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To keep things simple we will look only at Bar elements. Other element types use similar 
principles, but with more complexity.
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C:\Users\Peter.Debney\OneDrive - Arup\Documents\References\IStructE\The use of 
computers for engineering calculations.pdf
Structural theory: beam, deep beam, shear panel, shell, etc
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Millau Viaduct, France (Michel Virlogux)
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It seems obvious but…
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Millennium Bridge, London (Arup)
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https://www.ihsti.com/tempimg/484A91A-CIS888614800326221.pdf
https://www.ihsti.com/tempimg/484A91A-CIS888614800284660.pdf
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Stopped vs slow clock
There are many unknowns
ULS - failure is not allowed
SLS – it should be generally ok but might occasionally exceed the limits
All models break down at some point – you need to know when that it
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We can model entire concrete frames without modelling the reinforcement so that we 
can determine the reinforcement.
But if we model a frame to understand why it fell down, then we will need to model 
every bar.
Realistic loading: what might happen over 50 years
1 in 50 year event has a 2% chance of happening in any year, and a 64% chance of 
happening in 50 years
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Stick – 1 dimension is much larger than the other 2 – 1 dimensional
Shell – 1 dimension is much smaller than the other 2 – 2 dimensional
Mass – the 3 dimensions are all similar – 3 dimensional
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Stability models
Very stiff + very flexible structures
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Pompidou Centre, Paris, France (Arup)
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It is hard to find the deflection, but it is easier to decide on the deflection and work back
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Vanšu Bridge (George Fuchs or Fukss)
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Humber bridge (Freeman Fox)
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London 2012 main stadium (Buro Happold)
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With cable nets and fabrics the geometry is crucial
Surfaces must be double curved for stiffness
There are three basic shapes…
The importance of form finding – force equilibrium
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Lets look at two very similar cable nets, though they differ from the spider’s web 
because I have added a third dimension to them: 
• both are warped into hyperboloid surface by twisting the support points
• Both are about the same weight
• Both have the same section and prestress (none in this case)
• Both carry the same load

But do they both behave about the same?
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No: you can see that the left-hand (and slightly heavier) cable net deflects about twice 
as much as the net on the right, even through it is sharing the load better
The difference is down to their geometry: that on the right is more efficient than the one 
on the left
The curvature gives stiffness to the structure
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Consider the humble spider’s web: a site fabricated cable net stretching across a gap 
with a span to depth ration virtually infinite, and subject to imposed loads many times 
the self weight, especially impact loads
Why is it flat?
Interestingly, its flexibility is the key to its impact resistance: when hit by a fly it gives to 
absorb the kinetic energy rather than trying to directly resist it
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This image shows the importance of correct form finding. Before tensioning the fabric is 
wrinkled; if it is cut correctly then it will become smooth when under load. Out of 
balance tensions will result in Heugens tension fields: waves in the fabric.
“Marsyas” –Anish Kapoor, Tate Modern (Arup)
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Camp Adventure Tower, Denmark (Arup)
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London Kings Cross Station, UK (Arup)
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London Kings Cross Station, UK (Arup)
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Temple Galaxia (Format Engineers)

181

2020.gada 5.oktobra tiešsaistes apmācību 
seminārs "LABA PRAKSE APRĒĶINOS AR 

GALĪGO ELEMENTU METODI/GOOD 
PRACTICE IN FINITE ELEMENT ANALYSIS"

EM iepirkums „Apmācību semināru 
“Datoraprēķini būvkonstrukciju 
projektēšanā” organizēšana un norises 
nodrošināšana” ID Nr. EM 2020/46



AI was initially a quest to model human intelligence in computers. Started in 1950s
Focused initially on symbolic manipulation to emulate thought processes: words and 
numbers are symbols.
Symbolic AI mostly struggled to live up to its hype, but has created some highly 
successful applications that are often not now recognised as AI
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It is not possible to directly solve the question: “what is the shortest route between two 
points”. Instead AI research produced algorithms such as A* to intelligently search for 
the shortest route with a mixture of estimates, calculation, and data storage.

Searching through unsorted databases is also an AI application, the most famous of 
which has become a verb: To Google. Google’s search rankings were initially based on 
keywords and webpage connectedness to predict what the best order was to present 
the results, but has subsequently added machine learning to record and use what links 
people actually click on.
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Natural Language Processing is found in many homes and pockets. After machine 
learning parses speech sounds into words, NLP groups the words into sentences, work 
out which parts are nouns, verbs, and adjectives from grammatical rules, then 
determine the instruction or question. 
It then either tries to find the answer from the internet or play the music of choice. 
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Another aim of AI is to encapsulate knowledge and enable automatic decision making. 
This came in the form of
Expert Systems – encode both an expert’s knowledge and the way that they solve 
problems. This has proved difficult as most people cannot articulate how they solve any 
problem, only specific problems, and they are difficult to generalise. Also experts’ 
knowledge is founded on general knowledge, which we all have but is to trivial and 
extensive to record (though some are trying to).
State Search builds a tree of possible decisions and then navigates it to find the best 
answer, or at least the most promising route to the answer. These have proved 
successful in games, which are formal (have set rules) and bounded. Chess has about 16 
billion possible moves in the first four turns, and about 10120 possible moves over a 
typical game: it is just not possible to check them all.
When IBM’s Deep Blue beat Kasperov, the world chess champion in 1997 using state 
search to check all the possible moves over the next few turns, giving maximum points 
to the computer and minimum to the human. Kasperov, on the other hand, said that he 
considered on one move: “the right one”.
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While state search extrapolates a tree of options, we can also build the trees from 
existing data, finding correlations between different events and incidents. The idea is 
that we can then propose a new condition and the state tree will say what the 
underlying causes are. 
The problem is that the tree only works for particular cases and struggles to generalise. 
To overcome this we create large numbers of pruned copies of the trees: a forest! When 
presented with the new data, each tree votes on what it thinks is the likely cause.
Random forests have proved very successful in a number of technical applications such 
as medical diagnosis.
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While neural networks have been around since the 1960s, they were initially so 
unsuccessful that in the 1970s papers on the subject were banned from AI conferences. 
Now with fast processors and powerful training algorithms they are the dominant 
machine learning method.
Neural networks are inspired by how the neurons in the brain connect together, collating 
data to enable pattern recognition.
They work by taking numerical data in by a number of inputs, multiplying and adding 
these together multiple times, until an output indicates which is the answer. If they are 
right then the options that gave this are strengthened, if wrong they are weakened. The 
neural network is thus trained over thousands of iterations until it consistently, or at 
least generally, gives the right answers.
The game of Go has 10360 possible moves and it is extremely difficult to measure the 
quality of any particular move. AlphaGo beat the world champion using deep earning to 
predict the best moves, having trained on existing games and against itself.
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It is often forgotten that optimisation is a form of artificial intelligence, search for and 
choosing the best answers from a myriad of options. Optimisation uses a large number 
of methods (see my Structural Engineer paper from a few years ago on the subject), 
many of which are inspired by nature: the evolution of life, how that life works together 
to find food, how bones react when they are exercised, or what happens when metal 
cools.
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There is a lot hype around AI, but then this has been a characteristic of AI since its 
invention. Let us temper that with a look at what AI is not.
Artificial Intelligence is not intelligent. Humans can generalisation of solutions from just 
a handful of examples. 
We can look at these four pattern recognition tests, each with six examples of one 
concept and six of another, and quickly work out what the categories are. 
On the left they are reasonably easy; those on the right are very difficult for AI to 
categorise, especially 98, which requires the AI to ignore the background hatching.
Even after tens of thousands of training examples, the best machine learning systems 
manage only a little better than random guessing.
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Human intelligence can see what is not there but only suggested
Can you see the white-bordered Kanizsa triangle in the left image? AI cannot.

Human intelligence is also not easily fooled. 
Can you see the difference between the two giraffes? AI thinks they are completely 
different because a few significant pixels have been changed. AL does not recognise 
things in the same way that we do.
Even if we initially think that we see something strange, we know that is strange and 
look closer until we understand.
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Deep Blue and AlphaGo beat world champions but neither knew that they or their 
opponent existed.
I occasionally hear talk about giving AI rights, but this is extremely premature, as they 
have no self awareness or consciousness. 
We do not even understand how consciousness arises in our brains, so we have no way 
of knowing how to create it artificially. 
Self aware artificial intelligence is still science fiction
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Is this a duck or a rabbit?
Humans can recognise ambiguous data, but AI accepts all and gives the result regardless. 
We can be fooled but we often know that that is happening. 
Like humans, AI is vulnerable to bias. Ours comes from our upbringing and education or 
lack of it; AI’s bias comes from poor training data. Providing training data that is free of 
bias is a major problem for machine learning systems.
We need AI that can function well when the inputs are not certain.
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Like humans, AI is vulnerable to bias. Ours comes from our upbringing and education or 
lack of it; AI’s bias comes from poor training data. Providing training data that is free of 
bias is a major problem for machine learning systems.
In this case a data set that was all white faces
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When properly trained the results can be impressive
https://www.instagram.com/ganbrood/?hl=en
https://thispersondoesnotexist.com/
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Common sense is knowledge about the world that is learned from being in the world but 
difficult to quantify in advance.
To understand these questions, you need to have some knowledge of the world. In each 
pair the sentences differ by just one word, but they completely and ambiguously change 
the subject of the sentence.
We understand who might fear or advocate violence, because we watch the news and 
understand the role of the city council and what might demonstrators do. 
Likewise we understand the concepts of Full and Empty, and therefore which container 
will be which after the pouring. 
An AI might be able to recognise the words and how they connect grammatically, but it 
does not understand meaning.
The Google routines can find you a picture of a cup or a bottle, but it has no idea what a 
cup or a bottle is; it can only match up the word symbol with a pixel pattern.
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Stories of the created rebelling against the creator have been with us for 
thousands of years. From the Garden of Eden to The Terminator or The Matrix. 
Humans have never liked feeling controlled and assume that any AI would feel 
the same way.
This idea conflates intelligence with emotions, not realising that emotions are 
something intrinsic to most, possibly all, animals. Emotions have developed to 
reward helpful behaviour (breeding or feeding for example) and protect against 
danger (fleeing from or fighting threats). 
These emotions would have to be explicitly added to any AI, and then only if they 
would boost performance. 
The world is more at risk from Artificial Stupidity than Artificial Intelligence. 
• Self driving cars that cannot recognise a white truck against a bright sky. 
• Automated stock market programs that all buy or all sell in response to the 

same stimulus, causing economic chaos. 
• Engineers who blindly accept a computer design without checking that it has 

covered all the special cases.
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So how might we use artificial intelligence for design and on site?

AI is going to supply key tools in achieving zero carbon in construction. We cannot 
achieve zero net carbon by just planting more trees, but by causing less damage to the 
environment in the first place. 

Machine Learning can use existing and ideal projects to recommend design approaches 
that improve efficiency.

AI in the form of optimisation can allow us to explore many more design options than 
we would have the time or patience to do manually. While efficient use of materials will 
not solve all the problems, it will be a major contributor to minimising the amount of 
carbon that our designs need to offset.
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Here we can see an Arup project from China, where first an optimisation is used to find 
the best bracing arrangement. 
Then the building perimeter is automatically adjusted to give the best overall form. 
This would involve hundreds or thousands of analysis and design iterations until the final 
result is found. 
But that is not the end of the design but only the start. We must then go through all the 
detailed checks, to ensure that it is economic, robust, safe, buildable, and meets all the 
client requirements.
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The area that I am most looking forward to is the automated administrative assistant. 
There are already some AI bots that can arrange meetings with clients; other that can 
field questions on websites until it gets one that it cannot answer. 
I use Outlook to remember all my appointments and phone numbers for me. But I want 
it to help prioritise which emails need responding to first and give some suggestions as 
to what the reply should be.
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Engineering assistants on site are already starting to be used. 
For example you can request regular site surveys by drone + point cloud + AI conversion 
of point cloud into 3D model to check progress and accuracy.
Concrete batching plants might have AI monitoring the materials going into the mix and 
the concrete coming out for instant quality control.
Eventually I see AI becoming like a smart but inexperienced graduate engineer: fresh 
from college with the latest ideas but lacking in common sense and practical experience; 
trusted to come up with good ideas and suggestions, and to do calculations and designs. 
But these should only be issued and built after careful checks to see what it has missed 
or misunderstood. 
I would also not send it to a client meeting.
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So how should structural engineers use AI?
As we have seen, there is a lot of hype around AI and it is not without its problems, but 
there are also a lot of successes and useful applications available to us. The important 
thing is that we make the most of these powerful tools but with our eyes open.
Deep Blue did not stop people from playing chess. On the contrary, the top players both 
train against AI and work with them to play the best games.
We engineers should take the same approach: work with the computers, as we do at the 
moment, using our own strengths of creativity, common sense, and understanding, with 
the AI’s ability to explore options and automate tasks, even those that are too complex 
for classically programmed computers to resolve.
The engineer of the future, as is now, is a centaur.
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