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CONSTRUCTION SESSIONS
EVALUATION O f  EQUIPMENT

By £A RL W. W H E EL ER
Safety tin tfnrrr. Bureau 0  Yarils ft D odo , V. S. Navy. Washington, X>. C-

h i1* lime ior safety engineers to begin pram'fzng ssiczy oigiwering by ioresighv— oo: hindsight- For too ¡cars wc have been 
idling people '«hat they should have done u> prevail accidents — after the accidents have happened.

Every time a  new piece of equipment 
comes out. we sit hack and «out to see what happens. When an accident occur#, we ran out and look for the accident cause zfld ihen « x  devise a  way ox prexxntrtc :hc same aeddent from happening again. We wait for another one to happen and we repeat she performance. This is hindsight safety engineering.

f loon* h  isn't always that wav. Some­times we do foresee what load ox accidents «ill happtft with a new process or a nc»% item of equipment and wc devise the means or prevention beforehand. 1 suppose all ot 
us in the profession have setae o f  this forr- tighted safety engineering effort to our credit.

In some industries this kind of sa*et\ en- giaeeraxg is dene quite extensively. Re­grettably. tins isn't tree in the const raetion industry.
Last October, when I reported for my reserve training duty at the Army Engineer Research and Development Laboratory at Fort BcJroir, Mr. Rutherford rejucstrt that ^ be assigned to the Engineer Braving Ground and he said very much the same thing to me then that he hat jtxn said to you In the czxsvxng discussion, I suggested a procedure for analyzing the hazards in the «peration of construction equipment. He felt 

that this procedure had definite possibilities so we tried i t  The time available did not permit a thorough trial, but we learned enough to be convinced that it vras prac­tical and proomring.
Accordingly, 1 returned to the Proving Ground in July 1959 and we began a com­plete study o f a newly developed »tom of

construct ton equipm ent in  the prototype 
>t»cc- The sa fe ty d iv is io n . O ffice o f the 
C h ief o f Engineers, assigned a safer:-- en­
gineer, M r. C a rly le  Bunn, to  participate in  
th is  study. The  new eq iripaxnt, a “ rough 
te rra in  crane-20 ton “  was nude available to  
us io r  tw o  weeks, together w ith  an opera­
to r and 9  photographer.

The basic procedure used in  th is  study 
is the «ante as the  Job H azard A nalysis pro­
cedure used extensive ly in  the study o f 
m anufacturing processes. The apptreatimx o f 
the procedure to  the  study or construction 
equipm ent d iffe rs  o n ly  in  xhe techniques 
used—and these are ve ry  sim ple.

The Job H azard A nalysis procedure con­
sists o f fo u r steps:

1. Job breakdown
2. A nalysis o f each operation m de ta il
3. D evising new  jo b  method
4. T estin g  new  jo b  method
T h is  baric procedure was applied in  the 

study o f the ro ugh  te rra in  crane-20 ton as 
fo llo w s :

l .  Job Breakdown*.' A ll o f the operations 
o r series o f actions perform ed by the op­
e ra to r were lis te d . T h is  was done by co n ­
su ltin g  w ith  the operator, the test engineer, 
and the maauxacsuTcr*s representative, and 
by observing th e  operator. Some o f the 
operations o rig in a lly  listed were e ithe r com­
bined o r broken dow n fu rth e r as appeared 
expedient.

The t in  so prepared contains 51 separate 
item s. K o  tis t was made c f operations o f 
maintenance personnel. H owever , the  lis t 
did include firs t echelon.maintenance tasks 
perform ed by the crane operator, the car­
rie r operator, o r an o ile r. D a rin g  the next 
phase, the observation and analysis phase, 
some o f the operations o rig in a lly  listed were 
com bined o r broken dow n u \ fu rth e r deta il,

Z. A nalysis o f Each O fcra tum  ia  D e ta il 
In  the o rig in a l tr ia l o f th is  procedure, it
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1959 .Voltenal S a fe ty  Congress
dried. We corresponded with practically 
every stale highway department in the union, fooiang fo r  ideas m regard to this matter. 
A t that time, our experience had not been good i ro n  this operation. We obtained some very good ideas from some of this corre­
spondence

Finally, one of our district shops devel­oped a  machine which is now in use in each of the twenty-five districts of 10 or I! coun­ties each. \V t  have found that this machine does a reasonably good job under most traffic conditions. Since we have started picking up markers in this manner, no injuries hare 
occurred to the men on this operation.

W e use unusually high red flag markers, as well as flashing lights on all equipment 
operating on the traveled surface, since we 
believe that the so-called second o r third car can easily get in trouble behind a large truck when approaching this operation, either meeting or passing the equipment This fia£ arrangement is so constructed that it will 
fold down when the machine is being trans­ported from one location to another.

A  supply pickup trade follows the paint 
striping machine closely in order to offer additional protection to the men on the rear or this machine by discouraging traffic from 
cutting in behind iL

The markers arc dropped down a pipe which allows the men to be in a less haz­ardous position than if they placed them directly b) liand. These small pyramids arc approximately 5Vim in bright .and are used almost entirely in our state for protecting the fresh paint stripe. Sometimes, one or two 16* cones are used ax the beginning of 
section of stripe to be protected.

In summary*' 1 would like to say that w-e o f the Texas Highway Department agree with what scons to be the general opinion 
that this is a hazardous operation requiring serious study, both from (he standpoint of 
protection of employees and traveling pub­lic We also agree that regardless ot the type of markers used, a  machine pick-up method ot some kind should be used that 
nail eliminate the hazard of retrieving these markers from bucket seat» or similar prac­
tices.

J / r .  Van Mcchcien: (A  motion picture tvas shown illustrating the Washington De­
partment o f Highways' system of retrieving 
traffic cones used to  protect new* highway st ripmg. M r. Van Mechelen then described 
some of the fire and explosion hazards of carrykig striping material«.)

In  addition to reducing hazard to em­
ployees by using mechanical methods to re­trieve stripe markers the following safety measures should be observed.

A ll fiammables whether liquid o r solid 
not in actual use to  be removed from deck 
of striper.

T o  reduce static spark hazard make cer­tain all sources a re  either cDirected or grounded. AU components ot the unit must 
he electrically bonded to each other. Chain grounds cither fo r  ground  to ground or to ground components a re  not prrmissable a« paint, rust e tc , acts as insulation between 
links. Only com muons strip or cable bond* are pertnissable. Tw o grounds to  ground 
should be used.

Solvent tanks should be pressurized only by use of a  manually controlled valve which 
automatically* cuts out when released. The pressurized vapor residual tn the tank after each use should be bled oft through a check valve and tubed directly into the compressor 
engine intake manifold to be burned as fuel.

All compressors should be oi rotary type with apical pressure potential ox 125 P.S.I. and equipped with not less than two b lw -on  
valves. Both the compressor and truck en­gine stacks should be equipped with spark arrestors.

N'o smoking should be permitted near ttripers whether operating or standing. This includes the cab. Extinguishers should be re­
moved from brackets and kept reach*' near the machine during charging, cleanup etc. 
All tanks should meet A-S.M.E. require­ments.

Battleship cleanliness and tidyac&s should be observed ax all times. N*o material move­
ment should be permitted while machine is movie«. Service trucks which supply unit ritouid be metallically bonded to  unh prior u> and during transier of material* to unit.
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Public Employee

HAZARDOUS MATERIALS CONTROL
B j W ILL IA M  R E TZ ER  lo d o stria l H y p e a '$ t C aterpillar T ractor Co.,E ast PeoHa, IE .

H azardo us m aterials contro l is  a  v ita l p an  
i !  o a f su pervisory job. W h e th e r it*« in a 
iargre in d u stria l p lant lik e  C a te rp illa r, in  
hospitals, in h ig h w a y con stru rtim *—tvs ma1-  
•er what the operation— la rg e  o t  * m all-—o u r 
snderitanding o f the m a teria ls  we handle is  
extrem ely im portant to the sa«e:> <»: our 
employees.

In  ih i«  d i«cu5?ion  \ w ill understandably 
•Iwell an  o u r practices at C a te rp illa r  because 
:hc-fie a re  the ones I  k n o w  al«out. I ’m  sure 
v n g ll aeree. however, that s im ila r  practice« 
, - n  and sliould be observed—no n utte r 
» h e re  you w o rk w ith  h azardo u s m aterials

O u r  first adm onition to  o u r supervisor* 
:* "know  what you're u « in c  and ’V -w  10 
'•anile it  ! i  vc.ti d<«n't know  v f u t  the 
material i - —don't h and le  it— leave it alone.”

A  few  year»  a r c  v.e in  the m edical and 
«afexy d iv isio ns were aw akened by the fn -t 
:ha: the handling o f  h azardo us m aterial* in  
:^e plant w as Ic in g  taken m u ch  too H clitly. 
H azardous m aterials and che m icals w ere I c ­
ing used and stored in d isc r im in a tc K  F«-.r 
instance. cyanide and ac id s w e re  being stored 
n ert to each ether, a situ a tio n  w h ich  r*c- 
*erted lethal possib ilities. W a s h  tank opera­
tor* were charptng th e ir ta n k s  w ith eati*uc 
by the shovelful.

Jn the chenusrry section of our Met W*
we had an explosion in  a  perch loric  acid
hot*d. cau*cd as the result o f  inadequate 
dashing o f  the hood. Y o u  know  what hap­
pen; when perchloric a n d  enmes in  ctunact 
wttV. organic m aterial. T h e  explosion caused 
extensive damage to pro perty in  the iai-orn* 
t«<ry. hut lu c id ly  tliere w a s »ligh t in ju ry  to 
;«ersccnel

T j ic r c  was the case o f the carbon tetra­
chlo ride; the stun  that h as Utc 2 r ppm 
m axim um  allow able concentration. A  great 
•leal of th is  solvent w as be ing used through­
out tlte plant w ith n e a rly  as m uch abandon 
:t> it  it were w ater T h e  w ord cpirckly got 
around that it could be obtained at the o il 
.-rib* and was v e ry  good fo r  d r y  cleaning 
c lu lv n e .

T h e re  was supposedly good contro l o-.er 
ili-bursem em  o i carbon tct. > «  when our

safety manager sent our inspectors and investigators to the nil crib« to ask fo r a bottle of the solvent, they had little or no trouble obtaining it.
A« a tcsult of the ioregoing. plus other evidences of loose practices in handling haz­ardous material*, the hazardous materials 

control committee was established. We refer to it as hazmacoco. Hut here H i calf tt the committee. It consist« of the manager o f the saiety division. the plan; industrial hy­gienist and the chief c f  plant protection: ail 
i..{ whom arc natumlh concerned with the 
safety and well-being, not only ot plant personnel, but company property as well

The committee operates primarily under 
part **J” of the Health and Safety Act ot Illinois. "011* act contain; the rules and 
regulations relating to labeling in :he use, handimg and storage of substances harmful 
to the health and safety of employees. Since 
it is the state law. it is basic to aU opera­tion* involving the use and handling of haz­ardous materials. Secondly, the committee operates according to Caterpillar procedure 
qP_1 4 ) for handling hazardous material«. 
This company procedure more or less fol­lows the state law but applies h ipedhally  

Caterpillar operations.
It deals with:

1. selection of new materials. 2. labeling of containers. 3. storage ot hazardous material* 
in disbursing crib*. inspection of hazard­ous material containers, and 5. disbursing 
the hazardou« material to the end user.

A hazardous materials safety manual is 
prepared hy the committee as a guide for key personnel in the handling of these mate­rials and in the conduct of liaaardou» opera­
tion*.

Each manual is mrmberei and a register kept oi the people who have copies. When new material* are introduced for C « m the 
plant or procedures are established for bar- arduu* operations, the information is sent 
immediately to the holders o f the manual to be included in their copies. Thus the manual 
is kept current.



1939 National S a fe ty  Congress
l  would like to ernphasice that distribution of lbc manual is dour on a selective basts 

Division heads indicate who of their per- 
• sound should receive the book and their recommendations are carefully scrutinized before releasing a  copy. This is done simply to avoid promiscuous distribution of the 

manual to plant personnel who either hate no use for u  or would not know how to use it. Generally, the distribution is to  the super­
intendent level and o w .

Selectioo of new materials is an itnporum and pretty basic function of the committee. When a netr material is hems considered 
for use in the plant, one of three tilings can happen.. F irst, the buyer in the purdlas­
ing division obtains a sample o f the material 
and forwards it to the committee. It is then feat to oar Met lab where ii Is tested for its flash point, toxicity and corrosiveness. l i  the material is found to be extremely 
hazardous, permission for its u«c will no doubt be denied and recommendations made that a less dangerous substitute be found

L'pan examination in the laboratory, the material may be found tu be liazardou» but not to the extent that it can't be used safcK under certain conditions. In  these cases, permission is given for the material to be used, but a t the same lime specific instruc­tions are given as to what protective meas­ures must be taken. These may include 
protective dothing. v e n t i la t io n ,  warning signs, e tc  Then there is the third possibility that the materia? has been found to 1« 
relatively harmless. I f  this ¡5 the case, per­mission for use is granted, usually without restrictions.

Occasionally, a fte r a  material has been tested in our M et lab. it is considered wise 
to test its use under controlled condition« before releasing it for production use. In tins case the Met lab will set up a pilot 
project ¿ o  the material can be observed under actual production conditions.

In all ottr considerations of the degree of hazard present in the use of any material. it m ust be kept hi rxund that our primary 
objective, a t  Caterpillar, is to produce in quantity, the best quality of our product, which is tractors Therefore, if a material proves to be extremely hazardous, but is the only one which can be used to prodace top quality work, permission is granted for its 
use. Very rigid protective measures arc

imposed and strict adherence to these meas­ures is the rule.
Don't feel apologetic about placing warn­

ing labels on hazardous materials and chemi­cals. Take a forward looking attitude; think of lalfds as visual evidence of an obligation recognized aod fulfilled. Adopting such a 
policy is like taking out mvunmcc on the iuiure of your products, personnel and prop­
erty.

At first v e  considered it satisfactory- to 
let the vendors who sell us our hazardous materials, take care of placing warning labels on the containers. It didn't take too long ip  discover that this plan eras at best, 
uncertain. M e found that in roanv cases the 
labels simply weren't there—perhaps they had come oft in transit.

M ary xendor's warning labels are  so small 
that they represent no warning at all. They don't attract attention, fn still other* cases, the votdbr places ihr warning label on the lid of the container. When the lid is re­
moved. co is the la id

So many deficiencies were found m this method that it was decided th it  we would design our own warning labels and :h.*T they would be athxed to *Ji«r containers by 
the receiving di»ision w *cjj the materia! arrived at the planL

Kadttacttve materia!« are  being used in 
increasing numbers as time c<«rs on. W ove found that .there «5 no netd for concernabout labeling o f :hc*c prodv*cts. The b W ‘ are  placed on tlfe cccjtaifiers by the supplier- 
according to strict rulings of the atomic energy commission. They arc adequate in 
size shape and color, and are always placed fo that tltere is no doubt of the nature and 
danger of the content«.

When considering control of haca.zdt'u* material«, it Is impossible to atoidgetting into the field o f controlling proec.««eF 
and procedures which involve these mate­
rials. For instance, in our manual we have included the comnuttec'« recommendations 
f o r : 1. use of respirators. 2. acid handling. 
3. carbon dioxide welding. 4. welding on coated or painted surfaces. 5. manifolding o f cylinders. 6. «torage and handling oz eotnpm«ed ga«e#. 7. cleaning paim booth«, «tack«, pit# and S. spraying of flam-
triable-. and 9. rad»rion safety and operating 
procedure*
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This list will grow as the number o f haz­ardous processes and procedures increase
T he committee is never arb itrary  in its 

rcconancndauoRS. Whoa a  hazardous situa­tion arises which we feet needs safeguards, considerable research is done oa the subject before commitments are m ade But once the committee has made its recommenda­
tions. no deviation from them is permitted. That procedure stands as written.

Here is an iUtistraiicm of what the com­mittee recommends where hazardous condi­tion« arc  involved jn cleaning pits and tanks 
(underground and above ground). When a 
tank t< to be cleaned, the safety division. mduririaJ hygienist and plant protection are ill im m rdu idy  notified The industrial hy­gienist and plant protection men test the aunosrhere within the tank for flammability 
and toxic concentrations as well as oxygen deficiency.

Samtauon division personnel (who clean ;hv tank) obtain two airline respirators from  
the safety division, one for use and one fo r 
•xasd-by. The safety division also provides 
a  safety harness and line which is always worn by the person entering the tank. A 
r.teirber  ot the safety division is in attend­
ance at ail tunes in cate of emergency.

The man cleaning Ute tank uses non-spark­
ing cook (shovel, bucket). The light used in the tank is provided  with explosion proof protection. The mas usually coroes out into 
the fresh a ir  a t least once every half'hour, even though the tank atmosphere is *wn- toadc. The employee also wears robber 
boots, goggles, gloves, e tc , fo r protection while in the tank.

In all o i our recommended procedures, careful consideration is given to the hazards peculiar to that particular operation. For instance, in oar recommendations fo r  carbon 
dioxide welding, the fdtowmg factors had to b? considered.' ]. gamma o r beta radia­
tion, 2. ultraviolet light, 3. ozone, 4. carbon monoxide, 3. phosgene, and 6. oxides of 
nitrogen.

There a re  other items which come under the jurisdiction of the committee: 1. empty containers (dangerous), and 2. pressurized 
containers ( n n  allowed).

This cootrol program if being carried out 
effectively »a our plant- It could n et succeed without the confidence and backing of top management plus the dynamic attitude n i 
the committee itself, The whole control idea came about because we assumed that our employees taiew what they were doing with 
hazardous materials.
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