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TEST REPORT – 2x4 Wood Guardrail Assembly 
 
Construction Safety Association of Ontario 
21 Voyager Court South 
Etobicoke, Ontario,  M9W 5M7 
Technical Services and Quality Assurance 
Contact:  Daniel Fiorini, CET, or Peter Vi, B.Sc., M.Eng. 
 
Purpose 
To determine the ability of wood guardrail assemblies fastened to wood surfaces to 
withstand an increasing static point load applied horizontally at the intersection of the 
post and top rail. 
 
Procedure
A wood sub-floor approximately eight (8) feet wide and twenty (20) feet long was 
constructed from 2x4s spaced at 16” o.c.  2” deck screws were used to fasten the 
sheathing - 17mm formply to replicate high-rise and commercial applications, 5/8” OSB 
to replicate residential applications. 
 

Figure 1: 
  Static load applied to guardrail assembly 

using a chain hoist and scaffold. 

Over 90 tests were conducted on various 
post assembly configurations, on both OSB 
and formply deck. 
 
Guardrail posts were fabricated from wood        
2x4s - new and used ranging from 
‘Economy’ to ‘Grade 2’ SPF - formply or 
OSB gussets and base plates, and a variety 
of typical fasteners as noted in the CSAO 
guardrail draft report of Nov. 24/00.  
Guardrail posts were attached to the deck 
with a variety of common fasteners.  As per 
O. Reg. 213/91, posts were no more that 
1100mm in height and spaced not greater 
than 2400mm. 
 
To apply loads, two levels of five-foot 
scaffold frames were assembled on wheels 
and a structural beam was fastened to the 
top of the scaffold, spanning the entire 
width.  A chain hoist was attached to the 
beam, and a line was fixed to the end of the 
hoist.  The line passed under a structural 
member of the scaffold frame at the same 
height as the top guardrail, extended 
horizontally and attached to the top rail of the 
guardrail. (see Figure 1) 
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means of a DataLOG P3X8 general purpose portable programmable Data Acquisition 
Unit.  Each test result was downloaded to the computer.  (see Figure 2)  Microsoft Access 
was used for sorting the information, and presentation has been done on Microsoft Word.   
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Figure 2:  Load Cell and data collection devices used to quantify the static load as applied to guardrail assembly.
erminology 
he following terminology is used throughout this report in reference to the assembly 
sed during testing: 

 

onstruction Safety Association of Ontario   
 
Post – Vertical 2x4 wood member used to support 

guardrails. 
 
Guardrail – Horizontal 2x4 wood member attached 

directly from post to post at top, mid-point 
and bottom. 

 
Foot – Horizontal 2x4 wood member connected by 

gusset at right angle to post, and to base plate. 
 
Gusset – Plywood member mechanically fastened to 2x4

members to keep post perpendicular to foot. 
 
Base Plate – Plywood member mechanically fastened to

foot and to wood deck. 
 
Strong Axis – Post configured so that wide section of 

2x4 wood member is subjected to the 
applied load. 

 
Weak Axis - Post configured so that narrow section of 

2x4 wood member is subjected to the applied 
load. 
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Observations – see Appendix for individual test results. 
Test results show a wide variation in guardrail strength based on post configuration, 
fasteners used, and method of attachment.  Performance appears to be the result of a 
combination of these and other factors.  Some trends and common tendencies are 
apparent, and conclusions have been made where appropriate.  However, several 
guardrail configurations require more testing before results can be considered conclusive. 
 
Analysis of Data 
Analysis of test data shows that Number of Gussets, method of Base, Gusset and Foot 
Attachment, as well as Post Location are all individually significant factors contributing 
to the strength of the guardrail system. 

ANALYSIS OF VARIANCE TESTS FOR 
GUARDRAIL LOAD STRENTH (lbs.)

Source F p - value
Base Attachment 26.800 0.000*

Number of Gussets 15.561 0.000*
Gusset Attachment 3.930 0.024*

Foot Attachment 5.338 0.024*
Post Location 13.248 0.001*

Significant probability of p<0.05 
 
Determination of Strength 
Without considering any other factors or relationships, guardrail systems built using 
screws provide the greatest strength, followed by systems built using spiral nails and then 
common nails. 
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Post Location Relationships 
In many tests, the centre post could withstand 15% more load than the end posts, and in 
some cases withstood over 50% more load.  This is the result of the guardrails going into 
tension and distributing the load to adjacent posts.  It is this load-sharing tendency 
exhibited during testing that shows the importance of the guardrail assembly being built 
and maintained as a complete system. 
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Since the strength of the system is greater than the strength of its individual components, 
the integrity of the system must be maintained in order for it to be most effective.  The 
removal of one horizontal guardrail, although not directly affecting the installation of the 
post, will weaken the system by eliminating the ability of the load to be transferred to 
adjacent posts. 
 
Component Relationships 
Examination of the interaction between design and assembly factors (Number of Gussets, 
method of Base, Gusset and Foot Attachment, as well as Post Location) shows 
significance in the relationship of Base Attachment/Number of Gussets, as well as 
Number of Gussets/Post Location.  Although indications are that interactions between all 
other factors are not significant, more testing must be done on specific assemblies to 
validate proper conclusions. 
 

ANALYSIS OF VARIANCE TESTS FOR 
GUARDRAIL LOAD STRENTH (lbs.)

Source F p value
Base Attachment/Number of Gussets 11.753 0.000*

Base Attachment/Post Location 0.675 0.512*
Number of Gussets/Post Location 4.788 0.032*
Gusset Attachment/Post Location 0.095 0.909*

Foot Attachment/Post Location 0.082 0.922*
*Significant probability of p < 0.05 
 
In the context of finding a configuration that meets particular target strengths, these tests 
raise questions.  Several test assemblies had a very sound and satisfactory appearance, 
however some were able to resist only minor loads before failing.  A fair threshold failure 
value must be established, taking into consideration materials, construction, practicality 
and performance. 
 
CSAO recommends that any existing data on guardrail assembly strength from Ontario or 
any other jurisdiction be forwarded for comparison with the results found here.  
Validation of this test information is required to make a sound decision either by 
comparison to other test data or through continued testing. 
 
Conclusions 
The following conclusions have been made based on tests performed to date. 
 

1. For maximum strength, base must be attached to foot and gusset must be attached 
to post/foot with screws.  With respect to fabrication and installation of the 
guardrail system, the types of fasteners used to build the system are the most 
significant factor in determining strength. 

2. Center posts offers more resistance to load than end posts.  When the guardrail 
system is subjected to load, the guardrails go into tension and transfer load to 
adjacent posts.  With center posts, load is transferred to a post on each side, as 
opposed to an end post that only load-shares with one center post. 
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3. Although some trends relating to the installation of guardrail components and 
methods of fastening seemed to develop, more testing of specific assemblies is 
required to confirm these early findings. 

4. When base is fastened to deck with screws, guardrail assembly tends to 
experience sudden failure, often resulting in severe damage to post. 

5. When base is fastened to deck with common nails, guardrail assembly tends to 
experience gradual failure, often resulting in no visible damage to post. 

 
Notes 
Time scale shown on bottom axis of test result graphs is not considered to be a significant 
or contributing factor in loading and ultimate failure of guardrail assemblies.  Although 
the load was applied mechanically in each case, the rate at which the load was applied 
was controlled manually, and every effort was made to keep the rate consistent. 
 
Tests were conducted on pre-fabricated steel bases fitted with 2x4 posts and conventional 
2x4 guardrails.  The results have been reported here, but individual analysis of these tests 
has not been conducted at this time. 
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      Average Prob. >200lb  Minimum Maximum Stand. Deviation Num. Of Test 

Base Mat. 
Gus. 
Desc Base Attach. 

Guss 
Attach. Foot Attach. Location Strong Weak Strong Weak Strong Weak Strong Weak Strong Weak Strong Weak 

Formply (6 pt 
attachment)       Double Common Nail Screw Screw Centre  244.93  0.755  209.77  361.68  65.392 5
Formply (6 pt 
attachment) Double Common Nail Screw     Screw Corner  157.08   0.0007  141.68  166.54  13.452 3
Formply (6 pt 
attachment)          Double Screw Screw Screw Centre  392.92 1 385  400.84  11.201 2

Formply (6 pt 
attachment) Double Spiral Nail           Screw Screw Centre  275.77  275.77  275.77 1
Formply (6 pt 
attachment)         Double Spiral Nail Screw Screw Corner  240.61 1  236.06  248.49  6.8539 3
Formply (6 pt 
attachment)            Single Common Nail 

Common 
Nail 

Common 
Nail Centre 111.87  111.87 111.87 1

Formply (6 pt 
attachment)        Single Common Nail 

Common 
Nail 

Common 
Nail Corner  51.535 0 48.4  54.67  4.4336 2

Formply (6 pt 
attachment)        Single Common Nail Screw Screw Centre  241.82  0.782  188.54  311.74  53.649 5
Formply (6 pt 
attachment)       Single Common Nail Screw Screw Corner  210.38   0.7019  187.33  233.86  19.413 4
Formply (6 pt 
attachment)       Single Screw Screw Screw Centre 221.29 186.89 1 0.4168 217.67 143.66 224.9 230.12 5.1124 61.136 2 2
Formply (6 pt 
attachment)       Single Screw Screw Screw Corner 218.34 163.52 0.583 0.145 119.54 139.26 329.85 187.77 87.927 34.302 4 2
Formply (6 pt 
attachment)             Single Spiral Nail

Common 
Nail Screw Centre 206.47  206.47  206.47 1

Formply (6 pt 
attachment)            Single Spiral Nail

Common 
Nail Screw Corner 179.08 0.0367 170.83 187.33 11.667 2  

Formply (6 pt 
attachment)   Single Spiral Nail

Common 
Nail Spiral Nail Centre  136.29     136.29  136.29    1 

Formply (6 pt 
attachment)   Single Spiral Nail

Common 
Nail Spiral Nail Corner  84.26   0  74.8  93.72  13.378  2 

Formply (6 pt 
attachment)       Single Spiral Nail Screw Screw Centre 263.67 162.8   0.0618 263.67 145.75 263.67 179.85  24.112 1 2
Formply (6 pt 
attachment)       Single Spiral Nail Screw Screw Corner 194.37 178.16 0.4247 0.245 173.14 129.58 215.6 214.72 30.024 31.442 2 6
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      Average Prob. >200lb  Minimum Maximum Stand. Deviation Num. Of Test 

Base Mat 
Gus. 
Desc Base Attach. 

Guss 
Attach. Foot Attach. Location Strong Weak Strong Weak Strong Weak Strong Weak Strong Weak Strong Weak 

OSB (4 pts 
attachment)          Single Screw Screw Screw Centre  260.26  0.959 223.3  292.05  34.665 3
OSB (4 pts 
attachment)        Single Screw Screw Screw Corner  167.06   0.0314  143.55  186.34  17.654 4
OSB (4 pts 
attachment)           Single Screw Spiral Nail Screw Centre  157.52  157.52  157.52 1
OSB (4 pts 
attachment) Single Screw Spiral Nail Screw Corner  112.26   0  110.11  114.4  3.0335  2 
OSB (6 pts 
attachment)         Double Screw Screw Screw Corner  258.54  0.908  226.15  308.44 43.85 3
OSB (6 pts 
attachment)         Single Screw Screw Screw Corner  207.74  0.606  167.63  230.18  28.784 4
Pre-fab (2 pts 
attachment)             NA Common Nail NA NA Centre 123.42  123.42  123.42 1
Pre-fab (2 pts 
attachment)          NA Common Nail NA NA Corner 44.66 0  44.55  44.77  0.1556 2
Pre-fab (2 pts 
attachment)          NA Screw NA NA Centre 240.22  0.797  164.12  295.46  48.586 7
Pre-fab (2 pts 
attachment)          NA Screw NA NA Corner 192.48  0.397  150.59  222.97  28.689 9
Pre-fab (2 pts 
attachment)              NA Spiral Nail NA NA Centre 106.26  106.26  106.26 1
Pre-fab (2 pts 
attachment)              NA Spiral Nail NA NA Corner 64.02  64.02  64.02 1
Pre-fab (3 pts 
attachment)          NA Screw NA NA Centre 202.4  0.761  198.99  205.7  3.3564 3
Pre-fab (3 pts 
attachment)          NA Screw NA NA Corner 226.93  0.957  211.31  252.67  15.684 6
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 gusset to post - common nail, foot to base - screw, base to deck - spiral nail 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 1.1.1 3 171 post pulled away from top of gusset - typical failure 
 1.1.2 1 187 typcial 

  average 179  
     
mid post 1.1.3 2 206 typcial 

  average 206  
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TEST 1.1.1 
 
Gusset/post - common nail, foot/base - screw, base/deck - spiral nail 
 

 

Failure load – 171 pounds 
 
Failure mode – Post pulled 
away from gusset.  The 
common nails used to attach 
gusset to post were the weak 
point in this assembly.  The 
post pulled away from the 
nails, leaving wood members 
undamaged. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 171 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 1.1.2 
 
Gusset/post - common nail, foot/base - screw, base/deck - spiral nail 
 

 

Failure load – 187 pounds 
 
Failure mode – Post pulled 
away from gusset.  The 
common nails used to attach 
gusset to post were the weak 
point in this assembly.  The 
post pulled away from the 
nails, leaving wood 
members undamaged. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 187 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 1.1.3 
 
Gusset/post - common nail, foot/base - screw, base/deck - spiral nail 
 

 

Failure load – 206 pounds 
 
Failure mode – Post pulled 
away from gusset.  The 
common nails used to attach 
gusset to post were the 
weak point in this assembly.  
The post pulled away from 
the nails, leaving wood 
members undamaged. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 206 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - spiral nail 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE

end post 1.2.1 1 173 
foot broke with grain at shear plane created by fasteners at 
gusset attachment -typical failure 

 1.2.2 3 216 typical 

  average 195  
     
mid post 1.2.3 2 264 typical 

  average 264  
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TEST 1.2.1 
 
Gusset/post - screw, foot/base - screw, base/deck - spiral nail 
 

 

Failure load – 173 pounds 
 
Failure mode – Foot broke 
with grain along shear plane 
created by fasteners used to 
attach gusset.  Penetration 
of the fasteners into the 
guardrail foot acted as a 
wedge and appears to have 
contributed to failure in this 
area. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 173 pounds, the 
guardrail system experienced partial failure as the foot split.  This was followed by total failure and 
the post was unable to resist any further significant load. 
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TEST 1.2.2 
 
Gusset/post - screw, foot/base - screw, base/deck - spiral nail 
 

 

Failure load – 216 pounds 
 
Failure mode – Foot broke 
with grain along shear plane 
created by fasteners used to 
attach gusset.  Penetration of 
the fasteners into the 
guardrail foot acted as a 
wedge and appears to have 
contributed to failure in this 
area. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 216 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 1.2.3 
 
Gusset/post - screw, foot/base - screw, base/deck - spiral nail 
 

 

Failure load – 264 pounds 
 
Failure mode – Foot broke 
with grain along shear plane 
created by fasteners used to 
attach gusset.  Penetration of 
the fasteners into the 
guardrail foot acted as a 
wedge and appears to have 
contributed to failure in this 
area. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 264 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - screw 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE

end post 1.3.1 1 330 
foot broke with grain at shear plane created by fasteners at 
gusset attachment -typical failure 

 1.3.2 3 191 typical 
 1.3.3 1 120 typical 
 1.3.4 3 233 typical 

  average 219  
     
mid post 1.3.5 2 218 typical 
 1.3.6 2 225 typical 

  average 222  

Construction Safety Association of Ontario                                  October 30, 2003 



Guardrail Report                                                                                    appendix B 

TEST 1.3.1 
 
Gusset/post - screw, foot/base - screw, base/deck - screw 
 

 

Failure load – 330 pounds
 
Failure mode Foot broke 
with grain along shear 
plane created by fasteners 
used to attach gusset.  
Penetration of the 
fasteners into the guardrail 
foot acted as a wedge and 
appears to have 
contributed to failure in 
this area. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 330 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
 
Construction Safety Association of Ontario                                  October 30, 2003 
Time (seconds



Guardrail Report                                                                                    appendix B 

TEST 1.3.2 
 
Gusset/post - screw, foot/base - screw, base/deck - screw 
 

 

Failure load – 191 pounds
 
Failure mode – Foot 
broke with grain along 
shear plane created by 
fasteners used to attach 
gusset.  Penetration of the 
fasteners into the guardrail 
foot acted as a wedge and 
appears to have 
contributed to failure in 
this area. 

END POST 
 
 

0:00.00 0:10.00 0:20.00 0:30.00 0:40.00 0:50.00 1:00.00 1:10.00

20

40

60

80

100

120

140

160

180

 

Load 
(lbs) 

 Time (seconds) 
 
The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 191 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 1.3.3 
 
Gusset/post - screw, foot/base - screw, base/deck - screw 
 

 

Failure load – 120 pounds 
 
Failure mode – Foot broke 
with grain along shear plane 
created by fasteners used to 
attach gusset.  Penetration of 
the fasteners into the guardrail 
foot acted as a wedge and 
appears to have contributed to 
failure in this area. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 120 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 1.3.4 
 
Gusset/post - screw, foot/base - screw, base/deck - screw 
 

 

Failure load – 233 pounds
 
Failure mode – Foot 
broke with grain along 
shear plane created by 
fasteners used to attach 
gusset.  Penetration of the 
fasteners into the guardrail 
foot acted as a wedge and 
appears to have 
contributed to failure in 
this area. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 233 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 1.3.5 
 
Gusset/post - screw, foot/base - screw, base/deck - screw 
 

 

Failure load – 218 pounds 
 
Failure mode – Foot broke 
with grain along shear plane 
created by fasteners used to 
attach gusset.  Penetration of 
the fasteners into the 
guardrail foot acted as a 
wedge and appears to have 
contributed to failure in this 
area.

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 218 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 1.3.6 
 
Gusset/post - screw, foot/base - screw, base/deck - screw 
 

 

Failure load – 225 pounds 
 
Failure mode – Foot broke 
with grain along shear plane 
created by fasteners used to 
attach gusset.  Penetration of 
the fasteners into the 
guardrail foot acted as a 
wedge and appears to have 
contributed to failure in this 
area.

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 225 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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 gusset to post, foot to base, base to deck - common nail 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 2.1.1 3 55 foot pulled away from baseplate - typical failure 
 2.1.2 1 48 typical 

  average 52  
     
mid post 2.1.3 2 112 typical 

  average 112  
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TEST 2.1.1 
 
Gusset/post - common, foot/base - common, base/deck – common nail 
 

 

Failure load – 55 pounds 
 
Failure mode – Foot pulled 
away from base plate as load 
was increased.  This is 
consistent with common nail 
attachment of base to foot, 
and aside from separation of 
foot and base results in little 
or no visible damage to 
guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 55 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 2.1.2 
 
Gusset/post - common, foot/base - common, base/deck – common nail 
 

 

Failure load – 48 pounds 
 
Failure mode – Foot pulled 
away from base plate as load 
was increased.  This is 
consistent with common nail 
attachment of base to foot, and 
aside from separation of foot 
and base results in little or no 
visible damage to guardrail 
post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 48 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 2.1.3 
 
Gusset/post - common, foot/base - common, base/deck – common nail 
 

 

Failure load – 112 pounds 
 
Failure mode – Foot pulled 
away from base plate as load 
was increased.  This is 
consistent with common nail 
attachment of base to foot, 
and aside from separation of 
foot and base results in little 
or no visible damage to 
guardrail post. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 112 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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 gusset to post- common nail, foot to base - spiral nail, base to deck - common 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 2.2.1 1 94 foot pulled away from baseplate - typical failure 
 2.2.2 3 75 typical 

  average 85  
     
mid post 2.2.3 2 136 typical 

  average 136  
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TEST 2.2.1 
 
Gusset/post - common, foot/base - spiral, base/deck – common nail 
 

 

Failure load – 94 pounds 
 
Failure mode – Foot 
pulled away from base 
plate as load was 
increased.  This is 
consistent with spiral nail 
attachment of base to foot, 
and aside from separation 
of foot and base results in 
little or no visible damage 
to guardrail post. 

END POST 
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The graph indicates that this configuration
the applied load right through to the point
guardrail system experienced total failure
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TEST 2.2.2 
 
Gusset/post - common, foot/base - spiral, base/deck – common nail 
 

 

Failure load – 75 pounds 
 
Failure mode – Foot 
pulled away from base 
plate as load was 
increased.  This is 
consistent with spiral nail 
attachment of base to foot, 
and aside from separation 
of foot and base results in 
little or no visible damage 
to guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 75 pounds, the 
guarrail system experienced total failure and was unable to resist any further significant load. 
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TEST 2.2.3 
 
Gusset/post - common, foot/base - spiral, base/deck – common nail 
 

 

Failure load – 136 pounds 
 
Failure mode – Foot pulled 
away from base plate as load 
was increased.  This is 
consistent with spiral nail 
attachment of base to foot, 
and aside from separation of 
foot and base results in little 
or no visible damage to 
guardrail post. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 136 pounds, the 
guardrail system experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - common nail 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 2.3.1 3 187 base pulled out of deck 
 2.3.2 1 205 post split at attachment to foot 
 2.3.3 1 234 base pulled out of deck 
 2.3.4 3 215 post sheared across grain at mid-pt of gusset 
  average 210  
     
mid post 2.3.5 2 312 base pulled out of deck 
 2.3.6 2 211 base pulled out of deck 
 2.3.7 2 286 base pulled out of deck 
 2.3.8 2 212 base pulled out of deck 
 2.3.9 2 189 post split where toe board attachment penetrated 
  average 242  
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TEST 2.3.1 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 187 pounds
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This 
is consistent with common 
nail attachment to deck, 
and results in little or no 
visible damage to 
guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load to a point then experienced a series of minor failures followed by increased 
resistance to load.  Once it had reached its peak of 187 pounds, the guardrail system experienced 
partial failure followed by total failure.  It was then unable to resist any further significant load. 
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TEST 2.3.2 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

 
Failure load – 205 pounds
 
Failure mode – Post split 
at point of contact with 
foot.  The fastener 
installed through the foot 
into the base of the post 
appears to have created 
enough separation of the 
wood grain to cause it to 
fail under load. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 205 pounds, 
the guardrail system experienced total failure and was unable to resist any further significant load. 
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TEST 2.3.3 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 234 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with common 
nail attachment to deck, and 
results in little or no visible 
damage to guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 200 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 234 
pounds.  The system ultimately withstood a load of 335 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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TEST 2.3.4 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 215 pounds 
 
Failure mode – Post 
sheared across the grain at 
the mid-point of the gusset.  
Screws installed to secure 
the gusset to the post may 
have contributed to 
weakening the post in this 
area.  At time of failure, the 
base plate had encountered 
minimal pull-up from the 

END POST 
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The graph indicates this configuration of guardrails and posts offered consistent resistance to the 
applied load, sustained a minor failure at 165 pounds then continued to resist loading through to 
the point of failure.  Once it had reached its peak of 215 pounds, the guardrail post experienced 
total failure and was unable to resist any further significant load. 
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TEST 2.3.5 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 312 pounds
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This 
is consistent with common 
nail attachment to deck, 
and results in little or no 
visible damage to 
guardrail post. 

CENTRE POST 
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and posts offered consistent resistance up to 275 pounds.  At that point, the guardrail system exp 
The graph indicates that this configuration of guardrails erienced a series of minor failures 
followed by increased resistance to load.  In tests which followed a similar pattern, CSAO defined 
the failure point as the second peak on the graph.  For this test, failure was determined to be 312 
pounds.  The system ultimately withstood a load of 361 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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TEST 2.3.6 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 211 pounds 
 
Failure mode – Base plate pulled 
up from the deck as load was 
increased.  This is consistent with 
common nail attachment to deck, 
and results in little or no visible 
damage to guardrail post. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 190 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 211 
pounds.  The system ultimately withstood a load of 269 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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TEST 2.3.7 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 286 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with common nail 
attachment to deck, and results 
in little or no visible damage to 
guardrail post. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 255 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 286 
pounds.  The system ultimately withstood a load of 334 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 

Load 
(lbs) 

Time (seconds) 



Guardrail Report                                                                                    appendix B 

TEST 2.3.8 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

 
Failure load – 212 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with common nail 
attachment to deck, and results 
in little or no visible damage to 
guardrail post. 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 190 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 212 
pounds.  The system ultimately withstood a load of 305 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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TEST 2.3.9 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 189 pounds 
 
Failure mode – Post split near 
the base, at the point where the 
toe board fastener penetrated.  
This fastener created a crack in 
the base of the post, which 
may have contributed to 
failure. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 189 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - spiral nail 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 2.4.1 3 215 post sheared against grain at top of gusset 
 2.4.2 3 177 foot sheared at toe board attachment 
 2.4.3 3 208 post sheared with grain at gusset attachment 
 2.4.4 1 159 gusset screw sheared at post 
 2.4.5 1 130 foot sheared along grain 
 2.4.6 1 181 foot sheared along grain 
  average 178  
     
mid post 2.4.7 2 180 foot sheared along grain 
 2.4.8 2 146 post sheared at attachment to foot 
  average 163  
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TEST 2.4.1 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 215 pounds 
 
Failure mode – Post sheared 
across the grain at the top of 
the gusset.  Inconsistencies in 
the wood and the installation of 
fasteners near the breaking 
point may have both 
contributed to failure in this 
case. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 215 pounds, 
the guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 2.4.2 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 177 pounds 
 
Failure mode – Foot sheared 
with grain.  Fastener inserted 
through toe board penetrated 
foot and created a plane along 
which failure occurred.  
Fasteners installed to secure 
gusset to foot may have also 
contributed to weakening the 
wood. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 177 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 2.4.3 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 208 pounds
 
Failure mode – Post 
sheared along the grain 
where fasteners holding 
the gusset to the post were 
installed.  Once the 
separation of the post 
began, the applied load 
pulled it away from the 
gusset until it was out of

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 208 pounds, it 
suffered partial failure.  The guardrail post then experienced total failure and was unable to resist 
any further significant load. 
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TEST 2.4.4 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 159 pounds 
 
Failure mode – Post sheared 
along the grain where fasteners 
holding the gusset to the post 
were installed.  Once the 
separation of the post began, 
the applied load pulled it away 
from the gusset until it was out 
of contact with the fasteners. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 159 pounds, 
the guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 2.4.5 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 130 pounds 
 
Failure mode – Foot 
sheared along the grain.  
Fasteners installed to attach 
gusset to foot may have 
contributed to the failure by 
creating a shear plane in the 
wood. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 130 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 2.4.6 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 181 pounds
 
Failure mode – Foot 
sheared along the grain.  
Fasteners installed to 
attach gusset to foot may 
have contributed to the 
failure by creating a shear 
plane in the wood. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 181 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 2.4.7 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 180 pounds 
 
Failure mode – Foot 
sheared along the grain.  
Fasteners installed to attach 
gusset to foot may have 
contributed to the failure by 
creating a shear plane in the 
wood. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 180 pounds, 
the guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 2.4.8 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 146 pounds 
 
Failure mode – Post split at 
point of contact with foot.  
The fastener installed 
through the foot into the 
base of the post appears to 
have created enough 
separation of the wood grain 
to cause it to fail under load. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts experienced partial failure under 
a load of 120 pounds, then recovered sufficiently to resist additional load up to 146 pounds.  At 
this point, the post was visibly damaged but continued to transfer load to both end posts in the 
guardrail assembly. 
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 gusset to post - screw, foot to base - screw, base to deck - screw 

 TEST # POST
FAILURE 

(lbs) FAILURE MODE
end post 2.5.1 1 188 foot sheared along grain 
 2.5.2 3 139 screws from gusset to post sheared 
  average 164  
     
mid post 2.5.3 2 144 gusset sheared from post 
 2.5.4 2 230 post sheared at gusset connections  
  average 187  
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TEST 2.5.1 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 
END POST 
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The graph indicates that this configuration of guardrails and posts offe
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TEST 2.5.2 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 139 pounds 
 
Failure mode – Screws 
installed to fasten the gusset 
to the post sheared, allowing 
the post to move 
unrestrained.  An 
insufficient number of 
screws at this location may 
have contributed to the low 
failure point. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 139 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 2.5.3 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 144 pounds 
 
Failure mode – Screws 
installed to fasten the 
gusset to the post sheared, 
allowing the post to move 
unrestrained.  An 
insufficient number of 
screws at this location may 
have contributed to the low 
failure point. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 144 pounds, 
the strength declined partially as more fasteners continued to fail.  It then experienced total failure 
and was unable to resist any further significant load. 
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TEST 2.5.4 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 230 pounds 
 
Failure mode – Post sheared 
along the grain where fasteners 
holding the gusset to the post 
were installed.  Once the 
separation of the post began, 
the applied load pulled it away 
from the gusset until it was out 
of contact with the fasteners. 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 230 pounds, 
the strength declined to approximately 130 pounds as the post continued to fail.  It then 
experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - common 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 3.1.1 1 132 base pulled out of deck - typical failure 
 3.1.2 3 130 typical 
 3.1.3 1 163 typical 
 3.1.4 3 130 typical 

  average 139  
     
mid post 3.1.5 2 215 typical 
 3.1.6 2 217 typical 
 3.1.7 2 221 typical 
 3.1.8 2 362 post sheared at top of gusset 
 3.1.9 2 177 typical 

  average 238  
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TEST 3.1.1 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 132 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with common nail 
attachment to deck, and 
results in little or no visible 
damage to guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 124 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 132 

Load 
(lbs) 

)
Time (seconds
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pounds.  The system ultimately withstood a load of 182 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
TEST 3.1.2 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 130 
pounds 
 
Failure mode – Base 
plate pulled up from the 
deck as load was 
increased.  This is 
consistent with common 
nail attachment to deck, 
and results in little or no 
visible damage to 
guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 119 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 130 
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pounds.  The system ultimately withstood a load of 190 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
TEST 3.1.3 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 163 pounds
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This 
is consistent with common 
nail attachment to deck, 
and results in little or no 
visible damage to 
guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 139 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 163 
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pounds.  The system ultimately withstood a load of 198 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
TEST 3.1.4 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 
END POST 
 
 
 
Equipment did not register test results – reported failure is an observed va
be consistent with other posts of the same configuration. 
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Failure load – 130 pounds
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This 
is consistent with common 
nail attachment to deck, 
and results in little or no 
visible damage to 
guardrail post.
lue, but results appear to 
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TEST 3.1.5 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 215 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with common nail 
attachment to deck, and 
results in little or no visible 
damage to guardrail post. 

CENTRE POST 
 

0:00.00 0:20.00 0:40.00 1:00.00 1 :20.00 1:40.00 2:00.00 2:20.00

50

100

150

200

250

300

 
 

Construction Safety Association of Ontario                                  October 30, 2003 

 
 
The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 190 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 215 
pounds.  The system ultimately withstood a load of 316 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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TEST 3.1.6 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 217 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with common nail 
attachment to deck, and results 
in little or no visible damage to 
guardrail post. 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 179 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 217 
pounds.  The system ultimately withstood a load of 339 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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TEST 3.1.7 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 221 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with common nail 
attachment to deck, and results 
in little or no visible damage to 
guardrail post. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 177 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 221 
pounds.  The system ultimately withstood a load of 296 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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TEST 3.1.8 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 362 pounds 
 
Failure mode – Base plate 
pulled up partially from the 
deck as load was increased.  
Ultimately, post sheared 
across grain at top of gusset. 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance for 
this test to the applied load right through to the point of failure.  Once it had reached its peak of 
362 pounds, the guardrail post experienced total failure and was unable to resist any further 
significant load. 
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TEST 3.1.9 
 
Gusset/post - screw, foot/base - screw, base/deck – common nail 
 

 

Failure load – 177 pounds
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This 
is consistent with common 
nail attachment to deck, 
and results in little or no 
visible damage to 

d il t
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The graph indicates that this configuration of guardrails and posts offered consistent resistance up 
to 162 pounds.  At that point, the guardrail system experienced a series of minor failures followed 
by increased resistance to load.  In tests which followed a similar pattern, CSAO defined the 
failure point as the second peak on the graph.  For this test, failure was determined to be 177 
pounds.  The system ultimately withstood a load of 263 pounds, at which time the post 
experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - spiral 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 3.2.1 3 236 base pulled out of deck - typical failure 
 3.2.2 1 249 typical 
 3.2.3 1 230 typical 
 3.2.4 3 237 typical 

  average 238  
     
mid post 3.2.5 2 276 typical 

  average 276  
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TEST 3.2.1 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 
END POST 
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The graph indicates that this configuration of guardrails and posts offer
this test to the applied load right through to the point of failure.  Once i
236 pounds, the guardrail post experienced total failure and was unable
significant load. 
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Failure load – 236 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with spiral nail 
attachment to deck, and 
results in visible but minor 
damage/deformation to 
guardrail post. 
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TEST 3.2.2 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 249 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with spiral nail 
attachment to deck, and 
results in visible but minor 
damage/deformation to 
guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance for 
this test to the applied load right through to the point of failure.  Once it had reached its peak of 
249 pounds, the guardrail post experienced total failure and was unable to resist any further 
significant load. 
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TEST 3.2.3 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 230 pounds
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This 
is consistent with spiral 
nail attachment to deck, 
and results in visible but 
minor 
damage/deformation to 
guardrail post. 

END POST 
 
 
 
Equipment did not register test – reported failure is an observed value, but results are consistent 
with those from guardrail systems of the same configuration. 
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TEST 3.2.4 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 237 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with spiral nail 
attachment to deck, and 
results in visible but minor 
damage/deformation to 
guardrail post. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance for 
this test to the applied load right through to the point of failure.  Once it reached its peak of 237 
pounds, the guardrail post experienced total failure and was unable to resist any further significant 
load. 
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TEST 3.2.5 
 
Gusset/post - screw, foot/base - screw, base/deck – spiral nail 
 

 

Failure load – 276 pounds 
 
Failure mode – Base plate 
pulled up from the deck as 
load was increased.  This is 
consistent with spiral nail 
attachment to deck, and 
results in visible but minor 
damage/deformation to 
guardrail post. 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 276 pounds, 
the guardrail post experienced total failure and was unable to resist any further significant load.  
Load was then re-applied to the point where the two end posts were able to carry load being 
transferred through the guardrails.  The load was increased until the entire system failed at 333 
pounds. 
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 gusset to post - screw, foot to base - screw, base to deck - screw 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 3.3.1 1 295 post sheared at top of gussets - typical failure 
 3.3.2 3 300 typical 
  average 298  
     
mid post 3.3.3 2 312 typical 
 3.3.4 2 401 typical 
 3.3.5 2 385 base pulled up from deck 
  average 366  
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TEST 3.3.1 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 
END POST 
 
 
 
 
GRAPH NOT AVAILABLE FOR THIS TEST 
 
Observation of the test indicated that this configuration of guardrails and posts offered consistent 
resistance to the applied load right through to the point of failure.  Once it reached its peak of 295 
pounds, the guardrail post experienced total failure and was unable to resist any further significant 
load. 
 
 
 
 
 

Failure load – 295 pounds
 
Failure mode – Post 
sheared across the grain at 
the top of the gusset.  
Inconsistencies in the 
wood and the installation 
of fasteners may have both 
contributed to failure in 
this case. 
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TEST 3.3.2 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 
END POST 
 
 
 
GRAPH NOT AVAILABLE FOR THIS TEST 
 
Observation of the test indicated that this configuration of guardrails and posts offered consistent 
resistance to the applied load right through to the point of failure.  Once it reached its peak of 300 
pounds, the guardrail post experienced total failure and was unable to resist any further significant 
load. 
 
 
 
 
 
 

Failure load – 300 pounds
 
Failure mode – Post 
sheared across the grain at 
the top of the gusset.  
Inconsistencies in the 
wood and the installation 
of fasteners may have both 
contributed to failure in 
this case. 
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TEST 3.3.3 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 312 pounds
 
Failure mode – Post 
sheared across the grain at 
the top of the gusset.  
Inconsistencies in the 
wood and the installation 
of fasteners may have both 
contributed to failure in 
this case. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 312 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 3.3.4 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 401 pounds 
 
Failure mode – Post sheared 
across the grain at the top of 
the gusset.  Inconsistencies in 
the wood and the installation 
of fasteners may have both 
contributed to failure in this 
case. 
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0:00.00 0:50.00 1:40.00 2:30.00

50

100

150

200

250

300

350

400

 

Load 
(lbs) 

 Time (seconds) 
 
The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 401 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 3.3.5 
 
Gusset/post - screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 385 pounds
 
Failure mode – Post 
sheared across the grain at 
the top of the gusset.  
Inconsistencies in the 
wood and the installation 
of fasteners may have both 
contributed to failure in 
this case. 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 385 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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 gusset to post - n/a, foot  to base - n/a, base to deck – common nail 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 4.1.1 1 45 base pulled out of formply deck - typical failure 
 4.1.2 3 45 typical 

  average 45  
mid post 4.1.3 2 123 typical 

  average 123  
  gusset to post - n/a, foot to base - n/a, base to deck – spiral nail 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 4.2.1 3 64 base pulled out of formply deck - typical failure 
 4.2.2 1 69 typical 

  average 67  
mid post 4.2.3 2 106 typical 

  average 106  
  gusset to post - n/a, foot to base - n/a, base to deck - screw 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 4.3.1 3 206 base pulled out of formply deck - typical failure 
 4.3.2 1 202 typical 
 4.3.3 1 223 typical 
 4.3.4 3 206 typical 
 4.3.5 3 223 typical 
 4.3.6 1 206 typical 

  average 211  
mid post 4.3.7 2 277 typical 
 4.3.8 2 260 typical 
 4.3.9 2 295 typical 
 4.3.10 2 270 typical 

  average 276  

Post Type 4 
 
Prefabricated Steel Base Post 
in Strong Axis 
Formply Deck 
 
Data analysis on a test-by-test basis 
was not conducted on this guardrail 
configuration for this report. 
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 gusset to post - spiral, foot to base - screw, base to deck - screw 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 5.1.1 1 110 post pulled away from gusset - typical failure 
 5.1.2 3 114 post and gusset pulled away from foot 

  average 112  
     
mid post 5.1.3 2 158 typical 

  average 158  
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TEST 5.1.1 
 
Gusset/post – spiral nail, foot/base - screw, base/deck – screw 
 

 

Failure load – 110 pounds 
 
Failure mode – Post pulled 
away from gusset.  The spiral 
nails used to attach gusset to 
post were not strong enough to 
resist load.  The post pulled 
away from the nails, leaving 
nails bent over and wood 
members undamaged or 
deformed. 
 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 110 pounds, 
the guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.1.2 
 
Gusset/post – spiral nail, foot/base - screw, base/deck – screw 
 

 

Failure load – 114 pounds 
 
Failure mode – Post pulled 
away from gusset.  The spiral 
nails used to attach gusset to 
post were not strong enough to 
resist load.  The post pulled 
away from the nails, leaving 
nails bent over and wood 
members undamaged or 
deformed. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 114 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.1.3 
 
Gusset/post – spiral nail, foot/base - screw, base/deck – screw 
 

 

Failure load – 158 pounds 
 
Failure mode – Post pulled 
away from gusset.  The spiral 
nails used to attach gusset to 
post were not strong enough to 
resist load.  The post pulled 
away from the nails, leaving 
nails bent over and wood 
members undamaged or 
deformed. 

CENTRE POST 
 
 

0:00.00 0:05.00 0:1 0.00 0:15.00 0:20.00 0:25.00 0:30.00 0:35.00
20

40

60

80

100

120

140

 

Load 
(lbs) 

 
Time (seconds) 

 
The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 158 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - screw 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 5.2.1 1 168 post split at gusset screws, top of gusset sheared 
 5.2.2 1 206 post split at gusset screws 
 5.2.3 1 227 base pulled up from deck 
 5.2.4 1 230 foot sheared along grain 
 5.2.5 3 186 base de-laminated 
 5.2.6 1 170 foot sheared along grain 

 5.2.7 1 168 
gusset screw sheared at top connection and post split with 
grain 

 5.2.8 3 144 foot sheared along grain 

  average 187  
     
     
mid post 5.2.9 2 265 post split at base 
 5.2.10 2 292 base de-laminated 
 5.2.11 2 223 post pulled away from gusset 

  average 260  
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TEST 5.2.1 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

 
Failure load – 168 pounds
 
Failure mode – The post 
split with the grain at the 
gusset screws, and the top 
of the gusset sheared. 
 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 168 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.2.2 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 206 pounds 
 
Failure mode – Post sheared 
along the grain where fasteners 
holding the gusset to the post 
were installed.  Once the 
separation of the post began, 
the applied load pulled it away 
from the gusset until it was out 
of contact with the fasteners. 

END POST 
 

0:00.00 0:50.00 1:40.00 2:30.00 3:20 .0 0 4:10.00 5:00.00
0

20

40

60

80

100

120

140

160

180

200

 

Load 
(lbs) 

 Time (seconds)
 
The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 206 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.2.3 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 227 pounds 
 
Failure mode – Base pulled 
up from the deck.  The post 
remained intact, and the 
screws installed through the 
base into the deck were 
pulled out. 
 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 227 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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Guardrail Report                                                                                    appendix B 

TEST 5.2.4 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 230 pounds 
 
Failure mode – Foot sheared 
along grain where the gusset 
was attached.  Fasteners 
installed through the gusset 
into the foot created a shear 
plain where failure occurred. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 230 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.2.5 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 186 pounds 
 
Failure mode – Base de-
laminated under loading, 
partially pulling up from the 
fasteners and away from the 
deck. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 186 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.2.6 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 170 pounds 
 
Failure mode – Foot broke 
with grain along shear plane 
created by fasteners used to 
attach gusset.  Penetration 
of the fasteners into the 
guardrail foot acted as a 
wedge and may have 
contributed to failure in this 
area.

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 170 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.2.7 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 168 pounds
 
Failure mode – Fastener 
installed through the top of 
the gusset and into the post 
sheared, and the post 
sheared with the grain, 
pulling away from the 
remaining fasteners. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 168 pounds, the 
guardrail post experienced a minor failure and was able to withstand a load of 158 pounds.  At this 
point the post experienced total failure and was unable to resist any further significant load. 
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Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 144 pounds
 
Failure mode –– Foot 
sheared along the grain.  
Fasteners installed to 
attach gusset to foot may 
have contributed to the 
failure by creating a shear 
plane in the wood. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it had reached its peak of 144 pounds, 
the guardrail post experienced total failure and was unable to resist any further significant load. 
TEST 5.2.9 
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Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 265 pounds
 
Failure mode –– Post split 
with grain from base up 
through to the top of the 
gusset.  Fasteners installed 
through gusset into post 
may have created a shear 
plain, contributing to the 
failure. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 265 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
TEST 5.2.10 
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Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 292 
pounds 
 
Failure mode –– Base 
de-laminated under 
loading, partially 
pulling up from the 
fasteners and away 
from the deck. 

CENTRE POST 
 

0:00.00 0:10.00 0:20.00 0:30.00 0:40.00

20

40

60

80

100

120

140

160

180

200

220

240

260

280

 
 

Construction Safety Association of Ontario                                  October 30, 2003 

 
The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 292 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 5.2.11 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 223 pounds
 
Failure mode –– Post 
sheared along the grain 
where fasteners holding 
the gusset to the post were 
installed.  Once the 
separation of the post 
began, the applied load 
pulled it away from the 
gusset until it was out of 
contact with the fasteners. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 223 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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 gusset to post - screw, foot to base - screw, base to deck - screw 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 6.1.1 1 226 post sheared at top of gusset 
 6.1.2 3 241 post sheared at top of gusset 

  average 234  
     
mid post 6.1.3 2 308 base de-laminated 

  average 308  
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TEST 6.1.1 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 226 pounds 
 
Failure mode –– Post 
sheared across the grain at 
the top of the gusset.  
Inconsistencies in the wood 
and the installation of 
fasteners may have both 
contributed to failure in this 
case. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 226 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load. 
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TEST 6.1.2 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 241 pounds
 
Failure mode –– Post 
sheared across the grain at 
the top of the gusset.  
Inconsistencies in the 
wood and the installation 
of fasteners may have both 
contributed to failure in 
this case. 

END POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 241 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load.  
During this test, load was increase, then held steady briefly to determine possible effects of a 
sustained rather than increasing load. 
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TEST 6.1.3 
 
Gusset/post – screw, foot/base - screw, base/deck – screw 
 

 

Failure load – 308 pounds
 
Failure mode –– Base de-
laminated under loading, 
partially pulling up from 
the fasteners and away 
from the deck. 

CENTRE POST 
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The graph indicates that this configuration of guardrails and posts offered consistent resistance to 
the applied load right through to the point of failure.  Once it reached its peak of 308 pounds, the 
guardrail post experienced total failure and was unable to resist any further significant load.  
During this test, load was increase, then held steady briefly to determine possible effects of a 
sustained rather than increasing load. 
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Post Type 7 
 
Prefabricated Steel 
Base 
Post in Strong Axis 
OSB Deck 
 
Data analysis on a 
test-by-test basis was 
not conducted on this 
guardrail 
configuration for this 
report. 

  

 

gusset to post - n/a, foot to base - n/a, base to deck - screw (2) 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 7.1.1 1 159 base pulled out of osb deck - typical failure 
 7.1.2 3 151 typical 
 7.1.3 3 158 typical 

  average 156  
mid post 7.1.4 2 164 typical 
 7.1.5 2 190 typical 
 7.1.6 2 227 typical 

  average 194  
     
  gusset to post - n/a, foot to base - n/a, base to deck - screw (3) 

 TEST # POST #
FAILURE 

(lbs) FAILURE MODE
end post 7.2.1 3 215 base pulled out of osb deck - typical failure 
 7.2.2 1 220 typical 
 7.2.3 1 224 typical 
 7.2.4 3 211 typical 
 7.2.5 3 238 typical 
 7.2.6 1 253 typical 

  average 227  
mid post 7.2.7 2 203 typical 
 7.2.8 2 206 typical 
 7.2.9 2 199 typical 

  average 203  
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