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Reproduced from
best availa ble copy.

iii





.,
' ..,

ABSTRACT

Both labor and management in the construction industry,are concerned
with the enforcement of four OSHA construction standards (regarding
the use of safety belts, nets, and training) at the point of erection.
This concern prompted this project which is a pilot program to evaluate
the effectiveness of these standards at the point of erection in steel
and precast/prestressed erection. To accomplish this objective, nine
erection sites of various kinds were visited; contacts were made with
unions, contractors, associations, and various OSHA officials; and data
was obtained regarding fall accidents occurring at the point of erection.

A wide variety of connection situations are encountered by connectors
at the point of erection. Many of these differences result because
of the diversity of steel and precast/prestressed concrete structures
involved. The activities of connectors on various types of structures
is presented in Chapter 3.

The need for mobility, the speed of the erection process, and the lack
of attachment points often make it difficult to implement the safety
be It and safety net standards. Many contractors and connectors pt'efer
to rely on training.

It '",as determined that there is apparently a wide variance in the \'iay
these standards are enforced in various parts of the country. Further,
the Courts and the OSHA Review Commission disagree concerning how citations
for some of these standards should be handled. There is disagreement
about whether or not the standards are vague, whether or not belts and
nets are practical and feasible in certain situations, whether or not
industry practice should be a controlling factor, and wheth~r or not
the general construction standards apply to steel erection. (Discussed
in Section 4.1.)

Contractors :have several incentives and disincentives for co::;plying
with these standards. These deal with such things as bid competition,
costs, work efficiency, insurance, and labor force competition. (Section
4.2)

Safety belts can be used in a variety of situations, but falls into
belts can injure a person and belts restrict the mobility of connectors.
Nets, though more costly, can provide fall protection for workers moving
form point to point. Net installation provides some problems, but
these problems have been overcoma in the use of perimeter nets on steel
tiered buildings in one area of the country, and the use of nets on
~ridges is widely accepted. Training is largely accomplished on-the­
Job or by unions, though neither is formalized. The foreman a connector
works under has a large influence on the training of a connector in
safe work practice. (Sections 4.3, 4.4 and 4.5)
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There is a great deal of variance among the various written standards
(OSHI\, Cal/OSHA, ANSI, Ontar·io, and U.S. Army Corps of Engineers).
The OSHA standards are vague about training, do not provide guidelines
for use when standard compliance is impractical, and do not specify
exactly when a safety belt must be used. Also, there are several fall
hazards not addressed in the standards. (Chapter 5)

It is recommended that guidelines be developed so that safety is established
during the design stage, that OSHA enforcement be balanced nation-wide,
that changes in the written standards be made to exclude gaps and voids,
that federal agencies require fall protection in bid specifications,
that a needs analysis be performed to provide objectives for connector
safety training, and that a full-scale scientific study be conducted
to determine the effectiveness of the standards. (Chapter 6)

This report was submitted in fulfillment of NIOSH Contract #210-81-3008
by Western Institute for Research and Education under the sponsorship
of the National Institution for Occupational Safety and Health.
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CHAPTER 1. BACKGROUNG AND INTRODUCTION

1.1 BACKGROUND AND HISTORY OF THE PROBLEM

The use of iron in the construction of bridges and the special breed of
men who erected them were two important contributing factors leading to
the skyscrapers, domed stadiums, and space needles of today. Who erects
structural steel thirty-five stories high, where historically the only
available protection against falls was experience and ability? He is
someone with an excellent sense of balance and no fear of heights- a con­
nector. These people are unique individuals, even among the iron workers
themselves. Not everyone is comfortable walking narrow beams at heights.
Therefore, connectors are a special type of people who take great pride
in their abiljties to do what others fear and to work comfurtably where
others are uncomfortable. (1)

These connectors, because they position the first members in the structure,
often have to place themselves where there is little support and where
appee.rances \'!ould make it seem almost impossible for a person to work.
In the early days of high bridge and steel connection work, there was
1ittle to insure the safety of the connector. In the years since, many
improvements and have been made by both contractors and labor unions to
cnange this siwcttion and prOVide safety for these \'JOrkers.

In 1971, the Occupational Safety and Health Act (OSHA) was passed to establish
safety standards for industry and construction. Of necessity, the standards
were written broadly, so that they woul~ apply to a multitude of situations.
The unique aspects of constructing tiered buildings with steel were recog­
nized by OSHA, and Subpart R of the construction standards was written
to specifically address this erection process. However, many of the more
broadly written consensus standards, specifically those requiring the
fall protection prOVided by safety belts, safety nets, and training, also
applied to steel erection and to connectors.

Connecto~s and contractors have sometimes found it difficult to comply
with standards requil~ing that a connector be attached by a safety belt
and lanyard to the structure (29 CFR 1926.104). They argue that there
is a need for connectors to remain mobile during the initial placement
and connection of structural members, especially if one of "these members
should swing out of control in the direction of the connector. Additionally,
the use of lanyards and lifelines may create tripping hazards, and there
is often no structure overhead where a lifeline can be secured. Some
contractors have found it difficult to provide safety nets (29 CFR 1926.105
and 29 CFR 1926.750(b)(1)(ii)), because, in many cases, the location of
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such protection is constantly shifting due to the continually changing
point of erection area as each member is attached to the structure.
Tli~refore, in many cases, the time necessary to install~ test, and remove
the nets may exceed the time necessary to complete the erection process.
Additional arguments state that nets might interfere with the movement
of the crane and with the erection process itself. Because of these
potential problems with the use of belts and nets, construction contrac­
tors, workers, and others believe that the most practical method of pro­
tecting connectors at the point of erection is through training (29 CFR
1926.21(b)(2)) and experience.

Some OSHA compliance officers interviewed during this project informally
recognize that although connectors often work in hazardous situations,
it is difficult to apply these broad standards to their unique activities.
In many parts of the country, an informal understanding was reached to
make allowances for connectors, while at the same time realizing that
it is feasible for other iron workers to comply with these standards.
As a result, few citations were issued for the failure to use fall safety.
devices to protect connectors. -

While some of the problems with protecting steel connectors~ere recog­
nized and allowances made for them, such has not been the case with pre­
cast/prestressed concrete connectors. Compared with the amount of time
~teel-has been used in building construction, it was only recently that
~~~c~st and prestressed concrete products began to be manufactured and
erected into buildings. As this occurred, OSHA did not recognize the
similarities witn steel erection.

OSHA began to cite precast/prestressed concrete erection contrac~ors for
n~~ ~S;"~ ~3"~~~~'5 ~~ D~o~ect connectors-at the leading edge of the
~rect~o~.(2\ As a res~'tt ~e8bers of this industry began_to work with
OSHA to explain their erection processes and that if a handrail is re­
quired on the leading edge of a roof, it would prevent the erection of
the next member. Citations also resulted for the failure to use safety
belts and nets to protect connectors. (3) Again, the industry responded
by going to OSHA to explain how these devices limit the erection process.
Some industry members pointed out that precast/prestressed concrete erec­
tion is similar to steel erection and that precast/prestressed connectors
should be treated in a manner similar to steel connectors. One similarity,
they argue, is the need for mobility if an emergency occurs, because the
most dangerous situation in precast/prestressed erection is said to be
a double tee swinging out of control. Again, net installation could take
longer than the erection process and such nets would often have to be
placed directly where a new member needs to be positioned. Additionally,
the installation of nets in some cases ~ppears to require the net installers
to be exposed to a fall hazard for a longer period than the connectors
would be if nets were not used.

In recent years, it has become obvious that there is a need to study how
a connector in both steel and precast/prestressed erection might be pro-
tected and if the standards can be applied. In California, the California
Occupational Safety and Health Administration (Cal/OSHA), union representatives,
and contractors combined their efforts to rewrite some of the construction
standards so that the~would apply directly to connection work.(4) Other

2



recent activities in this subject area include a study by the National
Erectors Association to determine the frequency of connector falls to
the pe,'illleter of tiered buildings.(5) A more recent study has been
done by the Institute for the Iron Working Industry to examine falls
from elevations.(6) The precast/prestressed concrete industry is also
well aware of the problem, as demonstrated by their request for an OSHA
variance regarding connector work and distribution by the Prestressed
Concrete Institute of an audio/visual program dealing with safety in
precast/prestressed concrete erection. There have also been recent
developments in perimeter net systems by contractors and manufacturers,
which may make their use more possible.(l)

These activities, among others, demonstrate an increased awareness of
the problem and a stronger effort to solve it. Therefore, it is logical
that a study be commissioned to examine the various points of view,
assemble an overview of situations which fairly represent the diffi­
culties of connectors complying with these standards, provide recom­
mendations on how to solve these problems, and determine what additional
research is needed and is feasible.

1. 2 INTRODUCTION TO THE PROJECT

As stated in the project contract, the purpose of the project is as
follov.'s:

The construction industry (labor and management) has
expressed concern about problems due to implementation
:f st::~a:d5 (29 CFR 1926.21 (b)(2) Safety Training
and ~~JC5t~on; 29 CFR 1926.104 Safety Belts, Lifelines
and Lanyards; 29 CFR 1926.105 Safety Nets; 29 CFR
1926.750 (b)(l)(ii) Temporary Flooring - skeleton
steel construction in tiered buildings. The full
text of these standards is located in Appendix A.)
The industry contends that these standards cannot
be effectively implemented in many instances at the
point of erection. Point of erection is defined as
that place where initial placement and connection
of structural members occurs and where employees
performing the initial connection are exposed within
the swing radius of the member being erected. National
Safety Council statistics (Accident Facts - 1978 edition)
show that there were 2500 fatalities within the con­
struction industry. Some of those fatalities may
have resulted from point of erection operations.

This contract was a pilot program to evaluate the
effectiveness of the OSHA construction standards at
the point of erection.
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1.2.1 METHODOLOGY

This effort was designed to collect existing data to determine whether or
not the accidents occurred as a result of a violation of one of the stan­
dards in question. In the early phases of the project, it became evident
that there was very little literature and few previous studies specifically
related to this problem. For this reason, site visits and informal contacts
took on additional importance as sources of information. Nine geographically
distributed on-site field investigations were conducted to examine the
applicability of these standards to point of erection operations. During
some of these visits, two members of the International Association of Bridge,
Structural and Ornamental Iron Workers served as consultants. They were
chosen because they have a combination of over forty years experience in
the erection of steel and precast/prestressed concrete structures. Mr.
Samuel D. Grimes, Sr., and Mr. Richard McMillan, these two consultants,
provided detailed, practical knowledge from the connector's viewpoint re­
garding what is possible at the point of erection. This knowledge greatly
aided in formulating the conclusions presented in this report.

Based on these efforts, this report presents information concerning whether
or not the standards are effective. It also provides recommendations for
new or revised procedures and practices for the protection of connectors
in the situations where standards are determined to be ineffective. Gaps
and voids in the standards and recommendations as to where additional re­
search is needed to determine how to protect the connector are also presented.

1.2.2 PARA~ETERS OF STUDY

~\..11S ;=;:c:·,~ i: '~:;.!~=j t:; discussion of information relating to the four
standar~; stat2~ in the purpose of the project as they relate to connector
activities. The general personal protective equipment standard (29 CFR
1926.28(a)) is also considered because it is often cited in conjunction
with the safety belt standard. (See Appendix A for text of standards.)

In order to focus and better define the type of information to be gathered
and studied, the follo\'ling parameters were established. The only situat"ions
studied were those where the connector should have been protected by one
of the subject standards. Therefore, not included were situations where
the connector worked off a ladder or scaffold, and thus was not subject
to the requirements of the standards in question. Particular attention
was paid connection situations where there would be a potential fall of
over 25 feet, because the standards indicate that this is when fall pro­
tection should be provided. Only those types of structures and point of
erection si'Jations where such a hazard exists were studied.

1.3 PROJECT APPROACH

1.3.1 DATA COLLECTION

Many potential sources of accident data, relating to connector falls, were
contacted. However, because this study is narro\'/ly limited to one specific
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type of work, it was determined that many of these sources could not isolate
only paint of erection accident data.

Of the potential sources, only OSHA was able to provide point of erection
accident data. This was done through their computerized data base. A list
of fatality/catastrophe events was compiled. From this list, potential
point of erection accidents were identified and additional inforrnation was
obtained from reports written by the inspecting compliance officer and
maintained at the various OSHA Area Offices. These reports allowed the
circumstances of these accidents and the type of work being done to be
identified.

f.3.2 CONTACTS MADE

Unions, associations, .contractors, and various OSHA officials were contacted
as part of this study. The number and variety of contacts that were made
helped insure the representation of all views.

Several unions were contacted
encountered by their members.
compliance and training which
and safety. Unions contacted

in regard to point of erection situations
Discussions were held regarding standards

might discuss point of erection procedures
by phone or in person include the following.

International Association of Bridge, Structural and Ornamental
Iron Workers

United Brotherhood of Carpenters and Joiners of Pmerica

Connectors are primarily iron workers and the International Association
of Bridge, Structural and Ornamental Iron Workers was most helpful to the
project team. Members of the union and some of its business agents took
time to discuss the erection procedures and safety aspects of point of
erection work. For example, meetings were held with the union business
agent from New Haven, Connecticut, with the ·union apprenticeship coordinator
from Denver, Colorado, and with union officials from Phoenix, Arizona.

Telephone and personal contacts were also made with industrial associations,
such as the following.:

Pmerican Institute of Steel Construction
Mlerican Institute of Timber Construction
American Subcontractors Association
Associated General Contractors of America
Institute for the Iron Working Industry
National Constructors Association
National Erectors Association
National Safety Council
Prestressed Concrete Institute

Presentations outlining the goals and objectives of the project were made
to the safety committees of the National Erectors Association and the Pr~­

stressed Concrete Institute. These associations and the Institute for tile
5



Iron Working Industry were quite helpful and supported the project team
b; providing information about point of erection procedures and safety.
The l\:llcrican Institute of Timber Construction was also quite helpful, espe­
cially in locating timber construction contractors.

In addition, a wide range of both large and smJll contractors in all parts
of the country were contacted about the possibilities of making a visit
to one of their construction sites. Although many were unable to help
arrange a site visit, these contl"actors willingly discussed their point
of erection operations with members of the project team.

Contacts were also made with various OSHA offices. OSHA offices in Hartford,
Connecticut, and Denver, Colorado, were contacted and meetings were held
with some of their officials and compliance officers. Several other OSHA
officials were contacted by.phone and supplied information. A meeting was
also held with representatives of the Long Beach Office of the California
Occupational Safety and Health Administration.

1.3.3 SITE VISITS

The construction sites visited were selected to include a cross section
of relevant structures, to include approximately the same number of union
and non-union jobs, and to insure geographic distribution. Attempts were
made to arrange at least one visit in the Northwest and one in the Midwest,
but it was not possible to coordinate visits in these areas with
the project schedule.

Each site visit was designed to observe people working at the point of
er2:~~C~ a~~ ~~~'~~e if they can be effectively protected by the physical
mears of a s2fety belt or safety net or by proper training in safety tech­
niques. Sequencing of the erection process was also documented to indicate
if one sequence is superior to another. Activities at the point of erection
were examined and conversations were held with point of erection personnel,
job superintendents, and safety officers. The nine construction sites which
were visited are listed in Table 1 on the following page.

As noted in the table, one timber construction job was visited. It was
a one-story warehouse in which laminated wood beams were being installed
to support the roof. These beams were raised by a forklift and set in steel
brackets that held them in place. No one work~d from the structure to make
a connection. Therefore, on this job, connectors were not exposed at the
point of erection.(S)

The president of the American Institute of Timber Construction identified
several of the largest and most experiencer: timber construction contractors
in the nation. An informal survey of these contractors revealed that the
procedure described above is typical and that timber connectors are atypical
among connectors. Rarely, if at all, is th .~ fall exposure to a connector
working at the point of erection. ~'ost la:~ ,ted wood beams are installed
at a height of approximately 30 feet. Ther~;ore, if workers do have to
make the connection, they can be lifted in cages on forklifts or in baskets
on cranes, or they work off scaffolds or approved work platforms. Also,
when possible, laminated wood arches ~re connected on the ground before
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TABLE 1. CONSTRUCTION SITES VISITED

Members
Building Being
Material Type of Structure Location Erected Union?

Steel Multi-story building, Hartford, Columns, beams, Yes
perimeter nets in use Connecticut and decking

.-

Steel Multi-story building, Pittsburgh, Columns and Yes
perimeter nets not Pennsylvania beams
in use

Steel Bridge Richfield, Girders Yes
Utah

--
Steel Communication Idledale, Co lurnns, beamsl No

to.....er Colorado and in termed i ate
bracing pieces

~

Is:·:~:
I C" ; ,.. ~ , ~ ," ~. ~'.~ '. i \.' ~ ':'" ;.:; ~-, ;...... 11 s- Pearland, Prefabricated NoII ...,;:~ _ "'; .. _1.) ,; ......._ .• ...,'"'" t=, II

~ n:e ~·rr.ed ~ ate fl oars Texas columns and I. I no II

beams

Precast Multi -story building Copper Moun- Load bearing No
tain, Colorado wall panels,

double-tee floor
members _..

Precast Pl ant without inter- Stuarts Columns, beams, No
mediate floors Draft, and panels

Virginia
I

Precast Cooling tower, no Newark, Internal columns Yes
- intermediate floors Arkansas and beams

..

Timber Single-story warehouse, Chino, Laminated No
no intermediate floors Ca 1iforn i a "JOod beams

7



the~ are raised, eliminating the need for connections to be made in the
air.

Originally it was thought that timber connection work would present some
of the same situations encountered by steel and precast/prestressed erection.
However, this brief discussion highlights the fact that timber erection
usually does not expose the worker at the point of erection, as do steel
and precast/prestressed erection. There is no need, therefore, for safety
belts or safety nets because workers use ladders or work platforms. For
these reasons, timber construction was determined to be outside the scope
of this study and is eliminated from further discussion in regard to these
standards and the point of erection.
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CHAPTER 2. OVERVIEW OF POPULATION AT RISK AND FALL ACCIDENTS

2.1 TRADES AND UNIONS INVOLVED

In steel erection, the connection work is done by iron workers, both
union and non-union. The primary union representing these workers is
the International Association of Bridge, Structural and Ornamental Iron
Workers. In precast/prestressed erection, the connection work is done
principally by iron workers, and also by carpenters and l,aborers. These
workers may be union or non-union. The unions representing them are
the International Association of Bridge, Structural and Ornamental Iron
~orkers, the United Brotherhood of Carpenters and Joiners of America,
and the laborer's International Union of North America.

2.2 : POPULATION ESTIMATES

An attempt has .been made to estimate the total number of construction
sites in categories where steel and precast/prestressed concrete would
likely be used. These are presented in Table 2 on the following page.
~ased u~0n this iGfor~atiGn, approximately 11,374 sites existed in 1980.
It was not possible to separate projects where steel or precast/prestressed
concrete was used from similar projects using other construction methods.
This information is provided in the Dodge Reports regarding current
construction activity; however, access to these detailed reports could
not be arran~ed at this time. The estimate is useful, however, in that
it most certainly contains the sites where the connector is exposed
to a fall danger at the 'point of erection and represents a high estimate.

The number of contractors who erect buildings of the type studied here
was estimated by the National Erectors Association based upon U.S.
Department of Labor figures and by the Prestressed Concrete Institute.(9)

;
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TABLE 2. ESTIMATION OF TOTAL NUMBER OF CONSTRUCTION SITES

CONSTRUCTION TYPE*
TOTAL $ VALUE*

OF PROJ~CTS

$ VALUE OF**
AVG. STRUCTURE # OF SITES,_.-

Office Buildings 10,500)000,000 20 Mi 11 ion 525

Stores and Other Commercial 11,600,000,000 3 Million 3)867

Manufacturing Buildings 6,800,000,000 3 Million 2)267

Educational Buildings 6,700,000,000 6 Mill ion 1,117

Hospital &Health Buildings 4)950,000,000 15 Million 330

Other Non-residential Buildings 7,700,000,000 3 Million 2,567

Highways &Bridges 13,400)000,000 20 Mi 11 ion 670

Public Utilities-Powerhouses 15,500,000,000 500 ~1ill ion 31

TOTAL # OF SITES 11,374

*Source: 1980 F.W. Dodge Reports division of McGraw-Hill Information Systems
Company

**Source: Estimated by the Institute for the Iron Working Industry.
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TABLE 3 - TOTAL NUMBER OF ERECTION CONTRACTORS

Steel erection contractor - small

Steel erection contractors - large (those
capable of running multiple sites)

Precast/prestressed erection contractors - small

Precast/prestressed erection contractors - large
(those capable of running multiple sites)

TOTAL ERECTION CONTRACTORS

2)000

250

4)300

I

!.
It is reasonable to assume that the two general categories of steel and
precast/prestressed erectors overlap to some degree. However) again the
estimate is high.

It is possible to estimate the size of the population of connectors
from the number of projects. The number of sites for 1980 was approxi­
mately 11,374 (see Table 2). If this number is used and it is assumed
that connection work on a job lasts an average of two months) that there
are two connectors on each job, and that each worked ten months during
the year, then it can be estimated that there were approximately 4549
people principally engaged in connection work during 1980. This number
relates cui+e w~ll to en <:'~timate based on the current number of journey­
~en in t~e Iron Wor~ers Union. There ar~ 103,211 journeymen in the
union(lO) and one union official estimates that two percent of these
are connectors(11), giving a total of 2068 connectors in the union.
If this number is doubled to account for non-union connectors) it can
be estimated that there are approximately 4128 total connectors.

No better estimate of this number is known because there are no
tics kept on this narrow portion of the construction industry.
the Iron Workers Union itself cannot provide an exact number of
members who are connectors, because there are no distinct lines
between them and other iron workers.

2.3 CONNECTOR FALLS

statis­
Even
their
drawn

Falls in the steel erection industry are a major cause of injury. For
example, in the past few years, analysis of workers compensation claims
paid by Liberty Mutual Insurance Company(12) and Employers Insurance
of Wausau(13) show that the general category of falls on steel construc­
tion account for between 41 percent and 52 percent of the total claims
paid by these companies. These figures include falls at the same level,
falls from ladders, scaffolding, roofs, and elevated surfaces, as well
as falls from steel.

It has proved difficult, however, to isolate data concerning only those
accidents which have happened to connectors when working at point of
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erection. Information was sought from a range of sources, including
the Workers Compensation Supplementary Data System, Bureau of Labor
Statistics, National Safety Council, etc. None of these sources could
provide detailed enough information to isolate the specific activity
of the worker at the time of the accident.

Only one source of U.S. data allowed connector accidents to be identified.
This was the, __ ports from fatality/catastrophe investigations conducted
by OSHA. Such investigations are required whenever OSHA learns of a
death or of an accident where a large number of injuries occurred.
The detailed reports generated from the investigation are retained at
the OSHA Area Office where the investigation was conducted. A summary
of the data is sent to the OSHA Office of Management Data Systems in
Washington, D.C., so that it can be entered into a computer. It must
be emphasized that this data generally includes accidents that happened
in a state where no state plan exists (i.e., twenty-nine states).

To locate connector fall cases, a computer search was ordered to obtain
a listing of fatality/catastrophe events. It was limited to specifi­
cally identified Standard Industrial Classification (SIC) work groups
where a citation was issued for one of the subject standards for the
years 1978 through 1980. The following SIC code groups were identified
as those,most,likely to contain contractors who erect steel and precast/
prestressed products. .

SIC code groups researched:

1522 General Contractors-Residential Buildings, other than
single family

1541 General- Contractors - Industrial Buildings and Warehouses

1542 General Contractors - Nonresidential Buildings, other
than Industrial Buildings and Warehouses

1622 Bridge, Tunnel and Elevated Highway Construction

3272 Concrete Products except Block and Brick

3441 Fabricated Structural Metal

The·standards in question were:

29 CFR 1926.21(b)(2) Safety Training and Education

29 CFR 1926.104 Safety Belts, Lifelines and Lanyards

29 CFR 1926.105 Safety Nets

29 CFR 1926.750(b)(1)(ii) Temporary Flooring

The 'infm<mation supplied from the computer search identified the OSHA
Area Office where the investigation records are on file. The detailed
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file of each investigation was then obtained from these offices. The
description of the work being done at the time of the accident was
reviewed to determine if the fall involved someone doing connection
work.

2.3.1 FATALITIES LOCATED

A total of thirty-four fatality/ca"tastrophe cases was identified by
the search. However, the majority of these cases obviously did not
involve steel or precast/prestressed connectors. Accidents occurred
during demolition procedures, when walking to lunch across a helipad,
when formwork gave way, when scaffolding collapsed, etc.

It is difficult to clearly identify every task that is associated only
with the connection operation, as opposed to what another structural
iron worker might be doing when working on another crew. If one used
a strict definition of connection work, which would limit activities
only to those involved with the placement of structural members at the
point of erection, none of the fatalities would be defined as connector
accidents. However, three fatalities occurred in circumstances where
the person involved might have been a.connector (1 fatality in 1979
and 2 fatalities in 1980). (Full descriptions of each case may be found
in Appendix B.)

When the detailed files on these cases were requested from the various
OSHA Area Offices, the Atlanta Area Office identified two non-fatality
cases that are fa ir ly typ i ca1 of connector fan acci dents .-In these
two cases, other steel standards than the one being studied here (29
CFR 1926.750(o)(1)(ii)) had been cited. Also, it was determined that

. in many situat-iuils, the general personal protective equipment standard
(29 CFR 1926.28(a)) is cited in addition to or instead of one of the
other standards under study. Therefore, the computer search was ex­
panded to include the following standards (for the same three years
and six SIC codes):

29 CFR 1926.28(a) Personal Protective Equipment

29 CFR 1926.750 Flooring Requirements

29 CFR 1926.751 Structural Steel Assembly

29 CFR 1926.752 Bolting, Riveting, Fitting-Up,and Plumbing­
Up

This new search revealed fourty-four fatality/catastrophe accidents
over the three-year period. However, none of these cases involved steel
or precast/prestressed connectors.

2.3.2 NATIONAL ERECTORS ASSOCIATION STUDY

In 1975, the National Erectors Association surveyed its membership to
determine the number of perimeter falls of two or more stories which

13



had occurred in the past ten years. Out of approximately ninety-four
active erector members, a total of seventy-six responses from companies
\'Ihich erect multi-story stl'uctures W(lS received (an 81 percent response).
The results of the survey showed that only two connectors had fallen

. two or more floors to the outside of a building in the past ten years.
In the same period, fifty-four of these seventy-six respondents estimated
that 8,627,937 accident-free connector man-hours had been worked.(14)

There may be some doubt concerning how carefully each of the respondents
reviewed each of the accident reports generated during the previous
ten years. It is likely that some respondents relied, at least par­
tially, upon people1s memories to assemble their information. It should
also be noted that interior falls, where the majority of the connection
work is done, were not considered.

2.3.3 DATA SUPPLIED BY CONSTRUCTION SAFETY ASSOCIATION OF ONTARIO

The Construction Safety Association of Ontario in Canada maintains
extremely detailed records on construction accidents. The Association
was asked to perform a search to determine the number of connector fall
accidents which had occurred in Ontarib during 1979 and 1980. The r~sults

of this search and summar'ies of the accidents which did occur ar'e con­
tained in Appendix C.

This information indicated that no fatalities had occurred. Seven con­
nector fall accidents occurred in 1980 and five occurred in 1979. This
compares to a total of fifty-four fall accidents which happened to iron
workers in 1980 and fifty-eight in.1979. None of the falls exceeded
20 feei:; tile: SllOtl,:c;t was 9 feet. It mLlst be understood that the Occu­
pational He~~th ~ ~ Safety Act of Ontario specifically excepts workers
from the requirement to use either safety belts or safety nets when
performing connection work.

Ontario figures were used to develop an estimate of the number of iron
worker connector fall accidents which occurred in the United States.
(See Table 4.) This estimate, though rough, is the best and most com­
parable estimate possible with the information available. (Please note
that the estimates provided above are based upon accidents involving
only iron workers~ No estimate could be developed for precast/prestressed
fans.)
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TABLE 4 - ESTIMATED NUMBER OF U.S.
IRON WORKER CONNECTOR FALLS FOR

1979 AND 1980

-_._-----------------------------
Total U.S. Construction
Reportable Injuries X
Total Ontario Construction
Reportable Injuri~s

Number of
Ontario Iron Worker =Connector Falls

Estimated
Number of U.S.
Iron Worker
Connector Falls

1979

1980

250,000*
14 s 522**

240,000*
14,441**

X

X

5**

7**

=

=

86 Estimated U.S. Iron
Worker Connector Fall
Accidents

116 Estimated U.S. Iron
Worker Connector Fall
Accidents

*Source: for 1979 figures - Accident Facts, 1980 ed. s published by
the National Safety Counc il .

for 1980 figures - Accident Facts, 1981 ed. , published by
:..t- ~ l.' _..:.. ~ ... __ ~ Safety Council.,,':"':"'. 0;,~.

**Source: Construction Safety Association of Ontario.
j"
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CHAPTER 3. DESCRIPTION OF TYPICAL CONNECTION PROCEDURES

In order to consider the possibilities of using safety belts, safety nets,
and training to protect connectors, it is first important to understand the
functions that the connector must perform. It is also important to note
the time necessary to accomplish each task and the length of time the con­
nector is exposed to fall danger.

This section will detail several IItypicaP connection situations. The \'wrd
"typical ll is used with great reservation. The connector is seldom faced
with any two situations that are exactly the same. Two beams connected next
to each other will often present different problems. Connection plates may
be slightly askew, holes may not line up easily, or because of the surround­
ing structure, the beam must be maneuvered differently to place it in the
correct position. The situation is further complicated by the fact that
there are an unlimited variety of structures in which steel and precast/
prestressed products can be used. Architects and engineers are busy devising
new situations daily. Therefore, while several scenario~ are presented ~Iere,

the reader should realize that the feasibility of using safety apparatuses
cannot be decided based upon these descriptions alone.

3.1 GENERAL SAFETY FACTORS

The safety of a connector in steel or precast/prestressed construction depends
on many factors beyond the presence of a safety belt or net. A connector1s
safety is dependent upon his skills and abilities, upon the rapport developed
between two connectors working together, and upon the crane operator.

A connector is a unique individual who can work at great heights without
fear. Neither is he bothered by mOVing about on the relatively narrow pieces
of steel or precast/prestressed which must be negotiated to accomplish the
connection task. It is important that the connector be agile and in excel­
lent physical condition to assure his safety. In addition, the knowledge
of the connection process, the ability to maintain balance, and the instinct
of hOyl to move should an emergency occur are intangible but vital attributes
of most connectors.

It is usual that at least two connectors work as a team, one at either end
of the member to be attached to the building. The safety of each connector
depends on the other. They learn to anticipate what the other will do in
a particular situation and have been credited with saving each other on
numerous occasions.

Connector safety is also largely dependent upon the skill of the crane opera­
tor. This individual is swinging loads weighing many tons toward connectors
perched on open steel or precast/prestressed, sometimes hundreds of feet
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in the air. It is not unusual for the crane operator to place the load in
(l location U:at cannot be seen from the crane cab. It is fo;" this reason
that the popu 1ar iron worker express i on is true: liThe best crane operator
is one who has never learned to think for himself. 11 The saf2~t crane opera­
tor is one who moves the load only when given a signal by a connector or
a signalman. If the load is moved in a way that the connector does not
anticipate) it can easily dislodge him from the structure. The presence
of a crane operator who is skilled in maneuvering steel and precast/prestressed
members has been described. by connectors and supervisors as the most impor­
tant single ingredient for preventing falls.

3.2 STEEL ERECTION

The steel columns, beams, and other steel items are fabricated in shops
before being delivered to an erection site. Each member is designed for
a specific place in the structure and the fabricator is responsible for
placing holes in the proper position) attaching stiffener plates, lifting
devices, connection plates) seat lugs) etc. In this way) ideally) the con­
nector will only have to place each member in the proper position and attach
it with bo lts.

The fabricated members are then delivered to the erection site as called
for by the site superintendent or project engineer. At the site) the raising
gang sorts the steel (a process referred to as "shaking out" the steel) so
that the proper member can be lifted to the connectors.

Steel erection work follows a basic pattern. The raising gang in combination
with the crane operator is the first to handle structural steel. They are
r0spo~si~1e fer ~~itia11j positioning the steel in the structure and placing
enoJg~ bo1ts ~o SeCJ~2 :he member temporarily) but not so many that the
structure becomes completely rigid. (Examples of various steel shapes and
types of connections are provided in Appendix D.) Slight adjustments in
the structure will be necessary to allow other members to be put in place~

It is their task to move forward quickly.because their job must be completed
before other iron workers and other trades can begin work. Typically the
raising gang is made up of five or six structural iron workers: a foreman)
one or two riggers) two connectors, and possibly a signalman.

The raising gang is followed by the bolt-up crew. These people are respon­
sible for plumbing the members and permanently bolting them into place.
A detail gang may also be used to attach such things as smaller miscellaneous
members) perimeter cables) permanent ladders, grating) and prefabricated
stairs. Permanent metal decking might also be installed by these people
or by a subcontractor.

There are basically four types of steel erection projects which expose con­
nectors to a fall of 25 feet or more.

1. Tiered buildings (multi-storied or high rise)
2. Bridges
3. High-roof structures such as warehouses) aircraft hangars) convention

centers) or stadium buildings
4. Special structures such as towers, tracking dishes) and other unique

designs
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3.2.1 STEEL-TIERED BUILDINGS

On a steel-tiered building, the first section to be erected is the core,
which is generally in the center of the structure and contains elevator
shafts .. stairwells, and perhaps ventilation shafts. Two floors of this
portio~ of the structure are put in place by the connectors. After
it is plumbed by the bolt-up gang, the top or second floor is decked
solid using permanent steel decking or wood planks.

While this section is being plumbed, bolted, and decked, the connectors
are installing the surrounding structure two floors at a time. As each
section is completed by the connectors, other crews will begin plumbing,
bolting up, and decking that section of the structure. The connectors
will then begin erecting steel for the third and fourth floor core.
Since the second floor of the core area has already been decked, the
connectors are working over a solid floor.

The work progresses in two-story jumps until all floors have been erected.
The bolt-up gang will plumb and bolt the second story of each addition
before bolting and plumbing the intermediate floor. This allows the
uppermost floor to be decked as rapidly as possible. The bolt-up gang
will then work on the intermediate floor while the connectors continue
upward. In this way, all crews are kept busy and do not have to wait
fOt, each other to finish various parts of the \'Iork. (15)

The following discussions of erection techniques concentrate on the
tasks to be performed and the positions of the connectors. Estimates
of ths time necessary to perform each task and the period of time the
connector is exposed to a fall are provided. These are based upon field
0bse~v~~;~~s ~?~~ cu~'rs t~e site visits and the experience of the
project t?~n. T~e ~'~2; presented are me~nt only to provide an indica­
tion of how rapidly a task can be done. They are not meant to present
definitive measures of the time taken. No consideration is given to
the types of fall protection measures which might be used, as this will
be covered in Chapter 4. The period of fall exposure is based only
on the amount of time when a fall would be possible if the worker was
not protected. The reader should not conclude from these figures that
fall protection cannot or is not provided during the period of fall
exposure.

3.2.1.1 Column Installation

Columns are usually two stories in height. The first columns are bolted
to concrete pads, footings~ or casings at ground level. Ther~ need
be no exposure to a fall when doing this task, as several rigging de­
vices are available which allow the crane to be released from the column
by a worker at ground level. These usually involve a shackle attached
to the column by a pin connected to a tag-line, which extends to the
ground afte~ the column is set. When the-line i· pulled, the pin is
removed from the shackle and the crane is released from the column.
(See Fi gure 1.)

18 Reproduced from
best available copy.



Spring

Clip·

,; .....-
---Line to

ground

Line to

Crane Cable

Line to ground

\
\
\

Column

I

-1

I
I

FIGURE 1 - Rigging Device For A Column Which Allows
Rigging To Be Unhooked From The Ground

19



Description of Task

In the upper part of the structure,
each column splice is designed to
be a few feet above the adjoining
floor. Therefore, the connectors
are usually working off a deck to
make the column connection. They
could be exposed to a perimeter fall
off the edge of the deck when perim­
eter columns are ·placed.

This is not to say that the decking
has always been completed around
a column or that a IIs1ip pin ll

shackle (or other device which can
be released from the ground) is
always used. If this is the case, a
connector will climb a ladder or the
colum1 to release the rigging.

3.2.1.2 Connection of Structural 8eam

Time Required
For Task

4 - 12 min.

1 - 3~ min.

Per i od of Fa 11
Exposure

4 - 12 min.

~ - 1~ min.
if co 1umn is
climbed

Beams can be connected to either the flange or the webs of a column. Two
types of connection arrangements are typical. The first utilizes two IIL"_
shaped brackets welded to either side 0f the web at the end of the beam.
uo'es ~" t~DS~ h~~:~~~~ ~lig~ with hole~ in the column so they can be bolted
t!)~e"t02,·.';'-!:e"'n?~::1.J'~ tr1,: liLli-shaped connection brackets are v:eldcd to the
column with space left between them where the end of the beam web can be
placed. The beam web is maneuvered between the brackets and the holes in
the brackets are aligned with holes in the beam web so bolts can be attached.
(See diagrams in Appendix D.)

Description of Task

Connectors climb opposite columns
to the first connection point
(approximately 12 feet).

Connectors stand on flanges or
stiffener plates fabricated to the
column around the connection point
or grip the column with their knees
to wait for the beam to be lifted to
them. (The beam may be lifted from
the ground or from the uppermost deck.)
If one of the connectors can see the
crane operator, he will signal by
hand to guide the member into position.
If the crane operator cannot be seen,
a radio or telephone will be used for
communication.

20

Time Required
For Task

1 mi n.

1 - 5 min.

Period of Fall
Exposure

30 seconds
as he moves
hi gher .

1 - 5 min.



Picture 1 - A connector cl i'11bs a column
to the connection point.

Picture 2 - The connector in the
foreground is standing on a con­
nection lug reaching for the in­
com'ing beam. The other connector
has already positioned his end
of the beam between the flanges
of the column.
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Description LI' :'ask

Connectors I,. "! for the beam as
it is S~Jung' .;'j the crane. (A
tag-l i ne mi gli~..)2 attached to the
beam on the ground. If so, it is
caught either by a man on the deck
below, to aid in getting one end to
the connector, or it is caught by
the connector himself.) One con­
nector will catch the beam and swing
the opposite end to the second
connector on the opposite column.
One of the connectors will then
signal the crane to place the beam
in position and use one end of a
spud wrench to insert through one of
the bolt holes between the beam and
the column. This will hold the team
in position temporarily.

'.

Time Required
For Task

1~ - 2 min.

Period of Fall
Exposure

1~ - 2 min.

;

Alternately - If a beam line has been 1 - 3 min.
installed, the connector will often
have to move along the beam line to
catch the incoming member. To do
this, he may walk or coon (i.e.,
straddle the beam and walk the bottom
~1~~;?\ ~'n"? ~he bea~s and maneuver
e~~~~d CC'~Mns fo~ a d~stance of 20 feet
or more. Once he has caught fhe beam,
he will walk back along the beam line
holding onto the incoming beam
until the other connector can also
reach it.

-
Alternately - If the beam must be ~ - l~ min.
connected inside the flanges in
a column or another beam, the
incoming beam may have to be
angled by the connectors to slip
the ends inside the flange to the
connection point. The con-
nector could have to move 10 to
20 feet in any direction along the
structure to accomplish e~ch task.

The connector then sits down 2 - 5 min.
astride the beam while he places
two bolts (to prevent the beam
from rolling) and tightens them
with his wrench to hold the
beam in position.

22

1 - 3 min.

~- 1~ min.

2 - 5 min.



Picture 3 - Connectors
working on opposite beam
lines. catch an incoming
beam and walk it to the
position where it will be
connected.

Picture 4 - After the first
conn2ctOt~ places his e~d of
the beam inside the column

~ :. :::: ,., C~: ::":: :-;:...;.; -: ~ ,-- "1 ~ - ~ ~ : 2 c..:7i
so his end can be pi~ced be­
ween the flanges of the beam
on which he is standing.

Picture 5 - The beam is now
between the flanges and'is
being pushed back approxi­
mately five feet to the con­
nection point.

Reproduced from
best available copy.
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Description of Task

If one connector is having trouble
attaching his end of the beam, the
second connector may walk or coon
across the beam, maneuver around
the rigging, and go to the across
other end to help his partner.

If the connection is difficult,
the connectors may use a pry bar
to maneuver the beam or a
hammer to drive a barrel pin
into a bolt hole to help
align the connec~ion.

It is also possible that other
members of the raising gang may
have to loosen the column so it
can be repositioned to allow the
beam connection to be made.

Once the beam is securely attached
to the column, one or both con­
nectors will walk or coon out on
the beam to release tbe rigging.

T~2 !"'~""rc:::",:,:"s ~l': l' 't!;2n move to
th~ n~xt CJ~r~:~~0n point, either
by walking along existing steel beams
or by climbing the columns, and wait
until the next beam is raised.

3.2.2 STEEL-BRIDGES

Time Required
For Task

1 - 1~ min.
depending on
length of
beam

1 - 5 min.
depending on
diffi cu lty of
connection

3 - 10 min.

~ - 1 min.

1 - 5 min.

Period of Fall
Exposure

1 - 1~ min.

1 - 5 min.

3 - 10 min.

~ - 1 min.

1 - 5 min.

A wide variety of steel bridges are constructed, ranging from small
highway overpasses 25 to 30 feet above the ground, to gigantic struc­
tures spanning canyons and rivers. The variety of bridge types includes:

Simple beam bridges spanning ap.proximately 80 feet

Plate girder bridges fashioned by bolting, welding, or riveting
together a series of plates to span 200 to 400 feet

Orthotropic deck-plate bridges which add a steel deck to plate
girders so both funct{on together as a unit to span up to 800 feet

Truss bridges which arrange individual members in triangular shapes
to carry heavier loads
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Picture 6 - The connector
sits astride the beam to
place two bolts into the
connection.

Picture 7 - If one connector
has trouble, his partner
may go to his aid by moving
along the beam, and maneu­
v~rina 2r0und the r1??ino.
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Picture 8 - After the beam
is secure, a connector will
lIcoon" out the beam to
release the crane rigging.



Arch bridges utilizing curved plate girders, "box" girders, or
curved trusses to develop compression throughout the entire structure

Suspension bridges where bridge decking is suspended from huge
cables sometimes spanning more than 4,9PO feet between towers(16}

The requirements for connectors working on these types of structures vary
widely and change as each new bridge is designed. The site studied during
this project utilized steel girders set on concrete piers to span a canyon
approximately 200 feet deep. A ground crane was used to lift each girder
to the connectors.

Girders measured 16 inches across the top flange and varied in depth from
6~ to 8~ feet between the flanges. At the time of the visit, two 92~-foot

girders spliced together were being erected into a 185-foot space at the
center of the bridge to complete the span. The following discussion will
illustrate the types of procedures which are used in bridge erection of this
type. (17)

\.

3.2.2.1 Girder Splice

Description of Task

Girders are prepared on the ground
by bolting together two girders
92~ feet in length. One end of the
c.-:,:;::; :::c:';;,; ~;; ::'0~:20 to the
S2C:::iG a,·,e TCJr:h of :he five to
be erected.

Two connectors walk from each end
of the bridge along the top flange
of the erected girders to reach
the connection points on each
side of the opening.

One connector at each end remains
on the top flange, and the
second connector takes a posi­
tion on the lower flange of the
girder where the connection will
be made. This second connec-
tor may place a plank between
two girders resting on the lower
flanges to provide a temporary
work platform.

Alternately - On larger girders,
a swing stage) consisting of a
wooden platform suspended from the
side of the girder by ropes, may
be used.
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Time Required
For Task

10 - 32 hrs.

1 - 3 min.

2 - 6 mi n.

15 - 30 min.

Peri od of Fa 11
Exposure

o

1 - 3 min.

2 - 6 min.

15 - 30 min.



Description of Task

The girder is lifted from the
the ground. A tag-line attached
to the girder is used to ma­
neuver the girder into position
in the bridge.

The top connector on one end of
the bridge (usually opposite
where the tag-line is being hooked)
will move across the width of the
bridge on the erected beams,
usually on a plank or wood deck
provided as a work platform, to
catch one end of the girder.
He will then walk the girder
across the width of the bridge
to the connection point.

The girder is' then lowered to the
connection point so that one end
of the girder can be placed
between the gusset plates which
will attach the girders together.

Both connectors work to position
th~ si~de~, hold it ;n rJsit~on

~!~t~ a S12s'f'e~ b~r 0~ Q~her

device, and position the gusset
plates so they can be bolted to
the new girder. (Prior to raising
the girder, one gusset plate is
bolted to the side of the erected
girder so that half of it extends
past the end. The second gusset
plate is held to the other side of
the erected girder by one bolt, in,
such a way that it does not extend
beyond the end. The new girder
is then positioned beside the first
gusset plate, at the end of the
erected beam, and the conn~ctors

either rotate the second gusset
plate or unbolt and move it so that
the,new beam is sandwiched between
the plates.)

When one end is in position, the
second end is maneuvered so that
the connectors can also position it
correctly_and move the gusset plates
so they c~n be bolted in place.
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Time Required
, For Task

2 - 4 min.

1 - 3 min.

1·- 1~ min.

10 - 30 min.

10 - 30 min.

Period of Fall
Exposure

2 - 4 min.

1 - 3 min.

1 - 1~ min.

10 - 30 min.

10 - 30 min.
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Description of Task

Unlike the process used in tiered
buildings, bridge connectors
will often place and tighten all
the bolts in the connection before
they finish. This means that perhaps
200 to 300 bolts will be placed
before the connectors leave their
position. During this process, the
connectors work on opposite sides
of the girder.

Time Required
For Task

4 - 6 hrs.

Period of Fall
Exposure

4 - 6 hrs.

3.2.2.2 Attachment of Cross Bracing

The second beam to be raised will have cross bracing attached to it loosely,
approximately every 20 feet along the length of the girder. When the girder
is lifted, the cross bracing will be folded back against it. After the girder
is connected in place, the connectors will fold out each of these braces and
attach them to the first girder that was erected, to form a diaphragm between
the girders.

Description of Task

The connectors walk along the
flange of the girder to the point
where cross bracing will be
installed. Aiternately, depending
upon the distance between the flanges,
one or more connectors may also walk
along the bottom flange.

When at the connection point, con­
nectors will work on the top and
bottom flanges and on planks
placed between the girders on
both flanges to measure and align
the girders so the bracing can be
installed. To adjust the position of
the girders, "come-alongs" may be
used.

The cross bracing will then be
bolted to the girders on either
side.

~~ STEfL-PREFAG~ICATED BUILDINGS

Time Required
For Task

1 - 3 min.

5 - 25 min.

10 - 20 min.

Period of Fall
Exposure

1 - 3 min.

5 - 25 min.

10 - 20 min.

Prefabricated steel buildings make use of standardized steel components which
are manufactured in mass quantities. The designer chooses from the predetermined
shapes and sizes available to develop a building design. The buildings are
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atypical in that the structural steel framing is lighter and is used across
only one dimension of the building. ~~uch lighter steel pieces~ called pu~lins~

are connecterl across the other dimension of the building (between beam lines).
They are de~;gned only to support the wall or roof sheeting. Much of the
eventual strength of the bUilding depends upon the installation of this metal
sheeting, and until it is installed, the structure is relatively unstable.

This building system is often used for warehouse-like structures where the
roof is 25 to 30 feet from ground level. The connection process for this
type of structure is described below.(18)

3.2.3.1 Erection of Columns and Wall Purlins

Description of Task

The connectors install the perim­
eter columns by lifting them
with a crane and bolting them to
concrete footings.

These are then stabilized by using
guy wires.

As the column installation pro­
ceeds~ they are plu~bed and the
purlins, which will support the.
:~.~" ~hoc~~~:. :~~ ?~~~:~ej

+i,~,.." T"';:::~"'·':"!r~'r,~ ='0'('0 t;'-'ced
,,;...... • ._. - ;.... I.i. ' •.. _. .~ j _ r' I " ..

approximately four feet apart up
the side of the wall. The purlins
are often light enough to be carried
and lifted into position by two
connectors. A block and tackle
attached to the tops of installed
columns can also be used to aid
in raising the upper purlins. The
connectors often climb and stand on
the installed purlins to reach the
next connection point. Purlin
installation advances rapidly~ as
very few bolts are needed to secure
them in place. Ladders also can be
used to reach the connection points.

3.2.3.2 Connection of Roof Beams

Time Required
For Task

5 10 min.

7 - 20 min.

5 - 10 min.

Period of Fall
Exposure

o

o

o
if \'lOrking from
ladders; 5-10
min. from purlins

Roof beams are attached to the perfmeter and interior columns by one of two
methods. The first method is as follows:
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Description of Task

An erector may choose to raise the
roof beams in sections and bolt
them together in the air. One
connector will climb a ladder or
the wall purlins to reach the top
of the perimeter column.

The interior columns are often
simply poles several inches in
diameter. Therefore) the
second connector may have to
work from a scaffold or mechani­
cal platform.

The beam is raised by the crane
and maneuvered into position.

The connectors attach the beam
to the columns.

As the work progresses, the
connector at the perimeter will
walk or coon along the length
of the erected beam to reach
~~e -~:;~ :~~~~~~:~~ ;~~~t.

The second connector will
reposition his work platform
to the next interior column, so
the next beam section can be
placed.

Time Required
For Task

~ - 1 min.

~ - 1 min.

~ - 1~ min.

2 - 10 min

~ - 1 min.

2 - 5 min.

Peri od of Fall
Exposure

~ - 1 min.
if climbing
purlins

o
. if work platform

is correctly
constructed

~ - 1~ min.
if connection
on open steel

2 - 10 min.
if on open steel

~ - 1 min.

o

The second alternative involves the connection of multiple beam sections on
the ground prior to lifting them as a single unit. Depending on the width
of the building, the entire length of the beam span may be assembled in this
way.

The connectors either climb the
wall purlins or position a mobile
platform at the top of the perim­
eter columns, on both sides of
the building and at interior columns
where it is important that con­
nections be made to stabilize
the beam.

Two or more cranes are used to
raise the entire beam assembly

. to the connectors.
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2 - 10 min.

3 - 7 min.

2 - 10 min.

3 - 7 min.
if on open steel



Description of Task

The connectors will align the bolt
holes and bolt the beam. Often
the connector will install all
the bolts into the connection
before leaving his position.

Connectors will then move along
the beam line to connect all the
internal columns or will move
platforms and ladders so they
can climb to the tops of these
columns.

As each beam line is erected,
tviO or th ree roof pur 1i ns are
attached to begin developing
lateral stability between the
beam l"j nes.

3.2.3.3 Connection of Roof Purlins

Description of Task

Connectors climb ladders or the
wa1! Djr~1nS to reac~ previously
lns~b~j2d rcof Dea~s.

They then coon out along the beams
to the peak of the roof.

The crane lifts a bundle of roof
purlins from the ground) and it is
landed just below the peak of the
roof. One connector moves out nn
the bundle to release the sling.
attached to the crane.

Connectors positioned on opposite
beams take each end of a purlin
and coon back along the beam) slid­
ing the purlin with them to the
installation location. In doing this)
they will have to maneuver around
and over the purlins that were
previously installed to help
stabilize the beams.

The installation of the purlin
requires only a few bolts and is
relatively rapid.
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Time Required
For Task

3 - 10 min.

10 - 25 min.
depending
on wi dth of
span

5 - 15 min.

Time Requ ired
For Task

~ - 1 min.

1 - 1!2 mi n•

2 - 4 min.

1 - 2 min.

1 - 3 min.

Period of Fall
Exposure

3 - 10 min.
if on open stee 1

10 - 25 min.
if working from
beams

5 - 15 min.

Period of Fell
Exposure

~ - 1 min.

1 - 1~ min.

2 - 4 min.

1 - 2 min.

1 - 3 min.



Description of Task

The connectors then coon back
along the beams to obtain the
next pur1in to be installed t and
the process is repeated.

3.2.4 STEEL-TOWER

Time Required
For Task

. 1 - 2 mi n.

Per i od of Fall
Exposure

1 - 2 min .

Acorrmunication tOVler is an example of the unique types of structures which
a connector may be asked to assemble. Connection tasks can be complicated
by the location of the tower which may be at the top of a building t already
hundreds of feet in the air t or on a mountain where access for heavy equipment
is limited. Towers are assembled using two basic techniques. The first is
to erect the tower piece by piece. The second is to assemble complete sec­
tions on the ground. A crane then lifts these completed sections into posi­
tion on the tower.

In general, tower construction requires connectors to work from smaller, more
flexible members. Many times the members are light enough to be raised by
means of a block and tackle attached to the uprights of the tower. The
erection sequence presented here is based upon the erection of a 55-foot
microwave tower.(19)

3.2.4.1 Erection of First S,,~·tion

Description of iask

A crane is used to raise the
vertical members and attach
them to the concrete footings.
The connector may have to use
a ladder or other device to
climb to the rigging and release
the upright member from the crane.

Horizontal members are then put in
place. On the lower sections, con­
nectors can use ladders to climb
to the connection points.

Time Required
For Task

5 - 10 min.

10 - 20 min.
for each member

Per i od of Fa 11
Exposure

o

o

3.2.4.2 Connection of Upright Members at a Height

After the first section has been completed, additional uprights will be con­
nected. To perform this task, connectors can work from ladders or can posi­
tion themselves on scaffolding placed on the cross bracing of the lower section.
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Picture 9 - The lower section of a tower
shows the attachment of the upright
members to the concrete footings.

Picture 10 - A connector is lifted by the
crane to attach a block and tackle to the
upright above the location where the next
cross member will be attached.
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Description of Task

The crane lifts the upright to
the connector.

The connector signals the crane to
position the uprights and bolt the
connection to the lower sections.

A crane may lift a connector,
in a boatswain's chair, to
disconnect the choker, or
rigging which can be discon­
nected from the ground may be
used.

3.2.4.3 Connections of Horizontal Members

Time Required
For Task

~ - 2 min.

5 - 12 min.

1 - 3 min.

Period of Fall
Exposure

~ - 2 min.

5 - 12 min.

o

"" When all the uprights for the new section are in place, the horizontal members
are installed between them, all the way to the top of the section, to make
it stable. It issbmetimes difficult;for;a connector to climb to the next
connection point as it may be out of ~.is r'each when standing on the existing
structure. In su~h cases, a harness or boatswain's chair is employed and
a crane is used to lift the connector.

Description of iask

The con~ector wi1~ first attach
one or more block and tackle
arrangements above the connection
points on the uprights.

The line from the block and
tackle is attached to the end
of the horizontal member to be
erected. People on the ground
raise this member to the con­
nector.

The connector positions the
member and bo lts it in place.
He is moved from one point to
the next by the crane.

3.2.4.4 Connecting of Cross Bracing

Description of Task

Two connectors climb to the
installed horizontal member
where cross bracing is to be
erected.
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Time Required
For Task

2 - 5 min.

l~ - 4 min.

4 - 10 min.

Time Required
For Task

2 - 4 min.
depending on
height

Period of Fall
Exposure

o

a

a

Period of Fall
Exposure

2 - 4 min



Picture 11 - One end of the
cross member is attached to the
line from the block and tackle.
The other end is carried by the :'
connector as he is ra; sed by the i'

I ~crane. t'

......;

I
I
I

Picture 12 - The connector
bolts the end he raised to the
upright. He will then be
positioned so he can bolt the
opposite end to the structure.

35
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Description of Task

Boards or scaffolding is raised
and placed across the horizon­
tal members to provide a tem­
porary work platform.

A cross brace member is lifted by
the connectors using hand lines
or using a block and tackle.

The member is light enough that
the two connectors can carry it
along the scaffolding or planks
and place it into the proper
position.

The member is bolted into the
structure and the process is
repeated.

Time Required
For Task

5 - 15 min.

~ - 1~ min.

1~ - 5 min.

2 - 6 mi n.

Period of Fall
Exposure

5 - 15 min.

~ - 1~ min.
if \\larking from
open plank

1~ - 5 min.

2 - 6 min.

".

[

3.3 ERECTION OF ~RECAST/PRESTRESSEO CONCRETE STRUCTURES

Precast/prestressed members are usually manufactured in a plant and trucked
to the erection site. Each member is designed to be placed in a specific
location in the structure. The coordination between the shipping department
in tl-:e. ~12r,: ~;~ t"'= e~~2'::O)'S at the site is critical to assure that the appro­
'-V'';-''''- "":>c',I..,-",- -,'0 .-'-,l:\,-,--rl '/hen t-hey "tre necdc'd 01'(' to thp length oJ: 50 .... 0t-J. I ::.:..:: t:,~_."."",,:::; ~ :;: ~..J:::- I Cl \;\.... 'I. . ..~ ( . ~ '\,... U.. • ..:.. I lli ....

precast/prestressed members, special- load permits must often be obtained to
allow the member to be trucked to the site. Such permits often have stipu­
lations which restrict moving the load during inclement weather conditions '
anywhere along the route or during specific hours of the day. This CJn un­
expectedly delay the delivery of these members to the site. ,The erector may
find it necessary to revise the erection plan when this occurs. This can mean
that connectors may be required to work from the surface of a narrow beam
instead of the wider surface of a deck or roof member that would have been
installed, had a timely delivery been possible.

The erection of precast/prestressed concrete components is somewhat similar
to the erection of steel in that the members are specifically fabricated~

trucked to the site, hooked to the crane, and lifted to connectors working
o"n the structure. The processes differ in that precast/prestressed members
weigh many times more than steel members (e.g., a 25-foot long steel beam
weighs apprOXimately 875 pounds, while a 25-foot concrete beam weighs approxi­
mately l8~OOO pounds)~ are often quite large (e.g., 8 by lO-foot wall panels
and 8 by 50-foot double tee floor sections), and are normally connected to
the structure by welding together steel plates embedded in the concrete members
instead of using bolts. This aspect requires the connectors to spend more
time plumbing the members, before tack welding them into the structure, than
would be done on a steel structure. (Examples of various precast/prestressed
products and diagrams of connection detail are provided in Appendix E.)
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The erection crew consists of a foreman, a hook-up man, and two or more Ilcon­
nectors" \'iho work at the leading edge of the structure to attach the concrete
members. (While the term "connector" is not widely used when referring to
precast/prestressed erectors, the term will be adopted for use here, in the
interests of clarity.) One or more welders will follow the connectors to weld
together the steel plates (embedded in the concrete members). When a sub­
stantial part of the structure is in place, a finishing crew will begin grout­
ing between wall panels and around the base of columns to complete the precast/
prestressed erection phase.

Here again it must be emphasized that every structure where precast/prestressed
products are us- -~ requires the connector to perform uni que tasks. The descr ip­
tions below are meant as examples only.

3.3.1 PRECAST/PRESTRESSED COLUMN AND BEAM ERECTION

Buildings are seldom framed with precast/prestressed columns and beams without
also having other types of precast/prestressed products which will be installed,
such as wall, floor, or roof panels. Therefore, these products may be used
in combination with other types of precast/prestressed products to form the
structural support. For example, several lin~s of precast/prestressed columns
and beams may be used along one dimension of the structure; however, tee pro­
ducts which will form the floor or roof provide lateral structural support
between the beam lines. .

To begin the erection process, the erection contractc' 2stablishes the ele­
vation of the concrete footings v/here columns are to be placed. A stack of
sq~a'2 ~~t:' :~~~S :5 ;1aced on each footing to assure that the top of each
co 1~~~1:~ \':~ l i . J€: ~ ,2vel .

3.3.1.1 Erection of a Precast/Prestressed Column

Description of Task

A lifting loop (made of steel
strand formed into a loop and
attached to the rebar cage cast
inside the column) is attached to
the crane hook. The-column is
lifted so that it hangs
vertically.

Connectors signal the crane to
align the column over bolts
which are cast into concrete foot­
ings. The connectors guide the
column onto the bolts as it is
lowered. Nuts are placed on the
bolts and tightened to secure the
column. The foreman or field
engineer will use a transom or
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Time Required
For Task

1 - 4 min.

7 - 15 min.

per i od of Fall
Exposure

o

o -
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Description of Task

level to plumb the column and
the connectors will shore it in
place using adjustable pipe shores.

A connector will then use a
ladder to climb to the top of the
column and unhook the crane. If
the column is extremely tall,
a boatswain's chair attached to
the second line on the crane may
be used to raise a connector so
the crane can be unhooked.

Alternately - If the column is
being placed on an upper level
of the structure, the decking
around it is generally erected
before it is placed. Therefore,
the connectors can work from
the concrete deck when ma­
neuvering the column and lowering
it to the connection point.

Alternately - Connectors will
also place columns at elevated
~cc~~::~s :~ ~~~ 3~:~:~~i~e along
t~2 PS~iT-2~2~ c~ t~e ~~ilding and
beside open shafts or stairwells.
At these times, they are exposed to
a falloff the edge or into the
shaft.

.
Time Required

For Task

1 - 3 min.

7 - 15 min.

7 - 15 min.

Period of Fall
Exposure

a

a

7 - 15 min.

3.3.1.2 Erection of a Precast/Prestressed Beam

Description of Task

The crane hook is attached to.
lifting loops cast into the
beam and it is raised to t~e

connectors.

A cross section of a precast/
prestressed column is usually
square, and the measurement of
each side may vary between 12 and
24 inches. The connector
cannot climb these columns as
he does a steel column. Therefore,
a ladder, placed on the ground or
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Time Required
For Task

1 - 4 min.

~ - 1 min.

Period of Fall
Exposure

a

a



Picture 13 - Prestressed concrete columns
are bolted to the columns in the lower
part of the structure.

i..

Picture 14 - Whenever possible
a prestressed deck member is
erected to ~rovide a work plat­
form for the connectors. In
this case an 8 foot wide double
tee was put in place so the
wall panels above it could be
installed.
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Description of Task

an adjoining deck, is used to
c reach the connection point on

a column. The connectors climb
ladders, placed against the
columns between which the beam
will be placed, to the connectio~
poi nt.

One connector signals the crane
operator to swing the piece into
pos it i Oi'. The connector reaches
for the beam and helps maneuver it
to the connection point. The beam
is normally set on top of the column
or on small shelf-like structures,
called haunches, which protrude
horizontally from the columns to
accept the large beam.

The second connector, on a ladder
at the opposite column, also
guides his end into position.

ihe connectors measure to assure
that the beam is in the correct
location.

If the beam must be moved, the
connector uses a metal bar to. pry
the member into place.

When the beam is in position,
a metal plate, cast into the
bottom of the beam, and an
adjoining plate, on the top of
the column or on a haunch, are
welded together by the con­
nector.

One connector will now climb up
on the beam,release the rigging,
and walk to the end where the next
connection ~ill be made.

Here he sits down to await the
next beam.

The second connector will place
his ladder against the opposite
column to prepare to install the
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Time Required
For Task

1 - 3 min.

~ - 1~ min.

1 - 4 min.

1 - 6 min.

2 - 5 min.

~ - 2 min.

4 - 10 min.

4 - 10 min.

Per i od of Fa 11
Exposure

o

o

o

o

o

~ - 2 min.

4 - 10 min.

o
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Description of Task

next beam. This process of one
connector working from the
installed beam and another work­
ing from a ladder will continue
as each beam is installed.

Alternately - The process can be
slightly complicated when the
design requires that holes in
each end of the beam be lowered
onto dowels which are cast into
the tops of the columns. This
situation extends the connection
time somewhat.

Time Required
For Task

2 - 10 min.

Period of Fall
Exposure

2 - 10 min.
if working from
erected beam
at perimeter

3.3.2 PRECAST/PRESTRESSED LOAD BEARING WALL PANELS

Precast/prestressed wall panels can be designed simply as enclosures which
are attached to structural precast/prestressed members or a steel structure.
They can also be designed to carry the weight of the bUilding without the need
for further structural support. The first category is generally referred to
as architectural wall panels. While these are normally installed at the perim­
eter, they are installed after the structural work is completed and the people
attaching them are normally working from a substantial deck within the building.

The se~0nd cc+egc~y is load bearing \'Iall panels. They are installed as str 1.1C··

tural members as the erection of the building progress~s. Therefore, many
of the fall exposures and protection problems encountered in other structural
\'Iork are common to erecting this type of product as well. It should be noted
that while these wall panels are structural, many also have carefully prepared
textures or exposed aggregate surfaces "'Jl1ich ...Jill be exposed in the final
structure.

A load bearing wall panel is normally erected afte~ the flooring on a particu­
lar level has been installed adjacent to the wall panel location. This allows
the connectors to work from a substantial floor during the erection procedure.
Fall exposure is encountered only when a panel is erected at the perimeter
of the building or around a shaft. This process is described below.

f· Description of Task

The connectors gather and place
shims on the deck where the
panel will be placed to pro­
vide a level support.

The connectors wi 11 thell-st-and on
the floor and wait until the crane
swings the wall panel to their
pas it ion.
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Time Required
For Task

2 - 8 min.

2 - 10 min.

Period of Fall
Exposure

1 - 3 min.
while placing shims

o



Description of Task

During this time, one connector
will signal the crane operator
using either a radio or hand
signals. If hand signals are
used, he will walk to a point
on the structu~e where he is in
full view of the crane operator
and can see the member being raised.
This could mean that he will walk
out along a beam line or will
walk to the perimeter, or close
to the perimeter, of the floor
structure.

The panel is swung over the
structure to the erection
location and is lowered over
the deck so the connectors can
reach it. The connectors take
hold of either end of the panel
and n~ve to the perimeter to
guide the panel as it is lowered by
the crane.

When the panel is set down, it .is
~l~:~~~j) ~S~-; 2 ~~~d ~2vel or
tr2r"ISC;TI. ~h~s WJr~~ ca~ sOinetinlCS
be done behind the panel so the
connector is not exposed to a fall.

Alternate ly - It may be impor-:-
tant to determine if the
exterior surface of the panel
is level. To accomplish this,
a connector leans out while holding
the panel with one hand and places the
level against the outer surface.

The panel may have to be barred
into final pos~tion. This is done
either behind the panel or at the
end of the panel along the
building perimeter.

The connectors now weld the panel
to plates embedded in the deck
and may use pipe shores to
secure the panel. This task
requires the connector to work
on hands and knees behind and at
the end of the panel.
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Time Required
For Task

~ - 3 min.

1 - 4 min.

2 - 6 min.

2 - 6 min.

~ - 4 min.

5 - 12 min.

Period of Fall
Exposure

1 " •'Ii - .:J mln.
depending upon
where the signal
man must be located

~ - 2 min.
at perimeter

o

~ - 2 min.

~ - 4 min.
if at per imeter

2 - 5 mi n.
at perimeter



Picture 17 The connector stand­
ing on a solid deck swings the
incoming Brestressed concrete wall
panel 180 to position it properly.
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Picture 19 A welder can
substantial part of his
a ladder placed against
of the panel.

44
Reproduced from
best available copy.



Description of Task

One connector may also have to
climb a ladder to the top of
the panel to weld it to an
adjacent panel.

After welding is completed, a
connector will place a ladder
against the back of the panel
and climb to the top so that he
can unhu)k one of the rigging
hooks.

He may then walk along the top
of the panel to the location of
the second hook to release it.

Alternat.ely - The connector may
elect to move the ladder to the
location of the second hook.

Alternately - Hook attachments
may also be placed on the
interior side of the panel.
These will be released using
ladders.

The ccr~2:~~~S then"return to
the deck to await the next
wa 11 pane 1.

Time Required
For Task

3 - 6 min.

~ - 1~ min.

~ - 1 min.

1~ - 2 min.

~ - 2 min.

3 - 9 min.

Period of Fall
Exposure

o

o

~ - 1 min.

o

o

o

An alternative process, which is used where tall wall panels are being erected
on concrete footings, follows somewhat the same procedure. In this case, however,
a connector may work from the top of the erected wall panel."

Description of Task

The connector will sit astride
the wall panel waiting for
the next panel to be positioned
by the crane.

The top connector helps to guide
the panel into position and will
use a clamp to attach the top
of the new panel to the erected
panel and hold it in position.

When the panel is secure, the
connector will walk or slide
along the top of the panel to
the opposite side, and the process
is repeated.
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Time Required
For Task

2 - 8 min.

1 - 3 min.

~ - 1 min.

Period of Fall
" Exposure

2 - 8 mi n.

1 - 3 min.

~ - 1 min.



3.3.3 PRECAST/PRESTRESSED. ERECTIQN OF FLOOR 9R ROOF MEMBERS

A number of shapes and sizes of precast/prestressed members can be used for
floors or roofs. Among these are single and double tee members (typically
8 feet wide and up to 124 feet in length). These floor members can be placed
between beam lines, load bearing wall panels, or masonary walls. Often beam
lines or load bearing wall panels have been set and shored in place to receive
the floor members. These members are used to provide lateral stability to
the structure, and they are usually erected as the building progresses. That
is, a load bearing wall panel is set on either perimeter of the building) and
a double tee floor panel is set between them to provide lateral support. This
is a unique aspect of manj precast/prestressed structures, because the flooring
at each level must be installed as the erection process proceeds, to stabilize
the structure.

When possible in a multi-story building, the erection sequence is planned so
that a st2irstep pattern is followed. That is) two floor members are placed
at level one before the first member is placed at level two. The erection
progresses by adding one or more members to each floor in succession. In this
manner) the connector working at the leading edge on level one is exposed to
a fall of one level to the ground. When the connector moves to level two)
the piece (perhaps 8 or more feet wide) just erected on level one) extends
in front of him. He is exposed to a fall hazard of only one level.(20)

Description of Task

When erecting the first member of
u f ~ :iC (') til c : ~ ;~;;, 2; c :':,;;3 pTace
lad~ers a9~i~st t~e ~31ls of the
structure but remain on the deck
below, away from the incoming
member) until it is positioned by
the crane.

The crane swings in the first
member. It can often be ma­
neuvered by a tag-line until it is
almost in the proper position.
It may set on top of two beams
or haunches cast into the interior
sides of wall panels) or an angle
iron which has been welded to
metal plates embedded in the
wall panels.

At this point) the connectors
will climb the lacders to the
level of the floor member and
gUide it into final position.-

The connectors then weld the
panel to staDilize it.
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Time Required
For Task

2 - 10 min.

~ - 3 min.

1 - 3 min.

5 .. 12 mi n.

Per i od of Fa 11
Exposure

o

o

o

o



As the floor erection progresses, the connectors work from the top of the
erected floor.

Description of Task

The next member is swung to the
connectors by the crane and
lowered to approximately shoulder
level. The connectors grasp
the member and walk forward guiding
it into position at the forward
edge of the last member erected.

When the member is set into
position, the connectors are
no longer exposed to a fall
danger because they are now \lIe 1d­
ing together the adjoining plates
in the two members. By installing
the new panel, they have extended
the floor 8 or more feet in front
of them.

When the panel is secured, the
connectors will typically detach
four hooks from lifting loops
embedded in the member. To do
+h~~ t~ey V~,~ 0" the flet
surf~C2 of ~~s ~e~ber.

Alternately - Due to lack of
room on the site, a consider­
able amount of maneuvering
may be involved in placing a floor
member. The me~ber may need to be
swung around 90 or more before
being lowered into place. The member
is lowered to the connectors'
shoulder height, and they physically
guide the member around as they walk
across the erected deck.

Measurements must be made to
to assure the member is placed
in the proper position. This
could require a connector to move
out along a beam line to measure
from the next column back to
the member being installed.

Time Required
For Task

~ - 1~ min.

4 - 10 min.

~ 1 min.

1 - 4 min.

1~ - 10 min.

Period of Fall
Exposure

.~ - 3/4 min.
as connectors move
members forward

o

~ - ~ min.
to detach hooks
closest to leading
edge

o - 2 min.
should connectors
walk close to the
leading edge

o - 4 min.
if measurements
are made along
beam line

In performing this work, it is normal that the two connectors will move back
and forth along the length of the member, to help each other measure and bar
the member into position. The connectors are constantly crossing each other's
paths during this process.
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Picture 20 - A hollow core
floor panel is swung over
the structure toward the con­
nection location.
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Picture 21 - The panel is lowered
to two connectors, working on top of

They are partially
from a fall as the panel is
in front of them.



3.4 OBSERVATIONS

As is demonstrated in all the erection situations discussed abov~, for both
steel and precast/prestressed, the connector is extremely mobile while making
a connection. The attachment of the members he is plactng in the structure
takes relatively little time in most cases. In a single day, a steel connector
may attach twenty to forty pieces into a tiered building. A precast/prestressed
erector may place eighteen to thirty-five members into a structure in that
same period of time. The connector may potentially advl~ce a structure of
load bearing wall panels and interconnecting roof tees some 30 to 80 feet.
During this time, the portion of the structure where the connector works is
stable, but not permanently bolted or welded, nor ar-e all the structural mem­
bers in place. Since his job is to assemble the ~tructure, there is often
no completely secure spot where fall protection equipment can be attached and
there is no overhead structure because it has not yet been installed.

While the above discussions provide some understanding of how various erection
processes work, they do not present even a majority of work situations. Each
structure is different and each beam, column, or wall panel can present the
connector with a new task which must be performed if the building is to be
erected.
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CHAPTER 4. FEASIBILITY OF COMPLIANCE WITH SUBJECT STANDARDS

Several factors are included in an examination of the feasibility of com­
plying with the subject safety standards. One factor is the apparent lack
of uniformity in the way in which they are enforced. Another is the number
of citations for these standards which are contested before the OSHA Review
Commission and the courts. Related to this is the fact that the Review
Commission and courts have disagreed on some points resulting from these
cases. A final factor is the feasibility of providing protection in various
point of erection situations and whether or not the connectors themselves
believe they can use protection in all situations.

4.1 REVIEW OF OSHA ENFORCEMENT OF
SUBJECT STANDARDS

4.1.1 ENFORCEMENT VARIA~CE

A cla~;ficctio~ of nSH~ D0'icy is neces~ary to establish uniformity in OSHA
enforcement p~cct;~' . OSHA recognizes that there is an enforcement problem
with regard to these standards being applied to connectors. OSHA has held
meetings and written several directives regarding this.(21)

Based upon conversations with various OSHA officials and union representa­
tives. and as evidenced in a recent court case(22). it is apparent that
Connecticut and Washington, D.C., are two areas of the country where the
use of perimeter netting on st~el tiered bUildings is consistently enforced.
It is apparent that the use of these nets is not as consistently enforced
in other parts of the country, because perimeter nets are seldom used elsewhere.

There is also variance in the enforcement of the requirement for the use
of safety belts. Region VIII OSHA recognizes that steel and precast/pre­
stressed connectors must remain mobile and that there may be a greater risk
to them if they are tied off than if they are not. The Region also recog-
nizes that connectors often work where nets cannot be used. Region VIII
established a regional policy for all precast/prestressed connectors in a
letter to Stanley Structures of Colorado (an erection contractor). The
letter states that employees engaged in precast/prestressed connection work
in elevated areas are not required to be tied off. (See letter in Appendix
F.)

There is a general perception among union'officials and contractors alike
that an enforcement variance exists between union and non-union jobs. They
feel that an inappro'priately high proportion of OSHA compliance inspections
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take place on union sites. OSHA d6es not single out union sites; however,
several factors outside OSHA's control could lend som2 credence to this
perception. OSHA must respond to employee complaints lodged with them.
For example, in fiscal year 1978-1979, 25 percent of the OSHA inspections
in the industries studied were complaints.(23) Union workers, who are per-
haps more aware of OSHA safety standards and their rights to seek enforcement
of them, may tend to lodge a higher percentage of these complaints to corred
safety problems. A second factor is that, in several parts of the country,
union companies tend to build more of the types of large projects where
serious fall exposures are ~ncountered. A random sample of these sites would
naturally contain more union projects. OSHA officials in Hartford, Connecticut,
however, feel that the variance is not unduely wide. They estimate that
they inspected 54 percent union jobs and 46 percent non-union jobs in 1980.(24)
This estimate compares quite well with the actual number of union and non­
union inspections made nationwide for the years 1977 to 1980, as evidenced
in Table 5.

TABLE 5 - NUMBER OF UNION AND NON-UNION
OSHA INSPECTIONS IN SIC CODES

1522, 1541, 1542, and 1622* OVER A FOUR-YEAR PERIOD**

--------_._-_. -,--_._--------------_._-~
TOTAL

._....H....JS-.~fCJ ION S__

1977

1978

1288 (44.0%) 2926 (100%)

1389 (45.8%) 303~ (100%)

1979 2012 (53.5%) 1746 (46.5%) 3758 (100%)

_1_9_80__._3_32_.~__(5_6......1_%..;..) 2_5_9?_~~}".J_%,;.-) _~__,591 . (100%)

FISCAL NUMBER OF UNION NUMBER OF NON-UNION
_ .:..Y.::.;EP..:.:,\R:-.. .-:.IN:.:.;'S;;..~....:;:J~.~..:..T~IO;;.:.N:.;;;'S . .INSp F.~Il.9.tJ.....S__

1638 (56.0%)

*SIC Codes: 1522-General Contractors-Residential, other than single
family; 1541-General Contractors-Industrial Buildings and Warehouses;
1542-General Contractors-Nonresidential Buildings, other than Industrial
Buildings and Warehouses; 1622-Bridge, Tunnel and Elevated Highway.

**Source: OSHA Office of Management Data Systems, Washington, D.C.

These figures show that there were approximately 10 to 12 percent more union
inspections in these SIC Codes in each of the four years. These four SIC
Code industries account for the majority of erection work. Based on these
figures, one cannot actually conclude that this proportion is unduely wide,
unle~s the number of union and non-union construction projects is also known
for each year. If there are actually more union projects, for example, the
proportioning of inspections may be correct.

There is also some confusion about whether both the general construction
standards (29 CFR 1926.104 and .105) and the steel erection standards (29
CFR 1926.750, .751, and .752) can be enforced on steel erection jobs. The
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steel erection standards do not specifically require the use of safety belts
for cor,nection \'lOrk; hmJever, they do for plank·ing and pluillbing operations.
They also make no provision for the protection of employees working at the
perimeter of a building prior to the erection of a perimeter cable. However,
OSHA's general standards do require protective measures in addttion to those
set forth in the steel erection standards, but there is no mention or reference
of these general standards in the steel erection standards.

4.1.2 OSHA REVIEW COMMISSION AND FEDERAL COURT DECISIONS

There have been numerous ca5es before the OSHA Review Commission and the courts
involving the standards in question.(25) The following table shows the number
of cases involving each of the four standards for the years 1972 to 1979.

TABLE 6 - NUMBER OF CASES INVOLVING EACH STANDARD
1972 THROUGH 1979

STANDARD------------------
29 CFR 1926.21(b)(2) - Safety Training

and Education

29 CFR 1926.104 - Safety Belts, Lifelines
and Lanyards

29 CFR 1926.105 - Safety Nets

....'_.~-=:; ·')-:7 ~:::-'-\r· \,,".:) _ Tampor- 'y Floor,"ng- _" ... ! .:...,;v\_/\_) \,' '-I Q}

Skeleton Steel Construction in Tiered
Buildings - Requiring Nets

NUMBER OF CASES

16

19

78

17

.! A review of these cases indicates that many citations for failure to use
safety belts are also issued under 29 CFR 1926.28(a) Personal Protective
Equipment. Therefore, cases were also studied when this standard was cited
in connection with one of the subject standards, so as to better determine
exactly when such protective devices are and are not required.

Before proceeding with a discussion of the decisions in these cases, it must
be noted that very few of these cases involved situations where connection
work was actually taking place. However, many of them involved situations
which are closely related to connection work.

,
I,

"I!
I

~_.1.2.1 Safety Training and Education

There \'iere sixteen cases during the years 1972 to 1979 that involved the
safety training and education standard (29 CFR 1926.21(b)(2)). However,
none of these cases was identified to have been a case in which the safety
training standard was violated or cited in regard to connection work. Appar­
ently, this standard is seldom being cited in relation to connection work,
or these citations are not being contested.
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4.1.2.2 Vaguenes,?_ of Fall 'protection Standard"s_

There is sbme confusion as to whether or not the general personal protective
equipment standard (29 CFR 1926.28(a)) is unenforceably vague because it
does not specify when and how protective devices must be used. The Review
Commission has consistently held that it is not unenforceably vague, despite
the fact that the courts have ruled otherwise. The Fifth Circuit U.S. Court
of Appeals has stated that the standard requires only those protective measures
which industry practice would clearly deem appropriate under the circumstances.(26)
For example, the court has recently said that an employer cannot be forced
to guess at what equipment is required, because if he includes the cost for
such equipment in a bid and others do not, he will be at a competitive dis­
advantage. Furthermore, if he does not include the cost in his bid and is
later required to use protection, he may suffer cost overruns. The court
noted that the Commission cannot simply ignore industry practice and find
an employer in violation of the general personal protective equipment stan-
dard. Instead, the employer must have been given speciffc knowledge abo"t
what is required in the circumstances u: -!er which he is working. (27)

4.1.2.3 Safety Belts, Lifelines, an~ Lanyards

As a result of the Review Commission holding that the general personal pro­
tective standard (29 CFR 1926.28(a)) is not unenforceably vague, the Com­
mission has consistently held that this standard may be applied to require
use of tied-off safety lines by employees subjected to a fall hazard.(28)

In no case involving a citation for failure to tJse a safety belt when work)ng
at a height has the safety belt standard (29 Cff! 1926.104(a)) been upheld
on its own. Where citations have been upheld) the general personal protec­
tive standard has also been cited or the citaLion has been amended to this
more general standard. The safety belt standard does not spec~fy when the
use of safety belts, lifelines, and lanyards is required; it simply states
that they be used only for employee safeguarding.

Other parts of the safety belt standard (29 CFR 1926.104) have been upheld
-by themselves where the citation involves misuse of the eqlJipment. Fm'
example, in a case where safety belts and lanyards were used, but were not
tied off above the worker, 29 CFR 1926.104(b) was upheld because it requires
that "lifelines s.hall be secured above the point of operation." In another
case, 29 CFR 1926.104(d), requiring a maximum fall distanc~ of 6 feet when
a lanyard is in use, was upheld by itself in a case where the allowed fall
distance was 12 feet.

4.1.2.3.2 Employer Responsibility

The Commission has held that, although an employer is generally responsible
for vio'lations either created by supervisory employees or within their actual
i>r construct i ve knowl edge, an emp 1oyer may defend by ShO\'li ng that it took
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all feasible precautions to prevent the occurrence, of the violation.(29)
Therefore, in cases in \'Jhich all employer issued safety belts and specifically
required their use, but an employee was observed without a belt; the situ­
ation is said to be an isolated incident and the employer cannot be held
in violation of the standard. However, if the employer, supervisor, or
foreman had knowledge that the belt was not in use, the employer was held
to be in violation. The employer cannot have a policy of providing belts,
but leaving it to the employee's discretion as to when to use them. When
an employer does this, he has not taken all feasible measures to preclude
the violation.

4.1.2.3.3 Practicality of Using Safety Standards

The Review Commission and the courts recognized that the use of safety belts
may be practical only for some employees at some times and not for all em­
ployees at all times. The recognition of this fact has been applied to mean
more specifically that safety belts are practical while workers are sitting
and working on beams, but not while they are traversing on beams, which is
the substantial portion of a workday for connectors. This is primarily due
to the fact that employers have been able to successfully argue for the need
for quick mobility. Several times when this argument has been used, the
citation for violation of the safety belt standard has been vacated. In
these cases, it has been recognized that the use of safety belts can present
a greater hazard to connectors than would working without them. One case
prior'to 1979 could be identified as involving connection work in prestressed
concrete constructicn. In this case, the use of safety belts and lanyards
was proven to be more hazardous than working \'Jithout such protection, because
:;2~ : .... :' .,:.,'::,': ',,~:2 .'.:'~ .:.Jie to fn':JVe o:.;t of the way of swinging double-
tee r1oo~ ~2-~~:S. 7h~s was also a ruling in a more recent case.(30)

Even though this recognition has been given, the Review Con~ission and courts
have held that some form of fall protection must be provided for workers
while they move---aiOng the beams. This has generally been interpreted to
mean that nets be used to protect these workers. Contrary to earlier deci­
sions, the Review Commission, in two 1979 cases, held that safety belts could
feasibly be used by workers cooning or stradling beams, even if it meant
their movement would be slowed by the necessity of constantly attaching and
detaching their lanyards.(31)

One specific case requires detailed discussion here. In this case, the em­
ployer was in the process of erecting structural steel for a building in
La Porte, Texas. A steel connector working 55 feet above the ground on a
beam fell to his death when the beam and a vertical column to which it was
attached collapsed. The employer was cited under the general personal protec­
tive standard for failure to require its connector to wear and use safety
be lts.

In the case, it was noted that the employer required its connectors to wear
protective equipment and to tie off properly when at rest. It was also noted
that the duties of a connector require almost constant mobility in order
for him to receive and place the steel, make the required bolt connections,
and avoid being hit by a swinging steel member that makes an unusual movement.
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Coupled with these facts was the evidence that there was no place to install
a l"ifeline above the point where the accident occurred. The only structure
to wll i ch the worker "'ho fell cou 1d have been ti ed off was the beam on wh ich
he stood or the adjacent column> both of which fell. The evidence presented
in this case convinced the Review Comm-ission to rufe that the citations
should be vacated.(32)

4.1.2.3.4 Industry Practice

In one recent case> the Fifth Circuit Court threw out'OSHA safety belt cita­
tions against two employers, one of which is a prestress concrete erector.
It attacked OSHA's failure to conform to earlier rulings by this same court
in which they specified that safety belts are not required where the industry
practice is not to wear them. The court also attacked OSHA's argument that
all obvious hazards require safety belts. More specifically, the court held
that a prestressed concrete erector could logically come to the conclusion
that an employee's constant a\"areness of the danger of falling from the perim­
eter provides sufficient protection on flat surfaces. Such workers would
not mistakenly expect the edge to be guarded or perform their work in such
a way to create the possibility of a fall.(33)

4.1.2.4 Safety Nets

4.1.2.4.1 Use on Bridges
-

The Revie'tI Commission -hi;lS uoheld that nets be llsed on bridge construction
JOGS wnpre tnere is substantial probability that death or serious injury
WOU~G rESu~t if they were not used. The defense that the nets would be
overly expensive and impractical to use on such a job has been rejected.

4.1.2.4.2 Practicality and Use

The Review Commission has consistently held that where it is impructical,
infeasible, or impossible to use alternative protective devices (i.e., tem­
porary floors, scaffolds> catch platforms, ladders, or safety belts and
lifelines), safety nets must be installed to protect against falls, esp~­

cially when a fall would result in death or serious physical harm. This
has been ruled in cases involving erection of a multi-storied powerhouse
facility, a single-story plant, a three-story precast concrete building,­
and multi-storied steel buildings. Most of these cases involved th2 use
of interior nets. However, in one case> p:rimeter nets werp required for
workers walking the perimeter beams at the seventeenth floor of a multi­
storied bUilding.

Where lifelines> safety belts> or lanyards are actually in use> nets are
not required. For example, in a case where employees i\'erc laying steel beams
97 feet above ground> it was found that the net standard was not violated
since the employees were wearing safety belts.(34)
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4.1.2.4.3 Greater Hazard and Impossibility

Where the employer could raise defenses and establish that the erecti)'! of
nets was impossible, that their use would make work impossible, or that their
use would result in a greater hazard, the employer has not been held to have
violated the standard. For example, where the operation of the cranes di­
rectly under beams being erected in a bridge structure was proven to make
the erection of safety nets impossible, the citation was vacated.(35) Also,
vlhere the employer could show that the installation of nets would interfere
with the movement of materials up through the interior of the building, the
same conclusion was reached.(36) In the case discussed previously where
the employer was erecting a steel building in La Porte, Texas, the use of
nets was proven infeasible at the stage of construction during which a worker
was killed, because the structure at that stage would not support nets.
In a more recent case, it was also recognlzed that when the duration of the
time required to erect a safety net exceeds the duration of time of employee
exposure, the value of such protection is negated.(3?)

In the opposite situation, where the employer could not prove impossibility
or greater hazard and OSHA has been able to prove otherwise, the employer
has been held to have violated the standard. For example, OSHA has proyen
feasibility and less hazard by showing that an erection derrick can be used
instead of a crane to install columns, thereby making the use of nets pos­
sible.(38) In another case, OSHA was able to prove feasibility when it
showed that preplanning regarding the construction method could have bean
carried out~ so that the building could have been constructed differently
and safety nets erected.(38)

4.1.2.4.4 Industry Practice

The steel erection industry practice in most parts of the country is not
to use safety nets. However, the Review Commission has consistently held
that this does not entitle the employer to an exception to the ,standard and
that such nets should be used to protect connectors and other workers from
falls.

4.1.2.5 Steel Erection

4.1.2.5.1 Single-Story Buildings

The Review Commission has consistently held that the steel erection standards
(Subpart R of the OSHA Construction Standards) apply only to tiered bUildings
and not to single-story buildings. Loft-like and open bay structures are
not subject to the Subpart R standards. Warehouses, open framework towers
that do not contain permanent floors, and power plants with floors which
do not have the consistency and uniformity of conventional tiered buildings

• I have also been included in such rulings.

Although the steel erection standards do not apply to these types of struc­
tures, the general construction standards, such as the general personal
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protective standard (29 CFR 1926.28(a)) and the safety net standard (29 CFR
1926.105), do apply to them. .

4.1.2.5.2 Applicability of General Standards

There has also been some question as to whether or not the general construc­
tion standards apply to steel erection, since the erection of steel tiered
buildings is governed by a specific standard. The Review Commission hs
held that the specific standard requiring nets (29 CFR 1926.750(b)(1)(ii))
applies to the erection of steel tiered buildings and that the more general
net standard (29 CFR 1926.105) does not. ThiS is based upon section 29 CFR
1910.5(c)(1) Applicability of Standards which requires that where a partic­
ular standard can be specifically applied to a condition, it must prevail
over other general standards that also might be applicable.

This problem was highlighted in·a recent case in which the employer was cited
for violating standards 29 CFR 1926.105(a), 29 CFR 1926.105(c)(1), and 29
CFR 1926.750(b)(1){ii), while erecting a six-story steel structure in Fairfax,
Virginia. These citations resulted fl0m the compliance officer's various
observations of connectors and other workers being exposed to perimeter falls
from 30 to 95 feet. All of these workers were protected by n~ts from falls
to the interior of the structure. The connectors were at the perimeter,
of course, in order to connect steel members being raised by the crane.
The compliance officer stated that in all the situations he observed, the
connectors should have been tied off or protected by exterior nets. Another
compliance officer who was present at the worksite during the inspections,
however, stated that he would not have issued a citation for the failure
of the connectors to tie off. He stated that it is dangerous for connectors
to ~:2 :~f t~~~_:2 ~~2 ~~~el being lifted by the crane might g2t out of
'::In>':·l 3~;d':"2 :::,1:':::::"-.,);'::, [;light not be able to get out of the way.

At one point, the company president stated that it was impossible to string
nets because they would have interfered with the erection of the structure.
At another point, he stated that it would have taken a long time to install
exterior nets and t~at the employees installing them would be exposed to
a fall. However, another witness outlined various methods by which perimeter
nets could be used and stated that their use is feasible.

The Com~ission conc1uded"then, that the area could be netted and pointed
out that a fall could have resulted in death or serious physical harm.
Therefore, the Commission ruled that the citation for violat'ion of 2~J CFR
1926.750(b)(1)(ii) should be affin:ed.

Regarding the citation for the more general net standard (29 CFR 1926.105),
it was noted that there is some question as to whether or not this general
standard can apply to steel erection. Evidence showed that the use of perim­
eter nets is unknown and not required in the steel erection industry or by
compliance officers, because the steel erection standards (Subpart R) make
no reference to their use. This fact requires that the employer must assume
the burden of guessing ".,hat is intended in the standards. The Tenth Circuit
Court of Appeals has held that this should not be the case. Therefore, the
Comrn-ission ruled that the employer was not given fair notice that the general
net standard applied to its steel tiered structure, if it in fact did apply,
and that this standard was not violated.(40)
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However, if the two stand~rds do not apply to &~e same condition, a steel
erectoi' can be cited for the more general standard. In fact, there are
numerous cases where a steel erector has been cited for the failure to use
safety belts, and it has been upheld. Therefore, according to the Review
Conmission, steel erectors are covered not only by the specific steel erec­
tion standards, but also by the more general construction standards when
they do not deal specifically with the same thing. This was supported in
1979 by the U.S. Court of Appeals for the Fourth Circuit which rejected
an emploY2r's claim th~t the steel erection industry is covered exclusively
by the specific steel erection standards.(41)

4.1.2.5.3 Vagueness

The Review Commission has also held that the steel erection standard requir­
ing nets (29 CFR 1926.750(b)(1)(ii)) is not void for vagueness, even though
it leaves the employer with determining which means must be used to install
appropriate nets.(42)

4.2 STANDARDS COMPLIANCE - DISINCENTIVES AND INCENTIVES

Perhaps the most important incentive to provide fall protection to the
worker is the very natural desire, on the part of any employer, to
protect employees from injury. No employer wants to be in the position
of having to face the fact that someone was seriously injured on their
job. However, there are limits to what can be done to provide such
protection. When a protection system. requires an expenditure which
tnreale~s to Ilmlt the e~plcyer's ability to stay in business, and thus
pri.JV,.j2 2liJP I O,ii11en1: , some CJ,-;If.'romise will be found. In nreas where
employees may seldom be injured and where the employees themselves often
see no need for protection, few incentives for providing that protection
are recognized. The issue of requiring the use of nets or safety belts
for connectors is just such a situa~ion in many parts of the country.

4.2.1 DISINCENTIVES

Providing a fall protection system can be an expensive undertaking.
For example, estimates for installing net systems provided by the U.S.
Army Corps of Engineers for various projects show that these costs might
vary between .3 and 3.4 percent of the total cost of erecting a bridge.(43)
These costs can be compounded, depending on the type of structure, if
a large amount of crane time is required, or if the erector must be
on the site a longer period of time due to the special installation
required.

;ontractors who are bidding for construction work are acutely aware
of the fact that the standards in question are not enforced for con­
nectors in most areas. Therefore, they are relatively certain that
their competition will not be including the cost of such protection
in the bids they submit. To remain competitive, the contractor will
not include this cost in his bid and will not provide the protection.
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Competition is also a factor on a broader basis. For example, if it
were determined that connector fall protection would be required on
all precast/prestressed construction but not steel construction, an
inequity would be created. If this were the case, it is possible that
building owners would prefer to build steel buildings so they \'lOuld
not have to pay the extra expense of this protection. This could poten­
tially effect an entire segment of the construction industry by placing
them at a disadvantage.

Labor force competition is also a factor in determining if the standards
v/ill be implemented. As discussed previously in this chapter, there
is a general perception among union officials and contractors alike,
that an inappropriate number of OSHA compliance inspections take place
on union :ites compared to non-union sites. If this perception is true,
there -is a feeling that OSHA could force more union contractors to
provide connector fall protection, which in turn would mean that their
bids must be higher. Therefore, union contractors could be placed at
a disadvantage in winning work against non-union contractors.

The cost of providing various types of fall protection is also increased
by the fact that there are still many situations involving connectors
where a readily installed and feasible protection system has not been
developed. This means that the contractor must design a system to
fulfill a unique need. Designing such a system does not directly increase
the efficiency of the erection process; and in these times of high
interest rates and tight money, does not aid the contractor in perform­
ing effectively for the building owner.

St n1 :>r.::thol'" r:.'i<:';n':'~""t';\'e is the knO\\!ledge that many connectors (both
~~;0~ 2-j ~J~-~nio~\ ~ill not utilize the protection system without
constant pressure f~om management. Thi~ was demonstrated by conver­
sations with contractors and connectors during several site visits where
protection measures were available. Connectors tend to feel confident
in their skills and abilities and resist efforts to make them attach
themse 1ves to the structure. Therefore, 1itt 1e incent -j ve -j s ,present
for the contractor to design an elaborate system of protection.

In many situations, there is a very real question concerning whether
the connector is safer with the protection dictated by these standards
or without it. Most connectors interviewed during the course of this
project discussed several situations where they felt they were able
to avoid an accident or save their lives, because they were ~ble to
move quickly away from a dangerous situation without being hampered
by a safety belt tied to the structure.

Finally, there are several situations where the installation of a spe­
cial lifeline or a net system would require the connector to be exposed
to a fall hazard for a longer period of time than the time necessary
to make the connection. (These situations and the feasibility of utiliz­
ing the protection required by these standards will be explored in more
detail in 1ater-s~c:ti()n s . ) .

4.2.2 INCENTIVES

A number of claims have been made by advocates of fall protection concerning
59



the benefits to be derived from providing fall protection on the job.
Two major' tirglJiTICnts are proposed. First, the contractor can dellionstrate
to the workers that he is concerned about their safety by providing
fall protection equipment and enforcing policies for the use of that
equipment. In turn, this will make the employees better disposed toward
the contractor; therefore, they will do a better job. Secondly, con­
nectors will work faster and more efficiently when they know that they
arc protected from a fall injury. Therefore, the project will be built
more quickly. While the logic of these claims seems appropriate, no
formal studies have been done vlhich would support or deny these conclusions.

The workers'compensation insurance system provides some incentives
to comply with the fall protection standards. There is a relationship
between the number of accident claims and the amount of premium which
is paid or refunded to a contractor. Therefore, any accident that is
avoided has the effect of controlling the amount paid in insurance
premiums. However, the workings of this system are not well understood,
particularly by smaller companies. Often the premium for such insurance
is treated as an absolute cost of doing business, rather than as a cost
that can be reduced.

A more direct incentive is sometimes provided by insur~nce companies
when they examine the potential losses presented by a particular ~rec­

tion project or react to an accident which has occurred on an ins~red

projer.t. An insurance company can recommend that fall protection be
used. It can also require that protection be used if the contractor
is to c01tinue to be insured by that company. Such an ultimatum is
a relatively infrequent occurrence •. However, such a suggestion was
l'e:2',~ ~./ ;-;i:;~; :c c. :J:i"t,·:;.::tor fol1o\/ing an accident en a bi'idg2 c:'S'ction
proJC;:." [,;. a :ss'..;i'.:. (>1' this request., a fall protection SYSt2rTl was
devised which allowed iron workers to tie off with safety belts or work
over il net during at least 98 percent of the time spent erecting two
interstate highway bridges.(44)

Employers also have an incentive to avoid the possibility of law suits
resulting from claims by injured employees and/or their families con­
cerning negligence on the part of the employer by not providing appro­
priate protection. Recent decisions in some states, such as Iowa, have
extended the liability for such negligence. They allow the managers
and foremen responsible for supplying and enforcing the use of protec­
tive devices to be sued personally in the case of serious mishaps.

The workers' compensation insurance system implemented in this country
was devised to protect both employers and employees from the uncertain­
ties of such suits. It insures that the costs resulting from occupa­
tional disabilities are paid without regard to any fault involved.
The laws enacted in many states have served to relieve employers of
liability from common-la\-J suits involving negligence.

Under workers' compensation acts employers generally
are exempted from damage suits. Where an employee
rejects the act, and sues an employer vlho has accepted
it, the employer usually retains the three common-law

60
Reproduced from
best availa ble copy.



defenses. Conditions for rejection of the act often
are so severe as to make the privilege virtually inop­
erative.(45)

In'states \.,rhere this is true, the law may function as somewhat of a
disincentive for providing expensive safety devices, in that the em­
ployer is insulated from any extremely punitive economic claims.

However, recent judicial developments modify this picture.

Courts on opposite sides of the country chipped away
at the exclusive remedy rule. The Massachusetts Supreme
Judicial Court allowed the children of an injured worker
to sue the employer for damages resulting from the Iloss
of companionship and society' of an injured parent in
Ferreter v. O'Donnell's Sons, Inc. The California Supreme
Court decision in Johns-Manville Products Corp. v. Contra
Costa Superior Court also allowed a damage suit tor
an employer's fraudulent concealment of hazardous ex­
posure to asbestos. And in Williams v. International
PapeT Co., ear ly in 1981, a Cal Horn i a jury awarded
a worker ~825,OOO damages against his employer on the
ground that, as a self-insurer, the company acted in
a dual capacity and thus was subject to a higher stan­
dard of care for job safety.(46)

In addition, solutions to some of the specific disincentives discussed
previously have been found. For example, recently some safety equipment
-:-:~"+,,:":""::'~- 1...;'.'2 ~=;"_"'" dS':21op~ng cnd marketing standal~dized instal­
1:.:"::-';. '::-.::,- :-2:i""2J:~;", ;,2tS \'!hicll can be used in a wide variety of tiered·
buildings. If this trend continues, the economic impact of providing
fall protection to erectors will decrease.

Enforcement policies might be standardized to a greater degree by OSHA.
This could provide a greater incentive to contractors to explore the
options available and devise new solutions to the problems of protecting
connectors from falls. HOI'/ever, there is some question as to \I/hether
OSHA inspections alone will be sufficient to change the practice of
all contractors. OSHA currently employs 1200 inspectors to cover about
70 million employees and 5 million workplaces throug!lout all industry.(47)

The situation which !las developed in Connecticut is worthy of special
note because of the unique cooperation arrangement t!lat has evolved
between the OSHA Area Office and the local Iron Workers Union. Bot!l
OSHA and the two Iron Workers locals in Connecticut require the use
of perimeter nets on buildings over two stories in height. OSHA construc­
tion compliance officers make a point of visiting any steel building
they observe where nets are not being used. The Iron Workers locals
s-'imply refuse to allo\'I;~'on wo,'\c'ts to work where they are exposed to
a fall hazard without nets below them. The local agreement between
the union and the Associated General Contractors of Connecticut states:
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Planking, decking and nets, covering a radius of at
least ten (J.O) feet, shall also be provided not more
than two floors or a maximum of twenty-five (25) feet
beneath all points on all buildings, bridges, and other
structures while workmen are working at such points.(48)

The combined effect of the stance taken by both the union and OSHA has
sel'ved to make per imeter nets a fair ly standard feature on stee 1 ti ered
buildings in Connecticut. Numerous systems have been devised by various
contractors to allow'these nets to be installed and moved up the build­
ing as the erection progresses.

Several circumstances have contributed to making this system work.
First, most of the large structural steel projects in Connecticut are
erected by union iron workers, according to the New Haven, Connecticut,
local union business agent.(49) This helps to decrease the concern
that requiring such protection' will place union contractors at a dis­
advantage compared to non-union contractors when bidding for work.
In other parts of the country where the union position is not as strong,
it is more difficult to unilaterany require this protection.

Second, over the years it has become widely understood that contractors
working in Connecticut must provide this protection. Therefore, con­
tractors submitting competing bids know they should include the cost
of installing netting. The union business agent tries to reinforce
this knowledge \'/llen possible, by contacting contractors ~'Ihom he kno\'ls
are bidding for work in his local area to alert them to the fa:t that
he will require the use of nets on the jobs.(50) These factors help
t~ ~~:~?~S? +h~ ~0s~~~i'ity of a contract being awarded based upon the
econs-:::c ,jif-c::~~,~:~~, :)4: !;Qt including net protection in the bid.

To be certain, the policies developed in Connecticut' do not achieve
100 percent compliance. However, they have encouraged many contractors
to devise protection systems and many connectors to cooperate in using
these systems. Through this joint effort and the ingenuity of many
contractors in devising systems which can be utilized efficiently, the
State of Connecticut has achieved greater compliance than any other
area of the country. A similar program is being used in Washington,
D.C., and is being contemplated in New York.(51)

The bid disincentives of providing nets have also been controlled to
so;ne degree by policies follo\';ed by the U.S. Army Corps of Engineers.
Safety specialists employed by the Corps of Engineers review designs
before btds from contractors are sought. These people determine where
items such as safety nets should be required when building the project.
These requirements are then included in many of the bid specifications
issued by the Corps of Engineers. Therefore, all contractors who submit
a bid for a particular project know in advance that the protection must
be provided and the requirement will be part of the contract executed
with the successful bidder.(52)

Expanding upon this concept, it may be appropriate that all federal
agencies contracting for construction work adopt a similar policy.
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This could be done by modifying the federal construction rules and
regulations so that bid specifications would include requirements for
any safety system which could significantly increase cast. In this
way all contractors would prepare their bids on the sallie basis. There
would be no advantage to the contractor who does not include the cost
of these safety devices. In fact, there could be a significant disad­
vantage if the contracting agency takes steps to assure that these
devices are used during the project.

4.3 FEASIBILITY OF USING SAFETY BELTS

OSHA standard 29 CFR 1926.28(a) Personal Protective Equipment states:
liThe employer' is responsible for requiring the wearing of appropriate
personal protective equipment in all operations where there is an ex­
posure to hazardous conditions .••• 11 This standard seems to allow OSHA
to cite an employer for allowing any worker to be exposed to a fall
without being protected by a properly secured safety belt. It is there­
fore technically possible to write a citation for a connector who is
working over a solidly planked floor less than 25 feet below if a safety
belt is not used. Although how far above a floor the connector may
work before personal protection is required has not been clearly established.

There are many questions concerning the feasibility of a connector using
a safety belt and whether a safety belt protects a connector or places
him in potentially greater danger. Before exploring these issues,
however, it is first necessary to consider the benefits and limitations
of the safety belt -as a protective device.

The safety belt is used to attach a worker to a substantial structure
when working at a height. Should the worker fall, the distance of the
fall will be limited to the length of the lanyard extending between
the worker'S belt and the anchorage to which the opposite end of the
lanyard has been attached. Because the safety belt and lanyard are
items which can be carried with the individual, they can provide fall
protection in a wide range of situations. Their use does not usually
require extensive preparations on the part of the contractor, because
the lanyard can be tied to any substantial anchorage. When the worker
moves to a new location, he can tie off the lanyard and be protected.

The fact that often an elaborate installation is not required and no
expensive appftratus must be assembled to use a safety belt, makes it
an econornical protective device. Merely the cost of purchasing a safety
belt, when compared to the cost of obtaining and installing a section
of safety net, makes it a more feasible ifem to obtain and use.

When compared with nets, a safety belt can provide protection in many
more situations. A safety net may only be attached to a structure which
will support the weight of the net and will also withstand the impact
of someone falling into it from 25 feet above. In contrast, the structure
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supporting a safety belt must withstand only the force of a 6-foot fall.
i'\ net must also be installed in such (l way that a person falling 'into
it will not come in contact with any structures below the net. This
limits the net's use to areas where sufficient vertical space is avail­
able.

4.3.2 DRAWBACKS OF SAFETY BELTS

The safety belt normally used by an iron worker is a single, 2-inch
wide strap worn around the waist. The belt doubles as a tool belt
carrying a scabbard for spud wr2nches and one or more bolt bags. A
6-foot lanyard made of at least ~-inch nylon is either spliced perma­
nently to the belt or is hooked to a "0" ring attached to the belt.

The farther a worker falls, the greater the speed and the more impact
the bo~y s~stains when it is caught in the belt. Obviously, the shorter
the fall distance, the less the chance of being seriously injured by
being caught in thl belt. No definitive studies for construction safety
belts exist which indicate what the maximum distance can be. For example,
the British Standards Institute in 1967 felt that a person wearing a
safety belt should not be subject to a fall greater than 2 feet.(53)
An article in the 1981 edition of Best's Safety Directory agrees that
2 feet is the maximum free fall distance suggested when wearing a safety
belt.(54) On the other hand, the Occupational Health and Safety Act
of Ontario allows a fall of 1.5 meters (5 feet) into a safety belt,
so long as an ~n"est force of 8 kilonewtons is not exceeded.(55) OSHA
stan~ards, of course, allow a 6-foot fall into a safety b21t.

-;-:':0 :,~-'"~_1. ""2'"1 c·::;+:;--:::? \;j0'.!ld cppear to be a comprollis0 betvleen pro­
tecti ng the worker and a11 O'.'Ii ng the worker enough rnaneu-verabi 1ity to
make the use of the belt practical. The 6-foot distance would seem
appropriate based upon fall cases reviewed by a study of personal fall
equipment conducted in 1977 by the National Bureau of Standards. In
this study, 35 cases were located where the equipment was properly used
and the fall was arrested by a safety belt.

Most falls were reported to have involved free falls
of from 1.2 to 2.4 m. (4 to 8 feet) and presumably
involved fall-safety systems using body belts. The
few injuries that were received came from contacts with
other surfaces during the fall.(56)

Most of the sources discussed above agree that a 6-foot fall can be
\':~thstood more easily by a worker wearing a full-body harness rather
than a safety belt. The body harness is designed to spread the shock
load, resulting from a fall, over the shoulders, thighs, and seat area
rather than just the pelvic· girdle area where a safety belt is "lOrn.
There may be some benefit to considering the use of a full-body harness
for iron workers using personal fall protection. However, such a con­
clusion would appear to be premat~re without more definitive information.
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Perhaps the most important point to understand is that falling into
a belt is) at the very least, uncomfortable. If the fall distance is
great enough, injury or death can occur as a result of being "saved"
by the belt. Therefore, it is advisable for the person using the safety
belt to tie off in such a way as to limit the p'otential fall distance
as much as is practical.

4.3.3 USE AND D.ESIGN OF LANYABQ

Because 6 feet is the maximum allowable fall distance, by OSHA standard,
lanyards are usually 6 feet in length. However, they can be longer
than 6 feet, so long as they are attached in such a way that the maximum
fall distance is limited to 6 feet. For example, a 9-foot lanyard may
be used if 3 feet of it is to be wrapped around a column.

The distance between the belt and the anchorage is determined, in part,
by the design of the lanyard. A 6-foot lanyard with a snap hook at
the end allows the lanyard to be looped around an anchorage and attached
to itself. It also permits the v/orker to snap the hook at the end of
the lanyard to any handy attachment point, such as a bolt hole. In
the latter case) the entire length of the-lanyard is used, which max­
imizes the fall distance. This is not a problem where 29 CFR 1926.104(b)
can be follov/ed, which requires attachment "above the point of operation".(57)
A connector, however, is often working at the top OF the erected struc-
ture where no overhead attachment points exist. Tlv afore t if a con-
nector is to be tied off, the only anchorages which are available are
often at or below the level of hi waist. Snapping the hook at the
CI :''2 ,,~ th~ 1 =-"'\y~\"'d to the- s1:rur.tui'e at waist level assures a fall of
:' .~. , ':? ':t ::; -I'eei.:. ShC] l j t~e ;~ttachm9nt p.oi nt actua 11.)' be be low wa ist
level, the fall distance would be increased.

If a snap hook is not provided t the worker will normally tie the lanyard
to an anchorage using a knot which will not slip, should the worker
fall. This allows the worker to tie a knot anywhere along the length
of the lanyard and potentially lili;it the fall distance to considerably
less than 6 feet.

Allowing the worker to attach the lanyard using a knot requires that
the worker be adequately trained to tie a knot which will remain secure
should the worker fall. This can be a serious problem. The National
Bureau of Standards study observed:

At least half of the fall dat:'. obtained involved fall
safety devices that were not correctly secured to an
anchorage, i.e., the falling worker did not remain linked
to the anchorage under the impact of the fall. These
falls generally resulted in fatalities •••• (58)

Regardless of the means of attachment used, it is important that the
worker be trained to use it properly. It must be attached ir in such
a way that the fall distance is limited to the greatest degree possible
commen;surate with the maneuverabil ity needed to accompl ish the job.
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Manually adjustable length lanyards, with a snap hook at the end, are
also available and might be considered for iron worker use.

The material used for a lanyard is important. The standard requires
that nylon or an equivalent material be used. One of the reasons for
this is the shock absorbing characteristics of nylon rope. When a
falling worker is caught in the belt, the force will cause the nylon
rope to elongate. This acts to cushion the force of the fall.

When working around welding operations (as is done in precast erection)
or when the lanyard is often tied to abrasive anchorages (such as con­
crete), wire rope is sometimes used. Hot slag from welding operations
can fall into and nestle within the strands of nylon rope. The damage
that results can easily be overlooked during a cursory inspection of
the lanyard. Wire rope is narrower, less susceptible to catching slag,
and any damage caused by heating the rope is more easily detected.
Wire rope is also less susceptible to WeJf caused by wr-apping it around
abrasive surfaces or sharp edges. However, wire rope will not elongate
to cushion a fall. If wire rope is to be used as a lanyard, it is
advisable to utilize a shock absorbing system to absorb the impact of
the fall. Such shock absorbers are available commercially. In a fall,
the shock absorber. works by transmitting the impact force to cross­
stitching in nylon webbing, progressively breaking fibers, thus di~­

sipating energy. These devices are normally contained in what appears
to be a small packet which can be attached between the lanyard and the
safety belt.

The attachment of the lanyard to the safety belt is also of critical
importance. Where one end of the lanyard is attached to an anchorage,
rne ouPOsit2 enu shOuiG De attached to the safety belt at the small
or the bilC:<. In this \~ay, should the worker fall, the impact would
bend the body forward in a jack-knife position. If the lanyard is
attached to another part of the belt, the possibility of incurring
serious injury is increased because the impact will not bend the body
in a natural direction.

A second type of attachment may also be valuable to the worker, but
it must be properly used. This attachment is similar to that used by
ali neman. Two "0" rings are attached to the belt so that they are
positioned on either side of the body. The lanyard is then attached
to one of the "0" rings, looped around the anchorage, and attached to
the opposite 110" ring. This arrangement is advantageous in that the
worker can lean against the lanyard to aid in positioning himself to
perform his job. The fall distance is also kept to a minimum because
only half the length of the lanyard extends to the anchorage point,
the other half returns to the belt where it is attached to the second
"0" ring.(59)

A problem occurs when the worker must use the lanyard without both ends
attached to the safety belt. In this situation, one end of the lanya.d
is attached to the anchorage and the opposite end is attached to a 110"
ring located on the worker's hip. Should the worker fall, the body
will be bent sideways, greatly increasing the possibility of serious
injury.
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i'icture 23 - Connectors stand on
top of a prestressed concrete
beam waiting to attach the double
tee wall panel being tipped toward
them.
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IPicture 24 - Three men work to

release the rigging, measure,
plumb) and attach the top of the
panel. They will manuever around
each other numerous times during
the process. In the narrow area
of the beam surface, the use of
lifelines and lanyards could
cause a siqnific?nt tripping hazard.
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4.3.4 PROBLEMS IN USING A SAFETY BELT WHEN CONNECTING
-'--- .... .

Several factors make it difficult for a connector to utilize a safety
belt for fall protection. As was described in Chapter 3t a connector
spends very little time at anyone location. The longest stationary
period is while the connector is waiting for the next hember to be
raised. This is also'the time \'Ihen he is least susceptible to a fall t

as he can move to the next connection point and remain stationary or
can move to an area where a fall hazard does not exist (e.g. t move to
a solid deck while waiting). During the connection task t however, the
connector must move a considerable distance around the structure.

Where two or more people are working in such a way that they are in
a confined area or must cross each other, there is danger of tripping
over lanyards or becoming tangled in them. This situation was demon­
strated during a site visit to a prestressed erection project. Two
men were working on an erected concrete beam approximately 2 feet wide.
They were to position and secure a wall panel 30 feet in height. The
panel was set on a footing at ground level and tipped up so the top
could be connected to the beam on which these men were standing. The
connectors were responsible for properly leveling the panel and welding
it to the beam. In performing this task t the two had to maneuver around
each other numerous times as measurements were taken and the position
of the panel was adjusted.(60) Had they been tied to the building by
lanyards, there would have been considerable trouble in maneuvering
so that the lanyards would not have been fouled. The fact that they
were at the top of the structure negated the possibility of securing
the lanyards overhead. Therefore, both lanyards could only have been
attached to a lifting eye cast into the deck of a member already erec­
teo. 50tn iaGyards would have been laying on the beam and could have
posed a serious tr~pping hazard.

The problem of connectors moving past one another during various phases
of the precast/prestressed erection process is not unusual. New con­
nectors are paired with more experienced connectors for training purposes.
Because of this fact, the more experienced of the two must check each
measurement and demonstrate a variety of techniques to the other. In
the process, they must continuously trade positions as a member is
erected. If they are to be attached to lanyards, they will have to
contend with tangling and tripping hazards which could cause a fall
into the belt. The question then becomes: In this situation, are
safety belts and lanyards a safety precaution or a hazard in themselves?

There may be no point to which a lanyard can be attached. Often the
holes available in steel cannot be used to attach a lanyard because
they are located where the next member will be placed. In tiered build­
ings, the connector may have the opbon of tying his lanyard around
a column or be~m; however, p~rticularly in the lower part of the struc­
ture, the column or beam may be quite large. A column 24 inches square
l'Iould require 8 feet of lanyard to encompass it. It may also require
some <lgility on the part of the connector to get a lanyard around such
a large member.
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Picture 26 - Connectors walk along this
route to reach the connection point. A
cantenary cable is in place which the
workers used as a hand rail. Note the
sheer ties protruding from the top of the
girder flanges, a potential tripping
hazard.
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In bridge work, the problem is further compounded as a connector might
easily stand upright on the bottom flange of the girder without touching
the top flange. In t~e expanse of metal between the flange, there are
often no holes or other attachment points for a lanyard.

4.3.5 USE OF CATENARY LINES

Various solutions for the mobility problem have been considered. Some
feel that a connector can make use of catenary lines (i.e., a cable
strung horizontally between two columns). A lanyard can be attached
to the line and slid along it as the connector moves about. Several
factors make this solution somewhat questionable, at least where a
tiered building is concerned. First, if a connector is to use such
a line, it must be installed between two columns. To perform this
installation requires a connector to spend as much time on the column
as he would to make the beam connection itself.

Second, if such a line is to be installed so that a connector can walk
along a beam, it must be overhead or below him. For example, if a
connector must walk along a beam 6 inches wide, the presence of a line
next to him at waist level, attached directly to the columns, would
prevent him from centering his weight over the beam and balancing him­
self. Installing the line above the connector might be possible on
the first level of a two-story column; however, the column extends only
a few feet above the beam at the second level. Attaching the line to
the web of the beam could be a solution; however, it would require the
connector to attach his lanyard be 10"" his feet \'Jhich would most likely
eX1.end a Tei!; fal ~i;E:r' 1:,1an 6 feet. (If C\ snap hook a-:: the end of a
6 foot lanyar~ ~s a~:ach2G to a catenary line below toot level, the
fall distance would be 6 feet plus the distance from the connector's
waist to the line, at least 3 additional feet, making the total fall
9 feet.)

Third, the fall exposure incurred by increasing the time spent at each
connection point and the cost of supplying cable to extend between each
of the hundreds of columns at each floor level would significantly
increase the cost of the project. Yet, each of these lines would pro­
vide protection for a connector only for the amount of time necessary
to walk across the beam (perhaps a minute or less). The lines might
also be used by other workers who bolt up the beams; however, here
again, the protection would be used for a short period of time as other
attachment points are usually available when these workers are stationary.

Fourth, should lines be strung over every beam, it becomes more and
more difficult for the crane operator to lower· a member into position
without the member becoming fouled. Should the member suddenly swing
out of control, it could easily swing into a catenary line, perhaps
dislodging it from a column. If a worker is tied to it at the time,
a fall could be caused. Catenary lillc's would no longer be attached
and the worker1s fall would not be stopped by the safety belt.

However, catenary lines have been used successfully in bridge construc­
tion. In the case of the bridges being built during the site visit
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in southern Utah) three catenary cables were attached to e2ch bridge
gircler before it viaS lifted to the connectors. Special holes were
fabricated in each of the stiffener plates placed approximately every
20 feet along the girder. A steel cable was strung through each of
these holes. In addition) a cable was supported approximately 3 feet
above the top flange by specially installed angle iron supports.

Several things made the catenary cable concept viable for this bridge.
First) only seventy-three girder sections were used to place five girder
lines 1400 feet across the canyon. Second) as discussed in Chapter
3) connectors spend a great deal more time connecting bridge cross
bracing and girders than connectors spend making a connection on a
tiered building. Third) the lines attached to the girders were left
in place to protect workers who may have to inspect the bridge at a
future date. These three factors made the use of catenary lines much
more economical than they would be in a different type of structure.
It was estimated that the cost of installing the lines was .15 percent
of the total cost of the project.

It should be noted that even though these lines were available for use
when moving around the structure) connectors seldom tied their lanyards
to these lines as they moved from point to point. The lines were used
as hand rails by workers as they walked. Lanyards were attached to
them only when the workers were relatively stationary. Further) con­
nectors and management alike agreed that the connectors should not
attach their lanyards to these lines until a member had been landed
and temporarily secured.(Sl) (In this instance) a net system was de­
vised to protect the connector at the point of erection. More detail
,::,,,/:c::,,~,~,""j ·::·.~s ~:·.s~&::2.t'ion is prese:lted in the saf:~ty net d'iscussic..n
:,.,,'h:c;- ~C';:c;/.,;.~

4.3.6 ATTACHMENT POINTS

Fabrication of special attachment points into steel and precast/pre­
stressed is often possible if sufficient preplanning is done. Any hole
or other attachment must be approved by the engineer who designed the
member. It is sometimes difficult to convince these people and the
fabricators that an extra hole is necessary. However) it can be done)
as is evidenced by the holes placed in stiffener plates described above.
The ~Iast reasonable time to obtain any modifications is before fabri­
cation of the member begins. Anchorages could also be cast into pre­
cast/prestressed members if sufficient planning and consideration of
the connector's task is done before Lhe members are cast. It is pos­
sible that some design restrictions will not allow a member to be weak­
ened by an additional hole; however, it is anticipated that such situ­
ations would be the exception) not the rule.

A device known as a connector's toggle allows a lanyard to be securely
attached when a hole in the steel is available. It can be obtained
commercially. The coftnector's toggle is spliced to the end of a lan­
yard. It is made with a movable T-section which can be inserted into
a l~-inch or larger hole in steel members. When the rope is pul1 0 d
taut) the locking "T" is formed. The toggle can be released by pulling
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the re 1ease knob to thread the 111" sect i on back out of the ho 1e. (See
FiguI'e 2.) Some curnpa'nies have begun in~talling holes in columns above
each connection point so that these toggles can be used.

4.3.7 PENDANT LINES

The concept of utilizing a pendant line attached to the top of a column
is also being considered and used by various steel erection companies
and is specifically mentioned in the Cal-OSHA standards. The line is
used principally where the fall distance exceeds 25 feet (i.e.) at the
perimeter of the structure or when the column is placed next to a shaft).

In one application) the installation includes a 3/4-inch diameter manila
rope line which is 26 feet long) with a 5/8-inch diameter eye bolt
connection on one end and a knot on the other end. (See Figure 3.)
The pe~dant lire is attached to each perimeter column before it is
raised. After the column is raised) the connector who will be attaching
beams to the colu~n will attach his lanyard to the pendant line by tying
a stopper hitch knot around the line. This knot allows the line to
be pulled through it in only one direction and locks tight should the
man fall. The stopper hitch knot will not slide along the pendant line
as the worker climbs. When he reaches the rirst connection point) it
will be necessary for him to pull the pendant line through the stopper
hitch until it is above him. In this position) if he fell) he would
be stopped within a few feet. However) while the man is climbing) being
tlea to the pe~;dant line is of limited value .

.. : :: ':"-:-7: ': S'::":~'.:~::: ~,-,i"'ther) assu1ne that the connector protects
>'i,-.:~':~' '_':: ;'"2:",-::: ce;"ee possible. ~!hile standing on the dock,
he ties a stopper hitch to the pendant line above his head approximately
7 feet from deck level. Further assume that he does not tie off at
the end of his lanyard) but rather ties off using the minimum amount
of lanyard possible between hig waist and the 7 foot level (approximately
4 feet of lanyard). 1See Figure 4) Now as the connector climbs the
column, his potential fall distance is less than 6 feet until his waist
is at the 9 foot level. At this point his total fall distance is G
feet (4 feet of lanyard plus 2 feet of pendant line). From the 9-foot
level until his waist is at the IS-foot level (i.e) his feet arc at
the 12-foot level) a standard elevation between floors) see Figure 5)
the fall distance extends from 6 feet to 12 feet) that is) the 4 feet
of his lanyard plus 8 feet of pendant line. Being stopped by a belt
after falling 12 feet can cause serious internal injuries.

Several points must be emphasized concerning the above description.
First, a man climbing a column is gripping with his hands and feet as
he climbs. He is perhaps not at as great a risk as when he is reaching
far an incoming beam (a point at which he would be protected). Second)
the time necessary to climb 12 feet up a column is less than a minute.
Thus, the time spent betl'Jeen the 9 and IS-foot level is minimal.

From the opposite position) the example assumes the best possible situ­
ation. If the man ties off at the end of his lanyard at a point less
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VIE\!V 1
FIGURE 2 - Connector's Toggle Which Allows A Lanyard

To Be Securely Attached To A Hole In lhe Steel

VIEW 2

Device being

inserted
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FIGURE 3 - Use Of Pendant Line (Typical Connector Position
Before Cliniliing Column)

------Column Drop Line

-- Safety Belt
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FIGURE 4 - Connector Tied Orf Using Minimum Amount of Lanyard
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FIGURE 5 .. Connector Climbing Column Tied Orf To Pendant
Line With Potential Fall Distance of 12 Feet
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than 7 feet from the deck, he will be exposed to a fall greater than
6 feet for a longer period during his climb, although still less than
one minute.

When the connector must walk out on the beam to untie the choker, he
will remain tied to the line attached to the column. For example, with
a 20 foot bay, he may have to walk 8 to 10 feet out on the beam to release
the choker. When he does, he could fall, swinging pendulum-wise and
hit the column. Once he makes the first connection, he repeats the
procedure and climbs to the next point.(62)

An alternative method would be to attach the pendant line at the bottom
of the column as well as at the top. In this way, a mechanical rope
grab could be used which would slide up the line as the conn2ctor climbs,
but would lock, should he fall. Two basic types of rope grabs are
available. They are explained in the following discussion excerpted
from 32st ' s Sarety D~rectory.

Manually Operated Grab. The worker moves this device, by
hand, up and down the lifeline with relative ease. It is
preferably positioned above the work level. The-device 6Ctu­
ates during a fall by squeezing the rope or tips in such a
way as to lock onto the lifeline by friction. The fall is
thus halted. An advantage of many of the manually operated
grabs is that they can be attached to the lifeline at any
point, thus facilitating use in certain applications. A lan­
yard is needed to provide freedom of movement from the fixed­
position~ rope-grabbing device. Shock absorption is partly
P:CV~G~G Dj sI100age or the device down the rope.

Mobile Grab. This grabbing device is designed to travel
freely on the lifeline, helping to provide freedom of move­
ment, but locks automatically should a fall occur. In some
systems, the device is actuated by inertial forces generated
by a fall. The mechanism contains three balls floating in
a cage which are forced, during a fall into a conical wedge,
exerting pressure against the rope. The stopping distance
is designed to be limited to a few inches. A second cam­
operated lock in some models provides a more positive locking
feature in dusty locations. A lanyard is not always necessary;
the body belt can be attached directly to the grabbing device.
An advantage of the mobile grab is that it cannot be removed
or lost from the lifeline except at the lower end, and it
needs no worker manipulation while ascending, working or de­
scending on the lifeline.(63)

Neither system fully solves all the attendant problems. The manual
rope grab could not be used by a connector climbing a column, because
it requires a free hand to manipulate the d~vice. However, it can be

- removed from the line at any point. This is a very desirable feature
when a connector must leave the pendant line to work on a beam.

The mobile rope grab would allow the connector to climb up and down
using both hands to grip the column. However, this device can only
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be removed by slipping it off the end of the pendant line. Rope grabs
were available on lines attached to formwork next to ladders during
a site visit to the construction of a natural draft cooling tower.(64)
These devices were seldom used, because they were usually not in the
proper position. In this situation, a connector might use the rope
grab to climb .to a position where a precast beam was to be connected
into the internal structure of the tower. After connecting the beam,
the connector would unclip from the rope grab and move out on the beam
to release the choker. In th2 process of the erection, it would be
some time before he returned to the first ladder •. In the interim,
additional beams were connected which caused the connector to climb
higher before returning to the ladder. When the connector did return
to the ladder, he was perhaps 15 feet above where he had left the rope
grab. He would then have to climb down, unprotected, 15 feet to re­
trieve the rope grab. The inconvenience of the system assured that
it was seldom used. A similar problem would be encountered by a steel
connector.

4.3.8 CABLE RCEl

A potential solution to the maneuverability problem encountered par­
ticularly in some precast/prestressed erection situations may be the
use of a cable reel. These are self-contained.devices holding 15 to
100 feet of lanyard. The device acts to keep the lanyard taut between
the worker's belt and the point where the device is anchored. The
device could allow the fle~ibility needed by a precast/prestressed
erectn~ to ~0ve f~om o~e end of an 80-foot long member to another.
Howe~2~~ :~e ~~obl~m 0f two workers becoming tangled is ~Qt solved.
in -fact, such a tangle could prevent the cable reel from retracting
as the worker moved, thus potentially exposing him to a greater fall
than 6 feet.

4.3.9 WHERE SAFETY BELTS ARE USED

Safety belts have been put to practical use in a number of connection
situations where a stationary connector is asked to tie off. One such
situation involving bridge construction was discussed earlier.

A second situation was encountered during the site visit to the natural
draft cooling tmver. Employees were involved in erecting the lIinternals"
of the cooling tower at a fossil fuel power plant. At the time of the
visit, iron workers were erecting precast beams between 30 and 45 feet
from ground level. The situation was somewhat atypical because the
bea~s were relatively light and they were being tied into formwork on
either end, ',oJhere the column would later be poured in place. The form­
work provided numerous places where the connectors could easily tie
their lanyards.

This was the only project observed where connectors tied off before
the member was landed. Their willingness to do so was a result of the
determination of the Iron Workers foreman, site management, and the
trust given to a very experienced crane operator. In this case, lanyards
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were looped around the anchorage and both ends were attached to "0"
- rings on the safety belt. This allowed the connectors to lean against

the lanyard to position themselves to accomplish various tasks. It
is important to note, however, that even in this situatio~, the people
exposed to a fall hazard did not tie off when moving from point to point.(65)

The practice of using a safety belt would seem more prevalent when the
consequences of a fall are greater. For example, several companies
contacted during the course of the project indicated that connectors
should tie off when working along the perimeter of a building or on
trusses being erected into a high roof. The practice is used more
extensively in tower construction where members are narrow and the
consequences of a fall are great.

4.3.10 THE CONNECTOR'S VIEWPOINT

The connector's job is to first install pieces of the structure. While
this may seem obvious, it means that he is typically working in an area
where very little surrounding structure exists. The structure that
is available has not been permanently attached. This is done delib­
erately, not only.fo speed the connection process, but also to provide
enough flexibility in the structure to anow additional members to be
fit into position. The support structure also has not yet been installed.
For example, a steel column standing alone is not as stabl~ as it will
be when the surrounding.beams and bracing have been installed. However,
to install this bracing, someone must make the connections.

'f:;~~~ ::-!;.: Ll~:il·-S ~.s ~>ja: ';,Il-;ie the structure ;s stable under nor'nlal
c::::·,d~:~c.-.s, a':;~i0:·:;lo.1 siLat~;Jj)s, such as a gust of vlind carrying a
member suspended from a crane into the structure, can cause a localized
collapse. If a connector is tied to the structure when this occurs,
no options are available. The connector would be carried down with
the structure.

A steel or precast/prestressed member being raised by a crane can move
out of control for several reasons. The crane operator, for example,
may inadvertantly misunderstand a signal and move the member inappro­
priately. Sudden gusts of wind could also cause a member to swing
suddenly (this ~s particularly a problem with the large surface areas
of precast/prestressed members). When this happens, a connector may
suddenly have to move a considerable distance to avoid injury. If a
tied-off safety belt is being used, the connector could be trapped.
Based upon such potentials, the connector argues that there is a greater
risk of injury if he is attached to the structure.

The frequency of such occurrences is extremely difficult to determine,
as no records are generated when a connector avoids an accident because
he was able to use his wits and agility. The only judgement which could
~e made during this project, concerning the validity of these claims,
was based upon informal interviews with connectors and contractors
during telephone contacts and site visits. Connectors, both union and
non-union, working on a wide variety of projects, in geographically
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separated areas, with from fcur to thirty years of experience voiced
a nearly unanimous opinion. Connectors should not be required to tie
off to the structure, ,at least until the member being raised by tho
crane has been successfully placed into position. It must be added
that this opinion was also shared by an OSHA compliance officer in
Connecticut who had been an iron worker.(66) (The single exception
to this statement concerned connectors 0recting precast concrete beams
inside a cooling tower during the visit to that site. As discussed
above, several things about this site were atypical, however.)

Virtually every person who had done connection work could relate one
o~ more instances in his career where serious injury was avoided
because he was not tied to the structure. The following two situations
were related by connectors to members, of the project team. They ::('e
included here only for their value in demonstrating the types of situ­
ations which might occur.

In the first incident, a connector had just positioned himself atop
a column so he was ready to receive a beam. The beam being swung in
by the crane was caught by the wind and hit the column., The column
began to fall. The connector was able to swing around the column and
slide down it as it fell. As a result, the connector was near the
bottom of the column where he jumped free as it hit floor level. The
connector was only slightly injured. Had he been tied to the column,
he would have had no options.

The second incident occurred when single tee prestressed members were
being placed in a roof structure. The single tee is a product consis­
tins GT an G-i-JO~ w-jde c;2C~ \.,.;th a single stem iii the middle protruding
20 ifiC;,2S b:: -:.ui the d2C~. t\s the 'inco:ning sing'le tee ViaS being maneu­
vered into position, one end dipped below the erected deck and swung
upward. It struck the tee at the leading edge of the roof and broke
it free so that it tipped dmvn. As this happened, a second tee It,as
dislodged and the roof tees began collapsing in domino fashion. The
connectors standing on top of the previously erected tees recognized
the situation and had to turn and run the length of the roof as the
deck collapsed behind them. Both were able to reach safety. Again,
both would have been seriously injured had they not been able to move
rapidly away from the collapse.

It is impossible for any researcher to completely quantify and assess
the feelings and experiences of steel and precast/prestressed connec­
tors concerning the use of safety belts. However, one must be struck
by the agreement demonstrated in interviews with people whose only
commonality was the experience of doing connection work. To some degree,
this must carry weight over the observations and postulations of people
interested. in providing a safer work place It,ho have never vJOrked as
a connector. This is not to say that improvements cannot be made nor
that new or existing systems might not prove valuable in specific situ­
ations. However, it points out a need for careful evaluation of any
safety standard which attempts to establish a universal fall protection
system for connection work. Many of the systems described above may
have potential value; however, it is important that a thorough period
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of testing be devised where connectors use the piece of equipment in
a 10b situation, to determine effectiveness. This would allow any
sh~rtcomings in a device to be determined and solutions to these short­
comings to be devised. Overall, it would seem the only reasonable means
of determining when and where a connector is safer using a safety belt,
would be for a decision to be made by an experienced individual. In
this way, the specialized operations being performed on a specific pro­
ject can b~ taken_into account.

4.4 FEASIBILITY OF USING SAFETY NETS

In some cases where the use of safety belts is impractical, safety nets
can be installed below the connector. In comparison with safety belts,
nets provide a number of advantages.

4.4.1 COMPARISON BETWEEN BELTS AND NETS

A safety belt is only effective when the person wearing it ties' it
properly to an acceptable anchorage. If the individual does not wish
to use the belt, no protection is achieved. In contrast, after a net
is in place, it provides protection without requiring ~he active in­
volvement of the person working above it.

A person who falls into a safety belt will Find the experience uncom­
fortable, at least. Depending upon whether the equipment has been used
properly and the position of the person's body when caught by the belt,
th~~e ~~ ~ ~~:': ~& ~r5c~Y even in a 6-foot fall. A fall into a properly
inst211~d S2:~~Y ~2t s~o~ld result i~ no injlJry to a worker.

In addition, a net provides protection for a worker moving from one
point to another. Where a net can be used, it eliminates the problems
involved with installing and operating around catenary lines which are
provided so a worker can remain tied off while walking. Nets, also help
to solve the mobility problem caused by belts. A connector walking
above a net can move freely to catch an incoming member, work on the
connection, or move away from danger.

4.4.2 ADDITIONAL BENEFITS OF SAFETY NETS

Claims have been made that people working over a net are more produc­
tive. They can move along the structure faster and can concentrate
more upon their work and le~s upon the consequences of a fall. Various
people (who were not connectors) have reported that they had little
concern walking along a bridge girder, for example, when a net was in
place below them. However, proceeding on the girder over an area where
nets had not yet been installed was a con ;letely different matter.
On the other hand, some connectors feel u person working over safety
nets is apt to be more careless because the consequences of that care­
lessness are less severe. Both views are interesting; however, no
formal studies have been conducted to investigate either point.
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Some companies that use nets have incorporated other features into the
design for the net support, which aid in performing the \'mrk. For
example, one net support structure used on bridges incorporates a work
deck in the design. This provides a platform where tools can be kept,
supplies can be stored, water containers can be installed, and workers
can move freely across several girder spans. Personnel nets combined
with finer mesh debris nets also protect people from falling tools or
bolts as they work below the connectors.

4.4.3 LIMITATIONS OF SAFETY NETS

While the use of nets may offer advantages, the installation of them
is not always possible. Again, the simple fact that a connector's job
is to erect the structure means that there is often no secure anchorage
to which nets can be attached. Once a structure is available to support
nets, the connectors are finished in that area. For example, when a
prefabricated steel building is being erected, the columns are supported
only by bolts at the base and by guy wires before beam connections are
made. There is some question as to whether these columns can be guyed
sufficiently to support the weight of a large net and if they would
remain standing when the net is impacted by a falling body.

A second obstacle to the use of nets is the distance that must sometimes
be spanned if nets are to be installed. This problem is demonstrated
in a situation where a bridge will perhaps extend hundreds of feet
a~ross a bay. To ins:cll a net to protect connectors could require
cables to be struGg between the/shore lines from pier to pier, so that
~?~ :s::40 r ? :2" ~? :~t::~ed to them before the bridge structure is
pu: i~ p12c2. P2~~or7~ng this task is not easy and can he expensive.
Hoy/over, it can be done in some cases, in part, because of the strength
of the supporting structures available. The problem is also encountered
where boiler cavities are left inside powerhouse structures. These
cavities can be several hundred feet wide and quite high. As columns
are connected~ they are left flexible enough that they can be moved
slightly.to aid in fitting beams between them. The columns may not
secure enough to hold the large expanse of cables and nets that would
be needed to fill the cavity to protect connectors.

There are also situations in which attachment points are not available.
In steel, this problem can sometimes be solved if the problem is con­
sidered in the design stage~ before fabrication, so that the appropriate
approvals can be obtained and special holes or connection points can
be fabricated. In precast/prestressed erection, the problem can be
harder to solve. The surface of .precast/prestressed members is often
specially prepared with exposed aggregate or a particular finish which
will be exposed in the completed structure. Weld plates or other poten­
tial attachment points cannot be cast into these surfaces and removed
at a later time. When these panels are used to erect the exterior of
elevator shafts or stairwellS at the perimeter of a multi-story build­
ing, there are no openings or potential attachment points for nets on
that section of trrebttilding ~"all.· To use nets, a separate structure
beside the building would be necessary which can be raised periodically
so that the nets remain no more than 25 feet below the connection operations.
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Picture 27 - Nets are difficult to install
on a sneer wall. The problem is particularly
difficult when the panel has an exposed
~ggregate surface which can not be mared.
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Picture 28 - To position
members into the structure ,
the crane boom must work
very close to the structure.
In some cases it would potent­
ially interfer with peremeter
nets.
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This situation illustrates another point which makes the use of nets
difficult. Th8 ti~e necessary to build a separate structure beside
a sheer wall, c'/en if ,scaffolding is used, could easily exceed the time
necessary to do the connection work. In addition, the potential fall
exposure to the people building this structure would probably equal
or exceed the time of exposure necessary to do the connection work.
The exposure time for those installing nets must be considered whenever
a net installation is contemplated.

The placement of nets also can restrict the type and capacity of the
crane bein~; used. Perimeter nets which extend 8 feet horizontally from
the edge of a structure require that a ground crane be set back farther
from the structure than would otherwise be necessary. It also requires
that a greater length of boom be used. In some cases, particularly
where heavy precast/prestressed products are involved, a crane with
a higher capacity must be used, which is more expensive and often re­
quires ~ore room to maneuver. When the crane must be locat~d inside
the perimeter of the structure, as is often the case, the size and
ability to maneuver can be critical.

In another situation, in order for nets to protect connectors, they
would have to be erected in the same space where the next member is
to be placed. This is particularly true in precast/prestressed erec­
tion. If one accepts the argument that a connector is in greater danger
when erectir.g precast/prestressed members if he cannot move out of
danger, then the use of nets must be considered. In the situation dis­
cussed previously where t~o connectors are helping to install wall
panels to a beam 25 feet above the ground, net protection wo~ld have
:0 be n':C2C i~ the ~2~? area where the panel ~ust be installed. In
the C?5e of p'~ci~2 dc~h'e tee roof panels, the nets would be located
in front of the leading edge. This again is the area where the n~xt

double tee panel js to be placed.

The erection of precast/prestressed roof members also illustrates the
point that the erection process advances rapidly, with perhaps thirty
members being placed in a single day. Therefore, if nets are to be
used, they must be rigged so that they can be moved forward rapidly.
Where load bearing wall panels are placed on either side of the struc­
ture and a roof member is attached between them, the bUilding may advance
forward in 8-foot increments, six or more times a day. This would mean
the nets would also have to be repositioned six times each day. Since
no support structure is in place before the \'/all panels are erected,
a special structure to support the nets would also be necessary.

4.4.4 GENERAL ECONOMIC FACTORS

Several economic factors are evident. Nets must be purchased or rented,
a support structure must be built, an attachment point must be fabricated
into the structural members, and time must be spent to assemble, dis­
assemble, and move the net system. However, nets can have a greater
impact on job economics than simply the cost of material and the man­
hours for installation.
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The most important consideration in planning an economical erection
process is the critical path. Procedures in the critical path are those
that require crane time. This crane time is "cr it'jcal" because the
crane is the only means. of providing workers with the material they
need. Because cranes are expensive to operate, it is extremely impor­
t0nt to make efficient use of them.

If crane hook time must be used to move nets, the time used to do this
is lost to the erection process. Therefore, there is a multiplying
effect. For example, if two days of crane time are needed to move nets,
not only does the contractor incur two days of extra crane charges,
but potentially he must pay for two more days of the raising crew's
time because the crane was unable to supply them during that time.

Another example of this multiplying effect involves the cost of money.
If netting a job requires that the contractor spend more time than rormal
to comp1 ete the bu il di I1g, then the contractor- must charge more money
and the owner spends more money on building cost and on interest. More
specifically, if a seventy-one story building costs $250 million, more
than $10,000 a day is spent on interest to finance the $250 million.
Each extra day of time spent on a job to install nets can have a sig­
nificant economic impact. For example, if a job ran five days longer
because' nets were i nsta 11 ed, then an extra $50, 000 V-IOU 1d be spent to
cover interest alone. This amount does not include the money spent
for renting the nets, for the crane time to move them, or for the labor
to install them.

If price considerations are of paramount importance to a building owner,
tne contractor wno includes the cost of perimeter nets in his bid could
be tit a u;stirll.::.t economic disadvantage to one \\'ho did not include this
cost. (67)

4.4.5 EXAMPLES OF NET APPLICATIONS

Nets have proven usable in a number of situations. In fact, several
contractors have solved some of the problems discussed above. The .
following discussion will provide several examples of net installations
which have been successfully used.

4.4.5.1 Use of Perimeter Nets

Contractors in the State of Connecticut have devised a number of ways
to erect perimeter nets on steel tiered buildings. There is an economic
impact upon the cost of construction; however, it does not generally
effect bid competition because of the position taken by both OSHA and
the Iron Workers Union locals, discussed earlier. The Iron Worker Union
business agent for Local 424 in New Haven, Connecticut, estimates that
perimeter net protection has been used on 150 tiered buildings over
three stories in height which have been erected in his local area during
the last five years.(68)

One system was designed by a local Connecticut company to be put up
and taken down rapidly. This netting system, which can be raised by
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FIGURE 7 - Second Connecticut Net System - Uses Metal
Plates and Pipes For Support
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a cra'<~, is supported by 2-inch 'IJide tubular steel. The system is
attached to the building by connections made through eyes which are
welded on perilileter columns or karns in the same position at each level.
One section of this netting s} em is 30 feet by 10 feet and consists
of three, 10-foot square bays A section is lifted by a crane using
a two-point connection, to tL.' level \lJhere it is to be used. (See Figure
6.) The net section is installed so that the perimeter of the net is
higher than the perimeter of the building. If a man falls and bounces
in the net, he will be thrown toward the structure, not away from it.

One advantage to this system is that once the tubular steel sections
are assembled and the nets are stretched over them, they can be moved
up the building and attached to the structure as needed; no other assem­
bly is necessary. Another advantage is that the sections can be taken
apart and stored when not in use.

However, this system has two disadvantages. First, it is possible that
a man could fall onto the cable suspending the net and be catapulted
out from the building. Second, a man could fallon the tubular steel
and be injured.

A second system which is being used in Connecticut makes use of metal
plates with short lengths of hollow channel weld~d to them. (See Figure
7.) These plates are either welded to perimeter columns or a second
plate is located on the opposite side of the column, and the two are
bolted together to clamp the column between them. A pipe is then in­
serted in the hollow channel. The end of the pipe has eyes attached
50 ~~~~ : C~~~~ ::~ ~s s~rung from ons p~pe to the next. A second cable
is 1:1s:2.iL,: .:..~:nJ ~>2 per'j;lieter colv;nns, 42inch25 above the d8Ck \'Jher~

the top perimeter cable woule be placed. Net sections are snapped to
the cable at the end of the pipe and to the cable attached to the columns.
The pipe is then extended approximately 10 feet from the perimeter by
sliding it forward through the hollow channel attached to the plate
on the column. When in position, the pipe is secured by tightening
a bolt against it. The net clipped between the cables unfolds as the
pipe is moved out, to provide perimeter fall protection. Again the
net is angled, so if a falling person bounces, he is thrown toward the
deck in the building.

The poles can easily be slid back into the building, draping" the net
next to the structure, so that equipment can maneuver close to the
structure without becoming fouled in the net system. When the net system
is disassembled, the cable attached to the columns is left in place
as the perimeter cable.

There are two problems with this system. One is that a worker who falls
can hit the supporting pipe, instead of the net, and be injured. Secondly,
because the net is not at deck level, if a man on the interior of the
building falls onto the metal decking near the perimeter, it is possible
that he could bounce underneath the netting and fall even further.

~ third perimeter net arrangement was being used during the Bridgeport,
C;onnecticut~ site visit. It requires that two "ears" be attached to
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Picture 29 - The "ears"
necessary to attach the
peremeter net system are pre­
fabricated onto the columns
when they are delivered to the
job site.

Picture 30 - The peremeter net
system makes use of poles
attached to "ears" on the
columns. The nets are draped
between a cable attached along
the building perimeter and cable
attached to the end of the poles.

Reproduced from
best available copy.
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Picture 32 -Perimeter nets can be separated
to cllow equipment access, as has been done
to position the boom of a concrete pump.
The nets can also be folded up against
the structure when necessary.
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each perimeter column~ either during fabrication or by a clamp arrange­
ment. (See Figure 8.) The lI ears " are tvlO parallel pieces of metal
extendi :9 out from the column. A pipe is attached to the ears~ for
example~ at the third story level. It is then folded against the build­
ing so someone on the fourth level can attach a cable at the end of
the pipe. Another cable is attached to the building at'~eck level and
net sections are clipped between them and folded out into position.
The net can easily be pulled against the building to avoid entanglement
with equipment.

The supporting structure for this system is below the net so that a
person falling into the net would not hit one of the pipe supports.
There is still a possibility~ however, of striking one of the cables
extending between the ends of the pipes and the structure.

4.4.5.1.1 Deve 1opment of Commerc i a1 Per imeter Net Sys tem

A net manufacturing company has designed a perimeter debris net system
which is being modified for use as personnel safety nets. This marks
the first time that a commercial company has developed a standardized
net support structure which js flexible enough to have wide application
on tiered buildings. The system is similar to the one just described,
in that the support arms are below the net, it can be folded against
the building when necessary, and the net will close around anyone falling
into it.

Hinged plates are bolted or welded to perimeter beams. Poles made of
schedule 40 reinforced steel, 15 feet in length and 212 inches in diame­
ter": are s!;ooed into sleeves. attached to the hinged plate. The Syst211
is designed so that a pole is placed every 20 feet along the perimeter.
(See Figures 9 and 10.) A cable is installed at the end of the poles
and along the perimeter of the deck through eyes provided in the hinged
plates. Net sections are then snapped onto each cab'g and the pole
is folded out from the building at approximately a 45 angle. The
entire system is designed to be taken apart in pieces that can be car­
riGd by one individual. It is therefore possible that crane time will
not be necessary to move the nets to the next level. For example, perhaps
a block and tackle arrangement could be used to lift the support poles~

cables~ and nets to the next level.

The nanufacturer is currently redesigning the method of attaching the
system to the building to develop a more efficient means of attaching
the plates to a steel beam. They are also experimenting with lighter
poles which could be more easily handled byemployees.(69)

4.4.5.1.2 Cost of Perjmeter Net Systems

Cost estimates regarding the perimeter net installation were obtained
from the erection foreman during the Gridgeport site visit. The build­
ing in which this system was installed was roughly rectangular, covering
an area approximately 250 by 70 feet, and was to be ten stories in
he i ght.
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Figure 10 - Commercially Available Perimeter Net System As Folded .
Against Structure

\
\

if II Me 5 h Sa f e t 'I Net
3/4" ~lesh Deb'. s Net
15 1 Arm
All Required Cable Assemblys
Base Plates (2)
Art Support

'4·,
'.

(A)
(8)
(C)
(D)
(E)
( F)

94

.~.

~ . , . \ . !! I\

)
() . -J' l> t:? • v

---



The nets used on this job rent for 12 cents a square foot for the first
month and 8 cents a square foot for ea.ch add it i ana 1 man l:h. Us i ng the
dimensions of the building and assuming that net sections 10 feet wide
were used, approximately 6400 square feet of net ~ere required. Since
the connection work required four months, the nets cost $2300.

Additional costs are incurred for the labor required to install and
move the nets. According to the site surerintendent, five ~en cc,!ld
move the nets to the next level in one day. The first time the'nets
were moved on this job, it took bne and a half days because the ears
were not prefabricated on the columns and the temporary ears had to
be moved.

The average iron worker on this job received a wage of $16.65 per hour.
If 35 percent is added to this figure to cover overhead and pro~it,

the cost per man-hour would be $22.48. The nets were installed and
teken down four times, so that they remained no more than two stories
Or" 25 feet be 10'.'1 the connectors. It therefore took 180 r:an-hours to
move the nets, costing $4,406.40.

The cost of the pipe, extra steel cable (the perimeter cable would have
been installed in any case), and fabrication of the "ears" on the columns
is estimated to be $12,500. (The pipe and the cable could be reused
on other jobs.) No estimCltes were available concerning crane time or
delays to the completion date of the project. Therefore, the total
of the costs that could be identified was $18,846.(70)

Cost figures were also available regarding the perimeter net system
~e~""'·-·"o"':>'~"'''',.J' -:-::'-''''''''''':"';:l'y. There is ~ six-month nr:nimum rental on
"=,<: :"S':C:-~, C":2 c::.=:e s.~':::' arm system rents for a total of $125.00
for the first six months, $15.00 per month thereafter. Nets are rented
for $8.50 per linear foot for the first six months and $1.00 per linear
foot for each additional month. According to representatives of the
manufacturer, 100 linear feet of net can be moved in eight man-hours.(71)

Using these figures, cost estimates for net use can be made. For example,
on the 250 by 70 foot ten-story building discussed in the previous
example, 640 linear feet of netting would be required. This means that
34 poles and cable systems, plus 640 feet of net, must be rented at
a cost of $9,690 for ~ix months. Additional costs would be required
for labor to install and move the nets four times. This would involve
205 man-hours. If iron workers Jre used to move the nets, at a rate
of $22.48 per hour, $4,608.40 would be spent in labor costs to install
and move the nets. Therefore, a total of $14,298.40 would be required,
exclusive of any multiplying effects caused by crane time requirements
and delay in project completion.

It is recognized that few buildings are perfectly rectangular. An addi­
tion;;.l arrn assembly must be used for each external corner and several
arms spaced more closely than 20 feet would be needed to install the
nets around a circular area. Recessed areas in the structure would
require extra cable to be attached around the deck and additional net
sections would have to be used to cover these areas.
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4.4.5.2 Interior Nets-----
Interior nets can be installed in a variety of situations when a sub­
stantial structure is available beneath the connection operation.
Personnel nets generally come in sections which can range in size from
8 by 8 feet to 25 by 50 feet. The sections are attach2d together either
by using snap hooks permanently attached to the edge of the net sections
or by splicing them together using a line threaded between the sections.
OSHA requires that the mesh in personnel nets not exceed openings of
6 by 6 inches. Some net manufacturers indicate that 4 by 4 inch open­
ings reduce the possibility of a worker injuring a leg or arm in the
mesh during a fall.(72)

To install a net section, a cable is run from column to column to en­
compass the area. Intermediate cabl~s may be used, depending upon the
size of the area to be netted, to prevent the nets from sagging. The
nets are then clipped to the cable. Alternately, a rigid frame struc­
ture is constructed, the nets are stretched over it, and secured. This
technique is valuable when the net will be moved. For example, one
company constructed a frame which can be secured in the open shafts
of a building. When the nets must be moved, the crane is used to raise
the entire frame, with the nets attached, up the shaft to the next
installetion point. These nets are used to protect connectors instal­
ling columns and beams at the perimeter of the shafts, This method
saves a significant a~ount of labor.

4,4,5,2.1 ~Y3mDle o~ Interior Net Installation

Using a to\ver crane in a tiered structure reqt;-ires that an open shaft
be left in the building where the tower is located. The shaft is often
two bays wide, leaving perhaps a 20 by 40-foot void in the bUilding.
Often this area does not have to be planked every two stories so that
it can be used as a work platform. When this is the case, the area
can be netted to protect connectors working to install columns and beams
around the shaft.

Nets have also been used occasionally instead of solid decking to pro­
vide protection for workers. In this case, the nets are often draped
over the open steel skeleton and attached to cables. encompassing the
area. The amount of protection provided is limited by three factors.
First, a person falling could strike the steel structure supporting
the net instead of the net. See::" d, in tiered buildings, a connector
working on the second level above the nets has often installed a number
of steel beams between himself and the net two levels below. Again,
there is a possibility of striking the structure before hitting the
net. Third, an impact force could cause the net to be cut by any sharp
edges present on the structural steel members on which the net is draped.

Net protection systems have also been devised to protect connectors
installing trusses in roof structures more than 25 feet from the ground.
In this situation, the truss is at least partially assembled on the
ground and is then 1Hted as a un i t. Net support arms are attached

96



to the 10\'1er beam of the truss, at right angles to it. Each of the
arms extends 8 feet on either side of the truss. Cables are attached
to the end of the arms and the nets are strung between the cablps.
When everything is in place, the truss is lifted to the connectors in
the structure with the nets already in place. In this way, connectors
who will work to complete the structure of the truss are protected by
the nets below them.

It should be noted that these nets will have to be taken down before
the structure is completed. To do this work, someone will have to walk
along the lower beams of the trusses. However, at this time, it is
more feasible for the workers to use a safety belt as they will not
have to contend with the unexpected hazards that can be caused when
landing members suspended from a crane.

Nets might also be used in some situations when erecting precast/pre­
stressed members. FCJr example, consider a situation \'there a line of
columns and beams has been installed for some distance before the floor
or roof members are placed. With proper job preplanning, it would be
possible to provide attachlT1ent points on the columns so that cables
could Je strung down each column line. Nets could be clipped between
the cables in such a way that lines could be used to pull nets forward
from the ground. In this way, a roof member could be set in place over
the nets. The nets would then be pulled fon-lard so they again extended
in front of the newly installed deck. In this way, the nets could be
continu~'ly pulled forward as the roof erection progressed without
slo~ir~; tIle process.

Tt:~::- :,'!<7-'.:e~ "-:-'..":' C',.,1'/:9 p'I"astical \·,hen a sufficient area is available
f':~ ~:.-;:·:2~~'"'; th:: :.~::.::~ c'1d the member being raised. Ideally, the
crane could place the members from a position adjacent to the bay where
the members are being erected. In this way, there would be no possi­
bility of the crane or member becoming fouled in the nets.

Elaborate net installations have been occasionally used within boiler
cavities and in other situations where there are no intermediate floors
which can be decked. In these cases, the net installation cannot be
cmnpleted until the area is ringed with columns and beams It/hich have
been stabilized sufficiently to support the nets. However, once this
has been done, connectors installing a roof over the area might be
protected by nets. In one instance, where a tower crane was being used,
the interior area was completely netted except for one corner. The
tower crane used the open corner for access to the ground so that addi­
tional meT:bers and materials could be lifted.

4.4.5.2.2 Economics of Interior Nets

The economics of interior net installations are difficult to generalize,
as was done in the perimeter net discussion. Many times unique systems
are developed_\'/hich may never be used by that contractor again. A
simple installation using cable strung from column to column around
a shaft would be relatively inexpensive. A 20 by 20-foot section of
net could be installed in approximately four man-hours at $22.48 per
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hour. The nets would cost $543 to buy or $256 to rent for six months.
The 80 feet of cable would cost approximately $160. Therefore, a total
of $505.92 would be required for a single installation.

However, where connectors are. invo 1ved, spec i ali zed structures must
often be built to support the nets. In this case, cost will depend
upon the design being used and upon whether the structure can be de­
signed so that it can be used in several situations rather than only
one time.

~.4.5.3 Bridge Net Installations

Safety nets are more corrmonly used in bridge construction. It is rela­
tively easy to install nets on the bridge structure to protect those
installing decking and doing other jobs. This is routinely done by
some contractors. However, the problem has been how to provide nets
for connectors who are working to install new sections of the bridge.
Such protection requires that a special support structure, not related
to the bridge, be placed in front of the bridge. This is not always
easy to do when the bridge spans a canyon hundreds of feet deep or a
dee p \'/ate r bay •

4.4.5.3.1 Examples of Net Installations on Bridges

Where the piers of a bridge have been erected, ~t is often possible
to install cable between them to support the nets before the structure
is put in plac~. The potential for doing this depends upon the location
~.r. th~ ~"i::,,: ~n-:l -!on:> "'::':'= ('1+ crane o~' cE:ble way that must be L!sed to
1 H'-:: :;t··:...':".::_:~·:.' .,.,e~:=··s to the connectors. In S0110 locations the crane
must work in the area where this net system would be located.

One way to install this system is to place a beam, which extends at
least 8 feet past the perimeter of the bridge on either side, ,at be
foot of each pier. Cables are installed between the ends of the beams.
If the span is greater than 100 feet, some provision must be made to
prevent the nets from sagging in the middle. The nets are spread on
the ground between the ~ables so they can be attached to the cables.
The beam at one end of the pier is then lifted and fastened to the pier.
(The connection system used for this should be decided upon in the de­
sign stage.) The second beam on the opposite side is then raised and
fastened to that pier.

If no access is available between the piers, e:ther because of the ter­
rain or because the bridge is over water, the basic process can be
modified. In this case, the beams are placed at the base of the piers
(on barges if necessary), or they are installed on each pier. The
cables are then attached as before. The net sections are clipped be­
tween ~:he cab 1es next to the beam at one of the pi ers so !.:lat all the
nets are bunched at one end of the span. A spreader bar is attached
to the leading edge of the nets and lines from the spreader bar are
carried across to the opposite pier. These lines are then used to pull
the nets across the opening.(73)
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A second method of providing net protection for bridge connectors was
designed by a company for use when building interstate highway bridges
in Utah.(74) In this situation, the bridge spanned 6,400 fect over
a canyon 200 feet deep. Two bridges each containing five lines of solid
web girders were being installed between poured in place concrete piers.
A crawler crane was placed on the canyon floor to lift the girders.
The net system just described would not have allowed the crane to move
close enough to the connection point to erect the girder.

To allow the crane to access the structure, a net support system and
work platform were devised which could be attached to the end of the
erected girders where the connector must work. This assembly provides
a 4-foot \vide work platform on top of the bridge which extends entirely
across the width of the five girders. This platform is fully decked
and has hand rails installed along the rear. Attached to this platform
are vertical members which extend downward to a point level with the
bottom flange of the girder. At that level, additional 8 by 8-foot
work platforms have been built on either side of the bridge. A metal
plank is cantilevered out from this structure an additional 5 feet to
allow a man to move out to the splice point. The I-beam forming the
outer edge of the lower work platform furthest from the bridge is canti­
levered out 10 feet from the platform. This beam is used to support
a net. The net is drap~d below the area where the connectors are work­
i ng . In all, the net covers an area \'Ih i ch'i s 18 feet wi de by 61 feet
long. The net extends~approxirnately G feet beyond the splice point.
Thus) me...-; \,'/orking on the connect'ion of a new girder are able to work
from a platform 'tlith a net bel 0\'1 them. I,looden planks are placed on
the fl~~ges Of the interior girders to provide work platforms for the
connectors. Men working on these planks are also working directly above
the net. The entire assembly described above is a single unit and can
oe ~lf:ed ana instajiec in one process.

4.4.5.3.2 Practicality of Net Protection System

According to discussions with personnel at the site, two factors con­
tr'ibuted to the practicality of th'is solution. Firs," is the fact that
the unit spanned the entire width of the bridge, which eliminated the
need to install and disassemble temporary work platforms beside each
of the five girder lines as erection progressed. Thus, by installing
the unit once, work platforms and protection were provided for five
connections. Previously, work platforms had to be installed and taken
down for each of the five connections to be made. The second factor
is that each girder connection required that over 200 bolts be placed
and tightened before the next connection was made. This meant that
the connectors working on the connection were in that position for four
to six hours. The extended length of time spent at the erection point
made more elaborate protection measures practical.

The job superintendent estimated that no more time and expense was in­
volved in using the new system than was involved in assembling and
disassembling ...lork platforms five times using the old system. In shurt,
he found the system to be superior both in protection offered connectors
and in the efficiency of the erection process.(75)
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This project demonstrates the concept that fall protection should be
viewed as a system which combines different elements depending upon
t.he various situations involved. The catcnc\l'Y lines installed on each
girder before they were raised were discussed in the earlier section
involving safety belts. Using both systems, the site superintendent
estilnated that connectors could be protected between 95 and 98 percent
of the time. It should be noted that even though elaborate plans were
made and a good deal of time and money was expended to provide fall
protection, the connectors still occasionally had to move into an un­
anticipated area where the designers had thought protection would not
be necessary. This illustrates that in some cases a number of fall
protection problems can be solved, but special unexpected situations
will occur.

4.4.5.3.3 Cost Estimates for Bridge Net Installation

To prov;dr. so~e indication of the costs associated with bridge netting,
the Safety and Occupational Health office of the U.S. Army Corps of
Engineers was requested to provide estimates based upon actual projects
run by the Corps of Engineers. Table 7 presents a surrrnary of the infor­
mation provided. As yet, neither the Corps of Engineers nor the con­
tractors involved maintain a separate accounting system for costs asso­
ciated with safety nets. Therefore, these estimates are generally based
upon COGtractor estimates provided to the Corps of Engineers. Further,
the reader will notice that only the cost~ of the nets and labor are
estimated. No estimates were available concerning any design work that
[T;cy have been necess~ry or for the cost of hardware or special support
structures that may have been used on these projects.

4.5 FEASIBILITY OF USING TRAINING TO PROTECT CONNECTORS

Connection work involves a wide variety of work tasks and the potential
that work \vi11 have to be done which could not have been anticipated.
Due to these and other factors discussed previously, there are situ­
ations where a connector cannot be protected by using a safety belt
or net. In these situations, the connector must rely upon his own
skills and abilities. When a connector is experienced, this safety
measure is valuable. This is evidenced by the large number of accident­
free hours worked by various connectors at the different sites visited
during this project. In one case, ten stories of steel had been con­
nected without mishap, even though connectors were not using safety
belts or nets.(76) In another situation, approximately 2300 pieces of
prestressed concr~te had been erected without incident.(77)

4.5.1 PREDOMINANT MEANS OF TRAINING

If skill and safe work practice can provide significant protectioG
to a connector, how does a connector develop the skill needed to work
safely?
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TABLE 7 - ESTH'l{\ rES OF NET COSTS ON l3RIDGES*

Steel Bridge $ 338,000 $-l,200 $5,800

Steel Bridge 1,716,000 3,000 1,600

~

0 Steel Bridge 6,005,700 5,000 9,000N

Precast Concrete Bridge 315,000 5,000 1,500

Precast Girder & Sr i dge 458,000 12,500 3,000
Cast in Place
Concrete Deck

TYPE OF
CONSTRUCTION

TYPE OF
STRUCTURE

TOTAL
CONTRACT COST

CO';T OF NET
PUI{CilASE/RENTAL

NET ASSOCIATED
LABOR

TOTAL NET COSTS AS
COST OF A PERCENTAGE
NETS** ON CONTRACT

-
$10,000 3%

4,600 .3%

14,000 .3%

6,500 2.1%

15,500 3.2%

*Source: U.S. Army Corps of Engineers, Safety and Occupational Health Office.

**Note: No allowance has been estimated for the cost of building a net support structure, supplying hardware
that was needed, or allowing for delays to project completion.



The predominant means of developing a safe connector involve choosing
the riyht person, allowing him to gain general steel erection experience,
and pi1iring him vlith an exper-ienced connector. The follOiJing general
sequence of events was described to members of the project team during
several site visits.

It is apparent to an experienced foreman when a new person exhibits
behavior which might make him a candidate for connection work. The
individual will be' in good physical condition, will be agile, and will
have a good sense of balance. The new person on a steel erection job
will usually begin by making up bolts (i.e., sorting, placing nuts on
them, and supplying them to the raising gang and bolt-up crew). As
the individual becomes more familiar with the steel erection process,
he will make a decision about whether he would feel comfortable doing
connection work. The majority of iron workers know that they do not
have whatever intangoible attributes are necessary to feel totally corn­
fortable doing a connector's job. These people will work in bolt-up
gangs, detail gangs, and other skilled structural steel trades.

If the individual wishes to become a connector, he may be placed on
a bolt-up crew where he will have to maneuver around on open steel
structures, but where protection is available and can be used. The
foreman and fellow. workers will form an opi~ion of the person's abil­
ities to work in this situation, and if he seems comfortable doing this
work, he may eventually be given the opportunity to try connection work.
Often by the time the individual is asked to connect, a considerable
amount of instruction in moving around the steel has been provided by
fellc~ workers and foremen.

The nc~ connector is oaired with an experienced connector who will
qu~c~ly eV2 1uare the new person. The now person will be judged on such
things as agility, balance; climbing technique, safe use of tools, and
the dbility to read prints, so he will understand what has to be done
next. The safety of each connector is dependent upon the actions of
the person manipulating the opposite end of the beam. The experienced
connector will usually refuse to work with the new connector if he finds
that the new person takes chances and places the experienced connector
in danger. During site visits, foremen, union officials, and site
superintendents indicated that they would honor a request from a con­
nector for a new partner, if that connector felt unsafe working with
a new petson.

A similar process is followed in precast/prestressed erection, although
fewer people are usually required by such a project. At first, the
n8',o: p,:orson may be running for suppl-ies and perhaps learning welding
tech::-; ques. Some per i ad of time may then be spent we 1ding the members
together. A new connector is placed with a more experienced individual
and a natural evaluation process follows which is based upon the new
person's ab"ility to avoid placing himself and others in danger. The
process may take six months to a year before a new person is tried as
a connectOt.
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4.5.2 UNION TRAINING PROGRAt~S

Few formal union connector training programs exist. In the Phoenix
Iron Workers Union Apprenticeship Program, apprentices actually erect
a structure at the training facility. During the process of erection,
app;"entices do the connection work; however, no formalized training
of connectors is done. Several other union locals have attempted to
set up a similar facility where apprentices could be trained on an
actual structure, but the money and cooperation involved in such an
undertaking has not usually been available.

Many apprenticeship facilities have erected columns, beams, and other
structural members to provide various types of experience to appren­
tices. Most will explain the technique involved in climbing a steel
column and coach the apprentices as they make their first climbs. The
use of safety belts is also an integral part of the curriculum of most
apprenticeship programs.

Howevel', in-depth training of cohnectors is not normally done. As one
apprenticeship coordinator explained, perhaps less than 25 percent of
the people in the apprenticeship program will occasionally connect"
structures and only 2 ~ercent will actually become full-time connectors.
The realities of the situation are that they must concentrate upon the
skills and knowledge which all iron workers (including connectors) will
need to perform the job.(78)

The International Association of Bridge, Structural and O;namental Iron
Workers has developed a series of slide/tape presentations, two of which
deal with erec~ion of columns and beams. However, these presentations
dCill mainly with the process involved in the erection. They are not
G2s"ig:"i'::-:' L; ('bc",O~ C0lir,e:tion sk-ins. 111 addition, tra"ining concern-
i:")9 safety" 02 •. ',;:.::s, s\.<ch as safety belts ard safety nets, is contained
in the Structural Manual for Iron Workers, the text used in apprentice­
ship training. However, the special uses of these items for connector
protection is not specifically addressed in these materials.

4.5.3 CONTRACTOR AND ASSOCIATION TRAINING

Contractors J"nerally feel that their training should be directed at
familiarizing workers with the rules and procedures used on a particular
job. Most would agree that any specialized safety techniques necessary
for a particular task should also be taught by the contractor. This
is most often done in an informal manner and through the use of periodic
safety meetings between a foreman and his crew. Several of the con­
tractors working on sites visited by the project team required new
workers to view employee orientation training materials before starting
work. Many contractors provide safety handbooks to new employees to
inform them of safety rules enforced at the job site.

Specific skill training, other than on-the-job training, is seldom pro­
vided by the contractor. It is their feeling that they hire experienced
employees to do a specific job. If the employee proves that he cannot
do the job, someone else will be found.
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The Prestressed Concrete Institute has produced two slide/tape programs
dealing with the erection of precast/prestressed products. These are
available to any member of the industry; however. relativ~ly few erec­
tors take advadage of them. Thes0 programs are geared more toward
explaining th~ process than developing the skil.ls needed to perform
connection werk safely.

4.5.4 IMPORTANCE OF FOREMEN

Since on-the-job training plays such an important role in preparing
a connector to work safely, the influence of the raising gang foremen
can be extremely important. Union business agents attempt to place
apprentices on jobs where they know the foreman will help to train the
apprentices in safe \'wrk habits. Foremen who insist that a connector
work safely and take time to explain any special procedures that will
be needed will have a lasting impression on the work habits used by
new connectors. This was demonstrated particularly well during the
site visit to the natural dr~ft cooling tower where the Iron Worker
foreman insisted that connectors use safety belts.(79)

The fo~eman is not always experienced at supervision. Contractors hire
crews tfom the local area mhe~ever the project is being built. There­
fore, the people who are chosen as foremen may not have a great dea 1
of experience in the supervision of other ~"orkers.

Loc21 union business agents know members who have developed as expe­
rie~ced foremen; however, if one of these people is not available, the
informal rule is that the first person hired on a crew is d2signated
~s ~h~ ~c~c~~-. Th? ::rtractor, of course, has the right to deter0ine
if "'::~,:: fcre:-:~, GJ2S :':"; e-:rf:,:tL''2 job and to request that unothel' persoll
be desi gnated the foreman if there is a problem. The person who opc~r­

ates as a foreman, however, has no guarantee that he will be chosen
as the foreman on the next job where he is employed. One of the other
crew members may be designated as foremun on the next job, therefore,
reversing their roles. A foreman in this position may be hesitant to
take a stance that is unpopular with members of the crew. Thus, all
foreman may not be forceful in assuring that connectors follow the
safest procedure.(80)

4.5.5 TRAINING OF A CONNECTOR

Since the safety of a connector depends to a great degree upon th.e pro­
cedures used to perform the job, establishing a formal training program
should be considered. While the focus of this project has not been
on determining the knowledge and skills needed by a connector, a number
of skills huve been identified. These are provided only to demonstrate
the type of training which might be considered for connectors. lt must
be emphasized that the connector must not only have knowledge of these
skills, but should be given ample opportunity to practice them in a
controlled environment.

-
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The connector should be able to:

perform connection tasks in such a way that he remains in
a balanced position.

demonstrate the use of tools to bring an incoming member under
under control and secure it to a structure.

evaluate the risk of the various maneuvers that could be used
to perform a task and choose the safest one possible. (For
example, if one connector is working at the perimeter of the
structure and another is on beams above a solid deck, the
second person should move to maneuver the incrnning member
whenever possible.)

maneuver around the interior side of the columns when moving
along a beam line.

avoid unnecessary fall exposure. (For example, when removing
hooks from a precast/prestressed wall panel, do not walk along
the top of the wall panel, unless absolutely neccssa~y.

R12 P0 s it ion the 1adder wh enever possib 1e. )

straddle the ~eam and walk along the lower flange whenever
poss"ible.

choose the ty;es of rigging which can be used to allow memb2rs
to be disconnected from a crane without fall exposure.

determine how a member should be prepared on the ground, to
sJm011fj tne connection process before being lifted to the

decide when to send a member back to the ground so that splice
plates, etc., can be repositioned more easily without exposing
the connector to a greater fall hazard.

evaluate the erection sequence to determine the safest se­
quence to use

recognize the safest way for the crane to be operated when
delivering structural steel or precast/prestressed members.

evaluate the type of fall protection procedures and/or equip­
ment ~~ich should be used in a specific connection situation.

4. 6 SU~iMARY

Considering the divergence in enforcement, judicial findings, incentives
and disincentives, and actual situations encountered by connectors,
it is relatively easy to simply say the problems cannot be solved.
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It must be taken into account, however, that some unique and innovative
solutions to tl12se problems have been found in some situations. Infor­
mation gatherpJ durillg the Utah and Connecticut site visits makes it
evident that these unique and innovative solutions can be found, pro­
vided the time and money are available. Since there is such a diver­
g~nce, decisions regarding the use of safety belts or safety nets need
to be made by experienced personnel on a project by project basis.
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CHAPTER 5. IDENTIFICATION OF GAPS AND VOIDS IN THE STANDARDS

Two broad questions are considered in this chapter. The first deals
vlith specifications which might make the standards in question more
reasonable to enforce. Second, if one accepts the premise that there
are some situations where a connector cannot be protected by either
a belt or a net, what additional safeguards should be provided?

-i·de Occupational Safety and Health Administration (OSHA), the California
occu;~tio~al ~2alth and Safety Administration (Cal/OSHA), the U.S. Army
Corps of Engi neers, the Ainer i can Nat i ona1 Standards Inst itute (ANSI),
and the Ontario Occupational Health and Safety Division all have written
standards which apply to connector work in construction. (See Appen­
dices A,G,H,I, and J for full texts of each.) Although there are many
similarities among the standards, there are also many dissimilarities,
especially regarding v;hen and exactly hOi'! a Horker must be protected.
A com~arison of these standards is provided prior to the discussion
of each OSHA standard.

5.1 SAFETY TRP.INING STANDARD

5.1.1 REVIEW OF SIMILAR STANDARDS

OSHA, Cal/OSHA, the Corps of Engineers, and Ontario all have a training
standard as part of their construction standards. None of the standards
is very specific. Cal/OSHA requires that new employees be instructed
t'egardi \-"~l unsafe cond it ions and hazards re 1ati ng to their work envi ron­
ment. "iile Corps of Engineers also requires new employees to be tra"ined
and requires continued training so an employee can work safely. Ontariots
training standard, however, mentions only that an employee be instructed
in the care and use of any protective clothing, equipment, or device
that he is required to wear or use.

5.1.2 OSHA TRAINING STANDARD

The OSHA training standard (29 CFR 1926.21(b)(2)) requires an employer
to instruct an employee so that he can recognize and avoid unsafe con­
ditions. No specific recofWlendations are made concerning what type
of training shall be done, when it is to be done, or how the effective­
ness of the training is to be judged. It provides neither the employer
nor a compliance officer \1ith suffirient information to determine what
should be done or the priorlffes which might be used to determine the
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i!l()S"t. important type of training. Based only upon the language of the
s~andal'd, a compliance officer could cite it in any situation where
an acc i d·~nt occurred, un 1es s the emp 1oyer cou 1d spec if i ca 11 y shm" that
two pc0tJl c involved llad t;een trained to 2void that type of accidei"lt.
The compliance officer WJuld also have difficulty determining if the
training had been sufficient. For example, if the safety booklet given
to a nelv employee stated that a safety belt should be worn when working
at heights, has the worker been sufficiently trained about when to wear
a safety belt?

It would appear that there are situations in connection work where the
only practical safety measures available involve the skill of the in­
dividual doing the '.'mrk. Yet a compliance officer would have difficulty
determining by what criteria the training of a connector should be
judged. Therefore, it may be necessary to further define how a con­
nector should be trained and perhaps some proof of that training should
be pt'ovided.

It is oJ:side t:-Je sc:'pe of this study to define specifically '.-that a
connector should know to work safely. To establish this would require
an in-depth review of the connector's task on various structures by
a variety of highly experienced connectors. The resulting volume of
information would be far greater than would be appropriate for a stan­
dard. Furthermore, a compliance officer would have to be well-trained
concerr.ing connector safety to be able to observe a connector and judge
fr'om his as t ion s whether he had been proper ly tr ai ned.

It may be more reasonable to modify the standard in such a way that
it would specifically state that a connector must receive safety train­
ing. It may also be appropriate to require that some proof of success­
ful CO~~~Etj0n of b oaS1C connector safety course be available for review
by a cc~p:iaGC2 officer at the job site where a connector is employed.
For already experienced connectors, this proof might be obtained b;
having two connectors, with proper credentials, observe the actions
of the "experienced" connector on the job and determine if safe proce­
dures are being followed. If they are not, the connecto~ would be
required to take the training course. If they are being followed, the
connector could be certified by the two observers.

A great deal of training must take place in an actual job situation
if the connector is to have the opportunity to actually experience
various situations and learn to deal with them. A trainee category
should be established which could allow a less experienced individual
to do connection work for a certain period of time when paired with
a properly certified connector.

5.2 SAFETY BELTS, LIFELINES, AND LANYARDS

5.2.1 REVIEW OF SIMILAR STANDARDS

There are several differences in the provlslons between the various
construction standards for belts. Table 8 sunmarizes the major points
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TABLE 8 - COMPARISO~ OF S~FETY BllTS STANDARDS·
-

Ca'1/0SIIA0511A ANSI Army Corps Or,tuio
(29 CFR {Article {A10.14- (07.:".13- (Part 11-
1926.104 ) 24-1669 1975 07 ./i. 21) Section 35)

1670,1672)1----'-'------ .- -r-
Potcnti a 1 Fa 11 not 15 feet not G feet 9.8 feet
Distance \,l1ere spec if ied or one story spec if i ed (3 meters)
S;)fety Belt
K~q:.Jired

1:----,-------

;~;;Ciri~sta:JLt>lt 6 feet as short ,.S 6 f er-t 5 ftet
possible· (6 (l.5 f.lelers)

Allo..ed fed bplicd)
-------

"P~ak Arres~ not lOX gre" ity not 3 kilont:f'ltons
Force Al1c~ed i s~2cified specified spec if i ed

'My", Spcci - Ii ,- '"'" nylon anything ;'-nylon .64-iroch
f1c.llons ny101 or rope sa tis- or equi- (if) m)

equlv21ent factory for valent nylon

["";00 'f--il~o," ---- ~t I;ais~-'--
a;Jp 1ied bn

------------
te fbed above tc) <.,.y fix~d

l ifellne II o~cration level or anchor ag':, opertt;on s ~rp~;ar t
:,rh..h0rag~ at fe~t level,

)f contro'led ,-------_. --- ----
Pro /1s'~~~~--;,~----~rec i ;-i~----- spc',: if 1ed spec 11 1ed not IPendant and I: s;;ecified I for d!'Gp for Gr-up spec if i ed
- ..; ~ ~'.,..:. ~ J _ . t::~

1! I
hr",. 1ir,csI t ?:?- ~''''~':f''' ( ;> ('f~ d,~ ') t (perdJr.t

i : ! lines) 1ines)
.. _.-

A11 o"ance of

II
none if super- Iwi th cq:; J 1 none ;..'hen ITIOV ing

Exce~t ion ~ ,,,eo,,.,," bet",een w;Jrk
to Standard

po~itions or
connecting

I s~rllct;jrdl

;'1;;'7iJer s

Lifel ine

'I
3/-1-inCh nylon li- irlCh 3/4- inc!, .54 inch
m~n i 1J rope wirt: rO;Je man i 1,J (16 nIl~ )

I
--

lifeline rot not specified not S?L'cified
l imi ted to sre: if i ed spec if i ed for dro? specified
One h',)r ker line

(pc-r,dent
line)

·Tht fJl1 t2~t cf each standard c~n be fo~nd In the a~~endice5.
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of agreement and disagreement. The Cal/OSHA, Corps of Engineers, and
Ontario standards each provide,an indication concerning the height at
\,/l-)ic:1 J b'2lt shall be used (i.e., Cal/OSH/\ - 15 feet, CQrps of Engineers
- 6 feet, and Ontario - 9.8 feet). The OSHA and Corps of Engineers
standards require that a worker tie off above the point of operation.
All standards, except OSHA and the Corps of Engineers, recognize that
a belt may not be practical to use in some circumstances. Ontario goes
furtherest in this regard by actually exempting people moving from one
point to another on skeletal steel and those working as connectors.

A major point of agreement between all five standards is that the fall
distance be limited to either 5 or 6 feet. It would seem that none
would agree with the statements of the British Standards Institute which
would prefer a 2-foot limit for a fall into a safety belt. The 6-foot
fall would be allowed only if the worker were wearing a full body har­
ness.(81) The 6-foot fall is qualified, however, by the ANSI and Ontario
standards so that a force of no more than 10 times gravity (ANSI) or
~ kilonewtons (Ontario) is allo\~d. In some situations, this aspect
!nay effectively shorten the distance allowed by these standards. It
is difficult to determine how a contractor could adequately assess the
force which would be exerted against a falling body v~en caught by a
safety belt. Therefore, while these standards are morr specific, there
is a question concerning wheth~r this specification is valuable to those
seeking to comply with the standard.

The Cal/OSH.:'\ steel el'ection standards also provide for the lise of safety
belts. They state that when connecting beams at the perimeter of the
str~~tur2 where there is a fall distance greater than 25 feet, employees
shou'ld be tied off by safety b2ltS or lifelin'2s to colu:TIns, pendant
l';,..,=-~ ,.,~ ",?~';~,h<:".?l C',:,'I1!'T1r'>S. catenery lines, or other anchorage points.
T~e ~:~: ~t?~j:~~s ~~~? no specific m~ntion of tyin~ off when connGct­
ing, but only to tying off when gathering and stai:king floor planking
and when working on floating scaffolds to bolt up. Furthermore, the
OSHA general construction standard for safety belts (29 CFR 1926.104)
makes no mention of the possible use of pendant lines, as does the
Cal/OSHA ~tandard. The Cal/OSHA steel erection standards also stipulate
a requirement to coon peripheral beams. However, there is no mention
of whether or not a iron worker should be tied off while doing so.

5.2.2 OSHA STANDARD

The OSHA standard involving safety belts (29 CFR 1926.104) principally
deals with the design of a belt, lifeline, and lanyard and how they
should be used to prevent a fall. However, the standard doe::; not in­
dicate ~~cn a safety belt should be used. Both the OSHA Review Com­
mission and the courts have stated that the belt standard alone is not
sufficient to uphold a citation issued because people we0e ~orking at
a height without wearing safety belts. In reality, 0nly the personal
protective standard (29 CFR 1926.28(a)) seems to provide this authority.
HOyleVer, the OSHA Review Commission and the courts are at odds concerning
whether this standard is written so broadly that it is unenforceably
vague.
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The employer and the compliance officer are left vJith the dilerrma that
neither knO\'Js exactly when a belt mllst be \'lorn. t~any steel erectors,
for example, feel that a belt is not required when working over a solidly
planked surface no more than two stories or 25 feet below. Individual
compliance officers mayor may not agree, depending on the circumstances.

There is considerable controversy over what potential fall distance
is appropriate for requiring a belt to be used. The Corps of Engineers
specify 6 feet, the Ontario standards specify 9.8 feet, and the Cal/OSHA
standards specify 15 feet, except at the periphery of tiered buildings
where 25 feet is allowed. This study was not designed to establish
this distance; however, it is clear that specifying such a distance
in the safety belt standard would aid in judging and enforcing compliance.

5.2.2.1 LQcation of Anchorage

Th.: require:;!i(;nt that a lifeline be secured above the poInt of operation
is not always practical when dealing with a connector, as there is often
no structure above the connection operation. It would appear that the
major reason for this requirement is to aid in limiting the fall dis­
tance c~d prevent a tripping hazard caused by having lanyards and life­
lines laying on the deck.

The ANSI, Cal/OSHA and Ontario standards do not specify that an anchor­
(\ge m:Jst be above the point of operation. IIf~SI and Ontario only require
a fixed anchorage. CaljOSHA specifies a v;aist level anchorage unless
that is found to be impractical. Then a foot level anchorage can be
used, if proner precautions are- taken.

The problem with attaching a 6-foot lanyard below waist level is that
the fall distance may be extended beyond 6 feet. Therefore, the Cal/OSHA
standard would appear to take the best t2Ct in requiring an anchorage
at waist level and one lower if proper precautions are taken. This,
in combination with the limitation of a fall to no more than 6 feet,
already specif-ied by the OSHA standard, should effectively limit the
fall and save the life.

5.2.2.2 Composition of Lanyard

The OSHA standard currently states that \-inch nylon or equivalent
material should be used for a lanyard. No mention is made concerning
how an equivalent lanyard material should be judged. One of the most
important factors in lanyard design is the cushioning effect provided
by the elongation of a nylon rope when a fall is arrested. If a steel
rope lanyard is used~ there is no cushioning effect to break the fall.

As discussed before, there are good reasons for using something other
th~n a nylon rope lanyard (such as ~here welding is being done). How­
ever~ it is important that some shock absorbing feature be a criteria
for choosing an alternate type of lanyard material. For example~ a
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wire rope lanyard may be perfectly acceptable if a commercially avail­
able shock absorber is attac.hed between the rope and either the anchor­
age or the be It.

5.2.2.3 Resistance to Cutting
: .. -<:

The OSHA standards specify that lifelines subject to cutting or abrasion
shall be 7lB-inch wire core manila rope. However, no specification
is made for a lanyard. The National Bureau of Standards study, dis­
cussed earlier, stated that at least two of the thirty-five cases where
safety belts were properly used resulted in fatalities because the
lanyard was cut by sharp edges on the structure to which which it was
attached. Structural steel can have s~arp edges and the rough surface
of concrete members can abrade rope. Therefore, some provision should
be included in the standard to assure that lanyards are made of material
which will not be damaged by attaching them to structural products.

5.2.2.4 Training in Use of Belt

The National Bureau of Standards study also stated that in over half
of the fall cases which could be located, the safety belt, lanyard,
and lifeline failed to prevent serious injury because the equipment
was not being properly used. The safety belt, if it is improperly used,
is an item which could result in greater injury to the worker than would
a fall.

The OSHA standard makes no specific mentlon that a worker should be
trained in how the belt is used. The training standard (29 CFR 1926.21(b)(2))
implies that suen training shall be done; however, it is not specific
regarding training for the proper use of personal protective equipment.

It would be advisable to specify that training, regarding the manufacturer's
recommendations for belt use, be provided. It is impol'tant that a single
lanyard attachment to the belt is at the small of the back. If a double
attachment belt is being used, it is important that both ends of the
lanyard are consistently attached to the belt itself. It is also impor­
tant that a worker is trained to tie the proper type of knot when anchoring
the lanyard and that the worker be capable of inspecting the belt, lan­
yard, and lifelines to detect flaws or excessive wear. None of these
things are mentioned in the standard.

5.2.2.5 Recognition of Exceptions

The OSHA standards do not recognize any circumstances where the use
of a safety belt or other form of safety device is not possible. Such
recognition is a part of the Cal/OSHA, ANSI, and Ontario standards.
The Ontario standard specifically exempts a worker who "is proceeding
to or from his work position ll and who lIis engaged tn connecting struc­
tural members of a skeleton structure ll

• The Cal/OSHA standard specifies
that adequate supervision will be required, and ANSI requires equal
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protection. Both the OSII/\ Review Commission and the courts have ruled
that there are specific isolated circumstances ~lere belts and/or nets
cannot he practically used.

The inclusion of verbage which allows an exclusion to the standard under
specific circumstances (e.g., where the worker would be placed in greater
danger by the limitation of mobility) and specifies what should be done
in lieu of the standard (e.g., only fully trained connectors under close
supervision are allowed to work in these situations) could aid in estab­
lishing guidelines for more uniform enforcement of this standard for
connectors. However, a good deal of knbwledge is needed by a compliance
officer to be able to make such a determination adequately.

5.3 SAFETY NET STANDARDS

5.3.1 CO~PARISON OF SIMI~I\R STAND~Q2.

To allow the various standards involving safety nets to be compared,
the major parts of each standard have be~n surnmai"ized in Table 9. Of
interest is the fact that the OSHA and Cal/OSHA standards indicate a
preference for safety belts instead of safety.nets. Also, while all
standards require the net installation to be tested, only the Corps
of Engineers and ANSI standards specify a procedure to be used. The
standards generally agree that at least 8 feet of net protection should
be provided around the work area and that safety nets should be required
when a fall distance of 25 fe0t is exceeded. The CaljOSHA standard
is the only one to specifically mention the requirement to provide
~2~~~~~~r ~~~~~~; :~ ~~2~ed structur~s.

-
The OSHA, Cal/OSHA, and Corps of Engirwers standards include specific
standards for steel erection. All require that nets be used on bu·ild­
ings or structures not adaptable to temporary flooring or where scaffolds
are not used.

The Cal/OSHA steel erection standards go on to say that nets should
be used to protect connectors when tying off is not possible. Clearly,
safety belts are preferred over nets. Where nets are used, they cannot
be installed lower than 25 feet below the work surface, as opposed to
the 10-foot requirement in the general Cal/OSHA net standard.

The Cal/OSHA steel erection standards also require that an erection
plan and procedure prepared by a registered civil engineer be provided
by the employer to serve as-an erection guide for trllsses and beams
over 25 feet long. No mention of an erection plan and procedure is
made in the OSHA standards.

5.3.2 OSHA SAFETY NET STANDARDS

The requirement to provide net protection is stated in the general con­
struction standards (29 CFR 1926.105 Safety Nets) and in the Subpart
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TAGLE 9 - Cm,\p,\R I SO~1 Dr S'-,FETY liET STANDr\RDS~

OSHA Cd l/OSH;, INISI ,1nry Corp, uf Ensin~er's

(29 cm p,r't icll' 24 I(f..!O.11 (07.0)
1926.105) 1669, 1671, 1971 )

1672)
----

25 feE t 25 f~et 25 feet 25 f~et

after in'.. tJl-
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!1dJor repdir. and six
:ronths use

after instal­
lJticn. major
r,~pJir and six
niOnths use

safety
De 1ts

before

Iused

H~ i g.1 t 0 f
'.ior kp 1ac.e where
SJfetj liet
.~::~u ire:!I-...:....-------t+-------t---------f----- ---1-------------

safcty no unclcar
b~lt~ prefer~nce

----------+--
on-th('-joh

spec i f 1cd

8 feet

I---··---------I---------l·
)0 fee: " f'" !

t---------- ------- ------'

10 f c" I
(25 feet
on steel
err::t.icr.)

a5 ~pccified ~y speclficn

Lnet manufactur~r
- ----- -------- ----11--_. -------;I3 feet 10 fe~t

Test Procedure
Containi'd in

I li"C\~,"' of Fed

I
:,ct :~r;t Extend
3ejond :dge of

! ~o,..!( S~r'f dce

\ ;'wl.~.x:i~.J-: .~~j:,.(~

IaJie Distance
Setfteen \.lork
. -.. - \ =:

d~ i ly

daily )"J
before hot 'tiork

not
s;J,:,cified

no t
spec if i ed

not
spec if i ed

not
spec if i ed

spec if i ed

not
spec if ; ed

r.ot
sp'2cified

not
s;lecifi ed

Exceptjo~

to Sta~jard

II' ",~ if ,.: Ih ,oqu ip-~ent nO'lE j
"', supervised safegu"t'(j,' _

NU~lb€r of Leve lsl!1 one one one one -J
~j2edej on I
P.ridges
-----++-----i------+-----------!~---

\/hen
Inspection
is Required

Frequ':1:Y of
De~r i s Re:"Yid 1
-··-------++-------I------·--+-------f-------------1
R€qUlre-~nt to I
IJst:' P~rl:,:ct:?r

fiet on 11erd
Struc t:.Jr~ ~hen I
B1lt r~practi:al

once per week,
after repair,
impact lo,'ding,
"lid weld;/l)
operatioros

I--------+-+------~----------:-------------------------l
d~ily :lnd
before tlot ,,'ark

'The full text of each st-uldard can 0'; f-OllOJ ill the appendices. (The
Ontario, CJnada, standards do not include d sp~cific standard for nets.)
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R steel erection standard (29 CFR 192G.750(b)(1)(ii) Tenlporat'y Floor­
ing). These two standards provide similar requirements concerning when
a net must be used and the clearance required beneath a net. The general
construct"ion standard is much more specific than the one contain2d
within the steel erection standards.

There has been a general controversy regarding which standards are to
govern the erection of a steel tiered bUilding. The courts have gen­
erally found that the Subpart R steel erection standards supersede the
same or similar general construction standards. However, standards
such as the one requiring safety belts also apply.

5.3.2.1 Design of Net Installation
~~_.-~'-----------

The general construction standard for safety nets specifies that a net
will extend at least 8 feet beyond the work surface, will be no more
than 25 feet below, and will be hung with sufficient clearance to pre­
vent the user's conttct with structures below. However, th~re is no
specification for the manner in which the net should be rigged, the
force it will withstand, or the strength of any specially built sup­
porting structure. For example, if a perimeter net is to be erected,
there are no guidelines concerning the strength of the supporting arms
or the attachments to the building.

Further, there is no requirement to arrange a safety net in such a way
that a person rebounding from it will not be thrown over the edge and
subjected to a further fall. The need for this specification was demon­
strated by one of the f~tality cases, sunmarized in Appendix 8, where
a man fell into a net but rebounded and was thrown over the perimeter.
The iiiCllli eli an odait lenal 80 feet to his deaUl, even though the net
was in ~as1: compliance with the net requirement in the standard.

5.3.1~~pact Testing

The standard states that the net will be impact load tested before
operations are undertaken. However, no specifications are provided
to determine how this test should be accomplished. A similar test
procedure is provided in both the ANSI and Corps of Engineers standards.
The ANSI standard states:

The test shall consist of dropping a 400-pound bag of
sand not more than 30 inches (± 2 inches) in diameter
of the net. There shall be no broken strands nor sig­
nificant distortion of the net pattern or the suspension
system.

5.3.2.3 Perimeter Nets

The OSHfi standard states that nets wi 11 extend 8 feet beyond the edge
of the work surface. This would require the ·use of perimeter nets on
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tiered buildings, even though perimeter nets per se are not mentioned.
Standards are not provided regarding how perimeter nets should be in­
~t~lled. For example, the exterior edge of a perimeter net should be
higher tiiill1 the interior edge so that a person rebounding from the net
\'iOllld be thrOi·m to the inter~or instead of over the edge.

The standard also states the net should be placed as close as practical
beneath the work surface. Literally interpreted, the net should be
placed 2 or 3 feet below the work location whenever possible. However,
no deck area would be available next to a perimeter net attached in this
manner. If a worker fell and rebounded from the net toward the interior
of the building, he could fall still further to the uppermost solid floor.

The standard should perhaps state that a perimeter net installation
should be at the level of and next to the uppermost solidly decked floor.
Ttlis would insure that a person rebounding from the net would be thrown
toward a solid surface. It would also insure that a person falling on
the interior of the structure near the perimeter would not rebound from
the flooring and fall bebJeen the edge of the net and tIl<.' floor level,
as was possible with som~ of the perimeter net systems discussed earlier.

5.3.2.4 Inspection and Debris Removal

The OSHA standards do not specify when or how often nets will be inspec­
ted or what will signify that a net should be replaced. Specificatio~s

are provided for a new net; however, many factors such as sunlight, salt
airt welding operations, corrosive chemicals, sharp edges, etc., can
caus" a net to v,ear sig:1ificantly. It is therefore important to peri­
0dic~1}y 2ssur~ t~e n~t is in good condition. ANSI specifies that a
r·,~t sh:: 1 ' b2 ';rsr'.;.:t'?c-~y a ~ualificrl perSOil once per \.'/ee~!> after each
repair, after impact loading, and following welding operations. The
Corps of Engineers require a daily inspection.

Debris can also damage a net or can cause a person falling into a net
to be injured unnecessarily. It is also important to assu~e periodic
removal of debris from the nets. OSHA standards do not spc' ify when
or if this should occur.

5.4 FALL HAZARDS NOT ADDRESSED B~ THE STANDARDS

In addition to a lack of specificity in some standards, there are other
conne~tor fall hazards which are not addressed by the standards. When
the connector cannot be protected by normal me'ans, it is p· ... ticularly
important that other hazards be eliminated to reduce the risk of falling.
Several such precautions are included in Subpart R of the standards.
For example, two bolts are required in each end of a beam before it is
released from the crane. The hazards created by other practices should
also be recognized and considered.

5.4.1 DOUBLE CONNECTIONS

A double connection occurs when two beams must b~ attached to the web
of a column on opposite sides. The procedure used is for the connectors
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to place the beam on one side of the column and secure two bolts through
the column web. One connector will then sit astride the beam near the
column and reach around the column to catch the next beam and maneuver
it into position. The connector may then place the end of his spud
wrench through the holes in the new beam, into the holes in the column.

The two bolts attaching the beam he is sitting upon must now be loo~ened

and drawn back so that the new beam can be put into the final position.
The two bolts are then pressed through the holes in the first beam,
through the column, and into the holes in the new beam so that a nut
can be attached.

While the connector is drawing the bolts back far enough to allow the
new beam to be positioned, the only secure attachment for the beam on
which r:; sits is at the opposite end. If the incoming beam should hit
the column, it can shake the bolts from the hole and release the end
of the beam on which the connector sits. A great deal of skill and
experience is needed to perform this operation sucessfully.

The problem can be eliminated by one of two methods. First, a seat lug
(i .e., an inverted metal IIL II bracket) can be fabricated to one side of
the column, below the connection point. When the first beam is placed,
two bolts are inserted downward into the seat lug. This leaves the other
side of the column web clear so the new beam can be positioned without
disconnecting the beam on which the connector sits.

A sc~ond procedure requires t~~t the connection plate on the end of the
first beam be enlarged so that two additional holes can be placed just
belo~ the double connection point. Bolts can be placed in these holes
to ~ecure the column. Even though these two bolts go through the web
of tne column, trey are below the area where the second beam must be
alignea. Ag~in the first beam does not have to be disconnected to allow
the second beam to be positioned.

5.4.2 SHEER TIES ON BRIDGE GIRDERS

A concrete deck is often poured on top of bridge decks to provide a
strong surface for traffic. To tie the concrete layer to the steel
structure below, sheer ties (resembling bolt heads sticking 1 or 2 inches
above the surface of the beam) are attached to the top flange of the
girder. These sheer ties make it difficult to walk along the top of
a bridge girder without tripping. They represent a significant hazard
to a con nee tor who will wa 1k along the top fl ange of the gi rder numerous
times in the course of his duties.

Many bridge erection companies install sheer ties in the field to elimi­
nate the tripping hazard the ties create. Th~ sheer ties are attached
after the connection operation is completed and the decking connecting
the girders has been placed. In this way, people can work from the
decking to install the sheer ties. However, this practice is not uni­
versal and bridge connectors still must deal with this problem.
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5.4.3 RIGGING RELEASED FROM GROUND LEVEL

After a member has been bolted or welded temporarily to the structure,
a connector must climb it or move out on it to release the crane rigging.
Several rigging devices have been designed which allow a column to be
released from the crane without requiring a man to climb to the top of
the column. These devices often make use of a pin which can be slid
through holes in plates attached to the rigging and aligned with holes
at the top of the column. The pin is secured in place by a spring clip
placed through the larger pin so that cannot retract through the holes.
A line extends from both the spring clip and from the pin which can be
reached from the ground or a solid deck. Both the pin and the clip are
also attached, by rope, to the rigging so that when they are pulled free,
they do not fall to the ground but remain hanging from the rigging.
(Refer to Figure 1 in Chapter 3.)

After the column is secured in place, the connector pulls the spring
clip free and pulls the pin out of the holes. This releases the rigging
froln the colu~n. Such an arrangement is cost effective, as it makes
the operation faster and safer. It may be possible to design devices,
of a similar nature, for precast/prestressed columns and for precast/
prestressed and steel beams.
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS

The various discussions presented in earlier sections have shown that
the issue of protecting steel and precast/prestressed connectors from
falls while working at the point of erection is quite complex. Gen­
eralized solutions superimposed over complex issues usually do more
harm than good. It is important that OSHA, contractors, and workers
be educated concerning what types of protection are possible and what
is reasonable for a contractor to accomplish. To be certain, the most
rffective form of protection, which will not severely disadvantage the
contractor from obtaining work and remaining in business, should be
sought. Unfortunately, the form this protection takes changes not only
on different pr6jects, but also in different areas of the same project.

6.1 SAFETY AT THE DESIGN STAGE

It is p~Thaps most reason3ble to consider fall protection in a generic
way when pla~ning safety for a project. As has been shown, conn~ctor

safe+j is not limited only to whether or not a safety belt or net is
used. It involves a wide variety of items, including the paint on the
~~~~~-. th~ S~il1 ~"d ~~~erience of the crane operator, the tyre of
\'~;Z~"': '-'~~~ th? S2~;!_·::~CE.' Dy wi1ich the erecticn progress2s. the ex­
perience of the connector) the use of a two-bolt connection in beams)
etc. It also includes the possibility of utilizing other types of
safety precautions \'/hen possible. These include mechanized platforms,
rolling scaffolds) ladders, crane supported skip boxes, and specially
designed catch platfor~s.

The most important advancement that can be made in improving connection
safety is the consideration of safety at the design stage of the pro-
j ect-i n :.;lOrt, where, v/hen and how the connector erects each pi ece in
the structure. In this way, basic decisions, such as the type, size,
and capacity of the crane needed to work with a specific net system)
can be made. Determining, in the design stage, where and when nets
\'/ill be used would allow columns to be prefabricated so that net s'!pport
systems can be quickly and easily attached. Engineers and architects
are not educated in the complexities of connection tasks. They do not
vied their design in terms of the de~Jree of risk a connector may face
when erectina the actual structure.

oJ

This is not to say that contractors and designers do not take safety
into account when planning a project. The erection process is planned
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Picture 36 - Bar joists are set out on a
jig installed at ground level. Bridging
is then welded between the joists to form
a square section which can be lifted as
a single unit. This proceedure eliminates
the need to II shake out I bar joi sts while
walking on beams in the structure.

.'-~ ,.., ...... ,'.' '.~

......-': ...... ::

"'..,.......,...- ,- ... -.~ --, -... ..,
I

, ,... .:..:•.'_ ," ,i .

!' .~. : :..l

Picture 37 - Square bar joist sections are
stacked in storage before they are lifted
to the proper location in the structure.
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in great detail to assure that the equipment that is needed is ordered
and available. They also consider whether netting should be used.
However t many do not know of the variety of protection techniques which
could be utilized. It is also a~parent from some of the practices still
in use (e.g. t the use of double connections and sheer ties) that many
hazards are not recognized by designers because they do not fully un­
derstand how a connector must \'JOrk or \'/hat is hazardous to him.

Many companies who have thoroughly considered how connectors can be
protected have developed vlays of solving problems. On the bridge pro­
ject visited in Utah for example t a workable system of protection for
connectors was devised. Not only was protection provided t but work
efficiency was improved. A second example t used by a contractor in
Bridgeport t Connecticut t was the assembly of sections of bar joists
before raising them to a connector. Normally a bundle of bar joists
are raised to the connector at one time. The connector must then sepa­
rate the bar joists, carry them to their proper location, and bolt or
weld them into position. All of this is don~ on the open steel.

One contractor has adopted a method which allows the assembly of bar
joists sections before they are raised to the connector. The contrac-
tor carefully determines where each section of bar joists must be placed
and specifi s ho\'! they are to be assen:bled. In one application, a jig
was layed out at ground level. The bar joists were placed on the ji~,

as they vlould be in the structure, and the bridging bf:t'tlcen them vIas
welded in place. Each section was then marked to id2n~ Hy its location
in the structure t and it was stacked in storage.

When the column and beam structure was erected, the bar joist sections
~?re raise~ tn t~~ connectors and set into the building. This elimi­
n2ted the r2~~ ~or t~e C0nn~ctors to shake out the joists on the steel
and provided a stable structure as soon as the sections were in place.
The connectors then only had to bolt or weld the ends to the supporting
beams. Such solutions need to be communicated widelYt complete \'lith
design considerations and cost experience.

Other design problems should be considered. such as assuring that seat
lugs are provided when double connections are mJde. Consideration can
be given to such things as three-story columns which make it difficult
for a crane to maneuver beams down into a structure. Three-storypre­
cast/prestressed wall panels cause problems for connectors when the
panel must be unhooked from the crane. Erection sequence can also have
an effect on safety. Precast/prestressed concrete erected in stairstep
fashion reduces the fall exposure dramatically.

A project which would work with connectors and designers to determine
what a designer can do to help assure the connector's safety would assemble
a valuable reference document. The resulting volume would allow designers
and erection planners to view a project from the connector's viewpoint
and consider whether certain designs should be used. No such informa-
tion is currently available.
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6.2 RESEARCH NEEDED

When steel is to be exposed in the final structure, and particularly
when this steel will be placed in a relatively inaccessible area, it
is painted or primed during fabrication. In this way, a painter will
not be required to gain access to the steel after it is erected.

During the course of this study, many connectors complained that much
of this paint is quite slick and does not provide good footing. When
a connector must walL a beam or climb a co,Jmn, a slick surface on the
steel can seriously hamper the security of his footing.

It has been suggested by some connectors that a light grit could be
mixed into the paint before it is sprayed onto the steel. This would
allow the steel to be painted during fabrication and would provide more
positive footing for the connector who must erect it. It would be
necessary to study this problem further to determine what type of grit
would not affect the properties of the paint and would not be loosened
by the connector's movements.

6.3 OSHA ENFORCEMENT

It is clear that many protective systems, primarily those involving
nets, can be quite expensive. The decision regarding their use is often
not a safety decision, so much as it is a competitive decision. If
contractors could be assured that bids would not be won or lost based
Lipen the C8StS associated with the protection system, more protection
would be provided.

TJ solve this ~~0ble~, a b?'2nCcd and informed system af OSHA enforce­
nlent is needed which is uniform throughout the country. The key factor
in developing effective enforcement is to train compliance officers
concerning the connection task, inform them of the types of protection
which have proven feasible, and educate them so they determine wl12re
physical protection should be provided and where the experience and
training of the connector must be utilized.

In providing this training to compliJncc officers, OSHA should provide
basic instruction which will allow complia~ce officers in all parts
of the country to make uniform decisions. To do this, criteria must
be established which will provide compliance officers with a specific
procedure by which connector safety can be judged. For example, this
procedure might include the following types of criteria:

Consider the connector's need for movement in performing his
job.

Determine the experience of the crane operator and observe
crane operations to assure that connector's signals are being
followed.

Consider the degree of hazard potential. For example, a light
Inember being raised a short distance by a small crane is more
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easily controlled than a heavier member being dropped into
place by a crane four stories above the connector's location.

Consider the type of structure involved and the unique aspects
of the connector's job on that structure.

Consider the degree of fall exposure in regard to protective
measures being used. For example, is more care taken at the
perimeter of the structure than when the fall exposure is
perhaps less th~n 10 feet?

Determine the experience of the connectors. If a new con­
nector is working, is he paired with an experienced connector?

Observe the connectors to determine if they utilize procedures
that reduce the fall hazard. (For example, move around columns
on the interior side, coon when possible, limit movement on
perimeter beams, etc.)

Is the erection sequence well-planned and executed? For
example, in precast/prestressed erection, are deck members
installed whenever possible to provide a more extensive work
platform before column splices are made or wall panels are
positioned at the perimeter?

Are tag-lines used to control members and are rigging systems,
"'Ihich do not require employee fall exposure,in use where
possible?

Ideally, properly informed OSHA Compliance Officers will be able to
;n,:oriii contractors of protection nleasures they shuuld consider a.nd then
monitor the project to assure that adequate protection is provided.

6.4 CHANGES IN WRITTEN STANDARDS

In addition to better informed compliance officers, standards should
be examined to assure they contain sufficient detail to allow critical
factors to be controlled. The standards should also be ~Yitten in such
a \'Jay that a contractor is provided \'1 it 11 clear guidelines by which
co~pliance will be judged.

If except i on5. to the standards are to be all o....,'ed, alternat i ve measures
to be used in lieu of the standard should be specifically stated. In
this i-lay, both the contra.ctor and compliance officer will be able to
judge whether the alternative measures are acceptable.

Specific recom~endations regarding changes in the written standards
are discussed in the preceeding chapter. The follm'/ing is a summary
of tbese suggestions:
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Training

If a connector must work without physical protect1on, he
should be trained in accordance with specific criteria.

A connector should be able to produce proof of successful
completion of an approved connector safety training course.

A connector in training should be paired with a trained connector.

Safety Belts

Specifications should be established concerning when a safety
belt must be used.

Lanyards and/or lifelines should be attached to a secure
anchorage at or above waist level or lOvler if proper precau­
tions are followed.

A criteria for judging equivalent lanyard material should
be established which assures that the strength and shock
absorbing characteristics of the lanyard are appropriate.

Lanyards subject to cutting or abrasion should be made of
a material which will not be damaged should a fall occur.

Criteria should be established to assure that employees are
properly traired in the use, inspection, and care of sofety
belts, lanyards, and lifelines.

SG~C~~~C g~idelir2s should be provided so employers a~d com­
plianc~ officers can determine when an exception to the stan­
dard can be considered and ~lat alternative measures must
be used in lieu of those required in the standard.

SJfety Nets

Guidelines should be provided so an employer will know whether
a project is subject to the Subpart R steel erection net
standards or that in the general construction net standards.

Design criteria should be adopted to determine if a net in­
stallation is safely designed and constructed.

A standardized procedure should be specified for impact testing
an installed net system.

Specifications should be developed to .llow the installation
of a perimeter net system to be corrl .:yevaluated.

Specific information should be providcJ to establish how often
debris should be removed from a net and when inspections should
take place.
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Consideration of Additional Standards

A seat lug or other means of securing a beam should be required
for all double connections in steel erection.

Sheet ties should be installed on bridge girders in the field
after connection operations have been completed.

Rigging which can be released without exposing a connector
to a fall hazard should be used whenever possible.

6.5 CONNECTOR TRAINING

Unions and associations should be encouraged to establish training
programs for connectors. There is little doubt that connectors must
be well trained to safely do their work~ whether or not safety belts
and nets are used. There is currently no well-defined way of providing
such trainin~; for connectors. Attitudes concerning the use of safety
belts and other protective devices are formed in large part by the first
experiences of a connector. It seems apparent that some care should
be taken to assure that these first experiences contribute to a safe
attitude.

IrDn Workers Union members already receive a good deal bf apprenticeship
training. It would seem possible for union officials to establish
ccurse work for training connectors. While it has been estimated that
only about tWD percent of union members will become full-time connectors~

a much larger population will be called upon at varioi_'s times to perform
conner.tior'! 1>:01'K. These people may be at greater risk becduse of their
re 1.::": i 'is i r:,=YDer i en~·~. It may therefore be wi se to assu)~e that some
aspects of connector training be provided to all apprentices.

Industry associations can also provide a good deal of training. This
is particularly important for non-union workers. The unfortunate situa­
tion of many il.ssociations~ hO\'Jever~ is that financial resources mo.}'
not be available to finance the time and effort necessary to develop
a tnily effective training program. Federal assistance should be con­
sidered to assure that effective training can be developed~ not only
through associations~ but also through union organizations.

6.6 FEDERAL SPECIFICATIONS

If connector fall protection is to be required and competitive bid
disadvantages are to be alleviated, it would seem that federal and state
building projects should consider following the example of the U.S.
Army Corps of Engineers. In short, connector fall protection should
be included in bid specifications. Such a move would help to assure
protection for connectors on federally financed projects and would
demonstrate the determination of federal authorities regarding this
issue.

Reproduced from
best available copy.
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6.7 CONNECTOR FALL PROTECTION NEEDS ANALYSIS

Performing J comprehensive needs analysis, which would formulate the
basic objectives to be accomplished by connector training, would be
difficult for anyone organization within the industry to accomplish.
Such an analysis should seek to contact a wide range of experienced
connectors to assemble a definitive set of skills needed by a connector
to work safely at the point of erection. A consensus concerning what
a connector could be taught should be sought from all parties involved
in this issue. In addition, means which have been devised to protect
connection workers from falls should be documented and nelv connectors
should be made aware of what they are and how they might be used.

Performing such a study at the federal level would accomplish two major
objectives. First, the results of such a study would provide a com­
prehensive basis from which training could be designed for OSHA com­
pliance personnel who will be inspecting steel and precast/prestressed
erection sites. Second, the results of the study would establish a
national consensus of what and how a connector should be expected to
work to prevent falls. This could then be provided to unions, associa­
tions, and contractors as guidelines which should be followed in imple­
menting training programs. If the study is performed properly, all
three parties should feel that their impact and point of view has been
expressed. Each organization could then customize the objectives for
their own use, but each would start from a uniform, mutually agreeable
set of objectives.

This approach would allo~ a much more thorough study to be made of what
ShOllld be taught to a connector; than would be possible if each organi­
:3~io~ :~t~~7~?d ~0 ~~~~0~~ a similar study using limited time and
fin}~cial r2SJ·J~:e;. It would also eliminate a good deal of duplication
of effort.

6.8 EFFECTIVENESS OF THE STANDARDS IN QUESTION

A scientific study to determine if the subject standards are effective
at protecting steel and precast/prestressed erectors from a fall hazard
would allow many of the issues identified in this document to be re­
solved. Very few studies of this nature have been accomplished and
a wide range of problems must be considered when designing such a pro­
ject. A detailed discussion of a proposed research protocol is con­
tained in Appendix K.
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GLOSSARY

Anchorage - a secure point of attachment to which is attached a lifeline
or 1anyard

Bar Joists - open web~ trussed steel joists used extensively for floor
and roof construction (They are, in effect, small trusses.)

Barrel Pin - a tapered pin used to align two or more plys of steel

Bay - the distance or.space between two beams or between two lines of
columns

Beam - a horizontal building member which supports a load

Beam Line - a line of erected columns with beams attached between them

Bearing Wall - a wall carrying the weight of another wall above it

Body Bel~ - a simple or compound strap with means for securing it about
the waist and with means for securing a lanyard or snaphooks to it;
the part that secures the worker to each fall-safety systeni

Bolt-Up Crew - a group of iron workers whose primary task is to plumb
and level st(uc~ural steel which has been put into position by connectors
and to insert and tighten all bolts necessary to se~ure the connection

Catenary line - a line installed horizontally between substantial up­
l"ight structures, to which a safety belt lan~ard can be attached

Choker - a piece of crane rigging consisting of a length of steel cable
with a spliced eye at each end. The cable is passed around an object
tn be lifted by the crane, the end is threaded through one of the eyes,
and the opposite eye is placed on the crane hook. The piece to be
lifted is, in effect, "choked" by the noose formed by the steel cable.

Column - a compression member or a vertical support taking most of its
load on its axis

Connector - a person primarily working to first attach steel or precast/
prestressed members into a structure

Coon - a process used to move along a steel beam, whereby the connector
straddles the beam and walks along the lower flange

Detail Gang - a group of iron workers responsible for attaching miscel­
laneous pieces of steel to a structure, such as stairways, small beams,
and perimeter cables
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Erection - the rigging of hoisting or lifting equipment, ralslng of
members to their proper places in the structure, plumbing and aligning
the structure, and making the finished connections between members

Fall Distance - free "fall distance" exclusive of lanyard elongation

Flange - in rolled shapes, that part perpendicular to the web

Flashing - sheets of tin, copper, or other material placed over the
juncture of other pieces to prevent leaking and provide a finished look

Girder a word commonly used to describe any extra heavy beam; a beam
acting as a main structural member and supporting other intermediate
beams, receiving the major part of its load from the smaller beam it
supports

Guy Line - a line that steadies a mast or structure by pulling against
an off-center load

High Roof Structure - a roof structure being constructed more than 25
feet above a solid surface with no intervening floors

-
Hollow Cor~ Product - a prestresse~ concrete product which is dry cast
in such a way_that voids resembling pipes are left inside the member;
used as deckjng, typically 4 feet wide

I beam - a rolled structural shape which has the cross sectional shape
of the letter I

Jig - a device used to maintain mechanically the correct positional
relationship t1e:: ..."een a piece of \o:ork and the tool or beti'/een parts of
\OlOrk dur i ng asscmbloy

Joist - a horizontal member, wood or steel, used as a primary floor
or roof framing member

Lanyard - a short length of flexible line or strap webbing which is
used to secure a safety belt or body harness to a lifeline or to a fixed
anchorage

Lifeline - a line from a fixed anchorage or between two fixed anchorages,
independent of walking and \vorking surfaces, to which a lanyard is secured

Load Bearing - term applied to an exterior wall supporting the roof
and upper floors; also, interior walls with joists tied directly to
them

Member - one part of a unit of a structure

Metal Deck - any of the various ribbed metal sheets used to floor or
as roof decking

Pendant line - a line, usually attached to the top of a column, extending
vertically along the length of a column to which a safety belt lanyard
can be attached
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Pipe Shore - a piece of steel pipe, which is usually adjustable in length,
used to brace columns and precast/prestressed wall panels before they
are permanently secured to a structure

Plumb - vertical; straight up and down

Point of Erection - that place where initial placement and connection
of structural members occurs and where employees performing the initial
connection are exposed within the swing radius of the member being erected

Precast - a concrete member that is poured and allowed to set up in
a location other than in which it is used, then placed in position later

Prestressed Concrete Product - a concrete member manufactured by a
process whereby a tendon is elongated, anchored while the concrete in
the member is cast, and released when the concrete is strong enough
to receive the stress from the tendon through bond

Furlin - horizontal structural members which directly support the roof
of a structure

Raising Gang - a group of iron workers responsible for sorting, lifting,
and attaching steel and/or precast/prestressed members to a structure

Rigging - an assortment of cables, chains, ropes, and other devices
used to attach an object to the crane hook

Rope Grab (safEty clamp) - a device, used to couple a body belt or lanyard
to a dropline, . ~)ich, upon impaction, \'/111 actuate to arrest a fall
within a short distance

Safe~y Beit - conventionally used in a generic sense to describe all
fall-arrest restraint systems and/or their components

Safety Line - a horizontal lifeline

Seat Lug - an inverted "L" shaped steel bracket attached to columns
to allow a beam to be secured during double connection operations

Shackle - a device used in crane rigging consisting of a C-shaped metal
piece with a pin closing across the open end

SlivGr Bar - aJso known as a connecting bar; one end is pointed, the
other has a 15 chisel end used to provide leverage to align or pry
steel

SnJphook - a self-closing hook with a keeper latch or similar arrangement
which will automatically close and remain closed until manually opened

Span - the distance a bridge extends between two supports

Spreader Bar - a metal bat sometimes attached to the leading edge of
a net section to allow the net to be pulled forward as a single unit
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Spud Wrench - a ~ ~nch with one end which tapers to a point which is
used to help align holes in structural steel

Tag Line - a rope attached to a member being lifted by a crane to allow
the member to be maneuvered by men on the ground or another solid surface

Tee Product - a prestressed concrete member usually consisting of a
deck 8 to 10 feet in width supported by one or more stems beneath the
deck

Tiered Building - multi-story building

Toe Plate - a plate placed a few inches above the floor of a platform
or catwalk and fastened to the hand rail posts

Truss - a framework placed together to form triangles; used in roofs
and bridges

hcb - the pirt cf a channel, I beam, or girder between the flanges
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Chino, California, November, 1981 ..
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~~~tern Institute for Research and Education and National Institute
. for Occupational S1fety and Health. Denver, Colorado. Pilot

Program to Evaluate the Effectiveness of OSHA Construction Standards
at the Point of Erection: Site Visit Report-Cornmunication Tm-Jer,
Idledale, Colorado, November, 1981.

Western Institute for Research and Education and National Institute
for Occupational Safety and Health. Denver, Colorado. Pilot
Program to Evaluate the Effectiveness of OSHA Construction Standards
at the Point of Erection: Site Visit Report-Condominium Structure,
Copper Mountain, Colorado, November, 1981.

Western Institute for Research and Education and National Institute
for Occupational Safety and Health. Denver, Colorado. Pilot
Program to Evaluate the Effectiveness of OSHA Construction Standards
at the Point of Erection: Site Visit Report-Dravo Building, Pittsburgh,
Pennsylvania, November, 1981.

Western Institute for Research and Education and National Institute
for Occupational Safety and Health. Denver, Colorado. Pilot
Program to Evaluate the Effectiveness of OSHA Construction Standards
at the Point of Erection: Site Visit Report-Hershey Foods Corporation
Plant, Stuarts Draft, Virginia, June, 1981.

Western Institute for Resear~h and Education and National Institute
for Occupational Safety and Health. Denver, Colorado. Pilot
Program to·Evaluate the Effectiveness of OSHA Construction Standards
at the Point of Erection: Site Visit Report-High-Rise Apartrn~~nt

Buildin9! Bridgeoort! Connecticut, ~ovember, 1981.

~:este(n Institute fo; Research and Education and Nat'jonal Institute
for Occupational Safety and Health. Denver, Colorado. Pilot
Program to Evaluate the Effectiveness of OSHA Construction Standards
at the Point of Erection: Sit~ Visit Report-Natural Draft C061ing
Tower, Newark, Arkansas, November, 1981.

Western Institute for Research and Education and National Institute
for OccupatiGnal Safety and Hoalth. Denver, Colorado. Pilot
Program to Evaluate the Effectivenesi of OSHA Construction Standards
a.t the Point of Erection: Site Visit Report-Shingle Creek Gridges,
Southern Utah, July, 1981.

Western Institute for Research and Education and National Institute
for Occupational Safety and Health. Denver, Colorado. Pilot
Program to Evaluate the Effectiveness of OSHA Construction Standards
at the Poi nt 0fEr ect ion : Site Vis i t Rep 0 r t- Stee 1 \'J areh0 use Bui 1din 9)
Pearland, Texas, November, 1981.
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APPENDIX A - TEXT OF SUBJECT OSHA STANDARDS*

General Construction Standards
29 CFR 1926.21 (b)(2) Safety training and education­
employer responsibility:

The employer shall instruct each employee in the recognition
and avoidance of unsafe conditions and the regulations
applicable to his work environment to control or eliminate
any hazards or other exposure ,to illness or injury.

29 CFR 1925.28(a) Personal protective equipment:

The employer is responsible for requiring the wearing of
appropriate personal protective equipment in all operations
where there is an exposure to hazardous conditions or where
this part indicates the need for using such equipment to
reduce the hazards to the employees.

29 CFR 1926.104 Safety belts, lifelines and lanyards:

(a) Lifelines, safety belts, and lanyards shall be
~s~: c~1j f~r 2~ployee safeguarding. Any lifelin~,

sais~~ j2~:, o~ lanyard actually subjected to inservice
loading, as distinguished from static load testing,
shall be immediately removed from service and shall
not be used again for employee safeguarding.
(b) Lifelines shall be secured above the point of
operation to an anchorage or structural member capable
of supporting a minimum dead weight of 5,400 pounds.
(c) Lifelines used on rock-scaling operations, or
in areas where the lifeline may be subjected to cutting
or abrasion, shall be a minimum of liB-inch wire core
manila rope. For all other lifeline applications,
a minimum of 3/4-inch manila or equivalent, with a
minimum breaking strength of 5,400 pounds, shall be
used.
(d) Safety belt lanyard shall be a minimum of 1/2­
inch nylon, or equivalent, with a maximum length to
provide for a fall of no greater than G feet. The
rope shall have a nominal breaking strength of 5,400
pounds.
(e) All safety be It and 1anyard hardware shall be
drop forged or pressed steel, cadmium plated in accor­
dance with type 1, Class B plating specified in Federal
Specification QQ-P-416. Surface shall be smooth and
free of sharp edges.
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29 CFR 1926.105 Safety Nets:

(a) Safety nets shall be provided ~len workplaces
are more than 25 feet above the ground or ~'Iater surface,
or other surfaces where the use of ladders, scaffolds,
catch platforms, temporary floors, safety lines, or
safety belts is impractical.
(b) Where safety net protection is required by this
part, operations shall not be undertaken until the
net is in place and has been tested.
(c) (1) Nets shall extend 8 feet beyond the edge of
the work surface where em;;·!oyees are exposed and shall
be installed as close under the work surface as practical
but in no case more than 25 feet below such work surface.
Nets shall be hung with sufficient clearance to prevent
user's contact with the surfaces or structures below.
Such clearances shall be determined by impact load
+ +'i.oeS,-lnq.

(2)~It is intended that only one level of nets
be required for bridge construction.
(d)The mesh size of nets shall not exceed 6 inches
by 6 inches. All new nets shall meet accepted performance
standards of 17,500 foot-pounds rniniI;um impact resistance
as determined and certified by the manufacturers,
and shall bear a label of proof test. Edge ropes
shall provide a minimum breaking strength of 5,000
pounds. '
(e) ~orged s~eel sJfety hooks or shackles shall be
used to fasten the net to its supports.
, -r," ,~ , - ", :: ' .:. -~ .'~ -,~ IV: t' I ,', I') 11 net ;- - I· ,j 1" ~ \1 " ~I 1 rf '" " e1"', (' the
\ . I - --. • ..... -- ... l.... ,_" '-' \.". ..... ~""I t ~ I I ~ d I '- ,:> ::> I U """ \.,; v ..... r-J

f.~~ ~~r~~;::~ of the net.

Steel Erection Standards

29 CFR 1926.750 (b)(i)(ii) Temporary flooring skeleton steel
construction in tiered buildings - requiring nets:

On buildings or structur0~ not adaptable to temporary
floors, and where scaffolds are not used, safety nets
shall be installed and maintained whenever the potential
fall distance exceeds two stories or 25 feet. The
nets shall be hung with sufficient clearance to prevent
contacts \'Iith the surface of structures belohl •

*Source - QccuBat iona 1 Safety ~.!:!~..llealih Reporter (Rl'feren~e Fil_~
Washington, D.C.: The Bureau of National Affairs, 1979.
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APPENDIX B - REVIEW OF CONNECTOR FALL CASES

FATAL! TV cr"SES

Case 1:
Edward Kraemer and Sons, Inc.
Bridge erection project
Green Bay, Wisconsin

Inspection Dates: June 2G, 1979 to July 10, 1979

S:andara Cited: 29 CFR 192G.105(a)

The employee was working approximately 120 feet from the ground
on a steel bridge. He was standing on a plank connecting a 3 by
3-inch angle iron, 8 feet 8~ inches long, with a C-clamp to form
a cross brace. The employee was not protected by either a tied
off safety belt or a safety net. He fell to the ground.

Source: Investigatory Record Regarding Edward Kraemer and Sons,
Inc., Applet::'lI1 /\"tea OSHA Office, Appletoll, Wsconsin,
June-Ju i,Y 1979.

c~sc 2:
b(,J\'l;n an::. Ro,')t, Inc.
Erection of a high roof in a cement plant
Houston, Texas

Inspection Dates: April 17,.1980 to April 18, 1980

Standard Cited: 29 CFR 1926.750(b)(1)

The accident occurred at 4:30 p.r~. vlhen vlOrkers were leaVing the
skeleton steel structure of a roof 89 feet from the ground. vJit­
nesses reported that the man involved vias seen lI\vith his tool bag
in one hand and safety belt disconnected. II The man \<Jas walking
along a beam toward a ladder v~ere he would have descended to the
floor. The rnan slipped and fell. No nets or catch platforms were
in place below the beam.

Source: Investigatory Record Regarding Brown and Root, Inc., Mobile
Area OSHA Office, Mobile, Alabama, August 20, 1980.

Case 3:
Capital Construction Company
Replacement of a roof structure
Atlanta, Georgia
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Inspection Dat~: August 19, 1980

StandJrd Cited: 29 CFR 1"926.105(d)

The company was in the process of replacing a wooden truss roof
60 feet over a railroad diesel shop. The workers were removing
the roof and the wood trusses beneath, one beW at a time. The
trusses were being replaced by a steel structure. Two men were
in the process of removing one of the longitudinal stringers from
the old wood structure. The worker in question went for a wrench
while his partner went to arrange with the crane operator to remove
the stringer. \·Jhen the worker 'r/alked back to the ofk,ling he "stepped
aera ss th e cap !:ICIIID er of the old wooden tr U55 to pu t his foot on
the top of the neltJ steel truss. 1I The ItJorker either slipped or
lost his footing and fell into a net strung from the bottom of
the truss structure approximately 6 feet below. He rebounded from
the net, was thrown over the edge of the net and fell 83 feet to
th9 floor.

Source: Investigatory Record Regarding Capital Construction
Company, At'3nta Area OSHA Office, Atlanta, Georgia,
August-October, 1980.

NON-F~TALITY CASES

Case 1:

Erection of an airlin: cargo building.

Inspection Date: November 30, 1979

The foremen involved were working on a single story structure
approximately 25 feet from the ground installing and shaking out
bar joists. Colun;rls and beam lines had been erected, but there
was no bracing of the structural steel fr2~jng in the area ~,ere

the accident occurred. A 23 mph wind was blowing with sustained
gusts of 31 mph. The structure fell in domino fashion from the
northr'Y'est moving to the southeast. I Four employees ~'Jere u.i'ried
down with the structure. Two of the men received minor injuries.
The second two workers were hospitalized, one with a fractured
·vertebra and the other ...lith fractured left ankle.

Source: Investigatory Record Regarding Carrie/Cavaness, Atlanta
!\rea OSHA Off i ce, At 1ant a, Georgi ,:, November-December,
1979.

It shou 1d be noted that 29 CFR 1926.751 (c) (l) Structura 1 Steel Assemb ly
states: "In steel framing, h'here bar joists are utilized, and columns
arc not framed in at leas~ two directions with structural steel members,
a bar joist shall be field bolted at columns to provide lateral stability
during construction. 1I
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Case 2:
Heaton Erecting Inc.
Skeleton steel erection site
Atlantti~ Georgia

Inspection Dates: July 25, 1980 to July 31~ 1980

Two connectors had just bolted a beam, 4 feet 6 inches long, in
place. It did not fit properly. Each man thought that the other
h2d put two bolts in his end of the beam. In reality only one
bolt had been placed in each end. The sling was disconnected and
the man stepped onto the beam. It rolled under his weight causitlg
him to fall 22 feet to a concrete pier.

Source: Investigatory Record Regarding Heaton Erecting, Inc.,
Atlanta Area OSHA Office, Atldnta~ Georgia, July, 1980.

It sho~ld be noted that 29 CFR 1926.751(a) Structural Steel Assembly
states: l'uuring the final placing of solid well sti'Llctural members,
the load shall not be released from th~ hoisting line unt"il the members
are secured with not less than two bolts, or the equivalent at each
connection and drawn up wrench tighL"
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APPENDIX C - LOST TIME INJURIES FOR IRON WORKERS
IN ONTARIO DURING 1979 and 1980
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IRON~'!ORKERS AND I110N\iOTn:ER APPRENTI CIS

1979 LOST TIME INJURIES *
===-....;.==--==,,=.

A. Total number of lost time injuries in construction in the Province
of Ontario -- 14,522 ..

B. 1,924 of these injuries involved falls to a different level.

C. 58 of the 1,924 injuries were sustained by ironworkers and iron­
worker apprentices.

D.. 5 of these were connecting at the time of the accident (specific
reports follow in point F).

E. The total number of ironworkers and ironworker apprentices injured
i~ 1979 due to all causes -- 358.

F. Specific accidents (i:tonworkers connect~ng):

1. A 25 year old irom·:orker 'was doing steel erect.ion work at
a high-rise residential :building. He 1,'; as connecting a
metal beam Hhile standing on snow cove1;'ecl 'struct1Hal steel
when he fell 10 feet. "The \'o'orker sustained a sprained heel.

2. A 31 year old ironworker wa~ doing steel erection work at
2 heavy i~Custrial site. He was connecting a metal beam
while standing on structural steel when he fell 10 feet.
~~ s~~:_~~;~ ~~~~;~ian in his arm, and leg.

3. A 3S year old ironworker was doing steel erection work at
a light industrial site. He was connecting a metal beam
while standing on structural steel when he fell 20 feet.
He sustained a sprained back.

4. An ironworker was connecting a metal beam while standing
on structural steel when he fell 10 feet. The worker
injured his foot. He lost his footing while connecting.

- :';0" ~ "1' - "", ~,o '1"'11" 0 1'1.;: p r ",as (10 in g steel erection work at;) • .... _U)'-' ...~ '-'_ ........... __ , J,._ • - .. ~

a light in~ustrial site. He was connecting a metal beam
while standing on wet structural steel. He was struck by
a beam and then he fell 9 Jeet. He sustainec1 a fractured
hip and a fra ctu1'e d wTis t.

Reproduced from
best available copy.

;
Source - Construction Safety Associution of Ontario
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"] !(ONWOEKERS AND IRONWORKER APPRENTI CBS

1980 LOST TIME INJURIES *
~.::"::"._-.---.- .====.__ ._.._--=--==- .._... -

A. Total number of lost time injuries in construct:i.ori. in the Province
of Ontario -- 14,441.

B. 1,759 of these injurie. involved falls to a different level.

C. 54 of the 1,759 injuries were to ironworkers and ironworker
apprentices.

D. 7 of these were connecting at the time of the accident (specific
reports follow in point F).

E. The total number of irom'lO"/:ers and ironworker apprentices injured
in 1980 due to all causes -- 370.

F. Specific accidents (ironworkers connecting):

1. A S5 year old ironworker was doing steel erection work at
a h:gh-rise commercial building. He was connecting a metal
beaJil while standing on structural steel when he' fell 20
feet. He sustained a fractured back and a fractured rib.

2 . A 2 8 )' ear old i ronh'c r k er \'1 a s dain g 5 tee 1 ere c t j. 0 n \w r kat
an industrial si te. He \-,'as connecting a metal bem:l Hhile
s tan cl ::. n Z 0:;1 S t :C' -._~ c t Ul" a 1 s tee 1 \'ihen h e £e11 J 5 fee t . He
sustained a fractured hip.

J. '.. :. - C' ~. -.: ~.,.., • '" -1- e \ . .
.-" t. W ).:- '" ~ ,'--' 1. .... ~ ~ 0" :I vI\. r \ as
a heavy industrial site. He
while standing on a platform
level.

..:l • 1 . ,lLolng stcc cractlon wor~ at
was connecting structural steel
when he fell to a dif~erent

4. A S2 year old ironworker was doing steel erection work at
a heavy industrial site. He was connecting a metal b~am

while standing on a ladder when he fell 9 feet. He sustained
a fractured skull and various bruises on his body. The
worker had lost his footing while connecting.

S. A 38 year old ironworker was doing steel erection work. He
was connecting structural steel while standing on structural
steel when he fell lfi feet.- He sustained a fractured back
and a fractured heel. "The Horker lost his footing \'.'hile
connecting.

6 . A 41 )' ear old i I' 0 mv 0 r kc r \;1 as c1 0in g s tee 1 ere c t ion w0 r kat
a 10\\-rise commercial builJing. lIe was connecting a mete11
beam Hhile standing on a tadder Hhcn he fell to a different
level. He injured his ankle.

7. An ironworker Has doing steel erection work at an institution.
He Has connecting a metal beam \;I'11i1e standing on Het structural
steel when he fell 11 feet. The warkel' sustained a ,fractured
heel.

Source - Construction Safety Association of C":ario
I~





APPENDIX D - TYPICAL STEEL CONNECTIONS
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APPENDIX E - VARIOUS PRECAST/PRESTRESSED CONCRETE PRODUCTS
AND CONNECTION DETAILS*

Source - PC I Des i.9n Handbook : .. Precast and Prestressed Concrete. Ch i cago:
Prestressed Concrete Institute, 1971~-·
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SINGLE STORY CONSTRUCTION
Wall Bearing

Member

~nd

Tee ~Ja 11

Typ i ca 1 \'!e 1d i n9
Connections
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The use of V2ca"t prestressed con·
crete 'for bearing walls can provide eco­
nomies oy eil:T;li-!ol,r,g i.r.e need for a
structural fra~e at the perimeter of a

I building. This economy is most apparent
in buildings with a larger ratio of wall to
floor area.

The cOf'i1ection between the roof
framing member and the \vall member
can be handled by either bearing the
roof member on a haunch cast into the
back face of the panel, or bV bearing di­
rect!y on the to:: of the vvall panel. The
former method 2'1 0 '/..'5 the v/a!1 panel to
extend above the roof forming a parapet,
and the latter method allol/.s the roof
members to project beyond the walls
forming an overk,i'J.

The wtlll panels t:lemse!ves can be se­
lected from a variety of standard sec­
tions or flat panels, <md specii:llly formed
architectural precZlst shapes depending
on the intended use, location, and budg­
et for the building. Any of the stundard
precast deck units can be used for roofs
of single-story buildings.



S: GLE STORY CONSTliUCTION
88Elm-·Column FrcH)ling

All of th(~ standard precast beam and column
shapes S!lC\V;l in Part 3 can be used for single story
structures. Selection of the type of beam to be used
cic:pends 0;1 engineerinG considerations such as span
length 2j;J Sl_f.ls;:mposed load:;, <'nd architectural con­
sideratior.s SUCil as depth and ceiling construction, if
2;1'/. Details and design methoJs for connections are
shO'/,',", in P2rt S.

,.. :.., ;~

[)~:;i]n s'lT.pl!city '.'/J5 QCiJi8vcd by ~upporting double tees on prec~st

r~clUqJulJr t.~Jrns [(;-;tir'9 on sqUiJre columns,
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Typical Column and Bedm
Connec t jon

Typical Connection of Column to
Concrete Footing



SINGLE STORY COI\JSTHUCTION
Long Span

~t2-i;':;21-0 prCCii$"L pic5:resseci SeCl:iOiiS lh£.}t \,vill
spa: " ~,~ "icc, c' r'or6 c;;:. u·.oilablc iiI m0s~ parts
of the United States and CeJnnda. Even longer
spans can be achieved by combining post·tension­
ing VJith precast or Ceist-jr.-place concrete. Special
consichration must b8 s:\'cn to camber and deflec­
tion when designing structures of this type.

Ca,ting concrete in a lono Sr·i;" po,t-\Cn,ioned fol!
plato .

. ,J',' ' .. :

_.:.-
-_._~--_. -----_.

l~·" .

;>;.~'~~f: .. I_. l--:L"':··-··-'-·~J" ..n'l t.·'j",!·~r·""j'·" - - ".... I I "1 .I ',,\1'1" , __: ..-.-. .- ~ ..._.---' llll'!I ...,! .. :,. f': '·'1 '5""""l' • ':. ~-'----._.- 1 • 'I, ,

f~""~':.''''--':-..-~·~---··~.,;·_-~·''·_- . '. ~r\ f:';':'/': t1i..i~t~~'IJI:~~i~"·-~~~l-·~; '~:"~~':~.q ',7, .. )~
~,~~.~.:;:-,··..'~.~<·-.~\:;:;f ;~:.~:~:~ -=':':~;;' ";~ .li:, S~.·,;~ ;iJ:l,. ~.';l L~':": U.i\U .. lJ \' {i f ~ I: ~, i.l H', t- i \·1 "1'\ r:· ;. Ij.;-"-.•• J !I
. .... Alii .... ..:-. t."1(44':'~;J;J~t~:\:G1~~.~tjtL~t!~h.1L. kl)~~~·~_#_.lt\/IU
~, , • _ ... _..1,. , '" -l • .- "'--'---' .'";.':~~=''';~....~
....._'~~_~'. _.. ',~r,:.:~.:;_.._.,....•".' _:' , : ...•.=- -.~ ..,.._' ~.~ :', : ::, '\0 ~.:: , .-~ _. . __ - _ .. _ ,-:.,..:._._ •. '-- I

•., .•..7~~':"'~~~~~

Long S:)Jns can be achieved by folded plato con:;truction. These column-supported folded pla:es wert'
cast·in-pld:c Lind prestrc~lser..lljY post·ten~.!onin9.
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~.~ULTI-STORY CONSTRUCTION
VJ all Bearing -Low Rise

Sirgle Tee
1\00t' f'\ernbcr

The use of precast concrete be3ring \lvalls
con lJ(ovide economies in the construction
of multi-story structures. Precast bear: 19
\,Iva! 1 units can be cast in one to four-story
high sections as shov>'ll in the accompany­
ing sk9tches a::d photographs. The bt.::lring
wa'! units can rest directly on the basement
wall or founchlion.

In some C,L':S, the bearing \ivall units will
sturt at the second floor level with the first
floor framed of precast beams and columns
allowing a more open space on the first
Ieve!.

Bearing w,,!ls can be any of the standard
sections (see Part 3) or can be provided in a
variety of architectural shapes. Interior
beuring wal!s, panicularly in multi-family
residential structures, arc usuall)' plain con­
crete pangls cast either horizontally in
fixed forrDs or on tilt tables, or cast verti·
cally in battery molds.

Interior beDring w,,11.
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~JlU LTI-STO RY
CONSTRUCTiON

Wall Bearing - High Rise

I -
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~i\S/1;.1;
f,~i,~~,
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Sinr:',,-;;tc', 10,,0 bearir,g exterior ,'jal\s s'Jpport 8-ft
d0~t/C.t8:'; f:ocrs v~'h~ch serve as diaphragrrs to dis­
ti"D'Jt8 1;.J:8r~1 l06ds to sneOI \~Jd;;S.

/I. variety of high-rise facades and floo~ layouts can be achievcd wi th
wall beJring construction. Here, I'0rimctcr walls "~d a cuntral core
support the floors and rUDf for co!ufT.n-free interior spce.

In thi, buiicli!iQ thrc~ types of t'lIt:estory wu!1 p,II1cls support dou­
bl8-tcc fluor, on c0rL~ls. Central core p,ovicl",; I"tcrill ,ldilility for
tilis COIU!rli\fr~,,'buildinQ.
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Single-story LeZlring vvall Uil:ts arc st~lcked on (: c3~t·in-p~J;:~ fr(':ni~~

10 form tllis 10-story curvilinear building. Double \<:,'s pro'.'i'.'" 'he'
floor syswm.



MULTI-STORY CuNSTRUCTION
Beam-Column Fratning

PrecClst prestressed beams and columns
S~~· :: ~,?~.-:' f:, .. ~",,;. :'/~:: o~ 10\".1 or high r!se
S:,' _cL'::. '- :-:':':-,'1' buildings, the beams
and coiumns become an architectural fea­
ture, and aesthetic consideration is given
to the connection betvveen the bCilms and
co, umns. Architectural ancl engineering
considerations dictate whether the beiJms
are continuous with single story columns,

or whether multi-story columns are used
with single span bO:'J:no:. !n some Ulses. S0­
called "tree columns" have bei.::;1 ussc! 50

that tile b3am connec~ion is made aw?y
from the column, usually abollt the quarter
point or at mid-span. These "tree columns"
hove beer: cast in single-story or multi-story
units.

Multi-story column connection.

Two-story trce column sections wi;h stiJ9DCled butt joints \'.ere L:sed to ir":,-"
this r,,:-iti-story precast concreto building.

161 Reproduced from
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Column

Beam·column connection.

Continuous ledgur beam with one·story columns.

Ledc~er benms on t\vo·story c.-:dumns support prestressed concrete stemrned
slabs.

Multi,s'ory columns with s;rrq)le ledUer b'''ilms suppurt c!'Juule·!t:l' flo,~"s i)l1(,1

roof. One-slory columns are used to JCCOrnodilte the cilntilevcr LJeill11, , fI,-',r­
for cement in floor toppinCl prov,dl'S continuity_
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u.s. [jErA~TMUn Of LAflOR
OCCUPATIONAL SAFETY & HEALTH ADMINISTRMION

ROOM 15010- HOD.At eUllDlliG

19:'1 SJOUI Sl<tEl
NINeR, CClOR/,DO eC202._------ .---_.........

6J7.J6£'.)
A,to ("d" )0)

Steve Cooper
St~nley Structures
J Par~ Cen~rdl Building
St.:."Lte Li&-10
152.5 hcapahoe Street
Denver f • Colo~ado 80202

Dear ~\r. Cooper;

':.':--.is ;.!:'..~:' affirT'~ tele:;:;:.me conversnt:ions bebleen !-it'. }\l KlaslwK and
r:.ep".bc..::s of my stnff concerning .:i.i'\st2o.J.L.~tion 0:: prest:Lcss concrete

co;-,:r~:::: ~.t;;;-.:::;:rs 2::.: c='2vatcc1 \'101:ksite:s ClrC not requi.red to be tic:c\
off. Other employees who might be working at elevated work stations
and who are involved with prestress erection must be tied off, when
rcqui.:r.ed by 1926.28 (20.) and 1926.105 (1) I or be p:col:ected by ped...meter
protection as required by 1926.500.

Si ncerely I

ij .-/- ./ - 1- • -t-
o e::-.Y--<---I,. L.-<:> .--j" 7,,>-.:- <. __ ,

cu;rr-IS 1'.. FOSTSR

Regic:.al Ad~inistrntor

for Occupational Safety and Health
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APPENDIX G - TEXT OF APPLICABLE CALIFORNIA/OSHA STANDARDS*

Article 3. General. 1510. Safety Instructions for Employees.
(a) When a worker is first employed he shall be given instructions
regarding the hazards and safety precautions applicable to the
type of work in question and directed to read the Code of Safe
Pri:lctices.

Article 24. Safety Belts and Nets.
1669. General. (a) When work is to be performed from thrustouts
or similar e:;;:Josed locations, suitable protection such as temporary
g:_c.·2:·;;i1~;i:'S ofl';~;'E: or mzmila ropes, Of equivalent, shall be
p;ovided~ or viorkers shall be protected by safety belts with attached
lifeline.

Note: Sa~2ty belts will customarily be used when exposed
to the hazard of falling from buildings, bridges, structures,
or construction members such as trusses, beams, purlins~ or
plates of 4-inch nominal width, or greater, at elevations
exceeding 15 feet or 1 story above ground, water surface,
G"" continJo'.. s floor level belo'd.

(b) Whe~ ~equirements in (a) above are impractical, use shall be
~~:e of apP!'oved-ty~e safety nets as provided in Section 1671.
(c) hrien the vwrk is of short durat"j on and 1imi tee! exposure and
-~ ,.': 'I :.::' _~ ~ ~ ~ .-" ~ ~ ,s.: i n rig9 '; n9 and ins tall i n9 t i; :,: S ii f et y deviccs
r~~,,;>::: :J this ,':.r':icle cquQls or exceeds the hazards involved
in the actual construction, these provisions may be telnporCirily
susp~~ded, provided adequate risk control is recognized and main­
tained under immediate, competent supervision.

1670. Safety Belts and Lifelines. (a) Approved safety belts and
lifelines shan be \'lOrn by thoSG employees \'!hose vlOrk exposes them
to falling in excess of 15 feet from the perimeter of a structure
or through shaftways and openings not otherwise adequately pro­
tected under the foregoing provisions of the Article. The anchor
end of the lifeline shall be secured at a level not lower than
the workman's waist, and at a horizontal distance not to exceed
6 feet, except where the waist level connection is not possible,
connections at feet level may be permitted, provided that adequate
risk control procedures are followed. Lifelines shall be secured
to a substantial member of the structure or to securely rigged
lines, using a positive-descent control device.

Note: The use of nylon rope is recommended.
(b) If \·:orker I s duties require horizontal movement, rigging shall
be provided so that the attached lifeline will slide along with
him. '
Such rigging shall be provided for all suspended staging, outdoor
advertising sign platforms, floats, and all other catwalks, or
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walkways 15 feet or more above the ground or level beneath.
(c) Life lines (sic), safety belts, and safety lines shall be used

"only for employee safeguarding. Any life line (sic), safety belt,
or sufety line: actually subjected to in-serv"ice loaeling, as distin­
guished from static load testing, shall be immediately removed
frolll service and shall not be usee! again for employee safeguarding.

Note: For the purpose of this Subsection, "in-service
loading" shall mean loadiilg equivalent to that received
in a drop test.

(d) Safety lines and life lines (sic) shall be capable of supporting
a minilr:um dead weight of 5400 pounds.
(e) Life lines (sic) subject to excessive fraying or rock damage
shall be protected and shall have a vJire rope Ctilter. Seriously
worn or damaged rope shall be promptly removed from service.
(f) All safety belt and life line (sic) hardware shall be drop­
forged steel, or equivalent, with a corrosion resistant finish.
Surfaces shall be smooth and free of sharp edges.
(9) All safety belt and life line (sic) hardware, except rivets,
shall De capable of withstanding a tensile loading of 4,000 pounds
\vithout cracki;lg, breal(ing, or taking a pennanent der'ormation.

167:. Safety Nets. (a) \.Jhere the elevation is 25 feet or more
above the ground, water surface, or continuous floor level below,
and when the use of safety belts ilnd lifelines or more conventional
types of protection 2re clearly impractical, the exterior and/or
inter i or per imeter of the struc t lire shall be pray i ded I'li th an
aPP~8ved-type safety net extending at least 8 feet horizontally
f~G~ ~Jch Deri~E~er and being positioned at a distance not to exceed
10 feet vertically below where such hazards exist, or equivalent
::' ..... ':'~:-:(':~ .... r' ':''''':''I';-1e'~. \lets shell be h'Jng I·lith ~;uffiC"ient clearance
::3 ,:··:"·~,.,t _IS·:,·I~ ::,-,t?ct vtith the surfaces or structures beloit/.
Suen clearances shall be determined by impact load testing.
EXCEPTION: See Section 1710 (el), (e) c'ld (f) for flooring require­
ments and nets for steel erection in tiered buildings and structures.
(b) Only one level of nets shall be required for bridge construction.
(c) The mesh size of nets shall not exceed 6 inches by 6 inches.
All new nets shall meet accepted performance standards of 17,500
foot-pounds minimum impact resistance as determined and cert"ified
by the manufacturers, and shall bear a label of proof test. Edge
ropes she.ll provicie a minimum breaKing strength of 5,000 pounds.
(d) Forged steel safety hooks or shackles shall be used to fasten
the net to its supports.
(e) Connections bet~een net panels shall develop the full strength
of the net.

1672. Tests. (a) The tests for approval of safety belts and attachments
shall be the capability or withstanding three drop tests of 250
pounds de~d weight (not sand) falling a distance of 6 feet without
failure.
(b~ In testing the belt and attachment~, th~ anchor terminal of
the lifeline shall be an overhead support. The waistband of the
belt shall support the test weight in the same manner as it would
support the worker.
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(c) Safety net5 shall be on-the-job tested for their ability to
\'1ithstand the maximum load that may be imposed without failure
and for suitable clearance from the surf(lce bclo\'J. The test shall
conforln to the manufacturerls reco~nendation for height and weight.

Article 29. Erection and Construction.
1710. (b) Erection Guide for Trusses and Beams Over 25 Feet Long.
Du;-jng erection the magnitude and placement of intended loads shall
be held within safe limits. The employer shall provide an erection
plan and procedure prepared by a civil engineer currently registered
in California which shall be followed and kept available on the
job site for inspection by the Division.

(e) Temporary Flooring-Skeleton Steel Construction in Tiered Buildings.
(1) (A) The derrick or erection floor shall be solidly planked
or decked over its entire surface except for access openings.
Planking or decking of equivalent strength, shall be of proper
thickness to carry the working load. Pl~nking shall be not
1esst il an 2 inc hesth i ck f u11 s i ze un dres sed, &i1 d sha OJ I be
laid tight and secured to prevent movement.
(8) On buildings or structures not adaptable to temporary
floors, and where scaffolds are not used, safety nets shall
be installed and maintained whenever the potential fall dis­
tance exceeds two stories or 25 feet. The nets shall be hurig
with sufficient clearance to prevent contacts with the surface
of structures below.
(C) Floor Periphery-Safety Ra"il-ing. A safety ra-i1ing of 3/8­
inch wire rope or equal shall be installed between 42 and 45
inches abo've de:;ian finis"l floor height around the perhl1erv
of all temoorary planked or tf~lil~)Orar'y metAl decked floo~s of
tie~ Dui1dlngs and other multi-floored structures during struc­
turd; stee-t assembly.
(0) ~'hen connecting beams at the periphery of a bUild-ing or'
structure where the fall dist~~ce is greater than 25 feet,
employees shall be tied-off by approved safety belts and life­
lines to either peripheral columns, penda~t lines secured at
the tops of peripheral columns, ca:,>nary lines, or other secure
anchorage points. Employees shall also coon or walk the bottom
inside flange of peripheral beams when it is necessary to
release chokers, land inLermediate members, or perform other
work on the peripheral beams.
(E) Pendant lines, catenary lines and other lines used to
sec/Ire '.'iorkers S\la 11 be capab 1e of support i ng a mi nimum dead
weight of 5400 pounds.
(F) If the procedure specified in (0) above is impractical,
perimeter safety nets shall be installed at a distance of no
more than 25 feet below the work surface and extend at least
8 feet beyond the perimeter of the building or structure.
Nets shall meet the requirements set forth in the applicable
portions of Sections 1671 and 1672.

*Source - Title 8 - Industrial Relations.
Code.
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APPENDIX H - TEXT OF APPLICABLE ONTARIO STANDARDS*

Part II

General Construction

14-(1) During the construction of a building, temporary or permanent
flooring shall be installed progressively as the building is erected.
(2) Subject to subs8ction 3, all work shall be carried out not
higher than two storeys (sic) above the temporary or permanent
flooring installed as prescribed by subsection 1.
(3~ ~hc(~ the \ertical distance beLween the tiers of column splices
exceeds two storeys (sic), work may be carried out not higher than
three storeys (sic) above the temporary or permanent flooring.
(5) Subsections 2 and 3 do not apply to work carried out,

(a) from a scaffold;
(b) above an area where the worker has the protection of a
safety net; or
(c) vihere the l'Iorkers are protected frorn fa 11 i ng by means of
parachut~-tYP2 harnesses or safety belts attached to the pro­
ject.

Personl'.l Protect"ive Clothing, Equiprnent, and Devices
~j. r. (;u'",..2r (t:qUlrc-C; to vlear or use any protective clothing,
E~~lP~2~~ or cevj2~ s~all be instructed and trained in its care
and use before wearing the protective clothing, equipment or de­
vice.
35.--(1) Subject to subsection 6, where a worker is exposed to
the hazard of falling,

(a) more than 3 metres (sic);
(b) into operating machinery; or
(c) into or onto hazardous substances or objects,

he shall wear a safety belt or parachute-type harness adequately
secured to,

(d) a fixed support; or
(e) a lifeline that is securely fastened to the project,

or be protected by a safety net.
(2) A safety belt or par.achute-type harness sha 11 be so arranged
that should a worker fall he will be suspended at a distance of
not more than 1.5 metres (sic) below the position where he was
Si1 te (sic) for the purpose of working immediately prior to his
fa'] .
(3)_A fall arrest system shall not apply a peak fall arrest force
greater than 8 kilonewtons to a worker.
(4) Where a lanyard is used, it shall have a nominal diametlr of
at least 16 mil1imetres (sic) and be made of nylon rope or other
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duruhle mat~~dal of equivalent impact strength ane! elasticity and
aelcc; late for the 'tior I to be done.
(S) Where a vertical lifeline is used, it shall,

(a) have a nominal diameter of at least IG rni11 imetrcs (sic)
and be made of polypropylene or other durable material of
equivalellt 'impact strength and elasticity and adequate for
the work to be done;
(b) L.::' used by only one \'lOrker at a time;
(c) be free from the danger of chafing on any sharp edge; and
(d) extend to the ground or be provided with a positive stop
which will prevent the safety belt or parachute-type harness
from running off the end of the lifeline.

(6) Subsection 1 does not apply to a worker who,
(a) is proceeding to or from his work position; or
(b) is engaged in connecting structural members of a skeleton
structure.
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APPENDIX I - TEXT OF APPLICABLE U.S. ARMY CORPS OF
ENGINEERS STANDARDS*

INSTRUCTION AND TRAINING

01. /\ GEr~ERAL

Ol.A.OS Prior to the start of a project or any major phase of work
a job h3zards analysis developed the prime contractor will be reviewed
I,,'ith de:;~s~:;.':,::': go.'e;·,';:-2nt personnel. The analysis \':il1 identHy and
evaluc.te the hazards and cJtline the proposed methods and techniques
of accomplishing each phas2 in a safe manner.

Gl.8. =>iOOCTRIN;ITION

OJ..8.01. Each employee shall be prov:ided initial indoctrinat~on and
such cont1nIJed train'ing to enable hint/her to perform his/hr.r work in
o safe n1-3nn:2t.

Ol.C. O\-THE-JOS

=~.:.:~. ~.,;;;:;w ~:::"j iJ s~,-:::c:..; ieU safety meetings shall lie held at least
::-:::.:=. ~ -:-:':.:, -;"":;, c.~: SLi~2;/i.sors on the project to revie\'i past activities,
to plan ahead for neVJ or changed operations, ::tid establish safe \,/O\\ing
procedures for anticipated hazards. An outline report of each meeting
shall be submitted to the designated authority. .
Ol.C.02. At le~st one safety meeting shall be conducted wee!:ly by field
supervisors or foremen for all workers. An outlined report of meeting
giving date, time, attendance, subjects discussed and \<1110 conducted
it shall be maintained and copies furnished the designated authority
on request.

01.C.03. All persons required to ~ntc~ into confined or enclosed spaces
Or' atmospheres immediately dangerous to life shall be instructed as
to the hazards involved and precautions to be taken. They shall be
trained in the use and care of such emergency and protective equipment
as self-contained breathing apparatus, hose line masks, and respirators.
Training shall be by a qualified person. The employee shall comply
with any regulations that apply to work in dangerous or potentially
diJ 11 9er 0 usa i'e(J. S •

01.C.l1. The employer shall provide training in handling emergency
situations that may arise in the use of any equ'iDH1ent on the project.
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07. A . GENERi\L

07./\.13 D,rop lines, lanyards and lifelines independently attached or
attendee!, shall be used \·,hen performing sLich work as the following when
reql;irements of 22.A.02. and 07.0.01. cannot be complicj with.

07.A.14. Lifelines, drop lines, safety belts, and lanyards shall be
used only for employee safeguarding. Any lifeline, safety belt, or
fiber lanyard actually subjected to impact loading shall be immediately
removed from service, and shall not be used again for employee safe­
guarding. For definitions of the above, see ANSI A 10.14.

b. Work on hazardous slopes, structural steel, or poles; erection
or dismantling of safety nets; tying reinforcing bars; and work
frarn boatwain's chairs, swinging scaffolds, or other unguarded
lc:~tiQn }t elev~t~ons greater than 6 feet.

07.A.15. Lifelines and drop lines used on rock-scaling operations or
in areas whe~e the line may be subject to cutting or abrasion shall
be a minisu~ 7/B-inch ~anila-rope with wire core. For all.other life­
line applications, a minimum of 3j4-inch manila or equivalent. with
" min'i::l'.!:0 breaking strength of 5400 pounds (2454 kg) per person shall
be used.

07.A.16. Lifelines a~d drop lines shall be secured above the point
of ope~ation to a~ arch2~ag2 or structural member capable of supporting
a mini~um dead weight of 5,400 pounds (2454 kg) per person.

C7.'-.,~; ~:_~:::J' ::21~_ :::'-' ../C'r',j shall be a mihirTILl:il of ~2-ircfl nylon, or
equ~vah:i:t, with a maximum length to prevent a fan of no greater than
6 feet (1.83 m). The rope shall have a nominal breaking strength of
5,400 pounds (2454 kg) per person.

07.A.19. Defective safety belts, h~rnesses) lanyards, lifelines, and
drup lines shall be replaced.

07.A.20. Safety belts, harnesses, lanyards, lifelines, and drop lines
5112.'\1 f'i'2et t:le req·Jlrei:lents of I-\NSI 1\ 10.14, for Safety Gelts, Harnesses,
Lanyard~, Lifelines and Drop Lines for Construction and Industrial Use
or Section 07.1. Safety belts shall be free froln additional metal hooks
and tool loops other than those permitted in the ANSI standard.

07.A.21: Safety belts, harnesses, lanyards, drop lines, and lifelines
shall be inspected before use each day to determine that they are in
safe working condition.

07.0. SAFETY NETS

07.0.01. Safety nets shall be provided when workplaces are more than
25 feet above the ground, machinery, water surface, or other surfaces
\',hcre the use of ladders, scaffolds, catch platforms, t~',ilporary floors,
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lifelines, or saf~ty belts is impractical. (See 07.A.13. and 22.A.18).
Nets shall be installed as close under the work surface as practical
but in no case more than 25 feet (7.62 m) belO\'l such work surface.
Nets shall be hung with sufficient clearance to prevent user's contact
witl! the surfaces or structures below. Such clearance shall be deter­
mined by impact load testing. Only one level of nets is required for
bridge construction.

07.0.02. Safety nets may be provided where traffic or \'lorkers are per­
mitted to be under a work area. (See paragraph 22.A.28.)

07.0.03. Nets for overhead protection shall be lined with wire or syn­
Hlet i c nett i ng of not more than 1- inch (2.54 Cln) mesh. Wi re mesh shall
be made of not less than 22-gage wire and synthetic mesh of not less
than Number 18 twine.

07.0.04. Operations requiring safety net protection shall not be under­
taken until the net is in place and has been tested.

07.0.05. Nets shall extend 8 feet (2.44 m) beyond the edge of the work
~urfaces where workers are exposed.

07.0.06. The maximum mesh size of nets sha1l be 6 inches by 6 inches
(15 cm x 15.2 em).

07.0.07 All new nets shall meet accepted perfcrmanee standards of
17,500 foot-pounds (255,325 Newton/metres) minimurl impact resistance
as d0termined and certified by the manufacturers Rnd shall beJr a label
of prooF test. Edge ropes shall provide a rninirnur, breaking strength
0f 5~OD8 D0unds (2.3 kg\.

07.G.08. 1ne net suspension system shall be designed an4 constructed
with a safety factor of four and as a minimum shall withstand the test
loading without permitting contact between the net and any surface or
object below the net.

07.D.09. Forged steel safety hooks or shackles shall fasten the net
to its supports.

07.0.10. Connections behleen net panels shall develop the full strength
of: the net.

07.0.11. The net installation shall be tested by dropping a 400 pound
(181.4 kg) bag of sand, not more than 30 inches ±2 inches (76.2 cm ±5.1
crn) in diameter, onto ,the center of the net from a height of 25 fee-t
(7.6 m) above the net or from height equal to the distance from the
net to the highest surface for \-lhieh protection is furnished, \'Jhichever
is gr";..'<Jtest.

07.0.12. Nets shall be tested immediately after installation, relocation,
or major repair. Tests shall be repeated at not more than six-month
intervals.
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07.0.13. Nets shall be inspected daily for cuts and danlcge from abrasions,
chcmi ca 1S, or heat. Repairs shall be made before \'/ark above the net
is resllm.:d. Rapid loss of strength of small n(~t components should be
c0:sidcred.

07.0.14. Debris shall be removed from safety nets at least daily and
combustible materials shall be removed before welding, cutting, or other
operations producing sparks, slag, or other ignition sources are done
above the net.

22.A.18. Employees on runways, ramps, scaffolds, roofs, floors, plat­
forms, cofferdams, or other working surfaces from which they may fall
6 feet (1.8 m) or more or working over water or machinery shall be pro­
tEe ted by guardra 11 s with i ntermed i ate ra il and toeboQrd, catch p1at­
forms, tnmporary floors, safety nets, safety belts, or equivalent.
See 07.A.14., 22.A.02., and 07.0.

22.A.28. Ove~head Drot~ction shall be provided contractor and government
personn~l and the public exposed to hazards from falling objects.

ST~EL ERECTION

34.E TE~PORARY fLOOR~NG

34.8.02. On structures not adaptable to temporary floors, and v/here
sea', fa los are not usee, s:lfety nets shall be installed and maintained
,.,;nei,e\2( the p·:::,>::nti2.i fall" distance exceeds how stor-ies on 2 feet (7.62
rn ) • ( See aISO 07. 0 •01. )

*Source: Saf~'SL.an~LJealth ~..9uirernents, U. S. Army Corps of Engi neers,
April, 1981.
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APPENDIX J - TEXT OF APPLICABLE Ar~ERICAN NATIONAL ST/\NDARDS
INSTITUTE STANDARDS

Safety Nets*
l.Gener-al
1.1 Scope. These requirements shall apply to safety nets made
of ropes or webbing fabricated of natural or synthetic fibers.
1.2 Purpose. The purpose of this standard is to provide minimum
desian~ test, and use requirements for safety nets.
1.3 ~xceptions. For cases of practical difficulty and unnecessary
hu(GSi11Pt O( \';I1ere other extenuating circumstances exist, the en­
fore i ng author ity may grant except i on to the 1Hera 1 requirements
of this standard and permit alternate methods, but only when it
is clearly evident that equivalent safeguards are provided.

3. Conditions Requiring Nets
Safety nets shall be provided wherever:
(1) Persons are \','orking 25 feet or more above ground, water, machinery~

or any other solid surface and are not otherwise protected by safety
lJelts 2.0d s:dety l';nes~ scaffolds, or working surfaces properly
guadec in ccrr,pliance '!,'ith other applic.:,ble American National
Standards. (2) Public traffic or workers are permitted to be under­
rlt:a~n C ,';O!'K area n')7. o~hen;ise protected from falling objects.
1,', S;J·::-, cases, nets sn?1.1 be l"ined 't/ith a mesh of size and strength
sufficient to contain tools and materials capable of causing injury.
(See 5~3.)

4. ~i~'~2rials

4.1 Material and fabrication shall provide impact strength per
unit of net width or length equal to 6 x 6 inches spacing of 3/8­
inch diameter No.1 grade pure manila, !;;-inch nylon, or 5/16-inch
polypropylene rope. Rapid loss of strength and susceptibility
to damage of smaller members should be considered.
4.2 Materials used shall be compatible with each other.

5. Design of Nets
5.1 r~axiiflum size of mesh shall not exceed 36 square inches nor
be longer than 6 inches on any side measured center-to-center of
mesh ropes or webbing, and no mesh member shall exceed 6 inches
in lensth measured center-to-center of mesh crossing. All mesh
crossing shall be' anchored to eliminate frictional v/ear and prevent
enlargement of the mesh opening.
5.2 Each net (or section of it) shall have a border rope or web­
bing. The minimum size of border r,pe shall be 3/4-inch diameter
for manila and ~-inch diameter fur synthetic; no border rope~
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hOi'Jever, should have a breaking strength of less than 5000 pounds
when new. The meshrope or webbing shall be anchored to the border
at eJch crossing.
5.3 Net lin:,1gs, when used, sh ;1 be of not more thctn 1-inch mesh
and be constructed of synthetic twine not less than No. 18-inch
size or of wire of not less than 22 gauge.

7. Manufacturer's Test
7.1 Each safety net shall be certified by the manufacturer that
a qualification test has been performed on a prototype net of
identical construction and that the net successfully passed the
performance test described in 7.2.
7.2 The impact resistance of a safety net shall be such as to be
ab 1e to absorb the impact of one drop of a 3:- ; pound bag of sand
24 inches (±2 inches) in diameter, dropped 50 feet into the net
at ei1ch quarter-point of the long dimension (6 feet from the end
of the net) and the centerpoint of the short dimension (8!2 feet
frQ~ side of t~e net).
7.2.1 Tests shall be performed using a 17 x 24-foot net secured
in frame as detailed in Fig. 1. The test frame should provide
an opening that is the same size as the net as hung.
7.2.2 Uet sag \'ihen hun9 shall not be more than 3 feet at the cen Ler
of the net. Border rope shall be level.
7.2.3 There shall be no broken strands nor significant distortion
of the net pattern after two drops of the test weight, with five­
minu~e intervals between drops to allow time for net recovery.
7.2.t; The test fr aGe sha 11 be e1eva ted suff-i c i ent ly to prevent
ret sag fro~ contacting any surface below the net during tests.

9. 0~~~~?-]~~ ~~S~

C'.~ .,-"C' ~:,+e"':~' ~:;": s1:.11 be tested on-the-job in the suspended
position im;nediately following installation or major repa.ir (lnd
at six-month intervals thereafter.
8.1.1 The test shall consist of dropping a 400-pound bag of sand
not more than 30 inches (±2 inches) in diameter from a height of
25 feet above the net into the center of the net.
8.1.2 There shall be no broken strands nor significant distortion
of the net pctttern or the suspension system.

9. Installation
9.1 Nets shall be installed in accordance with the net manufac­
turer's specifications and instructions.
9.2 Nets shall be installed as close under the working level as
practical but not 10y/er than 30 feet and shall be hung vlith suf­
ficient cTe2rance to prevent contact with the surface or structure
below when user's impact load testing is applierl. (Excep~ion:

On bridge construction the lowest part of the structure should
be considered the highest l'/orking surface. It is intended that
only one level of nets be required for bridge:onstruction.)
9.4 Drop-forged safety hooks and shackles i'Jhicil \,11 11 support the
design load shall be used to attach nets to supporting cables,
structures, or beams projecting froln structures. Such attachments
shall be spaced at intervals of not more than 4 feet.
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Strength members of belts may be made
leather, that will result in a finished
the specified minimum performance tests

9.5 Safety nets shall extend outward 10 feet horizontally from
the outermost projection of the structure.

10. Inspection
Each s2fety net, mesh rope, perimeter rope, connectors, suspension
system, etc., shall be complet~ly inspected by a qualified person
after each ins ta 11 at i on and not 1ess than once each week there­
after. Additional inspections shall be made after alteraticns,
repair, impact loading, and welding or cutting operations above
the nets. Nets which show mildew, wear, damage, or deterioration
which affect their strength shall be imnediately removed from service
for complete inspection and repair or disposal.

11. Care, Maintenance, and Storage
11.2 Debris shall be removed from safety nets at least daily and
combustible mnterials shall be r\~mov,.:d before \,Ielcling. cliHinD
or other operations producing sparks, hot slag, or other sources
are done above the net.

Safety Belts, Harnesses, Lanyards, Lifelines, and Drop Lines**
1. General
1.1 Scope. This standard establishes performance criteria for
the construction and use of safety belts, harnesses, lanyards,
lifelines, and drop lines, and their appurtenances. It does not
include linemen's body belts and pole straps, \lindO\·! \'Jasher's
belts, or safety ladder belts.
1.3 Variations. Variations from the requirem·~nts of this standb.l'd
~ay be g~a~ted by ~~2 authority having jurisdiction when it is
clearly e'iident t:';c.1:. the \'Jorket's i1re equally p\'otected by the
~roced!J"e c~' eou;'Df">:>nt oennitt.ed bv the variation. The authority
navlng Jl'~lSGictio~ should recogni;e and approve newly developed
techniq",E;s, "Ie;,;hcds, or equipment \vhen it has bE:2n establisiled
that they VJi 11 provi de equal or greater s8.fety.

3. Belts and Fittings
3•2 r·i c: t eria1s
3.1.1 Strength r~ernbers.

of any material, except
belt capable of meeting
described in Section 5.
3.1.2 Hardware. All hardware, except rivets, shall be of drop
forged or pressed steel with a corrosion-resistant finish (footnote
omitted). Surfaces shall be smooth and free of sharp edges.
3.1.5 Lanyards. Lanyards may be made of any fibrous or metallic
material satisfactory for the application and which will result
in a finished lanyard capable of meeting the qualification tests
indicated in Section 5.
3.2 Construction
3.2.6 Drop lines shall havc 5400 pounds mlnlmum tensile strength
(2450 kg) and at least a 3/4-inch (l9:-IDn) norninal diamcter if
natural fiber rope is used or a 3/8-inch (9.S-rrm) nominal diameter
if wire rope is used, and be at least equal in strength to the
fixed o.nchorage spec if i ed in 2.5. Not morc than one person shall
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be tied off to a fiber rope drop line. If more than one person
is tied off to a wire rope drop line, the fixed anchorage strength
shall be increased -in proportion to the number of persons tied
to the drop line.
3.2.7 Lifelines shall be of wire rope, at least !2 inch (12.5 mm)
in diameter, attached to at least two fixed anchorages. The fixed
anchorages shall be capable of supporting a 5400-pound (2450-kg)
deadweight load per person applied at the center of_the lifeline.
3.3 Classification according to Use
3.3.1 Safety belts, harnesses, and lanyards are classified accord­
ing to their intended use as:

Class I: Body belts (work belts), used to retrain (sic) a
person ina hazardous work pas it i on and to reduce the proba­
bil ity of falls.
Class II: Chest harness, used where there are only limited
fall hazards (no vertical fr:e fall hazard) and for retrieval
purposes, such as removal of a person from a tank or bin.
Cl as:; I II: Bod,)' h.3n:2ss, used to arrest the most severe fr('2
falls.
Class IV: Susp2J-lsion belts, independent \vork supports used
to suspend or support the worker.

3.3.2 LanYJrds shall be kept as short as reasonably possible to
minirnize::'18 possibility and length of a free fall. What'2ver the
length of the lanyard, it shall be tied off as short as possible.
Care shall be used to see that the lanyard is attached to a fixed
anchorage by means that \·/ill not reduce its required strengl~h.

A knot will reduce the strength of a rope lanyard by at least 50%.
3.3.5 \·Ii-:21: su:jected to a fall, body belts (Class I) togeH,::r v!1th
their associated lanyards shall produce a stopping force of. not
... : .. :: -: ~~. ~ ~ ':' \J ~ ," ; .... ~ -: .......

3.3.6 :~~S~ ~3;~ess ~Class II) and suspension belts (Class IV)
shall not be used for- stoppiny falls and are not subject to impact
requirements.
3.3.7 When subjected to a fall, body harnesses (Class III) together
with their associated lanyards shall produce a stapping force of
not more than 35X gravity.
3.3.8 Belts and lanyards that have been subjected to impact loading
shall be removed from service and destroyed.

4. Certification a1d Inspections for Belt and Lanyard Assemblies
4.1 Manufacturers· Certification. Each belt and lanyard assembly
shall bear identification marks, either indelibly printed into
the belt or stamped into permanently attached tags, which shall
identify the manufacturer. The identification shall also bear
the date of manufacture and the nUir;"cr of this standard. The numb:::r
of th-is standard shall constitute a certificate that the min-iliium
requirements have been met. All of thrse m?' kings shall be in
easily legible characters and so applied th~t they shall be indelible
during the life of the belt.
4.2 Users I If'lspections. Each belt and lanyard assembly shall
be visually inspected for defects prior to each use. The assembly
shall be inspected according to the manufacturer1s reco;~nendations

not 1ess often than tivi ce annua lly. Tile date of each such inspect i on
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sh~ll be recorded orl an inspection tag that shall be permanently
attach(?c1 to the belt.

5. Qualification Tests
5.3 Srtl11ples of each type and class of belt, h.·;'ness, anJ lanyard
asse:ilhlec.l together as a unH shall withstand \'lithout failure a
test consisting of three successive drops of a 250-pound (113-kg)
rigid weight falling free through a distance of 6 feet (1.8-m).
(Figures omitted.) The free fall distance shall be established
by permitting the weight in the belt to hang free supported by
the lanyard. The weight shall then be lifted 6 feet (1.8 m) plus
or minus 1 inch (2.5 em) and released by a quick-release trip.
The weight shall be a rigid cylindrical or torso-shaped object
with a girth of 38 inches (97 cm) plus or minus 2 inches (5.0 cm)
and shall 'tleigh 250 pound (113 kg) plus or minus ~ pound (0.1 kg).
The 1dnyard for tli i s test sha 11 be 6 feet (1. 8 m) plus or mi nus
1 incll (2.5 em) from the anchorage to the attachment on the belt.
The anchorage shall be rigid. The belt or harness shall be applied
t 'j L: I t; Vi 2 i 9ri t a:) it ~,/OU1d bet0 a rn an. Fail uresha11 con S 'j s t 0 f
any breakage or slipJ~ge sufficient to permit the weight to fall.
5.4 Belts, harnesses, and lanyards that have been subject~d to
droa tests shall not be used except for display and education.

*Source - A~erican NJtian:.l Standards Institute, Inc. American National
Stel~gard f'Uni~um ?e~irt:rnent~f.9!_~fe~:y Ne!.~Arb.ll - 1971.

"C'kSOU(CC - ,:.-c,)tican Na:ionc\-j Standal'ds In::titute, Inc. t\lil2rican National
St onder:! r\r> ::!'J i Y"e:nent s for Safety Be lts H~rr:esse~ , -LanY2roS:-____•__••~._.~__._. • _~__'4~ ~_ •.__• __•• ._ •• .,), • _

l.i f e '\ i ne:; ,:, ", c: :>- 0 jJ L. i nes f 0 ( Con st) uct 'j 0 n ilndIn d' 1str i J 1
IJ '~i~--Al 0-, 1!1-=-'~ 97 5-..__.----_..__ .. .--._--------.--.-
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APPENDIX K PROPOSED RESEARCH PROTOCOL

K.l INTRODUCTION

Within the current structure of government, there is increasing interest not
only in ensuring the safety of the working public, but also in judging the
effects and benefits of having safety standards. A methodology is needed to
allow a specific safety standard to be studied to determine if it is, in fact,
accomplishing the intended objective--that is, protection of the worker.

In some creas, one of which this project addresses, there is disagreement be­
tv/een industry, labor and the govetnnlent f':::garding \'lhether compliance with

"a specific standard, when applied to a particular work situation, might actu­
ally place the worker at greater risk than if it did not exist.

The following presents a proposed research methodology 01" protocol which can
be utilized to scientifically evaluate the effectiveness of specific OSHA
standards. The presentation is divided into two discllssions. The first ap­
proaches the research problem in a generic way with the intention that it can
be used to eval~2te a~y OSHA standard. The second discussion addresses the
specific problem area being investigated by this project.

K.l.l STATE~ENT OF THE RESEARCH PROBLEM

There exists in government, many standards designed to regulate specific indus­
tries so that the workers are protected and accidents are prevented. These
standards exist, but there are questions as to whether or not safety statldards
have the effect that they were designed and intended to have. Are the workers
actually protected? Do they follow the standards? Are the number and severity
of accidents greater, lesser, or the same as they \'iould be if no standard ex­
isted? If these standards are not accomplishing what It/as intended, are there
recommendations which can be made to accomplish the intended results?

K.l.2 THE TRADITIONAL APPROACH

The most typical approach to a research problem such as this wOllld be to pro­
ceed with the collection of primary data. In this particular case, the pro­
cedure would involve collecting first-hand information about job-related acci­
dents from industry. This process can 1'C'veal a great deal of infol'mation,
but there are several items to be considered if this approach is to be employed.

The first item to be considered is the fact that primary data collection is
a costly and time-consuming process. A data-generating survey instrument must
be prepared for use. This step alone requires that such an instrument be
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written, piloted, revised, and validated within tile confines of existing gov­
ernment regulations. This can entail significant expense. Once this is achieved,
tile instrulilent must be distl'ibuted.

The most cost efficient means of primary data collection is to mail the survey.
Response rates then, depend entirely upon the voluntary cooperation of the
people or companies being surveyed. As the level of personal contact increases,
whether due to telephone contacts to prompt higher response rates or actually
gathering data by physically reviewing the respondent's records, the cost
increases rapidly. As this procedure is completed, by whatever means, the
time-consuming task of organizing the data into a manageable form and of anal­
yzing it remains.

Another factor to consider here is that even if an instrument is developed
and distributed, the response and/or rate of return may not be sufficient to
adequately answer the research questions. A prinlary reason for the lack of
response in such a procedure is that the persons responding to the survey may
not be lr:o:L'a:ed to resp:>nd. In t.::is parti:ulc,r case, the research questior.
involves a sensitive area for many in industry. Companies have a number of
reasons for not releasing information regarding job-related accidents. One
reason might be that the accidents have resulted in cases presently in liti­
gation. Another is that information about such accidents is considered con­
fidential. Finally, these ~ompanics may simply be reluctant to share infor­
mat i on with the ~overnment or government-span sored contractors. It is prob ab 1e
that responses will be more likely from companies which experienced no acci­
den~s; therefore, some procedure must be designed to assure that bias can be
estimated.

The survey instrument must be packaged in such a way that it can be simply
o.iiU ~uiC" '.'I ",,;),',ei C":. ~2r50ns respoi1(;ing to a res: I'ch instn;rne:nt seidoi:i ha\!r2
tnf time or p~:i2~C~ necess2ry to read detailed itlstructions, much less to
respond to a large number of questions. This lim~'s the amount of information
that can be gathered.

Perhaps the most limiting factor in collerting this information by mail is
the need for a company to base tile answers to survey questions on information
compiled in their accident reports (assuming that these exist, are reliab 1 p,

and contain detai led enough infO:'lation to anSVJer the questions). Thi s f«tor
increases significantly the amount of work required to respond to the ques­
tionnaire, \vhich in turn depresses the response rate. It is anticipated that
many respondents would not take the time to thoroughly review their records
and ~Joul d most 1ike ly respond from "memory" rather than documented fac t. Thus,
many of the returned questionnaires may not present totally reliable informa­
tion. To overcome this problem, the level of personal contact may have to
be increased, requiring a significant increase in time and expense.

An additional factor to be considered is that in the collection of primary
data, a large sample must be employed to insure that sufficient information
is available to allow a detailed enough analysis to answer the needed ques­
tions. The sample would also have to include a cross section of the types
and sizes of companies to which the standard applies.

There are various ways to overcome these obstacles ; however, it seems
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reasonable to first explore other means of answering the research question
\'.'hicI1 \'iould not be as time-consuming aod costly.

1<.1. 3 UTILIZATION OF SECONDARY DATA

With these factors in mind, the question arises as to whether or not tllere
is possibly a faster and more efficient method of assembling information by
the collection of secondary or existing data. EXillnining secondary data may
also allow questions concerning the number of people at risk and the serious­
iiCSS of the safety hazard to be evaluated to determine the value of extensive
research in a particular area. The procedure of collecting secondary data
is nlore cost effective, primarily because the d~ta already exists and can
usually be collected in a shorter period of time with fewer contacts and con­
siderations than encountered in the process discussed above. One time-con­
su:ning process which would be eliminated is that the collection of secondary
data would probably not require government clearance, as would the collection
of p:'"jr,;:;,r.y :2.~3. If the data can b2 collected faster, then the analysis pro­
cess can be started and ended at an earlier point in time.

K.2 OVERVIEW OF PROPOSED GENERIC APPROACH

The general approach to collecting and utiliZing secondary data is presented
in a flo\y diagram on tile follol'Jing page. The follo\'ling \'Iin discuss each stage
of the process and provide a brief overview. A more detailed discussion of
~ne tec~niq~es to be Lsed is provided in later sections.

K.2.1 ST~G~ I - E37~S~=S~ AN APPROPRIATE PRIORITY

Before committing to an extensive research project readily available secondary
data should be collected to attempt to establish the answer to the following
concerning the standard in question:

How many accidents occur?
How many people are exposed to the hazard?

. How severe are the injuries?

Based upon the answers to these questions, a decision can be made concerning
the priority the project should have. For eAdrnple, a project designed to
assess the value of a standard which affects relatively few people who are
unfrequently injured might receive a low priority. Another project assessing
the effectiveness of a standard designed to protect people where a large per­
centage of the population at risk are being injured frequently might logically
receive a higher priority.

It is also important to determine the size of the population and the number
of incidents occurring, because it will affect how the research is conducted.
J\ large number of incidents 1·1i 11 allol·J a smaller sample to be considel'ed and
\,:Iill increase the abilHy to utilize statistical techniques to analyze the
lnformation. If fewer incidents are anticipated more in-depth information-
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K.2.3

gathering teclitliques would be used to reconstruct each incident. A case study
of each incident might be prepared, for example, based upon interviews with
vclrio,;s people involved in the Clccident. These case studies v.ould then be
compared and contrasted to establish trends in standards compliance and the
circumstances of the accidents.

K.2.2 STAGE II - COLLECT AND UTILIZE AVAILABLE SECONDARY DATA

If the priority set in Stage I indicates that the study should proceed, a
number of additional questions might be answered using ~econdary data. For
example, the degree of compliance with the standard might be determined from
trends in OSHt\ citations. Further information may also be available concendng
tlOW accidents are happening, experience of the person injured, contributing
causal factors, and other hazardous conditions. Hthe questions involving
the effectiveness of the standard can be answered based upon the information
from secondary data which is available, the process may stop at this point.

STAGE III - ENHANCEMENT OF SECONDARY DATA-----_.

Several statistical techniques may be valuable to enha~ce the secondary data
on a probability basis. The benefits of such an enhancement process should
be c6nsidered to determine if the probability of error for the answers based
upon's2c6ilda,y data can be improved. (This process is discussed further in
section f<.3.3.)

K.2.4 STAGE IV - PRIMARY DATA COLLECTION
-

Tf S?t 4s.t"actc''''y :',,3"';"'5 to 'the reseJ.rch qUL~stioil have not beeT) determined,
the project I.'ouid move: into a proirnary data collection phase. A process \'r'Ould
be devised for gathering information from employers and employees affected
by the standard. The probabi 1ity for the success of thi s effort v/i 11 be great­
ly increased by the information developed in the first three stages. The
research staff will have a much better idea of the information which is avail­
able and the proper questions which should be asked.

~.?5 CONTROL OF SPONSORING AGENCY

Of particular interest in this approach is the ability for the government to
retain control over expenditures and time being spent to answer the research
question. After each of the major activities in the research approach, an
evaluation I'lould take place regarcJ"ing the sufficiency of the anS\'Jcr \'Jhich has
been developed. An estimate would then be mcJe to determine the cost of the
next step in the work plan and the amount of benefit that would be derived.
Sc\sed upon this estimate, a decision would be made by the goverli,iic:nt \'Jhethcr
to proceed with further expenditures or whether the answer is sufficient for
their needs. .

It must be remembered that research of this nature seldonl can supply conclusions
in v:hich 100 percent confidence can be placed. The basic objective of any

; 183



K. 3.1

researcl: study is to balance margin for error with the amount of money being
spent. (For example, a 15 percent error factor' might be ar.:eptablc> if it 'dere
estirn'lted that it I'Jould take an addit·jon;··j 2 Iwillion dollal's and t'··'ee yea/'s
of effort to improve to a 5 percent possiDility of error.) The ability to
stop at prearranged points to consider how much additional analysis and/or
data collection is likely to contribute to the accuracy of the study findings
is of significant value.

Such an analysis depends to a great extent upon the experience of the people
working on the project regarding the techniques to be used. It also depends
upon the amount of secondary data that has been found in Stage I &II of the
flow diagram and the susceptibility of that data to the statistical procedures
contemplated in Stage III. In addHion, the type ~\rl(j·!~".J(C2 of detai 1 found
in the secondary data will provide impodant clues LUii-.l:..'rning the design of
a primary data collection effort.

K.3 GENERIC SECONDARY DATA APPROACH

POTENTIAL SOURCES OF SECONDARY DATA----".-

Several potential sources of seconda~y data exist. These include:

Occupational Safety &Health Administration (OSHA)
OSHA State Plan Agencies
Mine Safety and Health Ad8inistration (MSHA)
Th2 8ul~eau of ~a~::: S:3t~stics

Govci',:meilt contracting o]encies v.,Ihich collect and maintain
sc.:c.':..r ir"':-,,,_~~':'~,-; i'c.;:'Jding the CO,'jtracts being ad~inister'E:d
:,- r II (',,--. ro~. __ roC rng:1nr;ers :1 S 'rerll'jo><'see \'all'v AU+llOI,,"ty)
\ :~ 1I ~ • ') 'J 1 ... • r\ I ;; l,j' .~ . _ ; :..; ~ v I C. I ,~ • , U. • L .;) .. ~ J L. i I

Operations of government agencies subject to the same or similar standards
(e.g., the Military, Department of Interior)
State workers' compensation agencies
Major private employers
Labor unions
Information developed by NIOSH and government contractors
Industrial associations
National Safety Council

The potential of using each of these sources will depend on ~he particular
standard being studied and the degree of specificity required of information
from accident records.

K.3.1.1 Government Agencies

Several government agencies collect safety information for various purposes.
Generally they fall into two categories, those responsible for regulation and
those responsible for monitoring worker safety on specific projects contracted
by the agency. In the first category are OSH/\, OSHA State Plan Agencies, and
:'lSHi~ It/ho maintain recot'ds regarding cornpl iance with a specif'ic standard and
who also investigate- major accidents and fatalities. These records can be
accessed through corr.putc:rized record keeping and by surveying al~ea offices
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regarding a pa.'"ticular problem. (Tile project team discovel'ed that many of
the compl iance people in the OSHA Area Offices 'were quite h~lpful in locating
accident cases of a particular nature.)

The second category of government agencies includes those agencies who contract
to obtain buildings or goods a;,j maintain some management control over safety.
Pr,~I~ry examples of this type of agency would be the U.S. Tennessee Valley
Authority, the U.S. Army Corps of Engineers, and various branches of the Mili­
taty. r~af:' of these agencies establish contractual safety controls and receive
copies of all accident reports generated by contractors on their jobs. Some
of these are computerized and would potentially be available.

K.3.1.2 \~orkers I Compensat ion I~surance

State vlorkers 1 compensation agencies are a potential source of information,
provided the area of investigation is relatively broad (i.e., falls from an
elevation as opposed to falls involving only connectors in steel or precast/pre­
stressed erection).

Problems exist because each state independently developed its own system
of records and many are no~ totally comparabl~. A gr~at deal of effort will
most probably be neeejed to mold the state workers· compensation system into
a unif"jed data base i'ihich is comparable. HOi'lever, this fact does not exclude
the usefulness of this data.

Twenty-eight states are cooperating in a program which provides a standardized
forfliat fer occupational injul'y and illness data. These elata tapes are aVi.il­
ebl!: frofT1 the Nat."lOne. 1 Technical Information Ser'/ice. The tapes have been
2~d2d to \~C3H computer files and are already being used to provide a method
of examining safety issues quickly. While definitive answers may not be possi­
Jie~ ()asec "von 1;1115 lnTOrmc.:ion a'lone, it can be useful in identifying broad
ti'E::i"':JS c,:-: C::Aii.,ninil-,g poten~ial research approaches.

Private workers· compensation insurance carriers offer an important source
for accident data. Several problems have been encountered by various contrac­
tors in the past i'lhen seeki:"Jg "infol"mation from these sources. It \'Iould be
advantageous to direct a fairly high level of activity toward obtaining co­
o~eration from these companies, because once these sources of data are maele
accessible, a substantial data base might become available for future studies
of Ul"i s nature.

In deal ing 'tlith insurance companies, traditional arguments revolve around the
confidentiality issue. With some care in preparation, a persuasive argu~ent

ca~ld be constructed which demonstrates that it is to the advantage of the
insurance carrier to cooperate. More workable safety standards which perform
as intended and could reasonably be enforced, would aid in preventing accidents
for which the insurance company \'Iould eve;ltually have to pay. Providing access
to this information would also help the clients of the company by possibly
clearing away bothersome safety standards which do not improve the safety of
\,'iorkers but do increase overhead. In fact some progress has been mdde in thi s
regard, as some insurance carriers, such as Employers Insurance of Wausau,
have begun using their data bases to answer basic research questions.
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The: bC!st source of secondary data is the e::1ploycr. It is at this level
that information is generated and transmitted to all the other sources.
Wilile it is clearly impractical to draw secondary data from a large
number of businesses, it might well be possible to form a small group
of the major employers who must comply with the subject standard. These
employers could help assess the value of the standard by allowing access
to their accident records regarding a speciiic type of injury.

Care must be taken in this area to assure that the bias of the infor­
[riat'ion made available is controlled. Bias could be cOlltrolled byex­
amining all the OSHA 101 Forms completed by the company during the
period being studied. This information, of course, is available to
OSHA by law. Nor could this source of information stand alone; it would
have to be only one component of the secondary information base that
is ana1}zecl.

k' ~ 1 L L2hor 'u'''',,·l·C'r'.,s;, • "'" •.•.~.-'--'=.- - -' -

Labor unio~~ collect useful data regarding accidents affecting workers
they represent. It is reasonable to assume that these un~ons would
be very interested in a study of this nature, particulCl.rly if infor­
mation is also being obtained from e~ployers. Many ~0uld request that
tneir l0ToY7ation be considered.

r~. 3.1. 5 Other Gover nfl]ent Pro,5,ects

- --- := :J~:~~: ~~~ ~1furmation being developed for other purposes by
researchers funded by NIOSH 2nd other government agencies can also be put
to 'use. For example, a current NIOSH study involv'irlg the safety of using
ladders has developed a system of working with hospital emergency rooms
to trace accidents. Hospital records may also have value in tracing in­
juries of a specific nature which typically result from a particular type
of accident (e.g., puncture wounds in the sale of the foot).

K.3.1.6 Associations

Finally there is information collected by industrial association~ and the
National Safety Council w!lich could provide useable data depending on the
standard being investigated.

K.3.2 A LOGICAL ANALYSIS PROCESS

It is obvious that data from anyone of these sources would be of only
nl2.rginal value in that it_\'iould l'ep:-esent only a portion of the universe
of people or companies affected. However, if data can be drawn from
multiple sources, the reliability of that data is increased, and estimates
of bias can be calculated.
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Various sources of secondary data exist, therefore any research protocol
must i I1C 1ude:

l. A way of assessing the degree to which existing data is adequate
to address the problem

2. A way of assessing the re 1i abil ity and validity of the secondary
data

3. f\ way of supplementing the secondary data with primary source
data

The following is a listing of tasks (steps) appropriate as a generic
research protocol to deal with the problems listed as number 1 and 2 above.
The approach is predicated on the assumption that the first step is to find
out what information is available and how that information can be best used,
prior to resorting to any primary data collection. Within this, a logical
analysis of the secondary source data is preferred over a statistical one.

~~.3.2.1 ?c""t,ose Which Analys"is I-IiJUerve

The first step in the logical analysis process is to establish the purpose
that the data \'/i 11 serve. For example, are \'Ie interested in standards that
affect only a particular type of industry (e.g., construction) or standards
that affect a particJlar job comnon to a number of iri~L~tries (e.g., lathe
operators)?

V ':\ ~ ?, c ..~ ..._ t ._ Anelysis of So~rces

Step t~o in the Drocess involves determinillg which sources discussed above
ere ~1~e1y to JrOV10~ oat a relevant to the standard under consideration.
r::ies t·":: i::oL.s:,ry uS a I,':-Io;e maintain records? Are OSHA records useful?
',oihi:\t about state viOrkers I compensation? Even though no s"ingle SOU fee may
be adequate, a combination may be adequate, (i.e., a combination of sources
may provide enough information for a particular combination of industry
an cJ s tan da;" d ) .

K.3.2.3 Adequacy Of Data

For which standards and industries is there sufficient available information
to make a decision about a standard? For example, if it can.be determined
that a standard is not having any effect in hlO or three industries where
it Cloplies, is that sufficient to conclude that the standard is not a useful
one? Can knowledgeable people add to the usability of the data?

A central question concerning the adequacy of data will be the ability to
divide the illformation into categories based upon an indication of general
cO~lpliance or non-compliance ';/ith the standard in question. Several pos­
sihle scenarios suggest tllemselves. For example, accident data from workers·
:oiiipens(lt ion insurance compan"ies might be grouped by the r"isk factors used
in co~puting premiums or by considering the inspection histories developed
~y insurance safety people for various groups of companies. This could
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allol/ the general attitu~e of companies concerning enforcement of safety
standards to be estimated. Information supplied by government agencies
\'1:1 i ch co fI t r act '1'1 i t h Pr i vJ t e co 11 C t? I' ns co U1d a1sobe sub d'j .i de cJ into 9r 0 Uf) :.

1'1110 enforce or do not enforce a standard basc'-! upon the inspection histories
developed by the agency for specific contractors. Such groupings could
allow preliminary conclusions to be made concerning the effect of complying
with the standard.

On a broader scale~ combining information with the experience of knowledge­
able people can also help to draw conclusions. For example~ if the data
indicate a particular type of accident seldom occurs and knowledgeable
people agree that compliance with the subject standard is high~ a prelimi­
nary conclusion about the adequacy of the standard could be made. Based
upon this analysis, research efforts might be redirected into a more pro­
ductive area.

K.3.2.4

Is the information that is available reliable? That is, does it accurately
reflect what really happened or happens? How do we validate the data?
Data adequacy can be judged in a preliminary way by considering the volume
of data available, the size of the segment of industry which that d::ta
represents~ and the numb~r of independent data sources which are available.
On a broad basis) the validation of secondary data will depe~d upon the
degree of agreement or disc.greernent bet~",een data gathered fro:;; relative-Iy
independent sources. For example~ if information from a group of government
c01tracto r s, from t~e:'.s50ciat,?d General Contl'actor's~ from the unicrJ and
from OSHA records ag(2e~ the reliability of the conclusion would be rela­
tively hiQh.

K.3.2.5 Combine Standards And Industries---
Are there standards and industries that are sUffieiently sil1;nar so that
they can be combined and increase the effective data base? Uoes, for ex­
ample~ an OSHA standard for construction really differ from a sin'ilar stan­
d~rd written for construction on a mine site or on a military base?

K.3.2.6 D.ecide If Secondary Data~~.9ch Is Viable

The result of the p"ocess above \",ill provide: a basic descr-iption of I'/Ilat
is available. At the end of this logical analysis and inquiries to yarious
potential sources to determine the data that is av~ilable, a preliminary
determination regarding the eventual success of tll~ secondary data approach
can be made. If the data is insufficient~ the remclining steps in Stage
I~ II and III of the flOl'/ diagram vlOuld be omitted. An estimation of the
benefits and cost of primary data collection would be made 2nd the process
would continue in Stage IV. -
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K.3.3 ANALYSIS AND ENHANCEMENT OF SECONDARY DATA

A nU«:f of stat is t i ca 1 techn i ques can nm! be app 1i ed to enhance ano 'ana lyze
th,~ uuta. The b, ;ic a~;proach vrill be to compare accident and injury rates
for those groups vlhere the standard is likely to be utilized anc! those \'ihere
it is not. The differences between the groups will define the impact of
the standard. Even though straightforward and direct, such an approach
presents some problems in that the dependent variable is not well defined.
Specifically, what measurements of injuries and illnesses are available
and \·,hat means can be developed to scale severity? If there are multiple
dependent measures, as there probably are, how are they dealt with? These
are relatively trival problems. For example, multivariate analysis is
appropriate for a situation with multiple dependent measures. Thus, mul­
tiple regression, multivariate analysis of variance, etc., are probably
relevant analyt"ic techniques.

In addition, it may be pos~ible to utilize regression estimation techniques
combined with cross validation to enhance the data which has been collected
and inC(2c\Se i"21iat.J-j ·,it)'. While this p,ocess is relatively complex, the
principles are similar to a simple prediction process. For example, if
the follo~ing series of nJmbers is known - 2, 6, 10, 14 - then it is pos­
sible to predict that the next number in the sequence will be 18. In anoth­
er exa~p~e, if it is known that total assets must equal total liabilities
and the.t current liaLilities minus total liabilities equal equ'ity, one can
use the figures of $300,000 in assets and $100,000 in current liabilities
to pre~ict an equity of $200,000. (A statistical exp1an2tion of the pro­
posed techniques is presented in Appendix L.)

The usefulness of secondary data and the techniques discussed will vary
sreat1y 25 a result of the standard being researched and the industries
~"~ic~ 2~e lnvolvea. However, considering the potential of analyzing sec­
ond~ry d~:a, prior to entering the mOi"e extensive primary data collection
stage, is a logical and valuable approach.

The feasibility of this approach for evaluating a specific standard can
be assessed in far less tim2 than obtaining the approvals for a primary
data collection effort. The process of considering the research question
and talking to various potential sources of secondary data will, at the
ve,"y least, aid in exploring various aspects of the research question.
Such contacts often lead to a redefinition of the research question so that
the possibility of sucessfully collecting primary data is increased.

K.4 GENERIC PRIMARY DATA APPROACH

Five methods of primary data collection appear to be reasonable.

f(.4.1 ~'f\]L SURVEY \~ITH TELEPHONE FOLLOW-UP

A survey instrument could be constructed, validated, and mailed to a
large sample of employers who do the type of work being studied. Names
and address(.:s of such employers can be assembled from several sources
including:
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Industry associations
Departlllt:>nt of Labor
Census [lureau
InJustry periodical subscriptions
Dodge Reports

Each company would be asked to review its accident r?cords for a specific
time period and locate accident records relating to the standards in
question. Employers would be asked to provide copies of any accident
reports or, at a minimum, copies of the Employer's First Report of Injury
Form and the OSHA 200 Form upon which the accident is logged. Follow-
up calls would be made to all companies where an accident occurred to
gather more detailed information from the safety director and/or wit­
nesses to the accident.

The feasibility of this approach is limited, as has been discu~sed earlier
in the document. There will be a certain reluctance to respond in any
detail; plus supplying the documentation required will be somewhat time
ens>:-,-;-,; ::"'1 t:i2 p:J'~:.Jf the respondent, \'/hich could depress the re­
sp0:lse rate.

K.4.2 USE OF OSHA PERSON~EL TO GATHER RESEARCH DATA

As it seens that many companies may be somewhat reluctant to respond
on 2 \'cl~,,;r;:ary basis to a survey, it would appear that the Department
of Laber1s legal right to examine accident records could be evoked by
having OSHA compliance officers visit work locations to make observa­
t-ior",s :=In:-: 2Xc.T,lne re.::::;r-cs. Since aSH/\ personnel are already emphy.~cl

natiomlid~, it could ?lso eliminate l1Iuch of the travel expense \oJhich
l'jc.~ i~ ~.= .=':S'::'5~r..f t~ :;:J ... rit such an effort using private contractors.

Several factors would influence a choice of this alternative. OSHA
personnel might most reasonably be used to examine and collect existing
clat;:> such as OSHP. 200 2'ld 101 forms. Hov-lever, any observations con­
cerning Jeneral \'iO~': a t"ivity on the site and any persollal interviews
held with employees WGJld mos1: assuredly be colored by the very fact
that the compliance officer1s primary function is the enforcement of
the la','i. For this reason the mere p'csence of this type of individual
would result in a bias which would be extremely difficult to estimate
or control. A second factor is the budgetary restraint faced by OSHA
which limits the number of compliance officers which are available.
The primary task of these people is the performance of compliance in­
spections. Any survey activity would probdbly receive a low priority.

K.4.3 OSSERVATIONA~ DhTA COLLECTION

!'\n D.pprocch might also be considered vlhich vlould not require the active
involvenk:nt or approvCil of a company. Some types of i'lOrk activity can
be observed without entering the premises of the company. Observations
of this activity could be made to determine if employees were following
the standards of if they were not. This would eliminate the problem
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of IlJving to rely upon the policy statements issued by a company con­
cerning adherence to a standard. The observation technique would clearly
cJeliniate this mattel'.

SUCll a techniqu~ would also eliminate the problem of poor response as
the data could be collected about every site chosen to make up the
sample. This would also allow a smaller sample to be used. Following
the observations at a site, the observer\'/ould personally request the
contractor's accident records on a voluntary basis or through the use
of NIOSH credentials, if necessary.

Pro:,lcms vlith this approach revolve around the logistics of fielding
a well-trained force of observers to visit the various sites chosen
in the sarn;,le. This could be done by recruiting geographically dis­
tributed safety consultants ~~o could be made responsible for visiting
sites in their immediate areas.

'r\,~~KING ThROUGH GOVER;~;'iENT COrnRACTING AGENCIES TO ~iONITOR THE
ACTIVItIES OF CONTRACTORS

Several g8vernment agencies are responsible for hiring contractors to
do various types of Ivork. Among them are the U.S. Army Corps of Engi­
neers, the U.S. Tenn!~SS2e Valley Authority, the Department of the In­
terior, 20d various branches of the Military. In some cases, these
agencies actively monitor the safety of people working on a project
arid pluci:: specific safety req:Jirements in the contract.

J: may b2 possible to gain the cooperation of these agencies for partici­
:'2tic'" h ? s~':d~ 0+ tl,iS rv~tlJre. The st'Jdy \'/ould be structured so
:~a: ~?~1C:! C0~trac~~d j0bs could be monitored ~ver a specific period
of [1,,',::. lxrangernents 'h'oulci be made ~;ith each contractor to pro'Jide
accident reports concerning the type of accidents being studied to the
Droject staff for revie~. The project stilff would then determine if
the accident applied to the project and would have the option of in­
vestigating the accident, in-depth, to determine what happened.

Since all accidents of a particular type would be reported, it may be
possible t8 determine if some types of accidents are being caused by
co~pliance with the standards. It would also be possible to determine
whether a conpany was following the standards by maintaining contact
with government safety and project personnel who visit these companies
in the nOY':na1 cO'Jrse of the'ir duties. .

Problems with this approach again involve possible bias. Contractors
hired by the government are atypical in that they may tend to be union
em~loye!'s and thus may have more experienced and better trained employ­
ees. The fact that many of these agencies impose contractual safety
r:'jU-ire::12nts and monitor' site safety would also presumably make these
contl'actors more safety conscious than might otherwise be normal.
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K.4.5 ASSE~GLE A GROIJP OF PRIVATE EMPLOYERS WILLT~G TO ALLOW MONITORING
r\clTvTnrS-l(J:(A~i(r--!1[~p~CE _.- -

It nlJY be possible to assemble a group of private companies who would
(\ 1crt the pro j ect st aff \lib enthe t ype of ace ident- s be i ng studied c:... cur •
Tllis \·muld allo\'! the project staff to follo!;J Li l) on each accident in
order to assemble a more detailed report of the circumstances surrounding
it. This group of employers might be used in conjunction with those working
under contract to federal agencies to help estimate and control the bias.

This group would also have built-in biases, although somewhat different than
those in the federal agency group. The participants would, in effect, con­
trol the selection process (by deciding whether or not to participate) as
opposed to being completely randomly selected as part of a sample. Although,
the companies v,'ho are approached "JOuld originally be chosen on a random
basis. It would also be most productiYe to approach larger companies with
such a request, as they would tend to have the most effective accident re­
porting systems and 'f/ould offer access to (I broader range of activities.

K.4.6 FEASr3ILITY O~ DATA COLLECTION V~THODS

Each
Host
c ~lC;1

also

of t~e above approaches has the advantage of being relatively affordable.
would run in the range of $150,000 to $250,000 to accomplish. However,
has a particular problem in regard to bias or feasibility. Each is
li~j:ed in the amount of information which can be assembled.

An apJf03Ch can be devised ~hich amalgamates several of the strengtlls of
2~.:h of t: abDve approac;lE's and prov-ides much better control over bias and

ortdnt variables for wh~ch records are not qenerated. However, as more
c.,:";:-,'\..1;2 -",:'on'oClon 15 S2,eraLed and more var-iables are controlled, cost

K. i:..?__?ROPOSED GEN:~) C P?.IW\RY DATA CO.LLECTION

The primary data collection effort would be designed to collect information
about two basic groups. These groups are those organizations where the type
of accident b~:~ng investigated occured and those where an accident did not
occur. For each of these groups the data collected would ideally indicate:

The number of accidents \'Jhich occured compared to either the number
of people exposed to the hazard or the number of man-hours worked by
the people exposed
For each accident was there compliance with the standard in question?
~hat safeguards are used in addition or instead of those specified by
the standard?
If the~e is compliance with the"standards in question what accidents
have occurred because of compliance?
If there is no compliance with the standard, what accidents have been
avoided because of the non-compliance?
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Alternately the formaiion of groups would be based llpon the deyree of stan­
dard compliance during an accident. The first group would be made up of
those accicients ';Ihere 'there \'laS compliance with the standards in question
Cl:ld the se(:oncJ \'ilJulrJ be that ilhe(e there ViaS no compl"i ance I'lith the stan­
dards. The data collection effort woulJ be designed to indicate for each
group:

The number of accidents compared to either the number of pebple exposed
or the number of man hours \'/orked by peop 1e exposed
Did the accident occur because the employee was complying or not com­
plying with the standard?
Was the severity of the accident affected by the degree of standard
compliance/non-compliance?
What safeguards are used in addition to or in lieu of those stated in
the subject standards?

The first approach, based upon comparing the conditions where an accident
occurred and those where an accident did not occur, will be discussed in
this sect:o~. The s2co:ld approach is more fully develop2d in Section K.5.

K.4.8 ACCIDENT - NON ACCIDENT APPROACH
" "

It is impossible to discuss the primary data collection process in a very
specific way without knowing which standards are to be researched. There­
fore, the following discussion will be limited to the general concept which
would be utilized sho~ld the option be choosen of comparing the conditions
in v;h i ch acc i dents occurred and those where acc i dents di d not.

The first cansideration in this approach is ho~ to identify accidents which
::., 2 C;~ ~;,~-=;..;.:,~. -;-;-'-15 :!i-;:.Jht be accol.iplished by c:hoosing"a ss",~le of rnetro­
;1'::"~~::'--: c.','2:::' ",-'2;-2 the study ';/ill take place. The records gen,Jated by
police and fire departments when they respond to an accident and from local
hospitals where injuries are treated might be used to identify accidents.
On a national basis it may be necessary to survey companies in the industries
being studied to identify specific accidents which have occurred.

Once an ace ident has been ident i f i ed the bas i c concept of th"j s study approach
is to determine if the \'Iorker and equipment involved in the accident was
in compliance with the standards being studied. In addition, some basic
information about the circumstances of the accident would be collected such
as:

The type of business
The work function that was being preformed at the time of the accident
The equipment that was being used -
The experience and training of the employee involved
Other critical factors depending upon the requirements of the standards
being studied (e.g., work surface, type of product being handled, other
protective equipment being used, etc.)

The infoflnation obtained would then be used to identify a second site where
if s"irnilar process was taking place us"ing the same type of equipment but l,'/here
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an accident did not occur. Information concerning the second situation
\','OU 1d then be co 11 ected to determi ne if the standards hod been camp 1i ed
\·,'i til.

At the completion of the data collection phase at least four categories
of data l'/i 11 exist.

Accidents where there was standards compliance
Accidents where there was no standards compliance
Non-accidents where there WlS standards compliance
Non-accidents where there was no standards compliance

The information from these catagories would then be compared and contrasted
to determine if more accidents occur when the standard is complied with
or when it is not. Analysis will also be done to establish whether the
general industry complies with the standard or not and if accidents are
caused as a result of either compliance or non-compliance.

K.5 PROPOSED CO~NECTOR FALL RESEARCH

K.5.1 APPLICATION OF SECONDARY DATA APPROACH TO CURRENT PROJECT

The above discussion is the suggested appraac~for the evaluation of any
OSHA standard. When considering the specific research question posed by
this project, reg3rding f31l protection fer point of erection workers, it
'..ias determined earlY in -;;,:e project that the secondary data appro:-ich vias
inapproori3te. The orimaYj reason for this determination is the somewhat
UniOJ2 aspect of tn1S StUdy which requires the study of a very specific
small pJpu1ation of \','s)<~'2rs. A good cJeJl of information coulc be ~dentif"jed

which report8d falls. In some cases those falls could be isolated for
building construction and in some cases for iron workers. However, secon­
dary data did not contain enough detail to allow an identification of the
s;J2cific cperation being performed at the time they all occur ted (in this
case, connection) to be identified. (The single exception to this was the
record of fatality/catastrophy investigations compiled by OSHA discussed
earlier in Chapter 2 Overview of Population at Risk and Fall Accidents).
For this reason~ insufficient secondary data was available and the procpss
\'Iould have moved irr1'1:ediately to the primary data collection phase outlined
in Stage IV of the flow diagram.

K.5.2 COLLECTION OF PRIMARY DATA REGARDING CONNECTOR FALLS

Several problems exist in regard to mounting an effort to collect data
concerning connector falls. The primary dHf"iculty is the suspicion that
incidents involving connector falls are relatively rare. This suspicion
is based upon the fact that OSHA fatality records revealed very few cases
involving connectors during tIle three y~~r period from 1978 through 1980.
It "is poss"ible that informat"ion gathered from even a large sample of active
erection sites would reveal very few incidents. A case study method wOllld
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then have to be used to gather as much detail about these isolated incidents
(1S possible in orJ2r to ,,:ompare and contrast this information. This) COill­

biJ~ed \'/iLh several techniques \'/hich will be discussed bela'.':) such as inter­
views with Gonnectors to collect anecdotal evidence about near misses which
occurred but were not reported) could produce an anS\'Ier to the research
question.

\','hile the follol-ling technique may be considered too elaborate for this re­
searcll question) it will nonetheless be valuable to consider each step in
ten:lS of a real situation. Since the project team is nO\'1 most familiar
with the question of fall protection for connectors) examples will be drawn
from the requirements identified for evaluating the standards in question.
The procedures could be easily adapted for use in a broader context.

K.S.?l Redefinition of Research Question

~Gr ea:h ~: ~hs fol1c;;i~; standards) determine if the safety of a person
w~rking at the point of erection in steel or precast/prestressed concrete
construction is improved) degraded. or whether there is no effect.

The stand~~ds in question are:

29 CFR 1926.104 Safety Belts) Lifelines an~ Lanyards
29 C~R 1926.105 Safety Nets
29 C~R 192G.750(b)(1)1ii) Ten;porary Flooring-Skeleton Steel Construction
in Tiered BUildings
29 CFR :926.2~(b)(2) Safety Training and Educatirin

!e C::-~ci-!TiL': :"iC eifcCi: C'i- oi,y one standard) it \'Iill be necessary to assem­
0~c ~~~ ;rc~~5 cf aCC1G2n~5. The first group will consist of those acci­
GC?llts \·;herc~ there '.'/as comp 1i ance '.'/ith the above standards and a second group
of accidents where there was little or no compliance.

K.5.2.2 Sa~?le Selp.ction

Due to the relatively small number 'of incidents which are expected to occur
the entire industry would be surveyed in order to gather a sufficient amount
of information to allow a useful analysis to take place. Dodge Report
j nfonnc.:t i on \'/ou 1d be used to i den t ify a11 ste~ 1 or precast/prestressed
erection sites where erection work was completed within the past year.
Estirnates discussed in Chapter 2 would indicate that there may be as many
as 11)374 sites; hO\'/ever the '.'Iork on these sites \'/ould have been preformed
jy approximately 4300 contractors. Each of these contractors would be con­
~actec! by mail.

:<.:j.?.:i Sllrvpy Desiqn_.._-----_...-----
- /\ mail survey 'dill then be designee! based upon the legol right of the De-

;) adillent of Labor or the Department of Hca 1th and l'!urnan Serv ices to request
i nfOfl11at i on from an emp 1oyer. The survey \'Ii 11 request a contractor to supp ly
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cop i cs of a11 OSllf\ 101 or equi va 1ent forms \'/h i ch record an acc i dent i nvo 1v­
ing a connector during the past year on each site.

It will also be requested that the contractor provide the total number of
nlan-hours spent by connectors on that job. This number, combined with the
classification of the structure into one of the catagories presented in
Table 10 (information necessary for this classification is available from
the Dodge Reports), will allm.,r the amount of fall exposure time to be esti­
mated. For example, connectors working on a tiered building are exposed
to a fall a large percentage of the time i~ that virtually all of their
work takes place on the open steel. In contrast, a connector in a precast/
prestressed concrete multistoried building is nornlally exposed to a fall
greater than one floor only when working at the perimeter of the structure
or around interior shafts, such as those used for elevators and stairs.
Therefore, the exposure time is far less.

A minimum of two m311ings would be made to all contractors chosen as part
of the sample. The first mailing would basically ask for volun~ 'v coop­
eration, h'hile the second \·/ould carry a stron;'::f request based i: the
contractors legal ~esponsibility for response. -

It is recognized that if ~he response is relatively low, that the infoy­
mat-ion c2:'1'/eJ from these mailed surveys may be biased. That 'is, those
who respon~ may well do so because they have a very good accident history
regarding connector falls and would l-ike to influence a decision to modify
the 1eg21 requirements far connector fall protection. Thus, a percentage
of non-resnonJin? contractors will be chosen at random and telephone or
D2rsona 1 viSltS to ODtaln tne needed information would be made. It is
possij;~ tnat such visits could-be made by OSHA personnel, as by this tilne
the numb2r of contacts wh i ch must be made may \',_:ve reached manageab 1e pro­
podions, particularly when the geographic distribution is considered.
OSHA p2rsonnel would not bias the information collected, as they would not
be asked to make observation or conduct interviews. Rather, they would
be responsible only for collecting existing documents. This procedure will
allow the bias of the information gathered througll voluntary responses to
be estimated.

:~.5.2.5 Processinq of OSHA 101 Forms

A manual sortin~ of OSHA 101 or equivalent forms received from the sample
\'Iould be necessary. This ",auld be practical as it is estimated that approx­
imately 4500 connectors are employeed during a normal year. Therefore,
even a high response rate should yield a manageable number of accident
reports. A preliminary sort would be done by concentrating on answers to
the form quest-ions: "'1'Jhat vias the o:!.ployee doing when injurecl'.'" and "How
cl'id the accident occur?1I These or s-imilar questions appear on all Employers
First ~eport of Injury Forms. The objective of the first sort would be
to isolate all connector accidents .lel all connC'c:tor fall incidents. This
task could be performed by relative'!y inexperienc:ed clerical personnel after
being trained regarding the type of information to consider.
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TABLE 10 CATAGORIES FOR CLASSIFYING STRUCTURES

Structural Steel Connection

· multi-storied building over 2 floors in height

· building with a roof or floor structure more than 25 feet above a solid
surface (not a powerhouse)

· bridge structure erected by ground cranes

· bridge str~cture erected by cable way

· to;':er

· power plant structures, such as those used to house_boilers, precipitators,
or reactors

Precast/Prestressed Structures

multi-storied building over 2 floors in height framed predomi~antly with
cclu'nns and l::e3.'ns

~~'~'·s~rr~~~ ~;:,~:.: aver 2 floors
~~ar~~g wa~~ ~~~?~S

lIsing preJominJ!;tly load

building with a roof or floor structure more than 25 feet above a solid
surface

bridge structure

Prefabricated Steel Construction

multi-storied building over 2 floors in height

building with a roof or floor structure more than 25 feet above a solid
sUi'f2.ce
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A second sort of the information identified in the first process, would
then be clone by personnel more exp;,'(ienced at reading an,' interpreting th~

hfon:'~~ion rrcsentecf on these foY':.,. This process v:oull! isolate those
fulls \';!1;ch appear to have occurred during the connecting process and any
other accidents which might have been caused due to a lack of mobility,
structural collapse, etc. The results of this sorting process will likely
reduce the number of accidents to a great degree.

The rnaterial would also be sorted to isolate any accidents which might have
b.::cn n:lated to the use of safety equipment. For example, injuries sus­
tained because a connector was caught by a safety belt would be identified
as Juld accidents which indicate the worker was crushed against a part
of the structure. These accidents will be investig:l1i ' 'e determ'ine if
the use of the required safety equipment is perhaps !. iiental to the
safety of the connector.

Telephone contact viould then be made to the contractor report"ing an accident
which has been isolated by the sorting process. The contact would be de­
signed to confirm that the incident involved a connector wor'::ing at the
point of erection and to gain fllrther inf(~·(mation about thE~ ~;-lcident. The
following t~lephone agenda is provitled to indicate questions that could
be asked. ThE: Cl.yenda I'ou:a havB to be field tested and validated before
it is used to collect data.

~(. 5.2_ 7 Te 1erhonc Survey ,Acenda--------- ------~-"..-,---_..... -._----

Identify yourself and explain the purpose of the study.

Confirm the information contained in the OSHA 101 form.

Items for Discussion:

What type of building was b~ing erected?

Plea~e explain exactly what the connector was doing at the time
of the accident.

What type of member was he working to connect?

Discuss the surrounding structure at the time of the accident.

If the accident fits the profile of a connector fall accident or a pro­
file of an accident cJ1lsed by safety equipment, proceed with the remain­
ing questions. If not, thank him for his tim~':nd po'litely end the
ca 11 •
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Deterrn"ine the severity of the injury and the nUlllber of days lost.

How far was he from the nearest solid surface (i.e., a solid deck
or the ground)?

Was he working at the perimeter of the structure? If so how far
was he from the ground?

Was he wearing a safety belt at the time of the accident? If so,
had he tied off the lanyard?

Was a safety net below him? If so, was he caught in the net?
If not, \'Jhy not?

If neither safety belts nor nets were being used, in your opinion,
would this safety equipment have prevented the accident or decreased
the severity of the injuries? Explain why or why not.

\>.'as t:-::: ccnnsctor a un-ion rnein:)er?

How m~ny years of connecting experience did he have?

Did the contractor provide any additional training to the connector?
If so, what did the training cover?

Should the training have helpcrl'to prevent the accident?

Did the connector receive any other training of which the contrac-

_s c. Ii J' c:~ :;,": I i:. c.: ....,n j q'" 2 used by t Iieire0 ni1 ector s toprot ectagai ii St
:.~l"':-?
, ...... I I ~ •

1fthe acci de ntinvol ved crane 0 per ati on s, ask the f () 11 0\." i ng ql!est i on s :

Determine exactly how the crane was involved.

Was the crane operator a union member?

How many years of experience did he have?

Had he worked on this type of job before?

How was he beirig signaled?

What was the capacity of the crane and the weight of the member
being raised?

Did he receive any special training?

Could he see the location where the member was being placed?

Obtain the names and phone numbers (if possible) of the injured person,
his foreman, and others who witnessed the accident. Explain that these
people will be contacted to obtain additional information. When con­
tacting these people use the telephone agenda presented above.
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K.5.2.8 Collection of Unreported Data

In the evaluation of any standard, there ore factors for v!hic~l records are
not gel:cl'ated. In this study, several factors fall into this catagory.
One of the contentions of iron wo~kers and contractors is that if they are
forced to tie off which connecting, they will not be mobile enough' to move
away from pieces swinging out of control. If an accident is avoided because
a fi1dn is not wearing a safety belt, no record is kC:'pt. Similarly, if a
life is saved because a man falls into a net and is not injured, no record
is ke;.·l.

It is vital that this information be collected for the evaluation of a stan­
dard. Research which only considers the fall accidents which have occurred
would be naturally biased toward proving that compliance with the standaru
is necessary. Obviously, any fall would be less serious if the man is caught
by a safety belt within a few feet or falls into a net system. The real
question is how often wruld the installation of a net or the lack of mobility
caused by a tied off s~fety belt have resulted in an accident? Some infor­
mation regarding this question will be assembled as a result of identifying
accidents that may have been caused by safety equipment (as explained in
the previous discussio~).

The most reasonable method of collecting non-reported information \'iould
be to accept anecdotal evidence gatrlered by inteniewing connectors \\'110
have recently completed an erect'ion job. To accolOplisl~ this, a sample of
steel and precast/prestressed sHes \'Jould t\f3 chosen. Personal or telep:iOne
contact would be made and an interview would be arranged with the people
dc:rg con~~ct~ns wo~\. I~2ally the interview would be held soon after the
completion of connection work.

A~ eX:2~i~~se~ :~terv:e~2~, cil)able of conducting an informal, open-ended
intel"view, and thoroughly familiar with connect:on procedures and safety
would discuss incidents that happened on the job just completed. Infor­
mation concerning near miss accidents falls into n2ts, use of safety equip­
ment, and localized structural collapses would be sought. Each incident
would be described i~ as much detail as possible. Collaborating evidence
would then be sought from the site superintendent, raising crew foreMan,
safety officer, and other \·iQrkers. Access to these people could be sought
through the contractor, through the union, or if need be, by personal contact.

K.5.2.9 Personal Interview Aqenda

Introduce yourself and explain the purpose of the project.

Items for discussion:

What type of structure was being erected?

What type of safety equipment was being used by connectors?

If safety eqUipment was being used, did it hamper the erection process
or '1 imit your safety?
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If a net was being used, did a connector fall into it?

\~as Clnyollc injured install-ing the n<?:t?

Do you remember any situations where you had to quickly move furthe:'
than 6 feet from your location to avoid being injured?

Did any member collapse or fall during + .~ project?

What factors contributed to your safety on the job (i.e., experience
of people, equipment used, good crane operator, etc.)?

What factors made your job more dangerous than it should have been?

For each of the above items lise the questions listed on the telephone in­
terview agenda to elicit more detailed information. Obtain as much detatl
aboJt each specific incident as is possible. Also obtain the names of those
that ~2Y h~ve witnessed the incident.

K.5,2.10 Data Analys~s
.~--'-----'--

The basic line of analysis to be followed will be to compare and contrast
the type of accidents which occurred and the anecdotal evidence concerning
accidc:n:s tne.t did not occur, for each of the nl?jor catagories of contrac­
tors. !n very simplistic terms, the goal will be to determine, for each
category of buildings, if the connector \';,';'C safer \'/iten standards \'/ere
fo'lc~~2:i, 2r safe~ ~~etl they were not. To do t',is, case histories of each
i :lC i dent I,'; -: 1 be prepared so they can be comp.wed and contrasted.

,'_'~~":'':~ ::.-:::"tiSi:iC=" t::::;-'11Qns can be used to analyze the data vih-ich has
been :::;s2r:1blea. Among these are regression analysis, analysis of variance,
analysis of co-variance, and a host of multivariant techniques. The potu­
tial for using these techniques will depend partially upon the number of
in:idents for which data can be obtained. There may also be an excellent
opportunity to use a relatively new technique, meta-analysis. This tech­
nique has proven to be valuable in analyzing and comparing information
assembled by a variety of methods, such as the anecdotal information and
~he accident case histories as well as numbers of accidents, etc. The
t2chnique has proven remarkably adept at controlling bias to provide much
Ilcre reliable conclusions than would otherwise be possible. A detailed
discussion of authoritative analytic techniques would appear to be beyond
the scope of this report and premature at this time.

K.6 RECOMMENDATIONS

(\n intensive pilot test and validation period-is recommended. During this
SLctg,~, the survey instruments would be further developed and tested with
(1 slrJall sample of typical respondents to assure that the items lJsed provide
2ppropriate information. Pletesting of several parallel items will probably
~~ necessary, coupled with observations to determine the validity of the
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infCirlllJlion gathered. This study \'Jill also all o\'1 the quality of information
prcvirled on OSHA 101 or equivalent for:iis to be assessed. Completing the
pilot test and validation phase will allOYJ the techniques proposed above
tu lie thoruughly tested to cletetln-ille if the type of "information \'Ihich is
needed is availdble and if it can be assembled.

At the end of the pilot test and validation phase, a cost/brnefit analysis
could be presented to predict the eventual success of the project and the
cost of completion. At this time, the sponsoring agency would determine
if \'Iork should proceed. It is estimated that the pilot test and validation
phase, whicll would include obtaining Office of Budget and Management Ap­
proval for the surv~y instruments, would cost between $60,000 and $75,000.
Total c0mpletion of the project is currently estimated to cost between
$175,000 and $250,000.
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APPENDIX L - STATISTICAL ENHANCEj·1ENT OF SECONDARY DATA
REGRESSION ESTIMATION

Subgrouping by industries and standards, and by other variables, will
be important for the regression estimation. For the purposes of re­
gression estimation of data, these classifications will serve an impor­
tant purpose: They vri 11 a11 ow us to determi ne the presence of regres­
sion discontinuities across different types of firms. There is no
rr1son to believe that either bivariate or multivariate relationships
aU!Jng vari(l.bles ate the same for construction firms in the Southeast
as for construction firms in the Northeast, as an example; or for resi­
dential construction firms as for commercial construction firms.

By ;pcluding information aobut type of firm in regression equutions
(~8th as main-effect and as interaction vectors: the interaction between
type and location of firm, for example, may be an important predictor),
it mal be possible to decrease estimation bias and to increase statistical
precJicti'ie' pO'der by parceling error variance into regression vectors.
It \';i11 b:: ~,.:)sible tc control for regi'ession discontinuity within the
d,d'c sets, c:::rivins:; potentially d"iffcrent regression equations for
di;f2:en~ types of canstrL.~ion firms and standards •

.::.. ... i'"ii'st c';?lnCE, si":'~-'e :,,):Vplc regression aPDears the lnethod of choice
fo," esti:l::l'tiri9 data c~nd deriving pn~diction er;'<J.tions. HOI-lover, in
~:'~:~".- ':~ ~'-: J~..i~:::' :-. c'::E",f1S associated i'.'ith the: use of l~l1eclr mul··
~'~":: "::<::':::-::-'1 ~:.;., ~"""0r-fitting and multicoll'ine(:~·ity), the present
application presents some additional difficulties: a circularity enters
the system. For example, if variables a and b are used to predict vari­
able c, then the prediction becomes quite shakey \vhen a, b, and care
used to pred i ct d. Alternat i ve ly, if vari ab 1es a and b are used-to
predict s;,.. the use of 12. and s;,. to pi"ed-jet ~ is elear-ly unfounded.

After logical analysis has been completed, we will have a better idea
of the nature and inclusiveness of the data files. Until that point,
we C3nnot be certain, but it may be that an extension of multiple re­
gression, canonical correlation, would solve these problems. Briefly,
canonical correlations derive the relationships between two composite
sets or variables (canonicill var-iates), instead of bet'd2en one composite
set of predictor variables and one predicted variable. An outcome of
this process is ti;e derivation of \':eights, multivariately analogous
to the beta weights that are derived by simple multiple regression.
Ti1E'se \-1'2 i shts can subsequent ly be used to estimate data. They are the
weak link in the chain, as they are in simple regression, but they are
apPdrently the best route to impute any remaining missing data--and
certainly canon'jeal correlation appears the best means of solving the
circularity problem noted above.
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Cy judicious choice amo"g the var-iables that currently exist and those
tilJt Clr" r'C:ated by the interactions of existing v;:r-iables, it ".lill
be pass·' to develop a canonical correlation structure in which the
two s~ts variables are those with the least amOJnt of multicolline-
arity wit a canonical variate, and the greatest d~Jree of relationship
acro~s canonical variates. By specifying that cases are to be rejected
only on a pain'lise basis (that is, rejected only vlhen they have missing
data on one of two variables and re-entered when they have valid data
on both variables), as much data as possible can be retained for estimation
purposes. So doing may introduce spuriously high relationships, and
if there is a relatively large amount of remaining missing data, it
may be preferable to delete cases entirely from the logical phase of
the analysis and re-introduce them during the statistical phase.

Several equations, each associated with a different multivariate source
of variation, can be extracted: each statistically independent of the
other, each testable for statistical significance, and each providing
a means ~ estimating re~aining missing data.

It should be noted that several canonical correlation programs are in
existe0ce, most of them capable of accepting matrix input. Therefore,
subseq~ent to the first logical process, a pass through the data should
b? made to el:tra'ct a prirr;ary R-matrix of correlations among the file1s
variables (it should be noted that because the first estlmation will
not be done on a case-by-tase basis, this R-matrix will contain some
spJrious~y 12~ relationships since certain vectors will be scalars
\'1'; ;- f'l " r"j ~,' }-, ~ \',,: 'n S ~
I 1 ..... 1 ~'-''..)::J' _-Ut'" I.

T'-::: sC.~e pass-tf-i·Qc.;g~; sh;>.:ld also be used to test quadratic and higher­
order relation~; ips bet~een variables which, owing to the results of
~·,c,:" :o~:-.:.:_~ ,:":;.::;; ii,(:,,,;; 8uring Pilose I, are suspcctr~d to be nonlinearly
;'~ i3:~C: :~~ ~-;~~~:(ix ~\i~ ~ therefore contain vnriab12s t~ja·t are tile
product of vectors that contain coefficients for quadratic (and higher)
components with vectors that contain the original variables. This R­
matrix can then be used, cheaply) for repeated executions of the canonical
correlation ro~tine, since the most expensL2 analytic portion of any
regression analysis is the calculation of the zero-order correlations.
~2 will substitute within the two sets of variables until attributed
variance is maximized and multicollinearity is minimized. The canonical
'.,eights can then be applied to the file to estimate remaining data.

CROSS-VALIDATION

After the prediction equations have been replaced by estimators in the
data, it will be desirable to cross-validate the equations. We can
do this by gathering fresh data from selected firms in each industry.
The selection can occur on a crossed- and stratified-random sample basis.
It is not possible at present to specify the sampling criteria in full:
LI~e design rnatr'ix should be basedin large measure on trl~ information
oJtoined froIn the logical analysis results. HOI'lever, it is clear that
such a sal"'le should be based in part on standard and type of firm.
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Cooperation in providing a complete set of data may introduce sa~pling

bills. It is quite likely that firms that are fully represented 1n any
data source may well be ~ubstantively different from firms for which
(l fel'l, several, or many data points are missing. Using a su',::et of
firms that are currently fully represented in order to estinia~e data
for other firms, or to cross-validate the estimated variables for other
firms, relies on the assumption that intervariable relationships hold
for both types of firms: formally, that orthogonality exists between
number of missing data points and the size of the beta weights derived
from the regression equations.

While, ex post facto, we have no control over this possibility, we can
exert some control over the same possibility as it applies to data gath­
ered from a sample of construction firms. Strictly, the same objection
of non-orthogonality could apply in the latter case: we would depend
on the cooperation of our sample of firms to supply us with the cross­
validation data. However, the objection is a matter of degree: because
our objective would be to collect complete data on a smaller number
of firms, we ~0uld be able to exert ~ore control over sampling bias
due to respondent cooperation than we would by accepting, serindipi­
tausly, validation data from secondary SQurces.

If there is an insignificant departure in the size of the beta weights
in the cross-validation sample from those ill the prediction equations
from secondary source data, then we can be confident of our estimation
procedures. Should such a departure be significant, however, consid­
erable dOJbt will be cast on the validity of the missing data estima­
tors, ar,j the only remuining course of action \-Jill be to recalculute
:he regr~ssion e~~3~:cr: u5~ng both the original ta and the cross­
\'~t:idation data. Thi'-: \'Ioule, of course, be an unsatisfactcry appi'o:,ch;
!~ ,'- -'~ ,,'::_~: ~ -:f~= ::::::'./2~i~J.Jlc in the e'/snt thext the crcss-\'ali-
:atioi fa~:~C: t: .:_:s:a",,:t;ate the regression estimation results.

After existing secondary sources have been amplified with the regression
estimation procedures and cross-validations, each data set will be re­
2l11uated with an eye toward determining whether there is sufficient
irlformation, with the statistical amplification, to address the effec­
tiveness of the standard. In those cases where there is net adequate
data, secondary data sources will have to be supplemented by primary
datu conection.
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