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ive-year-old Tara Marie Kelpatrick, fell eight stories
to hei death from an exterior balcony of a Fort Lau-
derdale condominium while visiting her grandmother The
police reported, “The guardrail openings were Just high
enough and wide enough for her to slip her tiny body
through.”
» Crystal Webb, 17-months-old fell five stories through a
.large, open light and ventilation shaft from the roof of the

hood of an-automobile parked in the basement garage. The

roof, servmg as a light and. ventilation shaft for the base-
ment, was surrounded-at the roof level with-guardrails hav-
‘ing 81/2-inch wide openings between the vertical pickets.
Brain damage and physical injuries of a permanent nature
are this young girl’s penalty for being a normal child in one

this case during May, 1988, was $35 million to be paid over

the lifetime of the girl.

g An’ extremely fortunate youngster is Ryan Lee of East
. ,‘:Falmouth Massachusetts, a 17-month-old boy who fell

" Hotel on May 27, 1988. Fractures of the skull vértébrae and
”' shoulder together with a black eye and a few bumps and
- brulses were reportedly the injuries Ryan received’ when his
 fall was broken by the fronds of a palm tree, another tree,
and soft ground only two feet from a steel and concrete
drain. The 100-foot fall was initiated when he climbed
vthrough a guardrail with openings varying from 5% to 5%
inches in width.
Detailed evidence available during the past decade, which
clearly proved that our national guardrail standards are

~ -detriment of the safety and well-being of children through-
= otitithe United §tates It’s now quite clear that the maximum
dimension of openings in guardrails at locations accessible
to the public should: not exceed 4 1nches or'even a lesser
dimension.

The logical concerns of mothers and fathers are frequently
being reflected in their urgent letters to newspaper editors,
managers of multi-story shopping malls, hotels and to the
building officials responsible for the three model building
-codes adopted--and enforced by our cities, counties and
states. Many such letters describe close calls they have expe-
rienced with their small children at the location of guardrails
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fourth story of a San Diego, Calrforma, hotel, Tanding on the

roof was used as a recreational area. A large opening in the

of the worst of environments. The out-of-court settlementin -

he tenth floor balcony of a Marco Island, Florida, -

- grossly- 1nadequate is still being disregarded by many to'the.

BOCA MAGAZINS

: // 0‘/("‘(35‘?64 / q

By Elliott O. Stephenson

Current model code requrrements lrmltlng guardrall opemngs to 6 mches

present an unacceptable risk of serious falls by small children, the author

maintains, After pursuing extensive research, Mr. Stephenson argues that -
the allowable opemng should be reduced to 4 inches.

with excessrvely wide openings and urge that prompt reme-
dial action be taken.

And, tragically, we too often read about these instances
where parents have been unable -to react quite quickly

eenough, or have been briefly distracted, ‘with the result that

their child has either plunged to his or her death, or has been

o crrtlcally injured in a fall after passing through a guardrall .
~ opening. )

‘When we visit a shoppmg mall, mumcrpal audrtorrum or

‘ conventron center,  airport or bus terminal, large hotel,

motel, or other place to which 'the pubhc is invited, we
usually assume that sufficient care has been taken in the
design of the bulldrngs construction features to provide
safety under normal circumstances. In the case of guardrail
design, this is far from the situation.

Code Requirements to Date

For the past two decades the BOCA National Building -
Code of Building Officials and Code Administrators Inter-. .

- nationdl, widely adopted in'the central and northeastern
portions of the United States, haslimited the openingsinthe . .

guardrails accessible to the publrc to amaximum dimension”

of 6 inches. i
The -Life Safety Code of the Natronal F1re Protectxon '

Association, utilized as a. standard reference, also allows

- 6-inch wide opemngs in guardralls at locatrons accessible to

the. publrc :
The Standard Building Code sponsored by the Southern
Building Code Congress International, widely adopted by
building code-enforcing jurisdictions throughout the south-
ern states, has generally limited openings in guardrails to a -
maximum of 6 inches during the past quarter century. A

special provision allows larger -openings in' guardrails at -

open decks of one- and two-family dwellings facing a beach

front- whenéver -the height ‘of the deck above the beach.: .-
‘doesn’t exceed 6 feet. o

A brief summary of the guardrarl opening allowances of
past and current editions of the’ Uniform Building Code of

the International Conference of Building Officials (ICBO), . - »

adopted almost exclusively throughout those portions of the
United States situated west of the Mlss1ss1pp1 River, is of
interest: :

1970 and 1973 Editions allowed 11-inch max. openings
1976 and 1979 Editions allowed 9-inch max. openings
1982, ’85 and 88 Editions allow 6-inch max. openings
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Thus, 1t’s ev1dent that a series of changes has been made
during ° the “past 18 yearsy egch of which undoubtedly
. reflected ¢
each actlon represented a compromise between:those inter-
“ested in retammgfthe feeling of openness in buildings and
those who had serious concerns regarding public safety, it’s
not surprising that the reductions have been gradual

Why does this situation exist today? In my opinion, it
boils down to ignorance of the available facts by building
designers and owners, and a natural reluctance on the part of
the building officials and political leaders to take effective
action until they have facts clearly proving that remedial
action on their part is essential. However, once bulldmg and
other officials have the facts supporting-a change in the
codes and standards, actlon 1s often qulckly forthcommg

Four-mch Standard is Justlfied

I have gathered sufficient information concemmg the pre-
sent problem to justify needed action and have submitted
proposed changes to each of the three model building code
and standards-sponsoring organizations to reduce the pres-
ent 6-inch allowance to 4 inches.

The architects and designers of buildings have been no

help in the past and, durmg the period 1978-1980, vigorously
opposed efforts to revise the Uniform Building Code. The
code allowance at that time was for guardrail opening widths
of 9 inches. The 1982 Edltlon is the first of that code to
contain a 6-inch maximum opemng size hmltatlon and most

code enforcingjurisdictions in the west have now adopted it.”

And what was the two-fold basis of the American Institute
of Architect’s opposmon to the change? One was that no one
should be attempting to tell the architects how to design their
buildings—they argued that they should be able to use: their
own individual judgement in each case. The other was that
no proof had been presented that the 9-inch wide opening
was unsafe. The published reason for the architect’s objec-
tion to reducing the 9-inch opening allowance to 6 mches
read: “Preference is to stay with current 9-inch provision.”

Such attitudes on the part of many of our country’s archi-
tects and building designers have too long caused the delay
of effective action on this critical national problem. It’s

obviously absurd to, conclude that a 9-mch opemng will

provide safety for children.

Unfortunately, the architects appear to have little to’

worry about from a legal liability standpoint as long as they
meet the minimum requirements of the recognized building
codes and standards. In a District of Columbia case involv-
ing the fatal fall of a 22-month-old child from a fifth floor
apartment balcony, the courts ruled that the architect could
not be held liable for the accident. The distance between the
vertical members in the guardrail through which the child
climbed varied from 5 to 5% inches and the design standard
commonly used by architects in that area was based on a
permissible 6-inch spacing. In other words, the architect was
complying with the code requirements-applicable at the time

and could not be held respons1b1e for any inadequacies in_

- such laws.

The architect respons1b1e for the des1gn ofa guardrall at
the mezzanine at the Municipal Auditorium and Exhibition
Hall in Charleston, South Carolina, was not so fortunate,
however. According to witnesses, a two-year-old child
walked through a guardrail having openings of 11 inches
between the verticals without touching any of them, falling
18 feet to a concrete floor below and sustammg serious head
injuries. The architect’s response to a question during a
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oncern;oyer; the. safety of 'young: h;ldren Since .

pre-trial deposition reportedly was as follows: “The rails
were more pleasmg to the eye and gave the feehng of morg.. .

_spaciousness in the areas where they were.”

; Settled out.of court, the case resulted in total payments of W
$200 000 plus medical expenses being paid by the architect
and the insurance carrier for the auditorium. The cost of the
addition of a 1-inch square tube between each of the existing
verticals reportedly cost the auditorium only $1,318. ,
The development of tempered glass guardrails and their
growing use in buildings of all types is an obvious answer to
an architect’s desire for that feeling of openness. The tem-
pered glass guardrails, although substantially more costly
than well-built metal oi wood guardrails, can provide an
important. service for architects or designers desiring 1m-,' '
proved vision from level to level of a bulldmg i
Guardrails at elevated locations should be desxgned to, :
inhibit chmbmg by children. Many children incur what is
described in medical terms as a “saddle” injury when. they _
climb on top of a railing and then slip and fall directly upon

it, thereby “straddlmg” the railing. Concussions are also.

often the type of injury sustained when a child falls from the -

top of a railing onto an’ adJacent porch floor. More critical,

however, are the types of injuries received from falls over or
through a railing to the ground or to a floor below a balcony
or mezzanine. ‘

Studles reveal that 950 out of 1 000
chlldren less than 10 years of age
can pass through a 6-inch wide opening.

The ldeal Design

The ideal des1gn is, of course, a solid, smooth guard with no
openings or projections upon which children can climborbe
injured during a fall against the railing itself, Alternatively,a

railing with a series of closely-spaced round vertical plckets =
extending continuously from the bottom to the top, withno
intermediate horizontal components upon wh1ch the child ’

can chmb or be m_]ured when he or she falls agamst the

rallmg is also ideal. Building codes in the United States will

_undoubtedly eventually include provisions intended to dis-
- courage the climbing of guardrails, at least at those locations

where children are most frequently exposed to major falls.
The building code of ‘Australia, dlscussed herein, already
contains such provisions.

What should the maximum size of openingsina guardrall
be? The results of the following two significant investiga-
tions go far toward providing the answer:

“Physical Characteristics of Children as Related to
Death and Injury for Consumer Product Design and -
Use,” prepared by the Highway Safety Res¢arch Insti- -
tute, The -University of Michigan for the U.S. Con-
sumer Product Safety Commission,- Final Report,
May 31, 1975.

“Anthropology of Infants, Children and Youth to Age
18 for Product Safety Design,” prepared by the High-
way Safety Research Institute, The University of
Michigan, prepared for the U.S. Consumer Product
Safety Commission, Final Report, May 31, 1977.

( Continued on following page)
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The breadth of a Chlld ] head 1s: the key to determmmg ifhe

or she can pass completely through an opening in a guard-
rail. If the head:can get'through, the balance of the body is
usually no problem. Thxs fact introduces an: add1t10na1
problem.

In some instances children have squeezed the1r bodles
through an opening in a railing and strangled because their

head breadth was too large to allow the head to pass

through. It’s for this reason that the baby crib and play pen

- standards in effect in the United States establish a 2%-1nch
maximum opening limitation. '

Table No. 1 lists the mean head breadth and chest depths

of children between 10 and 48 months of age and shows the

differences which would permit such children to slip their .

torsos through an opening and not be able to get their heads
through.

Comparison shows that the chest depth of children four
years old and younger is approximately 90 percent of head
breadth. The chest and buttocks of about five percent of
.- those children one-to-two years old would be able.to pass

through an opening 3% inches in width. Almost half of the
“children one-year-old can squeeze thelr chests and buttocks
through a 4-inch wide opening.

However, I do not believe that it would be posstble to

revise the model building codes at this time to limit guardrail
openings to anything less than 4 inches. There will be some
who argue that even the proposed 4-inch limitation is too
conservative and will unduly increase building costs.

A Series of Compromises

Perhaps at some point in the future the applicable standards
will be revised to eliminate totally ail of the hazards asso-
ciated with guardrails. But, as preV1ously stated, code
changes usually occur over a period of time and represent a
series of compromises as new information is obtained.

One factor.worthy of note is that the pickets in guardrails

are quite frequently spaced during fabrication with their

‘centerline distance equalto the number of inchesspecified in-
the bulldmg ‘¢ode. Thus, the specified maximum allowable .

opening of 6 inches has often resulted in the clear distance

between plckets being 514 inches or less. A spec1ﬁed maxi-

mum opening of 4 inches will probably result in many guard-
-rails with clear openings only 34 inches in width.

" 4,000'infants'and cHildged tinder the age of thirteen; and th

. large local two-story shopping mall. In the words of M

The~two~foregomg described studies measured numerou:
features of the body, the first involving a total of almos

second 1nvolymg 4,100:infants and children up to the age o
‘ elghteen Numerous localities thiroughout the country wer
included in the latter study, which had representative mix
tures of social and economic levels as well as races, and was_
sufficiently broad to be indicative of the population of the
couritry as a whole. A
 Graphs No. 1 and No. 1A are plots of head breadths
“versus the children’s ages as determined from the described
studies. To the best of myknowledge, there are no prevxously
published graphs that show the details of minimum head -
breadth diménsions for children:below the 95 percent confi- ;
dence iterval. | b

‘Table No. 2i 1s a tabulatlon of the minimum head breadth
dlmensxons of very young children as reported in the May
31, 1975, Final Report. Confidence levels have been calcu-
lated at 99 .0 and 99.8 percent.

The following conclusions can be reached from an evalua- -
tiof of the results of the measurements of head breadths of .
the more than 8,000 individuals included in the two studies:

1. Only two or three out of 1,000 children nine months
old can pass completely through a 4-inch wide open- -
ing, It appears that virtually no child 12 months or
older can pass completely through a 4-inch wide
opening. -

2. About 50 out of 1 000 children one year old and about:

‘ ten in 1,000 children 13 to 18 months in age can pass
completely through a 4%-inch wide opening. o
3. Virtually .all children under four years of age and
+ approximately 550 out of 1,000 children ten years -
oCO  can pass completely through a 6-inch wide.
opening.

" Some cities and other code-enforcing Jurlsdnctlons have
already acted to solve these problems. For example, during,
January, 1988, the City of Tucson, Atizona, adopted an®
ordinance limiting the openings in guardrails in public pla-
ces and residences to a maximum of 4 inches:“Fhis-ordinance/

~was the direct result of parents demanding action to elimi:’
nate the hazard of the 5%-inch widé guardrail openingsina, =

-James R: Singleton;: Administrator of: Tucsons Buildin
Safety Division:

“Upon completion of the extens1ve study made by our
staff and the city’s Building Code Committee, it was appar-
ent to us that the revision of the building code to limit °

TABLE NO. 1
COMPARISON OF CHEST DEPTHS AND HEAD BREADTHS
Age of Child Mean Head "Mean Chest Ratio of Chest Depth
Months Breadth (in.) Depth (in. ) to Head Breadth -
10-12 4.88 4.21 _ 86
13-18 5.00 4.29 .86
19-24 5.16 4.53 .88
1 25-30 5.28 4.57 i .87
31-36 5.28 4.68 89
37-42 5.31 4.80 .90
43-48 5.35 - 4.84 90

30

- The Building Official and Code Administrator, Nouemlger/December, 1988 -



o

o T 50 % CONFIDENCE INTERVAL e

ilNTERVAL

5.9 1 5.8 INOES
o 99.0% CONFIDENCE INTERVAL :

‘ 1 l
99.8% CONFIDENCE INTERVAL

+ 40 INCHES
T

«w F

;
|

‘ I
S [
3.0 INCHES l
I I

I

|

[

8.0

HEAD BREADTH IN INCHES

I
1
!
|
1
|
|
|

2.0

180-12 19-24 31-%6 “s-4 550 -2 79-84. 08596 97-1089 1019
AGE IN MONTHS
VERSUS
MINIMUM. HEAD BREADTHS -
DATA PLOTTED IS BASED UPON HEAD BREADTH MEASUREMENTS REPORTED IN THE MAY 31, 1975, FINAL REPORT

GRAPH 1-

guardrail opemngs to maximum 4-inch dimensions was fully

justified and essential. The city has responded to the valid
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Others Use 4- lnch Standard

- The South Florida. -Building Code used: throughout Dade
- and Broward Courities*has the:same-4-inch limitationin -~}
residential and institutional buildings. The National Build-
ing Codé of Carada, enforced throughout the provmces of
our nelghbormg country, limits the open spacesin guardrails
to a maximum of 100 millimeters (3.94 inches) at all loca-
tions to which children may be expected to have access in
residential occupancxes and in day-care centers, nurseries ) y
and similar occupancies. /
British Standard BS 3049 has specified a maximum horiz- N
ontal gap in pedestrian guardralls of 100mm (just under 4 - 3.4
inches) since 1976. Thus, itis clear that the United Kingdom
has been ahead of the Umted States for more than a decade 9.2 : .
in this important matter. e s 79 1892 18-18
The National Spa and Pool Instltute representmg a broad ‘
spectrum of individuals and groups in the United States ‘
concerned with the safety of children exposed to the hazards . : AGE IN MONTHS
associated with swimming pools, water recreation areas and GRAPH 1A
spas, has endorsed a recommended 4-inch maximum open-
ing limitation in enclosures provided for such facilities. . : . o
The building code of Australia, which serves as the uni- ~ NOte: Graph 1A is an enlargement of the applicable portion
form technical basis of all Australian State and Territory of Graph 1.
building regulations, has a somewhat different and more : .
complete approach to the control of the clear distances (Continued on following page)

HEAD BREADTH IN INCHES
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THE SlLENT TRAP
( Contmued from precedmg page)

between'~“~halusters in balustrad_es (guardrails or railings in
U.S.A. model building code:terms):

In other than a laboratory, manufacturing plant, storage
warehouse or similar occupancies where the public would
not be expected to have access, the maximum clear opening
between balusters at balcomes, stairways, ramps and land-
mgs is limited to 125mm (4.92 inches), except that at balco-
nies havmg a height of more than.3 meters (9.84 feet), the
openings in balustrades within 150mm (5.90:inches) of the

balcony floor level may not_exceed 100mm (3.94 inches).
Additional limitations: specrfy"that at stairways, ramps, land--.

ings and balcomes havmg a elght of more than 3 meters,
above a lower floor or ground level, those portions of the
balustrades more than 150mm and less than 760mm (29. 92
inches) from the bottom of the balustrade may have only
vertical balusters, or balusters that do not provrde atoe-hold
for children to climb-on.

The Australian code specrfrcally states that the require-
ments applicable to balustrades are intended to prevent, as
far as practicable, children climbing over or through them;
persons accidentally falling from anupper level; and objects
accidentally falling through them and striking a person at a
lower level.

- Owners Take-Voluntary Action

It’s been shown that the owners and managers of existing

shopping centers and other buildings will take action to
correct an existing guardrail hazard when it is brought to
their attention by concerned parents and others using their
facility. During 1987, the Tucson shopping mall mentioned
“herein voluntarily installed a new vertical bar between each
pair of existing verticals in. rarlmgs having a total length of
one-half mile on floor openings in its second story. It’s of
special interest to note that the very conscientious owners
.and managers of the mall were not required to make these
alterations and that they were initiated prior to the adoption
of the above described revision to the Tucson City Building
Code .The existing vertrcals were. spaced 53/4 inches apart,

HEREI .
less than the 6 inches allowed by the building code Afterthe

addition of more than 5,000 new verticals, the openings in
the guardrails were reduced to only slightly more than 2%
inches.

Quoting Mr. Greg McFarland General Manager of the
“Tucson Mall:

“The Tucson Mall responded quickly:to a-perceived risk
by 1nstalhng the additional vertical railings. Our property is
more than just a lot of stores———lt is a place of social interac-

. here because of you and foryou, .and we w1ll use. all avarlable
resources in order to offer you the best facility and shopping
experience possible.””

-It’s interesting to compare the actions taken by those '

responsible for the shopping mall in Tucson with that of the
managment of the Marco Island hotel. The general manager
of the hotelis quoted in a Naples, Florida, newspaper follow-
ing the fall of Ryan Lee as follows:

32

| railings at this time, The national (safety) code- calls fora

~6inches.”

: problem‘?

the author included: 3,728-falls to the ground level or toa -

'rarllng at all

T T e S T R

“We don t- have any plans to. change anythmg abou
of 6 inches and the space between the railing bars is less tha

Perhaps the time when the, owners and managers of. thlS'
hotel will change their minds and take some effective reme
dial action won’t be until another, less fortunate, child falls
from one of the hotel’s upper story balconies and doesn’t- -
find a palth tree to break the impact when he or she lands o
What better evidence could there be to show that the revrsron; =
of our building codes and standards is the answer to. the

lnmn,i ; Qulte Common in U S..

In_]urres to chlldren from balcomes porches or elevat
decks are quite cominon inthe Unlted States ‘Thave person
ies to children ten years of age and younger given treatment )
at hospital emergency facilities during the period 1978-1988,
provided by the U.S. Consumer Product Safety Commrssron

- Hospitals throughout the country report all types of injur- -
ies to the Commission through what is: known as:the -
National Electronic Injury Surveillance System (NEISS).
This data is used by the commission to evaluate the pubhc
safety aspects of problems related to all types of consume
products.

The 7,699 reported i 1njury-causmg accidents evaluated by.

lower floor level from balconies and'porches. This total doe

. not include falls from stairways or onto. steps leading to

balconies or: porches nor to falls from a balcony or porch -.-
onto a stairway. Nor does it include injuries which occurred
upon a porch or balcony itself, or from falls from a railing
onto the railing itself, or onto a porch or balcony from a
railing: It also does not include the numerous instances
where children intentionally jumped from a porch or bal-
cony. The 3,728 falls include only: those in'which a chlld@feII i
froma porch or balcony either asa result of chmbmg overor -
through a railing or as.a result of there: bemg no-protective -

' TABLE Nll 2 o
TABULATION OF MINIMUM HEAl] BR;AI]TH DIMENSIONS S
OF VERY YOUNG CHILDREN -
- 99 Percent 99.8 Percent
Age of Child | Confidence Interval .Confidence Interval .
Centimeter |...Inch Centimeter
7-9 mo. 1065 | 419 | 1035
10-12 mo. Tt | a3 | 1086
13:18mo: . | 1141 | 449 11.16
1924 mo. 1207 | 475 11.86
25-30 mo. 12.11 477 1186
31-36 mo. - 12.37 4.87 1216
37-42 mo. 12.21 4.81 11.96
43-48 mo. 12.57 4.95 12.36

4.00 inches = 10.16 centimeters
4.50 inches = 11.43 centimeters
5.00 inches = 12.70 centimeters
6.00 inches = 15.24 centimeters -
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The severity of the injuries received from the 3,728
reported fallsfrom porches'and balcomes, shown in Graph
No. 2, can be descnbed as follows e

2,946 or 719 percent of the injuries mvolved fractures,
» head lacerations, concussion, or more extensive dam-
‘ age. Dislocations and other lesser injuries were involved
in the remaining 21 percent.

603 or 16 percent of the injuries involved concussion,
fractured neck, arm crushing or other injuries of a
_more serious nature.:

 There were a total of 274 reported falls of 8 feet or more;

many being a distance of 15 to 20 feet. The remaining falls ,

- were generally from a distance of 3 to 6 feet. Although many

of the reports refer to the patient falling through an opening

within a railing to the ground or floor below, the hospital
records do not go into sufficient detail to'state the actual

width of such openings. It’s probable, however, that many of

the falls resulted from the excessive spacing of pickets within
"the guardrails. In- any event, all of the falls are a clear
reflection of the hazards involved when children are exposed
_ to elevated situations without proper guardrail protection.

In addition to the 3,728 falls resulting in injuries to chil-

* dren, there were 34 reported falls resulting in death, 28 of v

those being children three years or:less in age.

" Major Code Revision Effort

-1 am presently undertaking a major effort to revise the three
model building codes of the United States and the NFiPA
Life Safety Code to limit the openings.in guardrails to ‘a

_ maximum of 4 inches at all locations to which the public is’

- invited and to which young children may be at hazard. The
battle may not bean easy one, but its ultlmate outcome isnot

" in doubt in my opinion,

What needs to be done to obtain the needed revisions to
ithe building codes and standards now in effect? The follow-
ing actions would quickly resolve the matter:

1. The American Institute of Architects should support
the adoption of the 4-inch limitation. The American Academy
of Pediatrics, through its Committee on Accident Preven-

tion, has been urging the architects to'take such action for

many years. It’s time for the architectural profession to wake

up to the fact that opemngs larger than 4 inches will continue -
... - to take an unnecessary. toll on the lives and health of young

chlldren Prompt and effective action now by the architects

in our country will help prevent many future serious
hazards. o

" 2. The building official organizations responsible for the

publication of the three model building codes adopted:

throughout the United States need to take a positive stand
* on this important matter and revise their codes to eliminate

the serious hazards in guardrails. The needed facts are now .- *

available—there’s no valid reason for further delay.
" 3..Mothers, fathers, grandparents and others interested in

the welfare of children should act through letters to the -

editors of their local newspapers and-to their City Councils

or their County Board of Supervisors démanding that atten-

tion be given to the matter and that existing codes be revised.
In many cases, where hazards exist, remedial action should
be taken retroactively, with building owners given a certain
specified length of time to solve their problem
" 4. Building owners need to carefully inspect their existing
facilities to determine if there’s something they can voluntar-
ily do to remedy potentially hazardous conditions.
5. Insurance companies writing liability insurance for

The Building Official and Code Administrator, November/December, 1988

5. SEVERITY. OF INJURIES TO-CHILDREN *

RESULTING FROM REPORTED FALLS

- FROM.PORCHES AND BALCONIES - |.
DURING TEN-YEAR PERIOD: 1978-1988
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SEVERITY OF INJURY

~inviting; traps; many.of: ‘which will continue tobe construo,

GRAPH2 -

“ building owners should take a real interest in the elimination

of the present guardrail hazards. The recent $35 million
settlement in the Crystal Webb case would have paid for a lot
of guardrail construction and improvement. I gave a pretrial -
deposition for the plaintiff in this case, testifying on the
applicable building code requirements-and records of fanS";s's

- by children from elevated ‘balconies and porches.

It all'adds up to the fact that we in thé-United ‘States need o
to take action at all levels to correct §6me of our silent and’ -

wmorrow, next year and “for years to comie uiless we act '

now. ‘

Elliott O. Stephenson served as
Superintendent of Building for the
City of Pasadena; ‘California, fol- -
4 lowmg WWII.and was very active

; - in the committee work of the Inter-
national Conference of Building Of-

: ﬁclall (ICBO) during that time. He

forﬁﬁemyears.Dmmg 1955-1970
. - Stephiensoi répresented AlSI at’
-, BOCA committee hearings and ar-
nual meetings on a regular basis and
was well known to BOCA mem-’
bers. He retirned to the west coast
for AISI during 1970 and was awarded ICBO's prestigious John Fies
Award for outstanding contributions in the field of building code develop-
ment .and administration in 1978, prior to his retirement from AISI.

Stephenson is licensed asboth a structural and fire protection engineer and
has continuously maintained a deep interest in allmatters related to safety
in buildings. He now resides in Tucson, Arizona,
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Comment By Author of “The Silent and Inviting Trap”

A correction is necessary to the article entitled “The Silent and Inviting
Trap,”that begins on Page 28 of the November [ December, 1988, issue of the
BOCA Magazine. The correction was submitted by the author of the article,
Mr. Elliott O. Stephenson, Tucson, Arizona, as follows:

A remark made by an elementary school teacher about the size of some of
the ten-year-old children in her class has led me to again review in detail the
published data on the anthropometry of children, with the result that I've
discovered a change in one of my conclusions included in the article is
necessary. |

At approximately the age of six years, a child’s chest depth can become the
controlling dimension in determining whether many children can pass com-
pletely through a 6-inch-wide opening.

The ratios of chest depth to head breadth for children between the ages of
four to ten years are listed in the foilowing tabulation: :
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Ratio of Mean
Chest Depth to Ratios at Five

Mean Head Mean Chest Mean Head Percent Contidence
Age in Months Breadth (") Depth () Breadth Interval
49-54 5.39 5.00 0.93 0.98
55-60 5.49 5.04 0.92 1.01
61-66 5.49 5.12 0.93 0.99
67-72 5.47 5.24 0.96 1.03
73-78 5.47 5.31 0.97 1.01
79-84 5.51 5.43 0.99 1.05
85-96 5.51 5.51 1.00 1.10
97-108 5.59 5.75 1.03 1.14

109-120 5.59 5.87 1.05 1.16
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It will be recognized that the foregoing information does not affect the
findings that virtually all children four years in age and younger can pass
completely through a 6-inch-wide opening, nor does it affect the proof that
revisions to the building codes to reduce the allowable openings in guardrails
and railings from 6 inches to 4 inches is fully justified and needed. We all
recognize that the children at greatest risk by the present excessive 6-inch
opening allowance are less than six years of age.

In summary, the following facts relating to the ability of children to pass
through openings in railings and guards are clearly evident.

1. Virtually all children less than six years in age can pass completely
through a 6-inch-wide opening.

2. Virtually no child one year or older in age can pass completely through a
4-inch-wide opening.

3. Approximately 50 percent of all children ten years old can pass com-
pletely through a 6-inch-wide opening.

4. Approximately 50 percent of children 13 to 18 months old can pass
through a S-inch-wide opening.

5. About 50 out of 1000 children one year old can pass completely through
a 4Y5-inch-wide opening.




Update on the Silent
and Inviting Trap

/ by Elliott O. Stephenson

Structural and Fire Protection Engineer
Sun City West, Arizona

During 1988 and 1989, Mr.
Stephenson reported on the results of
his extensive investigations of the di-
mensions of the head breadths and
chest depths of young children. These
efforts led to the revision of the Uni-
form Building Code™ (U.B.C.) at
ICBO’s 67th Annual Conference in
Palm Desert, California. His article
“The Silent and Inviting Trap” ap
peared in the January-February, 1989,
issue of Building Standards, with addi-
" tional mformatlon provided in the March-April, 1989, issue.

Section 1712 (a) of the 1991 edition of the U.B.C. will limit
the size of openings of guardrails used on balconies, landings
and open stairways to a maximum of 4 inches.

Briefly, the article stressed the following facts not previous-
ly available to building code-writing and enforcement autho-
rities:

1. Almost no child one year of age or older can pass com-

pletely through a 4-inch-wide opening.

2. Approximately 50 percent of all children 13 to 18
months old can pass completely through a 5-inch-wide
opening.

3. Virtually all children less than six years of age can pass
completely through a 6-inch-wide opening.

Since sharing this research with Building Standards read-
ers, he has traveled throughout the world in an effort to circu-
late the facts presented in his article to building officials and
building code authorities. The following report provides an
update on this issue and reflects the need for energetic, pro-
ductive and democratic organizations such as ICBQO.

Mr. Stephenson was recently named a 1990 Marksman by
Engineering News-Record, the McGraw-Hill construction
weekly, for his significant achievements in limiting the size of
openings between guardrails.

The views expressed here are those of the author and do not necessarily
reflect the opinion or agreement of the International Conference of Building
Officials.

Since leaving home in September 1989, [ initially traveled to
some of the countries down under and spent four months in the Fiji
Islands, New Zealand, Australia and Indonesia. In each major city
along the way, | met with the building surveyor (the building offi-
cial) and with the building control authorities of each state, prov-
ince and nation to discuss their existing building code provisions.
While learning about the principal features of each code, | also dis-
tributed copies of “The Silent and Inviting Trap” and met with con-
siderable success in convincing building authorities that the maxi-
mum width of openings between balustrades (guardrails)
accessible to young children should be limited to 100 millimeters
(mm) (approximately 4 inches).

As of january 1990, 1 had met with the building surveyors and
building control authorities in 17 large cities, five different states
and four separate countries. Copies of the article were distributed
widely to code development committees in Fiji, New Zealand and
Australia and may soon be included in the journals of the New Zea-
land and Australian Building Surveyor Associations. Such publica-
tion may eventually lead to needed revisions to building codes in
this part of the world.

One item of considerable interest has been the major differences
in local codes within each country. In both New Zealand and Aus-
tralia, | discovered that the volume of local amendments made to
nationally sponsored codes is frequently more extensive than the
national code itself. Many code-enforcing jurisdictions appear to
have their own standards as to what is acceptable construction. In
Australia, for example, openings in balustrades are currently lim-
ited to 150 mm (6 inches) in two states, to 200 mm (8 inches) in two
other states and to 120 mm (slightly less than 5 inches) in yet anoth-
er state. The national government of Australia is currently studying
the problem of nonuniformity of building code enforcement and,
hopefully, will be able to take some effective actions.

New Zealand currently has a 150 mm (6 inches) limitation on
openings in balustrades but does not regulate those in single-family
residences, one of the most common locations where accidents oc-
cur. The Indonesian Building Code contains no reference what-
soever 'to openings in balustrades, and designers and builders are
permitted to do as they wish. The code specifies a minimum height
of 90 mm (approximately 3'/, inches) but has no minimum strength
requirements. Plans are reportedly underway to develop a new Na-
tional Building Code for Indonesia to replace the 1941 edition still
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in use. Hopefully, many variations in the design and construction
of guardrails in these jurisdictions will be eliminated as the facts re-
ported in my article become generally known.

Two incidents which occurred during my travels in Australia are
of particular interest. While visiting the recently completed House
of Parliament in Canberra, which was constructed at a cost in ex-
cess of $1 billion, | noticed that the balustrades in one part of the
second story had openings 125 mm wide (approximately 5 inches).
While l was inspecting them, two security officers noticed my inter-
est in the construction and told me that a young child had recently
climbed through one of these openings and was seen standing on
a narrow ledge about to fall 15 feet to a marble floor below, either
to his death or serious injury. Fortunately, the horrified guards res-
cued the child before he fell. After hearing of this incident, | wrote
both the Speaker of the House of Representatives and the president
of the Senate and urged them to take prompt action to reduce the
allowable openings in balustrades to 100 mm in the Australian
Building Codes and to take remedial action in the House of Parlia-
ment. | have since received a letter from the Speaker of the House,
the Honorable Leo McLeay, stating that the matter is being fully in-
vestigated and brought to the attention of the national committee
responsible for drafting the appropriate standards.

The second incident was described to me while | was visiting
close friends in Melbourne. After reading my article, my hosts re-
ported that one of their granddaughters, then three years old, had
climbed through the 5-inch-wide openings in a balcony guardrail
at their vacation home and had fallen approximately 12 feet onto
alawn area, landing only a few inches from the edge of a concrete
patio slab. Except for treatment by a doctor for bruises, the incident
went unreported, but the family now notices that the child, current-
ly eight years old, has an unusual ridge extending down the top of
her head, apparent evidence of an undetected concussion that oc-
curred at the time of her fall. The guardrail was promptly modified
following the accident so as to prevent further problems.

The following are some of my impressions of what | have learned
concerning building codes and their enforcement at both city and
state levels:

1. Individuals who receive Building Standards magazine or pub-
lications from another model code organization tend to keep
them in their homes and to not disseminate much of the infor-
mation or articles to various individuals within cities and other
jurisdictions and organizations which they represent.

2. The building code situation tends to be fractured and disorga-
nized due to:

a. Reliance on national government commissions or federally
sponsored committees to write the codes.

b. Extensive local amendments to the government-sponsored
codes. In both New Zealand and Australia, the building of-
ficials reported that the volume of the local amendments
adopted can often exceed the volume of the national code.

¢. Some building officials complain that architects and build-
ers often disregard the building code and get away with
whatever they wish to do.

d. A great deal of nonuniformity can exist as a result of the
amendments to a national code enforced at the local level.

3. Finaldecisions on the provisionsto be included in the national
codes are frequently made by a very small group of individu-
als. There is an opportunity for each of the state groups in Aus-
tralia, for example, to react to and make recommendations
concerning the various proposed provisions of the national
code, but that appears to be the extent of their influence other
than to promote the adoption of local amendments within
their state.
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My year-long, around-the-world trip of 50,000 miles also in-
cluded visits to Singapore, Malaysia, India, Greece, Yugoslavia,
Austria, West Germany, Switzerland, ltaly, France, Portugal, Spain,
Morocco, Great Britain, Ireland and Belgium. Six of the 20 coun-
tries visited had no specific regulations whatsoever relating to the

In July 1990, Mr. Stephenson met with Juan Antonio Campos Morales,
principal administrator of the Internal Market and Industrial Affairs
Directorate-General of the Commission for the European Communi-
ties in Brussels, Belgium.

allowable size of openings in guardrails and railings at open stair-
ways, balconies and elevated porches. Most of the remaining
countries allowed 150 mm (6 inches) openings and a few cities
allowed as much as 200 mm (8 inches). Only three of the
countries—France, Ireland and Great Britain—currently enforce a
100 mm limitation, a sensible limitation which | urged in all
code-enforcing or code-promulgating jurisdictions and organiza-
tions contacted.

Of special importance in Europe is the work of several technical
committees of the Commission for the European Communities,
headquartered in Brussels, Belgium. A group of six technical
committees within the Internal Market and Industrial Affairs
Directorate-General is responsible for the promulgation of new
performance standards intended to be applicable to the design,
construction and use of buildings within each of the 12 member
countries of the community. Copies of my article were distributed
to each member of the Technical Committee on Essential Require-
ments—Safety in Use. | anticipate that the 100 mm maximum
opening limitation will be adopted and enforced throughout Eu-
rope in the near future.

During my travels, all of the building officials and code and stan-
dards authorities were most hospitable and helpful. Although only
afew knew anything about the building code development and en-
forcement conditions in the United States, all expressed keen inter-
est in my descriptions of them. Many officials look forward to par-
ticipating in the World Organization of Building Officials and in
learning more about United States’ code development and en-
forcement. ]



