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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 variocus 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
belt and safety net standards. Many contractors and connectors prefer
to rely on training.

It was determined that there is apparently a wide variance in the way

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 vagque, whether or not belts and

nets are practical and feasible in certain situations, whether or not.
industry practice should be a controlling factor, and whethar or not

the general construction standards apply to steel erection. (Discussed
in Section 4.1.)

antractorsthave several incentives and disincentives for couplying
with these standards. These deal with such things as bid competition,

cos%s, 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 overcome in the use of perimeter nets on steel
trered buildings in one area of the country, and the use of nets on
bridges is widely accepted. Training is largely accomplished on-the-
Joo or by unions, though neither is formalized. The foreman a connector
worxs 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
(OSHA, Cal/0SHA, ANSI, Ontario, and U.S. Army Corps of Engineers).

The OSHA standards are vague ahout 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. BACKGROUND 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 steries 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 unigque 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 abilities 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
appearances would make it seem almost impossible for a person to work.

In the early days of high bridge and steel connection work, there was
Tittle to insure the safety of the connector. In the years since, many
improvements and nave been made by both contractors and labor unions to
cnange this situaticn and provide safety for these workers.

In 1871, 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 would 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.

Connectors and contractors have sometimes found it difficult to comply

with standards requiring 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,
ﬁhe 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

1



such protection is constantly shifting due to the continually changing
point of erection area as each member is attached to the structure.
Thorefora, 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 cannectors 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 jron 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 were 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
steel-has been used in building construction, it was only recently that
precast and prestressed concrete products began to be manufactured and
erected into buildings. As this occurred, OSHA did not recognize the
similarities with steel erection.

OSHA began to cite precast/prestressed concrete erection contractors for
rot us*ﬁg hardraile £o nwotact connectors-at the leading edge of the
avaction, (2} Ac a result, mambers of this industry began.to work with

OSHA to exp1a1n 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 appears to reguire 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 they. would apply directly to connection work.(4) Other

2
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recent activities in this subject area include a study by the National
Erectors Association to determine the frequency of connector falls to
the perimeter 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.(7)

These activities, among others, demonstrate an increased awareness of
the problem and a stronger effort to solve it. Therefore, it is togical
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
follows:

The construction industry (labor and management) has
expregsed concern about problems due to implementation
o7 stindards {29 CFR 1926.21 (b)(Z) Safety Training
and Zzacavion; <9 CFR 1926.104 Safely Belts, Lifelines
and Lanyards; 29 CFR 1926.105 Safety Nets; 29 CFR
1926.750 (b){1)(i1) Temporary Flooring - skeleton
steel construction in tiered buildings. The full

text of these standards is located in Appendix &.)
The 1industry 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.



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 littlie Titerature 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 PARAYETERS OF STUDY

Tais report 9o Yimtted to discussion of dinformation relating to the four
standarcs statad in the zyrpose of the project as they relate to cornector
activities. The general personal protect1ve 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 following parameters were established. The only situations
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 situations 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 narrowly limited to one specific

4
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type of work, it was determined that many of these sources could not isolate
only point 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 Tist
of fatality/catastrophe events was compiled. From this Tist, potential
point of erection accidents were identified and additional information 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.

1.3.2 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 in regard to point of erection situations
encountered by their members. Discussions were held regarding standards
compliance and training which might discuss point of erection procedures
and safety. Unions contacted by phone or in person include the following.

International Association of Bridge, Structural and Ornamental
Iron Workers

United Brotherhood of Carpenters and Joiners of America

Laborer's International Union of North Ameorica

[4}]

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.: : '

American Institute of Steel Construction
American 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 cbjectives of the project were made
to the safety committees of the National Erectors Association and the Pra-
stressed Concrete Institute. These associations and the Institute for the

5



Iron Working Industry were quite helpful and supported the project team

b providing information about poinl of erection procedures and safety.

The Anerican Institute of Timber Construction was also quite helpful, espe-
cially in locating timber construction contractors.

In addition, a wide range of both large and small 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 contractors willingly discussed their point

of erection operations with members of the project team.

Contacts were also made with varicus 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 0SHA
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 nurber 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
eracticn and sunlore if they can be effectively protected by the physical
means of 2 sefety 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 peint 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 worked from the structure to make
a connection. Therefore, on this job, connectors were not exposed at the
point of erection.(8)

The president of the American Institute of Timber Construction identified
several of the largest and most experience:s ftimber construction contractors
in the nation. An informal survey of these contractors revealed that the
procedure described above is typical and thal timber connectors are atypical
among connectors. Rarely, if at all, is th- 2 fall exposure to a connector
working at the point of erection. Most 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 wre 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, Columns, beams, No
tower Colorado and intermediate
bracing pieces
Stazd Sirglez.siovy warshouse, Pearland, Prefabricated Mo
no irizrradiate floors Texas columns and
beams
Precast Multi-story building Copper Moun- Load bearing No
tain, Colorado | wall panels,
double-tee floor
members
Precast Plant without inter- Stuarts Columns, beams, NO
mediate floors Draft, and panels
' Virginia
Precast Cooling tower, no Newark, Internal columns Yes
intermediate floors Arkansas and beams
Timber Single-story warehouse, Chino, Laminated No

no intermediate floors

California

wood heams




they 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 erectjon. 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.



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 laborers. These
workers may be union or non-union. The unions representing them are

the International Association of Bridge, Structural and Ornamental Iron
Workers, 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
1ikely be used. These are presented in Table 2 on the following page.
pased upon tnis dnformation, approximately 11,374 sites existed in 1980.
11 was not possicie 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 buf]dings 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)



TABLE 2. ESTIMATION OF TOTAL NUMBER OF CONSTRUCTION SITES

TOTAL $ VALUE~>

$ VALUE OF#**

CONSTRUCTION TYPE® OF PROJECTS AVG, STRUCTURE # OF SITES
0ffice Buildings 10,500,000,000 20 Million 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 Million 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 Million ‘670
Public Utilities-Powerhouses  15,500,000,000 500 Million 31

| TOTAL # OF SITES 11,374

S

1~ P &

. 1 U 1" Y T Mo\ 1 S, 8 el SO I AL - . WG,

*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 2,000
Steel erection contractérs - large {those

capable of running multiple sites) 500
Precasf/prestressed erection contractors - smatl 1,550
Precast/prestressed erection contractors - large

(those capable of running multiple sites). 250
TOTAL ERECTION CONTRACTORS . 4,300

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 cuite wall 1o an ectimate based on the current number of journey-
mon in tha Iran Worters Union, There are 103,211 journeymen in the
union(i0) and one union official estimates that two percent of these
are connectors{1l), 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 statis-
tics kept on this narrow portion of the construction industry. Even
the Iron Workers Union itself cannot provide an exact number of their
members who are connectors, because there are no distinct lines drawn
between them and other iron workers.

2.3 CONNECTOR FALLS

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{1l3) 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

11



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 0OSHA 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 sieel and precast/

prestressed products.

SIC code groups researchad:

. 1522 General Contractors-Residential Buildings, other than
sinagle 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 lLanyards
29 CFR 1926.105 Safety Nets
29 CFR 1926.750(b)(1)(ii) Temporary Flooring

The information supplied from the computer search identified the OSHA
Area Office where the investigation records are on file. The detailed

12
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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 invelved someone doing connection

work.

2.3.1 FATALITIES LOCATED

A total of thirty-four fatality/catastrophe 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_ connecter {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 weré requested from the various
CSHA Area Offices, the Atlanta Area Office identified two non-fatality
rases that are fairly typical of connector fall accidents, In these
two cases, other steel standards than the one being studied here {29
CFR 1926,750{p;\1)(11)) nhad been cited. Also, it was determined that

. in meny situatiuvns, the general personal protective eguipment stanadard

(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 responsess from companies
which erect multi-story structures was 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 people's 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 Ontario during 1979 and 1980. The results
of this search and summaries of the accidents which did occur are 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 te a total of fifty-four fall accidents which happened to iron
workers in 1980 and fifty-eight in.1979. None of the falls exceeded
2o Teet; the shorns3t was 9 feet. It must be understood that the Occu-
pational Heaitn . Savety 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 igon workers, No estimate could be developed for precast/prestressed
falls,

14
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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

Total Ontario Construction
Reportable Injuries

X

Estimated
Number of U.S.
Iron Worker
Connector Falls

Number of
Ontario Iron Worker
Connector Falls

1979 250,000%* Sk - 86 Estimated U.S. Iron
14,522%% Worker Connector Fall
Accidents
1980 240,000* 7ox = 116 Estimated U.S. Iron
14,441 ** Worker Connector Fall
Accidents

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

for 1980 figures - Accident Facts, 1981 ed., published by
the Natior:t Tafety Council.

**Source: Construction Safety Association of Ontario.
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CHAPTER 3. DESCRIPTION OF TYPICAL CONNECTION PROCEDBURES

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 “"typical" connection situations. The word
"typical" 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. Therefcre, while several scenarios are presented here,
the reader shculd realizs 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 connector's
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 unigue 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-
Tent physical condition to assure his safety. In addition, the knowledge

of the connection process, the ability to maintain balance, and the instinct
of how 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. Th1s individual is swinging loads wzighing many tons toward connectors
perched on open steel or precast/prestressed, sometimes hundreds of feet

16



in the air. It is not unusual for the crane operator to place the load in
a location that cannot be seen from the crane cab., It is fo:- this reason
thal the popular iron worker expression is true: "The best crane operator
is ane who has never learned to think for himself." The saf:st crane opera-

tor is one who moves the load only when given a signal hy 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 1mpor-
tant single ingredient for preventing falls.

ey

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 hcles in the proper position, attaching stiffener plates, lifting f
devices, connection plates, seat lugs, etc. In this way, ideally, the con-

nector will only have to place each member 1in the proper position and attach

it with bolts., '

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 Lo as "shaking out" the steel) so
that the proper member can bs 1ifted to the connectors.

Steel arection work follows a basic pattern. The raising gang in combination
with the crane opcrator is the first to handle structural steel. They are
CESpnsisie Tor analianny positioning the steel in the struciure and placing
cnodgt boits 1o securs the 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 .

17



3,2.1 STEEL-TIERED BUILDINGS

Orn 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
portion 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.

hile 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 boiting and plumoing 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
for each other to finish various parts of the work.({(15) :

The following discussions of erection techniques concentrate on the
tasks to be performed and the positions of the connectors. Estimates
of the 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
nheervesinare mado duvirs the gite visits and the experience of the
eroisgct fzim, The Limz2g nresented are meant 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. There 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 & 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 after the column is set. When the-Tline i: pulled, the pin is
removed from the shackle and the crane is released from the column.

(See Figure 1.)

18 Reproduced from 7
best available copy.
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FIGURE 1 - Rigging Device For A Column Which Allows
Rigging To Be Unhooked From The Ground
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Description of Task Time Required Period of Fall
For Task Exposure

In the upper part of the structure, 4 - 12 min. 4 ~ 12 min.
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 1 - 3% min. L - & min.
has always been completed around if column is
a column or that a "slip pin® climbed
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

column to release the rigging.

3.2.1.2 Connection of Structural Beam

Beams can be connected to either the flange or the webs of a column. Two
typas of conneclticon arrangements are typical. The first utilizes two "L%-
shaped brackets welded to either side »f the web at the end of the beam.
Holszs fr thegs hwessbate 2149gn with holeg in the column so they can be bolted
tocether . Mltzwnatzly, the "L'"-shaned connection brackets are wvelded 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 Time Required  Period of Fall
For Task Exposure
Connectors climb opposite columns 1 min. 30 seconds
to the first connection point as he moves
(approximately 12 feet). higher -
Connectors stand on flanges or 1 - 5 min, 1 -~ 5 min.

stiffener plates fabricated to the
column around the connection point

or grip the column witn their knees

to wait for the beam to be l1ifted 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
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Description ' ‘fask Time Required Period of Fall
' For Task Exposure

Connectors 1. .t for the beam as 13 - 2 min. 1} - 2 min.
it is swung ° =y the crane. (A
tag-line migii. .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 1is taught 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 te insert through one of
the bolt holes hetween the beam and
the column. This will hold the beam
in position temporarily.

b

Alternately - If a beam line has been 1 - 3 min. 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
Flznz2) aloma *+he heams and maneuver
around eg’umng for a distance of 20 feet
or more. Once he has caught the beam,
he will walk back along the beam Tine
holding onto the incoming beam

until the other connector can also

reach it.

Alternately - If the beam must be % - 1% min. %~ 1% min.
connected inside the flanges in

a column or another beam, the

incoming beam may have to be

anglied 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 each task.

The connector then sits down 2 - 5 min. 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.
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Picture 3 - Connectors
working on opposite beam
- 1ines, catch an incoming
beam and walk it to the
position where it will be
connected.

*

Picturﬂ 4 - After the first
tor places his end of

("Vlr"')

the beam 1ns1de the column

50 hws end taﬂ be placed be-
veen 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% 23
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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 connection.

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 ths rigging.

The correctove i1 dhor maye to
the nzzt conreztion 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
difficulty of

connection
3 - 10 min.
Y - 1 min,
1 - 5 min.

Period of Fall

Exposure
1 - 1% min.
1 - 65 min.
3 - 10 min,
k-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,

Simple beam bridges spanning approximately 80 feet

The variety of bridge types includes:

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 function together as a unit to span up to 800 fest

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.

: B e By e
et NI PO S ER NS ¥ ) g E S
ST IR R0 M S -V ER S

Picture 7 - If one connector
nas trouble, his partner
may go to his aid by moving
along the beam, and maneu-

varing appund the riaaing,
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Picture 8 - After the beam
15 secure, a connector will
"coon" out the beam to

release the crane rigging.
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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 4,000 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 1ift 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 Time Required Period of Fall

For Task Exposure
Girders are prepared on the ground 10 - 32 hrs. 0

by bolting together two girders

92% feet in length. One end of the
¢33 Loeating 15 oohi2d to the
szeond and Tourih of the Tive to

be erected.

Two connectors walk from each end 1 -3 min. 1 - 3 min.
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 2 - 6 min. 2 - 6 min.
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, 15 - 30 min. 15 ~ 30 min.
a swing stage, consisting of a

wooden platform suspended from the

side of the girder by ropes, may

be used. 26



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
the pivder, hold it 9n rosition
device, and position the gusset
plates so they can be bolted to

the new girder. (Prior to raising
ithe 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 connéctors
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 s maneuvered so that

the connectors can also position it
correctly_and move the gusset plates
so they can be bolted in place.

27

~Time Required

For Task
2 -4 mjn_
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,




Description of Task : Time Requifed Period of Fall
For Task Exposure

Unlike the process used in tiered 4 - 6 hrs. 4 - 6 hrs,
buildings, bridge connectors

will often place and tighten all

the bolts in the connection before

they finish. This means that perhaps

200 to 300 holts will be placed

before the connectors leave their

position. During this process, the

connectors work on opposite sides

of the girder.

3.2.2.2 Attachment of Cross Bracing

The second beam to be raised will have cross bracing attached to it Tloosely,
approximately every 20 feet along the length of the girder. When the girder
is 1ifted, the cross bracing will be folded back against it. After the girder
is connected in ptace, 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  Time Required Period of Fall
For Task Exposure
The connectors walk aiong the | 1- 3 min. 1 - 3 min.

flange of the girder to the point
wnere cross bracing will be

installed. Alternately, depending
upon the distance between the flanges,
one or more connectors may also walk
along the bottom flange.

When at the connection peint, con- 5 - 25 min. 5 - 25 min,
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 10 - 20 min, 10 - 20 min.
bolted to the girders on either

side.

3.2.3 STEFL-PREFABRICATED BUILDINGS

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

28



atypical in that the structural steel framing is lighter and is used across
only one dimensien of the building. Much lighter stes? pieces, called purlins,
are connected across the other dimension of the building (between beam lines).
They are de:igned 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 Time Required Period of Fall

For Task Exposure
The connectors install the perim- 5 - 10 min. 0

eter columns by 1ifting them
with a crane and bolting them to
concrete footings.

These are then stabilized by using 7 - 20 min. 0

guy wires,

As the column installation pro- 5« 10 min. 0

ceeds, they are pilumbed and the if working from
purlins, which will support the . ladders; 5-10
w3l theeting awz attachad min. from purlins
thew,  Thaza surlirs are nlaced

dpprox1mately four feet apart up

the side of the wall. The purlins
are often light encugh to be carried
and 1ifted into position by two
connectors. A block and tackle
attached to the tops of instailed
columns can alsoc 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 renidly, 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

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

29
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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 ¢limb 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 piatform. .

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

+ho rovt Aasncpmartlian ATt
LR} - - ~ oot - ’

- . - e ~ L

The second connector will
repositicn his work platform

to the next interior column, so
the next beam section can be
placed.

Time Required Period of Fall

For Task Exposure
% - 1 min. % - 1 min.
if climbing
purlins
L - 1 min, 0
. if work platform
is correctly
constructed
% - 1% min. L - 1% min.
if connection
on open steel
2 - 10 min 2 - 10 min.
if on open steel
% - 1 min, 3 - 1 min.
2 - 5 min. 0

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.

30

2 - 10 min. 2 - 10 min.

3 - 7 min. 3 -7 min.
if on open stee]}



Description of Task

The connectors will align the bolt
holes and bolt the beam. OQften
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,
two or three roof purlins are
attached to begin developing
lateral stability between the
beam lines.

3.2.3.3 Connection of Roof Purlins

Description of Task

Connecteors c¢limb ladders or the
welr Duriins To reacn greviousiy
NS CTaicd 1LOT Deams.

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

The crane 1ifts a bundle of roof
purtins from the ground, and it is
landed just below the peak of the
roof. One connector moves out on
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
previcusly installed to help
stabilize the beams,

The installation of the purlin
requires only a few bolts and is
relatively rapid.

Time Required
For Task

3 - 10 min,

10 - 25 min.
depending

on width of
span

5 - 15 min.

Time Required

For Task
%X - 1 min,
1 - 1% min.
2 - 4 min.
1 -2 min.
1 -~ 3 min.

Period of Fall
Exposure

3 - 10 min.
if on open steel

10 ~ 25 min.
if working from
beams

5 - 15 min.

Period of Fall

Exposure
Y - 1 min.
1 - 1% min.
2 - 4 min.
1 -2 min.
1 - 3 min.
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Description of Task Time Required Period of Fall
For Task Exposure

The connectors then coon back "1 - 2 min. 1 -2 min.
along the beams to obtain the

next purlin to be installed, and

the process is repeated.

3.2.4 STEEL-TOWER

A communication tower 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, already
hundreds of feet in the air, or on a mountain where access for heavy equipment
ijs 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 1ifts 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 1light 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 65-foot
microwave tower.(19)

3.2.4.1 Erection of First Sertion

Description of Task Time Required Period of Fall
For Task Exposure
A crane is used to raise the 5 - 10 min. 0

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 10 - 20 win. 0
place. On the lower sections, con- for each member

nectors can use ladders to c¢limb

to the connection points.

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 Jower section.

32
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Picture 9 - The lower section of a tower

shows the attachment of the upright
members to the concrete footings.
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Description of Task Time Required Period of Fall

For Task Exposure
The crane lifts the upright to - 2 min. Y - 2 min.
the connector.
The connector signals the crane to -5 - 12 min. 5 - 12 min.
position the uprights and bolt the
connection to the lower sections.
A crane may lift a connector, 1 - 3 min. 0

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

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 is somet1mes difficult:for:a connector to climb to the next
connection point as it may be out of h1s reach when stand1ng on the existing
structure. In such cases, a harness or boatswain's chair is employed and

a crane s used to 1ift the connector.

Description of Task ' Time Required  Period of Fall
For Task Exposure
The consector wili first attach 2 - 5 min. 0

one or more block and tackle
arrangements above the connection
points on the uprights.

The line from the block and 5 - 4 min. 0
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 4 - 10 min. 0
~member and bolts it in place.

He 1is moved from one point to

the next by the crane.

3.2.4.4 Connecting of Cross Bracing

Description of Task Time Required Period of Fall
For Task Exposure

Two connectors climb to the 2 - 4 min. 2 - 4 min

installed horizontal member depending on N

where cross bracing is to be height

erected.

34
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bolts the end he raised to the |
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Description of Task Time Required Period of Fall

For Task Exposure
Boards or scaffolding is raised 5 - 15 min. 5 - 15 min.
and placed across the horizon- :
tal members to provide a tem-
porary work platform.
A cross brace member is lifted by % - 1% min. b - Us min.
the connectors using hand lines if working from
or using a block and tackle. open plank
The member is 1ight enough that 1% - 5 min. 1% - 5 min.
the two connectors can carry it
along the scaffolding or planks
and place it into the proper
position,
The member is bolted into the 2 - b min. 2 - 6 min,
structure and the process is
repeated.

3.3 ERECTION OF PRECAST/PRESTRESSED CONCRETE STRUCTURES

Precast/prestressed members are usually manufactured in a plant and trucked

to the erectien site. Each member is designed to be placed in a speacific
location in the structure. The coordination between the shipping department
in the plant 2nd the eractors at the site is critical to assure that the appro-
orizte mambzr: zre 2zlivered when they are needed. Due to the length of some
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 can 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

on the structure. The processes differ in that precast/prestressed members
weigh many times more than steel members (e.g., a 25-fool long steel beam
weighs approximately 875 pounds, while a 25-foot concrete beam weighs approxi-
mately 18,000 pounds), are often quite large (e.g., 8 by 10-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 “con-
nectorsY who work at the leading edge of the structure to attach the concrete
members. {While the term "connector" is not widcly 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  ? reguires the connector to perform unique tasks. The descrip-
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 lines 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 contracte- 2stablishes the ele-
vatlon of the concrete f00t1ngs wnere columns are to be placed. A stack of

sgue sz m2ts? zhiss s placed on each footling to assure that the top of each
oluma v3Th L hs Taoved

[ Y,

3.3.1.1 Erection of a Precast/Prestressed Column

Description of Task Time Required  Period of Fall
For Task Exposure
A 1ifting loop (made of steel 1 - 4 min. 0

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 7 - 15 min. 0
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
37
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Description of Task fime Required
For Task

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

A connector will then use a | -1 - 3 min,
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

he used to raise a connector so

the crane can be unhooked.

Alternately - If the column is 7 - 15 min,
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 7 - 15 min.
also place columns at elevated
Tecatiooz fnoths shruczture along

the perdreter oF the Suilding and
beside &pen shafts or stairwells.
At these times, they are exposed to
a fall off the edge or into the
shaft.

3.3.1.2 Erection of a Precast/Prestressed Beam

Description of Task Time Required
For Task
The crane hook is attached to. 1 - 4 min.

Tifting loops cast into the
beam and it is raised to the
connectors,

A cross section of a precast/ 5 - 1 min,
prestressed column is usually

square, and the measurement of

cach 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

38

Period of Fall
Exposure

7 - 15 min.

Period of Fall
Exposure

0
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Picture 13 - Prestressed concrete columns

the lower
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are bolted to the colu

part of the structure.
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henever possible

W

a prestressed deck member is

Picture 14

erected to provide 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 Time Required

For Task

an adjoining deck, is used to
:-‘reach the connection point on

a column. The connectors climb
ladders, placed against the
columns between which the beam
will be placed, to the connection
point,

One connector signals the crane 1 - 3 min,
operator to swing the piece into

positici. 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 cclumns to

accept the large beam.

ot
i

The sccond connector, on a ladder 1% min.
at the opposite column, also

guides his end into position,

The connectors measure to assure 1 - 4 min.
that the beam is in the correct
Tocaition.

If the beam must be moved, the 1 -6 min.
connector uses a metal bar to. pry
the member into place.

When the beam is in position, 2 - 5 min,
a metal plate, cast into the

bottom of the beam, and an

adjoining ptate, on the top of

the column or on a haunch, are

welded together by the con-

nector.

Wt
¥

One connector will now climb up 2 min.
on the beam, release the rigging,
and walk to the end where the next

connection will be made.

Here he sits down to await the 4 ~ 10 min.
next beam.

The second connector will place . 4 - 10 min.
his ladder against the opposite
column to prepare to install the

40

Period of Fall
Exposure

L - 2 min.

4 ~ 10 min,
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Description of Task Time Required  Period of Fall

For Task Exposure
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.
Altefnately - The process can be 2 - 10 min. 2 - 10 min.
slightly complicated when the if working from
design requires that holes in erected beam
each end of the beam be lowered at perimeter

onto dowels which are cast into
the tops of the columns. This
situation extends the connection
time somewhat.

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 builaing.

The second catsgory is lnad bearing wall panels. They are installed as stric-
tural members as the erection of the building progresses. Therefore, many

of tne fall exposures and protection problems encountered in other structural
work 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 which will be exposed in the final
structure.

A load bearing wall panel is normally erected after 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.

Description of Task Time Required Period of Fall
For Task Exposure
The connectors gather and place 2 - 8 min. 1 - 3 min.
shims on the deck where the while placing shims

panel will be placed to pro-
vide a level support.

The connectors will them-stand on 2 - 10 min. 0
the floor and wajt until the crane

swings the wall panel to their

position.
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Description of Task Time Required
For Task
During this time, one connector % - 3 min,

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 structure where he is in
full view of the crane operator
and can see the member being raised.
This could mean that he will walk
put along a beam line or will
walk to the perimeter, or close
to the perimeter, of the floor
structure.

[N
!

The panel is swung over the
structure to the erection

Tocation and is lowered over

the deck so the connectors can
reach it. The connectors take

hold of either end of the panel

and move to the perimeter to

guide the panel as it is lowered by
the crane.

4 min,

(a4
¥

When the panel is set down, it .is 6 min.
nlurtzd, weing 2 tang lzvel or
transem,  This work can sometimes
be done behind the panel so the
connector is not exposed to a fall.
Alternately - It may be impor- 2 - 6 min.
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.

1

The panel may have to be barred 3 - 4 min.
into final position. This is done

either behind the panel or at the

end of the panel along the

building perimeter.

The connectors now weld the panel 5 - 12 min.
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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Period of Fall
Exposure

% - 3 min,
depending upon
where the signal
man must be Jocated

% - 2 min.
at perimeter

0
L - 2 min.
% - 4 min.

if at perimeter

2 = 5 min.
at perimeter

e
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Picture 17 - The connector stand-
ing on a solid deck swings the
incoming Brestressed concrete wall
panel 180 to position it properly.

Picture 18 - The panel is Jowered

to the deck so0 it can be plumbed.
The connector works with the

foreman {on the ground at the right):
who uses a transom to aid in plumb- ;-

ing the member being installed.

ficture 19 - A welder can do a
substantial part of his work from
a ladder placed against the back
of the panel.
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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 unhook 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.

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

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

Tha gorazetang than ratyurn to
the deck to await the next
wall panel.

Time Required Period of Fall

For Task Exposure
3 - 6 min. 0
% - 1% min. 0
L - 1 min. X -~ 1 min.
1 - 2 min. ' 0
l/g-zmin- O
3 - 9 min. 0

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 cliamp 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.

45

Time Required _ Period of Fall

For Task Exposure
2 - 8 min. 2 - 8 min.
1 - 3 min. 1 - 3 min.
% - 1 min. 5 -~ 1 min.
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3.3.3 PRECAST/PRESTRESSED ERECTION OF FLOOR OR ROQF 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 1ines, load bearing wall panels, or masonary walls. Often beam
1ines 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 many 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 stezirstep 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 iwo,

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 Time Required  Period of Fall
For Task Exposure

When erecting the first member of 2 - 10 min, 0

4 11307, the Sonnecilrs plece '

ladders against the w2ails ¢f 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 Y - 3 min. 0
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 1 - 3 min. 0
will climb the ladders to the
fevel of the floor member and
guide it into final position.-

The connectors then weld the 5 .. 12 min. 0
panel to stalbilize it.
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As the floor erection progresses, the connectors work from the top of the
erected floor.

Description of Task Time Required Period of Fall

For Task Exposure
The next member 1is éwung to the % - 1% min. % - 3/4 min.
connectors by the crane and as connectors move
lowered to approximately shoulder members forward

Jevel. 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 4 - 10 min. | 0
position, the connectors are

no longer exposed to a fall

danger because they are now weld-

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 % - 1 min. % - % min.
connectors will typically detach : to detach hooks
four hooks from 1ifting leops closest to leading
embedded in the member. To do : edge

thiz  they wall an the flag

surface of *the mapher,

Alternately - Due to lack of 1 -4 min. 0 - 2 min.

room on the site, a consider- shouid connectors
able amount of maneuvering walk close to the
may be involved in placing a floor _leading edge

member. The member may need to be
swung around 90~ or more befure

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 1% - 10 min. 0 - 4 min.
to assure the member is placed if measurements
in the proper position. This are made along
could require a connector to move beam line

out along a beam line to measure
from the next column back to
the member being installed.

In performing this work, it is normal that the two connectors will move back
and forth aleng the tlength 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.

Picture 21 - The panel is lowered
to two connectors, working on top of
a solid deck. They are partially
blocked from a fall as the panel is
Jowered in front of them.
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Picture 22 - The connectors guide the ™
panel as it is lowered into position
in the floor. When the panel is down
the connectors have extended the deck

four feet in front of them.
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3.4 OBSERVATIONS

As is demonstrated in ali the erection situations discussed above, for both
steel and precast/prestressed, the connector is extremely mobile while making

a connection. The attachment of the members he is placing 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 adv.ice a structure of

load bearing wall panels and interconnecting roof tees sume 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 are all the structural mem-
bers in place. Since his job is to assemble the structure, 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. FEach
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 VARIANCE

A clarification of NSHA policy is necessary to establish uniformity in OSHA
enforcement practic- . QSHA recognizes that there is an enforcement problem
with regard to these standards being applied to connectors. 0OSHA 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 steel 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)e]evated 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 inappropriately high proportion of OSHA compliance inspections
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take place on union sites. OSHA does not single out union sites; however,
several factors outside OSHA's control could lend somz credence to this
perception. O0OSHA 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 correct
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 encountered. 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 Jjobs and 46 percent non-unicn 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* OQVER A FOUR-YEAR PERIQD**

FISCAL  NUMBER OF UNION NUMBER OF NON-UNION TOTAL
YEAR INSPECTIONS TNSPECTIONS __INSPECTIONS
1977 " 1638 (56.0%) 1288 (44.0%) 2926 (100%)
1078 1682 734,2%) 1389 (45.8%) 3031 (100%)
1979 2012 (53.5%) 1746 (46.5%) 3758 (100%)
1980 3321 (56.1%) 2595 (43.9%) 591 © (100%)

*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 anc 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 1industries account for the majority of erection work. Based on these
figures, one cannot actually conclude that this proportion is unduely wide,
unless the number of union and non-union construction prejects 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 connection work; however, they do for planking and plumbing 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,
0SHA's general standards do require protective measures in addition 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 cases before the QSHA 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 : NUMBER OF CASES
29 CFR 1926.21(b)(2) - Safety Training 16
and Education
- 29 CFR 1926.104 - Safety Belts, Lifelines 19
and Lanyards
29 CFR 1926.105 - Safety Nets 78
22 LFR 19s TElIZ30LY09) - Temporary ?1ooring 17

’ ékeleton Steel Construction in Tiered
Buildings - Requiring Nets

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 subjecct 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.

4.1.2.1 Safety Training and Fducation

There were sixteen cases during the years 1972 to 1979 that involved the
safety training and education standard (29 CFR 1926.21(b)(2)). However,

nonc 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 connaction work,

or these citations are not being contested.
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4,1.2.2 Vagueness of Fall Protection Standards

There is some 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 specific knowledge abo:t

what is required in the circumstances u: ‘ler which he is working.{27)

4.1.2,3 Safety Belts, Lifelines, anq 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 reguire
use of tied-off safety lines by employees subjected to a fall hazard,(28)

P T

In no case involving a citation for failure to use a safety belt when working
at a height has the safety belt standard (29 CF: 1926.104(a)) been upheld

on its own. Where citations have been upheld, lhe general personal protec-
tive standard has also been cited or the citation has been amended to this
more general standard. The safety belt standard does not specify 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 involives misuse of the equipment. For
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 shall be secured above the point of operatien.® In another
case, 29 CFR 1926.104(d), requiring a maximum fall distance of 6 feet when

a lanyard is in use, was upheld by itss1f 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 violations.eijther created by supervisory employees or within their actual
or constructive knowledge, an employer may defend by showing that it took
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all feasible precautions to prevent the occurrence of the violatien.(29)
Therefore, in cases in which an 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 2t all times. The recognition of this fact has been applied to mean
more specifically that safety belts are practical while workers are S1tt1ng
and working on beams, but not while they are traversing on beams, which is
the substantial portion of a workday for conrnectors. This is primarily due
to the fact that employers have been able to successfully arque for the need
for gquick mobility. Several times when this argument has been used, the
citation for violation of the safety belt standard has been vacated. 1In
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 1879 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 without such protect1on because
: DZowzva moooadie to move out of the way of swinging double
:rs, ThIs we2s also a ruling in a more recent case.(30)
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Even though this recognition has been given, the Review Commission and courts
have held that some form of fall protection must be provided for workers
while they move along 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
feas1b1y 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 fe11 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-

nge standard for failure to require its connector to wear and use safety
elts.,

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 reguired bolt connections,
and avoid being hit by a swinging steel member that makes an unusua) movement
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Coupled with these facts was the evidence that there was no place to install
a lifeline above the point where the accident occurred. The only structure
to which the worker who fell could have been tied off was the beam on which
he stood or the adjacent column, both of which fell. The evidence presented
in this case convinced the Review Commission to rule 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 awareness 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 Review Commission ‘has upheld that nets be used on bridge construction
J0D: wnere tnere s substantial probability that death or serious injury
wou'iG result 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 impractical,
infeasible, or impossible to use alternative protective devices (i.e., tem-
porary floors, scaffolds, catch platforms, ladders, or safety belts and
Tifelines), safety nets must be installed to protect against falls, espe-
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 mulii-storied steel buildings. Most of these cases involved tha use
of interior nets. However, in one case, p:rimeter nets were required for
workers walking the perimeter beams at the seventeenth floor of a multi-
storied building. )

Where Tifelines, safety belts, or lanyards are actually in use, nets are

not required., For example, in a case where employees werc 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 erectii: 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) Aiso,
where 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 recognized 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.(37)

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 proven
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) 1In another case, 03HA was able to prove feasibility when it
showed that preplanning regarding the construction method could have been
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

?h?% such nets should be used to protect connectors and other workers from
alls.

4.1.2.5 Steel Erection

£.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
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 guestion 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 ius
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 28

CFR 1926.750(b)}(1)(ii), while erecting a six-story steel structure in Fairfax,
Virginia. These citations resulted fiom 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 nelts from falls
to the interior of the structure. The connectors were at the perimeter,

of course, in order to connect steel mambers 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,
howaver, stated that hes would not have issued a citation for the failure

of .the connectors to tie off. He stated that it is dangerous for connectors
to %4z oFf beTozzothz o:tzzl oBeing Tifted by the cranc mngnL gat out of

cont-zl ana TRz ocoorzciors might not be able to get out of the way.

[ I
.

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 that 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 Commission concluded,. 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 viclation of 29 CFR
1926.750(b)(1)(i1) should be affirucd.

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 what is intended in the standards. The Tenth Circuit
Court of Appeals has held that this should not be the case. Therefore, the
Commission 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 standcrds do not apply to *hie same condition, a steel
erector can be cited for the more general standard. In fact, there are
numerous cases where a steel erector has been cited for the fTailure to use
safety belts, and it has been upheld, Therefore, according to the Review
Commission, 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 employar's claim that 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 impocrtant incentive to provide fall pratection 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
threatens 1o mit the eTpicyer's ability to stay in business, and thus
proviae eimgioyment, somé compromise will be found. In areas 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 situation 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.

Lontractors wno 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 cunnector 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 would

not have to pay the extra expense of this protection. This could poten-
tially effect an entire segment of the construction wndustry by placing
them at a disadvantage.

Labor force competition is also a factor in determining if the standards
will be implemented. As discussed previousiy 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 scites compared to non-unicn sites. If this perception is true,
there is a feeling that OSHA could force more unijon 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 cennectors
wnere a readily installed and feasible protection system has not been
developed. This means that the contractor must design a system to
fulfill & 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.

SE31T annthor dicincoantiva ig the knowledge that many connectors (hoth
urdcn zed roneupion) w11 not ulilize the protection system without
constant pressure from management. This was demonstrated by conver-
sations with contractors and connectors during several site visits where
protection measures were available. Connectors tend to feel confident
in theiy skills and abilities and resist efforts to make them attach
themselves to the structure. Therefore, little incentive is present

fer 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 able 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 Tifeline 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 later sections.)

4.2.2 INCENTIVES

A number of claims have been made by advocates of fall protection concerning
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the benefits to be derived from providing fall protection on the job.
Two major arguments are proposed. First, the contractor can demonstrate
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 betler 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
are protected from a fall injury. Therefore, the project will be built
more quickly. While the logic of these ¢laims seems appropriate, no
formal studies have been done which 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

js paid or refunded to a contractor. Therefore, any accident that is
avoided has the effect of controlling the amount paid in insurance
premiumns. 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,

F more direct incentive is sometimes provided by insurance companies
when they examine the potential losses presented by a particular erec-
tion project or react to an accident which has occurred on an insured
project. An insurance company can recommend that fall protection be
used. It can also require that protection be used if the contractor

is to continue to b2 insured by that company. Such an ultimatum is

a ,olatnve]y infrequent occurrence.. However, such a suggestion was
FEcEn Ly macd Looa ontractor fellowing an dCLidLub en a bridge erection
projiii. Az oz sgsuni of this request, a Tall protection systen was
devised which allowed iron workers to tie off with safety belts or work
over & net curing 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 Tiability 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 relicve employers of
Tiability from common-law suits involving negligence.

Under workers' compensation acts employers generally
are exempted from damage suits. Where an employee
rejects the act, and sues an employer who has accepted
it, the employer usually retains the three common-law
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defenses. Conditions for rejection of the act often
are so severe as to make the privilege virtually inop-
erative.(45)

In states where this is true, the law may function as somewhat of a
disincentive for providing expensive safety devices, in that the em-
nloyer 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 'loss
of companionship and society' of an injured parent in
Ferreter v. 0'Donnell's Sons, Inc., The California Supreme
Court decision in Johns-Manville Products Corp. v. Contra
Costa Superior Court also allowed a damage suit for

an employer's fraudulent concealment of hazardous ex-
posure to asbestos. And in Williams v. International
Paper Co., early in 1981, a California Jury awarded

a worker $825,000 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, sclutions to some of the specific disincentives discussed
previougly have been found. For example, recently some safety equipment
monnfaetieses Lays basoe davalaning and m="knting tandardized instal-

’;t 73 Fas mavdmebow ematcoaddiclh can De used in a w1Je variety of tiered.

bu11d1ngsu If this trend continues, the ecenomic 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
comnectors from falis. However, there is some question as to whether
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 throughout all industry.(47)

Tne situation which has developed in Connecticut is worthy of special

note because of the unique cooperation arrangement that has evolved
between the OSHA Area Office and the local Iron Workers Union. Both

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
simply refuse to allow iron worrors 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
ieast ten (10) feet, shall also bLe provided. not more
than two floors or a maximum of twenty-five (25) feet
beneath al1 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
served to make perimeter nets a fairly standard feature on steel tiered
buildings in Connecticut. Numerous syslems 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 unjon 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 unilaterally 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 unicn business agent tries to reinforce

this knowledge when possible, by contacting contractors whom he knows
are bidding for work in his local area to alert them to the fact that

he will require the use of nets on the jobs.(50) These Tactors help

to decveage the macedbility of § contract being awarded based upan the
eroncmic differantial of tqt including net protection in the bwd

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
some degree by policies followed 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 signiticantly increase cost. In this
way all contractors would prepare their bids on the same 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:

"The employen is responsible for regquiring the wearing of appropriate
personal protective equipment in all operations where there is an ex-

posure to hazardous conditions...." This standard seems to allow GSHA

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 gquestions 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 henefits and limitations
of the safety belt -as a protective device.

4.3.1 BENEFLTS OF 3°TETY BELTS

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 tanyard are
items which can be carried witn 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 Tanyard can be tied to any substantial anchorage. When the worker
moves to a new Jocation, he can tie off the lanyard and be protected.

The fact that often an elaborate installation is not required and no
expensive apparatus must be assembled to use a safety belt, makes it

an economical 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 item 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.
A net must also be installed in such a way that a person falling into

it will not come in contact with any structures below the net. This
1imits 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 waijst. The belt doubles as a tool belt
carrying a scabbard for spud wronches and one or more bolt bags. A
6-foot lanyard made of at least %-inch ny1on is either spliced perma-
nently to the belt or is hooked to a "D" ring attached to the belt.

The farther a worker falls, the greater the speed and the more impact
the body sustains 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 the 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 arvest force of 8 kilonewtons is not exceeded. (55} OSHA
standaras, of course, allow a 6-foot fall into a safety balt.

The A.fecr 7Y digteacsz wnuld appear (o be a compromisce between pro-
tebt.ng the wor&cr and allowing the worker enough maneuverability 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 beits. .The

few injuries that were received came from contacts with
other surfaces during the fall.{56)

Most of the sources discussed abcve agree that a 6-foot fall can be
withstood 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 worn.
There may be some benefit to considering the use of a full-body harness
for diron workers using personal fall protection. However, such a con-
clusion would appear to be premature 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 ar 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 potential fall distance

as much as is practical.

4.3.3 USE AND DESIGN OF LANYARD

Because 6 feet is the maximum allowable fall distance, by OSHA standard,
lanyards are usually 6 feet in length. However, they can be longer

thzn 6 feet, so Tong 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 jf 3 feet of it is to be wrapped around a column.

The distance between the belt and tha anchorage 1is 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 worker 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 Tanyard is used, which max-
imizes the fall distance. This is not a problem where 29 CFR 1926.104(b)
can be follewed, 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. Th:-zfore, if a con-
nector 5 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

ond nf the Yanvard to tha ctrunture at waist Jevel assures a fall of

pr least & fopt,  Shoyld the sttacnment noint actually be beleow waist
level, the fall distance would be increased.

If a snap hook is not provided, the worker will normally tie the Tanyard
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 T1imit the fall distance to considerably
tess than 6 feet.

Allowing the worker to attach the lanyard using a knot regquires 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 dats: 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 it in such

a way that the fall distance is limited to the greatest degree possible
commensurate with the maneuverability needed to accomplish 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 sltag 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 js also less susceptible to wear caused by wrapping 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 dis-
sipating energy. These devices are normally containced in what appears
to be a small packet which can be attached between the lanyard and the
safety belt.

The attachment of the Tlanyard to the safety belt is also of critical
tmportance., Where one end of the lanyard is attached to an anchorage,
Tne 09DositE ena shouic pe attachied to the safety belt at the small

7 the Dack. in this way, snould 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
serijous injury is increased because the impact will not bend the body
in a natural direction.

A second type of attachment may alsc be valuable to the worker, but
it must be properly used. This attachment is similar to that used by
a Tineman. Two "D" 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 "D" rings, looped around the anchorage, and attached to
the opposite "D¥ 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 lengih of the lanyard extends to the anchorage point,
the other half returns to the belt where it is attached to the second
"O" 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 lanyard
is attached to the anchorage and the opposite end is attached to a "D"
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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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 3, a connector
spends very little time at any one location. The longest stationary
period is while the connector is waiting for the next rizmber to be
raised. This is also the time when he is least susceptible to a fall,
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., move to
a solid deck while waiting). During the connection task, however, the
connector must move a considerable distance around the structure,

lhere 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 wiich these men were standing. The
connectors were responsible for properly leveling the panel and welding
it to the beam. In performing this task, 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 coculd only have been
attached tc e 1ifting eye cast into the deck of a mezmber already erec-
tea. obotn anyards wouig have been laying on ths beam and could have
posea a serious tripping hazard.

The problem of connectors moving past one another during various phases
of the preccast/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 nrocess, 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: 1In 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 option of tying his lanyard around

a column or beam; however, povticularly in the lower part of the struc-
ture, the column or beam may be quite large. A column 24 inches square
would require 8 feet of lanyard to enceompass it. It may also require
some agility on the part of the connector to get a lanyard around such

a large member., -

68



Picture 25 - A girder is readied
on the ground with a cantenary
cable orn both sides running
between the stiffner plates and
a cable on top approximately
three fect from the top of the
flange supported by angle iron. A
Note that the cross bracing, which g,,k;'
will be attached between the g1rders"_“
in the bridge, has been attached oni..

the ground to eliminate some F¢f¢§g7””\\ﬁ
of the connection time required ;ﬂ ",
in the air. f

50

e Ty “@Qiﬂ
“'—”"""‘““ RN S U-—I/L._-—m;n-—AJ

o,
s

H
s
o
LY
B
L
T :L.n...._, A 4L

Picture &6 - Connectors walk along this
route to reach the connection point. A
cantenary cabie js in place which the
workers used as a hand rajl. Note the
sheer ties protruding from the top of the
¢irder 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 the expanse of metal between the flange, there are
oTten no holes or other attachment points for a lanyard.

4.3.5 USE QF 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 questicnable, 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-
seif. 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 couid be a solution; however, it would reqguire the
connector to attach his lanyard below his feet which would most likely
exiend & Tais tarciher than & feet. (If a snap hook at the end of a

¢ foot lanyail s aitacnea to @ catenary line below foot 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 heam, it becomes more and
more difficult for the crane operator to lower-a member inte 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 fs tied to it at the time,
a fall could be caused., Catenary Tines would no longer be attached
and the worker's fall would not be stopped by the safety belt.

However, catenary Tines 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 atiached to each bridge
girder before it was Tifted 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 speciall., 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
1ines 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 Tines 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
attacn their Ianyards to these lines until a member had been landed

and temsorarily secursd.?/81) {In this instance, a net system was de-
vwsed to protect the connector at the pownt of erection. More detail
Trstzilzvion is presented in the safeiy net discussion
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4.3.6 ATTACHMENT POINTS

Fabrication of special attachment points into steel and precast/pre-
stressed i1s 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 ninst 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 comnector'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 lx-inch or larger hole in steel members. When the rope is pullad
taut, tne locking "T" is formed. The toggle can be released by pulling
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the release knob to thread the "T" section back out of the hole. (See
Figure 2.) Some companies have begun installing 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 Tine 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-0SHA 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 linz 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 perdant linz i attached to each perimeter column before it is
raised. After the column is raised, the connector who will be attaching
beams to the column will attach his Tanyard 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 1ine ihrough the stopper
nitch until it is above him. In this position, if he feil, he would

be stoooed within a few feel. However, while the man is climbing, being
tiad to ihs perdant Tine is of limited value.

Toozizmins o 7zogitiitioa Further, assume that the connector prothts

: cree possible. thile standing on the deck,

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 his waist and the 7 foot level (approximately
4 feet of lanyard). +(See Figure 4) Now as the connector climbs the
column, his potential Tall distance is less tnan 6 feet until his waist
is at the 9 foot level. At this point his total fall distance is 6

feet (4 feet of lanyard plus 2 feet of pendant line). From the 9-foot
Tevel until his waist is at the 15-foot Jevel (i.e, his feet arc at

the 12-foot level, a standard elevation between f]oors, see Figure 5)
the fall distance extends from 6 feet to 12 feet, that is, the 4 feet

o7 his lanyard plus 8 feet of pendant line. Bewng stopped by a belt
after falling 12 feet can cause serious internal injuries.

“i“'.".--— [ ,_,,,-«‘ﬂ;. Aae

Several points must be emphasized concerning the above description.
First, a man c1imbing a cotumn is grinping with his hands and feet as
he climbs. He is perhaps not at as great a risk as when he is reaching
for 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 between the 9 and 15-foot level is minimal.

Frgm the opposite position, the example assumes the best possible situ-
ation. TIf the man ties off at the end of his lanyard at a point less
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FIGURE 2 - Connector's Toggle Which Allows A Lanyard
VIEW 1 To Be Securely Attached To A Hole In lne Steel
SN
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FIGURE 3 - Use Of Pendant Line {Typical Connector Position
Before Climbing Column)
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FIGURE 4 - Connector Tied OFf Using Minimum Amount of Lanyard
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FIGURE 5 - Connector Climbing Column Tied Off 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 ¢limb, 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 Tline 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 connectiun, he repeats the
procedure and climbs to the next point.(62)

An alternative method would he 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 connzctor climbs,
but would lock, should he fall. Two basic types of rope grabs are
available. They are explained in the following discussion excerpted
from Bzst's Safety Directory.

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 wzctu-
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 attacned to the lifeline at any
point, thus facilitating use in certain appliications. A lan-
yard is needed to provide freedom of movement from the fixed-
position, rope-grabbing device. Shock absorption is partly
Lroviced oy siiooaege of 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 iimited to a few inches. A second cam-
operated Tock in some models provides a more positive Tocking
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 excent 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 device. However, it can be
-removed from the line at any point. This is a very desirable feature
whnen a connector must leave the pendant 1ine 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
77
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be removed by slipping it off the end of the pendant tine. 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. 1In the 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 REEL

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 helt and the point where the device is anchored. The
aevice could allow the Tlexibility needed by a precast/prastressed
erectar to mave fram one end of an 80-foot long member to another.
Howevew, tn2 orablem of two workers becoming tangled is not sotved.
Invect, such a tangie 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 tower. Employees were involved in erecting the "internals"
of the co0ling 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

beamns were relatively light and they were being tied into formwork on
either end, where 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 tanded. 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 "D"

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 situation, 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 siructure that

is available has not been permanently attached. This is done delib-
erately, not only to speed the connection process, but also to provide
enough flexibility in the structure to allow 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 stable as it will
be when the surrounding.beams and bracing have been installed. However,
to install this bracing, someone must make the connections.

ATaT Thl nwmiss 15 toat wniie the structure is stable under normal
CI5CITICNS, ASnOvmaL situations, such as a gust of wind carrying a
member suspended from a crane into the structure, can cause a localized
coilapse, 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 4s 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
be 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

79



[P - ———

arunar

< em

.

=

separated areas, with from feur 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 the
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 ¢recting 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

or 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 =re
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 stightly 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-
Ting Of an S-iudl wiGe a2tk wWith a singfe stem in the middle protruding
20 inches bz ow Lihe gzek. As the incoming single tee was 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 down. As this happened, a second tee was
dislodged and the roof tees began collapsing in domino fashion. The
connectors standing on top of the previocusly 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
commenality 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 who have never worked 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 perijod
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of testing be devised where connectors use the piece of equipment in

a job situation, to detcrmine effectiveness. This would allow any
shortcomings 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 be1ng nerformed on a specific pro-
ject can be taken _into account.

4.4 FEASIBILITY CF 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 the 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,

thewa dz 3 wdal Af Sndiwy oyen in g 6-fogt fall, A fall dnto 2 proper?y
“atv ra7 chould result in no injury lo a worker.
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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 awound 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 less 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 :ietely different matter.

On the other hand, some connectors feel & person working over safety
nets is apt %o 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 nots have incorporated other features into the
design for the net support, which aid in performing the work. 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 mears 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 exampie, when a
prefabricated steel building is being erected, the columns are supported
only by bolts at the base and by gquy 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 Targe 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 wust 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
across a bay. To instzi? a net to protect connectors could require
cables to be strurg between thesshore lines from pier to pier, so that
nat cozddont 22 ba csttochad to them hefore the bridge structure is

cut in oplace. Pert P“iﬂ; this task is not easy and can hHe expensive.
However, it can be done in some cases, in part, because of the strength
of the supporting structures ava11ab]e 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 he
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 cannol be cast into these surfaces and removed
at a taler time. When these panels are used to erect the exterior of
elevator shafts or stajrwells at the perimeter of a multi-story build-
ing, there are no openings or potent1aT attachment points for nets on
that section of the building wall.” To use nels, 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
¢ifficult when the panel has an exposed
aggregate surface which can not be mared.

Picture 28 - To position
members into the structure,
the crane bhoom 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. The time necessary to build a separate structure beside

a sheer wall, cven if scaffolding is used, could easily exceed the time
necessary to do the connection work. 1In 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.

Tne placement of nets also can restrict the type and capacity of the
crane beinc 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 more room to maneuver, When the crane must be Tocated 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 erecting precast/prestressed members iF he cannot move cut of
danger, then the use of nets must be considered. 1In the situation dis-
cussed pravicusly whers two connectors are helping to install wall
panels to a beam 25 feet above the g¢round, net protection would have

2 he nloced in the come avag where the pansl must be installed. In
the z2sn of nlizging dovhle tee roof panels, the nets would he Jocated
in front of the leading edge. This again is the area where the next
double tee panel is 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. Thercfore, if nets are to be

used, they must be rigged sc 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 1is 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 wall 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.

84



The most important consideration in plarining an economical erection
process is the critical path. Procedures in the critical path are those
that reguire crane time. This crane time is "critical" 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-
tant to make efficient use of them.

If crane hock 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.
1f netting a job requires that the contractor spend more time than rormal
to compleie the building, then tne countractoyr 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 installed, then an extra $50,000 would be spent to
cover interest alone. This amount does nct include the money spent

for renting the nets, for the crane time to move them, or for the Tabor
to install them,

If price considerations are of paramount importance to a building owner,
tne contraciar wio inciuces the cost of perimeter nets in his bid could
D2 at a uistinct economic disadvantage to one who did not include this
cost.(67)

4.4.5 EXAMPLES OF NET APPLICATIONS

Nets have proven usable in a numbor 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 rapidiy. This netting system, which c¢an be raised by
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FIGURE 7 - Second Connecticut Net System - Uses Metal
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a cra .2, is supported by 2-inch wide tubular steel. The system is
attached to ths building by connections made through eyes which are
welded on perimeter columns or icams in the same position at each level.
One section of this netting s: =m is 30 feet by 10 feet and consists

of three, 10-foot square bays A section is 1ifted by a crane using

a two-point connect1on, to th level where it is to be used. (See Figure
6.) The net section is 1nsta11ed 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 fall on 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 welded 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 ara
boited together to clamp the column between them. A pipe is then in-
serted in th° hollow channel. The end of the pipe has eyes attached

ol ieliior] strung from one pipe to the next, A second cable
is iust:i?c% 2on; tbe oerimeter coluinns, 42 inches above the deck where
the top perimeter cable would 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 1is 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.
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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 perimeler cable.

There are two probiems 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.

A third perimeter net arrangement was being used during the Bridgeport,
Connecticut site visit. It regquires 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.
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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
attacnhed to the end of the poles.
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Picture 31 - Interior corners
arz neted using an extra net section
attachad to the peremeter of the

10 foot wide peremeter net.

Picture 32 -Perimeter nets can be separated
to allow equipment access, as has been done
to position the boom of a concrete pump.
The nets can alse 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 “ears" are twe parallel pieces of metal
extendi.g 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’deck 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 js 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 Development of Commercial Perimeter Net System

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 hes developed a standardized

net support structure which is flexible enough to have wide application
on tiered buildings. The system is similar to the one just described,

in thet the support arms are below the net, it can be foldad against

the building when necessary, and the net will ciose around anyone falling
into it.

Hinged plates are bolted or weldcd to perimeter beams. Poles made of
scihedule 40 reinforced steel, 15 feet in length and 2% inches in diame-
ter, are slinned intoe ciseves. attached to the ninged plate. The systzm
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. WNet sections are then snapped onto each cable 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-
riad by one individual. It is therefore possibie 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 1ift the support poles,
cables, and nets to the next level.

The manufacturer 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 by employees.{69)

4.4,5.1.2 Cost of Perimeter Net Systems

Cost estimates regarding the perimeter net installation were obtained

from the crection foreman during the Bridgeport site visit. The build-
ing in which this system was installed was roughly rectangular, covering
ﬁn area approximately 250 by 70 feet, and was to be ten stories in
eight.
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Figure § - Commercially Avai‘fabl:e Perimeter Net System
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Figure 10 - Commerctally Available Perimeter Net System As Folded -
Against Structure
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The nets used on this job rent for 12 cents a square foot for the first
month and 8 cents a square foot for each additional month. Using the
dimensions of the building and assuming that net sections 10 feet wide
were used, approximately 6400 square feet of net were 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 nels. According to the site superintendent, five men cculd
move the nets to the next level in one dey. The first time the nets
were moved on this job, it took one 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 profit,

the cost per man-hour would be $22.48. The nets were installed and
taken down four times, so that they remained no more than two stories
or 25 feet below the connectors. It therefore took 180 rman-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 Jjobs.) No estimates were available concerning crane time or
delays to the comnietion date of the project. Therefore, the totel

of the costs that could be identified was $18,845,(70)

Cost figures were also available regarding the perimeter net system
fafns Adavralesadisomnsvwad a1y Thare 35 2 gix-month minimum rental on
thizoevstem ez ocablz oaed apm osystem 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 additicnal 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
exampie, 640 linear feet of netting would be required. This means that
34 poles and cable systems, plus 640 feel of net, must be rented at

a cost of $9,690 for 3$ix months, Additional costs would be required
for tabor to install and move the nets four times. This would involve
205 man-hours. If idron workers are 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-
tional armm assembly must be used for eacn &xternal corner and several
arms spaced more closely than 20 feet would be needed to install the
nels arounc 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 he 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 attachad 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 cables may be used, depending upon the
size of the area to be netted, to prevent the nects 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 buiiding. 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-
Ting columns and beams at the perimeter of the shafts, This method
saves a significant amount of labor.

£,24.5.2.1 Evamale of Interior Net Installation

Using & tower crane in a tiered structure requires 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.
0ften this area does not have to he planked every two stories so that

it can be used as a work platform. VWhen 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. Sec: 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 lifted as a unit. Net support arms are attached

96



to the Tower beam of the truss, at right angles to it. Each of the
arins exterds 8 feet on either side of the truss. Cables are attached
to the end of the arms and the nets are strung between the cables.
When everything is irn 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 toc 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. For example, consider a situation where a line of
columns and beams has been installed for som2 distance before the floor
or roof members are placed. With proper job preplanning, it would be
possible to provide attacnment points on the columns so that cables
cculd be strung down each column Tine. Nets could be clipped between
the cables in such a way that lines could be used te pull nets forward
from the ground. 1In this way, a roof member could be set in place over
the nets. The nets would then be pulled forward so they again extended
in front of the newly installed deck. In this way, the nets could be
continuz"ly pulled forward as the roof erection progressed without
S1owirs TAg procsss.

Thir evetem wrold anly ba nractical when a sufficient area is available
Fow moaciimpdas fha seaes 2ad the member being raijsed. Ideally, the
crane could p1uce 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
comnleted until the area is ringed with columns and beams which 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 members 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 1in the perimeter net discussion. Many times unique systems
are developed. which 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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Picture 33 - The crane has
positioned a girder at the
connection point. Net systems
provide protection for con-
nectors working at each end of
the girder being connected.

Picture 34 - The net system is
a2 sincle unit, which suspdnds

tne nets and provides werk plat- ;
forms on either edge of the br1dge.,,
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Picture 35 - The net is draped
between two steel beams attached
to the net support structure.
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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
nf $505.92 would be required for a single installation,

However, where connectors are involved, specialized 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.

4.4,5,3 Bridge Net Installations

Safety nets are more commonly 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 io do when the bridge spans a canyon hundreds of feet deep or a
deep water bay.

4.4.5.3.1 Examples of Net Installations on Bridges

Where the piers of a bridge have been erected, it is often possible

to dnstall cable betwzen them to support the nets before the structure
is put in place. The potential for doirg this depends upon the location
AF tha heddas and dha twme af crane o c2ble way that must be used o

Tif+ zteuzioral mamkzegs tg the connectors. In some Tocations the crane
must worx in the area where this net system would be located.

One way to install this system is to place a beam, which extends at
Jjeast 8 feet past the perimeter of the bridge on either side, at the
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 cables 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.

[f no access is available between the piers, either 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 secticons are clipped be-
tween the cables next to the beam at one of the piers so that 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) 1In this situation, the bridge spanned 6,400 fcet 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 1ift 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 wide 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 cantiievercd cut from this structure an additional 5 feet to
allow a man to move out te 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 draped below the area where the connectors are work-
ing. In all, the net covers an area whichi is 18 feet wide by 61 feet
long. The ne+ extends:approximately G feet beyond the splice point.
Thus, mens working on the connection of a new girder are able to work
from a platform with a net delow them. Wooden planks are placed on

the flanges 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
o2 ViTTed and jnstalisg in one process,

4.4,5,3.2 Practicality of Net Protection System

Accerding to discussions with personnel at the site, two factors con-
tributed to the practicality of this 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 eacn 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 po1nt
nmade 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 invoived in assembling and
disassembling work platforms five times using the old system. In short,
ne found the system to be superior both in protection offered connectors
and in the efficiency of the erection process.(75)

100 :



This project demonstrates the concept that fall protection should be
viewed as a system which combines different elements depending upon
the various situations involved. The catenary lines installed on each
girder before they were raised were discussed in the earlier section
involving safety belts. Using both systems, the site superintendent
estimated 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 caonnectors 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 provide some indication of the costs zassociated with bridge netting,
the Safety and QOccupational Health office of the U.S. Army Corps of
Fngineers was requested to provide estimates based upon actual projects
run by the Corps of Engineers., Table 7 presents a summary of the infor-
mation provided. As yet, neither the Corps of Engineers nor the con-
tractors invalved maintain a separate accounting system for costs asso-
ciated with safety nets. Therefoure, these estimates are generally based
upon contractor estimates provided to the Corps of Engineers. Further,
the reader will notice that cnly the costs of the nets and labor are
estimatec. No estimates were available concerning any design work that
mey have been necessary or for the cost of hardware or spacial support
structures that may nave 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 will 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
cduring this project. In ore 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 concrete had been erected without incident.(77)

4.5.1 PREDOMINANT MEANS OF TRAINING

If skill and safe work practice can provide significant protection
to a connector, how does a connector develop the skill needed to work
safely?
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TABLE 7 -

ESTIMATES OF NET COSTS ON BRIDSES*

TYPE CF TYPE OF TOTAL COST OF NET NET ASSOCIATED TOTAL NET COSTS AS
CONSTRUCTION STRUCTURE CONTRACT COST PURCIIASE /RENTAL LLABOR COST OF A PERCENTAGE
NETS** ON CONTRACT
Steel Bridge $ 338,000 $4,200 $5, 800 $10,000 3%
Steel Bridge 1,716,000 3,000 1,600 4,600 .3%
L . .
= Steel Bridge 6,005,700 5,000 9,000 14,000 3%
Precast Concrete Bridge 315,000 5,000 1,500 6,500 2.1%
Precast Girder & Bridge 458,000 12,500 3,000 15,500 3.2%
Cast in Place
Concrete Deck
*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 complietion.



The predominant means of developing a safe connector invalve choosing
the right person, allowing him to gain general steel erection experience,
and pairing him with an experienced conncctor. The following 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
behavicr 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, pliacing 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 z decision about whether he would feel comfortable doing
connection work. The majority of iron workers know that they do not
have whatever intangible attributes are necessary to feel totally com-
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 holt-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 opinion 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 connecticn work.
Often by the time the individual is asked to connect, a considerable
amount of 1nst7uct1on in moving around the steel has been provwd;d by
felloy workers d foremsan,

The new connector is vaired with an experienced connector wno will

auicy Ty evzaiuare the new person. The now person will be judged on such
tn1ug5 as agility, paiznce, climbing technique, safe use of tools, and
the ability to read pr1nts, so he will understand what has to be done
next. The safety of each connector is dependent upen 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 person.

-t

A similar process is followed in precast/prestressed erection, although
fewer people are usually required by such a project. At first, the

new pzrson may be running for supplies and perhaps learning welding
techiiques. Some period of time may then be spent welding the members
togeiher. A new connector is placed with a more experienced individual
and a natural evaluation process follows which is based upon the new
person's ability 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 connector.
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4.5.2 UNION TRAINING PROGRAMS

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,
appientices 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 cocperation 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 c¢limbing 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.

However, in-depth training of connectors is not normally done. As one
apprenticeship coordinator explained, perhaps less tnan 25 percent of
the people in the apprenticeship program will occasionally connect .
structures and only 2 nercent 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 Ornamental Iron
Workers has developed a series of slide/tape presentations, two of which
deal with erection of columns and veams. However, these presentations
deal mainly with the process involved in the ercction. They are not
GESigned a0 Gevssop Connection skilis. In addition, training concérn-
11 Sav 2ty Gsv.aces, such as safety belts and safety nets, is contained
in the Structural Manual for Iron Workers, the text usad 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 «.nerally feel that their training should be directed at
familiarizing workers with the rules and procedures used on a particular
Jjob. Most would agree that any specialized safety techniques necessary
for a particular task should also be taught by the contractor. This

1s 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 reguired 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 enfcrced 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, relatively few erec-
tors take adva:tage of them. Thes» programs are geared more toward
explaining the process than developing the skiils necded 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 work 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 foreman is not always experienced at supervisien. Contractors hire
crews from the local area wherever the project is being built., There-
fore, the people who are chosen as foremen may not have a great deal

of experience in the supervision of other workers.

Ltoca® union business agents know members who have developed as expe-
ierced foremsn; however, if one of these people is not aveilable, the
informal rule is that the first person hired on a crew is dosignated
gs thz fovemon Th2 coriractor, of course, has the right to deterifine
iF the foreman dose an effestive Jjob and to request that another person
be designated the foreman if there is a problem. The person who oper-
~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 foreman on the next Jjob, 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 the 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 have been identified. These are provided only to demonstrate
the type of training wnich might be considered for connectors. It 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 comnector 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 incoming member
whenever possible.)

maneuver around the interior side of the columns when moving
along a beam lina,

avoid unpecessary fall exposure. {For example, when removing
hooks from a precast/prestressed wall panel, do not walk along
the top of the wall panel, unless absoiutely necessary.
Reposition the ladder whenever possible.)

straddle the heam and walk along the lower flange whenever
pessible.

. cnoose the types of rigging which can be used to allow members
to be disconnected froim a crane without fall exposure.

' determine how a member should be prepared on the ground, to
3 mp1iTy Tna connaction process before being 1ifted to the
CUfinSCTOr.

. decide when to send a member back to the ground so that splice
plates, etc., can be repositioned more easily witihout exposing
the connector to a greater fall hazard.

. evaluate the erection sequence to determine the safest se-
quence to us=z

. 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 which should be used in a specific connection situation.

4.6 SUMMARY

Considering the divergence 1in enforcement, judicial findings, incentives
and disincentives, and actual situations encountered by connectors,
1t 1s relatively easy te 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 those problems have been found in some situations. Infor-
mation gathercd during 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.nice, 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 VQIDS IN THE STANDARDS

Two broad questions are considered in this chapter. The first deals
with 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 canrot be protected by either

a belt or a net, what additional safeguards should be provided?

Tae Occupational Safety and Health Administration (0SHA), the California
Occurnztional Hzalth and Safety Administration (Cal/0SHA), the U.S. Army
Corps of Engineers, the American National Standards Institute (ANSI),
and the Ontario Occupational Health and Safety Division all have written
standards wnich apply to connector work in construction. (See Appen-
dices A,G,H,1, and J for full texts of each.) Although there are many
similarities among the standards, there are also many dissimilarities,
especially regarding when and exactly how a worker must be protected.

A comparison of these standards is provided prior to the discussion

of ecach OSHA standard.

5.1 SAFETY TRAIMING STANDARD

5.1.1 REVIEW OF SIMILAR STANDARDS

OSHA, Cal/0SHA, 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/0SHA requires that new employees be instructed
regardirg unsafe conditions and hazards relating to their work environ-
ment. Gie Corps of Engineers also requires new employees to be trajned
and requires continuad training so an employee can work safely. Ontario's
training standard, however, mentions only that an employee be instructed
in the care and use of any protective clothing, equipment, or device

that he s 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. HNo specific recommendations 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 with sufficient information to determine what
should be done or the priorities which might be used to determine the
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most important type of training. Based only upon the language of the
standard, a compliance officer could cite it in any situation where

an accidant cccurred, unless the employer cculd specifically show that
tne people involved had been trained to avoid that type of accident.
The compliance officer would also have difficulty determining if the
training had been sufficient. For example, if the safety booklet given
to a new 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 work. 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 provided.

It is gutside the scope of this study tc define specifically what 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 gresater than would be appropriate for a stan-
dard. Furthermore, a compliance officer would have to be well-trained
concerning connector safety to be able to observe a connector and judge
from his aztions whether he had been properly trained.

It may be more reasonable to modify the standard in such a way that

it would specificaliy state that a connector must receive safety train-
ing. Tt may also be appropriate to require that some proof of success-
Tuil Ccorpietion 07 a 0asic connecior safety course be available for review
Oy a ccamphiance officer aiu the job site where a connector is employed.
For already experienced connectors, this proof might be obtained by
having two connectors, with proper credentials, observe the actions

of the "experienced" connector on the job and det:rmine if safe proce-
dures are being followed. If they are not, the connector 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 aliow 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 provisions between the various
construction standards for belts, Table 8 summarizes the major points
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TABLE B - COMPARISON OF SAFETY BLLTS STANDARDS*

05HA Ca1/0SHA ANSI Army Corps| Ontario
{29 CrR {Article (A10.14- {07.5:13- (Part Il-
1926.104) 24-1669 15975 07.A.21}) Section 35)
1670,1672)
Potential Fall not 15 feent not 6 feet 9.8 fcet
Distance Where specified or orie story specified {3 meters)
Safety Belt
reguired
Marimim E 5 foct £ feet a5 short s 6 feet 5 feet
Fall Distance I pessible (6 (1.5 meters)
Allowed l feet impliod)
P2ak Arrest i not not 107 gravity not 3 kiloneatons
Force Allowed snacified specified specified
Lanyard Speci- %-inch nylon anything henylon L64-inch
fications nylon or rope satis- or equi- {16 rm)
equivilent factory for valent nyion
application
Location of abewve at waist te fixed above to any fixed
tifetine oscration level or anchorage speretion | Support
Anchorage at feet level,
! if controlled
Prosision for “ not spocified specifiod specified | not
Pendant and I specified fur d-cp for crup specified
Talwarty Livss tires Yircs
Tt Farimotes : {nerdant (pondant
. Tines) {ines)
Allowance of j none if super- with ogual nore when moving
Exception : vised protection between work
to Standard positions or
connectiag
siructursl
mesbers
Lifeline 3/1-inch nylen L-1inch 3/4-inch .64 inch
m2nila rope wire rope manijla {16 me)
Lifeline rot not specified not specified
Limited to spesified specified for drop specified
Cne Worker 1ine
{pendant
tine)

*Tng full tast of each
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of agrecement and disagreement. The Cal/OSHA, Corps of Engineers, and
Ontar1o standards each provide an indication concerning the height at
which a bz1t shall be used (i.e., Cal/OSHA - 15 feet, Corps of Engineers
-6 fcet and Ontario - 9.8 Feet) The 0SHA and Corps of Engineers
standards require that a worker tie off above the point of operation.
A11 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 thosz working as connectors.

A major point of agreement between all five standards is that the fall
distance be Timited 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-
nezs.(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
7 kilonewtens (Ontario) is allewzd. In some situations, this aspect
nay effectively shorten the distance allowed by these staﬂdarda. It
is difficult to cdetermine how a contractor could adequately assess the
force which would he exerted against a faliing body when caught by a
safety belt. Therefore, while these standards are mcre specific, there
is a question concerning whether this specification is valuable to those
seeking to comply with the standard.

The Cal/0SHA steel erecticn standards also provide for the use of safety
belts. Th”j state that when connecting beams at the perimeter of the
structurz wnere there is a fall distance greater than 25 feet, employees
should be tied off by safety belts or lifelines te columns, pendant
Tinzz ot mavdinmbowal entumng o catenary lines, or other anuhorage points.
Tt “””1 stardorde maka no SDOC1f1C mention of tying off when conrnect-
ing, but only to tying off when gathering and stacking floor planking
and when working on floating scaffolds to bolt up. Furthermore, the
GSHA general construction standard for safety belts (29 CFR 1926.104)
makes no maention of the possible use of pendant lines, as does the
Cal/0SHA :tandard. The Cal/0SHA 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 wnile doing so.

5.2.2 OSHA STANDARD

The OSHA standard involving safety belts (29 CFR 1925.104} principally
deals with the design of a belt, lifeline, and lanyard and how they
should be used to prevent a fall. However, the standard doc: not in-
dicate when 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 were working at

a height without wearing safety belts. In reality, only the personal
protective standard (29 CFR 1926.28(a)) seems to provide this authority.
However, the OSHA Review Commission and the courts are at odds concerning
whether this standard is written so broadly that it is unenforceably
vaqgue.
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The employer and the compliance officer are left with the dilemma that
neither knows exactly when a belt must be worn. Many steel erectors,

for example, feel thal a belt is not ruquired when working over a solidly
planked surface no more than two stories or 25 feet below. Individual
compliance officers may or may not agree, depending on the circumstances.

There is considerable controversy over what potential fal! 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/0SHA
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 Location of Anchorage

The requirement thai 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 reguirement is to aid in limiting the fall dis-
tance cnd prevent a tripping hazard caused by having lanyards and life-
lines laying on the deck.

The ANSI, Cal/0SHA and Ontario standards do not specify that an anchor-
age must be above the point of cperation. ANSI and Ontario only regquire
a fixed anchorage. Cal/0SH4 specifies a waist level anchorage unless
that is Tound to be impractical. Then a foot level anchorage can be
used, if prover 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/0SHA
standard would appear to take the best tect 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 specified by the OSHA standard, should effectively Jimit the

fall and save the life,

5.2.2.2 Compositibn of Lanyard

The OSHA standard currently states that %-inch nylon or equivalent

material should be used for a lanyard. No mention is made concerning
now 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
than a nylen rope lanyard (such as where welding is being done). How-
ever, it is fmportant 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 1anyard may be perfectly acceptable if a commercially avail-
able shock absorber is attached between the rope and either the anchor-

age or the belt.

5.2.2.3 Resistance to Cutting

The OSHA standards specify that lifelines subject to cutting or abrasion
shall be 7/8-inch wire core manila rope. However, no specification

js 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 sharp edges and the rough surface
of concrete members can abrade rope. Therefore, some provision should
be included in the standard to assure that 1anyards 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 mention that a worker should be

trained in how the belt is used. The training standard (29 CFR 1926.21(b)(2))
imnplies that such training shall be done; however, it is not specific
regarding training Tor 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 important 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 *n tie the proper type of knot when anchoring
the lanyard and that the worker be capable of inspecting the belt, lan-
yard, and lifelines fo detect flaws or excessive wear. None of these

things are mentioned in the standard.

5.2.2.5 Recognition of Exceptions

The QSHA 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" and who "is ergaged in connecting struc-
tural members of a skeleton structure". The Cal/OSHA standard specifies
that adequate supervision will be required, and ANSI requires equal
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protection. Both the OSHA Review Commission and the courts have ruled
that there are specific isolated circumstances where belts and/or nets
cannot be 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.q., only fully trained connectors under close
supervision are allowed to work in these situations) could aid in estab-
1ishing guidelines for more uniform enforcement of this standard for
connectors. However, a good deal of knowledge is needed by a compliance
officer to be able to make such a determination adequately.

5.3 SAFETY NET STANDARDS

5.3.1 COMPARISON OF SIMILAR STANDARDS

To allow the various standards involving safety nets to be compared,

the major parts of each standard have ieen summarized in Table 9. 0Of
interest is the fact that the 0SHA 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 Enginsers and ANSI standards specify a procedure to be used. The
standards generally agree that at least 8 feet of net protection should
be provided arounJ the work area and that safely nets should b2 required

when a Tail distance of 25 feol iv exceeded. The Cal/2SHA standard
is the cnly one to spec111~a13y mention the requirement to provide
periTelar ratiinc on Hiered structures,

The OSHA, Cal/0SHA, and Corps of Engineers standards include specific
standards for steel erection. All require that nets be used on build-
ings or structures not adaptable to temporary flouring or where scaffolds
are not used.

The Cal/0SHA steel erection standards go on to say that nets should

be used to protect connectors wheoa 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-fool regquirement in the general Cal/OSHA net standard.

The Cal/0SHA steel erection standards also require that an erection
pltan and procedure prepared by a registered civil engineer be provided
by the employer to serve as-an erection guide for trusses 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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TABLE 9 - COMPARISON OF SAFETY NET STANDARDS®

QSHA Cal/Q5HA AMST Arry Corps of Enginzers
{29 CFR {Article 24 {A10.11 {07.0)
1926.105) 16069, 1871, 1971)
1672}
Height of 25 feet 25 feet 25 feet 25 feot
Workplace wherg
Ssfety
Qaguired
frafo-rad safaty safety n unclear
Safety devices p21ts belts prefarence
Whnon Natg bafare on-tha-jobh after instal- after in,tal-
¥yst be uied taticn, major atioun, relocition
Tested ropadr and six major repair, and six
menths use mnths use
Test Procedure not a3 specified by | specified specificd
Containzd in specified net manufgctur:r
Humbser of Feet 8 feet 3 feet 10 feat 8 feet
Net Muzst Extend
Jegend Sdge of
work Surface
[k
| Miximan 2 iowe 25 faut 10 fest 0 feet 25 feet
azie Distance {25 fent
Zetagen Hork on steel
fumf oo oomd v ernotier)
. Zna if with cquiprent nane
Exceptian superyised safequards
ta Standard
Number of Levels ang one one ane
H2eded on
2ridges
“hen not not once per week, datly
Inspaction specified specified after repair,
is Reoguired wpact loading,
ard we ld ing
operations
Frequanty of rot not daily and daily aad
Dadbris Removal spacifiad specified before hot work | before hot work
Requira=ea not specified not ngt
Use Pari specified specified spacified

tiet on Tiered
Structurs2 When
Balt [mpractizal

*The full text of each standard can be found in the appendices.

{The

Ontarig, Canada, standards do not includa a specific standard for nats.)

115




R steel erection standard {29 CFR 1926.750(b)(1)(i1) Temporary Floor-
ing). These two standards provide similar requirements concerning when

a net must be used and the clearance required beneath a net. The general
construction standard is much more spocific than the one contained
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 contict with structures below. However, there 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 reguirement to arrange a safety nat 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 fTatality cases, sunmarized in Appendix B, where

a man fell into a net but rebounded and was thrown over the perimeter.
The man fe.: an adaiticnal 80 feet to his deatn, even though the rnet

was in sasic compiiance with the net reguirement in the standard.

5.3.2.2 Impact 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 s 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 0SHA standard states that nets will extend 8 feet beyond the edge
of the work surface. This would require the .use of perimeter nets on
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tisred buildings, even though perimeter nets per se are not mentioned.
Standards are not providad regarding how perimeter nets should be in-
~talled. For example, the exterior edoe of a perimeter net should be
higher than the interior edge so that a person rebounding from the net
would be thrown to the interior 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 attachad 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 bhe at the level of and npext to the uppermost solidly decked floor.
This 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 betwean the edge of the net and the floor level,

as was possible with some of the perimeter net systems discussed earljer.

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. Specificatinns
are provided for a new net; however, many factors such as sunlight, salt
air, welding operations, corrosive chemicals, sharp edges, efc., can
cause & net to wear significantly. It is therefore important to peri-
ocdicallty assura tha pet ig in good condition. ANSI specifies that a

rat chz1 he drgnacted by a2 cualified person once per weel, 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 assure periodic
removal of debris from the nets. OSHA standards do not sperify when
or if this should occur.

5.4 FALL HAZARDS NOT ADDRESSED BY- THE STANDARDS

In addition to a lack of specificity in some standards, there are other
connector fall hazards which are not addressed by the standards. When
the connector cannot be protected by normal means, it is prr-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
reteased 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 twe beams must Le attached to the web
of a column con 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 colunm web. One connector will then sit astride the beam near the
colunn and reach around the column to catch the next beam and mancuver
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 loosened
and drawn back so that the new beam can be put into the final position.
The two balts 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 k. 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 "L" bracket) can be fabricated to one side of
the column, below the connection point. When the first beam is placed,
two bolis are inserted downward into the seat Tug. 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 sccond procedure requires th-t the connection plate on the end of the
first beam be enlarged so that two additional holes can be placed just
halow the doubie connection point. Bolts can be placed in these holes
to secure the column. Even though these two bolts go through the web

07 Tne column, tney are peiow the area wnere the second beam must be
alignea. Again the Tirst 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 connector who will walk along the top flange of the gircder numerous
times 1in the course of his duties.

Many bridge erection companies install sheer ties in the field to elimi-
nate the tripping hazard the ties create. Th2 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 Targer 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
from the column. 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. CONCLUSIOMS AND RECOMMENDATIONS

The various discussions presented in earlier sections have shown that
the issue of protecting steel and precast/prestressed cennectors 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
cffective 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 projects, but also in different areas of the same project.

6.1 SAFETY AT THE DESIGN STAGE

t is perhaps most reasonable to consider fall protection in a generic
way whan olanning safety for a project. As has been shown, connector
zafery s not limited only to whether or not a saf=ty belt or net is
used. It involves a wide variety of items, including the paint on the
mgrmhor o the ebi1Y and evnerience of the crane operator, the type of
vizoing vosd the sourewce by yivich the erecticn progressaes. 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 when possible. These include mechanized platforms,
rolling scaffolds, ladders, crane supported skip boxes, and specially
designed catch platforrms.

The most important advancement that can be made in improving connection
safety is the consideration of safety at the design stage of the pro-
ject—in hort, where, when and how the connector erects each piece 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
will be used would allow columns to be prefabricated so that net <pport
systems can be quickly and easily attached. Engineers and architects
are not educated in the complexities of connection tasks. They do not
vie# their design in terms of the degree of risk a connector may face
when erecting the actual structure.

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 instailed 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 nsed to "shake out'! bar joists while
walking on beams in the structure.
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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, many do not know of the variety of protection techniques which
could be utilized, It is also anparent from some of the practices still
in use {e.g., 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 work or what is hazardous to him.

Many companies who have thoroughly considered how connecters can be
protected have developed ways of solving problems. On the bridge pre-
ject visited in Utah for example, a workable system of protection for
connectors was devised. Not only was protection provided, but work
efficiency was improved. A second example, used by a contractor in
Bridgeport, Connecticut, 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 thsir proper location, and bolt or
weld them into position. A1l of this is done 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 how they are to be assembled. In one application, a jig
was layed out at ground level. The bar joists were placed on the jiq,
a5 they would be in the structure, and the bridging between them was
welded in place. Each section was then marked to iden.ify its Jocation
in the structure, and it was stacked in storage.

When the column and beam structure was erected, the bar joist sections
woro raised fn tha connectors and set into the building. This elimi-
netzd the need for the cenpacters to shake out the joists on the steed
and provided 2 stable structure as soon as the sections werc in place.
The connectors then only had to bolt or weld the ends to the supporting
beams. Such solutions need to be communicated widely, complete with
design considerations and cost experience. '

Other design problems should be considered, such as assuring that seat
lugs are provided when double connections are made. 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-story pre-
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 designer
and erection planners to view a project from the connector's viewpoint

and consider whether certain designs should be used. HNo 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 inaccessihle 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.

Ouring 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 wal: a beam or climb a coi:umn, 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
posilive footing for the connector wiic 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 assurad that bids would not be won or lost based
upon the ¢osts assoeciates with the protection system, more protection
would be provided.

Ta salve thic ovoblem. a halancod and informed system of OSHA enforce-
ment s needed which is uniform throughout the country. The key factor
in developing effective enforcement is to train compliance cfficers
concerning the connection task, inform them of the types of protection
which have proven feasible, and educate them so they determine where
physical protection should be provided and where the experience and
training of the connector must be utilized.

In providing this training to compliance officers, OSHA should provide
‘basic instruction which will allow compliance officers in all parts

of the country to make uniform decisjons. To do this, criteria must
be estabiished 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
followad.

. Consider the degree of hazard potential. For example, a light
member being raised a short distance hy 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 than 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, 1imit 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,
which do not require employee fall exposure, in use where
possible?

Ideally, properly informed OSHA Compliance Officers will be able to
inform coniractors of protection m2asures they should consider and 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 shouid
be examined to assure they contain sufficient delail to allow critical
factors to be controlled. The standards should aiso be written in such
a way that a contractor is provided with clear guidelines by which
compliance will be judged.

If exceptions. to the standards are to be allowed, alternative measures
to be used in lieu of the standard should be specifically stated. 1In
this way, both the contractor and compliance officer will be able to
Judge whether the alternative measures are acceptable,

Specific recommendations regarding changes in the written standards

are discussed in the preceeding chapter. The following is a summary
of these suggestions:
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Training

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

. A connector should be able to produce proof of successful
completion of an approved connectar 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 lower if proper precau-
tions are followed.

A criteria for judging equivalent lanyard material sheould
be esteblished which assures that the strength and sheck
absorbing characteristics of tne 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, incoection, and care of safety
belts, lanyards, and lifelines.

plianc: officers can determine when an exception to the stan-
dard can be considered and what alternative measures must
be used in lieu of those required in the standard.

Safety 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 tesiing
an installed net system.

Specifications should be developed to .llow the installation
of ‘a perimeter net system to be corre iy evaluated.

. Specific information should be provided 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.

Sheer ties should be instailed 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 training 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. .

Irun Workers Union members already receive a good deal of apprenticeship
training. It would seem possible for union officials to establish
course work for training connectors. While it has beesn estimated that
only about two percant of union members will become full-time connectors,
a8 mucii larger population will be calied upon at variovs times to perform
connention wark, Thesa peonle may be at areater risk because of their
relative inevperijence, It may therefore be wise to assure 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 sjtua-
tion of many associations, however, is that financial resources may

not be available to finance the time and effort necessary to develop

a truly 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

IT 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.
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6.7 CONNECTOR FALL PROTECTION NEEDS ANALYSIS

Performing a comprehensive needs analysis, which would formulate the
basic objectives to be accomplished by connector training, would be
difficult for any one 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 wnhich have been devised to protect
connection workers from falls should be documented and new 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-
ticns, and contractors as guidelines wihich should he 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. i

This approach would ailow a much more thorough study to be made of what
should be taught to a connector, than would be possible if each organi-
zation 2ttemzpted o rorfoem a3 similar study using limited time and

financial resources, It would also eliminate a good deal of duplication

of erfort.

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 lanyard

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 Tead
Beam Line - a line of erected columns with beams attachec between them
Bearing Wall - a wall carrying the weight of another wall above it

Body Belt - 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 systen

Bolt-up Crew - a group of iron workers whose primary itask is to-plumb
and level structural steel which has been put into position by connectors
and to insert and tighten all bolts necessary to secure the connection

Catenary line - a line installed horizontally between substantial up-
right structures, to which a safety belt lanyard 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 efféct, “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 Tower flange

D2tail Gang - a group of iron workers responsible for attaching miscel-
laneous pieces of steel to a structure, such as stajrways, small beams,
and perimeter cables
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Erection - the rigging of hoisting or 1ifting equipment, raising 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 cther material placed over the
juncture of other pieces to pre<ent leaking and provide a finished look

Girder - a ward 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 Core Product - a prestressed concrete product which is dry cast
in such a way_that voids resembling pipes are left inside the member;
used as decking, 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
reiationship petween a piece of work and the tool or between parts of
work during asscimbly

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 working 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

Mctal 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

Puriin - 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 hody belt or lanyard
to a dropline, -~ich, upon impaction, will actuate to arrest a fall
within a short distance

Satety Belt - 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 conncction operations

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

Sliver Bar - also known as a connecting bar; one end is pointed, the
other has a 157 chisel end used to provide leverage to align or pry
steel

Snaphook - 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 bar 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 w: :nch with one end which tapers fo 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 Buiiding - 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

Wb - thez part of a channzi, I beam, or girder between the flanges:

131

L L ad ol

[Ratd S 1 ey Y

LR Y



- it et

—————
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lnternational Association of Bridge, Structural and Ornamental Iron
Workers, Structural Manual for Iron Workers (Washington, D.C.: International
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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 respensibility:

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 eguipment to
reduce the hazards to the employees.

29 CFR 1926,104 Safety belts, Tifelines and lanyards:

(a) L1fe11nes, saaety belts, and lanyards shall be

LWsel Lniy for employee safeguarding. Any lifelins,
satzly S2i1, o' luﬁyard actually subjected to inservice
loading, as distinguished from static load testing,
shall be immediately ramaved 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 7/8-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 & maximum tength to
provide for a fall of no greater than & feet. The

rope shall have a nominal breaking strength of 5,400
pounds.

(e) A1l safety belt and lanyard hardware shall be

drop forged or pressed steel, cadmium plated in accor-
dance with type 1, Class B ptating specified in Federal
Specification QQ-P-416. Surface shall be smooth and
free of sharp edges.
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29 CFR 1526.105 Safety Nets:

(a) Safety nets shall be provided when workplaces
are more than 25 feet above the ground or water surface,
or other surfaces wnere 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 bayond the edge of
the work surface where em:loyees 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
yser's contact with the surfaces or structures below,
Such clearances shall be determined by impact load
testing.

(2) 1t 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. A1l new nets shall meet accepted performance
standards of 17,500 foot-pounds mininum impact resistance
as determined and certified by the manufacturers,
and shall bear a tabel of proof test. Edge ropes
shall provide a minimum breaking sirength of 5,000

pounds.

{e} Forged s*esl sofety hooks or shackles shall be
used to fasten t’e net to its supporus

f) Torneciicos between net nanels shall develuop the
T zirzncih o of the net.

Steel Erection Standards

*Source -

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

On buildings or structures not adaptable to temporary
floors, and where scaffolds are not used, safety nets
shail be installed and maintained whenever the potential
fall distance exceeds two stories or 25 feet. The

nets shall be hung with sufficient clearance fo prevent
contacts with the surface of structures below.

Occupational Sarety and Health Reporter {Reference File 1),
Washington, D.C. The Bureau of National Affaivs, 1979.
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APPENDIX B - REVIEW OF CONNECTOR FALL CASES

FATALITY CASES

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

Inspection Dates: June 26, 1979 to July 10, 1978
Stendara Cited: 29 CFR 1926.105(a)

The employee was working approximately 120 feet from the ground
on a2 steel bridge. He was standing on a plank connecting a 3 hy
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., Apnteton Area OSHA Office, Appleton, Wisconsin,
June-July 1379. -

Case

(3
.

biOown ana Root, 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.M. when workers were leaving the
skeleton steel structure of a roof 89 feet from the ground. Wit-
nesses reported that the wan involved was seen "with his tool bag
in one hand and safety belt disconnected." The man was walking
along a beam toward a ladder where he would have descended to the
floor. The man slipped and fell. No nets or catch platforms were
in place below the beam.

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

Case 3: ,
Capital Construction Company
Replacement of a roof structure
Atlanta, Georgia
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Inspection Date: August 19, 1980
Standard Cited: 29 CFR 1926.105(d)

The company was in the process of replacing a wooden truss roof

60 feet over a railroad diesel shop. The workers wer2 removing

the roof and the wood trusses bencath, one bay at a time. The
trusses were being replaced by a steel structure. Two men wer

in the process of removing one of the longitudinal stringers from
the old wood structure. The worker 1in question went for a wrench
while his partner went to arrange with the crane operator to remove
the stringer. When the worker walked back to the opuaing he "stepped
across the cap momber of the old wooden truss to put his foot on
the top of the new steel truss." The worker 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 cver the edge of the net and fell 83 feet to
the floor,

Source: Investigatory Record Regarding Capital Construction

Company, At'znta Area OSHA Office, Atlanta, Georgia,
August-Octobar, 1980.

NON-FATALTITY CASES

Lase 1:
Carrir/Cavaness
Erection of an airlin: cargo building .

AdYomt= A R

Inspection Date: November 30, 1979

The foremen involved were working on a single story structure
apnroximately 25 feet from the ground installing and shaking out
bar joists. Columns and beam lines had been erected, but therc
was no bracing of the structural steel framing in the area where
the accident occurred. A 23 mph wind was blowing with sustained
gusts of 31 mph, The structure fell in domino fashion from the
nortnwest moving to the southeast. 'Four employees were carriad
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 with fractured left ankle.

Scurce: Investigatory Record Regarding Carrie/Cavaness, Atlanta
Area OSHA Office, Atlanta, Georgic. November-Decembor,
1979.

It should be noted that 29 CFR 1926.751(c)(1) Structural Steel Assembly
states: "In steel framing, where bar joisis are utilized, and columns
are not framed in at Teast two directions with structural steel menbers,
a bar joiszt shall be field bolted at columns to provide lateral stability
during construction.”

Reproduced from S
best available copy.
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Case 2:
Heaton Erecting Inc.
Skeleten steel erection site
Atlanta, Georgia

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

Two connectors had just bolted a beam, 4 feet 6 inches long, in
place. Tt did not fit properly. Each man thought that the other
had put two bolts in his end of the beam. 1In reality only one
bolt had been placed in each end. The sling was disconnected and
the man stepped onto the beam. 1t rolled under his weight causing
him to fall 22 feet to a concrete pier.

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

It should be noted that 29 CFR 1926.751(a) Structural Steel Ascembly
states: "Ouring the final placing of solid web stiuctural members,

the load shall not be released from the hoisting line until the members
are secured with not less than two bolts, or the equivalent af each
connection and drawn up wrench tight."
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APPENDIX € - LOST TIME INJURIES FOR IRON WORKERS -
IN ONTARIO DURING 1979 and 1980
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Source - Construction Safety Association of Ontario

IRON'SORKERS AND IRONWORKER APPRENTICES
1979 LOST TIME INJURILS #

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

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

58 of the 1,924 injuries were sustained by ironworkers and iron-

1.

worker apprentices.

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

The total number of ironworkers and ironworker apprentices injured
in 1979 due to a2ll causes -- 358.

Specific accidents (ironworkers connecting):

1. A 25 year old ironworker was doing steel erection work at
a high-rise residential *huilding. He was connecting a
metal beam while standing on snow covered :Structural steel

when he fell 10 feet., The worker sustained a sprained hecl,

2. A 31 yvear old ironworker was doing steel erection work at

e heavy industrizl site. He was connecting a metal beam
while stavdlﬁg on structural steel when he fell 10 feet.
-A“.i Sl leaiiTe _..;»'u—.\)lx La. ll.o.-a c-..Til a-n rl.ei’-

3. A 35 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 snraincd 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,

T
3—' [0

year cld ironworker was doing steel erection work at
a ght industrial site. [He was connecting a metal beam
whilc standing on wet structural steel. He was struck by
a beam and then he fell 9 fecet. He sustained a fractured
hip and a fractured wrist,

Al B ]

Reproduced from
best available copy.
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Source - Construction Safety Association of G :ario

1 RONWORKERS AND IRONWORKER APPRENTICES
1980 LOST TIME INJURTES

w

Total number of lost time injuries in construction in the Province
of Ontario -- 14,441.

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

54 of the 1,759 injuries were to ironworkers and ironworker
apnrentices. '

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

The total number of ironwo.zers and ironworker apprentices injured
in 1580 due to all causes -- 370.

Specific accidents (ironworkers connecting):

1. A 55 year old ironworker was doing steel erection work at
a high-rise commercial building., Ille was connecting a metal
beam while standing on structural steel when he  fell 20
feet. He sustained a fractured bacit and a fractured rib,

=~

A 28 year old ironwerker was doing steel erection work at
an industrial site. He was connecting a mectal beam while
standing on sctructural stecl when he fell 15 feet, He

sustained a fractured hip.

v
(SR

3.0 04 28 year ol iroaworker was doing steel crection work at

a heavy industrial site., He was counnecting structural steel
while standing on a platform when he fell to a different

1

level. : |

4. A 52 year old ironworker was doing steel erection work at
a heavy industrial site. Me was connecting a metal bean
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.

o

A 28 yecar old ironworker was dolng steel erecction work, He
was connecting structural steel while standing on structural
steel when he fell 16 feet.. He sustained a fractured back
and a fractured heel. The worker lost his footing while
connecting. '

6. A 41 year o0ld ironworker was doing steel evection work at
a low-rise commercial building. lHe was connecting a metal
beam while standing on a ladder when he fell to a different
level. He injured his ankle.

7. An 1ironworker was doing steel erection work at an institution.
He was connecting a metal beam while standing on wet structural
steel when he fell 11 fcet. The worker sustained a fractured
heel. '
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APPENDIX D - TYPICAL STEEL CONNECTIONS
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APPENDIX E - VARIQUS PRECAST/PRESTRESSED COMCRETE PRODUCTS
AND CONNECTION DETAILS*

Source - PCI Design Handbook: Precast and Prestressed Concrete. Chicago:
Prestressed Concrete Institute, 1971,
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SINGLE STORY CONSTRUCTION

Wall Bearing

The use of precast prestressed con-
crate for bearing walls can provide eco-
nomies oy elntaneung e nesd for a
structurai framz at the perimeter of a

'butlding, This economy is most apparent
in buildings with a larger ratio of wall to
floor area. .

The cornection between the roof
framing member and the wall member
can be handied by either bearing the
roof member on a haunch cast into the
back face of the panel, or by bearing di-
rectly on the tor of the wall panel, The
formar method ellows the wall panel to
extend above the roof forming a parapet,
and the latter method allows the roof
members 10 project beyond the walls
forming an overhuig,

The wall panels themselves can be se-
lected from a variety of standard sec-
tions or flat panels, and specially formed
architectural precast shapes depending
on the intended use, location, and budg-
et for the building. Any of the standard
precast deck units can be used for roofs
of singte-story buildings.

Tynical Connection
\\Between Doublie Tee

T Roof Member and
\\\\\\\\\\\\ _,’::5;;;5: Double Tee Wall
| e . Panel
=7 :

Typical Welding
Conn@ctions




b

S GLE StOHY CONSTRUCTION
Beam-Column Framing |

All of the standard precast beam and column
shapes shown in Part 3 can be used for single story
structures. Selection of the type of beam to be used
dzpends on engincering consm}raions such as span
lenoth end suosrimpesed lo uﬂ,‘n d architectural con-
siclerations suen as depth and celling construction, if

aiy. Details and cemanITe?nousforconnpchonsare
SCYT In Pert T;.

. Typical Column and Beam
Connection

Aatr s

n’..u__r

v‘ T TR :
r(r T

Typical Connection of Column to
Concrete Footing

B s
g \f"\
TS 2 R LN

i Ousign stmphicity was achieved by supporting double tees on precast
reciengular beorns resting on square colurmns,

‘ f , 157
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SINGLE STORY COMSTRUCTION

Long Span

31A0

§pET dow 60T O MOre aic evailable in most parts
of the United Stztes and Canada. Even longer
spans can be achieved by combining past-iension-
ing with precast or cest-in-piace concrete. Special
consiciaration must be given to camber and deflec-
tion when designing structures of this type.

T VNI S O PR

T e et e bk e — )

P

o e

o o

Hollow Core
==:-Roof Members !

N
ey

Casting concrets in a Jong spaa post-tensioned fols
plate.

1

Hvawn

"

Long spans can be achieved by folded plate construction, These column-supported foklud plaics were

cast-in-plaze and prestressed Ly post-leruioning.
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MULTI-STORY CONSTRUCTION
val! Bearing -Lcw Rise

Single Tee
Roof HMeiber

\

i\

\ VAV

The use of precast concrete bearing walls
can provide econoinies in the construction
of multi-story structures. Precast beariig
well units can be cast in one to four-story
high sections as shown in the accompany-
ing sketches and photographs. The bearing
wall units can rest directly on the basement
wall or foundation.

In some ca-os, the hearing wall units will
start at the second floor level with the first
floor framed of precast beams and columns
allowing a more open space on the first
fevel,

Bearing walls can be any of the standard
sections {see Part 3) or can be provided in a
variety of architectural shapes. Interior
bearing walls, particularly in multi-family .
- residential structures, are usually plain ¢con-
crete pangls cast either horizontally in
fixed forms or on tilt tables, or cast verti-
cally in battery molds.

Interior beoring wall,
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MULTI-STORY CONSTRUCTION
Beam-Column Framing i

Double Tee wo e
Koof Memberi‘k : T =

Precast prestressed beams and columns or whether mu!ti-story columns are used
cir Tzt firem cvymzoflow or high rise with single span beams, 1o some coses, sn-
ructots. o meny buoiidings, the beams calledd "tree columns” have boon uscd so
and columns become an architectural Tea- that the bezam connection is made away
ture, and aesthetic consideration is given from the column, usually about the gquarter
to the connection between the beams and point or at mid-span. These “tree columns”
columns. Architectural and engineering have beer: cast in single-story or multi-story
considerations dictate whether the beams units.

are continuous with single story columns,

Multi-story column connection.

Two-story tree column sections wiih stoggered butt joints were vsed to frans.
this muiti-story precast concrete building,

: Reproduced from
161 beot available copy.




s T e bt g
S SCNUPE AT IS RO ST ) ROV Y

Columns were precast in two sections — the upper 7-story Ledner beams on two-story columng support prestresscd concrete stemmed
15 with the {ower 8-story section by means stabis.
s cowels, 31t 6 in. long,

secticn co
of 4-in. dis

Column
Haunch

SR ARt ]

i

Beam.column connection,

S e
FRERT PR S UL~

Multi-story columns with stnple ledger baams suppurt doulie-tee Hioors and
recf, One-stery columns are used to accormodote the cantitever beams. Boine
Continuous ledger beam with one-story columns. forcement in floor topping provides continuity.
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APPENDIX G - TEXT OF APPLICABLE CALIFORNIA/OSHA STANDARDS*

Article 3. General. 1510. Safety Instructions for Employees.
(a) Wnen 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
Practices.,

Article 24. Safety Belts and Nets.
1669, General. (a) When work is to be performed from thrustouts
or similtar e:nosed locations, suitable protection such as temporary

guasdrzitings of wire or manila vropes, or eguivaleni, shall be
pwov1dgd, or workers shall be protected by safety be]ts with attached
i 4":511

Note: Safaty belts will customarily be used when exposed

to the hazard of falling from buildings, bridges, structures,
or construction members such as trusses, bheams, pur]ins, or
plates of 4-inch nominal width, or greater, at elevations
sxceeding 15 Test or 1 story above ground, water surface,

cr continuous floor level below.

(b) 4HCW requirements in {(a) above are impractical, use shall be
mode of =p:ro.cu-:y;e safety nets as provided in Section 1671.

(L) hv 2n the work is of short ddrdLiOH and Timited exposure and
LE onnLuril :,.,.\v_ in rigging and installing tin safely device
r,ﬂuiﬂe; o, thiis Articie equals or exceeds the hazards 1nvo1ved

in the actual construction, these provisions may be temporarily
suspunded, provided adequate risk control is recognized and main-
tained under immediate, competenl supervision.

1670, Safety Belts and Lifelines. (a) Approved safety belts and
lTifelines shall be worn by those employees whose work exposes them
to falling in excess of 15 feet from the perimeter of a structure
or througn shaftways and cpenings not otherwise adequately pro-
tected unasr the foregoing provisions of the Article. The anchor
end of the 1ifeline shall be secured at a level not lower than
the workman's waist, and at a horizontal distance not to exceed
b feet, except where the waist Tevel connection is not possible,
connections at feet level may be permitted, provided that adeguate
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 worker'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, flecats, 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 safely lines shall be used

conly for employee safeguarding. Any life line (sic), safety belt,

or safety line actually subjected to in-service loading, as distin-

guished from static load testing, shall be immediately removed

from service and shall not be used again for employee safeguarding,
Note: For the purpose of this Subsection, "in-service
loading™ shall mean lcading eguivalent to that received
in a drop test.

(d) Safety lines and life Tines (sic) shall be capable of supporting

a minimum dead weight of 5400 pounds.

(e) Life lines (sic) subject to excessive fraying or rock damage

shall be protected and shall have a wire rope ceater. Seriously

worn or damaged rope shall be promptly removed from service.

(f) A1l safety belt and 1ife line {sic) hardware shall be drop-

forged steel, or equivaient, with a corrosion resistant finish.

Surfaces shall be smooth and free of sharp edges.

(g} A1 szfety belt and 1ife line (sic) hardware, except rivets,

snall be capable of withstanding a tensile loading of 4,000 pounds

without cracking, breaking, or taking & permanent deformation.

1671, Safety Nhots. {a) Where the elevation is 25 feet or more

above the ground, water surface, or continuous floor level below,
ane when the use of safety helts and 1ifelines or more conventional
types of protection ere clearly impractical, the extaerior and/or
interior perimeter of the structure shall be provided with an
approved-tyne sefely neb axtending at least 8 feet horizontally
from such perimelar and being positioned at a distance not to exceed
10 feat vertically below where such hazards exist, or eauijvalent
mvatzotdan nearided  Natg chall be hung with sufficient clearance
£0 nrovert usaete oortact with the surfaces or structures below.
Sucn clearances shall be determined by impact lead testing,
EXCEPTION: See Sectien 1710 (d), (e) end (f) for flooring require-
ments and nets for steel erection in tiered buildings and structures.
(b) On%y onc level of nets shall be required for bridge construction,
(¢} Tne mesh size of nets shall not exceed 6 inches by 6 inches.

A1l new nets shall meet accepted performance standards of 17,500
foot-pounds minimum jmpact 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.

(d) Forged steel safety hooks or shackles shall be used to fasten
the net to its supports.

{e} Connections bztween 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 of wilhstanding three drop tests of 250

pounds dead weight (not sand) falling a distance of 6 feet without
faiture,

(i) In testing the belt and attachmen®s, the 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,

166



(¢) Safety nets shall be on-the-job tested for their ability to
withstand the maximum load that may he imposed without failure
and for suitable c¢learance from the surface below. The test shall
conform to the manufacturer's recommendation for height and weight,

Article 29. Erection and Construction.
1710. {b) Erection Guide for Trusses and Beams Qver 25 Feet Long.
Duing erection the magnitude and placement of intended loads shall
be held within safe Timits. 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 deeking of equivalent strength, shall be of proper
thickness to carry the working load. Planking shall be not
less tnan 2 inches thick Tull size undressed, and shail be
laid tight and secured to prevent movement.

(B) On buildings or structures nct adaptable to temporary
floors, and where scaffolds are not used, safety nets shall

be installed and mzintained whenever the potential fall dis-
tance exceeds two stories or 25 feet, The nets shall be hung
with sufficient clearance to prevent contacts with the surface
of structures below.

(C) Floor Periphery—Safety Railing. A safety railing of 3/8-
inch wire rope or egual shall be installed between 42 and 45
inches above design finisn floor height around the perinhery
of all temporary planked or temporary metal decked floors of
tizr ouildings and other multi-floored structures during struc-
turai steet assembly.

(D) When connecting beams at the periphery of a building or
structure where the fall distance is greater than 25 feet,
employees shall be tied-off by approved safety belts and life-
lTines to either peripheral columns, pendant lines sccured at
the tops of peripheral coclumns, ca'’:nary lines, or other sacure
anchorage points. Employees shalt also coon or walk the bottom
inside flange of peripheral beams when it is necessary to
release chokers, land intermediate members, or nerferm other
work on the peripheral beams.

(E) Pendant lines, catenary lines and other lines used to
secure workers shall be capable of supnorting a minimum dead
weight of 5400 pounds.

(F) If the procedure specified in (D) above is impractical,
perimeter safecy 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. California Administrative
Code.
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Part

APPENDIX H - TEXT OF APPLICABLE ONTARIQ STANDARDS*

1

General Construction

14—1{1) During the construction of a building, temporary or permanent
flooring shall be installed progressive1y as the building is erected.
(2) Subject to subsection 3, all work shall be carried out not
higher than two storeys (31c) above the temporary or permanent
f3oor1ng installed as prescribed by subsection 1.
{2, wnere the vertical 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
{¢) where tha workers are protected from faliing by means of
parachute~typz harnesses or safely belts attached to the pro-
Jject.

nel Protective C1othﬁng, Eaquipment, and Devices
Jo nowOrael reguived to vear or use any protpccivc C1othing,
ESLINTEND Or GEvile J1u11 be instructed and irained in its care
and use before wearing the protective c]othwng, 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
secdred to,

{d) a fixed support; or

{e} a Tifeline that is securely fastened to the project,
or be protected by a safety net.
(2) A safety belt or parachute-type harness shall 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
sit . te (sic) for the purpose of working immediately prior to his
fal. .
(3)_A fall arrest system shall not apply a peak fall arrest force
greater than 8 kilonewtons to a worker.
(4) Wnere a lanyard is used, it shall have a nominal diameter of
at least 16 millimetres (sic) and be made of nylen rope or other
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durahle materlal of equivalent impact strength and elasticity and

adeciate for the wor' to be done.

(5) whore a vertical lifeline is used, it shall,
(a) have a nominal diameter of at Teast 16 miliimetres (sic)
and be made of polypropylene or oiher durable material of
equivalent impact strength and elasticity and adequate for
the work to be done;
(b) %» used by only one worker at a time;
(¢c) be free from the danger of chafing o¢n 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.

*Source - Nrcunational Yealtn apnd Safety Act, 1978, Statutes of Ontario,

1978, Cnaptes 33
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APPENDIX 1 - TEXT OF APPLICABLE U.S. ARMY CORPS OF
ENGINEERS STANDARDS*

IHSTRUCTION AND TRAINING

OL.A GENERAL

01.A.05 Prior to the start of a project or any major phase of work

a job hazards analy<is cdeveloped the prime contractor will be reviewed
with desionnted gu.k.;~:nt parsonnel. The analysis will identify and
eVa1J¢*ﬁ the hazards and cutline the nroposed methods and techniques
of accomplishing ezch phass in a safe manner.

01.8, INDOCTRINATION

01.8.01. Each employes shall be prov1ded initial 1ndoctr1notxon and
such continued training to enable him/her to perform his/her work in

. L vnnneagm
d SaTg manngr.

CLGDLll Riguas iy stozduied safety meetings shall bea held at least

TRLE & TLaln TIoozh: supzrvisars on the project tou review past activities,
to plan ahead for new or changed operations, and establish safe woriing
procedures for anticipated hazards. An out!ine report of each meeting
shall be submitted to the designated authority.

01.C.02. At leust 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 who conducted

it snall be maintained and copies furnished the designated authority

on request.

01.C.03. A1l persons required to enter into confined or enclosed spaces
or atmospheres immediately dangerous o 1ife 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 eguipment
as self-contained breathing apparatus, hose line masks, and respirators.
Training shall be by a qualified person. The employee shall comply
Wwith any regulations that apply to work in dangerous or potentially

du Ngerdus areas.

01L.C.11. The employer shall provide training in handling emcrgency
situations that may arise in the use of any eguipment on the project.
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PERSONAL PROTECTIVE APPAREL, AMD SAFETY EQUIPMENT

07.A  GENERAL

07.A.13 Drop lines, lanyards and 1ifelines independently attached or
attended, shall be used when performing such work as the following when
requirements of 22.A.02. and 07.D.0l. cannot be complied with.

07.A.14. Lifelines, drop lines, safety belts, and lanyards shall be
used onty for employee safeguarding. Any lifeline, safety belt, or
fiber Yanyard 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
from boatwain's chairs, swinging scaffolds, or other unguarded
Tocztior a2t elevations greater than 6 feet.

07.A.25. Lifelines and ¢rop lines used on rock-scaling operations or
in aregas where tne 1ine may be subject to cutting or abrasion shall

be a minimum 7/8-inch manila-rope with wire cors, For all_ other life-
Tine applications, a minimum of 3/4-inch manila or equivalent, with

# mininun breaking strength of 5400 pounds (2454 kg) per person shall
be used. -

»

07.R,18, Lifelines and drop lines shall be secured above the point
of ocperation to an archorage or skructural mewber capable of supporting
a mininwn dead weight of 5,400 pounds {2454 kg) per person.

et 1 4

Tk - tzmyerd snall he a minimun of %-ivch nylon, or
QOW’VTaMHL, with a maximun length to prevent a fall 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, harnesses, lanyards, lifelines, and
drop Tines shall be replaced.

07.A.20. Safety belts, harnesses, Tanyards, lifelines, and drop lines

sha!ll mzet the reguirements of ANSI A 10.14, for Safety Belts, Harnesses,

Lanyards, Lifelines and Drop Lines for Construction and Industrial Use
or Section 07.1. Safety belts shall be free from additional metal hooks
and tool loops other than those permitled 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,D. SAFETY NETS
07.0.01. Safety nets shall be provided when workplaces are more than

5 feet above the ground, machinery, water surface, or other surfaces
where the use of ladders, scaffolds, catch platforms, teaporary floors,
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lifelines, or safcty 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) below such work surface.

Nets shall be hung with sufficient clearance to prevent user's contact
with the surfaces or structures below. Such clearance shall be deter-
mined by impact lead testing. Only one level of nets is required for
bridge construction.

07.D.02, Safety nets may be provided where traffic or workers are per-
mitted to be under a vork area. {See paragraph 22.A.28.)

07.D.03. HKets for overhead protection shall be lined with wire or syn-
thetic netting of not more than i-inch (2.54 cm) mesh. Wire 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 requﬁring 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
surfacas where workers are exposed.

G7.0.05. The maximum masn size of nets shall be 6 inches by 6 inches
(15 cm x 15.2 cm).

(07.0.07 A1l new nets shall meet accepted perfermance standards of
17,500 foot-pounds (255,325 Newton/metres) minimuri impact resistance

as determined and certified by the manufacturers and shall bear a label
r test. Edge recpes shall provide a minimus breaking strength

af S,QHQ naunds (2,3 kal,

o]
“h
]
3
O
-
1y

U7.5.06. Tne net suspension system shail be designed and 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.D0.09. Forged steel safety hooks or shackles shall fasten the net
to its supports.

07.0.1¢.  Connections betwzen net panels shall develop the full strength
of the net.

D 11. The net installation shall be tested by dropping a 400 pound
( 4 kg) bag of sand, not more than 30 inches #2 inches (76.2 cm +5.1
cm) in diam=ter, onto the center of the net from a height of 25 feet
(7.6 m) above the net or from height equal to the distance from the

net to the highest surface for which protection is furnished, whichever
15 groutest,

7.9.
181,
) i

07.0.12. Hets 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. Hets shall be inspected daily for cuts and damzge from abrasions,
chemicals, or heat. Repairs shall be made before work abave the net
is resumac¢. Rapid loss of strength of small net components should be

co..sidered.

07.D.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 ignitien 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 machinary shall be pro-
tected by guardrails with intermediate rail and toeboard, catch plat-
forms, tomporary floors, safety nets, safety belts, or equivalent.

Ses 07.A.14., 22.A.02., and C7.D.

22,A.28, Overhead nrotection shall be nrovided contractor and government
persarnna]l and the public exposed to hazards from falling objects.

34.R.02, On structures not adaptable to temporary fleors, and where
scatvfolds are not used, safety nets shall be installed and maintained
whensver the polential fall distance exceeds two stories on 2 feet (7.62

ity

o

2
mj. (Seez also 07.D.01.)

*Source: Safety and Health Requirements, U.S. Army Corps of Engineers,
April, 1981.
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APPENDIX J - TEXT OF APPLICABLE AMERICAN NATIONAL STANDARDS
INSTITUTE STAMDARDS

Safety Nets*

1.General

1.1 Scope. These reguirements 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 Exceptions. For cases of practical difficulty and unnecessary
harasnip, or where ouvner extenuating circumstances exist, the en-
farcing authority may grant exception to the literal requirements
of this standard and nermit allernate methods, but only when it
is clearly evident that equivalent safeguards are provided.

3. Conditions Recuiring Nets

Sefety nels snall be provided wherever:

f1) Fersons are working 25 feet or more above ground, water, machinery,

or any other solid surtace and are not otherwise protubied by safety

belts and safety lines, scaf‘o]os, or working surfaces properly

guardac in compliiance witn other applicible American Hational

Standards., (2) Pubtic traffic or workers are parmitted to be under-

A2t & worK area not othsrwise protected from falling objects.

i osaln cases, nets snaill be Tined with a mesh of size and strength

?Lff’c jent to contain tools and materials capable of causing injury.
See 5,3.)

4. Mzterials

4.1 Material and fabrication shall provide impact strength per
unit of net width or length equal to & x 6 inches spacing of 3/8-
inch diameter No. 1 grade pure manila, 4-inch nylon, or 5/16-inch
poiyonropylene rope. Rapid loss of strength and susceptibility

to damage of smaller memners should be considered.

4.2 Materials used shall be compatible with each other.

5. Design of Nets

5.1 Maximum 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 length measured center-to-center of mesh crossing. All mesh
crossing shall be anchored to eliminate frictional wear and prevent
eniargement 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 ripe shall be 3/4-inch diameter
for inanila and %-inch diameter for synthetic; no border rope,
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however, should have a breaking strength of less than 5000 pounds
when new. The meshrope or webbing shall be anchored to the border
at each crossing.

5.3 Net Yintags, when used, st i1 be of not more than l-inch mesh
and be constructed of synthetic twine not less than MNo. 16~inch
size or of wire of not less than 22 gauge.

7. Manufacturer's Test

7.1 Each safety ret 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

able to absorb the impact of onc drop of a 37 :-pound bag of sand

24 dinches (+2 inches) in diameter, dropped 50 feet into the net

at each quarter-point of the long dimension (6 feet from the end

of the net) and the centerpoint of the short dimension (85 feet

from side of the net). _

7.2.1 Tests snall be performed using a 17 x 24-foot net secured

in frame as defailed in Fig. 1. The test frame should provide

an opening that is the same size as the net as hung.

.2.2 Het sag when hung shall not be more than 3 feet at the center

f the net. Border rope shall be level.

2.3 There shail be no broken strands nor significant distortion
he net pattern after two drops of the test weight, with five-

2 dntervals between drops to allow time for nat recovery.

.2,4 The test frame snall be elevated sufficiently to prevent

tosag from ocontacting any surface below the net during tests.

[e})

R N e g s

Tho gafere vas sha1] be tested on-the-job in the suspended
ition immediately following installation or major repair and
six-month intervals therecafter,

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 ihe net pattern or the suspension system.

QN dh
[al

9. Installation

9.1 Nets shall be installed in accordance with the net manufac-
turer's specifications and instructions.

9.2 Nets shall bz installed as close under the working level as
nractical but not lower than 30 feet and shall be hung with suf-
ficient clexrance to prevent contact with the surface or structure
below when usar's impact load testing 35 applied. (Excep:ion:

On bridge construction the lowest part of the structure should

be considered the highest working surface. It is intended that
only one level of nets be reguired for bridge :onstruction.)

9.4 Drop-forged safely hooks and shackles whici will support the
design load shall be used to attach nets to supporting cables,
structures, or beams projecting from structures. Such attachments
shall be spaced at intervals of nolt more than 4 feet,
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9.5 Safety nets shall extend outward 10 feet horizontally from
the outermost projection of the structure.

10. Inspection

Each safety net, mesh rope, perimeter rope, connectors, suspension
system, etc., shall be complet2ly inspected by a qualified person
after each installation and not less than once each week there-
after. Additional inspactions 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 immediately 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 materials shall be remove:d hefore welding, cutting
or other operations producing sparks, hot slag, or other sources
are donea 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,
Tifelines, and drop lines, and their appurtenances. It does not
inciude Tinemen's body belts and pole straps, window washer’s
belts, or safety lacder belts.
1.3 Vaf18L10ﬂS- Variaticns from the requirements of this standard
may be granted by thz authority having jurisdiction when it is
cieariy evident that the workers are equally protected by the
nrocedure or eguipment permitted by the varjation. The authority
naving Jurisdiction should recognize and approve newly developed
techniques, methods, or equipment when it has been established
that they will provide gqual or greater safety.

3. Belts and Fittings

3.2 Meterials

3.1.1 Strength Members. Strength members of belts may be made

of any material, except leather, that will result in a finished
belt capable of meeting the spec1f1ed minimum performance tests
described in Section 5.

3.1.2 Hardware. Al huldd&?ﬁ except rivets, shall be of drop
forged or pressed steel with a corrosion-tresistant 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 resutt

in a finished lanyard capable of meeting the qualification tests
indicated in Section 5.

3.2 Construction

3.2.6 Drop lines shall have 5400 pounds minimum tensile strength
(2450 kg) and at Tleast a 3/4-inch (19-mm) nominal diameter if
natural fiber rope is used or a 3/8-inch {9.5-mn) nominal diameter
if wire rope is used, and be at least equal in strength to the
fixed anchorage specified in 2.5. Not more 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 Teast % 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 in a hazardous work position and to reduce the proba-
bility of falls.
Class II: Chest harness, used where there are only limited
fall hazards {(no vertical frre fall hazard) and for retrieval
purposes, such as removal of a person from a tank or bin
Class IlT: Body harress, used to arrest the most severe froe
fails.
Class IV: Suspension belts, independent work supperts used
to suspend or support the worker.
3.3.2 Lanyards shall be kept as shurt as reasonably possible to
minimize ine possibility and length of a free fall. Whataever the
length of the lanyard, it shall be tied off as short as possible.
Care shail be used to see that the lanyard is attached to a fixed
anchorage by means that will not reduce its required strength.
A knot will reduce the :trength of a rope lanyard by at least 50%.

3.3.5 Wnzn subjectsd to a fall, body belts (Class I) tegethizr with
the,r associated 1onyards sha11 produce a stopping force of not
.‘..;.

PR J.' - ’f\\l - .
- e

"?f'M...;.f

’“1ass IT) and suspension belts (Class 1V)

i3
for stopping falls and are not subject to impact

shall not be use d
requiremencs. _
3.3.7 When subjected to a fall, body harnesses (Class III) together
with their associated lanyards shall produce a stopping force of
not more tnan 35X gravity. _

3.3.8 Belts and lanyards that have been subjected to impact loading
shall be removed from service and destroyed.

4. Certification aaxd 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 nuinheor of this standard. The number
of this standard shall constitute a rcrtificate that the mintimum
requirements have been met. A1l of (nase markings shall be in

easily legible characters and so applied thdt they shall be indelible
during tne life of the belt.

4.2 Users' Ipspections. Each belt and lanyard assembly shall

be visually inspected for defects prior to each use. The assembly
shall be inspected according to the manufacturer's recomnnendations
nol less often than twice annually. The date of each such inspection
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shall be recorded on an inspection tag that shall be permanently
attached to the belt.

5. Qualification Tests

5.3 Samples of each type and class of belt, hovrness, and lanyard
assenhled together as a unit shall withstand without 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 cm) 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 weigh 250 pound (113 kg) plus or minus % pound (0.1 kg).
The lanyard for this test shall be 6 feet (1.8 m) plus or minus

1 inch (2.5 cm) from the anchorage to the attachment on the belt.
The ancherage shall be rigid. The belt or harness shall be applied
o Lne weight as it would be to a man. Failure shall consist of
any Draakaoa or slipozge sufficient to permit the weight to fall.
5.4 Balts, harnssses, and lanyards that have been subjected to
drop tests shall not be used except for display and education.

*Source - American Nobtionsl Standards Institute, Inc. American National
Standard Minimum Requirements for Safety Nets. AIO.11 - 1971.

PrSource - Ararican Nationa! Standards Institute, Inc. American hat1o1a1

§+ “”=w4 Pezuirements for Safely Be?fs Harrnesses, Lanyc
wng tron [nes for ConsL'}”tuon and Indistrial
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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 areas, one of which this project addresses, there is disagreement be-
tween inaustry, labor and the government vegarding whether 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 o protocol which can
bhe utilized to scientifically evaluate the effectiveness of specific 0SHA
standards., The presentation is divided into two discussions. The first ap-
proaches the research preblem in a generic way with the intention that it can
be used to evaluate arny (08HA standard. The second discussion addresses the
specific probiem area being investigated by this project.

K.1.1 STATEMENT 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 guestions as to whether or not safetly standards
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 would be if no standard ex-
isted? If these standards are not accomplishing what was intended, are there
recommendations which can be made to accomplish the intended results?

K.1.2 THE TRADITIONAL APPROACH °

The most typical approach to a research problem such as this would 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 reveal a great deal of information,

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 the confines of existing gov-
ernment regulations. This can entail significant expense. Once this is achieved,
tiie instruient must be distributed.

The most cost efficient means of primary data collection is to mail the survey.
kesponse 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 gquestions. A primary reason for the lack of
response in such a procedure is that the persons responding to the survey may
not be metivated to respond.  In this partizular case, the research question
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 1iti-
gation. Another is that information about such accidents is considered con-
fidential. Finally, these companics may simply be reluctant to share infor-
mation with the covernment or government-sponsored contractors. It is probable
that responses will be more likely from companies which experienced no acci-
dents; 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
Giid GuiCh .oy andwéidd. €r30ns responging to a resscarch instrument seluom have
tne Tipe or cItien necassary to read defailed instructions, much jess to
» of questions. This 1imi*s the amount of information

o - ial i
'

respond to a large numbd
that can be gathered.

Perhans the most limiting factor in collecting this information by mail is

the need for a company to base the answers to survey gquestions on information
compiled in their accident reports (assuming that these exist, are reliable,
and contain detailed enough infoi nation to answer the quastions). This factor
increases significantly the amount of work required to respond to the ques-
tionnaire, which in turn depresses the response rate. It is anticipated that
many respendents would not take the time to thoroughly review their records
and would most likely respond from "memory" rather than documented fact. Thus,
many of the returned questionnaires may not present totally reiiable informa-
tion. To overcome this problem, the level of personal contact may have to

be increased, requiring a significant fincrease 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 encugh analysis to answer the needed ques-
tions. The semple 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
o , 180
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reesonable to first explore other means of answering the research question
which would not be as time-consuming and costly.

K.1.3 UTILIZATION OF SECONDARY DATA

With these factors in mind, the guestion arises as to whether or not there

is possibly a faster and more efficient method of zssembling information by
the collection of secondary or existing data. Examining secondary data may
also allow questions concerning the number of people at risk and the serious-
ness 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 more cost effective, primarily because the data already exists and can
usually be collected in a shortler period of time with fewer contacts and con-
siderations than encountered in the process discussed above. One time-con-
suming process which would be eliminated is that the coltection of secondary
data would probably not require government c¢learance, as would the collection
of primary Zz*a.  If the data can be collected faster, thein the analysis pro-
cess can be started and ended al an earlier point in time.

K.2 OVERVIEW OF PRCPOSED GENERIC APPROACH

The general approach to collecting and utilizing secondary data is presented

in & flow diagram on the following page. The following will discuss each stage
of the process and provndn a brief overview., A more detailed discussion of

whe techniguss o be used it provided in later sections.

K.2.1 STAGD 1 - DiTASLISH AN APPROPRIATE PRIORITY

Before committing to an extensive research project readily available secondary
data shouid 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 example, a project designed to
assess the value of a standard which affects relatively few people who are
unfreqguently 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 alsc important to determine the size of the population and the number
of ‘incidents occurring, because it will affect how the research is conducted.
A 1urge number of incidents will allow a smaller sample to be considered and
will increase the ability to utilize statistical *echnxques to analyze tho
information. If fewer incidents are anticipated more in-depth information-
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gathering techniques would be used to reconstruct each incident. A case study
of each incident might be prepared, for example, based upon interviews with
varicus npeople involved in the accident. These case studies would Lhen be
compared and contrasted to establish trends in standards compliance and the
circumstances of the accidents,

K.2.2 STAGL II - COLLECT AND UTILIZE AVATLABLE SECONDARY DATA

If the priority set in Stage I indicates that the study should proceed, a
number of additional questions might be answered using secondary data. For
example, the degree of compliance with the standard might be determined from
trends in OSHA citaticns. Further information may also be available concerning
how accidents are happening, experience of the person injured, contributing
causal factors, and other hazardous conditions. If 'the guestions 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.

K.2.3 STAGE ITI - ENHANCEMENT OF SECONDARY DATA

Several statistical technigues may be valuable to enhance the secondary data
on a.probability basis. The benefits of such an enhancement process should
be cédnsidered to determine if the probability of error for the answers based
upon-secandary data can be fmproved. (This process is discussed further in
section K.3.3.) :

K.2.4 STAGE 1V - PRIMARY DATA COLLECTION

~

Tf gatisfectary =rzvars tg the research question have not been determined,

the project wouid move into a primary datea collection phase. A process would
be devised for gathering information from employers and employees affected

by the standard. The probability for the success of this effort will 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-
abie and the proper questions which should be asked.

K.%.5 CONTROL QF SPONSCRING AGENCY

Of particular interest in this approach is the ability for the government to
retain control over expenditures and Lime being spent to answer the rescarch
question. After each of the major activities in the research approach, an
evaluation would take place regarding the sufficiency of the answer which has
neen developed.  An estimate would then be mcde to determine the cost of the
next step in the work plan and the amount of benefit that would be derived.
cased upon this estimate, a decision would be made by the governsent whether
@9 proceed with further expenditures or whether the answer is sufficient for
inelr needs. '

{t must be remembered that research of this nature seldom can supply conclusions
in vhich 100 percent confidence can be placed. The basic objective of any
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research study is to balance margin for error with the amount of money being
spent. (For example, a 15 percent error factor might be acneptable if it were
estimated that it would take an addition=1 2 million dollars and i{:ee yegars
of effort to improve to a 5 percent possinility of error.) The abiiity to
¢top at prearranged points to consider how much additicnal 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 & IT of the
flow diagram and the susceptibility of that data to the statistical procedures
contemplated in Stage III. In addition, the fypu and ‘deurce of detail found
in the secondary data will provide important clues cuocerning the design of

a primary data collection effort.

K.3 GENERIC SECONDARY DATA APPROACH

K.3.1 POTENTIAL SOURCES OF SECONDARY “\Tﬁ

Several potential sources of secondary data exist. These include:

. Occupetioral Safety & Health Administration (OSHA)
. QOSHA State Plan Agencies
. Mine Safety and Health Administration (MSHA)
. Thg Bureay of Laicr S:at55t1cs
Government contracting ajen ncies which collect and maintain
sefely inTloLLtisn vazarding the contracts being administered
(#.5., U.S. Arny Zorzs of Ongincers, ULS. Tennessee Vallzy Authority)

. Operations of government agencies subject to the same or similar standards
(e g., the Military, Department of Inter1or)
State workers' compensation agencies

. Major private employers

. Labor unions

. Information developed by NIOSH and governmenl contractors

. Industrial associations

. National Safety Council

The potential of using each of these sources will depend on ‘the 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 respensible for monitoring worker safety on specific projects contracted
by the agency. In the first calegory are OSHA, OSHA State Plan Agencies, and
MSHA who maintain records regarding compliance with a specific standard and
who also investigate major accidents and fatalities. These records can be
accessed through computerized record keeping and by surveying area offices
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regarding & particular problem. (The project team discovered that many of
the compliance people in the OSHA Area Offices were quite helpful 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:.d maintain some management control over safety.
Pr .ary 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-
tary. Mary 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 Workers' Compensation Insurance

State workers' compensation agencies are a potential source of information,
provided the area of investigation is relatively broad (j.e., falls from an
elevation as opposad 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 not totally comparable. A great deal of effort will
most probably be needed to mold the state workers' compensation system into

a unified data base whnich is comparable. However, this fact does not exclude
the usefulness of this data.

Twenty-eisht states are cocperating in a program which provides a standardized
format for occupational injury and illness data. These data tapes are aviil-
ebie from the Naticnal Technical Information Service. The tapes have been
ardad to RICSH computer files and are already being used to prov1de a method
f examining safety issues quickly. While definitive answers may not be possi-
&, D&SeC wU0R Lnis InTormaiion alone, it can be useful in identifying broad

5
Trenas and eaamining poténcial research approaches.

Private worxers' compensation insurance carriers offer an important source

for accident data. Several problems have been encountered by various contrac-

tors in the past when seexing information from these sources. It would be
'vantagﬂous to direct a fairly high level of activity toward obtaining co-

cperation from these companies, because once these sources of data are made

accessible, a substantial data base might become available for future studies

of this nature.

In dealing with insurance comanies, traditional arguments ravolve around the
confidentiality issue. With some care in preparation, a persuasive argument
could 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 cowoany would eventually have to pay. Providing access
to this information would also help Lhe clients of the company by possibly
clearing away bothersome safety standards which do not improve the safety of
worzers but do increase overhead. In fact some progress has been made in this
regard, as some insurance carriers, such as Employers Insurance of Wausau,

nave bngn using their data bases to answer basic research quast10ns.
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K.3.1.3_ Major Employers

The best source of secondary data is the employer. It is at this leve!l
that information is generated and transmitted to all the other sources.
While 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
emnloyers 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-
mation made available is controlled. Bias could be coutrolled by ex-
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 tc be only one component of the secondary information base that

13 analized,

K.3.1.4 Labor Unicng

Labor unier. collect useful data regarding accidents affecting workers
they represent. It is reasonable to assume that these unions would

be very interested in & stugdy of this nature, particularly if infor-
mation is also being obtainad from emloyers. Many would request that
their information be considered,

K.3.1.5 Other Government Projects

S52 17 IZyziamcoend invoermation being developed for other purposes by
researchers funded by NIOSH z2nd other government agencies can also be put
to ‘use. for example, a current NIOSH study involving the safety of using
ladders has developed a system of working with hospital emergency rooins
to trace accidents. Hospital records may also have value in tracing in-
Juries of a specific nature which typical]y result from a particular type

of accident (e.g., puncture wounds in the sole of the foot).

£.3.1.6 Associations

Finally there is information collected by industrial associations and the
National Safety Council which could provide useable data depending on the
standard being investigated.

K.3.2 A LOGICAL ANALYSIS PROCESS

It is obvious that data from any cne of these sources would be of only
marginal value in that it would represent 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.

Reproduced from
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Various sources of secondary data exist, therefore any research protocol
must include:

1. A way of assessing the degree to which existing data is adequatle
to address the problem

2. A way of assessing the reliability and validity of the secondary
data

3. A way of supplomenting the secondary data with primary source
data

The foliowing 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,
srior to resorting to any primary data collection. Within this, a logical
analysis of the secondary source data is preferred over a statistical one.

K.3.2.1 2ernose Which Analysis Will Serve

The first step in the logical analysis process is to establish the purpose
that the data will serve. For example, are we interested in standards ineat
affect only a particular type of industry (e.g., construction) or standards
that affect a particular job common to a number of industries (2.g., lathe
onerators)? )

K.3,2.2 Analvsis of Sources

[V
L D

t

e 1ik
nes TmE indusicy adoa vhoie maintain recovds?  Are OSHA records useful?
what about state workers' compensation? Even though ne single source may
be adeguate, a combination may be adeguate, {i.e., a combination of sources
may provide enough information for a particular combination of industry

and standard).

p two in the orocess invelves determining which sources discussed above
1<21y o orovie2 cata relevant tn the standard under consideration,

o0

[ )

K.3.2.3 Adeaquacy 0F Data

For winich standards and industries is there sufficient available information
0 make a decision about a standard? For example, if it can.be determined
that a standard is not having any effect in two or three industries wheve

it applies, 1is that sufficient to conciude that the standard is not a useful
one?  Can knowledgeable people add to the usability of the data?

A central guestion concerning the adequacy of data will be the ability to
divide the information into categories based upon an indication of general
compliance or non-compliance with the standard in question. Several pos-
sible scenarios suggest themselves. For example, accident data from workers!
coipensation dinsurance companiecs might be grouped by the risk factors used
hocomputing premiums or by considering the inspection histories developed
by insurance safety people for various groups of companies. This could
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allow the general attitude of companies concerning enforcement of safety
standards lo be estimated. Information supplied by government agencies
which contract with private concerns could also be subdi.ided into grouns
who enforce or do nobt enforce a standard bascd upon the inspection histories
developed by the agency for specific coentractors. 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 knouwledge-
able people can also help to draw conclusions., For exanple, if the data
indicate a particular type of accident seldom occurs and knowledgeable
peonle 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 Reliarility Of Data

Is the information that is available reliable? That is, does it accurately
reflect what rezlly happened or happens? How do we validate the data?

Data adecuacy can be judesd in a preliminary way by considsring the volume
of datz available, the size of the segment of industry which that daita
represents, and the numbar of independent data sources which are available.
On a broad basis, the validaticon of secondary data will depend upon the
degree of agreement or diszgreement between data gathered from relativety
independent sources. For example, if information from a group of governnent
coniractors, from the Arsscciated General Contractors, from the unicn and
from OSHA records agree, the reliability of the conclusion would be rela-
tivelv righ

G0 B

K.3.2.5 Combine Standards And Industries

Are tnere standards and industries that are suffieiently similar so that
they can be combined and increase the effective data base? Does. for ex-
ample, an OSHA standard for construction really differ from a similar stan-
derd written for construction on a mine site or on a military base?

K.3.2.6 Decide If Secondary Data Approach Is Viable

The result of the process above will provide a basic description of what

is available. At the end of this logical analysis and inquiries to various
potential sources to determine the data that is avrilable, a procliminary
determination regarding the eventual success of th: secondary data approach
can be made. If the data is insufficient, the remcining steps in Stage

I, IT and III of the flow diagram would be omitted. An estimation of the
benefits and cost of primary data collecticn would be made and tha process
would continue in Stage IV, i
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{.3.3 ANALYSIS AND ENHANCEMENT OF SECONDARY DATA

——

A nu-ov of statistical techniques can now be applied to enhance and analyze
the data. The b :ic approach will be to compare accident and injury rates
for those groups where the standard is 1ikely to be utilized and those where
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.
Snecifically, what measurements of injuries and illnesses are available

and what 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 analytic techniques.

In addition, it may be poscible to utilize regression estimation techniques
cembined with c¢ross validalion to enhance the data which has been collected
and incrzase reiiabiiity. wWnile this p ocess i3 relatively complex, the
princinles are similar to a simple prediction proces:. For example, if

the following series of numbers is known - 2, 6, 10, 14 - then it is pos-
sible to predict that the next numoer in the sequence will be 18. 1In anoth-
er exawpie, if it is known that total assets must equal total liabilities
and that current liabilities minus total Tiabilities equal equity, one can
ise the figures of $300,000 in assets and $100,000 in current 1iabilities
to predict an equity of $200,000. (A statistical explanation of the pro-
posed techniques is presentad in Appendix L.)

a result of the standard being researched and the industries

inynived., However, considering the potential of analyzing sec-

ta, prior 1o entering the more extensive primary data coliection
a logical and valuable approach.

The feasihility of this approach for evaluating a specific standard can

be ascsessed in far less time 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
very least, aid in exploring various aspects of the research question.

Such contacts often lead to a redefinition of the rescarch 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.

K.4.1 MAIL SURVEY WITH TELEPHONE FOLLOW-UP

A survey instrument could be constructed, validated, and mailed to a
Targe sample of employers who do the type of work being studied. Names
gnd addresses of such employers can be assembled from several sources
including:
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. Industry associations

. Department of Labor

. Census Bureau

. Industry periodical subscriptions
. Dodge Reports

Each company would be asked to review its accident rorords 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 discussed earlier
in the document. There will be a certain reluctance to respond in any
detail; plus supp?yn g the documentation reguired will be scmewhat time
consunins on o thiz part of the respondent, which could depress the re-

] -t !-.- -

shonse rate,

K.4.2 USE QF OSHA PERSONNEL TO GATHFR RESEARCH DATA

As it szems that many companies may be somewhat reluctant to respond

on a voliuntary basis to a survey, it would appear that the Degartmant

of Lator’s legal right to examine accident rgcords could be evoked by

having OSHA compliance officers visit work locations to make observa-
ng e

tions and examine relsrds,  Since OSHA personnel are aijready employad
at1o.n,de, it could =21so eliminate much of the travel expense which
newae wE 2185340y WO Lsunt such an effort using private contractors.

Several factors would infiuence a choice of this alternative. OSHA
personnel might most reasonably be used to examine and collect existing
dat> such as GSHA 200 and 1C1 forms. However, any observations con-
cerning general wﬂ“l a'tivity on the site and any personal interviews
held with ernloyees would most assuredly be colored by the very fact
that the compliance officer's primary function is the enforcement of
the law. For this reason the mere presence of this type of individual
would result in a bias which would be extremely difficult to estimate
or control. A second Tactor is the budgetary restraint faced by OSHA
which limits tne number of compliance officers which are available.
The primary task of these people is the performance of compliance in-
smections. Any survey activity would probubly receive a low priority.

K.4.3 O0SSERVATIONAL DATA COLLECTION

An approach might also be considered wnich would not require the active
involvemcnt or approval of a company. Some fypes of work 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 or if they were not. This would eliminate the problem
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of having to rely upon the policy statements issued by a company con-
cerning adherence to a standard. The observation technique would clearly
deliniate this matter.

Such a technique 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 would personally request the
contractor's accident records on a voluntary basis or through the use
of NIOSH credentials, if necessary.

Pro'-lems with this approach revolve around the logistics of fielding
well-trained force of observers to visit the various sites chosen

in the sample. This could be done by recruiting geographically dis-

tributed safety consultants who could be made responsible for visiting

sites in their immediate areas.

noAlh wWoAKING THROUGH GOVERNMENT COWTRACTING AGENCIES TO MONITOR THE
SAFETY ACTIVITIES UF CONTRACTURS

Several government agercies are responsible for hiring contractors to
do varicis types of work Among them are the U.S. Army Corps of Engi-
neers, the U.S. Tennessee Valley Authority, the Department of the In-
tericr, and various branches of the Military. In some cascs, these
aganciss actively monitor the safety of people working on a project
and plece specific safaty recuirements in the contract.

e to gain the coopecration of these agencies for partici-
ctudv of thic patyre, The study would be structured so
- contrarctad *ﬂ*< LOU]d be monitored over a specific period
a rrdwgemoh;s woulc be made with each contractor to provide
nt reports concerning the type of ac<idents being studied to the
af
t

Q
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ff tor review. The project staff would then determine if
C applied to the project and would have the option of in-
gating the accident, in-depth, to determine what happened.
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Since all accidents of a particular type would be reported, it may b
pessible to determine if some types of accidents are being caused by
cempliance with the standards. It would also be possible to determine
wnedher a company was following the standards by maintaining contact
with govern mﬂnt safety and project personneT who visit these companies
in the normal course of their duties '

Problems with this approach again involve possible bias. Contractors
Nired by the government are atypical in that they may tend to be union
erpioyers and thus may have more experienced and better trained employ-
ces.  The Tact tnat many of these agencies impose contractual safety
vequirements and monitor site safety would also presumably make these
centractors more safety conscious than might otherwise be normal.
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K.4.5 ASSEMBLE A GROUP OF PRIVATE EMPLOYERS WILLTMG 7O ALLOW MONITORING

/c'i". [TITS 10 _TAKE PLACE

It may be possible to assemble a group of private companies who would

alert the project staff when the type of accidents being studied vicur.

This would allow the project staff to follow up 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
opuosed to becing completely randomly selected as part of a sample. Although,
the companies who are approached would originally be chosen on a random
basis, 1t would also bz most productive to approaci larger coinpanies with
such a roq'“sf as tney would tend to have the most effective accident re-
porting systems and would cffer access to # broader range of activities.
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*a T
jal)
«
L]

f the gbove approachnes has the advantage of being relatively affordable.
1< run in the range of $150,000 to $250,000 to accomplish. Howaver,
particular probiem in regard to bias or feasibility. Each is
imizes in the amaunt of information winicn can be assembled.

[SUEN N

shich amalgamates several of the strengths of
s and provices much better control over bias and
hich records are not generated. However, as more
ererated and more variables are contrclled, cost

K.4./7 PROPOSED GENERIC PRIMARY DATA COLLECTION

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 boing 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 which occured compared to either the number
of peanle exposed to the hazard or the number of man-hours worked by
the negnle exposed

. For each accident was there comnliance with the standard in question?

. Wnhat safeguards are used in addition or instead of those specified by
the standard?

. IT there is compliance with the standards in question what accidents
have occurred because of compliance?
IT there is no compliance with the standard, what accidents have been
avoided because of the non-compliance?
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Alternately the formation of groups would be based upon the deyree of stan-
dard compliance during an accident. The first group would be made up of
tihose accidents where there was compliance with the standards in question
and the second would be that where there was no compliance with the stan-
dards. The data collection effort would be desiyned to indicate for each
group:

. The number of accidents compared to either the number of people exposed
or the number of man hours worked Ly people exposed

. Did the accident occur because the empToyee 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 1in
this seciion, The szcond approach is more fully deve.ooa” in Section K.b.

K.4.8 ACCIDENT - NOX 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 generz! concept which
would ne utilized should the option be choosen of comparing the conditions
in which accidents occurrved and those where accidents did not.

The Tirst c9n51o°ranxon 1 tk1s approach is hew to identify accidents wnich
L2 c? L Tais might be accompiished by choosing @ sispie of metro-
DLtz oevezy ownzve the study will take place.  The records gencrated by
police and fire depdrtmon+s when they respond to an accident and from local
hospitals where injuries are treated might he used to 1dentefy accidents,

On a national bhasis it may be necessary to survey companies in the industries
being studied to identify specific accidents which have occurred.

Cnce an accident has been identified the basic concept of this study approach
1s to determine if the worker 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

. Tne work function that was being preformed at the time of the accident

.~ The eguipment that was being used

. The experience and training of the employee invo1ved

. Other critical factors depending upon the requirements of the standards
heing studied (e.g., work surface, typ2 of pru uct being handled, other
protective equipment being used, etc.)

-ub_information obtained would then be used to identify a second site where
« simitar process was taking place using the same type of equipment but where
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an accident did not occur. Information concerning the second situation
would then be collected to determine if the standards had been complied
with.

At the completion of the data collection phase at least four categories
of data will exist.

. Accidents where there was standards compliance
Accidents where there was no standards compliance
Non-accidents where there wis 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 compiied 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 CONNZCTOR FALL RESEARCH

K.5.1 APPLICATION OF StECONDARY DATA APPROACH TO CURRENT PROJECT

The ahove discussion is the suggestod approach. for the evaluation of any
GSHA stangard. When considering the pecxfic researcih question pascd by
thic orojeci, rcﬂ?rd*”T 211 protection for point of erection workers, it
was cetermined eariy in the project that thie secondary data approach was
ingopronrizte, The orimary reason Tor this delermination is the somewhat
LUN1TU2 2spaCT 0T TA1s stuay which requires the study of a very specific
small population of workers. A good deal of information could be identified
winich reported 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
specific cperation being performed at the time they all occurred [in this
case, connection) to be identified. {The single exception to this was the
record of fatality/catastrophy investigations compiled by OSHA discussed
garlier in Chapter 2 Overview of Population at Risk and Fall Accidents).
For this reason, insufficient secondary data was available and the process
would have moved imuediately to the primary data collection phase outlined
in Stage IV of the flow diagram.

Je

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 difficulty 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 the three year period from 1878 througn 1980.
It is possible that information gathered from even a large sample of active
ercction sites would reveal very few incidents, A case study method would
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then have to be used to gather as much detail about these isolated incidents
2s possible in order to .compare and contrast this information. This, com-
bined with severa) techniques which will be discussed below, such as inter-
yiews with eonnectors to collect anecdotal evidence about near misses which
accurred but were not reported, could produce an answer to the research
question.

ihile the following technique may be considered too elaborate for this re-
scarch question, it will nonetheless be valuable to consider each step in
terins of a real situation. Since the project team is now most femiliar
with the question of fall protection for commectors, examples wiil 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.5.2.1 Recefinition of Research Question

Tor galn oF e Tollouwing standards, determine if the safety of a person
working at the point of erection in steel or precast/prestressed concrete
con;trJwaon is improved, czgraded, or whether there is no effect.

The standzrds in question are:

29 CFR 1926.104 Safety Belts, Lifelines and Lanyards

29 CF2 1926.105 Safety Nels

29 CFR 1970, /SO(L,EL\(ww) Temporary Flooring- SLeleLon Steel Construction

in Tiered Buildings

29 CFR 13928.21¢ J;\?\ Satety Training and Education
TOoCzierdicz ue €frelt of any one standard, it will be necessary to assem-
DiE Lel §rCups of accidanis. The first group will consist of those acci-
denls where there was compliance with the above standards and a second group
of Qccwde ts wnere there was 1ittle or no compliance.

5.2.2 Sample Selaction

Due to the relatively small number of incidents which are expected to cocur
the entire industry would be surveyed in order to gather a sufficient amount
of information to allcw a useful analysis to take place. Dodge Report
informetion would be used to identify all steel or precast/prestressed
erection sites where erection work was completed within the past year.
Estimates discussed in Chapter 2 would indicate that there may be as many

as 11,374 sites; however the work on these sites would have been preformed
by aporoximately 4300 contractors. Each of these contractors would be con-
cacted by mail.

.23 Survey Design

Mnail survey will then he designed based upon the legal right of the De-
pariment of Labor or the Department of Health and Muman Services to request
inforimation from an employer. The survey will request a contractor to supply
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copies of all OSHA 101 or equivalent forms which record an accident involv-
ing a connactor during the past year on each site.

IL will also be requested that the contractor provide the total number of
man-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 allow 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 in that virtually all of their
work takes place on the open steel. In contrast, a connector in a precast/
prestressed concrete multistoried builiding is normally 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.

K.5.2.4 Tactic for In r2asing Survey Responseg

A minimum of two mailings would be made to all contractors chosen as part
of the sample, The first mailing would basically ask for volunt. -v coop-
eration, while the sefond would carry a stronger reguest based + - the
contracicrs legal r esponsibility for response.

It is re’egnized that if the response is relatively Tow, that the infor-
mation cesrived from these mailed surveys may be biased. That is, those
who respond may well <o so because they have a very good accident history
regarding connector falls and would like to influence a decision to mod1fj
& jegal equ'rc nts Tor connector fall protection., Thus, a percentage
n

o i )

of nCn—YSQUﬂHUTHO contractors will be chosen at random and telephone or
personal visits to obtain the needed information would be made. It is
possioge that such visits could-be made by OSHA personnel, as by this time

1<

the number of contacts which must be made may i..ve vreached manageable pro-
portions, particularly when the geographic distribution is considered.
OSHA parsonnel would nol 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 through voluntary responses to
be estimatad.

-3

£.5.2.5 Processing of OSHA 101 Forms

A manual sorting of 0SHA 101 or equivalent forms received from the sample
\oqu be necessary. This would be practical as it is estimated that approx-
imately 4500 connectors are employeed during @ 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 questions: "What was the eanloyee doing when injurec?" and "How
did the accident occur?" These or similar questions appear on all Employers
rirst Report of Injury Forms. The objective of the first sort would be
to disotate all connector accidents <ad all connactor fall incidents. This
task could be performed by relatively inexperierced clerical personnel after
being trained regarding the type of information to consider.

1%6
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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 structure erected by cable way

. tower

. power nlant structures, such as those used to house boilers, precipitators,

or reactors
Precast/Prestressed Structures

. multi-storied building over 2 Tloors in
cclumis and c2ams

svey 2 floors in

({8

. building with a roof or floor structure
surface

. bridge siructure
Prefabricated Steel Construction
. muiti-storied building over 2 floors in

. building with a roof or floor structure

surface
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A second sort of the information identified in the firsi nrocess, would
then be done hy personnel more exporienced at reading an interpreting the
inforir=tion presented on these foro.,. This process wouln isolale those
falls which 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 soriing process will Tikely
reduce the number of accidents to a great degree,

The material would alsc be sorted to isolate any accidenls which might have
been related to the use of safety equipment. For example, injuries sus-
tained because a connector was caught by a safety belt would be identified
as .ould accidents which indicate the worker was crushed against a part

of the structure. These accidents will be investiga*«’ tu determine if

the use of the required safety equipment is perhaps - cental to the
safety of the connector.

K.5.2.6 Telephone Survey

Telephone ceontact wouid then be made to the contractor reporting an accident
which has been isolated by the sorting process. The contact would be de-
signed to confirm that the incident invelved a connector worliing at the
point of ereciion and to gain further information about the incident. The
following telephone agencz is provided to indicate questions that could

be asked, The agenda would have to be field tested and validated before
1t is used to collect data. '

K.5.2.7 Telephene Survey Acenda

e

NAeal, & L., ot L. ‘
Rel to taln o to A

v ISR v . . -

~ian in charge of construction safety.
Identify yourself and explain the purpose of the study.
Confirm the information contained in the 0SHA 101 form.
Items for Discussion:

What type of building was béing erected?

Please 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-
Tile of an accident causcd by safety equipment, proceed with the remain-

ing questions. If not, thank him for his time snd politely end the
call.



Determine the severity of the injury and the number 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 accideht? If so,
had he tied off the lanyard?

Was a safety net below him? If so, was he caught in the net?
If not, why 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.

Was th: connector a union maiber?

How many 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 helped to prevent the accident?

Did the connecltor receijve any other training of which the contrac-

+ I = mem e ;
LCY 1S 2wWavs:

Cunel iechnicue used by their connectors to protect ajainst

5 any
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If the accident invelved crane operations, ask the following questions:
Betermine exactly how tho crane was involved.
Was the crane operator a union membhor?
How many years of experience did he have?
Had he worked on this type of job before?
How was he being signaled?

What was the capacity of the crane and the weight of the member
being rajsed?

Did he receive any special training?
Could he see the Tocation 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
pecople will be contacted to obtain additional information. When con-
tecting these people use the telephone agenda presented above,
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£.5.2.8 Collection of Unreported Data

In the evaluation of any standard, there are factors for which records are
not generated. In this study, several factors fall into this catacory.

One of the contentions of iron workers and contractors is that if they are
forced to tie off which connecting, they will not be mobile enouqh to move
away from pieces swinging out of control. If an accident is avoided because
a man is not wearing a safety belt, no record is kept. Similarly, if a

1ife is saved because a man falls into a net and is not injured, no record
is keut.

It is vital that this information be coliected for th: 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 standarc

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 would 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 rzgarding this question will be assembled as a result of identifying
accidents that may have been caused by safety equipment (as explained in

the previous discussion).

The most reasonable method of collecting non-reported information would

be to accepl anecdotal evidence gathered by interviewing connectors who
have recently completed an erection job. To accomplish this, a sample of.
steel and precast/prestressed sites would re chosen. Fersonal or telephione
contact would be made and an interview wouid be arvanged with the peopile
coieg connzeting work,  Ic2ally the dnterview would be held scon after the
compietion of connoction work.

Ar prmzriancad **t:fv‘ewar, causable of conducting an informal, open-ended
interview, and theroughiy famiiiar wilh conneci:on procedures and safely
would discuss 1nc1dents that happened on the job just completed. Infor-
mation concerning near miss accidents falls into nets, use of safety equip-
ment, and localized structural collapses would be sought. FEach incident
would be described in as much detail as possible. Coliaborating evidence
would then be sought from the site superintendent, raising crew fovenan,
safety officer, and other workers. Access to these people could be sougwt
through the contractor, through the union, or if need be, by personal contact,

£.5.2.9 Personal Interview Agenda

Introduce yourself and explain the purpose of the project.
Items for discussion:
What tyne 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 limit your safety?
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If a net was being used, did a connector fall into it?
Was anyone injured installing the not?

Do you remember any situations where you had to quickly move further
than 6 feet from your location to avoid being injured?

Did any member collapse or fall during * 2 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 use the questions listed on the telephone in-
terview agenda to elicit more detailed information. Obtain as wmuch detail
atmut each specific incident as is possible. Also obtain the names of those
that mav haeve witnessed the incident.

H.5.2.10 Data Analysis

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
accidents that did not occur, for each of the major catagories of contrac-
tors, In vary simplistic terms, the goal will be to determine, for each

f bui

category of buildings, if the connector weve safer when standards were
Tallewsd, or safer vhen they were not. To do this, case histories of each

incident will be prepared so they can be compared and contrasted.

y

EA

ztistical t=chnigues can be used to analyze the data which has

sembied. Among thase are regression analysis, analysis of variance,
analysis of co-variance, and a host of multivariant techniques. The potea-
tial for using these techniques witl depend partially upon the number of

incidents for which data can be obtained. There may also be an excellent
opportunity to use a relatively new technique, meta-analysis. This tech-
nigue has proven to be valuable in analyzing and comparing information
assembicd by a variety of methods, such as the anecdotal information and
the accident case histories as well as numbers of accidents, etc., The
technigue has proven remarkably adept at controlling bias to provide much
more reliable conclusions than would otherwise be possible. A detailed
discussion of authoritative analytic techniques would appear to be beyond
tho scope of this report and premature at this time.

K.6 RECOMMENDATIONS

Anointensive pilot test and validation perjod is recommended., During this
stage, the survey instruments would be further developed and tested with

o small sample of typical rispondents to assure that the items used provide
cporopriate information., Pretesting of several parallel items will probably
J2 necessary, coupled with observations to determine the validity of the
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information gathered. This study will also allow the quality of information
previded on OSHA 101 or equivalent foruis to be assessed. Completing the
nilot test and validation phase will allow the techniques proposed above

to be thoroughly tested to determine if the type of information which is
needed is available and if it can be assembled.

At the end of the pilot test and validation phase, a cost/benefit 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 work should proceed. It is estimated that the pilot test and validation
phase, which would include obtaining Office of Budget and Management Ap-
proval for the survey instruments, would cost between $60,000 and $75,000.
Total completion of the project is currently estimaled to cost between
$175,000 and $250,000.
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APPENDIX L ~ STATISTICAL ENHANCEMENT 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 will allow us to determine the presence of regres-
sion discontinuities across different types of firms. There is no
reason to believe that either bivariate or multivariate relationships
amung variables are 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 ing uding infermation acbut type of firm in regression equations

s main-effect and as interaction vectors: the interaction between
4 Jocation of firm, for example, may be an important predictor),
possible to decrease estimation bias and to increase statistical
power hy perce}wuL error variance into regression vectors,
c.ssible to control for regression discontinuity within the
ceriving potentially different regression equations for
tymes of constru.tion firms and standards.

.iﬁ:'e muttiple regression appears the method of choice

AT Tiret otance, @
for estimating data and dnrnvwn wediction ernations. However, in
S } >
R S S t;;f:a ffii?"AS associated wikh the use of uincar nul-
tiet: ocziezizion lzio,, 2rvpr-fitting and multicollinesrity), the present

Hp..cu.gaﬂ presents some additional difficulties: a circularity enters
the system., For exampie, if variables a and b are used to predict vari-
able ¢, then the prediction becomes quite shakey when a, b, and ¢ are

used to predict d. Alternatively, if variables a and b are used to
predict ¢, the use of b and c to predict a is clearly 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,
wi cannot 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 of variables (canonical variates), instead of between one composite
sel of predictor variables and one predicted variable. An outcome of
this process is the derivation of weights, multivariately analogous

to the beia weights that are derived by simple multipie regression.
These woights can subsequently be used to estimate data. They are the
weax 1ink in the chain, as they are in simple regression, but they are
apparently the best route to impute any remaining missing data---and
ceriainly canonical correlation appears the best means of solving the
circularity problem noted above.
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By judicious choice amo.3 the variables that currently exist and those
that ar» - reated by the interactions of existing variables, it will

he poss” - to develop a canonical correlation structure in which the
two scts 7 variables are those with the least amcint of multicolline-
arity wit a canonical variate, and tha greatest deyree of relationship
across canonical variates. By specifying that cases are to be rejected
only on a pairwise basis (that is, rejected only when they have missing
data on one of two variables and re-entered when they have valid data
or 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 variaticn, can be extracted: each statistically independent of the
otner, ezch testable for statistical significance, and each providing

a m2ans 7 estimating remaining missing data.

It should be noted that several canonical correlation prograas are in
evistence, most of thzm capadblie of accepting matrix input., Therefore,
subseguent to the first lcgical procmss a pass through the data shou1d
ba made to extract a primary R-mairix of correlations among the file's
variables {it should be noted that because the first estimation will

{

\
not be done on a case-by-tase basis, this R-matrix will contain some
souriousiy low relationships since certain vectors will be scalars
within subgraups).

Tre osame pass-thocuzn should 2lso be used to test quadratic and higher-
crger reletionzzips belween variables which, owing to the results of

Ing Uhisl Lata gats hduwe ourang Phase 1, are sUSpoC tod to be noniinearly
TEURTESD TAD A-mLirid owisg theretore contain variables that are the

procduct of vectors that contain coefficients for quadrauwc (and highev)
compjnen. with vectors that contain the criginal variables. This R-
matrix can then be used, cheaply, for repeated executions of the canonical
cerrelation routine, since the most expensi:a analytic portion of any
regression enaiysis is the calculation of the zero-order correlations
doowill substitute within the two sets of variables until attributed
vartance is maximized and multicollinearity is minimized. The canonical
weights can then be applied to the fiie to estimate remaining data.

CROSS-VALIDATION

After the prediction equations have been replaced by estimators in the
date, it will be desirable to cross-validate the equations. We can

d¢o this by gathering fresh data from selected firms in each industry.

e selection ¢an occur on a crossed- and stratified-random sample basis.
It‘is not nessible at present to specify the samp11ng criterta in full:

otained from the logical analysis results, ho‘ Jer it 1s clear that
ch a sarrle should he based in part on standard and type of firm,

204



Cooperation in providing a complete set of data may introduce sampling
bias. It is quite likely that firms that are fully represented in any
¢ata source may well be substantively different from firms for which

o few, several, or many data points are missing., Using a su'wet of
firms that are curvently fully represented in order to estimaie 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 weighls derived
from the regression eguations.

While, ex post facto, we have no control over this possibililty, 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, thec objection is a matter of degrce: because
our objective would be to collect complete data on a smaller number

of firms, w2 wonld be able to exert move control over sampling bias

due to respondent cooperation than we would by accepting, serindipi-
tously, validation data from secondary sources.

If there is an insignificant departure in the size of the beta weights
in the cross-validation sample from those in the prediction ecuaticns
from secendary source data, then we can be confident of our estimation
procedures.  Should such a departure be significant, however, consid-
erable dodbt will be cast ¢n the validity of the missing dalta estima-
tors, ard the only remaining course of actionm will be to recaicuiate

the regression ecuations using both the eriginal  *a and the cross-
validation data. This would, of course, be an unsatisfactory approacii;
Pon T own T b e oot osvgiloble in fhe event that the cross-vali-

b
t

=2 ©o futziintiete the regression estimation resuits.

(SRR
et

fatio% z
After existing secandary sources have been amplified with the regression
estimation procedures and cross-validations, each data set will be re-
cvniuated with an eye loward determining whether there is sufficient
information, with the statistical amplification, to address the effec-
tiveness of the standard. In those cases where there is nct adeguate
data, secondary data sources will have to be supplemented by primary
data ccllection.
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