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Some Practical Aspects of Telephone Conduit
and Manhole Construction

Introduction.

Underground telephone construction may be
assumed to have been practised in one form or
another for seventy-three years as it is covered very
fully in the Telegraph Act, 1863, becoming really
important with the telephoning of London, circa
1900; when octagonal ducts and cast-iron pipes werc
the standard conduits and carriageway manhole roofs
were stone slabs or steel plating. Present practice
appears to date from the appearance of the “‘Sykes,”’
or self-aligning, duct in 1907 and the reinforced
concrete manhole roof in 1913. Since those dates
constructional practice has remained almost station-
ary except for a redesigning of manhole accommoda-
tion in 1933.  Whilst the methods of construction
had seen little change for many vears prior to 1931,
the volume of underground work carried out annually
by contract had at that date become so great that
the Engineer-in-Chief decided upon an organisation
which had, as its first step, a scheme of training for
all men who should in future represent the Depart-
ment as supervisors of contract works.

Although the number of trained men is now con-
siderable, the standard of craftsmanship in under-
ground construction is, in our view, not yet so high
as might be expected under the Post Office Specifica-
tion. Whilst the supervision of contract works is
vastly improved by comparison with the standard
which preceded the training scheme, it must be
recognised that a high degree of skill in a Works
Supervisor cannot be acquired by a short course in
a Training School.  There is no royal road which
substitutes long and varied experience.

In the course of the paper many points are illus-
trated by pictures or descriptions of bad or faulty
work, but this should not be construed as an attack
on public works contractors; it just happens that the
bulk of conduit and manhole work is placed in their
hands. In justice to contractors generally, it should
be stated that the shortcomings appear to lie with
foremen and workmen rather than with principals.

Powers and Responsibilities of the P.M.G
under the Telegraph Act, 1863.

The statutory position of the Postmaster-feneral
in regard to underground construction procedure
is defined principally in this Act, which gives essential
requirements with the clarity of a modern engineering
specification. The following are some excerpts which
concern underground contract work i —

From Section 19—** After the company (or Post-
master-General) has opened or broken up a street or
public road they shall be under the following further
obligations :—

(1) They shall, with all convenient speed, com-
plete the work on account of which they
opened or broke up the same, and fill in the
ground, and make good the surface, and
generally restore the street or public road to
as good a condition as that in which it was
before being opened or broken up, and carry
away all rubbish occasioned thereby.

{2) They shall in the meantime cause the place
where the street or public road is opened or
broken up to be fenced and watched, and to
be properly lighted at night.

(3) They shall pay all reasonable expenses of
keeping the street or public road in good
repair for six months after the same is
restored, as far as such expenses may be
increased by such opening or breaking up.

Whenever the permanent surface or soil of any
street or public road is broken up or opened by the
company (or Postmaster-General), it shall be lawful
for the body having the control of the street or road,
in case they think it expedient so to do, to fill in the
ground, and to make good the pavement or surface
or soil so broken up or opened, and to carry away
the rubbish occasioned thereby, instead of permitting
such work to be done by the company (or Postmaster-
General).

The company (or Postmaster-General) shall not
stop or impede traffic in any street or public road, or
into or out of any street or public road, further than
is necessary for the proper execution of their works.
They shall not close against traffic more than one-
third in width of any street or public road, or of any
way opening into any street or public road, at one
time; and in case two-thirds of such street or road
are not wide enough to allow two carriages to pass
each other, they shall not occupy with their works
at one time more than fifty yards in length of the one-
third thereof, except with the special consent of the
body having the control thereof.”’

From Section 8.—'‘ They shall cause as little
detriment or inconvenience as circumstances admit to
the body or person to or by whom any pipe for the
supply of water or gas belongs or is used.”

Relations between Highway Authorities and
Post Office Engineering Department.

The theory and practice of modern highway con-
struction is as much a matter of precision, research,
and expenditure of very large sums of money as any-
thing in electrical communication. The conditions
tending to wear out or degrade roads are becoming
more severe with the increase of road-borne traffic
and the trenching operations of public utility under-
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takers. It is hardly to be expected therefore that
there should be a noticeable warmth of welcome
towards any statutory undertaker serving his notice
of intention to break open the road, even though
that undertaker be the Postmaster-General whose
lines are a national necessity and whose obligation is
to ‘* restore the road to as good a condition as it was
before.”

The right of user of highway subsoil has, however,
to be conceded by its custodians and, so far as this
Department is concerned, it is fortunate that cordial
relations obtain generally between Post Office and
Highway Engineers.

Ten years ago, however, relations were not so
peaceable; in searching the Jnl. Inst.M. and Cy.E.,
1925, we notice some adverse comments on the
operations of the Postmaster-General in the high-
ways. Going back to early post-war days the
Department joined issue in arbitration with a County
Authority whose intention was to restore disturbed
carriageway pavings in a way considered by the
Department to be extravagant and also to debit the
Postmaster-General with the cost of the alleged
premature depreciation of that part of the road on
which traffic was concentrated as a result of the
partial closing of the highway by the Post Office
excavations. As recently as 1931 the Postmaster-
General was compelled to resort to arbitration with
a City Authority who demanded a minimum depth of
cover of 3’ 0" for Post Office conduits in the road-
way, and at about the same time it was necessary to
offer vigorous opposition to the extravagance of
another Highway Authority in concrete filling of
trenches and resurfacing with superior top metal
where it was clearly p0551ble to make a satisfactory
restoration using the same class of material as that
disturbed.

Fortunately for the Department all these cases
were decided in its favour.

In October, 1933, after being long in the Com-
mittee stage, an agreement was finally negotiated in
memorandum form with the Institution of Municipal
& County Engineers and accepted also by the
Association of Municipal Corporations, the County
Councils”  Association and the Urban District
Councils’ Association. Portions of the agreement
will be commented upon in the appropriate parts of
this paper and it is proposed as a matter of con-
venience, to refer to it as *“ The Highwavs Agree-
ment.””  The use of the word ** agreement ’ has no
contractual significance; it is unplm ed in a descrip-
tive sense only,

The Agreement was published in the Jnl. Inst. M.
& Cy.E. of ]anudrv 16th, 1934, included in Mr. G. S.
Barry's book * Statutor; Undertakmgs in Highways
and Streets,”’ and in Mr. W. J. Hadfield’s * High-
wavs and their Maintenance.” Within the Post
Office it has been issued as Engineering Instruction,
Lines Underground, E.3901.

Mr., W, ] Hadﬁeld Past-President, Inst. M. &
Cyv.E., was until recent]} Survevor to the City of
bhcﬁ‘ield where, by mutual arrangement, the CltV
Authorlt\ instals the whole of the Post Office con-
duits and manholes, functioning in effect as a non-
Competltlve contractor; the situation is the outcome
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of the City’s esercise of its right under Section 19 of
the Telegraph .\ct, 1863, to Il in the trench and
restore the surface. Clearly it was, in such circum-
stances, economical to come to an amicable arrange-
ment for the City to execute the whole of the work
and thus to avoid the attendance of two sets ot work-
men.

Mr. Hadfield is therefore well versed in Post Office
practice and he writes, * For a long time the Post
Office has required underground boxes and chambers
not only for mspectlon purposes and jointing, but
also for the reception of bulky apparatus. 1f
the accommodation can be given without serious
detriment to other interests few engineers will wish
to refuse it, but it is distinctly unfair to allow one
undertaking to monopolise the whole of the footpath
to the exclusion of others. For instance, if one of
the chambers which the Post Office require for
apparatus in connection with their trunk lines is
placed in an ordinary path it occupies the whole
width. A reasonable requirement in such cases is
that the box should be built at such a depth as to
leave at least 3’ 0" of cover above. This gives room
for the laving of an electric cable or other small
mains.’’

Of public utility undertakers generally he says :—
“ Accidents, mostly of a minor character, occur
through the inadequate repair of trenches, often
because the ramming has not been well done. Here
is an argument in favour of keeping such work in the
hands of the highway authority both as to the filling
of the trenches, their consolidation and repair. It
cannot be expected that a water or gas undertaking,
or its contractor, will have the same interest in the
road, or the effect of a trench upon the road, as the
engineer responsible for its future upkeep. The
engineer may spend a little more on consolidation and
repair, but it is no economy to leave a trench in any-
thing less than the best condition. Engineers
will be able to recall cases where trenches have sunk
vears after they were repaired, because they were not
sufficiently rammed, and the highway authority has
no redress after the specified period.”

Elsewhere in his book the author speaks in appre-
ciation of the friendly co-operation of Post Office
Engineers whom he met in Committee in all the
stages of the Highway Agreement.

Highway Engineers generally, it is thought, are
now at least tolerant of the Post Office user and it is
considered that every endeavour should be made con-
tinuously to enforce in letter and spirit those clauses
of the Post Office Contract Specification which were
inserted to give effect to the Highways Agreement.
To do less is to break faith with Highway Authorities,
jeopardise the continuance of the Agreement (which
is after all non-statutory and voluntarily accepted by
individual authorities) and to degrade the excellence
of roads in which the Post Office enjoys no right
beyond that of user.

In Appendix I will be found some extracts from
the Ministry of Transport’s ‘“ Road Traffic Census "’
for 1921-36. These details should be informative to
Post Office Engineers as a rough guide to the classes
of highways and pavings likely to be met on main
routes, and the figures showing the daily tonnages of






ANNUAL CONSUMPTION OF CONDUITs *

Steel Pipes
Calenday year. Route Miles. Calendar year. Route Miles
1930 1,882 1934 1,108
1931 1,611 1935 1,772
1932 .. . 893 1936 1,646
1933 . RN 737

*CospuiTs,  Octagonal ducts are cxcluded as no data of route mileage 15 held.  Ihe annual consumption of octagonal ducts, considered as sigleway, does not
exceed 20 miks,

S10RES FiGURES FOR 1036, Jomting chamber covirs and condurts have been computed for 1936 from figures available for an incomplete period. It 1s probable
that the demands for the whole year will prove to i higher than those shown.

DETAILS OF UNDERGROUND CONSTRUCTION CONTRACTS

\
1 2 3, 4. 3.
Number of Paving |Numtber of Contracts) Numbet c:f Trained
Fancal Year Schedules passing Issued—E -1n-C. ‘ Value of Works Supervisors
tnding March through E.-in-C. Office and i Contracts H Available
QOthce. LCugineering £ | (Calcndar Yearn).
{ Districts NOTES
1929 537 891 1,105,129 —_ Col. 2. Paving-schedules are seen at
1830 511 947 ‘ 885,516 — Hdgqrs only for works that are to be let to
1931 423 881 800,195 180 contract under *“ Engineers Orders ”’ but
1932 310 741 i 649,594 292 Cols. 3 and 4 are in respect of ““ Engi-
1933 171 245 ‘ 359,075 292 neers Orders “ and *‘ District Engineers
1934 147 198 ‘ 265,954 399 Orders;” thelatter being placed by Super-
1935 336 726 i 479,304 396 intending Engineers.
1936 438 ' 1,017 | 938,074 883 Col. 3. A skilled supervisory force
|

I exted prior to 1931, (See text).

Fie. T.—AviRAGE ARNCY OUTPUT 0F WORK INVOIVING HIGHWAY DISTURBANCE.
(\nd growth ol Trained Stall for Supesvision of Underground Construction Contract Works).

Way Duct Work,” by Mr. Savory. He said of Oftice in order that they may discuss with intel-
these men — ligence matters in dispute.”

“ The Clerks-of-VWorks should be men of Fig. 1 gives details of the value of work which
intelligence, should not only know what ought to has been performed recently and a comparison is
be done, but should see that their instructions drawn between capital expenditure and supervision
are [ollowed.  They should be men of resource, by skilled personnel. The quantity of stores and
able to overcome difficulties in the manner least value of contracts show that underground line con-
costly to the Post Ottice. They should have a struction is to be rechoned with as a branch of civil
knowledge of the statutory position of the Post engineering.
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visor to indicate the required depth and outline of a
manhole, to inspect the work at frequent intervals
during its progress, and finally, before certifying the
work in the Diary. He should not undertake minutely
the explanation of each stage of the work. The
contractor is deemed to possess all necessary skill
and the Works’ Supervisor’s function is to watch the
Department’s interests, not to accept responsibility
proper to the contractor. This does not mean that
he must stand aloof and condemn the work only when
an error has reached serious proportions.

Under Condition 7 the Contractor agrees to be
bound by the Telegraph Acts and to observe the by-
laws of Municipal Authorities. It would be intol-
erable that the Department’s Contractor should be
exempt in the contract from statutory obligations
imposed upon the Department itself. The Contractor
is mainly concerned with those sections of the 1863
Act which are indicated at the beginning of this
paper, and which are, in the main, just the common-
sense provisions to be expected for ensuring that
road operations are carried through with minimum
inconvenience, proper regard to public safety, satis-
factory restoration of disturbed highways and
acceptance of liability for resultant damage or injury.

C

Fic. 9.

Conditions 29 and 30 deal with Damage to
Property and Injury to Person. Although the
Contractor alone 1s responsible for meeting claims
it is in the Department’s interest that the undesirable
publicity associated with serious accidents should
be avoided and Contractors should be called upon
immediately to remedy any neglect or oversight in
giving full effect to these conditions, which, it will be
noted, are based upon statutory requirements. Apart
from undesirable publicity, as the employers of care-
less or ill-equipped Contractors, the Department is
entitled to the discharge of these Conditions as a
service paid for in the Contract. Yet, as it is not a
profit-earning part of the work there is sometimes a
tendency to scamp ‘‘ safety-first ’’ precautions.

With regard to the type of fencing employed, there
is a strong preference from the Author’s viewpoint
for poles and trestles over fencing pins and chains or
lines, but no definite demand for the former can be
made. Fencing pins may damage expensive pavings
or penetrate underground plant, while chains or ropes
form a less efficient guard than rigid poles. Highway
Authorities commonly charge sixpence per pinhole
for repairing tarmacadam or asphalt, and demand
the replacement of wood paving blocks that have

B



.

been *‘ pinholed.” It is important also to see that
a sufficient number of red flags are supplied and
maintained in good condition. Post Office practice
for the guarding of isolated holes is given in detail
in Engineering Instruction, Lines Underground,
J.3150.

The Supervising Officer has to be very sure indeed
of his ground before condemning materials or work
(Condition 31), but having done so there can be no
withdrawal or drift into argument. Nobody would
suggest arbitration over one bag of stale cement,
but in major cases the Contractor should be made to
understand quite clearly that his proper and only
redress is the counter-service of written objection

under Condition 32, ‘‘ Re-examination of con-
demned work,” when the whole matter passes into
other hands. ‘‘ Imperfect Work > would include

work performed without the skill customary in the
trade concerned; instances recollected are manhole
walls out of plumb to the extent of two inches, foot-
way boxes with mortar joints an inch thick. It is
well also to re-examine manholes before the expira-
tion of the guarantee period of six months; those
built and accepted during dryv weather may subse-
quently exhibit leakages that are a nuisance to joint-
ing work and are properly repairable by the manhole
contractor under guarantee.

The Post Office representative is entitled to a
portable office for his official use (Condition 15). He
should insist that it is kept clean, lighted, and when
necessary warmed. Nothing elaborate is demanded,
but as the Works Supervisor controls works of a
value comparable with those supervised by a Clerk-
of-Works on any large public works contract he will
command similar respect by insistence on reasonable
comfort and privacy. Storage of cement bags, oil-
drums, coils of rope, etc., in the office should be
forbidden, and the office should not be allowed to be
used out-of-hours as a workmen’s mess.

The ‘ Conditions of Contract,”’ together with
Schedule I, cover the whole field of constructional
operations. The contents of Schedule I will be
covered in a general way without special reference
to it as a schedule. As a final comment on Form
E.-in-C.241 its binding nature as a legal document
is emphasized. No officer of the Department is
empowered to vary its terms, to require more, or to
accept less, than is provided therein. Here and
there it may be sensible to waive a requirement
which is made to cover the general case, but which
in the particular circumstances would be petty or
frivolous. Perhaps the best illustration is one based
on fact. A certain Contractor had a single manhole
to build and was taking reasonable care of the few
bags of cement required for the job. The Clerk-of-
Works, full of zeal, discovered that the specification
requires that cement shall be stored in ‘‘ a covered
shed or sheds’ and demanded, under pain of
stoppage, that a shed be brought to the job forth-
with !

Another waiver frequently exercised concerns
trench bottoming. The specification says ‘¢ the
bottom of every trench shall be levelled and
rammed.”” Tt would be vexatious to demand that
the bed of a trench cut in good firm clay should be
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rammed, but in rough earth the same requirement is
quite reasonable. The authority is there in readiness
should the need arise.

Commencement of Field Operations.

Under the Highwayvs Agreement the Post Office
has arranged to share with the Highway Authority
the cost of providing new flags, kerbs, and setts,
which are broken before the ground is disturbed.
Representatives of the Authority, the Contractor and
the Post Office, usually the Roads Foreman, the
Contractor’s Agent and the Works Supervisor, will
walk over the route and take careful note of damaged
flags, kerbs, and setts; these are readily divisible
into two classes; those which can be relaid and those
which cannot be relaid. When the pavings are lifted
any slightly damaged stones which the Road Fore-
man may have passed as serviceable should be
pointed out to the Contractor in order to avoid further
damage in their removal. Slightly damaged but
serviceable stones may otherwise be deliberately
smashed to facilitate removal if workmen think that
every imperfect stone is to be replaced. It is for
this reason that the Contractor’s Agent is required
to be present at the inspection of existing broken
pavings.

It is desirable also to take particular note of
pavings and buildings that are near to the proposed
line of trench and whose condition is such that there
appears a likelihood of claims being made against
the Department or its Contractor.

Triul holes, or Pilot holes should be regarded as
the eves of the job. If used intelligently they will
not only avoid abandoned trench work which is a
dead loss to the Post Office, but will go a long way
towards securing the best possible position for the
conduits.

Pilot holes in footway or roadway should always
be at right angles to the proposed line of trench,
right across the footpath if need be, width as re-
quired by depth, depth to be six inches lower than
the bottom of the proposed line of conduits and that
bottom to be carefully probed with a bar or pin in
search of foreign plant. As to the number of pilot
holes, multi-way routes call for more piloting than
single way routes or grouped single pipes. The
following scheme works well in built-up areas.

Measure off the section length (e.g., 176 yards)
from the starting point or existing manhole and pilot
for the proposed jointing chamber at the distant end.
Sink other pilot holes at midspan and at quarter-
spans as a matter of course. If obstacles are
revealed by these holes consider piloting inter-
mediately. The whole responsibility for the depth
and course actually followed falls upon the Works
Supervisor and he must be given freedom and dis-
cretion in the matter of piloting. True economies
are realised in the avoidance of abandoned trench and
tortuous routes, and penny-wise economies should
not be sought by limitation of the number of trial
holes. It is desirable that the duct laying and filling-
in shall not follow the excavating closely in case the
pilot holes have not disclosed the true conditions,
making it desirable to go back some distance for
easier bypassing of an unforeseen obstacle.












minimum requirements for restoration of the subsoil
to as good a condition as it was before, so far as that
is humanly possible. To attempt less than this is to
disregard the Highways Agreement and to fail to
execute the work in the substantial and workmanlike
manner which alone will satisfy Condition 2.  Whilst
there are exceptions (e.g., an abandoned pilot-hole)
to the rule of three rammers to one shovel, the
average trench is best consolidated by that method.
It is not just a device of the Post Office, it is a method
demanded and practised generally by Surveyors, and
in many instances it will be found incorporated in
their Forms of Consent for the opening of roads by
public utility undertakers.

In the consolidation of any telephone trench it is
also a matter of importance that the earth should be
well rammed down the sides of the ducts and this
operation in the case of ducts which are two or three
““ ways ’’ high and of square formation (e.g., 4, 5,
6 and 9-way ducts) is a matter calling for some
diligence. Probably the best method is to arm one
man with a piece of 4” x 2" timber and to make him
responsible for tamping every inch of the trench up
to top-of-duct level.  This filling in alongside the
ducts is a point on which the Works Supervisor
should be insistent and if the foregoing method is not
the one favoured he should ensure that something
equally effective is done. The effect of ramming at
higher levels as filling proceeds will have no appre-
ciable effect on the filling at the sides of the ducts and
any lack of initial consolidation at that point must
result in the creation of a water course following the
lines of the ducts; sinkage is bound to follow.

Above the ducts the earth should be replaced in six-
inch lavers as specified; one shovel man can feed
three rammers. As to the length of time for which
a section of trench should be rammed that is a matter
of experience, but generally speaking sand and
gravel soils require less ramming than loamy or
vegetable soils for a given degree of firmness. Wet
clay is very difficult indeed to fill in and sometimes
has to be left until weather conditions improve.
Clay, which has become sunbaked whilst lying on
the road, calls for special care. It is necessary to
chop up the lumps of clay as much as possible before
returning to the trench and well water them in place
after ramming, then follow with successive layers
chopped, rammed and watered. With good filling-in
it will be found that such a degree of consolidation
can be given that despite the placing of a duct in the
trench, there is very little soil to be carted to tip.
This is of mutual advantage, the Contractor
economises in cartage and the Post Office is assured
of well restored trenches.

A test which is convincing in cases of dispute as
to the efficiency of consolidation, e.g., in a case where
the Department or the Highway Authority is dis-
satisfied, or the permanent reinstatement has sunk,
may be conducted as follows :—

Re-excavate the trench for a distance of three yards
at an agreed point in the affected area, the ducts
being exposed, and then cause the test length to be
re-filled under strict supervision, the ducts being
properly packed and three men ramming whilst one
shovels slowly.,
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It will usually be found that more earth has to be
carted to the trench in order to make good the
deficiency caused by filling in precisely to specifica-
tion. If such a degree of consolidation can be pro-
duced by methodical work on the lines laid down in
the Specification, there remains no doubt that failure
in the same area is due to imperfect consolidation.

There are, however, some situations in which it is
evident beforehand that no amount of ramming of
the excavated materials can restore the subsoil to a
degree of solidity sufficient for it to carry the trafhc
of the district or to afford the required degree of
support to other parts of the road. Of these difficult
situations the presence of wet clay subsoil is the most
common. When rammed down in one place it oozes
up somewhere else and has no stability at all.
Usually a sound job can be made by inserting a layer
of ashes to a consolidated depth of 6” over the ducts.
On this is laid, say 6", of good large hardcore, and
above this the returned hard foundation material of
the road. In deep trenches in unstable clay it may
be necessary to abandon the timbering and to insert
a rib of concrete or handpacked hardcore at the level
at which the thrust of traffic loads or of high build-
ings is calculated to cut across the trench. This
angle is quoted by authorities as 30°, 45°, and 60°
from the vertical, and clearly it will be influenced by
the nature of the surface and the subsoil; 45° may
be regarded as the general allowance.?

In soils less unstable than wet clay there may still
be a legitimate case for hardcore when trenches
follow the haunch of a road. Small hardcore is of
little value for strengthening a trench; it will be
squeezed out by the steam roller. In fact, an instance
is recollected where small hard material was fed to a
trench in large quantities without producing the
desired result, when it was found that the roller was
forcing the material through the hedgerow! Satis-
factory hardcore may consist of old bricks hand-
packed or block stone in lumps about 9” in diameter.
Works Supervisors should be as critical of the suit-
ability of hardcore as of any other material. Con-
crete or hardcore filling is conceded fairly readily at
road crossings since it is recognised that such
trenches cannot be consolidated by steam-rolling.
Weak concrete as an alternative to hardcore has
perhaps the advantage of freedom from voids
associated with hardcore and which sometimes per-
mit a slight sinkage of the wearing surface of the
road.

The Highways Agreement provides for the inser-
tion of a concrete or packed stone foundation in
roads which have no such foundation existing, but
which consist of a thick crust of old road metal,
layer upon layer, consolidated by time and traffic.
Whether or not it is possible to restore the stability
of such roads by means of the existing materials is
a matter for joint discussion on the site when the
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2 ““ Road Paving Policy and Maintenance for Modern Traffic
Conditions.” O. Cattlin. Jnl. M. & Cy.E., Vol. 52, p. 945,

“ Distribution of Concentrated Loads in Reinforced Concrete
Slabs.”” C. V. Rundell. ¢ The Engineer,’” Aug. 16, 1935,
p. 161,

‘“ Modern Road Construction.”” F. Wood. I.P.O.E.E.
Library, No. 868,



trench is open. In rocky, gravelly, or other firm
soils there may be a case for opposing a demand for
ballasting a trench of any depth, but if the subsoil
is soft there is not much prospect of holding up the
wearing surface of the road or buttressing the crown
of the road by back filling the small broken up road
metal which previously formed a tolerable foundation.

Although the use of strengthening materials has
been discussed at some length, it should be under-
stood that their use is exceptional and in most cases
there should be no difficulty in restoring trenches by
ordinary means to a degree of solidity which will
carry the traffic of the district without general sub-
sidence if the provisions of Schedule I, Section 7, are
discharged faithfully. The Department has never
admitted stipulations for hardcore or concrete as con-
ditions of consent, but on the other hand has always
been ready to discuss cases on their merit when the
ground is open. Differences of opinion with High-
way Authorities have sometimes led to the Depart-
ment taking the initiative of refusing to restore with
special stipulated materials at considerable cost,
whilst mindful of its liability under the 1863 Act in
the event of failure to restore the highway satisfac-
torily.

Regarding mechanical rammers, the explosion
type is in general use and there are one or two points
which must receive attention if good results are to
be obtained.  Firstly, it is necessary that there
should be about twelve inches of well rammed earth
covering the ducts before the explosion rammer is
brought into action since it strikes a blow of
200 Ibs. on a 10" circle. Secondly, it is necessary to
see that the operator covers every foot run of the
trench with overlapping blows, and, thirdly, that the
edges of the trench are not missed. It is not satis-
factory to fill the trench loosely to the top with earth
and then to depend on the rammer to push down two
feet of earth; the secret of good filling, whether by
hand or by mechanical means, is consolidation in
successive lavers.

The explosion rammer cannot be used effectively in
a deep timbered trench. Hand ramming is usual
here, but sometimes a pneumatic rammer can be
taken down. Pneumatic rammers are lighter than
the explosion type and strike more rapidly. They
are possibly a little more suited to telephone trenches
than the explosion type, but here again it is necessary
to see that the trench is covered methodically and
that the rammer is not allowed to dance along the
trench in a haphazard minner.

Reinstatement of Highway Surfaces.

Condition 7 of the Contract refers to the statutory
aspect, whilst in Schedule I, Sections 7 and 8, are
given the full details of these operations in such a
way as to satisfy the Telegraph Act and the High-
ways Agreement.

Sometimes the permanent restoration of the
pavings is left to the Post Office Contractor. More
frequently it is carried out by the Highway Authority.
This choice is a matter left entirely in the hands of
the Highway Authority under the Telegraph Act. It
is preferable from the Post Office viewpoint that the

Contractor should carry out the permanent restora-
tion for the following reasons :—

(1) He can estimate the cost in advance on the
basis of his own material costs, labour rates,
and recognised trimming margins.

(2) The Post Office obtains in consequence much
closer quotations for work to completion.

(3) In the event of faults in the trench work
developing at a later date the responsibility
is undivided.

When an authority intimates its intention of per-
forming the permanent reinstatement the Department
has the option of accepting the charges on the basis
of a ‘‘ Schedule of Rates ” or at ‘“ Net Cost.”
Schedules of Rates enumerate the various types of
pavings and foundation materials and give prices for
their reinstatement in terms of area or volume.

Where the former arrangement is in operation
copies of the Schedules are associated with every
invitation to tender for underground work and, since
the marginal widths, or *‘ trimming allowances *’ for
trenches in each class of paving are specified in the
tender, the Contractor is in a position to estimate his
own liabilities for the restoration of pavings fairly
accurately. The Department is not bound to accept
this method of charging, but it works reasonably well
in practice. The alternative method is for the High-
way Authority to charge the Post Office the net cost
of the restoration plus 1249, but this procedure,
whilst a very satisfactory alternative in cases where
Schedules of Rates are considered too high, has the
possible drawback that the Contractor has to estimate
for the work guided only by his own judgment as to
the probable cost of restoration.

Except in large cities, where trenches must be
restored permanently almost at once and concrete
foundations are the rule, it is desirable for carriage-
way trenches to remain temporarily reinstated for,
say, at least one month, in order that they shall con-
solidate under traffic. In the meantime the mainten-
ance of the trenches is an obligation of the Con-
tractor.f The Contractor may, however, desire to
leave the district, but must make his arrangements
for the work to he maintained in good order.

The desirability of lining out trenches with asphalt
cutters was emphasised earlier. It will be found
frequently that when a trench is cut carefully the
Highway Authority does not cut back to the full
extent of the trimming margin, sometimes not at all,
when restoring the trench and thus the care expended
in lining out is well repaid by the saving in the area
reinstated.

Fig. 14 shows an unfortunate example of work.
The trench was reinstated permanently about two
weeks after filling in and the photo shows its con-
dition after a further fortnight. Note that the new
tarpaving (1) has sunk and been patched twice as
indicated by (2) with (3) superimposed on it, and now
the pavement is affected from trench to kerb as in-
dicated by arrows. The subsoil is firm throughout
the run of this trench, and there is no good reason
why this and other soft spots should have developed.
In such a case the workmanlike remedy is to pull out
the tarpaving, re-excavate, refill and ram thoroughly,
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even in the °‘boxes-on-demand ”’ work already
referred to.

Fig. 16 shows, at the top, the correct method of
cutting ‘‘ closers ”’ so as to secure a fair face and a
tolerable back. Below is seen the result of cutting
‘“ closers '’ in such a way that the face is fair, but

built-up boiler-plate housings shown in Fig. 17 have
been used with success in preserving straightness in
manhole shafts. The dimensions are taken from
actual records.

An important point in engineering brick-laying is
the proper filling of every joint. The *‘ bed ’’ joints

alternate courses overhang at the ends. The strength are comparatively straightforward, but the ‘‘ cross
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Correct Bonding.

ELEVATION.

Correct Bonding.

ELEVATION.

Incorrect Bonding.

In the lower elevations the incorrect bonding arises from failure to insert the
““ broken bond »’ at the centre of the wall.

causes overhang at the quoins.
thus aggravating the quoin overhang.

Fic. 16.—* Encrisn Bonp 7’ 1IN BRICKWORK.

of the manhole is unaffected, but the practice is un-
workmanlike and looks bad if a Post Office manhole
is uncovered in the course of other trench or road
works. The Works Supervisor should make clear
to the bricklayer at the commencement of the work
that the method shown at the top is the one required.

The process of vertical offsetting of brick walls is
known as ‘‘ corbelling ’’ and the amount of offset
per bed joint should not exceed 14".  Corbelling
may be required in the body of a manhole, but more
frequently in the shaft, for the purpose of arching
around foreign pipes. A corbelled entrance shaft
may be a nuisance to cabling and the alternative

The use of whole bricks at the centre

Sometimes the 21" closers shown are also omitted

JoinTiNG-PiT Type JC.1.

X3 b

joints ** and ‘‘ wall joints ’’ call for great care if
leakage is to be avoided, and it is necessary that these
joints should be well ‘‘ buttered,”” and not merely
‘“ tipped.”” The practice of ‘‘ Larrying,”’ or laying
bricks on the bed and afterwards swilling the wall and
cross joints with semi-liquid grout is not permissible.

Bearing in mind that engineering bricks cost about
£6 per 1,000 or a total value of £21 for a BWC2
manhole, while laying involves only 58 bricklayer
hours at 1/8 = £4 17s. 0d. it will be evident that un-
skilled or untradesmanlike work is mainly a waste of
costly material.

Reinforced brickwork is a style of bricklaying
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shuttering. In such cases the erection of brick
manholes could be expedited by the proposed adoption
of reinforced 9” brickwork in lieu of 14” plain brick-
work, and the use of aluminous-cement concrete for
the roof as described later.

Concrete : Materials, Mixing and Placing.

Concrete is a mixture of stone, sand, cement and
water which when carefully proportioned, mixed,
and matured sets as strongly as solid stone. It is,
however, more liable to variation in quality and
strength than any other material used in underground
construction. Elsewhere we refer to the ultimate
strength of Portland cement concrete as 24001bs. per
sq. inch. Modern cement mixed carefully can give
much greater strength than this, say, 3000 1bs. But
careless mixing and placing, over-watering, or the
use of dirty materials, can reduce the ultimate

WATER - GALLONS Per CUBIC FOOT o¢ CEMENT,

strength so much that there remains a very small
factor of safety.

Engineers specialising in reinforced concrete pay
great attention to grading of materials; a method
known as the ‘‘ fineness modulus ’’ has been dev-
eloped and is described annually in the ‘‘ Concrete
Yearbook.””  Briefly, the method consists of
mechanical analysis by means of sieves and the selec-
tion of a sand and aggregate whose analysis most
nearly approximates a theoretical constant giving
greatest density.

The materials used on Post Office work are
necessarily those obtainable locally and the counsel
of the text books in regard to scientific grading
cannot be followed literally; at the same time rule-
of-thumb should not take charge of operations. In
and around London there is a wide choice of ex-
cellent sands and coarse aggregates. In the stone
districts of the north the coarse aggregates are
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RELATION BETWEEN WATER-CEMENT RATIO iIND STRENGTIH.
(ORDINARY PORTLAND CEMENT).

RELATION BETWEEN WATER-CEMENT RATIO AND STRENGTH.
(RAPID-HARDENING PORTLAND CEMENT).

Water-Cement Ratio = —\Mt')
Cement (cu. ft.)

Examples :—
. ft. We .25 .
Water-Cement Ratio. 1 = }l%f:_gz;—t:x:_t = 761270 = 6.25 gals. per cubic foot of cement.
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do. do. 8 = T Coment = i =35 gals. e
2
do. do. 12 = 1.2 cu. ft. Water _ 6.25 x 1.2 =75 gals. .. . .

1 cu. ft. Cement 1






The water-cement ratio governs the strength of
the concrete quite definitely, but is itself governed by
the grading, gauging, and workability of the mix,

The amount of fine material passing a No. 100
B.S. sieve is limited in the Code to 39 for any
sand and all should pass through a 3,16” sieve.

Aixes which are a little lean, e.g., 4-2-1, become
critical in workability according 1o their grading. It
is shown by Messrs. Scott & Glanville in their
** Handbook on the Code of Practice for Reinforced
Concrete *'* that in such a mixture the strength and
workability are largely governed by the gradings
which pass a No. 52 sieve. It is recommended by
these authors that not more than 259, or less than
59, should pass No. 52 B.S. sieva (.0116" aperture).

The same authors recommend that there should be
about 209, of particles ranging in size between the
No. 7 and the 3/16" sieve; more than this may cause
harshness. Table I gives abridged analvses of
various sands examined in the preparation of

means that if this wet sand is handled in its bulked
state without correction, 10 fillings of a gauging box
may be the equivalent of only 82 fillings when once
the mixing water has been added, and thus the con-
crete is under-sanded.  The rather elaborate pro-
cedure necessary to take account of the water content
of sand saturated to eliminate bulking could scarcely
be introduced on works of the magnitude of manhole
construction and it is difficult to suggest a remedy,
having regard to the peculiar demands of manhole
work, other than to continue the use of a concrete
with liberal sand content, viz., 3-2-1 (dry material)
which probably approaches the more usual 3-13-1
concrete if allowance is made for normal bulking.
There should be little trouble in securing clean
materials free from loam or adherent coatings of
stone flour. Works Supervisors are now all well
versed in the detection of dirty sand and aggregate.
The standard Code test consists of washing 100 c.c.
of sand in 150 c.c. of water in a graduated glass;

TABLE I.
Test RESULTS oF SANDS OFFERED FOR MANHOLE CONCRETE WORK.

Orgin 3 }l)g’s"b‘l\?sih 131)35?35 Coiltletnt. Remarks.

0 T o o -

Q0 o 0
1t sand
Eastbourne 100 112 10.0
River Sand
Wakefield, Yorks . 100 03 1.0
River Sand Silt9, by volume. Rejection it =69,
Pentewan, Cornwall 100 0.3 <1.0

f Sieve analysis= %, by weight.
Crushed Granite Limuts are, Pass 3/16” mesh=100%,
Sand, Westmoreland 100 122 5.0 ., 100 ., > 3%
River Sand
Windermere 100 40 1.5
River Sand
Mersey 99 99 2.8 <1.0 J
this paper. These tests appear sufficiently close not more than 69%,, or one part in 17, of silt should

for manhole work, provided that the sand
appears well-graded under visual examination,
as mixes of 3-14-1, or richer in cement than
that, are not critical of grading. The degree of
wetness ol sand is a factor that should not be ignored
altogether under the conditious of manhole building.
Sand containing 29, to 59, of moisture by weight will
** bulk "’ or increase in volume by as much as 309,-
409/, but the addition of water beyvond 59, will cause
the sand to subside to its original volume. As an
instance a measuring can 10” high is filled with loose
damp sand as received on the job. The sand is re-
moved, dried at about 230°F. to evaporate water and
replaced in three lavers, each being rodded, when the
depth of sand in the can is found to be 83". The

bulking is therefore ‘513527 x 100 = 14.39, which
4 A reprint of the ** Code of Practice for Reinforced Concrete
with ewplanations and illustrations.  The ““ Code ” has

now been adopted by the L.C.C. and may be regaided as
the standaird work for all reinforced concrete structures.

settle on top of the sand in one hour.

This test appears in the Code exactly as described,
but generally a rough test can be made using a milk
bottle or jam jar and a foot rule for measuring the
heights of sand and silt. When crushed granite
sand is tested the silt works its way to the bottom
via the voids, a good deal of it does not reach the
bottom at all, but can be seen trapped in the inter-
stices. The Code states, however, that Aggregates
(Fine and Coarse) shall be *‘ clean and free from clay
films and other adherent coatings.”” By observing
the volume of dust when crushed stone sand is
tipped from a lorry or agitated by a shovel a fair idea
of its general suitability may be formed, and if it is
obviously dusty a water test is hardly necessary. It
can be condemned at sight or sieved to show an
excess beyond 39, finer than 100.

There is a difficulty of obtaining good sand along
the Sussex coast. Generally it is silt-laden, and one
case 1Is recollected in which the Contractor elected to
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haul Ham River sand from Kingston to Shoreham
in preference to offering the local product for ferro-
concrete work,

An explanation of the term ‘* cubical ’’ aggregate
should perhaps be offered. It does not denote aggre-
gate shaped like lump sugar, but refers to such a
relation between length, breadth and depth that the
material is not flaky. Water-worn pebbles satisfy
the term *‘ cubical ’” and form an excellent aggregate
requiring a minimum of water for good workability
and therefore make a concrete of great strength.
Flaky material does not pack well together and lacks
strength in individual particles.

Little, if any, trouble need be anticipated in the
quality of cement if delivered fresh and in undamaged
paper bags. It is most important that bags of
cement should be kept in drv storage. Tests have
shown that the strength of cement contained in jute
bags and housed in a rough shed depreciated to 829
at three months’ storage, and after six months’
storage to 729, of the strength off resh cement;
the rate of hardening was also reduced. Some
elementary tests for staleness in cement are given in
Appendix 4.

Reinforcing material need only be examined to
ensure that it is free from flaky rust, which should
be brushed off. Slight rust causes no detriment.
The steel should be free from mud or oil when
brought into use, or the concrete cannot adhere
intimately to it and so develop the required ‘‘ bond
stress.”’

«

Recommended procedure for Concreting
a Manhole.

Assuming that the excavation has already been
made, the manhole builder should check its dimen-
sions by plumb-line and tape to ensure that the sides
of the excavation have been cut vertically true. The
earth plate should now be buried and the sump hole
excavated. The mixing stage, of adequate size, say
12" x 8', will be placed in readiness and the
specified quantities of concrete material measured
out. The dry mixing is continued until the mass is
of uniform colour. Clean water is added %ia a
sprinkler—it must never be slopped or added in bulk.
Watering and mixing is continued until the mass is
plastic, when the watering should be slowed down or
suspended in order that the mass shall be wetted
throughout by the performance of hard labour in
turning over and not by continued watering to make
things go easilv. A slump test is now made. The
result is a 2" slump, just about right for floor and
roof work; the amount of water is noted for future
batches. The mix is lowered in pails or by a chute,
but must never be thrown down from the top or the
fine and coarse material will segregate.

It will be found that the floor of a No. 2 manhole
requires 30 cu. ft. of concrete and this quantity may
conveniently be mixed in two { yard batches and a
small one to finish with. Each batch will be placed
within 20 minutes of mixing otherwise the ‘¢ initial
set ' may take place before the concrete is home.
For this reason it is impracticable to leave mixed
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concrete on the stage during a meal interval. As the
concrete is placed it must be lightly tamped, good
spadework sufficing for floor and roof work, and the
walls may be rodded, tamped, or sliced by means of
a trowel. Rodding is considered preferable.

Having placed the floor and roughly levelled it,
four strips or battens are lett embedded to form a
channel for the reinforcing bars. If this is forgotten
the bars will obtain no bearing against the floor and
shear stress at the support will be high. Further-
more, the bars are of such length that if they are not
embedded in the floor they will project through the
roof on completion. The bars should not be
embedded in the floor at the time of concreting, as
that would cause difficulty in cleaning behind them.

Finally, the floor is covered with sheets or old
cement bags as a protection against frost which
would disintegrate concrete owing to the expansion
of water, or sun which would cause the premature
drving-out of the water and prevent the completion
of its work in hardening the cement. On the next
day, if the floor has hardened sufficiently, the walls
and roof are erected. First the battens are removed
and the whole surface of the floor scrubbed with a
wire brush to remove the *‘ laitance ’’ or water scum
from the surface, so that clean concrete is exposed
to which the walls will bond with strength and water-
tightness, and to which the rendering of the floor will
bond also. The floor coverings are replaced, boards
are put down for standing upon, in order to avoid
damaging the green concrete. The upright bars are
placed in position, taking great care that they are
secured intermediately and at the top so that they
cannot wander from the correct position, viz., 2"
from the face of the wall. A wooden template,
drilled for correct spacing, is useful here. If the
shuttering requires trimming that will be done away
from the manhole or sawdust may settle upon the wet
concrete and be difficult to remove.  The boards
should be squared and cut to length as accurately
as would be done by a carpenter, otherwise irregu-
larities will be imprinted on the finished work. If
several other manholes are included in the contract,
steel shuttering may be hired or purchased. A neat
cement grout will be placed upon the floor before any
wall concrete is placed, after which the walls will be
poured as quickly as possible. A small batch to 4”
slump is made up to test its workability, trving 5" if
the 4" is too stiff a consistency. The shuttering
should be treated with mould oil on the concrete side
in order to make its removal an easy matter.

If it be necessary to stop off the work immediately
for any reason, the procedure to be adopted is shown
in Fig. 22, which illustrates also the use of battens
for forming the slots in the floor. On resuming
work the first step should be to brush the top of the
concrete in order to remove scum and expose good
clean concrete which will be grouted with neat cement
as was done at floor level. Throughout the process
of packing the wall concrete there must be diligent
rodding or tamping of the wet concrete; failure to
consolidate it will be revealed by hungry patches in
the face when the boards are struck. A special effort
should be made to cast the roof in one mass with at
least one foot depth of the walls in order to form a






stanchions, preferably encased in concrete to avoid
maintenance painting. It is preferable, however, to
construct the vertical member as a reinforced-concrete
beam, two or three 3" rods will suffice. The bond
between the new and the old concrete calls for great
care. The methods prescribed in Building Research
Bulletin No. 9, ** Bonding New Concrete to Old,”
should be followed.

Bulletin No. 9 also gives instructions for the bond-
ing of new concrete to new concrete, i.e., concrete
which is but an hour or so old, and this publication
is commended to all who are responsible for under-
ground construction.

It is often said, by people who have failed in the
attempt and by salesmen interested in ‘‘ concrete
improvers,’’ that concrete can never be made water-
tight. That depends upon what is understood by
watertightness; a sample mould of 3-1 cement mortar
measuring about 4" diameter and 14" thick, taken
from a Post Office job, was subjected to a water
pressure of 5 Ibs. per sq. inch for 24 hours and the
percolation was 1.5 c.c. This is a leakage rate of
one-sixth pint per super yard per day, which would
not trouble jointers in their work. The head of water
required to produce a pressure of 5 Ibs. per sq. inch
is about 11 ft., corresponding roughly to the pressure
applied to an average manhole floor by a column of
water standing as high as the pavement level. No
similar data from Post Office sources is held for
concrete, but Building Research Technical Paper
No. 3, ‘‘ The Permeability of Portland Cement Con-
crete,”’ treats the subject very fully and emphasises,
inter alia, the importance of the correct water content
in the mix and of keeping the concrete wet during the
hardening process as a means of ensuring imper-
meability.

It is therefore concluded that concrete properly
mixed, intelligentlv placed, and where necessary,
carefully bonded, is sufficiently watertight for normal
Post Office requirements without the use of those
special materials for waterproofing which in some
cases almost equal the cost of the cement.

Manholes in Wet or Abnormal Situations.

The Contract Specification states that additional
payment will be made for extra work necessitated by
wet or abnormal conditions. It is very difficult at
times to decide where normal conditions cease to
apply and abnormal ones commence.

In making payment for pumping or other pre-
cautionary measures for the protection of the con-
crete the Department recognises that without some
additional precautions the quality of the concrete
would probably be impaired permanently by the
action of running water. If responsibility for the
protection of the concrete be deemed a contractual
risk, the Department might expect a contingent
allowance to be made by Contractors in pricing every
manhole and hence it is better to deal specially with
wet manholes on merit.

Some measures which have been found effective in
dealing with subsoil water are :—

(1) The use of a dam formed from a folded tar-
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paulin, the water level being kept below the
dam by continuous pumping.

(2) The placing of a hardcore or rubble course
beneath the concrete floor, and communicat-
ing with an independent sump shaft. Water
is continuously pumped from the rubble floor
via the sump shaft and does not reach the
concrete.

(3) As a variation of (2) a special iron sump pot
is used. Pumping is effected via a screwed
union. When pumping is completed the
sump is closed by means of a screwed cap
and the lower part of the sump filled in with
concrete. This method is used successfully
in and around Liverpool where tidal water is
met. These special sumps are understood
to cost about 40/- each.

Fig. 23 is a composite picture illustrating methods
(2) and (3).

All these methods are well tried and a choice
between them will be influenced by personal judgment
and by the anticipated cost of each in particular
cases. In addition to continuous pumping from the
lowest part of the manhole it may be necessary to line
the whole of the inside of the excavation with timber
or other close sheeting in order to stop the flow of
dirty running water from the sides of the excavation
into the rising concrete walls. The method favoured
in one town in conjunction with the special sump is to
drive down ‘‘ runners ’’ cut from stout tongued and
grooved boards and to ram between these and the
earth a layer of straw or paper.

Another method, which is at yet untried, is the
lining of the whole excavation with ‘* Sisalkraft ’’*
or ‘‘ Pergaloid Kraft ’’® papers which are stout,
watertight and cheap, in comparison with tongued
and grooved boards. The ‘‘ Pergaloid >’ paper,
although crisp and tearable whilst dry, becomes as
tough as leather when wet.

The typical proprietary concrete improvers
‘“ Sika,” ‘* Tricosal,”” and ‘‘ Rollo ’’ may be used
in combination with Portland Cement to sfimulate
its setting and early strength. Each of these
materials can be employed to procure a relatively
high degree of early hardness in ordinary cement
after, say, one or two hours, but they are rather
costly and it may be cheaper to pay for continuous
pumping.

The use of aluminous cement will enable the pump-
ing period to be reduced to about six hours, but even
assuming that ordinary Portland Cement is being
used there is no necessity to order continuous pump-
ing attendance for more than 24 hours. Should the
manhole fill with water, via the ducts after these
respective periods, no harm will be done as the
cement has reached its ‘‘ final set.”” The water will
assist in the curing of the green concrete, and will
compensate the external pressure of the subsoil
water.

In return for the additional expenditure upon anti-
flooding measures the Department demands that the

5 Messrs. Sunkey & Son, Aldwych House, W.C.2,
6 Mr. J. H. Merrington, 91, Queen Victoria Street, E.C.4.






holes, Fig. 24. Another manhole gang was started
well ahead, but Manhole Gang No. 1 had practically
overtaken the arrears by the time the Cabling Gang
reached L.P.45 built by Manhole Gang No. 2. There
were two regular manhole builders, and an improver
for part of the time in Gang No. 1. It was un-
precedented for main cabling to be done in advance
of manhole construction and only by the use of
aluminous cement was it possible to overtake arrears
and subsequently keep ahead of the cabling gang.
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Due to the rapid-hardening properties of aluminous
cement any Post Office manhole in the standard series
could, as already suggested, be released to traffic
loading twelve hours after the placing of the roof
concrete, as at that age the concrete will have
developed a strength of 3,000 lbs. per square inch,
or a little more than ordinary Portland Cement at 28
days or rapid-hardening Portland Cement at 3 or 4
days. The only special precautions to be observed
are the keeping wet of the concrete for 24 hours and
the use of a little more water in the mixing.

There are no technical difficulties whatever in the
employment of aluminous cement, and, if it be neces-
sary to build a manhole during the week-end in the
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busiest carriageway in London, the only limiting
factor would be that the roof concrete must be placed
by 6 p.m. or 7 p.m. on Sunday evening in readiness
for the 7 a.m. Monday morning traffic. It is again
assumed that present dimensions are retained.

The extra cost of aluminous cement has been
mentioned as a drawback except when justified by
emergency conditions. It is not possible to com-
pensate for this cost by reducing the dimensions of
walls, floor and roof; these are already very thin.
Nor is it desirable to economise by employving leaner
mixes. Appendix 3 gives comparative details of the
estimated costs of some manholes built in Ordinary
Portland, and Aluminous Cement concrete.

It is suggested that the results are sufficiently
encouraging to warrant the greater use of aluminous
cement for carriageway manholes in towns as a
tangible contribution towards reduced obstruction of
Class I roads. If an estimate be made of petrol, oil,
and loss of time by motor vehicles and their drivers
and passengers due to the obstruction of a busy
thoroughfare, the sum of money lost by the general
public per obstruction per day, is considerable, and
would undoubtedly exceed by many times the extra
cost of aluminous cement.

Conduits ; the aspect of watertightness.

It is not proposed to describe the everyvday routine
operations of conduit-laying, but to pursue instead
one debatable aspect only, viz., *‘ leak-tightness,”’
which embraces watertightness and gastightness.

Consider first those conduits that can be laid
positively leaktight, viz., cast-iron pipes, which are
now restricted to pneumatic-tube work; steel pipes,
which are costly but efficient in respect of leaktight-
ness; and asbestos-cement ducts which are still in
the experimental stage. A description of the
asbestos-cement duct’s development appears in the
Journal, P.O.E.E.  Jan., 1936.

Single-way asbestos ducts have been laid experi-
mentally, and proved leaktight before being covered
in, at an additional cost of approximately £10 per
mile over single-way self-aligning earthenware ducts
for laying only. There are one or two details still
to be settled in regard to the form of joint before
these ducts can be emploved on a larger scale, and
the future cost of laying these ducts should not, in
view of experience gained on the initial trial, be
greater than for self-aligning ducts.

If steel or cast-iron pipes leak when newly-laid it
is definitely somebody’s responsibility, there is no
reason at all why they should do so. But cast-iron
pipes are obsolescent as cable conduits, and the long
steel pipe costs from three to five times as much as
the single self-aligning earthenware duct. It is
therefore important to make each joint carefully and
it appears reasonable to suggest that a simple
pressure test be made before the pipes are covered
in. The spigot end of the steel pipe conduit is a
driving taper fit in the socket. Leaktightness may
be ensured by coating the spigot and socket with
Compound No. 6 as used for jointing earthenware
ducts. The same form of joint is in extensive use



for gas and water mains, but it is necessary to weld
the end of the socket around the barrel in order to
resist internal pressure. In telephone work, when
steel pipe construction of infallible leaktightness may
be necessary, welded joints could be employed.

Then there are earthenware ducts of the octagonal
pattern and more recently the square type, each
being set in cement mortar and the complete forma-
tion or ‘* nest >’ being surrounded by a layer of con-
crete 3” in thickness. It has long been stipulated
that octagonal-duct work shall on completion be
watertight, but unless water is discharged from the
ducts thev are accepted as leaktight; there is no
positive test. The piecemeal construction of the
concrete walls calls for considerable skill in bonding
new to old concrete, but the number of seams running
the full length of each wall makes them particularly
vulnerable to leakage. The difficulty of making an
efficient bond between new and old concrete is in-
creased when the work has to be carried out in a wet
trench or tunnel.

If octagonal-duct work of infallible leaktightness
is required there appears to be no alternative to the
erection of the foundation and walls as a monolithic
structure in advance of the duct laying and the treat-
ment of the insides of the walls and foundation with
a bituminous rendering or ‘‘ damp-course ’’ before
the ducts are placed. That would cost more money,
vet octagonal ducts are already an expensive conduit
system.

It appears quite out of the question to prove
octagonal-duct work for leaktightness in the course
of construction.

It is suggested that absence of leaktightness in
self-aligning ducts may be overcome by the use of a
more suitable jointing compound, preferably one that
can be applied without heating. Bituminous
emulsions, Resin-tallow and Rubber-latex com-
pounds have been tried and found unsatisfactory.
The most promising material seen yet is a proprietary
tar compound embodying asbestos shreds as a filler
and binder; it was this material which was success-
fully used in conjunction with asbestos ducts, and it
has also been used, to a small extent but with
complete success, for single-way self-aligning ducts.
It has good body and will fill up small voids, will
adhere to damp duct linings and remains permanently
flexible. The extra cost of this ‘“ Compound X ”
is of the order of £5 to £10 per mile according to
the size of the ducts. In providing a more efficient
compound it appears reasonable to impose a test for
leaktightness. The apparatus required for this test
is quite simple, consisting of a few drain-stoppers,
an airpump, and a U-tube or other low-reading
pressure-gauge. Smoke-testing is only necessary
when the air-pressure test indicates the existence of
a leak. An assurance can be given that the average
rate of duct-laying progress would not be reduced
by the adoption of these proposals for single-way
construction, but it has to be admitted that no
practical experience has vet been gained in the use
of ““ Compound X ”’ on multi-way duct schemes.

It has been asked what guarantee there is that a
line of self-aligning ducts will remain leaktight when
settlements take place in the ground. The answer is

that they can be guaranteed against settlement—at a
price. The cost of providing concrete for anti-
creepage damping was shown to be about £187 per
mile for a duct three barrels in width inclusive of
earth carted to tip. If this concrete is placed below
the ducts, in order to act as a foundation slab, a
sum for additional excavation must be allowed, say,
£20 per mile. Adding to that the cost of providing
and laying two strands of steel wire reinforcement
and the total cost of bedding the duct route on a
concrete base will be about £220 per mile or 2/6 per
vard run.

It is unlikely that this, or any other method of
achieving leaktightness that involves a substantial
increase in the capital cost of self-aligning duct
construction is likely to be viewed with favour, but
any economical means of securing leaktightness
would naturally receive consideration.

Manhole and Jointbox Covers.

The Cover Jointbox No. 4 and Footway Cover
Manhole No. 6 are heavy to lift by small keys and
it may be possible at some time to lighten them by
the adoption of thinner reinforced stones. The
rocking of footway covers is a nuisance which cannot
be overcome easily. Something might be done to
improve matters by providing adjusting screws set in
the covers. This method would avoid changing
existing channels.

Regarding carriageway mashole covers, the
standard types are heavy and they appear to give a
good deal of rocking trouble. Caulking them against
rocking makes their removal difficult and is wasteful
of time. Experience shows that Cover No. 3 (the
one in a 7" frame) is practically free from rocking.
It is the only manhole cover without ‘' chipping
strips *’ which are provided for ease of initial adjust-
ment. The other circular covers, Nos. 4, 5 and 7,
which are seated on ‘‘ chipping strips,’” are all liable
to develop rocking.

It is probable that the last-named frames will be
brought into line with No. 3 quite soon and that
other improvements will be made in the direction of
lightness.

The oval jointing-pit cover calls for special com-
ment. Two proprietary tvpes of rectangular covers
have been tried experimentally as substitutes; about
one hundred of each are at present in service and
under observation.

It would, however, be quite uneconomical to con-
sider the early replacement of the whole of the
existing oval covers and frames. The device shown
in Fig. 25 (a) is being brought into experimental use
for overcoming rocking of the oval and circular
covers seated in frames of the chipping-strip type.
This device consists essentially of a retaining ring
carrying a number of *“ Ferodo ’’ fibre pads. The pads
afford nearly twice the seating area given originally
by the chipping strips, and, should the cover rock at
all, it cannot do so noisilv. At (b) is seen the effect
on the road of rocking in an oval cover. The rock-
ing of the cover has disturbed the bedding of the
frame and the road is in consequence being broken
up around the frame.
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NOTES ON THE DISCUSSION.

The case for an increased use of Rapid-Hardening
Portland and Aluminous Cements received general
approval.  The proposal to introduce common
Fletton bricks for minor jointing-chamber work was
accepted in principle and supported by evidence ot
the use of such bricks for general manhole construc-
tion practice by an electrical supply undertaking in
the City of London.

Replying to an enquiry as to the advisability of
emploving concrete filling as a precaution against the
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Appendix I.

Abstract of Highways Statistics quoted in '“ High-
ways and their Maintenance,”’ by 11". J. Hadfield.

Ministrv of Transport Road Trathc Census, 1935.
Total length of highways in Great Britain was
178,507 miles, as follows :—

Miles.

First-class roads (main traffic arteries) 26,779
Second-class roads (other traffic routes of

less importance) 16,837

Unclassified roads 134,891

178,507

TYPES OF PAVING ON

The obstruction to this increased traffic due to
telephone trenches, manhole building, and jointer’s
tents should be tdken into consideration.

Note on the widths of Carriageways (from Mr.
Hadfield’s bovk uabove-mentioned).

The Ministry of Transport regards 10’ 0” as proper
width per line of traffic.

The Highway Act, 1835, requires *‘ cart-way ’’ to
be 20’ 0" wide.

The Tramway Act, 1870, gives 9’ 6” from kerb to
rail, say 8’ 07, allowing for overhang of tramcar
body beyond rails.

For carriageway with double line of trams 33’ 0"
should be minimum width. To the two 9’ 6” margins

CLASSIFIED ROADS.

Census pomts at Year 1 which the record was made.
which the roadwav
consisted of. 1922. 1925. 1928. 1931. 1935.
Not published.
Waterbound Macadam 1508=439%, 755 327 239= 359, The Census
states that the
Surface-dressed Macadam 732=219, 1496 1165 1014=219%, Report on the
Administration
Tar Macadam 1057=30%, 1687 2567 2686=54% | of the Road
Fund gives this
Bituminous and Asphaltic Surfaces 56=1.6%, 274 420 782=159%, information
with  greater
Wood Blocks 8 34 46 5= 19, accuracy than
the Census.
Granite Setis 101= 39, 133 138 124=2%9%,
Concrete 1 13 23 65=149,
3463 4392 4686 4953
COMPARISON OF TRAFFIC DENSITY, 1922-31. between rail and kerb should be added 14’ 0” for the

ESTIMATED AVERAGE DAILY TONNAGE PassiNG EACH CENSUS

PoIiNT.

1922. 1925. 1926 1931. 1935
Up to 500 ton> 1,220 642 436 106 846%
501-1,000 tons 979 1,069 835 814 1,240
1,001-1,500 506 751} ) 1762
1.501-2.000 ., 282 s20f L1308 1272 g1
2.001-3,000 ., 254 591 719 764 644
3,001-4.000 ,, 108 309 467 163 384
4,001-5,000 ., 52 180 275 329 203
Over 35,000 ,, 62 330 — — —
5,001-10,000 tons  — — 493 561 307
Over 10,000 tons —_ — 133 256 39

3,463 4,392 1,686 4,955 5,141

* Tncrease in 1935 15 due to fact that mileage included in
the census was extended each time and figures for 1931
mnclude lighter roads not included in the previous census.

Mr Hadfield's book was published prior to the 1935
Census. The authors are indebted to him tfor guidance 1n
connection with the 1935 columns of the foregoing tables.

The foregoing statistics show that the quality of
carriageway pavings has been improved concurrently
with the growth of trafic. The cost of reinstating
telephone trenches in carriageways will naturally be
influenced by the increasing employment of costly
pavings.

The increases in traffic tonnage have a bearing on
cable creepage and cable vibration faults.
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width of the double track.

In residential and urban districts allowance must
be made for standing vehicles, which on a 20" 0"
carriageway leave only one line. A 24’ 0" carriage-
wayv enables 2 lines to pass a standing vehicle and
the M.O.T. has sometimes approved 25’ 0” carriage-
ways. Hadfield says that 24’ 0” suffices for 3,000/
4,000 tons daily without inconvenience and refers to
similar carriageways carrying 6,930 tons daily with-
out congestion except that caused by standing
vehicles.?

A four-line road may be 36’ 0” wide and this has
been adopted for the Mersey Tunnel.

Summary.
Ordinary main routes outside built-up
areas, say
Urban roads up to 5000 tons per day
where there is no congestion ... 24’ 25"
Main city thoroughfares 10 000 t.p.d. plus
some tramway traffic, no congestlon
if of 28’33’
Similar thoroucrhfares of 15 000 t. p.d.
addition to tramway trafﬁc ... 36'—40’

20" O

L luthor's Note.—A jointer’s tent and truck are the equivalent
of a standing vehicle and will produce a comparable degrec
of congestion of traffic.



Appendix 2.

STANDARD S1ZES OF PosT OFFICE MANHOLES.

Code.*
Code.* B ko“v 1 Internal Dumnensions.
Size. Remforced lgle(inforge; } Purpose.
Concrete Concrete Roof. Length. Width., Height.
RCO
RI(?;)/ 37 67x57 07 2 and 3 way duct routes,
; ; 11 load Is.

0 | rRCO, RFO S — 6'x3 6”x4 0 small foading cots

1 RC1, RF1 BWCI], BWF1 6/ x4 073 5" 6” 4 to 9 ducts. Small load-
mg coils.

2 RC2, RF2 BWC2, BWE2 107 %4 0" x6" to 8 10 to 48 ducts. Above 32
ducts the height 1s in-
creased 1n increments of
6” per four additional
ducts. Largeloading coil
cases on main routes, up
to 360/25+4/40 cables.

11 RC11, RF11 —_ — 13 67 x5 6" x 7 Extra large manhole for
accommodation ot several
L,c cases.
*Note. RC denotes Remnforced Concrete Carriageway type.
RF " ’ ,»  Footway.
BWC ,,  Brickwork-walled Carriageway type with remtorced concrete roof.
BWY ’s " ,,  Footway type with reintorced concrete roof.
CARRIAGEWAY JOINTING PiIT.
Type. Length  Bieadth Depth.
JRC1 Reinforced Concrete Pit)
! Internal dimensions 3’ 272" 2"x 2" 4"
JC1 Brick-walled Pit
STANDARD $1zLS OF PosT OFFICE JOINTBOXES.
PC. Floor Wall
JF Type. L. W. D. No of Mortar concrete JRF Type. concrete
Brichs. (cu. ft) (cu. ft) (cu. ft.)
JF 1 173”7 .9 \ 61 11 1 JRF 1 33
JE¥ 2 24 <107 88 21 1% JRF 2 5%
JF 3 27 11”x 1" 2” | Normal 106 2% 2 JRFEF 3 6
JF 4 3707 <l -')é"\Depth 116 3 24 JRF 4 73
JE S 2007 X207 | 2 3 104 24 2% JRE 5 8
IF 6 4 3347..27 07 132 3% 1 JRF 6 114
JF 9 37 34" x2 07 143 3% 6 JRE 9 133
JF denotes Brick-walled tvpe (4}” Brickwork) | Internal dimensions
and floor concrete

JRF denotes Concrete-walled type (34”
Unremforced concrete)

{ quantities are com-
J mon to both.

33



34

Gauged 4—2—1 Fic Aggregate 0—3” Coarse Aggregate §”

Appendix 3.

CONCRETE (QUANTITIES FOR P.O. MANHOLES
COMPARISON BETWEEN PORTLAND AND AruMiNorus CEMENTS.

3

1

T : Approx.Quantity | Approx Quantity Cost of Cement Pence extra
Mamhole, | ofeancrete | Cemont U Poiandat | Atuminousat || Chareable | poren i lor
= 2- cwt. = 5/~ ut. Cement.
£ s d. £ s d. £ s. d.
RCO 84 17 114 0 4 5 0 211 0O 214 2.86
RFO 29 11 I 2 0 2153 0 113 0 156 2.54
RC1 94 19 118 0 115 0 217 0 270 2.53
RF1 85 17 114 O 4 5 0 211 0O 228 2.70
RC2 199 40 4 0 0 10 0 O 6 0 0 931 2,71
RF2 169 39 318 0 9153 0O o 17 0 466 3.01
RC11 331 66 6 12 0 16 10 ¢ 918 0 973 2.44
RF11 275 39 218 0 14 15 0 817 0 816 2.51

N.B.—The comparisons are based on the costs of the respective cements only.

It would be hoth

legitimate and very desirable to work at higher stresses in the steel by a reduction in the
amount of steel and thus a further saving would be effected. Another source of clear
saving is, Night Watchman at 7/6 per shift for 6 nights per manhole where no other work
has to be watched, or -/3 per manhole watchlamp per night for 6 nights where the watchman
has to be on duty in any event for trench work.



Appendix 4.

Notes on Concrete and General Underground
Construction.

Measurement of Trench and Manhole Quantities.
The following table gives lineal inches as decimal
fractions of a foot and is accurate to the nearest
second decimal place. It is convenient to calculate in
linear, square, or cubic feet and it is suggested that
the table be memorised in order to facilitate multi-

plication,
Inch Foot Inch Foot
{lineal) (lineal) (lineal) (lineal)
P = 001 5 = 042
3 = 0.02 6 = 0 50
4 = 004 7 = 058
1 = 0.08 8 = 067
2 = 0.17 9 = 0.75
3 = 0.25 10 = 0 83
4 = 033 11 = 092
Cement.
1 Cubic foot = 90 1bs. = .04 ton.
1 Paper Sack = 112 1bs. = 1.25 cubic feet.
W ater.
1 Cubic foot = 62.41bs. = 6.24 gallons = .037
cubic vard.
Concrete.
1 Cubic foot = 144 Ibs. (for purposes of estima-
tion).

Therefore a 12" cube may be regarded as a
pile consisting of 12 x 12 ‘* sticks ”* of con-
crete each 1" square and 12" long. Hence
the further definitions. Weight of slab (lbs.)
per sq. ft. = Thickness (inches) x 12.
Example 7' Slab = 7" x 12 = 84 lbs. sq. ft.
Weight of Beam, per lin. foot (Ibs.) = Width
(inches) x Depth (inches).

Example, Beam = 9" x 5" = 45 Ibs. per foot
run.

Sund and dggregate.
Cubic feet per ton.

Pit Sand .. .22
River Sand .21
Coarse Gravel . 23
Clean Shingle ... 24

Cement Mortar (Gauged 3-1).
’ Lay about 212 bricks with 2"
. - | Joint.
I Cubic foot will lRender about 33 sq. ft. at a
thickness of £”.

Cement Wash. For Manhole TValls.

Use ordinary Portland, or white Portland cement,
mixed to the consistency of paint, using instead of
water for mixing, a solution consisting of

Calcium, Chloride, 1 1b.
Water, 3 gallons.

The calcium chloride will maintain the wash coat
in a wet condition and facilitate hardening of the
cement without any tendency to powdering.

Field Tests for freshness of Cement.

(1) Cement should feel somewhat warm when the
bare arm is thrust into the bag. If this be
so the cement is fresh bevond doubt.

(2) Cement should feel silky and not gritty when
rubbed between the thumb and finger. Hard
lumps denote staleness.

{3) Take about a pound of cement and make up
a pat upon a non-absorbent base, using only
sufficient water to produce a stiff paste. The
pat, which should measure about 3" x 3"
x 1”7, should be covered by a damp rag and
stored in a reasonably warm place. In 18 to
24 hours there should be difficulty in marking
the pat by the thumb-nail. At 48 hours it
should be difficult to break the pat between
the fingers.

Field Tests for Bricks.

The shape should be regular and arris edges un-
damaged. \Well burnt bricks will emit a metallic
ring when two are struck together.

Good quality blue Staffordshire bricks show, upon
fracture, a penetration of the blue colour to a depth
of not less than one inch.

Vitrified red engineering bricks should show a
dense glassv fracture.

When making absorption tests of bricks it is desir-
able to take the average value of three bricks. They
should be gently dried for 24 hours, weighed,
immersed in water for 24 hours, wiped free of surplus
water and again weighed. Limits of water absorp-
tion for Post Office work are :—

Engineering Bricks, 119, by weight.
Red Wire-cut Bricks, 109/, by weight.

Loading of Rolled Steel Joists in common use
for Manhole work.

SAFE DISTRIBUTED Loap 1v TonNs FOR VaRIOUS SPANS

Span (feet)

Stze. 4 6 8 10 12
4”7 3" > 10ib. 4.8 3.2 2.1 — —
6” X 5” « 251b. 18.7 12,5 94 75 63

Note —The length of an r.s j should not exceed 60 times the
width of the compression flange unless the joist 1s
secured against lateral buckling.

The span of an r.s j. should not exceed 24 times the
depth of 1ts section unless the deflection 1s less than
1'400 of the span.

PROPERTIES OF “INDENTED ” STEEL BARS IN
SIZES USED FOR P.O MANHOLE WORK.

(From particulars published by the makers)

Sectional |Weight per[ Approx.

D t.
(:S(Irquis(;r s ,\l;ej:es) (fl%ost ru*r§ fo?('gnper General detatls.
1 0049 0168 |13,320 Yield
pomnt=250,000 1bs =q.
.
3 011 038 3,900 | Breaking
pomnt=90,000 lbs sq.
1.
§ 030 105 2,240 Maximum
permissible =200ibs.
bond stress sq 1n

* Sectional area and weight of ““ Indented ”” Bais are the same
as for plamn round bars ot same d:ameter.
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REINFORCING MATERIAL FOR MANHOLE

CONSTRUCTION

STEEL MESH FABRIC

(From particulars published by Messre British Reimnforced Concrete Engineering Co., Stafford
D P 3 8

No. + Fabiic No 6 Fabric
Distance centre-to-centre Tension  Wires 3” 37
Transverse ,, 16”7 16"

) T
Gauge of Wire and Sectional Area  Tension

e v v v Transs erse

Sectional Area of Steel (Tension) per foot width
of fabric -

Breaking Strength of each temsion wire at
83,000lbs per square inch

Safe tensile strength (at 25,0001bs per sq. 1nch)
per foot width of fabric

Weight of fabric per sq yard

1/0 SWG= 0824 sq. inch
6 SWG= 0290 5q 1inch

2 SWG= 0398 sq 1nch

7 SWG= 0243 »q. inch

.3296 sq inch .2392 sq. inch

6,8391bs 49631bs
8,200lbs 6,0001bs
10.671bs 7.78lbs

Fabric No. 4 is typical of Mesh Reinforcing
Materials used by the Post Office for general man-
hole construction, and Fabric No. 6 is typical of
Mesh Reinforcing Material used for certain joint-
boxes. Steel Wire Mesh Reinforcement complies
generally with British Standard Specification No.
165, ¢ Hard Drawn Steel Wire for Concrete Re-
inforcement.”’

GROUPING OF ROUND STEEL BARS.
Area of Steel 1n sq inches per foot width ot slab at vanous
spacings.

Drameter
(inches) 3” 47 5" 6” 7 8” 9” 127

i 20 15 12 .10 .08 07 .07 .05
$ 41 .33 26 .22 .19 17 15 11
3 123 92 74 .61 .32 .46 41 .31

Steel Bar Reinforcement complies with B.S.S, 15,
‘“ Structural Steel.”” Bars used for Post Office man-
hole construction are of the ‘° deformed ™ type
(e.g., ‘“Indented ’ bars). The following bar
arrangement has been standardised for manhole
construction :(—

Manhole Roofs, £ Bars at 3" centres.
. Walls, 3 ., 4",
Transverse Bars are §” diameter spaced at 12"
centres or as requlred by the structure.

Bars of 2" and 1" diameter are used by the
Post Office in the construction of certain
jointboxes.

EARTH AND FOUNDATION PRESSURES.

EARTH PRESSURES ON VERTICAL SURFACES
From Rankines Formula
] 1 —sin@
= wh - — —
p= 1+ siné

And when 6 = 30° p = wh x 1

Weight of Earth Angle of repose of Pressure 1n lbs.
i cubie feet earth n degrees. per sq. ft. at any depth.
w [ h (in feet).
100 30 33h
100 35 27h
110 30 36h
120 30 40h

Note.—In manhole design the thrust against the vertical
walls may convemently be taken as that of a liqud
weighing 1001bs per cubic foot. The pressure against
the wall of a manhole will, therefore, be

p (lbs. per sq ft)=Wh
Preesures as great as this do not occur normally, but
the method isvalid 1n that it covers the case of water-
logged. cohesionless, soils.

FoUNDATION PRESSURES.
Pernussible Load
on ground
(tons per sg. foot)

Alluvial Soil, made ground, very wet sand Up to §*
Soft Clay, wet or loose, sand Uptol
Ordinarily fairly dry clay, tairly dry fine

sand, sandy clay Up to 2
Compact sand or gravel, London blue or

similar hard clay Upto 4
Chalk, shale, soft rock, hard rock 6 to 20

* Thde L C.C. Code of Practice For P.O. work a safer himit
1s 0-1 ton per sq. ft. as 1t 1s umpracticable to determine
with any accuracy the load-carrying properties of the soil
at particular sites.

Dorling 8 Co  (Epsom), Ltd.
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