Testing of the Lock-Tite portable surface anchor

Dates: July 7, 2010 and July 8, 2010

Location: Fabrication Technologies, Casper, WY

Witnesses:

Colemon Dean {Fabrication Technologies Inc. — Engineer)
Blake Nichols {Fabrication Technologies Inc. - Engineer)
Robert Geike (Fabrication Technologies Inc. - Operator)
Scott Griffiths (Lock-Tite - Owner)

Sam Whitney {Wyoming OSHA}*

Dennis Sheppard (Representing Wyoming OSHA)*

Gene Corson (Quadco Calibration Technician)*

Chris Green (Quadco District Manager)*

Bill Hodgden (B&H Rig and Tong — Owner}*

* following name means individual was there only for testing on July 8, 2010.




Basic testing set up of the Lock Tite portable surface anchor is shown in figure 1.
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Figure 1
Angle 1 and angle 2 were measured. True pull angle was found by the following method:
Where
Where 8, = angle 1
6, = angle 2

8, = pull angle

0, = 6; + 0.5+ (6, — 6;)




Pull load was found by the following method:

Where
84 = dif ference between angle 2 and pull angle
P = measured force at load tester

L = Load at pull angle
L=2x(P*cosby)

The portable surface anchor is designed for use with the teeth deployed. It was tested with and
without the teeth deployed to compare performance. Testing without the teeth deployed was

used to find the coefficient of friction. This was used to calculate the side load on the teeth

when they were deployed.

Figure 2 shows a free body diagram for the anchor without the teeth deployed.
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From the free body diagram frictional force equals the horizontal component of the pull load.
The normal force is equal to the weight minus the vertical component of the pull load. The

following method was used to calculate the coefficient of friction:

Where
W = weight
8, = pull angle
L = Load at pull angle
1 = coefficient of friction
#n = normal force

F = frictional force

n=W-L+*sing,

F =L=*cosé,
_E
k=%

See Table 1 for a summary of our testing.




Table 1

Portable rig anchor, teeth not deployed.

Date Pull | Weight | measured | Cable Pull Angle | Angie Load component in true pull
No. load {Ibs.) | angles {deg.) diff. line w/ load angle load
(deg.) (deg.) {Ibs.) (Ibs.)
Dry earth, in line with skids. | 7/7/2010 | 1 | 47720 | 12500 | 26.6 |47.0| 36.80 10.20 12302 24605
7/8/2010 | 8 | 47720 12000 | 21.2 [445| 32.85 11.65 11753 23506
Dry earth, perpendicularto | 7/7/2010 | 2 | 47720 | 14000 | 20.0 465 | 33.25 13.25 13627 27255
skids. 7/8/2010 | 9 | 47720 | 13000 | 187 [388| 2875 10.05 12801 25601
Rough concrete, 7/7/2010 | 5 | 47720 14000 | 145 {342 | 2435 9.85 13794 27587
perpendicular to skids. 7/8/2010 | 6 | 47720 | 13750 | 13.6 [332| 23.40 9.80 13549 27099
Rough conc., in line w/ skids. | 7/8/2010 | 7 | 47720 13000 | 225|434 | 3295 10.45 12784 25569
vertical ' horizantal normal coefficient
component component force of friction
{Ibs.) {Ibs.) {lbs.)
Dry earth, in line with skids. 14739 19702 32981 0.597
12750 19747 | 34970 0.565
Dry earth, perpendicular to 14944 22793 32776 0.695
skids. 12314 22445 35406 0.634
Rough concrete, 11374 25133 36346 0.692
perpendicular to skids. 10762 24870 36958 0.673
Rough conc., in line w/ skids. 13907 21456 33813 0.635




When we compared our calculated coefficient of friction to published values of steel on
concrete we found our values to be higher. Published values ranged from 0.4 to 0.45. However,

material surface conditions were not stated.

To verify the accuracy of our data we chose to test a smooth steel plate on a smooth level

concrete surface and then test it again on our cement test surface.

A circular mild steel plate weighing 18.5 pounds was sanded smooth on one face. It was placed
on a well swept smooth concrete surface. A horizontal force was applied and recorded at the
first sign of slippage. This test was repeated five times with surfaces being dry. Since the applied
load was purely horizontal the normal force equals the weight. The coefficient of friction was
calculated by dividing the applied force by the normal force. With the result being a coefficient
of friction of 0.35 for smooth steel on smooth concrete and 0.595 coefficient of friction for
§mooth steel on rough concrete.

These numbers are slightly less than the published values but correlate well with the calculated
values on rough concrete. These variances can be attributed to differences in surface

roughness.

Based on these numbers performance was evaluated at a coefficient of friction of 0.30.
Performance was also evaluated at 0.1 (published static coefficient of friction for steel on ice) to
simulate icy surfaces without the teeth deployed. The accompanying table and graph (Table 2

& Graph 1) shows the anchor's performance at various angles and coefficients of friction.







