
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
(a) Rectangular
Array(b) Circular Array(c) Domed Array
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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Figure 10. Schematic -Test Set-Up For
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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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ABSTRACT
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INTRODUCTION 

A heavy set senior citizen with diabetic neuropathy was 

visiting an orthotic clinic to pickup special boots.  After 

fitting and training she was directed to a reception counter 

in the center of a fully carpeted facility to check out.  In 

front of the counter, a perfect floor mat with an 

embroidered logo was placed on the indoor/outdoor 

carpeting.  She testified that her approach to the counter 

was impeded when her foot encountered the edge of the 

mat and she tripped and fell with her wheeled walker.  She 

and her husband noted that her boot was entangled in the 

mat.  Her injury required brain surgery.  It followed as the 

night the day, a negligence claim was brought against the 

clinic. 

Before addressing the differences in the legal and 

technological approaches to the negligence action, a few 

background matters are worth presenting in this 

introduction. 

A. Major Advantages of Floor Mats 

1.  Mats provide high friction resistance that can 

improve slippery surfaces such as polished wood 

 floors. [National Safety Council, Data Sheet 595] 

[Ref. A] 

 2. Mats absorb water from footwear to ensure that 

 building entrances and interior walkways are kept 

 dry during inclement weather. [ANSI/ASSE 

 A1264.2-2001] [Ref. B] 

3. Mats help remove foreign particles and other 

contaminants from the bottom of pedestrian 

footwear that may become dangerous when tracked 

on floors. [ASTM 1637-95] [Ref. C] 

 4. Mats may reduce fatigue (ergonomics). [National 

 Safety Council, Data Sheet 1-595-81] [Ref. A] 

 5. Mats reduce noise. [National Safety Council, Data 

  Sheet 595] [Ref. A] 

 6. Mats reduce breakage of dropped frangible objects 

  such as glass bottles. [National Safety Council, 

  Data Sheet 595] [Ref. A] 

All of the above cited advantages are also provided by 

conventional carpeting.  

B. Major Disadvantages of Floor Mats 

 1. Tripping Hazard 

“Mats, especially lightweight types, can be torn by 

handling or excessive wear.  The resulting loose or 

raised areas can catch footwear, creating tripping 

hazards.  Mats that have been moved and not 

properly relaid may develop curled or raised edges, 

which also creates tripping hazards.  Mats that are 

not laid flat or fastened securely may pucker, causing 

toes or heels to catch, leading to falls.” [NSC, Data 

Sheet 595] [Ref. A] 

 2. Slipping Hazard 

  “Grease or water can make mat surfaces 

slippery.  Also, when mats are not suited to the 

surfaces they cover or are laid with the wrong 

side down, they may slip, creating greater 

hazards than the surfaces they cover.” [NSC, 

Data Sheet 1-595-81] [Ref. A] 

 

C. “Change in Level” - Codes and Standards 

Any convex elements that protrudes from a flat 

surface can arrest or delay the tangential motion of 

footwear moving across the surface.  Walking can 

only be achieved by falling forward.  To stabilize this 

dynamic process, the fall must be continually 

interrupted by the timely positioning of the walker’s 

trailing leg.  Falling will occur if the action of the 

trailing leg is arrested or unduly delayed by an 

asperity in the surface. 

Generally, taller trip elements increase the frequency 

of trip and falls.  The safety profession treats the trip 

problem under the heading “change in level.”  

Identical standards are promulgated by the following 

prestigious safety organizations: 

 

 ∙ ANSI...American National Standards Institute, Inc. 

 ∙ ICC...International Code Council 

 ∙ ASTM...ASTM International 

 ∙ NFPA...National Fire Protection Association 

 ∙ ADA...Department of Justice 

A typical presentation of the “change in level” rules 

may be taken from ICC/ANSI A117.1-1998, 

 

 303 Changes in Level 

303.1 General.  Changes in level in floor or ground 

surfaces shall comply with Section 303. 

303.2 Vertical.  Changes in level of 1/4 inch (6 mm) 

high maximum shall be permitted to be vertical. 
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303.3 Beveled.  Changes in level between 1/4 inch (6 mm) 

high minimum and ½ inch (13 mm) high maximum shall be 

beveled with a slope not steeper than 1:2. 

 

Violations of these rules have been judged to create an 

unreasonably dangerous trip hazard.  Note the use of the 

important “shall” language which makes code compliance 

mandatory.  

 

D. Dangerous Safeguard Consensus 

Perhaps the most unequivocal and widespread position 

taken in the safety literature is the admonition against the 

use of safeguards which introduce hazards of their own.  

Typical excerpts from this literature, which date from 

1916, provide some insight into this philosophy. For 

example: 

1994: “General Requirements for All Machines,” 29 

CFR 1910.212 (a)(2).  Washington, DC, OSHA, 

effective August 27, 1971. [Ref.  D] 

“General requirements for machine guards: Guards 

shall be affixed to the machine where possible and 

secured elsewhere if for any reason attachment to the 

machine is not possible.  The guard shall be such that it 

does not offer an accident hazard in itself.” 

1982: American National Standard for Machine Tools - 

Power Press Brakes - Safety Requirements for 

Construction, Care and Use, ANSI B11.3-1982. [Ref. E] 

“6.1.4.1 Point of Operation Guards.  Every point-of-

operation guard shall meet the following design, 

construction, application, and adjustment requirements: 

(1) It shall prevent entry of hands or fingers into the 

point of operation by their reaching through, over, 

under, or around the guard.  

(2) It shall, of itself, create no pinch point between itself 

and moving machine parts.” 

1975: “Handbook of Occupational Safety and Health,” 

Chicago, National Safety Council, 1975. [Ref. F] 

“It is a cardinal rule that safeguarding one hazard should 

not create an additional hazard.” p. 138. 

 

      1943: C.M. Macmillan, “Foremanship and Safety,” New 

York, John Wiley, 1943. [Ref. G] 

“In considering a machine guard we must realize that it 

has to give ‘tops’ in protection and it must not interfere 

with operation.  Also, care must be taken that in 

guarding against one hazard we do not create another.” 

p. 46.  

The admonition not to adopt safeguards that have a 

safety downside applies to individual designers and 

manufacturers. This prohibition is specifically stated in 

most of the standards, codes, or statutes yet these very 

standards, codes, and statutes, regularly demand, 

recommend, or permit safety features with dangerous 

side effects such as automotive seat belts or “falling 

object protective structures” on forklifts.  There is no 

contradiction; engineers, designers, and manufacturers 

are not allowed to make judgements that hurt people 

even when the benefits are substantial, but value systems 

are.  

A value system is defined as “the system of established 

values, norms or goals existing in a society.” Some of the 

more important ones that deal with safety issues are: 

a. American National Standards Institute - A 

consensus value system comprised of all parties 

substantially concerned with the safety of a 

particular machine. 

b. Occupational Safety and Health Administration - A 

government regulatory value system. 

c. State Building Codes - Legislative value systems. 

d. Case Law - The judicial value system. 

e. Industry Practice. 

E. Falls Among Older Adults 

It is widely known that in the general population 

automobile accidents are the leading cause of traumatic 

deaths and the most common cause of disabling injuries.  

For senior citizens the statistics are even more 

compelling.  The following excerpts are taken from the 

Centers for Disease Control and Prevention [Ref. H] 

“More than one third of adults 65 and older fall each 

year in the United States (Hornbrook et al. 1994; 

Hausdorff et al. 2001).  [Ref. I] 

Among older adults, falls are the leading cause of injury 

deaths.  They are also the most common cause of 

nonfatal injuries and hospital admissions for trauma 

(CDC 2005). [Ref. J] 

 In 2005, 15,800 people 65 and older died from injuries 

related to unintentional falls; about 1.8 million people 

65 and older were treated in emergency departments for 

nonfatal injuries from falls, and more than 433,000 of 

these patients were hospitalized (CDC 2005). [Ref. J] 
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The rates of fall-related deaths among older adults rose 

significantly over the past decade (Stevens 2006).  [Ref. K] 

Twenty percent to 30% of people who fall suffer moderate to 

severe injuries such as bruises, hip fractures, or head 

traumas.  These injuries can make it hard to get around and 

limit independent living.  They also can increase the risk of 

early death (Alexander et al. 1992; Sterling et al. 2001). 

[Ref. L] 

Falls are the most common cause of traumatic brain 

injuries, or TBI (Jager et al. 2000).  In 2000, TBI accounted 

for 46% of fatal falls among older adults (Stevens et al. 

2006).  [Ref. K] 

Most fractures among older adults are caused by falls (Bell 

et al. 2000).  [Ref. M] 

The most common fractures are of the spine, hip, forearm, 

leg, ankle, pelvis, upper arm, and hand (Scott 1990). [Ref. 

M] 

Many people who fall, even those who are not injured, 

develop a fear of falling.  This fear may cause them to limit 

their activities, leading to reduced mobility and physical 

fitness, and increasing their actual risk of falling (Vellas et 

al. 1997). [Ref. O] 

In 2000, direct medical costs totaled $0.2 billion ($179 

million) for fatal falls and $19 billion for nonfatal fall 

injuries (Stevens et al. 2006).” [Ref. K] 

 

 

 

 

 

 

MATS 

A. Ordinary Floor Mat Applications 

A typical floor mat consists of a rubber base with or 

without nubs on the bottom surface and a nap on the top 

surface.  As shown in Fig. 1 the outside edges of a mat 

present a vertical obstruction of about 0.110 inches 

(2.79 mm), when it is mounted on a hard surface such 

as wood, tile or concrete.  The five codes and standards 

cited in Section I-C imply that a “change in level” no 

greater than 1/4 inches (6.4 mm) is not unreasonably 

dangerous even though it presents a trip hazard.   

Without imperfections such as puckers, snags, or curled 

or raised edges, it is proclaimed by the courts that a 

regular floor mat is open and obvious and can be safely 

negotiated by pedestrians who are expected to keep a 

proper lookout and adopt an adequate gait.  For the 

cited accident the defense filed a motion for summary 

judgment that was devoid of any reference to 

technology.  Only legal arguments were advanced to 

establish that an “ordinary mat” is not unreasonably 

dangerous.  This approach failed decisively because 

technology is required to distinguish between an 

“ordinary mat” and the carpet/mat system actually 

involved in the plaintiff’s excursion. 
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B. The Mat/Carpet Trip Hazard 

A typical indoor/outdoor office carpet is illustrated in Fig. 2.  

Under transient loading this carpet behaves elastically; 

indeed, each fabric loop comprising the nap springs erect 

after compressing it underfoot.  The uncompressed mat/

carpet combination is depicted in Fig. 3 where the mat 

produces a de minimis compressive load on the carpet of 

0.00351 psi (0.0000242 Mpa).  On the other hand, a 250 lb 

(1,112.06 N) man supported on the ball of his foot during 

ambulation may apply a compressive carpet loading of 25 

psi (0.1732 Mpa). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 illustrates a walker approaching a mat/carpet 

combination; his trailing foot sinks down into the 

carpet’s nap and presses down on the backing.  The 

resulting maximum deflection of the shoe must be added 

to the thickness of the leading edge of the mat to 

establish a “change in level” corresponding to the codes 

and standards presented in Section C on page 2. 
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Using the fixture shown in Fig. 5, five different carpet 

samples were exposed to four shoe styles that were gravity 

loaded.  The weight of the shoe sample, the shoe mounting 

fixture, and lifting weights were impressed on a scale and 

then on a small carpet sample.  The maximum shoe 

deflection measured from the undisturbed nap surface was 

recorded in Table I using a total compressive force of 30 lb 

(13.608 kg).  Fourteen of twenty tests produced a “change in 

level” of greater than 1/4 inch (6.35 mm) when the thickness 

of the leading edge of the mat, 0.110 inches (2.794 mm), was 

added to the maximum shoe deflection. 

 

 

 

 

 

The remaining six deflection tests all produced a 1/8 inch 

(3.175 mm) deflection.  These were all retested using a 

total compressive load of 130 lb (58.967 kg).  The 

“change in level” of every sample exceeded the 1/4 inch 

(6.35 mm) threshold level. During ordinary ambulation a 

walker transfers his entire weight from left to right foot.  

The indoor/outdoor carpet samples were obtained from 

“box stores.” The shoe samples are described in Table I. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5—Shoe Jig with Lifting Weights 
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Table I—”Change in Level”   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LEGAL CONSIDERATIONS 

With respect to the accident scenario described in the 

Introduction, the defense attorneys approached the associated 

litigation using only legal principles; no expert witnesses were 

retained.  The contrast between technology and jurisprudence is 

highlighted in this section. 

A. Definition: Defect (Louisiana) 

“A defect is a dangerous condition reasonably expected to 

cause injury to a prudent person using ordinary care under 

the circumstances..., a condition which presents an 

unreasonable risk of harm and renders the premises 

unreasonably dangerous in normal use. [La. Civil Code art. 

2695]” [Ref. P] 

 - 30 lb. Compression 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the same historical definition of a defect taught 

to technologists before we were enlightened by the 

judicial value system.  We designed for the “Expected 

Use” not the actual use.  Today, on both a national and 

international level, we design for the “Reasonably 

Foreseeable Use” which includes reasonably 

foreseeable misuses (e.g. driving on under inflated 

tires) and reasonably foreseeable extended uses (e.g. 

using a screw driver as a crowbar to pry open a 

window).  We do not design for a “prudent person.”  

Another safety engineering doctrine introduced by the 

legal system imposes a non-delegable duty  

 

 

Carpet  

Style  

 Maximum Footwear Deflection (inches):  “Defl:” 

 “Change In Level” (inches):  “CIL” 

Men’s  

Work Boot 

Men’s  

Dress Shoe 

Men’s  

Gym Shoe 

Women’s  

Shoe Pointed Toe 

Hot Shot II 

Nap 1/4 in. 

Backing 1/16 in 

(Woven) 

Defl:  1/4 in 

 

CIL:  0.36 in 

Defl:  1/8 in 

 

CIL:  0.235 in 

Defl:  1/4 in 

 

CIL:  0.36 in 

Defl:  1/4 in 

 

CIL:  0.36 in 

Elevations Sky Gray 

Nap 3/16 in 

Backing:  None 

Defl:  3/16 in 

 

CIL:  0.2975 in 

Defl:  1/8 in 

 

CIL:  0.235in 

Defl:  5/32 in 

 

CIL:  0.2663 in 

Defl:  1/8 in 

 

CIL:  0.235in 

#362964 

Nap 3/16 in 

Backing 1/16 in 

(Woven) 

Defl:  3/16 in 

 

CIL:  0.2975 in 

Defl:  1/8 in 

 

CIL:  0.235 in 

Defl:  5/32 in 

 

CIL:  0.2663 in 

Defl:  5/32 in 

 

CIL:  0.2663 in 

#416855 

Nap 1/8 in 

Backing 3/16 in 

(Foam) 

Defl:  3/16 in 

 

CIL:  0.2975 in 

Defl:  5/32  in 

 

CIL:  0.2663 in 

Defl:  1/8 in 

 

CIL:  0.235 in 

Defl:  1/8 in 

 

CIL:  0.235in 

Smoke Haze 

Nap 3/8 in 

Backing 1/16 in 

(Woven 

Defl:  5/16 in 

 

CIL:  0.4225 in 

Defl:  3/16  in 

 

CIL:  0.2975 in 

Defl:  1/4 in 

 

CIL:  0.36 in 

Defl:  5/16 in 

 

CIL:  0.4225 in 

“Change in Level” = Footwear Deflection + Mat Backing Thickness (0.110 in) 
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on a manufacture to provide a safe design.  Engineering 

does not forgive a trip hazard based on the notion that a 

proper lookout will mediate the defect. 

 

B. Codes and Standards 

Safety standards, codes, statutes, and regulations are 

formulated and promulgated at great expense to guide 

technologists in the safe design of works serving 

humankind.  Such codifications are only developed for 

conditions that are reasonably foreseeable.  With respect to 

the “change in level” problem, five sophisticated safety 

organizations have each endorsed the identical safety 

specifications in spite of fundamental differences in their 

scope and point of view.  The NFPA is concerned with the 

rapid egress of personnel during a fire emergency.  The 

ADA, which is administered by the U.S. Department of 

Justice, is focused on the rights of disabled citizens to 

accessible ambulatory facilities.  Fundamental research on 

slip, trip, misstep, and fall technology is a principal 

preoccupation of ASTM.  Practical safety solutions for the 

construction of accessible and usable buildings and 

facilities is the thrust of building code standards developed 

and administered by the International Code Council.  

Finally, the American National Standards is the largest 

developer of safety consensus standards in the U.S.  

Each of these safety institutions involve large numbers of 

participants in their deliberations; some reach out in 

“round robins” to solicit large numbers of stakeholders.  

Their committees are usually chosen to represent all the 

interest groups in an industry; e.g. manufactures, builders, 

users, insurance companies, independent experts, trade 

associations, and government agencies.  It is often 

mandated that the committees reflect the geographic 

makeup of the country.  Additionally, the adopted 

standards are regularly reviewed and updated (e.g. every 

five to seven years).  

The standards development process seeks to provide 

guidelines that reflect the safety value system of our 

society.  The proposed standards are vetted to establish 

their technical feasibility and their economic practicability.  

The “shall” language in the standards conveys the message 

that the standards are violated if the individual 

requirements are not met, exceeded, or satisfied by a 

logical equivalence.  The sole purpose of the “change in 

level” requirement is to establish magnitudes that are 

unreasonably dangerous.  This notion may be expressed as 

follows:  

 • A “change in level” of any magnitude is a trip hazard. 

 • “Change in level” heights not greater than 1/4 inches 

are not unreasonably dangerous.  

 

 

 • “Change in level” heights greater than 1/4 inches 

which are not beveled are unreasonably dangerous.  

Above 1/4 inches the number of trips are unacceptably 

high. 

Some insight into the legal point of view may be 

derived from the following observations:  

1. The specific codes and standards cited in this paper 

have been characterized as “less-than-scientific 

standards.” [Reed v. Wal-Mart Stores, Inc., 97-

1174, p. 4, 708 So. 2d at 364.] To make this 

statement one must be unaware that a scientific 

safety standard does not exist, that any standard 

must ultimately rest on a value system, and that in 

contrast to scientific ethics engineers are required 

to hold “paramount the safety — of the public in 

the performance of their professional 

duties.” [ Ref. Q] 

2. “Thus, it is clear that even when the violation of a 

statute is proved, such is not a substitute for 

proving the existence of “an unreasonable risk of 

harm.” [Smolinski v. Taulli, 276 So. 2d 288 (La. 

1973)] [Ref. R] 

“Violation of a statute or ordinance constitutes 

negligence.  To be actionable, however, the 

negligence must also be a legal cause of the 

accident.  Actionable conduct is both a cause-in-

fact of the injury and the legal cause of the harm 

incurred.  To satisfy the cause-in-fact requirement, 

the finder of fact must determine that the injury 

would not have been sustained but for the conduct 

of the parties’ alleged negligence.  To be a legal 

cause of the harm, there must be a “substantial” 

relationship between the conduct and harm 

incurred.”  

[Burns v. CKL Investments, 43 So. 3d 1152 (La. 

2010)] [Ref. S] 

“In determining whether the risk of harm is 

unreasonable, you should consider, (1) the claim 

and interest of the parties, (2) the probability of the 

risk occurring, (3) the gravity of the consequences, 

(4) the burden of adequate precaution [.] (5) 

individuals and societal right and obligation, and 

(6) the social utility involved...” 

[Reed v. Wal-Mart Stores, Inc., 97-1174 (La. 

3/4/98)] [Ref. Q] 

3. In a classic decision, the Louisiana Supreme Court, 

dealing with these same kinds of building 

standards, held: 

While statutory violations are not in and of 

themselves, definitive of civil liability, they may  
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be guidelines for the court in determining standards 

of negligence by which civil liability is determined.  

 4. “Testimony in the form of an opinion or inference 

otherwise admissible is not to be excluded solely 

because it embraces an ultimate issue to be decided by 

the trier of fact.”  La. C.E. art. 704.  But the factfinder 

is not necessarily bound by such opinion evidence; the 

factfinder may disregard expert testimony altogether.  

See Madere. Madere. 93-610. p. 3 (La.App. 5 Cir. 

2/9/94). 632 So.2d 1180.  1182. See also Lanasa v. 

Harrison. 02-0026. p. 4 (La. App. 4 Cir. 8/7/02). 828 

So.2d 602. 604.” [Ref. T] 

C. Open and Obvious 

One of the most jarring legal principles confronting safety 

professionals is the notion that a condition cannot be 

unreasonably dangerous if it is open and obvious.  The 

Louisianan Supreme Court holds in Eisenhardt v. Snook: 

“We have recognized that defendants generally have no 

duty to protect against an open and obvious hazard.   If the 

facts of a particular case show that the complained-of 

condition should be obvious to all, the condition may not be 

unreasonably dangerous, and the defendant may owe no 

duty to the plaintiff.  The degree to which the danger may be 

observed by a potential victim is one factor in the 

determination of whether the condition is unreasonably 

dangerous.  A landowner is not liable for an injury which 

results from a condition which should have been observed 

by the individual in the exercise of reasonable care, or 

which was as obvious to a visitor as it was to the 

landowner.”  [Ref. U] 

Eisenhardt v. Snook. 08-1287. p. 6 (La.3/17/09). 8 So.3d 

541. 544-545 (emphasis supplied ); Blank v. Capdeville. 94-

373. p. 4 (La.App. 5 Cir. 11/16/94). 646 So.2d 1146. 1149 

 1. When suddenly confronted with a lion, the risk is 

immediately open and obvious.  The declaration that 

this condition is not unreasonably dangerous can be 

disproved by reductio ad absurdum. 

 2. The hazards associated with most machinery are 

open and obvious.  Nevertheless, safeguards of every 

stripe are called for to render them reasonably safe. 

 3. Whereas the hazards of mechanical contrivances are 

usually obvious, the probability or likelihood of 

contacting the hazards is generally unknown and 

unappreciated. 

 4. The Louisiana Supreme Court had proceeded to 

clarify their position on “open and obvious.”  “This 

much needed clarification makes it clear that 

summary judgment is available in (defense) cases 

where a condition is open and obvious and could 

have been avoided by the patron.”  Notwithstanding 

the clarification, a dangerous condition is not 

obvious unless both the hazard and the likelihood of 

encountering the hazard is obvious.   

The ability to avoid a hazard finds various forms of 

expression.  For example,  

  ∙ “If a condition is patently obvious and easily 

avoidable, it cannot be considered to present an 

unreasonable risk of harm.” 

 ∙ “A condition was plainly visible, open and 

obvious and could have been avoided through 

the exercise of reasonable care.” 

  5. The danger associated with a mat/carpet 

combination is open but not obvious.  The 

dangerous “change in level” does not manifest 

itself when a perfect mat is supported on a 

carpet. 

  6. Safe ambulation requires multitasking.  

Unfortunately, people process information 

serially and not in parallel.  Watching a walking 

surface continually will not reveal all the 

hazards that arise in the environment; e.g. 

bicycles operating on a sidewalk, vehicles at an 

intersection, obstacles such as light poles and 

barber poles, low hanging obstructions that 

guide dogs are trained to observe, and 

pedestrians on cell phones.  

  7. The “obviousness” of an asperity is 

compromised by congested traffic, poor 

lighting, and non-contrasting obstacles. 

  8. Footwear styles have different propensities for 

clearing trip hazards; e.g. ski-nose designs. 

  9. Forward steps are easier to monitor than 

rearward steps that are out of sight.  The rear 

foot can be delayed by defects that are not 

previewed by the front appendage. 

  10. Two modes of walking are considered normal.  

One is vision driven and involves cognition. 

The other is independent of vision and proceeds 

with kinesthetic receptors in the muscles. 

 CLOSING REMARKS 

A. The treatment of a shoe penetrating a carpet nap falls 

under the category Beams On Elastic Foundations.  

The technology began with E. Winkler in 1867 and is 

usually covered in advanced strength of materials texts 

such as “Strength of Materials, Part II,” S. 

Timoshenko, Chapter 1 [Ref. V]. 

B. A conventional floor mat has always passed the risk/

utility test when its advantages and downsides were 

compared.  When a mat is placed on a carpet all of its 

advantages are also supplied by the carpet.  Here, the  
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 mat only presents a downside; it fails the risk/utility test. 

 C. The standard floor mat is a safety device.  When 

combined with a carpet it introduces a trip hazard and in 

most cases an unreasonably dangerous trip hazard.  This 

violates the Dangerous Safeguard Consensus.  

 D. There is a major disconnect between the technology of 

ambulation and the law of torts.  Case law does not 

reflect reality; furthermore, its dogmatic.  The legal 

principles are not amenable to Daulbert-like scrutiny 

because they cannot be formulated into a testable 

hypothesis. [Ref. W] 

 E. The body of laws governing slip/trip/misstep and falls 

minimizes the fault of tortfeasors.  An incentive to be 

fault-free is responsible for most of the progress in the 

field of safety.  Recall that slip and fall is a leading and 

growing cause of death and injury. 
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