Pursuant to authority vested in the Industrial
Camulssion by sectioms 101,01 - 101.29 Wiscomsin Statutes,
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PROPOSED CODE
o
TRENCH, EXCAVATION AND TUNNEL CONSTRUCTION
' _ PART I - GENERAL
Ing,é.g; Scops. These orders shall apply to all tunnels,
calssons, accessory shafts and trenches while under construction
with the exception of tunnel construction in connection with mines.
The following types of construction are understood to be included:
Lateral Trenches (House Connections), Water Taps and Connections,
Sanitary and Storm Sewers, Welded Pipe Lines, Water Mains, Basements,
Footings, Dry Well Excavations, Manholes, Shafts, Storage Tunnels, and

all other Excavations.

Ind 6.02 Definitions. For the purpose of these orders the
following items are defined. (1) TUNNEL is a subterranean passage
or chambsr constructed without the removal of a superincumbent
material.

(2) SHAFT is an excavation made from the surface of the.ground, :
the longer axis of which is steeper than 45 degrees. Widening of a
trench ﬁo accommodate a manhole shall be considered a trench.

(3) TRENCH means a longitudinal excavation made from the
surface of the ground.

(4) CONSTRUCTOR means a person, firm or body corporate in
immediate control of the construction of any excavation and subsequent
construction and as such responsible for the condition and management
.thereof,

(5) SUPERINTENDENT means a person resident on the work having
general supervision and responsibility.

(6) FOREMAN means a person in charge of a subdivision of the
work or of the entire work at any one time and under the instructions

of the superintendent,or .constructor.



(7) WORKS ©T WORKINGS means any or all parts of any project "?-
excaVated‘or.being excavated as well as shafts and approaches, power
4houses, lumber yards, storage yards and structures of all kinds,
which are in the immediate vicinity of and used in connection with
the excavation or the immediate disposal of excavated.material or in
connection with any phase of the construction project.

(8) PERSON means a firm or body corporate as well as natural
persons.

(9) UNDERGROUND means within the limits of any shaft or tunnel.

(10) EMPLOYES or PERSONS EMPLOYED means all persons reeeiving
compensation from the constfuctor or others for labor or services
performed on the works.

(11) APPROVED (unless otherwise specified) means approval by the
Industrial Commission.

(12) PRESSURE means gauge pressure in pounds per square inch.

(13) OPEN AIR shall be defined as well ventilated under normal
atmospheric pressure. |

(14) TIGHT SHEATHING means planks shall be abutting.

(15) SAFETY SCREEN is an air-tight diaphragm placed across the
upper part of the tunnel between the shield and the emergency air
lopk. The function of the safety screen is to prevent floodiﬁg of
the upper part of the tunhel between the screen and the lock by form=-
ihg iﬁ‘eﬁfect a diving bell in which the air is retainea, preventing
the water from rising above a certain level. The lower edge of the
screen should‘be placed at a horigontal plane below the entrance
to the emergency lock,

Ind 6,Q§ Inspections. (1) All excavations, timbering and
equipment shall be inspected daily. All dangerous conditions or

defects shall be made safe. The constructor or his representative

shall be responsible for these inspections and the safety of all



workmen at all %imes,

(2) Every reasgnable precaution shall be taken o insure the"

safety of the werxmen in all cases whether or not providea for 1n
these frdersa

(g) Frequent inspectiohs of rock excavations, ineluding tunnels,
shafts and trenches shall be mnade by the constructor or ﬁis represen= .-
tatlve and loose rock whlch may fall shall be removed,

Ci) After a blast is fired these requirements for inspection
and removal of loose rock shall be complied with before proceeding
with the work,

Ind 6.04 Cars of the Injured. (1) It shall be the duty of

employers to keep at such place or places as shall be convenient and
accessible to employes in shafts or tunnels & wire basket stretcher
'and a woolen blanket for use in carrying any person who may be injured
(2) An apbroved sﬁpply of first aid material shall be kept and
maintained at all times in a dust and moisture-proof box.
(3) Information regarding emergency handling of the injured
shall be posted whenever possible.

Ind 6.05 General Safety. (1) Projecting Nails. All spikes and

nails with points projecting shall be bent down or removed from lumber

lying in or about working places.

(2) Safety Belts. Approved, tested and regularly inspected
safety belts or harnesses and ample lengths of 3/4 inch diameter rope
shall be provided for emergency use.

Note: Lists of approved safety belts can be secured from the

Industrial Commission.

(3) Protective Hats. All workers in tunnels, shafts, trenches,
and caissons shall wear protective hats or caps of approved design

and manufacture.
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tive Footwear. It is recommended that approved hard

toed boots or shoes be worn by all undergréuhd or surface workers exposed

to toe injury hagzards.

trench except one which is properly aide sloped), shalft, tunnel, ceisson,

o man shsll be allowed te woerk in any

or appurtenance over 4-1/2 feet in depth without another man beingpresent
at the surface. o

Hote s Any Casual antranc@ inte an excavetion suech as reirieving f&llsn
objects shall not be construed as work under this order.

(6) All basting procedure shall comply with the provisions
of the Wisconsin Explesives Cocde, Chapter Ind 5.
(7) 411 change houses, passagevays, ladders and working

areas shall be kept clean ahﬂ unobstructed %o provide réasanably secure foot=
ing according teo the néeﬁa of the operation, Materials for distribution and
use shall be plled and ataakéd as safe as circumsitances will permit. Supplies,
materials and %éala shall not be stored in change houses.

(S)“Ev&ry reasonable piecautian shall be taken %o insure the safaty
of the workman inm 21l cages whether or not provided for in these orders.

Hotes Attention is directed to the provision of Wisconsin Statute 66.047
relative 1o protecting uaderground facilities in strests, highways, stec., and

informing the utlility conecerned.
informing the unility

PART II - TREHNCHES AHD EXCAVATIONS

(1) Brace or Slope. 411 areés in trenches in which men ars

permitted to work shall be adequately and securaely timbered or sloped as

follows.

?rehehaa‘eu% in hard solid soil need not

be braced or sloped if less than 4-1/2 feet in depth. Trenches cut in loose

I m@ﬁﬁj~meil ﬁﬁaﬁ not be braced or sloped if less than 3 feet in depthu‘

excavated. The”fot

trench must be in rock or any

over burden ﬁust be s1



to tee injury hazards.

(5) BSolitary Emy

trench except one which ig properly aide sloped), shaft, tunnel, caisson,

Ho man shall be allowed {0 work in any

or appurtenance over 4=1/2 feet in depth without another man beinmgpresent
at the surface. |

Hotes Any Casual entrance into an excavation such as retrieving iallan
objects shall not be consirued as work under this order.

(6) All basting procedure shall comply with the provisions
of the Wisconsin Explesives Code, Chapter Iund 5.
(7) All change houses, pssageways, ladders and working

areas shall be kept clean end unobstructsd %e provide reasonably securs foot-
ing according to the néed& of the aperaﬁi@n. Materiels for distribution and
use shall be piled and stacked as safe a8 circumstances will permit. Supplies,
materials and %ools shall not be stered in change houses.

(8) Every reasoneble precaution shall be taken to insure the safety
of the workman in 211 cages whether or not provided for in these orders.

Hotet Attention is directed to the provision of Wigconsin Statulte 66.047
relative to preotecting underground facilities in stréets, highways, etc., and

informing the utllity concerned.
informing the wunility

PART II - TRENCHES AHD EXCAVATIONS

(1) Brace or Slope. A4ll areas in tremches in which men ars

permitted to work shell bs adequately and securealy timbered or sloped as

follows.

(2) Depth Excsption., Trehches cut in hard solid soil need not

be braced or sloped if less than 4=1/2 feet in depth. Trenches cut in loose

gandy soil meed nol be braced or sloped if less than 3 feet in depth.
“ZROck hvcegtlog

Trenches need not be timbered if ¢

trench must be in rock or any

over burden must be sloped or braced
y xcep%&on. '
(53

cut down to the angle of Irepose.

S
loping., Trenches need not be timbered if the sides are

The angle of repoae shall not be



~-5=
to each 1/2 foot horizontal) for'dry or moist soils and not more than
ons to’one for wet or heavy soils.

(Ei Partial Slope with Benches. When the sloping of trenches
to the angle of repose does not extend to the bottom of the trench,
level benches 2 feet wide shall be provided adjacent to and between
the top edges of the vertical walls and the toes of the slopes. The
spoil bank adjacent to a side sloped trench shall be kept at least
2 feet frdm the top of the slope.

(6) Partisl Slope and Braces. Uprights in all partially sl§ped
pXéav¥ations shall externd not less than 2 feet above the vertical
portion, The vertical part of the trench shall be timbered in ac-
cordance with the trench bracing requirements. Toeboards with a total

height
of 12 inches in wiéth shall be placed behind all uprights to prevent.

material from falling into the vertical portion of the trench. )
(7) Unlercutting. All trenches shall be cut with vertical
walls unless side sloped to reguired minimums. Undercutting or
trenches sloped to less than required minimums shall not be permitted.
5 basement shall comply
(8) Basemepnt Excavation. All budlding excavations greater-than. '
with the provisions of the Wisconsin Safety in Construction Code Chapter Ind 3%
6 feet-in-depth-shall be--sidesloped or supported by timbering &r sheet: -
steelk ptTing.
(9) Timbering Tables. Timbers shall be installed according %o
tables of trench timbering requirements contained in this code.

(10) Good Installation. In using Tables 1, 2, 3, and 4, the

maximum distance from the top of the trench to the top .cross-brace and
from bottom of the trench to the bottom cross brace shall be 2 feet.

A1l sheathing shall extend from the ground surface %o at least within
6 inches of the bottom of the trench. If any cross braces are removed
io ingtall pipe or other conduits, men shall not be allowed to retufn

to work in these unprotected areasy except to replace the cross braces.
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(Y1) Good Timber. All timbers used for supporting sides of

trenches shall be of good quality, reasonably straight grain¢d and
free fromweakening knots and other defects.

(Ié) Driving Sheathing. When shsathing is driven by power eguip-
ment, drivers especially designed for the purpose shall be used.

~(13) Plans for Approval. For trenches and other excavations

exceeding 40 feet in depth or 12 feet in width, plans for timbering
shall be submitted to the Industrial Commission for approval.,

(1\4) Eguivalency Approval. Other methods of supporting the walls
of an excavation may be approved if designed and constructed to afford

equivalent protection.

(15) Barricade. A temporary guard railing or other effective

guard or barricade shall be provided at or near the sides of excava-
tions and shall be kept in place at all times, except at such times
when safe-guards will interfere with excavation or other worksjexcept in

| places not frequented by the public.
(16) Night Lights. All trenches exposed at night shall have
or flashers)
lighted red lanterns of torches, placed along the exposed side or sides.
(17) Ladders. A substantial ladder shall be provided for access

to all trenches greater than 8 feet in depth.

(18) Brace Removal. While removing trench bracing, workers Shall

may be required to work only in that portion of t

,rench where

bracing is still in place. o . ’ ‘

Fig. 1 Trench Timbering = Fig. 2 Trench Timbering
Solid Soil Loose Soil



-6~

(Iﬁ) Googiiémber. A1l timbers used for supporting sides of
trenches shall bevof good quality, reasonably straight graincd and
free fromvaakmﬁng knots and other defects.

(fé) Driving Sheathing. When sheathing is driven by power equip-
ment, drivers especially designed for the purpose shall be used.

\(ié) Plang for Approval. For trenches and other excavations
exceeding 40 feet in depth or 12 feet in width, plans for timbering
shall be submitted to the Industrial Commission for approval.

(l’) Eguivalency Approval. Other methods of supporting the walls
of an excavation may be approved if designed and constructed to afford
equlvalent protection.

(15) Barricade. A temporary guard railing or other effective

guard or barricade shall be provided at or near the sides of excava-
tions and shall be kept in place at all times, except at such times

when safe-guards will interfere with excavation or other workygexcept in
j places not frequented by the public.

(16) Night Lights. All trenches exposadkw, el
or flashe

l1ghted red lanterns af torches,placed »f“

. Ave

>»r sides.
(17) Ladders. A substantial ladde faccess
to all trenches greater than 8 feet in

(18) Brace Removal. While removin; E shall

may be required to work only in that poi e

bracing is still in place.

s e N IVUPIOY

Fig. 1 Trench Timbering = Fig. 2 Trench Timbering
Solid Soil Loose Soil



"spaced not exceeding

16 feet
t

for depths under
7 ft.3 3 for

i TABLE 1 TRENCH TIMBERING REGUIREMENTS
T . For Trenches Not Exceeding 10 feet in Depth and Width N>t Exceeding 42 Inches
T t ' ' )
‘ t Kind of Soil ! B@rights ! Cross Braces ! _Stringersik#
Where no parallel excava-!Hard, solid soil! 2x6 inch planks '#2--2x6 inch planks or ! None
tions exist or have ! ' spaced 6 ft. tequivalent for depths !
existed within 10 f£t. ' t c--c ‘under 7 ft.; 3 for !
¢ ! '‘depths 7 f£t. to 10 f£t. !
Previous excavations 'Hard, solid soil! 2x6 inch planks '*2--2x6 inch planks or ! None
5-10 ft. from trench ' ! spaced 4 ft. 'equivalent for depths !
) t ! g--c Tunder 7 £t.; 3 for !
' ! 'depths 7 ft. to 10 ft. !
Previous excavations 'Hard, solid soil'2x6 inch planks !'#2--2x%6 inch planks or ' WNorne
less than 5 ft. from ' 'spaced 3 £t, c--cleguivalent for depths !
trench ' ! 'under 7 ft.; 3 for v
! ! 'depthg 7 f+. to 10 £4. !
Irrespective of any. 'Soil that splits'2x6 inch planks '#2--2x6 inch planks or f 1x6 inch boards
previous excavation 'legsily 'spaced 3 ft. c--clequivalent for depths # :.placed back of
! t 'under 7 £ft.; 3 for ' uprights near
‘ : ! ' ‘depths 7 £t. to 10 ft. ' top of trench
Irrespective of any pre-'Gravelly or '2x6 inch planks '#2--2x6 inch planks or ' 1x6 inch boards
vious excavation 'filled in ground'spaced 2 ft. c~-clequivalent for depths ! placed back of
! ' tunder 7 ft.; 3 for ! yprights near
! ' fdepths 7 £t. to 10 f+. ' top of trench
Irrespective of any 'Sand or very wet'2 inch tight '3 6 inch timbers or ! 3x6 inch timbers
previous excavation 'soil *sheathing 'equivalent horizontally! or equivalent =-=2
1
t
'
1

]
]
t

¥
t
t
f

H 4

depths 7 ft. to
10 f£1.

Note: e¢~-c means center to center.

* In lieu of these cross braces for each upright, 3x6 inech strin
? gers may be used with substantial
cross braces spaced horizontally sufficient to give equivalent protection, but in no case exceeding

6 feet.

#%* Where stringers are used they shall be properly supported by posts or cleats,
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TABLE 2 TRENCH TIMBERING REQUIREMENTS
For Trenches Over 10 Feet and Not Exceeding 15 Feet in Depth and Width Not Exceeding 42 Inches

——— o —— — [ e e o e —— . ——
———— i 4 - i S B i A 2 o T Vi - . Y S T T W i S S o B ot Tk i b Y e W o w—
e o o o e o e o e o e S ot e 4B, S i S . W, Mt W e A M . N W . S e St — —_—==x= —— —— —

t
' _Kind of Soil ' _ Uprights ! Cross Braces ! _Stringers*¥
Where no parallel 'Hard, solid soil'2x6 inch planks '#3--2xz6 inch planks or ' [Wone
excavations exist or! ‘spaced 4L £t. c--cgequlvalent for depths t
have existed within ! : under 13 ft.; 4 for !
15 feet ! ! 'depths 13 ft. to 15 ft, !
Previous excavatioas'Hard, solid soil'2xd inch planks '*3-—2¢6 inch planks or ' Hone
10 to 1% feet from ! ’spaced 3 ft. e=-c'equivalent for depths !
trench ! 'under 13 feet; 4 for '
! ! 'depths 13 f£t. to 15 ft. !
Previous excavations‘'Hard, solid soilf2x6 inch planke ‘*3--2?6 inch plenks or ' Hogre
iess then 10 ft. ! 'spaced 2 £ft. e¢~-c'equivalent for depths !
" from trench ' 'under 13 ft.; 4 for t
! ! 'depths 13 f£+. to 15 f£4. !
lrrespective of any 'Soil that splits?!2x6é inca planks ’*3-—2x6 inch planks or ' 1x6 ianch boards
previous excsavations' easily 'sPaced 2 ft. ¢=~clequivalent for depths ' placed back of '
! 'under 13 ft.; 4 for ' uprights near top
! . ! ‘depths 13 ft. to 15 ft. ' of trench
irrespective of any 'Sand, gravel '2 inch tight '3x6 ineh timbers or ' éx5 inch timbers or
Previoys excavations'filled in ground'sheathing '‘equivalent, spaced ' aquivalent - 3 for
Hor very wet ' '6 £t. c~~c ' depths under 13 ft.;
! soil ! ' ' 4 for depths 13 ft.
! » ! ! ! to 15 _ft.
For Trenches Over 15 feet in Depth and Width Not Exceeding 42 Inches
Irre§pective of any 'Hard, solid soil '2"xé" 2! c--c 15/-17! ' 6x6 inch timbers or ! 6x6 inch
previous excavatlons: t29x6M 11 gm=g 171-20t ! equivalent horizontally! timbers
:2"x6" tight over 20' ' gpaced 4 ft. c~c ' 48 inches
'Soil that splits ') , ! cm=c
,easily, sand, ) 2" tight sheeting r

'gravel, fll)ed in')
ground, or very ‘')
i ' wet soil !
Hote: c~-¢ means center %o center,
* In lieu of these cross braces for each upright,

cross braces spaced horizontally sufficient to giv
6 feet.

- W . e e

1
!
1

3x6 inch stringers may be used with substantial ,
e equivalent protection, but in no case exceeding

*¥* Where stringers are used they shall be properly supported by posts or cleats.
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TABLE 3 TRENCH TIMBERING REQUIREMEN?é

j?‘for Trenches Over 42 Inches In Width Up To And Including 12 Feet In Width
(}/4‘ ! N

40 ft. inel. 12x12 inch timbers spaced '12x12 inch timbers

horizontally 11 ft. face to face'spaced 3 ft. c--c
f

N 1 t 1
Depth of Trench ! Uprights : Cross Braces : Siringers
n T ,

' ! e ' 4x6 inch timbers spaced ' 4x6 inch timbers
Over 43 ft. to ! (1) ' _horizontally 7 ft. face to face ! spaced 4 f%. e=-=c
10 ft. inecl. ! - ' 6x6 inch timbers spaced ' 6x6 inch timbers
: ! ' horizontally 11 ft. face to face! spaced 4 ft. c==¢

' T 1 t
Over 10 ft. to ! ® ' éx6 inch timbers spaced ! 6x6 inch timbers
20 f£t. incl. ! (1) ' horizontally 7 ft. face to face ' spaged 4 ft. c¢--¢C
! ' 8x8 inch timhers spaced ! 8x8 inch timbers
! ! horizontelly 11 ft. face to face! spaced 4 ft. c-<c
' ! e ' 6x8 inch timbers spaced ' 6x8 inch timbers
‘Over 20 ft. to ! () ! _horizontally 7 ft. face to fagce ! spaced 3 ft. ¢==c¢
30 £t. inecl. ! ' 8x8 inch timbers spaced ' gx8 inch timbers
: ! : ' horizontally 11 ft. face to face! spaced 3 ft. cz=c
! e ! 8x8 inch timbers spaced t 8x8 ianch timbers
Dver 30 ft. %o : (1) ' horizontally 7 ft. face to face ' spaced 3 ft., c-=¢
1
1 '
1 !

(1) Uprights shall consist of 2 inch planks and spaced to comply with

specifications for trenches less than 42 inches in width,
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TABLE 4 TRENCH TIMBERING REQUIREMENTS

For Trenches 43 To 12 Feet In Depth, 3% To 12 Feel In Width, And Cut In Hard Soil *

3 - 6x6 inch struts
spaced 4 ft. c--c

2x6 inch planks
spaced 4 ft. c--c

1 1 T
Depth (Ft.) : Width (Ft.) ! Uprights 1 Cross Braces
1 ]
! ' 226 inch planks ' 2 = 3x6 inch struts
' 33 -6 ' spaced 3 ft. c-=-c ' spaced 4 ft. c--c
Ly - 8 ' ' 2x6 inch planks 2 = 4x6 inch struts
: ! spaced 4 ft. e=-¢c ! spaced 4 ft. c--c
! {
! ' 2x6 inch planks ' 8 - 4x6 inch struts
' 6 - 12 ! spaced 3 ft. c--¢ ! spaced 4 ft. c--c
! ' 2x6 inch planks t' 2 - 6x6 inch struts
: ! spaced 4 ft. a-—c 1 spaced 4 ft. c--c
1 1
! ! 2x6 inch planks ' 3 - /x6 inch struts
' 33 ~ 6 ! _spaced 3 ft. c¢~-c ' spaced 4 ft. e--c
! ' 2x6 inch planks ' 3 - 4x6 inch struts
8 - 12 ! ' spaced 4 ft. c--c ' spaced 4 ft. c--c
! ' 2x6 inch planks ' 3 - éx6 inch struts
: 6 - 12 : spaced 3 ft. c--c ' spaced /4 ft. ¢c-=c
i
| 4 H 1
1 [ 3 t

¥ 1In case unstable ground is encountered, bracing shall immediately

revert back to that outlined in Table 3.



PART III - SHAFTS AND TUNNELS

d Fire Protection. (1) BEvery

reasonable precaution shall be taken against fire in and about tunnels
and adequate fire protection shall be provided as hereafter required.

(2) Gasoline, naphtha, distillate, fuel oils and other
dangerons flammable materials shall be stored in a building kept
solely for such storage and the location of which is at least 100 feet .
avay from any shaft, tunnel or approaches, or any building directly
connected with the tunnel opening and at least 300 foet distant from
any explosive magazine.

(3) If oil or gasoline storage places are so located that
leakage would permit oil or gasoline to flow in the direction of the
sheft means to prevent such flows shall be provide&.

(4) HNot more than a one day supply of lubricating oil or gre.ase
shall be kept in underground workings. |

(5) The storage of gasoline, naphtha and other distillates in
underground workings is prohibited. |

(6) Waste or decayed timbers shall not be stored in the
tunnel, but shall be promptly removed therefrom. Empty boxes,
wooden chips, paper and combustible rubbish of all kinds shall not
be allowed to accumulate underground.

(7} In all shafts and tunnels, no naked lights or smoking
shall be permitted.

(8) Combustible materials in an amount greater than a one day
- normal requirement shall not be stored or kept within 20 feet of
tunnel shafts.

(9) Any container used for pouring gasoline shall be provided
with a closed top, flexible spout and a safety screen and no open

light shall be permitted within a 10 foot radius of the gasoline
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tank, while filling operations are in progress.

(10) Fire hose connections with at least 50 feet of hose attached
shall be provided at the shaft opening if water pressure is available.

(11) TFire extinguishers of 2-1/2 gellon capacity protecied against
freezing shall be installed in all power plants and at shaft openings.

(12) Head frames built of combustible material shall be of open-
framework. At or about the surface landing there may be a head house
if built of fire resistive material, |

(L3) Where fire is used for heating hoppers, any enclosure shall
be of incombustible material,

(14) All incandescent lamps shell be so placed that they cannot
come in contéct with any combustibie material.

Ind 6.08 _Shaft and Tunnel Lightine. {2) All lighting in tunnels
and shafts shall bs by electricity only. While work is in progress
tunnels, stairways, shafts, ladderways and 21l places on the surface
shall be illuminated by bulbs of no less than 60 watts at intervals of
no less than 25 feet. All incandescent lamps shall be enclosed in a
protective basket guard.

(2) The exterior of all lamp sockets shall be entirely non-
metallic with the exception thatbfor flood lamps the supporting shelll
-may be of metal.

(3) Lamp cord, where used for temporary lighting connections,
shall have extra heavy insulation. Portable electric hand lamps
if used shall be equipped with & keyless socket @%?non-combustible,
non-absorbent insulating material, fused large handle of non-absorbent
insulating material and a basket guard.

(4) When wires used for light and power in tunnels and shafts

or equivalent!
are uncased, heavy type S rubber covered cableishall be used. Cables
shall be supported on insulators except when not possible to do so in

tunnel headings or when used in connection with portable hand lamps.
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(5) On a tunneling project, wires which are not armored shall
have mechanical protection wherever exposed to injury.

Ind 6.09 Electrical Equipment. (1) DEsstitions.

(a) VOLTAGE of a CIRCUIT. The greatest effective difference of
potential between any two conductors of the circuit concerned.

(b) GROUNDING. Grounding any part of an electrical system
shall consist in so connecting sUch'part to the earth that there
shall be no material difference of potential between such part and
the earth.

(¢c) UNDERGRCUND STATION., The term "underground station" as
used herein shall mean any place vhere electricalvmachinery is
permanently installed in a tunnel,

(d) CARRYING CAPACITY, The term "yarrying capacity" shall
mean the current carrying capacity of a given wire as limited by the
Wisconsin State Electrical Code.

{e) GUARDED. The term "guarded" shall mean effectually covered,
enclosed or otherwise guarded by means of suitable covers, casings,
screens or barriers so as to prevent accidental contact with live
parts of apparatus or circuits. Wires which are insulated, but |
not otherwise protected are not construed to be guarded.

(2) Scope. Except where the provisions of section Ind 6.09- .
apply the provisions of the Wisconsin State Electrical Code shall:
applyEB) Care of Eguipment and Practices. No person shall be aliowd
to install or handle eleqtfic lights, or conductors, or work on or .
with electrically driven appardtus, upnless he shall be competent aﬁd
shall have been previously instructed in the performance of his
duties by the tunnel superintendent, tunnel foreman, or a person
authorized by either. |

(4) Grounding. All non~current carrying metal parts of

electrical equipment, including frames and bed plates of generators,



transformers, compensators, rheostats and motors shall be permanently
and effectively grounded. All metallic fittings coverings and armor-
ing of cables are included. The neutral conductor of a three wire
system and some point of any lowy voltage system (300 volts or less)
shall be grounded. See Wisconsin State Electrical Code.

Notes This order requires the grounding of the non-current

carrying parts of portable tools, such as drills. An additional

conductor in the portable cord and a grounding contact iu the
plug and receptacle will provide the best means of permanent

and effective grounding.

(5) Support of Csbles and Wires. All underground cables and
wires, unless provided with grounded metallic covering, shall be
supported by insulators. The conductors connecting lamps to the
power supply shall in all cases be insulated.

(6) Overhead Lines Aboveground. Overhead transmission lines
between the generating station or sub-station and the tunnel entrance
shall be supported upon insulators which shall be adequate in quality,
size and design for the voltage transmitted. Where such line is more
than 500 feet in length, lightning arresters shall be installed in
connection therewith. All overhead lines, except in the case of
trolley wires, shall be maintained not less than 14 feet above the
ground at the lowest point, except at the point of entrance to the
tunnel.

Notes If wires cross areas accessible to vehicles or if the

voltage exceeds 300, greater clearances shall be provided as

required by the Wisconsin State Electrical Code.

(7) Branch Circuits. Every branch circuit shall be provided

and suitable fuses/
with a switch and-fuses of ample carrying capacity on each phase
within 50 feet of the point where it leaves the main circuit.

‘whose

(8) Power Wires and Cables. (a) In all shafts, the angle of
‘more than

inclination whieh is above 45 degrees from the horizontal, and in

all hoisting shafts or manway compartments, all power wires and cables

shall be amply protected by insulation and substantially fixed in
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position. All shaft cables shall be supported on insulators that.can~.
insulation ‘
-n0% cause abrasion of the covering or inselketers; s0 spaced that ao
part of the cable shall be under a tension greater than one-forth of
its ultimate strength. The cable shall be-held in position at points
between the insulators by grips or cleats that cannot cause abrasion
of the covering or-insulation. Where the cables are not completely
boxed in and protected from falling material, epace shall be left
between them and the side of the shaft so that they may yield and
lessen a blow from falling material,
Note: Section Ind 6.09(8){a) shall not be construed to prevent
the installations of insulated wires in metal conduit to trens-
mit power underground.
(b) Where the cables or feed wires in tunnels cannot be kept at
least 12 inches from any-part-of.the.tunnel, car or locemotive, they
shall be protected by guards. Any trolley wires shall be guardéd if less

than 6 feet above track.
(9) Cables Entering Fittings. (a) The exposed euds of cables

where they enter the fittings of any description shall be so pfotected
and finished off that moisture cannot enter the cables or-the-dnsulat~_
ingwma%eriaiﬁleak@agtwfiffaﬁwwnw&&&¥MQMWM@@c@ﬂﬁm%@@a@ww
(b) Where unarmored cables or wires pasé through metal frames
or into boxes or motor castings, the holes shall be lined with insul%t—
’ing bushings. - |
(10) - dpints in Conduetors. All joints in conductors shall be
mechanically énd electrically efficient. FPermanent jcints shall be !
soldefed. All joints in insulated wire shall, after the joint i;
complete, be reinsulated to the same extent as the remainder of the
- wire.
(11) Joints in Cables. Where cables are . joined, suitable
junction boxes shall be used or the joints shall be socldered and
the insulation, ermoring or lead covering replaced in as good

condition as it was originally.
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(12) [Fuses, Circuit Breakers and Switches. (a) Fuses and

automatic circuit breakers shall be constructed so as to interrupt
 the current when a short circuit oceurs or when the current through
them exceeds their rated capacity. No opsn type or link fuses shall
be used.

(b) Fuses shall be stamped or marked, or shall have a label
attached, indicating the maximum current that they are intended to
carry. Fuses shall be adjusted or replaced only by an authorized and
compe tent person,

(¢) The capacity of fuses used to protect feeders shall not
exceed the current capacity of the feeder by more than 10 per cent.

(d) A1l points st which a circuit has %o be made or broken
shall be provided with suitable switches, which shall be so instal-~
led that they cannot be closed by gravity.

| (e) All switches, circuit breakers and fuses shall have non-
combustible basés and shall be properly enclosed.

(f) All cartridge fuses, and plug fuses larger than 15 amperss
capacity, shall always be so arranged that they may be disconnected
from the supply circuit by properly placed switches. An individual
switch shallvbe installed in each branch circuit of capacity larger
than 15 amperes. |

(g) All manual switches, including service switches, shall have
suitable enclosures of such design as to permit of operation without
opening the enclosure. Enclosures shall be locked, sealed or made

, by other suitable methods to other than qualified persons.
inaccessible to . other -than-qgualified persons by.other suitable -methods.

Exception: Switches or switch boards and panel boards that are

properly guarded or locked or located in underground stations or

other similar places not accessible to other than qualified
- persons are exempt from provisions of section Ind 6.09(12)(g).
(13) Motors. Every motor together with its starting device shall

be protected by fuses or a circult breaking device on at least one

line of direct current systems and on two phases of three=-phase



alternating current system and by switches arranged to cut off en-

tirely the power from the motor. The above devices shall be installed
in a convenient position near the motor and in sight of it.

Ind 6.10  Sepitetion. (1)

be provided for every 20 men employed on each shift and protection

One outside toiletvandvurinal shall

from the weather ghall be provided.

Potable
(2)

Drinking water shall be protected from contamination.

ing--cups. are prdhibited.

(3)

Porteble drinking .water shall be provided for all employes.

Common drink—

A dressing room or change house shall be provided for the

purpose of drying clothing of persons employed in and abeut the

tunnel.

for each employe.

Not less than 4 square feet of floor area shall be available

Adequate means of heating and lighting shall be

provided and a temperature of not less than 70 degrees F. shall be

maintained at all times. Dressing

cleaned daily. Lockers or hangers
Tools, equipment or other supplies

Ing 6.31  Ventilation.

rooms or change houses shall be
shall be provided for clothing.

shall not be kept in change houses.
‘nu@@%ﬁwﬁM%W@W%W@@%ﬁﬁ@%&@“”%mxiﬁl Hg

During all shifts and after blasting

th
e atmosphere shall be tested for explosive gases and sufficient oXygen

- with a safety lamp.

‘  shal1 be taken to determine the amount of noxious gases

If any indication of air pollution appears
H

tests

At no time when

" men are working in the shaft or tunnel will the gases exceed the

following concentration.

w LYk A A VA TR LALES o
Carbon Monoxide %o be less than .01%
Carbon Dioxide to be less than «50%
Methane to bte less than «25%
Hydrogen Sulphide to be less than .001%
Oxygen to be more than 19.00%
zrepea e d.

If/ tests show an excess

()

of these concentrations for any of
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the gases, mechanical ventilatioh shall be provided and operated

which will give a minimum of 1,000 cubic feet of free air per minute
in each tunnel and sufficient air in addition to dilute said gases

with free air to comply with the limitations of the above table.
‘Internal combustion:
(4) Gaso;1ne;eng1nes shall be so located that the exhaust gases
. | Internal COmbustlon
will not enter the shaft or the air intake of compressors. Gasolin

engines shall not be operated in any tunnel or shaft.
(5) Harmful dust concentrations shall be controllsd to maintain

safe air in the breathing zone.

(6) The maximum silica dust concer*~

3l breath-
ing zone shall not exceed 15 million ps
longest dimensions per cubic foot of al
the dust is 35 per cent. Variations'iﬁ will make

proportional inverse changes in this s

Ind 6.12 Timbering Reguirements. fg o _Timber
Reguired. Shafts exceeding 6 feet in ¢ ; permitfed
to work shall be timbered. Shaft secti
may be used in accérdance with the shaf nts as
follows.

- A e
Fig. 3 Circular Shaft .Fig. 4 Rectangular Shaft

Timbering
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the gases, mechanical ventilatloh shall be provided and operated

which will give a minimum of 1,000 cubic feet of free air per minute
in each tunnel and sufficient air in addition to dilute said gases
with free air to comply with the limitations of the above table.

Internal combustion:
(4) Gasollns‘englnes shall be so located that the exhaust gases

‘Internal tombustion
will not enter the shaft or the air intake of compressors. Gasoline
engines shall not be operated in any tﬁnnal or shaft.

(5) Harmful dust concentrations shall be controlied to maintain
safe aip in the breathing zone.

(6) The maximum silice dust concentration in the normal breath-
ing zone shall not exceed 15 million particles under 10 microns in
longest dimensions per cubic foot of air when the quartz content of
the dust is 35 per cent. Variations in free silica content will make
proportional inverse changes in this standard.

Ind 6.12 Timbering Reguirvements for Shafts. (1) Shaft Timber
Reguired. Shafts exceeding 6 feet in depth 1n which men are permltted

to work shall be timbered. Shaft sections shown in F1gures 9 and ;
may be used in accordance with the shaft timbering requirements as

follows. | : o S

- I

—]

Fig. 3 Circular Shaft FPig. 4 Rectangular Shaft
Timbering



TABLE 5 BRACING CF-CIRCULAR SHAFTS

Steel Rings Required

Diameter Depth 4 feet 0.C.

™
ofes
o
3
i
¥

8' Mazimum 16" Maximunm 1/40

10! Maximum 16! Maximum 23" x 2&" x 5/16"

3n % 3n x 1/4"

12! HMaximum

L
L
ya
L 2" x 2
A
ya

s o wm)l s w ol w w @] o | e ] e ] e e -

t
1
1
H
1
]
i
1
1
1
16! Maximum !
t
1
1
4
t
1
t
H
1

§' Maximum Over 16! I ox 1/4"

o 10! Maximum Cver 16! 3* x 3¢ z 1/4"

¢ - ; .

ig! Maxinmum Over 16! 3% x 3¢ x 5/16n

Note #1: For depths over 16 feet, decrease ring spacing when uausually
wet or unstable soil is encountered. The top ring shall be
placed not more than 2 feet below ground surface.

Note #2: Other member sections may be used if it would provide equivalent

section modulus.
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TABLE

6.

BRACING OF RECTANGULAR SHAFTS

sec tion modulus may be used.

“ongest Dimension of ! ! Timber or ! Timber or ' Timber
simber Between Knee t Depth ! Steel Beam Steel Beam ' Knee Braces
Traces or Cross Brazces ¥¥*! 'Req'd 4! 0.C. ‘Req 3 0. r
1 1
! 14"x6" Hardwood or'4"x6" Hardwood or! A
31 Maximunm ' 10! Maximum '6"x6" Softwood 16Wx6! Softwood t 6Yx6" Hardwood
1 1 1 ) '
o ' 16 Maximum '6"x6" Hardwood or!6"x6" Hardwood or'
4 ' Maximum ! '8"x8“ Softwood 18nxg" Softwood ! 6"x6M" Hardwood
t t 1
' 14! Maximum '10"x10“ Hardwood '10"x10" Hardwood '
) . ! or ! or !
' Maximum A ‘10"x10“ Softwood '10"x10" Softwood ! &Mx6" Hardwood
' ! '10"x10" Hardwood '10"x10" Hardwood !
t ' or ! or !
! '12"x12" Softwood '12"x12" Softwood !
! ! or ! or !
61 Maximum ! Over 141 18 UF _20% '6 WF 20% ' 6"x6" Hardwood
! T129x12" Hardwood '12"x12" Hardwood !
! ! or ! or !
&' Maximum ! Any '8 WF 331% '8 WF 24% ! 6"x6" Hardwood
o t ! v t(8Wx8" Hardwood
10! Maximun ! Any 112 WE 36% 112 YF 27% '(61 12.5 or 6C13
7 t ] ! )
#* WF bteams shall be pladed with web horizontal.
#% Assuming knee braces shall lap 1/4 of the span on each leg of the corner,
tngng;?mug outsice dimensions of sheathing wilil be approximately 6', 10', 14', 18!
an
Note #1: For depths over 16 feet, decrease spacing of timber or sieel sets when
unusually wet or unstable soil is encountered.
Note #2: For intermediate sizes of sets, members providing proportiona’e area and
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(2) Sheathing (tight). Under normal conditions, 2"x6" hardwood
shall be used. When unusually wet or unstable soil is encountered,
steel sheathing shall ke used.

(3) Shaft Cutting., Shaft excavation shall be cut to substan~-
tially the shaff size. Overcutting and backfilling behind the sheath-
ing shall not% be permitted.

() Unusual Conditions angd Alterﬁate Designs. The requirements
set forth in section ind Géljware minimum, Bracing of greater
strength shall be used when unusual soil conditions prevail. If
shafts are constructpd of greater dimensions than those set forth in
this section Ind-é@ié: a design for bracing shall be presented for
approval to the Industrial Commission. Alternate designs for those
set forth in this section also shall be presented to the Industrial
Commission for approval.

thie eode
(5) Timber Sizes. Timber sizes required in seetion-Ind- 6,12

are stated as nominal sizes.

(6) Staging snd Scaffolds. Staging or scaffolds shall be pro-
vided in shafts for workers when installing equipment or driving
sheathing., All scaffolds shall be constructed or installed so as %o
support any maximum material load which may be placed on them as well
as weight of the men.

(7) Clam Shell Bucksts. No man shall be permitted to work iﬁ
a shaft when excavation is being done with a clam shell bucket unl?ss
the least dimension of the shaft is twice the length of the bucketf
when fully opened. :
Ind 6.13 Shaft Protection. (1) During shaft sinking operations,
the tops of all shafts shall be guarded by a suitable barricade tﬁat
will keep unauthorized persons away from the opening. At night there
shall be an additional protection of torches or red lights. When a
depth of 16 feet has been reached, a standard railing and toeboard,
equipped with necessary gates shall be provided. The gates shall be

kept closed when not used for access to the shaft.,
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(2) VWhere cages are installed in shafts, automatic gates shall

be used at the top landing. All intermediate landings shall be
provided with a fence and gate or gates, the members of which shall
not be more than 4 inches apart and not less than 5 feet high. The
gates at such landings shall be not more than 12 inches from the open-
ings. The gates shall be kept closed at all times except when persons
or material are entering or leaving the cage.

(3) Cars shall be blocked at all landings and on the cage.

(4) Landing dogs shall be provided at 511 1andings where cars
enter or leave cage or where material is taken on or off cages.

(5) The tops of all bins or hoppers around which men are
required to work shall be provided with a guardrail.

(6) Guardrail installations, if of wood construction, wi%%}l
comply with Se0%&0&%&%@%6%&&Qﬁ%ﬂiﬂwm&é&m&QQQP@iﬁgwto the following
specifications: ‘

(a) Cuardrails of not less than nominal 2x4 inch material
fastened to posts and not more than 42 inches or less than 36 inches
above the working level;

(b) Posts of not less than nominal 2x4 inch material, spaced
not more than 8 feet apart, fastened and braced in place; - “

(c) Where the top of the guardrail is more than 36 inches
above the working level, and intermediate rail of not less than
nominal 1x6 inch material is to be placed midway between the top
guardrail and the working level.

(@) Equivalent strength and stiffness is to be provided if
material other than wood is used.

(7) Collars of all shafts shall be provided with efficient
dams to prevent influx of water during heavy rains. Dams shall be

formed by extending shaft lining not less than 10 inches above

surface ground level and banking with clay or other plastic material.
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. Ind 6.14 lLadders, Stairwaye, and Cages in Shafts and
(1) Z11 shafts ledding to tunnels, and all shafts in ‘caissons where men
o areé working9 ‘except such as are intended only for manholes, shall be provided
- with ladders; stairways, or cages as required in this code and are to be
" kept elean and in good condition at all timee. In shafts intended for
manholes, ladders shall be provided as required in subsection (2).

(2 Where the depth of a shaft is greater than 10 feet and less than 30 feet
in depth, a ladder shall be provided with an enclosed metal backrest. Tl
_backrest shall have not léss than 24 inches ner more than 36 inches clear
distance to the ladder. Horiszontal platforms shall be providad with offsetis

4o the next section of the ladder at maximum interwals »f 20 fset.

A shaft less than 10 feet in® ‘depth shall be provided with an inclined
partable ladder.

(3) The distance between the centers of rungs of a ladder shall
not exceed 14 inches and shall not vary more than one inch in any one
ladder length. The rungs of the ladder shall in n§ case be less than
6 inches from the wall or any obstruction in the shaft or opening in
which the ladder is used. Under no circumstances shall a ladder in-
clining backward from the veriical be installed. Should it be neces-
sary to offset any section of a ladderway, the top of the ladder
section shall extend not less than 3 feet above the bottom of the
section above, or hand holds shall be provided.

(4) Where the depth of a shaft is in excess of 25 feet but less
then 45 feet, an inclined or spiral stairway shall be provided for the
full depth of the shaft. This stairway shall be equippped with
standérd handrails and shall have horigontal platforms each with an
area not less than 3 feet by 3 feet at intervals no greater than every
10 feet of depth of shaft. |

(5) Where the depth of a shaft is in excess of 45 feet, a cage
for access shall be provided. This cage shall conform to the require-

" ments of section Ind 6.20.
(6) In no case will side sloping or stepping down be allowed

to be used to reduce the depth of a shaft.
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(7) Fizxed 1addars of standard construction shall be provided for -
anvcess to cable ‘sheaves on: head frames located over tunnel shafts. ' 4
runway or platform equipped with guardrails and t@abearda ahall alse ba
praviﬂad n@mt 112 cabl@ sheavas-

LABR.0s1 0. Holgis for Workmen, Heiata on which warhmen ars permitt@d
to rida &hall be af appr@vaﬁ dﬁaign. Approval shall be obtained in advance
of inatalla%ien fr@m the Wisconsin Industrial Commission. '

. Ind 6. 15 _Hoisting Engineer. Only experienced operators familiar

with details of hoisting equipment shall be employed to operate and be
responsible for such equipment. Learners shall be prohibited fron

operating of hoisting equipment when any person is on the cage.

Ind 6;16F,Ho;sting Rules and Eguipment. (1) All power driven

reasonably
equipment shall be maintained and acdjusted in a' safe mechanical

condition. This includes booms, drums, clutches, brakes, sheaves and
gears.

(2) When hoisting signals are used the signal code shall be
posted in the engine room in sight of the holisting engineer.

(3) The hoist shall be provided with brakes and distance marks
on hoisting ropes or cables.

(4) No unauthorized persons shall be permitted in the hoist room.

(5) There shall be no conversation'in‘the engine room while the
engine is in motion or while signals are being given or received.

(6) Men shall not be hoisted or lowered into auy tunnel or
shaft at a speed greater than the rate posted in the engine room.

(7) Aftver any stoppage of hoisting for repairs, the bucket,
skip, cage or other conveyance, shall be ru§9d§3g the working‘part of
the shaft at least once. The bucket, skip, cage or other conveyance
shall not 59 used for hoiSting or lowering meun furing this test ﬂor
until the hoisting machinery and shaft shall have been found to be
safe. |

(8) There shall be no hoisting in any compartment of a shaft

while under repair except as may be necessary for the repair work.
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‘ ‘ shift
(9) The hoisting engineer shall not change/while the bucket,
skip, cage or other conveyance is in motion.

(10) The superintendent of the tunnel shall establish for each
shaft rates of speed for the cages, skips, bucket or other convey-
ances. Established speed shall not be exceeded in the hoisting or
lowering of men. The superintendent shall post a notice of such
established speed in a conspicuous place near each hoisting engine;
such rates of speed shall not exceed the maximum approved by the
Industrial Commission.

(11) The superintendent of the tunnel shall determine the maximum
number of men that in his judgment may safely ride on each cage, skip,
bucket, or other conveyance used in the tunnel under his supervision,
and shall post in a conspicuous place near each shaft a notice stating
the maximum number of persons so permitted to ride and forbidding the
carrying of'any greater number. The number of persons permitted to
ride, as determined by the superintendent, shall not exceed the
maximum approved by the Industrial Commission.

(12) ©No person shall ride upon any cage, skip or bucket that is
loaded with tools, timber, powder or other material , except for the
purpose of handling such material while in transit and then only after
a special signal has been given. When tools, timber or other material
are being 1owéred or hoisted in a shaft, means shall be taken to
prevent their shifting while the caf, skip, cage or bucket is in
motion,

Ind 6417 Communications. (1) Every shaft shall be provided sith

an efficient means of interchanging distifct and definite communica=, -
tions between the top of the shaft and the lowest level and the
intermediate levels from which hoisting is being done.

(2) When signals are used a code shall be printed and copies
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thereof shall be kept posted in a conspicuous place near entrances to

work places and in such other places as may be necessary to bring
them to the attention of all persons affected thereby.

Ind 6;13 ?Hoisgigg Ropes, Hooks and Sheaves. (1) Ropes or
cables for hoisting or lowering men, when such hoisting or 1owering
is done by power hoists, shall be composed of metal wires.

(2) The factor of safety of all such ropes or cables shall be
not less than five.

(3) No head or angle sheave of a diameter less than 40 times

the diameter of thefrope or cable shall be used for hoisting or lowering

ctlon does mot ar
isting and lowering
(4) Cables are considered unsafe and shall be removed vhen
through broken wires, wear, rust, undue strain, or other deteriora-
tion the strength has decreased 25 per cent.

(5) A1l ropes. or cables used for hoisting or lowering men shall

be thoroughly inspected once each week by some competent person

‘designated for the purpose by the superintendent. If upon an inspec-

tion such hoisting rope, or cable shall be found to be below the
requiremsnts set forth in these orders, it shall be discontinued for
Buch'purpose forthwith.

(6) Every rope or cable used for hoisting or lowering men shéll
be securely fastened at both ends and when in use shall never be»ﬂully
unwound; at least 2 full turns shall remain always on the drum or ‘reel.
The end of the rope attached to the conveyance in the shaft shall ge
bound around an oval thimble and then fastened to itself by the usei
of three or more clamps, or shall be securely fastened with a tapered
socket.

(7) No open hook shall be used with a bucket, cage, or skip
in hoisting, but some approved form of safety hook or shackle thk

shall be used.
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(8) Every sheave and every idler under which is led any hoist-

ing cable shall be provided with a guard that will keep the cable on

the sheave or idler if the cable becomes slack.

(1) 1In all shafts or excavations
over 45 feet in depth cagés shall be provided for hoisting and lower-
ing men. The cage requirement, howevef, does not apply to the follow-
ing:

(a) Shafts in the process of sinking.

(b) Shafts being dismanﬁled after work in tunnel is substantial-
ly completed.

(¢) In caissons or vertical locks.

(2) 1In all shafts under 45 feet in depth cages are not required,
but approved 1adders and stairways shall be provided.

(3) 1In anyc;ééggnor excavation regardless of depth, too small to
accommodate a cage, a ladder or a stairway, men may be lowered or
hoisted by a bucket or other deviece but only when approved by the
Industrial Commission.

(4) Cages shall be provided with bonnets consisting of 2 steel
plates not less than 3/16 of an inch in thickness sloping toward each
other and so arfanged that they may be readily pushed upward to gfford
egress to persons therein, and such bonnet shall cover the top of the
cage in such manner as to protect the persons on the cage from falling
object.

(5) Cages shall be entirely enclosed on two sides with solid
partitions or wire mesh not less than No, 8 U. S. standard gauge,
no opening in which shall exceed 2 inches.

(6) Cages shall be provided with hanging chains or similar
devices for hand holds.

(7) Every cage shall be provided with an approved safety catch

of sufficient strength to hold the cage with its maximum load at any



‘point in the shaft.

(8) Cars shall be blocked while on cage.

(9) A1l parts of hoisting apparatus, cables, Erakes, guides
and fastenings shall be of the most substantisl design and shall be
arranged for convenient inspectioﬁ. The efficiency of all safety
devices shall be established by satisfactory tests before the cages
are put in service and at least onée every three months thereafter
and a record thereof kept.

(L0) The test of the safety catch shall consist of releasing the
cage suddenly in such manner that the safety catches shall have an
opportunity to grip the guides.

R or tunnel

Ingd 6.20- Timbering Reguirements for Tunnels. (1) Every shaft/
excavation
excavated not located in solid rock in which men are permitted to
work shéll be kept adequately and securely timbered to prevent injury
to any person from falling materials, or collapse of the sides or
roof of the working place, | |

| (2) A1l timbers used in the support of shafts and tunnels
shall‘be of good quality, reasonably straight grained and free fronm
weakening knots and other defects.

{(3) All timbers shall, when placed for the support of the roof
and sides of the tunnel or in the shaft, be properly fitted and
wedged in place. Timber sets in tunnels and sheathing planks in ?.
shafts shall be abuitting. All void spaces in back of tiﬁbérs sha&l
be filled with blocking or other suitable material. :

(4) Tace boards shall be placed in all tunnel headings at énd
of mining shifts, |

Exceptions Face boards need not be placed in stable

ground if mining operations are continued without inter-

ruption by the succeeding shift.

(5) EKnee braces, cleats and spreaders shall be nailed in

place with not less than two nails for any one piece., No nail
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smaller than the following shall be used for the various thicknesses

of materials as follows:

1 inch (nominal)  8d common (2% inches x No. 10%)
2 inch (nominal) 164 (3% inches x No. 8 )
3 inch (nonminal) 304 " (4% inches x No., 5%)
4 inch (nominal) 50d " (5% inches x No. 3.)

(6) No tunnel excavation shall be carried more than 24 inches
in advance of the timbering.

(7) 1In solid si ions shown in figures 1 to 6

may be used if timbe ing linmitations,

vz
[
§

Dox Type of Timbering

Width ' Height Dimensions of Timbering

1
t
Maximum ' Maximum ' Caps, Sills ! legs ‘Spreaders(One! Cleats
in Feet ' in Feet ' Thickness ! Thickness 'in every set)' Ianches
W ! H ' in Inches ' in Inches ' Inches !
' ' ' 1 '
| § ! 1 1 1
3 ! ! 2 ! 2 ! 1 x 4 ' 2. x 4
1 1 ! 1 L §
A A ! 3 ! 2 'l x 4 ' 2. x 4
1 1 1 j r 1
5 ' 5 ! 3 ! 3 ' 1l x4 ' 2 ox 4
[ 1 1 1 1
5 —b_ ' 3 ' 3 ' o1l x 4 ' 2 x 4

Note: The use of either spreaders or cleats in Figure 5
is required. Cleats shall consist of 2 x 4 inch lumber

not exceeding 3 feet in length.
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smaller than the following shall be used for the various thicknesses

of materials as follows:

1 inch (nominal) 84 common (2% inches x No. 10%)
2 inch (nominal) 16d U (3% inches x No. & )
3 inch {(nominal) 30d " (4% inches x No. 5%)
4L inch (nominal) 504 " (5% inches x No. 3.)

(6) No tunnel excavation shall be carried more than 24 inches
in advance of the timbering.
(7) In s0lid stable soil tunnel sections shown in figures 1 tofé

may be used if timbergd within the following limitations.

|
f'

Fig. 5 Box Type of Timbering
e

Width ' Height ! Dimensions of Timbering

Maximum ' Maximum ' Caps, Sills ' Legs  'Spreaders(One! Cleats
in Feet ' in Feet ' Thickness ' Thickness 'in every set)' Inches
W ' H ' in Inches ' in Inches ' Inches !
! ! 1 1 1
t ! H 1 !
3 L ! 2 ! 2 Vo1 ox 4 ' 2. x 4
1 H t 1 !
4 "l ! 3 ! 2 'l x 4 ' 2. x 4
1 1 i ’ LS 1
S i 5 : 3 ‘ 3 el X 4 ‘2 x4
J [ 1 1 1
5 L6 : 3 : 3 ek XL 2 x 4

Note: The use of either spreaders or cleats in Figure 5
is required. Cleats shall consist of 2 x 4 inch lumber

not exceeding 3 feet in length.



Height ! Dimensions of Timbering

4 1
Width ! !
Maximum ' Maximum 'Caps, Legs, Sills, 'Spreaders (One ' C(leats
in Feet ' in Feet 'Knee Braces, Thick- 'to every set) ' Inches
W ' H ! ness in Inches ! Inches !
1 t ! 1
4 . 1 1 t
8 ! 8 ! 3 ! 2 x 6 t 2x 6
10 110 ' 4 ro2x6 1 2x 6
H t ! !
Note: Knee braces shall be spaced not exceeding 2 feet
center to center and may be removed immediately preceding
concrete or masonry work at that point.
'?ig. 7k'Modified Box Typeiof Timbering
0 1 i — i
Width ' Height ' Dimensions of Timbering!
Maximum ! Maximum 'Caps, Legs, Sills ' Spreaders (One ' Cleats
in Feet ' in Feet 'Thickness in ' to every set) ' Inches
Wyl W' H '  Inches ! Inches !
! ! 1 ] 1
3 5 ! o ! 2 ! 1 x 4 Y2 x4
5 v 7 1t 7 ! 3 ! 2 x 6 ' 2x 6
g tig ' 10 ! A ! 2 x 6 ' 2 x 6




Fig. & Hexagonal Type of Timbering

-

1 f
Width ! Height ! ) Dimepgions of Timbering
Maximum ' Maximum ' Crown Planks, Set ! Spreaders
in Feet ' in Feet ' Pieces, 8ills ! (One to every set)
1] ! H ' Thickness in Inches ! Inches
H 1 ) i
10 © 10 ! 3 ' o ! 2 x 6
2 ! -t
Fig., 9 Modified Hexagonal Type of Timbering
V [ o
1 1 —
Width ! Height ! Dimengions of Timbering , ,
Maximum ' Maximum ' Crown Planks, Set ! Spreaders B
in Feet ' in Feet . ' Pieces, Sills ! (One to every set)
W ' H ' Thickness in Inches ! Inches
1 1 t
10 .10 b3 : 2 x 6

¥ Use 4 inch plank if léngth of any piece exceeds 6 feeﬁ

§
!
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Fig.

‘Arched 6~Piece Timber Set

Width ' Height ' |

Maximum ' Maximum Dimensions of Timbering

in Feet ' in Feet ! Crown Planks, Legs, ' Spreaders

W ! H ! Haunch Pieces, Sills '(Ohe to every set)
! ! Thickness in Inches . ! Inches
5 ! 6 ! 3 * ! 2 x 6
10 ' 10 ! 3= ! 2R x 6

1 1

H

£ 3
3

Use 4 inch plank if any piece exceeds 6 feet

(8) In excavating heavy soil which cannot be held in place with

t 1 m ber gections shown in Figures 5 to 10, inclusive,

sections showh in Figures 11 and 12 shall be used with the following

limitations.

Fig. 11 Poling Board Method of Timbering
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Width ' Height | i
Maximum ' Maximum ' Sheathing ' Framing Timbersg
in Feet ' in Feet ' Thickness ' Dimensions 'Maximum Spacing
W ; H " in Inches ' in Inches ' in TFeet
] ! L4
5 5 T 2 76 x 6 7 4
7 ! 7 4
83 '8k 4
10 10 3%
t
"' Pig. 12 Poling Bosrd Method of Timbering ?
Width ! Height ' ! ! !
Maximum 'Maxinum 'Sheathing'Set Pieces'Spreaders'Cleats' Knee
in Feet 'in Feet 'thickness'thickness ' Inches 'Inches' Braces
W ! H 'in Inches’in Inches ! ! ' Inches
1 1 1 1 1 1
t H t 1 ? t
4 ' 3 1 12 'o1x4 vV 2x4 ! -
5 1 6 ! 1 13 v 1x4 U 2%, ! =
8 ! 8 ! 1 ! 4 vo1x4 1 o246 1 3
10 o100 ! 1 o6 vo1xd t2x6 ' 4
1 t L 1 ¢ ¢

(9) For tunnels of greater dimensions than indicated in
Figures 5 to 12 or for the modification or combination of sections
of timbering for the same, or for the use of metal liners in lieu of
timbering, plans and specifications Shail be submitted to the .

Industrial Commission f r approval.



—34—.
{(10) Tunnel excavations in which men are permitted to work shall

not be less than 3 feet wide nor less than 4 feet in height. These
measurements apply tc disvance between timbers.

(11) Any metal shield used for tunnel work shall be of a design
subject to the approval of the Industrial Commission.

Ind 6421 Dlechanical Hsulage. (1) When mechaniceal haulage is

ussd, care shall be taken that the speed is not excessive depending
upon the grades and condition of the tracks. HNo cars shall be pushed
undsrground where it is practical to draw and all locomotives shall
be equipped with headlighits and gongs. Trolley poles shall be trailed
vhenever it is possible to do so. No locomotive shall be OPerated by
a person under 18 ysars of age. No gas locomotive shall be used in
any ‘tunnel.

(2) Standing cars shall be blocked.

;ﬁﬁ_§£2é~;§g§g_. All sumps shall be securely covered or fenged
except when being cleansd or repaired. |

PART IV - ADDITIONAL RULES FOR WORK WHEN DONE UNDER
; COMPRESSED AIR -

~Ind 6:23 _Hours of Labor. (1) No employe shall be permitted tb

work longer in compressed air than the hours established in Tablegé.r
(2) The limits of hours as established in Table 7 shall app#y
according to the maximum pressure attalned a2t any time during a phift.
(3) Persons who have not previously worked in co.pressed air
shall not work fofe than ome shift in the first 24 hours. No pe#son»
shall be subjected to pressure in excess of 50 pounds per square inch

exceplt in emergency.
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TABLE 7 ’
SHIFTS AND INTERVALS OF WORK FOR EACH TWENTY-
FOUR HOUE PERIOD

Minimum'Maximum' ' Maximum L rorme= U Maximum
Number 'Number 'Maximum 'First Shift in ;2223:1Ri§t: Second Shifg
of ' of ! Total- ' Compressed A in Compresse
Pounds 'Pounds tngrs P gir-Hours pen Alr-HouTS*, Agr ~Hours

Normal ' 15 v gy 1 e V' e R TTE
15 21 r8 . ! 4 ! 1 i 4
LY 26 v 6 ' 3 ' 1 ' 3
26 '33 Vo4 ! 2 ' 2 ! 2
33 1 38 '3 ! 1% ' 3 ! 1%
38 V43 o2 ! 1 ! 4 ! 1
43 V48 ro1% ! 3/4 ! 5 ! 3/4
48 150 11 1o1/2 ! 6 ' 1/2
t t 1 1]

* Best periocd need not be spent in open air uniess it is
convenient to do so.
! Thirty minute rest period to be taken in middle of shift.

Ind 6.24 Period of Compression. (1) When workmen enter the

lock, air pressure shall not exceed 5 pounds during the first minute,
then the pressure shall be held constent for an interval long enough
to ascertain whether workmen are affected, and a similar pause shall
be made after each 5 pounds raise in pressure.

Ind 6425 Decompression. (1) No person shall be permitted to

pass from the place in which work is being done under pressure to

normal air except after decompression in the intermediate lock as

follows:

TABLE 8
DECOMPRESSION RATES !
i
(Pressure in workings) (Minimum time “to decompress!]
t
]
"Normal to 15 pounds ——===mmwm——= 5 minutes /
15 pounds to 20 poundg=—==mw—==- 10 minutes /
20 pounds to 30 pounds=——=—==—=- ~ 20 minutes 5
30 pounds and above ~=---=-- === 1 minute for each pound of
pressure \

(2) The reduction of pressures during the time intervals
required in the above table of decompression rates shall be accomp—[
lished at a rate as uniform as possible. /

(3) The decompression table shall be posted conspicuously

inside of and at the entrance t0 each man lock. TViolations of +%he
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above schedule shall be noted on the record of the individuval involved.

;

Ind~6wé6/16auqes. (1) A recording gauge to show the rate of

decompression shall be coﬁnected to each man lock. The dial shall be
of such size that the amount of rise or fall in the air pressure
within any 5 minutes shall be readily shown.

(2) There shall be on the outer side of each working chamber
at least one pressure gauge, which shall be accessible at all times
and shall be kept in accurate working order. Additional fittings
shall be provided so that test gauges may be attached at all neces-
sary times. Pressure gauges shall be tested every 24 hours and a
record kept of such test.

(3) Whenever men are working under a laks or stream a competent
man shall be placed in charge of the valves aﬁd gauges which regulate
and show the pressure in the working chamber. He shall not be
enproyed more than 8 hours in ény 24. At no time shall he operate
more than +two geparate alr linss.

Ind 6+27 FExhaust Valves. (1) Exhaust valves shall be provided,

having risers extending to the uppesr part of chamber, if necessary;
and shall be operated at such time as may be required and especi?lly
{

after a blast, and men shall not be required to resume work afteﬁ a

i
i
"

blast until the gas and smoke have cleared.

Ind 6:28_ Communication (1) Suitable means of communicatioh
shall be maintained at all times betwesen the working chamber and the

i
i

power houseyand the surface.

Tnd 6?29’ Safetvy Screens. (1) In the construction of tunnei%,
when the tunnel heading extends beyond the shore line, screens shall
be installed when-necessary, and thghgg%a@n shall at no time be at a
distance of more than 200 feet behind the face. |

(2) Whenever compressed air is employed in caisson work and

the working chamber is less than 12 feet in length and when such
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caissons are at any time suspended or hung while work is in progress

sb that the Dottom of the excavation is more ¢ feet helow the deck of
the working chamber, a shield shall be erected therein for the protec-
tion of the workmen.

Ind 6 30__Locks. (1} Each bulkhead in tunnels of 12 feet or

more in diameter or equivalent area, shall have at least two locks in
perfect working condition, one of which shall be used as a man lock.
An additional lock for use in case of an emergency may be required by
the Industrial Commission.

(2) The man lock shall be large enough so that those using it
are not compelled to be in a cramped bosition, and skall not be less
than 7 feet in height. Emergency locks shall be large enough to hold
an entire heading shift.

(3) A1l locks used for decompression shall'.be lighted by
electricity and shall contain a pressure gauge, & tlmeplecefégjglass
"pbull's eye" in each door or in each end.

(4) Velves shall be so arranged that the locks can be operated
both from within and from without.

(5) A suitable ladder shall be provided from the tops of all
locks to the surface. The side rails of the ladder shall extend at
least 3 feet above the landing.

(6) Vertical air locks used for the passage of men shall be
provided with platforms of sufficient area to accommodate all men
admitted to the lock.

Ind 6’91 Comnressor Plants. (1) A good and sufficient air

compresgsion
ompresion plant shall be provided to supply air for all conditions,

including periocds of repair oy emergency.
(2) This plant shall be capable of furnishing to each working
chamber a sufficient air supply for all preséures to enable work to be

done as nearly as possible in the dry.
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(3) There shall be two complete compressor plants to suphly

air for the compressed air work. The power supplies to each unit

‘shall be from independent sources. The units shall be 10 fest

ggﬁggg seggrately. The air intake of the units shall be 50e%ee%p?§§ma%§e
Fff Duplicate air feed pipes shall be provided for the compres-

sor plant to a point beyond the lock whenever work is being con=~

structed under ponds, rivers and lakes or other bodies of water.

Ind 6.32 Sinking of Caigsons. (1) HNo caisson shall be dropped

by the method of removing the air pressure therein for a greater

depth than 24 inches, and then only by the person in charge at the

time .

ing of Caissoms. (1) All caissons shall be pro=-

perly and adequately braced before loading with concrete or othef

waeight., k
Ind 6.34 Sanitation and Ventilation, (1) An air chamber shall

not be contaminated by any excretion or other nduisance. Containers
shall be provided when necessary.

(2) HNo smoking shall be permitted in the air chamber.

(2) The supply of fresh air to the working chamber shall be
sufficient at all times to permit work to be done without danger or
discomfort. All air supply lines shall bs equipped :with check valves
and carried as near to the face as practicdble when used for venti-
lation. The air shall be analyzed as required and a record kept of
the same.

(4) Care shall be taken to keep all parts of tunnel, caissons,
and other working compartments, including lockers, dry rooms, rest
rooms and other equipment in a saritary condition and free from
refuse, decaying, or other ojectionable matter.

(5) When temperatures in underground workings exceed 95 degrees
F., effective means shall be employed to reduce such temperatures.

This requirement does not apply to tunnels extending less than 50 feet
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- from shafts.w )

WMLWWM&M (1)

Ch i Clothes. Men working in compressed air shall be
required %to change clothes at the start and termlnation of shifts.
The change shanty as required in sectlon Ind éw%@ shall be located
immediately adjacent to the shaft and access to it shall be protected
by a canopy entrance from the shaft.

(2) GCoffee and Utensils. A sufficient supply of hot coffee and
sugar shall be supplied to men working in compressed air at.the term=-
ination of shifts and during rest periods. Coffee shall be heated by
means of other than direct steam. Coffee containers and cups shall be
‘kept in a clean and sanitary condition at 211 times. All containers

shall be kept covered at all times.

(3) Restricted Persons. The following persons shall not be per-
mitted under compressed alir:
| (a) Persons addicted to the excessive use of intoxicants or drugs
(b) Persons suffering with general arteriosclerosis, high blood
pressure, heart lesions (vélvular or muscular), disturbances of blood
‘circuiation, chronic or acute respiratory diseases, or any disease of
. the kidneys. Every applicant for employment should submit a spécimen
or urine for analysis.

(c) Fat 1nd1v1duals, undernourished, or anemic persons.

(1) Any person or
corporation carrying on any work in the prosecution of which men;are
employed or permitted to work in compressed air, shall employ onéfor
more qualified medical officers, who shall have had experience, d%
shall have familiarized himself with compressed air work, whose dhty
it shall be to strictly enforce the following: |

() No person, including authorized inspectors, shall be per-

mitted to enter compressed air zones unless he shall have been
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examined and certified by a physician as being physically fit for
activity in compreassed air.

(p) In the event of absence from work of any employe for 5 or
more successive days dus to illness, he shall not be permitted to .
resume work until he has been re-examined by the physician and his
physical condition reported to be such as to permit him to work in
compressed air,

(¢) After a person has been employed continuously in cq?pressed
air for a period of three months, he shall be re-examined byffhe
physician and he shall not be permitted %to work until such gé—examina-
tion has been made and he has been reported as physically qualified to
engage in compressed air work,

(d) A compleite and full record of examinations made by the
physician shall be maintained. A uniform examination blank, pre-
scribed or furnished by the Industrial Commission, shall he used byﬁ~
each medical examiner, and the record of such examinations shall bqf
available to the Industrial Commission. A 1list of the employes wiih
the dates of their physical examinations shall be available at the -
location where the work is in progress.

(e) In cities and communities in which no hospital or health
institution maintains a medical air lock, such a lock shall be estab-
lished in connection with all work in compressed air when the maximum
pressure exceeds 17 pounds. Such locks, if cylindrical, shall not
be less than 5 feet in diameter, and if rectangular, shall not be less
than 5 feet in width and 5 feet in height. The lock shall consist
-of two compartments, each compartment long enough to accommodate a cot
with sufficient clearance to permit opening and closing of doors.

Each door shall be provided with a bull's eye and fitted with air
valve so arranged to be operated from within and without. Such lock

shall be kept properly heated, lighted and ventilated, and shall
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contain an air pressure gauge, a telephone and cot. Such lock shall be
under the control of the physician in charge and there shall be main-
tained in close proximity a first-aid room, which shall contain
medical and surgical appliances necessary for first aid in case of

accldent.

(f) A wrist identification tag shall be furnished by the
employer to all employes advising police officials that the employe
is a compressed air worker; stating location of medical lock, and
stating that in case. of emergency an ambulance surgeon shall remove
the patient to the medical lock and not to the hospital.

(g) All ceses of compressed air illness shall be reported, by
the employer, to the Industrial Commission onrn a uniform blank
furnished by the commission and copies of all such reports shall be

kept on file at the plant whers the work is in progress.

fed ln accordence with

n the Industrisl Comuissi

port of @giagam<@i%@&ﬁa,

(2) SB-43 Fuysiclan's Rapert of Physical Fitness for Workers Under

Comprassed Alr,



