A

KENT ENGINEERING, LLC

FORENSIC ENGINEERING AND INSPECTION

11520-42" Avenue South, Tukwila, Washington 98168
206-455-5121 Office/206-321-1806Cell
www.kentengineering.com

Atlantic Water Gardens:

Eco-Blox Compression Testing
Report

June 9, 2014

Prepared for:

Mr. Chris McClure
Customer and Technical Support Manager

Atlantic Water Gardens
4494 Orchard St.
Mantua, OH 44255

Prepared by:

L_EXPIRES: 11/01/15 |

Kent Engineering, LLC

Randy K. Kent, M.S., P.E.
Principal Engineer
Randy.kent@kentengineering.com

4811 South 150th Street * Tukwila, WA 98188 « 206-321-1806 « randy.kent@kentengineering.com


mailto:Randy.kent@kentengineering.com

P 3

KENT ENGINEERING, LLC

FORENSIC ENGINEERING AND INSPECTION

KE Doc.: Eco-Blox HS-20 compliance testing report
6/9/2014
Page 1

Table of Contents
1 IntrodUcCtion.........ovinniii i 2
2. Testing SetuP....c.vviiii i e 3
3. TeStING PrOCESS. ....vietitit et 4
4. TeStReSUIS. ... 4
T 07071161 10 1S3 103 s H 5
6. CalCulations. .........ocoeiiiiiii i 5
T APPENAIX Ao 9
8. APPENdIX B....oiii 16
9. APPENAIX C.oovrrii e 19

4811 South 150th Street * Tukwila, WA 98188 ¢ 206-321-1806 * randy.kent@kentengineering.com



P 3

KENT ENGINEERING, LLC

FORENSIC ENGINEERING AND INSPECTION

KE Doc.: Eco-Blox HS-20 compliance testing report
6/9/2014
Page 2

1. Introduction

Kent Engineering (KE) is a forensic engineering firm with over 30 years of experience in
product testing, design, manufacturing processes and quality control. KE has assisted in
developing and implementing multiple patented products and materials used in the construction
industry. We were hired by Atlantic Water Gardens to perform a compression test on a set of
Eco-Blox water matrix blocks, as well as offer insights into physical property analysis and
improvements. The primary objective to testing was to determine if the product would be able to
withstand loading in accordance with ASSHTA HS-20 loading conditions. The testing was done
in a manner to test the unconstrained condition of a single matrix block, which would be the
worst loading case possible. The average dimensions of the Eco-Blox, when fully assembled,
are 17.6” x 26.9” x 16.0”.

The matrix design is comprised of multiple 1.5” squares with diagonal supports, which is known
as one of the strongest designs for load support and is used in bridge, home, and general
construction designs. To test the compressive strength, a load was applied to the top of the
matrix block, which is the 16” x 26.9” side. The compressive force was applied to 3 individual
blocks until failure occurred and the data was recorded, then analyzed and calculated to define
the strength of the blocks.

Figure 1. Atlantic Water Gardens Eco-Blox assembly without lid.
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2. Testing Setup

To evenly distribute the loading across the top of the Eco-Blox, a steel plate measuring 27 x16”
x 0.75” was placed between the press and the test piece. The steel plate connected to the press
cylinder measures 12” x 16” x 1 and is used to distribute the load. The test machine utilized
was a Satec 600WHVL with a 600,000 Ib capacity. The cross head was a Satec WHVL600 with
a range of 0.050in/min to 1.000 in/min. The cross head speed and the load cell were both
calibrated on May 6, 2014 and the calibration certificate is attached for reference.

The loading was applied by the top platen movement and controlled by lowering at a rate of
0.050” per minute, which was adopted from the ASTM D695-10, which is the standard test
method for compressive properties of ridged plastics. A computer readout was given and the raw
data of load, displacement, and time was supplied for reference as well. Pictures and video were
taken during the testing to show the process and results.

Figure 2: Test machine with steel plate on the test block.

4811 South 150th Street * Tukwila, WA 98188 « 206-321-1806 « randy.kent@kentengineering.com



>

KENT ENGINEERING, LLC

FORENSIC ENGINEERING AND INSPECTION

KE Doc.: Eco-Blox HS-20 compliance testing report
6/9/2014
Page 4

3. Testing Process

For each of the three Eco-Blox tested, the following procedure applies; Initially, the Eco-Blox
was assembled according to the instructions provided. The block was measured for overall
dimensions and photo documented in the “prior test” condition. Each matrix block was labeled
6530A, 6530B, and 6530C for test 1, 2, and 3 respectively. The block was placed on the lower
platen of the test machine and centered with the top of the block as noted from the assembly
instructions. Next, the steel plate was placed on top of the block and centered. Then, the top
platen and press plate were lowered to contact with the steel plate. A preload of 120 Ibs was
applied. Once the machine was zeroed the test was initiated with steady state displacement,
increasing the load.

4. Test Results

From zero to 10,000 Ibs, the system showed no change in structural integrity. When the load
reached approximately 10,000 Ibs, the sides bowed slightly toward the outside and on the back
and side panels. As the load neared 14,000 Ibs of force, sounds of cracking or popping were
heard. At this load, significant bowing of the end pieces were observed. After failure occurred, it
was clearly observed where the de-bonding or cracking was located. These locations were at the
tabs. The test was performed until failure/fracture of the vertical end pieces. The data was
recorded and the test repeated for the remaining blocks.

The test results showed good consistency between the three test blocks and showed an average
loading capacity of approximately 15,500 Ibs and strength of 36.2 Ibs/in? (psi) at failure. Table 1
shows the results of the three compression tests. The stress was calculated using the dimensions
of the cross section being compressed. This assumes that the load and stress is distributed evenly
across the area being tested. Various graphs and photos are attached as an appendix and all the
data, photos, and video are available on a DVD or other method of your choice.
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Table 1: Results of the compression tests of the three Eco-Blox
Test data from Eco-Blox Compression testing
Test # 1 2 3 Average Range
Specimen Label 6530A 65308 6530C N/A N/A
Maximum Load (lbs) 14740.54 | 16015.79 | 15736.77 | 15497.7 | 1275.244
Maximum Displacement (in) | 0.366036 | 0.406011 | 0.388592 | 0.38688 | 0.039974
Maximum Stress (psi) 34.40233 | 37.38621 | 36.75796 | 36.18216 | 2.983882
Length (in) 26.83 26.875 | 26.875 26.86 0.045
Width (in) 15.97 15.94 15.93 | 15.94667 | 0.04
Height (in) 17.562 17.562 17.562 17.562 0
Area (sq in) 428.4751 | 428.3875 | 428.1188 | 428.3271 | 0.35635

5. Conclusion

After compression testing of three of the Atlantic Water Gardens Eco-Blox in a worst case

loading condition, it has been found that they are able to hold an average of 36.2 pounds per
square inch (psi). When these blocks are used in the field, they will likely be stacked, and/or
placed side to side with backfill, so the sides will be able to resist buckling and hold higher loads.
In order to meet the requirements for ASSHTA HS-20 loading conditions the matrix blocks need
to hold the loads of an axle from a tractor trailer, which equates to approximately 32,000 Ibs per
axle. Using the below conditions for HS-20 loading, KE calculated a minimum safety factor of
1.87, at a depth of 18 inches, under the most extreme conditions, as seen in Table 2. KE also
calculated using less extreme conditions and included the results in Tables 3 and 4 below. It is
clear from the results of the results in Tables 2-4, that the assumptions and input values into the
equations make a large difference in the factor of safety. These blocks have factor of safety

above 2.0 for every condition and depth calculated except the one condition using the most

extreme angle and a depth of 18 inches.

6. Calculations

To calculate the loads needed, Kent Engineering used liberal estimations, to calculate the worst
case loading conditions that will be seen in the field. As seen in figures 3-5 below the angle of
repose can drastically change the applied load area and with a larger angle of repose, such as a
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63.4 degree angle, depicted in figure 5, the load does not get distributed as wide as with a
shallower angle, such as a 45 degree angle, depicted in figure 4. The distribution of the load
across a wider area decreases the load that each block will support, therefore reducing the stress
on each block. The highest slope that KE used was based on a 1:2 slope ratio, which means for
every unit in width, there are two units of depth. In addition to the angle of repose, the weight of
the road base material that is between the surface and the buried matrix blocks can vary between
100 Ibs per cubic foot and140 Ibs per cubic foot. KE used the maximum angle of repose of 63.4°
(1:2 ratio) and used a weight of 130 pounds per cubic foot of road base material. In

Table 2: Shown below are the calculations of HS-20 loading conditions with most difficult assumed
conditions of 1:2 slope (26.6° angle from the vertical) and 130Ibs per cubic foot.

HS-20 Loading Calculation and Capacity of Eco-Blox
Cover Base Depth (inches/feet

Variable 18/1.5(24/2|36/3|48/4|60/5|72/6|84/7 | 96/8 |{108/9|120/10|144/12
Axle Load (Ibs) 32,000 |32,000|32,000{32,000|32,000{32,000|32,000( 32,000 | 32,000 | 32,000 | 32,000
Tire Load (Ibs) 16,000 |16,000|16,000|16,000(16,000|16,000(16,000| 16,000 | 16,000 | 16,000 | 16,000
Tire Contact Area

(10" x 20" =200 sq in) 200 200 200 200 200 200 200 200 200 200 200

Area of Applied Load
at 63.4° Angle of Repose (sqin) | 1,064 | 1,496 | 2,576 | 3,944 | 5,600 | 7,544 | 9,776 | 12,296 | 15,104 | 18,200 | 25,256
Area of Applied Load
at 63.4°Angle of Repose (sq ft) 7.39 |10.39|17.89| 27.39 38.89 | 52.39 | 67.89 | 85.39 | 104.89 | 126.39 | 175.39
Static Wheel Load

Applied to Eco-Blok 15.04 |10.70| 6.21 | 406 | 2.86 | 2.12 | 1.64 | 1.30 | 106 0.88 0.63
Dynamic Loading

Safety factor of 1.2 18.05 | 12.83( 7.45 | 4.87 | 3.43 | 255 | 1.96 1.56 1.27 1.05 0.76
Cover Base Pressure

at 130 Ibs/cf (psi) 135 | 1.81 | 271 | 3.61 | 035 | 542 | 632 | 7.22 | 813 9.03 10.83
Total Load Applied to

Eco-Blox (psi) 19.40 | 14.64( 10.16 | 8.48 | 3.78 | 7.96 | 8.28 8.78 9.40 10.08 11.59
Capacity of Eco-Blox

Unit (psi) 36.20 | 36.20| 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 36.20 36.20

Safety Factor 1.87 247 | 3.56 | 4.27 | 9.59 [ 455 | 437 | 4.12 3.85 3.59 3.12
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Table 3: Shown below are the calculations of HS-20 loading conditions with less extreme field condition
of a slightly less steep angle of 30° and keeping 130lbs per cubic foot.

HS-20 Loading Calculation and Capacity of Eco-Blox
Cover Base Depth (inches/feet

Variable 18/1.5|24/2|36/3|48/4|60/5|72/6 |84/7| 96/8 |108/9|120/10(144/12
Axle Load (Ibs) 32,000 |32,000(32,000({32,000(32,000(32,000|32,000| 32,000 | 32,000 | 32,000 32,000
Tire Load (Ibs) 16,000 (16,000(16,000(16,000|16,000|16,000{16,000| 16,000 | 16,000 [ 16,000 16,000
Tire Contact Area

(10" x 20" = 200 sq in) 200 200 | 200 | 200 | 200 | 200 | 200 200 200 200 200

Area of Applied Load
at 60° Angle of Repose (sqin) 1,262 | 1,810 3,197 | 4,971 | 7,132 | 9,681 | 12,618 15,942 | 19,653 | 23,753 | 33,114

Area of Applied Load

at 60°Angle of Repose (sq ft) 8.77 12.57 | 22.20 | 34.52 | 49.53 | 67.23 | 87.62 | 110.71 | 136.48 | 164.95 229.96
Static Wheel Load

Applied to Eco-Blok 12.67 | 884 | 5.01 | 3.22 | 2.24 | 1.65 | 1.27 1.00 0.81 0.67 0.48
Dynamic Loading

Safety factor of 1.2 15.21 | 10.61| 6.01 | 3.86 | 2.69 | 1.98 | 1.52 1.20 0.98 0.81 0.58
Cover Base Pressure

at 130 Ibs/cf (psi) 135 | 1.81 | 271 | 3.61 [ 035 | 542 | 632 | 7.22 | 813 9.03 10.83
Total Load Applied to

Eco-Blox (psi) 16.56 |12.41| 871 | 7.47 | 3.04 | 740 | 7.84 | 843 | 9.10 9.84 11.41
Capacity of Eco-Blox

Unit (psi) 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 36.20 36.20
Safety Factor 219 | 292 | 415 | 4.84 |11.91| 489 | 462 | 430 | 3.98 3.68 3.17

4811 South 150th Street « Tukwila, WA 98188 « 206-321-1806  randy.kent@kentengineering.com



>

KENT ENGINEERING, LLC

FORENSIC ENGINEERING AND INSPECTION

KE Doc.: Eco-Blox HS-20 compliance testing report
6/9/2014
Page 8

Table 4: Shown below are the calculations of HS-20 loading conditions with conditions of a 1:1 slope
(angle of 45°) and keeping 130Ibs per cubic foot.

HS-20 Loading Calculation and Capacity of Eco-Blox
Cover Base Depth (inches/feet

Variable 18/1.5|24/2|36/3|48/4|60/5|72/6 |84/7| 96/8 |108/9|120/10(144/12
Axle Load (Ibs) 32,000 |32,000{32,000|32,000(32,000(32,000|32,000| 32,000 | 32,000 [ 32,000 | 32,000
Tire Load (Ibs) 16,000 |16,000(16,000(16,000|16,000|16,000{16,000| 16,000 | 16,000 [ 16,000 16,000
Tire Contact Area

(10" x 20" =200 sq in) 200 200 200 200 200 200 200 200 200 200 200
Area of Applied Load

45°Angle of Repose (sq in) 2,576 | 3,944 | 7,544 112,296|18,200( 25,256 (33,464 42,824 | 53,336 | 65,000 91,784

Area of Applied Load

45°Angle of Repose (sq ft) 17.89 | 27.39 | 52.39 | 85.39 |126.39|175.39|232.39| 297.39 | 370.39 | 451.39 | 637.39
Static Wheel Load

Applied to Eco-Blok 621 | 406 | 212 | 1.30 | 0.88 | 0.63 | 0.48 | 0.37 | 0.30 0.25 0.17
Dynamic Loading

Safety factor of 1.2 7.45 487 | 255 | 1.56 | 1.05 | 0.76 | 0.57 0.45 0.36 0.30 0.21
Cover Base Pressure

at 130 Ibs/cf (psi) 135 | 1.81 | 271 | 3.61 | 451 | 542 | 632 | 7.22 | 813 9.03 10.83
Total Load Applied to

Eco-Blox (psi) 8.81 6.67 | 5.25 | 5.17 | 5.57 | 6.18 | 6.89 7.67 8.48 9.32 11.04
Capacity of Eco-Blox

Unit (psi) 36.20 | 36.20| 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 | 36.20 36.20 36.20

Safety Factor 4.11 542 [ 6.89 | 7.00 | 6.50 [ 5.86 | 5.25 | 4.72 4.27 3.88 3.28
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7. Appendix A: Diagrams and Testing Results

Area of
loading
200 in?

Area of applied
load (in%)

Angle of Repose (deg)

Figure 3: An example of how the angle of repose and depth expand and increase the loading
area in all four directions.

Road 45° le of
Base angie ci 1
Depth repose or 1:

ratio

Additional
width/length of loading

Figure 4: An example of how the angle of repose affects the amount of increased area. Angle is
not to scale.
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63.4° angle
of repose or
— 1:2 slope

N
7

AN

Additional width/length
of loading

Figure 5: An example of how the angle of repose affects the amount of increased area. Angle is

not to scale.
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Figure 6: Load vs Time graph showing the consistency of the three test matrix blocks.
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Position vs Time (Three Tests)
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Figure 7: Position vs Time graph showing the consistency of the cross head speed across the three tests.

Stress vs Displacement (Three Tests)
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Figure 8: Stress vs Displacement graph showing the consistency of the three test matrix blocks.
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Figure 9: First test block failure from the back side

Broken tabs from the Broken back plate in
back and side plate the center, from
bowing and buckling buckling under the
under the load load
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Figure 10: Second test block failure from the back side
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Figure 11: Broken Tabs from second test block
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Figure 12: Third test block failure from backside
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Appendix B: Calibration Certificates

Report and Certificate of Calibration

CALCERT H
o~ Cal-Cert
@ @ 6709 SE Luke Road  Milwaukic, OR 97222 (BOD)3§6-4662  Fax (503)654-9670
ACCREDITED
Laborsnry Cuse CL-1 03
Report #: 48091-M-01 Customer PO#:
Customer Namie: Mayes Testing
Customer Address: 202235 Cedar Valley Read
City: Lynnwood State: WA Zip: 98036
Contact: Dale Yoder
Service Address: 20225 Cedar Valley Road,  Lynnwood, WA 98036

Calibration Standards

16 - 103 00474 Interfroe Lond Call S 3555884 Cal Deee: 4 9/14 Due Date- 4,915 Vendor: CC Range: 5037 1o 10K lbs NISTH: 4B238.C04

| 6-60KC U289 Interface Laed Cell 3/ 1171234 Cal Dace: 4 B/14 Due Daie- 4813 Vendor: O Range: |,142 1o 80K [bs NISTE 48238-0.02

Li=000¥00703 Sermnsense Lowd Cell S/ 120812 Cal Dme: 47014 Due Due- 47015 Vesdor: CC_Range 11,594 w0 600K Ths NIST#: 48238-C-01
LE-RHAMAS Comark Thermedygiometts 2N 06216410010 Cal Dais 441114 Dus Date: 41 /IS Vendor CC NISTH. 48238-C-11

Pugd 123

Instrument Data
Calibration Date: May 6, 2014 Method Used: ASTMEA
Recommended Due Date: May 6, 2015 Number of Ranges: One
Calibration Frequency: 12 Months Indicating System: Computet
Manufacturer: Satec Temperature: 68 “f
Type: Testing Machine Humidity: 51% R
Model Number: GOOWHVL Cal Factor: 71 g;a:
Serial #: 1019/MTQ-130419-417 Asset Number: D# ?Tﬁ
Capacity; 600,000 Ibs. Service Location: Service Addresg |
As Found: Pasg |
As Left: Pasd |
Machine Inspection/Service: |
{leaned, Tightened and Lubricated Spherical Sear: M/A Pump Oil Level Cheek: MiA
Springs, Safety Brackets, Holding Stem Inspection: NIA Piston Retraction Check: MiA
Upper Platen Planeness Inspection NiA Hydraulic System Leak Check: A
Lower Platen Planeness Inspection: N/A
Instrument Range: 600,000 lbs. Range Resolution: 0.1 Ibs. Mode Verified: Compressio
UuT | As Found Pt:i:;ni Verification Error Percentage | Verification Error Percentage | Algebraic
Reading Ermrg Reading #1 Error Reading #2 Error Difference
'] 0.0/ 0.00% 0.0 .00 0.00% 0.0 0.00 0.00% 0.00%
600 599.7 0.05% 599.?' -0.30] =0.05%, 598.6 -1.40 -0.23% 0.18
1,200 1,203.8 -0.32%, 1,203.8 3.80 0.32% 1,204.9 4,90 0.41%| -0.09
- 2,400 2,405.2 -0.22% 2.405.2 5.20/ 0.22% 24074 7.40 0.31% -0.09
7,200 7,195.8 0.06% 7.195.8 -4.20)] -0.06% 7,197.2 -2.80 -0.04% -0, ]
12000 11,978.0 0.18% 11,978.0 -22.00 -0.18% 11,995.0 -5.00 -0.04% -0,14% |I
_21 000 23,964.0 0.15% 23.964.0 -36.00 -0.15% 23.990.0 -10.00 -0.04% 0.0 1%
48,000 47,903.0 ﬂ.lc%l 47,903.0 -97.00 -0.20% 47,908.0 -91.00 -0.19%| - %3} |
E4.000 83 860.0 0.17% 83,860.0 -140.00 -0.17% 83,815, -185.00 -0.22%] o400
120,000 119,715.0 0.24% 119.715.0 -285.00 -0.24% 119,745, -255.00 -0.21% -0.03 -I:'
2400000 239 420.0 1.24% 239.420.0 -580.00 -0.24% 235,485 =515.00 =0.21%s -0.03%)
360,000 359,085.0 0.25%| 359.085.0 -915.00 -0.25%| 358,920.0] -1080.00 -0.30%4 55
480,000 478,615.0 0.2095 4786150 -1,385.00 -0.299% 478,580.0) -1420.00 -0.30% 1%} ©
600,000 __558,000.0 0.33%) 598,000.0] -2.000.00 -0.33%| 598,305.0] -1695.00 -0.28% -0.05%) ¢
0 0.0) 0.00% 0.0 0.00 0.00% 0.0/ 0.00 0.00% 0084} |
\Awts Range Testing Machine CF.081.17 Revision 7 1AM ]

L e e ey T
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Page dall

Report and Certificate of Calibration

CAL-CERT by e
''''''' ~ Cal-Cert @'
@ 6705 5 E Lake Road  Milwaukie, OR 97222 (300)356-4662  Fax (5036445670
ACCREDITED
I ssrwory Cooke O -0
Report #: 4804 | -M-06 Customer PO#:
Custemer Name: Mayes Testing
Customer Add ress: 20225 Cedar Valley Road
Ciry: Lynnwood State: 'Wa Lip: 98036
Contact: Dale Yoder

Service Address: 20225 Cedar Valley Road, Lynnwood, WA 98036

Calibration System Information
Wi WG2AKTTA Milunican Height Gage S 030 19KS Cal Date 08010 Due Daie 8514 Vesdor O NETE 4856601
16-8 W31 Spording Stapuiich SN 1813 Cal Date: 41634 Due Duie 440005 Yondor £C NIST dR13E-C-10
1 RHAKSS Camarl Tharmoh gy smeter S 06206410110 Cal Dute: 4731 14 Das Dakie. 41115 Vieador CC NISTA 48338-C-11

Instrument Data

Calibration Date: May &, 2014 Method Used: Set the Force
Calibration Due Dae: May 6, 2015 Number of Ranges: One
Calibration Frequency: 12 Months Indicating System: Computer
Manufacturer: Satee Temperature: 68 F
Type: Cross Head Speed Humidity: 51% RH
Model Number: WHWVLAND Cal Factor: Hane
Serinl #: T019/MTO-130419-417 Asset #; 10w 778
Capacity; | infmm. Serviee Location: Service Address
Tolerance: 1 00% Full Seale As Found: Puss
As Left Pass
Mode Verified: Compression
Instrument Range: | _in'min. Range Resolution: 0001 immin

Speed Duration As Found Ermar Verification Error Verification Error
Setting | Minstes Momingl Reading infmin Reading #1 infmin Repdmg #2 nfmin

injmin | " As Found Reading 1 Reading 2
0.050 0.050 00025 0.050 0.0475 0.050 00475 0.005 0.0025

0,100 0.100 00100 0.099 00890 0.099 0.0890 0.098 0.0880

0,500 0.500 0.2500 0.501 0.2510 0,301 0.2510 0.503 0.2530

0.750 0.750 0.5015 0,747 01845 0347 0 1845 0. 746 0. 1815

1.000 | 1.000 1.0000 0,994 -0.0060 0994 -0.0060 0.9935 -0 0050

Expanded Uncertainty +  0.063677 in/min.
Remarks:

—

W sincerely thank you for your business,
Please call us ot 1-800-356-4662 for all your cabibration needs,
Cleaning and prévestive maintenasce were preformed befsre calbratbon of this sqeipmant.
A Test Accuracy Rano (TARpofat least 4 |, of schigvable, 15 mantaned un'ezs otheraye gated  Thi P 14 expanded mt ty 954
confidence level covernge facior (k-2)
Ths 55 to cerufy dhat the equipment herein sdentafied has besn ingpecied and cajibnted in mogrdance with stiedard prosedures st Forth and = found mn accordance widh
marafocturer, ASTM B8 end Cal .Cen Procedureg CP-1 15, CP-002
Accredited by the Internatlonal Aceredication Servies, Inc, (TAS] under Calibration Laboratory Code CL-108,
This Labaratory meets the requirsments of ISOTEC 17025 AND ANSUNCSL 2440-1

This Cerficate 15 sued a4 sissrment of the fct hat o tis dote the abave wnsirumess|s) had & ascurecy as miicabed | should not be construcd o regarded & 8
Guaraneee or Waraeny of sy kind (in favor of the clent, the clients custumers, o e public o lege) that the mstrament(s) will cominue 1o retis he same pereiigs
(s} af seeuracy or elficienty &5 daermned om the dale when the calibration, and adyustments (f requered, was performed and reparied by ‘©ALCERT® anes the
calibreiar bas sbsolutely eo eentsel ewer the fulure operation demage, maintenance, repairs, and overall condition of the =strammeniis) s hereby expregsly digclaims
any and all labulbrry for dasmage or loas suseined by ol parties ansng er regaiting from d , obdtleacenes , ar perfarmance of said
mtrumend|z), which shall be deesned o b i whaeh skall remain e sole resporaibiliny of the machings regulsr custodisn, owner, andior masmficbarer

This repant shall not be reproduzed exzep i Full_vthout written appréval from Cal Cert
Service Engineer: MIKE JOHNSON Date:

May 6, 2014

Signature: /f?&ﬁ f:‘

10130

Technical Manager: MARSHALL DOYLE

Croas Hend Speed CF-0 1514

i S b Ll A igjide eend

4811 South 150th Street * Tukwila, WA 98188 « 206-321-1806 « randy.kent@kentengineering.com
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Manufacturer: Satec Type: Testing Machine Serial #: 1019 MTQ-130419-417

Remarks:

The ULT ®6 uncertainty includes the uncertamty of the Calibration standards used combined with the uncenanty
of lhe measurement process using the R3S method with a K factor of 2 for an approximate 95% level of
confidence. The for this is < 0.25% of the test load applied unless atherwise stated. The
calibration process meels or exceeds a ratio of 411,

Uncertaingy:

We sincerely thank you for your business.
Please call us at 1-800-356-4662 for all your calibration needs,
Cleaning and preventive maintenance were preformed before calibration of this equipment,
esied with Reference Standards Traceable to the National Institute of Standards and Technology using ASTM E-4 Follow the Force
Tests Methods. The indiented due date was determined by the customer, Cal-Cert Test Method: CP-001. The Tolerance for this
instrument is £1% of Applicd Load,

Accredited by the Iniernational Accreditation Service, Inc, (IAS) under Calibration Laboratery Code CL-108,
This Laboratory meets the requirements of IS0EC 17025 AND ANSINCSL Z540-1

T ke above system (Instrument, Load Cell. Inegral Software sand Ouigu Device(s), and accessones has been calibraled in nccordance with ASTM E4 - Standard
P mctices for Farce Yenfication of Testng machines using and stamdard m s ASTM E74 - Standard practice for Colbrabion
1 'Fm-Msamnllg Insiruments for Ven fing the Load Indication of Tesung Machines and wheeh are traceable o MIST {MNatnanal Institute of Standards and
whrelagy ) The informanion provided an this form complics with the data gaibernng and reporimg requirements of [SOIEC Guide 17025 and ANSINCSL
401

15 Certificate 15 1ssued 25 a staiesment of the fact that on thas dawe the abeve snatrumens(s) had an accuracy as mdicated 1 should nat be construed or

g0 ed 4s & Guaraniee or Warranty of amy kind (in favor of the client, the client's customers, of the public 81 large) that the instrumentis) will cortinue to

min the same pereertage (%) of accuracy ar efficiency as delermined on the date when the calibration, and adjustmenis iF required, was performed and
‘poried by "CAL-CERT", since the calibratar has absolutely no control aver the future operation, damage, mainienance, repairs, and overall condition of the
srument(s ) and hereby expressly disclaims any and all Lability for damage of loss susiasned by all parties arising or resuliing from delerioration,

solescence, malfunction, or substandard performance of said instrument(s), which shall be deemed to be and wisich shall remain the sale responsibility of the
pehnes regular custadian, owner, and'or manufactures.

% report shall not be reproduced except in full, without wntten approval frem Cal-Cen.

ice Engineer: MIKE JOHNSON Date: May 6, 2014

echnical Manager: MARSHALL DOYLE Signature: /# 4 &? (

Report #: 4809 ]-M-p
xta P e Teating Machine CF £l iF Revisisn T 11432013

4811 South 150th Street * Tukwila, WA 98188 « 206-321-1806 « randy.kent@kentengineering.com
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MAYES T1ESTING ENGINEERS, INC.

DATE: 5/27/2014

CLIENT: Kent Engineering REPORT STATUS:
PROJECT: Quality Control Original
PROJECT# 514026 Amended
LAB. #: 6330

DATE REC'D: 5/19/2014

SAMPLE DESCRIFTION:

Three 16"™27" ecology blocks

O

Hewttle Offe

A0225 Cedar vall ey Road
Suite 110
Lynnwood, Wi 28035
phd25 742 S350

fau 425 745 1737

Tacoms Office

10023 5. Tacoma Way

Suile E-2

Tacorna, Vs 00408
h253,584 2720

au 83 EA4 70T

FPortfand Office
7911 ME 33rd Dirivve
Sune 190

Portland, ORS72 11
pha03 261 7515
fauwS13 281 7o

TEST RESULTS:
Compression Test

Each block was loaded in compression at a rate of 0.050"/minute until failure occurred. Load vs
Crosshead Position was recorded during the testing of the blocks. Results are as follows:

Crosshead Maximum
movement @ crosshead
Load @ Failure Load movement during
Block # Laboratory #  Failure (Ibs) (inches) test (inches)
1 6530A 14,740 0.343 0.366
2 65308 16,020 0.353 0.406
3 6530C 15,740 0.351 0.389

Tested By: Dale Yoder

Informaton in this report applies only to the acmal samples tested and shall not be reproduced except in full, without the approval of Mayes Testing Engineers, Inc.

rd

r,

051914 _514026_ECOBLOCK.6330/5/27/2014

Reviewed By: ‘1,'14(.--'_ _.'-"/‘f" 2, -
.//
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Ecology Block 6530C after Failure

051914_S514026_ECOBLOCK.6530/5/27/2014

MAYES r1EsTING ENGINEERS, INC.

Pictures of Ecology Block Testing

. -

Ecology Block 6330C (@ Failure

Ecology Block 6530C after Failure
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