size A Natural period

A Length, Width, A Shear wall size A Drift ratio
Height A Rebar quantities A Base shear

A Grid spacing

A .

To make design preliminary decisions without explicit calculations
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IS my structure safe ?

A Traditional approach
T ONOt sur e, but I know | foll owe

A New approach
i First, define o0Safeo
ASafe against what, how safe ¢

I Second, use explicit evaluation of safety
AGet freedom from the o0codebd
A Use advanced technologies

I Get clear answer about safety and performance
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Design Approaches

A Code Based Design (CBD)
A Performance Based Design (PBD)
A Risk Based Design (RBD)

A Consequence Based Engineering (CBE)
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Structural Response Can be Linked to Other Decisions
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How to work with PBD

Client —_» Architect Ferformance BasedDesgn

l

» Structual Engineer

» PBDJoecilist

!

» Ste Joedfic Consltant

— PBDReviewer
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—_— e e e e e e e e e —— —— —— —— —— —— —— —— — —— — —— — —— — —— — — — — — — — — — — — — — — — — — — =

Innovative Structural Engineering & Naveed Anwar, AIT (IAPEX, Lahore March 2015)

— e — — — — — — — — — — — — — — — — — — —



Cost and Performance

Cost Effective
Design
Can be done

General Belief
C P Easy to do ! C

- -

Performance Highly Innovative
Design Design
< P Can be done & P Hard to do!

{
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Alternate Approach

A To solve the problem, solve the cause of the
problem

A Performance is a Demand and Capacity balance

I Traditional way: Increase capacity to meet demand

I Alternate way: Reduce demand to match capacity

Innovative Structural Engineering & Naveed Anwar, AIT (IAPEX, Lahore March 2015)



Just in last 5
years,

AIT has become a
Regional leader in
Performance
Based Design of
Tall Buildings

65 PBD

Tall Buildings Performance-based Design

HEIGHT

11,918

Combined height of buildings evaluated

Floor AREA 55 million Sft

Combined floor area of buildings evaluated
WEIGHT
5,850,000 tons

Combined weight of buildings evaluated

8,848 m

Monaco + Male + Vatican

x 60

USS Gerald Ford

Supercarrier



Lot

CONTROLLINGFORCES AND

MOVEMENTS IN STRUCTURES Sy
: L =35 e

BRB, dampers, isolators, hinges, fuses )\




Forces

A Separate the forces into
I Directly applied, externally applied
I Movement based

A Movement based forces can be controlled
I Mass based
I Temperature based
I Settlement based
I Internal deformation based
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Movements

A Determining Movements
I Modal Analysis
I Static Analysis
I Time History Analysis
I Wind Tunnel tests
A Controlling Movements
I Stiffness and mass distribution
I Installing Dampers
A Mechanical, Mass Tuned, Liquid, Viscous
I Base Isolators
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Natural Vibration

A Natural vibration is the key to controlling most
movement based forces

A Natural Period and Mode Shapes are the pulse of
the structure

A Understanding modal response is vital for engineers
and architects
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Buddha Statue, Bangkok
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