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2.1 RIGGING ILLUSTRATIONS

2.1.A MECHANICAL ADVANTAGE

Creating mechanical advantage is necessary to reduce the amount of strength required
to lift heavy loads. There is a multitude of devices out there that can be purchased which

have mechanical advantage built into them; consider a block and tackle or a capstan winch.

While these devices tend
to do most of the work for A

: ol

A
they are not recommended Y
for most common rescue m
attempts because it is not B m
easy for the person using

you, especially if powered,

the device to notice the
increased resistance if
someone or something
has become stuck while
moving. This can lead to H H
very serious consequences

if not noticed such as f ¢

breaking and arm or leg or

worse. H

/2\

Simple 3 Way  Complex 5:1 Simple 3:1
With Change
of Direction
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With that said, a rescue attempt usually means that someone’s life in immediate jeopardy
and careful consideration should be put into (1) what equipment is on hand, (2) who is
properly trained on it, and (3) how dire the emergency is. Still. many at height workers

do not have these mechanical devices on hand, and knowing how to create mechanical
advantage with ropes and pulleys is one of the most important skills a worker can have
when a rescue is necessary. Building mechanical advantage with ropes and pulleys can be
very simple once trained and it should be a skill that all tower workers possess.

Y

A A A

A

Complex 5:1 Simple 9:1 Compound 9:1 Compound 11:1
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2.1.B VECTOR FORCES

What is a Vector Force?

Answer: A quantity possessing magnitude and direction.

Now that you understand how to build mechanical advantage systems and how to use
them to your advantage, you must also understand the limitations and dangers that apply
to using them. We will now look at the forces generated when moving loads in multiple
directions. Since we can easily create a large amount of mechanical advantage, we now
need to understand the Resultant Forces that we generate on the equipment. If you haven't
heard of the Critical Angle before you should add it to your vocabulary now as it will
become essential to recognizing dangerous situations while using standard rigging and

hoisting techniques.

20° F=_ 35% x Load

60° F= 100% x Load

rock exotica

usa =

> 36N

: R\ S 90° F=_140% x Load
3 (‘z“ ©<13mm

>
Z,
< 18kN
% 18kN

Patented

150° E= 190% x Load

200% x Load

Pully Forces.
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Resultant Force- The combination of multiple vector forces acting on a body.

Critical Angle- The included Angle where above which the load is putting more force on the
anchor(s) than the weight of the load.

Forces on Anchors

Any time a load is hanging directly under an anchor point, that anchor point is seeing 100% of the force
in the vertical (single) direction. If you swing the load so that is not directly under the anchor point, you
have now introduced a direction of pull in the horizontal axis as well. That anchor point will now be
seeing even more than 100% of the force of the load. Not understanding vector forces and the angles
that you are using them can be a fatal mistake when lifting loads overhead or performing a rescue.

Critical Angle

160°- Force on each Anchor = 300% of Load

120°- Force on each Anchor = 100% of Load

90°- Force on each Anchor = 71% of Load

60°- Force on each Anchor = 54% of Load

45°- Force on Anchor = 51% of Load

Load
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2.2 PROCEDURE ILLUSTRATIONS

2.2.A HVA CROSS TIE PRE-FORM MAINTENANCE
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HVA cross tie pre-form maintenance:

PLANNING & PREP

Internal
guy collars
on each leg

This cross tie preform
spacer will be maintained

W

W

5 Wy < with this rope access system

Q // / (Note: Some cross ties are not

~ centered due to varying leg

n </ / length)

O/

/

=K

~ [

<Kl X
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d

MAKING UP DEFLECTION
SIDE RIGGING -1 |
4
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N |
/ KEEP ROPES ORGANIZED Z\
Temporarily
anchor top end
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<// WITH NO TWISTING!
)\ of rope on leg
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25 run out of bag

=
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{
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HVA cross tie pre-form maintenance:
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SIDE RIGGING -2

—

N
27
/ |
\/
NS A L
e

Appendix 2: lllustrations

KEY:

Ground
Crew

=

Tower
Climber

” Guy
Spacer
Worker

- -

Q
< AA
- W 3 &
QY] Y
)% %
< 4
O o / /\
<N 4
&/ 4
W X )
§ (/ AN
o <// é\
~ S
G <// KEEP ROPES ORGANIZED /| remporariy
g WITH NO TWISTING! anchor top end
S </ of rope on leg
~| -
May place additional
'i" <~/ Omni Block® at rope
~ / / bag to assist (becomes
> \/ Tie two figure of eight future butt block)
<Y / on a bight knots about o 0
N 8/apart e X (\\‘\“e\ Allow rope to
§ C / or O e’ run out of bag
( pope®™ 3 o
)
\)e‘oa
° Crew members ready the 250’

Y NowUnused (dormant) Omni
Block® (future deflection
armpit block above)

OPG&E revised March 2015

oan® e
<
9 ﬁ‘?"apan o 9\093‘0‘
<‘/ ’ main line and the 125’ belay line &
i for the lifting/lowering side j

Ap2-9



WildfireMitigationPlans_DR_CalAdvocates_037-Q08-Atch27

100% FALL PROTECTION MANUAL m

Appendix 2: lllustrations

HVA cross tie pre-form maintenance:

MAKING UP DEFLECTION
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HVA cross tie pre-form maintenance:
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HVA cross tie pre-form maintenance:

MAKING UP MAIN LIFTING/ .
LOWERING SIDE RIGGING -1
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%
X ‘\ \ o Guyﬁ
S i Spacer
A Worker
\ )
/ 7
\ ]
A
\ N A
< 4
/ KA
Q

A\ Y

)

7S
/:>-‘

/

N
w )/ /\
Q. S
Y A
w), / % A

N
w <
< // /)\
< N N
,f /| Make up deflection yoke rigging:
> </ Attach double Omni Block® with carabiner S
O /|  toknot going to deflection rope bag A
<K / In order, clip main line (red) and belay line (blue) )\
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HVA cross tie pre-form maintenance:
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HVA cross tie pre-form maintenance:
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HVA cross tie pre-form maintenance:

CLIMBER PREPARATION
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HVA cross tie pre-form maintenance:
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topmost position below guy coliar

i
)
\
)
{
|
\

‘ g \
H > 4
/\/ Belay rope - A
/ / bag (empty) 9%0 Note:
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= <// >"8 1 Denea@“% of\ 250’ deflection
> / /@“ Un %Oke/ line feeding out
% / - - /\,\Ke \o y of rope bag
/]
JN |
250’ deflection ’ \ Butt block for
line feeding out main lifting/
—/4 lowering line ‘
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HVA cross tie pre-form maintenance:
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HVA cross tie pre-form maintenance
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climber pulls up all slack in
belay line through ASAP®
and coils up remaining rope

‘l
<// \ As main line is pulled up
W/ { \ \ climber pulls up all'slack in /\
Q \/ I\ | belay line through ASAP® 4
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HVA cross tie pre-form maintenance:
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HVA cross tie pre-form maintenance:
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HVA cross tie pre-form maintenance: 1 6
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HVA cross tie pre-form maintenance:
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HVA cross tie pre-form maintenance:
KEY:
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HVA cross tie pre-form maintenance:

DROP ROPES - TEAR DOWN ’ﬁ
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HVL cross tie pre-form maintenance: 2 1
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/
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Appendix 2: lllustrations
HVL cross tie pre-form maintenance

HVL TOWER SET UP
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3
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cross tie
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worker being
lifted
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W
9
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O
g
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W
S
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~
N
O
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~
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~
~
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HVL cross tie pre-form maintenance
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HVD down guy spacer maintenance:

PLANNING & PREP
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HVD down guy spacer maintenance:

CLIMBING THE TOWER
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HVD down guy spacer maintenance:

ESTABLISHING ROPES -
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HVD down guy spacer maintenance:

ESTABLISHING ROPES
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HVD down guy spacer maintenance:

FINAL SAFETY CHECK- = ..
READY FOR RAISE
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HVD down guy spacer maintenance:

WORKER AT FIRST GUY S
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HVD down guy spacer maintenance:
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HVD down guy spacer maintenance:
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HVD down guy spacer maintenance: 1 4
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All ropes inspected and logged
then properly stowed in
their respective rope bags
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