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8 spans 90 ft. 3 in. each.

BEIN BRIDGE in Mile 218 1-2 of G. T. Road near Jullundur in Punjab.

7 numbers prestressed concrete beams in each span
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THE CENTRAL ASSESSMENT COMMITTEE

THE quostion of utilising now technigues

of road construction evolved as a result
of roscarch and thereby offecting economy
in the cost of road construction and also
inoreasing tho durability of roads has been
undor the consideration of the Government
‘of Indin for some time. A Committee of
the Panel of Scientists appointed by tl}e
Planning Commission rocommended - in
PDecember, 1856, that in order to bm.ige phe
gap between research and the application
thereof, Assessment Committees- should be
set up preferably under the auspices of All-
India Tcchnical Bodies, to evaluate the
results of resoarch, to decide on large socale
trials and constructional work and to make
allocutions for these works from the funds
to bo provided for the purpose. As faras
road research goes, this suggestion hg,s
been examined by the Government of India
in consultation with the State Governments
and it resolved that a Central Assessment
Committee should be constituted under the
aogis of the Indian Roads Congress.

The composition of the Committee as
suggested by the Indian Roads Congress
and approved by the Government of India
shall be as follows :—

(i) The Consulting Engineer (Road
Development), Department of Trans-
port (Roads Wing) ;

(ii) The President, Indian Roads Con-
gress ;

(iii) The Director, Central Road Research
Institute; . \

|

(iv) & (v) Two Chief ZEngineers of
States :

(1) The Chief Yngineer, Public
Works Department, Government
of West Bengal. :

(2) The Chief Engineer, Buildings
and Communications Depart-
ment, Government of Gujerat ;

(vi) & (vii) Two Directors of State Road
. Research Laboratories :

(1) The Director, Highway Research

- Station, Madras ;

(2) The Director,. Public Works
Department,  Buildings and
Roads, Research Laboratory,
Chandigarh. -~

(viii) One member from a non-Governmen-
tal organisation :

Shri B. V. Vagh, Vice-President,
Indian Roads and Transport
Development Association,
Bombay.

The Consulting Engineer (Road Develop-
ment) shall be the Convenor of the Commit-
tce and an officer of the Central Road
Research Institute, nominated by the
Director of that Institute will act as the
Secretary to the Committee.

In additign, while examining the road
projects of a particular State, and while re-
commending suitable new techniques for
replacing conventional ones, the Committee



Transport-Communications Monthly Review

shall co-opt the Chief Engineer and the
head of the Research Institute of that
State, or their representatives, if they are
not already on the Committee. The Com-
mittee will also have the power to co-opt
three experts who have special knowledge
of the subject under consideration.

‘The terms of reference of the Committee
will be as follows :—

(i) To select new techniques of road
construction for trial. In selecting
new techniques, the Committeo will
confine itself to those which have
been tried on pilot experiments and
have rcasonable chances of succeed-
ing. The techniques should com-
pare favourably with the cxisting
methods of road construction as
regards cost in the region ;

(ii) To examine the road projects of each
State and determine the site, length,
etc., of roads where the normal
methods of construction can be re-
placed by a suitable new technique
in furtherance of research. Kor each

September 1941

State, the Committee will recommend
such replacements to the cxtent of
onc per cent of the allecation for
road development schemes in  the
State ;

(iii

~——

To collect such progress and perfor-
mance reports as the Committee may
prescribe for the work, expenditure
and behaviour, and assess the results
of trials of the new techniques ;

(iv) In the cvent of any loss of money
occurring as a result of the failure of
the road constructed according to the
new technique or the total cost of
the new technique exceeding that of
the conventional method, to assess
the loss or the extra expenditure, 48
the case may be, to be met from the
“ Risk Iund ** set up for the purpose.

The members of the Committee, other
than the Consulting Engincer (Road
Development), the President of the Indian
Roads Congress and the Director, (‘entral
Road Research I'mstitute, will hold oftice for
threo years and will be eligible for re-
appointment.

The first mecting of the Central Assessment Committee was held under the
chairmanship of Shri H. P. Sinlia, Consulting Engincer (Road Development) and Joing
Secretary to the Government of India, Ministry of Transport and Comniunications, at

New Delhi on 13th September, 1961,

INDIAN NATIONAL GROUP OF THE
INTERNATIONAL ASSOCIATION FOR BRIDGE AND
STRUCTURAL ENGINEERING

A meeting of the Executive Committee of the IABSE (ING) was held under the
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GEOMETRIC DESIGN STANDARDS FOR THE NATIONAL
SYSTEM OF INTERSTATE AND DEFENSE HIGHWAYS
IN U. S. Ao

General

THE National System of Interstate and

Defense Highways is the most important
in the United States. Tt carrics more traflic
per mile than any other comparable nation-
al system and includes the roads of greatest
significance to the cconomie welfare and
defense of the Nation. The highways of this
systen must be designed in kecping with
their importance as the Dback-bone of the
Nation’s highway systems. To this end
they must be designed with control of access
to insure their safety, permanence and
utiliby and with flexibility to provide for

possible  future expansion.  Two-lane:

highways should be designed so that
passing of slower moving vehicles can be
accomplished with ease and safety at
practically all times. Divided highways
should be designed as two separate one-way
roads to take advantage of terrain and other
conditions for safe and relaxed driving,
economy, and pleasing appearance. All
known features of safety and utility should
be incorporated in each design to result in
a National System of Interstate and Defense
Highways which will be a credit to the
Nation.

These objectives can be realized by cons-
cious attention in design to their attain-
ment.  All Interstate highways shall meet
the following minimum standards. Higher
vahies which represent desirable minimum

gstandards, are not shown because it is
expeeted that designs will generally be
made to values as high as are commen-
surate with conditions, and wvalues near
the minimums hercin will be used in
design only where the use of higher values
will result in excessive cost. In determi-
nation of all geometric features, including
right-of-way, a generous factor of safety
should be cmployed and unquestioned
adequacy should be the criterion. All design
features required to accommodate the traffic
of the year 1975 shall be provided in the
initial design; however, where justifiable,
the construction may be accomplished in
stages.

The American Association of State High-
way Officials’ Policy on Geometric Design of
Rural Highways,' the Policy on Arterial
Highways in Urhan Arens, when adopted,
and the Standard Specifications for High-
way DBridges? shall be used as design
guiides where they do not conflict with these
Standards.

Traffic Basis

Interstate highways shall be designed to
serve safely and efficiently the volumes of
passenger vehicles, buses, and trucks, inclu-
ding tractor trailer and semitrailer combi-
nations and corresponding military equip-
ment, estimated to be that which will exist

chairmanship of Shri S. L. Bazaz, Additional Consulting Engincer (Bridges) on 30th
August, 1961.

The Executive Committee along with the other agenda approved the revised Consti-

tution of the Group. The amended Constitution will now bo circulated to tho members
of the Managing Committee,

values, a device used in previous Interstate in 1975, including attracted, generated, and

* Adopted July 12,1956, by the American Association of State Highway Officials. Approved July
17, 1956, by the U, 8. Department of Commerce, Burcau :f Public Roads, Washington 23, D. C.

25,
! Published by the American Association of Stato Highway Officials, 917 National Press Building,
Washington 4, D, C,, at 84.50 a copy.

? Published by the AASHO at $4.50 & copy.
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development traffic on the basis that the
entire system is completed.

The peak-hour traffic used as a basis for
design shall be as high as the 30th highest
hourly volume of the year 1975, hereafter
referred to as the design hourly volume,
“DHV (1975).” Unless otherwise specified,
DHYV is the total, two-direction volume of
mixed traffic,

Control of Access

On all sections of the Interstate System,
access shall be controlled by acquiring
access rights outright prior to construction
or by the construction of frontage roads, or
both. Control of access is required for all
sections of the Interstate System. Under
all of the following conditions, intersections
at grade may be permitted in sparscly set-
tled rural areas which are a sufficient
distance from municipalities or other traffic-

.generating areas to be outside their influ-
ence, and where no appreciable hazard is
created thereby.

(a) The Interstate highway is a 2-
lane highway having a DHV
(1975) of less than 500,

(b) Each intersection at grade is
with a public road or private
driveway with little potential for
traffic increase and on which the
current average daily traffic does
not exceed 50 vehicles.

(e) Such intersections do not exceed
two per side of the Interstate
highway per mile.

(d) Sufficientadditional corner right-
of-way at each intersection at
grade is acquired to insure that
access connections on the cross-
road are sufficiently removed to
minimize interference with the
Interstate highway.

(e} The right to eliminate, termi-
nate, or reroute each such public
road or private drivewhy is
vested in the appropriate public
authority at the time of initial
congtruction,

6
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Where a grade separation is called for
under these standards and extraordinary
conditions exist under which & grade sepa-
ration would not be in the public interest,
an intersection at grade may be permitted
through agreement between the State high-
way department and the Sccretary of
Commerce.

Railroad Crossings

Railroad grade crossings shall be elimi-
nated for all through-trafhic lancs.

Intersections

All at-grade intersections of public high-
ways and private driveways shall be climi-
nated, or the connecting road terminated,
rerouted or intercepted by frontage roads,
except as otherwise provided under Control
of Access.

Design Speed

The design speed of all highways on the
system shall be least 70, 60, and 50 miles
per hour for flat, rolling, and mountainous
topography, respectively, and depending
upon the naturc of terrain and develop-
ment., Tho design speod in urban arcas
should be at least 50 miles per hour.

Curvature, Superelevation, and Sight
Distance

These elements and allied features, such
as transition curves, should be correlated
with the design speed in accordunce with
the Policy on Geometric Design of Rural
Highways of the American Association of
State Highway Officials.

On 2-lane highways, sections with sulfi-
cient sight distance for safo passing shonld
be frequent enough and the total length of
such secsions be a sufficient percentage of
the highway length to accommodate the
DHV. Where it is not feasible to provide
enough passing opportunities, a divided
highway should be provided instead.

Gradients

For design speeds of 70, 60, and 50 miles
per hour, gradients generally shall be not
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steeper than 3, 4, and 5 per cent, respecti-
vely. Gradients 2 per cent steeper may be
provided in rugged terrain.

Width and Number of Lanes

Traffic lanes shall not be less than 12 fect
wide.

Where the DHV (1975) exceeds 700 or
cxcoeds a lower 2-lane design capacity
applicable for the conditions on a particular
section, the highway shall be o divided high-
way. For lower volumes, the highway shall
be & 2-lane highway so desi¢ned and located
on the right-of-way that an additional 2-lane
pavement can be added in the future to
form a divided highway.

Efficiency and capacity of 2-lane high-
ways may be increased by providing added
climbing lwnes on upgrades where critical
lengths of grade are excceded or by provi-
ding more frequent and longer sections safe
for passing.

Medians

Mcdians in rural areas in fiat and rolling
topography shall be at least 36 feet wide.
Medians in urban and mountainous areas
shall be at least 16 ft wide. Narrower
medians may be provided in urbon areas
of high right-of-way cost, on long and costly
bridges, and in rugged mountainous terrain,

but no median shall be less than 4 feet
wide.

Curbs or other devices may be used where
necessary to prevent traffic from crossing
the median,

Where continuous barrier curbs are used
on narrow medians, such curbs shall be
ofiget at least 1 foot from the edge of the
through-traffic lane. Where vertical ele-
ments more than 12 inches high, other than
abutments, piers, or walls, are located in a
median, there shall be a lateral clearance of
at least 3} feet from the edgoe of the through-
traffic lane to the face of such element.

Shoulders

Shoulders usable by all classes of vehicles
in all weather shall be provided on the right
of traffic. The usable width of shoulder

2
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shall be not less than 10 feet. In mount-
anious terrain involving high cost for addi-
tional width, the usable width of shoulder
may be less but at least 6 feet. Usable width
of shoulder is measured from edge of
through-traffic lane to intersection of shoul-
der and fill or ditch slope except where such
slope is stecper than 4:1 whero it is moeasu-
red to beginning of rounding.

Slopes

Side slopes should be 4: 1 or flatter where
feasible and not steeper than 2:1 except in
rock excavation or other special condi-
tions.

Right-of-Way

Fixed minimum widths of right-of-way
are not given because wide widths are
desirable, conditions may make narrow
widths necessary, and right-of-way need not
be of constant width. The following mini-
mum widths are given as guides.

In rural arcas right-of-way widths should \
be not less than the following, plus addi-

tional widths nceded for heavy cuts and
fills :

Minimum width in feet

Type of Without frontage With frontage

highway roards roads
2-lane......cooenenl. 150 250
4-lane divided... 150 250
6-lane divided... 175 275
8-lane divided... 200 300

In urban areas right-of-way width shall
be not less than that required for the neces-
sary  cross-section clements, including
median, pavements, shoulders, outer separa-
tions, ramps, frontage roads, slopes, walls,
border areas, and other requisite appurte-
nances. :

Culverts

All culverts shall be of sufficient length to
accommodate the pavements, median, and
shoulders.
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Bridges and Other Structures

Tho following standards apply to Inter-
state hichway bridges, overpasses, and un-
derpasses. Standards for crossroad over-
passes and underpasses, are to be those for
the crossroad.

Bridges and overpasses, preferably of deck
constriction, should be located to fit the
overall alinement and profiie of the high-
way.

The clear height of structures shall be not
less than 14 feet over the entire roadway
width, including the usable width of shoul-
ders. Allowance should be made for any
contemplated resurfacing.

The width of all bridges, including grade-
separation structures, of a length of 150 feet
or less between abutments or end suppor-
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ting piers shall equal the full roadway width
on the approaches, including the wusable
width of shoulders.

Barvier curbs on Dbridges longer than
150 feet between abutments or end sup-
porting piors, and curbs on approach high-
ways, if used, shall be offset at loast 2 feet.
Offsets to face of parapet or rail shall be at
least 31 feet measured from the edge of
through-traflic lanc, and apply on right and
lett.

The lateral clearance from the cdge of
through-traflic lanes to the face of walls or
abutments and picrs at underpasses <hall be
the usable shoulder width but not less than
8 fcet on the right and 4! feet on the left.

A safety walk shall be provided in tunnels
and on long-span structures on which the
full approach roadway width, including
shoulders, is not continued.

THE SEVENTH CONGRESS ON THEORETICAL & APPLIED MECHANICS:

‘ The Sevonth Congress on Theorctical and Applied Mechanies will be held under the
Premdgntshlp of Dr. D. S. Kothari, Chairman, University Grants Commission, (‘-ovcmmon't
of India, from December 23 to 26, 1961, at the Indian Institute of Tochnology, Powai,

Bombay-76.

. 2. Papers to be contributed for the Congress should reach the officiating Scerctary,
with three copies of their abstract by the 15th October, 1961. The papers may bo on any

of the subject.

1. Elasticity, Plasticity, and Rheology,

Mechanies of Solids (Ballistics, Vibration, Friction and Lubrication)

2. Fluid Mechanics (Acerodynamics, and Hydrodynamics),

3.

4. Statistical Mechanics, Thermodynamics and Heat Transfer,
5. Mathematics, Physics, and Statistics,

6. Experimental Techniques,

7. Computation methods,

TFor any further information on the subject, Dr. B. R. Seth, DSC (London),
Secretary, Treasure, Indian Institute of Technology, Kharagpur, may be contacted.
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THE MD ENGINEERING SEISMOGRAPH AND ITS
APPLICATION TO HIGHWAY ENGINEERING

Dr. Harorp M. MooNEY

Vice-President, Gieophysical Speeialities Company, Hopkins Minnesota

AS yon may know, there has been con-

siderable interest during the last year
or two in the application of the MD Engi-
neering Seismograph to Highway Engincer-
ing problems. Many dozens of these instru-
ments are now in use 1)_\' contractors and
highway departments, and numerous papers
have appeared in trade journals such as
Engineering News Record and Contractors
and Engincers. In view of its widespread
application, it was felt that a talle deseri-
bing the MD Seismograph in more detail
might be of general interest. T would like
to (1) deseribe to you the tvpes of subsur-
face problems which can be solved, (b)
explain the principle of operation, and (c)
give you some cxamples of highway
engineering applications.

The subsurface problems which can he
solved by the MD Seismograph can be
classified as follows :—

(1) Determination of thickness of a
surface layer, or depth to a layer houndary.

(2) Determination of depths to two
layer boundaries, for example, the thickness
of soil overlying gravel together with
depth to an underlying bedreck.

(3) Dip of the rock surface, if it is not
horizontal.

(4) Identification of materials in each
of tho layers, as for example, gravel, clay,
solid rock, weathered rock.,

(5) Engineering classification of the
material properties, such as bearing capa-
city, rippability.

The operating principle of the MD Seismo-
graph can be illustrated by TFig. 1.
Sound waves from a sledgechammer blow
(or explosive) will travel through the sub-
surface along the various paths. Some of
the waves travel a ‘ Direct” path to the
receiver, which is located on the surface a
few tens of feet away. Other waves travel

down to the high-speed rock layer (which
we assume here to be present) and back to
the receiver. It is the function of the
MD Seismograph to measure the time of
travel for the fastest wave, whatever may
be its path.  As can be seen in Fig. 2,
the ““ Direct’” wave will be the fastest at
short distances, but for longer distances,
the ““ Refracted ”” wave may arrive sooner.

An analogy which we find helpful is that
of an auto race between two cities which
are separated by a mountain.  One auto
travels the winding road over the mountain,
while the other auto travels along a high-
specd highway around the mountain. If
the total distance is short enough, the auto
on the * Direct’ path over the mountain
will win, but for larger distances, the higher
speed along the **Refracted” path around
the mountain may overcome the distance
handieap.

Figure 3 shows a typical set of readings,
taken along a line of 5 hammer stations,
When graphed, the data appear as in
Fig. 4. Three quantities can be read
direetly from this graph : the distance at
which the intersection occurs, the slope of
the first line segment (which cquals the
speed of sound in soil), and the slope of the
second line segment (which equals the speed
of sound in rock). The interpretation is
shown in Fig. 5 ; the materials are identi-
fied by their characteristic velocitics, and
the depth is found to be 12 feet to rock.

Figures 6 and 7 show how the MD Seis-

. mograph performs its function of measuring

travel time. As shown at the bottom of
Fig. 7, the time reading is obtained
instantaneously by means of lights on the
instrument. TFigure 8 pictures the unit
with accessory equipment.

Onc of the important applications to
highway engineering has been in the
prediction of rock rippability. Rock velo-
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OPERATION OF MD SEISMOGRAPH

MEASURES TIME INTERVAL BETWEEN

HAMMER BLOW

AND \
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city, as measured by the MD Seismograph,
can be correlated with degree of consoli-
dation and with rippability, Figure 9
shows how this correlation is made. By
predicting rippability in advance of
bidding, cost estimates can be greatly

improved. This offers a tremendous com-
petitive advantage.

The next few slides show case histories
taken by the Michigan State Highway
Department with the MD Seismograph over

10
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the past year. They have used the unit on
a great variety of problems, of which the
most frequent has been determination of
subsurface information on difficult cut
sections,

The first example shown here, a reloca-
tion of U.S. Highway 127, is typical of the
most frequent type of request for subsurface

seTeK
4

OPERATION

HAMMER BLOW CLOSES

September 1961

informat ion made to the Michigan Stat
Highway Test Laboratory in Ann Arbor
Bedrock was suspected to be within the
depth of the proposed cut. Seismic sound-
ings taken by the Soils Section showed the
bedrock to exist at one end only, and there
it was well below the grade line. The
seismic investigation located a body of
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compacted clay and loam, which was shown
to be slightly above grade at the centre of
the cut. From this information, a profile
was constructed (as shown in Fig. 10) and
given to the design engineers for their use
in designing the sub-base and for finalizing
the grade line. The information was also
made available to contractors bidding on
the job. The over-all result was lower bids,
with substantial savings for the State of
Michigan.

As can be seen from this slide, borings
were made to correlate the seismic findings.
They proved to be useless in establishing
bedrock depth because they met refusal at
points well above the bedrock, due to scat-
tered boulders in the area.

Figure 11 shows another highway re-
location job. The information made avail-

able from the seismic survey permitted the
Soils Section to classify materials to be
excavated ; this resulted in lower bids. In
this case, they determined which materials
could be moved by scraper alone, which
would have to be ripped out by a heavy
tractor-ripper combination and then moved
with scrapers and which would have to be
drilled and shot.

Figure 12 shows an application in Joca-
ting a borrow pit. Using the MD, Michigan
State Highway Personnel proved its effect-
iveness in establishing depth of overburden
and quantity of deposit of suitable aggre-
gate materials. Figure 12 shows the seismic
profile for this Michigan State Highway
Department borrow pit. It was lying on a
slope and covered with thick underbrush.
It was difficult for any other exploration
method to "be used because of access.

Seismic Cross Sections US-127 Relocations
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Through the use of the MD Seismograph,
the existence of suitable berrow was
established and delineated.

Electrical resistivity equipment proved
helpful in providing more exact infor-
mation about the nature of the materials in
this glacial drift deposit, but proved useless

. September 1961
different seismic properties as was demon-
strated by seismic analysis.

These are just a few of the wide variety
of problems which can be handled by the
MD Engineering Seismograph. The unit has
been field proven for over three years in
climates as wvaried as Greenland, Alaska,
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for providing depth. information because as
is shown here, the lines of electrical resist-
ance did not follow the layers of soil
materials. Bedrock and overlying drift
had similar electrical properties but vastly

14

12

Guam, Pakistan. It is now in use in
23 countries of the world.

{From ‘¢ Journal of the Tennessee High-
way Conference Bulletin No. 22, December,
1960.)
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CONSTRUCTION OF
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NARROW MEDIANS

IN URBAN ROADS

URING recent years, the Department of
Main Roads has had in progress an
active programme of construction of
medians in six-lane arterial roads in the

Sydney metropolitan area. In earlier years
most of the metropolitan Main Roads had
carriagewavs onlv 42 feet wide, isome less.
At an early stage in the history of the

Narrow median on Parramatta Road (Great Western Highway)

at Taverners

Hills, Lewisham
15
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Department, it was decided to widen many
of these to 60 feet, i.e., by increasing the
original road reserve width from 66 feet to
84 feet. In the first place the roads were
“realigned > to this width, which meant
that no new building could be built
subsequently on the strip required for
widening. It was intended that, at a later
date, as traffic increased, the property
would be acquired and the carriageway
then widened.

Since the war, such property acquisition
and widening have been put in hand on a
number of arterial roads, and increasingly
these are being converted in this way from
four lanes (42 feet) to six lanes (60 feet).

September 1961

It was not originally intended that these
roads should have a median or parting
strip to divide the carriageway, and they
are somewhat narrow for this. However,
a median is now considered most desirable,
being seen to have the following advan-
tages :—

(a) Minimises risk of head-on colli-
sions of opposing traffic.

(b) Provides a safety refuge for pedes-
trians crossing the road.

(c) Prevents indiscriminate U-turning
movements.

These advantages are considered to out-
weigh the disadvantages of installing them
in 60 feet wide carriageways,

DEPARTMENT OF MAIN ROADS N.S.W.

MOUNTABLE TYPE KERB
(WiTH  REFLECTORS)

A Beflactor Butions

and it has become the policy
of the Department to install a
median in every six-lane urban
Main Road. It should be
. added that the six-lane roads
referred to normally have the
two kerbside lanes used by
standing vehicles, but in peak
hours the full width of carriage-
way may be used for moving
traffic.

On account of the limited
carriageway width, it has been
necessary to keep the width of
medians to a minimum, and
the Department has adopted a
median dividing strip with a
minimum width of 3 feet except
where a pedestal for traffic
lights has to be installed, in
which case the width is usually
increased to 4 feet.

During the last 15 years,
when further six-lane roads
have been planned, they have
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The narrow medians have a concrete kerb
five inches. high with a sloping kerb-face,
and are provided with a concrete or bitumen
surface between kerbs. The type of surface
is dictated by the nature of the adjoining
road surface, as maximum contrast in
appearance between the carriageway and
median surfacc is sought. The medians
are not wide enough to permit the growing
of plants or shrubs. Where medians of
5 feet or more in width are possible, they
are usually grassed. )

As anaid to night visibility, roflector
buttons have been installed in recesses on

Victoria Road, Gladesville, showing
narrow median

September 1961

of safety and to secure improved traffic
flow. Openings opposite private vehicular
entrances or lunes are not provided. Some
intersecting streets including cul-de-sacs
do not carry sufficient traffic to warrant an
opening, or in some cases minor streets
may be close to other streets where
openings are provided. Accordingly, it is
the Department’s policy to leave openings
only where considered necessary at selected
intersections.

In approach to a scction of road where a
median is provided a warning sign ¢ Divi-
ded road ” is erected. Double centre lines

Close-up of narrow median showing
sloping concrete kerbs with bitumen
surface between, and reflector buttons

lk\)// usually been based on the
N/ [qually spaced at provision of a divided carriage-

approx. 1t intervals way, each half of which is 33
SPACING OF REFLECTOR BUTTONS feet wide, with a median at

I least b feet wide. Latest prac-
r_v—., ; tice is to provide on urban
_,?L_ Main Roads sufficient width

] for medians of 10 to 15 feet

WY width, 15 feet being aimed at

where it is desired to provide
a separate lane for right turning
traffic.

SECTION C-C, ELEVATION AT CC

- Fig, 1
16

in recesses of kerb

the face of the median kerbs, as shown in
Fig. 1. However, the buttons quickly
become coated with dirt and lose much of
their reflecting power. Various methods
including the reflectors (see Fig. 2) are
being tried out to improve the visibility of
medians at night.

It is necessary to restrict the number of
openings or gaps in medians in the interests

17

painted on the pavement give a guide to
a smooth transition from the normal centre
line to the left side of the median. The
lines are marked over a length of at least
200 feet wherever practicable.

A ““Keep Left ” sign is erected to face
approaching traffic on and near the end of a
median. Special attention is given to the
provision of satisfactory illumination of the
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end of a median, at night. Near the end
of a scction of road with a median, a
warning  sign ¢ Divided road ends” is
crected.

Where a median is constructed, the
carriageway is marked in lanes. As most
of the six-lane carriageways are only 60
fect wide, the width of the half carriage-
ways after construction of a median seldom
exceeds 28 feet 6 inches. 1f there is no
prohibition of vehicles standing against the
kerh, a Jane adjoining the median is marked
not less than 9 feet wide, and the balance
of the width is unmarked. If however,
standing ig prohibited during any part of
the day and the road is required to carry
threo moving streams in cach direction, the
three lanes are marked, that adjoining the
footpath being 10 feet wide, and the other
two cach having half of the remaining
carriageway width.

* The minimum lane width used is 9 feet
and to achieve this it has sometimes been
nocossury for the width of the kerbside
ane to be less than 10 fect.

September 1961

Narrow medians of the type described
have now been constructed in the Sydney
metropolitan area on several roads:

Detailed  studics of the effect of the
provision of medians in these roads lave
not yet been completed, but observations to
date show thuat trafhc flow is smoother
after median construction and lane lining
than before. In a number of cases vehicle
placement studies were made before the
median was installed, and these are being
repeated after the median has been provi-
ded. Similar action is being taken in
respect to travel times, volumes and acci-
dents. A preliminary check of accidents
indicates a reduction in severity of injury
particularly to pedestrians, Dbut present
information is insufticient to deduce reliable
conclusions. However, experience so far
indicates that despite the fact that the
carriageways widths are somewhat narrower
than desirable for conversion to divided
roads, the advantages by way of reduction
in hazard and smoothing of the traffic flow
outweigh any apparent disadvantages.

(From ** Main Rouds” Deccember, 1960.)
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DESIGN STANDARDS ADOPTED FOR AUCKLAND
(NEWZEALAND) BRIDGE

(a) Live-load: The bridge was igr
to carry either: o was dosigned

(i) }[ 20»'816--44 standard AASHO load-
ing with the appropriate reductions
when more than two lanes are loaded
or ’

(ii) tank loading, consistin
ng, sisting of 160,00
1b t;}nks either self-propelled, or 01(:
carriers (total weight 230,000 1b)
spaee&ll ati 150 ft nose to tail with
no other loading on th adw:
no other g on the roadw'«my ab

(b) Impact: For the design

structure and bearings ]ive-loag strc;fss::}:ﬁf-
to H20-§16-44 loading only were incremeg
by an_impact factor of 5,000/L 4125
whero L is tho loaded length in feet u' fo
a maximum value of 309%,. > U

(c) Braking forces: A longitudi
: gitudinal {
equal to 59, of the total live-load onor'fﬁ
;h:. ]mrlxes,‘ without impact, was taken (a,q
cting horizontally at the leve oad.
Yoy % horia y 1e level of the road-

(d) Wind: The adopted win :
was 30 Ib/sq. ft. l'edéced to g() lll))/l:ss"fltc
when used in combination with eart,hqqu.ak .
effects, and during erection. Wind reco de
for Auckland Harbour show that h¥ ls
;vxxéxds:i are p:x;(idominu.ntly easterly. Witll%l;
eeding m.p.h. are comm
gusts of 40 m.p.h. or more are not in(f):-]e’ lfen?,
throughout the year. Gusts exceedinq 20
m.p.h. arc uncommon. The maxi%nu
recorded gust in the period Januar 195?)
December, 1948, was 73 m.p.h. y

(e) Temperature elfects: v

: Allowa
wg,s made for a temperature range of 133‘91?9
about a mean temperature of 65°F and
differential temperature of 15°F, *

(f) Earthquake effects:

(i) on superstructure: Static f
: orce
assumed equal to 0. 1 of che%i:;’;ﬂi

20

gf]til;o 21(’;?}0‘;“?0 and Hive-load (if any)

appli’c('l 'L;n&: in any direetion. and

i wt 1(3‘ respective centres of

ity of li}c 1 element (8 points on
si-Forel seale).

(ii) Z;"Sli{:iggdfmvnsi Smti(' forces were
1/10 of th(‘}“ any direction cqual to
ture and I weight of the superstrue-
fOlmda,tiowo—]O“d .(lf any) and of the
roundi n mul virtiual mass of sur-
mass 1‘“(81 water or mud. The virtual
in ‘thz 2&;1\0(1 as the mass contained
P ume whose horizontal
of (lifm;ot n\ at any lovel is a circlo
Pr0jecte(ier f'?‘““l to tho cquivalent
the di * Wl th of t.hn foundation in

irection of motion,

Loadi :
combiml?ig combinations: The following
ations of forces were considerod (—

A. Dead load, live load, and impact.

B oo
Ca.ortlrzlbgtlf;t(:t?nA plus longitudinal forces
s of wind, temperature, and

frictional i
! resistance < 51
bearings, of expansion

C. S
ng;}n;{atmu, B plus carthquake, but
dl ive-load of only 509, intensity
and wind pressure of 20 Ib/sq. ft "

D. Ll:'eotflon Maximum stresses produced
wi;reorl(l:es in Combinations B, C and D
basica owed to exceed the appropriate
oo &)ermn::-sxble stresges for Combina-

by 25, 50, and 35Y%, repectively.

Steel-Work

Allowable stresses and detailing gene-.

rall i .
Pa.r)trs ;Vlgr:nzlniuccordance with B.S. 153,

Concrete
For inf
reinforced concrete work two

classes of concrote
i C were specified : :
A with a cylinder strength gf cfi,g()() 1%}:;5-

Trunspnrt-(,‘ommunications Monthly Roview

in. at 28 days for the main bridge piers and
the viaduet superstructure 5 Class B with a
eylinder strength of 3,500 1bjsq. in. for the
bridge deck slab, the main anchorages, and
the viaduet piers. The exact proportions
of the mix were left to the contractor, the
quality of conerete as placed being controlled
entively by tests and careful supervision
of the mixing and plcing. All concrete was
mechanically vibrated. Works tests on

four saniples from each gnality were taken

every 3 days or whenever there was @
¢hange in the source OF nature of the
materials  used. Allowable  stresses and
detatling were generally in accordance with
CP. 114 (1048). Al tosts were in accor-
dance with New Zealand Standard Specifica-
tion No. 192

Foundations

Trom the results of the site investigation
it was decided that the foundations should
penetrate the rock at least 6 1t and that
the pressure on it shonld be limited to 7
tons/sq. {t. under dead and live-loads, or
8% tons/sq. ft. when the, eflects of wind
and temperature  Were addedd.  Under
carthyuake conditions transient pressures
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nét exceeding 14  tonsfsq. . ft ;
permitted. s v

Navigation Opening

The I}nvigation opening with its centre
approximately a quarter of the way across
the harbour from north fo south was rvquil
red to provide a clear opening of at least 750
ft between piers, with headroom of 137
it above HW.0.8.T. over the central 500 ft
and 142 ft at the centre.

Roadworks

Most of the approach roads were
degigned to motorway ctandards for
design speed of 60 mph  (although « 10
m.p.h. speed limit has in fact been
imposed) with a maximum gradient of 1 in
90 and a minimum curve radius of 960 ft
The adopted sighting distance at 4 ft 6 in.
ahove road-level on an object 6 in. high waé
750 ft for two-way roads and 550 ft for
one-way roads. The roadway surfuce was
specified to be laid to an accuracy of ! in‘
on a 10-ft straight or shaped templet. P

‘(E:rlraclmi « The Institution of Civil
Engincers”” April, 1961.)

JUST PUBLISHED

« Recommended  Practice for Borrowpits for Road Embankments

constructed by Manual Operation”

Can be had from:

The Secretary,
INDIAN ROADS CONGRESS,

—Price Rs 0.75 nP. plus postage, etg.

jamnagar House, Mansingh Road,

NEW DELHI-11.
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TWO-WAY SLABS AND THEIR SUPPORTING BEAMS

E. M. RENSAA, M.E.I.C.

Rensna & NMinsos, Architects & Consulting Engiucers, Ndmonton
s £ g

THE OBJECT of this paper is to give a

brief non-mathematical discussion of
stress distribution in two-way slabs and
their supporting beams. Tables of bending
moment coeflicients, collected or adapted
from other sources, arc given. These tables
are based on the cquations developed by
Dr. H. Marcus. A somewhat different form
of tables, also based on the equations by
Dr. Marcus, are included in the 1960 issue
of the National Building Code. This paper
is otherwise intended for clarification of
that scction of the Code and as a brief sur-
vey of two-way slab problems. There
seems to be a scarcity of literature of this
kind. The more scientific approach used
in advanced literature is not sufficiently
useful for those who have not made a
special study of two-way slab theory and
have too little time available to do so when
a problem is encountered,

The writer was a member of the Revision
Committee who decided to adopt the Marcus
theory for the new edition of the National
Building Code. It should be pointed out,
however, that the responsibility for state-
ments and opinions expressed in this paper
are the writer’s own and that the opinions
may not in every detail be shared by other
committee members.

Introduction

The mathematical theory of stress distri-
bution in two-way slabs is quite complex
even for a simply supported slab. When,
in addition, such slabs are more or less
continuous and of variable span ratios, an
exact calculation of bending moments and
stresses becomes impracticable for design
purposes. Many of the most able engineers
in Kurope beginning with Lagrange in 1813
have worked on these problems and
obtained correct solutions for specific cases.
Valuable contributions to the theory and
its practical application have also been

22

given by North American Kngineers parti-
cularly during the last decades.  Among
these contributors may be mentioned H. M.
Westergaard,! S. D. Lash,* N. M. New-
mark,® C. P. Siess,* and others. A biblio-
graphy on two-way slab publications has
been collected by the Department of Civil
Engincering, University of Illinois.

An exact mathematical solution generally
involves integration of a partial differential
equation of the 4th order. Usable particu-
lar solitions may also be obtained by divid-
ing the slabs into narrow strips in two
directions and writing an equation for each
point of intersection of these strips. Since
deformation at these | intersections are
interdependent, a statically indeterminate
system will result requiring the solution of
a large number of simultaneous equations.

For those who are interested in the study
of the mathematical theory of two-way slabs
reference is given to the books by 8. Timos-
henko and 8. Woinowsky-Krieger,* H. Mar-
cus,” and K. Girkman.’

To obtain mathematically correct values
of bending moments and shears by means
of the theory of eclasticity is both difficult
and time absorbing. Many attompts have,
therefore, been made to work out approxi-
mate methods of solution. In order to be
usable, such methods should give stresses in
substantial agreement with actual ones and
should not have too limited applicability.
Several such approximate methods have
been proposed and used.

Load Distribution from Equal Deflec-
tion

An early method of calculating bending
moments in two-way slabs was based on
the fact that when two centrally located
slab strips cross each other, the deflection
at the point of intersection must be the
same for both strips. Fig. 1 (a), (b), and (c)
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shows details of this method and formulae
for load distribution coefficients for different
fixities of supports.

Actual Conditions

The above equal deflection method
assumes that the load on each strip is uni-
form along its complete length. That is not
true, however. The load carried by the
strip decreases in some manner from the
full slab load at the support to a minimum
load somewhere near the centre of the span,
Tt is clear that under these circumstances
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the actual deflection of a slab cannot gene-
rally be found by means of an assumed uni-
form loading along the complete length of
the strip. The method gives, however,
bending moments that err on the safe side
for the ordinary span length ratios of
1to 2.

The bending moment does not necessarily
depend on the actual deflection, but more
on the curvature of bending at the section
in question. Ina verylong slab we may
have a considerable deflection at the centre
of the long span strip, but there will be
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.++10 or no longitudinal bending moment at
lltﬂ(ienﬁre of span if there is little or no
z}:;vature of bending at that point in the
longitudinal v(lll”t’CthIl such as s in-
dicated on IFig. 2. TIf there is no cur-
vature of bending there is evidently no
longitudinal loading along such part of a
strip and this indicates that the complete
load on this centre portion is carried by.th(\.
strip spanning in the transverse direction.
However, even in such a case where there
may be no two-way slab action at the centre
portion of slab, such action will occur near
hoth ends of the long span and the slab
will still need reinforcement on thesc por-
tions. The approximate value of such l)(‘\.n—
ding moments is indicated on YTig. 2. The
maximum positive bending moment in the
longitudinal direction for a long slab ix,
according to Dischinger, located at o
distance of about 1x/4 from the support
regardless of support restraint, For a slnb
with ly/lx = 2 simply suppt.)rted, Marpl}s"
gives the location of maximum posutn‘ro
bending moment from the support as 1x/2.
This location will likely apply also to slabs
with lesser span ratios than 2.

Both the exact and approximate theories
assume the material to be homogeneous and
the slab to hiave the same moment of inertia
in both directions. This assumption is not
correct for reinforced concrete. The mo-
ments  of inertia are influenced by the
extent of cracking of concrete in the tension
zone and by the amount and location of
reinforcement. These properties are  of
necessity different even for square slabs
because the steel in one layer is placed on
top of the reinforcement placed in the
opposite dircction.

We usually determine the amount of
reinforcing steel in each direction on basis
of the bending moments and allowable steel
stresses. This is not generally correct for two-
way slabs. We can only get the calculated
stress if the curvature of bending and the
offective depth correspond to. the assumed
steel stress. The angul.a,r curvaturq of
bending is generally less in the long direc-
tion and the steel stress cannot, therefore,
simultaneously reach the same value as in
the short direction. It can only reach
working stress intensity after the short span
steel has been stressed to a higher value.
lThe altimate strength of the slab may not?
however, be greatly affected by this con-
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dition. The reason for this is that tl_m
reinforcement having the least stress will
receive  additional load after the most
highly stressed reinforcement has st arted to
yield.

Plastic deformation of conerete, heing
approximately proportional to the compres-
sive stress, will also tend to fransfer st'l:(\\
to the least stressed rcinfor(-mm‘nt;, ) Fhis
plastic deformation is alko heneficial in
another respect. Tt makes 1t unneeessary
to reinforce for the absolnte maximum
pusitive and negative bending  moments,
but allows the use of a more average
bending moment on a certain \\:ulth of
slab.  This is a condition utilized in some
code provisions for stipulation of hending
moment coefficients.

In the case of a slab continuous over
supports we have the :g'(l(lltlon:n.l condition
of variable torsional resistance of the beams
supporting the slab. Near the mtortﬂ(-(.'twn
of two beams or at a column the torsional
resistance will be largest and will dum;v‘nﬁn
towards the centre of the beam span. l!us
will influence the effect of uneven lo:ulgng
on adjacent slab pancly and the assumption
of knifc edge support is in most cases ¢ven
less true than for onc-way .slu.bs. In
genoral it may be said that the influence of
uneven loading is less on a two-way slabr
system than on one-way slal)sibocquso of
the division of loading in two directions.

It should be mentioned that the l’omfxon
ratio of transverse deformation has an cffect
on the magnitude of bending momonts.
There is some uncertainty wha,t:, the Poisson
ratio is for concrete as this will depend to

a certain extent on concrete strengthl and
1
stress intensity. Figures of to g Mo

1
sometimes given. Assuming a ratio .

and a square panel simply supported, tho
effect would increase the bending “moment
as derived from Table I from wl.*/27.4 to
wl.?/23.4. For steel with a Poisson ratio
of 0.3 the corresponding bending moment

would be wL?/21.1. In cases where very

accurate stress analysis is required it may
be advisable to investigate the effect of the
Poisson ratio. A study of such prol;lomﬂ
has been made by F. Czerny and others.
Considering the beneficial cﬁect.of plastic
deformation and of torsional resistance of
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supporting beams, it is probably sufficiently
safe in most cases of building construction
to assume the Poisson ratio equal to zero.
Further more, it is also usual to design for
an average bending moment in a panel strip
instead of the absolute ny :

the bending moment. M4l
tables of cocflicients ;
ratio being zero an
applies to the mblc} i i

The Effect of TorsH

The principal souted of crror in the
* Iqual Detlection: Method  is the neglec
of the influence of torsional resistance
the slab against doﬁeutim;,"df‘ woe g
a strip of a certain width located in
position away from the cw line of 4
it iy clear that the detlection™sh both*ides
of the strip is not the same excepting at its
supports.  The reason for this is the inter-
conneetion with tho adjacent strips which
do not have an ecqual deflection. The
deflection at any point must correspond  to
tho general curvature of deformation of the
slab in o transverse direction, but the
deflection on each side of a strip will in
general not he equal excepting ata valley of
deflection and at an unflexed support. This
applies, of course, only if the strip ends are
fastened to the supports in such a manier
that they cannot rotate freely, but are
forced to follow the same clevation as the
supporting beam. Fig. 3 illustrates this
condition.

The result is that in most locations cacl
strip in addition to longitudinal bhending is
also subject to torsion. The sum of torsional
resistance of the slab strips will decrease
the total deflection and conscquently also
decreaso the bending moment in the slab,
This reduction is sometimes very consider-
able. For instance, in the case of a square
slub simply supported, the load distribution
is equal in both directions. It we disregard
the effcet of torsion, the maximum bending
moment for uniform loading would then he:
M=wL*/16." The cffect of torsion, however,
with Poisson’s ratio equal to zero reduecs
the bonding moment to wlL?*j27.4. This
torsional effect is greatest for simply sup-
ported slabs and decreases for continuous
eonstruction due to a much smaller totul
deflection and  consequently «  smaller
angular rotation. The effect of torsion on
a square slab uniformly loaded and with
simple supports (Case 1) is to reduce the

D)) 2 NY
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bending moment by about 499 while in a
case with built-in cdges (Case 9) the maxi-
mum positive bending moment  reduces
from wlg*/48 to wl.,*/55.7 or only about
15%,.

1t will be understood from the above dis-
cussion that it is not practicable to carry
it exact calculations of hending moments
ifgtwo-way slabs for design purposes.  The
. we can do is to obtain by some
oximate method design tigures which are
realistic and which will give about
il safety factors for different cases of
proportions and support restraints.
eral attempts have been made to work
acceptable approximate methods. Some
such have proven to be fairly accurate but
rather work absorbing. That applies fot:
instance to Mcethod I of the American (‘on-
crete Institute Building Code (A.C.1. 318-56).
Method IT of the same Code is casier to
apply but is not very satisfuctory as far as
aceuracy is concerned. Method 1T which
was used in the National Building Code of
1453 will, therefore, not be included in the
1960 edition of that Code.

The Marcus Method

Dr. H. Marcus has made an extensivo
study of two-way slab problems and
published a number of papers on the sub-
ject. Ina book first published in 1924 and
in revised form in 1932% he outlines the
mathematical theory and gives his own
particular mothod for solviug such problems
A paper published by him in 1924 contain-
ed approximate mcthods for solving two-
way slab problems.'®  This method wis
adopted for the German Reinforced Conereto
code of 1925 and is still in use in that
countrv. An outline of the method was
given in the September, 1944, issuec of the
Journal of the American Concrete Institute.

The approximate equations by Dr. Marcus
were used to work out tables of coefficients
for different span ratios and support condi-
tions. Such tables may for instance be

- found in the German * Beton-Kalender.? 31
The tables there are made up for six support
conditions.  This makes it necessary to
reverse some cases of span proportions
which increases the possibility of making
mista}{es. It is much more convenient to
usc nine support conditions and that has
been done for the tables contained in the
new rei_s_fo!rced concrete specifications of
oo e

NG 2=
. |
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the 1960 National Building Code. The
tables contained in that code are based on
the Marcus theory and have been supplied
by Mr. Paul Rogers, Member of the Ameri-
can Concrete Institute.

Tables of coefficients based on thp more
mathematically exact theory by Kirchhoff

26

have been worked out by F. Czorny and
may be found in the 1959 eodition of the
““ Beton-Kalender . The figures, even
though more accurate, do not seem to differ
materially from those found by the more
approximate Marcus theory.

Dr. F. Dischinger published in 1942 a

Transport-Comnmunications Monthly Review

very thorough discussion of load intensity
and distribution on supports for two-way
slabs.1? He also included new tables of
coefficients for slab moments based on the
Marcus theory. These tables are set up in
a somewhat different form from those in the
National Building Code and are worked out
for much closer intervals so that interpola-
tion becomes unnecessary. The coefficients
for bending moments in both directions are
made a function of the short span only and
that makes it necessary to square one length
only when calculating bending moments,
The cocfficients in the Dischinger tables are
divisors which contain only one decimal
figure and for that reason appear to be best
suited for ordinary slide rule calculations,
Tables 1 and 4 have been adopted from
Dischinger’s work. The tabulated coefficients
in Table 3 are for calculation of negative
bending moments across the supporting
beams. This table has been worked out by
the writer from the basic equations for
negative bending moments in Table 5.

It should be mentioned that the negative
bending moments from the Marcus equations
do not represent maximum theoretical values
but are more like an average on the middle
strip over the supports. The decrease from
the maximum value is about 15%, The
positive bending moments represent, how-
ever, maximum values for zero Poisson’s
ratio. Considering the middle strip as a
whole, there is about an average balance of

moment at support and some average over-

design at the centre of span. Such an
adjustment in bending moments is consi-
dered to be quite in order.

Table 2 contains coefficients for live load
positive bending moments. The condition
for such bending moments is checkerboard
loading on adjacent spans and knife edge
supports aro generally assumed. These load
and support conditions are not very likely
to occur, 80 the coefficients should only be
considered as approximate. This table has
been worked out by the writer on basis of
the corresponding table 4.5.5.C contained in
the National Building Code, but has been
changed into the same form as used by
Dischinger. All bending moments are
functions of the short span only and inter-
vals have been determined from graphs.

The resulting bending moments found by
means of all the tables should be in a sub-
stantial agreement with those obtained by
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using the Rogers tables. It might be poin-
ted out that the coefficients contained in
these tables need adjustment if adjacent
spans differ much in length.

Table b gives equations for both positive
and negative bending moments in accor-
dance with the approximate Marcus theory.

Table 4 shows dead load bending moment
coefficients for four support conditions.
These apply where there are one or more
free corners which are not fixed to the
supports in such a manner that the exist-
ing bending moment in the slab can be
taken and where the slab is not securely
held down to prevent uplift of the corner.
There may be cases where omission of such
reinforcement is most convenient. Corner
cracks, are, however, likely to occur under
such conditions. The coefficients in Table
4 can be derived from the general equations
in Table 5 as follows. The parts of the
equations inside the brackets represent the
torsional effect which we may call T. To
get the coefficients in Table 4 substitute a
new function (1 4 T)/2 instead of T. In
the case of a so-called waffle slab, these
terms should be assumed as T = 1, since
such a slab cannot be assumed to have an
equal torsional resistance to a solid slab.

The Code allows concrete joists with fillers
of hollow concrete units or clay tile with or
without concrete top slabs and concrete
joists with top slabs placed monolithically
with the joists to be treated the same as
solid slabs in calculating bending moments.
The writer does not consider this to be
justified, because such hollow slabs will
evidently have far less torsional rigidity
than solid slabs. It would seem advisable
in such cases to neglect the effect of torsion.

Conditions at Free Corners

Bending conditions at corners would seem
to justify some detailed explanation. Figure
4 indicates how the bending moment acts
along a diagonal. M, is the bending
moment in a transverse direction to the
diagonal. It is a positive bending moment
giving tension in the bottom of the slab. M,
is a negative bending moment in the
direction of the diagonal giving tension on
top of the slab at or near the corner. At
centre of slab, both M, and M, are positive
and of equal magnitude to the positive
bending moment parallel to the sides of
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glab. It should be noted that both M, and
M, are of the same magnitude but with
opposite signs at the slab corner. From
there M, increases slowly towards the
centre of slab while M, decreases until it
reaches a point of inflection from which it
becomes positive. Unless sufficient rein-
forcement exists in the slab both at bottom
and top to resist M, and M, cracking may
result which will destroy the lever action of
the corner and this will result in an increased
positive bending moment at the centre of
slab. The same will occur in case the corner
is not held securely to the marginal beam
and, therefore, can lift free off the beam.
It may be noted that M, remains relatively
large all the way to the corner and will
generally require more positive reinforce-
ment near this than what corresponds to a
bending moment parallel and close to a
marginal support.

September 1961

case of concrete beams of ordinary propor-
tions, we will in most cases have near fixity
at a corner against rotation. The Code
provision will then, as a rule, suffice
provided, of course, that there is a sufficient
amount of positive and negative reinforce-
ment present on top and bottom end of slab.
Figure 6 will illustrate why the corner rein-
forcement is so important. The contours of
deflection will not be parallel to the sides,
but follow a ecircular pattern near the
corners. The slab here is quite rigid in a
dircction transversely to the diagonal
because the slab span here is short. A kind
of “ beam '’ will, therefore, form across the
slab at and near the corner. This ¢ heam
will not only carry its own direct load, but
will also receive load from the central
portion of slab. Furthermore, since the slab
corner generally is held down, it will, in
addition, load the *‘ beam > by adding a
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The Code states that ¢ where the slab
is not securely attached to the supporting
beams or walls, special reinforcement shall
be provided at exterior corners in both the
bottom and top of the slab’. It would
appear that this clause is somewhat unclear.
It is in the writer’s opinion not sufficient to
attach the slab to its support unless the
support has a sufficient torsional resistance
to provide a near fixity against rotation in
the vicinity of the corner. That is not
always the case if the slab is supported on
a steel beam or on a brick walll. In the
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negative bending moment parallel to the
diagonal,

The negative bending moment may be
thought of as a force couple of which the
innermost force will be a direct load on the
‘“beam . This load condition creates the
bending moment shown on Fig. 4 as M,. If
there is insufficient reinforcement at the
bottom of slab, a diagonal crack may form,
the slab will settle and M, will disappear
since there is no longer'a ‘“ beam *’ to carry
the load mentioned above. 1If on the other
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TABLE 1. Y
Yy
.. . Y Fived Y, N
Coefficients for Dead Load Positive Moments eoge Y
/ . / . 7 \5 ,
e W = wls . = wilz” s
Max. My =" = . Max. M, ="/ I | Siomorica
- z v ea’ye,
: f R ., - ! 3 % (LLL L.
N ., | y
TvyPrE ! 7
ARIBIR DAREIE IR [ A
SvLam S 7 g 5 Z 3rrrd
L (X8 he’ad by bzl ! Lot /
|
2://—" Nyg | Wiy | Nag | Boy | Rae n’gy‘,nqz i Ny ]’nnx Moy | Noa Mgy | Mgz ) Ny !nsx Ry | Mag | Moy
e | i \ ‘
100 | 274 274 | 200 368 | 368 209 | 37.2 3.2 {375 55.7 | 557 375 | 442 506 [ 506 442 | 557 53.1
102 | 264 2741 200 37.2 349 207 | 357 37.2 | 367 57.0 [ 524 368 | 429 5LL | 483 438 | 536 755.8
1.04 | 264 27.4 | 282 377 | 333 205 | 344 372 | 360 58.4 | 494 36.2 | 419 518 | 46.0 434 | 518 55.9
L08 | 245 275 | 274 382 | 318 203 | 332 37.3 | 354 598 | 468 35.7 | 407 325 | 438 43.1 | 49.0 361
108 | 236 27.5 | 267 388 ) 30.3 202 | 321 375 | 347 €12 | 442 35.1 | 397 532 | 42.0 42.8 & 483 56.3
L10 | 228 27.6 | 260 393 | 200 200 | 31.1 37.6 | 34.2 62.6 | 41.8 347 | 388 539 | 40.2 426 = 46.8 56.6
1.12 22,0 276 | 254 400 | 279 289 | 30.1 378 | 33.7 64.1 | 398 342 | 38.0 548 | 387 425 | 454 57.0
L14 | 213 27.7 | 248 406 | 268 288 | 203 38.0 | 33.2 657 | 37.8 33.8 | 31.3 557 | 37.2 424 | 441 574
116 | 207 27.8 | 243 413 | 257 287 | 285 383 | 327 67.3 | 36.0 335 | 36.5 56.6 | 35.0 42.3 | 43.0 578
118 | 200 27.9 | 238 420 | 248 287 | 27.7 38.6 | 323 68.9 | 344 33.2 | 350 57.5 | 34.6 42.2 410 583
1.20 10.4 28.0 | 233 42,7 | 239 286 | 27.0 389 | 31.9 70.6 | 329 329 | 35.3 585 | 33.5 42.2 © 409 589
122 | 189 281 | 229 435 | 231 286 | 264 392 | 31.6 724 | 315 32.6 | 347 506 | 324 423 | 400 594
1.24 | 184 283 | 225 442 | 223 286 | 258 306 | 312 741 | 302 324 | 342 606 | 314 42.3 9.1 60.1
126 | 170 285 | 221450 | 216 286 | 252 40.0 | 309 76.0 | 200 322 | 337 6L7 | 305 42.5 | 38.3 60.9
128 | 174 2868 | 218 459 | 210 286 | 247 404 | 308 77.9 | 279 320 | 33.2 629 | 207 426 | 378 6L6
1.30 17.0 288 | 214 46.6 | 203 286 | 242 408 | 30.3 79.8 | 268 31.8 | 328 641 | 289 427 | 369 62.3
132 | 166 200 | 211 475 | 108 286 | 237 413 { 30.1 817 | 25.8 317 | 324 653 | 282 429 | 362 63.2
1.34 | 162 292 | 208 484 | 10.2 287 | 233 41.8 | 29.8 83.7 | 249 31.6 | 320 665 | 27.5 432 | 357 640
1.38 159 294 | 206 49.3 18.7 28.7 | 229 423 | 298 857 | 24.1 31.4 | 31.7 67.8 | 26.8 43.4 | 351 649
1.38 1556 20.6 | 203 50.3 18.2 288 | 225 428 | 204 878 | 23.3 314 | 31.3 69.2 | 262 437 | 346 658
1.40 15.2 29.8 | 200 51.2 178 289 | 22.1 434 | 202 898 | 226 31.3 | 31.0 705 | 257 449 | 341 66.8
1.42 149 30.1 | 198 522 17.4 289 | 21.8 439 | 20.0 91.9 | 219 312 | 30.7 71.0 | 25.1 44.3 | 33.6 67.8
144 | 146 304 | 198 532 | 170 200 | 215 445 | 288 94.1 | 21.2 31.2 | 30.4 73.3 | 246 44.6 | 33.2 68.8
146 | 144 306 194 543 | 166 29.1 | 21.2 45.1 |.28.6 96.2 | 206 312 | 302 747 | 242 450 | 32.8 69.9
148 | 141 309! 192 553 | 162 202 | 209 458 | 285 985 | 201 311 | 200 76.2 | 237 454 | 324 7L0
1.50 139 31.2 190 G564 159 294 | 206 46.4 | 283 100.8 | 19.5 31.1 | 207 777 | 233 458 | 32,0 72.1
152 | 136 315 | 189 575 | 156 205 | 204 471 | 28.2 103.1 | 19.0 311 | 205 79.2 | 229 462 | 317 733
1,54 134 31.9 | 187 58.8 153 20.6 | 20.1 47.8 | 28.0 1054 | 18.6 31.2 | 20.3 808 | 22.6 46.7 | 314 745
1.56 13.2 322 | 185 59.7 150 298 | 199 485 | 279 1078 | 181 31.2 ! 291 824 | 222 47.1 3L.1 175.7
1.68 13.0 32.6 | 184 609 147 2909 | 197 49.2 | 27.8 110.3 | 17.7 31.2 | 28.9 840 | 21.9 47.6 30.8 76.9
160 | 129 329 | 182 620 | 145 30.1 | 195 499 | 27.7 1127 | 17.3 313 | 287 857 | 21.6 481 | 305 782
1.62 12,7 33.3 | 181 63.2 142 30.3 | 193 50.7 | 27.5 115.2 | 16.9 31.4 | 286 874 | 21.3 48.6 30.3 79.5
164 | 125 337 ) 180 644 | 140 305 | 191 514 | 274 117.8 | 166 314 | 2814 801 | 21.0 492 | 300 80.8
1.66 | 123 341 | 17.0 656 | 138 306 | 190 52.2 | 27.3 1203 | 16.2 31.5 | 28.2 908 | 20.8 497 | 298 82.2
1.88 122 345 | 17.7 668 | 13.6 309 | 188 53.0 | 27.2 122.9 | 159 31.6 | 981 926 | 205 503 | 206 835
170 | 121 349 | 176 681 | 134 311 | 186 53.8 | 27.1 125.5 | 156 817 | 280 943 | 203 50.9 | 204 859
1.72 11.9 353 | 1756 69.4 | 13.2 313 | 185 547 | 27.0 128.1 | 153 31.8 278 96.2 | 20.1 515
174 | 118 357 | 174 707 | 13.0 315 | 18.3 555 | 26.9 1308 | 150 319 | 277 980 | 198 521 33:3 33'3
1.76 117 382§ 17.3 71.9 | 128 317 | 18.2 56.4 | 26.9 1336 | 148 32.1 27.6 999 | 1986 527 | 28.8 89.4
1.78 116 36.6 | 17.2 733 12,7 320 | 181 57.3 | 26.8 136.4 | 145 322 27.5 101.8 195 534 | 28.7 90.9
*;WJ.SO 115 37.1 | 17.2 748 | 125 32.2 | 179 58.2 | 267 130.2 | 143 323 | 27.4 1037 | 19.3 541 | 285 024
“ 182 | 113 376 | 171 760 | 123 325 | 17.8 50.1 | 26.6 1420 | 141 325 | 27.3 105 4 9.
3 31 . 8 59, 8 142. 1 32, 31057 | 191 548 4 03
184 | 112 381 | 170 774 | 12.2 328 | 17.7 60.0 | 26.6 144.9 | 139 3277 | 27.2 1076 | 189 555 ggg ggg
188 | 111 386 | 169 789 | 12.1 331 | 17.6 60.9 | 26.5 147.9 | 137 328 | 27.1 1095 | 188 56.2 | 981 972
1.88 11.0 39.1 | 168 803 | 11.9 334 | 175 6L9 | 26.4 150.8 | 135 33.0 27.0 1117 18.8 56.9 27'9 98"8
2.00 1.0 39.6 | 168 81.8 | 11.8 33.7 | 174 62.9 | 26.4 150.8 | 13.3 33.2 26.9 113.8 186 57.7 27:8 100:6
2.02 108 40.1 | 16,7 83.2 | 11.7 338 | 17.3 639 | 26.3 156.8 | 13.1 334 | 268 1159 | 184 58
. . R . . X . : K 4 | 27.7 102.2
2.04 108 406 | 166 84.7 1168 343 | 17.2 648 | 26.3 159.8 | 129 338 26,7 117.9 | 18.2 59.2 | 27.6 183.9
2,08 107 41.2 | 166 86.1 | 11.56 346 | 17,1 65.9 | 26.2 1629 | 12.8 33.8 | 26.7 1200 | 181 60.0 | 27.5 105.
2.08 106 41.7 | 165 87.6 | 11.4 349 | 17.1 66.9 | 26.1 166.1 126 340 | 26.6 122.2 18.1 60.8 27.4 107.4
210 | 108 423 | 165 892 | 113 352 | 170 67.9 | 26.1 160.3 | 12.6 343 | 26.5 1244 | 179 616 | 273 1. -
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. . » . . . . TABLE 2. 4 )
hand there is sufficient steel at the bottom One special type is the line loading such as Y Q)
of slab but none at the top, a crack may may be caused by partition walls in a Coefficients for Live Load Positive Moments Feed 3,
form there perpendicular to the diagonal. building. coe E >
The * beam *” would still carry some load wlz" wlz” 15 mes
but there would be no reduction of positive The problem of stress analysis due to Max. My = T Max. M, = n, Lf'_,l J«/;o{/eo’
bending moment at the centre from the concentated loading is of considerable im- > Y eaye
destroyed force couple equal to M,. portance in connection with design of bridge i .
~ docks and a great deal of analytical work S 1 y ‘ 1 “4
The Code requires an amount of negativec has been done in this connection. Since it oF - M142) 0 3. { A4 5¢ \{ \ "\I 7 48 N : ey
reinforcement equal to { of that for the posi- is not possible to express bending moments Srtar ~ ~ 7 Bl 4 13 1 ek
tive bending moment along discontinuous explicitly in formulae, a complete analysis b - g f2d e ' i ’ oy
edges. This relatively high requirement has to be made for any particular load posi- T | T o | B T T T T
would not appear to be necessary for the tion. From a series of such analyses, it is S=F [ ngs | By oz | Roy Rae | Pap P | May Mg | By | Mex | Moy Mo | Baw| Mz | My | Moz | Mou
centre strip unless the support has an possible to draw area influence contour lines 3 RS SR L ‘
unusual torsional rigidity and we want to for bending moments at significant points | 086 313 | 313 286 | 31. o | ) R T ‘ . .
avoid a visible crack between slab and of slab. Several such influence area dia- 1.00 “)7; 3]"4 )_)“) :'b 1.3 313 [ 313 37.1 | 371 3L3 | 334 358 355 334 370 37.0
‘e the Wrltan’ it ) , : 1.02 27.8 314 | 209 284 | 30.3 313|305 37.2 { 353 312 | 324 359 341 334 354 870
beam. It is the writer’s opinion that such grams have been worked out and published. 1ot 269 315 285 %9 | 203 413 | o 8 ;; 5 1;3’, ol 314 a0 | = 333 3‘;9 370
cracks should be avoided but it is difficult Of such publications might be mentioned 106 260 316 | 27.3 281 | 383 313 | 20,0 375 | 310 308 | 304 361 , 31.6 333 - 325 37.0
to give a definite rule how much reinforce- that by Pucher.!® (See also Reference 5, 1.08 250 BLT | 263 280 1 27.3 313 0 283 37.7 5 306 306 | 204 362 0 304 332 312 37.0
ment is necessary for that purpose. For Chapter 10.) 1.10 242 329 | 254 280 1263 313 | 275 379 | 293 304 | 284 364 200 332 300 370
the centre strip of half the slab width one- . ) . . 1.12 235 3221245 280 | 253 313 267 381 | og1 02 | 275 1366 | 28.0 3321 290 370
half of the positive reinforcing should suffice For ordinary building design an oxact 1.14 28 325 | 27 279 1 246 314 250 383 1 270 300 | 269 368 | 269 331 282 37.0
X h . . an : ndi ; ~ 1.16 222 828 ) 229 279 | 289 315 2352 385 ' 259 208 0 263 37.0 | 258 331 | 274 372
in most cases. It isa different case with . %yzls Oi bending mtzlmlenfis. In two (;V ?)y 118 D16 331|222 379 | W2 316 245 387 | 5oy ve7 | 237 371 | 248 330 267 372
the side strips. Here the three-quarter slabs due 8001;_00%{:130. oading would be 1.20 210 33.4 1 206 278 | 225 317 {240 300 | 241 296 | 25.2 37.3 | 242 332 | 26.0 37.3
reinforcement for negative bending moment ~t0o time absorbing, but it is necessary even 22 204 337207 278 | 210 319 |vas 304 | 295 205 | 246 305 | 206 334 253 304
is not too high as is evident from an here to get some idea of the bending mo- o4 198 340} 200 27.9 | 21.2 321 | 230 308 | 226 294 | 241 37.7 0 230 336 247 375
inspection of the bending moment diagrams mments and shearing stresses. The writer R 26 194 343 | 104 280 | 206 323 | 225 402 | 210 204 | 235 380 224 338! 241 376
on Fig. 4. The high bending moment at thinks that in the case of walls this might S 1.28 19.1 346 ) 180 281 | 20.3 326 | 221 40.6 | 21.3 294 | 230 384 | 21 340 | 236 378
- : 30 187 349 | 185 28.2 | 19.90 329 1217 411 | 206 205 | 226 388 | 21.3 34.2| 231 380
free corners cannot evidently be taken be doneabout in the same manner as out- So | 181 ona | 1os a1 Lova o Lol 0 0T 209 | g a4 ! )
proper care of without addition of extra linedon Fig.1 for uniform loading. Two 2 ::'1 332 ig; 3;.2 }3? ﬁl IE)H 3‘1;(13 ; ?82 ::gg ;T(l‘) 338 | 58.; %iél 33? ggé
) - . 135, a8, 9.1 335 | 211 42 4207 | 21 6202 34, . -
corner remforgeme?nt. In doubtful cases of strips perpendicular to each other can be 17.8 359 | 17.3 285 | 187 338 | 208 426 | 190 298 | 213 400 | 198 349 ] 217 388
support restraint it would seen advisable to assumed to carry the load. There is con- " 174 364 | 169 286 | 184 342 | 204 431 | 185 209 | 209 404 ' 195 352 | 213 39.1
use Table 4 fOr calculation Of positive SIderable uncertainty how -WIde a strip 0 17.1 36.9 16.5 287 18.1 34.5 | 20.1 43.6 18.1 30.0 20.5 40.5‘ 19.1 3-’)5! 20.9 394
bending moments. parallel to a wall can be considered as effec- 2 168 374 | 16.1 288 | 17.7 34.8 | 19.8 441 | 177 30.1 | 20.1 415 | 187 358 | 206 397

_ tive. Perhaps a reasonable assumption is

It might be of interest to compare the a width of one-third the span length on
freely supported slab with a square slab each side of the wall plus the thickness of
fixed against rotation along all edges and the wall itself. Transversely to the wall
loaded uniformly. The bending moments the effective width would, of course, be the
along a diagonal and transversely to this length of the wall. One strip would then
are shown on Fig. 7. It may be noted have a uniform load and the other a concen-
that both M, and M, are zero at the corner. trated load. By equating the deflection at
M, increases slowly from the zero value at the point of intersection the approximate

164 38.4 | 154 201 [ 170 356 | 192 451 | 17.0 303 | 195 428 | 181 364 | 200 404
16.2 39.0 | 15.1 203 | 169 36.0 189 456 | 166 304 | 193 43.6 , 17.8 368 197 408
16.0 39.7 | 148 296 | 16.6 364 | 186 46 | 163 30.5 | 100 442 ! 175 37.1| 194 412

149 404 | 145 299 | 163 36.8 184 466 | 159 30.6 | 188 45.0 | 17.2 374! 191 416
158 41.1 | 142 30.2 | 161 37.2 | 18.2 47.1 | 156 30.7 | 18.6 45.71 169 37.7| 188 420

16.6 37.9 | 15.7 289 | 174 352 | 195 446 | 17.3 302 | 198 42.2‘ 18.4 36.1 20.3 40.0

As in Table 1

157 416 | 140 305 | 159 376 | 180 476 | 153 309 | 183 464 | 166 380! 186 424
155 423 | 13.8 30.7 | 158 380 | 178 481 | 150 31.1 | 180 470 | 164 384 | 184 428
153 430 } 13.7 309 | 156 384 | 176 486 | 148 313 | 178 47.7 | 162 387! 182 432

15.1 43.7 | 13.5 311 | 154 388 {174 49.1 | 1453 31.4 | 176 484 | 159 390 180 43.6

o oy 'cxlula-zglh .aq.gg..

ottt ot ot et B Bt Dl ot o o ot Pt bl B e et bl ke b
o duUSUG Saan SR
D OWD kD ooooagko SEDN OES

int of 1 ) / 149 443 | 133 314 | 152 392 | 172 49 2 9. 3 491 | 157 393 8 440
the_corner and can be taken care of by the Igad distribution could be found. If in addi- 147 449 | 131 316 | 151 39.6 17.0 53.? {1.(21 ‘;}g i;:{ 13.213 13.5 30.6 1'71.6 4.5
ordinary negative reinforcement. Th_erq 18 tion we disregard the effect of torsion, the 14.5 455 | 129 319 | 149 400 | 168 50.6 | 137 31.6 | 169 50.5 | 163 400 | 174 450
no problem in this case with the slab lifting result should err on the safe side. 143 46.0 | 127 321 | 147 404 | 166 51.2 | 135 31.7 | 167 513 | 151 404 172 455
free of its support. 142 466 | 1250 324 | 145 409 | 164 518 | 133 31.8 | 1865 52.0 | 150 409 | 170 46.0
It is evidently impracticable in most ii'(l) g.g i;:li gég 14‘; 4{4 163 526 | 13.1 319 164 528 | 148 413 | 168 46.6

cases to obtain rate analysis of X R . . 142 41'8 | 18.2 534 | 128 321 | 16.2 535 | 14.7 418 166 474

Concentrated Loads on Two-way Slabs S | an accu y i of 139 484 | 120 33.1 | 140 423 | 16.1 542 | 126 32.2 | 160 543 | 146 422! 164 482
) ' partition wall loaydmg. The walls, even if o s 13.8 48.7 | 11.9 334 | 139 427 | 160 550 | 114 32.3 | 159 550 | 144 427 | 162 492

The exact mathematical analysis of two- tile or other kinds of masonry, will not AN . i i : :

: ] y A 13.7 49.0 | 11.8 33.6 | 13.8 43.2 | 159 558 | 11.3 325 | 15.7 55.8 | 14.3 432 161 50.2

way slabs with concentrated loads is far follow the floor slab completely if the slab 84 136 492 | 117 339 | 137 440 | 158 565 | 122 327 | 156 565 | 141 430 | 160 514
more difficult than an analysis for uniform deflects either due to live-loading or due 1.86 135 493 | 116 342 | 136 44.7 | 157 57.2 | 121 32.8 | 155 57.2 | 140 447! 159 528
loading. Neither is there, as far as the to long time plastic deformation. It is ) 1.88 13.; 404 li.é :;4.4 135 455 | 156 580 | 120 330 | 15.4 58.0 | 13.9 454 ' 158 53.8
writer knows, any approximate method of not unusual to see the floor deflect free 1.90 i§2 iz-z 11.2 3‘:6 134 482 ;5-5 58.7 | 119 332 | 153 58.7 | 138 46.1| 157 550
] 1 . . . X . 9 | 183 47.0 {154 595 | 117 334 | 152 595 | 13.7 46.9 6 56
analysis comparable in accuracy tc the of the base of wall for a comparatively 1.92 . . 156 56.2
Marcus equations for uniform loading. There long stretch. This bridging effect may }3; }35 igﬁ Hé ggé }gg igi igg 3(1)(2) Hg ggg }gi g({'?) igg gs‘?} }§i s
is, of course, no real point loads but rather continue until a crack forms in the wa.ll.and 1.98 129 49.9 | 109 358 | 13.1 49.2 | 151 61.8 | 11.4 340 | 149 617 | 13.2 49.2 13)'3 ﬁ'g
loaded areas of variable extent and shape. that occurs particularly at door openings. 2.00 12.8 500 | 108 358 | 13.0 50.0 | 150 626 | 113 343 | 149 625 | 131 500! 152 626
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TABLE 3.
Coefficients for Negative Moments
My=— vz oy =" Noete: W=DL +LL
Ng n,

yry7; ' P
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wroeeeewd
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Lsasa
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h—:&q
AN
®
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=L

/x ’/'_ T /n /, /e ’ kﬁ’.‘ l.L‘!.‘
k—.'l . H L’—‘J i |
, ' | ‘ ‘ \ ! [
| | ‘ \ | ; ‘ ; i
= ‘;y Rag | Nay { Ny " Ny | Ny ‘i Ny | P ‘ Ny Noa | Rey Moz Moy Mz " Ry Mo [ Moy
. z . . | i \_ R o
—————— = e Bt b ol b _""‘ T i_ Tt .
1.00 11.2 11.2 !16.0 16.0 | 144 144 | 180 240 | 240 180 . 240 240
| ! I o DL B D
1.02 11.0 11.0 | 155 16.0 | 143 14.1 | 17.6 244 | 23.0 178 | 233 241
1.04 10.8 10.9 ‘13-6 161 1 14.1 138 | 17.2 248 220 176 | 225 "4?
1.06 10.6 108 ; 14.5 18.2 140 134 | 189 252 | 210 174 217 §4.3
108 | 104 106 140 16.2 | 138 131 | 165 256 | 200 17.3 | 210 24.4
1.10 10.3 | 105 | 13.5 16.3 ' 13.6 12.8 ‘ 16.1 26.0 | 19.0 17.2 | 20.2 245
Lz | 101 | 104 132 164 136 126 | 159 265 | 183 17.2 | 107 247
1.14 9.9 ; 104 | 129 166 135 124 | 156 270 | 176 171 | 192 249
1.16 97 l 103 | 125 168 & 13.4 122 | 154 275 | 170 171 | 188 25.1
1.18 9.6 > 102 | 122 169 | 13.3 120 | 151 280 | 163 170 | 183 253
1.20 9.5 } 102 119 17.1 13.2 11.8 ! 14.9 286 | 156,86 17.0 ‘ 17.8 25.6
1.22 9.4 101 117 173 131 116 | 148 202 | 152 170 1 175 250
1.24 9.3 101 115 175 ' 130 115 | 146 299 | 148 17.1 | 17.1 262
1.26 9.2 101 112 178 ' 130 114 | 144 305 | 144 171 . 168 260
1.98 9.15 101 110 180 ' 129 113 | 143 312 | 140 17.2 [ 165 27.0
1.30 9.1 10.1 ' 108 18.3 ! 128 112 | 141 318 | 136 17.3 162 274
1.32 9.1 102 | 107 186 | 128 1.1 | 140 326 133 173 ) 160 27.8
1.34 9.0 102 ' 105 189 @ 128 110 | 139 335 | 13.0 174 | 158 283
1.36 9.0 102 | 104 102 @ 127 109 | 138 340 | 127 175 | 155 288
1.38 8.9 103 | 102 195 | 127 108 | 13.7 358 | 124 17.7 | 153 29.2
1.40 8.8 103 | 101 198 | 126 108 | 13.6 345 | 122 179 | 15.1 207
1.42 8.8 104 | 100 201 | 126 108 | 13.5 364 | 120 180 | 150 302
1.44 8.8 105 | 99 205 | 126 108 | 13.4 37.2 | 118 182 | 148 307
1.46 8.7 106 @ 98 208 | 12.6 108 | 133 380 | 116 184 147 313
1.48 8.7 107 | 97 212 (125 108 | 133 385 113 186 | 145 318
1.50 8.6 107 | 96 216 | 125 108 | 13.2 395 . 111 188 | 144 323
1.52 8.6 108 | 95 220 125 ‘ 108 | 132 405 1.0 100 [ 143 330
1.54 8.6 110 | 94 224 {12.2 i 108 | 13.1 414|100 193 | 141 330
1.56 8.6 112 | 94 228 124 ‘ 10.8 | 130 423107 195 | 140 342
1.58 8.5 112 | 93 939 124 10.8 | 13.0 43.2 | 106 197 | 139 348
1.60 8.5 113 | 92 236 ' 124 108 | 120 441 | 104 200 | 138 354
~ | 5.1 | 103 203 | 137 36.1
1.62 8.5 114 | 02 241 '123 109 | 12.9 451 - . o
164 | 84 116 | 92 246 123 100 | 128 461 ' 102 206 ; 136 36.7
1.66 8.4 17 | 91 250 123 110 | 128 471 1001 209 | 136 374
1.68 8.4 119 | 91 255 1238 110 | 128 480 | 100 21-2} 13.5 32';
1.70 8.4 120 | 90 260 123 111 | 127 490 | 99 215 | 13.4 §9~6
172 8.3 122 | 90 265 123 1.1 | 127 500 | 9.9 218 | 183
174 8.3 123 | 89 270 123 12 | 127 3o | o8 2211133 403
176 | 83 125 | 89 o275 123 113 | 126 521 97 225 | 13.2 4L0
178 | 83 127 | 88 280 ' 123 14 | 126 532 06 228|132 418
1.80 8.3 128 | 88 984 1225 1.5 | 126 543 ' 95 231 ::;: s
. . 200 122 11.6 126 554 ' 9.5 2:3-5 e
i'gi g';s }g? gg 2{;2 128 17 | 128 368 | 9.4 288, 130 442
1.86 8.25 134 | 87 300 | 122 s 126 577 | 93 242 | 130 450
188 | 895 136 | 86 305 | 122 119 | 125 588 | 0.2 246 | 129 458
1.90 8.25 138 | 86 3Ll | 122 120 | 125 60.0i 92 250 | 129 468
* ) ' : ) ) ’ I o= 25 2, 7.5
192 | 82 140 | 86 317 122 121 | 125 626 02 254 128 472
1.94 8.2 142 | 86 323 |12 122 | 125 652 91 258 | 128 484
96 | 82 144 | 86 328 122 123 | 124 680 | 9.1 262 | 128 49.2
}'gg 8.2 146 | 85 334 | 122 124 | 124 708 90 266 127 50.1
200 | 82 148 | 85 340 | 1215 126 ’12.4 73.2{ 90 270 | 127 3

32

Transport-Communications Monthly Review

A lot of cracking has been experienced in
this connection with two-way slabs because
of too great flexibility Since the compres-
sive strength of the concrete can be utilized
in two directions there is a tendency to
make such slabs too .thin. The ultimate
strength of a properly designed two-way
slab will, thercfore, almost always depend
on the strength of the steel reinforcement.

Another problem encountercd is to find
the bending moment from load concentra-
tions such as file cabinets and accounting
machinery. A somewhat similar method to
that proposed for distribution of wall load
might be used. The effective slabstripscan,
according to some code rules, be assumed as
either the width of the load plus two-thirds
the span length, or alternatively as twice
the distance from the load centre to the
closest support in the direction of span.
The smallest of these values to be used. Sol-
ving equations for equal deflection of two
perpendicular slab strips will then give the
load distribution between the two strips.
Any great accuracy by such a method can
hardly be expected but the result will likely
be safe.

Beam Loading from Two-way Slabs

The load distribution obtained from the
equations in Fig. 1 was used for some time
to obtain the loading on the supporting
beams. The result was not bad as far as
the beams in the long direction were
concerned. For the short span beams the
uniform loading found by this load distri-
bution method was far from correct and the
corresponding bending moment in the
beams might only be a small fraction of the
true values. A better division is to assume
load distribution to each beam from the
tributary areas of the panel bounded by the
intersection of 405° lines from the corners
with the median line of the panel parallel
to the long side. This is an approximate
load distribution used in most building
codes. Even this method is not accurate
especially for the short span beams. The
method makes the loading of the short span
beam independent of the slab length and
that is not quite correct. The actual
conditions are as follows :

We have found that the effect of torsion
is to reduce the bending moment in the
slab greatly. However, this effect is not
obtained without some extra loading of the

September 1961

supporting beams. Considering Fig. 3 it is
clear that in addition to the direct load
from the slab each slab strip superimposes
a torsional effect on the beams. This effect
tends to transfer the reaction of each strip
in the same direction as the slab twists,
that is, towards the centre of span. Each
strip presses down at one edge of its
support and has an uplift effect at the
other edge. The total effect of twisting
of all the slab strips is to transfer the load
on the beam to some extent towards its
centre. This effect is, of course, only
present where there is a torsional effect and
would, for instance, not be of any import-
ance on the central portion of a long slab
such as is shown on Fig. 2. The shifting of
load towards the centre of beam will, of
course, increase the bending moment in the
beam.

In the case of a rectangular slab simply
supported it can be proven that there is a
force creating wuplift at the corner and
there must, therefore, be a corresponding
increase in the downward reaction of the
slab on the beam since the algebraic sum of
all the loads and forces acting on the beam
must be equal to the weight of slab and its
superimposed load. This can only be the
case when the load on the beam, apart from
the corner force, is greater than the gravity
load. The loads shown in connection with
Fig. 4 have been taken from Dischinger’s
work. An elementary consideration of Fig. 6
will also make it clear that the central
loading must be greater than the gravity
loading.

It should be noted that the corner force
indicated on Fig. 4 is not present at
continuous corners and we do not, there-
fore, have the same increase in beam load-
ing where the slab is continuous. Even
with continuous slabs there may be some
shifting of load towards the centre caused
by torsion, but the effect is generally small
due to less deflection.

The correct way of calculating the bend-
ing moment in a beam would be to analyse
the slab panel with the parallel supporting
beams as a unit. The bending moment
carried by the slab in that direction would
then be subtracted from the total bending
moment in order to find how much of the
total bending moment the beams have to
carry. Such analyses have been made by
Dr. Dischinger. They show that the trian-
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TABLE 4.
Coefficients for dead load positive moments for condition of no TABLE 5 | . :
attachment to supports and no special corner reinforcement . . . 4 |
Equations by H. Marcus for Bending G . N
L 4
. . Moments in Two-Way Slabs 4 7 R
TyrE or N > N A4 ’ carrying a uniformly frxed -"':’;} M
Sras | * Distributed Load dpe T N
‘ /v e i 7 istribute oad. ‘eage y
| k2 X ) e ¢4 4, 4-m, Y
[ - E It TR v . . TP _
1y : The equations are based upon TPoisson’s ratio ~ -
3= T ‘ Ny [ Ny Ny ‘ Ny Ny Ny Ny ’ Ny oLe . 4 p 4} ’% 5//”/// s«p
= L0 . o being cqual to zero. : purted edge
/.
1.00 20.2 20.2 23.9 318 31.8 23.9 32,2 32.2 . ~—>
1.02 194 . 20.2 23.3 32.3 30.1 23.6 31.0 32.2
1.04 18,7 20.3 22,8 32.8 28.6 23.3 29.9 323 .
1.06 18.1 20.3 22.3 33.4 27.2 23.1 28.9 32.4 =~
1.08 17.5 20.4 218 34.0 26.0 22,9 27,9 32.6 [
1.10 16.9 20.5 214 346 | 248 227 27.0 32,7
112 16.5 20.6 21.0 3.2 | 238 22.6 26.3 32.0 ~
L14 16.0 20.8 20.6 359 | 928 22.4 25.5 33,2 S I .
1.16 15.5 20.9 20.2 36.6 21.9 22.3 24.9 33.5 MAXTIMUM BENDING MOMENTS
1.18 15.1 210 19.9 31.3 21,1 22,9 24,2 33.6 .
1.20 147 21.2 19.6 38.1 20.3 22.2 23.7 34.1 TYPE | o T ST UNECATIVE BENDING
1.22 14.4 21.4 19.4 388 | 196 22,1 23.2 34.5 OF Postrive BesvoivG MowENTs "~ MownnTs
1.24 14.1 21.6 19.1 396 | 190 221 22.6 349 SuaB |_ .. .. L : - o P e T
1.26 13.8 218 189 4035 | 193 2371 29,2 35.3 3 | _ -—m
1.28 13.5 22,1 18.7 414 1 178 22.1 218 357 = -y ; +my M Mty
1.30 13.2 22.3 18.5 422 ' 113 22,1 21.4 36.2 A -
1.32 13.0 22,6 18.3 431 | 168 222 21.0 36.7 B = NS = Wi, 1w BB w/,® | _ -
1.34 12,7 22,9 18.1 440 | 164 22,2 20.7 37.2 : e 14U e s 2 s iU T s z
1.36 125 23.2 17.9 450 | 159 22.3 20.4 37.7 ) -~ s \ ) ) .
1.38 12.3 23.5 17.8 459 | 135 22.4 20.1 38.2 ~—y 2 \ |
1.40 12.1 23.8 176 169 15.2 22,6 19.8 35.8 45 2! (I W/a® 2 - 2 )w/ ) Ww/,* -
1.42 11.9 24.1 175 479 | 148 296 19.5 39.4 Q 128 o458 L™ o455 LA IR SN 8 3 o455t T8 aupEt
%.44 L8 24,4 17.3 49.0 } 14.5 227 19.3 40.0 N o L ! N
46 11.6 24.8 17.2 50.0 14.2 22,9 19.1 40.7 S~ ., . i . 2
1.48 115 25.1 17.1 51.1 13.9 23.0 18.9 41.3 1 ¢ 5o = e \45 = 2 p> W/, _ _5 =z N
L.50 11.3 5.5 170 52.1 13.6 23.2 18.8 42,0 B T spost -3 s W/a ‘w._)s Y CERO x l 8 5res?
1.52 11.2 25.9 16.9 53.3 13.4 23.3 18.5 42.1 —_ N ’ , . ‘a o e .
1.54 1.1 26.3 16.8 54.4 13.2 93.5 18,3 43, T R N N 2 - . 4 2
156 110 26.7 16.7 555 12,9 237 181 441 o 2 b 37 W/ !—q)— ) (=B = 3)wl,5‘2 L3 (W2 % 'g‘g\’V/z?
1.58 10.8 27.1 16.6 56.7 12,7 23.9 18.0 44.8 128 1,3 32 rsT ] .1-3 14+3 RS $ 1S 1+3
1.60 10.7 275 16.5 57.9 12.5 24.1 17.8 45.6 ] ) . B S S
1.62 10.6 21.9 16.4 59.1 12.3 24.3 17.7 40.4 s a5 2 = 5 = . 5 3t
1.64 10.5 28.3 16.4 60.3 12.2 24.6 17.5 471 5. __2___,. Ve ; ,)Wl;" < Tol\l-g -«_-—-_—,—)Wl,' 1o T W' -
1.66 10.4 28.8 16.3 616 | 120 24.8 i“ ::.3 21 1453 18 1453 1455 1455 2 145
1.68 10.4 29.3 16.2 629 | 118 25.1 7.3 . )
1.70 10.3 29,7 16.2 641 1 117 25.3 17.2 49.6 S~ L s Y | X 05 B | 5 S e
. 2 D e f 2 — P
1.72 10.2 30.2 16.1 654 | 115 25.6 17.1 50.5 ﬁ s\ l— e s Wi ol e (1‘ 18 3 ‘)“ ® “R s Wis
174 10.1 30.7 16.0 667 | 1L4 25.9 17.0 51.4 ‘ 8 o+ b oot 5+3 5+ 2
1.76 10.1 31.2 16.0 68.1 . 113 26.1 16.9 E?-if e g T T T T e e e R | N
178 10.0 317 15.9 685 1.2 26.4 16.8 53.1 1 St 5 3 L9 =7 15 2 N4 1 2 .1 2 9
1.80 9.9 32.2 15.9 70.8 110 26.7 16.7 64.0 Lot - SR YW (s e\ - e )W T - =W - g 3 Wz
55 N - 12 1423 9 1423 8 1+23 32 1423 1422 1+23
1.82 0.9 327 15.8 72.2 10.9 27.0 16.6 55.0 ool ] |
1.84 0.8 33.2 15.8 73. 10.8 27.4 16.5 55.9 A . Y 2 4 2
1.86 9.7 33.7 15.7 750 | 107 z)gz} igi gg(:: , ] 9 3t . 2 T = 5. b Wl 1 = w2 13 wla?
1.88 9.7 34.3 15.7 8.5 10.7 28, . . e E (e gy st Wl a1 5 e W |- s s W s T Whe
1.90 9.6 34.8 15.6 780 | 106 28.3 16.3 58.8 t”s 2+2 %+2 o _er'i'?; o 2'*:57" o 243 6 2+3
1.92 9.6 35.4 15.6 79.4 10.5 28.7 16.2 59,8 —— ) . i . . ! .
1.04 9.5 36.0 15.6 80.8 10.4 20,0 16.2 60.8 v = =B B Yy e LB (s B el L X W/ZQL 1, = Wi,
1.96 9.5 36.5 15.5 82.4 10.3 20.4 16.1 61.9 ~24 1+ 18 143 rol24 43t 18 14-3* = 12 43¢ ) 12 345+ 7%
1.98 9.5 31.1 155 84.0 10.2 20.8 16.0 62.9 ’
2.00 9.4 317 15.5 85.4 10.2 30.1 16.0 64.0 ~—
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gular and trapezoid loadings as contained 3. N. M. Nowmark: Disiribution DProce-
in the codes will give substantially correct dure f;’; f‘%{"l“lysg of u“]”" IE‘:’.”’"‘;‘L’;"
results for interior panels of two-way slab T orsite of Ilinoia Junc 17. 1938 ’

- University of 1llinois, June 17, 1938,
gystems but should be corrected for exterior

INDIAN ROADS CONGRESS - TECHNICAL COMMITTEES
C. P. Siess and N. M. Newmark : Ratfonal

anels. Referring to Fig. 5 Dr. Dischi 4, ¢ : ’
proposed that the beams mar] Ithmgfﬁ Analysie of and Design of Tuo-iay 1. BITUMINOUS PAVEMENTS COMMITTEE
arked wi Concrete Slabs. Journal, American Con- i / ) ) ) ’ . .
The Committee, under the Chairmanship of Shri 8. Sujan Singh, held its mecting

double lines should have the Dbending
moments increased as follows:

In the X-direction for Ly/Lx = 1

crete Instituto, Dec,, 1048, (. P. Siess and
N. M. Nowmark: Moments in Two-Way
Concrete Floor Klabs, Jullotin Series
No. 383; Fob., 1950.

at New Delhi on 11th August, 1961.  After clause by clause discussion they approved the
Draft specification for § in. thick bituminous carpet. The approved draft will now be
submitted to the Council of the I.IR.C. for their approval.

5. S. Timoshenko and S, Woinowsky-Krie- | . R . . .
Increase by 25%, gor: Theories of Platcs and Shells, “nd The Committee also approved the questionnaire on bituminous pavements other
¢ edition, McUraw=Hill Book Co., Toronto, than surface dressed pavements to collect information for framing specifications.
or Ly/Lx = 2 Increase by 359 1959, _
/ y 35% o i i Theorie. closis 2. BRIDGES COMMITTEE
~di i — . . areus: e 1eore  ckasivschier . . . . . [
In the Y-direction for Ly/Lx = 1 Gewebe und shre Anwendung auf die The Commitiee held their meeting under the Chairmanship of Shri S. L. Bazaz,
Increase by 25%%, gefPC"Wcﬂ bicgsamer Platten,  Julius Additional Consulting Engineer (Bridges), on 28th and 29th August, 1961 at New Delhi
pringer Verlag, Berlin, 1932, . .
for Ly/L 271 by 0 7. K. Girk Flachent e, Suri Given below are the proceedings :—
r x = 2 Increase . K. Girkman: Flachentragwerke, Springer . s . . .
Y y Verlag, Vionna, 1048, prive (i) Section VI of the T.R.C. Bridge Code—Prefabricated and Composite Construc-
For values hetween these limits obtain the 8. F. Dischingor: Massivban page 833 1o tion for ‘Ro(ul (nllV(_‘,lts _wn(l_ Medium Span Bridges, was completed and is now
percentage incrcase by interpolation. 833 in "q'l.;ulﬂu'lflmt]-m;.:l.l fm: l]luuinm:xiqlru "‘ llml(‘ll‘ (hs'])OSill for finalization.
‘\;nyl!:g Trorlin, 19 '.'mtm and, Springer (i) Modification of Clause No. 209.1 of Section II of the I.R.C. Bridge Code
Sinco the actual loading on the boam in v s o i der postaining o londing on foobpaison brid ut places noar piginigo cones
o P : e . . Uz y: 3 e U Juer- ste. 3 . ar Y rowde - ) . S 88 .
cert(%m cases i3 greater than the gravity dehnungszhal  anf dic  Momentenwerfe \ ’ . = y .
loading and generally greater than the load querbelasteter  Quadratplatten, Ovsicrr, (iiij The question regarding allowance for the transformed arca of cables in
triangle on the short span beams, it follows Bauzeitschrift Bd. 7 (1952), Heft 9, S, 150 :aleulating the properties of prestressed concrete girders was gone into.
3 1 : L8 (1953), Heft 5, 8, 108, . . . . . .
that tho shear in such beams is correspond- nnd Bd. 8 (1954), Heft s, 8. 1038 (iv) Procedure to be adopted in cvaluating the passive resistance of the soil below
ingly higher. Tt is, therefore, recommended 10, H. Marcus: IDie vereinfachte Berechnung the maximum scour level in the design of well foundations was discussed.
that the shear rcinforcement be increased biegesamer Platten, Bauingenicure Bd. 5, .
COI‘]‘CSI)On(ling to the greater ]oading. Heft 20,21, 1924 3. CONCRETE ROAD CONSTRUCTION SUB‘COMMITTEE
11. Beton-Kalender, 1959: Withelm Lrnost The Committeo held its meeting under the Chairmanship of Shri K.K. Nambiar on
and Sohn, Borlin. 7th September, 1961 at Bombay. The Committee discussed and finalised clause by clause,
References 12. ¥. Dischinger: Kritssche Betrachtung zu the code of Practice for the (-opstrllptlon of concrete roads in India. This is now being
. den deutchen Bestimmungen fur  die pr()cosscd for zl‘])provall of the Council.
L IL M. Westergaard : Fo1:mulas‘ Jor the Berechnung der Tracyerroste Krouzivess
ge-}“:!ln tqf Rz;qlalﬂgulal?; 1”00;. blalx and yestpanter Platten und Vorschlaege eine 4. CEMENT CONCRETE ROAD SURFACING COMMITTEE
upporting Girders, P'roccedings Ameori- esse, Dot CRise . . . . . . .
can Concrete Institute, Vol. 22, ;1,926. ;‘fgﬁ gl/ic(feﬂbﬁ;‘,':{’l‘fﬁcl';/"f‘l l':(‘!’lfllillu l._,"‘fj‘ " The Committee held its meeting under the Chairmanship of Shri E.A. Nadirshah on
, .. ' o 8th September, 1961 at Bombay. After detailed discussion they arrived at their recom-
2. 8. D. Lash: Notes on Analysis and 13. A. Duchor: Finflussfelder clastische mendations for the thickness of concrete pavements for roads in India. These recom-

Design of FRectangular Reinforced Con-
crete  Slubs Supporied on Four Sides,
lingincering Journal, Vol. 24, No, 9,

_ September, 1941,

36

Dlatten, Springer Verlag, Vienna, 1958

(From “ The Engincering Journal—
April, 1961.°)

mendations  are  being  submitted to the Exccutive Committee of the ILR.C. for
finalisation.

IMPROVING NATIONAL HIGHWAYS

At present only 2,000 miles out of 15,000 miles of National Highways are double-
lane. The Indian Roads Congress recommended to the Government of India that along
with the completion of missing bridges, two axial roads should be made double-lane afier
considerably improving their geomotrics. One should run from North to South and the
other from Kast to West covering important places in the country. The following two
routes were rocommended by the Indian Roads Congress :

(i) North to South, i.ec., Delhi-Agra-Jaipur-Ahmedabad-Bombay-Bangalore-

Madras-Cape-Comerin
(ii) East to West, i.c., Calcutta-Barhi-Varanasi-Allahabad-Kanpur-Agra-Delhi
Ambala-Jullundur-Amritsar-Pakistan Border.

The Government of India in their reply have intimated that in view of the tight
financial position, it will not be possible to give effect to the suggestion of the lndian
Roads Congress during the Third Five-Year Plan, .
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HERE AND THERE

I. GOOD ROADS SAVE MONLY

® U.S. URBAN motorways are estimated
to have reduced driving distances by half
and saved upto 3!d. a mile on costs. An
example quoted was that of Boston where
runs that formerly took from 18 to 23
minutes, now take three niinutes on the new
motorway.

This was the opinion of Mr. T'red Burg-
graf, Dircctor of US. Fed. Highway
Rescarch Board given at a London mecting
held by the British Road Federation.

(From < World Ilighways’® London)

2. NON-USERS SHOULD PAY

® < WHILE much of the burden must
fall inevitably on highway wsers, we should
remember that good highways benefit all
Americans.

Thus I believe the highway programme
should be financed on o shared basis
between taxes on the users and general
revenues.”

—8Senator John F. Kennedy

‘“As a general rule I bolieve it is a sound
principle that users should pay o substantial
part of a facility (referring to tho Federal—
State Road Building Programme).  Tho
present ratio of about 70 por cent of the
cost paid by users and 30 per cent by non-
users seems cquitablo at the moment.

—Vice-President Nixon
These views by presidential candidates

werc reported in the organ of the National
Highways Users Conference, U.S.A.

3. REFLECTION CRACKS IN BITUMINOUS SURFACING

@® A COPY of areport on the reflection
cracks in bituminous surfacing conducted
in the Department of Civil Enginecring,
University of Toronto, in co-operation with
the Ontario Department ‘of Highways as
part of the Ontario Joint Highway Resecarch
Programme has becn received :—

Given below is brief synopsis.

It has become general practice in the
years since World War II to resurface old
concrete pavements, whose condition is no
longer satisfactory because of scaling, crack-
ing, roughness, inadequate width, or slip-
periness with bituminous concrete. Unless

a8

there is serious lack of structural strength,
this bituminous resurfacing (with widening
where roquired) usually constitutes a por-
fectly satisfactory rehabilitation,

However, one problem remains with this
resurfacing. Within a few ycars most of
the cracks and joints in the concrcte pave-
ment have broken through the bituminous
resurfacing. No completely satisfactory
method has been found for treating these
cracks. Furthermore, particularly where
traffic is heavy, the repair of cracks is not
only hazardous, but also a nuisance to
traffic. .
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Therefore, highway engineers have been
searching for some method of preventing
the cracking of the bituminous resurfacing.
Experiments  and  trial sections in the
United State indicate that the placing of
steel reinforcing in the bituminous resurfa-
cing can definitely mitigate the problem of
crack reflection.

The Ontario Department of Highways
decided to install a test section of reinfor-
ced bituminous resurfacing to determine
its feasibility under the climatic and service
conditions existing in this Provinee. The
University of Toronto, through the Ontarin
Joint. Hichway Research Programme, was

September 1961

asked to make the detailed study of this
experimental project.

This report outlines the theory of
behaviour, deseribes the test side and initial
condition of the road, and outlines the
construction techniques, problems, and
reeomumendations,  The eflectivencss of the
treatment will not be known for a period
of years.” Annual performance surveys
will be conducted and will be reported
later.

(Fatiact from A Report of an Investigation
conducted i the Department of  Civil Ingi-
weeriin, Universiy of Toronte.)

4. ROAD TAR AND BITUMEN EMULSIONS—A NEW METHOD
. OF PRODUCTION

@ BUSH Beach and Segner Bayley Limi-
ted., of St. James House, 44, Brazennose
Street, Manchester, 2, have been appointed
British representatives for the sale of two
types of emulsifying machines manufac-
turedd by Messrs. A Mannesmaun,  of
Remscheid, Western Germany.

The larger machine, known as the
Mannesmann Ultra-Emulsor, isdriven by an
explosion-proof motor rated at 38 h.p. and
taking 35 to 40 amps. and has been found
capable of producing a stable road-tar omul-
sion when running at 4,500 r.p.n.

An hourly output of 5 tons is obtainable
and when dealing with tar a special emulsi-
fying agent is first mixed thoroughly with

water and tar at 70 added to the premix
This procedure has heen found to have a
considerable influence on the stability of
the emulsion.

Jtumen emulsions are produced more
easily than tar and in this case an alkali
liquor and bitumen are fed separately into
the machine.

The smaller type of emulsifying machine
is known as the TIndustrie-Kmulsor but
its specd  is limited to 3,000 r.p.m. Itis
unsuitable for making tar emulsions which
require the higher speed of the Ultra model.

(From - Highways' Bridyes and Enginecr-
ing Works,” 26th April, 1461)



Transport-Communications Monthly Review

Septomber 1961

BUDGETS AND ADMINISTRATION REPORTS

ANDIHRA PRADESH GOVERNMENT BUDGET FOR THE YEAR 1961-62

(A brief review with reference to Civil Works)

THE estimates for 1961-62 anticipate

Revenue and Expenditure of Rs8512.54
lakhs and Rs  8762.93 lakhs respec-
tively, resulting in a deficit of Rs 250.39
lakhs. The corresponding revised estimates
for 1960-61 stand at Rs 8779.76 lakhs and
s 8612.05 lakhs- showing a surplus of
Rs 167.71 lakhs. The actuals for 1959-60
are Bs 819440 lakhs and Rs 7462.81 lakhs
giving a surplus of Rs 731.59 lakhs.

The estimated expenditure on Civil Works
for 1961-62 is Rs 575.02 lakhs. The corres-

ponding revised estimate and actuals for the
years 1960-61 and 1959-60 are Rs 569,09
lakhs and Rs 590.26 lakhs respectively.

Expenditure on Communications (Original
Works) is egtimated at Rs 160.84 lakhs.
The corresponding revised estimate for
1960-61 is Rs 151.69 lakhs. The actual
expenditure in 1959-60  was Rs 10417
lakhs.

The expenditure on Civil Works - Outside
the Revenue Account for the year 1961-62 is
estimated at Rs 482.76 lakhs.

LIST OF APPROVED WORKS ON NATIONAL HIGHWAYS

Name of the work

Amount
(Rs in lukhs)

DELHI

1. 2675-DLH-24 Raising of marginal bund of the Yamuna
river due to the afflux that will be
caused by the construction of the proposed
rail and road bridges—Fresh experiments. .65

GUJERAT

2. 2679-GR-8A Providing second layer of metal and 3/4”
thick premixed asphalt carpet on Wanka-
ner-Morvi Road. Section of N.H. No. 8A,

length 4-14 miles. +.2:4
3. 92682-GR-8A Construction of a bridge across the river

Matelio near Wankaner on N.H. No. 8A, 3.606
4. Two works each costing less than 2 lakhs 1.41

MAHARASHTRA

5. 2666-MRG  Widening formation width to 38 feet in

miles 97/0 to 112/2 of N.H. No. 6 in

Amravati Distt. 1.11

40
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S.

No.

~1

s

a9,

10.

1.

13.

14.

15.

Job No.

2665-MRG

2681-MR-7

2680-PB-2

2672-PBI

2674-RJ

2671-UP-28

20673-UP-29

2677-UP-28

2678-UP-28

2683-UP-28

Name of the work

Widening formation width to.38 feet in
miles 89/0 to 94/6 of N.H. No. 6 in
Amravati Distt.

Resectioning, widening and black topping in
miles 39/7 to 48/8 of Umri Pardharka-
wada-Dhoki Road—=Section of N.-H. No. 7

- Yeotmal District. ’

PUNJAB

Constru'cting a bridge on Caunchi Drain
crossing DM Road in Gurgaon Distt.

‘B’ C]_a,ss level crossing to be conver-
ted into special class at mile 0/15-16
on Phagwara Nawanshahr Section in
mile 214 of Grand Trunk Road.

RAJASTHAN

lmpr()vcments of Bh‘lvl AN ¥
. ' . are " k atehpur
Sikri to Ra a,stha.n B ] \1_. yeceti

1\7. L ‘\YO. ) J order SOLUOII of

UTTAR PRADESH

Constrlu‘ting of a brid i Sari
> h ge over river Sarju :
Ayodhya on N.H. No. 28. "R At

Construgtion' of a high level bridge across
%130 ‘)(:)omtl river at Mohanaghat on N.H
0. 29. ‘

Construction of approaches to the proposed
h‘ndgn over rtver Sarju on Lucknow-
Gorakhpur Road, N.H. No. 28, Ayodhya

Construction of Tamkohi-Salamgarh—=Secti
(Missing Link) of N.H. 28, g ection

Improvement in P.W.D. Inspection House at
Ramsanehi Ghat on Lucknow-Gorakhpur
N.1. No. 28 in Baranbanki Distt, ’

41

Amount
(Rs in lakhs)

.60

5.08

117.00
24.00

4.02

11,94

02
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STATEMENT OF ACCEPTED TENDERS

KEnALa

(1) Constructing a bridge
at Porakkaiteri Foerry
on Pudiyangadi = Ul-
leri TRoad Kozhikode
Distirict.

(2) Construction  of  a
bridge across Manga-
Lun river in Pulghat
District.

@) Linprovementsto
Kuarukutty - Moovzhi-
kulam Road.

(4) Roconstructing  dain-
aged R.CC. Bridge at
the Wost end of K.V.

canal at Vaikomn,

Improvements to N.IL
47 Blacktopping por-
tion 1/0 to 8;5 of Al-

—
()
=

waye~l£dappalli Road. !

(6) Constructing of Ken-
netil bridge in 13/5 of
Quilon-Alleppy road.

a

-~

Improvements to Tri-
vandruin - Quilon road
mile 13/0 to 15/4.

Name of accopted
tendorer.

sri I M, Poulose,
Contractor,
Perumbavoor.

Sri M. CL Moenon,
lovt, Contractor,
1.0, Kazhani,
Pulghat.

sri K. Velayudhan
Nair.

sri R, Balakrishnan,

Eloor Industrial Co-
uperution,

v

! Shri M. Dulakrishna
. Pillai,

- POWLD, Contractor,
Choppaitil House,
Chavrg Post,
Quilon,

!
! Shri N. Volayudhan
Pillai,

P.W.D. Contractor,

Nermon,

P.0. Pravacham-
. balain,

Trivandrum

\ District

;
|
I

Amount of

work.

Ry,
231,612

202,328

47,199

56,013

6,93

54,420

|
|

1

JEMARKS

This bridge is proposed to be

constructod  aeross Porake
katteri river  on Pudiyan-
gacki= Ullert road  in Kozhi-
kodo district.  The bridgo
will havo ten clear spans of
40’ cach simply supported
on RCC Teo heams cum
slab with & beam thickness
of 16" LR.C. standard load-
ing.

This design for brudge s pro-

posed  to  ho constructod
near the ferry known as
Plazhikkadavu in Palghat
District.  Thoe bridge is of
5 spans of 407 elenr. The
bridgo is  designed for a
cloar road way of 22-00,
betweon korbs, siinply sup-
ported Teo houms at 8'-3"
centro to contro and tho

R.C.C. dock slab T4 thick,
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Wherever on earth

. _ You are going
a Jeep is an asset

in a village, on a farm ...

A real working partner, the Willys Jeep, with its powerful
4-wheel drive, will take you wherever you need to go—

on or off the road — through mud, sand or up steep grades and
over rough, open country. And on good roads, it shifts

easily to 2. wheel drive for conventional driving.

It pulls heavily loaded trailers as easily as

it carries passengers and solves transportation problems,

You save time and money and get more work done.

Call on your Willys Jeep dealer. He is specially trained
to solve your transportation and maintenance problems
and equipped o supply you with factory approved
genuine spare parts throughout the '

long life of your Willys Jeep vehicles,

>

Progressively manulactured in India by

MAHINDRA & MAHINDRA LTD.

Bambay ¢ Caicutta * Delhi + Madras

Authorised dealers

AUTOMOTIVE MANUFACTURERS PVT., LTD., Secunderabad CAMA MOTORS
J < . S . PVT. LTD.,
Al]:pmldhad - (_]HATA(:E & PATIL, Kolhapur * GARAPATI GARAGE (1959); Vijayawada * HIRAKTUD
,A'L l'f)MOBIL!:& Sambalpur (Branch: Rourkela) * INDIA GARAGE, Madras * INDIA GARAGE,
;;lr).!ng(‘l)lore * JAMMU & KASHMIR MOTOR CORPORATION, Jammu Tawi (Kashmir State) * JADWET
MRA RING CO., Port Blair, (Andamans) * LAWLY SEN & CO., Patna * METRO. MOTORS, Bombay
i Ri;\r‘ 1? MOTORS (Kathiawar) PVT. LTD., Rajkot * NARAIN AUTOMOBILES, Lucknow * NARBHE.
oM CO..-P\}{T. IVTD" Jamshedpur + PATNAIK & CO., Cuttack * PROVINCIAL AUTOMOBILB
P agpur ROVINCIAL AUTOMOBILES (MP), Durg * SILVER JUBILEE MOTORS PVT. LTD.,
D(;ﬁ:a(B::gcg:ﬂlil;g:ﬂ)!ﬁlls_r(lvl)s%l;%f?x:‘d lf$?"(ljnd§re City « SUPREME MOTORS PVT. LTD,,
0 : * TV “NGAR & SONS PVT. LTD., Madurai * UNITED
MOTORS OF RAJASTHAN, Jaipur + WALFORD TRANSPORT LTL.. Calcutta
{Branches: Dibruparh & Siligurd

.Please mention this journal when replying to advertisements
. vii
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no trouble at all... | MILLARS

BITUMEN k=
EMULSION

... in one easy
application

Bicumen emulsions are efi-
cient and economical for
surface dressing, premix
work and soil stabilization.
They require no heating.
Hence —no fire hazard ... n@
sanoying smoke ...no heat-
Ing equipment. Just open the
drum and you're ready to
start work. Bitumen emuwi-
sions are specially suitable
for repair work, and factory
and residential rosds.

Mix analysed and approved by

. o Special design of bitumen hopper
o measurement and clean discharge

TR SR
. o, [ .

B

SHALIMAR TAR PRODUCTS (1935) LIMITED BOMBAY

CALCUTTA o DELHI ¢ BOMBAY o LUCKNOW ¢ CHANDIGAMS
Agents :  The Bombay Co. Private Ltd,, Madras | © R.C. Abrol & Co. (Private} Ltd., New Dol |

o

: HIGHWAY COMBINED DRYING & MIXING

NIT

Batch Capacity: 8 Cwt. or
10 Cu. Ft. mixed material.

Output: 4 to 7 tons per hour.

e
Most Mobile.

° .
Rapid Mixing.

°

Mixes any type of asphalt
including hot sand asphalt.

Road Research Board,

UK., and the Federation of Coated Macadam Industries.

e Extremely efficient drying from controlled airflow through drum.

@ Positive Removal of damp air prevents recondensation.

ensures accurate volumetric
into drum.

E*-" -8 e No risk of bitumen igniting because combustion chamber can be
E-T ) : A sealed off.
<Y PR e Over 100 units in use in India.

" MILLARS’ TIMBER & TRADING CO., LTD.

2.

Please mention this journal when replying to advertisements

Please mention this journal when replying to advertisements
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The Road
to a Better Tomorrow

All alone...before him a hazardous road to progress
which he and the nation must follow. So much to
be done. Dams built, steel plants erected: roads
developed, improved, extended. For the road to a
better tomorrow depends on better roads today.
Roads treated with Burmah-Shell Bitumen.

Bitumen is hard-wearing, durable, inexpensive,
Bulk handling, pioneered by Burmah-Shell, has
considerably lowered its cost. In addition, services of
skilled Burmah-Shell engincers are made available.

Wherever there’s need for better roads, airfields

or hydraulic works, there’s need for Burmah-Shell
Bitumen.

IS INVI%I ?LE -INVINCIBLE TOO

) e AR

“Quality is never an accident. It is
always the result of an intelligent
effort. There must be the will to
produce a splendid thing

J ' — John Ruskin
‘ You cannot measure. You cgnnot . =) 'g
SPR I NGS feel. You can only discover quality by

use, as you have done in the case BURMAH-SHELL BITUMEN FO
‘of CANARA SPRINGS.

THE CCANARA WORKSHOPS LIMITED

CW-529 Works at: Muroli, Mangalore —Amraoti Road, Nagpur

This road—one of Calcutta’s busiest
—was surfaced in the early 1940's
with 2'' of Hot Asphaltic Concrete
made from Mexphalte 3040
supplied by Burmah-Shell. Designed
to withstand heavy traffic, it

is still giving excellent service.

R BETTER ROADS

Please mention this journal when replying to advertisements

Please mention this journal when replying to advertisements
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Name of publication Price (including postage, etc.)
Rs P
1. Vol. XII-1to 3 (Bound) - e 1947-48 46 00
2. Vol, XITI-8 January L 1949 3 00
8. Vol. XIII-parts1é& 2 (Bound) - 1048-49 5 b0
4. Vol. XIV (Bound) - 1849-50 R 00
6. Vol. XV (Bound) — v 195051 9 00
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27. Vol. XXIV-5 ... November .« 1960 3 00
28. Vol. XXV-1 . ... November o 1980 3 00
29. Vol. XXV-2 «+  December 1960 3 o0
30. Vol. XXV-3 ...  December 1960 8 00
31. Road Research Bulletin No. 2 8 00
32. Road Research Bulletin No. 8 5 00
33. Road Research Bulletin No. 4 5 00
34. Road Research Bulletin No. 5 s 5 00
35. Road Research Bulletin No. 6 5 00
36. Road Research Bulletin No. 7 7 00
87. Recommended Practice for Numbering Bridges and
Culverts .. Re 0 50]
38. Dimensions and Weights of Road-Design Vehicles .. Re 0 5~
. Reco. nded Pr
% osdside Motor Haol Filimg stations e "7 B 0 ol Pl JDacking
40, Type Designs for Furlong & Boundary Stones .. Re 0 BO postage
41, Type Designs for Highway Milestones .. Roe 0 50
42, Route-Marker 8igns for National Highways .. Re 0 B0
43. Type Designs for Highway Kilometre Stones Re 0 76
44, Standard Specifications and Code of Practice for Boud
Bridges, Section I—~General Features of Design (1080) ... Rs 1 50]
45, Standard Specifications & Code of Practice for Road
Bridges, Section IT (1958)—Loads & Stresses «. Rs 2 80 Inoluding
46. Bridging India’s Rivers . Rs 7 00 postage
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by Goverdhanial .. Rs 2 00
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