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Introduction 
 
This report gives the results for the full-scale panel tests preformed on the Allan Block fence panel.  All 
tests were preformed in the Allan Block lab using Allan Block equipment and personnel along with a 
representative from Stork Twin City Testing (STCT) witnessing and certifying the testing procedures and 
results.  These tests are an extension of the Fence Testing preformed at the University of Calgary in 2003 
and the Allan Block testing preformed in August 2004.  The main difference between the testing of 2004 
and these current tests is the use of an articulating spreader frame assembly to simulate and distribute the 
wind load more evenly throughout the panel. 
 
Objectives of Test Program 
 
The principle objective of this test is to expand on what was learned 
in the Vertical Spreader Bar Tests and to further understand the 
added strength the dry-stacked units with their ball and socket 
configuration bring to the system.  In the Vertical Spreader Bar 
tests the set up was designed to force a configuration that simulated 
a typical tributary area distribution by directing the applied load to 
the bond beams with a single vertical spreader bar.  In these tests an 
articulating spreader frame (Figure 1) was used to evenly distribute 
the applied force to the test panel.  Under this setup the eight dry-
stacked courses, which comprise the majority of the tributary area 
of the panel, will be engaged by the spreader frame and provide a 
more accurate depiction of how the dry-stacked units receive, 
distribute and dissipate force.  The added benefit to the inclusion of 
the dry-stacked units to resist applied forces will be the 
documentation of the force absorption ability of the panel.  It was 
first observed in the Calgary panel testing that a dissipation of 
applied forces occurred during testing.  Similar reductions were 
documented in the Vertical Spreader Bar tests.  The expected 
outcome of these tests will be to reduce the design load to the post 
by quantifying a matrix of force reductions for fence panels of a 
certain height and applied wind force.  These tests will record the 
applied force from the hydraulic ram and the received load at the 
posts using load cells at third points on each post, see Figure #2.  For a 
complete description of the testing frame and equipment used see 
Appendix A. 
 
By simply comparing the applied to received, a percentage of lost can be 
determined.  Again in these tests the bond beams will be subjected to 
repeated bending and rebounding.  Careful attention will be given to the 
recording of deflections and rebounds to document the extraordinary 
plasticity of the bond beams.  
 
Test Procedure and Results 
 
The test procedure is very straightforward and follows the same process 
set forth in the Vertical Spreader Bar tests.  A force is applied to the 
panel using the hydraulic ram and spreader frame assembly.  The load 
cell readings are recorded and summed together to obtain the total force 
applied to the posts.  The applied forces are based on the standard Wind Stagnation Pressures (q) formula 
of q = 0.5 * ρ * V2 where q is in lb/ft2 (N/m2) and ρ is the average air density in lb/ft3 (kg/m3) and V is the 
average wind speed in ft/sec (m/sec) and are tabulated in Table 1 on page 4.  For 16 of the 18 tests 

Figure 1: Articulating Spreader Frame 

Figure 2: In Place Load Cell 
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preformed, the panel was stress to pressures associated with 120 to 130 mph (193 to 209 kph) winds and 
then released to zero pressure.  For test numbers 12 and 18, the panel was stressed to failure.  Failure 
occurred by having a dry-stacked block slip out of its joint which occurred both time at pressures related 
to 200 mph (322 kph) winds.  No catastrophic failures occurred.  After all tests, including the failure tests, 
the panel was simply forced back into a vertical position by manually hitting each dry-stacked block with 
a dead blow hammer until they were once again aligned vertically.  No dismantling was required and no 
blocks required replacing due to damage and the results of the tests that followed showed no negative 
effects in strength or appearance from realigning.  
 
The results of these tests focused on the following:  

• Flexibility of the bond beams and dry-stacked units. 
• The absorption of force which occurs within the panel. 
• The additional strength the ball and socket brings to the whole system. 

 
First the flexibility and durability of the bond 
beam continues to amaze.  In the Vertical 
Spreader Bar tests, these exact bond beams 
were deflected 13 times to as much as 1.57 
inches (40 mm).  In these tests that followed, 
with the introduction of the articulating 
spreader frame, the recorded bond beam 
deflections were less because the dry-stack 
units were allowed to flex and contribute to 
the strength of the system.  Each time the load 
was removed the bond beams relaxed back to 
their at-rest position and showed no visible 
defects or damage other than the original 
stress cracks which appeared after the very 
first test of the Vertical Spreader Bar tests.  
The bond beams reacted exactly how a 
monolithic concrete beam would react to 
repeated stress.  The stress cracks would open 
slightly during stressing, which would engage the steel and would fully rebound and close when the load 
was removed.  In total, these bond beams were used and stressed in 28 separate tests in which both bond 
beams flexed and rebound to zero deflection and the bottom bond beam never showed any downward 
deflections or sage.  During dismantling of the panel a sledge hammer and great effort was required to 
force the bond beams destruction, Figure 3 shows the horizontal steel exposed after the removal of the 
bottom bond beam course which required repeated sledge hammer blows and manual cutting of the 
vertical stirrups to remove the lower course.  The sand-mix grout shows a seamless, monolithic joining to 
the panel block and a complete encapsulation of the horizontal steel and the steel appears in like-new 
condition.  This Figure clearly shows the high quality constructability the 2-course Bond Beam brings to 
the AB Fence system. 
 
The absorption of forces is clearly evident in the results from the 18 separate tests tabulated in Appendix 
B. In none of these 18 tests did the applied forces equal the received forces at the post.  Structural 
engineering teaches a standard static approach to applied forces in that “force in equals force out”.  
However, a system of dry-stacked units which have a large selfweight and a ball and socket 
configuration, such as the AB panel blocks have, brings a dynamic variable to the static equation.  This 
dynamic variable can best be described as Work Energy.  Work is defined as a force (wind) acting upon 
an object ( the panel block’s ball and socket joint ) to cause a displacement, see Figure 4.  In the Allan 
Block Fence panel there are two forms of work energy being developed.  First is the external work which 
is simply the deflection of the entire panel due to the wind force.  The second occurs internally in the ball 
and socket joint.  As the wind load is applied, the running bonds of the dry stacked block try and deflect 

Figure 3: Horizontal Bond Beam Steel after demolition 
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away from the force laterally, but the socket resists any 
deflection due to its natural conical locking configuration.  
The selfweight of all the courses above a particular joint 
provides the downward force which serves to stiffen the 
joint.  Thus, the lower the joint is within the panel the greater 
the internal resisting forces within that socket.  Therefore, 
most of the deflection within the panel occurred in the upper 
half.   
 
The internal Work occurs when the applied force becomes 
great enough to overcome the frictional interaction within the 
socket, forcing deflection.  There are two forms of deflection 
which could occur.  The first is a purely horizontal 
translation, but this could only occur if the bottom tension 
edge of the panel block were to shear off horizontally 
allowing the socket to release, see Figure 5.  This form of 
deflection did not occur due to the internal strength of each 
block.  The shear strength of a block is directly related to the 
compression strength, therefore the stronger the block the 
more resistant to shear failures and the stronger the ball and 
socket can become.  
 
The second form of deflection, which did occur, was a 
movement along the natural sloped plane of the socket which 
provided displacement in an upward and lateral direction, 
variable Xt in Figure 4.  Each movement when it occurred 
would be very small because the pressure within the socket 
would release and the fictional interaction would once again 
be greater than the applied load.  Once the force was built up 
enough to overcome the internal resisting forces another 
deflection would occur.  Each time an internal deflection occurred a certain amount of force was absorbed 
into the joint causing a reduction of applied forces to the posts.  The results showed that at low pressures 
the received loads are quite small, lowest recorded value was 28 percent in Test Series #4.  This is due to 
the large number of areas within the panel that had the ability to shift or deflect early on.  At higher 
pressures the number of joints having the ability to adjust decreases because movement has already 
occurred making the joint more ridged, which causes the amount of force received by the post to increase.  
See data tables in Appendix B for results form all tests.   
 
The overall deflection of the panel was similar to a plate bending diagram with three ridged edges with 
the bottom and two sides fixed and the top restrained but allowed to deflect.  The bottom bond beam had 
very little lateral deflection compared to top bond beam because of the additional strength it received 
from the lower dry stacked course which had the greater selfweight above them.  In practical field 
applications the bottom bond beam would be fully fixed laterally and vertically due to its embedment into 
the soil.  The deflections of the top and middle sections of the panel were very consistent throughout the 
tests.   As mentioned earlier, the top bond beam deflected and rebound to its at-rest position after each 
test.  The dry-stacked however, did not return to a zero deflection once the force was removed.  Each time 
an internal deflection occurred due to the work energy, the joint was placed in a new at-rest state.  When 
the load was removed, the bond beams had tension in the steel which pulled them back to zero, but the 
dry-stacked had only compression built up in the back faces of the block which when released had no 
ability to pull the blocks back.   Therefore, the maximum differential deflection between the top bond 
beam and the middle dry-stacked is generally equal to the total deflection or maximum bow of the center 
dry stacks after the load is removed.  Before the next test was conducted, the dry stacked units were force 
back to a vertical position for retesting.  

θ
α

Figure 4: Work Energy Free-Body Diagram

Figure 5: Possible Shear Failure Diagram 
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Conclusions and Recommendations 
 
The following are a list of conclusions formulated from physical data and visual observation during 
testing: 
 

• The Allan Block Fence panel has the ability to flex and absorb forces through the principle of 
Work Energy.  The ability of the panel to absorb applied forces effectively act to resist the force 
and thus can be used in combination with the bond beam and post capacities to resist the applied 
loads.  The net effect is that the structural posts can carry more tributary area which allows the 
posts to be spaced further apart and or less steel to be used within them. 

• The AB Fence panel’s ball and socket configuration becomes stronger as more courses are added 
to the panel by adding more selfweight with each course.  The selfweight provides a downward 
force which converts the compressive stress of the block into a shear resisting mechanism which 
provides both the flexibility to the system at lower forces and the rigid, strengthening effect at 
higher forces.  The net effect of considering the strength of the ball and socket in the design is the 
reduction of the number of required bond beams.  

• The AB Panel bond beam, when constructed with sand mix grout and vertical stirrups as 
recommended by Allan Block, provides an incredible capacity to resist lateral forces while 
remaining plastic enough to rebound 100% from repeated deflection. 

• The AB Panel bond beam while subjected to repeated horizontal deflections and rebounds 
showed no vertical sag of any measurable amount. 

• The AB Panel bond beam is a composite beam that functions as a monolithic concrete beam.  
That is, the stressed beam cracked where expected, at the mid-span and not along the joints of the 
panel block.  At the conclusion of testing all panel block of the bond beams were fully connected 
to the course above with no visible signs of distress other than the rebounded hairline cracks at 
mid span. 

• If after large forces the dry-stacked panel blocks have deflected, their flexibility allows for them 
to be forced back into a plumb position without any damage.  

 
 

The following Table 1 represents the recommended force reductions based on these test results.  These 
reductions should only be applied to the design force acting on the posts.  These values are limited to the 
design of the cantilever moments for fences of 8 ft (2.4 m) in height with no intermediate bond beams.             
 

TABLE 1 Design Wind Speeds and Stagnation Pressures 
mph            

( kph )  
70          

(112)  
80         

(129) 
90         

(145) 
100      

(161) 
110         

(177) 
120      

(193) 
Pressure lb/ft^2   

( kPa ) 
9.45        

(0.45) 
12.3       

(0.59) 
15.6       

(0.75) 
19.2     

(0.92) 
23.25   

(1.113) 
27.68 

(1.325) 
 Percentage of Design Force For Post Design 

% * 50 55 65 70 80 90 
*  Percent values are a conservative reduction based on test results 
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APPENDIX A 
 

Test Frame and Equipment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



 

Figure A3: SPX Hydraulic Hand 

Figure A2: Switch Box and Volt Meters 

Test Frame and Equipment 
 
Set-up #4 from the first round of testing was re-used for all tests in this series.  The panel remained the 
same with the same bond beams.  The dry stacked units were unstacked, inspected for defects and 
restacked.  Also, the single vertical spreader bar was replaced with the articulating spreader frame.  The 
panel system was made up of two typical, 7-panel block long, bond beams approximately 11’-7” (3.54m) 
with 8 dry stacked courses separating them.  The bond beams were situated in a typical field condition 
with one forming the first two courses and the other forming the top two courses with the total panel 
height of 12 courses or 8’-0” ( 2.44 m).  See Photos A1 - A4 for actual photos.  The bottom bond beam 
was precast and set on top of a spacer block at each post.  This was done to simulate the bottom bond 
beam free spanning from pier to pier.  These typical Bond Beams consisted of 2-courses of standard panel 
block units, a #4 (10M) horizontal rebar between courses, 9 ga. (3.5 mm) wire stirrups in every other 
block core and a sand mix grout tested at 3100 psi (21.37 MPa) at 28 day strength, vibrated in all cores.  
The posts were cast at 13 course high to allow for the placement of the half block spacer at the base and 
the full 12 course tall test panel.  Vertical wood beams were used to transfer all loads evenly to the post 
with the intent of having them act as a self-reacting load frame.  The horizontal steel beam is supported at 
the mid height of the panel, 
allowing the ram to remain in 
place during stressing.  The 
Ram was placed at the center 
point of the panel with the 
articulating spreader frame 
attached to the end to distribute 
the applied forces across the 
height and width of the panel 
see Figure 6.  To record the 
received forces 3-1000 lb load 
cells were placed at each post 
between the panel and post lip, 
see Figure 2.  Deflection is 
measured using a string line 
transducer recording 
millimeters of movement.  The 
device is fixed to the mid-
point of the top bond beam, 
and the mid-point of the center dry-stacked units, see Figure A1.  A switch box that allows up to 10 load 
cells and 5 deflection transducers powers both the load cells and the deflection transducer.  The Switch 
box sends a voltage signal to the voltmeters showing either pounds of force or millimeters of deflection 
see Figure A2.  All applied forces come from a SPX Power Team 25 ton hydraulic ram and hand operated 
pump see Figures A3 and A4.  In tests 4 – 12, the forces were determined by converting the required 
UBC forces into a psi so the readings could be easily read on the ram gauge.  Tests 1 – 3 were preformed 
in round one 
with the single 
vertical spreader 
bar.  The 
converted force 
was done by 
using the UBC 
psf values and 
the panels 
tributary area 
and the factory 
determined 

Figure A4: Hydraulic Ram 

String Line 
Transducers  

Figure A1: String Line Transducers 
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equivalent rod area of 5.15 in2.  In the last 6, tests 13 - 18 which were observed by STCT, a 10,000 pound 
(44.82 kN) load cell was placed on the end of the ram to provide a higher level of accuracy, see Figure 
A4.  The results of the last 6 will be highlighted in this report, however all individual results can be found 
in Appendix B.   
 
Photo A1: Full-Scale Set-up #4 
 

 
 
Photo A2: Beam, Ram and Spreader Frame 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LOAD CELL # 1 

LOAD CELL # 2 

LOAD CELL # 3 

LOAD CELL # 4

LOAD CELL # 5

LOAD CELL # 6

RAM 

SPREADER 
FRAME 
ASSEMBLY 

STRING LINE 
TRANSDUCERS 

TOP 2-COURSE 
BOND BEAM 

8 DRY -  STACKED 
COURSE S 

BOTTOM 2-COURSE 
BOND BEAM 
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Photo A3: Spreader Frame Assembly       Photo A4: Panel During Stressing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Photo A5: Spreader Frame Assembly 
and Block Flexing During Stressing  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

BALL AND SOCKET 
FLEXING AND 
LOCKING UP 
DURING TESTING 
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APPENDIX B 
 

Test Result Data 
 

 



 
 



 

 
 
 
 
 
 
 

FULL HEIGHT PANEL TEST RESULTS ( ROUND 2 ) 
 

SERIES # 13 - # 18 
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TESTING OF AB FENCE ASSEMBLY 
INTRODUCTION: 
 
This report is in reference to testing of an Allan Block AB Fence at their facility on August 16, 
2006 and October 10, 2006, as documented in a report entitled “Allan Block AB Fence 
Testing, Full Scale Panel Test Report, 12x11 Panel with Articulating Spreader Frame,” dated 
November 10, 2006, prepared by Mr. Rich Lovdal of Allan Block Corporation (copy attached). 
 Stork Twin City Testing Corporation (Stork TCT) witnessed some of the testing described in 
Mr. Lovdal’s report. The discussion that follows pertains to that testing.  Our work was 
requested by Mr. Lovdal on or about November 23, 2004 and authorized by Mr. Tim Bott of Allan 
Block Corporation, on March 7, 2005.  The scope of our testing work was as follows: 
 

1. Travel to the Allan Block Corporation test laboratory in Edina, Minnesota to monitor the 
testing of the AB Fence.  The tested AB Fence panel assembly was constructed 
previous to the witnessed testing: Stork TCT personnel did not witness the construction 
of the tested specimen.  Allan Block Corporation personnel also prepared the testing 
apparatus, which Stork TCT personnel observed at the time of witnessed testing. 

2. Witness all testing of the AB Fence panel assembly on August 16, 2006 and again on 
October 10, 2006, and verify the data collected. 

3. Review the final test report prepared by Allan Block Corporation personnel, and prepare 
a suitable cover letter for the purpose of verifying the test data presented therein. 

 
CONCLUSION: 
 
The description of AB Fence panel assembly, the test procedure and equipment described in 
Appendix A, as well as the test data listed for Series 2 through 7 in Appendix B of Mr. Lovdal’s 
report of November 10, 2006, is consistent with the observations made by Stork TCT 
personnel.  Review and validation of the remainder of the report, its discussion and/or 
conclusions, as well as other test data presented are beyond the Stork TCT’s scope of 
services. 
 
REMARKS: 
 
Should you have any questions concerning this report, or if we may be of further assistance, 
please contact us at (651) 659-7340. 
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Introduction 
 
This report provides the results for the continuing full-scale panel tests preformed on the Allan Block 
fence panel.  All tests were preformed in the Allan Block lab using Allan Block equipment and personnel 
along with a representative from Stork Twin City Testing (STCT) witnessing and certifying the testing 
procedures and results.  These tests are an extension of the Fence Testing preformed at the University of 
Calgary in 2003 and the Allan Block/STCT testing preformed in August 2004 and October 2005.  The 
main difference between the previous testing and these is the post spacing was expanded from 7-panel 
block long (11’-7” (3.54m)) to 11-panel block long (17’-5” (5.32m)). 

 
 

 
Objectives of Test Program 
 
The principle objective of this test is to expand on what was learned in the two prior tests and further 
understand the added strength and flexibility the dry-stacked units bring to the AB Fence system in longer 
post spacing configurations.  In the Vertical Spreader Bar tests the set up was designed to force a 
configuration that simulated a typical tributary area distribution by directing the applied load to the bond 
beams with a single vertical spreader bar.  In the 12x7 Panel test an articulating spreader frame was 
introduced to evenly distribute the applied force to the test panel.  In this 
12x11 Panel test the same test procedure and similar articulating spreader 
frame will be used as in the 12x7 Panel Test except on a longer test panel.  
Under this setup the eight dry-stacked courses, which accounts for the 
majority of the tributary area of the panel, along with the two bond beams 
will be engaged by the spreader frame.  This will again provide a more 
accurate depiction of how the dry-stacked units with a ball and socket 
configuration receive, distribute and dissipate force.  The added benefit of 
the dry-stacked units to resist applied forces will be the documentation of 
the force absorption ability of the panel.  It was first observed in the 
Calgary panel testing that a dissipation of applied forces occurred during 
testing and similar dissipations or reductions were documented in all 
subsequent full-scale AB Fence panel tests.  The expected outcome of 
these tests will be to verify that similar design load reductions occur in 
longer panels.  These tests will record the applied force from the 

Figure 2: Articulating Spreader Frame 

Figure 3: In Place Load Cell 
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Figure 1: 11-Panel block long by 12-course tall test panel 



 

AB FENCE CAP BLOCK

INTERMEDIATE COLUMN - 
ONE #4 (10m) BAR CAST 
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BOND BEAMS.
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BOND BEAM

AB FENCE PANEL 
BLOCK
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hydraulic ram and the received load at the posts using load cells at third points on each post, see Figure 
#3.  For a complete description of the testing frame and equipment used see Appendix A. 
 
By comparing the applied to received, a percentage of loss can be determined.  The full panel will be 
subjected to repeated bending and rebounding.  Careful attention will be given to the recording of 
deflections and rebounds to document the extraordinary plasticity of the bond beams.  
 
Test Procedure and Results 
 
The test procedure is very straightforward and follows the same process set forth in all previous testing.  
A force is applied to the panel using the hydraulic ram and spreader bar assembly.  The load cell readings 
are recorded and summed together to obtain the total force applied to the posts.  The applied forces are 
based on the standard Wind Stagnation Pressures (q) formula of q = 0.5 * ρ * V2 where q is in lb/ft2 
(N/m2) and ρ is the average air density in lb/ft3 (kg/m3) and V is the average wind speed in ft/sec (m/sec) 
and are tabulated in Table 1 on page 5.  The first 
five tests preformed used the standard bond beam 
and dry-stacked configuration and were stressed to 
pressures associated with 100 to 110 mph (161 to 
177 kph) winds and then released to zero pressure.   
 
For tests 6 and 7 an intermediate column was cast 
into the center vertical core of the dry-stacked 
courses, see Figure #4.  To do this, the top bond 
beam was lifted using the 9ga lifting hooks and the 
dry-stacked courses were removed in a step fashion 
towards the center of the panel.  The courses were 
then restacked with a # 4 rebar placed in the center 
vertical core.   The reinforced core was then cast 
solid with the same fine mix grout used in the 
casting of the bond beams and consolidated with a 
vibratory stinger.  The top bond beam was then 
reseated and the rebuilt assembly was allowed to 
cure for a minimum of 28 days.  The intermediate 
column was installed to remedy large deflections 
realized during the first five tests.  In those tests the entire panel carried the applied load well, while also 
dissipating the load being transferred to the post in similar percentages as seen in the 12x7 Panel test.  
The major difference was the amount of deflection or bulging which occurred in the dry-stacked courses.  
This was not unexpected due to the increase in overall panel length from the 12x7 Panel test.  It was 
determined that an intermediate column would greatly reduce the center bulging by adding rigidity to the 
dry-stacked.   
 
The main question to resolve was whether or not this inclusion would reduce the amount of force 
dissipation through the Work Energy theory.  The results of tests 6 and 7 showed a stiffer panel which 
transferred more force to the posts and had no negative center bulging.  However, the force reductions 
were still within the scale set forth in the 12x7 Panel test and shown in Table 1 on page 5 of this report.  
Also the entire panel rebounded without a center budge after the load was removed.  Once again, there 
were no catastrophic failures and after all tests the panel was simply forced back into a vertical position 
by manually hitting each dry-stacked block that had shifted with a dead blow hammer until they were 
once again aligned vertically.  Much less realigning was required after the intermediate column was cast.  
Additionally, no dismantling was required and no blocks required replacing due to damage.  The results 
of the tests that followed showed no negative effects in strength or appearance from realigning.  
 
 

Figure 4: Intermediate Column (Tests 6 and 7 Only) 
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The results of these tests focused on the following:  
• Flexibility of the bond beams and dry-stacked units. 
• The absorption of force which occurs within the panel. 
• The additional strength the ball and socket brings to the whole system. 
• The structural enhancement the intermediate column brings to longer panels 

 
The 11-Panel Block long bond beam showed great flexibility and durability throughout the seven tests.  
They deflected relative to the load applied and at maximum force exceeded 6.5 inches (167 mm) without 
failure.  Each time the load was removed the bond beams relaxed back.  After the first test the top bond 
beam did not rebound back to its full at-rest position.  Subsequent tests showed no reduction in capacity 
and differential at-rest deflection ranging form 9 to 16mm.  It was concluded that debris lodged inside the 
stress cracks, hindering the rebound of the bond beam.  Therefore before test 5 was relaxed the cracks 
were blown out.  The resulting differential at-rest deflection was 2mm.   At the completion of all seven 
tests, other than the original stress cracks which appeared after the very first test, both bond beams 
showed no visible defects or damage.  The bond beams reacted exactly how a monolithic concrete beam 
would react to repeated stress.  The stress cracks would open slightly during stressing, which would 
engage the steel and would close when the load was removed.  In total, these bond beams were used and 
stressed in 7 separate tests in which both bond beams flexed and rebound to near zero deflection.   
 
The absorption of forces is clearly evident in the results from the 18 separate tests tabulated in the 12x7 
Panel test and in the 7 from this test series.  See Appendix B for lab results. In none of these 25 tests did 
the applied forces equal the received forces at the post.  
Structural engineering teaches a standard static approach to 
applied forces in that “force in equals force out”.  However, 
a system of dry-stacked units which have a large selfweight 
and a ball and socket configuration, such as the AB panel 
blocks have, brings a dynamic variable to the static equation.  
This dynamic variable can best be described as Work 
Energy.  Work is defined as a force (wind) acting upon an 
object ( the panel block’s ball and socket joint ) to cause a 
displacement, see Figure 5.  In the Allan Block Fence panel 
there are two forms of work energy being developed.  First is 
the external work which is simply the deflection of the entire 
panel due to the wind force.  The second occurs internally in 
the ball and socket joint.  As the wind load is applied, the 
running bonds of the dry stacked block try and deflect away 
from the force laterally, but the socket resists any deflection 
due to its natural conical locking configuration.  The 
selfweight of all the courses above a particular joint provides 
the downward force which serves to stiffen the joint.  Thus, 
the lower the joint is within the panel the greater the internal 
resisting forces within that socket.  Therefore, most of the 
deflection within the panel occurred in the upper half.   
 
The internal Work occurs when the applied force becomes 
great enough to overcome the frictional interaction within the 
socket, forcing deflection.  There are two forms of deflection 
which could occur.  The first is a purely horizontal 
translation, but this could only occur if the bottom tension 
edge of the panel block were to shear off horizontally 
allowing the socket to release, see Figure 6.  This form of 
deflection did not occur due to the internal strength of each 

θ
α

Figure 5: Work Energy Free-Body Diagram

Figure 6: Possible Shear Failure Diagram 
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block.  The shear strength of a block is directly related to the compression strength, therefore the stronger 
the block the more resistant to shear failures and the stronger the ball and socket can become.  
 
The second form of deflection, which did occur, was a movement along the natural sloped plane of the 
socket which provided displacement in an upward and lateral direction, variable Xt in Figure 5.  Each 
movement when it occurred would be very small because the pressure within the socket would release 
and the fictional interaction would once again be greater than the applied load.  Once the force was built 
up enough to overcome the internal resisting forces another deflection would occur.  Each time an 
internal deflection occurred a certain amount of force was absorbed into the joint causing a reduction of 
applied forces to the posts.  In all test this was true, the least amount of transferred load occurred in the 
lowest pressures.  This is due to the large number of areas within the panel that had the ability to shift or 
deflect early on.  At higher pressures the number of joints having the ability to adjust decreases because 
movement has already occurred making the joint more rigid, which causes the amount of force received 
by the post to increase.  The results showed that at low pressures the received loads are quite small, 
lowest recorded value was 19% in Test Series #7.    The largest percentage was 66% in Test Series #6.  
This number is believed to be slightly skewed due the repeated spiking of load cell #3.  In all tests, load 
cell #3 began to spike at 90 to 100mph loads which caused a percentage increase.  In the last test, #7, load 
cell #3 reacted the same until after achieving the 120mph mark, where it showed a 40% reduction from 
the 110mph mark.  The internal structure of the dry-stacked units must have shifted, relieving the stress at 
#3, resulting in a percentage of applied force of 56% at 120mph.  See data tables in Appendix B for 
results from all tests.     
 
The overall deflection of the panel was similar to a plate bending diagram having three ridged edges with 
the bottom and two sides fixed and the top restrained but allowed to deflect.  The bottom bond beam had 
very little lateral deflection compared to top bond beam because of the additional strength it received 
from the lower dry stacked course which had the greater selfweight above them.  In practical field 
applications the bottom bond beam would be fully fixed laterally due to its continuous contact with the 
leveling pad.  The deflections of the top and middle sections of the panel were very consistent throughout 
the tests.   As mentioned earlier, the top bond beam deflected and rebound to its near at-rest position after 
each test.  The dry-stacked course however, in the first 5 tests, did not return to a zero deflection once the 
force was removed.    Each time an internal deflection occurred due to the work energy, the joint was 
placed in a new at-rest state.  When the load was removed, the bond beams had tension in the steel which 
pulled them back to zero, but the dry-stacked had only compression built up in the back faces of the block 
which when released had no ability to pull the blocks back.   Therefore, the maximum differential 
deflection between the top bond beam and the middle dry-stacked is generally equal to the total deflection 
or maximum bow of the center dry stacks after the load is removed.  Before the next test was conducted, 
the dry stacked units were forced back to a vertical position for retesting. In tests 6 and 7 the intermediate 
column was introduced. Then virtually the entire panel rebounded with no realignment required to run the 
next test.  At the completion of the 7th test the panel is without damage and stands ready for continued 
testing as required. 
 
 
Conclusions and Recommendations 
 
The following are a list of conclusions formulated from physical data and visual observation during 
testing: 
 

• The Allan Block Fence panel has the ability to flex and absorb forces through the principle of 
Work Energy.  The ability of the panel to absorb applied forces effectively act to resist the force 
and thus can be used in combination with the bond beam and post capacities to resist the applied 
loads.  The net effect is that the structural posts can carry more tributary area which allows the 
posts to be spaced further apart and or less steel to be used within them. 
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• The AB Fence panel’s ball and socket configuration becomes stronger as more courses are added 
to the panel by adding more selfweight with each course.  The selfweight provides a downward 
force which converts the compressive stress of the block into a shear resisting mechanism which 
provides both the flexibility to the system at lower forces and the rigid, strengthening effect at 
higher forces.  The net effect of considering the strength of the ball and socket in the design is the 
reduction of the number of required bond beams.  

• The AB Panel bond beam, when constructed with sand mix grout and vertical stirrups as 
recommended by Allan Block, provides an incredible capacity to resist lateral forces while 
remaining plastic enough to rebound 100% from repeated deflection. 

• The AB Panel bond beam while subjected to repeated horizontal deflections and rebounds 
showed no vertical sag of any measurable amount. 

• The AB Panel bond beam is a composite beam that functions as a monolithic concrete beam.  
That is, the stressed beam cracked where expected, at the mid-span and not along the joints of the 
panel block.  At the conclusion of testing all panel block of the bond beams were fully connected 
to the course above with no visible signs of distress other than the rebounded hairline cracks at 
mid span. 

• If after large forces the dry-stacked panel blocks have deflected, their flexibility allows for them 
to be forced back into a plumb position without any damage.  

• The introduction of an Intermediate Column adds to the stability of longer panels while 
continuing to allow the remaining dry-stacked units to flex and absorb forces through the 
principle of Work Energy. 

 
The following Table represents the recommended force reductions based on the test results from these 
current tests and the 12x7 Panel tests.  These reductions should only be applied to the design force acting 
on the posts.  These values are limited to the design of the cantilever moments for fences of 8 ft (2.4 m) in 
height with no intermediate bond beams.             
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 1 Design Wind Speeds and Stagnation Pressures 
mph            

( kph )  
70          

(112)  
80          

(129) 
90          

(145) 
100      

(161) 
110         

(177) 
120      

(193) 
Pressure lb/ft^2   

( kPa ) 
9.45        

(0.45) 
12.3       

(0.59) 
15.6       

(0.75) 
19.2     

(0.92) 
23.25   

(1.113) 
27.68 

(1.325) 
 Percentage of Design Force For Post Design 

% * 50 55 65 70 80 90 
*  Percent values are a conservative reduction based on test results 
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APPENDIX A 
 

Test Frame and Equipment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



 

Figure A3: SPX Hydraulic Hand 

Figure A2: Switch Box and Volt Meters 

Test Frame and Equipment 
 
The test panel was made up of two 11-panel block long bond 
beams approximately 17’-5” (5.32m) long with 8 dry-stacked 
courses separating them.  The bond beams were situated in a 
typical field condition with one forming the first two courses and 
the other forming the top two courses.  The total panel height was 
12 courses or 8’-0” ( 2.44 m), see Photos A1 - A4.  The bottom 
bond beam was precast at an earlier date, than lifted and set on top 
of a spacer block at each post.  This was done to simulate the 
bottom bond beam free spanning from pier to pier.  These bond 
beams consisted of two courses of standard panel block units, with 
a #4 (10M) horizontal rebar centered between the courses, and 9 
ga. (3.5 mm) wire stirrups in every other block core and a sand mix 
grout tested at 3100 psi (21.37 MPa) at 28 day strength, vibrated in 
all cores.  The posts were cast at 13 courses high to allow for the 
placement of the spacer block at the base and the full 12 course tall 
test panel.  Vertical wood beams were used at each post to transfer 
all loads evenly to the post with the intent of having them act as a 
self-reacting load frame.  The horizontal steel beam was suspended 
at the mid height of the panel, allowing the ram to remain in place 
during stressing.  The Ram was placed at the center point of the 
panel with the articulating spreader frame attached to the end to 
distribute the applied forces across the height and width of the 
panel see Figure 2 on page 1.  To record the received forces 3-
1000 lb load cells were placed between the panel and post lip at 
each post, see Figure 3 on page 1.  Deflection was measured 
using a string line transducer recording millimeters of movement.  
The devices were fixed to the mid-point of the top and bottom 
bond beams, and the mid-point of the center dry-stacked units, 
see Figure A1.  A switch box that allows up to 10 load cells and 5 
deflection transducers powers both the load cells and the 
deflection transducer.  The Switch box sends a voltage signal to 
the voltmeters showing either pounds of force or millimeters of 
deflection see Figure A2.  All applied forces come from a SPX 
Power Team 25 ton hydraulic ram and hand operated pump see 
Figures A3 and A4.  In all 7 tests a 10,000 pound (44.82 kN) load 
cell was attached to the end of the ram to provide a highly 
accurate measure of the applied force, see Figure A4.  The results 
of all individual tests can be found in Appendix B.   
 
 
 
 
 
 
 
 
  

Figure A4: Hydraulic Ram 

String Line 
Transducers  

Figure A1: String Line Transducers 

A1 of 3 

10,000lb 
Load Cell 



 

Photo A1: Full-Scale Set-up #4 

 
 
Photo A2: Beam, Ram and Spreader Frame 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LOAD CELL # 1 

LOAD CELL # 2 

LOAD CELL # 3 

LOAD CELL # 4

LOAD CELL # 5

LOAD CELL # 6

RAM 

LOAD TRANSFER 
BEAM 

TOP 2-COURSE 
BOND BEAM 

8 DRY-STACKED 
COURSES 

BOTTOM 2-COURSE 
BOND BEAM 
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INTERMEDIATE 
COLUMN 



 

Photo A3: Spreader Frame Assembly       Photo A4: Panel During Stressing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Photo A5: Spreader Frame Assembly 
and Block Flexing During Stressing  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BALL AND SOCKET 
FLEXING AND 
LOCKING UP 
DURING TESTING – 
6.5 in ( 
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APPENDIX B 
 

Test Result Data 
 

 



 
 



 

 
 
 
 
 
 
 

12x11 FULL HEIGHT PANEL TEST RESULTS 
 

SERIES # 1 - # 7 
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