
 
 
 CA8539  
 
 

 
1880 82nd Ave., Suite 202     ♦      Vero Beach,  Florida  32966 

Office  (561) 844-4060             
www.struc-engineers.com 

          

 
EZ PLACE CABLE RAIL 

STRENGTH ANALYSIS - REV 1 
(Includes Test Results) 

 
INTRODUCTION: 
 
This report is an update to SEP’s previous report of 3-20-24 and is issue for the following purposes: 
 

1. Summarize the results of the work done to date and provide design values for the EZ Place 
Rail assembly. 
 

2. Provide test results of recent testing at WGF’s Ft Lauderdale facility the week of 7/02/24. 
 
 

SUMMARY OF RESULTS: 
 
SEP accomplished stress analyses on the railing system as installed and directed testing of three 
samples of the rail assembly installed into an 18 x 18” column.   Test results showed failure at lower 
values than were predicted by the analysis… (29.6 kips test vs 32.5 kips analysis).   For design 
purposes, SEP recommends using the test results as shown below.   The Ultimate Strength of the 
WGF rail assembly pre-placed into an 18” x 18”  cast in place column with  4 each  #8 vertical rebar 
in the corners, and #3 stirrups 4” o.c. , and concrete of fc’ = 5500 psi is: 

 
  Fult =  ɸ * 117.4 Kips   =  .75 (117.4)  =  88.1 Kips 
 

This value is for three inserts, thus:      29.4 Kips / Insert. 
 
For other fc’:                   Fult = (f’c / 5500)^.5 * 29.4 Kips / Insert 
 
 
ANALYSIS RESULTS: Three Failure Modes: 
 
The ultimate design strength of the system is assumed to be based on the minimum failure value for 
the lessor of three different failure modes: 
 

A. Failure of the PT cable.  (MULTS = 41.31 Kips) 
B. Failure of the steel components or welds of the Rail Assembly.  (43.6 Kips) 
C. Failure of the concrete around the Rail Assembly …  by breakout.  An analysis of the shear 

failure indicates an 18” X 18” column would fail at 32.5 Kips   
 

 
Summaries of analysis for these failure modes are shown below: 
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MODE A:  BARRIER  CABLE FAILURE 
 
Barrier Cables have MULTS (Min Ult Strength) = 41.31 Kips.  (Note they are designed to 90% of 
this (37.2 Kips).   There are additional pedestrian static tension loads on the system, roughly 1500 
lbs each, which would total 8 x 1.5 Kips = 12 kips.   For the purposes of this analysis, we are 
ignoring those loads, assuming a pedestrian is not hitting the cables at the same time a vehicle does.    
Ignoring the additional loads on the rail system.  Since 41.31 Kips > 29.6 Kips, the PT cables are not 
the limiting failure mode. 
 
MODE B: RAIL STRENGTH 

        
There actually has not been a test of the rail assembly to failure.  Furthermore, the following 
analyses from the previous report were accomplished using linear elastic modeling, thus not taking 
into account the plastic behavior that would provide further strength than shown here.   The 
structural analysis is presented as a strength analysis of the re-designed EZ Place Cable Rail 
assembly to be produced by WG Fabricators.   The following assumptions are made for this work: 
 

1. The Design Loading is that as described in FBC 2014, 5th Ed., Sec 1618.5.3:   a 5000 lb 
vehicle at 5.0 mph and impacting three barrier cables (1 SFT area) at a center height of 22 
inches.   

 
2. An Elastic analysis as outlined in PTI Tech Note 14, Eqn (3) was utilized to determine a max 

cable tension load of 15,446 lbs and a max vehicular impact Force of 7983 lbs.    
 

3. This rail assembly is installed into a reinforced concrete column of minimum 24” x 24” cross 
section, Min f’c = 4000 psi. 

 
4. # 3 stirrups to be placed to form a cage around the rail assembly… 

 4” vertical spacing adjacent to all barrier cables 
  

5. 2.0” Thread Engagement.   (Tube Will Exceed Thread Rod Strength) 
 

6. Localized yielding may occur within the rail assembly to redistribute loads greater than 42 
Kips.  
 
 

The system was analyzed for a 42 Kip load and then scaled upward slightly.   The weakest 
component is the weld at location 2. (Btm Plt to Web) F.S. 1.04.   Scaling upward based on this 
result, Failure Load = 42 kips x 1.04 = 43.6 Kips Per Anchor.   As has been stated previously, this is 
a conservative value because the weld limit includes a F.S. of 2.0 and the model was elastic; so the 
rail system will likely show an ultimate strength significantly greater than this.   
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1. Weld - Web to Tube 

3.  Weld - Btm Plt to Tube 

2.  Weld - Btm Plt to Web 
4.  Stress - Web Von Mises 

5 Stress – Tube Tensile 

6.  Stress – Threads Shear 

42 KIPS 
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LOCATION ENTITY VALUE ALLOWABLE F.S.

1
Fillet Weld         

Tube to Web 1.72  K/in 3.71 k/in 2.15

2 Fillet Weld         
BTM PLT to Web 3.56 K/in 3.71 K/in 1.04

3 Fillet Weld         
LWR PLT to Tube 0 3.71 > 10

4 Shear Web            
Shear Stress 13.9 KSI 51  KSI 1.12

5 Tube               
Tensile Stress 62.6 KSI 70 KSI 1.12

6
Tube Inner 

Threads            
Shear Stress 42 KIPS 79.2 KIPS 1.89

NOTE:  Item 6 assumes 2" thread engagement 

ANALYSIS RESULTS
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MODE C:  CONCRETE FAILURE 
 
Looking at the figure below, the stress state around the installed WGF rail system is influenced by 1) 
the column cross sectional size, 2) the stress state (compression + bending) of column itself, 3) the 
size & location of adjacent vertical steel 4) the length of the insert tubes (depth of rail), and 5) the 
size and spacing of the stirrups.   Intuitively, the failure mode is most likely associated with either 
shear failure or concrete breakout in front of the rail assembly.  However, even for a relatively 
simple case of failure of a beam in shear, the ACI freely admits that the exact nature of shear stress 
is not completely understood.  The Code approach for design is therefore to apply empirical safety 
factors to their equations rather than attempt to analytically predict the exact state of the material 
stresses in similar circumstances.    
 

 
 
Based on our current understanding, the limiting failure mode for the WGF Rail system is most 
associated with the column size and the size and spacing of shear stirrups installed with the rail 
assembly.   
 
The minimum concrete column the system is assumed to be installed into is a 18” x 18” column, 
with 4 corner # 8 vertical rebars, # 3 stirrups at 4” o.c., and  fc’= 5500 psi.    SEP analyzed the above 
situation utilizing ClearCalcs™ software and ACI 318-19, CI 22.5 (See the attached).  Based on this 
analysis, the shear allowable is found as follows:    
 
For an 85% utilization,  
 

  85 %  ɸ Vn = 82.8 Kips 
 ɸ Vn = 97.4 Kips 
  

The allowable for a single insert would be 97.4/ 3 =  32.5 Kips 
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WGF BREAK TEST: 
 
SEP in coordination with WGF accomplished break tests of three column samples containing the 
WGF rail design the week of July 2, 2024.   The actual testing was accomplished by QC 
Metallurgical, LLC at the WGF facility in Ft Lauderdale.   The test configuration for the samples is 
as described in the QC Metallurgical report attached herein and the attached drawing. 
 
The concrete tested had an estimated fc’= 5500 psi (6 days after placement).  The test load was 
increased to such point that cracking of the concrete was noted on the face of the “column” and 
stopped at that point.   The break results for the three tests were very close at 132.48, 130.27, and 
130.27 kips respectively, giving an average of 131.0 kips. 
 
OBSERVATIONS: 
 
The exact classification (shear / bending / pull out) of the beam failures is difficult to determine from 
the cracking patterns.  In one case, there was a transverse crack across the center of the beam (mid-
span).  This would indicate the beam acting like a “long beam” and failing as a classic bending 
failure as opposed to a beam failing in shear.   However, there was only a single instance of this. 
 
The nature of the failure – was not sudden as if by shear failure.  This would support the conclusion 
that this was a complex failure involving yielding of the steel rather of the concrete.   
 
The rail assembly itself was bent (See pictures).  This is because the rail assembly was being held 
down on its ends by the test fixture.      
 
Looking at the analytical results for the beam, an 18 x 18 column with stirrups at 3” spacing would 
fail at Vn= 97.4/.85 = 114.5 kips, considerably less than these test results.   Since the stirrups in this 
test were actually further apart, this implies that a concrete shear failure should have occurred well 
before the results of this test.   
 
Unfortunately, these results do not compare easily to a direct analysis, such as a short beam shear 
failure or a beam bending failure.  It is thus difficult to separate out the separate analytical aspects of 
test and completely understand what actually failed.         
 
 
ADJUSTING FOR RAIL OVER CONSTRAINT: 
 
It was also noted that the rail assembly was bent just outboard of the three center inserts when the 
testing was done.   The raw test results indicate that the rail assembly sustained a test load of 131.0 
Kips before failure.   However, this load also included some “overage” due to the fact that we were 
holding the rail assembly down at it’s ends at the same time.   We therefore attempted to adjust for 
this “overload” by estimating how much load it took to bend the rail assembly as was observed in the 
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test results.   By removing this “overage”, the reasoning is that we would come closer to estimating 
the net strength without beam assembly being overly constrained. 
 
An additional test was completed at the WGF facility in Vero Beach 10/4/24.  A rig as shown was 
set up to pull upward on the rail assembly and measure it’s stiffness when held similarly to how it 
was restrained in the break test.   The approach was to determine the stiffness then use this value to 
estimate how much movement would result in the concrete cracking and thus to determine an 
estimate of the “overage” load.    
 
We chose to use 1/32” as the crack width on the concrete surface that would define “failure”.   From  
basic geometry, it was estimated that an upward deflection of .016” would be a reasonable limiting 
value.   We therefore determined the associated overload as follows: 
 
   Test Pull load = 6.283 Kips 
   Delta Z = .0074” 
   K = 6.283 / .0074 = 849 kips / inch 
 
                                    Overload = .016” * 849 = 13.58 Kips 
 
Adjusting the test result downward by the overage…  Vult = 131.00 – 13.58 = 117.4 kips  
 
On a per insert basis, and after applying an ultimate knockdown ɸ of .75,  
 
   Fult = .75 * 117.4 / 3 = 29.4 Kips / Insert 
 
 
 
 
CONCLUSIONS: 
 
• When tested in a similar manner to others, the WGF rail assembly exceeds previous tested rail 

designs in strength by 13.4 % ( 29.4  vs 26.0  kips / insert).  This is even after adjusting the 
results downward for the effects of the rail being overly constrained during the break testing.  

 
• The rail assembly itself likely has sufficient strength to exceed even these values if tested in such 

a manner that it is not constrained as it was in the test.  (This is not to suggest that we should re-
test the assembly, but rather to point out that more needs to be learned about previous tests and 
the implications of how components were constrained). 

 
• Defining the exact stress field adjacent to these types of rail assemblies installed in a column 

filled with vertical steel and other structural features is beyond the capability of myself and 
probably that of several others.   We may not always completely understand the results we get 
when field tested until further research and development of the process takes place.  However, 
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that is not to say we can’t or shouldn’t design such components.  We shall continue to use the 
current ACI Code ɸ’s, knock down factors, design procedures, etc. to get conservative results.    

  
Should you have any questions regarding the above, please contact our office. 
 
Respectfully, 
 
 
 
 
 
David T Colston, PE, SI 
FL Reg 55501 
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