
Raina – Civil and Structural Engineering 
 
In February of 2021, a series of winter storms hit the state of Texas. Those storms did serious 
damage to the state’s electricity infrastructure, just at a time when many people had to rely 
heavily on electricity to heat their homes. It was the worst failure of energy infrastructure in the 
state’s history, and millions of homes and businesses were left without power. There were many 
causes of those failures, but one was that the electricity infrastructure was badly outdated. Many 
of the power lines and support structures were nearly a hundred years old! After the crisis, 
electric companies started to replace and upgrade their systems. 
 
Raina is a Civil and Structural Engineer 
who works for Burns & McDonnell, an 
engineering consulting firm that works 
with electric companies in Texas. Raina 
works on projects involving transmission 
lines, which are those big power lines 
that transport electricity over large 
distances at very high voltages. Raina 
works on projects where the company is 
replacing lines that are 20, 40, or even 
100 miles long. That includes replacing 
old wooden support poles with massive 
steel ones and increasing the voltage 
capacity from 69 kV to as much as 345 
kV. Those lines transmit power to a lot 
of people. 
 

“Demand is just a huge issue. As people move into cities, and a ton of people are moving 
to Texas, that just causes far more demand and areas like Dallas are expanding further 
and further north. So people just keep expanding and adding. And that means there's 
more power that's needed to power their homes, to power everything that you're 
doing.” 

Why Do Transmission Lines Need High Voltage? 
Transmission lines use very high voltage to minimize the amount of electrical power that is lost 
over the long distances that it travels between power plants and where it’s needed. The amount of 
electrical power depends on the both the amount of electric current and voltage: 𝑷𝑷 = 𝑰𝑰 ∗ 𝑽𝑽   
While you could potentially get more power by sending more current, that’s not so good because 
of the resistance in the power lines. Even metals like copper have some amount of electrical 
resistance, and it adds up over very large distances. The resistance will cause the power lines to 
heat up, which means some of the electrical power is being “lost” to heat. The amount of power 
lost to heating is given by 𝑷𝑷 = 𝑰𝑰𝟐𝟐 ∗ 𝑹𝑹, where R is the total resistance of the power lines. Notice, 
then, that more electric current means more power loss! 
1. What other examples can you think of where electrical power is converted to heat? 
2. People ultimately need electric power, not voltage. So, how does upgrading the voltage 

of electrical lines help get people what they need? 



 
“The transmission lines need to be able to supply that power. And with a small line that's 
only basically up to capacity of maybe 69 kilovolts, that's obviously not enough. If they're 
not upgraded, that means at some point someone's probably not going to have power in 
the peak of summer or in the peak of winter, which is obviously not ideal!” 

 
When Raina designs new transmission 
lines and the support structures for them, 
a very important consideration are the 
codes and regulations put in place by the 
government to ensure the power lines 
will be safe. Those requirements are 
constantly being updated because when 
problems occur, the consequences can 
be very serious. 

 
“There was recently a house bill that 
passed to make new regulations because 
there were Boy Scouts who died because 

a power line didn't have enough clearance to the water. They were on their sailboat, and 
the mast of the boat came into contact with the power line. The boys were electrocuted, 
and the results of the accident were fatal. As things like that get passed, older lines must 
be updated to reflect the current code standards we use today. On new lines we always 
check our clearances to make sure they are all up to code.” 

In addition to navigating all of those codes, Raina also has to figure out how the transmission 
lines will work with the complexities of the landscape. Lines will have to run over hills, 
sometimes through bodies of water, and over or under other power lines and structures. For each 
of these situations, she has to think about what might happen if the lines start to sag or start to 
sway in the wind. Will they get too close to anything else? Fortunately, she is not designing these 
structures from scratch. Like most industries, powerful software tools have been developed that 

3. Increasing the voltage of power lines has advantages, but it also comes with 
drawbacks. In addition to safety, what other problems and challenges might be 
introduced by having transmission lines use such high voltage? 



greatly assist with the design process. In fact, a specialized piece of software has been developed 
(called PLS CADD) specifically for power line systems.  
 
People are Complicated 
 
From Raina’s perspective, designing transmission lines themselves is relatively straightforward. 
The truly challenging part is coordinating the people that are involved in these massive 
projects. When you’re building a transmission line system that stretches for miles, it’s going to 
affect a lot of people. People who own nearby houses, businesses, and land all have a stake in the 
project. And when you’re working with people, conflicts inevitably arise. Depending on the 
situation, a landowner might be able to demand that things be built in a certain way, to a certain 
height, or in a certain place. Maybe Raina can change to the designs to meet those demands, or 
maybe not, and negotiations ensue. Sometimes the conflicts really can’t be resolved at all: 
 

Here’s a situation that I encountered with 
a 100-year-old line that I'm working on 
currently. A government agency was 
restricting the heights of transmission 
structures due to the proximity to a public 
air strip. They wanted us to rebuild a few 
structures as low as 30 feet tall when our 
typical structure heights are 70 feet tall or 
even higher. This is a near-impossible 
design situation we had to deal with. We 
had to figure out how to propose solutions 
that would satisfy both the utility and the 
government.  

 
What do you do when the government says you can’t go over 30 feet, but the electric utility says 
you can’t go less than 70 feet? There’s no way to satisfy everyone! In this case, Raina’s only 
choice was to locate the pole somewhere else entirely, which of course had effects on lots of 
other poles in the line as well. It was messy, but she had to figure out how to make it all work.  

These kinds of issues are typical for large-scale civil engineering projects, but they’re common 
to engineering projects in general. When you’re developing an idea on a computer or in a lab, it 
all seems easy enough. But the real world is a messy place that is full of complications. Many of 
those complications come from the fact that the world is full of people who all want different 
things. Engineers have to navigate competing requirements that come from a client who wants 
their project completed effectively and efficiently (often quickly and at the lowest possible cost), 
contractors who are going to actually build what the engineer designs, regulations set by 

4. Engineers often talk about the constraints that they have to work within during a 
design project. What are some of the constraints that Raina has to deal with, and where 
do they come from? What might be some other common constraints that engineers have 
to navigate? 



governments, customers, and others. As complicated, messy, and sometimes frustrating as it can 
be, Raina nevertheless finds working on big projects deeply rewarding: 
 

“Especially when you work on one that’s been going on for multiple years, it’s always 
just so satisfying to see something that you’ve designed be completed. At the end, you 
know this project like the back of your hand and in the end you can go out there and 
physically see it. When you’re on a computer and only seeing things from a small 
perspective, you can get kind of disconnected from the fact that it’s a real thing. But then 
you go out there in person and it’s just so real.” 

 

5. Many people imagine that engineering doesn’t require much in the way of “people 
skills” and that engineers don’t need to be good communicators. How does Raina’s 
story show that belief to not be true? Why is communication likely a very important 
skill for engineers? 


