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Homework Quiz #2 a week from today
Homework Quiz #1 advice
Review of axial loading model
Design problem

Homework Quiz #1
● Each homework quiz is 2.5% of your grade.
● Exam #1 is 24% of your grade!
● Now is a great time to adjust your approach.

Download quiz and solution: https://sites.gatech.edu/intro-to-biomechanics/#lecture-05-fall-2022

Goal: Learn to Solve Real Biomedical Engineering
Problems with Simple Mechanical Models

Why do I respond with “Read carefully and use
your best judgment.” to almost all questions?
● Encourage you to think for yourselves in the
presence of uncertainty
● Discourage you from depending on an authority
figure for reassurance
● Assess how well you’ve learned to understand
carefully written technical problems

Problem Solving Heuristic
1.

2.
3.
4.
5.

6.
7.

Understand the question
a. Read it carefully.
b. What is it asking?
c. What would an answer look like?
Draw an overall diagram of the system
Identify the component of interest
Isolate the component
a. draw a free-body diagram
Model the component
a. select a model
b. apply the model
Solve for the quantities of interest
Interpret and check results (iterate as necessary …)

Homework Quiz #1
BMED 3410

Image from https://en.wikipedia.org/wiki/Patient_lift
Object

Variable

Description

Value

Nylon

E

Young’s modulus

3 GPa

Nylon

U

Ultimate Tensile Strength

70 MPa

Nylon

Y

Yield Strength

40 MPa

Strap

W

Width

3 cm

Strap

T

Thickness

2 mm

Strap

L

Length

0.5 m

Patient

m

Mass

100 kg

Earth

g

Gravitational acceleration

10 m/s^2

You have been asked to assess the safety of a
patient lift system (see image) used to transfer
people between beds and wheelchairs. You’ve
identified the nylon strap that connects the
ceiling-mounted lift to the sling that holds the
patient as a potential risk. You’ve decided to
perform the following steps using the information
in the table above to assess the safety of this
nylon strap.
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1.

Draw an overall diagram. (2 points)

2.

Draw a free-body diagram of the nylon strap that connects the sling that
holds the person to the ceiling-mounted lift. (2 points)

3.

Write an equation using the variables in the table that models the normal
stress in the nylon strap. (2 points)

4.

Write an equation using the variables in the table to estimate if the nylon
strap will plastically deform. (2 points)

5.

Based on the values in the table, do you expect the nylon strap to
plastically deform? For full credit, you must quantitatively justify your
answer. (2 points)
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Goal: Learn to Solve Real Biomedical Engineering
Problems with Simple Mechanical Models

Why do I provide unused values?
● Learn to solve problems under
realistic conditions
● Finding related data is easy
● Deciding what matters is hard

Why do I discourage calculators?
● Fluency with simple models frees you
○ Work at a whiteboard
○ Quickly gain insights
○ Talk through a problem

● Encourages use of approximate values
that facilitate thinking
● Promotes fairness in assessments

Goal: Learn to Solve Real Biomedical Engineering
Problems with Simple Mechanical Models

New Model Represents Axial Variation
Geometry

A(x)

(cross-sectional area)

Material

E(x)

(Young’s modulus)

Load
(applied distributed load)

ω(x)

x

x

x

Model of Axial Loading
Stress

Geometry
L and A(x)

σ(x)

Area at cross section x where
0 <= x <=L.

Uniform normal stress at
cross section x.

Material
E(x)
Young’s modulus at cross
section x.

Load

Model of
Axial Loading

Strain
ε(x)
Uniform normal strain at
cross section x.

Deformation

ω(x)

δ(x)

Applied distributed load at
cross section x.

The distance that
cross section x moved.

Input

Output
(predictions)

Design Problem
You are part of an engineering team
tasked with designing a catheter
using a new biocompatible material.
Your job is to produce a simple
model of the stress in a catheter as it
is pulled through tissue.

Image from Wikipedia page on catheters:
http://en.wikipedia.org/wiki/Catheter

Understand the Problem
Catheter image search
● Catheter Wikipedia page
●

○
○
○
○
○
○
○

“In medicine, a catheter is a thin tube...”
“Catheters can be inserted into a body cavity, duct, or vessel.”
“Functionally, they allow drainage, administration of fluids or gases,
access by surgical instruments, ...”
“In most uses, catheter is a thin, flexible tube”
“Silicone is...common...serious fractures have occurred...”
“...modern intermittent catheter is made from polyurethane and comes in
different lengths and sizes for men, women and children.”
“...advanced catheters have … hydrophilic surface coating ... smooth,
slippery film making the catheter safer and more comfortable to insert.”

Prosthetic Heart Valve Research from Prof. Yoganathan’s Lab

Bileaflet
Heart Valve
Computational Model

Top gif from http://groups.bme.gatech.edu/groups/cfmg/group/home.htm
Bileaflet valve picture from https://en.wikipedia.org/wiki/Artificial_heart_valve#/media/File:Aortic_Karboniks-1_bileafter_prosthetic_heart_valve.jpg
Diagram from Dasi, L. P., et al. "Vorticity dynamics of a bileaflet mechanical heart valve in an axisymmetric aorta." Physics of Fluids (1994-present) 19.6 (2007): 067105.

Physical Model

The Twizzler Catheter Model
● Model a catheter being pulled out of tissue
using a Twizzler.

left picture from https://en.wikipedia.org/wiki/Twizzlers
right picture taken by Prof. Kemp on January 28, 2016

Where is failure most likely?
● Design experiment with consistent conditions
● Run experiment multiple times
● Collate the data
○

Histogram of failure

● Interpret the results with our mathematical model

ruler picture from http://staging.westcottbrand.cust.shopatron.com/product/5262.83925.84197.0.0/10564/_/Westcott_See_Through_Acrylic_Ruler,_18%22,_Clear

