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l. GENEFAL 

1.1 This section is intended to provide BEA borrowers, consulting 
engineers, contractors and other interested parties with technical 

information for use in the design and construction of REA borrower's 
telephone systems. It discusses in particular the design and construction 
of manhole and underground conduit systems. 

1.2 Underground conduit and manhole construction for BEA borrowers 
usually will be by contract from plans prepared by a consulting 

engineer. ·The plans will detail the tn,e(s) of manholes with associated 
bardw.re and tn,e(s) of conduit with conduit con:figura.tions, as well as 
the location of the manholes and the routing of the proposed conduit 
system. The construction plans and specifications should also show the 
grades or level of the conduit as required and the location of subsurface 
structures that will be encountered. The Contractor will supply the 
labor and material necessary to build the manhole and conduit system in 
accordance with the engineer's plans. 
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1.3 It is customary to provide more ducts than initially needed because 
of the greater expense of reopening the trench and adding ducts to 

the existing conduit structure. 

l.4 The Engineer should become familiar with federal., state and 
municipal regulations, ordillances, and franchises relating to 

underground structures. 

1.5 The Engineer should consider the economic feasibility of placing 
plastic flexible conduit in conjunction with buried cable where 

it is anticipated that future roads, streets, subdivisions, shop!)ing 
centers, etc . , may be constructed in the near future. It may also be 
considered for those areas where there are numerous underground facilities 
and in new housing developnents where an unpredictable a.mount of upgrading 
may be required in the future. This conduit plant would facilitate the 
installation of reinforcement cable in the future. 

2. UNDERGROUND CONDUIT AND MANHOLE APPLICATIONS 

2.1 Underground conduit and manholes should be considered for the 
follo'Wing conditions: 

2.11 Where public authorities will not permit aerial construction, 
where direct burial plant is inadvisable and where alternate 

aerial or buried routes are not practicab~e. 

2.12 Where the appearance of an aerial entrance cable to a central 
office buiJ.ding would be objectionable and where buried cable 

would not be practicable due to anticipated subscriber growth. 

2.13 For crossing parkways or limited-access highw.ys where highway 
authorities prohibit aeria.J. crossings. 

3. TYPES OF CONDUIT AND USE 

3,1 Various tn,es of conduit are available and suitable for installation, 
but specific application in reference to comparative economics of 

costs and enviroill!l.enta.J. conditions should be evaluated by the Engineer. 
Costs would encompass the actual cost of the conduit plus cost of shipnent 
from the closest supplier, breakage or damage, and installation costs 
relative to the manpower skills required. 

3.2 The tn,es o~ conduit most frequently considered are: 

3.21 Multi-Duct Clay Conduit - Available in bore sizes of 3 1/4", 3 1/2", 
and 4". Dowel pins are required for joining and aligning indivi­

dual sections, and the jointing requires wrapping with mortar bandage, 
tape and mortar, etc. Mitered duct is required to form curved sections. 
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3.22 Mul.ti-Duct Concrete Conduit - Available in bore sizes of 3 l/2" 
and 4 l/2". Basically two types a.re available, one with bell 

and spigot design with joint sea1s utilizing rubber gaskets and/or joint 
sea)jng compound., and the other type utilizes a polyethylene s1eeve with 
dowel pins for alignment. In both types, short joints., miters, split 
conduit and s-pecial adapters, such as concrete to steel, concrete to 
concrete., and concrete to plastic are standard :ma.nuf'actured materials. 

3.23 Asbestos-Cement Conduit (ACD) - Available in inside. diameters of 
2", 3", 3 l/2"., and 4" and available in two types: ACD Type I 

(thin wall} for insta11ation with concrete encasement.and ACD Type II 
for insta.J.la.tion in earth without concrete encasement. Plastic couplings 
with sealing compound are used for jointing. Conduit bends, sweeps, 
curved segments, adapters, etc., are manufactured standard items. Spacers, 
both plastic and/or concrete, are available for bui1ding conduit formations 
with from l" to 3" separations. The conduit can readily be cut at the job 
site using a coarse-tooth hack saw, a six point rip-saw or a pipe cutter. · 
Tapering is required if the conduit is cut. 

3 .. 24 Fiber Conduit - Fiber conduit is a fornua,tion of fiber pulp 
impregnated with hard coal tar pitch. Available in inside diam­

eters of 2", 3", 3 l/2", 4" and in two types: Type I (thin -wall) for 
use with concrete encasement Slld Type II for insta.J.la.tion in earth with­
out concrete encasement. Plastic couplings are used for jointing. Con­
duit bends, sweeps., bell ends, adapters, reducers, p1ugs and caps, -etc., 
are manufactured st.andard items. Spacers, both J;>la.stic and concrete, 
are available for building conduit fonnations with from l" to 3" separa­
tions. This conduit can be cut on the job with an ordillary coarse tooth 
band saw. Tapering is required if conduit is cut. 

3.25 Plastic Conduit~ Available in inside diameters of 2", 3", 3 l/2", 
and 4" and in two types: Type I (thin wall) for concrete encase­

ment and Type II for direct earth insta.J.la.tion. Its semif1exibility 
permits gradua1 changing of the width and height of a dQ.Ct bank without 
the use of s-pecial miter fittings. This type conduit has a low coefficient 
of friction so that longer conduit runs can be considered •. Refer to Para­
graphs 6.2 and 6.3 for application considerations. Jointing is accomplished 
with a -plastic couIJJ.ing and solvent cement. Sweeps, adapters, plugs, bell 
ends, etc., are standard items of stock. Plastic conduit can be cut with 
a hack saw. Plastic s:pa.cers_ a.re available for building conduit formations. 

3.26 Plastic Flexible Conduit - Available in insit1e diameters of 2" and 
. in 500 foot lengths ( coi1s). Watertight jointing is ma.de by heat 

fusion with caps, ells, etc., available as standard items. There are 
basically two types of flexible conduit: one has both inside and outside 
walls of smooth finish. This conduit can be installed either by trenching 
and/or ploWing. The conduit is relatively flexible and may be bent in a 
radius as sharp as four feet without kinking. S-pecial fittings are not 
usually necessary to make turns, di-ps, and bends. Where other service 
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lines or pipes are encountered, long lengths of the conduit may be fed 
under the other underground utility lines or pipes and pulled through, 
thereby eliminating the need for splicing the conduit. Since the outer 
jacket of cables to be installed in the conduit ±s polyethylene, the 
coefficient of friction between the cable and the conduit is. substan­
tially reduced and longer pulls may be ma.de depending on the size of 
cable to be installed and the number of bends in the conduit run. 
Successful cable pulls up to 2,000 feet have been ma.de through this 
conduit with cables up to an inch in diameter. It is not unreasonable 
to expect that manholes or pull boxes can be spaced at intervals in 
excess of 1,000 feet when cables having outside diameters of 1.6 inches 
a.re to be installed. This conduit can be installed in multiple configu­
rations. It may also be placed in a very tla.I'Tow trench and where a 2 11 

ID is adequate, this conduit is probably the most economical type to use. 
The other type of flexible conduit is molded with a corrugated wall but 
limited to subsidiary conduit routes only. This corrugated conduit must 
be placed on a horizontal plane only ( side by side). 

3.27 Steel Pipe - Steel pipe is intended for use for conduit runs only 
in s:pecial conditions whereby conduit materials described in the 

preceding paragraphs of this section would not be practicable. Such 
conditions might include locations where trenching could not be done and 
the conduit must be placed by means of a pipe pusher. Steel pipe is 
available in all commercial sizes and can be obtained with threaded ends 
and couplings or with plain ends. 

3.28 Sewer Tile - Sewer tile is available in all commercial sizes and 
is used primarily for manhole drains or sumps. 

3.29 Cast Iron Bend - Cast iron 90° bends are available with inside 
diameters of 2 11 , 3", and 3 1/2" and with radii of 24" and 30". 

Cast iron bends are use~ for extension of the subsidiary conduit for 
termination on poles or buildings. Concrete encasement is not required 
with this installation. Pipe caps and couplings a.re standard manufac­
tured items. 

4 • MANBDLE TYPES AND USE 

4.01 All manholes shall be designed and constructed so as to provide 
sufficient and suitable space for the cables and associated 

equipment to be installed therein. The type and size of manholes 
reasonably antici1)8.ted in the REA program are shown diag:ra.1DIEtically 
in the following Figures l through 7, 
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FIGURE l 

Manhole Type UM-A 
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FIGUBE 2 

Manhole Type UM-L 
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Note: Dimensions reflect minilDlllll inside dimensions of the 
ma.Ilholes. 
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Single Racking 

Single Ra.eking 

I f 

7'-6" 

FIGURE 3 

ManhoJ.e Type UM-J 
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7' "!'6" 

Figure 4 

Manhole Type UM-T 
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Note: Dimensions reflect minimum inside dimensions of manholes. 
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FIGURE 5 

Manhole Tyi)e UM-X 
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. FIGOEE 6 
Manhole Type UM-Y. 
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i'IGURE 7 
Ms,nllol.e Type UM-V 
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4.02 Headroom - The headroom required in each manhole will be shown 
on the detailed drawings. In general., the headroom must be · 

sufficient to provide suitable racking S];)S.ce for each cable to be placed 
plus a clear space of 12 inches just above the floor and also just below 
the roof of the manhoie. The cables will be racked on 6-inch centers 
vertically. The minimum headroom to be provided for the various manhole 
types is as follows: 

Type UM-X 
'lype UM-Y 
Type UM-A 
Type UM-L 
Type UM-T 
Type UM-V 
Type UM-J 

4.03 Design of Manhole Floors 

3 1 -6" 
4 1 -0 11 

51 -6" 
5'-6" 
5'-6" 
5 I -6" 
5 I -6" 

4.031 In firm soil, it is suggested that unreinforced concrete be 
used for the floor. For manholes with unreinforced concrete 

walls, the floor should be 4 inches thick and for a manhole with 
reinf'orced walls the floor should be 6 inches thick. 

4.032 In fluid soils reinforced concrete is required for the manhole 
floor. Table 1 and Figures 8 and 9 reflect the design consid­

erations for reinforcing and thickness of manhole floors in fluid soils. 
For rectangular manholes having a depth of the finished floor of not more 
than 16 feet below the surface, the floor sball be 6 inches thick and 
shall be reinforced with 5/8-ingh round deformed bars spaced 8 inches on 
centers. 
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TABLE 1 

Manhole Floor Design Requirements for Floor 
Thickness and Reint'orcement in Fluid 

Soil for Tn,e UM-V Manholes 

S1)8.cillg ot Reinforcement - (See Fiaure 8) 
tll 

'1-l Q) 

0-§ § < &Q 0 
tll s:: tO tO ~ tll ..... s s:: s:: Q) .._.,... 

'" ..... ..... 
_5 M ~ C) C) C) 

C) 0 ::s & & g. 
..... 0 tlJ tll tll 
~~ ( inches) 

6 8 9 ll 

6 8 9 ll 
6 8 9 ll 

6 8 9 ll 
6 8 9 ll 

6 8 9 ll 

6½ 1 
_, 

8 10 

7 6½ 8 10 
7 6½ 8 10 
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lope noor 'l'owrd Su.p 

FIGO'F.E 8 

Design Floor Detai.ls For Type UM-V Ma.Ilholes 
To Be Constructed in Fluid Soils 

See Table 1 for thickness of floor and spacing of reinforcement. 
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FIGURE 9 

,, 

Design Floor Detail.a for Rectangular .Ma.nholes 
T0 Be Constructed in Fluid Soils 

. ,ovva s-, :::::::., ~ M [1. Slope noor 1• 

_. _.. _. lJ~;. . . . I 
8ecUC11 'nlralacb noar 

4.04 Sump or Drain - A sump or drain shall be located directly under 
the manhole cover and at a depth such that the finished surface 

of the floor may be graded toward the sump or drain. The sump or 
drain will be at least 8 inches in diameter or 8 inches square. A 
satisfactory sump or drain can be made with a l2-inch length of 8-inch 
sewer tile. Figure 10 indicates two types of design considerations. 
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FIGURE 10 

Design for Manhole Sump or Drain 

Sump - Drain 

12" Length or 811 sewer tile 

--- ..... sump Pit - Approximately ie"xl8"xJ.8" 
Compacted crushed stone 

For use vhen floor is above vater level 

Sump 

~.}.~· .. ·. ~ i:____.... 4" Concrete 12" Length or 8" sewer tile---~....-... 1•.. -~ ,~ 

For·use vhen f'1oor is belov vater level 

- 12 -



REA TE & CM 643 

4.05 Design of Manhol.e Walls - Tabl.e 2 shows the wall thickness and 
reinforcement required, if any, for concrete walls of manb.ol.es 

to be constructed in firm soil. or fluid soil.. It will be noted in this 
tabl.e tbat the variations in thickness of concrete walls and the amount 
of vertical. reinforcement required varies onJ.y-with the depth of the 
manb.ol.e walls • The vertical. reinforcing bars shoul.d be of a length 
su:f'ficient to extend one inch f:rom the bottom of the concrete floor to 
within one inch of the top of the maDhol.e roof. In addition to tlie 
vertical reinforcement given in Tabl.e 2, it will be necessary to pro­
vide some horizontal. reinforcement. For walls up to 12 inches thick..,­
the horizontal. reinforcement shal.l consist of round bars 3/8-inch in 
diameter or larger spaced 12 inches on center. For walls more than 12 
inches thick, the horizontal. reinforcement sball consist of round bars 
5/8-inch diameter or larger spaced 12 inches on centers. The horizontal. 
reinforcing bars shoul.d be of a length su:f'ficient to extend to within_ 
one inch of the outside surt'aces 0f the two adjacent walls. 
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FIGUBE 11 

Typical Manhole Wall Reilltorcing Design 

See Table 2 

TYpic:al Wall !'e1nto1"C1pg W1 thout Coll.dui t vtndov 
1• 

't(pic:al. Wall Re1nrorc:1np; With Conduit Window 

l" 
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4.o6 Design of Manhole Roofs - The designs of reinforced concrete 
roofs is reflected in the following Tables 3 and 4 and Figures 

12 and 13 for both rectangular and Type UM-V ms.Db.oles. 

TABLE 3 

Roof Thickness and Reinforcement 
For A1.l Rectangular Manholes 

Inside Width of Manhole Roof Thickness 

3'-0" 
3' -6" 
4 1 -0" 
4 1 -6" 

6" 
6" 
7" 
7111 ,2 

Reinforcement consists of 1/2-incb round deformed bars. 

T.AJ3LE 4 

Roof Thickness and Reinforcement 
For UM-V Manhole 

Inside Width or L~ngth 
Whichever is Thickness-of Sl)S,cing • 

Greater Roof (inches) B and C (inches) 

8 I -0" 11 5½ 

9'-0" 111 2 5½ 

10'-0" 12 5 

11'-0" 12½ 5 

12'-0" 13 4½ 

Reinforcement consists of 3/4-inch round deformed bars. For fra.ctioml 
distances use next greater thickness. 
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FIGURE 12 

Roof Design for Rectangula.r Manholes 

... ; .... 
' . 

Rectangular 
Manholes 

Locatioa of op••i•c i• roof to b• •• ap•cifiad by !ag1aa•r 

l•iaforc•■••t to coaaiat of 112• rouad dofor••d bara 

FIGURE 13 .. 

Roof Design for UM-V Manholes 

laiaforc••••t •c• 
S 112· o.c. 

3• o.c. 

]'" o.c. 

laiaforca■aat •1• 
S 1/2'" o.c. 

UM-V Manholes 

Locatioo of o,••i•c la roof to b• •• apecifi•d by !nci•••r 

.. 't O • • I .. •• •• .... , •, , .,. ◄.. 4 

11 1/2" ~~:'.:..-·..L...----....,;::·-=-··.:...;• ... ··_ .. ,~.:...·-•;:.;•_ .. _,_-. ........... ,•~ 
... \ 

--~­' • .A_ 

SECTIO!f A-,. 
llaiaforc••••t to coaaiat of 3/4• rouad dafor••d bars 

- 17 -



RF.A TE & CM 643 

4. 07 Manhole Openings - The manhole opening size is determined by the 
type and size of the ma.Dhole frame. The diameter of the opening 

at the base of the frame should approximate the diameter of the opening 
in the ma.Dhole roof. Table No. 5 presents the proper size of manhole 
opening form to be used with the manhole frame of the indicated size 
and tn,e. 

T:vce 

B 

B 

B 

SB 

SB 

R 

R 

TABLE 5 

Mmlhole Opening Form for Size 
and Type of Manhole Frame 

ManhoJ.e Frame Manhole Opening Form. 
Size (:i.nches) Size ( inches ) 

24 34 

27 38 

30 4J. 

27 34 

30 38 
-

27 28 

30 31 

4.08 Manhole Wall Recesses - It is necessary when recesses are 
constructed at conduit entrances, that sufficient concrete is 

placed between the face of' the recess and the wall of the excavation 
to provide a watertight bond. The concrete thickness should equal 
at least one haJ.f" the mallhole wall thickness • If conduits a.re splayed 
as they enter the ma.nhoJ.e, 'recessing of the duct bank is normalJ.y not 
required. Additional. inf'ormation is noted on Figure J.4. 

- 18 -

( 



P.EA. TE & CM 643 

FIGURE 14 

Conduit Entrance Recess 

Thickne•• of coacrece 
~ere co equal ac 
leaec 1/2 Che thickn••· 
of th~ ■aahole vall 

Inaide Wall 
of Manhole 

Sheeting for 
ezcavacion 

A.•,• for cond11ic ent?'ances 1n UM•V ••.nhol••• 
a• for n&in cond11ic entrances on side vall• of 
rectan11114r manhole ■ a~d J" for other ■ain 
conduit entranc••• 

IOTE& When rec••••• are deaired for future d11cc 
cha Engineer should specify the ■ iae and 
locacioa of such rec•••••• 

4.09 Cable Racks and Cable Back Slll)ports - At the time the mallhole 
is constructed, inserts should be placed in the walls for 

attachment of the ultimate number of cable racks or cable rack SUPi:>Orts 
which will be needed in the ma.Dhole. Spacing of cable racks should be 
as follows for manhole sizes as shown in Figures l - 7. For ma?lholes 
of different sizes the Engineer should· indicate on the construction 
drawings the rack spacings. 

4.091 Type UM-A, two racks spaced 30 inches from the end walls will 
provide a 30-inch separation between cable racks for the 

splicing bay. 

4.092 Type UM-L, UM-T and UM-J, two racks spaced 30 inches from the 
end walls provides a 30-inch separation between racks for the 

splicing bay. 
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4.093 Ty:pe UM-V, on the two side walls, two racks s-pa.ced 24 inches 
from the small end wall. Thence, 30 inches from the first 

rack will provide a 30-inch separation between racks for the splicing 
bay. Two racks placed on the end wall 27 inches from the two side 
walls will provide a 30-inch separation between racks for the splicing 
bay. 

4.094 Ty:pe UM-X, one cable rack spaced equidistant from the two 
end walls. 

4. 095 Ty:pe UM-Y, two cable racks s-pa.ced 18 inches from the two end 
walls :provides a 30-inch sepa.ration between cable racks for 

splicing. 

4.096 The number of verticaJ. cable racks as determined by the 
headroom of the :manhole is indicated in Table 6 below, and 

ty:pical installations are shown on Figures 15 and 16. 

TABLE 6 

Number of Racks Per Vertical. Strip of Racks 

Headroom Number of Racks 
14 Hole Racks 18 Hole Racks 37 Hole Racks . -

5'-0" 1 1 0 r 1 
5 I -6" 2 0 r 1 
61 -0 11 2 0 r .1 
6 I -6" 3 . 
7'-0" 2 l ,, 
7'-6" 1 2 
8 1 -0 11 3 
8 1 -6" 4 
9 I -Q" 3 1 
91 -611 2 2 

10'-0" 1 3 
10 1 -6" 
11'-0" 4 1 
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Size of Rack Distance Between Mounting Bolt Holes 

8 Hook Holes* 13 l/2 inches 
14 Hook Holes 221/2 inches 
18 Hook Holes 28 l/2_inches 
37 Hook Holes Not equipped with bolt holes 

* The 8 hol.e rack is normally used in side wall sl)ace above or below 
existing racks or in end walls for placing cable stubs or subsidiary 
cables. 

Tn:>ical Cable Rack Installation 

.,, .. ,.·6\ ... ,· •• ;..·, . :., -"" ... • .... ,.,.,.. ,. ' .,, ... ,.., 
.,·.· 
~-.: Place lolc 

ia 6cll lo•lr. 
Role fro• 
top. 

37•Hol• 
Cable Rack 
01" Tvo 18• 
Role lack.a 

A 
,i:~t~.\ ;_~4·-:,: · -~: ~~ •... 

•'· 

'.,: 
:,._ l.ack 

·SU'P'POl't 

.. 
·.• 9" 

24'" I. 

A S!CTJ91 A•A 
Hot••• 1. Ch••••• ia locacioaa of c~bl• rack.a, a4ditioaal rack•, or 4iffereat type cable 

rack• will bo apecifia4 by th• !a1i•••r vhea required. 

2. le fore ao11acia1 cable rack •11"Pporta •• wall• chi'P away any proj ectioaa oa t.he va11 
which ai1bc pre•eac e••• beeri•I of th• aupport a1ainat the wall. 

FIGUBE_l5 
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Typica1 Cable Rack 

112• • 2 112• 
Cal•• •aclliae 
lolt •Uh 112• 
Coaeroco l•••rt 

FIGUBE 16 

Mounting Bolt Holes 

11 or l7 Bole lack 

1/2• • 1 3/4• Cal•. 
Machia• lolt aad Hu~ 

11 or 37 lole lack 

4.10 Pull.ing-In Irons - One pulling-in iron is required to be placed 
in the wall opposite each duct entrance at a point from six to 

twelve inches below the ducts with which they are associated 8Jld in 
line with the center line of the duct or bank of the ducts. With a 
six inch concrete wall, the vertical legs of the iron should bear 
against the outside face of the wall. For heavier walls, the legs 
should be embedded in the concrete of the wa1l as indicated 1n Figure 18. 

- 22 -
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Typical. Arrangement of Pulling-In Irons 

FIGUBE 17 

I 

\ 

Wall of !fanbole 

FIGUBE 18 
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4.ll Frames and Covers - The following types of manhole frames and 
covers are available as standard manui'actured items and should 

be considered for usage. 

Type B.Fram.e and Cover 

1 

m.:izz-a... _____ ~ __ .. _•_i_n_f_o_r_c_i_n_g_ll_i_b_• _____ ~~~ __ L 
ror u•• vhea handlin1 

FIGURE 19 

4.lll Type B frame is used in areas of street, alley, roads and 
highways. 

Type SB Frame and Cover 

Corrugations 

5-5/8" 

~::.::::z::;;:::Z__...::::::==--------+---- 'Cz:::z:z::z:::::=. _L 
Reinforcing Ribs 

FIGURE 20 

4.ll2 The Type SB frame is usually used in roadway regrading where 
advantage may be taken of shallower depths • Where the type 

of surfacing will permit, the SB frame may be used on new construction 
as an alternate to the Type B frame. 

Type· R Frame and Cover 

FIGURE 21 

4.113 The Type R frame is used in areas not subject to loads imposed 
by vehicular traffic such as in sidewalks, and median strips. 
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4.12 The manhole frame should be supported on a brick collar construc-:;ed 
as shown in Figure 22. The colJ.ar should be of sufficient heigh-'i; 

to bring the cover flush with the grade of the travel surface • The height 
of the brick collar should be at least 8 inches in highway locations, and 
where there is any probability tbat the grade will be lowered. When the 
manhole is located in grass plot areas, and the Tn>e R frame is used, the 
manhole roof should be not less than l2 inches below the ground surface to 
provide sufficient cover of soil so that the sod can reestablish itself. 

4.13 The solid manhole cover should be used for all manholes. The 30-
inch frame with heavy duty cover should be used on all manholes 

for which there is heavy vehicle traffic and to provide light and venti­
lation within the manhole if required. 

4.14 The 27-inch frame is used in general construction on all tn>es of 
. manholes with the exception of the 30-inch frame as stated above. 

The 24-inch frame is normally used on Tn>e UM-X and UM-Y manholes. 

Tn>ical Manhole Collar 

Irick Collar-

• I .... A . I.,,,,' • '., • I 
• • " ' " . • .. 4 '· ·- •.•.• 
•• f I • I • • • 4 

... .. ... '. 
. '. 
v. .,. . 

Secctoa A-A 

FIGURE 22 
NOTES: 

Use 2" x 4" x 8" common brick for the manhole collar. l. 

2. Broken bricks are not to be used as a means of adjusting the frame 
to grade. - 25 -
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3 . Top the up-per course of bricks with a layer of mortar in which to 
bed the manhole frame. 

4. Thoroughly fill all joints with mortar both inside and outside the 
collar. 

5 . The brick· collar sl:Ja.ll have a minimum of t"WO courses of bricks. 

4.15 Consideration should be given for utilizing light ladders for 
entry and exit in manholes and the placement of manhole steps 

should not be necessary. 
. 

4.16 In general, ma.in conduit should enter the manhole as near as 
practicable equidistant between the floor and the roof and 

centered between the end walls. In Types UM-L, UM-J and UM-T manholes, 
the ducts entering the side walls should be located about 4 inches from 
the end wall which is farther from the central office. A minim.um 
clearance of l2 inches should also be maintained between the ma.in con­
duit formation and the roof or floor of the manhole. Unless otherwise 
indicated on the detailed plans, recesses should be provided at the 
duct entrances. Subsidiary ducts should be entered so as to provide a 
clearance of 4 inches from the roof and from the adjacent wall. 

5. MANHOLE AND CONDUIT LOCATION 

-· 5.1 Design drawings sball be pre-pared by the Engineer to show specific 
manhole l.ocations and the route of conduit between manholes. See 

Exhibit "A", "B" and "C" for typical conduit and manhole layout. In 
general, manholes should be located so as to avoid wmecessary hazards 
and also so tbat future work. in the .manhole will cause minim.1JI11 inter­
ference with the normal flow of vehicular traffic. Me.Ilholes should be 
located outside the travelled portion of the road wherever possible. 
Where they must be in the travelled portion, avoid street intersection 
locations wherever possible. In built-up areas where the possibility 
of undisclosed subsurface conditions exist, test boles may be required 
to verify that the construction can be carried out as planned and to 
avoid useless excavation. The test holes should be dug one foot deeper 
than the de-ptb of the proposed manhole excavation. If foreign pipes 
or other structures are encountered in the test boles, immediate steps 
should be taken to determine their ownership. If the structure cannot 
be removed readily, a decision must be ma.de as to the practicability 
of (a) sbi:f'ting the manhole, (b) arranging with the· owning company for 
a cbange in the route of their plant or (c) including the structure in 
the manhole. The pens.lities or cost associated with each of these 
alternatives should be carefully considered before a decision is reached. 
Springs or underground streams will increase construction costs and should 
be avoided if practicable. Local, county or state ordinances will generally 
regulate the route location of pro-posed conduit systems as well as subgra.de 
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structures. The Engineer will coordimte all proposed manb.ole locations 
and conduit routes with the appropriate public or private agencies to 
acquire right-of-way easement, and/or pel'?rlits as required prior to actual 
construction. Profile drawings should~ be required. In congested 
areas, coordimtion with city or county engineers and utility companies 
should be sufficient to locate and detel'?rline depth of subsurface struc­
tures. Refer to Paragraph 7. 26 for grading requirements of conduit. 

6. LENGTH OF CONDUIT SECTIONS 

6. l The length of the conduit section, manhole to manhole·, manhole 
to termination or termination to termination, will depend on 

the size (diameter) and ty:pe of the conduits and cables to be installed. 
Conduit sections between manholes should be as long as practicable to 
reduce the number of manholes, splices and setups for pulling-in cable, 
but not of such length as to cause damage to the cable in pulling it 
into a duct. 

6.2 The maximum conduit section should be not normal:Ly greater than 
1500 feet. Lengths of 600 to 1000 feet are ty:pical. Achieving 

this distance may be restricted by junction points, loading points, 
offsets and the amount of curvature in the conduit line between manholes. 
An offset is a change in plane of one portion of a straight conduit line 
relative to the remainder of the line. If an offset is not over about 
5 feet and the radii of curvature used in offsetting are as large as 
100 feet, an offset should not reduce__ the pel'?rlitted section length. 

6.3 -Bends, twists.or curvature in a conduit line can be ma.de to 
cba.nge the general direction of the line as at street corners 

or curves or to avoid underground obstructions. With l,000 feet as 
the length for a straight run, it is necessary to shorten the run 
between manholes if it bas a turn. The amount of the shortening will 
depend on the radius of the turn and the angle of the change in direc­
tion of the line. Instructions are furnished by the conduit manufac­
turers or suppliers for the minimum standards as a-pplicable for the 
tn,e of conduit to be employed. 

6.4 The conduit length limitations given in Para.graph 6.3 take into 
consideration the problem of du~t rodding. A 15-foot radius, 

90-degree turn is the minimum pel'?rlissible for rodding with 3-foot, 4. 
pound quick cou-pling duct rods because of their weight and the friction 
created in pushing them through a duct. 

7. EXCAVATmG AND GRADING 

7.1 Excavating (Mai'lholes) 

7.ll The length and width of the excavation for concrete manholes 
should be such tbat the manhole can be constructed with the 

interior dimensions as specified on the detailed plans and with walls 
of the necessary thickness at the point of minimum dimension. 'Where 
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sheeting is required to prevent caving, the excavation should be enlarged 
accordingly to account for the sheeting. Table 7 may be used for deter­
mining the minimum length and width of the excavation. 

TABLE 7 

Length and Width of Excavation 

(a) Concrete manhole without sheeting ( use Figure in table) 

( b 1
) Concrete manhole with 2" sheeting ( add 4" to Figure in table ) 

I Length or Width Thickness of Manhole Wall in Inches 
of inside of 6 7 8 g 

Manhole Len&l:th or Width or Excavation . 
ft. in. ft. in. ft. in. ft. in. 

I 
3'-6" 4 6 4 8 4 10 5 0 
4 1 -0" 5 0 5 2 5 4 5 6 
4 1 -6" 5 6 5 8 5 10 6 0 
5'-0" 6 0 6 2 6 4 6 6 
5 1 -6 11 6 6 6 8 6 10 7 0 
6 1 -0" 7 0 7 2 7 4 7 6 
6 I -6" 7 6 7 8 7 10 8 0 
7 I -0" 8 0 8 2.. 8 4 8 6 
7'-6" 8 6 8 8 8 10 9 0 
8 1 -0 11 9 0 9 2 9 4 9 6 
8 1 -6 11 9 6 9 8 9 10 10 0 

7 .12 Depth of Excavation - The depth of the e·xcava.tion for manholes 
should be sufficient to allow a floor of the required thickness 

to be placed and still provide the necessary headroom, etc. The 
following measurements should be totaled to determine the depth of the 
excavation: 

(a) Depth of manhole frame 
(b) Depth of brick collar for manhole frame 
(c) Thickness of roof 
(d) Headroom of manhole 
(e) Thickness of floor 
(f) Plus 4 inches for layer of crushed stone i.f necessary to provide 

drainage during construction in wet locations. 

Table 8 -ms.y be used for determining the minimum depth of excavation 
for most manholes. 
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Depth of Excavation 
for Mallhol.es 

Normal. Construction-4" Collar 
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If the combined Add this dimension to the headroom of 
thickness of the the manhole to obtain the required 
roof and floor is de~th of the excavation 

Type of Frame 
B SB R 

10" 2 1 -0 11 1 1 -8 11 l'-4" 
ll" 2'-l" l'-9" l'-5" 
l.2" 2 1 -2 11 l' -10" l' -6" 
13" 2'-3" l'-ll" l' -7" 
14" 2'-4" 2'-0" l'-8" 
15" -- 2'-5" 2' -l" l'-9" 

The followillg adjustments may be necessary: 

(a) If layer of crushed stone is required for dmiDa.ge - add 4 inches. 
(b) If future grading operations will require lowering of the frame -

add the amount tba.t frame will be lowered. 
(c) If Type R cover is used and mallhol.e is located in a grasspl.ot­

add 6 inches. 

7.1.3 Sheeting and Bracing - The type and amount of sheeting and 
bmcing required for ma.llhole excavation varies according to 

the stability of the soil and to the depth of the excavation. Tabl.e 
9 suggests the minimum size and spacing for sheeting and bracing for 
various depths of excavation. 

Excavation 
Depth in 

Feet 

5 to 10 
10 to-20 

5 to 10 
10 to 20 

5 to 10 
10 to 20 

TABLE 9 

Suggested Ma.nhol.e Bmcing and Sheeting Design 

Sheet Pilln12: Strin'2:ers 
Size Horizontal Size Horizontal 
in S-pacing in Spacing 

inches 

2x6 
2x6 

2x6 
2x6 

2x6 
2x6 

in Feet inches in Feet 

Solid and Hard Soil 
6 I 4x6 I 4 

Tight 6x6 4 
Soil likely to crack or crumble 

3 I 4x6 I 4 
Tight 6x6 4 

Soft sand or loose soil 
Tight 6x6 4 
Tight 8x8 4 
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Cross Bracin-'1: 
Size Horizontal 

in Spacing 
inches in Feet 

4x6 
6x6 

4x6 
6x6 

6x6 
6x6 

6 
6 

6 
6 

6 
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7.2 Excavating (Conduit) 

7.21 For conduit trench excavations in firm soil, it is suggested 
that shoring material should be a minimum. of 2-inch by 6-inch 

pla.Dks or heavier. P]anking should be spaced vertically along both 
sides of the trench and braced with either jacks or 2 by 6-inch braces 
cleated or rigid1y wedged. · 

7 .22 For trenches in filled-in, soft or sandy soil which may cave 
in, the support structures should be placed as in Table 10 

and for any soils likely to crack or crumble as in Tables 11 and 12. 

TABLE 10 

Suggested Bracing and Sheet Piling for All Trench 
Widths Soft, Sandy, Filled-In Loose Soil 

Sheet Piling Stringers Cross Bracing 
Depth of Size Horizontal Size Horizontal Size Horizontal 
Trench in 
Feet 

5 to ro 
10 to 20 

Depth 

in Spacing in Spacing in 
inches in Feet inches in Feet inches 

2x6 Tight 6x6 4 6x6 
2x6 Tight 8x8 4 6x6 

TABLE ll 

Suggested Bracing and Sheet Piling for Trenches 4 ft. 
and Less in Width - Soils Likely to Crack or Crumble 

S:pacing 
in Feet 

6 
6 

i 

Sheet Pi1ina Stringers Cross Rraci,,a 
Size Horizontal Size Horizontal Size Horizontal 

Trench in in Spacing in Spacing in Spacing 
Feet inches in Feet inches in Feet inches in Feet 

5 to 10 2x6 3 4x6 5 4x6 5 
10 to 15 2x6 2 4x6 4 4x6 4 
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TABLE l2 

Suggested Bracing and Sheet Piling for Trenches Greater Than 
4 ft. in Width - Soils Likel.y to Crack or Cl"l.lmble 

Sheet P1'lin2 Strinaers Cross Bra.cina 
Depth of Size Horizontal Size Vertica1 Size Ho_:t"izontal. 
Trench in in S:pa.cing in S:pa.cing in S:pa.cing 
Feet inches in Feet inches in Feet inches in Feet 

5 to l0 2x6 3 4x6 4 4x6 6 
10 to 20 2x6 Tight 6x6 4 6x6 6 

7.221 When excessive water is present, consider the use of tongue 
an~ groove sheeting to reduce pumping requirements. 

7.222 When removing bracing, remove the lower bra.qes first, leaving 
the uwer ones until last for protection. 

7.23 When foreign structures are encountered in the trench, it may 
be necessary to go to a greater depth than woul.d otherwise be 

required in order to obtain suitable clearance for the conduit. Where 
this is im:p:ra.cticable or undesirable, the foreign structure may be 
moved or the trench line shifted to obtain the required clearance .. If 
a foreign structure must be moved to obtain clearance, coordil:late with 
the owning company to bave .the work done. 

7.231 It is preferable to cross t.mder gas, steam or water ma.ins 
rather than above them provided, however, tbat the depth of 

the trench would not be excessively increased. A pa.ra.lle~ position 
either above or below gas, steam or water mains should be avoided, as 
far as practicable •. 

7.232 Gas and oil mains shoul.d be given specia1 attention and 
precaution should be taken to guard against the fire hazards 

they present. Excavations in public streets should a1ways be checked 
for gas leakage, even though gas ma.ins or sewers a.re not directly 
encot.mtered. ·No O];)~n flame of any sort should be permitted a.round 
excavations when the odor of gas is detected. Workmen .should not be 
allowed to smoke and precautions should be taken to prevent pedestrians 
from throwing lighted cigars, cigarettes or burning matches into such 
excavations. It is advisable to notify the owning company when excava­
tion involving such structures is t.mdertaken so tbat a representati-'?'e 
may be present if desired. 
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7.233 The minimum. desirable se::parations between foreign structures 
and telephone conduit are as follows: 

7.234 Electric· Light or Power Conduits - Separations should be as 
noted by the National. Electrica1 Safety Code, latest edition. 

7.235 Other Foreign Pipes such as Gas, Water, Oil Mains, Etc. -
Se:pa.rations of 6 inches when crossing and l2 inches when 

::paralleling, as measured from the nearest :part o'f the conduit structure. 

7.236 Foreign pipes which cross the trench diagonal.ly should be 
supported when necessary. Foreign pipes which :parallel the 

trench and either extend :partially into the trench or are located 
within l2 inches of the trench should be braced laterally by shoring, 
except when the necessity for sheeting to support the trench walls 
furnishes adequate bracing for the pipe. 

7.24 In preparing the trench bed for the conduit installa.tion, 
level the trench bed to form an even base. In some cases, 

it may be necessary to provide sand or screened earth to provide a 
stable bearing. Ordinarily, no concrete base for the conduit is 
required. li, tll)On excavation, the trench bed appears to be incal)able 
of affording finn support for the conduit, the Engineer will determine 
wbat tYl)e of base is required. If the volume of water in the trench 
is too great to permit the conduit to be la.id or joined properly, the 
water can be disposed of by placing a la.ye~ of crushed stone in the 
trench bed through which the wa.ter can drain to a sump while the conduit 
is being placed. A layer of earth or sand over the stone is required 
prior to laying ot the conduit. Where conditions are so severe tbat 
the water camiot be handled, it may be necessary to _employ a system of 
well-points :paralleling the trench to lower the ground water level to 
a point below the bottom of the excavation. 

7.25 Conduit entrances of the conduit run at opposite ends of a 
ma.Ilhole should be at the same level and in the same position 

with respect to the side walls to facilitate duct rodding, cable 
pl.acing and sl)licing. The trench should be graded to the duct 
entrance of the maJJhole. The positions at which the trench grade to 
the manhole entrances should begin will change with the various con­
duit formations, and will vary if mitered conduit is used or if S]?laying 

1 is employed. 

7.26 In areas where subfreezing ground conditions are expected to 
penetrate to the depth at which conduits will be installed, 

grading of the conduit runs is necessary. In such caaes the grade of 
the trench should provide a fall of 3 inches in 100 feet for the con­
duit toward the lower manhole or from a high point in the conduit 
section toward both me.Ilholes. 
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Top Protection 
3" Concrete Slab or 
11/2" Treated Planking 

FIGUP.E 23 

Typical Conduit Placement With 
Concrete Top Protection 

3 II --. t 6" .. 
-

/i 
j 
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Final Bae kfilling -
(Selected Material in 

6" I.ayers) 

Trench Wall-+ i + 
1 
I J' ~ 4 11 ..,_ 1 6" ➔ + 2 ➔ 411 +- ._ Trench Wall 

Side Filling - t ___ (Specify Size & Ty:pe 
( Selected Ma.terial-r--:::_.._ Q_ Q Q + of Conduit) 

-•I 14-_____ 2 11 
Initial 
Backfill --~ 

8. CONDUIT LAYING 

Q_Q O -,---....... ~----Side Filling -
i--- (Selected Material) 

3" Min. .....-i-----sand or Screened 
Earth 

8.1 Detailed installation practices are furnished by the conduit 
ma.nu:f'acturers for the laying and jointing of conduit with 

associated fittings for bends, sweeps, bell ends, adapters for 
joining other types of conduits, and te:rm:i.Ila.tions. These installation 
practices are in sufficient detail to preclude a detailed description 
of the various types of conduit and the insta.lla.tion practices herein. 
However, the Engineer will e-va.lua.te the various types of conduit for 
the usage thereof based on design application and limitations, weight, 
costs, both for material and freight, and the installation manpower 
ski J J s required. 

9. BACKFILLING 

9.1 Backfilling next to the conduit(s) should be fi'ee from stones or 
other material which might injure the conduits or conduit joints. 

Large boulders should not be inclllded in any pa.rt · of the backfill. In 
tamping the backfill at the sides of the conduit, extreme care should 
be exercised not to damage the joints or shift the conduit structure. 
Ba.ckf'i77ing and tamping alongside ·the conduit should be done in layers 
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only an inch or tvo in thickness until the level of the top of the 
conduit is reached. Backfilling around conduit joined with mortar 
bandages can proceed as soon as the joints are completed. .Troweled 
joints should be allowed to set at least 24 hou:rs before backfilling. 
Concrete top protection or encasement can be backfilled as soon as 
completed. 

9.2 Above the conduit tamp all backfill thoroughly in 6-inch layers. 
In most cases mechanically tamped backfill will provide a better 

job than hand-tamped backfill. Where a large amount of backfilling 
and tamping is to be done, a backfilling and tamping ma.chine may be 
used to advantage. · To avoid damage to conduit, do not use mechanical 
tampers until the conduit structure bas been covered with at least 
12 inches of band-tamped backfill. In sandy soils the use of water 
may provide a satisfactory compaction when the backfill is placed in 
6-inch layers and flooded. Cinder fill should not be permitted around 
conduit containing lead-sheath cables due to baxmful results of galvanic 
action to cables. Where cinders form a pa.rt of the soil, use clean 
earth for the backfill adjacent to the conduits and do not replace soil 
containing cinders until the conduits have been covered with at least 
6 inches of cinder-free soil. In cases where the soil is composed ma.inly 
of cinders, it may be advisable to encase the conduit in concrete. 

9. 3 Following 'the backfill placement but prior to any replacement of 
grass, sod or repaving, a test mandrel 1/4" smaller in diameter 

than the inside diameter of the conduit should be pulled through all 
one duct conduit and through two diagonally opposite ducts in multiduct 
conduit formations to ensure proper alignment. In addition, all conduits 
should be cleaned of loose materials such as concrete, mud, dirt, stones, 
etc. The ends of the conduit should be sealed to prevent the entrance .. 
of foreign matter and to protect against water or gas entering ma.Ilhole or 
buildings. The seal should be ma.de using rubber conduit plugs or "water-
plug11. 11Plastic Duct Seal" or eCJ,uivalent shoul.d not be used for conduits 
containing polyethylene-sheathed cable. All ducts entering central offices 
or other buildings should be kept plugged at all times except when neces-
sary to open for cable placing. If the work extends over several days, the 
conduits should be plugged at night tempora.riJ.y but replaced permanently 
upon completion of the work. Conduit plugs are available in two types, 
solid and split. The solid type is made :for both square and round conduits. 
The split rubber pl.ug is used to plug conduits that ba.ve cable. 11Water-
plug11 can be applied to vacant or occupied conduits by fingers or putty 
knife. 

9. 4 Paving and sometimes temporary paving requirements are usually 
regulated by local, county and/or state regulations. The Engineer 

should coordinate the action required and make a part of the installation 
drawings and specifications tbat info:rma.tion as necessary in accordance 
with the BEA Construction Contract Form..511. 
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9.5 All surplus excavated matter in conjunction with the backfilling 
Ol)eration should be removed so as not to obstruct traffic. Where 

Sl)ace is restricted; it may be advisable to estimate the amount of 
surplus earth and remove this material from the job at the time it is 
excavated. If possible, small amounts of excavated material should be 
left on the job site to be used later for filling 1n the temporarily 
rel)aved trench where settlement bas taken place. 

9.6 On private property and public parks where sod or top soil bas 
been removed, finish off the surface of the trench with top soil 

or sod as removed. This work should be done to the· satisfaction of 
the property owner or authorities. 

9.7 When the job is finished, all surplus material and debris should 
be cleared from tbe job site. 

10. CONDUIT COVERAGE AND PROTECTION 

10.1 Except as otherwise required by public authority, the depth of 
the trench should be sufficient to obtain at least 24 inch·cover 

over the conduit formation including top protection if employed. 

10.2 Protection for conduit can be treated wood plaJ:lk or concrete 
plac.ed to give mechanical protection against damage from other 

digging Ol)erations. Such protection may be required underneath, on 
tol), or complete encasement. Where n~ hazard is considered likely, no 
protection is required. 

10.3 Top protection should be provided where the conduit is to be 
placed under a roadway which may be paved at a later date. A 

concrete base should be provided in swampy ground where the conduit 
~Y be undermined. Submarine cable landings generally require com­
plete concrete encasement. Protection of condu.i t under railroad 
tracks is to be as s:pecified by the regulations of the !)articular 
railroad. 

ll. SUBSIDIARY CONDUIT 

ll.l The term "subsidiary conduit" is commonly used to define any 
conduit branching off from the main conduit run. The construc­

tion and insta.llation practices as defined for main line conduit (man­
hole to manhole) also a:pply to subsidia;ry conduit (manbole to manhole). 
The insta.llation of subsidiary conduit or sometimes refer:red to as riser 
conduit is as follows: 

ll.ll The usual method·of termil:lating a subsidiary or riser conduit 
at a pole is through cast iron bends which extend the under­

ground conduit up to the pole. A ~olll)llng provides the means for 
jointing the bends and conduit. The up];)er end of the bend is attached 
to the pole by a pipe strap held by drive screws. It is preferable to 
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have the conduit rise on the field side of a pole leaving the road 
side for power cables and to avoid possible damage from vehicular 
traffic when poles are at the curb. Cable extending up a pole should 
be covered by a standard galvanized steel cable "U" guard. 

NOTE: Conduit with less than 24 inch ground cover must be concrete 
encased. Cast iron bends need not be encased in concrete. 

ll.12 Subsidiary conduit entering buildings should be arranged for 
before the building is erected if possible. In this case 

suitable sleeves or stub outs can be inserted in the building wall 
or floor at the time of construction. If placed later, the entrance 
should be broken through the building wall or floor at some point not· 
vital to the support of the building. 

FIGT.IBE 24 

Typical Conduit To Pole Termination 

Spare conduit 
risers should be 
capped. 

12. CONCRfilE AND AGGEEGATE 

Iron Pipe 

Subsidiary (Riser) 
Conduit 

12.01 The use to be ma.de of the concrete and the conditions under 
which it is em:ployed in underground conduit and manhole 

construction impose varying requirements on the concrete provided. 
All cement used in underground construction should be portland cement 
and conform to the specification for portland cement of the American 
Society for Testing Materials. 

12.02 Basically there are three different types of portland cement 
which may be used for underground construction. These types 

are normal cement, high early strength cement and suJ.+a.te-resisting 
cement. 
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12.021 Normal Cement - This tn,e should be used for all concrete 
construction unl.ess otherwise indicated on the detailed plans 

by the Engineer. There are eight classes of concrete which should be 
used for the purposes as indicated below: 

12.0211 Class 1A - For manholes where the concrete is to be c0m.1J8,cted 
• by hand tamping. 

12. 0212 Class 1B - For manholes where the concrete is to be compacted 
by mechanical vibration and also for replacing concrete pave­

ment. It may also be used for floors in manholes where c0mp3.eting is 
to be done by hand tamping. 

12.0213 Class lC - For manholes where the concrete is to be compacted 
by hand tamping and where high early strength is required. 

Its use may also be indicated during low temperatures. 

12.0214 Class lD - For manholes where the c.oncrete is to be compacted 
by mechanical vibration and where high early strength is 

required, and also for concrete pavement replacement where high early 
strength is required. It may be used for noors in manholes where high 
early strength is required and where compacting is to be done by band 
tamping. 

12.0215 Class 2A - For conduit base or top protection and for 
complete encasement of multiple clay conduit. 

12.0216 Class 2B - For conduit encasement, particularly where it 
is necessary to work the concrete between and around closely 

spaced units of various types of single conduit. 

12.0217 Class 2C - For replacement of concrete base for asphalt, 
brick, granite and wood block pavement. 

12. 0218 Class 2D - To be used as a substitute for Class 2C concrete 
where high early strength is required or during low 

temperatures. 

12.022 High .Early Strength Cement - The use of high early strength 
cement should be used when it is necessary to remove forms 

and open the structure to traffic at an early date after concrete 
has been placed. Its use may also be indicated for construction work 
during low temperatures, and for use in the mortar for mortar bandage 
joints to improve the workability of the mix and the bonding 
characteristics of the bandage. 
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12.023 Sulfate-Resisting Cement bas the characteristics to withstand 
exposure to severe al.kali conditions. Its use should be 

indicated by the Engineer only under special conditions. Its setting 
characteristics.are the same as for normal cement. 

12.03 Cement should be ke~ dry at all times prior to use in order 
to prevent deterioration. It should be stored in a building 

or on a platform raised off the ground and covered. 

12.04 No cement should be used which contains lumps tbat will not 
pulverize readily in the band. The presence of such lumps 

indicates that the cement bas absorbed moisture and bas consequently 
deteriorated. 

12.05 All concrete of the Class 1 grades should have a minimum 
compressive strength of 3600 pounds per square inch at 28 days 

when made with normal or sulfate-resisting cement and at 7 days when 
made with high early strength cement. 

12.06 All concrete of the Class 2 grades should have a minimum 
compressive strength o~ 2500 pounds per square inch at 28 days 

when made with normal or suli"ate-resisting cement and at 7 days when 
made with high early strength cement. The water contained in the 
aggregate should be considered as a part of the mixing water. Therefore, 
the quantity of water added at the mixer should be adjusted so that the 
total available water in the concrete will not exceed the quantities 
specified in Table 13. 

12.07 Wa:rtertight Concrete - The requirement·for watertight concrete 
is the use of durable aggregates which are completely coated 

with cement paste that resists the passage of water. Leakage through 
concrete usually is through the paste, and it can be prevented by 
having a sufficient qua.nt,ity of watertight paste to coat all particles 
of aggregate and to fill all_voids between them. The Class 1 concretes 
described have water-cement ratios tbat will produce watertight con­
crete. To ensure that concrete will be watertight, water must be 
prevented from flowing through or over the freshly placed concrete 
and washing away the cement paste. Admixtures shall not be used for 
the purpose of producing watertight concrete. 

12.08 The aggregates used in the preparation of concrete and mortar 
have an important bearing on the quality of the resultant concrete 

products. 

12.081 Fine aggregate should consist of natural sand, or sand prepared 
from stone, blast-funlace slag or gravel. Fine aggregate for 

concrete should be well graded from coarse to fine and, when tested by 
1 means of sieves, should conform to the requirements of Table 14. 
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TABLE 13 

Suggested Trial Mixes for Cubic Yard of Concrete 
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~LE 14 

Fine Aggregate 

Percent By Weight 

Passing a 3/8 in. sieve 100 
Passing a No. 4 sieve 95 to 100 
Passing a No. 16 sieve 45 to 80 
Passing a No. 50 sieve 5 to 30 
Passing a No. 100 sieve 0 to 8 

Fine aggregate for mortar bandage joints should be well graded 
plaster sand containing no particles which will not pass a No. 8 
sieve. 

12.082 Coarse aggregate should consist of crushed stone, gravel, 
blast-furnace slag, or other approved inert materials of 

similar characteristics, or combinations thereof, having hard, strong, 
durable pieces, free from adherent coatings and conforming to the 
requirements of the specification of the American Society for Testing 
and Materials.* In coarse aggregate, the amount of foreign substances 
such as so:f't fragments, coal, clay, shale and other materials detri­
mental to the quality of concrete should not exceed 5 percent of the 
total weight of the coarse aggregate. Coarse aggregate for concrete 
should conform to the requirements of Table 15. 

TABLE 15 

Intended Use Class of Concrete Min. Sieve Size Max. Size 

Conduit Protection 2A No. 4 3/4 in. 
Conduit Encasement 2B No. 4 1/2 in. 
Pavement Replacement 2C, 2D No. 4 l 1/2 in. 

In no case should cinders be used to form. a pa.rt of the aggregate for 
concrete to be used in underground conduit or manhole construction work. 

12.09 Aggregates should be stored in such a manner as to prevent 
mixture with other aggregates until they are used and also to 

prevent the inclusion of foreign materials. 

12.10 Concrete construction during cold weather may be carried on 
satisfactorily provided suitable precautions are observed. 

In early winter, when freezing temperatures occur only at night, it 
is necessary to protect concrete from freezing after it is placed. As 
the weather grows colder and freezing temperatures prevail, it may be 
necessary to heat the mixing water and aggregates in addition to protecting 
the concrete after it is placed. With the approval of the Engineer, concrete 

* Conforming to Specification c33-67 of the American Society for Testing 
and Materials. 
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work can be carried on during temperatures of below 20°F if, in 
addition to the above precautions, high early strength cement is 
substituted for normal cement. The earth surrounding the conduit 
i.nsta.J.la.tion also serves to protect the concrete from. freezing. 
Immediately after a conduit installation in cold weather, the 
trench should be backfilled with material that is not in a frozen 
state. 

12.ll · If concrete bas been damaged by freezing, the frozen concrete 
should be relllOved and replaced with fresh1y mixed concrete. 

12.12 In localities where ready-mixed concrete isavailable, the 
use of this material should be considered as it affords 

convenience of delivery and uniformity of qua.iity at a reasonable 
cost. 

12.13 Concrete Encasement - In general the following conditions 
should require the conduit to be concrete encased: 

12.131 30 inches or less of earth cover in road or street crossings. 

12.132 At all railway crossings. 

12.133 Less than 30 inches of cover in parallel to and within 
street, highway or road travel. areas. 

12.134 In areas of stream crossings and storm water canals or 
ditches. 

0 12.1.35 :Radius be:t1ds of 20 or more in conduit lengths of 550 
feet or longer. 

13. SPECIAL CONSIDERATION 

13.1. Detailed drawings and S'Pecific instructions shall accompany 
conduit plans involving de:pa.rtures from usual construction 

practices. 

13.2 The procedures ot1tlined in the following pa.:ragra.-phs are in 
accordance with general accepted·practices 'Prescribed for 

the construction of comm1mication lines crossing the tracks of 
railroads, exce'Pting street railways. Where any requirements do 
not meet railroad, munici:pa.l or state requirements st1ch rail.road, 
munici:pa.l, or state requiJ:ements shall govern. 

13.21 The work shoul.d be done at such a time and in such a manner 
as not to interfere with the proper and safe use or operation 

of the pro-perty and tracks of the railroad com.J;)any, previous arrangements 
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having been ma.de with the duly authorized representative of the 
railroad company for date and time of commencement. 

13. 22 The widerground system on the railroad property should be 
located as to be subject to the least practicable disturbance. 

Care should be exercised to avoid catch basins, pipes or underground 
structures which have been installed or are planned for the future. 
Ma.Db.oles should, where practicable, be located off the railroad 
right-of-way. 

13.23 The top of all conduit protection within the roadbed section 
(within the limits of 6 feet beyond each outside rail) should 

generally be located at a depth of not less than 42 inches below the 
base of the rail. Arrangements may sometimes be ma.de with the rail­
road company) whereby t~is clearance may be reduced. In no case, 
however, should the top of the conduit protection extend within 12 
inches of the bottom of the ballast section which is subject to 
working or clearing. 

13.24 In no case should the conduit structure be less than 18 inches 
below the surface of the ground in the portion of the right­

of-way outside the roadbed section. 

13.25 Where underground conduit construction terminates at terminal 
poles, the side clearance of such poles from the nearest 

track rail should be 12 feet. Where manholes which project above the 
surface of the ground are employed, the side clearance, unless physical 
conditions prevent, should be not less than 12 feet from the nearest 
rail, except that at sidings a clearance of 7 feet may be allowed. 

13. 3 Loading ~..a.nholes - The size of a loading manhole is generally 
determined by the tr.a:d.mum number of loading coil cases the 

manhole will contain and the number of cables for which racking space 
must be provided. The following considerations should be made utilizing 
the suggested standard manhole sizes for the installation of load coil 
cases prior to special design: 

13.31 If the nmnber and size of the cases are small, the cases my 
be placed in the manhole corners, attached to the walls, or 

placed across the ends of the me.nhole. The only requirement under 
these considerations is that sui'ficient space must remain after the 
cases are installed to permit normal handling and splicing of the 
cables. 

13.32 Another method which also applies to standard manholes is to 
lay the cases on their sides ( under the racks). This method 

leaves the middle of the manhole floor clear for working space. 
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13. 4 Handholes, pull boxes and splice boxes are general.ly considered 
for special application such as within large bu:Uding or 

industria1 complexes, crossing long Sl)Sn bridges, etc. Tb,e usage of 
these specia1 types of construction should be controlled to areas of 
restrictive vehicular tra.fiic and·restricted access by the general 
public due to the normal shallow grade of the conduits. There is no 
standard design for these particular facilities; consequently, the 
Ellgineer should consider safety, working room, size of cables, bending 
radii of cables, etc. , in his design considerations •. 
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Typical Manhole Design Detail 
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Tn>ical. Manhole Design Detail 

Section X-X 

Floor 

~~~~-
Reinto-..1.,. Tlltclmeu 
Size o.c. ( Ulebes) 

~ S/,s" 8N Co 
I 

SW11S1 or Dn1~. Option C 
~ 

Frame and COYer 'l'ype B V 

Wall ,, __ 
'ft .... _ .. __ _. __ 

~1.._e o.c. 
'le." '- ,, 

0pt1!)D S 

'l'Jpe R 
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ACD 
:SW 
CONC 
c.o. 
cc 
CIP 
FD 
F? 
HE 
RWY 
m. 
I.D. 
MR 
MCD 
MrD 
MI 
O,D. 
PD 
R/W 
s 
S'?, 
S'l'D 
WW 
t 

ElCHIBlT C 

TIPICAL ABBEIEVIATIO?IS AM> 
SlMBOLS FOR coimurr ADD 
MAmlDll: SlSTEM LA.Y0t7.r 

AbbreviatiollS 

- Asbestos Cement Duct 
- Buil.ding to Wall ot Manhole Distance 
- Concrete 
- Central Office 
- Center to Center Distance :Between Mallholes 
- Cast Iron Pipe 
- Fiber Duct 
• Foot 
- Handhole 
- High11&:, 
- Inch 
- IllSide Diameter 
• Mallhole 
- Multiple Concrete Duct 
• Multiple Tile Duct 
• Mile 
- Outside Diameter 
• Plastic Duct 
• Right ot Way 
- Steel 
- Street 
- Single Tile Duct 
- Mallhole Wall to Mallhole Wall Distance 
- Ceater Line ot Street, Road, Alley or High,lay-

SY!llbols 
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6-3 l/2" FD • 

Existing 4 way 4" ml.ti-tile-duct 

Proposed 6-3 l/2" fiber duct QC) 2•4" PD Conduit coD1"1guration 
( l001t1:ag· w1 th bac!c t0'lllrd 
c.o.) showi:ag 2•4" plaati 
duct with concrete base. 

~3 
Type UM•A 

--c::l-Mii-6 
Type UM•A 

Proposed (Future) conduit 

Existing Type UM-A manhole No. 3 

Proposed 'fype UM-A m.zlhole No. 6 

4-4" PD 
~ Stub-out Proposed Type UM•J manhole No. 8 I ~-8 5'·0" with 4-4" plastic duct stub-oat 5'•0" 

Type UM•J • 

---c.:. :,--
Top 

ffi4-4" PD 

Top 

{ 83}3 l/2"Fn 

Proposed future anbole 

Conduit coD1"1gurat:1on ( l001dJ:lg with 
back ton.rd C. O. ) ahowiilg 4-4" 
plastic duct-direct buried. 

Conduit configuration (looldJ:lg with 
back ton.rd c.o.) showing 4-3 1/2" 
fiber duct-concrete encased 

Top ~=d Conduit coD1"1guratioil ( looldJ:lg w1 th 
r '.;l back toward C.O.) showi:ag 2•3 l/2" 00 2-3 1/2" ACD asbestos cement duct direct buried 

with a treated plan!c top protection. 
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1 Cone. Base 

-G-G-G-

-w-w-w-

Pole riser conduit (cut 
iron pipe) tel'lllination 
shovi::ag pole quadrant 

Water Line. 

- s- S -s - Sewer Line 

- 0-0-0 - Oil"L1ne 

-T-T~-

- x-x-x-

Power Line 

Telephone Line_ 

Fence 




