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Washington State University with a degree in Bioengineering. During college he worked
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Abstract (After the Drop):

Over the decades, a considerable amount of emphasis has been placed on belay
competency, rescue system rigging and other equipment consideration. The belay
competency test method was originally formulated around the worst case scenario;
having a mainline failure during an edge transition. The test method essentially was
dropping a test mass a height of 1 meter on 3 meters of rope. The belay device’s
capability of arresting the load was measured and the maximum arrest force at the
anchor was also recorded.

The majority, if not all of these tests, have been focused around a system, or a specific
device, not the impact to a rescuer. CMC has advanced this type of testing through the
instrumentation of a harness and test mass with load sensors and accelerometers
during a typical belay test. The load sensors are placed at various interface points
between the harness and the test mass and the impact loads imparted during the event
are recorded. The accelerometer, located on the test mass, also records the g-forces
imparted on the mass.

This presentation will examine the force distribution and accelerations imparted by
various styles of harnesses and attachment points during a typical belay test drop. This
data will be a first step in understanding the impact of harnesses and dynamic loads on
a rescuer during a fall.
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A Look at Harness Impact Force Distribution

m Dynamic Tests are Conducted

to Serve Different Purposes

¢ Harness for structural integrity
) \
¢ Belay devices for competency w

* Fall protection system for proof NFPA
of performance

* Various components or entire :
systems... what if? ANSI




m What Happens to

the Person...
* Wearing the
harness

¢ Hanging from the
system

* Having a bad day

m A

reas of Curiosity

e Comparing impact force imparted from
various connection elements

¢ The effect of harness construction (sit
versus full body harness)

* The damping effect of harness padding on
impact force

¢ The effect of rope elongation (or lack
therefore)

m D

rop Test Parameters

* Follow belay competency test model
— 1 meter drop on 3 meters of rope
— Rope terminated with a bowline knot
— 540 Rescue Belay
— 100 kg (220 Ibf) ANSI Z359 test torso

¢ Data Collected
— MAF measured at 540 Belay
— Harness forces imparted on the test torso
— G-forces of test torso




@ About the Belay

Competency Test

¢ Originated from the British Columbia
Council for Technical Rescue

¢ Intended to simulate the highest potential
impact force

—System rigged 3 meters from the edge

—1 meter of fall potential (height of
attachment point)

@ D

rop Tower Setup

Pneumatic
Release

Test Torso

@ About the Equipment

L+

* Omega LC 101-5K load cell (2.2 kHz _,Lia_i;.__%
sample rate) Located at the top of —
the tower to measure MAF.

e Tekscan FlexiForce A401 pressure
sensors, 1 sg. in sensing area. O

¢ Adafruit ADXL326 16g 3-axis
accelerometer

* CMC custom data acquisition
— Arduino UNO Based

— Micro SD flash storage
— 63Hz sampling rate




m D

ata Acquisition on Torso

Accelerometer

ANSI Test Torso

Data Collection

Force Sensor
Locations (8X)

m D

isclaimer

* Pressure sensors placed in areas of
anticipated data collection in attempt to look
at trends. No claims are made that the
sensors are located in areas of peak force

* In some instances, actual peak values may

have been missed due to relatively low data
acquisition rates on the pressure sensors.

* Pressure data was collected on a rigid test
mass and values are not expected to correlate
to actual pressures on a human body.

m CMC /Roco

Freedom Harness™
e ANSI 7359.11 Fall Protection
harness
¢ Dorsal attachment element
* No padding

¢ Expected to be used with a
shock-absorbing lanyard.




@ C

MC Response Harness™

e NFPA 1983 Class Il as well as
ANSI Z359.11 Harness

¢ Waist, sternal and dorsal
attachment elements

¢ Substantial leg (thigh) and
waist (lumbar) padding

@ CMC Proseries®

Rescue Harness

e NFPA 1983 Class Il
¢ Waist attachment element

¢ Substantial leg (thigh) and
waist (lumbar) padding

@ CMC Lifeline

¢ 13mm (1/2 inch) diameter

* 100% nylon

e NFPA 1983 — G Rated |

* Elongation: : |
—2.6% @ 1.33 kN (300 Ibf)
—4.7% @ 2.66 kN (600 Ibf) :
—7.5% @ 4.44 kN (1,000 lbf) J |




@ CMC Static-Pro™ Lifeline

¢ 13mm (1/2 inch) diameter i ]
* 100% polyester | ;
e NFPA 1983 — G Rated |

¢ Elongation i
—1.3% @ 1.33 kN (300 Ibf)
—1.9% @ 2.66 kN (600 Ibf)
—2.6% @ 4.44 kN (1,000 Ibf)

.-

@ D

rop Test Examples

Response - Dorsal Response - Sternal Response - Waist

& o omoe |

orce Sensor Data Example
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Force (Ibf)

Time (s)

Response Harness, dorsal attachment, lifeline drop




Sensor Map

Drop Test Examples

PSI Readings At Rest

CMC / Roco Freedom™ Harness

Static-Pro™ Lifeline

Attachment Lower set Upper set [Load cell
[porsal Sensor 1 | Sensor 2 | Sensor 3 | Sensor 4 | Sensor 1 | Sensor 2 | Sensor 3 | Sensor 4
(s) | (s) | (ps) | (es) | (ps) | (ps) | (ps) | (psi) | MAF(ib)
1 E 1] o B 9 g 1] 2028
9 11 20 o o 150] 19 19 1] 2131]
3 117 2] 19 o 58 4 o 3 2181]
4 117 3] 17] 1] 124] 39 13 B 2214
B 124 31] 2] 1] 150] 6] 7 B 2289
o 57 3] 1] 1] 1 2] B B 2194
7 51 44 3] 14] 119] 55 4 pl 2199]
§ 77 P 1d] 19] 144] 7 § o 2129
o 4 4 1] o 4 40 4 1 2150
1] 2 16] o 134] 29 4 1 2229
lave 724 338 159 o 1038 aag] 7.9 o 2175
fsTo w633 1020 701 307 473 2s0d 301 15 7304

Average PSI
(10 Drops)

CMC / Roco Freedom™ Harness

Lifeline

[Attachment Lower set Upper set [Load cell
Sensor 1 | Sensor 2 | Sensor 3 | Sensor 4 | Sensor 1] Sensor 2 | Sensor 3 | Sensor
Iporsal s) | (s | (es) | sy | (es) | (ps) | (ps) | (psi) |maF(bf)
1 10 2 &7 5 18 o 79 14 1707]
o 26 104 29[ 15 19 36 19 1709
3| o3 2] 80) 3 e 4 29 169 1667
100 2 &7 2 14 39 se 179 1719]
B o1 2 78] 2 15 &9 s g 1633
o 75 30 62| 3 2] 2 3 1592
7 66 2 53] 29 25 53] 38 219 1544]
| 53] 39 | 3 261 73] o2 18 1589)
o 73] 39 60) 28 289 a 2 169 1501
1q] 66 29| 53] 25 13 2 e[ aad] 1543
avel 3 oed 04l 283 100 ass| asel 1753 1618.4]
sto| 1983 343 19m3[ sesl 87 2s0d 210) 310 76.08]

Average PSI
(10 Drops)




Sensor Ma

Sensor 24 Sepeor 30
~

rd

Sansor 1L

p

Sensor 10

CMC Response™ Harness

Sensor Map (Sternal)

Sensor

PSI Readings At Rest

CMC Response™ Harness (Sternal)
Static-Pro™ Lifeline

Average PSI
(10 Drops)

[attachment Lower set Upper set Load cell
‘Sensor 1 | Sensor 2 | Sensor 3 | Sensor 4 | Sensor 1 | Sensor 2 | Sensor 3 | Sensor &

ternal s) | (es) | (ps) | (s | (s) | (ps) | (ps) | (psi) | mAF(bf)
1] 11] 11] 19 19] 13| B 1511

B 11] 15| 14] 1d] 18] 11] 12| o 1753

5 11] 20] 19 1d] 18] 17] 12| 1] 1664

4 11] 20] 18] 16] o 3] 18] 14 1797

5| 1] 17] 1] 19] o 21] 17] 1q] 1851

o o o o 19] o 13 14 14 1794

7 11] 15| 7 E| 19| 11] 14 19 1767

g 11] 17] o 7 1] 20) 1 1] 1749

o 11] 20] o B o 13 14] 13 1773

10] 11] 15| ) 4 1) 17 13 g 1681

avel 10s| 156l 107 o) 05| 178 133 133 17364

sto|  1se|  aas[ 579 s 515 eoo|  3so| a1  oesd

- i

CMC Response™ Harness (Sternal)
Lifeline

[attachment Lower set Upper set Load cell
Sensor 1 | Sensor 2 | Sensor 3 | Sensor 4 | Sensor 1 | Sensor 2 | Sensor 3 | Sensor 4
Isternal (es) | (es) | (s | (es | (es | (es) | (ps) | (psi) |mar b
1] 39 § 1] PE IEET B 3] | 1241
2] a 1] 8 1 21] B 14 1394
3 17] 1] E| 1 19] 3 19] 1384
4 1] 1] 17| 1 24 1 13 1367
E 2] 1] 17] 1 18] 1 13 1347
o] 1] 1] 14] 1 19] 3 21] 1344
7 13 13 20 1 16] 1 19) 1334
g 15 14] 19| 1 18] 1 1] 1387
o 14 1] 18] 1 16] Bl 17] 1384
10 1] 1] 17] 1 9 1 14 1263
vl 2 13 1aa] 103 274 g 104 o] 13434
sto| o7 15 asol oof a0 13| eso] 03 53.08

Average PSI
(10 Drops)




Sensor 29
N

Sensor 3

Sensor Map

Sgnsor 3U

CMC Response™ Harness

Sensor 1U

Sensor 4U

Sensor Map (Waist)

PSI Readings At Rest

CMC Response™ Harness (Waist)

Static-Pro™ Lifeline

[attachment Lower set Upper set Load cell
Sensor 1| Sensor 2 | Sensor 3 | Sensor 4 | Sensor 1] Sensor 2 | Sensor 3 | Sensor 4
(es) | (s si) | (s | (psi) )| (eS| (psi) | mAF (b
| o 20) 24| o 3 7 129
B B 11] 21] F o 3 1] 1
5 15] 31] 15| o o B o o
4 q 21] 10 1] o E| 12| 15 1847
B q 19 10] 16] o 1 11 1 183
o 1] 11] 24| 1 o 2 13] E
7 40 23] 20) 1 o 7 10 o g
E 57 31] 17] T o B 20) 1 172
o 37, 23] o 17 o e o 175
10 28] o 15| 13 o 1d] F| 1 1764
avd 176 202 162 104 63 8 14 112 180974
sto| 1637 oas| eas] ax oo 630 sl aod 503

Average PSI
(10 Drops)

CMC Response™ Harness (Waist)

Lifeline

[Attachment Lower set Upper set Load cell
Sensor 1] Sensor 2 Sensor 3 | Sensor 4 | Sensor 1] Sensor 2 | Sensor 3 | Sensor 4
[Waist (s) | (ps) | (ps) | (s | (psi) | (s | (s | (psi) |maF (bf)
1 | 2 0 & 1] § 1
9 3] a3 73] 55| 1 1] 24
3 PE| 20 & = 1 7 |
4 1] 20 78] 7] ] 7
B 2 F| 6] | 1 o
o 26] 11 7] 5] ] 7
7 2] 1] 71 6] 1 7 E
g 2] 20 ) o] E| g E
9 2] 17] 81 5] 1 7 E|
19 24 20 &7 4 3 g
ave] a1q 204 738 599 [ Y 73] 13419
s 474 1123 823 713  ood 220 308 ey 98.93]

Average PSI




Senser

Sensor W

Sensor 3U

Sensor Map

U S 4
) s

Senaoe 2L

CMC Response™ Harness (Dorsal)
Static-Pro™ Lifeline

PSI Readings At Rest

CMC Response™ Harness
Sensor Map (Dorsal)

attachment Lower set Upper set Load cell
Sensor 1 | Sensor 2 | Sensor 3 | sensor 4 | Sensor 1 | Sensor 2 | Sensor 3 | Sensor 4

Iporsal (s) | (es) | (ps) | (ps) | (s | (es) | (ps) | (psi) |mAF(b)
1] 3 34 ) 3] 6 4 3 g 2077
9 3 2] 3] 2] 50) 4 1 7 208
3 5] 19 34 17] 55) B 27] g 2019
4 3 2] 7] 29) 43 B 23 g 2069
5| a 27] 51] 2 70 B 29 g 1893
§ 3 31] 34 E 4] 4 24 7 2017
7 3 24 3] 2] 49) B 27] o 2023
o 3 2] 34 2 43 4 3] 7 192
o 39 17] 43 2 62| B 27] 7 1882
10) 27] 23] 2 23] 4] B 17] o 173

Jve 374 259 a0d 269 53] a8 259 7 19714

1D 1077 50) 735 aer] 93 o052  sa 099 11200

Average PSI
(10 Drops)

CMC Response™ Harness (Dorsal)

Lifeline

T e o o]
TS R R gy e g e p—
oo ol = M=l il Bl Bl <l OO
7 g I— P i
5 ] — —" i
p 1
; :
:
w E r5 — : T —" —
o | 5 7 R NS R T

Avel

(10 Drops)

rage PSI




ProSeri

Sensor Map

[ |

Sensor 2U Sensor 3U

~
Sensor L} Sensor 4L
Sensor 2L Sensor 3L

ProSeri

es® Rescue Harness
Sensor Map

PSI Readings At Rest

es® Rescue Harness
Static-Pro™ Lifeline

Attachment Lower Set Upper Set [Load cenl_|
Sensor 1| Sensor 2 | Sensor 3 | Sensor 4 | Sensor 1| Sensor 2| Sensor 3 | Sensor &
[waist @s) | ps) | (s | (es) | s | (esy | s | (esi) | mar m)‘
1 2 15 | a1 1 1
gl 11 14 17 p 34 14 3] 1
T 2
2 i 2
2 2
5 i 2
I
L 1
19 18 19 18] o 20 17 | 14
lave Tod  toe| 189 10d a1 7 Y BT
50 392] 1o ss) 813 7ss 231 103 el
= |
Average PSI
(10 Drops)

ProSeries® Rescue Harness

Lifeline

Attachment = Upper Set [Coad cel
Sensor 1] Sensor 2 | Sensor 3 | Sensor 4 | Sensor 1 | Senor 2 | Sensor 3 | Sensor 4
Waist Cs) | (ps) | (es) | (es) | (es) | (s) | (ps) | (psi) |maF(bf)
il ) gl o 5 q 1 1 19 1514
F 11 | o F o 29 31 | 1i6g
El o bl 19 § 39 13 q 17 1299
4 o o 25 13 a0 1 q 27| 1271
5| o o 4 g 31 15 3] 13 1419
o o El 7 o 20] 13 20 o 1089
7] o o 37 1 20] 15 20] 1 1159
F o o 17 o q 17 14 o 1299
o o 4 1 7 24 15 17 El 1434
19 o Bl g g 20] 17 13 14 1257
WG 7o 53 1aal 104 200 148 134 Dl  1o714)
o IR T T N Y. I 27 T3
Average PS|
(10 Drops)




@ G

-Force Comparison

G-Force Breakdown

10 | {mv-ads
Z.nds

= composite
8
2
o

Dorsallifeline  Sternal-ifeline  Waistifelne  DorsalStatic  Sternal-Static Waist Static

G Force (g)

Maximum values averaged over 5 drops

@ G-Force/ MAF Comparison

2500 2
2000

1500
= Lifeline MAF

 Static-Pro MAF

MAF (Ibf)
G-Force (g)

Lifeline Composite.

—<static-Pro Composite.

Dorsal Sternal Waist

Maximum values averaged over 5 drops

@ Observations

* BCCTR Belay Tests generate substantial impact
forces.

¢ Lower peak accelerations and MAF recorded for
dynamic vs. static ropes.
— Likely due to additional system extension.

¢ G-Force and MAF not directly correlated.
— Likely due to high rotational acceleration.

¢ Padded harnesses show reduced impact pressures.
— Force distributed across larger area.

* Pressure Data is interesting but inconclusive.
— Extremely difficult to capture peak forces.




m Next Steps :

e Further Testing
¢ Increased sample rate of DA

¢ Pressure Sensor Resolution
e Belt tension sensor

¢ Anatomically correct mannequin
e Fall axis (Head Down, Trip, etc.)

Questions?

Presented by:
Cedric Smith
csmith@cmcrescue.com

Michael Kuhimeier
mkuhlmeier@cmcrescue.com
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