
exercise, relaxation, competition, exhibition, romance, 
exhilaration and therapy. When swimmers and bathers frolic 
underwater they risk exposing their hair to active pool drains. 
For example, swimming a circuit to and from a drain is a 
common aquatic exercise that brings the head into the vicinity 
of the drain where strands of hair may be entrained into the 
drainage flow and pass through the apertures in conventional 
drain gratings.
When hair strands are drawn through drain gratings hair 
entanglement may proceed by the knotting or wrapping 
mechanisms illustrated in Figs. 1a and 1b respectively. Both 
mechanisms are sufficiently aggressive that a bather may be 
trapped even in the face of heroic intervention. Drain covers 
can be designed to avoid hair entanglement or to allow escape. 
Some of the physical and mechanical properties of hair have 
been collected in Table 1 to assist our understanding of hair 
entrapment.
1. Collimated Gratings
By extending the vertical dimensions of most conventional 
drain gratings, one obtains a series of prismatic tubes such as 
shown in Fig. 2. If these tubes are longer than the critical hair 
length shown in Fig. 3, there are no mechanical elements for 
the hair strands to snag or lasso. “Between – Tube Knotting” is 
only possible when hair strands exceed the critical length 
which is currently set at 16 in. (406 mm) in the U.S. [7].
The elongated tube concept was fully described by Barnett in a 
Triodyne Safety Alert in February 1998 [8]. Figure 2b from 
that publication was patented by Barnett on May 18, 1999 [9]. 
A utility patent [10] was granted to Nelson on November 9, 
1999 for the same concept. The idea of an elongated tube for 
controlling hair entanglement was incorporated into Patent 
6,230,337 B1 [11] by Barnett on May 15, 2001 and into Patent 
6,738,994 B2 [12] by Barnett and Poczynok on May 25, 2004. 
The latter two patents address all of the entrapment hazards 
including hair entanglement. Note that the spherical profile 
illustrated in Fig. 2b mitigates body entrapment and 
evisceration hazards.
2. Cantilevered Grating Elements
Conventional grating elements, such as shown in Fig. 1, 
consist of horizontal prismatic beams supported at both ends. 
As indicated in Fig. 1a, no escape geometry is provided in the 
knotting mode. Furthermore, a single wrap around a straight 
element can entrap a strand of hair. On the other hand, 
cantilevered elements always provide escape geometry as 
illustrated in Fig. 4a. Indeed, the steep angle on the bottom 
surface of the element leads to shedding of the hair lasso. The 
effect of the tapered cantilever
Figure 1. Hair Entanglement Models
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profile illustrated in Fig. 4b also precludes wrapping 
entanglement by the same shedding mechanism [13].
Figure 5 depicts various drain grating designs which 
incorporate only cantilevered elements. The domed profile 
illustrated in Fig. 5c makes it very difficult to fully cover the 
drain with the human body. This safety feature attenuates the 
development of a dangerous vacuum.
3. Cutting Edge Grating Elements
Disengagement of entangled hair from drain gratings is 
restricted by forces developed at the bottom surface of the 
grating elements. If these surfaces are fashioned into a cutting 
edge as shown in Fig. 6, hair strands may be severed to release 
a bather. The edges may incorporate some of the modern “stay 
sharp” profiles. Grating materials must be selected to sustain 
the integrity of the cutting edges in the face of harsh pool and 
hot tub chemistry. Furthermore, the grating apertures must be 
designed to preclude finger contact with the sharp edges at the 
bottom of the grating.
4. Liftable Gratings
Unsecured gratings will not hold down a swimmer whose hair 
has become ensnared. Most conventional gratings are secured 
to pool surfaces or main drains using fastening systems that 
cannot be breached by human strength. Conceptually, it is a 
straight forward problem to design covers with detents or 
breakaway fasteners that will release them at modest force 
levels (see Fig. 7). As a practical
Table I. Follicle Facts
Figure 2. Collimated Grating
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matter, there are many design constraints;
• Currently (2012) hair pull is limited to 5 lbf (22 N).
• Hair entrapment may occur anywhere on the grate.
• Hair pull may be applied in any direction.
• Vandal resistance.
• UV and chemical resistant (10 year exposure)
• High reliability.
• The bather may defeat the concept by pushing against or 
standing on the grate while attempting to extricate their hair.
• The bather must be able to swim to the surface with the 
grating entangled in their hair.
• A missing grating may expose swimmers to tripping hazards, 
limb entrapment, body entrapment, and evisceration.
A safety grating was invented and marketed by Zars in January 
2001 [14] which addressed many of the foregoing design 
constraints.
5. 1.5 Feet/Second Rule
By fiat the pool industry has adopted a rule-of-thumb 
masquerading as a theorem; “Hair entanglement will not occur 
in grate/covers when the water flow speed is kept below 1.5 ft/
sec [457 mm/sec].” The most current national safety standard, 
ANSI/APSP-16 2011 [7], specifies that,
4.1.4 Field Fabricated Outlets. For field fabricated outlets, hair 
entrapment tests are not required, but velocity through cover/
grate openings shall not exceed 1.5 ft/sec (4.675 gpm/in.2) 
[457 mm/sec (2.73 Lpm/cm2)] of open area.
At the state level, New York’s Codes, Rules and Regulations, 
2007 states the following [15]:
NYCRR §6-1.29 (2007) 9.6.2
• 9.6.2 Grating. The main drain suction outlet shall be 
protected by anti-vortex covers or gratings.
• The open area shall be large enough to assure the velocity 
does not exceed 11/2 feet per second through the grating. 
Openings in grates shall not be over one-half inch wide.
• Gratings or drain covers shall not be removable without the 
use of tools.
In 2009, on behalf of Hayward Pool Products, Gary Ortiz and 
Robert Rung provided a comprehensive discussion of the 1.5 
ft/sec rule in their presentation entitled “Prescriptive and 
Performance
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Standards: Flow Ratings of Suction Outlet Fittings (Main 
Drains)” [16]. Among their observations are the following:
• Earliest citation found – 1958 “National Spa and Pool 
Institute (NSPI) Recommended Standard;”
“The outlet grate clear area shall be such that when the 
maximum flow of water is being pumped through the floor 
outlet, the velocity through the clear area of the grate shall not 
be greater than 1 1/2 ft. per second….”
• No known scientific or technical basis for the 1.5 ft/sec. rule.
• Hair tests performed by “Nationally Recognized Testing 
Laboratories” have demonstrated entrapment in accordance 
with ASME A112.19.8-2007 [17] at flow velocities as low as 
1.3 ft/sec. This disproves the 1.5 ft/sec. rule.
• In some cases a flow velocity of 1.5 ft/sec. exceeds cover 
manufacturer’s flow rating.
6. Performance Criteria (Conventional Covers)
A statistical performance standard has been promulgated by 
standard ANSI/APSP-16 2011 that will decrease but not 
eliminate hair entrapment by entanglement. Under standardized 
conditions that tend to simulate hair entanglement scenarios, 
manufactured (as opposed to field fabricated) grates/covers are 
tested with respect to the forces required to extricate hair 
samples at various flow rates. The hair entrapment forces are 
generated by hydrodynamic drag on the hair strands, by 
friction resistance of strands rubbing against grating elements, 
and by interference caused by entanglement. Eighty percent of 
the flow rate associated with an extraction force of 5 lbf (22 N) 
becomes the rating of the candidate grate/cover.
Figure 5. Cantilevered Grating Assemblies
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Figure 6. Intersecting Sharp Edged Grating Elements
Figure 7. Breakaway Grating Concepts
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Several rules-of-thumb guide designers of conventional outlet 
covers;
• Small apertures reduce the entrainment of strands into the 
grate/cover elements. (Recall: 29 hair loops break at 5 lbf (22 
N))
• Friction resistance is lowered by passageways that are not 
circuitous.
• Small flow velocities decrease hydrodynamic drag.
• Small flow velocities reduce turbulence that entangles hair 
strands. (Recall: All known hair entrapment accidents have 
been caused by entanglement)
The hair entrapment standard contains a number of relevant 
passages;
• Hair Samples
Type 1. A full head of natural, fine, straight, blond European, 
human hair with cuticle on hair stems, 16 in. (406 mm) in 
length, 5.5 oz ± 0.5 oz (155g ± 15g), and affixed to a 
Professional Wig Display Mannequin.
Type 2. Natural, medium to fine, straight, light brown colored 
human hair weighing 2 oz ± 0.11 oz (57 g ± 3g) and having a 
length of 16 in. (406 mm) affixed to a 1 inch [25 mm] 
diameter wood dowel of length 12 in [305 mm]. Notes: No 
research has established that these hair samples are the most 
tangle-prone The full head sample always governs the flow 
rating.
• Five pounds is specified in the standard because it is 
speculated to be the pain threshold of children. Note: No 
research has been performed to establish a proper hair pull 
criterion.
• Before a force test is executed, the test dowel or test skull is 
manipulated for 60 sec. and then held against the outlet fitting 
for another 30 sec. to feed hair into the fitting.
• Ten tests are conducted with each sample type at various 
resistance levels approaching 5 lbf (22 N).
• Hair exposure to a grating during testing is of the order of 
one hour. This may be compared to the typical exposure of 
swimmers to a given style grate/cover. For example, 250,000 
covers that are “life rated” for seven years may be exposed to 
swimmers for a 180 hr/year. The outlet cover spends almost 
1/3 of a billion hours in the company of swimmers.
B. Suction Entrapment Safeguards
Suction gives rise to body and limb entrapment and 
evisceration. Two approaches are used to mitigate these 
dangers; reduced suction and timely termination of suction. 
The basis suction entrapment problem is framed in Fig. 8a 
where a perfect pump creates a full vacuum (absolute pressure 
= zero). If a body seals the sump it is subjected to a hold-down 
pressure p where p = 14.7 psi + H (0.4333 psi/ft) [p= 101 kPa 
+ H(9.801 kPa/m)] where H is the head of water above the 
sump in feet (meters for SI units). Hold-down forces of 400 to 
600 lbf (1780 to 2669 N) are developed in circular sumps and 
frames; two to three inch (51-76 mm) PVC pipes develop 
between 50 and 100 lbf (222 and 445 N) respectively.
When an immersed body does not completely seal a sump or a 
suction outlet pipe, the water flowing past the body produces a 
pressure drag related to the pressure difference between the 
upstream and downstream surfaces. The water flow also 
creates a viscous shear called skin friction at the body/fluid 
boundaries. The total drag on a body or limb is sensitive to 
flow velocity which in turn depends on the pressure 
differential created by the pump.
For uncovered sumps Fig. 8 displays the current schemes for 
controlling the pressure differential. Because the dual drain, 
Fig. 8b, and the unblockable sump, Fig. 8c, allow water to 
continuously flow into the pump, a full vacuum cannot be 
developed. For the vent system, Fig. 8d, and the gravity feed 
system, Fig. 8e, the maximum vacuum cannot exceed Hg. 
When the water column in the vent line or collector tank is 
drawn down completely, air is entrained into the pump which 
loses its prime. With respect to the single blockable sump in 
Fig. 8a, drain covers are designed with unblockable ports for 
water to bypass partially obstructed covers. For suction outlet 
pipes, a scalloped end precludes sealing. For perfectly sealed 
suction outlet devices, even the smallest pumps, given 
sufficient time, can pull a near perfect vacuum. On the other 
hand, for a partially sealed sump, pipe, or drain cover the hold-
down force increases with pump size and capability.
Another approach for protecting bathers from suction dangers 
is to shut down or reverse the motor/pump system whenever 
the vacuum level is too high. This is accomplished with so 
called Safety Vacuum Relief Systems (SVRS). These systems 
may monitor line pressure, flow, or electrical load. At harmful 
levels they introduce various combinations of protocols,
• Shut off pump motor
• Reverse flow direction
• Incapacitate pump (introduce air to kill the prime)
• Reduce pressure to atmospheric
It is generally accepted that the SVRS devices do not act 
rapidly enough to prevent evisceration. On the other hand, 
some restrict the vacuum levels such that evisceration will not 
take place.
H
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Figure 8. Entrapment Avoidance Systems
C. Mechanical Entrapment Safeguards
Suction outlet covers are strainers fashioned with one or more 
holes of various geometries. Ideally, they should allow 
maximum water flow with minimum throughput of solids such 
as fingers or apparel. The New Zealand Swimming Pool 
Design Standard NZS 4441:2008 requires that grate opening 
either preclude the passage of a 0.3 in. (8mm) diameter rod or 
allow the passage of a 1 in. (25 mm) diameter rod [18]. Infants 
cannot pass their fingers through an 8mm circular hole [19]. In 
the U.S. a finger probe designed by Underwriters Laboratories 
[20] provides the anti-finger entrapment criteria. Suction 
fittings shall not allow the passage of the 25mm diameter 
cylindrical end of the UL Articulated Probe. On the other end 
with the articulated finger, penetration is limited for small 
aperture opening and for large aperture openings.
ANTI-LIMB ENTRAPMENT INSERT
Manufactured or field built sumps, used in swimming pools are 
generally serviced by 1 1/2 to 3” (38 to 76 mm) PVC pipes 
oriented perpendicular or parallel to the bottom surface of the 
pool. The entrance to the pipe may be unencumbered, it may 
be cemented into a socket that is built into a manufactured 
sump, or it may be cemented into the socket end of a fitting 
that has a threaded pipe end that screws into a receptacle built 
into the sump. The associated passageways into the pipe all 
provide a limb entrapment hazard. The safety objective is to 
design a device that eliminates this hazard without 
significantly compromising the water flow. Further, the safety 
device must not introduce new dangers with respect to hair or 
finger entrapment.
A. Anti-Limb Entrapment
Figure 9a shows a photograph of a candidate pipe insert for a 
2” PVC pipe. This safety device incorporates scallops around 
its leading edge to prevent bathers from sealing the pipe or 
sump outlet and developing a hold-down force as high as 64 
lbf (O.D. x 14.7 psi) [285]. Using the test set-up illustrated in 
Fig. 10, the withdrawal forces associated with an adult 
anthropometric hand are presented in Table 2. Various 
blocking strategies were tested using a 2” PVC pipe insert with 
three scallops. Ten trials were conducted per strategy.
To set up each trial, the choice blocking material was attached 
to a hanging load cell in the desired position by a flexible 
nylon cord and an eyebolt. The load cell was fastened to an 
Acme screw jack. During testing, the wheel of the jack was 
manipulated to raise and lower the set-up into and out of 18” 
of water. The 2 hp (1.5kW) STA-RITE pump was powered on 
prior to the lowering of the blockage item. Of the strategies 
tested, three included setting a blockage item above the pipe 
insert and one blocked the pipe without the insert. For control 
purposes, an aluminum contact disk was used to seal the pipe 
without the insert. All of the attachments were negatively 
buoyant, and their forces were deducted from data averages to 
produce corrected averages.
Turning to the results, observe from Table 2 that a flat body 
contact produces a withdrawal force of only 6.5 lbf (29 N); a 
karate chop (edge of hand) across two scallop valleys can be 
withdrawn with 13.7 lbf (60.9 N). A three year old, according 
to Reference 7, can develop a removal force of 15 lbf (67 N). 
When an adult palms the 2” pipe insert, the withdrawal force is 
20.7 lbf (92.1 N) or 43.5% of the full blocking removal force. 
The smaller hand of a child cannot develop such high resisting 
forces.
Referring to Figs. 9c and 9d, the pipe remains a single hole 
(simply connected) with a cross-section that will not admit a 
25mm diameter rod. When infants reduce their hands to the 
narrowest configuration as shown in Fig. 11, the smallest 2 – 
3.5 year old cannot reach through a circular hole smaller than 
1.5 in. (38.1mm) [19]. Clearly, the three fin insert cannot be 
breached. When the insert wall thickness is 1/16 in. (1.6 mm), 
the cross-sectional area is reduced by 18.94%.
B. Anti-Hair Snare Design
In general, hair can become ensnared on fins or scallops. The 
two worst case scenarios for these contingencies are depicted 
in Fig. 12a. Observe that at any point on the fin, the contact 
angle of a hair loop may be sufficiently shallow that the hair 
strands will slide. The contact angle that will guarantee such 
slipping is related to the coefficient of friction of the hair/fin 
couple. If the entire edge of the fin makes the same contact 
angle with all hair strands, the shape of the fin forms an iso-
friction surface that will always shed hair.
The shape of the fin can be obtained using the polar 
coordinates shown in Fig. 12b. At any point (r,q) the angle a is 
fixed, thus,
= tan drrdconstantqa= Eq. 1
At the initial point on the fin,
Using separation of variables we obtain the equation defining 
the edge of the fin:
rRe=−00()tanqqa Eq. 2
The length of the fin, xmax, is the radius associated with the 
largest possible q, q = p/2; thus,
Fin Length xrmax(/)≡p2
r
Rat=00 = qq
=−Re020(/)tanpqa Eq. 3
The width of the fin y at any point (r, q) is given by y = r cos 
q or
yRe=−00cos()tanqqqa Eq. 4
The maximum fin width ymax is obtained in the usual way by 
setting the derivative of y equal to zero; thus,
dydoptoptqqqqa==⇒=0tantan Eq. 5
Hence,
qaopt=−tan(tan)1 Eq. 6
Figure 9. Two Inch Anti-Limb Entrapment Insert - Three 
Scallops Three Fins
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y
yReoptmax[tan(tan)()cos[tan(tan)]==−−−qaaq0110]]tana Eq. 7
The relationship between the constant angle a and hair friction 
can be obtained by examining a tangent to the fin curve, Fig. 
13. The free body diagram of the hair/fin contact point shows 
that the external tangential component force F cos b is opposed 
by the friction force m F sin b. The hair strand will slip if
mbbFFsincos< Eq. 8
Hence,
bm<−tan(/)...11 slipcriterion Eq. 9
In terms of the complimentary angle a,
apm>−−/tan(/)...211 sheddingcriterion Eq. 10
Acme Screw Jack
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Table II. Withdrawal Forces - Blocked 2” PVC Pipe Insert,
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Figure 12. Anti-Hair Snare Geometry
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Example: R0 = 0.49 in. (12 mm), q0 = 0, m = 1
Shedding Angle: apm=−−/tan(/)211 Eq. 10
=−−p/tan(/)2111
a
p=/...(º)445
Iso-Friction Fin: rRe=−00()tanqqa Eq. 2
=−04904.()tan/ eqp
re=049.q
Fin Length: xRemax(/)tan=−020pqa Eq. 3
=−049204.(/)tan/ epp
==049235712.../ einp
Max Fin Width:
yRemax[tan(tan)]tancos[tan(/)]=−−−01110maqa
=−−−0491114041.cos[tan(/)][tan(tan/)]tan/epp
==04940759941.cos(/)..[/]() ppein
Referring back to Fig. 12 a, a horizontal loop of hair is shown 
straddling the top of a scallop. As the hair is withdrawn, planar 
forces act on the scallop as depicted in Fig. 14. An upward 
component of the hair force urges the hair strand off of the 
scallop. In addition to shedding, the hair loop may be lifted off 
of the scallop or it may unravel.
C. Mechanical Entrapment Mitigation
The cross section of a typical pipe insert is shown in Fig. 9c 
and 9d. Roughly, the single (simply connected) hole is divided 
by symmetrically located fins that define an inscribed central 
circle surrounded by sectors. The sectors provide prismatic 
passageways that admit the articulated finger of the UL 
Articulated Probe without resistance. On the other hand, they 
preclude any penetration of the 1 in. (25mm) cylindrical end of 
the probe.
The central passageway to the phantom inscribed circle is like 
a funnel leading to a pinch point. A pinch point is defined as 
“Any location inside the assembled suction fitting where an 
aperture enlarges upstream and downstream.” The maximum 
width of the fins, ymax, was designed to prevent the second
Figure 13. Friction Relationships
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articulated joint of the UL Probe from passing beyond the 
pinch point. Observe from the example that ymax = 0.7599 in. 
(19.30 mm) when R0 = 0.49 in. (12 mm). The diameter of the 
inscribed circle for an insert that fits tightly inside a 2” PVC 
Schedule 40 pipe (I.D. = 2.049 in. [52.04 mm]) with a wall 
thickness of 1/16 in.(1.6 mm) is given by,
Inscribed Circle Diameter = I.D. – 2 (Wall Thickness – 2 ymax
= 2.049 – 2 (1/16) – 2 (0.7599)
= 0.4042 in. (10.27 mm)
The smaller dimension of the second joint of the UL Probe is 
0.460 in. (11.7 mm); therefore, there is no penetration as 
required by ANSI/APSP-16 2011 [7].
OBSERVATIONS
A. The proposed retrofit insert is designed to be cemented into 
a specific size pipe. The cement may be placed on the 
cylindrical surface of the insert and/or on the bottom surface of 
the shoulder segments shown in Figs. 9 and 12. The cement 
only resists human efforts to remove the insert; otherwise, very 
small forces interact with the insert. Removal of a cemented 
insert is easier if only the shoulder segments are bonded to the 
outlet.
B. The insert is designed to fit not only a specific size pipe; 
but, all of its fittings and sump terminations as well. 
Unfortunately, the fittings are often smaller than the pipe I.D. 
To accommodate this situation with a single size insert, a slot 
has been incorporated into the insert sidewall as shown in Figs. 
9a and 9d. In the case of the 2” PVC pipe insert, squeezing the 
walls allows it to fit both the original pipe, I.D. = 2.049 in. 
(52.04 mm), and the male/female adapter with an I.D. = 1.900 
in. (48.26 mm).
C. The sidewall slot has an additional property that greatly 
facilitates the cementing process. The slot allows an oversize 
insert diameter that spring loads itself against the I.D. of the 
pipe or pipe fitting. This holds the insert in position while the 
cement is setting.
D. The anti-limb entrapment insert prevents limb entrapment 
without any significant compromise to the flow.
E. The iso-friction profile of the fins causes hair loops to shed. 
Even a rubber band is immediately cast off.
F. The scallops provide an anti-hair snare geometry that 
quickly sheds both hair loops and rubber bands. Their 
cantilever construction always provides escape geometry for 
hair strands.
G. The scallops prevent sealing of the outlet pipe. Children 
will not be exposed to forces greater than 15 lbf (67 N). 
Sealing forces can range from 50 to 100 lbf (222 to 445 N) 
using a 2 inch to 3 inch PVC pipe.
H. Mechanical and finger entrapment are mitigated by the 
prismatic sectors formed by the fins. The inscribed central 
circle defined by the fins for pinch point that passes the UL 
Probe test.
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Standard Guardrails and Related Systems - Challenge and Opportunities

Abstract

Safety fences define safe from unsafe regions and safeguard against falls into such regions.  Standards define their required 
strength and stiffness and specify critical aspects of their geometry.  It is implicit that the community of users of safety 
fences are responsible adults with the further understanding that all ambulatory humans can willfully breach these 
structures.  Despite their de minimis design constraints, technologists have not understood nor met the safety challenges 
posed by these simple, classical, and ubiquitous structures.  The purpose of this paper is to identify a few of the safety 
shortcomings of fence technology which include the fundamental problem of anthropometric guarding, improperly written 
standards, the challenge of corrosion, dangerous testing protocols, and the creation of testing hardware.

Key words:  Guardrail, Fence, Railing, Parapet, Safety Railing, Handrail, Barrier 

1. Introduction

A.  Historical Notes  “When thou buildest a new house, then thou shalt 
make a parapet for thy roof, that thou bring not 
blood upon thy house, if any man fall from thence.”  
When such a structure is reduced to its simplest 
form, we achieve the so-called Standard Guardrail 
shown in Figure 1.  It is noteworthy that all the 
members of the guardrail are beams.  In 1638, 

Birds construct nests to protect their hatchlings from falling 
before they are flight worthy.  These nests fence off a 
region that differentiates a safe area from one that is unsafe.  
The parapet presents a very early example of mankind’s 
effort to accomplish the same task; indeed, the Old 
Testament provides an admonition in Deuteronomy 22:8,

Figure 1.  Guardrails

Ralph L. Barnett
Professor Emeritus, Mechanical and Aerospace Engineering, Illinois Institute of Technology, Chicago, Illinois

Chairman, Triodyne Inc., 450 Skokie Blvd. #604, Northbrook, IL  60062
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Galileo Galilee introduced his famous book “Two 
New Sciences” [1] which constitutes the first 
publication in the field of strength of materials and 
includes a detailed account of the strength of beams. 

B. Standard Guardrail Geometry 

The critical geometry, the strength, and the stiffness of 
a standard guardrail are characterized in the American 
National Standard, ANSI/ASSE A1264.1-2007, Safety 
Requirements for Workplace Walking/Working 
Surfaces and their Access; Workplace, Floor, Wall 
and Roof Openings; Stairs and Guardrails Systems: 
[2] 

Section 5.4 Guardrail System.  A railing system shall 
consist of top rail, intermediate rail or equivalent 
protection, and posts, and shall have a minimum 
vertical height of 42 inches (1.1 m) from upper surface 
of top rail to floor, platform, runway, stair landing, or 
ramp level.  The top rail shall be smooth surfaced 
throughout the length of the railing.  The intermediate 
rail shall be approximately halfway between the top 
rail and the floor, platform, runway, stair, or ramp. 
The ends of the rails shall not overhang the terminal 
post, except where such overhang does not constitute 
a projection hazard.  Spacing between the guardrail 
system(s) and adjacent structure(s) shall not exceed 2 
inches (51 mm), where a fall hazard exists. 

Section E5.4 Generally speaking, guardrails are 42 
inches to 45 inches in height.  However, guardrails that 
are higher than 42 inches may need additional 
horizontal intermediate rails.  Guardrail systems are 
for guarding open-sided floors, platforms, ramps, 
runways, and stair landings. 

Where vertical or horizontal barriers are not effective 
a personal fall arrest system should be considered. 

The preceding two paragraphs were quoted from a 
voluntary consensus standard, ANSI/ASSE 1264.1-
2007.  Corresponding regulations are provided by the 
Occupational Safety and Health Administration, 
OSHA, which is an administrative code.  The 
following excerpts were taken from 1910 Subpart D, 
Standard Number 1910.29, Fall protection Systems 
and Falling Object Protection – Criteria and 
Practices, 84 FR 68796, December 17, 2019: [3] 

Subparagraph 1910.29(b)(1):  The top edge height of 
top rails, or equivalent guardrail system members, are 
42 inches (107 cm), plus or minus 3 inches (8 cm) 
above the walking-working surface.  The top edge 

height may exceed 45 inches (114 cm), provided the 
guardrail system meets all other criteria of paragraph 
b of this section (see Figure 1). 

Subparagraph 1910.29(b)(2):  Midrails, screens, mesh, 
intermediate vertical members, solid panels, or 
equivalent intermediate members are installed 
between the walking-working surface and the top edge 
of the guardrail system as follows when there is not a 
wall or parapet that is at least 21 inches (53 cm) high. 

Over the years, ANSI had OSHA specified various 
height requirements for the top rail of Standard 
Guardrails.  These height specifications have been 
summarized and presented in Table 1.  The following 
observations are noteworthy: 

1. The Standard Guardrail is apparently not
standard.

2. The most popular height for the Standard
Guardrail is 42".

3. As time progresses, the required minimum height
of the guardrail has decreased.

4. After 1971 OSHA and ANSI provide different
height criteria for the safety guardrail.

5. After 1978 both OSHA and ANSI allow guardrail
heights greater than 42".

6. At heights greater than 45" an infill structure
consisting of a single intermediate rail is
unacceptable.

C. Standard Guardrail Strength 

Having addressed the functional aspects of the 
Standard Guardrail, ANSI and OSHA both undertook 
the characterization of its strength.  The OSHA 
regulations and the ANSI standards have maintained 
their traditional dogmatic posture of presenting their 
requirements without providing a basis or explanation 
that can guide practitioners through the design 
process.  The various codes and standards cited in 
Table 1 dealing with geometry are summarized in 
Table 2 with respect to strength characterization.   

The following definition of a structure may be useful 
in understanding the shortcomings of the ANSI and 
OSHA specifications. 
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Table 1:  Specified Top Rail Height History (ANSI and OSHA) 

 
Standard Identity 

 
Strength Specifications 

 
Comments 

 

ASA A12-1932 [4] 42" Requires st’d. intermediate rail 

USAS A 12.1-1967 [5] 42" Nominal Requires st’d. intermediate rail 

OSHA 1910.23-1971 [6] 42" Nominal Requires st’d. intermediate rail 

ANSI A12.1-1973 [7] 36" to 42" Nominal Requires st’d. intermediate rail 

OSHA 1910.23-1978 [8] 42" Nominal Requires st’d. intermediate rail 

ANSI 1264.1-1989 [9] 40" to 44" Nominal Requires st’d. intermediate rail 

ANSI A1264.1-1995 [10] 40" to 44" Nominal Requires st’d. intermediate rail 

OSHA 1926.502-1995 [11] 
39" to 45" 

 
Hts. > 45" 

Requires st’d. intermediate rail 
 
Requires Infill Structures 

ANSI A1264.1-2002 [12] 40" to 44" Nominal Requires st’d. intermediate rail 

ANSI/ASSE 1264.1-2007 [1] 42"to 44" Minimum Hts. > 42” may require additional 
horizontal intermediate rails. 

OSHA 1910.29-2019 [2] 
39" to 45" 

 
Hts. > 45" 

Requires st’d. intermediate rail 
 
Requires Infill Structures 

 
Def:  The intermediate Rail shall be approximately halfway between the top rail and the floor. 
Def:  Infill Structures consist of midrails, screens, mesh, intermediate vertical members, or equivalent 
intermediate structural members, or solid panels installed between the top edge of the guardrail system and the 
walking/working surface. 

 

Def:  Structure.  A structure is an organization of 
materials (solid, liquid, gas) and perhaps force fields 
that will reliably maintain a specified geometry, within 
limits, when exposed to a generalized loading 
environment (mechanical, thermal, chemical, 
magnetic, radiation, and biological). 

The following features of Table 2 are important: 

1. Some of the strength specifications are 
incomplete (e.g., Ref. 2). 

2. With one exception, a concentrated 200-pound 
load is specified for the strength of the top rail; 
Reference 7 requires a uniform load of 25 pounds 
per linear foot. 

3. With two exceptions the strength of a completed 
railing is specified explicitly. [2 and 11] 

4. With two exceptions the strength specifications 
apply to railings of all types.  Two OSHA 
specifications apply only to the guardrail system, 
[2 and 11]. 

5. Safety factors (factors of ignorance) are either 
unspecified or are adopted from unknown 
structural engineering standards. 

6. Five references require that the railing systems be 
designed using standard engineering practices, 
references 1, 7, 9, 10 and 12.  Standard guardrails 
are almost never designed by structural engineers. 
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Table 2:  Specified Top Rail Strength History (ANSI and OSHA) 

ASA A12-1932 [4]: 
Strength Specifications - Completed Structure: 200 pounds applied in any direction at any point of the top rail.      
Comments - Applies to railings of all types. 
USAS A 12.1-1967 [5]: 
Strength Specifications - Completed Structure: 200 pounds applied in any direction at any point of the top rail.       
Comments - Applies to railings of all types. 
OSHA 1910.23-1971 [6]: 
Strength Specifications - Completed Structure: 200 pounds applied in any direction at any point of the top rail.        
Comments - Applies to railings of all types. 
ANSI A12.1-1973 [7]: 
Strength Specifications - Completed Railings: 25 pounds per linear foot applied in any direction at the top of the 
railing. The intermediate rail shall be of withstanding a horizontal load of 20 per linear foot. The end terminal posts 
shall be capable of withstanding a load of 200 pounds applied in any direction at the top of the post. The above 
loads are not additive.  Comments - Applies to railings of all types. Use st’d. engineering practices for stresses, 
safety factors, etc. 
OSHA 1910.23-1978 [8]: 
Strength Specifications - Completed Structure: 200 pounds applied in any direction at any point of the top rail.      
Comments - Applies to railings of all types. 
ANSI 1264.1-1989 [9]: 
Strength Specifications - Completed Railings: 200 pounds applied in any direction, except upward, at the mid-
point between posts without exceeding maximum allowable deflection. The intermediate rail shall be capable of 
withstanding a horizontal load of 80% of the above stated load applied at mid-point and mid-height without 
exceeding the maximum allowable deflection. The end of terminal post shall be capable of withstanding a load of 
200 pounds applied in any direction at the top of the post. The above loads are not additive.                                                                                    
Comments - Applies to railings of all types. Use st’d. engineering practices for stresses, safety factors, etc. 
ANSI A1264.1-1995 [10]: 
Strength Specifications - Completed Railings: 200 pounds applied in any direction, except upward, at the mid-
point between posts without exceeding maximum allowable deflection. The intermediate rail shall be capable of 
withstanding a horizontal load of 80% of the above stated load applied at mid-point and mid-height without 
exceeding the maximum allowable deflection. The end of terminal post shall be capable of withstanding a load of 
200 pounds applied in any direction at the top of the post. The above loads are not additive.                                                                                    
Comments - Applies to railings of all types. Use st’d. engineering practices for stresses, safety factors, etc. 
OSHA 1926.502-1995 [11]: 
Strength Specifications - Guardrail Systems: 200 pounds within 2 inches of the top edge, in any outward or 
downward direction, at any point along the top edge. 
ANSI A1264.1-2002 [12]: 
Strength Specifications - Completed Railings: 200 pounds applied in any direction, except upward, at the mid-
point between posts without exceeding maximum allowable deflection. The intermediate rail shall be capable of 
withstanding a horizontal load of 160 pounds force applied perpendicularly at mid-point and mid-height without 
exceeding the maximum allowable deflection of three inches. The end or terminal post shall be capable of 
withstanding a load of 200 pounds applied in any direction at the top post. The above loads are not additive. 
Comments - Applies to railings of all types. Use st’d. engineering practices for stresses, safety factors, etc. 
ANSI/ASSE 1264.1-2007 [1]: 
Strength Specifications - Completed Railings: 200 pounds applied in any direction, except upward, at the mid-
point between posts without exceeding maximum allowable deflection. The intermediate rail shall be capable of 
withstanding a horizontal load of 160 pounds force applied perpendicularly at mid-point and mid-height without 
exceeding the maximum allowable deflection of three inches. The end or terminal post shall be capable of 
withstanding a load of 200 pounds applied in any direction at the top post. The above loads are not additive. 
Comments - Applies to railings of all types. Use st’d. engineering practices for stresses, safety factors, etc. 
OSHA 1910.29-2019 [2]: 
Strength Specifications - Guardrail Systems: 200 pounds applied in a downward or outward direction within 2 
inches of the top edge, at any point along the top rail. 
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D. Standard Guardrail Stiffness 

An examination of Table 2 reveals that some of the 
referenced standards identify the existence of 
deflection limits for the top rail, References 1, 9, 10, 
and 12.  Maximum allowable deflection is defined as 
the “deflection of whole system at design load.”  
References 9, 10 and 12 provide no numerical limits 
in the standard; however, the following statement may 
be found under Explanatory Information, Section 
E.5.6.1, “From a safety viewpoint, a residual 
deflection in excess of one-half inch may indicate 
potential failure.”  Reference 1 provides expanded 
information under Explanatory Information, Section 
E.5.6.1, “For more information please reference 
ASTM E985-00e1 [13], Standard Specification for 
Permanent Metal Railing Systems and Rails for 
Buildings, Section 6, for metal railings.  Note, 
References 9, 10 and 12 are probably in error for not 
including the cited ASTM information. 

In 2016 Armando Pinto and Luis Reis presented a 
paper on barriers (guardrails and balustrades) at the 
XV Portuguese Conference on Fracture, Paco de 
Arcos, Portugal.  In this paper, “Barrier for buildings: 
Analysis of Mechanical Resistance Requirements,” 
[14], the authors compare fence standards from 
Portugal, Spain, France, UK, USA, and Brazil that 
were applicable in 2015. 

2. Railing Height – 42” Rule 

Consider the hypothesis, “If a standing adult male 
from the US is supported on a frictionless floor and is 
thrust into a Safety Guardrail at a right angle, he will 
not flip over if his center of gravity is lower than the 
top rail height.”  Any tendency to flip under the fence 
is countered by the standard intermediate rail.  In 
Figure 2, the applicable 1966 anthropometric data is 
presented for a 97.5 percentile standing adult male.  
The data was taken from sheet A1 of “The Measure of 
Man, Human Factors in Design,” Revised and 
Expanded 2nd Edition, by Henry Dreyfuss [15].  
Dreyfuss also indicates in sheet G1 that the average 
height of a man’s shoe heel is 1.1 inches.  When this 
height is combined with the elevation of his center of 
gravity, 40.9 inches, one obtains 42 inches which was 
the most common speculation for railing height in 
1966.  Note that only 2.5% of males were taller than 
6’2” and weighed more than 208.9 pounds. 

It should be noted that floor friction increases the 
resistance to flip over.  Further, during the past half-
century, Americans have grown taller.  This is 

consistent with the trend in standards development to 
allow for ever-increasing top rail heights. 

 

 

Figure 2.  Anthropometric Data of 
97.5 Percentile Standing Adult Male 

 

3. Structural Integrity 

Codes and standards have attempted to define the 
structural integrity of fences by specifying the 
resistance in terms of force alone.  For example, a 
standard guardrail should withstand a 200-pound force 
applied in every direction at any point on the top rail.  
From a technical point of view, this early specification 
does not characterize the structural integrity of the 
fence.  Some of the later codes and standards have 
added additional requirements, 

a. Deformation requirements in the form of 
deflection specifications 

b. Safety Factor requirements 
c. Integrity requirements for structural elements 

other than the top rail 
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d. Different types of loading (e.g., uniform 
loads) and different locations for the load 
applications 

e. Different stress analysis methodologies 

These additional requirements are not adopted 
uniformly in the more recent codes and standards.  
Furthermore, the ANSI standards and the OSHA 
regulations are often different for the same time 
periods.  There is an extensive literature dealing with 
the structural integrity of fences that greatly expands 
on the simplistic treatment presented by ANSI and 
OSHA.  Some of the additional topics include, 

a. Fatigue 
b. Impact with Soft and Hard bodies 
c. Wind Loading 
d. Durability of materials 
e. Constitutive Material Relationships (Almost 

all solid materials have been adopted for 
fences at one time or another.) 
i. Perfectly elastic (e.g., wood, high-

strength steel) 
ii. Perfectly plastic (e.g., structural steel) 
iii. Elastic-Perfectly Plastic (e.g., structural 

steel) 
iv. Viscoelastic (e.g., plastic) 
v. Deterministic (e.g., all metals, sandbags) 
vi. Stochastic (e.g., glass) 

There are two major areas where a structural integrity 
capability is required, Guardrail Design and Guardrail 
Analysis. 

Guardrail Design: 

Conventional design procedure involves a repetition 
of the process of informed guessing at the geometry 
and materials of a complete fence system followed by 
a structural integrity analysis that is conducted using 
either testing methodology or structural analysis based 
on criteria specified in a particular standard or code.  
For each guess, structural elements display either 
insufficient or excessive integrity.  The process 
continues until the structure is both safe and 
reasonable in its cost or weight.  Testing methodology 
requires a prototype and apparatus for applying and 
measuring the test forces.  No physical entities are 
needed to conduct a structural analysis, only 
intellectual procedures are involved.  On the other 
hand, the geometry and material used in each 
structural element must be characterized.  It is implicit 
in both the testing and structural analysis procedures 

that the final fence structure involves only new 
materials. 

Guardrail Analysis: 

Structural analysis cannot be used to determine the 
strength of a guardrail system that has been degraded 
by corrosion.  Even in those instances where the 
material surfaces can be examined in the field, there is 
no technology that will enable one to characterize the 
material properties in the face of corrosion.  Stress 
analysis and strength analysis both require that the 
state of a material be known together with its loading 
history. 

The fact that the simple, classical, and ubiquitous 
guardrail system gives rise to such an intractable 
technical problem is indeed humbling.  Similar 
challenges have taken the following forms: 

a. Structures and components have been treated 
by machines that accelerate the corrosion 
process which in turn is correlated with field 
tests. 

b. Duplicate structures are set up in various 
locations around the country and allowed to 
corrode over time. 

c. Aircraft manufacturers continually fatigue 
test components throughout the life of their 
aircraft.  If a component failure occurs, all 
members of the fleet are critically examined 
or replaced. 

d. Expiration dates are displayed on products. 

With respect to guardrails, the most popular method of 
assessing their structural integrity is by conducting in 
situ testing programs using criteria associated with a 
particular code or standard.  Technical guidance for 
conducting such tests is provided by ASTM 
International.  Typically, guardrail systems are 
installed for long periods of time. They are seldom 
tested even after they have failed and perhaps caused 
injuries.  There are serious downsides associated with 
testing protocols, 

a. Testing is hazardous (see next section). 
b. Standard testing equipment, fixtures, and 

protocols are not available. 
c. Testing data is usually in the form of 

Pass/Fail. (Estimating residual strength is not 
straightforward). 

d. Testing is very expensive when applied to a 
complete fencing system. 
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e. Testing may compromise the integrity of the 
fencing system. 

f. Selecting the applicable code or standard for 
conducting a testing program may involve a 
dozen or more candidates and several points 
of view. 

 
4. Safety – Guardrail Testing Programs 

Failures which occur during the testing of guardrails 
are often life-threatening.  Frangible materials and 
corroded materials often fall suddenly in a frangible 
fashion, that is, without ductility.  For example, when 
a sudden failure of the top rail occurs while pushing in 
the direction of the pit, two serious hazards occur 
simultaneously.  The guardrail or its components may 
fall onto workers in the pit and/or testing personnel 
may fall into the pit along with the guardrail.  
Confronted with a missing or damaged guardrail, the 
testing crew together with other workmen are no 
longer protected.  This situation is usually mitigated 
by compromised makeshift concepts that serve until a 
replacement guardrail is installed.  Properly equipped 
professional fence contractors carry replacement 
guardrails in their truck.  Such contractors invariably 
employ fall protection equipment for their staff during 
testing. 

Because standardized test fixtures are almost 
nonexistent, most testing situations are custom 
designed.  Safety training is compromised when every 
job is different.  The equipment used to apply and 
monitor concentrated and uniform loading is not 
standard and is certainly not benign.  Furthermore, 
support structures for safety guardrails that are heavily 
corroded may not provide the temporary integrity 
required by fall protection systems. 

In light of the anticipated occasional failure of a 
guardrail system during testing, a fencing contractor 
should develop a remediation strategy containing the 
following typical concepts: 

a. First Responder notification 
b. Accident Site management 
c. Guardrail Reinforcement including walkway 

remediation 
d. Guardrail Replacement including walkway 

reconstruction 
e. Deployment of additional fall protection 
f. Installation of temporary safety railings and 

safety barriers 

g. Display of temporary safety signage and 
hazard identification tape 

h. Safety Status Communications (Plant 
Manager Notification, OSHA, Insurance 
Carriers, etc.) 

In general, a reasonable testing capability might 
include the following elements: 

a. Field Equipment inventory 
b. Written testing protocols reflecting the 

requirements of a specific code or standard 
c. Fence Loading Methodology:  Custom 

design capability for loading fixtures 
d. Safe Testing Protocols:  Personnel safety 

equipment in the light of fence failure during 
testing 

e. Fall Protection: (safety harnesses, safety 
lines, tie off points, safety netting, safety 
signage, etc.) 

f. Test Failure Remediation Strategy: 
1. Worksite management 
2. First Responder Notification 
3. Install temporary safety fencing or safety 

barriers 
4. Immediate installation of a fall 

protection system 
5. Installation of new replacement safety 

fencing 
6. Deploy temporary warning signs and 

hazard identification tape 
7. Worksite cleanup 

g. Safety Status Communications (Plant 
Manager Notification, OSHA, Insurance 
Carrier, etc.) 
 

5. Loading Fixtures 
 

A. Manual Testing 
 

In the absence of standardized loading fixtures, the 
structural integrity of guardrails is usually tested using 
manual force applied directly to the fencing 
components.  The weight of a maintenance worker is 
always available for approximating a downward 200-
pound loading on the top rail or the intermediate rail.  
Manually applied upward forces of 200 pounds face 
challenges such as physical limitations for repeated 
applications, human factors admonitions against 
lifting 200 pounds, codes and statutes which prohibit 
upward loading of a fencing component, and 
weightlifting next to a fall hazard. 
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The most critical loading is the 200-pound horizontal 
outward loading of the top rail.  The next most critical 
loading is the 200-pound inward loading of the top 
rail.  Can these loads be developed manually by a 
workman standing on the walking surface next to a 
guardrail?  Simple static models provide estimates of 
the pushing and pulling capability of workmen using a 
dozen different strategies; see for example, “Human 
Push Capability,” R.L. Barnett and T. Liber, 
Ergonomics, Vol. 49, No. 3, Feb. 2006 [16].  
Consider the horizontal Pull scenario shown in 
Figure 3a.  The associated free-body diagram is 
depicted in Figure 3b where W is the weight of the 
workman, 𝑎𝑎 � is the location of his center of gravity, 
α is his lean angle, μ 

(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)𝑚𝑚𝑚𝑚𝑚𝑚 =  𝜇𝜇𝜇𝜇 Eq. 2 

Figure 4 illustrates three pushing configurations that 
would allow a workman to develop an outward test 
force on a guardrail.  Depending on the scenario, 
human push capability involves strength, weight, 
weight distribution, push angle, footwear/floor 
friction, and the friction between the upper body and 
the pushed object.  As an example, consider a rigid 
human form leaning against a fence where there is no 
jacking force arising from axial thrust.  This model is

Figure 3.  Horizontal Pull 

is the floor/footwear coefficient of friction, and h is the 
guardrail height.  The pull force is described by 
Equation 1 and its maximum value by Equation 2 
which is the maximum frictional resistance.  Note that 
a 200-pound man cannot develop a 200-pound pulling 
force even with a high friction coefficient of μ = 0.7. 

represented by the free body diagram shown in Figure 
5 where the subscripts t and b indicate the top contact 
with the guardrail and the bottom contact respectively. 
H is a horizontal force vector and V is a vertical force 
vector.  The body model is hyperstatic to the first 
degree, the bounds on the push force Ht is given in 
Equation 3, 

𝑊𝑊(𝑎𝑎� 𝐿𝐿⁄ )
𝜇𝜇𝑡𝑡 + tan𝛼𝛼

≤  𝐻𝐻𝑡𝑡  ≤  
𝑊𝑊(𝑎𝑎� 𝐿𝐿⁄ )

tan𝛼𝛼
Eq. 3 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  
𝑊𝑊 𝑎𝑎� cos𝛼𝛼

ℎ Eq. 1
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where W is the weight of the workman, 𝑎𝑎� is location 
of the center of gravity, α is lean angle, and 𝜇𝜇𝑡𝑡 is the 
coefficient of friction between the workman’s clothing 
and the guardrail.  The maximum push, (𝐻𝐻𝑡𝑡)𝑚𝑚𝑚𝑚𝑚𝑚 is 
described in Equation 4, 

(𝐻𝐻𝑡𝑡  )𝑚𝑚𝑚𝑚𝑚𝑚 =  
𝜇𝜇𝑏𝑏𝑊𝑊

(1 + 𝜇𝜇𝑡𝑡𝜇𝜇𝑏𝑏) Eq. 4 

where 𝜇𝜇𝑏𝑏 is the coefficient of friction between the 
footwear and the floor.  Observe that the maximum 
push capability is improved by decreasing the friction 
at the guardrail and increasing the friction at the floor 
level. 

Figure 4.  Pushing Configurations 

Figure 5.  Leaning Rigid Body (Reaction Forces are shown in their positive directions) 
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Referring to Figure 5, a very large axial thrust of any 
magnitude will change the direction of 𝑉𝑉𝑡𝑡 to downward 
which will give rise to the maximum push, (𝐻𝐻𝑡𝑡)𝑚𝑚𝑚𝑚𝑚𝑚 , 
given in Equation 5, 

(𝐻𝐻𝑡𝑡  )𝑚𝑚𝑚𝑚𝑚𝑚 =  
𝜇𝜇𝑏𝑏𝑊𝑊

(1 − 𝜇𝜇𝑡𝑡𝜇𝜇𝑏𝑏) Eq. 5 

Note that the maximum push becomes unbounded as 
the product (𝜇𝜇𝑡𝑡𝜇𝜇𝑏𝑏) approaches unity. 

B. Current Examples of Proposed Test Figures 

 Four concepts for guardrail test fixtures are presented 
in the form of three patents and one technical note. 
The current state-of-the-art is reflected by these 
examples. 

Exhibit 1.  Handrail Testing Apparatus [17] 

Patent CN103033347A [17] Abstract:  “The invention 
discloses a handrail testing device and a test method of 
handrail strength.  The handrail testing device and the 
test method of handrail strength can stimulate practical 
using conditions, can have a more comprehensive test 
on a handrail from different angles and can carry our 
(sic) an accurate judgement on strength performance 
of the handrail and safety when a passenger uses the 

handrail.  The handrail testing device comprises a 
tension machine, an upper soleplate, a lower soleplate 
used for fixing the handrail and an angle adjustment 
seat, wherein an angle of inclination of the angle 
adjustment seat can be adjusted.  The lower soleplate 
is arranged on the angle adjustment seat, and the upper 
soleplate is used for being connected with the handrail 
and the tension machine.  The test method of handrail 
strength is carried out by fixing the handrail on the 
lower soleplate.” 

Exhibit 2.  Handrail Testing Structure [18] 

International Patent WO 02/27291 A2 [18] Abstract:  
“An apparatus for testing the structural integrity of a 
hand rail structure.  The hand rail having a plurality of 
substantially horizontal parallel rail members.  The 
apparatus has an elongate lever arm and a mounting 
portion on the lever arm.  The mounting portion is 
sized to span at least two rail members.  A receptacle 
on the mounting portion opposite the lever arm 
receives one of the railmembers and vertically 
supports the lever arm and mounting portion.  A force 
is applied through the lever arm and transmitted to the 
hand rail.  The force is measured by a torque wrench 
on the lever arm.”
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Exhibit 3.  Field Testing Device for Railing Systems [19] 

Field Testing Device for Railing Systems and Rails 
[19] Abstract:  “A simple, portable, field testing device 
is described that allows instantaneous determination of 
the static performance of installed railing systems and 
rails in order to ascertain whether they  conform with 
applicable specifications and meet governing code 
requirements and agency regulations.” 

Exhibit 4.  Handrail Testing Device [20] 
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US Patent US 2008/0276715 A1 [20] Abstract:  “A 
handrail testing device having a lever arm having a 
first end and a second end, a mounting portion 
connected to the lever arm capable of pivotally 
securing the first end on or near a handrail, a load 
portion connected to the lever arm and capable of 
engaging the handrail to transmit a force applied to the 
second end of the lever arm to the handrail, and a 
measurement portion connected to the lever arm.” 

C. Challenge and Opportunity 

Safety practitioners need efficient and safe standard 
test fixtures for evaluating the structural integrity of 
guardrails that have been compromised by the 
environment.  A promising candidate is outlined in this 
section that is based on jujitsu.  With respect to 
guardrail standards that require concentrated loading 
of the guardrail components, such loads can be applied 
using only internal self-equilibrating clamping and 
distending double acting pneumatic actuators. 

Visualize a sequence of contiguous guardrails of the 
type shown in Figure 1.  The most critical and 
dangerous test scenario is the horizontal loading of the 
posts in the direction of the hazard zone.  Figure 6 

illustrates a telescoping test beam which is parallel to 
the top rail.  It is clamped to the outside posts and 
supports a Ball Joint Clamp fastened to the center post 
as close to the top as possible.  The test beam provides 
a symmetrical support for a double acting pneumatic 
actuator that can push outward (toward the danger 
zone) with a force P (usually 200 pounds).  The 
reactions to the test force P is P/2 which is transferred 
to each of the outside posts.  If the three posts are 
approximately of equal strength, the middle post will 
always fail first or not at all.  If the middle post does 
fail, it will not fall into the danger zone and become a 
potential hazard.  Because of the ball joint, the 
pneumatic actuator can pull against the middle post to 
establish the complete structural integrity of the 
middle post and top rail.  This completes the out-of-
plane testing program. 

All of the important In-Plane tests of the guardrail 
members can be executed using double acting 
pneumatic actuators with a capacity of  ± P (P is 
usually 200 pounds).  Figure 7 illustrates most of the 
test setups required for In-Plane testing.  The 
pneumatic actuators may incorporate appropriate end 
effectors depending on the shapes of the guardrail 
members. 

Figure 6.  Horizontal Guardrail Test Fixture 
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Figure 7.  In-Plane Bending, Shear, and Tensile Tests of Guardrail Members 
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6. Comments and Conclusions

• Can you imagine writing a definitive work on
fences?  Surely, Mother Nature would be
represented for her work on mountain ranges
which define and protect valleys.  Creatures
which predate humankind such as birds provided
the architectural and structural skills to create
protective nests for their offspring.  Would such a
treatise deal with the Great Wall of China, the
Berlin Wall, the Wailing Wall, and the recent
walls of Israel which separate so many first
cousins?  Controversial songs must be included
such as “Don’t Fence Me In” together with sage
comments represented by “Good Fences Make
Good Neighbors.”  Is there a solid material that
has not been used at some time to construct a
fence?  It is a joyful illusion to think of a white
picket fence being painted by Tom Sawyer’s
friends.  Nostalgia would not be the same without
the stone fences of Ireland and the wood fences of
America’s West.  As a Civil Engineer, I cannot
imagine excluding earthen dams and waterways
from an exposition on fences any more than I
would overlook Hollywood’s representation of
King Kong’s massive enclosure.  Finally, we
arrived at the most ubiquitous and simplistic of all
safety fences, the Standard Guardrail.

America’s most prestigious consensus standard, 
ANSI, and its most authoritative regulatory safety 
code, OSHA, have both attempted to define and 
regulate the Safety Guardrail over the past half 
century.  They have embarrassed us all with a 
technical piece of nonsense which compromises 
the entire safety community.  They have 
committed this atrocity in the face of a vital and 
extensive research literature authored by an 
international community.  OSHA enlisted the 
services of the National Bureau of Standards 
(NBS) to study guardrail systems.  NBS produced 
three substantial high-quality reports that have 
been extensively ignored by OSHA at the expense 
of the US taxpayer.  ANSI has missed every 
opportunity to read, study, and reflect on the 
technical literature concerning guardrails.  Their 
standards provide an object lesson – a system 
using full-time professional engineers is superior 
to ANSI’s voluntary consensus system. 

• The design of candidate guardrail systems is
straightforward and may reflect talents that are
both meager and sophisticated.  Fortunately,

candidate guardrail systems are inexpensive to 
construct for testing purposes and are inexpensive 
to analyze by a myriad of technical protocols.  If 
there is a weak link in this creative system, it is 
most certainly the guidelines provided by ANSI 
and OSHA. 

• The guardrail faces one of our most pernicious
earthbound technical challenges, environmental
degradation.  Along with the infrastructure,
guardrails shall return to the dust.  Because one
cannot characterize environmentally degraded
structures that have been exposed to long-term
histories of fatigue, our stress analysis capabilities
are impotent as analysis tools for judging the
structural integrity of guardrail systems.  We must
therefore turn to testing alone to determine the
continuing adequacy of aging guardrails.

Several shortcomings are encountered when 
testing is used to measure structural integrity: 

i. Standard testing fixtures are not presently
available for loading guardrails in accordance 
with ANSI and OSHA protocols.

ii. Guidelines are not prescribed by ANSI and
OSHA for safely conducting structural
testing of guardrails.

iii. ANSI and OSHA presently provide only
Go/No-Go integrity criteria.  To assess the
residual safety margins in aging guardrails,
quantitative strength measurements together
with acceptability criteria are required.

iv. Testing of even modest expanses of guardrail
systems will be very expensive.

v. Both ANSI and OSHA have failed to specify
specific safety factors for the various types of
guardrail construction.

As an antidotal observation, field testing of 
guardrail systems is seldom conducted. 

• In the face of an intractable analysis capability,
specialists in guardrail technology have not
picked up the gauntlet.  Workaround strategies
that deal with environmental degradation have not 
been invoked in spite of great ingenuity
demonstrated by technologists.  We suggest, as a
beginning, that each guardrail be permanently
marked with its manufacturing date, the
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manufacturer’s name, the certification standard, 
and a required recertification (or replacement) 
date. 

• The isolated examples of guardrail testing fixtures
must be expanded into systematic developments
of safe, quantitative, accurate, and economical
testing gear that can be operated using ordinary
skill.

• The OSHA regulations and ANSI standards must
be modified to reflect the technical state-of-the-
art.  Both organizations should review the
international standards on guardrail systems [21-
30]. 
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